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Letter From the Editor in Chief

O

n behalf of my Associate Editors, Dr. Nathan Pennell and Dr. Hope Rugo, I welcome you to the 2018 ASCO Annual Meeting. It
is an honor and privilege to present the 38th volume of the NLM-indexed ASCO Educational Book.

The theme of this year’s Meeting is “Delivering Discoveries: Expanding the Reach of Precision Medicine” to highlight the
importance of making precision medicine accessible to every patient with cancer. With his presidential theme, Dr. Bruce E.
Johnson emphasizes the need to provide improved clinical decision support to providers and enable them to seamlessly stay
abreast of genomic information so that they can select the right targeted therapies and treatments for their patients.
This volume contains articles written by Annual Meeting Education Program Faculty and other leaders in oncology who have
been invited by the editorial team and Annual Meeting leadership to contribute a manuscript. The majority of articles in the
volume are jointly written, thus representing a comprehensive resource for clinicians to supplement and expand learning from
the Meeting. Coauthoring a manuscript takes immense planning and collaboration, and I would like to thank all of the authors
for their contributions to the 2018 ASCO Educational Book.
My heartfelt thanks and eternal gratitude go out to Dr. Pennell and Dr. Rugo for their dedication and camaraderie on this labor
of love. I would also like to recognize the expert panel who selflessly dedicated their time to perform thorough and thoughtful
peer reviews. Without the effort of many volunteers, we could not ensure each article meets the standards of ASCO and those of
an NLM-indexed publication.
It continues to be a highlight of my professional career to extend this invitation to you now, to read the exceptional
contributions that comprise this volume. All of the 2018 ASCO Educational Book articles, as well as articles from past volumes,
are available online at www.asco.org/edbook.
We welcome your feedback and suggestions on how we can improve the content, so please contact us at edbook@asco.org
with your comments.
Sincerely,

Don S. Dizon, MD, FACP, FASCO
Editor in Chief
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INVITED ARTICLES
This year’s invited articles represent the 2018 ASCO Annual Meeting theme, “Delivering Discoveries:
Expanding the Reach of Precision Medicine.” These important contributions to the 38th volume of the ASCO
Educational Book emphasize the need to enhance clinical decision-making for providers so that they may stay
current on genomic information to select the best targeted therapies for their patients.
Authors were nominated by the ASCO Educational Book Editors and 2018 Annual Meeting leadership, and
authors developed their topics under the guidance of Dr. Hope S. Rugo, Associate Editor.

ARTICLES
Predicting and Preventing Anthracycline-Related Cardiotoxicity
Saro Armenian and Smita Bhatia
Gastrointestinal and Hepatic Toxicities of Checkpoint Inhibitors: Algorithms for Management
Shilpa Grover, Osama E. Rahma, Nikroo Hashemi, and Ramona M. Lim
Cancer of Unknown Primary Site: New Treatment Paradigms in the Era of Precision Medicine
John D. Hainsworth and F. Anthony Greco

INVITED ARTICLES

ANTHRACYCLINES

Predic ng and Preven ng Anthracycline-Related
Cardiotoxicity
Saro Armenian, DO, MPH, and Smita Bha a, MD, MPH
OVERVIEW
Anthracyclines (doxorubicin, daunorubicin, epirubicin, and idarubicin) are among the most potent chemotherapeu c
agents and have truly revolu onized the management of childhood cancer. They form the backbone of chemotherapy
regimens used to treat childhood acute lymphoblas c leukemia, acute myeloid leukemia, Hodgkin lymphoma, Ewing sarcoma, osteosarcoma, and neuroblastoma. More than 50% of children with cancer are treated with anthracyclines. The
clinical u lity of anthracyclines is compromised by dose-dependent cardiotoxicity, manifes ng ini ally as asymptoma c
cardiac dysfunc on and evolving irreversibly to conges ve heart failure. Childhood cancer survivors are at a ﬁve- to 15-fold
increased risk for conges ve heart failure compared with the general popula on. Once diagnosed with conges ve heart
failure, the 5-year survival rate is less than 50%. Predic on models have been developed for childhood cancer survivors
(i.e., a er exposure to anthracyclines) to iden fy those at increased risk for cardiotoxicity. Studies are currently under way
to test risk-reducing strategies. There remains a cri cal need to iden fy pa ents with childhood cancer at diagnosis (i.e.,
prior to anthracycline exposure) such that noncardiotoxic therapies can be contemplated.

A

nthracyclines (doxorubicin, daunorubicin, epirubicin, and
idarubicin) are among the most potent chemotherapeuc agents. The mechanisms by which anthracyclines exert
an tumor eﬀects include (1) inhibi on of DNA synthesis, (2)
DNA binding and alkyla on, (3) DNA cross-linking, (4) interference with DNA strand separa on and helicase ac vity,
and (5) free radical forma on and lipid peroxida on.1 They
form the backbone of chemotherapy regimens used to treat
childhood acute lymphoblas c leukemia, acute myeloid leukemia, Hodgkin lymphoma, Ewing sarcoma, osteosarcoma,
and neuroblastoma. More than 50% of children with cancer
are treated with anthracyclines.2,3 Anthracyclines have truly
revolu onized the management of childhood cancer.

RISK FOR ANTHRACYCLINE RELATED
CARDIOMYOPATHY
Clinical Risk Factors
The clinical u lity of anthracyclines is compromised by cardiotoxicity, manifesting initially as asymptomatic cardiac
dysfunc on (iden ﬁed on imaging studies as abnormali es
in cardiac func on or structure) and evolving irreversibly to
conges ve heart failure (CHF). Childhood cancer survivors
are at a ﬁve- to 15-fold increased risk for CHF compared

with the general popula on.4-9 Myocardial injury begins
with single cell myocytolysis, progresses to patchy myocardial necrosis leading to inters al ﬁbrosis, and ﬁnally progresses to mul focal myocardial ﬁbrosis with disrup on of
myocardial structure, presen ng as clinically overt CHF.10 Of
note, once diagnosed with CHF, the 5-year survival rate is
less than 50%.11 The risk for cardiac dysfunc on increases
with anthracycline dose (Fig. 1).6,12-15 Other risk factors
include young age (< 5 years) at diagnosis of primary cancer,
female sex, chest radia on, and presence of cardiovascular
risk factors (diabetes, hypertension, etc.).16

Cardiovascular Risk Factors
In the general popula on, modiﬁable risk factors such as
hypertension, diabetes, dyslipidemia, obesity, and smoking are
the leading contributors to cardiovascular disease, including CHF.17,18 Although some cancer treatments increase the
risk for hypertension,19,20 diabetes,21,22 and dyslipidemia,20,23
many childhood cancer survivors will develop these condi ons as part of aging, hereditary predisposi on, or poor
lifestyle behaviors.8,24 In a recent study,8 the prevalence of
hypertension in 5-year survivors of childhood cancer approached 40% by age 50, compared with 26% in sibling

From the City of Hope, Duarte, CA; University of Alabama at Birmingham, Birmingham, AL.
Disclosures of poten al conﬂicts of interest provided by the authors are available with the online ar cle at asco.org/edbook.
Corresponding author: Smita Bha a, MD, MPH, Ins tute for Cancer Outcomes and Survivorship, School of Medicine, University of Alabama at Birmingham, 1600 7th Ave. South,
Lowder 500, Birmingham, AL 35233; email: sbha a@peds.uab.edu.
© 2018 American Society of Clinical Oncology
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FIGURE 1. Dose-Response Rela onship Between Cumula ve Anthracycline Exposure and Risk for
Cardiomyopathy
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CumulaƟve Anthracycline dose in mg/m2
Pa ents with no exposure to anthracyclines served as the reference group. Magnitude of risk is expressed as odds ra o, which was obtained using condi onal logis c regression adjus ng for age at diagnosis,
sex, and chest radia on. Cumula ve anthracycline dose is expressed as doxorubicin equivalent.

controls. There was also a higher prevalence of diabetes
(23% vs. 14%), dyslipidemia (9% vs. 6%), and mul ple (two
or more) cardiovascular risk factors (27% vs. 22%).8 Of note,
hypertension had the strongest modifying eﬀect on risk for
CHF; anthracycline-exposed survivors who developed de
novo hypertension had a 12.4-fold (95% CI, 7.5–20.1) higher
risk for CHF compared with those without hypertension.8
Importantly, the combined eﬀect of anthracycline exposure
plus hypertension resulted in poten a on of CHF risk that
exceeded the addi ve eﬀect of each variable alone.8 This
informa on provides much-needed insight into the development of novel preven ve approaches to reduce CHF risk,
as discussed later.

Gene c Risk Factors
However, despite an established dose-dependent association, there is interpatient variability in risk for CHF for
exposure to anthracycline at any dose, such that clinical variables alone yield moderate predic ve power in detec ng
CHF.25,26 The pathophysiology of cardiotoxicity is unclear, but
it is thought to be mediated by the genera on of reac ve
oxygen species following anthracycline exposure and resultant DNA damage.27 A considerable amount of research has
contributed to our understanding of gene c suscep bility to
anthracycline-related cardiotoxicity.25,28-40 Systema c reviews
have detailed results of studies repor ng gene c associaons in cancer survivor popula ons.28,41
Polymorphisms in adenosine triphosphate–binding
cassette transporter (ABC) genes are associated with
anthracycline-related cardiomyopathy. ABC transporters play
a role in mul drug resistance via ac ve cellular eﬄux of drugs,
including anthracyclines.42 Reduced ac vity may therefore
4
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lead to intracellular anthracycline accumula on and resultant cellular toxicity. Variants in this family of genes replicated in childhood cancer survivor cohorts include ABCC5
(A-1629T, rs7627754), associated with substan al reduc ons
in ejec on and shortening frac ons in survivors homozygous
for the T allele,31 as well as ABCB4 (rs4148808), a genderdependent associa on signiﬁcant in female pa ents.36,38
In addition, a variant in histamine N methyltransferase
HNMT (rs17583889) confers risk only in younger children
exposed to anthracyclines.36,38 Another study found a signiﬁcant associa on between cardiac compromise and a
nonsynonymous coding variant in the RARG gene (S427L,
rs2229774).28 In animal models, RARG binds to and regulates expression of topoisomerase II43 and is highly expressed
in cardiac ssue. In correla ve biology studies, the inves gators were able to show that this RARG variant impaired
RARG repression of topoisomerase IIβ in vitro, thus potentially rendering cells more susceptible to the cytotoxic
effect of anthracyclines. Studies in childhood cancer survivors found associa ons between anthracycline-related
cardiotoxicity and variants in soluble carrier transporters
(SLC28A3, SLC22A17, and SLC22A7)36-38; these ﬁndings were
successfully replicated. Studies have also demonstrated an
increased risk conferred by varia on in a gene within the
glucuronosyltransferase family, UGT1A6.36,38 These enzymes
act by glucuronida on of a variety of drugs.44 The variant
is indica ve of the UGT1A6*4 haplotype, also reported to
result in a 30% to 100% reduc on in enzyme ac vity.44
Several studies have demonstrated genetic variants to
serve as modiﬁers of the dose-dependent increase in risk
for cardiomyopathy (Table 1). Carbonyl reductases (CBRs)
catalyze reduc on of anthracyclines to cardiotoxic alcohol

ANTHRACYCLINE-RELATED CARDIOTOXICITY

metabolites. Polymorphisms in CBR inﬂuence synthesis of
these metabolites. Among childhood cancer survivors, homozygosis for G allele in CBR3 contributed to increased cardiomyopathy risk associated with low- to moderate-dose
anthracyclines, such that there seemed to be no safe dose
for pa ents homozygous for the CBR3 V244M G allele (Fig.
2).29 A recent study demonstrated a gene-environment
interac on between single-nucleo de polymorphism (SNP)
rs1786814 on the CELF4 gene and higher doses of anthracyclines (Fig. 3).40 This associa on was replicated in an independent survivor cohort. CELF4 protein is responsible for
premRNA alterna ve splicing of TNNT2. Myoﬁlaments with
two or more variants of TNNT2 demonstrate irregular
contrac le response to intracellular calcium ion concentraon, resul ng in decreased ventricular pumping eﬃciency.
The inves gators demonstrated the presence of an embryonic TNNT2 splicing variant in cardiac ssue from carriers
homozygous for the CELF4 variant shown to be associated
with an increased risk for dilated cardiomyopathy.40 Another
study used a carefully curated SNP array (IBC array) that
included 2,100 genes associated with de novo cardiovascular disease and found SNP rs222388 on HAS3 gene to be
associated with an increased risk for cardiomyopathy at
high doses of anthracyclines (Fig. 4).39 The SNP was replicated
in an independent cohort. In addi on, using heart ssue
from a healthy cohort, the inves gators found that the
gene expression was lower among those with the high-risk
allele. HAS3 encodes hyaluronic acid, an an oxidant. Thus,
lower gene expression by the high-risk allele would suggest
higher reac ve oxygen species a er anthracycline exposure
and hence a higher risk for cardiomyopathy. A recent study
interroga ng candidate SNPs was able to replicate the previously reported associa on between UGT1A6 rs17863783
CELF4 variant (rs1786814) and HAS3 (rs2232228) and cardiotoxicity.32

PREDICTING RISK FOR ANTHRACYCLINE
RELATED CARDIOTOXICITY
As discussed previously, important risk factors for anthracycline-related CHF include anthracycline dose, chest radia on, presence of conven onal cardiovascular risk factors,
and, in some studies, age at ini al cancer diagnosis and
sex.45 Given the high incidence of and poor outcomes a er
anthracycline-related CHF, anthracycline-exposed survivors
may beneﬁt from customized and validated risk predic on
models. Leveraging the resources oﬀered by the Childhood
Cancer Survivor Study (CCSS) cohort, the inves gators created
a clinically useful model that incorporated demographic
and cancer treatment informa on available at the end of
therapy to predict subsequent CHF risk with reasonable
discrimina on among 5-year survivors and then validated
the resul ng risk scores in two external cohorts. CCSS parcipants free of substan al cardiovascular disease 5 years
a er cancer diagnosis (13,060 par cipants) were observed
through age 40 for the development of CHF. More than
4,000 siblings were used to establish the baseline popula on risk. An addi onal 3,421 survivors from Emma Children’s Hospital (Amsterdam, the Netherlands), the Na onal
Wilms Tumor Study, and the St. Jude Life me Cohort Study
were used to validate the CCSS predic on models. CHF was
reported by 285 CCSS par cipants. Risk scores on the basis
of selected exposures (sex, age at cancer diagnosis, and
anthracycline and chest radiotherapy doses) achieved an
area under the curve of 0.74 and a concordance sta s c of
0.76 at 40 years. The areas under the curve for the valida on
cohorts ranged from 0.68 to 0.82. Risk scores were collapsed
to form low-, moderate-, and high-risk groups, corresponding to cumula ve incidence of CHF at age 40 of 0.5% (95%
CI, 0.2%–0.8%), 2.4% (95% CI, 1.8%–3.0%), and 11.7% (95%
CI, 8.8%–14.5%), respec vely.46 The development of a robust
CHF predic on model for this popula on may help clinicians

TABLE 1. Anthracycline-Induced Cardiotoxicity-Related Pharmacogene c Variants
Gene

rs

Biologic Process

ABCB1

rs1128503

Drug transport

ABCC1

rs45511401

Drug transport

rs60782127
rs4148356
CAT

rs10836235

Oxida ve stress

CBR3

rs8133052

Drug metabolism

NCF4

rs1800566

Oxida ve stress

NQ01

rs1800566

Energy use

NR1/2

NA

Regula on of drug metabolism and/or transport and apoptosis

RARG

rs2229774

Derepression of the key gene c determinant Top2b, increasing oxida ve stress

SLC22A16

rs714368

Increased drug exposure

TOP2A

NA

DNA regula on

HAS3

rs2232228

Oxida ve stress

CELF4

rs1786814

Expression of abnormally spliced TNNT2 variants

Abbrevia ons: rs, reference single-nucleo de polymorphism cluster number; NA, not applicable.
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FIGURE 2. Dose-Response Rela onship Between Cumula ve Anthracycline Exposure and Risk for
Cardiomyopathy Stra ﬁed by Pa ents’ CBR3 Genotype Status (CBR3:GG and CBR3:GA/AA)
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Pa ents with no exposure to anthracyclines and carrying CBR3:GA/AA genotype served as the reference group. Magnitude of risk is expressed as odds ra o, which was obtained using condi onal logis c
regression adjus ng for age at diagnosis, sex, and chest radia on. Cumula ve anthracycline dose is expressed as doxorubicin equivalent.

reﬁne surveillance strategies to be er iden fy and counsel
pa ents at higher risk for future events.
A second study used gene c variants, in addi on to clinical and gene c factors, to iden fy those at highest risk for
anthracycline-related cardiotoxicity. They evaluated 2,977

SNPs in 220 key drug biotransforma on genes in a discovery
cohort of 156 anthracycline-treated children from Bri sh
Columbia, with replica on in a second cohort of 188 children from across Canada and further replica on of the top
SNP in a third cohort of 96 pa ents from Amsterdam, the

FIGURE 3. Risk for Cardiomyopathy by Anthracycline Dose and CELF4 Genotype Status (AA, GA, GG)
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Odds ra os were calculated on the basis of model 2, which treated anthracycline dose as a con nuous variable (reference group, AA genotype with no anthracycline exposure). Cumula ve anthracycline dose
is expressed as doxorubicin equivalent.
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Netherlands. They explored combining mul ple variants
into a single predic on model together with clinical risk
factors and classiﬁca on of pa ents into three risk groups.
In the high-risk group, 75% of pa ents were accurately predicted to develop cardiotoxicity, with 36% developing this
within the ﬁrst year alone, whereas in the low-risk group,
96% of pa ents were accurately predicted not to develop
cardiotoxicity. This study demonstrated that combined with
clinical risk factors, gene c risk proﬁling might be used to
iden fy high-risk pa ents who can then be provided with
safer treatment op ons.36

RISK REDUCTION STRATEGIES
Iden fying pa ents at high risk for CHF begs the availability
of eﬀec ve interven ons that could be applied to newly
diagnosed children with cancer or to cancer survivors. We
describe examples of interven ons below.

Newly Diagnosed Pa ents: Therapeu c
Modiﬁca ons
The cumula ve anthracycline exposure in contemporary
therapeu c protocols ranges between 75 and 450 mg/m2
(Table 2). However, currently, there are no plans for reduc on in anthracycline dose in the foreseeable future.
Nonetheless, there is a strong desire to consider alterna ve
therapies if pa ents at very high risk for CHF were to be
iden ﬁed. If anthracyclines cannot be avoided, several strategies to decrease the risk of CHF have been proposed: (1)
less cardiotoxic analogs: in adults, liposomal-encapsulated
doxorubicin is favored over conven onal doxorubicin, but

pediatric randomized controlled trial (RCT) data are lacking47; (2) longer anthracycline infusion dura on: although
an infusion dura on of at least 6 hours has been shown to
be cardioprotec ve in adults, RCTs in children have not idenﬁed a protec ve eﬀect48; and (3) cardioprotec ve agents:
dexrazoxane (ICRF-187) is the only U.S. Food and Drug
Administra on–approved cardioprotec ve agent. The mechanisms of ac on include iron chela on, reduc on in reac ve
oxygen species forma on, and topoisomerase II inhibi on.49
Although dexrazoxane is associated with reduc on in CHF
risk (rela ve risk, 0.43; p < .001), there is a nonsigniﬁcant
increase in risk for subsequent malignant neoplasms (relave risk, 2.4; p = .06).50 Concurrent use of etoposide with
dexrazoxane may increase the risk of therapy-related acute
myeloid leukemia, whereas concurrent cranial radia on use
may increase the risk for subsequent brain tumors.50 The
general consensus is that a decision to use dexrazoxane in
children should balance the risks of CHF and subsequent
malignant neoplasms. An ongoing study (NCT0179012) is
examining the long-term (> 10 years) eﬃcacy of dexrazoxane in survivors treated on RCTs across a range of anthracycline exposures (100–360 mg/m2).

Childhood Cancer Survivors: Screening
Recommenda ons for Early Detec on of
Anthracycline-Related CHF
In anthracycline-treated childhood cancer survivors, there
is often a long latency between asymptomatic cardiac
dysfunc on and clinically evident CHF.52 Subtle changes in
cardiac func on can be detected long before declines in

FIGURE 4. Risk for Cardiomyopathy by Anthracycline Dose and HAS3 Genotype Status (AA, GA, GG)
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TABLE 2. Use of Anthracyclines in Contemporary Childhood Cancer Therapeu c Protocols
Plans for Reduc on in
Anthracycline Dose for All
Pa ents

Alterna ve Therapeu c Op ons if Pa ent Is at High Risk for CD

75–225

No plans for reduc on in
dose across the board

May consider alterna ve therapies on a case-by-case if a pa ent is at very high
risk for CD

AML

450

No plans for reduc on in
dose across the board

May consider alterna ve therapies on a case-by-case basis if a pa ent is at very
high risk for CD

HL

250

No plans for reduc on in
dose across the board

May consider lowering anthracycline dose for pa ents at very high risk for CD;
would need to add agents that could cause other toxici es

ES

375

No plans for reduc on in
dose across the board

No alterna ve treatment; focus on aggressive screening/pharmacologic intervenons for those at very high risk for CD

OS

450

No plans for reduc on in
dose across the board

May consider noncardiotoxic drugs if at high risk for CD (slightly inferior survival)

NBL

300

No plans for reduc on in
dose across the board

For pa ents at very high risk for CD, would reserve anthracyclines only if the
pa ents do not respond to other treatments on a case-by-case basis

Primary
Cancer

Anthracycline Dose
(mg/m2)*

ALL

*Cumula ve anthracycline exposure in contemporary therapeu c protocols; dose expressed as doxorubicin equivalent.51
Abbrevia ons: CD, cardiovascular disease; ALL, acute lymphoblas c leukemia; AML, acute myeloid leukemia; HL, Hodgkin lymphoma; ES, Ewing sarcoma; OS, osteosarcoma; NBL, neuroblastoma.

more established measures of cardiac function such as
le ventricular (LV) ejec on frac on (EF).52 In a recent crosssec onal study of more than 1,800 10-year survivors of
childhood cancer treated with anthracyclines and/or radia on, only 5.8% of par cipants had LV EFs less than 50%.53
However, nearly one-third (28%) had cardiac dysfunc on, as
measured by global longitudinal strain, a novel and prognos c echocardiographic measure of systolic func on,
and 17.6% had reduced exercise capacity, as determined
by a 6-minute walk test (abnormal, < 490 m).53 In another
study of anthracycline-treated survivors with normal LV
EFs,54 there were dose-dependent changes in LV chamber
diameter and wall thickness, resul ng in an increase in LV
end-systolic wall stress, a prognos c marker of CHF risk in
nononcology popula ons. These echocardiographic LV indices can be readily obtained from standard echocardiograms
obtained as part of clinical care, allowing the implementaon of screening and preven on strategies in survivors at
highest risk for developing therapy-related CHF.
With this in mind, the Children’s Oncology Group has
developed the Long-Term Follow-Up Guidelines for Survivors of Childhood, Adolescent, and Young Adult Cancer
(www.survivorshipguidelines.org). The primary goal is early
detection of treatment-related complications (including
anthracycline-related CHF) in childhood cancer survivors.55
Given that screening recommenda ons are consensus based,
a cri cal appraisal into their cost-eﬀec veness is impera ve.
Two recent studies56,57 used simula on Markov modeling to
determine the cost-eﬀec veness of the Children’s Oncology
Group guideline recommenda ons. They compared life me
costs, quality-adjusted life-years, and total risk for CHF for
diﬀerent screening intervals versus no screening in hypothe cal popula ons of childhood cancer survivors. These
studies suggest that rou ne surveillance per the current
Children’s Oncology Group guidelines is cost-eﬀec ve and
may reduce the incidence of CHF, with the greatest beneﬁts
seen in survivors treated with high-dose (≥ 250 mg/m2)
anthracyclines.
8
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The Children’s Oncology Group guidelines recently contributed to the International Late Effects of Childhood
Cancer Guideline Harmoniza on Group, yielding uniform
guidelines for cardiac screening.58 Rou ne surveillance with
echocardiography is recommended for survivors at high risk
for CHF, deﬁned as those with anthracycline exposure of 250
mg/m2 or greater or chest radiotherapy at 35 Gy or greater
or lower dose (≥ 100 mg/m2) anthracyclines plus chest
radiotherapy.58 Screening should begin no later than 2 years
a er anthracycline exposure and be repeated a minimum
of every 5 years therea er. More frequent screening may
be performed according to level of risk and clinical index of
suspicion. Cardiology consulta on is strongly recommended
for those noted to have cardiac dysfunc on.58
Recent studies have examined whether the use of nonechocardiographic imaging59,60 and blood-based biomarkers61,62
may improve the screening yield in survivors. In nononcology popula ons at risk for CHF (e.g., a er myocardial
infarc on), cardiac magne c resonance imaging can provide accurate and important informa on regarding cardiac
health and func on.63 Cardiac magne c resonance imaging
has therefore been the focus of several popula on-based
screening studies in survivors of childhood and adult-onset
cancers.64-66 These studies have highlighted its high sensitivity and specificity, noninvasiveness, and avoidance of
ionizing radia on. Yet despite these features, the cost and
limited availability of cardiac magne c resonance imaging
precludes its widespread use for popula on-based screening of asymptoma c disease.66 For now, screening with
two-dimensional echocardiography remains the standard
of care, with considera on of cardiac magne c resonance
imaging for individuals in whom echocardiography is not
technically feasible or op mal.58 With respect to blood biomarkers of cardiac injury and remodeling, studies have suggested that elevated cardiac troponins and natriure c pep de
levels during anthracycline exposure can be associated with
the development of cardiac dysfunc on in the ﬁrst 3 years
a er treatment,67,68 but the associa on between these early
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ﬁndings and subsequent CHF is less clear. Data regarding the
use of these blood biomarkers in childhood cancer survivors
who are years removed from their primary treatment has
been mixed, as high nega ve predic ve values (63%–100%)
but low sensitivity (0%–32%) and low positive predictive
values (12.5%–37.5%) make them unreliable for use as the
only surveillance strategy in this popula on.52,58
Despite the existence of well-established cardiac screening recommenda ons, the period of me when childhood
cancer survivors are at the greatest risk for CHF also corresponds to the time when their level of engagement in
risk-based screening is the lowest.69 Fewer than 30% of
long-term survivors (> 5 years from diagnosis) undergo roune risk-based echocardiographic screening,70 despite the
fact that nearly 90% report receiving regular general medical care,70-72 sugges ng that long-term survivorship care is
largely provided in the primary care se ng. The growing
number of childhood cancer survivors requiring care in
future years and the capacity pressures facing primary cancer centers are strong drivers for examining new approaches
to screening and survivorship care delivery. In this context,
mobile health technology may bridge the gap in survivorship
care delivery, especially as it pertains to screening for cardiovascular disease.73,74 A recent study demonstrated that a handheld noninvasive wireless device can accurately determine
LV EF in nononcology pa ents with chronic CHF, providing
real- me informa on on cardiac func on for remote clinical
management.74 Studies examining similar screening mobile
health pla orms in childhood cancer survivors are ongoing and
when completed may lead to a paradigm shi in disease preven on and early detec on in individuals at high risk.

Survivors: Interven ons to Reduce AnthracyclineRelated CHF
Strategies for preven on of CHF in survivors who have
already been exposed to anthracyclines have mostly been
adapted from studies in adults with asymptoma c cardiac
dysfunc on due to causes other than anthracyclines. These
include early ini a on of medica ons (e.g., angiotensinconver ng enzyme inhibitors, β-blockers) to prevent the
progression from asymptoma c to symptoma c disease.61
However, there are few studies conducted in childhood cancer
survivors to guide which pharmacologic agents, if any, should
be used once asymptoma c cardiac dysfunc on has been
detected. A retrospec ve study in 18 anthracycline-treated
survivors showed that although enalapril (an angiotensinconver ng enzyme inhibitor) improved LV structure and
func on in individuals with cardiac dysfunc on,75 this was

short lived. A subsequent RCT in anthracycline-treated
childhood cancer survivors assessed the eﬀec veness of
enalapril versus placebo in survivors with normal LV EFs but
at high risk for CHF because of a history of cardiac dysfuncon.76 The study failed to show an impact on its primary
outcome (myocardial contrac lity index), but there was improvement in other cardiac measures (LV end-systolic wall
stress). Because β-blockers may be more likely to reverse
the chronic cardiac remodeling than angiotensin-conver ng
enzyme inhibitors,77 an ongoing RCT (NCT0271750) is assessing the impact of the β-blocker carvedilol on prognos c
markers of LV remodeling in individuals treated with highdose (≥ 250 mg/m2) anthracyclines.78
Aggressive management of comorbidi es such as hypertension and diabetes may be the most prac cal approach
to reducing long-term CHF risk, but there is a paucity of
informa on on op mal strategies for screening and interven on in at-risk survivors. An ongoing RCT (NCT03104543)
is addressing this gap in knowledge in a systema c fashion. Survivors will ﬁrst undergo screening to determine
the prevalence of underdiagnosis and undertreatment of
these health condi ons. Individuals who are found to be
underdiagnosed or undertreated will be randomized to a
survivorship care plan with counseling to improve control
of these risk factors or to a survivorship care plan alone (no
counseling); eﬃcacy will be measured through objec ve
assessments of cardiometabolic risk (e.g., blood pressure,
blood cholesterol, glucose). Addi onally, health behaviors
(e.g., exercise, diet) may be as important to address in survivors as conven onal risk factors. In survivors of childhood
Hodgkin lymphoma, vigorous exercise has been associated
with a lower risk for cardiovascular disease in a dosedependent manner79 and should be encouraged in all cancer survivors per established guidelines.58,80 Studies (e.g.,
NCT02244411 and NCT03223753) are currently under way
to improve adherence to these lifestyle and behavior recommenda ons.
In conclusion, anthracyclines increase the risk of cardiomyopathy in a dose-dependent fashion. Age at exposure,
sex, chest radia on, cardiovascular risk factors and genomic
variants modify this dose-response relation. Prediction
models have been developed for childhood cancer survivors
to iden fy those at increased risk for cardiotoxicity. Studies are currently under way to test risk-reducing strategies.
However, there is a cri cal need to iden fy pa ents with
childhood cancer at diagnosis (i.e., prior to anthracycline
exposure) such that noncardiotoxic therapies can be contemplated.
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INVITED ARTICLES

CHECKPOINT INHIBITORS

Gastrointes nal and Hepa c Toxici es of Checkpoint
Inhibitors: Algorithms for Management
Shilpa Grover, MD, MPH, Osama E. Rahma, MD, Nikroo Hashemi, MD, MPH, and Ramona M. Lim, MD
OVERVIEW
Gastrointes nal toxici es are among the leading causes of immune-related adverse eﬀects of checkpoint blockade. These
adverse events can be severe enough to require interrup on or withdrawal of immune checkpoint blockade therapy. Paents with immune-related adverse eﬀects require early recogni on with an evalua on to rule out alterna ve e ologies
and eﬀec ve management to minimize complica ons. This ar cle reviews the gastrointes nal and hepa c toxici es of
the an bodies that target immune checkpoints CTLA-4 and PD-1/PD-L1 and provides an approach to their diagnosis and
management.

I

mmune checkpoint inhibitors are an important part of the
treatment armamentarium for pa ents with a number of
diﬀerent cancers. Since ini al approval of the an –CTLA-4
an body ipilimumab for the treatment of metasta c melanoma, indica ons for immune checkpoint inhibitor therapy
have been expanding. Immune checkpoint inhibitors targeting the PD-1/PD-L1 pathway have also shown an neoplas c
ac vity in several tumor types. One or more of the an –
PD-1 monoclonal an bodies (nivolumab, pembrolizumab)
and monoclonal an bodies to PD-L1 (durvalumab, atezolizumab) have shown eﬃcacy in metasta c melanoma, non–
small cell lung carcinoma, renal cell carcinoma, urothelial
carcinoma, Hodgkin lymphoma, mismatch repair–deﬁcient
solid tumors, hepatocellular carcinoma, head and neck carcinoma, and Merkel cell (neuroendocrine) carcinoma.

MECHANISM OF ACTION AND TOXICITY
An neoplas c ac vity of these agents results from their effect on immune checkpoints that normally serve to dampen the immune response and protect against detrimental
inﬂamma on and autoimmunity. Normally, interac on between B7.1 or B7.2 on an gen-presen ng cells and CD28 on
the T cell results in T-cell ac va on. CTLA-4 is cons tu vely
expressed on inhibitory CD4+ CD25+ regulatory T cells and
has a high aﬃnity receptor for B7.1 and B7.2. CTLA-4 a enuates T-cell response a er an genic s mula on by competing with CD28 for binding to B7.1 and B7.2, thereby blocking T-cell ac va on and signaling for inhibi on of cell cycle
progression and cytokine produc on. Monoclonal an bodies

against CTLA-4 can lead to expansion of tumor-specific
T cells and to tumor destruc on. PD-1 is upregulated on
ac vated T cells, and on recogni on of tumor via the T-cell
receptor, PD-1 engagement by PD-L1 can result in T-cell inac va on. An –PD-1/PD-L1 an bodies block the interac on
between PD-1 receptor and its ligands, thereby disrup ng
signals that result in T-cell inac va on.
Although monoclonal an bodies against CTLA-4 and
PD-1/PD-L1 augment T cell–speciﬁc immune response, resul ng in an tumor ac vity, this can also lead to a range
of systemic and organ-speciﬁc side eﬀects because of an
unchecked immune response. Pa ents with moderate to
severe immune-related adverse events usually require interrup on of the checkpoint inhibitor and immunosuppression. Although such interrup on in ongoing treatment and
the use of immunosuppression have not been associated
with reduced survival, the toxici es themselves may be
severe and can impact quality of life. In addi on, delays in
diagnos c evalua on and/or nonadherence to treatment
have been associated with fulminant disease.1

EPIDEMIOLOGY
Most immune-related adverse events appear within 1–2
months a er the start of treatment. However, in some cases,
they occur several months after starting or completing
treatment.2 Among checkpoint inhibitors, the incidence of
immune-related adverse events with an –PD-1 or an –PD-L1
monoclonal antibodies seems to be lower compared
with an –CTLA-4 an bodies, and adverse events are less
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severe.3 In phase III trials, the incidence rates of immunerelated adverse events in pa ents treated with single-agent
an –CTLA-4 an bodies and pa ents treated with an –
PD-1/PD-L1 an bodies were up to 72% and 25%, respecvely.4,5 Diarrhea/coli s and hepa s are among the most
common adverse events leading to discon nua on of immune checkpoint inhibitors.2 Hepa s rates are similar in
pa ents treated with an –CTLA-4 and an –PD-1 an bodies;
however, diarrhea and coli s are more frequent with CTLA-4
blocking an bodies. Pa ents treated with a combina on of
an –CTLA-4 and an –PD-1/PD-L1 an bodies develop more
frequent and severe toxici es compared with monotherapy
with these drugs. However, the spectrum of immune-related
adverse events is not unique to combina on therapy.6-9

upper gastrointes nal tract involvement, nausea, vomi ng,
early sa ety, and bloa ng may be present. The median onset of diarrhea is approximately 6 to 8 weeks a er ini a on
of therapy.12,17

Diagnos c Evalua on
The evalua on of diarrhea is based on the dura on, severity,
and presence of alarm features that may warrant hospitalizaon (Fig. 1 and Table 2). Pa ents treated with immune checkpoint blockade have a low risk of developing serious infec on
in the absence of corticosteroids and/or tumor necrosis
factor-alpha inhibitor use. However, it remains important to
rule out an underlying infec ous e ology (Table 2).18

Laboratory Studies

DIARRHEA/COLITIS
Diarrhea is a frequent adverse eﬀect of checkpoint inhibitor
therapy. The term “coli s” encompasses abdominal pain or
endoscopic/radiologic evidence of colonic inflammation.
In clinical trials of pa ents treated with ipilimumab, the incidence rates of diarrhea and coli s are 23% to 33% (grade
3/4, 3%–6%) and 8% to 12% (grade 3/4, 7%–9%), respecvely (Table 1).10,11 Pa ents treated with PD-1/PD-L1 blockade have lower incidence rates of diarrhea (11%–19%) and
coli s (1%–4%), and the symptoms are usually milder, with
grade 3/4 diarrhea/coli s in approximately 1% to 3%. The
incidence of diarrhea and coli s are highest with the combina on of an –CTLA-4 and an –PD-1/PD-L1 an bodies, with
rates of up to 45% (grade 3/4, 9%–11%) and 26% (grade 3/4,
8%–17%), respec vely, in clinical trials in which pa ents
were treated with both ipilimumab and nivolumab.6,9,12-14
Nonsteroidal an -inﬂammatory drug use may increase the
risk of ipilimumab-induced coli s.15

Clinical Presenta on
Immune-related diarrhea secondary to checkpoint inhibitor
therapy is usually a consequence of underlying colonic inﬂamma on. Approximately one-third of pa ents have concomitant enteri s, but in rare cases, pa ents may present
with diarrhea caused by enteri s alone.16 Pa ents usually
present with frequent nonbloody stools associated with urgency. Bloody diarrhea is rare. In pa ents with concurrent

Fecal lactoferrin or calprotec n can be used as a surrogate
measure for fecal leukocytes and intes nal inﬂamma on.
We rou nely obtain stool cultures for bacterial pathogens
and addi onal stool tes ng for Clostridium di cile infec on,
rotavirus, and norovirus. In addi on, speciﬁc tes ng for
Escherichia coli O157:H7/shiga toxin should be performed.
Tes ng for ova and parasites, Cryptosporidium, and Giardia
is warranted in pa ents with risk factors or recent travel to
endemic areas. Laboratories rou nely iden fy Salmonella,
Shigella, and Campylobacter on stool cultures, but isola on
for Yersinia, Vibrio, and Aeromomas, if suspected, must be
speciﬁed (Table 2). If a mul plex molecular panel is performed for microbiologic stool tes ng, posi ve test results
must be conﬁrmed with stool cultures.19,20 These assays can
detect gene c material that does not necessarily indicate an
ac ve infec on.

Abdominal Imaging
Abdominal imaging is not rou nely required in pa ents
with mild (grade 1) diarrhea but can provide clinically useful informa on in pa ents with more severe symptoms or
abdominal pain. Abdominal CT ﬁndings in pa ents with
checkpoint inhibitor coli s include mesenteric vessel engorgement, marked thickening of the bowel wall, mucosal
hyperenhancement, and a ﬂuid-ﬁlled colon. Three dis nct
pa erns of colon inﬂamma on have been described: diﬀuse
coli s pa ern with diﬀuse colonic wall thickening, segmental

TABLE 1. Incidence and Severity of Checkpoint Inhibitor–Related Gastrointes nal and Hepa c Toxicity4,6,7,10,12
Diarrhea

Any Grade, %

Grade 3/4, %

Hepa c Transaminase Eleva on

Characteris cs

Any Grade, %

Timing of onset, weeks

6–8

An –CTLA-4 monotherapy

23–33

3–6

8–12

7–9

1–7

0–2

An –PD-1/PD-L1 monotherapy

11–19

1–3

1–4

< 1–3

1–6

1–3

Combina on an –CTLA4 and an –PD-1/
PD-L1

44–45

9–11

12–26

8–17

13–30

6–19

14

Grade 3/4, %

Coli s

Any Grade, %

Grade 3/4, %

8–12
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TABLE 2. Checklist for Evalua on of Pa ents With Presumed Checkpoint Inhibitor Coli s
Evalua on

Pa ent Characteris cs

Test

Laboratory studies

Grade 1–4 diarrhea

Stool bacterial cultures (Salmonella, Shigella, Campylobacter) and tes ng
for E. coli O157:H7/shiga toxin; addi onal stool tests: stool lactoferrin, C.
diﬃcile, rotavirus and norovirus

Grade 1–4 diarrhea with risk factors (e.g., travelers’ diarrhea, ongoing outbreak, seafood
or shellﬁsh exposure)

Vibrio, Aeromonas, Listeria, Yersinia, Cryptosporidium stool an gen, ova, and
parasites (microscopy, stool an gen, or molecular tes ng), Giardia stool
an gen

Endoscopy

Grade 2–4 diarrhea

Flexible sigmoidoscopy or colonoscopy; upper endoscopy may be indicated
in selected pa ents with upper gastrointes nal symptoms (e.g., bloa ng,
epigastric pain)

Imaging

Grade 2 diarrhea and abdominal pain; grade
3–4 diarrhea

Abdominal CT scan

coli s associated with diver culosis, and isolated rectosigmoid coli s without diver culosis.21 Findings on abdominal
CT scan are not speciﬁc for checkpoint inhibitor coli s; however, imaging can rule out complica ons, including bowel
perfora on, abscess, and toxic megacolon.22

Endoscopy
All pa ents with bloody diarrhea and those with nonbloody
diarrhea that is persistent or grade 2 or worse diarrhea
should undergo endoscopic evalua on. Endoscopic evaluaon serves to rule out other e ologies (e.g., cytomegalovirus
infec on, ischemic coli s in the se ng of dehydra on),

and it can establish the diagnosis of checkpoint inhibitor
colitis and guide therapy. Although a flexible sigmoidoscopy with biopsies of the left colon can be diagnostic in
approximately 95% of suspected ipilimumab-induced colitis
cases, it is unclear if this is adequate in pa ents with PD-1/
PD-L1 inhibitor toxicity given that pa ents may have enteri s
alone.16
Ipilimumab-induced coli s can result in a con nuous pattern of colonic inﬂamma on. The endoscopic appearance is
nonspeciﬁc with mucosal edema, erythema, and diﬀuse but
shallow ulcers.15 Small intes nal and colonic inﬂamma on
with PD-1/PD-L1 inhibitors appears to be much less prominent

FIGURE 1. Approach to the Evalua on and Management of Checkpoint Inhibitor Coli s/Diarrhea

Abbrevia ons: ADL, ac vi es of daily living; CTCAE, Common Terminology Criteria for Adverse Events; PCR, polymerase chain reac on; TB, tuberculosis; TNF, tumor necrosis factor.
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on endoscopy. There may be isolated inﬂamma on of the
small bowel or colon, and the endoscopic appearance of the
mucosa may be normal. Histopathologic features include
ac ve coli s with neutrophilic inﬂamma on, increased intraepithelial lymphocytes, and increased numbers of apopto c crypt epithelial cells. Granulomas are rare, and features of chronicity are limited or absent.15 In pa ents with
an –PD-1 an body therapy, a pa ern resembling lymphocy c coli s has also been reported.23

Development of diarrhea and/or coli s during use of
one checkpoint inhibitor does not necessarily prohibit
the use of another.26 Treatment with nivolumab a er ipilimumab seems to be safe. In a retrospec ve study of 576
nivolumab-treated pa ents, of which 312 pa ents (54%)
had received prior ipilimumab therapy, the incidence rates
of treatment-related adverse events (any grade and grade
3–4) in the overall popula on were similar to those among
pa ents who had received prior ipilimumab.2

Management

HEPATOTOXICITY

Pa ents with mild diarrhea/coli s can be managed as outpa ents with oral hydra on. Although a banana, rice, applesauce, and toast diet is o en recommended, dietary
recommenda ons in this se ng have not been extensively
evaluated. Pa ents should be advised to avoid foods with
high fat content and avoid dairy, because secondary lactase
insuﬃciency can develop when small intes nal mucosa is
damaged. Dietary supplements with high osmolality and
medica ons that can cause diarrhea should be avoided. A
diet of boiled vegetables, starches, and cereals (e.g., potatoes, noodles, rice, wheat, and oat) with salt, crackers, bananas, and soup may be consumed. The an mo lity agent
loperamide should be used at low doses and only in pa ents
with grade 1 diarrhea.24
Pa ents with mild symptoms (grade 1 diarrhea/coli s)
that persist for more than 2 weeks or diarrhea/coli s grade
2 or worse should be treated with glucocor coid therapy
a er an iden ﬁable infec ous cause has been ruled out (Fig.
1). In pa ents with mild symptoms (grade 1 diarrhea/coli s)
that persist for more than 2 weeks, we begin budesonide
started at 9 mg/day for at least 4 weeks. Budesonide is then
tapered by 3-mg increments for a total of 4 to 6 weeks of
therapy. Prednisone (1 mg/kg per day) can be given to paents with persistent grade 1 diarrhea who do not respond
to budesonide or pa ents with grade 2 diarrhea/coli s for
more than 3 days. In pa ents who respond, prednisone is
gradually tapered by 5 to 10 mg/week, with the goal of discon nuing prednisone over 4 to 6 weeks.
Pa ents with alarm symptoms or severe enterocoli s
(grade 3 or 4 diarrhea/coli s) require prompt hospitalizaon for further management. This includes intravenous ﬂuids, reple on of electrolytes, and intravenous steroids (e.g.,
1–2 mg/kg per day of methylprednisolone). In pa ents who
respond, methylprednisolone is converted to an equivalent
dose of oral prednisone a er 3 to 5 days of improvement.
We gradually taper prednisone over 6 to 8 weeks, decreasing the dose by 5 to 10 mg every week.
Pa ents who do not improve with intravenous steroids in
3 days should be considered steroid refractory and treated
with tumor necrosis factor-alpha inhibitor inﬂiximab (5–10
mg/kg). Mycophenolate mofetil is an alternative if infliximab cannot be used. Vedolizumab, a humanized an alpha-4beta-7 integrin monoclonal an body, may be an alterna ve
to inﬂiximab in pa ents with steroid-dependent/refractory
enterocoli s; however, addi onal evidence is required before it can be rou nely recommended.25

Hepatotoxicity with checkpoint inhibitors usually results
in a transamini s, with eleva ons of aspartate aminotransferase and alanine aminotransferase and, less commonly,
hyperbilirubinemia. Pa ents usually present with asymptoma c eleva ons in transaminases; however, some paents may have an associated fever, fa gue, or jaundice. In
rare cases, fulminant hepa s has been reported.27 The onset of hepa s with immunotherapy is usually 8 to 12 weeks
a er ini a on of treatment. However, eleva ons as early
as 8 days and up to 21 months a er ini a on of treatment
have also been reported. Hepa s occurs in up to 1% to 7%
of pa ents during monotherapy with ipilimumab and 1%
to 6% of pa ents treated with an –PD-1/PD-L1 an bodies
nivolumab or pembrolizumab. Rates of grade 3 or 4 toxicity
are lower (1%–3%; Table 1). However, the incidence of toxicity is higher in pa ents treated with combina on therapy
(13%–30%, of which 6%–19% is ≥ grade 3).4,7,10-12
Pa ents being treated with immunotherapy require monitoring of liver tests before therapy. Similar to pa ents with
other immune-related adverse events, diagnos c evalua on
should rule out other alterna ve e ologies (Fig. 2). Imaging
in pa ents with elevated liver tests serves to rule out paral bile duct obstruc on from cholelithiasis, the presence
of metasta c disease, and vascular obstruc on, which may
cause eleva ons in liver tests. Imaging with abdominal CT or
ultrasound may be normal in mild cases of checkpoint inhibitor hepa s. However, in more severe cases, hepatomegaly,
periportal edema, a enuated liver parenchyma, and periportal lymphadenopathy may be present.27 Histologic changes
associated with ipilimumab-induced hepa s include a pattern of hepatocellular injury with panlobular hepa s, but
bile duct injury has also been reported.28 Histologic changes
in ipilimumab-related hepa s are not speciﬁc and may be
seen in pa ents with acute viral and autoimmune hepa s.29
Hepa s usually responds to the use of cor costeroids.
However, the me to resolu on is approximately 8 weeks,
and relapses are frequent as cor costeroids are tapered.6 It
is unclear if the use of N-acetylcysteine or ursodeoxycholic
acid can hasten normaliza on of liver tests and if budesonide
has a role in the treatment of pa ents with hepatotoxicity.30
Inﬂiximab does not have a role in the treatment of checkpoint inhibitor hepa s because of the risk of hepatotoxicity associated with tumor necrosis factor-alpha inhibitors.
Mycophenolate mofe l and tacrolimus have also been used
in steroid-refractory cases.24 In a case report, treatment with
an thymocyte globulin resulted in resolu on of hepa s in
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FIGURE 2. Approach to the Evalua on and Management of Checkpoint Inhibitor Hepatotoxicity

Abbrevia ons: ALT, alanine aminotransferase; ANA, an nuclear an body; ASMA, an smooth muscle an body; AST, aspartate aminotransferase; CMV, cytomegalovirus; CTCAE, Common Terminology Criteria
for Adverse Events; EBV, Epstein–Barr virus; HBcAb, hepa s B core an body; HBsAb, hepa s B surface an body; HBsAg, hepa s B surface an gen; HCV, hepa s C; HCVAb, hepa s C an body; HSV,
herpes simplex virus; LKM, liver kidney microsomal; MMF, mycophenolate mofe l; ULN, upper limit of normal.

a pa ent with checkpoint inhibitor–induced hepa s that
was refractory to treatment with mycophenolate mofe l
and steroids.31

PANCREATIC ENZYME ELEVATION AND
PANCREATITIS
Although the incidence of acute pancrea s is low, eleva on
in pancrea c enzymes without evidence of pancrea s is
noted in a number of pa ents treated with checkpoint inhibitors (10%–15% grade 3/4 enzyme eleva on).32 In a retrospec ve study of 119 pa ents with melanoma treated with
nivolumab and ipilimumab, 10 (8%) had grade 3 or worse amylase, 32 (27%) had grade 3 or worse eleva on in lipase, and
10 (8%) of pa ents had grade 3 or worse eleva ons of both
enzymes.32 There were only two cases of acute pancrea s.
Eleva ons in pancrea c enzymes may not be because of
underlying pancrea c inﬂamma on, but they may be because of T cell–mediated inﬂamma on of other organs that
produce these enzymes. Other nonimmune-mediated causes
for pancreatic enzyme elevation should also be considered, such as pancrea c duct obstruc on from metasta c
disease and renal failure (which can delay clearance of these
enzymes).33
Immunosuppression with corticosteroids should be reserved for pa ents with pancrea s because of checkpoint
inhibitors. The diagnosis of acute pancrea s should be suspected in a pa ent with acute onset of a persistent, severe

epigastric pain. The diagnosis of acute pancrea s requires
the presence of two of the following three criteria: acute
onset of persistent, severe epigastric pain o en radia ng to
the back, eleva on in serum lipase/amylase to three mes
or higher the upper limit of normal, and characteris c ﬁndings of acute pancrea s on abdominal imaging.
The signiﬁcance of checkpoint inhibitor–associated pancrea c enzyme eleva ons in pa ents without acute pancrea s
is unclear. Although subclinical pancrea c inﬂamma on has
been associated with pancrea c exocrine insuﬃciency and diabetes, the risk of these in pa ents with asymptoma c pancrea c enzyme eleva ons is unclear. Rou ne assessment of these
enzymes in asymptoma c pa ents should not be performed
unless warranted by trial protocol.34 Pa ents with pancrea c enzyme eleva ons without abdominal pain or evidence of
acute pancrea s on abdominal imaging (contrast enhanced
abdominal CT scan or MRI) can be monitored clinically without
the need for immunosuppressive therapy. In pa ents with pancrea c enzyme eleva ons while on a checkpoint inhibitor, data
on the likelihood of such a reac on recurring (or acute pancrea s) with an alterna ve checkpoint inhibitor are lacking.

CONCLUSION
In summary, inhibi on of immune checkpoints has improved outcomes in pa ents with several diﬀerent types of
cancer. Immune-related gastrointes nal and hepa c eﬀects
of an –PD-1/PD-L1 monoclonal an bodies seem to be less
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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severe compared with ipilimumab, but the incidence with
combina ons of immune checkpoint–blocking an bodies is
higher than with either single agent. New insights into our
understanding of these toxici es may lead to the develop-

ment of novel treatment strategies. However, early recogni on of these toxici es and collabora ve mul disciplinary
care are crucial in minimizing the impact of these complicaons on planned an neoplas c therapy.
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CUP TREATMENT

Cancer of Unknown Primary Site: New Treatment Paradigms
in the Era of Precision Medicine
John D. Hainsworth, MD, and F. Anthony Greco, MD

C

ancer of unknown primary site (CUP) is a clinical syndrome that includes many diﬀerent cancer types and
accounts for approximately 2% of all cancer diagnoses.
Although the anatomic primary sites in pa ents with CUP
cannot be iden ﬁed clinically, they are iden ﬁed in approximately 75% of postmortem examina ons, and most are less
than 1 cm in size.1,2 The biologic mechanisms underlying this
unique clinical behavior (i.e., dissemina on of cancer while
the primary site remains small) is unknown; to date, no speciﬁc molecular signatures have been associated with these
cancers.
Pa ents should be diagnosed with CUP only a er speciﬁc clinical and pathologic studies have been completed.3
Clinical evalua on includes complete history and physical
examina on, complete blood counts, serum chemistries,
urinalysis, CT scans of the chest/abdomen/pelvis, mammogram (women), and serum prostate-speciﬁc an gen (men).
Pathologic evalua on includes histologic examina on and
selected immunohistochemical (IHC) stains. When these
evalua ons are used to deﬁne CUP, detec on of an anatomic
primary site at any me during the subsequent clinical
course is uncommon (< 10%).
Treatment of pa ents with CUP ini ally is dependent on
iden ﬁca on of favorable subsets of pa ents with speciﬁc
clinical and/or pathologic presenta ons.3 These pa ents
(15% to 20% of all pa ents with CUP) respond rela vely
well to speciﬁc therapies, and some have poten ally curable cancers. The remaining 80% to 85% of pa ents with
CUP have tradi onally received empiric chemotherapy with
regimens designed to have some eﬃcacy in a broad spectrum of cancer types (e.g., taxane/pla num, gemcitabine/
pla num).3-6
As treatment improves and becomes more type-speciﬁc
for many advanced cancers, the no on that empiric chemotherapy can provide adequate therapy to a heterogeneous
popula on of pa ents with many diﬀerent cancer types
becomes increasingly outdated. Non–small cell lung cancer
(NSCLC) and colorectal cancer, both common postmortem

diagnoses in CUP series, illustrate the problems involved in
empiric treatment. Fi een years ago, treatment of advanced
NSCLC with paclitaxel/pla num (a commonly used empiric
CUP regimen) would have provided reasonable treatment.
Today, 13 addi onal drugs are approved for treatment of
NSCLC, none of which is approved (or rou nely used) in the
empiric treatment of CUP. In the treatment of advanced colorectal cancer, even ﬁrst-line empiric CUP regimens, such as
taxane/pla num, are not op mal, and none of the 10 other
drugs approved for this indica on is used.
The era of precision medicine in oncology oﬀers promise
for improved diagnosis and be er therapy for pa ents with
the CUP syndrome, and ﬁrst steps have already been taken
toward incorpora ng precision medicine into the rou ne
management of disease in these pa ents. This brief review
examines new diagnos c methods available for detec on
of the speciﬁc cancer type in these pa ents. Next, precision
treatment for pa ents with CUP, guided by molecular idenﬁca on of the cancer type and the detec on of ac onable
molecular altera ons, is discussed.

DIAGNOSIS OF CUP IN THE ERA OF
PRECISION MEDICINE
The ini al evalua on of CUP has always been predicated on
the assump on that iden ﬁca on of a primary site or speciﬁc cancer type can improve the eﬃcacy of treatment. The
ques ons underlying this assump on have been diﬃcult to
address: (1) Do pa ents with unknown primary site actually have a primary site? The fact that most pa ents have
small primary sites found at autopsy provides strong aﬃrma ve evidence. (2) Do CUPs mirror their counterparts that
present with overt primary sites in most aspects of tumor
biology, even though they diﬀer in the ability to metastasize
widely (mechanism unknown) while the primary tumor remains small? (3) Do CUPs respond to the same treatments
proven eﬀec ve in pa ents with the corresponding cancers
of known primary site? Un l recently, tes ng of the second
and third ques ons was indirect, because most pa ents with
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CUP never have anatomic primary sites iden ﬁed. During the
past 10 years, improved diagnosis has provided much more
informa on with which to address these ques ons.

IHC Staining
IHC staining has been part of the standard pathologic evalua on in CUP for the past 20 years. During that me, stains of
increased speciﬁcity have been developed. Although standard prac ce varies, most pathologists use panels of IHC
stains to narrow the diagnos c spectrum; use of addi onal
stains is guided by the histology, clinical presenta on, and
results of the ini al IHC panel.7
With current IHC staining approaches, a single diagnosis
is predicted in 30% to 40% of pa ents with CUP.8-10 However, there has been reluctance to use IHC diagnoses as a
guide for treatment, because the pathology report usually
is somewhat equivocal and uses words and phrases like
"favor” or “consistent with” rather than giving a ﬁrm diagnosis. Un l recently, there has been no other method with
which to test the reliability of the IHC results.

Gene Expression Proﬁling
Speciﬁc gene expression proﬁles are now recognized in
most cancers according to their site of origin, which reﬂects
the diﬀerent expression proﬁles present in their normal ssues of origin.11 The applica on of these ﬁndings to cancer
diagnosis was ﬁrst demonstrated when diﬀerences in gene
expression allowed the dis nc on of acute myeloid leukemia from acute lymphoblas c leukemia.12 Diﬀerences in
gene expression also allow dis nc on between various solid
tumors and provide a valuable method for diagnosis of the
ssue of origin in pa ents with CUP. It is important to recognize that this molecular analysis, which detects pa erns
of gene expression unique to the ssue of origin, is diﬀerent from molecular muta on proﬁling (discussed in the next
sec on), which is designed to detect oncogenes and other
ac onable molecular altera ons but which only rarely determines the cancer type.
Gene expression profiling assays with either reversetranscriptase polymerase chain reac on or gene microarray
techniques are now commercially available. These assays,
termed molecular cancer classiﬁer assays (MCCAs), are
able to iden fy more than 40 diﬀerent cancers and cancer
subtypes. In valida on studies in cancers of known primary
sites (biopsies from primary and metasta c sites), these assays correctly iden ﬁed the tumor type in more than 85%
of cases.11,12 In a group of 252 pa ents with CUP whose diseases were studied prospec vely, primary sites were predicted in 247 (98%) by using the 92-gene CancerTYPE ID
assay; only ﬁve pa ents had unclassiﬁable gene expression
proﬁles.13 As with IHC, the accuracy of these diagnoses is
diﬃcult to establish, because anatomic primary sites usually
are not iden ﬁed. However, in a group of 24 pa ents with
CUP who had a primary site iden ﬁed 2 to 79 months a er
an ini al diagnosis, the correct primary site was predicted
by MCCA in 18 (75%) of 24 pa ents who had adequate ssue available for analysis.14,15

The accuracy of IHC staining compared with MCCA diagnoses has been studied in several trials. In two trials, pathologists were blinded to the tumor type and performed IHC
stains (as many as they thought necessary) compared with
MCCA in pa ents with metasta c carcinoma of known primary.9,16 In both studies, the MCCA was more accurate; differences were accentuated when tumors that were poorly
diﬀeren ated (83% vs. 67% accurate in poorly diﬀeren ated
carcinomas).16 In pa ents with CUP, the predic ve accuracy
of IHC (i.e., predic on of a single site of origin) decreases to
30% to 40%.8-10 In the largest study of 149 pa ents with CUP,
IHC results performed at the me of ini al evalua on were
compared with MCCA results obtained later with remaining
tumor ssue.8 IHC evalua on resulted in the predic on of a
single site of origin in 35%. In these pa ents, MCCA results
matched the IHC results in 77% of pa ents. MCCA predicted
the primary site in most of the remaining 65% of pa ents
when IHC gave nonspeciﬁc results.
Gene expression proﬁling also results in a high percentage
of diagnoses in the uncommon group of pa ents with poorly
diﬀeren ated neoplasm of unknown origin. In a group of 30
such pa ents without a lineage diagnosis a er complete
pathologic evalua on (median, 18 IHC stains performed),
MCCA established the tumor lineage in 25 (83%) of 30 paents and a speciﬁc diagnosis in the 10 pa ents with carcinomas.17 Results with MCCA provide strong evidence that
most CUPs retain gene expression proﬁles similar to their
ssue of origin and suggest that responses to site-speciﬁc
treatment may also mirror their counterparts with known
primary site.

TREATMENT OF CUP IN THE ERA OF
PRECISION MEDICINE
For the majority of pa ents with CUP, empiric combina on
chemotherapy tradi onally has been considered the standard ﬁrst-line therapy. Beneﬁts of this approach are modest: standard regimens produce response rates less than
40%, median survival of fewer than 11 months, and 2-year
survival less than 20%.4-6 Because the site of origin can be
determined now in most pa ents with CUP, site-speciﬁc
treatments that are based on these molecular diagnoses
have been inves gated for several years, and these data are
reviewed.
For many advanced cancer types, standard treatment
now includes the iden ﬁca on of pa ent subsets deﬁned
by the presence of ac onable molecular altera ons (e.g.,
HER2 in breast cancer; EGFR/ALK/ROS1 in NSCLC). Analogous molecular tes ng and targeted treatment of pa ents
with CUP whose cancer types have been diagnosed should
also be considered; data to support this approach are developing. Beyond tes ng for speciﬁc molecular altera ons that
are based on the cancer type, increasing evidence indicates
that comprehensive gene c proﬁling of tumors can iden fy
addi onal targetable molecular altera ons in substan al
numbers of pa ents with advanced cancer. Although evidence in pa ents with CUP is s ll limited, these issues are
also discussed.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Site-Speciﬁc Therapy by Molecular Cancer Classiﬁer
Assay Diagnosis
Evidence suppor ng the use of site-speciﬁc therapy directed
by the MCCA results is incomplete but is increasingly compelling. Although results of a randomizedcomparison of
site-speciﬁc therapy and empiric chemotherapy has not
been reported, the available data strongly suggest that outcomes are improved with site-speciﬁc therapy, par cularly
for the more responsive cancers.18-20
The largest prospec ve trial to date included 194 previously
untreated pa ents with CUP who received site-speciﬁc therapy on the basis of a MCCA diagnosis.18 The median survival
of all pa ents was 12.5 months; pa ents predicted to have
responsive tumor types had significantly longer median
survival than those with less responsive types (13.4 vs.
7.6 months). Although pa ent numbers in speciﬁc tumor
groups were rela vely small, survival generally mirrored
the expected survival of patients with the predicted cancer types (biliary, 7 months; pancreas, 8 months; colon,
13 months; ovarian, 30 months; and breast, not reached at
> 24 months).
Other recent studies also support the use of site-speciﬁc
treatment on the basis of MCCA results. In one study, a MCCA
resulted in a diagnosis in 188 (87%) of 216 pa ents with
CUP.19 Treatment received by 114 pa ents was examined
retrospec vely: pa ents who received treatment predicted
eﬀec ve for their MCCA diagnosis had median survival of
13.6 months compared with a 6-month median survival for
those who received empiric treatments predicted ineﬀecve. Another trial used an empiric regimen of carbopla n/
paclitaxel/everolimus; the 18 pa ents predicted by MCCA
to have tumor types sensi ve to this regimen had a median
survival of 17.8 months, but the 19 pa ents with tumor
types predicted to be insensi ve had a median survival of
8.3 months.20
Addi onal retrospec ve studies focusing on speciﬁc tumor
types also support this approach. In three studies, pa ents
with CUP who were predicted to have metasta c colorectal
cancer (all had nega ve colonoscopies) had median survivals of more than 20 months when treated with colorectal
cancer therapies.21-23 In a group of 20 pa ents predicted
to have renal cell carcinoma (none had renal lesions on CT
scan), site-speciﬁc treatment with targeted agents resulted
in a median survival of 16 months.3,24 Pa ents predicted to
have germ cell tumor, lymphoma, and neuroendocrine tumors have had typical responses to site-speciﬁc therapy for
these tumor types.3,17
When pa ents with CUP are treated with site-speciﬁc
treatment, it is reasonable to test a tumor biopsy specimen
for speciﬁc molecular altera ons on the basis of the predicted
site of origin by using either speciﬁc hotspot gene c tes ng
or comprehensive molecular proﬁling. Examples include testing for HER2 a er the diagnosis of breast/gastroesophageal
junc on/gastric cancer; tes ng for EGFR/ALK/ROS1 a er the
diagnosis of NSCLC, and tes ng for KRAS/microsatellite instability (MSI) a er the diagnosis of colorectal cancer. At present, only anecdotal reports document responses to targeted
22
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treatment in these pa ents (e.g., NSCLC with EGFR muta on
responding to geﬁ nib; NSCLC with ALK rearrangement or
MET ampliﬁca on responding to crizo nib; HER2-posi ve
breast cancer responding to trastuzumab).18,25-30 Addi onal
studies in this area are needed.
The rapid development of checkpoint inhibitors and other
immunomodulatory agents creates addi onal possibili es
for treatment in pa ents with CUP. At present, there are
only a few case reports about these treatments.31,32 Studies
in patients with CUP who are predicted to have potentially sensi ve tumor types (e.g., lung, urothelial, renal) are
indicated.

Comprehensive Molecular Proﬁling in CUP
The role of comprehensive molecular proﬁling is evolving
rapidly. Already, the increased use of comprehensive proﬁling has enabled the tes ng of targeted agents in a wide
variety of advanced cancer types that are rare or have a
low incidence of the cri cal muta ons. Not surprisingly, effec ve targeted agents have ac vity across a spectrum of
tumor types, as long as the cri cal molecular altera on is
present.33-36 For example, HER2 ampliﬁca on/overexpression
predicts response to HER2-targeted therapy in colorectal
carcinomas, salivary gland carcinomas, and others, in addion to the cancer types for which HER2-targeted therapy is
currently labeled.33 Presence of the BRAF V600E muta on
predicts response to BRAF-targeted drugs in NSCLC, ovarian
cancer, and others.33,35
The eﬃcacy of targeted agents varies widely on the basis
of solid tumor type. The most drama c example of this is
the high response rate of metasta c BRAF V600E–mutated
melanoma (> 60%) when treated with BRAF inhibitors,37
and the inac vity of the same agents in BRAF V600E–
mutated colorectal cancer.38 Therefore, it is unlikely that most
of the current targeted agents will ever be recommended
for use agnos c of tumor type. However, the U.S. Food and
Drug Administra on recently approved the ﬁrst treatment
on the basis of molecular tes ng alone: pembrolizumab for
pa ents with MSI unstable tumors regardless of the cancer
type.39 A new targeted drug, larotrec nib (a pan-TRK inhibitor), is likely to become the second such drug when it gains
approval for pa ents with the uncommon TRK muta on.40
Comprehensive molecular proﬁling of pa ents with CUP
indicates that a substan al number of poten ally important
molecular altera ons are present. In a group of 200 pa ents
with CUPs (125 with adenocarcinoma, 75 with carcinoma),
poten ally ac onable muta ons were iden ﬁed in 169
(85%).34 Some of these tumors had muta ons for which only
inves ga onal drugs (with undeﬁned ac vity) are available,
and some had muta ons that may aﬀect treatment decisions but for which no speciﬁc treatment is available (e.g.,
KRAS). However, 38 (18%) of 200 tumors had molecular altera ons for which approved targeted agents are currently
available (HER2, BRAF, EGFR, ALK, RET, BRCA, and ROS1).
Recently, ctDNA has been evaluated in 442 pa ents with
CUP; previously characterized molecular altera ons were
iden ﬁed in 66% of tumor specimens.31 The ac onable
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muta ons iden ﬁed were similar to those previously reported from tests of CUP tumor ssue.34 Addi onal validaon of the role of ctDNA tes ng is required, but such tes ng
may have advantages compared with ssue tes ng.
As biomarkers predic ve of response to immune checkpoint inhibitors are iden ﬁed, it appears that the use of
these agents in CUP holds promise, par cularly because
many of the cancer types iden ﬁed in the CUP popula on
are responsive to these drugs. IHC staining for PD-L1 has
been of some value, but it is not strongly predic ve. In a
group of 70 pa ents with CUPs, 63% had IHC staining for
PD-1 in tumor-inﬁltra ng lymphocytes, and 21% had cancer
cell staining for PD-L1.41 MSI and mismatch repair deﬁciency
are associated with high response rates to checkpoint inhibitors in colorectal cancer and other tumors; pembrolizumab
is now approved for advanced cancers with high MSI. The
frequency of MSI and mismatch repair deﬁciency in CUP has
not been well studied. High tumor muta on burden also
has been associated with higher response rates to checkpoint inhibitors.42 Compared with other tumor types, high
tumor muta on burden (≥ 20 muta ons/mb) appears to
be frequent in CUP, and the incidence varies with histology:
adenocarcinoma, 8%; carcinoma, 11%; and squamous carcinoma, 23%.43
The use of comprehensive molecular proﬁling to iden fy
and direct therapy for CUP therefore has the poten al to
contribute substan ally to the management of disease in
these pa ents. At present, successful targeted treatment
that is based on ﬁndings at molecular proﬁling has been described in anecdotal reports, but no reported prospec ve
clinical trial has evaluated this approach. Therefore, oﬀ-study

use of targeted treatment presents reimbursement challenges. Un l more data exist, results from an MCCA may be
helpful; for example, a pa ent with CUP who has an EGFR
muta on and a cancer type iden ﬁed as NSCLC by MCCA
likely will have insurance coverage for therapy with EGFR
inhibitors.
A mul na onal randomized study is needed to address
the role of comprehensive molecular proﬁling in direc ng
treatment of pa ents with CUP. The ongoing Na onal Cancer Ins tute MATCH study and the ASCO TAPUR study will
provide some addi onal informa on in pa ents with many
advanced cancer types.

INTEGRATED APPROACH TO DIAGNOSIS AND
MANAGEMENT OF CUP
A new approach to the diagnosis and management of the
pa ent with CUP is shown in Fig. 1. Because diagnosis of the
site of origin is now possible in most pa ents with CUP, inial evalua on closely parallels the strategy used in the inial evalua on of pa ents with metasta c cancer of known
type (Fig. 1). In both groups, the goal of the ini al evaluaon is to determine op mal site-speciﬁc ﬁrst-line treatment
a er fully characterizing the tumor type and evalua ng for
specific molecular subsets. For many patients with CUP,
site-speciﬁc therapy diﬀers markedly from empiric CUP chemotherapy; diﬀerences include selec on of ﬁrst-line chemotherapy regimens, use of targeted therapy for iden ﬁed
ac onable muta ons, and therapy of proven eﬃcacy beyond
ﬁrst-line use.
The role of comprehensive molecular proﬁling in the management of CUP is certain to increase in the future. Although

FIGURE 1. Management of Disease in Pa ents With Metasta c Cancer
Anatomic primary site detected
(97-98% of all paƟents)

Biopsy of appropriate lesion
for histologic diagnosis

AddiƟonal tesƟng if necessary for
the specific cancer type
(may include tumor markers,
molecular tesƟng of biopsy)

Anatomic primary site not detected – CUP syndrome
(2-3% of all paƟents)

Biopsy of appropriate lesion for histologic diagnosis

AddiƟonal studies including selected
IHC stains and MCCA if necessary

Diagnosis of single cancer type
(90-95% of paƟents)
DeterminaƟon of appropriate
site-specific first-line therapy

Specific cancer type not
diagnosed / unknown
(5-10% of paƟents)

Empiric chemotherapy or
clinical trial

ConƟnue site-specific therapy
second-line and beyond if needed
(may include chemotherapy,
targeted drugs, immune checkpoint
inhibitors, clinical trials)
Abbrevia ons: CUP, cancer of unknown primary site; IHC, immunohistochemistry; MCCA, molecular cancer classiﬁer assay.

asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

23

HAINSWORTH AND GRECO

therapeu c data are s ll limited in CUP, iden ﬁca on of a
molecular abnormality known to be targetable across mul ple tumor types (e.g., HER2, BRAF, EGFR, high MSI, high tumor muta on burden) should lead to strong considera on
of treatment with an appropriate targeted therapy, either
as ﬁrst-line (when other op ons appear unlikely to be beneﬁcial) or subsequent treatment. However, recent suggesons that op mum therapy for CUP can be administered
using only the results of comprehensive molecular proﬁling
(i.e., knowledge of the primary site is irrelevant) are premature. At present, few targeted drugs are recommended
for ﬁrst-line single-agent treatment in any solid tumor type.
Combina on chemotherapy s ll plays an important role in
the treatment of many cancers; few oncologists would recommend the same chemotherapy for pa ents with breast

compared wth colon cancer, nor would they treat the large
majority of pa ents with either of these cancer types with
ﬁrst-line single-agent targeted therapy. Likewise, treatment
of a pa ent with BRAF V600E–mutated cancer with current
BRAF-targeted agents would be inappropriate if the primary
site was known to be colorectal.
In the past, the heterogeneity of pa ents with CUP (including diﬀerent clinical features and diverse cancer types) was
an impediment to performing clinical trials and developing
eﬀec ve treatment. The approaches to cancer therapy are
now focused on molecular cancer mechanisms, so the heterogeneity of CUPs likely will provide greater opportuni es
to iden fy treatable subsets. Addi onal experience with
comprehensive molecular profiling, targeted treatment,
and immunotherapy is essen al in this pa ent popula on.
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POINTS OF VIEW
The section contains articles describing emerging, highly debated, or controversial topics in cancer research,
treatment, and care to benefit patients and the field of oncology.

ARTICLES
So Much Data, So Little Knowledge: Using Formal Logic to Aggregate Data and Interpret Information
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So Much Data, So Li le Knowledge: Using Formal Logic to
Aggregate Data and Interpret Informa on
J. Russell Hoverman, MD, PhD
OVERVIEW
Formal logic is the use of symbols to structure how we make inferences such that the structure can be applied beyond speciﬁc cases. The structure of clinical trials and the values equa on (value = outcomes/cost) lend themselves to evalua on
using formal logic. Doing this demonstrates the unique posi on of randomized clinical trials as a defensible format for gathering informa on and iden ﬁes the shortcomings of historical controls and meta-analyses and retrospec ve studies using
large databases. A prac cal example using literature on maintenance therapy in metasta c colorectal cancer is assessed. It
is important to emphasize that value will be rela ve to a viewpoint, with many interested par es having compe ng values.
This underscores the place of physicians and professional socie es as pu ng pa ent values ﬁrst.

W

e, as human beings, have limited access to the enormous data feed to which we are exposed every day.
We do not see the full spectrum of wave energy, we do
not perceive the full audio range, and one only has to walk
with one’s dog to realize how limited our olfactory senses
are. Even the data we could theore cally perceive are too
much for us. We cannot devote a en on to every ray of
light that hits our re na or every sound that reaches our
ears. From an evolu onary perspec ve, we could not survive with constant data overload. We therefore ﬁlter and
abstract. There are physiologic ﬁlters to much that we perceive, and the brain does the rest. Imagine an impala in the
Lowveld of Southern Africa. Because impalas are under constant pressure from predators, they do not wait un l they
see a full-sized lion before they run. How much is enough—
movement in the grass, a warning baboon call, a ﬂash of
brown? There is a ﬁne balance between being eaten and
being exhausted. In evolu onary terms, the only meaningful outcome is survival, but for our purposes, we can use
outcomes (O) as a surrogate for survival in applying logic to
our current use of data.
Formal logic is the use of symbols to structure how we
make inferences such that the structure can be applied beyond speciﬁc cases.1-3 First think of how we aggregate data.
We tend to think of en es, things in our environment. For
example, for another human, we group a set of data points,
or characteris cs to iden fy an individual. We can organize
that into a formula for that individual as follows: I (a1 + a2 +
a3 + a4 + …an). Individuals can then be grouped by relevant
characteris cs to deﬁne tribes or subspecies or candidates
for clinical trials. One of these popula ons has the following

structure: x{(I (a1 + a2 + a3 + a4 + …an)}, where "I" is an individual with the characteris cs a1 to an and x is the number of
those individuals with those characteris cs.. By this process,
we have progressed from raw data to informa on about our
environment.
We can step back now and see where “data” become
“knowledge.” The discrete characteris cs are data points,
but when put together they apply to individuals and become
informa on. They deﬁne en es in our environment. We
then take these en es and put them in situa ons where
we can learn about them, about an interven on, or an acon for which we will change our own behavior. It is only
when we apply a structure to both data and informa on to
produce an ac onable result that we have knowledge.4-6
In the data storm we now confront, these same principles
pertain. We want to interrogate data for a reason. In cancer
care, it may in fact be survival, but it may also be some aspect of life of concern for us. We search for something that
is beneﬁcial for us or some one of us. The value equa on
denotes nicely how we can think of this. In this case, value =
outcome/cost. This is the inverse of the risk/reward calculaon. Most important, it is a value for someone, directly or
indirectly. When we provide services, we may beneﬁt any
number of en es—pa ents primarily, but also the physician and staﬀ, health care en es such as hospitals, imaging centers, laboratories, and even society. Any of these
en es may have compe ng values and these compe ng
values have to be judged rela ve to the values of others.
Even a single pa ent may have compe ng values, such as a
par cular toxicity versus response rate or child care or work
a endance versus treatment schedule. These become rela ve
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values (RVs) that are incorporated into the decision process.
In its simplest structure, for our pa ents with cancer, value will
be ed to survival; but even for individuals, there will be RVs,
the importance of which can only be assessed by our pa ents.
We can now go back to logical structures to format how
we examine data to address value and RV. The ﬁrst step is to
format historical controls. The logical structure looks as follows: here the interven on is “b” and b is tested compared
with an historical popula on; however, there is no guarantee that the historical popula on is iden cal for relevant
characteris cs and logically, comparisons are not possible.
Historical Control
q {I (a1 + a2 + a3…an) + b} → O1

In addi on to these simple equa ons, there is a structure
for meta-analysis as follows:
Meta-analysis or Retrospec ve Studies of Large Databases
q {I (a1 + a2 + a3…an) + b} → O1
q {I (a1 + a2 + a3…an)} → O2
r {I (a1 + a2 + a3…an+x) + b} → O3
r {I (a1 + a2 + a3…an+x)} → O4
s {I (a1 + a2 + a3…an+y) + b} → O5

r {I (a1 + a2 + a3…an+x) + b} → O2
s {I (a1 + a2 + a3…an+y)} → O6

The second format is a process improvement structure.
This looks like a transforma onal structure in which many
changes are made at one me.

t {I (a1 + a2 + a3…an+z) + b} → O7
t {I (a1 + a2 + a3…an+z)} → O8

Process Improvement
n {I (a1 + a2 + a3…ax) + b + c + d} → O1
m {I (a1 + a2 + a3…ax) } → O2

Transforma onal or project improvement projects may have
only historical controls and the experimental group may have
an “n” of only 1. If there is change, the study owners will be unable to iden fy the cri cal contribu on of each component to
value. For cancer care, the current blue whale of process improvement projects is the oncology care model, with six major requirements, 10 characteris cs of naviga on, 13 components of the treatment plan, and numerous quality metrics.7
All of these pieces require documenta on, which by itself
is a cost. One will not know the value of the components
unless there is diﬀeren a on among the par cipants. We
may have to do as in pediatric oncology and tes cular cancer studies—that is, back out or back oﬀ of maximum doses
of drugs and radia on to see whether the costs (in terms
of short- and long-term toxicity) can be improved without
sacriﬁcing survival.

PRACTICAL APPLICATIONS
• Formal logic can help interpret oncology trials and
literature.
• Randomized controlled trials have the most logically
structured format.
• The use of formal logic allows us to be er understand
the value of treatments in trials.
• Value always has an interested party, and o en there are
mul ple par es with compe ng interests.
• It is the role of physicians and professional socie es to
place pa ent values ﬁrst.

In this format, “q,” “r,” “s,” and “t” ideally represent separate randomized controlled trials but may include singlearm trials with historical controls. By combining studies,
large numbers may enhance the conclusions. From a logical standpoint, because the popula ons are diﬀerent, no
amount of sta s cal manipula on can guarantee, based on
structure alone, that any conclusion can isolate the experimental variable. The same can be said for large database
studies. The number of variables can be daun ng and controlling for those variables can be challenging.
One can argue that these challenges can be overcome
by single pa ent meta-analyses or our current sophis caon with interroga ng large databases. We can be hopeful
about this. But, in addi on to loca on, treatment sites, physician training, socioeconomic status, geographic and ethnic
varia on, age, and comorbidity, among many others, me
itself is a variable. The simplest and most reliable format is
the randomized controlled trial (RCT). The reliability of conclusions from these large databases will depend on its approxima on to the RCT structure.
The logical structure of the RCT may have three versions,
all of which share the characteris c of examining only one
variable. In RCT 1, the popula ons are iden cal and only
one interven on is made. In RCT 2, the placebo eﬀect (p)
of the treatment arm is accounted for in the control arm.
In RCT 3, the comparison is between a new treatment or
interven on (b) and the standard of care (d).
RCT 1
q {I (a1 + a2 + a3…an) + b} → O1
q {I (a1 + a2 + a3…an)} → O2
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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RCT 2
q {I (a1 + a2 + a3…an) + b} → O1

(XELOX) with or without BEV, and maintenance fluoropyrimidine (MFP; which could be either 5-FU or capecitabine)
with or without BEV. The relevant studies look as follows:
OPTIMOX28

q {I (a1 + a2 + a3…an) + p} → O2
FOLFOX + BEV → O1

RCT 3
q {I (a1 + a2 + a3…an) + b} → O1

FOLFOX + BEV + MFP (infusional 5-FU) → O2
Result: O2 > O1. Small improvement in PFS, no OS diﬀerence

q {I (a1 + a2 + a3…an) + d} → O2

AIO02079
The RCT is, of course, not without its problems. Logically,
only one variable is tested and we can make conclusions
about compara ve outcomes. In real life, we cannot guarantee that both arms are equal and that results did not occur as
part of the random varia on of events. The result, for example, improved survival measured by O1 to O2, is dependent
on the probability rela onship between the two outcomes.
There are other concerns, such as selec on bias, repor ng
bias, more than one variable treated as one (interven on
plus maintenance therapy, for example), selec on of outcomes (response rate vs. progression-free survival [PFS] vs.
overall survival [OS]), and lack of cost data. In regard to cost
(C), the ideal format for presenta on to our pa ents is in
terms of RV, with a structure as follows:
Rela ve Value
RV1 = O1/C1

FOLFOX + BEV + (MFP + BEV) → O1
FOLFOX + BEV + maintenance BEV → O2
FOLFOX + BEV + observa on → O3
Result: O1 > O3. No superiority or noninferiority of O2 to either O1
or O3

Luo et al10
FOLFOX + MFP (capecitabine) → O1
FOLFOX + observa on → O2
Result: O1 > O2. Improved PFS, no OS diﬀerence.

CAIRO311

RV2 = O2/C2
RV3 = O3/C3

Ul mately, the choice of the many op ons for lung cancer,
prostate cancer, or breast cancer will depend on the subjecve values of our pa ents. This may include dollar cost, me
cost, toxicity cost, or even the cost of not dying at home
or placing undue burden on family and friends. We cannot
know these things un l we ask and we cannot give our best
answer un l we have be er knowledge.
The interpreta on of cancer treatment literature can be
daun ng but the use of formal logic can provide some clarity. One example formats the use of maintenance chemotherapy a er ﬁrst-line chemotherapy in adjuvant metasta c
colorectal cancer. The studies can be simpliﬁed by making
some structural assump ons as follows. First, assume all
studies have the same popula on. Second, the formulas assume that all popula ons have the structure x{(I(a1 + a2 +
a3 + a4 + …an)}. Finally, the following designate general categories of regimens without a en on to dosing or schedule:
5-ﬂourouracil (5-FU)/leucovorin/oxalipla n (FOLFOX) with
or without bevacizumab (BEV), 5-FU/leucovorin/irinotecan
(FOLFIRI) with or without BEV, capecitabine/oxaliplatin
e4
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XELOX + BEV + MFP (capecitabine) + BEV) → O1
XELOX + observa on → O2
Result: O1 > O2. Improved PFS, no improvement in OS.

In summary, no study shows that BEV adds anything to an
MFP regimen. The CAIRO3 study had no capecitabine-only
maintenance arm. The AIO0207 study had no 5-FU–only
maintenance arm. In the la er study, there was no evidence
that BEV alone was be er than the observa on arm. It is no
surprise that a recent study12 with the following structure
shows no beneﬁt to BEV maintenance.
PRODIGE912
FOLFIRI + BEV + BEV maintenance → O1
FOLFIRI + BEV + observa on → O2
Result: O1 = O2. No improvement in PFS or OS.

USING FORMAL LOGIC TO AGGREGATE DATA AND INTERPRET INFORMATION

This is important because the diﬀerences in value can be
profound among these regimens. For discussion, suppose
BEV is 25 mes the cost of 5-FU regimens for maintenance.
Taken another way, the margin of 6% on a $100 drug will
be $6, and a 20% margin will be $20. The margin of 6% on
a $2,500 drug will be $150, and a 20% margin will be $500.
Because there were no diﬀerences in outcomes with adding
BEV, any BEV regimen for maintenance is of low value compared with ﬂuoropyrimidine regimens.
These conclusions lead to the last point to make. All RVs
are laden with moral tension. The outcomes and costs

apply to someone or something. A RV released into the
world will be assessed by en es with compe ng interests. A new treatment, for example, will interest pa ents,
physician groups, hospitals, insurers, pharmaceu cal companies, and even Wall Street. The percep on of RV will be
diﬀerent for each. What is best for one may not be best
for pa ents unless the values for each are ed to pa ent
values. These compe ng interests may lead to distoron of the RV calcula ons. The unique role of physicians
and professional socie es is their allegiance to pa ent
values.
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FERTILITY PRESERVATION IN YOUNG WOMEN WITH CANCER

Advances in Fer lity Preserva on for Young Women
With Cancer
Karen Lisa Smith, MD, MPH, Clarisa Gracia, MD, MSCE, Anna Sokalska, MD, PhD, and Halle Moore, MD
OVERVIEW
Female pa ents of reproduc ve age with cancer o en require treatment that can compromise their future fer lity. Treatmentrelated infer lity is an important cancer survivorship issue and is associated with depression and diminished quality of
life. Recent advances in reproduc ve health care provide the opportunity to preserve fer lity prior to the ini a on of cancer therapy. Clinical guidelines recommend that oncology providers counsel pa ents about the risk of treatment-related
infer lity and fer lity preserva on op ons, and that they refer those who are interested in fer lity preserva on to fer lity
specialists. Guidelines endorse the use of assisted reproductive techniques (ART) provided by reproductive endocrinologists to preserve fer lity in young female pa ents with cancer. In addi on, ovarian suppression with gonadotropinreleasing hormone (GnRH) agonists may be considered for ovarian protec on during chemotherapy. This ar cle reviews
currently available and emerging ART for fer lity preserva on in female pa ents of reproduc ve age with cancer and current data suppor ng the use of ovarian suppression for ovarian protec on during chemotherapy in this popula on. We
also review the uptake of fer lity services and discuss barriers to fer lity preserva on in female pa ents of reproduc ve
age with cancer.

E

ach year, over 30,000 women of reproduc ve age are
diagnosed with cancer in the United States. Common
cancers in young women include breast cancer, hematologic
malignancies, gynecologic malignancies, sarcomas, brain
tumors, and colorectal cancer.1 Given the current trend
toward delayed childbearing in Western countries, many
young women with cancer have not yet completed their
families at the me of diagnosis.2,3
Unfortunately, young women with cancer o en require
treatment that can compromise future fer lity. Chemotherapy is toxic to the ovaries and can result in loss of primordial
follicle reserve and premature ovarian failure.4,5 The degree
of gonadotoxicity associated with each chemotherapy regimen varies according to the drug class(es), dura on/dose of
chemotherapy, and pa ent age. DNA damage induced by alkyla ng agents results in primordial cell death in the ovary,
leading to a par cularly high risk of subsequent infer lity.
Chemotherapy accelerates the natural age-related decline
in follicle reserve, thus the likelihood of treatment-related
infer lity is greater in women who receive chemotherapy
later in their reproduc ve years.5 In the case of hormone
receptor–posi ve breast cancer, addi onal risk of infer lity
beyond that induced by chemotherapy occurs due to the
need to delay concep on during the course of 5 to 10 years
of adjuvant endocrine therapy.6,7 Addi onally, in some situa ons, future fer lity may be impacted by the direct eﬀects

on the reproduc ve organs of radia on and/or surgery in
the abdomen or pelvis, although fer lity-sparing procedures can be considered if appropriate.8-10 The impact of
newer targeted therapies on female fer lity is not well deﬁned. Data suggest that trastuzumab does not increase the
risk of infer lity in female pa ents with breast cancer, and
pregnancies have been reported in pa ents treated with
ima nib; however, concep on should be avoided during
the course of targeted therapies.11,12
With recent improvements in cancer survival rates, longterm eﬀects of cancer treatment, such as infer lity, have
become important clinical issues.1 The majority of young
female cancer survivors report reproduc ve concerns and
many desire children.13-17 To date, available data indicate
that pregnancy a er cancer treatment does not increase
the risk of cancer recurrence, even in women with a history
of hormone receptor–posi ve breast cancer.18,19 Yet, female
cancer survivors achieve pregnancy at lower rates than unaﬀected women in the general popula on.20
Recent advances in reproduc ve health care provide the
opportunity to preserve fer lity in female pa ents prior
to the ini a on of cancer therapy. Guidelines recommend
that oncology providers counsel pa ents about the risk of
treatment-related infer lity and fer lity preserva on interven ons, and that they refer those who are interested in
fer lity preserva on to fer lity specialists.21-27 If considered
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safe from an oncologic perspec ve, fer lity concerns should
be addressed as soon as possible a er a cancer diagnosis
and prior to the ini a on of cancer therapy.21-23,27
Despite clinical guidelines outlining op mal management
of fer lity issues in the se ng of a cancer diagnosis, many
pa ents with cancer do not recall discussing their risk of
infer lity and fer lity preserva on op ons with their oncology providers.13,15,28,29 Overall, data suggest that pa ents
desire more informa on about fer lity issues and that a substan al propor on feel their fer lity concerns are not adequately addressed by their oncology care teams.13,15,17,29-35
Concerns about fer lity impact cancer treatment decisions
in approximately one-fourth of young female pa ents with
breast cancer, emphasizing the importance of addressing
the risk of infer lity and fer lity preserva on op ons in
order not to compromise delivery of op mal cancer therapy.13,15 In addi on, reproduc ve concerns in female cancer
survivors are associated with lower quality of life, increased
distress, and increased depression, again highligh ng the
importance of addressing fer lity issues with pa ents.16,35-38
Guidelines support the use of ART oﬀered by reproducve endocrinologists to preserve fer lity in female pa ents
with cancer of reproduc ve age.21-27 In addi on, ovarian
suppression during chemotherapy can be considered as
an approach for preserving fer lity and preven ng early
menopause, although data are conﬂic ng.25-27,39 Fer lity
preserva on prior to cancer therapy is safe and can o en
be accomplished without signiﬁcant delay in cancer care,
especially if pa ents are referred early in the course of their
cancer treatment planning.40,41 This ar cle reviews current
and emerging op ons for fer lity preserva on in female paents of reproduc ve age with cancer. We also review uptake of fer lity services and barriers to fer lity preserva on
in this popula on.

ASSISTED REPRODUCTIVE TECHNIQUES
The rapid development of ART over recent years has brought
a wide range of fer lity preserva on op ons to young

PRACTICAL APPLICATIONS
• Female pa ents of reproduc ve age with cancer o en
require therapy that can compromise future fer lity.
• Recent advances in reproduc ve health care provide the
opportunity to preserve fer lity prior to the ini a on of
cancer therapy.
• Clinical guidelines recommend that oncology providers
counsel pa ents about the risk of treatment-related
infer lity and fer lity preserva on op ons, and
that they refer those who are interested in fer lity
preserva on to fer lity specialists.
• Guidelines endorse the use of ART provided by
reproduc ve endocrinologists to preserve fer lity.
• Ovarian suppression with gonadotropin-releasing
hormone agonists may be considered for ovarian
protec on during chemotherapy for female pa ents of
reproduc ve age.
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women diagnosed with cancer. An overview of currently
available established and inves ga onal ART for fer lity
preserva on is presented in Figure 1.
Embryo cryopreserva on (Fig. 1, Box 1) is an established
method of fer lity preserva on that can be oﬀered to postpubertal women who have a commi ed partner or who are
willing to use donor sperm. To date, data on success rates
based on the number and quality of cryopreserved embryos
in pa ents with cancer are limited, however, they appear to
be similar to those in the general popula on of couples with
infer lity. For example, in vitro fer liza on (IVF) registry
data from the Society of Assisted Reproduc ve Technology
derived primarily from infer le couples (www.sartcorsonline.com) indicate that transfers of cryopreserved embryos
lead to live birth rates that are at least as good as fresh embryo transfers, and that the live birth rate per frozen embryo
transfer is 43% in women younger than age 35. Pregnancy
and live birth rates decline as women age. Similarly, among
131 pa ents with breast cancer who underwent embryo
cryopreserva on prior to breast cancer systemic therapy, 33
pa ents returned a median of 5.25 years later for autologous frozen embryo transfer or used a gesta onal carrier.
The rate of live birth per frozen embryo transfer was 45%.42
Mature oocyte cryopreserva on (Fig. 1, Box 2) is now considered a standard-of-care approach to fer lity preserva on
and can be oﬀered to postpubertal pa ents who do not
have a partner or to those with a partner who do not wish to
cryopreserve embryos.43 It is important to recognize the pivotal role of vitriﬁca on (a method of cryopreserva on using
high ini al concentra ons of cryoprotectant and ultra-rapid
cooling to solidify the cell into a glass-like state without the
forma on of ice) compared with slow freeze for improving
oocyte cryopreserva on success.43 Overall, as reported by
Cobo et al, the live birth rate per oocyte thawed is 6.5% and
the cumula ve live birth rates increase with the number of
oocytes cryopreserved.44 Four randomized controlled trials
demonstrate that implanta on and clinical pregnancy rates
are similar for fresh and vitriﬁed-warmed oocytes.45-48 However, given the limited number of trials, it is unclear if these
data are generalizable. Indeed, na onal IVF data from the
Society of Assisted Reproduc ve Technology suggest that
live birth rates per embryo transfer are lower when frozen
donor eggs are used (44%) compared with fresh donor eggs
(58%). To date, there are only limited data on pregnancy
outcomes from frozen eggs in pa ents who cryopreserved
oocytes before cancer therapy;, however, the success rates
are comparable to the general popula on.49
Both embryo cryopreserva on and mature oocyte cryopreserva on require ovarian s mula on followed by egg retrieval. The process of controlled ovarian hypers mula on
takes approximately 2 to 3 weeks and, therefore, has the
poten al to delay cancer therapy brieﬂy. Controlled ovarian
hypers mula on should be performed before gonadotoxic
therapy is ini ated. Selec ng an appropriate s mula on
protocol and gonadotropin dose depends not only on a
pa ent’s age and ovarian reserve as assessed by follicles mula ng hormone level, an -Mullerian hormone level,

FERTILITY PRESERVATION IN YOUNG WOMEN WITH CANCER

and the antral follicle count, but also on the type of malignancy and the available me before the ini a on of cancer therapy. The goal is to obtain a high number of oocytes,
usually during only one cycle due to me constraints, and
to minimize the risk of ovarian hypers mula on syndrome,
which can delay and complicate cancer therapy. Using a
gonadotropin-releasing hormone (GnRH) antagonist protocol with a GnRH agonist to trigger ﬁnal matura on of
oocytes may reduce the risk of ovarian hypers mula on
syndrome.50 Ini a on of the s mula on at any me of the
menstrual cycle (so-called “random-start controlled ovarian
s mula on”) has been shown to be eﬀec ve and limits the
me required for controlled ovarian hypers mula on and egg
retrieval to 2 weeks, reducing delay in cancer therapy.51-55
Adding an aromatase inhibitor to the s mula on protocol
lowers the circula ng estrogen levels and is o en used in
pa ents with estrogen-sensi ve tumors such as breast
cancer.50,56 Some studies suggest that the oocyte yield with
controlled ovarian hypers mula on may be impaired in
pa ents with cancer even before gonadotoxic therapy, however, available data are conﬂic ng.57-59
Ini a ng fer lity preserva on before cancer treatment may
not be always feasible. Although it may be possible to s mulate
the ovaries during or immediately a er chemotherapy, there

is concern about egg quality. To the best of our knowledge,
there is no human data assessing pregnancy outcomes in
this clinical scenario; however, animal data indicate that
concep on within 3 months of chemotherapy is associated
with lower implanta on rates and higher rates of resorp on
and malforma on.60 Survivors remote from gonadotoxic
therapy may have a compromised response to ovarian s mula on.61 Our group compared the response to s mula on
in 35 survivors who had previously been exposed to chemotherapy to 95 pa ents who were newly diagnosed with
cancer. As expected, an -Mullerian hormone level and antral follicle count were impaired in the survivors, and they
required a higher total dose of gonadotropins to s mulate
the ovaries. One-quarter of the cycles in survivors were
cancelled, and egg retrieval was not performed; however,
those whose cycles were completed obtained a median of
10 eggs, which was no diﬀerent from the newly diagnosed
pa ents. However, the quality of these eggs is not known,
and more data are needed to rou nely recommend oocyte
cryopreserva on in cancer survivors a er exposure to chemotherapy.62
A poten al beneﬁt of cryopreserving oocytes or embryos
is that preimplanta on gene c tes ng may be possible.
A er fer liza on and culture, embryos can be biopsied

FIGURE 1. Established and Inves ga onal Assisted Reproduc ve Techniques for Fer lity Preserva on
in Females

Box number correlates with numbers in text.
Abbrevia ons: GV, germinal vesicle; MI, oocyte in meiosis I.
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at the blastocyst stage, and several cells may be sent for
gene c analysis to iden fy a known gene c muta on such
as a BRCA muta on and/or to perform aneuploidy screening.63 Preimplanta on gene c tes ng may allow couples to
avoid passing a known muta on to their oﬀspring.
Although many cancer survivors may be candidates for
carrying a pregnancy a er treatment, some survivors will
experience late eﬀects of therapy or receive ongoing cancer
therapies that make it unsafe or impossible to successfully
carry a pregnancy. Cryopreserved embryos or embryos from
cryopreserved oocytes may be transferred to a gesta onal
carrier in the future if a pa ent is unable to carry a pregnancy
herself.
Pa ents requiring pelvic radia on may beneﬁt from ovarian transposi on to a site outside the region of maximal
radia on exposure. This procedure may be performed at
the me of an oncology procedure. In these cases, transabdominal oocyte retrieval may be necessary.23
In vitro matura on of immature oocytes (Fig. 1, Box 3) is
an inves ga onal approach that has received some a enon in the ﬁeld, especially as an op on for pa ents who
need to ini ate gonadotoxic therapy quickly and for paents with hormone-sensi ve tumors.64 Several diﬀerent
protocols have been described for retrieving oocytes without prior simula on, or with only minimal s mula on using
a few days of follicle-s mula ng hormone, priming with human chorionic gonadotropin (HCG) only or a combina on of
this hormone with follicle-s mula ng hormone.65 Most of
the data for this technique come from pa ents with polycysc ovarian syndrome or from pa ents with morphologically
and endocrinologically normal ovaries rather than from paents with cancer.66,67 Poten al advantages of this approach
include shorter me to oocyte retrieval, lower estradiol
levels, lower dose of medica ons, decreased risk of ovarian hypers mula on syndrome, and reduced cost. Typically,
protocols start with the onset of the menses, precluding the
ﬂexibility of a random start. Notably, data have consistently
demonstrated lower implanta on and pregnancy rates
with this approach compared with standard IVF.68,69 To date,
there is also li le known about the risk of malforma ons
and developmental outcomes in children conceived with in
vitro matured oocytes.70,71 This approach remains inves gaonal at this me.
Ovarian ssue cryopreserva on (Fig. 1, Box 4) is currently
considered an experimental method of fer lity preserva on
suitable for pa ents who require immediate cancer therapy.
Ovarian ssue cryopreserva on is the only fer lity preserva on op on for prepubertal girls.72,73 It results in a minimal
delay in treatment and can even be performed a er exposure to some chemotherapy. It requires removal of the enre ovary or cor cal biopsies, typically with a laparoscopic
procedure, followed by cryopreserva on of the ovary or of
small fragments of ovarian cortex. Removing ovarian ssue
can be coordinated with another procedure (i.e., tumor resec on, port placement, bone marrow aspira on) or as a
part of a combined fer lity preserva on procedure (e.g., at
the me of ovarian transposi on in prepara on for pelvic
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radia on or immediately a er oocyte retrieval to increase
the eﬃcacy of fer lity preserva on).74 Despite the success
of transplanta on of the whole fresh ovary, no report of
successful transplanta on of ini ally cryopreserved ovary in
humans is available. Heterotopic ovarian cortex transplantaon to sites outside the ovary or pelvis (such as abdominal
wall, rectus muscle, subperitoneal, forearm, or chest wall)
followed by IVF has resulted in only one clinical pregnancy in
humans to date,75 and orthotopic ssue transplanta on to
the ovary/pelvis appears to be the most successful approach
for using the ssue. In this clinical scenario, pregnancy may
be spontaneous a er transplan ng the ovarian ssue back
to the pelvis or may be achieved using IVF. The func on of
the ovarian ssue typically resumes 60 to 240 days a er
transplanta on and lasts for between several months and
7 years depending on factors such as pa ent age, ming of
ssue cryopreserva on, and amount of ssue transplanted.
Given that viability of ovarian ssue transplant is limited, the
procedure should be performed when the pa ent is ready
to achieve pregnancy. Since the ﬁrst pregnancy reported in
2004, there have been over 130 live births reported a er
ovarian ssue transplanta on.73
Ovarian ssue autotransplanta on carries the poten al
risk of reseeding with cancer cells. The magnitude of this risk
is not known and diﬀers by cancer type and the method by
which the ssue is analyzed.76 For example, malignant cells
have not been detected in ovarian cor cal ssue obtained
from pa ents with leukemia using immunohistochemical
stains, but have been iden ﬁed in 85% of samples when
analyzed by quan ta ve reverse transcrip on polymerase
chain reac on.77 Due to this concern, ovarian ssue autotransplanta on is not recommended for women with bloodborne malignancies, ovarian cancers, malignancies that can
result in metastasis to the ovary, or an inherent predisposion to ovarian cancer.72,78
Another experimental op on for u lizing ovarian ssue
that avoids the risk of reintroducing malignancy is isola on
of immature oocytes from ssue removed during ovarian
ssue–harves ng at the me of the ini al surgery followed
by in vitro matura on and IVF or cryopreserva on (Fig. 1,
Box 5).79,80 To date, one live birth in humans has been reported
from this technique.81
Several new avenues of scien ﬁc inves ga on could
have tremendous implica ons for fer lity preserva on in
pa ents with cancer in the future. For example, there has
been signiﬁcant interest in developing strategies to eliminate the risk of seeding cancer cells through ovarian ssue
transplanta on. Several methods have been proposed such
as isola ng ovarian follicles from ovarian ssue followed by
in vitro development of primordial follicles, or crea ng an
ar ﬁcial ovary and gra ing it to the pelvis (Fig. 1, Box 6).82,83
In 2012, stem cell biologists in Japan reprogrammed
mouse skin cells into primordial germ cells by combining
them with embryonic or nonembryonic stem cells (Fig. 1,
Box 7). These cells were then placed in the ovaries or testes
of mice to mature into competent eggs and sperm. Using
IVF and intracytoplasmic sperm injec on, live births were
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reported.84 In 2017, another Japanese group recons tuted
the en re process of oogenesis from mouse pluripotent
stem cells in vitro, leading also to live births in mice, suppor ng the poten al of stem cells as a future direc on for
fer lity preserva on.85 While promising avenues for the future, the ar ﬁcial ovary and the development of primoridal
germ cells obtained from transformed in vitro stem cells
currently do not have human data available.

OVARIAN FUNCTION SUPPRESSION
Ovarian func on suppression with GnRH agonists has been
evaluated as a method to reduce the ovarian toxicity of chemotherapy. The ra onale behind this approach is that the
degree of gonadal ac vity at the me of chemotherapy administra on appears to correlate with the risk of gonadal
failure. For example, studies in children with Hodgkin lymphoma, acute lymphocy c leukemia, and renal disease have
suggested reduced gonadal toxicity from chemotherapy in
pa ents who are prepubertal compared with those who are
postpubertal at the me of chemotherapy administra on.86
Early studies of ovarian suppression with GnRH agonists
during chemotherapy demonstrated high rates of ovarian
func on preserva on in adolescents and young women
treated for lymphoma, breast cancer, and other malignancies, including some pa ents who received high-dose chemotherapy with bone marrow transplanta on.87-90
The mechanism by which GnRH agonists may protect
ovarian func on during chemotherapy is uncertain. Although the prepubertal ovary is less ac ve than a mature
cycling ovary, follicular growth and atresia have been shown
to occur con nuously throughout childhood, demonstrating that follicular recruitment can occur independent of
gonadotropins. It is unlikely, therefore, that GnRH agonist
administra on could en rely inhibit follicular atresia. It has
been suggested, rather, that GnRH agonists may a enuate
follicular atresia through preven ng the increase in follicular recruitment and accelerated atresia induced by cytotoxic
chemotherapy.91 Another possible mechanism for the protective effect of GnRH agonists on ovarian function is a
reduc on in ovarian blood ﬂow as a consequence of inducing
a low-estrogen state since ovarian blood ﬂow appears to be
increased in the se ng of higher estrogen concentra ons.91
A number of randomized controlled trials evalua ng the
role of GnRH agonists in reducing ovarian toxicity of chemotherapy have been reported. A variety of surrogate
endpoints have been used to assess ovarian func on preserva on in the trials, including menses recovery, menopausal
hormone levels, and measures of ovarian reserve. These
endpoints do not necessarily predict pregnancy outcomes
or the ideal measure of fer lity, and study results have been
somewhat conﬂic ng. For example, two posi ve studies
published in 2009 were the ovarian func on substudy of the
ZIPP trial92 and an Egyp an trial.93 In each of these studies,
goserelin administra on during adjuvant chemotherapy for
early-stage breast cancer was associated with higher rates
of ovarian func on recovery following chemotherapy. In the
ZIPP trial, however, the beneﬁt associated with goserelin

was not observed in women who also received concurrent
tamoxifen.92
Another study suppor ng the use of ovarian suppression
during chemotherapy was the PROMISE study, the largest
reported randomized trial of GnRH agonist during chemotherapy for protec on of ovarian func on. In this trial, 281
premenopausal women with stage I to III breast cancer were
randomly assigned to receive chemotherapy with or without monthly triptorelin beginning at least 1 week prior to
chemotherapy.94 The inves gators observed a signiﬁcant
reduc on in the rate of treatment-related early menopause, deﬁned as no resump on of menses (p < .001) and,
if available, follicle-s mula ng hormone and estradiol in the
postmenopausal range at 1 year, with a 25.9% rate of early
menopause without ovarian protec on compared with 8.9%
with the addi on of triptorelin to chemotherapy.94
In 2013, a Chinese randomized phase II trial was reported
evalua ng leuprolide for ovarian func on protec on during
chemotherapy again in premenopausal women with breast
cancer. Among 183 evaluable pa ents in this study, the
rate of early menopause was 16.9% in the leuprolide group
compared with 28.7% in the group that received leuprolide
without chemotherapy (p < .01).95
Three addi onal randomized trials of GnRH agonists
during chemotherapy for breast cancer failed to demonstrate a beneﬁt to the interven on. In a study from UCSF,
high rates of recovery of menses were observed following
chemotherapy with or without triptorelin and the study was
stopped for fu lity a er treatment of just 47 pa ents.96 Similarly, in the ZORO study that enrolled 60 pa ents, rates of
menses 6 months a er chemotherapy were not signiﬁcantly
diﬀerent among those who did and did not receive goserelin during chemotherapy and rates of recovery of menses
by two years were high in both groups. Despite high rates
of recovery of menses, the inves gators observed a reducon in ovarian reserve in a subset of 17 pa ents for whom
such measurements were performed with numbers too
small to detect a sta s cally signiﬁcant diﬀerence between
those who had received goserelin and those who had not
(p = .36).97 In another Egyp an study, premenopausal women
with hormone-insensitive breast cancer were randomly
assigned to receive chemotherapy alone or chemotherapy
with a GnRH agonist (with or without a GnRH antagonist
brieﬂy as well depending on when chemotherapy was ini ated). The inves gators observed no signiﬁcant diﬀerences
with respect to rates of menses resump on or measures of
ovarian reserve between the diﬀerent study arms.98
Because pa ents with breast cancer o en receive endocrine therapy following chemotherapy, measuring ovarian
func on can be challenging in this popula on. For this reason, the Preven on of Early Menopause Study (POEMS)
included only pa ents with hormone receptor–nega ve
breast cancer. In this study, which was the largest randomized study of a GnRH agonist for ovarian protec on that
included only pa ents with hormone receptor–nega ve
breast cancer, a rigorous endpoint of both amenorrhea and
postmenopausal hormone levels at 2 years of follow-up was
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used to deﬁne ovarian failure.99 In the POEMS trial, there
was a 70% reduc on in the risk of ovarian failure, with 8%
of pa ents on the goserelin arm experiencing ovarian failure
compared with 22% on the control arm. In this study, for
which data on pregnancy outcomes were rou nely collected
for 5 years, goserelin use was associated with a signiﬁcantly
higher likelihood of achieving pregnancy a er breast cancer
treatment (odds ra o 2.23; p = .03).99
The OPTION trial was the most recently reported large
randomized clinical trial of a GnRH agonist for ovarian protec on during chemotherapy for breast cancer. In this trial,
there was a signiﬁcantly lower rate of premature ovarian insuﬃciency with the use of goserelin during chemotherapy
(18.5% vs. 34.8%; p = .048). A marked reduc on in an Mullerian hormone levels observed in both study arms,
however, raised concerns about the ability of goserelin to
protect fer lity during chemotherapy.100
Although there have been mixed results from individual
studies, meta-analyses of ovarian protec on with GnRH agonists during chemotherapy for breast cancer have demonstrated higher rates of menses resump on or reduced risk
of ovarian failure with ovarian protec on through the use of
GnRH agonists during chemotherapy versus without.101-103 A
recent meta-analysis using individual pa ent data from randomized trials of GnRH agonists for ovarian func on protec on in women receiving chemotherapy for breast cancer
demonstrated a 62% reduc on in the odds of ovarian failure
with the interven on.104 This study also conﬁrmed the safety
of ovarian suppression with a GnRH analog during chemotherapy in pa ents with breast cancer, as there was no detriment to disease-free or overall survival outcomes with the
interven on regardless of hormone-receptor status.104
Meta-analyses including premenopausal women receiving chemotherapy with or with GnRH agonists for a variety
of cancer types in addi on to breast cancer have had somewhat diﬀerent results. An analysis by Elgindy et al that included six breast cancer studies, three lymphoma studies,
and one ovarian cancer study concluded that GnRH agonist administra on during chemotherapy did not improve
the likelihood of ovarian func on recovery.105 On the other
hand, two addi onal meta-analyses that included pa ents
with a variety of cancer types concluded that GnRH agonist
use during chemotherapy was associated with an overall reduced risk of ovarian failure, although in subset analyses,
the signiﬁcant beneﬁt was observed in pa ents with breast
cancer but not for those with lymphoma.39,106
The largest reported randomized study of GnRH agonists
for ovarian protec on during chemotherapy for women
with lymphoma was recently updated.107 In this study that
included 129 premenopausal women with lymphoma, no
signiﬁcant diﬀerence in ovarian failure or pregnancy rates
were observed with or without the addi on of triptorelin
to chemotherapy. Interes ngly, study par cipants in both
arms also received norethisterone, a hormonal manipulaon that may have provided a protec ve eﬀect on ovarian
func on in pa ents on the control arm.107 Although GnRH
agonists for ovarian protec on currently remain unproven
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during lymphoma therapy, there is no biologic ra onale to
suggest that type of malignancy would inﬂuence the eﬃcacy
of this approach in pa ents receiving similar types of chemotherapy. Although regimens such as R-CHOP (rituximab
plus cyclophosphamide, doxorubicin, vincris ne, prednisolone) contain drugs at doses similar to what might be used
for breast cancer, combina ons such as ABVD (doxorubicin,
bleomycin, vinblas ne, dacarbazine) have been associated
with a very low risk for ovarian failure; on the other hand,
approaches including high-dose chemotherapy with stem
cell transplant are associated with an extremely high risk
for ovarian failure. The wide range of gonadal toxicity risk
with the various regimens used in the cura ve-intent se ng
further complicates our ability to assess the value of GnRH
agonists for ovarian protec on in pa ents with lymphoma.
Furthermore, diﬀerences in pa ent popula ons and chemotherapy regimens used with diﬀerent tumor types make it
diﬃcult to generalize the ovarian protec ve eﬀect of GnRH
agonists to disease types other than breast cancer.
Although preven ng early menopause is an important
endpoint on its own, for women interested in preserving
fer lity, the ability to achieve pregnancy is a key measure of
success of the interven on. A minority of trials evalua ng
GnRH agonists for ovarian protec on have reported numbers of subsequent pregnancies. Among randomized trials
of breast cancer that have reported on subsequent pregnancies, there is an approximate 83% increase in the likelihood
of achieving pregnancy with ovarian protec on compared
with control groups.102 A large retrospec ve cohort study of
female pa ents age 14 to 40 with a variety of cancer types
referred to a reproduc ve endocrinology clinic further supports the theory that protec ng ovarian func on with GnRH
agonists during chemotherapy results in improved fer lity
prospects.108 In this cohort, 122 pa ents who received GnRH
agonist treatment during chemotherapy and 66 pa ents
who received chemotherapy without a GnRH agonist were
evaluated for subsequent pregnancy rate. A total of 69.7%
of pa ents conceived who had received the GnRH agonist
compared with 42.4% of pa ents who did not receive the
interven on (p = .003). Diﬀerences were also observed in
rates of spontaneous concep on without ART: 65.6% of
those who received the GnRH agonist compared with 37.9%
of those who did not (p = .0004).108 These reported pregnancy rates a er use of GnRH agonists during chemotherapy
compared favorably with those reported a er the use of ART
in pa ents with cancer.42

UTILIZATION OF FERTILITY SERVICES
Despite the substan al propor on of female pa ents of
reproduc ve age with cancer who report desiring children,
the majority of whom receive cancer therapy that may compromise their fer lity, and, despite the availability of ART
and ovarian suppression, the uptake of fer lity preservaon prior to systemic cancer therapy is low. For example,
among a popula on of 1,041 women of reproduc ve age
with a variety of cancer types, 88% received therapy that
could reduce subsequent fer lity, but only 4% pursued
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fer lity preserva on.109 The most common cancer diagnoses among female pa ents of reproduc ve age with cancer who pursue fer lity preserva on are breast cancer and
lymphoma.40 Among young pa ents with breast cancer speciﬁcally, survey data suggest that only approximately 10%
pursue fer lity preserva on prior to cancer therapy, with
some pursuing ovarian s mula on, ovarian suppression,
or both.13,110 Among pa ents with lymphoma, ovarian suppression has been the most common approach for fer lity
preserva on to date.40
It is likely that mul ple factors contribute to the low
uptake of fer lity preserva on among female pa ents of
reproduc ve age with cancer. Certainly, some pa ents and
oncology providers may be concerned about the impact of
delaying cancer therapy to allow for fer lity preserva on
and about the poten al impact of fer lity preserva on on
cancer treatment outcomes.111 However, with mely referral and rapid triage to reproduc ve endocrinology clinics,
fer lity preserva on can be accomplished quickly.41,111 And,
although data are limited, ART and ovarian suppression do
not appear to increase the risk of cancer recurrence even in
the se ng of hormone receptor–posi ve breast cancer.56,99
Despite guidelines intending to standardize care, oncology
providers have different practice patterns with regard to
referring pa ents to fer lity specialists. For example, female
oncology providers are more likely to refer pa ents to reproduc ve endocrinology than male oncology providers. Other
provider characteris cs associated with referring pa ents to
fer lity specialists include having a more favorable a tude
toward fer lity preserva on and feeling that pa ents o en
ask about the impact of cancer therapy on fer lity. Interestingly, although a substan al propor on of pa ents do not recall
discussing fer lity issues with their providers, the majority
of oncology providers report that they do discuss treatmentrelated infer lity and fer lity preserva on with their pa ents;
however, only 40% to 50% report always or o en referring their pa ents to fer lity specialists.13,15,28,29,111,112 Inadequate knowledge regarding the gonadotoxicity of cancer
therapy among oncology providers may also be a barrier
to uptake of fertility preservation interventions, as many
oncology providers cannot correctly assess a pa ent’s risk
of treatment-related infer lity based on treatment regimen
and pa ent age. In addi on, some oncologists report personal biases against fer lity preserva on in certain cases,
such as for pa ents with poor prognoses, which poten ally
limits referral to fer lity specialists.111,113 Many oncology
providers also lack adequate knowledge of fer lity preserva on op ons.113,114
There are also diﬀerences in fer lity services between cancer centers, poten ally related to the prac ce pa erns of
oncology providers and availability of fer lity specialists.115
Women who receive cancer care in academic medical centers are more likely to be referred to fer lity preserva on
than women who receive care in community prac ces.116
However, even many Na onal Cancer Ins tute–designated
comprehensive cancer centers do not have standard procedures for iden ﬁca on and referral of pa ents with cancer

of childbearing poten al to specialists for fer lity preservaon services.117
Although rates of counseling pa ents about the risk of
treatment-related infer lity appear to have improved over
time, data suggest ongoing disparities. Patients who are
older, less educated, and have lower income are less likely to
be counseled, whereas those who desire children are more
likely to be counseled.109 Patient factors associated with
being referred to a fer lity specialist include young age, white
race, and not having children prior to cancer diagnosis.118
Pa ent characteris cs associated with ul mately pursuing
fer lity preserva on interven ons include desiring children,
not having children prior to cancer diagnosis, higher income,
and higher educa onal a ainment.109 Among pa ents with
breast cancer, pursuit of fer lity preserva on is less likely
among those with a more advanced stage of disease, those
who receive neoadjuvant systemic therapy, and those with
higher body mass index. Geographic distance from a fer lity
center does not appear to be a barrier to the pursuit of ferlity preserva on among pa ents who see a reproduc ve
endocrinologist, although it may limit referral.115,118 Notably,
fer lity centers that provide a high volume of fer lity preservaon services in the United States are primarily concentrated
in the northeastern regions, sugges ng regional dispari es
in fer lity care.119 Insurance status does not appear to be a
barrier to fer lity preserva on in pa ents who meet with
fer lity specialists, although those without insurance may
not be referred.115,116,118 The ﬁnancial burden of fer lity preserva on is also of concern and may limit uptake of fer lity
preserva on services.120

CONCLUSION
Female pa ents of reproduc ve age with cancer in the current era are fortunate to have mul ple op ons for fer lity
preserva on. ART is currently endorsed by prac ce guidelines as the gold standard for fer lity preserva on pa ents
with cancer.21-27 Although the mechanism of ac on is uncertain and reported ﬁndings are not consistently favorable, a
substan al body of evidence also supports the use of ovarian suppression for ovarian protec on during chemotherapy,
especially for pa ents with breast cancer, and considera on
of this approach has been endorsed as an op on for fer lity
preserva on by guidelines issued by some organiza ons, although not fully by ASCO.25,27,121 To date, reported pregnancy
rates after ART and ovarian suppression in patients with
cancer are similar. Importantly, use of GnRH agonists and
ART for fer lity preserva on are not mutually exclusive, and
pa ents can consider pursuing either op on alone or both.
Poten al considera ons regarding the use of GnRH agonists for fer lity preserva on include lower cost and ease
of use, as well as the ability to prevent the consequences of
menopause beyond loss of fer lity (e.g., vasomotor symptoms, vaginal dryness, loss of bone mineral density). We
recommend that oncology providers discuss both ART and
ovarian suppression with pa ents of reproduc ve age and
that the selec on of fer lity preserva on interven on is
individualized.
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Treatment-related infer lity is a signiﬁcant survivorship
issue associated with reduced quality of life, depression,
and distress.16,35-38 Despite rapidly growing evidence regarding fer lity preserva on op ons and treatment guidelines
suppor ng fer lity preserva on in this popula on, few paents currently pursue fer lity preserva on. The oncology
community needs to be be er educated about treatmentrelated infer lity and fer lity preserva on op ons, and informa on about fer lity preserva on must be disseminated
to pa ents and their families. Oncologists and fer lity specialists must together develop strategies to increase access

to and use of fer lity preserva on by interested pa ents.
Poten al strategies to work toward this goal include developing pa ent educa onal materials to enhance referrals
to fer lity specialists, developing ins tu onal fer lity programs with dedicated staﬀ to counsel pa ents and educate
oncology providers, developing standardized ins tu onal
processes to iden fy pa ents who are candidates for ferlity preserva on, and manda ng that oncology providers
document discussing fer lity issues in the electronic medical record.117,122-125 With these strategies and more, together,
we can do be er.

References
1.

Siegel RL, Miller KD, Jemal A. Cancer sta s cs, 2017. CA Cancer J Clin.
2017;67:7-30.

2.

Mills M, Rindfuss RR, McDonald P, et al; ESHRE Reproduc on and
Society Task Force. Why do people postpone parenthood? Reasons
and social policy incen ves. Hum Reprod Update. 2011;17:848-860.

3.

Trivers KF, Fink AK, Partridge AH, et al. Es mates of young breast cancer
survivors at risk for infer lity in the U.S. Oncologist. 2014;19:814-822.

4.

Letourneau JM, Ebbel EE, Katz PP, et al. Acute ovarian failure
underes mates age-speciﬁc reproduc ve impairment for young
women undergoing chemotherapy for cancer. Cancer. 2012;118:19331939.

5.

Bedoschi G, Navarro PA, Oktay K. Chemotherapy-induced damage to
ovary: mechanisms and clinical impact. Future Oncol. 2016;12:23332344.

6.

7.

Davies C, Pan H, Godwin J, et al; Adjuvant Tamoxifen: Longer Against
Shorter (ATLAS) Collabora ve Group. Long-term eﬀects of con nuing
adjuvant tamoxifen to 10 years versus stopping at 5 years a er
diagnosis of oestrogen receptor-posi ve breast cancer: ATLAS, a
randomised trial. Lancet. 2013;381:805-816.
Davies C, Godwin J, Gray R, et al; Early Breast Cancer Trialists’
Collabora ve Group (EBCTCG). Relevance of breast cancer hormone
receptors and other factors to the eﬃcacy of adjuvant tamoxifen:
pa ent-level meta-analysis of randomised trials. Lancet. 2011;378:
771-784.

14. Ruddy KJ, Gelber S, Ginsburg ES, et al. Menopausal symptoms
and fer lity concerns in premenopausal breast cancer survivors: a
comparison to age- and gravidity-matched controls. Menopause.
2011;18:105-108.
15. Partridge AH, Gelber S, Peppercorn J, et al. Web-based survey of
fer lity issues in young women with breast cancer. J Clin Oncol.
2004;22:4174-4183.
16. Wenzel L, Dogan-Ates A, Habbal R, et al. Deﬁning and measuring
reproduc ve concerns of female cancer survivors. J Natl Cancer Inst
Monogr. 2005;2005:94-98.
17. Schover LR, Rybicki LA, Mar n BA, et al. Having children a er cancer.
A pilot survey of survivors’ a tudes and experiences. Cancer.
1999;86:697-709.
18. Lamber ni M, Kroman N, Ameye L, et al. Long-term safety of
pregnancy following breast cancer according to estrogen receptor
status. J Natl Cancer Inst. Epub 2017 Oct 26.
19. Weibull CE, Eloranta S, Smedby KE, et al. Pregnancy and the risk of
relapse in pa ents diagnosed with Hodgkin lymphoma. J Clin Oncol.
2016;34:337-344.
20. Stensheim H, Cvancarova M, Møller B, et al. Pregnancy a er
adolescent and adult cancer: a popula on-based matched cohort
study. Int J Cancer. 2011;129:1225-1236.
21. Loren AW, Mangu PB, Beck LN, et al; American Society of Clinical
Oncology. Fer lity preserva on for pa ents with cancer: American
Society of Clinical Oncology clinical prac ce guideline update. J Clin
Oncol. 2013;31:2500-2510.

8.

Zapardiel I, Cruz M, Diestro MD, et al. Assisted reproduc ve techniques
a er fer lity-sparing treatments in gynaecological cancers. Hum
Reprod Update. 2016;22:281-305.

9.

Spanos CP, Mamopoulos A, Tsapas A, et al. Female fer lity and
colorectal cancer. Int J Colorectal Dis. 2008;23:735-743.

22. Ethics Commi ee of the American Society for Reproduc ve Medicine.
Fer lity preserva on and reproduc on in cancer pa ents. Fer l Steril.
2005;83:1622-1628.

10. Joshi S, Savani BN, Chow EJ, et al. Clinical guide to fer lity preserva on
in hematopoie c cell transplant recipients. Bone Marrow Transplant.
2014;49:477-484.

23. Ethics Commi ee of American Society for Reproduc ve Medicine.
Fer lity preserva on and reproduc on in pa ents facing gonadotoxic
therapies: a commi ee opinion. Fer l Steril. 2013;100:1224-1231.

11. Sheng W, Sun N. Successful pregnancy and delivery in a pa ent with
chronic myeloid leukemia: a case report and review of the literature.
Springerplus. 2016;5:2055.

24. Lee SJ, Schover LR, Partridge AH, et al; American Society of Clinical
Oncology. American Society of Clinical Oncology recommenda ons on
fer lity preserva on in cancer pa ents. J Clin Oncol. 2006;24:29172931.

12. Abusief ME, Missmer SA, Ginsburg ES, et al. The eﬀects of paclitaxel,
dose density, and trastuzumab on treatment-related amenorrhea in
premenopausal women with breast cancer. Cancer. 2010;116:791-798.
13. Ruddy KJ, Gelber SI, Tamimi RM, et al. Prospec ve study of fer lity
concerns and preserva on strategies in young women with breast
cancer. J Clin Oncol. 2014;32:1151-1156.

34

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

25. Lamber ni M, Del Mastro L, Pescio MC, et al. Cancer and fer lity
preserva on: interna onal recommenda ons from an expert mee ng.
BMC Med. 2016;14:1.
26. Peccatori FA, Azim HA Jr, Orecchia R, et al; ESMO Guidelines Working
Group. Cancer, pregnancy and fer lity: ESMO clinical prac ce

FERTILITY PRESERVATION IN YOUNG WOMEN WITH CANCER

guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2013;24(Suppl 6):vi160-vi170.
27. Coccia PF, Pappo AS, Beaupin L, et al. Adolescent and young adult
oncology, version 2.2018, NCCN clinical prac ce guidelines in
oncology. J Natl Compr Canc Netw. 2018;16:66-97.
28. Tschudin S, Bitzer J. Psychological aspects of fer lity preserva on
in men and women aﬀected by cancer and other life-threatening
diseases. Hum Reprod Update. 2009;15:587-597.
29. Duﬀy CM, Allen SM, Clark MA. Discussions regarding reproduc ve
health for young women with breast cancer undergoing chemotherapy.
J Clin Oncol. 2005;23:766-773.
30. Armuand GM, Rodriguez-Wallberg KA, We ergren L, et al. Sex
diﬀerences in fer lity-related informa on received by young adult
cancer survivors. J Clin Oncol. 2012;30:2147-2153.
31. Letourneau JM, Ebbel EE, Katz PP, et al. Pretreatment fer lity
counseling and fer lity preserva on improve quality of life in
reproduc ve age women with cancer. Cancer. 2012;118:1710-1717.
32. Thewes B, Meiser B, Taylor A, et al. Fer lity- and menopause-related
informa on needs of younger women with a diagnosis of early breast
cancer. J Clin Oncol. 2005;23:5155-5165.

44. Cobo A, Garrido N, Pellicer A, et al. Six years' experience in ovum
dona on using vitriﬁed oocytes: report of cumula ve outcomes,
impact of storage me, and development of a predic ve model for
oocyte survival rate. Fer l Steril. 2015;104:1426-1434.
45. Parmegiani L, Cognigni GE, Bernardi S, et al. Eﬃciency of asep c open
vitriﬁca on and herme cal cryostorage of human oocytes. Reprod
Biomed Online. 2011;23:505-512.
46. Cobo A, Kuwayama M, Pérez S, et al. Comparison of concomitant
outcome achieved with fresh and cryopreserved donor oocytes
vitriﬁed by the Cryotop method. Fer l Steril. 2008;89:1657-1664.
47. Rienzi L, Romano S, Albricci L, et al. Embryo development of fresh
‘versus’ vitriﬁed metaphase II oocytes a er ICSI: a prospec ve
randomized sibling-oocyte study. Hum Reprod. 2010;25:66-73.
48. Cobo A, Meseguer M, Remohí J, et al. Use of cryo-banked oocytes in
an ovum dona on programme: a prospec ve, randomized, controlled,
clinical trial. Hum Reprod. 2010;25:2239-2246.
49. Mar nez M, Rabadan S, Domingo J, et al. Obstetric outcome a er
oocyte vitriﬁca on and warming for fer lity preserva on in women
with cancer. Reprod Biomed Online. 2014;29:722-728.

33. Gorman JR, Bailey S, Pierce JP, et al. How do you feel about fer lity and
parenthood? The voices of young female cancer survivors. J Cancer
Surviv. 2012;6:200-209.

50. Oktay K, Türkçüoğlu I, Rodriguez-Wallberg KA. GnRH agonist trigger
for women with breast cancer undergoing fer lity preserva on
by aromatase inhibitor/FSH s mula on. Reprod Biomed Online.
2010;20:783-788.

34. Ussher JM, Parton C, Perz J. Need for informa on, honesty and respect:
pa ent perspec ves on health care professionals communica on
about cancer and fer lity. Reprod Health. 2018;15:2.

51. von Wolﬀ M, Thaler CJ, Frambach T, et al. Ovarian s mula on to
cryopreserve fer lized oocytes in cancer pa ents can be started in the
luteal phase. Fer l Steril. 2009;92:1360-1365.

35. Howard-Anderson J, Ganz PA, Bower JE, et al. Quality of life, fer lity
concerns, and behavioral health outcomes in younger breast cancer
survivors: a systema c review. J Natl Cancer Inst. 2012;104:386-405.

52. Ozkaya E, San Roman G, Oktay K. Luteal phase GnRHa trigger in
random start fer lity preserva on cycles. J Assist Reprod Genet.
2012;29:503-505.

36. Gorman JR, Malcarne VL, Roesch SC, et al. Depressive symptoms
among young breast cancer survivors: the importance of reproduc ve
concerns. Breast Cancer Res Treat. 2010;123:477-485.

53. Sonmezer M, Turkcuoglu I, Coskun U, et al. Random-start controlled
ovarian hypers mula on for emergency fer lity preserva on in
letrozole cycles.Fer l Steril. 2012;95:2125.

37. Gorman JR, Su HI, Roberts SC, et al. Experiencing reproduc ve
concerns as a female cancer survivor is associated with depression.
Cancer. 2015;121:935-942.

54. Bedoschi GM, de Albuquerque FO, Ferriani RA, et al. Ovarian
s mula on during the luteal phase for fer lity preserva on of cancer
pa ents: case reports and review of the literature. J Assist Reprod
Genet. 2010;27:491-494.

38. Canada AL, Schover LR. The psychosocial impact of interrupted
childbearing in long-term female cancer survivors. Psychooncology.
2012;21:134-143.
39. Del Mastro L, Ceppi M, Poggio F, et al. Gonadotropin-releasing
hormone analogues for the preven on of chemotherapy-induced
premature ovarian failure in cancer women: systema c review and
meta-analysis of randomized trials. Cancer Treat Rev. 2014;40:675-683.
40. Lawrenz B, Jauckus J, Kupka MS, et al. Fer lity preserva on in >1,000
pa ents: pa ent’s characteris cs, spectrum, eﬃcacy and risks of
applied preserva on techniques. Arch Gynecol Obstet. 2011;283:651656.
41. Lee S, Ozkavukcu S, Heytens E, et al. Value of early referral to fer lity
preserva on in young women with breast cancer. J Clin Oncol.
2010;28:4683-4686.
42. Oktay K, Turan V, Bedoschi G, et al. Fer lity preserva on success
subsequent to concurrent aromatase inhibitor treatment and ovarian
s mula on in women with breast cancer. J Clin Oncol. 2015;33:24242429.
43. Prac ce Commi ees of American Society for Reproduc ve Medicine;
Society for Assisted Reproduc ve Technology. Mature oocyte
cryopreserva on: a guideline. Fer l Steril. 2013;99:37-43.

55. Cakmak H, Rosen MP. Random-start ovarian s mula on in pa ents
with cancer. Curr Opin Obstet Gynecol. 2015;27:215-221.
56. Kim J, Turan V, Oktay K. Long-term safety of letrozole and gonadotropin
s mula on for fer lity preserva on in women with breast cancer. J
Clin Endocrinol Metab. 2016;101:1364-1371.
57. Noyes N, Labella PA, Grifo J, et al. Oocyte cryopreserva on: a feasible
fer lity preserva on op on for reproduc ve age cancer survivors. J
Assist Reprod Genet. 2010;27:495-499.
58. Friedler S, Koc O, Gidoni Y, et al. Ovarian response to s mula on for
fer lity preserva on in women with malignant disease: a systema c
review and meta-analysis. Fer l Steril. 2012;97:125-133.
59. Domingo J, Guillén V, Ayllón Y, et al. Ovarian response to controlled
ovarian hypers mula on in cancer pa ents is diminished even before
oncological treatment. Fer l Steril. 2012;97:930-934.
60. Meirow D, Epstein M, Lewis H, et al. Administra on of
cyclophosphamide at diﬀerent stages of follicular matura on in mice:
eﬀects on reproduc ve performance and fetal malforma ons. Hum
Reprod. 2001;16:632-637.
61. Gracia CR, Sammel MD, Freeman E, et al. Impact of cancer therapies
on ovarian reserve. Fer l Steril. 2012;97:134-140.

asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

35

SMITH ET AL

62. Chan JL, Johnson LN, Efymow BL, et al. Outcomes of ovarian
s mula on a er treatment with chemotherapy. J Assist Reprod
Genet. 2015;32:1537-1545.
63. Prac ce Commi ee of American Society for Reproduc ve Medicine.
Fer lity preserva on in pa ents undergoing gonadotoxic therapy
or gonadectomy: a commi ee opinion. Fer l Steril. 2013;100:12141223.
64. Prac ce Commi ees of the American Society for Reproduc ve
Medicine; Society for Assisted Reproduc ve Technology. In vitro
matura on: a commi ee opinion. Fer l Steril. 2013;99:663-666.
65. Fadini R, Dal Canto MB, Mignini Renzini M, et al. Eﬀect of diﬀerent
gonadotrophin priming on IVM of oocytes from women with normal
ovaries: a prospec ve randomized study. Reprod Biomed Online.
2009;19:343-351.

79. Fadini R, Dal Canto M, Mignini Renzini M, et al. Embryo transfer
following in vitro matura on and cryopreserva on of oocytes
recovered from antral follicles during conserva ve surgery for ovarian
cancer. J Assist Reprod Genet. 2012;29:779-781.
80. Smitz J, Dolmans MM, Donnez J, et al. Current achievements
and future research direc ons in ovarian ssue culture, in vitro
follicle development and transplanta on: implica ons for fer lity
preserva on. Hum Reprod Update. 2010;16:395-414.
81. Prasath EB, Chan ML, Wong WH, et al. First pregnancy and live birth
resul ng from cryopreserved embryos obtained from in vitro matured
oocytes a er oophorectomy in an ovarian cancer pa ent. Hum
Reprod. 2014;29:276-278.
82. Xiao S, Zhang J, Romero MM, et al. In vitro follicle growth supports
human oocyte meio c matura on. Sci Rep. 2015;5:17323.

66. Zheng X, Wang L, Zhen X, et al. Eﬀect of hCG priming on embryonic
development of immature oocytes collected from uns mulated
women with polycys c ovarian syndrome. Reprod Biol Endocrinol.
2012;10:40.

83. Paulini F, Vilela JM, Chi MC, et al. Survival and growth of human
preantral follicles a er cryopreserva on of ovarian ssue, follicle
isola on and short-term xenogra ing. Reprod Biomed Online.
2016;33:425-432.

67. Fadini R, Dal Canto MB, Renzini MM, et al. Predic ve factors in invitro matura on in uns mulated women with normal ovaries. Reprod
Biomed Online. 2009;18:251-261.

84. Hayashi K, Ogushi S, Kurimoto K, et al. Oﬀspring from oocytes
derived from in vitro primordial germ cell-like cells in mice. Science.
2012;338:971-975.

68. Chian RC, Huang JY, Gilbert L, et al. Obstetric outcomes following
vitriﬁca on of in vitro and in vivo matured oocytes. Fer l Steril.
2009;91:2391-2398.

85. Hikabe O, Hamazaki N, Nagamatsu G, et al. Recons tu on in vitro of
the en re cycle of the mouse female germ line. Nature. 2016;539:299303.

69. Cao YX, Chian RC. Fer lity preserva on with immature and in vitro
matured oocytes. Semin Reprod Med. 2009;27:456-464.

86. Rivkees SA, Crawford JD. The rela onship of gonadal ac vity and
chemotherapy-induced gonadal damage. JAMA. 1988;259:21232125.

70. Söderström-An la V, Salokorpi T, Pihlaja M, et al. Obstetric and
perinatal outcome and preliminary results of development of children
born a er in vitro matura on of oocytes. Hum Reprod. 2006;21:15081513.
71. Bucke WM, Chian RC, Holzer H, et al. Obstetric outcomes and
congenital abnormali es a er in vitro matura on, in vitro fer liza on,
and intracytoplasmic sperm injec on. Obstet Gynecol. 2007;110:885891.
72. Prac ce Commi ee of American Society for Reproduc ve Medicine.
Ovarian ssue cryopreserva on: a commi ee opinion. Fer l Steril.
2014;101:1237-1243.
73. Donnez J, Dolmans MM. Fer lity preserva on in women. N Engl J
Med. 2017;377:1657-1665.
74. Di rich R, Lotz L, Mueller A, et al. Oncofer lity: combina on of
ovarian s mula on with subsequent ovarian ssue extrac on on the
day of oocyte retrieval. Reprod Biol Endocrinol. 2013;11:19.
75. Stern CJ, Gook D, Hale LG, et al. First reported clinical pregnancy
following heterotopic gra ing of cryopreserved ovarian ssue in a
woman a er a bilateral oophorectomy. Hum Reprod. 2013;28:29962999.
76. Bas ngs L, Beerendonk CC, Westphal JR, et al. Autotransplanta on
of cryopreserved ovarian ssue in cancer survivors and the risk of
reintroducing malignancy: a systema c review. Hum Reprod Update.
2013;19:483-506.
77. Rosendahl M, Andersen MT, Ral iær E, et al. Evidence of residual
disease in cryopreserved ovarian cortex from female pa ents with
leukemia. Fer l Steril. 2010;94:2186-2190.
78. Meirow D, Hardan I, Dor J, et al. Searching for evidence of disease
and malignant cell contamina on in ovarian ssue stored from
hematologic cancer pa ents. Hum Reprod. 2008;23:1007-1013.

36

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

87. Blumenfeld Z, Avivi I, Linn S, et al. Preven on of irreversible
chemotherapy-induced ovarian damage in young women with
lymphoma by a gonadotrophin-releasing hormone agonist in parallel
to chemotherapy. Hum Reprod. 1996;11:1620-1626.
88. Pereyra Pacheco B, Méndez Ribas JM, Milone G, et al. Use of GnRH
analogs for func onal protec on of the ovary and preserva on of
fer lity during cancer treatment in adolescents: a preliminary report.
Gynecol Oncol. 2001;81:391-397.
89. Recchia F, Sica G, De Filippis S, et al. Goserelin as ovarian protec on
in the adjuvant treatment of premenopausal breast cancer: a phase II
pilot study. An cancer Drugs. 2002;13:417-424.
90. Fox K, Ball J, Mick R. Preven ng chemotherapy associated amenorrhea
with leuprolide in young women with early-stage breast cancer. ASCO
Annual Mee ng Proceedings. 2001;abstr 98.
91. Blumenfeld Z. How to preserve fer lity in young women exposed to
chemotherapy? The role of GnRH agonist cotreatment in addi on
to cryopreserva on of embrya, oocytes, or ovaries. Oncologist.
2007;12:1044-1054.
92. Sverrisdo r A, Nystedt M, Johansson H, et al. Adjuvant goserelin and
ovarian preserva on in chemotherapy treated pa ents with early
breast cancer: results from a randomized trial. Breast Cancer Res
Treat. 2009;117:561-567.
93. Badawy A, Elnashar A, El-Ashry M, et al. Gonadotropin-releasing
hormone agonists for preven on of chemotherapy-induced ovarian
damage: prospec ve randomized study. Fer l Steril. 2009;91:694-697.
94. Del Mastro L, Boni L, Michelo A, et al. Eﬀect of the gonadotropinreleasing hormone analogue triptorelin on the occurrence of
chemotherapy-induced early menopause in premenopausal women
with breast cancer: a randomized trial. JAMA. 2011;306:269-276.

FERTILITY PRESERVATION IN YOUNG WOMEN WITH CANCER

95. Song G, Gao H, Yuan Z. Eﬀect of leuprolide acetate on ovarian
func on a er cyclophosphamide-doxorubicin-based chemotherapy
in premenopausal pa ents with breast cancer: results from a phase II
randomized trial. Med Oncol. 2013;30:667.
96. Gerber B, von Minckwitz G, Stehle H, et al; German Breast Group
Inves gators. Eﬀect of luteinizing hormone-releasing hormone
agonist on ovarian func on a er modern adjuvant breast cancer
chemotherapy: the GBG 37 ZORO study. J Clin Oncol. 2011;29:23342341.

109. Letourneau JM, Smith JF, Ebbel EE, et al. Racial, socioeconomic, and
demographic dispari es in access to fer lity preserva on in young
women diagnosed with cancer. Cancer. 2012;118:4579-4588.
110. Partridge AH, Gelber S, Peppercorn J, et al. Fer lity and menopausal
outcomes in young breast cancer survivors. Clin Breast Cancer.
2008;8:65-69.
111. Forman EJ, Anders CK, Behera MA. A na onwide survey of oncologists
regarding treatment-related infer lity and fer lity preserva on in
female cancer pa ents. Fer l Steril. 2010;94:1652-1656.

97. Munster PN, Moore AP, Ismail-Khan R, et al. Randomized trial
using gonadotropin-releasing hormone agonist triptorelin for the
preserva on of ovarian func on during (neo)adjuvant chemotherapy
for breast cancer. J Clin Oncol. 2012;30:533-538.

112. Quinn GP, Vadaparampil ST, Lee JH, et al. Physician referral for fer lity
preserva on in oncology pa ents: a na onal study of prac ce
behaviors. J Clin Oncol. 2009;27:5952-5957.

98. Elgindy EA, El-Haieg DO, Khorshid OM, et al. Gonadatrophin
suppression to prevent chemotherapy-induced ovarian damage: a
randomized controlled trial. Obstet Gynecol. 2013;121:78-86.

113. Quinn GP, Vadaparampil ST, King L, et al. Impact of physicians’
personal discomfort and pa ent prognosis on discussion of fer lity
preserva on with young cancer pa ents. Pa ent Educ Couns. 2009;
77:338-343.

99. Moore HC, Unger JM, Phillips KA, et al; POEMS/S0230 Inves gators.
Goserelin for ovarian protec on during breast-cancer adjuvant
chemotherapy. N Engl J Med. 2015;372:923-932.
100. Leonard RCF, Adamson DJA, Bertelli G, et al; Anglo Cel c Collabora ve
Oncology Group and Na onal Cancer Research Ins tute Trialists. GnRH
agonist for protec on against ovarian toxicity during chemotherapy
for early breast cancer: the Anglo Cel c Group OPTION trial. Ann
Oncol. 2017;28:1811-1816.
101. Munhoz RR, Pereira AA, Sasse AD, et al. Gonadotropin-releasing
hormone agonists for ovarian func on preserva on in premenopausal
women undergoing chemotherapy for early-stage breast cancer: a
systema c review and meta-analysis. JAMA Oncol. 2016;2:65-73.
102. Lamber ni M, Ceppi M, Poggio F, et al. Ovarian suppression
using luteinizing hormone-releasing hormone agonists during
chemotherapy to preserve ovarian func on and fer lity of breast
cancer pa ents: a meta-analysis of randomized studies. Ann Oncol.
2015;26:2408-2419.

114. King JW, Davies MC, Roche N, et al. Fer lity preserva on in women
undergoing treatment for breast cancer in the UK: a ques onnaire
study. Oncologist. 2012;17:910-916.
115. Kim J, Oktay K, Gracia C, et al. Which pa ents pursue fer lity
preserva on treatments? A mul center analysis of the predictors
of fer lity preserva on in women with breast cancer. Fer l Steril.
2012;97:671-676.
116. Lee S, Heytens E, Moy F, et al. Determinants of access to fer lity
preserva on in women with breast cancer. Fer l Steril. 2011;95:19321936.
117. Clayman ML, Harper MM, Quinn GP, et al. Oncofer lity resources at
NCI-designated comprehensive cancer centers. J Natl Compr Canc
Netw. 2013;11:1504-1509.
118. Goodman LR, Balthazar U, Kim J, et al. Trends of socioeconomic
dispari es in referral pa erns for fer lity preserva on consulta on.
Hum Reprod. 2012;27:2076-2081.

103. Silva C, Caramelo O, Almeida-Santos T, et al. Factors associated with
ovarian func on recovery a er chemotherapy for breast cancer: a
systema c review and meta-analysis. Hum Reprod. 2016;31:2737-2749.

119. Winkelman WD, Rosen MP, Mok-Lin E. Fer lity preserva on services
for women with newly diagnosed cancer: a na onal assessment. Am J
Clin Oncol. Epub 2018 Jan 8.

104. Lamber ni M, Moore HCF, Leonard RCF. Pooled analysis of ﬁve
randomized trials inves ga ng temporary ovarian suppression with
gonadotropin-releasing hormone analogs during chemotherapy as a
strategy to preserve ovarian func on and fer lity in premenopausal
early breast cancer pa ents. Presented at: San Antonio Breast Cancer
Symposium; San Antonio, TX; December 2017. Abstract GSF-01.

120. Campo-Engelstein L. Consistency in insurance coverage for iatrogenic
conditions resulting from cancer treatment including fertility
preserva on. J Clin Oncol. 2010;28:1284-1286.

105. Elgindy E, Sibai H, Abdelghani A, et al. Protec ng ovaries during
chemotherapy through gonad suppression: a systema c review and
meta-analysis. Obstet Gynecol. 2015;126:187-195.
106. Senra JC, Roque M, Talim MCT, et al. Gonadotropin-releasing hormone
agonists for ovarian protec on during cancer chemotherapy:
systema c review and meta-analysis. Ultrasound Obstet Gynecol.
2018;51:77-86.
107. Demeestere I, Brice P, Peccatori FA, et al. No evidence for the
beneﬁt of gonadotropin-releasing hormone agonist in preserving
ovarian func on and fer lity in lymphoma survivors treated with
chemotherapy: ﬁnal long-term report of a prospec ve randomized
trial. J Clin Oncol. 2016;34:2568-2574.
108. Blumenfeld Z, Zur H, Dann EJ. Gonadotropin-releasing hormone
agonist cotreatment during chemotherapy may increase pregnancy
rate in survivors. Oncologist. 2015;20:1283-1289.

121. Oktay K, Harvey BE, Partridge AH, et al. Fer lity preserva on in
pa ents with cancer: ASCO clinical prac ce guideline update. J Clin
Oncol. Epub 2018 Apr 5.
122. Kelvin JF, Thom B, Benedict C, et al. Cancer and fer lity program
improves pa ent sa sfac on with informa on received. J Clin Oncol.
2016;34:1780-1786.
123. Reinecke JD, Kelvin JF, Arvey SR, et al. Implemen ng a systema c
approach to mee ng pa ents’ cancer and fer lity needs: a review
of the Fer le Hope Centers of Excellence program. J Oncol Pract.
2012;8:303-308.
124. Quinn GP, Vadaparampil ST, Gwede CK, et al. Developing a referral
system for fer lity preserva on among pa ents with newly diagnosed
cancer. J Natl Compr Canc Netw. 2011;9:1219-1225.
125. Salsman JM, Yanez B, Smith KN, et al. Documenta on of fer lity
preserva on discussions for young adults with cancer: examining
compliance with treatment guidelines. J Natl Compr Canc Netw.
2016;14:301-309.

asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

37

MITTENDORF ET AL

Incorpora ng Biology Into Breast Cancer Staging: American
Joint Commi ee on Cancer, Eighth Edi on, Revisions
and Beyond
Elizabeth A. Mi endorf, MD, PhD, John M. S. Bartle , PhD, FRCPath, Daphne L. Lichtensztajn, MS,
and Sarat Chandarlapaty, MD, PhD
OVERVIEW
Higher-quality imaging, reﬁned surgical procedures, enhanced pathologic evalua on, and improved understanding of the
impact of tumor biology on treatment and prognosis have necessitated revisions of the AJCC breast cancer staging system.
The eighth edi on includes clinical and pathologic prognos c stages that incorporate biologic variables—grade, estrogen
and progesterone receptor status, HER2 status, and mul gene panels—with the anatomic extent of disease deﬁned by
tumor, node, and metastasis categories. The prognos c staging systems facilitate more reﬁned stra ﬁca on with respect
to survival than anatomic stage alone. Because the prognos c staging systems are dependent on biologic factors, accuracy
is dependent on rigorous pathologic evalua on of tumors and on administra on of treatment dictated by tumor biology.
It is an cipated that technological advances will facilitate even more reﬁned determina on of underlying biology within
tumors and in the peripheral blood, which increasingly is being evaluated as a compartment that reﬂects the primary tumor and sites of distant metastases. Diseases should be staged according to the eighth edi on staging system to accurately
reﬂect prognosis and to allow standardized data collec on. Such standardiza on will facilitate assessment of the impact of
advances in diagnosis and treatment of pa ents with breast cancer.

T

he American Joint Commi ee on Cancer (AJCC) staging
system historically has assigned stage on the basis of the
size of a pa ent’s primary tumor, the presence and extent
of lymph node disease, and the presence or absence of distant metastasis. The TNM categories are determined, and a
corresponding disease stage is deﬁned. At the me of diagnosis, a clinical stage is assigned on the basis of the presenting history, physical examina on, and any imaging studies
obtained. A pathologic stage, which takes into account the
pathologic assessment of the resected tumor and lymph
nodes, is assigned a er surgery. Although the primary goal
of staging is to inform prognosis, staging can also be used to
(1) determine a treatment plan, (2) facilitate conversa on
between providers, (3) iden fy pa ent groups for clinical
trial par cipa on, and (4) permit standardized data collecon that allows for evalua on of the impact of changes in
clinical prac ce.
Since the ini al publica on of the AJCC staging manual
in 1977, the breast cancer staging system has been revised mul ple mes to reﬂect advances in diagnosis and
treatment. These prior revisions have largely reﬂected improvements in imaging, surgery, and pathology that have

resulted in earlier detec on and more reﬁned determinaon of the disease extent. Previous changes have not accounted for biologic factors like grade, estrogen receptor
(ER) status, progesterone receptor (PR) status, and HER2
status, which have predic ve and prognos c value. Grade
and ER, PR, and HER2 status are determined routinely
during the pathologic assessment of breast tumors.1,2 The
selec on of treatment is inﬂuenced by these factors, and
risk of recurrence a er treatment within each stage varies
according to these features. The response to treatment
also is inﬂuenced by these factors; therefore, prognosis
within each stage varies according to these features.3-7
Recognizing this, the panel (which included E.A.M.) that
was convened to revise the AJCC staging system priori zed
incorpora on of biologic factors into the revisions for the
eighth edi on.

INCLUSION OF BIOLOGIC FACTORS IN BREAST
CANCER STAGING
Although several groups had ques oned the classic anatomic
staging system and proposed staging models that incorporated biologic factors to provide more reﬁned prognos c
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informa on, the AJCC panel did not feel that the available
evidence was robust enough to use in the deﬁni on of a
new staging system.3,8-12 Thus, addi onal analyses were undertaken to evaluate the prognos c signiﬁcance of biologic
factors in breast cancer by using the Na onal Cancer Database. These data were selected in part because the Na onal
Cancer Database includes details for pa ents treated in approximately 1,500 Commission on Cancer–approved hospitals and so captures greater than 70% of breast cancers
diagnosed in the United States. In addi on, the majority
of pa ents whose data were captured in the Na onal Cancer Database have been treated with guideline-concordant
care that included adjuvant chemotherapy and endocrine
therapy when indicated. The analysis undertaken to deﬁne
the new AJCC staging system included 238,265 pa ents
treated from 2010 to 2011 with complete data, including
the AJCC seventh edi on stage group, grade, and ER, PR,
and HER2 status.13 The median follow-up me was 37.6
months. Subgroups were deﬁned on the basis of possible
combina ons of stage group with biologic variables, and
survival calcula ons were performed. As an cipated, the
analyses demonstrated that pa ents with triple-nega ve
disease had decreased short-term survival compared with
patients who had non–triple-negative disease that was
at least one stage higher as determined by the seventh

PRACTICAL APPLICATIONS
• To account for the importance of underlying tumor
biology, the AJCC eighth edi on staging system for breast
cancer has deﬁned clinical and pathologic prognos c
stages that incorporate biologic factors with standard
tumor, node, and metastasis anatomic categories. The
prognos c stages provide more reﬁned stra ﬁca on
than anatomic stage alone with respect to survival
outcomes.
• The prognos c staging system is an important advance
that maintains the staging system’s relevance by taking
into account tumor biology and current treatment
algorithms.
• Accuracy of the prognos c stages is dependent on
rigorous pathologic evalua on that uses accurate,
reproducible analy c technologies to assess grade,
estrogen and progesterone receptor status, and HER2
status as part of rou ne pathologic assessment of breast
tumors. At this me, the AJCC does not recommend use
of mul parameter prognos c tests.
• It is an cipated that, as more is learned about tumor
biology and to include the ability to use the peripheral
blood to reﬂect that biology, the staging system
will require addi onal revision to incorporate that
knowledge.
• Implementa on of the AJCC eighth edi on staging
system began January 1, 2018. All pa ents should be
staged u lizing the clinical and pathologic prognos c
stages in order to acquire the necessary data to evaluate
changes in therapeu c strategies as well as to inform
future staging system revisions.

edi on TNM stage. Subgroups of pa ents with tumors expressing ER and PR had improved survival compared with
pa ents who had the same seventh-edi on TNM stage
grouping. However, it should be noted that results of studies with longer follow-up mes suggested that long-term
outcomes followed a diﬀerent pa ern in pa ents with
hormone receptor–posi ve tumors who experienced signiﬁcantly higher risk of late recurrence (5 to 20 years a er
diagnosis) than other subgroups across all TNM stages.13
The analyses deﬁned combina ons of TNM categories
with grade and with ER, PR, and HER2 status that could be
assigned stage groups (i.e., 0, IA, IB, IIA, IIB, IIIA, IIIB, IIIC,
and IV). This maintained uniformity with previous edi ons
of the staging system. These stage groups were used to
deﬁne a prognos c stage that was incorporated into the
eighth edi on of the staging manual, which was published
in October 2016.14 An example of how the new staging
system is shown in Table 1, which details the pathologic
prognostic stage for patients with T2N1M0 based on
grade, ER, PR, and HER2 status. The comprehensive staging
manual includes this informa on for all possible combinaons of the T, N, and M categories with the four biologic
factors.

Mul gene Panels
The commi ee revising the AJCC breast cancer staging
system also reviewed the available data about mul gene
panels. Panels in use include Oncotype Dx,15-17 Mammaprint,18,19
EndoPredict,20 PAM50,21-23 and the Breast Cancer Index.24,25
The majority of these panels test for expression of a large
number of genes at the RNA level. A er extensive discussion, it was determined that the only mul gene panel
for which there was level-one evidence available at the
me was Oncotype Dx, on the basis of results from the
TAILORx study.17 Oncotype Dx assesses 21 genes and uses
a mathema cal formula of weighted gene expression to
report a recurrence score. Studies have shown that the
recurrence score has prognos c and predic ve value in
pa ents with node-nega ve, hormone receptor–posi ve
breast cancer.15,16 The TAILORx study, which was a prospecve trial designed to validate the Oncotype Dx recurrence
score, enrolled pa ents with breast cancer who had hormone receptor–posi ve, HER2-nega ve, node-nega ve
disease with a primary low-grade tumor between 1.1 and
5.0 cm or intermediate- or high-grade tumor between
0.6 and 1.0 cm. Pa ents with a recurrence score of less
than 11 were assigned to receive endocrine therapy alone
without chemotherapy. The trial enrolled more than
10,000 pa ents, including 1,626 with a recurrence score
that was less than 11. The invasive disease-free survival
rate in these low-risk pa ents was 93.8%, and the overall survival rate was 98.0% at 5 years.17 According to these
data, the AJCC expert panel incorporated the recurrence
score into the prognos c stage. Pa ents with T1-T2N0,
ER-positive, HER2-negative breast cancer with a recurrence score of less than 11 are assigned a prognos c stage
of IA.14
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Valida on of the Eighth Edi on of the AJCC
Prognos c Stage
A er the eighth edi on AJCC prognos c stage was published,
a valida on study was performed with a single-ins tu on
cohort from the MD Anderson Cancer Center and a second
cohort from the California Cancer Registry popula on database.26 The MD Anderson cohort included 3,327 pa ents
treated from 2007 to 2013 with surgery as the ini al interven on for stage I to IIIC breast cancer. An important ﬁnding
was that, in 13.6% (451 pa ents), no prognos c stage could
be assigned because of uncategorized combina ons of the
biologic factors of grade and ER, PR, and HER2 status with
T and N categories (355 pa ents) or the presence of N1Mi
disease in pa ents with T2 or T3 tumors (96 pa ents). For
those able to have a prognos c stage assigned, stages were
upstaged in 29.5% and downstaged in 28.1% compared with
the AJCC anatomic stage. Disease-speciﬁc survival was determined by both anatomic and prognos c stages. Staging
systems were compared using the Harrell concordance index (C index), which can range from 0 to 1 with 0 indica ng
perfect discordance and 1 indica ng perfect concordance.
The Akaike informa on criterion (AIC) was used to compare

model ﬁts with a lower AIC indica ng a be er model. When
diseases were staged by the prognos c staging system (AIC =
816.8, C index = 0.8357), there was more reﬁned stra ﬁca on with respect to disease-speciﬁc survival than when
diseases were staged by the anatomic stage (AIC = 1039.8,
C index = 0.737). In the 54,727-pa ent cohort iden ﬁed in
the California Cancer Registry, a prognos c stage could not
be determined in 6.8% (3,745 pa ents) because of N1Mi
disease in pa ents with T2 or T3 tumors (1,181 pa ents) or
uncategorized combina ons of biologic factors with T and
N category (2,654 pa ents). For those able to have a prognos c stage assigned, 30.9% were upstaged and 20.6% were
downstaged. The prognos c stage again outperformed the
anatomic stage with respect to stra ﬁca on by disease-speciﬁc
survival outcomes (AIC = 80661.68 vs. 81577.89, and C index =
0.8426 vs. 0.8097).

Revisions to the Eighth Edi on Prognos c Stage
In response to the ﬁnding that a prognos c stage could not
be assigned for a percentage of pa ents, the expert panel
revised the eighth edi on AJCC breast cancer staging manual.27
The revision involved repea ng analyses with an expanded

TABLE 1. Pathologic Prognos c Staging for Pa ents With Anatomic Stage T2N1 Disease
TNM

Grade

HER2

ER

PR

Pathologic Prognos c
Stage Group

T2

1

Pos

Pos

Pos

IA

Neg

IIB

Pos

IIB

Neg

IIB

Pos

IA

Neg

IIB

Pos

IIB

Neg
Neg

Pos
Neg

2

Pos

Pos

Neg
Neg

Pos
Neg

3

Pos

Pos
Neg

Neg

Pos
Neg

Abbrevia ons: TNM, tumor node metastasis; ER, estrogen receptor; PR, progesterone receptor; Pos, posi ve; Neg, nega ve.
Adapted from the American Joint commi ee on Cancer (AJCC) Cancer Staging Manual, eighth edi on.
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Neg

IIB

Pos

IB

Neg

IIB

Pos

IIB

Neg

IIB

Pos

IB

Neg

IIB

Pos

IIB

Neg

IIB

Pos

IB

Neg

IIB

Pos

IIB

Neg

IIB

Pos

IIA

Neg

IIB

Pos

IIB

Neg

IIIA
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Na onal Cancer Database data set. This expanded data set
included 334,243 pa ents diagnosed between 2010 and
2012. The median follow-up me was 41.7 months. Two
analyses were performed: the ﬁrst included all pa ents and
was used to deﬁne the clinical prognos c stage; the second
included 305,519 pa ents who underwent surgery as their
ini al interven on and was used to deﬁne the pathologic
prognos c stage. In both analyses, biologic factors, including grade and ER, PR, and HER2 status, were again combined
with TNM categories to deﬁne prognos c stage groups. The
3-year overall survival rate was determined for each prognos c stage group and was compared with the seventh
edi on anatomic stage. If the calculated survival for a prognos c stage group was outside the 95% conﬁdence interval
of the seventh edi on anatomic stage, then the subgroup
was downstaged or upstaged as appropriate. As was done
in the ﬁrst version of the prognos c stage, combina ons of
TNM and biologic factors were assigned to established stage
groups (stage 0, IA, IB, IIA, IIB, IIIA, IIIB, IIIC, and IV) on the
basis of the survival analyses. In addi on, as was established
with the ini al publica on of the prognos c stage, pa ents
with pT1 or pT2, N0, M0, ER-posi ve, and HER2-nega ve
disease, with an Oncotype DX recurrence score of less than
11 were assigned to pathologic prognos c stage group
IA. There is no category to reﬂect the recurrence score in
the clinical prognos c stage table. Using the same cohort
of 54,727 pa ents iden ﬁed in the California Cancer Registry, we have shown that the revised pathologic prognosc stage con nues to stra fy pa ents well with respect to
disease-speciﬁc survival. As shown in Fig. 1, looking at the
hazard ra os, there is a more clear progression with each
increasing stage using the pathologic prognos c stage (B)
then the anatomic stage (A).

ASSESSMENT OF BIOLOGIC FACTORS
The AJCC prognos c stage incorporates biologic factors that
are rou nely reported in pathology reports generated for
pa ents with breast cancer. Accurate assessment of these
biologic factors, to include determina on of grade and ER, PR,

and HER2 status, is cri cal. With respect to grade, use of the
No ngham combined histologic grade is recommended.14,28,29
With that system, a tumor’s grade is determined by assessing morphologic features, including tubule forma on,
nuclear pleomorphism, and mito c count, and then assigning a value from 1 (favorable) to 3 (unfavorable) for each.
The scores for all three categories are totaled. Grade 1 reﬂects a combined score of 3 to 5 points; grade 2 is 6 to 7
points; and grade 3 is 8 to 9 points.
The AJCC recommends that ER and PR expression be measured by immunohistochemistry in which any staining of
1% of cells is considered posi ve, consistent with American
Society of Clinical Oncology–College of American Pathologists (ASCO-CAP) guidelines.1 The reality of ER and PR testing is more complex. In the repor ng of ER and, to a lesser
extent, PR, mul ple scoring systems (e.g., Allred, percentageposi ve cells, H Scores) con nue to be used. This is in part
because the ASCO-CAP panel advises a report of both percentage posi vity (percent posi ve cells) and intensity (average of posi vely stained cells), which allows considerable
ﬂexibility in the repor ng system used.30 To determine simply whether a tumor should be considered posi ve or nega ve, this advice may have less impact; however, considerable evidence exists that both the intensity of staining and
the percentage of posi ve cells aﬀects pa ent prognosis.31-33
In one study, pa ents with 100% of cells staining strongly
posi ve for ER exhibited a 100-fold lower relapse risk than
those with 1% posi ve cells.32 There is a wealth of data to
suggest that ER and PR staining could provide more informaon about prognosis/treatment outcome than is currently
achieved. The future use of automated or semi-automated
image analysis pla orms has great poten al to inform paent and physician choice if they are robustly validated and
carefully implemented.11,34
HER2 tes ng can be done either by immunohistochemistry to assess protein expression or by in situ hybridiza on
to assess gene copy number. Again, ASCO-CAP guidelines
should be used to determine HER2 status: immunohistochemistry staining of 0 or 1+ is nega ve, 3+ is posi ve, and
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FIGURE 1. Ra os for Disease-Speciﬁc Survival for Pa ents in the California Cancer Registry When
Staged According to Their (A) Pathologic Anatomic Stage or (B) Pathologic Prognos c Stage
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2+ is equivocal.2 Nega ve in situ hybridiza on results for
laboratories that use dual probes include a HER2/CEP17 rao of less than 2.0 and HER2 copy number of less than 4 or
a HER2 copy number of 4 or greater but less than 6. Possible
posi ve results include a HER2/CAP17 ra o of 2 or greater
or HER2 copy number of 6 or greater regardless of ra o.
Fewer laboratories use a single probe; in this situa on, the
cut points are as follows: nega ve, less than 4 HER2 copies;
equivocal, 4 or greater HER2 copies but fewer than 6; and
posi ve, 6 or more HER2 copies. The reality of HER2 tes ng
also is complex. Broadly speaking, the community has been
divided between ﬂuorescence in situ hybridiza on–ﬁrst or
immunohistochemistry-ﬁrst approaches, and discussions
about these choices are rarely based on robust evidence,
which, as deﬁned by the ASCO-CAP guidelines, requires valida on of test accuracy against an external gold standard.
Only two studies have rigorously assessed test accuracy in
this way.2,35,36
More cri cal to pa ents is the ques on of so-called rogue
cases in HER2 tes ng reports, which have abnormal/unusual
gene amplification patterns.37 Analyzing cases with low
HER2 copy number (fewer than four observed copies per
cell), but ampliﬁed ra os (> 2) is challenging. In 2013, ASCOCAP followed the global clinical trial evidence, because such
pa ents were included in the pivotal trials and inclusion,
in the absence of conclusive data to exclude them, did not
change the status of these cases. However, more recent
data suggest that these cases infrequently overexpress
HER2 at the protein level documented by immunohistochemistry.38 In retrospec ve unplanned subgroup analyses
of clinical trial data, pa ents with these HER2 tes ng results did not show hazard ra os consistent with response
to trastuzumab.38 This observa on has driven a change in
ASCO-CAP guidance, such that the 2018 panel suggests that
tumors with these results “should no longer be considered
HER2-posi ve unless IHC3+ overexpressed” (personal communica on, J.M.S.B.). Fortunately, these cases are rare (< 1%
of all ampliﬁed cases); nonetheless, they do present a clinical
dilemma with li le robust evidence to direct treatment
choices. Addi onal research into the true cytogene c make
up of these cases is required if we are to reach a posi on in
which treatment can be driven by robust evidence. What
makes this se ng more challenging is the poten al heterogeneity within this group, which may well represent both
cases with intrachromosomal ampliﬁca on of HER2 (in one
chromosome) with a concordant dele on within the sister
chromosome and those with low-level CEP17/HER2 duplica on. Although ASCO-CAP and others have provided guidance, research into the underlying molecular causes for
some rogue results remains a priority to provide addi onal
support for treatment decisions. It is worth no ng that,
although some mul gene signatures may report HER2, (or
ER/PR) results, evidence suggests that these are not accurate
surrogates for appropriate in situ tes ng of receptor status.39,40
In parallel, there has been con nued discussion regarding
the impact of HER2-targeted therapeu cs, speciﬁcally trastuzumab, in low copy about/ampliﬁed cases. This conversa on
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has been s mulated by cases in the original phase II/III trials
that, on retes ng in central laboratories, were reclassiﬁed
as HER2 nega ve.41-43 These cases sparked considerable debate, because they had previously been reported as HER2
posi ve elsewhere, o en in equally reputable laboratories.
This ul mately sparked a randomized clinical trial (NSABP
B47) to evaluate the use of trastuzumab in pa ents with tumors determined to be 1+ or 2+ by immunohistochemistry.
The results of this trial, reported at the 2017 San Antonio
Breast Cancer Symposium, showed no beneﬁt from trastuzumab in pa ents with low HER2–expressing tumors.44 From
a pathologist’s perspec ve, the ﬁndings from this study are
likely not indica ve of some strange underlying, and consistently elusive, biology of cases that have discrepant results.
No laboratory test is 100% accurate, and any retes ng of
samples is likely to reveal discrepancies that are no more
than the play of chance. A remaining unanswered paradox
in HER2 tes ng is the determina on that a HER2/CAP17 rao of 2.1 is posi ve, but ra os of 1.9 are nega ve. All the
ramiﬁca ons of this cut point are not yet fully understood.

Receptor Tes ng: Perils, Pi alls, Controversies, and
Best Prac ces
Although tes ng for receptors has long been part of the diagnos c evalua on of breast tumors (ER and PR tes ng was
ini ated in the 1970s; HER2 tes ng, in the 1990s), debate
persists. In addi on, during the last 40 to 50 years, there
have been faults and errors in receptor tes ng that led to
failures in diagnos c delivery for pa ents and resulted in
key lessons learned. Faults developed from defects in processes or systems that led to failures. Errors developed as
a result of devia ons from required or op mal opera onal
processes. Those involved in diagnos c tes ng for receptors
must be on guard constantly for both system defects and
devia ons. This need for vigilance was conﬁrmed in the late
2000s, when issues were noted that had a great impact on
mul ple pa ents.45,46 Before these issues occurred, eﬀorts to
develop processes and guidelines to ensure that diagnos c
tests were performed to the highest standard were patchy.
Literature detailing evidence on quality challenges and system failures seemed to have gone largely unno ced in some
countries, whereas other countries were implemen ng rigorous quality assurance programs and guidelines as early as
2000.47-52 Although hindsight is a poor perspec ve to reﬂect
on past processes, certainly there are lessons to be learned
from these events that brought issues of quality, consistency,
and accuracy to the forefront for both novel and established
tests—for example, current mul gene prognos c signatures. Indeed, the ﬁeld of receptor measurement has been
changing con nually in response to challenges posed by demands for improved accuracy, reproducibility, and greater
diagnos c value from the simple analy c technologies applied to receptor tes ng.
As a result of previous challenges and controversies, robust and well thought out guidelines or recommenda ons
exist in most jurisdic ons to promote best prac ce. Although
not every statement in these documents has the preferred
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robust evidence base, the documents nonetheless represent a dis lla on of current best evidence and experience.
They provide the best processes designed to support current diagnos c prac ce and should be read, understood and
implemented by pathologists who assess breast tumors.
Challenges that are based on new evidence and understanding will drive con nued revision and improvements in these
documents and the associated processes. In the mean me,
adherence to guidelines will reduce the faults in our systems
and provide best-prac ce diagnos c approaches. In parallel,
adherence to best prac ces thorough monitoring, tes ng,
and quality assessments of results provides the op mal
approach to preven ng, iden fying, and correc ng errors
in the implementa on of systems. Constant monitoring of
protocol adherence and performance internally (through
process audits, suppor ve management structures, internal quality assessment) is essen al if con nued quality is
to be delivered in appropriate external quality assessment
schemes (e.g., ASCO-CAP/UK-NEQAS53,54). Internal quality
assessments and audits represent the smoke alarms for
diagnos c procedures, which capture events and prevent
them from having large impacts on pa ents. External quality
assurance programs act more like an emergency response
system and probably only detect issues a er the ﬁre is established and an important event is in progress. Both are
essen al to maintain a safe and eﬀec ve service, but—in
diagnos c quality monitoring as in medicine—preven on is
be er than cure.

DIAGNOSTICS IN 2020: WHAT ABOUT THE
FUTURE?
Assays to Determine Receptor Status
Perhaps the most surprising thing about diagnos c tes ng
for receptors in breast cancer is not what has change but
what has not. Fundamentally the same technology used to
detect ER and PR status that was originally applied in the
1970s is s ll relied upon. For almost 50 years, the basic
methodology has remained unchallenged, without fundamental changes in approach. Does this mean that change
is unlikely in the future? On the contrary, advances in molecular technologies and image analysis approaches arguably make change more likely now than ever before. One
ques on is, which approach will win out? Will quan ta ve
image analysis provide increasing granularity of informa on
on the basis of exis ng in situ approaches, perhaps with
increasing mul plexing, quan ta on, and informa on for
pa ents? Or will molecular approaches, using mRNA-based
analy c approaches, ﬁnally succeed in supplan ng in situ
microscopy-based solu ons? Both approaches have growing evidence to support them, and methods to perform
diagnos cally robust analyses for ER/PR and HER2 status
with these approaches now exist, as evidenced by the large
prognos c impact of these markers measured at the RNA
level.55-58 When future guidelines from ASCO-CAP are developed, and when subsequent itera ons of the AJCC staging
are discussed, careful review of these approaches must be
undertaken to determine if evidence supports addi onal

recommenda ons for their use. These technologies may
represent a solu on to challenges related to receptor testing not only in low-income but also high-income countries.

Beyond the Tissue
In recent years, advances in technology to reliably detect
cancer associated altera ons in the blood have challenged
the no on that anatomic and radiographic measures can
comprehensively proﬁle the disease states. There is, of
course, a long history of incorpora ng blood-based measures of extent of disease in other solid tumors, such as in
germ cell tumors or prostate cancer. In the case of breast
cancer, however, such protein-based assays have not proven
suﬃciently beneﬁcial to recommend their common use. Indeed, ASCO guidelines only support use of these in metasta c disease.6 However, the sensi vity and speciﬁcity for
newer blood-based assays may well be signiﬁcantly higher than those of previous tumor markers, primarily carcinoembryonic an gen and cancer an gen 15-3. In par cular,
ctDNA and circula ng tumor cells (CTCs) have been iden ﬁable in many pa ents whose tumors lacked elevated tumor markers.59 Moreover, these cells may inform more than
simply the presence or absence of disease but may have
the poten al to be quan ﬁed and to provide informa on
about the molecular features of the disease. The ability to
molecularly classify the disease (e.g., iden fying panels of
speciﬁc muta ons or features of CTCs) may provide substanal beneﬁts but goes beyond the scope of this discussion of
its value for staging and extent of disease assessment. For
the purposes of tumor staging, it is essen al that ctDNA or
CTC assays (1) perform reproducibly across large studies, (2)
have suﬃcient sensi vity and speciﬁcity to iden fy disease
where conven onal anatomic or radiographic does not, and
(3) provide strong enough independent prognos ca on to
poten ally enable predic ve ability.
Disseminated tumor cells. In a pivotal analysis, Braun et al60
combined data from nine studies of micrometasta c breast
cancer in bone marrow among pa ents with early-stage disease and found that the presence of micrometastases (as
deﬁned posi ve in each study) was associated with breast
cancer recurrence and mortality. This associa on was independent of other prognos c factors. However widespread
adop on of such a test did not take place because of its invasive nature, the lack of predic ve u lity, and the subsequent development of gene expression arrays as a dis nct
method for prognos ca on and use in prospec ve studies.
CTCs. Similarly, the presence of CTCs in nonmetasta c breast
cancer has been associated with inferior disease-free survival in numerous studies, including one study of more
than 2,000 pa ents that used the CellSearch system for CTC
detec on.61 However, many of these studies had short follow-up mes rela ve to the recurrence of breast cancer, and
the ability to prognos cate recurrence for small, node-negave tumors or those of the luminal subtype was less apparent.13 In addi on, several studies have examined the u lity
of clearance of CTCs with therapy (e.g., chemotherapy) as a
means of prognos ca ng outcomes. Once again, the eﬀect
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of persistent detec on of CTCs has been reported in numerous studies, albeit with smaller numbers and shorter follow-up me. What these studies revealed was the poten al
for this modality to provide independent prognos c ability
from conven onal measures. Weighed against this power
has been the rela vely low sensi vity (historically) and variability of methods for detec ng CTCs. Even more important,
it remains unclear whether even more sensi ve and uniform measures of CTCs ul mately can predict the value of
addi onal monitoring or therapy and thereby have the poten al to improve outcomes—par cularly for HR-posi ve/
HER2-nega ve tumors for which gene expression proﬁling
is now standard of care. One promising applica on in this
regard may be in the assignment of extended adjuvant hormonal therapy (years 5–10) where a recent study iden ﬁed
CTC posi vity in approximately 5% of pa ents a er 5 years
of adjuvant therapy, and this posi vity was associated with
a 20-fold increased risk of subsequent recurrence.62
ctDNA. Assays to detect ctDNA among pa ents with cancer are under intense technologic development. The ability of either sequencing or methyla on of DNA fragments
found in blood to reliably and sensi vely detect breast cancer in advanced-stage disease has been reported by many
groups.59,63-65 Indeed, small studies to compare ctDNA and
CTCs have hinted at greater poten al sensi vity for ctDNA in
this se ng.66 Many of the advances in this area have come
with increasing power and decreased cost of DNA sequencing; thus, mature clinical data in the early-stage se ng are
not available. Moreover, the quan ty of DNA shed by tumor
cells into circula on among pa ents with early-stage disease is considerably lower than the quan ty in metasta c
disease. This leaves open the ques on of whether this
method can be used reliably to prognos cate outcomes
for a large enough percentage of pa ents with early-stage
disease. Moreover, there are wide diﬀerences in the techniques used for evalua ng tumor DNA, some of which are
less sensi ve but provide informa on about a large number of genes (whole-exome sequencing); some of which rely
heavily on a priori knowledge of the tumor altera ons present in a tumor biopsy (e.g., droplet digital polymerase chain
reac on); and some of which provide almost no added
informa on about the soma c muta ons present, even if
posi ve (methyla on).
Weighed against these important caveats about use of
CTCs or ctDNA in staging disease in pa ents is the plethora
of new modali es of systemic therapy poten ally available

beyond standard endocrine and chemotherapy. Some of
these are highly eﬀec ve only in subsets of pa ents with
metastatic disease (e.g., PARP inhibitors in germline
BRCA-mutant cancer) but are unlikely to provide added
value to the en re group of pa ents who receive standardof-care treatments that already result in high cure rates for
the overall popula on. The ability of either CTCs or ctDNA
to proﬁle minimal residual disease or disease nonresponsive to conven onal treatments should enable rapid tes ng
of new agents among groups that are undoubtedly at high
risk. Moreover, the ability of these tests to provide qualitave informa on (e.g., genomic proﬁle or heterogeneity of
immunohistochemistry posi vity for ER/HER2), may enable
use of agents not possible by conven onal assays of the
tumor itself. Indeed, the increasing insights we now have
on widespread heterogeneity of breast tumors provide the
biologic ra onale for this type of approach. Metasta c recurrences can diﬀer from primary tumors in transcrip onal
or genomic proﬁle in many cases—to the degree that liquid
biopsies are sensi ve enough to proﬁle the minimal residual
disease that lead to such recurrences—so that new tests
may enable more eﬀec ve use of many agents that would
not otherwise be prac cal in the early-stage se ng. Such
prac ce-changing informa on would cons tute an essen al
part of deﬁning the extent of disease and should necessarily
be included in any meaningful staging system.

CONCLUSION
With the eighth edi on of the staging manual, the AJCC
has recognized the impact of biologic factors in determining treatment plans and prognoses for pa ents with breast
cancer. Be er stra ﬁca on for survival outcomes can be
achieved by using the clinical and pathologic prognos c stages that combine the anatomic extent of disease with biologic
factors to include grade and ER, PR, and HER2 status. This
ini al eﬀort to incorporate tumor biology into staging was
deemed cri cal to preserve relevance of the staging system.
Accuracy of staging is dependent on rigorous determina on
of the biologic factors and guideline-concordant treatment
dictated by those factors. As technology evolves to allow
more reﬁned determina on of tumor biology and to assess
how the reﬁned determina ons aﬀect treatment and outcomes, the staging system will require more revision. Currently, however, diseases should be staged according to the
eighth edi on of the clinical and pathologic prognos c stages
to acquire the necessary data to inform future revisions.
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PREOPERATIVE APPROACHES AS A RESEARCH TOOL IN BREAST CANCER

Using a Neoadjuvant Approach for Evalua ng Novel
Therapies for Pa ents With Breast Cancer
Neelima Denduluri, MD, Kathy Miller, MD, and Ruth M. O’Regan, MD
OVERVIEW
Preopera ve systemic therapy, though primarily used to downstage breast cancers, can oﬀer, using pathologic complete response (pCR) as an endpoint, a rapid assessment of eﬃcacy of a given therapeu c approach, par cularly in triple-nega ve
(TNBC) and HER2-posi ve breast cancers. Recently, this approach resulted in the approval of pertuzumab for HER2-posi ve
cancers, in a considerably quicker meline than would have been possible with its assessment in the adjuvant se ng.
However, the use of preopera ve systemic therapy remains controversial, as the higher response rates noted with newer
approaches have not rou nely translated into improved longer-term outcomes, nor have they been conﬁrmed in larger
adjuvant trials. Almost all trials have demonstrated that pCR is a robust prognos c marker in pa ents with TNBC and
HER2-posi ve cancers, so part of this discrepancy may be due to inadequate power in the preopera ve trials and/or due to
the heterogeneous nature of breast cancers. PCR following preopera ve chemotherapy is not prognos c in many hormone
receptor (HR)-posi ve breast cancers, especially those with a luminal A phenotype, which typically has minimal response
to chemotherapy. Given this lack of response to chemotherapy, there is considerable interest in the use of neoadjuvant
endocrine therapy (NET). The rate of pCR to NET in HR-posi ve cancers is low, leading to the use of surrogate markers,
including changes in Ki-67 and the preopera ve endocrine prognos c index (PEPI) score, as biomarkers of eﬃcacy. Overall,
the use of neoadjuvant approaches oﬀers a rapid assessment of eﬃcacy of novel therapies and remains a useful research
tool for drug evalua on.

T

he use of a neoadjuvant therapeu c approach in paents with breast cancer has become more widespread
over the last decade. Although the primary purpose for using preopera ve therapy is to downstage breast cancers,
allowing for a less-aggressive surgical approach, its use addi onally allows an in vivo assessment of whether a therapeu c approach is eﬀec ve in an individual cancer without
increasing the risk of distant recurrence.1
The acquisi on of a pCR, using a deﬁni on of no invasive
cancer in the breast or lymph nodes, following preopera ve
chemotherapy with or without HER2-directed agents has
been demonstrated to be a robust prognos c factor, especially for HR-nega ve and HER2-posi ve breast cancers.2 In
2013, the U.S. Food and Drug Administra on (FDA) for the
ﬁrst me approved the use of an agent, pertuzumab, based
on the ﬁndings that pCR was signiﬁcantly increased when it
was added to trastuzumab-based chemotherapy in pa ents
with HER2-posi ve breast cancer.3,4 Trials evalua ng neoadjuvant therapies require considerably smaller numbers of
pa ents with inherent reduced cost compared with larger
adjuvant studies. Addi onally the use of pCR as a surrogate
endpoint for longer-term outcomes allows the eﬃcacy of a

given agent to be determined rela vely rapidly, compared
with many years in adjuvant studies. Overall this approval
by the FDA opened the door for the poten al of accelerated
approval of new agents for patients with earlier-stage
breast cancers.
However, the use of pCR as a surrogate for efficacy of
novel agents remains controversial, in part because available
preopera ve trials were not powered to evaluate longerterm endpoints such as event-free and overall survival (OS).
In fact, the majority of preopera ve trials have not demonstrated an improved outcome for the new agents being
evaluated, although pCR remains prognos c.5-9 Addi onally,
posi ve ﬁndings noted in the preopera ve se ng have not
been deﬁnitely conﬁrmed in larger adjuvant trials.10,11 Lastly,
the prognos c ability of pCR is diﬀerent based on breast cancer subtypes: pCR is prognos c in TNBC, HER2-posi ve, and
luminal B breast cancers, although it is not deﬁni vely prognos c in luminal A cancers, the la er of which present a signiﬁcant therapeu c challenge given their lack of response
to preopera ve chemotherapy.2,12 Given the lack of beneﬁt from preopera ve chemotherapy in HR-posi ve breast
cancers, especially those with a luminal A phenotype, there
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has been signiﬁcant interest in evalua ng preopera ve endocrine therapeu c approaches. However, interpreta on of
results from trials evalua ng preopera ve endocrine therapies with or without targeted agents has been hampered by
determining an appropriate endpoint, because obtaining a
pCR is rare. Generally, accepted endpoints for preopera ve
endocrine therapy trials include changes in Ki-67 following
2 weeks of therapy, and the PEPI score, which es mates the
amount of residual cancer le following therapy.
We will review the use of a preopera ve approach in
evalua ng new agents in diﬀerent breast cancer subtypes:
HR-posi ve, TNBC, and HER2-posi ve breast cancers.

NEOADJUVANT ENDOCRINE THERAPY
Perhaps no other area of breast oncology has undergone
such a drama c change in prac ce as the use of chemotherapy for HR-posi ve disease. Prior to the advent of mulparameter gene expression assays, consensus guidelines
rou nely recommended chemotherapy for all pa ents with
a primary tumor spanning at least 1 cm. Although subset
analyses of large trials suggested the beneﬁt of adjuvant
chemotherapy was primarily (if not en rely) in those with
poorly diﬀeren ated tumors, lower levels of HR expression,
or overexpression of HER2, most oncologists feared withholding the poten al beneﬁts of chemotherapy more than
they feared the toxicity associated with overtreatment. The
mul parameter assays more convincingly iden ﬁed pa ents
who would not beneﬁt from chemotherapy,13-15 resul ng in
a signiﬁcant reduc on in the use of chemotherapy for earlystage hormone-sensitive disease. The (re)appreciation of
the beneﬁt of hormone therapy led naturally to reconsidering the role of hormone therapy prior to surgical resec on.
NET in this context must be dis nguished from the use
of hormone therapy alone (that is, primary hormone
therapy) in pa ents too frail for surgery. Similarly, we must
move beyond considering NET only in pa ents with borderline resectable disease and rela ve contraindica ons

PRACTICAL APPLICATIONS
• The use of preopera ve systemic chemotherapy with
or without HER2-directed agents results in tumor
downstaging, and response is prognos c in triplenega ve and HER2-posi ve breast cancers.
• The increased pCR rate noted with novel therapies in the
preopera ve se ng has not rou nely translated into
improved event-free, disease-free, or overall survival.
• Many HR-posi ve breast cancers, especially luminal
A cancers, have a minimal response to preopera ve
chemotherapy, and pCR in this scenario is not associated
with outcome.
• The use of NET is a considera on for pa ents with HRposi ve cancers, who are candidates for a preopera ve
approach.
• Changes in Ki-67 and the PEPI score are reasonable
surrogates of outcome in pa ents with HR-posi ve
cancers treated with NET.
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to chemotherapy. Par cularly for postmenopausal women
with clinical stage II/III hormone sensi ve breast cancer,
NET remains an underused and less-toxic alterna ve to neoadjuvant chemotherapy.
Some beneﬁts of NET replicate those of neoadjuvant chemotherapy. NET can facilitate breast-conserving surgery
(BCS).16 Half of pa ents des ned for mastectomy are able to
undergo BCS a er 3 to 4 months of aromatase inhibi on.17,18
Pa ents concerned about a delay in treatment while wai ng
for results of gene c tes ng or surgical scheduling can safely
begin NET.
Although most NET trials gave therapy for 3 to 4 months,
the op mal dura on of treatment has not been fully established. A mul center single-arm trial inves gated the eﬀect
of neoadjuvant treatment dura on on tumor regression
and ability to undergo BCS.19 The majority of par al or complete responses were observed at 4 months, though some
beneﬁcial responses occurred during prolonged letrozole
treatment. Compared with baseline, median tumor size was
reduced by 62.5% at month 4 and by 70.0% at ﬁnal study
visit (8 months). Even though prolonged treatment of up
to 8 months resulted in further tumor volume reduc on in
some pa ents, there was no clear op mum for treatment
dura on. Outside of a clinical trial, 4 months is a reasonable
star ng point with the op on to con nue treatment in responding pa ents who desire BCS.
Neoadjuvant chemotherapy allows an individual assessment of response based on pathologic response. PCR rates
are low with NET, limi ng the value of pCR as a surrogate
endpoint for the eﬀec veness of NET. Instead, eﬀorts focused on intermediate biologic endpoints obtained from
the surgical specimen or via serial biopsy of the primary tumor during treatment. We will now focus on using NET as an
individual in vivo sensi vity test.

IMPACT Trial
The IMPACT trial compared the preopera ve use of tamoxifen with anastrozole alone or in combina on in postmenopausal women (330 pa ents) with primary HR-posi ve
breast cancer. The inves gators hypothesized that the clinical and/or biologic eﬀects of NET would predict long-term
outcome in the Anastrozole, Tamoxifen Alone or in Combina on (ATAC) adjuvant therapy trial.20 The clinical hypothesis proved false, as there were no signiﬁcant diﬀerences
in overall response or the propor on of pa ents able to
undergo BCS in IMPACT.21 Importantly, IMPACT included the
collec on of ssue specimens taken at baseline, and a er
2 and 12 weeks of treatment to explore biologic correlates
of long-term outcome. Here the hypothesis proved correct.
A decrease in the prolifera on marker Ki-67 occurred in
the majority of pa ents. However, there was a signiﬁcantly
greater suppression of Ki67 in the anastrozole-treated group
than in the tamoxifen- or combina on-treated groups.21
Estrogen-receptor (ER) level correlated with Ki67 suppression; that is to say that tumors with higher ER expression
tended to have greater suppression of prolifera on with
NET. Progesterone-receptor (PR) expression was important
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as well, with a greater reduc on in prolifera on in tumors
that expressed PR. In a mul variable analysis, higher Ki-67
expression a er 2 weeks of NET was associated with lower
recurrence-free survival (p = .004) whereas higher Ki-67 expression at baseline was not. Larger baseline tumor size and
lower ER level a er 2 weeks of NET were also associated
with poorer recurrence-free survival (p < .001 and p = .04,
respec vely).22 NET did not increase apoptosis, so cell loss is
primarily due to natural a ri on; clinical response is dependent on the an prolifera ve eﬀect of estrogen withdrawal.23
Together these data highlight the poten al value of Ki-67 as
a marker of endocrine therapy beneﬁt.

Preopera ve Endocrine Prognos c Index
PEPI was developed to iden fy pa ents with such drama c
sensi vity to endocrine therapy that chemotherapy could
be avoided. It incorporates features from ini al diagnosis
(prior to NET) and response to NET to separate pa ents into
prognos c groups. Pa ents with a primary tumor smaller
than 5 cm, nega ve nodes, and a Ki-67 less than 2.7% a er
NET are in the lowest risk PEPI group (PEPI = 0).24 PEPI predicted long-term outcome in pa ents treated with neoadjuvant aromatase inhibi on in the Z1031 trial. With a median
5.5 years of follow up, 3.7% of pa ents (4 of 109) with a PEPI
of 0 relapsed compared with 14.4% of pa ents (49 of 341)
with a PEPI greater than 0 (recurrence HR 0.27; p = .014).25
A major drawback of relying on PEPI is that results are not
known un l pa ents have completed 4 months of endocrine therapy and undergone surgery. That feels like a long
me to wait for pa ents and their trea ng physicians. Importantly, there is no way to assess response to subsequent
chemotherapy (or any other treatment of that ma er) as
the primary tumor has already been removed. Ideally, we
would iden fy pa ents with resistant disease earlier so
chemotherapy (or another alternate treatment) could be
given prior to surgery. Data from the IMPACT22 and POL26
trials found that pa ents with a Ki-67 greater than 10% a er
only 2 to 4 weeks of NET were extremely unlikely (< 2%) to
achieve a PEPI of 0. Lack of drama c response to endocrine
therapy does not necessarily mean that those pa ents will
beneﬁt from chemotherapy. In fact, the limited available
data suggest that pa ents with Ki-67 greater than 10% a er
2 to 4 weeks of NET respond poorly to neoadjuvant chemotherapy. Only 5.7% of pa ents (2 of 35) in the Z1031B
trial who switched to neoadjuvant chemotherapy achieved
a pCR.25

Evalua on of Novel Therapies
PEPI may help iden fy more eﬀec ve endocrine therapies,
using the propor on of pa ents who achieve a PEPI of 0 as
a surrogate endpoint. The ALTERNATE trial (NCT01953588)
uses this strategy, comparing anastrozole, fulvestrant, or
the combina on. Eligible pa ents are postmenopausal and
have palpable ER-posi ve tumors with an Allred score of 6
to 8. As with the prior Z1031 trial, chemotherapy is recommended in pa ents with a Ki-67 greater than 10% a er 2 to
4 weeks.

NET can also be used as a pla orm to which to add novel
therapies in pa ents with ER-posi ve disease. Here are a
few examples of the many trials evalua ng novel agents
in the NET se ng. One early eﬀort inves gated whether
neoadjuvant geﬁ nib, an EGFR inhibitor, might overcome
biologic and clinical resistance to NET in a phase II placebocontrolled trial.27 In addi on to anastrozole, pa ents were
randomly assigned to receive either geﬁ nib 250 mg/d orally
for 16 weeks, placebo for 2 weeks followed by geﬁ nib for
14 weeks, or placebo for 16 weeks. The primary endpoint
was change in prolifera on (Ki-67) at 2 and 16 weeks. Mean
changes in Ki-67 with anastrozole and geﬁ nib versus anastrozole alone were -80.1% and -71.3% respec vely between
baseline and 2 weeks (geometric mean ra o, 0.70; p = .22)
and -77.4% and -83.6% between baseline and 16 weeks
(geometric mean ra o, 1.37; p = .26). Clinical response rate
also favored anastrazole alone (61% vs. 48%), though the
diﬀerence was not sta s cally signiﬁcant (p = .08).
Hyperac va on of AKT is common and is associated with
endocrine resistance in ER-posi ve breast cancer. A randomized phase II trial tested the hypothesis that adding the
allosteric pan-AKT inhibitor MK-2206 to anastrozole would
increase pCR in PIK3CA-mutant, ER-posi ve breast cancer.28
Pa ents received endocrine therapy alone for 28 days (to allow for PIK3CA analysis); then MK-2206 was added on cycle
1 day 2 (C1D2) in pa ents with tumors posi ve for PIK3CA
muta on. Pa ents received a maximum of four 28-day cycles of combina on therapy before surgery. Serial biopsies
were collected at preregistra on, C1D1 and C1D17. Of 51
pa ents preregistered, 22 had a PIK3CA muta on. Sixteen
began MK-2206; three stopped therapy early because of
persistent eleva on of Ki-67 (two pa ents) and toxicity (one
pa ent). Thirteen pa ents completed neoadjuvant therapy
followed by surgery, but none achieved a pCR. Importantly,
MK-2206 did not further suppress prolifera on (Ki-67) and
did not induce apoptosis on C1D17 biopsies. The inves gators concluded that MK-2206 was unlikely to add to the
eﬃcacy of anastrozole alone in PIK3CA-mutant, ER-posi ve
breast cancer and should not be studied further in the target pa ent popula on.
In the NeoPalAna29 trial, pa ents underwent a pretreatment biopsy, and then treated with anastrozole for 1 month.
A er a second biopsy, palbociclib was added to anastrozole
with a third biopsy obtained 14 days later. Primary endpoint
was suppression of Ki-67 to less than 2.7% at any me point.
Palbociclib increased the propor on of pa ents with a Ki-67
response. Interes ngly, in some pa ents, anastrozole alone
suppressed Ki-67, whereas in others, combined therapy did
not suppress Ki-67. Inves gators also explored serum thymidine kinase 1 (TK1) as a measure of prolifera on and ac vity
of the CDK4/6 inhibitor.30 Despite a signiﬁcant drop in tumor
Ki-67 with anastrozole monotherapy, there was no sta s cally signiﬁcant change in TK1 ac vity. However, a striking
reduc on in TK1 ac vity was observed 2 weeks a er ini a on
of palbociclib (C1D15), which then rose signiﬁcantly with
palbociclib washout. There was high concordance between
changes in serum TK1 and tumor Ki-67. They concluded
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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that serum TK1 ac vity might be a promising pharmacodynamic marker of palbociclib in ER-posi ve breast cancer.
Though not directly addressed in the NeoPalAna trial, these
results highlight the poten al for early assessment of NET
response, whether with serial biopsy or serial serum TK1, to
individualize therapy.

TRIPLE NEGATIVE BREAST CANCER
In most series including the FDA meta-analysis,1,2 pCR has
been demonstrated to be prognos c for outcome in pa ents
with TNBC. This led to trials evalua ng the addi on of chemotherapeu cs and novel agents to standard chemotherapy
in the preopera ve TNBC se ng, using pCR as a primary
endpoint. In general, though pCR was found to be prognosc in most of these trials, they have not shown conclusively
that the novel agents improved longer-term outcomes.7,9
The residual cancer burden (RCB)31 is used to quan fy the
amount of cancer remaining in pa ents who have received
preopera ve therapy. Pa ents with TNBC who achieve RCB
0 (pCR) or RCB 1 (minimal residual disease) appear to have
a favorable outcome, whereas those with RCB 3 (minimal
response to chemotherapy) have an alarmingly high rate
of relapse.32 Given the high relapse rate seen in pa ents
with TNBC whose cancers fail to respond to preopera ve
chemotherapy, there is considerable research focus on
evalua ng agents, such as other chemotherapeu cs, targeted agents, and immune therapies, in the postsurgery
“adjuvant” se ng. The CREATE X trial33 is the ﬁrst trial to
demonstrate an improved disease-free and OS for pa ents
with TNBC with residual cancer following preopera ve
chemotherapy who received adjuvant capecitabine. However, it is clear that there are pa ents with TNBC who do
not achieve a pCR who do not experience a subsequent relapse, and, conversely, relapses have been seen in pa ents
who achieve a pCR. This may in part be explained by the
fact that TNBC is known to be a heterogeneous disease,
comprising several diﬀerent subtypes34 with diﬀeren al
response rates to preopera ve chemotherapy35 (Table 1).
For example, the luminal androgen receptor TNBC subtype
has a low response rate to preopera ve chemotherapy,35
but pCR is not as robust a prognos c factor as it is for other
TNBC subtypes.36

TABLE 1. Eﬃcacy of Standard Anthracycline-Taxane
Chemotherapy in TNBC Subtypes34,35
Subtype

No. of Pa ents

pCR, %

95% CI

Basal-like 1

21

52

0.31–0.73

Basal-like 2

8

0

0.00–0.00

Mesenchymal

26

31

0.13–0.48

Mesenchymal stem
cell–like

13

23

0.0001–0.45

Immunomodulatory

27

30

0.12–0.46

Luminal AR

20

10

0.03–0.23

Abbrevia ons: TNBC, triple-nega ve breast cancer; pCR, pathologic complete response; AR,
androgen receptor.
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The current standard preopera ve approach for pa ents
with TNBC remains an anthracycline taxane–based regimen. Subs tu on of paclitaxel with nab-paclitaxel followed
by epirubicin and cyclophosphamide demonstrated a pCR
rate of almost 50%37 and improved disease-free survival for
pa ents with TNBC receiving nab-paclitaxel,8 though these
results are not conﬁrmed in a similar trial38 (Table 2). The
addi on of carbopla n to an anthracycline-taxane backbone has been demonstrated to improve pCR in several
trials,39,40 though this did not rou nely result in improved
outcome, likely due to the trials’ power9 (Table 2). The I-SPY
2 trial41 provides a unique pla orm using an adap ve design for evalua ng the addi on of novel agents to anthracyclines and taxanes in high-risk early-stage breast cancer. To
date, this trial has “graduated” two agents in TNBC based
on predicted pCR rates, meaning that they warrant further
evalua on. In I-SPY 2, the addi on of veliparib to paclitaxel
followed by adriamycin-cytoxan was associated with an esmated PCR of 51%42 and the addi on of pembrolizumab
resulted in an es mated PCR of 60%43 in pa ents with TNBC.
Overall, the preopera ve se ng provides a unique method
of assessing the eﬃcacy of novel agents in TNBC, when added
to standard chemotherapy (Table 2).
Given the high rate of relapse in pa ents with TNBC who
do not achieve a pCR or near-pCR following preopera ve
chemotherapy,32 there is considerable interest in adjuvant
approaches to reduce the risk of recurrence. To date, the
only successful approach is with the use of capecitabine
given for eight cycles following surgery. The CREATE-X trial33
randomly selected patients with HER2-negative cancers
and residual disease following preoperative chemotherapy to receive standard therapy alone or capecitabine for
eight cycles in addi on to standard therapy. In pa ents with
TNBC, DFS, and OS were signiﬁcantly improved in pa ents
who received capecitabine compared with the control
group. These results were somewhat surprising given the
chemotherapy-resistant nature of the majority of TNBC that
do not respond to standard preopera ve therapy. There are
a number of clinical trials evalua ng novel approaches in the
post-preopera ve therapy se ng. The ECOG-ACRIN 1131
trial was ini ally designed to evaluate the use of a pla num,
either carbopla n or cispla n compared with no further
systemic therapy, in this se ng, but was modiﬁed a er the
results of CREATE-X were reported to compare a pla num
agent to capecitabine (NCT02445391). SWOG-S1418/NRGBR006 (NCT02954874) is evalua ng pembrolizumab versus
no further therapy in pa ents with residual TNBC following
preopera ve therapy. Inves gators at Indiana University are
taking a novel approach of genomically typing residual TNBC
following preopera ve chemotherapy, and then matching
the results with agents given adjuvantly (NCT02101385).

PREOPERATIVE APPROACHES IN HER2
POSITIVE BREAST CANCER
Trastuzumab therapy is one of the most impac ul therapeu c advances in breast cancer. It is well established
that incorpora on of 1 year of trastuzumab in addi on to
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TABLE 2. Selected Trials Evalua ng the Eﬃcacy of the Addi on or Subs tu on of New Agents to Standard
Anthracycline-Taxane Chemotherapy on pCR in TNBC
Trial
39

Calgb 40603 (443 Pa ents)
Geparsixto40 (296 Pa ents)
I-Spy 2: Veliparib-Carbopla n Arm42 (116 Pa ents)
I-Spy 2: Pembrolizumab Arm43 (249 Pa ents)
Geparsepto37 (276 Pa ents With Tnbc)
Etna38 (219 Pa ents)

Arms

pCR

P → AC

41%

PCb →AC

54%

PMB

36.9%

PMBCb

53.2%

P → AC

26%

PVCb → AC

51%

P → AC

20%*

PPemb → AC

60%*

P → EC

26%*

nabP → EC

48%*

P → AC/EC/FEC

37.3%

nabP → AC/EC/FEC

41.3%

p Value
p = .0029
p = .005
N/A
N/A
p < .001
NS

*Es mated pCR.
Abbrevia ons: pCR, pathologic complete response; TNBC, triple-nega ve breast cancer; P, paclitaxel; AC, adriamycin-cytoxan; Cb, carbopla n; M, nonpegylated liposomal doxorubicin; B, bevacizumab; V,
veliparib; pemb, pembrolizumab; nabP, nab-paclitaxel; EC, epirubicin-cytoxan; FEC, 5-ﬂuorouracil, epirubicin, cytoxan; N/A, nonapplicable; NS, nonsigniﬁcant.

chemotherapy signiﬁcantly improves OS in early-stage breast
cancer.44-46 Despite these advances, a signiﬁcant minority of
early-stage HER2-posi ve breast cancers recur.44,47 Large
randomized trials evalua ng the role of new HER2 targeted
agents are expensive, and the one-size-ﬁts-all approach may
under- or over-treat the vast majority of HER2-posi ve earlystage breast cancer. Despite extensive research evalua ng
the role of poten al biomarkers, including PIK3CA, tumorinfiltrating lymphocytes, molecular subtypes, circulating
tumor cells, and HER muta ons, there are no predic ve biomarkers outside of HER2-overexpression that consistently
help us iden fy response and DFS beneﬁt to HER2-targeted
therapy.48 The FDA has published a guidance statement rela ng to the design of neoadjuvant clinical trials with a poten al regulatory pathway to accelerated approval49 using
a uniform deﬁni on of pCR.2 Personalizing therapy based
on pCR may help us stra fy which pa ents need addi onal
therapy, or iden fy those who may derive equal beneﬁt
from less therapy. Higher pCR rates have had mixed results
in terms of transla ng to improved outcomes.5,6 Although
we know that pa ents who achieve a pCR seem to have better outcomes, it is unclear what improvement in pCR rate is
required to achieve a clinically signiﬁcant improvement in
DFS and OS.50 We will review trials that have evaluated novel
HER2-directed agents in the preopera ve se ng.

Tyrosine Kinase Inhibitors
Lapa nib is a small molecule dual tyrosine kinase inhibitor targe ng the epidermal growth factor and HER2. The
NeoALTTO trial,4 a phase III randomized trial (neoadjuvant
lapa nib and/or trastuzumab treatment op miza on), evaluated neoadjuvant lapa nib and trastuzumab combina on
therapy, compared with single-agent HER2-directed therapy, in HER2-posi ve operable breast cancer. A total of 455
pa ents were assigned to receive trastuzumab, lapa nib, or

a combina on of the two agents in addi on to paclitaxel.
Despite signiﬁcant doubling of the pCR rate, (51.3% in the
combina on vs. 29.5% in the trastuzumab-only group51;
p = .0001), this did not translate into improved survival in
the combina on group.5 One caveat is that all pa ents received further systemic therapy a er surgery. Therefore, the
pCR rates in each of the arms did not reﬂect the response
to all the therapy that these pa ents received. NeoALTTO,
however, demonstrated that women who achieved a pCR
had signiﬁcantly be er 3-year event-free survival (HR 0.38;
p = .003) and OS (HR 0.35; p = .005) than those who did not
achieve a pCR.5 In keeping with the overall outcomes noted
in NeoALTTO, the ALTTO trial, a large adjuvant trial that enrolled 8,381 pa ents, did not note a signiﬁcantly improved
outcome for the addi on of lapa nib to trastuzumab-based
chemotherapy, compared with trastuzumab-based chemotherapy alone, at a median follow-up of 4.5 years.10
Nera nib is an irreversible pan-HER2 tyrosine kinase inhibitor. In the I-SPY 2 trial,41 pa ents with HER2-posi ve
breast cancer were randomly assigned to receive weekly
paclitaxel with nera nib for 12 weeks, or weekly paclitaxel
with trastuzumab, followed by four cycles of doxorubicin
and cyclophosphamide. The es mated pCR rate in the neranib arm was 56% (95% CI, 37%–73%) compared with 33%
on the trastuzumab arm (95% CI, 11%–54%) in pa ents with
HR-nega ve, HER2-posi ve tumors,52 allowing nera nib to
graduate to a conﬁrmatory phase III trial. The eﬃcacy of nera nib in the early-stage HER2-posi ve se ng was further
conﬁrmed in the ExteNET trial, which evaluated the role of
nera nib as extended adjuvant HER2-directed therapy in paents who had completed 1 year of adjuvant trastuzumab.53
A er a median follow up of 5.2 years, pa ents in nera nib
group had signiﬁcantly fewer invasive DFS events than those
in the placebo group with a hazard ra o of 0.73, (p = .0083).
The 5-year invasive DFS was 90.2% (95% CI, 88.3%–91.8%)
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in the nera nib group and 87.7% (95% CI, 85.7%–89.4%)
in the placebo group.53 Interes ngly, the majority of beneﬁt was noted in HR-posi ve, HER2-posi ve breast cancers,
though the trial was not powered to detect eﬀects between
subgroups.

Pertuzumab
Pertuzumab is a monoclonal an body that targets the extracellular dimeriza on domain of HER2 and inhibits the
ligand-dependent heterodimeriza on of HER2 with other
family members including EGFR, HER3, and HER4. The
CLEOPATRA study demonstrated significantly improved
progression-free survival and OS with the addi on of pertuzumab to trastuzumab and docetaxel in pa ents with
metasta c HER2-posi ve breast cancer, leading to its ini al
approval.54 In the neoadjuvant se ng, two phase II trials,
NeoSphere4 and Tryphaena,55 evaluated the addi on of pertuzumab to trastuzumab and chemotherapy in pa ents with
HER2-posi ve breast cancer. Based on the promising safety
and eﬃcacy results of these two trials,4,55 as well as the significant survival beneﬁt seen in the metasta c se ng,54 the FDA
granted accelerated approval to pertuzumab and trastuzumab
for the neoadjuvant treatment of HER2-posi ve breast cancer.
NeoSphere4 is a mul center randomized phase II trial
studying the eﬃcacy and safety of neoadjuvant pertuzumab
and trastuzumab with docetaxel in early-stage HER2-posi ve
breast cancer. A total of 417 pa ents were randomly assigned
to one of four groups and received four cycles of the following therapy before surgery: trastuzumab plus docetaxel
(arm 1), trastuzumab pertuzumab plus docetaxel (arm 2),
trastuzumab plus pertuzumab (arm 3), or pertuzumab plus
docetaxel (arm 4). A er surgery, pa ents in all three groups
received three cycles of iden cal chemotherapy with ﬂuorouracil (5-FU), epirubicin, and cyclophosphamide (FEC)
followed by completion of 1 year of trastuzumab, with
the exception of the third group in which four cycles of
docetaxel were added before FEC. The primary endpoint of
breast pCR was signiﬁcantly higher in the arm that received
trastuzumab, pertuzumab, and docetaxel compared with the
other arms. DFS and progression-free survival were highest
in pa ents who received both trastuzumab and pertuzumab
in addi on to docetaxel, 86% (95% CI, 77%–91%); however,
conﬁdence intervals were large and overlapping.6 pCR was
more predic ve of progression-free survival in pa ents with
HR-nega ve breast cancer than in those with HR-posi ve
breast cancer, 84% versus 72%, respec vely.6 TRYPHAENA
is a phase II neoadjuvant cardiac safety trial that randomly
assigned 225 pa ents to one of three arms: FEC followed by
docetaxel, pertuzumab, and trastuzumab (trastuzumab and
pertuzumab given concurrently; FEC+ H + P → T + H + P; arm
1) or following FEC (FEC → T + H + P; arm 2) or trastuzumab,
pertuzumab, docetaxel and carbopla n (arm 3). Though not
the primary endpoint of this trial, most pa ents achieved a
pCR, and there was no diﬀerence noted between the three
arms (61.6% for arm 1, 57.3% arm 2, and 66.2% for arm 3).55
Three-year survival es mates for DFS were 87%, 88%, and
90% in arms 1, 2, and 3, respec vely.8
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The Adjuvant Pertuzumab and Trastuzumab in Early
HER2-Posi ve Breast Cancer (APHINITY) trial randomly
assigned 4,804 pa ents with node-posi ve or high-risk
node-nega ve, HER2-posi ve operable breast cancer to
receive either pertuzumab or placebo added to standard
adjuvant chemotherapy plus 1 year of treatment with trastuzumab.11 Across the trial popula on, 63% of pa ents had
node-posi ve disease and 36% had HR-nega ve disease.
Though sta s cally signiﬁcant, the diﬀerence in invasive
DFS at 3-year follow-up was modest at 94.1% in the pertuzumab group and 93.2% in the placebo group. In the cohort
of pa ents with node-posi ve disease, the 3-year invasive
DFS was 92% in the pertuzumab group compared with
90.2% in the placebo group (HR 0.77; 95% CI, 0.62–0.96;
p = .02). In the cohort of pa ents with node-nega ve disease, the 3-year rate of invasive DFS was 97.5% in the pertuzumab group and 98.4% in the placebo group (HR 1.13; 95%
CI, 0.68–1.86; p = .64). Toxici es did not defer between each
group. The tests for interac on of the treatment eﬀect were
not signiﬁcant for any of the pa ents of groups considered,
including those based on nodal status and HR status.

Trastuzumab Emtansine
Trastuzumab emtansine (T-DM1) is a novel an body-drug
conjugate that links trastuzumab with a cytotoxic an microtubule agent, DM1, a maytansine deriva ve. T-DM1 is approved as second-line therapy for metasta c HER2-posi ve
breast cancer, based on the results of the EMILIA trial.56
The large mul center randomized phase II-III umbrella trial
ADAPT (Adjuvant Dynamic Marker-Adjusted Personalized
Therapy trial) is designed to enroll approximately 5,000 paents into four dis nct subtrials based on breast cancer subtype.57 In one of the subtrials,58 pa ents with HER2-posi ve,
HR-posi ve breast cancer were randomly assigned to receive 12 weeks of T-DM1 alone, T-DM1 plus endocrine therapy, or trastuzumab plus endocrine therapy. The study was
closed early a er 376 of the planned 380 pa ents were enrolled as a result of the eﬃcacy endpoint of pCR having been
reached a er the ﬁrst interim analysis. The arms containing
TDM-1 achieved higher pCR rates: 40.5%, 45.8%, and 6.7%
for T-DM1 alone, T-DM1 plus endocrine therapy, and trastuzumab plus endocrine therapy, respec vely. The addi on of
endocrine therapy to T-DM1 did not increase pCR. Interestingly, early response biomarkers, including low cellularity or
decreased Ki-67 of greater than 30% were signiﬁcantly associated with a higher pCR. Several other neoadjuvant trials of
T-DM1 are ongoing and listed in Table 3.
In summary, trials to date show that the addi on of lapanib and pertuzumab to trastuzumab, or the subs tu on
of nera nib for trastuzumab, increase pCR rates compared
with trastuzumab alone. However, these increases in pCR
have not improved longer-term outcomes consistently and
across all subgroups. Pa ents who do achieve a pCR have
superior outcomes compared with those that do not. Therefore, the neoadjuvant se ng using pCR as an endpoint remains a useful tool for the evalua on of new agents and/
or the de-escala on of therapy in the HER2-posi ve se ng.
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TABLE 3. Ongoing or Planned Trials Evalua ng HER2-Directed Agents in the Preopera ve Se ng
Study Name

No. of Pa ents

ClinicalTrials.gov Iden ﬁer

Treatment Arms

BOLD-1

1,366 (open)

NCT02625441

Taxane/trastuzumab/pertuzumab × 3 → FEC × 3 vs.
taxane/trastuzumab × 3 → FEC × 3 → trastuzumab for 1 year

BRUOG308

30 (open)

NCT02789657

Paclitaxel/carbopla n/trastuzumab/pertuzumab × 4

Primary
Objec ve
pCR

Paclitaxel/carbopla n/trastuzumab/pertuzumab × 4 → AC × 4
Paclitaxel/carbopla n/trastuzumab/pertuzumab × 6 → AC

pCR

Paclitaxel/carbopla n/trastuzumab/pertuzumab × 6
Paclitaxel/carbopla n/trastuzumab/pertuzumab × 4 → AC × 4
GeparOcto

950 (open)

NCT02125344

PMCb vs. ETC if HER2+, also pertuzumab/ trastuzumab

pCR

NEOTOP

90

NCT02339532

If TOP2A-ampliﬁed, FEC × 3 then docetaxel/trastuzumab/
pertuzumab × 3 → 3 cycles of trastuzumab/pertuzumab/
docetaxel

pCR

If TOP2A not ampliﬁed, docetaxel, carbopla n/trastuzumab/
pertuzumab × 6
PALTAN

48

NCT02907918

Palbociclib + letrozole (+ goserelin if premenopausal) +
trastuzumab × 16 weeks

Predix-HER2

200 (open)

NCT02568839

Docetaxel/sq trastuzumab/pertuzumab vs. T-DM1
therapy arms switched if no response a er cycle 2

TEAL

30 (open)

NCT02073487

T-DM1/lapa nib → nanopar cle albumin-bound paclitaxel vs.
trastuzumab/pertuzumab/paclitaxel

TP-II

259

NCT03272477

Paclitaxel/trastuzumab/ pertuzumab × 14 weeks vs.
trastuzumab/pertuzumab/endocrine therapy × 14 weeks

pCR
pCR
pCR
pCR

Abbrevia ons: pCR, pathologic complete response; FEC, 5-FU, epirubicin, and cyclophosphamide; AC, adriamycin-cytoxan; P, paclitaxel; M, nonpegylated liposomal doxorubicin; Cb, carbopla n; ETC, epirubicin, taxane, cytoxan.

CONCLUSION
Depending on breast cancer subtype, the neoadjuvant setng allows a rapid, cost-eﬀec ve means of evalua ng novel
therapeu c approaches in pa ents with early-stage breast
cancer. PCR is a reasonable surrogate endpoint for pa ents

with TNBC and HER2-posi ve breast cancers, and it has
been consistently shown to be associated with improved
outcomes. In pa ents with HR-posi ve breast cancer, the
use of pCR as an endpoint is less useful, and other endpoints, such as changes in Ki-67, may be more reasonable.
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Advanced Breast Cancer
Jeremy Kratz, MD, Mark Burkard, MD, PhD, Tess O’Meara, MD, Lajos Pusztai, MD, DPhil,
Zachary Veitch, MD, and Philippe L. Bedard, MD
OVERVIEW
Metasta c breast cancer is a very heterogeneous disease. Recent advances in genomic sequencing have revealed gene c
diversity between pa ents and across dis nct subclonal cell popula ons within the same pa ent that may evolve across
metasta c tumor sites and during treatment. With the increasing availability of commercial and laboratory-developed
tests that can detect genomic altera ons from pa ent tumor and blood samples, transla ng this knowledge into improved
clinical care remains a challenge. The goals of this review are to outline the clinical relevance of tumor genomic heterogeneity and clonal evolu on, to help clinicians understand how to interpret genomic tes ng reports, and to provide an
overview of recurrent genomic altera ons that may be relevant for clinical trials with inves ga onal drug treatments.

I

ntratumor gene c heterogeneity refers to the coexistence
of genetically distinct but clonally related cancer cells
within the same pa ent. It can manifest itself as dis nct
tumor cell clones in diﬀerent regions of the same tumor
mass (i.e., spa al heterogeneity) or as gene c diﬀerences
between diﬀerent metasta c sites and the primary tumor
from the same pa ent (i.e., within-pa ent temporal heterogeneity). Clinicians and pa ents have long been aware that
diﬀerent metasta c lesions could respond diﬀerently to the
same treatment, implying clinically important phenotypic
heterogeneity. The broad availability of next-generation
sequencing (NGS) technologies that allow rapid sequencing from a few hundred genes to the en re genome generated new insights into genomic tumor heterogeneity.
Genomic heterogeneity can be studied at the single cell
level by using single cell sequencing, at the level of a few
dozen to a few hundred genes by using targeted sequencing, or at the level of the en re exome or genome by using whole-exome sequencing (WES) or whole-genome sequencing (WGS). Single-cell DNA or RNA sequencing is the
most direct measure of cellular heterogeneity; however, it
is limited by low and uneven coverage of the targeted regions that must be considered when cell-to-cell comparisons are performed. It has poten al to teach us about
cellular dynamics in a tumor mass but currently has no immediate clinical u lity.
Targeted sequencing of genes of interest can provide very
high target coverage to reliably iden fy muta ons and es mate the muta on frequency (i.e., variant allele frequency)

in DNA extracted from tissue. The FoundationOne assay
(Founda on Medicine, Cambridge, MA), the Oncomine test
(ThermoFisher Scien ﬁc, Waltham, MA), and the numerous
sequencing panels in clinical molecular pathology laboratories are examples of targeted sequencing. Results from
these assays have important clinical utility in selecting
pa ents for therapy when drug eﬃcacy depends on the muta on status of a gene. A typical cancer harbors thousands of
germline single-nucleo de variants that might alter protein
func on (based on mathema cal models) and few dozens
to a several hundreds of soma c variants as well as numerous large-scale structural altera ons in the genome. Clinical and biologic interpreta on of the net eﬀect of all these
abnormali es remains a challenge. These methods, when
applied to mul ple tumor ssues from the same pa ent, or
to pre- and post-treatment samples, also allow reconstrucon of clonal evolu on and the tumor’s evolu onary path.
Understanding tumor heterogeneity and clonal selec on
dynamics is important for three conceptual reasons. First,
genomic measures of overall tumor clonal heterogeneity
may provide prognos c or predic ve informa on. Several
methods exist to quan fy clonal composi on and heterogeneity based on clustering of variant (i.e., mutant) allele frequencies (VAFs; PyClone,1 SciClone,2 and THetA23) or measuring the variance of the VAF frequency distribu on (MATH
score4). These metrics indicate that intratumor gene c heterogeneity is greater in breast cancer among African American pa ents5 and that greater tumor heterogeneity tends
to be associated with worse prognosis.6 In triple-nega ve
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breast cancer (TNBC), greater clonal muta on burden is also
associated with greater chemotherapy sensi vity.7
Second, the evolutionary relatedness of metastatic lesions and the primary tumor can help reconstruct the metastatic process. It has been long suspected, but genomic
studies have proven that metasta c lesions can give rise to
new metastasis.8 These ﬁndings explain how postopera ve
radia on therapy to lymph node–bearing regions not only
reduces the risk for local recurrence in the radiated ﬁeld but
also reduces the risk for distant recurrence. It also provides
the ra onale to aggressively treat oligometasta c recurrences with mul modality therapy. The impact of this approach on survival is being tested in an important ongoing
clinical trial (NRG-BR002; NCT02364557).
Third, the clonal evolu on of cancer under therapeu c
pressure can reveal mechanisms of drug resistance. Serial
tumor biopsies during treatment and, more recently, serial
sampling of cell-free DNA (cfDNA) shed by tumor cells into
the circula on (also known as circula ng tumor DNA) may
provide insights into what genomic features enable a cell
clone to survive and can suggest novel therapeu c strategies. The emergence of estrogen receptor mutations that
lead to hormone independent signaling during adjuvant endocrine therapy represents a clinically important example.9

HOW DOES THE PRACTICING ONCOLOGIST
MAKE SENSE OF A GENOMIC REPORT?
With the advent of pan-cancer therapies, NGS has increasing clinical impact yet also poses new challenges.10,11 Although primary focus is on predic ng treatment beneﬁt,
NGS also can facilitate pathologic diagnosis and prognosis
and iden fy germline altera ons that confer cancer risk. As
opposed to quan ta ve RNA measurements, such as Oncotype DX (Genomic Health, Redwood City, CA), MammaPrint
(Agendia, Irvine, CA), and PAM50 (Nanostring Technologies,
Sea le, WA), NGS determines the presence/absence of
gene c altera ons in binary fashion and allows detec on

PRACTICAL APPLICATIONS
• Genomic sequencing can provide important informa on
about tumor heterogeneity and clonal dynamics.
• Measures of clonal heterogeneity are relevant for
prognos ca on or predic on of beneﬁt from treatment,
understanding the metasta c process, and iden fying
mechanisms of treatment resistance
• Targeted panel genomic tests on tumor are robust to
small tumor frac on and are currently most relevant to
rou ne clinical prac ce.
• Variant allele frac on can hint at heterozygosity and
whether the muta on is present in germline.
• Pa ents with advanced breast cancer who have
recurrent genomic altera ons detected by targeted
panel tests—such as ERBB2, PIK3CA, AKT1, and ESR1
muta ons; NTRK fusions; dMMR; or high tumor
muta onal burden—should be considered for early
referral for clinical trials

even when samples have a small frac on of tumor cells.12-14
NGS challenges the ability of oncologists to rou nely and
eﬃciently interpret genomic ﬁndings and apply these in the
clinic.

Selec ng a Test
Dis nct molecular NGS tests are selected for a par cular
applica on with a tradeoﬀ between breadth of coverage
and sequencing depth (Fig. 1A). Depth is the number of
sequencing reads of any par cular region of the genome
(e.g., sequencing depth of 10 is illustrated for PIK3CA in Fig.
1B). Research applica ons o en use WGS or WES. For a given
number of sequencing reads (governed by cost), WGS
(Fig. 1A, blue) op mizes breadth and sacriﬁces depth. By
contrast, WES restricts focus to the approximately 20,400
protein-coding genes, or 2% of the genome (Fig. 1A, orange). WGS and WES can be used to discover new genes or
noncoding regions that regulate cancer biology. However,
many of these genes are known, allowing for more focused
tes ng of panels targeted at these genes (Fig. 1A, green).
Targeted NGS provides high sequencing depth—numerous
reads of the same region of the genome—to compensate
for the presence of nontumor DNA in the sample. This high
depth allows for robust detec on of altera ons hundreds of
genes for samples even when tumor cells comprise 20% or
less of the sample. For these reasons, targeted panels are
commonly used for rou ne clinical applica ons.
The VAF is some mes reported and can be helpful—with
limita ons—in adjudica ng the type of muta on. For example, consider ﬁve cells in a tumor sample with 40% cancer
cells and 60% noncancer cells (Fig. 1B), with each copy of
DNA present in the cell read once (thus a total of two to four
reads from cancer [Fig. 1B, dark] and six noncancer reads
[Fig. 1B, gray]). The relevant chromosomes for these genes
are illustrated in the middle panels with tumor dark, nontumor stroma light, and the muta on site illustrated in red
(versus green for no muta on). A heterozygous ac va ng
muta on of PIK3CA is expected to yield a VAF of 20%. By contrast, TP53 typically has a muta on of one allele and loss of
heterozygosity in the second, as shown by the missing short
arm of chromosome 17. This results in only eight reads from
ﬁve cells, with two of eight harboring the TP53 muta on for
an expected VAF of 25%. For a germline muta on, such as
BRCA2, VAF is higher because of the presence of the mutaon in the nontumor stromal cells. For muta ons that appear in other compartments—such as contamina ng blood
cells—VAF is expected to be very low. Thus, the VAF can be
informa ve regarding the origin and type of altera on. Yet
there is typically a large error in VAF es mates rela ve to
that expected arising for numerous reasons, including inaccurate es mates of the normal cell-to-tumor cell ra o and
copy number altera ons at the loca on of a variant allele in
the cancer.15 Thus, it is important to regard interpreta ons
of VAF as es mates rather than precise numbers.
More recently, commercial cfDNA tes ng has become
available.16 cfDNA samples are drawn from circula ng serum containing tumor DNA, apparently from spontaneously
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lysed tumor cells. Validated cfDNA assays show high, but not
perfect, concordance with that of primary tumor.17 The clinical implica ons of discordant results are yet to be clariﬁed.
A poten al, but not yet proven, advantage of cfDNA is that
it captures DNA from mul ple tumor sites and may provide
a more comprehensive measure of the tumor muta on proﬁle than a single ssue biopsy.18 Emerging clinical applicaons of cfDNA in breast cancer include monitoring response
to neoadjuvant therapy,19 detec ng ESR1 resistance mutaons,20,21 and BRCA1/2 muta on proﬁling to guide u lity of
PARP inhibi on.22 Ongoing studies, such as plasmaMATCH, aim
to determine validity of cfDNA to predict beneﬁt of moleculartargeted therapies. Other applica ons under inves ga on
include early detec on of disease recurrence and classiﬁcaon of tumor heterogeneity. However, cfDNA tes ng may
be less sensi ve than tumor proﬁling, especially for pa ents
with low metasta c burden. cfDNA is considered when tumor
samples are not readily accessible or in detec ng secondary
muta ons that arise a er targeted therapy, such as ESR1
muta ons a er endocrine therapy or reversion muta ons
in BRCA1 a er PARP inhibitor treatment.22

Interpre ng Results
Clinical NGS reports typically list presumed driver altera ons
with the resul ng changes in the protein code. Common
single-site altera ons are typically reported as muta ons
of the protein, such as ESR1 p.Y537S, a muta on leading to
change from tyrosine (Y) to serine (S) at the 537th amino
acid posi on on the protein encoded by estrogen receptor
α gene. However, the same genomic altera on could also be
reported at the DNA sequence level as c.1610A>C, indicating a nucleic acid change from adenine (A) to cytosine (C).
More complex altera ons aﬀect mul ple amino acids. For
example, EGFR L747_A750del indicates a dele on of 12 nucleo des from exon 19 of the EGFR gene, resul ng in removal
of four amino acids, 747–750, where L and A correspond
to leucine and alanine at the given loca ons. Muta ons in

FIGURE 1. Understanding Molecular Proﬁling

Abbrevia on: VAF, variant allele frequency.

58

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

single amino acids or small dele ons can either ac vate or
inac vate a protein.
By contrast, inac va on is the typical result of muta ons
that cause mis-splicing or frameshift/truncation. Frameshi s occur by inser on and/or dele on ("indel") of nucleo des in units other than mul ples of three. These alter
protein transla on to the wrong reading frame and typically
result in coding a small number of erroneous amino acids
followed by a stop codon. Frameshi s are typically reported
as fs*N, where N is the number of erroneous amino acids
encoded prior to a premature stop codon. For example,
BRCA2 P447fs*13 indicates a frameshi muta on that encode 13 addi onal erroneous amino acids and a stop a er
proline at amino acid posi on 447 in the protein sequence
and is expected to yield a nonfunc onal truncated protein
(BRCA2 normally has 3,418 amino acids). Splice-site altera ons are muta ons in noncoding regions in introns near
the boundary of the exons that result in removal of an exon,
typically leading to a nonfunc onal protein. As a whole, NGS
is op mal for reading these small muta ons, indels, and
splice-site muta ons.
Larger gene c aberra ons can cause ampliﬁca on and deleons of en re genes or chromosomal regions encompassing
many genes. Larger alterations reported include amplifica ons/dele ons and fusions. Ampliﬁca ons and dele ons
are reported when speciﬁc genomic regions are detected in
greater/fewer NGS reads than expected by chance. These
can be helpful, for example, in detec ng ERBB2 (HER2) ampliﬁca on, which can then be veriﬁed by a validated ASCO/
College of American Pathologists assay. However, not all
ampliﬁed genes drive tumor growth. For example, we have
o en detected coampliﬁca on of FGF3, FGF4, and FGF19, all
of which map to the long arm of chromosome 11 (11q13),
indica ng ampliﬁca on of an en re genomic region, rather
than a speciﬁc driver gene. Finally, many assays are designed
to detect speciﬁc fusion genes that drive growth of cancer.
Typically assays use extracted RNA to iden fy fusions, such
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as those that ac vate FGFR1-323 or NTRK23—detec ng these
in spliced RNA is more eﬃcient than examining genomic
DNA because the particular exons involved are variable.
However, ac va ng gene fusions are rare in breast cancer.
In addition to reporting these alterations, most tests
are now designed to detect addi onal ac onable ﬁndings,
such as DNA mismatch repair deﬁciency (dMMR), which
manifests as microsatellite instability. dMMR is a marker
of immunotherapy beneﬁt24 and tumor muta onal burden
(TMB)—the number of somatic coding base substitution
and indel muta ons per megabase of genome examined,
including passenger muta ons. TMB quan ﬁes muta ons
that may make the tumor more visible to the immune system by crea ng non-normal pep des that are presented by
major histocompa bility complex class I. However, dMMR
and high TMB are rare in breast cancer.
Some pi alls in interpre ng test results are dis nguishing
driver and passengers and iden fying the origin of the altera on. Most genomic tests will primarily report only driver
mutations, those known to promote and sustain tumor
growth. These are dis nguished from passenger muta ons
that are speciﬁc to the tumor but are not known to regulate
tumor growth. Most common driver altera ons are well established, but uncommon altera ons can be more diﬃcult
to adjudicate. It is some mes helpful to evaluate these less
common altera ons through independent review of databases, such as COSMIC and cBioPortal, to visualize frequency
of altera ons and map them onto func onal domains to
evaluate eﬀect on gene func on.25,26 This can help verify
that the reported muta ons are poten ally "ac onable."
Some altera ons can arise from nontumor elements in the
sample. For example, JAK2 muta ons have been reported
for tumor analyses, even though they came from inﬁltra ng
blood cells in a pa ent with polycythemia vera.27

Selec ng Therapies
A key principle underlying treatment selec on is "oncogene
addic on." This means that tumors are con nuously addicted to the driving growth signal from an oncogene even a er
the tumor appears. This concept is validated across numerous oncogenes in clinical and preclinical contexts, and we
regard it as a general principle underlying selec on of targeted drug therapy. On the basis of this, we would consider
clinical use of inves ga onal or oﬀ-label therapy that directly
inhibits an ac vated oncogene found in a cancer. However,
inhibition of indirect (nonmutated) targets in the same
pathway, such as mammalian target of rapamycin (mTOR)
inhibi on due to PIK3CA muta on, is o en less successful,
likely because of divergence and redundancy of signaling
pathways. Thus, we would generally avoid indirect "pathway inhibitors," outside of a clinical trial.
A second concept that merits men on is synthe c lethality. This concept is that single-gene defects enhance dependence on a second gene that can be targeted for treatment.
Few successful examples of this exist, but most important
is PARP inhibi on. PARP inhibitors, such as olaparib, rely on
synthe c lethality to accumulate double-strand breaks speciﬁc

to tumors that lack BRCA1 or BRCA2 func on.28,29 Olaparib
is now U.S. Food and Drug Administration–approved for
metastatic breast cancer with known germline BRCA1/2
muta ons,30 and we would consider extending use of PARP
inhibitors to tumors that have purely soma c altera ons in
BRCA1/2.

Other Impacts of NGS Tes ng
NGS can also affect clinical care by identifying germline
muta ons or clarify tumor origin. For example, current
guidelines for gene c tes ng may not capture all individual
germline altera ons in BRCA1/2, or some individuals may
choose not to have tes ng. As illustrated in Fig. 1B, tumor
genomics can iden fy a previously uniden ﬁed germline
altera on. Table 1 illustrates the soma c muta on rate as
iden ﬁed by WGS with corresponding germline relevance
for commonly altered genes in breast cancer as pooled analysis of iden cal WGS14 and panel tes ng.31,32 BRCA1/2 muta ons have a high rate of germline muta ons, and, when
these muta ons are discovered in tumors, pa ents should
be referred for gene c counseling. Tumor muta ons at ATM,
PMS2, CHEK2, ATR, and CDH1 are some mes germline, and
consulta on with gene c counseling should be considered,
guided by clinical and family history as a shared decision.
Although hereditary syndromes are known for PTEN and
TP53, soma c ﬁndings rarely reﬂect germline muta on.
In addi on to TP53 and PTEN, for most observed soma c
muta ons not in Table 1, matching germline altera ons are
excep onally rare.
On occasion, genomic proﬁles can yield surprising results.
For example, a pa ent referred to our center for a second
opinion on metasta c breast cancer was found to have an
EGFR exon 19 dele on, sugges ng this was lung in origin
and providing a therapeu c op on. Because of the mul ple domains of knowledge required to interpret results, it
is helpful to vet these through tumor boards with experts
in pathology, gene cs, pharmacy, and cancer therapy. Some
molecular tumor boards have begun to engage community

TABLE 1. Soma c Versus Germline Proﬁles in Breast
Cancer14,31,32
Gene

Soma c Rate (%)

Germline Rate (%)

*

1.96

4.55

BRCA1*

0.89

4.62

ATM

0.36

0.56

PMS2**

0.18

0.19

CHEK2

NA

0.83

ATR**

0.54

0.19

BRCA2
**

**

CDH1

**

0.63

0.19

PTEN†

16.1

0.56

†

41.8

0.28

TP53

*Referral to gene c counseling recommended if de novo.
**Consider referral to gene c counseling as shared decision.
†Unlikely germline, updated family history review recommended.
Abbrevia on: NA, not available.
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TABLE 2. Selected Genomic Altera ons and Relevance for Clinical Trials With Novel Drug Therapies
Molecular Altera on

Subtype Considera ons

Drug Class

ERBB2 Muta on

2%–4% HER2−nega ve

HER2 TKI

PIK3CA Muta on

30%–40% ER+/HER2−, 20%–25%
HER2+, 10%–15% TNBC

PI3-kinase inhibitor (α-isoform–speciﬁc/selec ve)

AKT1 Muta on

2%–5% breast cancer

AKT inhibitor mTOR inhibitor

ESR1 Muta on

30%–40% ER+/HER2− a er AI

Oral selec ve estrogen receptor degrader

NTRK Fusion

Enriched in secretory (TNBC)

TRK inhibitor

High Tumor Muta on Burden

1%–5% breast cancers

Immune checkpoint inhibitor

Mismatch Repair Deﬁciency Signature

< 5% breast cancers

Immune checkpoint inhibitor

Abbrevia ons: TKI, tyrosine kinase inhibitor; ER, estrogen receptor; TNBC, triple-nega ve breast cancer; AI, aromatase inhibitor.

prac ces, which can facilitate interpreta on and decision
making of reports.33,34

HOW DO MOLECULAR PANELS HELP ME
MAKE CLINICAL DECISIONS ABOUT MY
PATIENTS?
Early-Phase Clinical Trial Considera ons
With many available chemotherapy treatment op ons for
metasta c breast cancer, referral for early-phase clinical trials
is historically considered only when all standard treatment op ons have been exhausted.35 Outcomes for pa ents
with metasta c breast cancer enrolled in early-phase clinical
trials35,36 have improved, suppor ng earlier referral for clinical trial assessments. This is par cularly relevant for pa ents
expected to have a low response rate or limited durability
of response, such as TNBC a er ﬁrst-line chemotherapy37 or
other breast cancer subtypes with poor response to ini al
chemotherapy.38 Below we summarize evidence for speciﬁc
molecular altera ons that may be relevant for clinical trials
with novel drug treatments (Table 2).

ERBB2 Muta on
The ERBB2 gene that encodes for the transdermal human
epidermal growth factor receptor 2 (HER2) growth factor
receptor is a well-credentialed genomic driver in breast
cancer; drugs that target the HER2 receptor have transformed outcomes for pa ents with ERBB2 ampliﬁed (HER2posi ve) breast cancer.39 Recurrent soma c muta ons of
ERBB2 are iden ﬁed in 2% to 4%,40,41 most frequently in
non–ERBB2-ampliﬁed (HER2-nega ve) breast cancers, that
ac vate HER2 signaling and can be inhibited by irreversible
HER2 tyrosine kinase inhibitors (TKIs), such as nera nib, in
preclinical models.42 A phase II trial of nera nib monotherapy
in heavily pretreated, nonamplified ERRB2-mutant metasta c breast cancer reported a clinical beneﬁt rate (CBR)
of 31%, with decreases in cfDNA ERBB2mut allele frequencies observed at 4 weeks in nine of 11 pa ents.43 Similarly,
the breast cancer arm of the basket phase II SUMMIT trial
with nera nib reported a response rate of 24% and a CBR
of 40%.44 Trials of nera nib in combina on with endocrine
therapy for estrogen receptor (ER)–posi ve nonampliﬁed
ERBB2 mutant breast cancer are ongoing; a preliminary report from the SUMMIT trial with fulvestrant and nera nib
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observed a 54% CBR for the combina on, including ac vity
in pa ents previously treated with fuvlestrant.45 A gatekeeper
(T781I) ERBB2 mutation can drive acquired resistance to
nera nib in nonampliﬁed ERBB2 mutant breast cancer that
may be overcome by more potent HER2 TKIs, such as afa nib. Soma c muta on of ERBB2 can also drive resistance to
HER2-targeted monoclonal an bodies, such as trastuzumab,
in ERBB2-ampliﬁed breast cancer, that may be sensi ve to
HER2 TKI therapy such as a nera nib, in cell line models and
anecdotal pa ent case reports.46

PIK3CA Muta on
Soma c muta ons in PIK3CA occur in 10% to 40% of breast
cancers depending on subtype (ER-positive, 30%–40%;
HER2-posi ve, 20%–25%; TNBC, 10%–15%).47-49 The phosphadylinosi de 3-kinase (PI3K) protein comprises a cataly c
(p110 α/β/δ/γ) and regulatory (p85/p55) heterodimer that
interacts directly with receptor tyrosine kinases and/or the
renin-angiotensin system at the cell membrane by using a
phospha dylinositol (PI[4,5]P2/3) relay to s mulate an apoptotic and proliferative cell signaling via the AKT/mTOR
pathway. Muta ons in exon 9 (E542K/E545K) or exon 20
(H1047R/H1047L) of PIK3CA are common,50 and interac ons
between PI3K and HER2 have been described.51,52 In two
phase III clinical trials evalua ng buparlisib plus fulvestrant
in hormone- (BELLE-2)53 and everolimus- (BELLE-3)54 pretreated
popula ons, no signiﬁcant beneﬁt was seen in PIK3CA wildtype cohorts, with grade 3/4 events occurring in 63% of the
buparlisib-treated group. Compara vely, PIK3CA-mutated
pa ents showed a 3- to 4-month improvement in survival.
The α isoform–speciﬁc or α isoform–selec ve PI3K inhibitors (alpelisib, taselisib) have shown promising results. A
phase I clinical trial of alpelisib in combina on with letrozole demonstrated a CBR of 44% in PIK3CA-mutant pa ents,
with a more favorable toxicity proﬁle.55 The combina on of
ribociclib with alpelisib and letrozole demonstrated similar
response rates (44%) regardless of PIK3CA muta on status.56
Taselisib, a p110α−selec ve, β-isoform–sparing inhibitor, has
shown response rates of 36% to 38% in combination with
endocrine therapy in phase I/II trials of PIK3CA-mutant
pa ents.57,58 The phase III SOLAR-1 (alpelisib; NCT02437318)
and SANDPIPER (taselisib; NCT02340221) studies with preplanned PIK3CA muta onal analysis are under way.
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AKT1 Muta on
The AKT protein kinases (AKT1/AKT2/AKT3) are key downstream eﬀectors of the PI3-kinase pathway. AKT1 is mutated
in 2% to 5%49,59,60 of breast cancers and may be enriched in
pa ents with ER+/HER2− metasta c disease.59 More than
90% of muta ons in AKT1 occur at a single locus (E17K) that
causes AKT1 localiza on to the cell membrane and cons tu ve signaling ac vity. In part D of a phase I trial, the oral
pan-AKT inhibitor AZD5363 produced responses in 20%
(4 of 20) ER+/HER2− pa ents treated with monotherapy with
a median progression-free survival of 5.5 months.61 Responses
were also observed in two pa ents with TNBC (out of six
response-evaluable pa ents). Persistent declines in cfDNA
AKT1E17K levels were associated with prolonged response to
therapy. The combina on of fulvestrant and AZD5363 in paents with AKT1 E17K mutant ER+/HER2− breast cancer recently reported a response rate of 26% with a CBR of 39%.62
In the SAFIR-01 trial, three of six pa ents with AKT1-mutant
breast cancer responded to mTOR inhibitors, but addi onal
data are needed to conﬁrm whether AKT1 muta on sensizes to downstream pathway inhibi on.63

ESR1 Altera ons
Mutations in the estrogen receptor (ESR1) gene are infrequent in primary ER-posi ve breast cancer.49 Ac va ng
ESR1 gene muta ons or fusions can be detected in tumor
samples or cfDNA from pa ents with metasta c ER-posi ve
breast cancer that confer ligand-independent ac va on and
resistance to aromatase inhibitor therapy.21,64 Clinical dosing
of fulvestrant, a selec ve estrogen receptor modulator, is
limited by its highly lipophilic formula on for intramuscular
injec on rather than plasma exposure-mediated toxicity. No
diﬀeren al clinical ac vity for fulvestrant is observed on the
basis of cfDNAESR1 muta on status. Oral selec ve estrogen
receptor degraders are a novel class of endocrine agents in
clinical development that demonstrate preclinical ac vity
in ESR1 wild type and mutant breast cancer models, albeit
with higher drug concentrations required to inhibit ESR1
mutant models.65 Responses and/or prolonged disease control have been reported in ongoing trials with oral SERDs,
such as GDC-0810,66 elacestrant (RAD1901),67 LSZ102,68 and
GDC-0927,69 including pa ents with ESR1 wild type and mutant ER-posi ve breast cancers.

TRK Fusions
The Trk receptor family includes three transmembrane proteins (TrkA, TrkB, and TrkC) encoded by the NTRK1, NTRK2,
and NTRK3 genes, respec vely. Secretory breast carcinoma
is a rare subtype of TNBC that is characterized by a fusion of
the ETV6-NTRK3 gene that leads to ligand independent
activation of the TRK kinase domain.70 Activating fusions
that involve NTRK genes can be identified in a variety of
adult and pediatric solid tumors by using NGS panel tests or
ﬂuorescent in situ hybridiza on. Entrec nib (RXDX-101) is
an oral inhibitor of Trk kinases, as well as the C-ros oncogene
(ROS1) and anaplas c lymphoma kinase (ALK). Responses
were observed in three of four pa ents with NTRK fusions

treated with entrec nib in a phase I trial, although none had
breast cancer.71 Larotrec nib (LOXO-101) is an oral selec ve
Trk kinase inhibitor that recently reported a 76% response
rate in pa ents with NTRK fusions across 17 tumor types
in a phase I trial.23 This ini al report included a 14-year-old
pa ent with chemotherapy-refractory secretory breast carcinoma treated on an expanded-access program who had a
drama c chest wall response to larotrec nib.

Immune Biomarkers
Immune checkpoint inhibi on is eﬀec ve for hematologic
and solid tumor malignancies, but iden ﬁca on of predictive biomarkers has been difficult. PD-L1 is expressed in
TNBC and other subtypes, but variable tes ng methods and
deﬁni on(s) of posi vity have made comparison diﬃcult.72
Aggregate genomic biomarkers, such as high TMB,73 or
dMMR74 have also shown response correlates in other cancers.22 In a sen nel paper by Alexandrov and colleagues,75
iden ﬁca on of 21 muta onal signatures from more than
7,000 human cancer(s) with WGS using base-subs tu on
(ie: C > G) proﬁling, revealed two signatures (2, 13) in breast
cancer associated with high TMB (> 20 muta ons/megabase)
and the apo-lipoprotein B messenger RNA–edi ng enzyme,
cataly c polypep de-like (APOBEC) family of cy dine deaminases. These enzymes possess a mutagenic role in the
development of localized hypermutated regions of DNA
(kataegis).76 Evalua on of 560 breast cancer WGS conﬁrmed
an associa on between APOBEC (2,13) and dMMR (6, 20, 26)
signatures and high TMB.14 However, dMMR in breast cancer is rare (< 5%).77 APOBEC signatures are iden ﬁed approximately 20% to 30%, albeit not all with high TMB.14
High TMB is also infrequent in breast cancer (1.4%–5.7%).78
Unlike other tumor types, such as colorectal cancer74 and
non–small cell lung cancer,79,80 where dMMR and colorectal
cancer are associated with increased responsiveness to immune checkpoint inhibi on therapy, there is no clinical data
for these genomic biomarkers and ac vity in breast cancer.

FUTURE DIRECTIONS
An increasing variety of genomic tests are available at the
point of care that can provide important biologic insights
into tumor heterogeneity. ASCO practice guidelines do
not recommend genomic tes ng of tumors in rou ne pracce because of limited evidence of clinical u lity to guide
selec on of systemic therapy for pa ents with advanced
breast cancer.81 Genomic tes ng results may be relevant
to determine eligibility for clinical trials with investigational agents. This approach may be par cularly relevant
for pa ents with advanced breast cancer, for whom standard treatments are minimally eﬀec ve. Further advances
in sequencing technology will expand the poten al clinical
applica ons of genomic tes ng, including the iden ﬁca on
of treatment-emergent clones and the detec on of clinically
occult minimal residual disease. Well-designed studies
are needed to evaluate the clinical impact of genomic tes ng
throughout the con nuum of care for pa ents with advanced
breast cancer.
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TARGETING SUBTYPES IN METASTATIC BREAST CANCER

Innova ve Strategies: Targe ng Subtypes in Metasta c
Breast Cancer
Mark D. Pegram, MD, Yu Zong, MD, Clinton Yam, MD, Ma hew P. Goetz, MD, and Stacy L. Moulder, MD
OVERVIEW
Metasta c breast cancer con nues to be a life-threatening diagnosis that impacts hundreds of thousands of pa ents
around the world. Targeted therapies are usually associated with less toxicity compared with cytotoxic chemotherapies
and o en induce response or durable disease control in estrogen receptor (ER) and/or HER2+ breast cancers. Drugs that
target CDK 4/6 either alone or in combina on with endocrine therapy have demonstrated substan al improvements in
progression-free survival (PFS) compared with endocrine monotherapy. Most recently, PARP inhibitors have shown longer
PFS compared with physician’s choice of chemotherapy in BRCA-associated cancers, leading to the ﬁrst U.S. Food and Drug
Administra on (FDA) approval of a targeted therapy with the poten al to beneﬁt a subgroup of pa ents with triplenega ve breast cancer (TNBC). Finally, newer drug delivery strategies using an body drug conjugates have also allowed a
“targeted approach” to deliver moderate to extremely potent cytotoxins directly to sites of metasta c disease, with less
toxicity.

G

lobally, breast cancer is the ﬁ h highest cause for cancer death overall, accoun ng for more than 500,000
deaths annually.1 Metastatic breast cancer is the most
frequent cause of cancer death in women in low-income
regions of the world and second only to lung cancer in
high-income regions.1 Current es mates suggest that up to
154,000 pa ents are living in the United States with metasta c breast cancer.2 Many pa ents with metasta c breast
cancer are beneﬁ ng from targeted therapy to treat their
disease; however, most will not achieve prolonged, durable
remissions. Fortunately, novel targeted therapy strategies
are currently being tested with the hopes of improving outcomes in pa ents with metasta c disease.

ER+ BREAST CANCER
Although endocrine therapy remains an essen al therapeuc op on for those women whose tumors express the ER,
intrinsic or acquired resistance inevitably emerges. Therefore, preven ng and/or reversing resistance to endocrine
therapy remain major research focuses for pa ents, clinicians, and researchers.
Cancer cells commonly exhibit loss of cell cycle control,
resul ng in uncontrolled cell growth. Cyclin-dependent kinases (CDKs) are a group of serine/threonine kinases that
have an important role in the mammalian cell cycle. They
exert their func ons by interac on with regulatory subunits
called cyclins. In G1 or growth phase, expression of D-type

cyclins is promoted by mitogenic growth factors via mul ple
diﬀerent signaling pathways. Cyclin D-CDK 4/6 complexes
phosphorylate and inac vate re noblastoma (Rb) tumor
suppressor proteins, which cause dissocia on of E2F transcrip on factors and the regula on of genes that trigger
G1-S phase progression, DNA replica on, DNA damage repair, and mitosis.3-6 Rb is considered to be the guardian of
the restric on point gate in the mammalian cell cycle, because it has a fundamental role in G1-S phase transi on.3
In the case of ER+ breast cancer, cyclin D1 is a major ER transcrip onal target. Despite diverse mechanisms of endocrine
resistance, many ER+ breast cancers resistant to hormonebased therapy remain dependent on cyclin D1 and CDK 4
to drive cell proliferation. 7 Whereas Rb is functional in
most luminal breast cancer, in contrast, many ER− breast
cancers (e.g., basal subtype of TNBC) are characterized
by the loss of RB1 ac vity.8-10 Consequently, basal-like breast
cancer cell lines are insensi ve to CDK 4/6 inhibi on in vitro.11
Recently, mul ple studies have shown that targe ng
CDK 4/6 resulted in substan al improvements in clinical
response and PFS in women with metasta c ER+ breast
cancer. Remarkably, three new CDK 4/6 inhibitors, including palbociclib (Ibrance, PD0332991; Pﬁzer, New York, NY),
ribociclib (Kisqali, LEE011; Novar s, Basel, Switzerland), and
abemaciclib (Verzenio, LY2834219; Lilly, Indianapolis, IN),
received approvals from the FDA over a 3-year period from
2015 to 2018. These approvals were based on the ini al
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randomized phase II study evalua ng palbociclib in combinaon with letrozole12 and subsequent phase III studies showing
that the addi on of palbociclib,13 ribociclib,14 and abemaciclib
in combina on with aromatase inhibitors improved PFS in the
ﬁrst-line ER+ metasta c breast cancer se ng. Addi onally,
FDA approval was gained based on phase III studies evalua ng
the combina on of palbociclib and fulvestrant (the PALOMA III
study) and abemaciclib plus fulvestrant (the Monarch 2 study)
in pa ents with endocrine refractory ER+ breast cancer.15,16

DIFFERENCES BETWEEN CDK 4/6 INHIBITORS
In evalua ng the three CDK 4/6 inhibitors, it should be noted
that the most common side eﬀects observed in the randomized trials were neutropenia/leukopenia and anemia. However,
serious infec on or febrile neutropenia was rare. Abemaciclib, in contrast, results in less neutropenia but greater
incidence of diarrhea. However, diarrhea was effectively
treated and/or prevented in most pa ents using an diarrheal prophylaxis. In addi on, thromboembolism has been
reported with abemaciclib, with an incident rate of 4% to
5% in the Monarch 2 and 3 studies.16,17
In terms of eﬃcacy, evalua on of the phase III registraon trials has demonstrated that the rela ve improvement
in PFS comparing combina on CDK 4/6i plus endocrine
therapy versus endocrine therapy alone is remarkably
similar comparing the three diﬀerent CDK 4/6 inhibitors.
However, cross-trial comparisons suggest that response
rates to abemaciclib as a single agent18 or in combination with endocrine therapy16,17 were higher than those
reported with palbociclib or ribociclib. These differences
in response may be important in certain clinical scenarios
(e.g., visceral metastases)when choosing one CDK4/6 inhibitor over another.

ADDITIONAL MECHANISMS BY WHICH CDK
4/6 INHIBITORS EXERT THEIR ANTICANCER
EFFECTS
Although Rb proﬁciency is considered essen al for the funcon of CDK 4/6 inhibitors, there may be Rb-independent

PRACTICAL APPLICATIONS
• We provide an overview of therapy strategies that are
now FDA approved for ER+, PR+, HER2+, and BRCAassociated breast cancers (including TNBC).
• We discuss mechanisms of drug resistance to common
targeted drugs and emerging therapeu c strategies to
overcome resistance and improve clinical outcomes in
metasta c breast cancer.
• We provide an overview of CDK 4/6 inhibi on in ER+/
HER2− metasta c breast cancer and discuss the changing
landscape in this disease.
• We discuss combinatorial strategies in HER2+ metasta c
breast cancer, known and proposed mechanisms of drug
resistance, and novel drugs in current development.
• We review subtypes of TNBC and discuss targeted
therapy strategies emerging in this disease.
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mechanisms by which CDK 4/6 inhibitors exert their an cancer eﬀects. Recently, Liu et al19 iden ﬁed a novel mechanism
by which CDK 4/6 inhibitors alter epithelial to mesenchymal
transi on (EMT) and inhibit metastases in TNBC. Liu et al19
showed that overexpression of DUB3 increased Snail levels,
whereas conversely, knockdown of DUB3 decreased Snail
protein levels without aﬀec ng SNAIL messenger RNA levels. Liu et al19 went on to show that CDK 4/6 phosphorylates
DUB3 at Ser41, thus ac va ng DUB3. Treatment of cells
with palbociclib inhibited DUB3 ac vity, decreased SNAIL
stability and expression, and decreased cell migra on. In a
xenogra model derived from pa ents with highly metasta c TNBC, the administra on of palbociclib did not alter
primary tumor growth but substan ally reduced lung and
liver metastases. Therefore, these data suggest that CDK
4/6 inhibitors may inhibit EMT and metastases independent of Rb.
Goel et al20 recently reported a novel mechanism by which
CDK 4/6 inhibitors promote an tumor immunity through
ac va on of tumor cell expression of endogenous retroviral
elements and intracellular levels of double-stranded RNA,
resul ng in the produc on of type III interferons and tumor
an gen presenta on. Addi onally, Goel et al20 showed that
CDK 4/6 inhibitors suppress the prolifera on of regulatory
T cells and DNA methyltransferase 1, resul ng in cytotoxic
T cell–mediated clearance of tumor cells. Overall, these data
suggest that CDK 4/6 inhibitors may contribute an tumor
eﬀects through modula on of the immune system.

SELECTION OF PATIENTS FOR CDK 4/6
INHIBITORS
Although CDK 4/6 inhibitors have shown substan al eﬃcacy
in pa ents with HR+, HER2 metasta c breast cancer, the use
of these medicines involve addi onal toxicity (from both
side eﬀect and ﬁnancial standpoints). Therefore, selec ng
when and in whom to administer a CDK 4/6 inhibitor is a
topic of considerable debate. Previously reported subgroup
analyses of the randomized phase III registra on trials concluded that all subgroups beneﬁt from the addi on of CDK
4/6 inhibitors.13,14,17 However, the absolute beneﬁt of CDK
4/6 inhibitor therapy may depend on the clinical scenario.
For example, a recent analysis of over 1,000 pa ents enrolled in the Monarch 2 and 3 studies evaluated a broad set
of common clinical and pathologic variables associated with
the prognosis of pa ents receiving endocrine monotherapy.
In this analysis, pa ents with liver metastases, high-grade
tumors, PR− tumors, or a short treatment-free interval had
a poor prognosis. Conversely, pa ents with bone-only disease, excellent performance status, or a long treatment-free
interval exhibited substan ally be er prognosis. Although
abemaciclib conferred beneﬁt regardless of baseline characteris cs, the pa ents with the poorest prognosis (e.g., liver
metastases) derived the largest absolute beneﬁt from the
addi on of abemaciclib to endocrine therapy. In contrast,
in the Monarch 3 study, li le if any beneﬁt was noted for
the addi on of abemaciclib to endocrine therapy in women
with a prolonged treatment-free interval. Although these

TARGETING SUBTYPES IN METASTATIC BREAST CANCER

data are hypothesis genera ng, they suggest that there may
exist a subset of pa ents with highly endocrine-sensi ve
breast cancer for whom endocrine monotherapy (e.g., an
aromatase inhibitor or fulvestrant) may be the op mal ﬁrstline therapy followed by the addi on of a CDK 4/6 inhibitor
at progression. Addi onal clinical studies are necessary to
determine the op mal strategy.

MECHANISMS OF RESISTANCE TO CDK 4/6
INHIBITORS
Similar to the paradigm of trea ng ER+ breast cancer, the
mechanisms of resistance to CDK 4/6 inhibitors can be divided
into de novo and acquired resistance. Currently, ER status is
the only selec on criteria used for women with metasta c
breast cancer being considered for a CDK 4/6 inhibitor. Biologically plausible biomarkers of the cyclin D-CDK 4/6-Rb
pathway (e.g., loss of Rb and consequent upregulation of
p16INK4A and downregula on of cyclin D1) have not been
consistently associated to the beneﬁt of CDK 4/6 inhibitors
in the randomized trials.21 For example, cyclin D1 ampliﬁcaon and/or loss of CDKN2A were not associated with palbociclib resistance in the PALOMA 1 study.12 Furthermore,
Rb, cyclin D1, p16, and Ki-67 (all evaluated by immunohistochemistry) were not predic ve of palbociclib beneﬁt in the
PALOMA 2 study.22 Although loss of RB1 func on is rela vely
rare in newly diagnosed pa ents with ER+ breast cancer,23
the incidence of Rb loss, E2F ampliﬁca on, and/or loss of
CDKN1 and their associa on with acquired resistance to CDK
4/6 inhibitors are unknown.

COMBINATION THERAPY STRATEGIES
There is great ra onal for combining CDK 4/6 inhibitors
with drugs that target growth factor signaling pathways upstream of cyclin D1, including drugs that target the PI3K/
mTOR/AKT pathway.24 These data have resulted in several
ongoing studies, in which CDK 4/6 inhibi on is combined
with drugs that target this pathway. Furthermore, there exists substan al ra onale for the use of CDK 4/6 inhibitors
in combina on with HER2-directed therapy in pa ents with
HER2-ampliﬁed breast cancers. In addi on to the surprising single-agent ac vity of abemaciclib in ER+/HER2+ breast
cancer,25 there are extensive preclinical data iden fying
cyclin D1 as a cri cal downstream target of HER-induced
transforma on26 and providing evidence of synergy when
combining CDK 4/6 inhibitors with an -HER2–based therapy.
Based on these data, mul ple clinical trials are ongoing to
evaluate the combina on of HER2-directed therapy and
CDK 4/6 inhibitors in ER+/HER2+ breast cancer.
Finally, recent data suggest the FGFR kinase may also mediate resistance to CDK 4/6 inhibitors. Formisano et al27,28
not only iden ﬁed FGFR1 as associated with resistance to
AI-based therapy27 but addi onally, iden ﬁed FGFR1 ampliﬁca on as a mechanism of resistance to the combina on of
ribociclib and fulvestrant in vitro.28 In this report, the addion of the FGFR tyrosine kinase inhibitor erdaﬁ nib to fulvestrant/palbociclib resulted in marked regressions in vivo.
Based on these data, a clinical trial is planned to combine

erdaﬁ nib with a CDK 4/6 inhibitor in ER+ FGFR–ampliﬁed
breast cancer.

HER2+ BREAST CANCER
A myriad of molecular mechanisms have been postulated
to be associated with resistance to various HER2-targeted
therapies (Fig. 1). Indeed, a comprehensive outline of humanized monoclonal an -HER2 an body trastuzumab resistance biomarkers in HER2-overexpressing breast cancer
has been cataloged in a scholarly review by Menyhárt
et al.29 Among the types of biomarkers most well studied to
date are (1) perturba on of HER family receptors or binding of therapeu c an bodies to HER2 (e.g., shedding of the
HER2 extracellular domain,30 expression of the Δ16HER2
splice isoform expression,31 overexpression of MUC4/MUC1
resul ng in steric hindrance to trastuzumab binding to the
HER2 extracellular domain,32 and increased phosphorylaon of HER333); (2) parallel receptor pathway ac va on
(e.g., upregula on of IGF-1 receptor,34 erythropoie n receptor,35 AXL receptor,36 or MET receptor37); and (3) ac va on
of downstream signaling events distal to HER2 receptor (e.g.,
hyperac va on of the PI3 kinase/Akt pathway by loss of
PTEN or PIK3CA muta onal ac va on,38 cyclin E ampliﬁca on/
overexpression,39 upregula on of miR-21,40 and expression
of the ER41). Of these and other poten al resistance pathways, not all have been conﬁrmed to occur in human clinical/
translational cohorts with annotated outcomes, and even
those that have at least some clinical evidence from discovery cohorts lack validation cohorts and/or independent confirmation across multiple trials. Fewer still have
prospec ve clinical/transla onal eﬀorts of new therapeuc approaches to overcome resistance to HER2-targeted
therapeu cs (Table 1). Herein, we discuss three resistance
mechanisms addressed by recent/ongoing interven onal
clinical trials: (1) the use of an body-drug conjugate (ADC)
ado-trastuzuman emtansine (T-DM1) to overcome resistance as a result of PIK3CA muta on, (2) the use of novel
approaches to enhance an body-dependent cell-mediated
cytotoxicity (ADCC) of immune eﬀector cells to address resistance caused by low-aﬃnity ac va ng Fcγ receptor (FcγR)
polymorphisms, and (3) solu ons to overcome anatomic resistance by the blood-brain barrier in HER2+ brain metastasis.

OVERCOMING RESISTANCE AS A RESULT OF
PIK3CA MUTATION USING ADC T DM1
One of the best characterized mutational events associated with resistance to both HER2-directed monoclonal anbodies (MAbs) and small molecule HER2 kinase inhibitors
is soma c muta on of the PIK3CA gene—the most common
molecular altera on in human breast cancer. We hypothesized that treatment with T-DM1 would be agnos c to the
presence or absence of downstream ac va ng PIK3CA muta ons, because cytotoxicity of the deriva ve of maytansine
1 cytotoxic payload of T-DM1 is not dependent on ac va on
status of the PI3 kinase signaling pathway. We had the opportunity to test this hypothesis by inves ga ng whether
the eﬃcacy of T-DM1 was correlated with PIK3CA muta on
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in the phase III pivotal registra onal EMILIA study—a randomized phase III study of T-DM1 versus lapatinib and
capecitabine in 991 pa ents with metasta c HER2+ cancer
who had prior treatment with trastuzumab and a taxane.86
Tumor ssue was collected (with addi onal consent) and
subjected to PIK3CA DNA sequence analysis (259 pa ents)
using the cobas PIK3CA muta on test (Roche Molecular Diagnos cs) for exon 1: R88Q; exon 4: N345K; exon 7: C420R;
exon 9: E542K, E545X, and Q546X; and exon 20: M1043I,
H1047X, and G1049R. PFS and overall survival were analyzed using the Kaplan–Meier method and a Cox regression
model.67 Moreover, T-DM1 was also tested on cell lines and
in HER2+ breast cancer xenogra models containing deﬁned
ac va ng PIK3CA muta ons. PIK3CA muta on frequency

(30.5%) was similar across both treatment arms and consistent with previously reported data.23,87,88 PIK3CA mutaons were associated with shorter median PFS (mutant vs.
wild type: 4.3 vs. 6.4 months) and overall survival (17.3 vs.
27.8 months) in pa ents treated with capecitabine plus
lapa nib but not pa ents treated with T-DM1 (PFS, 10.9 vs.
9.8 months; overall survival, not yet reached in mutant or
wild-type groups). Addi onally, T-DM1 showed potent ac vity in cell lines and xenogra models with known ac va ng
PIK3CA muta ons.67 We concluded that, despite the observa on that other standard HER2-directed therapies are less
eﬀec ve in tumors with PIK3CA muta ons, T-DM1 seems to
be eﬀec ve in both PIK3CA-mutated and PIK3CA wild-type
tumors.

FIGURE 1. Selected Examples of Resistance to HER2-Targeted Therapies

IGF-1 receptor (far le ) and MET (far right) are shown as two examples of parallel receptor pathway ac va on to bypass HER2 (downstream signaling in light blue). Truncated HER2 C-terminal fragments/
isoforms resul ng from proteolysis of p185HER2 (p95-HER2), alterna ve ini a on of transla on (p110-HER2), or alterna ve splice varia on (del exon 16) lead to loss of an body (or ADC) binding epitopes
as well as hyperac va on of downstream pathways, resul ng in HER2 MAb/ADC resistance (middle sec on). Glycosylated MUC4 or MUC1 (middle sec on) has been shown to sterically hinder binding of
HER2 an bodies to HER2 receptor. PI3 kinase muta on, loss of PTEN, HER2 L755S muta on, and upregula on of miR-21 as well as upregula on of IRS4 result in downstream signal ac va on uncoupled from
control at the receptor level (maroon in the middle). Upregula on of extracellular matrix and collagen II genes leads to ac va on of the integrin-β1/Src signaling pathway (gold in the middle right). Altera on
of HER3 expression (far right) and/or NRG-1 overexpression can result in a enuated response to HER2 targe ng agents. Decreased FOXO3a can result in transcrip onal upregula on of the ER, leading to
rela ve resistance to HER2-targe ng agents (yellow in the bo om le ); ampliﬁed cyclin E or loss of nega ve regula on by p27 drives the transi on from G1 to S phase (light green in the bo om right). Finally,
the TGFβ/SMAD3 axis and EMT can induce cell surface CD73 expression and consequent adenosine genera on, leading to tumor immune escape (le in the top box).
Abbrevia ons: ECM, extracellular matrix; NK, natural killer; TKI, tyrosine kinase inhibitor ER, estrogen receptor; ADC, an body-drug conjugate.
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TABLE 1. Postulated Mechanisms of Resistance to HER2-Targeted Therapies in Breast Cancer
Proposed Mechanisms for Which There Are Only
Preclinical Data

Mechanisms Supported by Clinical/
Transla onal Data

Mechanisms Addressed by Ongoing or Completed
Therapeu c Interven on Trials

Decreased cyclin B1 induc on42

MUC1/4 overexpression43

Truncated HER2 C-terminal fragments (P95), alterna vely translated (P110), or splice isoform (Δ16HER2)—
HER2 TKIs; ref. 44 failed to show unique beneﬁt of
lapa nib30,31,44-46

Erythropoie n receptor ac va on35

Cyclin E ampliﬁca on/
overexpression39

PIK3CA muta on/PTEN loss—T-DM138

AXL receptor ac va on36

IGF1R ac va on34—nega ve clinical
conﬁrma on in ref. 47

Neuregulin1 ac va on of HER3/HER3
phosphoryla on—HER3 an body48

CD55/59 expression (blocks complement-dependent
cytotoxicity)49

HGF/MET upregula on37

ER ac va on/expression—combined receptor blockade
against HER2/ER50-52

Endophilin A2 dysregula on53

MiR-21 upregula on40

mTOR ac va on/IRS4 upregula on—mTOR
inhibi on54,55

Flap endonuclease 1 upregula on56

Increased FGFR or FGF ligands57

FcγR polymorphisms—Fc-engineered HER2 an body
margetuximab58

Aberrant HER2 membrane spa al distribu on59

Expression of ectonucleo dase
CD7360

Anatomic resistance because of the blood-brain
barrier—T-DM1, high-dose trastuzumab, HER2 TKIs61-64

MEK/MAPK pathway ac va on65

DUSP4/MKP-2 overexpression66

Low/absent HER2 expression level—resistance to mul ple HER2-targeted agents67,68

TGFβ/ZEB2 axis ac vity69

Eras upregula on70

Cyclin D1/CDK 4 ac va on—abemeciclib plus lapa nib71

MiR-129-5p downregula on

72

Extracellular matrix collagen/
integrin/Src upregula on73

Increased normal epithelial-speciﬁc 1 gene (NES1/
KLK10) expression74

Luminal, basal-like, normal-like intrinsic subtypes or lack of immune
signature75

Neuromedin U–mediated secre on of TGFβ/PD-L1–
containing extracellular vesicles76

IRSD4 upregula on54

Increased trefoil factor 3 expression77

TGFβ-SMAD3 ac va on78

Downregula on of endogenous CDK inhibitor P27
(kip1)79

SRC kinase ac va on80

Increased Bcl-2/Bax Ra o81

Circula ng plasma miR-210 levels82

GDF15-mediated ac va on of TGFβ receptor-Src-HER2 Upregula on of CD4484
signaling cross talk83
Upregula on of ATG-12/dysregula on of autophagy85
Abbrevia on: TKI, tyrosine kinase inhibitor.

HUMANIZED HER2 MONOCLONAL ANTIBODY
RESISTANCE MEDIATED BY LOW AFFINITY
POLYMORPHISMS IN ACTIVATING FCΓRS
In the case of therapeu c immunoglobulin G1 isotype
humanized MAbs (like trastuzumab and pertuzumab), it
is not only perturbation of downstream receptor signaling that accounts for clinical eﬃcacy in vivo but also, FcγRdependent ADCC mediated by various immune eﬀectors,
such as macrophages and natural killer cells.89 ADCC occurs when the Fc por on of the tumor-bound an body is
recognized by FcγRs. In knockout mice deﬁcient in ac vating FcγR genes, the an tumor eﬀects of trastuzumab are
signiﬁcantly blunted.90 Consistent with these observa ons,
engineered an -HER2 an bodies with disabled Fc domains
fail to induce tumor responses in vivo, despite retained
HER2 binding and growth inhibi on in vitro. Conversely,
an tumor an bodies are 10-fold more eﬀec ve in mice deﬁcient in inhibitory FcγRs, and an tumor an body potency

is greatly increased by engineering Fc domains to bind acva ng FcγR with greater aﬃnity/avidity than inhibitory Fc
receptors.58 Moreover, studies in the metastatic and neoadjuvant se ngs suggest that single-nucleo de polymorphisms in ac va ng and decoy FcγRs (FcγR3A and FcγR2A,
respec vely) may be associated with diﬀeren al response
to trastuzumab by modula ng ADCC.91,92 This ques on was
recently explored by Gavin et al93 from the Na onal Surgical Adjuvant Breast and Bowel Project (NSABP) in their
analysis of polymorphisms in FcγRs in early-stage breast
cancer in the NSABP B-31 adjuvant trastuzumab trial.93
As expected, pa ents with genotype FcγR3A-158V/V or
FcγR3A-158V/F received greater beneﬁt from trastuzumab
(HR 0.31; 95% CI, 0.22–0.43; p < .001) than pa ents who
were homozygous for the low-aﬃnity allele (HR 0.71; 95%
CI, 0.51–1.01; p = .05), thus conﬁrming prior published observa ons in metasta c disease to an adjuvant early-stage
se ng.91,92
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FC ENGINEERED HER2 MONOCLONAL
ANTIBODY MARGETUXIMAB ELICITS POTENT
ADCC REACTIONS, EVEN WITH LOW AFFINITY
ACTIVATING FC RECEPTORS
It may be theore cally possible to overcome such deﬁcits
in an body Fc domain binding to low-aﬃnity FcγRs by engineering the Fc domain to achieve higher binding aﬃnity
to ac va ng FcγRs (and lower binding aﬃnity to decoy receptors). This theore cal ideal has been achieved in the
case of chimeric an -HER2 an body margetuximab (MGAH22), which binds with elevated aﬃnity to both lower- and
higher-aﬃnity forms of FcγR3A.58 In phase I, ﬁrst-in-human
dose-ﬁnding studies of margetuximab, tumor reduc ons
were observed in over one-half (18 of 23; 78%) of responseevaluable patients with breast cancer, including durable
(greater than 30 weeks) responders.94 Ex vivo analyses of
patient peripheral blood mononuclear cell samples conﬁrmed the ability of margetuximab to support enhanced
ADCC compared with trastuzumab. In addi on, margetuximab was very well tolerated, with mostly grades 1 and 2
toxicities consisting of pyrexia, nausea, anemia, diarrhea,
and fa gue—similar to infusion-related reac ons observed
with other HER2-directed therapeu c monoclonal an bodies and thus far, with no apparent increase in cardiac adverse events.94 Clinical development of margetuximab has
proceeded to an ongoing phase III pivotal trial comparing
margetuximab directly with trastuzumab in combina on with
salvage chemotherapy in pretreated HER2+ metasta c breast
cancer (SOPHIA trial; NCT02492711).

AUGMENTING ADCC USING AGONIST
ANTIBODIES DIRECTED AGAINST CD137
Another means to augment ADCC is by ac va on of the
cos mulatory receptor CD137 (4-1BB) on natural killer cells
using agonist an bodies (for example, utomilumab [the proposed nonproprietary name for PF-05082566]).95 CD137 acva on occurs both in vitro and in the peripheral blood of
women with HER2-overexpressing breast cancer a er trastuzumab treatment.95 S mula on of trastuzumab-ac vated human natural killer cells with agonis c MAb speciﬁc for CD137
euthanized breast cancer cells (including an intrinsically
trastuzumab-resistant cell line) more eﬃciently both in vitro
and in vivo in xenotransplant models of human breast cancer. The dual an body strategy combining a tumor-targe ng
an body with a second an body that ac vates the host innate immune system may improve the therapeu c eﬀects of
an bodies against breast cancer and other HER2-expressing
tumors.95 An inves gator-ini ated phase IB/II clinical trial of
agonist CD137 an body utomilumab in combina on with trastuzumab (or T-DM1) is currently underway (NCT03364348).

OVERCOMING ANATOMIC RESISTANCE
AS A RESULT OF THE BLOOD BRAIN BARRIER:
THE CENTRAL NERVOUS SYSTEM NICHE AS
A SANCTUARY SITE
A ﬁnal novel form of resistance is that of anatomic resistance. Consider, for example, the central nervous system
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(CNS) microenvironment, which consists of a unique vascular endothelium (the so-called blood-brain barrier), pericytes, astrocytes, and glial cells, all of which may contribute
in concert to pathogenesis of the CNS metasta c niche.96
HER2+ breast cancer has a strong predilec on for metastasis to the CNS, with as many as one-half of all pa ents
with HER2+ metasta c breast cancer experiencing brain metastasis during their treatment course. CNS metastases can
develop during eﬃcacious treatment of extracranial metastasis with HER2 monoclonal an bodies, sugges ng that the
CNS is a sanctuary site for HER2+ cancer cells. Indeed, it is
argued that the macromolecular size of monoclonal an bodies (150 kd) is a severe handicap for their diﬀusion in
therapeu c concentra ons across the blood-brain barrier.
This model assump on aﬀords the novel hypothesis that
diﬀusion of macromolecular an body therapeu cs, such as
trastuzumab, may be achieved through mass ac on (compare with the Le Chatelier Principle) simply by increasing
the concentra on of trastzumab in the circula on (recall
that trastuzumab had no deﬁned maximum tolerable dose
during dose escala on, and therefore, the dose can arguably be increased with impunity). To test this hypothesis, a
trial of high-dose (6 mg/kg weekly) trastuzumab (in combination with standard dose pertuzumab for control of
extracranial metastasis) for HER2+ CNS metastasis is currently ongoing (NCT02536339).61 Consistent with this hypothesis, previous publica ons have documented diﬀusion of positron-emi er 89Zr-conjugated trastuzumab with
localiza on to HER2+ CNS in humans.97 Moreover, mul ple
groups have documented clinical responses to ADC T-DM1
(with molecular weight slightly higher that of trastuzumab)
in HER2+ CNS metastasis.98,99
Meanwhile, small molecule HER2 tyrosine kinase inhibitors con nue to be developed as treatment of HER2+ CNS
metastasis. Historically, modest results have been obtained
from the combina on of lapa nib with capecitabine. Newer
encouraging data have recently been presented for nera nib
in combina on with capecitabine62 and highly HER2-selec ve
tyrosine kinase inhibitor tucatinib (ONT-380)-based regimens.63 If pathogenic factors within the CNS metasta c
niche can be iden ﬁed (such as chemotac c factors, adhesion, and transendothelial tumor cell extravasa on factors
as well as pep de growth factors), there may be unique
opportuni es for exploi ng novel treatment approaches
or perhaps more importantly, opportuni es for prophylaxis
against HER2+ brain metastasis altogether.96

TRIPLE NEGATIVE BREAST CANCER
TNBCs account for 10% to 20% of primary breast cancers
and are so named, because they express low levels of ER, PR,
and HER2. Early eﬀorts to develop targeted therapy strategies resulted in lackluster clinical response rates in TNBC,
which is now presumed to be related, in part, to molecular heterogeneity within the “catchall” diagnosis of TNBC.
Recent advances in molecular characteriza on have shown
subtypes of TNBC, each with dis nct targetable molecular
aberrations.100,101 Although it is anticipated that ongoing
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clinical trials will lead to addi onal targeted therapies for
TNBC, it is important to note that the only currently FDAapproved targeted therapy is olaparib for the treatment of
BRCA-associated TNBCs.

BRCA ASSOCIATED TRIPLE NEGATIVE BREAST
CANCER
BRCA1 and BRCA2 are required for homologous recombina on repair of DNA strand breaks, leading to a defect in
DNA repair in cancers harboring these muta ons.102 As such,
these tumors are more sensi ve to chemotherapy-inducing
DNA breaks, such as those induced by pla num-based therapies. The TNT trial randomized 376 pa ents with advanced
TNBC to receive either carboplatin or docetaxel for six
to eight cycles or un l disease progression.103 There was
no signiﬁcant diﬀerence in objec ve response rate (ORR)
or median PFS between the two arms (p = .44); however,
in pa ents with BRCA1/2-associated breast cancers (43 paents), both ORR and PFS were signiﬁcantly improved with
carbopla n compared with docetaxel (p = .03). Notably, a
diagnos c assay to measure tumor deﬁciencies in homologous recombina on failed to predict beneﬁt for carbopla n
in non-BRCA–associated TNBC.
PARP enzymes catalyze the forma on of chains of poly(adenosine 5ʹ-diphosphate)-ribose units, which recruit the
necessary DNA repair proteins.104 PARP inhibition leads
to accumula on of single-strand DNA breaks, which lead to
double-strand breaks at replica on forks. In the absence of
PARP, tumors that lack the ability to repair double-strand
DNA breaks through homologous recombina on must use
less efficient mechanisms, such as nonhomologous end
joining, which lead to further genomic instability and cell
death.105 Early-phase trials of PARP inhibitors showed singleagent responses in BRCA-associated tumors, including
in pa ents with TNBC.106 The OlympiAD trial was an open
label, randomized phase III trial that compared single-agent
olaparib with physician’s choice of standard chemotherapy
(capecitabine, eribulin, or vinorelbine) for the treatment of
BRCA-associated breast cancers (302 pa ents), one-half of
which were TNBC.107 Median PFS was signiﬁcantly longer in
the olaparib group (7.0 vs. 4.2 months; HR 0.58; p < .001),
and the ORR was higher (59.9% vs. 28.8%). Similar results
were seen in the EMBRACA trial when the PARP inhibitor talazoparib was compared with physician’s choice of chemotherapy.108 However, it is important to note that neither of
these trials contained a DNA-damaging agent in the “physician’s choice” arm and that both excluded pa ents with
a history of disease progression while receiving pla numbased therapy for metasta c disease.

IMMUNE MODULATION FOR TREATMENT OF
TNBC
Immunotherapy is a rapidly evolving strategy for the treatment
of TNBC. Tumor-inﬁltra ng lymphocytes have been recognized as a posi ve prognos c biomarker by analysis of data
from mul ple adjuvant therapy trials in unselected breast
cancer.109,110 Addi onally, the presence of tumor-inﬁltra ng

lymphocytes has been favorably associated with higher rates
of pathologic complete response to neoadjuvant chemotherapy in TNBC.109
Mi endorf et al111 found that PD-L1 expression occurred
in 20% of TNBC tumors, sugges ng that targe ng PD-1 or
PD-L1 may have therapeu c beneﬁt in TNBC. Currently, the
most mature studies evalua ng immunotherapy in TNBC involve drugs targe ng the PD-1/PD-L1 axis. The KEYNOTE-012
trial was a mul center, nonrandomized phase Ib trial of single-agent pembrolizumab (an –PD-1) in PD-L1+ (greater
than or equal to 1%) TNBC.112 The drug was well tolerated,
with toxici es similar to those reported in other solid tumor types (low-grade arthralgia, fa gue, myalgia, and nausea). In the 27 pa ents evaluated for response, the overall
response rate (complete response or par al response) was
18.5%, with the median dura on of response not reached
at the me of publica on (range of 15–47+ weeks). Importantly, some responders con nued treatment of over 1 year.
The follow-up phase II trial (KEYNOTE-086 trial) enrolled
170 pa ents with previously treated TNBC and showed an
overall response rate of 5%, regardless of PD-L1 expression.
Median PFS and overall survival were 2.0 and 8.9 months,
respec vely.113 Similar response rates have been reported
with avelumab (an –PD-L1 an body). The Javelin study determined the overall response rate to single-agent avelumab
to be 9% in pa ents (58 pa ents) with advanced TNBC.114
These single-agent results suggest that combina on strategies as well as novel predictors of response must be pursued
to further improve clinical outcomes.
Tumor cell death induced by cytotoxic chemotherapy
or radia on also has the poten al to expose the immune
system to higher levels of tumor antigens; thus, inhibiting
PD-L1/PD-1 signaling in combina on with these therapeu c
modali es may theore cally result in deeper and more durable responses. Ongoing studies will determine if combining immunotherapy with chemotherapy or radia on therapy
improves clinical outcomes in pa ents with metasta c TNBC.
Preliminary safety data from the study GP28328 indicate that
atezolizumab (an –PD-L1) can be safely combined with chemotherapy, including nab-paclitaxel and carbopla n.115
At least two groups have iden ﬁed subtypes of TNBC with
enhanced expression of genes involved in immune signaling.
Lehmann et al100 ini ally described the immunomodulatory
subtype; however, when tumor cells were separated from
stroma using laser capture microdissec on, this subtype
was no longer iden ﬁed, sugges ng that this signature likely
iden ﬁes immune inﬁltrate within stroma.116 Burstein et al101
described a basal-like immune-ac vated subtype that overexpressed CTLA-4 in addi on to other immune-related genes.
As PD-1/PD-L1 inhibitors advance as a therapeu c strategy for
TNBC, it will be interes ng to determine if either of these subtypes is associated with enhanced response to immunotherapy.

PI3K/AKT PATHWAY
The LOTUS trial inves gated the beneﬁt of administering the
oral Akt inhibitor ipatasertib in combination with paclitaxel as first-line therapy in patients (124 patients) with
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metasta c TNBC in a placebo-controlled, double-blind phase II
trial. Median PFS was 6.2 months with ipatasertib versus
4.9 months with placebo for the en re cohort (p = .037);
however, the difference in PFS was much more profound
in a subgroup of tumors (42 patients) with PI3K/AKT1/
PTEN-altered tumors (9.0 vs. 4.9 months; p = .041).
Gene expression signatures have also iden ﬁed breast cancer subsets enriched in EMT features. Ini ally, a breast cancer
subset enriched in EMT was iden ﬁed and named “claudin
low,” because this group of tumors showed low gene expression of the ght junc on proteins claudin 3, 4, and 7.117-119
Most claudin-low tumors are TNBC.117 Lehmann et al100 and
Burstein et al101 also independently iden ﬁed dis nct subtypes of TNBC that contained gene expression proﬁles enriched in EMT, which they termed mesenchymal (Lehmann
et al100 and Burstein et al101) and mesenchymal stem–like
(Lehmann et al100). Importantly, on microdissec on, the mesenchymal stem–like subtype was no longer iden ﬁed in a majority of tumors tested, sugges ng that this subtype call was
also strongly weighted by stromal gene expression.116
Mesenchymal TNBCs carry a high rate of molecular aberraons that ac vate the PI3K/Akt/mTOR axis, sugges ng that
this subgroup may be responsive to therapeu c regimens
targe ng this pathway.100,117,120,121 In support of this concept,
metaplas c breast cancers account for 10%–57% of TNBCs
characterized as claudin low and can be clinically iden ﬁed
by light microscopy because of an admixture of epithelial
and mesenchymal components within the tumor. These
tumors are also associated with a high rate of PI3K mutaons and/or ac va on of the PI3K pathway.121,122 Pa ents
with metasta c, metaplas c breast cancer (52 pa ents) were
treated in a clinical trial with liposomal doxorubicin, bevacizumab, and the mTOR inhibitor temsirolimus or everolimus
(DAT or DAE).122 The ORR was 21% for DAT/DAE, and the clinical beneﬁt rate was 40% (complete response of four, par al
response of seven, and standard devia on greater than or
equal to 6 months of 10). Notably, in the 43 pa ents who
had ssue available for genomic analyses, there was a 74%
incidence of ac va ng PI3K/Akt/mTOR molecular aberra ons,
and this was associated with a signiﬁcant improvement in
ORR (31% vs. 0%; p = .04). Other therapeutic strategies
with the poten al to target EMT include dual PI3K/mTOR
inhibitors, c-MET inhibitors, NOTCH pathway inhibitors, and
TGFβ-targeted agents.

ANDROGEN RECEPTOR+/LUMINAL
ANDROGEN RECEPTOR SUBTYPE
The luminal androgen receptor subtype was the most differen al among the TNBC subtypes iden ﬁed by Lehmann
et al100 and accounted for approximately 11% of TNBC. This
subtype was later conﬁrmed by Burstein et al,101 who kept
the name when describing their identified subtype.100,101
The luminal androgen receptor subtype is so named because of high messenger RNA expression of androgen receptor, which is noted to be ninefold greater than other
subtypes.100 Additionally, androgen receptor expression
by immunohistochemistry was signiﬁcantly higher in the
72
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luminal androgen receptor compared with other TNBC subtypes.100 In a single-arm phase II trial of bicalutamide in
pa ents with androgen receptor+, ER/PR− metasta c breast
cancer, the clinical beneﬁt rate at 24 weeks, deﬁned as the
percentage of pa ents who have complete response, paral response, or stable disease (standard devia on for 24
weeks), was 19%, and the median PFS was 12 weeks.123 A
phase II study of enzalutamide in advanced androgen receptor+ TNBC showed a clinical beneﬁt rate at 24 weeks of
29% and a median PFS of 14 weeks. In this trial, tumors that
showed an androgen-related gene signature proﬁle seemed
to derive greater clinical beneﬁt from enzalutamide, sugges ng that the use of gene expression proﬁling may help to
iden fy pa ents with TNBC who would most likely beneﬁt
from androgen receptor blockade.124

ANTIBODIES AND ANTIBODY DRUG
CONJUGATES
Reports of overexpression and/or enhanced EGFR signaling in TNBC125-127 led to strategies using the monoclonal
an -EGFR an body cetuximab as a single agent or in combina on with chemotherapy. Cetuximab in combina on with
carbopla n induced higher ORR (16%) compared with singleagent cetuximab (6%)128; however, the combina on of cetuximab with cispla n did not signiﬁcantly improve ORR compared
with cispla n alone in metasta c TNBC.129 Although targeted
therapy with monoclonal antibodies alone has not improved outcomes in TNBC, there is a rising interest in ADCs
as a therapeu c strategy.130 ADCs allow for the select delivery of moderate to ultrapotent cytotoxic drugs by targe ng
tumor-associated an gens. ADC binding to these an gens
induces internaliza on of the drug into the tumor cell and
subsequent release of the “payload” cytotoxic. Promising targets for ADCs currently under development for the treatment
of TNBC include trophoblast cell surface an gen, Ephrin A4,
folate receptor alpha, and low-level expression of HER2.130

CONCLUSION
In summary, the addi on of CDK 4/6 inhibitors to endocrine
therapy has markedly changed the landscape of ER+ metasta c breast cancer over a short period of me. Although
the available drugs show remarkable similari es in terms of
PFS beneﬁt across the FDA registra on trials, diﬀerences in
both toxicity and response rates have been noted, and longterm follow-up of the ongoing clinical trials will be needed
to iden fy the op mal strategy. This includes selec on of
both the best ini al CDK 4/6 inhibitor/endocrine therapy
combina on and the op mal sequence (combina on vs.
sequen al) for pa ents with highly endocrine–sensi ve
tumors. Furthermore, addi onal studies to elucidate the
mechanisms of resistance and biomarkers that deﬁne response/resistance to this class of drugs are needed.
HER2+ breast cancers have myriad poten al resistance
pathways from which to choose. Lack of real- me monitoring
for emergence of resistance pathways remains a cri cal unmet need. To this end, new HER2-targe ng therapeu c strategies must be developed to exploit our be er understanding
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of resistance pathways. As an example, it has been shown
that ADC T-DM1 can overcome resistance to PI3 kinase pathway ac va on via PIK3CA mutants. It is hoped that augmen ng
the immunologic mechanism of ac on of HER2 therapeu c
monoclonal an bodies via ADCC (Fc domain an body engineering of HER2 an bodies or ac va on of CD137 with
agonist an bodies) may also be able to bypass other ver cal
or horizontal HER2 intrinsic cellular resistance mechanisms.
Finally, overcoming anatomic resistance (e.g., blood-brain
barrier) may be possible with high-dose trastuzumab, potent
HER2-directed ADCs, or improved tyrosine kinase inhibitors
with greater CNS penetration and HER2 specificity (e.g.,
tuca nib). It is encouraging that a number of these approaches
are the focus of intense ongoing clinical inves ga ons.

Finally, the limited success previously seen with targeted
therapy in TNBC is likely the result of the molecular heterogeneity of the disease, which leads to a dilu on of drug
eﬀect in unselected pa ents. The approval of olaparib in
BRCA-associated cancers (many of which are TNBCs) shows
that appropriate selec on of pa ents for targeted therapy
can be beneﬁcial in TNBC. Through modern molecular characteriza on, subtypes of TNBC have emerged, and targeted
strategies are being developed based on their unique features. However, subtyping by gene expression is inﬂuenced
by bioinforma c methods and can have problems with reproducibility in individual pa ents. It is cri cal that these
barriers be overcome to be er iden fy pa ents for targeted
therapy strategies.
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Evolu on of Targeted Therapy in Breast Cancer: Where
Precision Medicine Began
Jane Lowe Meisel, MD, Vyshak Alva Venur, MBBS, Michael Gnant, MD, and Lisa Carey, MD
OVERVIEW
As we consider best prac ces and approaches to targeted therapy in the clinic and in terms of trial design, breast cancer
can serve as a useful model for other disease types, because estrogen receptor–posi ve and HER2-posi ve breast cancer
have been known en es for several decades. In this review, we provide a history of the development of an -estrogen
therapy and an -HER2–directed therapy and we discuss our growing understanding of resistance to targeted therapy as
seen through this lens. We highlight some of the recent breakthroughs that have enhanced our understanding of resistance
to endocrine and an -HER2 therapy, and we discuss some of the ongoing research in the ﬁeld.

D

uring the past decade, a large amount of the research
eﬀort within the ﬁeld of oncology has been devoted to
the development and use of targeted therapy. Great strides
have been made in our understanding of which pa ents
are appropriate candidates for certain types of treatments (immunotherapy and PARP inhibitors are good examples), and many na onal and interna onal trials are under
way to iden fy useful targeted therapies for pa ents with
chemotherapy-resistant and/or advanced-stage disease.
We have made a lot of progress, but we s ll have a long way
to go in terms of op mizing our ability to iden fy targeted
therapy candidates.
Understanding the past can help us shape the future, and,
as we look to improve our approaches to targeted therapy
across the spectrum of malignancies, the history of targeted
therapy in breast cancer therapy can serve as an extremely
relevant case study. Breast cancer is one of the ﬁrst malignancies for which targeted therapies have been used
successfully. Endocrine therapies that target the estrogen
(ER) and progesterone receptor have long been the cornerstone of systemic therapy approaches for hormone
receptor–posi ve breast cancer, and the discovery of HER2
overexpression has led to the development of mul ple
HER2-targeted agents that have revolutionized the way
HER2-posi ve breast cancer is treated. Both of these targeted approaches have dras cally improved outcomes for
these pa ents. Now, with decades of successful an -estrogen
and now an -HER2–directed therapy to build upon, our
understanding of resistance to targeted therapy is becoming more nuanced. Current clinical trials in breast cancer
focus on comba ng and preven ng resistance to targeted

therapy, both in the advanced stage as well as in the curave se ng.
Here, we oﬀer some insights into the history of endocrine therapy and HER2-directed therapy for breast cancer,
as well as a discussion of some of the more current developments in this ﬁeld. It is our hope that this perspec ve is
helpful not only to those with a focus on breast cancer and
breast disease but also for those with a broader interest in
precision medicine.

ENDOCRINE THERAPY
Aiming at hormone receptors that are present on some
breast cancer cells has been, essen ally, the star ng point
of targeted an cancer therapy. In recent years, enormous
research eﬀorts have been directed at understanding and
inhibi ng the growth signals of cancer cells, but, in truth,
the associa on between estrogen and breast cancer has
been known since the late 19th century.1,2 The ﬁrst critical observa on, made by George Thomas Beatson, was
that changing the hormonal environment within the paent could lead to beneﬁcial modiﬁca ons in breast tumor
growth and even to regression of metasta c disease.3
Dr. Beatson, then a surgeon at Edinburgh University, developed an interest in the interac on between ovaries and
breast with respect to milk forma on. Driven by research
even then, he observed that rabbit breasts stopped producing milk a er he removed the animals’ ovaries. He reﬂected: “This fact seemed to me of great interest, for it
pointed to one organ holding control over the secre on
of another and separate organ.” This observa on was the
breakthrough cogni on of hormones as messengers in
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organisms, and Beatson took this pivotal principle to the
clinic: He started to surgically remove the ovaries of pa ents
with advanced breast cancer, and, in some of his pa ents,
clinical improvement was seen.4 Without knowing about estrogen, he had discovered that its presence was crucial to
the growth of some breast cancers and that removing the
ovaries—the main source of estrogen—was a successful ancancer treatment.
Basically, this also is what we do today as standard of care,
either by blocking estrogen on breast cancer cells (achieved
by selec ve estrogen receptor modulators, such as tamoxifen) or by depriva on/elimina on of circula ng estrogen
(achieved by aromatase inhibitors and ovarian suppression
therapy or oophorectomy). These approaches have been
the mainstay of therapy for ER-posi ve and progesterone
receptor–posi ve cancers for decades and remain so today.
The ﬁrst modern trials of adjuvant ovarian abla on were
carried out in Manchester and Norway more than half a
century a er Beatson’s discovery,5,6 and their results were
not accepted everywhere. Rather quickly, some cultural
diﬀerences between Europe and the United States became
apparent7: in Europe, there was con nuing interest in the
exploita on of an hormonal approaches, whereas American researchers were more interested in the development
of cytotoxic agents that could serve as the mainstay of
breast cancer therapy. A bit of this trend is s ll present in
today’s clinical prac ce pa ern; however, globaliza on of
research networks and informa on sharing has largely alleviated these historical diﬀerences.
Other interven ons that indicated that hormones are important came from observa ons a er adrenalectomy8 and
hypophysectomy9 in the early 1950s; however, it took more

PRACTICAL APPLICATIONS
• In the era of precision medicine, breast cancer can serve
as a useful case study, because clinicians and research
have decades of experience using and reﬁning an
approach to endocrine therapy and an -HER2 therapy.
• Resistance to targeted therapy is inevitable, and learning
how to prevent resistance from occurring (in the upfront
se ng) or how to slow it down (in the metasta c
se ng) has been and con nues to be a focus of current
research in HR-posi ve and/or HER2-posi ve breast
cancer.
• New approaches to targeted therapy, when successful in
the metasta c se ng, have been studied in the upfront
se ng and o en with good results.
• Financial toxicity is an issue that must be carefully
considered as we weigh the risks and beneﬁts of new
drugs and new drug combina ons.
• Targeted therapy is not without adverse eﬀects and
toxici es, par cularly when combina on therapy is
used. In breast cancer, as in other special es, we strive
to be er understand which groups of pa ents require
combina on therapy or more aggressive therapy and
which pa ents can do well with less.

than another decade to ﬁnally pinpoint the reason why hormonal abla on worked in some pa ents with breast cancer
and not in others. Finally, the detec on of estrogen receptors on the surface of breast cancer cells by Jensen et al10
in the 1960s explained why estrogen depriva on and/or
receptor blockade works as therapeu c principle in many
breast cancers.

Tamoxifen
It was not un l the late 1960s that the ﬁrst clinically usable
an -estrogen was discovered: Tamoxifen,11 a selec ve estrogen receptor modulator, now became an alterna ve to
surgical removal or radiotherapeu c abla on of endocrine
glands. Tamoxifen was approved in 1977 by the U.S. Food
and Drug Administra on (FDA) for the management of metasta c breast cancer.12 Interes ngly, the ini al studies included
unselected pa ents because of a lack of estrogen receptor
essays, but results s ll showed a response rate of 40% to
50% in women with advanced breast cancer.13 During the
next decade, several clinical trials reported improvement in
disease-free survival with the use of tamoxifen in both preand postmenopausal women with early breast cancer14-16
By binding to the estrogen receptor on cell surfaces in a
compe ve manner, tamoxifen became the mainstay of endocrine interven on in all breast cancer se ngs and is s ll
used today as part of the standard of care. This best-studied
anticancer drug in history, with hundreds of millions of
pa ent-treatment years, essen ally marked the beginning
of the era of tailored or targeted oncology. Most important,
its use has led to clear-cut prolonga ons of pa ents’ lives
in the advanced breast cancer setting17 and to important long-term beneﬁt for pa ents with early-stage breast
cancer.18,19

Aromatase Inhibitors and Ovarian Suppression
The development of aromatase inhibitors, which, by inhibi ng aromatase—the enzyme that catalyzes the conversion of androgens to estrogens—can decrease circula ng
estrogen to nearly zero in postmenopausal women who
already lack ovarian estrogen produc on, was a second
targeted approach that pushed the ﬁeld forward. This approach became the standard of care in postmenopausal
women when several pivotal studies proved it to be more
eﬀec ve than tamoxifen alone.20 More recently, it has
been found that, for premenopausal women with more
aggressive early-stage ER-posi ve breast cancer, inducing menopause either biochemically (with luteinizing hormone releasing hormone analogs such as goserelin21) or
surgically (with oophorectomy) followed by an aromatase
inhibitor is a more eﬀec ve way than use of tamoxifen
alone to prevent recurrence and death as a result of breast
cancer.22
Combining targeted therapies, such as ovarian suppression and aromatase inhibition, can be more effective but
also more toxic than using one drug alone; although the
combination generally is better tolerated than cytotoxic
drugs, endocrine therapies are not without adverse eﬀects.23
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FIGURE 1. Timeline of HER2-Targe ng FDA Approvals in Breast Cancer
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The meline demonstrates rapid and accelerated development of drugs (and indica ons).
Abbrevia on: FDA, U.S. Food and Drug Administra on.

The importance of balance between beneﬁt and toxicity is
something that we have seen with the addition of anti–
CTLA-4 and an –PD-1 therapy in melanoma24 and is something that we certainly will see more of as we combine
targeted therapies in other diseases. Some of the ongoing
conversations about the pros and cons of more aggressive endocrine therapy in early-stage breast cancer25 will
become important in other disease types as well, par cularly
as the op ons for combining targeted therapy move from the
advanced stage to the upfront se ng. Iden ﬁca on of paents for whom more is really more and those who can get
away with less will be cri cally important. Pa ent and societal perspec ves are important as we consider the substan al
cost of many new medica ons and the lingering eﬀects of
ongoing ﬁnancial toxicity on individuals and communi es.26

Fulvestrant
In the metasta c se ng, fulvestrant27 is a selec ve estrogen
receptor downregulator that not only blocks the estrogen
receptor on tumor cells but also permanently degrades it,
which downregulates cellular levels of ER and progesterone
receptor and therefore leads to decreased cell growth in
estrogen-dependent cells. It can be used alone in the metasta c se ng, as can aromatase inhibitors; both can be used
as part of novel combina on approaches with other agents,
such as mTOR or cyclin-dependent kinase (CDK) 4/6 inhibitors28,29; these therapies will be discussed following later
sec ons of this paper.
Endocrine treatments are important in all se ngs of luminal breast cancer therapy. One crucial feature for the
op mal use of these agents is the iden ﬁca on of endocrine responsiveness, which means that proper analy c
quality of receptor expression assays is cri cal to the successful use of endocrine therapy in the clinic. It is likely
that sequen al or concurrent combina ons of endocrine
agents with newer biologic agents will be tested and used
in the future with much more detailed iden ﬁca on of
responsiveness to speciﬁc therapies. As in other areas
of oncology, improved biomarkers to be er iden fy and
eventually be able to individually select pa ents for given
treatments on the basis of accurate predic on of response
and resistance are important subjects of current and future
research eﬀorts.30
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The ﬁrst paper to iden fy HER2 as a proto-oncogene in human breast cancer was published in 1989.31 As we now know,
HER2-overexpressing tumors cons tute 15% to 20% of all tumors in pa ents with breast cancer. Since that me, there has
been an explosion in our understanding of the prognos c and
therapeu c implica ons of this oncogene, and no fewer than
ﬁve drugs that target HER2 have been approved for use in the
metasta c and/or (neo)adjuvant se ng (Fig. 1).
Overexpression of HER2, which occurs in approximately
20% of breast cancers and largely is because of a speciﬁc
gene copy number ampliﬁca on, results in a hyperprolifera ve cancer cell and poor prognosis.32 This, plus emerging evidence that cancer cells can become oncogenically
addicted33—which means that a single aberrant oncogene
becomes such a driving force for growth and prolifera on
that other usually relevant pathways atrophy—makes HER2
a highly a rac ve therapeu c target. This principle of oncogene addic on as it pertains to HER2 was supported by the
ﬁnding that ongoing treatment with the an -HER2 an body
trastuzumab added to capecitabine a er disease progression on trastuzumab improved overall survival compared
with change to capecitabine alone.34 This oncogene addicon is the basis for the prac ce of ongoing HER2 targe ng
a er disease progression.

Trastuzumab
The ﬁrst an -HER2 drug, trastuzumab, is a humanized
monoclonal an body directed at the extracellular domain
of the transmembrane receptor HER2. This engineered
murine-derived an body was, at the me, a highly innovave approach to therapy. Early-phase studies in advanced
“HER2-posi ve” breast cancer (quota on marks reﬂect the
limita on that early assays for HER2 were less accurate than
they are now) revealed long-term progression-free survivors. This became known among pa ent advocacy groups
and resulted in a blessedly short-lived controversy about
compassionate-use trastuzumab as the drug underwent
regulatory approval. Recent advances include valida on of
subcutaneously injected and biosimilar drugs that expand
accessibility and availability of the drug.
Metasta c se ng. On the basis of a seminal phase III trial of
trastuzumab added to diﬀerent chemotherapy backbones
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that revealed great improvement in progression-fee survival
(PFS) and overall survival despite considerable crossover,35
trastuzumab was approved by the FDA in 1998 for use in
combina on with a taxane. The other arm of this trial that
combined trastuzumab with doxorubicin/cyclophosphamide
experienced an unacceptably high (27%) risk of clinical cardiotoxicity. This cardiotoxicity risk has not been replicated in
several (neo)adjuvant trials that allowed concurrent use of
trastuzumab with anthracycline and may have reﬂected the
pretreated nature of the pa ents; however, this risk remains
a considera on in combina on therapy. Subsequent trials established that trastuzumab could be safely and eﬀec vely
combined with a number of chemotherapy partners, including vinca alkaloids, pla nums, and alkylators. Among the
subset of dual hormone receptor–posi ve and HER2-posi ve
cancers, a phase III trial of aromatase inhibi on with or without trastuzumab found that these pa ents did very poorly on
an estrogen alone: PFS was approximately 2 months and was
doubled by the addi on of trastuzumab.36 Today, trastuzumab
is incorporated with chemotherapy or an estrogens in the
ﬁrst-line se ng and, generally, is re-incorporated later with
other backbones, a er ado-trastuzumab emtansine (T-DM1)
or lapa nib-containing regimens.
(Neo)adjuvant se ng. The ﬁrst adjuvant trials of trastuzumab in HER2-posi ve breast cancer were reported simultaneously at a special session during the 2005 ASCO Annual
Mee ng and demonstrated a relapse-free survival advantage when combined in an anthracycline/taxane-based regimen (called AC-TH) in the joint analysis of NCCTG N9831 and
NSABP B-31 results37 and when added a er chemotherapy
in results from the European study HERA.38 These reports,
which were met with a standing ova on (perhaps a ﬁrst in
ASCO Annual Mee ng history), set the standard for incorpora on of trastuzumab into treatment of early HER2-posi ve
breast cancer, and they were conﬁrmed and extended by
the BCIRG006 trial, which also found improved outcomes
when trastuzumab was added to docetaxel plus carboplan (called TCH).39 Recent updates suggest that trastuzumab
added to polychemotherapy results in a 40% propor onal
and nearly 10% absolute overall survival advantage.40 Because
of the aggressiveness of all of these regimens, a simpler
regimen of single-agent taxane for 12 weeks with trastuzumab for 1 year (called TH) was tested in a single-arm
trial in pa ents with low clinical risk and HER2-posi ve disease; results demonstrated a 98% distant disease–free survival at 3 to 4 years and established TH as an acceptable
regimen for stage I disease, especially if tumors were HR
posi ve.41 In all of these trials, trastuzumab was given for
1 year; trials of shorter dura ons have had mixed results.
As a result of these studies, trastuzumab now is incorporated into all neoadjuvant and adjuvant regimens for HER2posi ve disease and is given for 1 year.

Lapa nib
Lapa nib is a small-molecule HER1/HER2 dual inhibitor.
Studies suggest that the clinical eﬀect is driven primarily by
its HER2 eﬀect.

Metasta c se ng. Lapa nib was approved a er a phase
III trial in which was added to capecitabine (as a regimen
called XL) in metasta c trastuzumab-pretreated HER2posi ve breast cancer; results revealed a 50% improvement
in PFS.42 Later studies of lapa nib added to taxanes in the
earlier-line se ng also suggested improvement in outcome;
however gastrointes nal toxicity, par cularly diarrhea, and
pharmacokine c interac on with paclitaxel required dose
reduction43 and made lapatinib a less compelling option
in the first-line metastatic setting. In heavily pretreated
patients, lapatinib added to trastuzumab demonstrated
improved survival compared with trastuzumab alone.44
Added to aromatase inhibitor in dual HR–posi ve, HER2positive breast cancer, lapatinib, like trastuzumab, doubled the baseline, poor, PFS seen with aromatase inhibitors
alone.45 With the development of T-DM1 (discussed later in the paper), XL and lapatinib plus trastuzumab have
become third-line or later regimens but remain reasonable
to use.
(Neo)adjuvant se ng. Lapa nib in the adjuvant se ng
looked promising on the basis of a neoadjuvant study that
demonstrated greatly augmented pathologic complete response compared with chemotherapy plus trastuzumab
alone.46 However, other studies found a more modest impact on pathologic complete response,47,48 and a large adjuvant trial, ALTTO, failed to meet its prespeciﬁed sta s cal
endpoint, although a numeric hazard ra o advantage of
0.84 in favor of lapa nib-containing arms was seen.49 Therefore, lapa nib is not included in neoadjuvant or adjuvant
regimens today.

Pertuzumab
Pertuzumab is another an -HER2 monoclonal an body,
but, unlike trastuzumab, it binds to the heterodimeriza on
domain. Interes ngly, pertuzumab adverse eﬀects include
diarrhea and rash, neither of which typically are associated
with trastuzumab.
Metasta c se ng. Added to trastuzumab plus a taxane in
the ﬁrst-line se ng in the CLEOPATRA trial, pertuzumab
improved both PFS and overall survival, the la er by an
astounding dura on: 16 months.50 This established a new
standard for ﬁrst-line therapy. The beneﬁt of pertuzumab
added to trastuzumab with an estrogens (called THP) also
was demonstrated in the PERTAIN study, in which pertuzumab added 3 months of PFS (HR 0.65) to that of an
aromatase inhibitor plus trastuzumab alone.51 Therefore,
on the basis of its large survival beneﬁt, THP is an accepted
standard of care for ﬁrst-line therapy, Although it is reasonable to consider pertuzumab added to an aromatase
inhibitor plus trastuzumab for ﬁrst-line treatment, it lacks
an overall survival advantage, so most clinicians reserve pertuzumab use for THP; unlike trastuzumab, there are no data
for pertuzumab use a er progression.
(Neo)adjuvant se ng. Results of a single large neoadjuvant
trial, NeoSPHERE demonstrated that pertuzumab added
to chemotherapy plus trastuzumab signiﬁcantly increased
pathologic complete response52; as a result, the FDA for
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the ﬁrst me in 2013 approved a drug on the basis of
the pathologic complete response intermediate endpoint.
This approach was validated by the results of the APHINITY
adjuvant trial, in which event-free survival as an endpoint
was improved by the addition of pertuzumab to AC-TH
(AC-THP) or to the nonanthracycline TCH regimen (called
TCHP),53 which resulted in approval by the FDA for this indication in 2017. However, it should be noted that the
absolute benefit was small (HR 0.81; numerically similar
to ALTTO but sta s cally signiﬁcant), translated to a 1.6%
absolute beneﬁt in recurrence, and is without a known impact on overall survival; however, those analyses are premature. Many clinicians have interpreted the results as
suppor ve of added pertuzumab in high-risk se ngs (i.e.,
hormone receptor–nega ve, node-posi ve disease). Therefore, pertuzumab may be incorporated into neoadjuvant or
adjuvant high-risk se ngs and given for 1 year concurrent
with trastuzumab. The beneﬁt is far less clear in stage I/II
disease. Many investigators who consider de-escalation
trials are favoring trastuzumab plus pertuzumab regimens
with minimizing chemotherapy; however, these regimens
remain unproven.

T DM1
The an body-drug conjugate T-DM1 links the tubulin inhibitor emtansine to trastuzumab, which func onally creates a Trojan horse an -HER2 that spares the toxicity of the
free cytotoxic, which is delivered intracellularly to HER2overexpressing cells. It can produce diarrhea and thrombocytopenia, among other adverse eﬀects, but generally is
well tolerated.

Metasta c Se ng
In the EMILIA trial in pretreated pa ents with HER2posi ve metasta c breast cancer, T-DM1 alone was compared
with capecitabine plus lapa nib, the accepted second-line
regimen at the me, and proved superior from an eﬃcacy
standpoint; results showed a nearly 6-month improvement
in overall survival as well as be er tolerability: 16% fewer
pa ents suﬀered from severe adverse events.54 In the ﬁrstline se ng, the MARIANNE trial found that T-DM1 and
T-DM1 plus pertuzumab were no be er than a taxane plus
trastuzumab55; by inference, T-DM1 is inferior to the standard ﬁrst-line metasta c regimen THP but remains a favored
second-line regimen. T-DM1 is now standard second-line
therapy in countries where it is aﬀordable and available, and
it is given alone.

(Neo)adjuvant Se ng
In the neoadjuvant se ng, the KRISTINE trial found an inferior pathologic complete response rate to T-DM1 plus pertuzumab compared with TCHP, which suggests that, in this
se ng also, T-DM1 is inferior to a free cytotoxic plus trastuzumab.56 No results with T-DM1 in the adjuvant se ng
are available yet, although several trials, such as KATHERINE
(NCT01772472), KAITLIN (NCT01966471), and ATEMPT
(NCT01853748), have been completed but not yet reported.
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As of now, there is no known role for T-DM1 in the early
breast cancer se ng.
Nera nib. This is one of a class of irreversible HER1/HER2
small molecule inhibitors that has been in development for
several years; in this case, the drug was developed over me
by mul ple drug companies. Although toxicity is an important issue—diarrhea predominates—central nervous system
penetrance is one of the areas of interest for this class.
Metasta c se ng. In the NEFERT-T ﬁrst-line trial, nera nib
plus paclitaxel showed eﬃcacy similar to that of trastuzumab
plus paclitaxel,57 which suggests inferiority to the standard
THP ﬁrst-line regimen. Central nervous system progression
appeared less frequent and occurred later in the nera nib
arm of NEFERT-T; however, a Transla onal Breast Cancer
Research Consor um (TBCRC) phase II trial of single-agent
nera nib in progressive central nervous system metastases
in HER2-posi ve disease found an only 8% response rate.58
The role of nera nib at this me in the metasta c se ng is
unclear; addi onal studies are needed.
(Neo)adjuvant se ng. In the ISPY2 adap ve randomiza on
neoadjuvant series, nera nib was compared with trastuzumab combined with a taxane and then followed by AC,
and there was a suggestion of superiority in the HER2posi ve cohort, especially those pa ents whose disease was
hormone receptor nega ve59; by ISPY2 design, this is sugges ve but not deﬁni ve. More compelling evidence comes
from the adjuvant ExteNET trial, in which women were randomly assigned to receive nera nib versus placebo a er
comple on of the year of trastuzumab. This trial at 5 years
revealed 27% fewer invasive disease-free survival events
(absolute diﬀerence, 2.5%); however, without aggressive
prophylaxis, approximately 40% of pa ents suﬀered grade
3 diarrhea.60 It should be noted that the adjuvant HERA trial
of trastuzumab versus nothing61 examined 2 years versus
1 year of treatment without ﬁnding a diﬀerence in outcome.
In ExteNET, this beneﬁt somewhat surprisingly appeared
to be driven largely by the HR-posi ve and node-posi ve
(especially ≥ four nodes) subsets. On the basis of these
ﬁndings, the FDA nera nib for adjuvant use in 2017. Many
clinicians are s ll struggling to interpret and apply these
ﬁndings in clinical care; most consider nera nib in highrisk node-posi ve se ngs, especially if the cancer also is
HR posi ve.

Future Direc ons
Despite these advances in the management of HR-posi ve
and HER2-overexpressing tumors, relapse and the development of metasta c disease are s ll very real problems,
and the ﬁnal common pathway for pa ents with HR-posi ve
and HER2- posi ve metasta c breast cancer is the development of resistance to targeted treatments and con nued
progression of disease. The resistance to endocrine therapy
or an -HER2 therapy can be either intrinsic (de novo) resistance, wherein the tumor never responds to endocrine/
an -HER2 therapy, or—more o en—acquired resistance, in
which the response wanes over me and the cancer eventually progresses.62
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RESISTANCE TO TARGETED THERAPY IN HR
POSITIVE BREAST CANCER
An endocrine-sensitive cell depends on the ER to internalize estrogen and transport it to the nucleus to allow
for cellular prolifera on. In the se ng of endocrine resistance, other pathways are ac vated, which allows the cell
to proliferate despite appropriate ER blockade (tamoxifen)
or lack of estrogen (aromatase inhibitors). Several biologic
mechanisms of resistance have been postulated, including
ER pathway altera ons (loss of ER expression, ESR1 mutaon), cell cycle machinery (loss of Rb gene, p16 and p18
altera on), upregula on of alternate pathways (EGFR, HER2,
PI3K, and mitogen-activated protein kinase overexpression), and changes in the apoptosis mechanisms and tumor
microenvironment.63 Dual targe ng may be important to
prevent cancer cell prolifera on in this se ng.

CDK 4/6 inhibitors
The CDK inhibitor story is perhaps one of the most important targeted therapy stories of the past few years. Scien sts
discovered that Rb phosphoryla on by CDK 4/6 promotes
the G1-to-S phase transi on and that this pathway may be
upregulated in endocrine-resistant cells.64 If CDK 4/6 could
be blocked and control over the cell cycle could be regained,
perhaps cancer cells would remain sensi ve to endocrine
therapy. PALOMA-1 (NCT02614794), the ﬁrst randomized
trial of CDK 4/6 inhibi on in breast cancer, was a phase II
study to evaluate letrozole plus palbociclib, a CDK 4/6 inhibitor, versus letrozole alone as ﬁrst-line therapy for metasta c ER-posi ve breast cancer.65 Extraordinarily, the PFS
was 20.2 months for the palbociclib arm, which resulted
in the accelerated approval of palbociclib in this se ng in
February 2015. Subsequent phase III data (PALOMA-2)66
conﬁrmed this doubling of PFS with the use of palbociclib in
the frontline se ng, and two addi onal CDK 4/6 inhibitors,
ribociclib and abemaciclib, are now on the market. These
three agents have extended countless lives when used with
aromatase inhibitors as part of ﬁrst-line therapy for metasta c disease,67 or with fulvestrant68,69 in second-line therapy.
Several clinical trials are either ongoing (NCT02513394,
NCT03155997) or planned (NCT03285412) to look at the
use of CDK 4/6 inhibitors in stage II/III high-risk ER-posi ve
breast cancer to see if incorpora on of this class of drugs
into adjuvant therapy reduces the risk of developing metasta c disease.

mTOR Inhibitors
Inhibitors of mTOR comprise another important chapter in
the story of endocrine resistance. mTOR ac vates ER in a
ligand-independent fashion, and hyperac va on of this
pathway has been observed in endocrine-resistant breast
cancer cells. 70 Therefore, mTOR has become a rational
target to enhance the efficacy of hormonal therapy. The
BOLERO 2 trial showed that, in pa ents with ER-posi ve
metasta c breast cancer resistant to letrozole or anastrozole who were given exemestane as the next line of therapy,
the mTOR inhibitor everolimus, when given with exemes-

tane, could extend PFS from 4.1 months to 10.6 months.71
Everolimus is used regularly now in the treatment of paents with metastatic breast cancer, and, like CDK 4/6
inhibitors, is being evaluated in clinical trials in the upfront setting (NCT01674140, NCT01805271). Several other
studies (NCT02732119, NCT02871791) looking at triplet
combina ons—endocrine therapy with CDK 4/6 inhibi on
and mTOR inhibi on—as a way to improve outcomes for
pa ents with stage IV disease.

Inves ga onal Agents
A number of ongoing clinical trials are exploring the op mal combina on and sequencing of the above-men oned
therapies in ER-posi ve metasta c disease and at other possible therapeu c targets. En nostat is a small molecule of
class I histone deacetylases that is thought to prevent the
emergence of drug-tolerant clones and to sensi ze cells
to an cancer therapies.72 A phase II trial showed that en nostat added to exemestane prolonged PFS compared with
exemestane alone (4.3 vs. 2.3 months) and, even more
interes ngly, extended overall survival even longer (26.9
months vs. 19.8 months).73 E2112 (NCT02115282) is a phase
III randomized controlled trial, the results of which will likely
dictate whether en nostat becomes part of the arsenal of
therapies available for management of ER-posi ve metasta c disease.
Muta ons in ESR1, which are found rarely in untreated
ER-posi ve breast cancer, are present in 20% to 50% of
those pa ents who experience progression during treatment with an aromatase inhibitor. These muta ons have
been shown to predict resistance to addi onal aromatase
inhibitor–based therapy and to suggest better responsiveness to fulvestrant-containing regimens.74 As a result,
a number of companies have developed an interest in
designing more potent selec ve estrogen receptor downregulators that may have poten al uses in this popula on.
Bardia et al75 presented data from a phase I trial of the
oral selec ve estrogen receptor downregulator RAD1901
at the 2017 ASCO Annual Meeting; the study demonstrated a 23% objec ve response rate among 40 heavily
pretreated women with ER-posi ve, HER2-nega ve breast
cancer.

Ongoing Research in HER2-Posi ve Breast Cancer
With so many excellent drugs at our disposal to treat
HER2-posi ve disease, the future lies in improved tailoring
of therapy. We now have mul ple targeted agents for use in
the metasta c se ng, as described. Others include tuca nib, a potent and selec ve oral HER2 inhibitor that recently
has been granted orphan drug designa on for pa ents with
HER2-posi ve brain metastases and that represents an exci ng new op on for this group of pa ents. The HER2CLIMB
trial (NCT02614794) is ac vely enrolling.
Recent studies suggest that HER2-posi ve disease is
highly heterogeneous; the disease incorporates all of the
subtypes, especially the HER2-enriched and luminal subtypes. Studies of CDK 4/6 inhibi on are ongoing in pa ents
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

83

MEISEL ET AL

with ER+ and HER2+ breast cancers, which typically have
lower pCR rates as a result of neoadjuvant HER2-based
chemotherapy in the upfront se ng; it is believed that
crosstalk between HER2 and ER signaling may play a role
in tumor resistance and that inhibi on of CDK 4/6 may
prevent progression of disease in this situa on. MonarcHER
(NCT02675231) has just closed to accrual, looking at CDK
4/6 inhibition in the third-line setting for metastatic disease, and PATINA (NCT02947685), which started recrui ng
more recently, brings palbociclib to the ﬁrst-line metasta c
se ng.

CONCLUSION
Targeted therapy has been an area of much focus in all
malignancies, and this time in our history has been referred to regularly as the era of precision medicine.76

As our understanding of genomics, driver pathways, and
muta onal evolution deepens, we will continue to move
the field forward. Those in the field of breast cancer
have already had to ask some of the questions that will
shape the future of oncology therapeutics more broadly: Once we understand how to approach a target, how
do we change or modify the approach when resistance
develops? If we identify targeted treatments that work
well in advanced-stage disease, can and should we move
them forward into the upfront setting? Can we combine
multiple targeted therapies, and at what cost—to the patient and to society? When is doing more too much, and
when it is necessary? These are all questions that we will
con nue to ask ourselves, in the ﬁeld of breast cancer and
beyond, as we reﬁne our deﬁni ons of and our approach to
precision medicine.
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Lifestyle Modiﬁca ons and Policy Implica ons for Primary
and Secondary Cancer Preven on: Diet, Exercise, Sun Safety,
and Alcohol Reduc on
Noelle K. LoConte, MD, Jeﬀrey E. Gershenwald, MD, Cynthia A. Thomson, PhD, RDN,
Tracy E. Crane, PhD, RDN, Gil E. Harmon, MD, and Ruth Rechis, PhD
OVERVIEW
Improved cancer treatments and cancer detec on methods are not likely to completely eradicate the burden of cancer.
Primary preven on of cancer is a logical strategy to use to control cancer while also seeking novel treatments and earlier
detec on. Lifestyle modiﬁca on strategies to improve primary preven on and risk reduc on for the development of cancer include choosing a healthy diet with an emphasis on plant sources, maintaining a healthy weight throughout life, being
physically ac ve, regularly using sunscreen and wearing protec ve clothing, limi ng sun exposure during the hours of
10 AM to 2 PM, avoiding indoor tanning, and reducing or elimina ng alcohol use. In addi on to con nued use of ongoing
educa on of the public, health care providers, and cancer support communi es, other policy and public health eﬀorts
should be pursued as well. Examples of supported and successful policy approaches are included in this ar cle, including
eﬀorts to limit indoor tanning and improve community-wide interven ons to reduce ultraviolet radia on exposure as well
as to formally support various alcohol policy strategies including increasing alcohol taxes, reducing alcohol outlet density,
improving clinical screening for alcohol use disorders, and limi ng youth exposure to alcohol marke ng and adver sing.
These preven on strategies are expected to have the largest impact on the development of melanoma as well as breast,
colorectal, head and neck, liver, and esophageal cancers. The impact of these strategies as secondary preven on is less
well understood. Areas of addi onal needed research and implementa on are also highlighted. Future areas of needed
research are the eﬀects of these modiﬁca ons a er the diagnosis of cancer (as secondary preven on).

T

he role of diet and physical ac vity in cancer preven on
and survivorship has been widely studied in epidemiology. Expert reports and consensus statements from leading
cancer organiza ons suggest that these modiﬁable lifestyle
behaviors account for between 30% and 50% of cancers.1,2
Several reports, including a systema c review, have demonstrated that if Americans were to adhere to the American
Cancer Society (ACS) guidelines for cancer preven on, cancer
rates would be reduced by an es mated 17% overall and by
up to 60% for select cancers (e.g., colorectal cancer) in highrisk groups.3,4 A major driver of cancer risk is obesity. Over
the past several decades, rates of obesity have escalated
to epidemic propor ons in the United States, increasing
cancer risk across the popula on. It is es mated that obesity accounts for 14% to 20% of the a ributable cancer risk
for U.S. adults and as much as 50% of all cancers for people

younger than age 65.5 A 2016 report from the Interna onal
Agency for Research on Cancer (IARC)6 listed 13 cancers
as “obesity related” and 18-year follow-up data from
the Nurses’ Health Study demonstrate adult weight gain
as having a major inﬂuence on cancer risk in adulthood.7
These ﬁndings highlight the need to promote life-long
weight management as an eﬀec ve strategy to reduce cancer burden.

GUIDELINES FOR CANCER PREVENTION
The ACS8 and the American Ins tute for Cancer Research/
World Cancer Research Fund9 have provided guidelines for
cancer preven on (and survivorship) for more than 20 years.
These guidelines address several lifestyle behaviors, including avoidance of tobacco products and alcohol, weight management, healthy food choices, and regular physical ac vity

From the Carbone Cancer Center and University of Wisconsin School of Medicine and Public Health, Madison, WI; Department of Surgical Oncology, Melanoma and Skin Center,
The University of Texas MD Anderson Cancer Center, Houston, TX; Department of Health Promo on Sciences, Mel and Enid Zuckerman College of Public Health, University of Arizona Cancer Center, Tucson, AZ; Biobehavioral Health Sciences Division, College of Nursing, University of Arizona Cancer Center, Tucson, AZ; Department of Medicine, University
of Wisconsin School of Medicine and Public Health, Madison, WI; Be Well Communi es, Cancer Preven on and Control Pla orm, The University of Texas MD Anderson Cancer
Center, Houston, TX.
Disclosures of poten al conﬂicts of interest provided by the authors are available with the online ar cle at asco.org/edbook.
Corresponding author: Noelle K. LoConte, MD, Carbone Cancer Center and University of Wisconsin School of Medicine and Public Health, 600 Highland Ave., CSC K4/538
(MC 5666), Madison, WI 53792; email: ns3@medicine.wisc.edu.
© 2018 American Society of Clinical Oncology

88

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

LIFESTYLE MODIFICATIONS AND POLICY IMPLICATIONS FOR CANCER PREVENTION

SIDEBAR 1. American Cancer Society and American Ins tute for Cancer Research/World Cancer Research Fund
Guidelines for Cancer Preven on
Achieve and maintain a healthy weight throughout life:
• Be as lean as possible throughout life without being underweight.
• Avoid excess weight gain at all ages. For those who are overweight or obese, losing even a small amount of weight
has health beneﬁts.
• Engage in regular physical ac vity and limit consump on of high-calorie foods and beverages as key strategies for
maintaining a healthy weight.
Adopt a physically ac ve lifestyle:
• Adults should engage in at least 150 minutes of moderate-intensity physical ac vity or 75 minutes of vigorous intensity ac vity each week, or equivalent combina on, preferably spread throughout the week or an es mated 30
minutes of moderate to vigorous ac vity daily.
• Children and adolescents should engage in at least 1 hour of moderate or vigorous intensity ac vity each day, with
vigorous intensity ac vity at least three mes per week.
• Limit sedentary ac vity such as si ng, lying down, watching television, or other forms of screen-based entertainment.
• Doing some physical ac vity above usual ac vity can have health beneﬁts.
Consume a healthy diet, with an emphasis on plant sources:
• Choose foods and beverages in amounts that help maintain a healthy weight. Avoid sugary drinks. Limit consump on
of energy-dense foods.
• Limit consump on of processed meats and red meat.
• Eat at least 2.5 cups of vegetables and fruits each day. Eat more of a variety of vegetables, fruits, whole grains, and legumes.
• Choose whole grains instead of reﬁned grain products.
• Limit consump on of salty foods and foods processed with salt (sodium).
• If you drink alcoholic beverages, limit consump on.
• Do not use dietary supplements to protect against cancer.
• It is best for mothers to breast-feed exclusively for up to 6 months, thus promo ng healthy weight in mothers and infants.
Adapted from the American Cancer Society8 and the American Ins tute for Cancer Research/World Cancer Research Fund.9

as well as mely cancer screening. The guidelines are summarized in Sidebar 1.8,9
ACS expanded its recommenda ons in 2012 to include the
following call for community ac on to improve the diet and
exercise of communi es:

PRACTICAL APPLICATIONS
• Lifestyle behaviors play a substan al role in reducing
cancer incidence, comorbidity, and survival.
• As such, clinicians should rou nely evaluate lifestyle
behaviors and promote healthy lifestyles to reduce the
cancer burden.
• Health promo on for cancer risk reduc on should include
healthy food choices, regular physical ac vity, reduc on
or avoidance of alcohol, and sun-protec ve behaviors.
• Policy strategies are an eﬀec ve approach to limi ng
ultraviolet radia on exposure and reducing high-risk
alcohol consump on, thereby reducing the incidence of
cancer.
• Whether lifestyle behavior changes can inﬂuence cancer
recurrence or secondary cancer development is an area
of needed future research.

Public, private, and community organiza ons should work
collabora vely at na onal, state, and local levels to implement policy and environmental changes that:
(1) Increase access to aﬀordable, healthy foods in communi es, worksites, and schools and decrease access
to marke ng of foods and beverages of low nutri onal
value, par cularly to youth, and
(2) Provide safe, enjoyable, and accessible environments
for physical ac vity in schools and worksites and for
transporta on and recrea on in communi es.
The American Ins tute for Cancer Research/World Cancer
Research Fund guidelines are con nuously reviewed and the
epidemiologic evidence evalua ng the role of diet, physical
ac vity, and cancer is updated based on new evidence. The
ACS guidelines are updated by experts in the ﬁeld every 5 to
7 years; a 2018 update is currently underway. Among the expected advances will be a greater emphasis on the combined
impact of cancer-preven ve health behaviors in reducing cancer risk and cancer mortality as well as the need to promote
healthy ea ng pa erns,10 including the Mediterranean diet.11
In the area of obesity, beyond adult weight gain and
high body mass index, guidelines are expected to include
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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FIGURE 1. Biologic Mechanisms by Which Diet, Physical Ac vity, and Obesity Modulate Cancer Risk

greater emphasis on metabolic health. Recent evidence
suggests that even those with a normal body mass index
may demonstrate metabolic dysregula on, which promotes
cancer.12 In addition, work from the Caan laboratory at
Kaiser Permanente suggests that beyond adiposity, there is
a vital role for lean mass in rela on to cancer survival, as
evidenced for colorectal cancer.13

MECHANISMS: DIET AND PHYSICAL ACTIVITY
MODULATION OF CANCER RISK
In addi on to the substan al epidemiologic evidence demonstra ng rela onships between diet, physical ac vity, and
cancer, there are relevant biologic mechanisms that support
a modifying eﬀect of these lifestyle exposures on cancer risk
and recurrence, as illustrated in Figure 1.
Diet, physical activity, and weight control each have
independent and potentially additive effects on these
cancer-modula ng biologic mechanisms. Healthy lifestyle
choices promote a cancer-suppressing environment at the
host/systemic, organ/ ssue, and DNA/gene c levels, thus
amplifying the poten al together to reduce cancer risk.

EVIDENCE FROM RANDOMIZED CONTROLLED
TRIALS
The evidence suppor ng a role for diet and physical ac vity
in cancer risk reduc on is largely limited to epidemiology.
A few randomized controlled trials have been conducted.
The largest trial was the Women’s Health Ini a ve, which
included an evalua on of a low-fat diet for the preven on
of breast and colorectal cancer as well as the role of vitamin
D plus calcium supplementa on. These trials showed no signiﬁcant (p = .07 for ref 14, p = .51 for ref 15) overall reducon in cancer risk a er an es mated 8 years of follow-up.14,15
There was a 9% lower risk for breast cancer among women
randomly assigned to the low-fat diet who entered the
trial with higher dietary fat intake.14 The SELECT trial showed
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no reduction in prostate cancer risk with selenium and
vitamin E supplementation,16 similar to null or even adverse ﬁndings from other supplement trials with compounds such as beta-carotene (CARET study)17 or B vitamins
(VITAL study).18 There are currently essen ally no randomized controlled trials evalua ng the eﬀect of physical ac vity
on cancer risk.
In the area of cancer survivorship, randomized controlled
trials have largely focused on modula on of intermediate
biomarkers of cancer risk, including many of the mechanisc biomarkers deﬁned in Figure 1. In general, the trials conducted have been focused on the more common cancers—
predominantly breast cancer, as well as prostate, colorectal,
and endometrial cancers. The impact of interven ons on
cancer-related outcomes is summarized with select studies
in Table 1.19-27
In summary, the role of diet, physical ac vity, and weight
management in cancer preven on and survivorship is
well established in terms of the epidemiologic evidence
and biologic plausibility. Randomized controlled trials remain sparse and are largely focused on recurrent disease
among cancer survivors. The eﬀect of interven ons has
been demonstrated but not consistently, par cularly when
recruitment includes rela vely “healthy” volunteers. Recommenda ons for obesity clinical trials in cancer survivorship have been published, including a 2015 report from
ASCO.28 Guidelines suggest that trials be conducted by muldisciplinary teams, focus on more common obesity-related
cancers with higher mortality or recurrence risk, and be
sta s cally powered to evaluate cancer outcomes and economic endpoints as well as current approaches focused
largely on intermediate biomarkers. Priority should be given
to transla ng the evidence for diet, ac vity, and weight
management into clinical and community prac ce as recommended by the Na onal Comprehensive Cancer Network and others.29-32
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(2017)24

Harrigan et al
(2016)25

Trial Name

WHEL
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PAL

RENEW

Yale Exercise
Study

LIVESTRONG
YMCA

LEAN

Overweight breast
cancer survivors

All cancer types, 53%
breast cancer

Breast cancer
survivors

100

186

75

X

X

X

641

X

Physical
Ac vity

Overweight,
older breast and
prostate cancer
survivors

X

X

Diet

X

2,437

3,088

Number of
Par cipants

Breast cancer
154
survivors with
lymphedema or at
risk for lymphedema

Breast cancer
survivors

Breast cancer
survivors

Popula on

X

X

Weight Loss

RCT with assignment to usual care
vs. in-person or telephone-based
weight loss interven on

RCT with assignment to the YMCA
LIVESTRONG exercise program vs.
control

RCT with assignment to a 6-month
aerobic exercise interven on vs.
usual care

RCT with assignment to a waitlist
control or a 12-month home-based
tailored print and telephone-based
interven on aimed at increasing
healthy lifestyle behaviors and
modest weight loss

RCT with assignment to either a
13-week supervised weightli ing interven on followed by
unsupervised exercise for 9 months
vs. no exercise control

RCT with assignment to either a
low-fat (< 15% calories from fat)
in-person interven on or usual care

RCT with assignment to either a
telephone-based interven on of ﬁve
servings of vegetables per day, 16
ounces of vegetable juice per day,
three servings of fruit per day, and
30 g of ﬁber per day vs. usual care
(ﬁve a day)

Interven on

TABLE 1. Select Lifestyle Interven on Trials and Related Health Outcomes in Cancer Survivorship

Con nued

Women assigned to the in-person
interven on lost 6.4% of body weight
vs. 5.4% and 2.0% in the telephone
and usual care groups, respec vely.
Those in the interven on arms also
had a 30% reduc on in hsCRP

71% vs. 26% met > 150 minutes of
physical ac vity per week, and improved distance in the 6-minute walk
test and overall quality of life in the
interven on vs. control arm

No observed diﬀerences between
groups on markers of inﬂamma on.
Secondary analysis among women
mee ng 80% of the exercise goal
demonstrated reduc ons in interleukin-6

Signiﬁcant increases in physical ac vity,
diet quality, and quality of life and a
2-kg weight loss diﬀerence in interven on vs. control par cipants

Exercise interven on did not increase
risk for lymphedema among women
at high risk for developing lymphedema and decreased symptoms of
lymphedema among women with
lymphedema

No diﬀerence between groups for
overall disease progression; however,
survival diﬀerences observed by
hormone status for women most
adherent to the diet

No diﬀerence in breast cancer recurrence between groups; however,
secondary analyses revealed that
women in the highest quar le of
plasma carotenoids experienced a
reduced risk of recurrence

Outcome
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Demark-Wahnefried et al
(2007)26

Hawkes et al
(2013)27

FRESH START

CanChange

Colorectal cancer
survivors

Breast and prostate
cancer survivors

Popula on

410

543

Number of
Par cipants

Abbrevia ons: BMI, body mass index; hsCRP, high-sensi vity C-reac ve protein; RCT, randomized controlled trial.

Reference

Trial Name

X

X

Diet

X

X

Physical
Ac vity

X

X

Weight Loss

RCT with assignment to either usual
care or a telephone-based health
coaching interven on for 6 months

RCT with assignment to nontailored
print vs. tailored print materials for
improving healthy lifestyle behaviors

Interven on

TABLE 1. Select Lifestyle Interven on Trials and Related Health Outcomes in Cancer Survivorship (Cont'd)

Par cipants in the interven on
increased moderate to vigorous
physical ac vity by 28.5 minutes per
week and 0.4 servings of fruits and
vegetables per day compared with
the control and decreased calories
from fat by 7% and BMI by 0.9 kg/m2

Both groups improved; however, the
tailored print group experienced
greater gains in minutes of exercise
per week (+59 vs. +39 minutes), fruit
and vegetable intake (+1.1 vs. +0.6
servings per day), and BMI (−0.3 vs.
+0.1 kg/m2)

Outcome
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MELANOMA PREVENTION: LIFESTYLE
CHANGES AND LEGISLATION
In 2018, it is es mated that 91,270 individuals will be diagnosed with melanoma, the most lethal form of skin cancer.33 Although the rate of almost all cancers is decreasing,
the incidence of melanoma con nues to rise34; melanoma is
clearly a major public health problem.35 Tempering some of
the concerns related to these observed trends, early-stage
melanoma (the most common melanoma diagnosis in the
United States) is generally associated with a favorable outcome. For pa ents with advanced disease, whose survival
has historically been measured in months, unprecedented
an tumor ac vity and evolving survival beneﬁt from novel
targeted therapies and immunotherapies have ushered in
a new era for pa ents with unresectable and/or metasta c
melanoma; these therapeutic advances are also beginning to favorably impact survival for pa ents in the adjuvant
arena.36-45
Fortunately, advances in our understanding of risk factors associated with melanoma have also matured. There
is compelling evidence that ultraviolet radia on (UVR) exposure contributes to melanoma risk.46,47 In 2009, UVR from
the sun or from indoor tanning devices was classiﬁed as a
class I carcinogen by the World Health Organiza on IARC.47
Indeed, nearly 95% of all skin melanoma cases and deaths
in the United States are a ributable to UVR.48 Recommenda ons for reducing melanoma risk focus on minimizing
overexposure to the sun and avoiding use of indoor tanning. In the absence of new public health interven ons, it
is es mated that by 2030, 112,000 new invasive melanomas
(i.e., exclusive of melanoma in situ) will be diagnosed in the
United States.43,49
Lifestyle recommenda ons for melanoma preven on include regularly using sunscreen and wearing protective
clothing, seeking shade and limi ng me outdoors during
the hours of 10 to 2 , and avoiding indoor tanning.43,50 Recent studies from Norway51 and Australia52 have shown that
regular sunscreen use by adults reduces melanoma risk.
Sun-protec on prac ces are also important for youth; having ﬁve or more blistering sunburns while young has been
es mated to increase the risk of melanoma by 80%.48 Increasing ongoing sun exposure in childhood and throughout
one’s life me is known to be associated with an increased
risk of skin cancer and melanoma.53 The risk of melanoma
is also higher among those who ini ate indoor tanning at a
young age and those who frequently indoor tan.54,55
Unfortunately, preven ve prac ces are not regularly followed. Based on the 2013 Youth Risk Behavior Survey, a naonally representa ve sample of high school students, only
10% reported using sunscreen with a sun protec on factor
of 15 or higher always or most of the me when outside
for more than 1 hour on a sunny day.56 In addi on, most
respondents (56%) reported having one or more sunburns
in the prior year.56 Access to tanning facili es also helps support the prac ce of indoor tanning; the number of tanning
facili es exceeds that of Starbucks and McDonald’s restaurants in more than 100 major U.S. ci es.57

SIDEBAR 2. The U.S. Surgeon General’s Call to Ac on
to Prevent Skin Cancer: Five Strategic Goals
• Increase opportuni es for sun protec on in outdoor se ngs
• Provide individuals with informa on to make informed, healthy choices about ultraviolet radia on
exposure
• Promote policies that advance the na onal goal of
preven ng skin cancer
• Reduce the harms from indoor tanning; and
• Strengthen research, surveillance, monitoring, and
evalua on related to skin cancer preven on.
Adapted from the U.S. Department of Health and Human Services.50

Recognizing the importance of establishing skin cancer
preven on as a na onal priority, The Surgeon General’s Call
to Ac on to Prevent Skin Cancer was released in July 2014.
This call to ac on described preven on strategies and called
on all community sectors to play a role in protec ng Americans from UVR from the sun and ar ﬁcial sources.50 It set
forth ﬁve main goals50 that if successfully and broadly enacted could signiﬁcantly reduce the burden of skin cancer in
the United States (Sidebar 2). Strategies that support goals
related to lifestyle modiﬁca ons to reduce the burden of
melanoma are outlined below.

Reducing the Harms From Indoor Tanning
There is compelling evidence that ar ﬁcial UVR exposure
from indoor tanning is an independent risk factor for melanoma.54,55,58,59 Moreover, data from The Cancer Genome
Atlas ini a ve reveal that cutaneous melanoma has the
highest soma c muta on rate of all tumors explored, and
underlying muta ons demonstrate transi on pa erns associated with a ultraviolet signature.60,61 Despite convergence
of epidemiologic and gene c data, an es mated 11.3 million people in the United States engaged in indoor tanning
in 2013, 1.6 million of whom were younger than age 18.62,63
Based on a recent Centers for Disease Control and Prevenon analysis, if no minors currently age 14 and younger
ever indoor tanned as minors (younger than age 18), more
than 61,000 cases and more than 6,700 deaths would be
averted.64 If the same cohort of youth never indoor tanned
during their life mes, more than 200,000 melanoma cases
and more than 23,000 melanoma deaths would be averted,
saving nearly $1.1 billion in life me treatment costs.64
Several legisla ve and regulatory prac ces have been implemented to address the harms of indoor tanning. In 2014,
the U.S. Food and Drug Administra on (FDA) reclassiﬁed tanning devices from “low-risk” class I to “moderate-risk” class II,
added a visible “black box” warning, and required stricter
controls for design and safety.65 In December 2015, the FDA
proposed a federal rule restric ng minors’ access to tanning
beds and requiring that sunlamp manufacturers and tanning
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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FIGURE 2. 2017 Tanning Bed Restric on: Under Age 18 Legisla on Across the United States (as of July
2017)

Reprinted from the Centers for Disease Control and Preven on.68

facilities take additional measures to improve the overall safety of these devices66; this is currently on hold.67 In
2012, the ﬁrst two states enacted legisla on to restrict minors
younger than age 18 from indoor tanning facili es. As of
January 2018, 17 states and the District of Columbia have
prohibited indoor tanning among minors younger than age
18 (Fig. 2).68
Importantly, there are evolving data to support that these
legisla ve and regulatory ini a ves are having an impact. In a
study in Texas, 81% of tanning facili es contacted in a mystery
shopping–style study were compliant.69 Furthermore, results
from the 2015 Youth Risk Behavior Survey70 and the Na onal
Health Interview Survey71 showed a signiﬁcant decline in indoor tanning among both students and adults (Figs. 2 and 3).68
Eﬀorts con nue to empower policymakers to make informed decisions regarding the dangers of indoor tanning,
such as those led by the ACS–Cancer Ac on Network, a
nonproﬁt advocacy aﬃliate of the ACS. As part of its coordinated commitment to melanoma preven on, a collabora ve
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2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

and mul disciplinary research ini a ve known as the Moon
Shots Program,72 The University of Texas MD Anderson Cancer Center (MD Anderson) served as the primary scien ﬁc
and clinical resource for the Texas Legislature in 2013 on
adop on of a law prohibi ng tanning beds for minors younger
than age 18. MD Anderson partners with the ACS–Cancer
Ac on Network to share lessons learned and disseminate
the policy to other states.73 Aligning these approaches with
education about the harms of indoor tanning and UVR
overexposure, beginning with our youth, holds tremendous
promise toward reducing the burden of melanoma.

Youth Educa on Approaches
In the United States, approximately 55 million students
will a end public and private elementary and secondary
schools.74 Because UVR overexposure increases the risk of
melanoma,75 it is important to implement skin cancer preven on ini a ves early, making schools an ideal se ng for
such eﬀorts. Recognizing the need to reach children early,

LIFESTYLE MODIFICATIONS AND POLICY IMPLICATIONS FOR CANCER PREVENTION

FIGURE 3. Percentage of U.S. High School Students Who Used an Indoor Tanning Device in the Past
Year, by Sex, 2009 to 2015

Reprinted from the Centers for Disease Control and Preven on.68

MD Anderson developed Ray and the Sunbeatables, a sun
safety program for preschoolers, kindergarteners, and ﬁrstgrade students as part of the melanoma preven on ini ave of the Moon Shots Program.76 This evidence-based curriculum educates children, parents, and teachers about sun
protec on and promotes sun safety behaviors.76 In the later
grades, programs such as SunWise and SunSmart have been
instrumental in increasing sun safe messages throughout
the United States and Australia to eﬀect lifestyle change.77,78
According to the 2014 School Health Policies and Prac ces
Study, 66% of U.S. elementary, middle, and high schools implemented sun safety or skin cancer preven on instruc on.68,79
Despite this progress, fewer than one-half of schools recommend and almost no schools require policies and pracces related to sun safety, such as allowing or encouraging
students to apply sunscreen while at school, encouraging
students to wear sun-protec ve clothing, or scheduling
outdoor ac vi es when the sun is not at peak intensity.79
Moreover, many states have rules or policies that may
make using sunscreen or being protected from the sun
more diﬃcult, such as restric ons on wearing hats during
the school day. Furthermore, the FDA considers sunscreen
as an over-the-counter drug product; as a result, in some
schools, students are prohibited from bring sunscreen
without a note from a physician.68 To address the issue
of limited sunscreen availability, an increasing number of
states have adopted legisla on to allow children to possess and use sunscreen on public school property and at
school events.68,80

Community-Wide Interven ons Focused on
Modifying Healthy Behaviors Including Decreasing
UVR Exposure
The Community Preven ve Services Task Force, an independent, nonfederal panel of public health and preven on
experts that provides evidence-based recommenda ons
about community preven ve interven ons, conducted a
comprehensive systema c review of interven ons for skin
cancer. They iden ﬁed ﬁve areas for implementa on: (1)

child care center–based interventions, (2) primary and
middle school–based interventions, (3) interventions in
outdoor occupa onal se ngs, (4) interven ons in outdoor
recrea onal and tourism se ngs, and (5) mul component
community-wide interven ons.81
Mul component community-wide interven ons to prevent skin cancer combine individual-directed strategies
(e.g., items 1–4 above), mass media campaigns, and environmental and policy changes across mul ple se ngs
within a deﬁned geographic region in an integrated eﬀort to
inﬂuence ultraviolet-protec ve behaviors. These intervenons have been shown to prevent skin cancer by increasing ultraviolet-protec ve behaviors by increasing sunscreen
use.81 An example of this type of programming is being
implemented by MD Anderson’s Be Well Communi es, a
community-driven, place-based approach to cancer prevenon and control.82
Another important feature of the community-wide approach is that it can simultaneously target mul ple aspects
of cancer preven on; successful implementa on can have
a beneﬁcial mul plica ve eﬀect by favorably impac ng lifestyles that support cancer preven on ini a ves. For example, one way to address obesity, which is itself a risk factor for
cancer (as described above), is to increase physical ac vity.83
If individuals are encouraged to be physically ac ve outdoors in a way that also addresses prolonged periods of sun
exposure, mul ple beneﬁcial endpoints may be achieved.
For example, increased ac ve use of parks has been linked
to the availability of shade and/or shade-providing devices
among parents and/or caregivers.84-86
In summary, abundant epidemiologic and gene c data
support the role of UVR exposure in increasing melanoma
risk. Development and successful implementa on of primary prevention strategies that support The Surgeon
General’s Call to Ac on have the capacity to reduce melanoma risk. Lifestyle changes—informed and promulgated
by broad- and evidence-based educational programs,
legisla ve eﬀorts, and mul component community-wide
initiatives—represent important elements of an overall
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effort to signiﬁcantly reduce the public health burden of
melanoma in the future.

ADDRESSSING ALCOHOL AS AN APPROACH
TO CONTROL CANCER
ASCO has recently joined a number of other interna onal cancer care and public health organiza ons in suppor ng measures to reduce high-risk alcohol consump on. In its recently
published statement on alcohol and cancer,87 which represents
its ﬁrst formal statement on the topic, the ASCO Cancer Preven on Commi ee outlines a number of speciﬁc goals. Namely,
in publishing the aforemen oned statement, the commi ee
seeks to educate the public regarding the causal link between
alcohol abuse and cancer, support policy changes to curtail excessive alcohol use, educate oncology providers regarding the
role of alcohol in carcinogenesis, and iden fy research needs
to further explore the role of alcohol in cancer risk.

Epidemiology of Alcohol-Related Cancers
The cancer burden a ributable to alcohol is signiﬁcant. In
2012, an es mated 5.6% of worldwide cancer deaths were attributable to alcohol.88 In the United States, alcohol accounted
for roughly 3.5% of cancer deaths for 2009. Upper airway and
esophageal cancers accounted for the majority of alcohola ributable deaths among men. Breast cancer accounted
for the majority among women.89 Addi onal cancers causally
linked to alcohol include hepatocellular carcinoma and colorectal cancer.90 Cancer risk correlates with increasing alcohol
consump on for cancers in which alcohol is implicated.91,92
In its 2010 monograph on the evalua on of carcinogenic
risk to humans, the IARC outlines alcohol as a cause of the
aforemen oned cancer types (oral cavity, pharynx, larynx,
squamous cell carcinoma of the esophagus, colorectum, liver,
and female breast) a er thorough assessment of the evidence.93 In this same report, the ques on of type of alcoholic
beverage is addressed. The conclusion is that the cancer risk
appears to be linked to ethanol irrespec ve of the speciﬁc
alcoholic beverage (e.g., beer, wine, or hard liquor).93
Alcohol has been implicated in a number of other cancers
as well, and the full breadth of causal rela onships remains
to be determined deﬁni vely. For example, suspicion that
alcohol causes gastric and lung cancers is high based on
several studies. However, strong correla ons with other risk
factors (i.e., Helicobacter pylori infec on in gastric cancer
and smoking in lung cancer) has led to an inability to establish alcohol as an independent risk factor.93

Carcinogenic Mechanisms of Alcohol
It is clear that alcohol plays an important role in carcinogenesis, and evidence points to the fact that the speciﬁc alcoholic
beverage does not meaningfully propagate or mi gate risk.6
Recall that ethanol is eliminated from the body by oxida on
to acetaldehyde—mediated by alcohol dehydrogenase—
and eventually to acetate. Although the exact mechanism
by which alcohol leads to carcinogenesis remains unclear,
animal models suggest that it is acetaldehyde rather than
ethanol itself that is carcinogenic and mutagenic.94
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The IARC undertook a review of the role of alcohol in carcinogenesis. In its 2012 monograph on the evalua on of carcinogenic risks in humans,94 the IARC synthesized evidence
from a number of sources suppor ng alcohol as a carcinogen. Mice and rat data on the oral consump on of ethanol/
acetaldehyde show an increase in the incidence of a number
of tumor types compared with controls.94 Coadministra on
of alcohol with known carcinogens in the drinking water of
rats and mice further enhanced tumor growth.94
The IARC monograph goes on to discuss the oxida ve
pathway by which alcohol is metabolized and concludes
that those persons with impaired ability to oxidize acetaldehyde (e.g., those with one inac ve allele coding for the
aldehyde dehydrogenase-2 [ALDH2] enzyme) to acetate are
at increased risk to develop alcohol-related cancers.94 East
Asian popula ons have the highest prevalence of a high-risk
gene c variant [(rs671)*2] of ALDH2. This variant encodes
an inac ve form of the ALDH2 enzyme. Studies involving
these East Asian popula ons correlate the presence of the
high-risk genotype with increased risk of cancers of the upper aerodiges ve tract.95
The IARC authors outline a number of addi onal carcinogenic mechanisms. These mechanisms include oxida ve stress,
increased androgen/estrogen produc on, enhanced liver
ﬁbrogenesis, and decreased folate concentra ons.96 Moreover, the role of direct contact of acetaldehyde with cell surfaces should be noted, par cularly given the distribu on of
cancers clearly associated with alcohol consump on. Acetaldehyde forma on begins in the oral cavity, primarily mediated by oral bacteria. The highest levels of acetaldehyde
are indeed within the saliva of the oral cavity immediately
a er alcohol consump on, corresponding with the sites of
cancers most strongly linked to alcohol consump on.95

Dose-Response Rela onship
Understanding the dose-response rela onship between
cancer risk and alcohol consump on is important for a
number of reasons. Understanding the cancer risk increase
rela ve to increase in alcohol consump on is important for
educa ng pa ents. Moreover, apprecia ng when cancer
risk begins to increase as it relates to alcohol consump on
furthers our understanding as oncology prac oners, be er
allowing us to counsel pa ents.
Table 2 summarizes the results of a large meta-analysis92
addressing the rela ve risks of cancers linked to alcohol rela ve to the amount of alcohol being consumed. Light drinking, moderate drinking, and heavy drinking correspond to
consuming 12.5 g or less, 50 g or less, and more than 50 g
of alcohol per day, respec vely. As a point of reference, a
standard drink was considered to contain 12.5 g of alcohol.92
Table 2 demonstrates mul ple valuable points. First, note
that the magnitude of risk diﬀers for diﬀerent cancer types,
with the greatest risk noted for cancers of the oral cavity
and pharynx. For heavy drinkers, the rela ve risk of oral cavity and pharyngeal cancers was more than ﬁve mes that of
nondrinkers. Not surprisingly, the greatest risks were seen
in cancers where alcohol and its metabolites come in direct
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TABLE 2. Summary of the Rela ve Risks From a Meta-Analysis for the Associa on Between Amount of Alcohol
Drinking and Risk of Cancer
Rela ve Risk (95% CI)

Type of Cancer

Nondrinker

Light Drinker
(< 1 Drink
per Day)

Oral cavity and pharynx

1.0 (referent)

Esophageal squamous cell

1.0 (referent)

Larynx
Liver

Moderate Drinker (2–4
Drinks per Day)

Heavy Drinker (> 4 Drinks
per Day)

1.13 (1.0–1.26)

1.83 (1.62–2.07)

5.13 (4.31–6.10)

1.26 (1.06–1.50)

2.23 (1.87–2.65)

4.95 (3.86–6.34)

1.0 (referent)

0.87 (0.68–1.11)

1.44 (1.25–1.66)

2.65 (2.19–3.19)

1.0 (referent)

1.00 (0.85–1.18)

1.08 (0.97–1.20)

2.07 (1.66–2.58)

Female breast

1.0 (referent)

1.04 (1.01–1.07)

1.23 (1.19–1.28)

1.61 (1.33–1.94)

Colorectal

1.0 (referent)

0.99 (0.95–1.04)

1.17 (1.11–1.24)

1.44 (1.25–1.65)

Adapted with permission from LoConte et al.87

contact with the target ssues. Although rela ve risks are
clearly highest with moderate and heavy drinking, risk persists even among light drinkers.92
In a meta-analysis looking speciﬁcally at cancer risks with
alcohol consump on of one drink per day or less, elevated
risk persisted for some cancers.97 Speciﬁcally, the summary
rela ve risk for squamous cell carcinoma of the esophagus
was 1.30 (95% CI, 1.09–1.56). Similarly, the summary relave risk for oropharyngeal cancer was 1.17 (95% CI, 1.06–
1.29). Breast cancer risk was also elevated, with a summary
rela ve risk of 1.05 (95% CI, 1.02–1.08). No other cancer
associa ons were evident.97 In the se ng of the above ﬁndings, the American Ins tute for Cancer Research in conjuncon with the World Cancer Research Fund recommended
that “If alcoholic drinks are consumed, limit consump on to
two drinks a day for men and one drink a day for women.”79
Furthermore, they also recommended that “For cancer preven on, it’s best not to drink alcohol.”80

Public Health Strategies to Control Alcohol Use
With the rela onship between alcohol and increased cancer
risk well evidenced, the ASCO Cancer Preven on Commi ee
statement moves to promote meaningful change through
public health strategies. In so doing, ASCO joins a chorus of
interna onal cancer care and public health organiza ons
already calling for such changes. Such policies are also evidence based. ASCO speciﬁcally outlines strategies including,
but not limited to, the following:
1. Develop clinical strategies to screen for at-risk alcohol
use and provide treatments and/or referrals for those
in need of services.98
2. Reduce alcohol outlet density. Reduc on of sites
of legal alcohol sale has proven to be an eﬀec ve
strategy in previous experiences.99-102
3. Increase taxa on and pricing of alcoholic beverages.
These increases have been shown previously to
reduce excessive consump on.103-105
4. Restrict youth exposure to adver sing of alcohol.
Drinking at a young age leads to increased risk of
alcohol dependence.69

Areas of Needed Research and the Role of the
Oncologist
Looking to the future, research ques ons in need of invesga on are numerous. Although the causal link between
alcohol and some cancers is clear, increased knowledge regarding the mechanisms underpinning cancer risk is needed.
The eﬀects of concurrent use of alcohol while undergoing
treatment with surgery, radiation, chemotherapy, or any
combina on of therapies are largely unknown. The broader
ques on of how to best intervene in the general community
to reach those at risk for alcohol-related cancers remains
unanswered; in a similar vein, the cancer survivorship community is in need of evidence-based interven ons to address high-risk alcohol use in an eﬀort to curb secondary
cancers related to alcohol.
The oncologist stands at the forefront of addressing the
issue of alcohol-related cancer risk. The oncologist plays a
cri cal role in trea ng cancers arising from alcohol use but
perhaps more importantly, he or she is a cri cal voice in the
preven on of such cancers—both prior to an ini al cancer
diagnosis and in the capacity of preventing subsequent
malignancies. The aforemen oned research ques ons are
le to the oncologist to answer. Taken as a whole, the oncology community and the prac oners within it are charged
with addressing a culture, both in the United States and
worldwide, that is very accep ng and o en promo ng of
alcohol use. Perhaps the single greatest task before us is to
promote an honest recogni on of the risks of alcohol, even
in modera on.

CONCLUSION
Although cancer incidence and death rates are decreasing,
the burden of cancer remains high in the United States
and globally. Preven ng cancer from developing, where
possible, is a key method for reducing the burden of cancer. Primary preven on of cancers is possible via potenally modiﬁable lifestyle changes, including maintaining a
healthy weight, obtaining regular physical activity, avoiding high-risk sun exposures, and limi ng alcohol intake.
Guidelines have been published by various agencies with
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recommenda ons for recommended lifestyle modiﬁcaons. This speciﬁcally has implica ons for breast, colorectal, head and neck, esophageal, and liver cancers and

melanoma. The role of lifestyle modiﬁca ons for secondary preven on is less well understood, and this is a cri cal
area for future research.
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ADVANCES IN LYNCH SYNDROME

Recent Advances in Lynch Syndrome: Diagnosis, Treatment,
and Cancer Preven on
Ma hew B. Yurgelun, MD, and Heather Hampel, MS, LGC
OVERVIEW
Iden ﬁca on of individuals with inherited predisposi ons to cancer, including Lynch syndrome, can help prevent cancer
and cancer-related death by allowing for the uptake of speciﬁc cancer preven on and screening as well as the use of therapies directed toward the underlying neoplas c process for individuals with advanced cancer. In the 25 years since the
discovery of microsatellite instability (MSI) and the ﬁrst recogni on of germline mismatch repair (MMR) gene variants as
the e ologic basis of Lynch syndrome, there has been tremendous progress in the understanding of the spectrum of cancer risk associated with Lynch syndrome as well as in cancer preven on and risk-reduc on strategies. The past few years,
in par cular, have brought transforma ve changes in the treatment of Lynch syndrome–associated cancers with immune
checkpoint inhibitors. In parallel, advances in next-genera on sequencing (NGS) technologies now allow rapid and scalable
soma c and germline sequencing that promises to help iden fy Lynch syndrome in individuals who otherwise lack classic
phenotypes. Last, real progress is being made to understand more sophis cated methods of precision cancer preven on,
including chemotherapeu c preven on agents (e.g., aspirin) and strategies that leverage the immune system to facilitate
primary cancer preven on in otherwise-healthy Lynch syndrome carriers.

U

niversity of Michigan pathologist Aldred Warthin, MD,
PhD, is widely credited as the ﬁrst person to describe
the cancer predisposi on syndrome now known as Lynch
syndrome (formerly called hereditary nonpolyposis colorectal cancer [HNPCC]) when, in 1895, his seamstress correctly
predicted that she would die as a result of cancer a er she
watched numerous family members succumb to cancers of
the gastrointes nal or gynecologic tract. During Warthin’s
me and past the mid-20th century, the prevailing no on
was that inherited cancer risk did not exist outside of rare
condi ons, such as familial adenomatous polyposis, in which
there was an obvious premalignant phenotype.1
Now, more than 120 years later, Lynch syndrome is known
as one of the most common forms of inherited cancer predisposi on; the general popula on prevalence (es mated
at 1 in 279) rivals that of germline BRCA1/BRCA2 variants.2
Although most classically associated with increased risks of
colorectal and endometrial cancers, Lynch syndrome predisposes individuals to a wide array of malignancies, including
ovarian, gastric, urinary tract (kidney, renal pelvis, ureter,
bladder, and prostate), pancrea cobiliary, small intes nal,
and brain cancers, as well as sebaceous neoplasms of the
skin and possibly slightly increased risks of female breast
cancer and prostate cancer (Table 1).3-8 Lynch syndrome is
caused by pathogenic germline variants in the DNA MMR

genes MLH1, MSH2, MSH6, or PMS2 (and, rarely, in the nonMMR gene EPCAM, in which dele ons induce epigene c
silencing of MSH2).1,7
When the MMR genes were iden ﬁed as the underlying
gene c e ology of Lynch syndrome in the early 1990s, li le
was known about the op mal means of diagnosis of families with Lynch syndrome or preven on of Lynch-associated
cancers, and the malignancies that developed were treated in
exactly the same way as their sporadic counterparts.1 With
groundbreaking advances in germline and soma c sequencing, clinical risk predic on models, immuno-oncology, and
precision cancer preven on, our ability to iden fy, prevent,
and durably treat cancers associated with Lynch syndrome
con nues to grow in both scope and sophis ca on.

DIAGNOSING LYNCH SYNDROME
Currently, there are two general approaches to the diagnosis of Lynch syndrome: (1) molecular screening of colorectal
and endometrial tumor specimens for evidence of defec ve
MMR func on (MMR-D) or high-level MSI (MSI-H) to iden fy pa ents with cancer who should undergo germline tes ng
for pathogenic MMR gene variants; or (2) direct germline tes ng performed on pa ents whose personal and/or
family histories of cancer are suspicious for Lynch syndrome. Molecular tes ng has garnered par cular a en on
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in recent years because of its sensi vity and speciﬁcity for
iden ﬁca on of Lynch syndrome probands, as well as because of the ever-growing prognos c and therapeu c implica ons. From the standpoint of Lynch syndrome diagnosis,
four main pathology tests can aid in the molecular iden ﬁca on of pa ents with cancer who are likely to have Lynch
syndrome: (1) polymerase chain reac on (PCR)–based MSI
tes ng; (2) immunohistochemical staining (or immunohistochemistry [IHC]) for the MMR proteins; (3) MLH1 promoter
methyla on analysis (or soma c BRAF V600E muta on analysis); and (4) next-generation somatic (and/or germline)
sequencing assays.

Immunohistochemistry for DNA MMR Proteins

Microsatellite Instability Tes ng

MLH1 Methyla on and BRAF Muta on Analyses

MSI in colorectal cancers was first described in 19939-11
and was quickly recognized as a hallmark characteristic
of Lynch syndrome–associated cancers.12 MSI is deﬁned as
changes in the length of repetitive DNA sequences (typically mono- or dinucleotide repeat sequences) in tumors
compared with the length of the same microsatellite loci
in normal non-neoplastic tissue. This slippage develops
as a result of defective DNA MMR machinery, which is
characteris c in Lynch syndrome. Historically, ﬁve microsatellite loci are evaluated by PCR; if more than 20%
are unstable, the tumor is considered to have MSI-H.13,14
More recently, it has been shown that MSI status can be
directly assessed by NGS of tumors either by direct assessment of numerous microsatellite loci15-18 or by assessment of
a tumor’s overall muta onal burden as a surrogate for MSI
status.19,20

Most MMR-D and MSI-H colorectal and endometrial cancers do not develop because of Lynch syndrome but instead
because of an acquired soma c MMR gene func on inac va on. In the most common such situa on, MLH1 func on
is silenced by acquired methyla on of the MLH1 promoter
region.14-26 This is more common in women and in elderly
pa ents and accounts for 69% of all colorectal cancer occurrences that have an absence of MLH1 and PMS2 on IHC.27
MLH1 promoter methyla on accounts for 94% of endometrial cancer occurrences that have an absence of MLH1 and
PMS2.28 Because MLH1 promoter methyla on is so common, it is typical to rule it out before germline gene c testing in pa ents with MSI-H tumors and/or those tumors that
demonstrate an absent expression of the MLH1 and PMS2
proteins on IHC. This elimina on can be done by directly
assessing methyla on of the MLH1 promoter region, which is
the most sensi ve and speciﬁc approach at ruling out Lynch
syndrome in such cases, but it requires DNA extrac on and
bisulﬁte treatment of the DNA that is not readily available at
most hospitals. In colorectal cancers, promoter methyla on
also can be assessed indirectly by tes ng for the presence
of soma c BRAF V600E muta ons, as a surrogate for MLH1
methyla on status.29 Soma c BRAF V600E muta ons occur
in a small frac on of colorectal cancers overall but are found
in 69% to 78% of colorectal cancers with MLH1 promoter
methyla on and are virtually never seen in Lynch syndrome–
associated cancers, so BRAF muta on has a high nega ve
predic ve value.30,31 Some centers have adopted a hybrid
model of tes ng in which BRAF V600E muta on analysis is
performed ﬁrst and, if nega ve, is followed by MLH1 methyla on tes ng; other centers have switched en rely to MLH1
methyla on tes ng, because it is applicable for both colorectal and endometrial cancers. (BRAF V600E muta on analysis
is not useful to determine whether MMR-D/MSI-H endometrial cancers are Lynch associated.) Regardless of the strategy,
use of MLH1 promoter methyla on and/or BRAF muta on
analyses can reduce the number of pa ents who need germline MMR gene tes ng by half.30

PRACTICAL APPLICATIONS
• Universal tes ng of all colorectal and endometrial
cancers with MMR protein IHC (or PCR-based MSI
analysis) is recommended as a screen for Lynch
syndrome.
• The use of NGS may revolu onize the diagnosis of Lynch
syndrome even more, both by facilita ng NGS-based
assessment of tumor specimens to screen for MSI and
through the growing availability of NGS-based mul gene
panels for direct germline tes ng.
• Treatment of advanced/metasta c Lynch-associated
cancers (and non-Lynch cancers with MSI) with an –PD-1
monoclonal an bodies (pembrolizumab or nivolumab)
yields 70% or greater disease control rates, many of
which are quite durable.
• Aspirin (600 mg/day) for 2 or more years reduces the
risk of Lynch-associated colorectal cancer by greater than
50% and may reduce the risk of other Lynch-associated
cancers.
• Individuals with Lynch syndrome may experience
auto-vaccina on against microsatellite instability–
induced frameshi neopep des that serve as innate
immunosurveillance, which suggests that immunebased mechanisms for primary cancer preven on are
promising as an avenue of future research.
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Immunohistochemical staining for expression of the DNA
MMR proteins can be used as a fast, reproducible, and inexpensive proxy for MSI status.21-23 Reliable an bodies are
available for the four main mismatch repair proteins (mutL
homolog 1 [MLH1], mutS homolog 2 [MSH2], mutS homolog
6 [MSH6], and PMS1 homolog 2 [PMS2]), and the turnaround
me of such tes ng is as fast as any standard IHC tes ng. Tumors that demonstrate an absent staining for any of these
four proteins are considered to have underlying dysfunc on
in the DNA MMR machinery (MMR-D) as a result of epigenec, soma c, and/or germline MMR gene inac va on.

Other Forms of Biallelic Soma c MMR Gene
Inac va on
Recently, it has become more widely understood that other
mechanisms can induce somatic biallelic inactivation of

ADVANCES IN LYNCH SYNDROME

TABLE 1. Spectrum of Cancers Associated With Lynch Syndrome and Proven Preven on Strategies
Cancer Type
Colorectal cancer

Es mated Cumula ve Cancer Risk (%)3-5
*

10–82

Preven on Strategies
• Frequent (every 1–2 years) colonoscopy reduces incidence and mortality; typically begin at age 20–25
• Aspirin (600 mg/day) for ≥ 2 years reduces incidence**
• Subtotal colectomy recommended vs. segmental resec on in the
se ng of known Lynch-associated colorectal cancer

Endometrial cancer

15–60

• Risk-reducing hysterectomy reduces incidence, but no proven mortality beneﬁt
• Observa onal data suggest protec ve beneﬁt of exogenous proges ns
• No proven beneﬁt to endometrial cancer screening, although
guidelines recommend considera on of transvaginal ultrasound and
endometrial biopsy beginning at age 30–35 un l hysterectomy

Ovarian cancer

1–38

• Risk-reducing salpingo-oophorectomy reduces incidence, but no
proven mortality beneﬁt
• No proven beneﬁt to ovarian cancer screening, although guidelines
recommend considera on of transvaginal ultrasound beginning at age
30–35 years un l salpingo-oophorectomy

Gastric cancer

< 1–13

• No proven beneﬁt to screening, but guidelines recommend consideraon of upper endoscopy to biopsy for Helicobacter pylori

Urinary tract cancer (kidney, renal pelvis, ureter, and bladder)

< 1–18†

• No proven beneﬁt to screening; one study of urine cytology screening
demonstrated 29% sensi vity and high rate of false-posi ve screens6

Small bowel cancer

< 1–6

• No data to suggest beneﬁt to screening

Pancrea c cancer

1–6

• No data to suggest beneﬁt to screening, although some guidelines
recommend considera on of screening MRI and/or endoscopic ultrasound in the se ng of a family history of pancrea c cancer7

Biliary tract cancer

< 1–4

• No data to suggest beneﬁt to screening

Brain cancer

< 1–5

• No data to suggest beneﬁt to screening

Female breast cancer

‡

11–56

• No data to suggest beneﬁt to increased screening compared with the
general popula on

Prostate cancer

17–38‡

• No data to suggest beneﬁt to increased screening compared with the
general popula on

Sebaceous adenomas/carcinomas (skin)

1–9

• Guidelines typically recommend rou ne dermatologic surveillance but
no data on eﬃcacy

*Risk markedly higher for MLH1 and MSH2 carriers than for MSH6 or PMS2 carriers.
**Aspirin use was associated with reduced risk of any Lynch-associated cancer.8
†Risk likely highest for MSH2 carriers.
‡Most data suggest minimal increased risk compared with the general popula on.

MMR gene func on and result in MSI-H cancers with other
pa erns of MMR-D by IHC.32-34 Among unselected colorectal cancer occurrences, this phenomenon appears to be almost as common as Lynch syndrome itself, although it has
become widely recognized only in recent years.35 Individuals
with conﬁrmed biallelic soma c MMR gene altera ons do
not have Lynch syndrome and should be treated according
to their clinical history rather than according to Lynch syndrome surveillance guidelines. Tes ng for these other forms
of biallelic soma c MMR gene inac va on typically occurs
a er abnormal tumor screening and unrevealing germline
gene c tes ng for pathogenic MMR variants, which results
in a tumor with unexplained MMR-D. As such tes ng becomes quickly and increasingly inexpensive, however, it
may become advantageous to simply order paired tumor
and germline sequencing as a single test, both to streamline workﬂows and to minimize confusion about non-Lynch
MMR-D/MSI-H ﬁndings.

Universal Tumor Screening for Lynch Syndrome
In the past, MMR IHC was more cost effective than MSI
tes ng for programs that universally screened all colorectal tumors for Lynch syndrome, particularly because it
predicted the MMR gene in which a pathogenic germline
variant was most likely.36-38 However, with the advent of
NGS-based germline tes ng, there is negligible incremental
cost to test all MMR genes, or even to perform germline
testing with a broader panel of cancer susceptibility genes
beyond the five linked to Lynch syndrome.39 Furthermore,
it has become standard practice to assess all metastatic
colorectal cancers for somatic alterations in KRAS, NRAS,
and BRAF to guide therapeutic decision-making. Addition
of somatic analysis of the standard microsatellite loci
and/or even the MMR genes themselves into such testing
is a logical next step that likely will streamline universal
tumor testing programs, at least for metastatic colorectal
cancers.40
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Regardless of the test used, the underlying principle of
universal tumor screening for Lynch syndrome is the same:
(1) screen all pa ents with newly diagnosed colorectal and
endometrial cancer for Lynch syndrome with one of these
tumor tests; (2) follow up with MLH1 methyla on analysis
(with or without BRAF V600E muta on analysis in colorectal cancers) for MMR-D/MSI-H tumors with absent MLH1
and PMS2 expression; (3) refer the remaining pa ents to
gene c counseling and conﬁrmatory germline gene c testing in a CLIA-approved laboratory. Although universal tumor
screening has been recommended by mul ple professional
organiza ons,3,7,41-45 a recent study found that only 28% of
patients with colorectal cancer receive MSI or MMR IHC
analyses at the me of diagnosis.46 This screening is becoming
increasingly important, not only to iden fy pa ents who are
more likely to have Lynch syndrome—which can help both the
pa ent and their muta on-posi ve family members receive
intensive cancer surveillance to prevent future cancers—but
also to iden fy pa ents who are more likely to beneﬁt from
immune checkpoint inhibitor therapy.

High-Risk Clinic-Based Assessment for Lynch
Syndrome
In addition to universal tumor screening for Lynch syndrome, it is s ll important that any and all individuals with
suspicious clinical histories for Lynch syndrome receive
gene c evalua on, even if they themselves have not yet been
aﬀected by cancer. There are various clinical tools available to help iden fy these pa ents quickly on the basis of
personal and family history of cancer, including a validated
three-ques on screen47 and the online PREMM5 predic on
model.48 Pa ents who answer yes to any of the ques ons
on the three-ques on screen or who are predicted to have
a 2.5% or greater likelihood of Lynch syndrome on PREMM5
screening warrant referral for Lynch syndrome evalua on.
In the past, when germline gene c tes ng was more expensive and less accurate, the cancer gene cs clinic would have
ﬁrst recommended tumor screening for a pa ent with a
family history of colorectal or endometrial cancer, and then
would have proceeded to germline gene c tes ng only if a
tumor was MMR-D. Because NGS germline tes ng panels
are now widely available at much lower costs, it is generally
cost-eﬀec ve to order mul gene panel tes ng on pa ents
who are evaluated for Lynch syndrome or other hereditary
cancer syndromes.39
Data on such NGS germline panels are star ng to emerge.
In one study that examined a 25-gene panel of cancer suscep bility genes in individuals diagnosed with colorectal
cancer before age 50, 16% of individuals harbored a pathogenic germline cancer suscep bility gene variant, only half
of which were in Lynch syndrome genes.49 In another study
that examined the same 25-gene panel in more than 1,000
individuals diagnosed with colorectal cancer across all ages,
9.9% carried a pathogenic germline variant in one or more
cancer suscep bility genes, only one-third of which were
in Lynch syndrome genes.50 Such studies have raised the
ques on of whether all pa ents with colorectal cancer, or
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at least those diagnosed before age 50, should be oﬀered
germline gene c tes ng regardless of their tumor screening results. In addi on, these studies suggest that tes ng
should not be limited to Lynch syndrome genes but should
include a broader pan-cancer panel of common hereditary
cancer genes. It is always most informa ve to ini ate gene c
evalua on within a family for an individual aﬀected by one
of the cancers of concern, but such an approach o en is not
feasible for a wide variety of reasons. In such situa ons, germline tes ng performed on an at-risk unaﬀected individual
with appropriate pre- and post-test counseling is a reasonable
alterna ve.

IMMUNE BASED THERAPIES FOR LYNCH
SYNDROME ASSOCIATED CANCERS
Although Lynch syndrome–associated colorectal cancers
have superior prognoses, stage-for-stage, compared with
their sporadic counterparts, some individuals with Lynch
syndrome do unfortunately develop recurrent/metasta c
colorectal cancer or other forms of advanced and incurable
Lynch syndrome–associated cancer.51 Recent transla onal
and therapeu c advances that leverage the immunologic
eﬀects of MSI that are classic for Lynch syndrome–associated
cancers have resulted in drama c changes to the treatment
landscape for patients with Lynch syndrome who have
advanced cancers (and individuals with non–Lynch syndrome
advanced MMR-D/MSI-H cancers). MSI-H, by definition,
is characterized by the soma c accumula on of small inser on
or dele on events at repe ve stretches of DNA termed
microsatellites. When such frameshi muta ons occur at
hotspot microsatellite loci within coding regions of tumor
suppressor genes (e.g., TGFBR2), they act to promote
carcinogenesis.52 However, these frameshi muta ons can
result in the accumula on of poten ally an genic frameshi neopep des, which are thought to account for the
tumor-inﬁltra ng lymphocyte reac ons that are classically
seen in Lynch syndrome–associated (and other non-Lynch
MSI-H) colorectal cancers.53
The recent emergence of oncologic therapies such as
immune checkpoint inhibitors that work through manipula on
and upregula on of the pa ents’ own immune systems have
exploited this underlying biology to create game-changing
progress in the treatment of Lynch syndrome–associated
(and other MSI-H/MMR-D) cancers. The most notable such
therapeu c examples to date are monoclonal an bodies
that target PD-1. In the ﬁrst study to speciﬁcally examine
such agents in metasta c, refractory MMR-D/MSI-H cancers, 11 individuals with MMR-D/MSI-H colorectal cancer,
21 individuals with MMR-proficient/microsatellite-stable
colorectal cancer, and nine individuals with MMR-D/MSI-H
noncolorectal cancers were treated with single-agent pembrolizumab.54 In this heavily pretreated cohort, there were
markedly superior outcomes (hazard ra o for progression or
death, 0.04; 95% CI, 0.01–0.21) in individuals with MMR-D/
MSI-H cancers compared with those whose cancers were
MMR proﬁcient/microsatellite stable.54 By RECIST criteria,
overall response rates were 40% and 71% for MMR-D/MSI-H
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colorectal cancers and noncolorectal cancers, respec vely,
whereas there were no responses among those with MMRproﬁcient/microsatellite-stable colorectal cancers. Likewise,
overall disease control rates were 90% and 71% for MMR-D/
MSI-H colorectal cancers and noncolorectal cancers, respecvely, compared with 11% for MMR-proﬁcient/microsatellitestable colorectal cancers. With a median follow-up me of
36 weeks, the median progression-free survival was not
reached for either cohort of pa ents with MMR-D/MSI-H
cancers (vs. a median progression-free survival of only 2.2
months among the pa ents with MMR-proﬁcient/microsatellite-stable colorectal cancer).54 Follow-up data with
pembrolizumab in 86 pa ents who had a wide variety of
previously treated metastatic/advanced MMR-D/MSI-H
cancers have shown an objective response rate of 53%
(95% CI, 42%–64%) across tumor types, including a 21%
complete response rate and a 77% overall disease control
rate; median overall survival and progression-free survival
had not been reached at a median follow-up me of 12.5
months.55
A complementary single-arm phase II study examined
nivolumab, another an –PD-1 monoclonal an body, in 74
individuals with chemotherapy-refractory MMR-D/MSI-H
colorectal cancer.56 An inves gator-assessed objec ve response rate of 31.3% (23 of 74 pa ents) was observed in
this study, and the median dura on of response was not
reached during the study period (median follow-up me,
12.0 months).56 Likewise, the median overall survival was
not reached during the study period, and the median progression-free survival was 14.3 months, which indicated
that the responses experienced by pa ents with MMR-D/
MSI-H colorectal cancer in this study were quite durable.56
Data about the use of an –PD-1 an bodies in advanced
MMR-D/MSI-H cancers to date have not shown any signiﬁcant diﬀerence in response rates or outcomes among individuals with known Lynch syndrome compared w h those
without Lynch syndrome.54-56 Correla ve transla onal data55
have demonstrated marked expansion of T cells targeted toward frameshi neopep des a er treatment with an –PD-1
an body therapy in pa ents who experienced objec ve responses, which provides strong support to the hypothesis
that these an genic frameshi neopep des are a fundamental factor underlying the success with immune-based
therapies and which provides promise for strategies that
likewise leverage immune-based mechanisms to prevent
Lynch syndrome–associated cancers. Data are emerging
about mechanisms underlying both primary and secondary resistance mechanisms to an –PD-1 therapy as well,
which suggests that β-2 microglobulin muta ons that lead
to downregula on of an genic presenta on mechanisms
may account for a sizeable frac on of resistance to immune
checkpoint blockade.56
These exci ng successes led to the accelerated approval by the U.S. Food and Drug Administra on of pembrolizumab to treat advanced, pretreated MMR-D/MSI-H cancer
(regardless of primary site) and nivolumab (MMR-D/MSI-H
colorectal cancer only) in 2017. Most recently, a single-arm

phase II study of nivolumab with ipilimumab (a monoclonal
an body targeted against CTLA-4, another immune checkpoint protein) in 119 individuals with advanced MMR-D/
MSI-H colorectal cancer demonstrated an overall response
rate of 55% (with 83% of all responses las ng ≥ 6 months)
and a 12-month overall survival rate of 85%.57 Such data
suggest that there may be opportuni es to synergize different mechanisms of immune checkpoint blockade with
one another. Other ongoing clinical trials are examining the
beneﬁt of an –PD-1 an bodies in the adjuvant treatment
of resected stage III MMR-D/MSI-H colon cancers with and
without chemotherapy (NCT02912559) and in the ﬁrst-line
treatment of metasta c MMR-D/MSI-H colorectal cancers
(NCT02563002).

CANCER PREVENTION IN LYNCH SYNDROME
Colorectal Cancer
Prospec ve data with long-term follow-up have demonstrated that frequent and early colonoscopic evalua on of
healthy individuals with Lynch syndrome can signiﬁcantly
reduce colorectal cancer incidence, colorectal cancer–
associated mortality, and overall mortality, thereby solidifying such screening as the core preven ve interven on in Lynch
syndrome.58 Recent data from a prospec ve mul center
European registry,59 however, have raised ques ons as to
whether the preven ve beneﬁts of intensive colonoscopic
surveillance with polypectomy might be overstated, in part
because recent data suggest that some Lynch syndrome–
associated colorectal cancers may develop as directly invasive
malignancies rather than through the tradi onal adenoma-tocarcinoma pathway.60 Nonetheless, guidelines from ASCO, the
European Society for Medical Oncology, the Na onal Comprehensive Cancer Network, the U.S. Multi-Society Task
Force on Colorectal Cancer, the American College of Gastroenterology, and others all consistently recommend colonoscopies every 1 to 2 years for healthy individuals with Lynch
syndrome.3,7,42-44 Such guidelines mostly agree that the
op mal age at which to begin colonoscopic screening is age
20 to 25, although data that demonstrate comparably lower
rates of colorectal cancer for families with germline MSH6
and PMS2 variants (vs. those with MLH1 and MSH2 variants)
have prompted some experts to suggest that later ini a on
of colonoscopies may be safe in this subset of individuals
with Lynch syndrome.4,59
Prophylac c colectomy is not considered a standard or
necessary interven on for primary colorectal cancer risk
reduc on in individuals with Lynch syndrome, in large part
because of the eﬃcacy of colonoscopic surveillance.7,42,44
For individuals with Lynch syndrome who develop an earlystage colorectal cancer, however, the risk of metachronous colorectal cancer is par cularly high if segmental
resec on is used to treat the index cancer (up to 62% at
30-year follow-up).61 Prospec ve registry data suggest that
the risk of metachronous colorectal cancer can be reduced
substan ally by performing extensive colonic resec on at
the me of index colon cancer diagnosis (31% reduc on in
risk for every 10 cm of colon resected), although there is no
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proven survival beneﬁt to more extensive surgery.61 Thus,
pa ent-speciﬁc factors, such as age, bowel func on, comorbidi es, compliance with screening, and pa ent preference,
should all be taken into considera on to decide between
segmental and more extended colonic resec on for a Lynch
syndrome–associated colon cancer.

Endometrial, Ovarian, and Other Lynch Syndrome–
Associated Cancers
For women with Lynch syndrome, endometrial cancer and
ovarian cancer represent the second- and third-most common associated malignancy, respec vely, a er colorectal
cancer. Numerous studies have a empted to research the
beneﬁt of screening for endometrial and ovarian cancer in
women with Lynch syndrome with techniques that include
transvaginal ultrasonography, endometrial biopsies, and
cancer an gen 125 (CA-125) tumor marker tes ng.62 Although
such studies have shown some modest sensi vity for detecon of endometrial carcinoma or endometrial hyperplasia with
rou ne endometrial biopsies with or without ultrasonography, none of these screening techniques have consistently
demonstrated high sensi vity to detect Lynch syndrome–
associated endometrial or ovarian cancer, nor has such
screening ever been shown to aﬀect cancer incidence or
mortality.62
Compelling observa onal data have shown that risk-reducing
surgery with hysterectomy and salpingo-oophorectomy
have marked eﬃcacy for preven on of endometrial and
ovarian cancer in women with Lynch syndrome, although
it remains unclear whether such surgery confers any actual
survival beneﬁt.63 Given the associated surgical risks as well
as the associated psychological, cardiovascular, endocrinologic, skeletal, and sexual consequences of early-onset surgical
menopause, however, it remains unclear as to how clinicians
can best guide women with Lynch syndrome about the op mal ming of risk-reducing surgery. Furthermore, given the
comparably lower risk of endometrial and ovarian cancers
in women with PMS2 variants (and possibly MSH6 variants),
some have ques oned whether risk-reducing surgery might
be overtreatment for some women with Lynch syndrome.4
Despite these gaps in knowledge, most guidelines currently
recommend consideration of risk-reducing hysterectomy
and salpingo-oophorectomy at the comple on of childbearing
and/or in the early 40s, with considera on of annual transvaginal ultrasound and endometrial biopsy at age 30 to 35
(con nued un l risk-reducing surgery).7,43,44
Currently, there are no compelling data on effective
screening for other Lynch syndrome–associated cancers,
including gastric, urinary tract, pancrea cobiliary, small intes nal, or brain cancers. However, some guidelines recommend considera on of specialized screening in the se ng
of strong family histories of a par cular cancer.3

Chemotherapeu cand Immune-Based Preven on
Aspirin and other cyclooxygenase-2 inhibitors have long
been suspected to have modest eﬀects at reduc on of
the risk of colorectal cancer and adenomas on the basis of
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both observa onal data and various randomized preven on
trials.64-66 To inves gate whether such cancer-preven ng
beneﬁts applied to pa ents with Lynch syndrome who have
an inherently high risk of colorectal cancer, the internaonal Colorectal Adenoma/Carcinoma Preven on Program
2 (CAPP2) study was launched in the late 1990s, for which
individuals with Lynch syndrome were randomly assigned to
receive 600 mg/day of aspirin or placebo (par cipants also
were randomly assigned to take 30 g/day of resistant starch
vs. placebo as a second interven on in this study). Although
the ﬁrst analysis a er a mean of 29 months showed no signiﬁcant diﬀerence in colorectal adenoma or carcinoma risk
among those with Lynch syndrome in CAPP2 who received
aspirin compared with placebo,67 a preplanned long-term
analysis ul mately demonstrated a marked reduc on in
colorectal cancer incidence (incidence rate ra o, 0.37; 95%
CI, 0.18–0.78) among par cipants who took aspirin for 2
or more years compared with those randomly assigned to
placebo.8 Surprisingly, there was also a signiﬁcant reduc on
in the incidence of any Lynch syndrome–associated cancer
(incidence rate ra o, 0.59; 95% CI, 0.39–0.90) among parcipants who took aspirin for 2 or more years, which suggests that the preven ve beneﬁts may extend beyond the
colorectum.8 On the basis of these compelling data, daily
aspirin is now considered a standard component of Lynch
syndrome cancer preven on, although the ideal dose and
dura on of use are as yet undeﬁned. The ongoing CAPP3
study is examining 100 mg/day, 300 mg/day, or 600 mg/day
of aspirin in a prospec ve, randomized trial of pa ents
with Lynch syndrome. Interes ngly, a subgroup analysis of
CAPP2 par cipants found that obesity was associated with
an increased risk of colorectal cancer and also suggested
that the preven ve beneﬁts of aspirin in Lynch syndrome
may be limited to obese individuals.68 Addi onal studies are
needed to be er clarify the interplay among aspirin, obesity, and dietary/lifestyle factors on cancer risk in Lynch
syndrome. Various observa onal data have suggested potenal cancer-preven ng beneﬁts from ibuprofen, calcium supplementa on, and mul vitamin use to reduce colorectal
cancer risk in individuals with Lynch syndrome, although
such interven ons should not be considered standard in
the absence of conﬁrmatory prospec ve randomized clinical
trials.69,70
Various studies also have examined the poten al prevenve beneﬁts of exogenous hormone use to reduce the risk
of endometrial cancer in women with Lynch syndrome. In
one large observa onal study, use of hormonal contracepves for 1 year or more was associated with a signiﬁcantly
reduced likelihood of endometrial cancer (HR 0.39; 95% CI,
0.23–0.64) in women with Lynch syndrome.71 The same
study also showed a mildly reduced likelihood of endometrial cancer in the se ng of nulliparity and earlier onset of menarche.71 Conﬁrmatory prospec ve data about the
preven ve eﬀects of hormonal factors in Lynch syndrome–
associated endometrial cancer incidence are lacking,
though one small prospec ve biomarker study demonstrated that proges n-containing oral contracep ves and
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depo-medroxyprogesterone acetate use resulted in signiﬁcantly reduced endometrial prolifera on in pre- and pos nterven on biopsies.72
As outlined in this ar cle, the phenomenon of MSI-H,
which is a hallmark of Lynch-associated cancers, results in
the accumula on of frameshi muta ons at known microsatellite loci sca ered throughout the coding and noncoding
regions of the tumor genome.52 The predictable nature of
such frameshift mutations and their associated neopepdes has led to great interest in the no on of leveraging
immune-based methods, such as vaccines, for primary preven on of Lynch syndrome–associated cancers.73 Curiously,
data have shown that healthy, cancer-free individuals with
Lynch syndrome harbor circula ng T cells that are reac ve
to such MSI-induced frameshi neopep des, although they
have never had a detectable cancer; this strongly suggests
that innate immunosurveillance mechanisms already play
a role in suppressing MSI-induced carcinogenesis in such
individuals.74 Nonneoplastic colonic crypts from healthy
Lynch syndrome carriers have been shown to demonstrate
MMR-D by IHC and MSI-H by PCR, which leads to the intriguing hypothesis that the healthy colon of pa ents with Lynch
syndrome is itself a key source of immunogenic frameshi
neopep des that serve to autovaccinate such pa ents and

suppress MSI-induced carcinogenesis.75 A more precise
understanding of the mechanisms by which Lynch syndrome–
associated carcinogenesis escapes immune surveillance will
be key to help leverage such discoveries into immune-based
cancer preven on.52,76

CONCLUSION
The iden ﬁca on and management of individuals and families with Lynch syndrome has evolved rapidly during the
past decade or so. Advances in molecular tes ng and NGS
technologies now allow all pa ents with colorectal and endometrial cancers to reliably receive screening for underlying
Lynch syndrome, whereas innova ons in immuno-oncology
promise to con nue revolu onizing the treatment of Lynchassociated cancers. To con nue moving the needle forward,
expanded eﬀorts to diagnose Lynch syndrome in healthy,
cancer-free individuals are needed, rather than relying on
the iden ﬁca on of Lynch syndrome through a new cancer
diagnosis. Iden ﬁca on of Lynch syndrome oﬀers the potenal to prevent cancer-related morbidity and mortality, and
con nued progress in understanding the immune system’s
ability to recognize, eradicate, and intercept Lynch-associated
neoplasia oﬀers many intriguing possibili es for immunebased primary cancer preven on.
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CREATING OUTPATIENT PALLIATIVE CARE

Filling the Gap: Crea ng an Outpa ent Pallia ve Care
Program in Your Ins tu on
Esme Finlay, MD, Michael W. Rabow, MD, and Mary K. Buss, MD, MPH
OVERVIEW
Well-designed, randomized trials demonstrate that outpa ent pallia ve care improves symptom burden and quality of
life (QOL) while it reduces unnecessary health care use in pa ents with cancer. Despite the strong evidence of beneﬁt and
ASCO recommenda ons, implementa on of outpa ent pallia ve care, especially in community oncology se ngs, faces
considerable hurdles. This ar cle, which is based on published literature and expert opinion, presents prac cal strategies to
help oncologists make a strong clinical and ﬁscal case for outpa ent pallia ve care. This ar cle outlines key considera ons
for how to build an outpa ent pallia ve care program in an ins tu on by (1) deﬁning the scope and beneﬁts; (2) iden fying strategies to overcome common barriers to integra on of outpa ent pallia ve care into cancer care; (3) outlining a
business case; (4) describing successful models of outpa ent pallia ve care; and (5) examining important factors in design
and opera on of a pallia ve care clinic. The advantages and disadvantages of diﬀerent delivery models (e.g., embedded
vs. independent) and diﬀerent methods of referral (triggered vs. physician discre on) are reviewed. Strategies to make the
case for outpa ent pallia ve care that align with ins tu onal values and/or are supported by local ins tu onal data on
cost savings are included.

T

he beneﬁts of outpa ent pallia ve care to pa ents with
cancer are well established.1-4 Although the prevalence
of outpa ent pallia ve care services in cancer centers has
increased,5,6 many oncologists who prac ce in rural or community se ngs have limited access to pallia ve care specialists.
The data about successful models of outpa ent pallia ve
care are s ll emerging.7 Successful community-based outpa ent prac ces must demonstrate ﬁnancial responsibility
and must improve clinical outcomes. Although communitybased oncology practices function largely in a setting in
which fee-for-service is a cri cal contributor to the ﬁnancial
health of the prac ce, most pallia ve care services featured
in the literature originate in academic centers or integrated
health systems and are supported with a combina on of
research dollars, philanthropy, or a model of care not reliant on fee-for-service for income. This ar cle reviews key
considera ons for how to build an outpa ent pallia ve care
program:
1. Deﬁne the scope and beneﬁts of outpa ent pallia ve
care.
2. Iden fy strategies to overcome common barriers to
integra ng outpa ent pallia ve care into cancer care.
3. Outline a business case for outpa ent pallia ve care.
4. Describe successful models of outpa ent pallia ve
care highlighted in the literature.

5. Examine important factors for design and opera on
of a pallia ve care clinic.

DEFINING PALLIATIVE CARE AND ITS BENEFIT
TO COMMUNITY ONCOLOGY
An accurate deﬁni on among oncology clinicians, pa ents,
and caregivers is necessary to overcome barriers to palliave care referral. According to ASCO, pallia ve care is designed to improve the QOL of pa ents and families living
with cancer by addressing pa ents' pain, symptoms and funconal limita ons, communica ng about prognosis, assessing
illness understanding, clarifying treatment goals, providing
support for coping with serious illness, and assisting with
transi ons in care. Pallia ve care should be provided by an
interdisciplinary team.8
In the oncology se ng, pallia ve care can be used at any
stage of illness and can be provided concurrently with curave or disease-modifying cancer therapies.8 In fact, ASCO,8
the European Society of Medical Oncology,9 the Society of
Gynecologic Oncology,9 and the American Academy of Pediatrics10 all recommend early use of pallia ve care concurrent with disease-modifying cancer treatment for pa ents
living with cancer. For pa ents with advanced cancer, evidence
suggests that earlier referral in the outpatient setting is
important to improve quality-related outcomes, including
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SIDEBAR. List of Referral Indica ons for Outpa ent
Specialty Pallia ve Cancer Care
1.
2.
3.
4.
5.
6.
7.
8.

9.
10.

Severe physical symptoms
Severe emo onal symptoms
Request for hastened death
Spiritual or existen al crisis
Health care decision making/goals of care/advance
care planning
Pa ent request
Delirium
Neurologic complications of cancer: brain or
leptomeningeal metastases, spinal cord compression/cauda equina syndrome
Within 3 months of diagnosis with advanced/
metasta c cancer with a median survival < 1 year
Diagnosis of advanced cancer with progression
despite two lines of systemic therapy

Adapted from Hui et al.17

end-of-life hospitaliza on, emergency department use, hospice use, and intensive care unit stays11-13; to reduce cost of
care11-13; and to improve pa ents’ physical and emo onal
symptoms.1,2,14,15 Decreased caregiver distress is also a documented outcome of early pallia ve care.16

Indica ons for Early/Outpa ent Pallia ve Care
Referral
Despite lack of evidence to deﬁne the most appropriate
reasons for outpa ent referral, a recent Delphi process
that involved interna onal pallia ve care and oncology
experts led to the development of need- and me-based
indica ons for outpa ent referral. Indica ons are listed in
the Sidebar.17

PRACTICAL APPLICATIONS
• Well-designed, randomized trials demonstrate the
beneﬁt of integra ng pallia ve care into cancer in the
outpa ent se ng and early in the cancer care trajectory.
• Pa ents and oncologists o en mistakenly equate
pallia ve care with end-of-life care, which leads to
delayed referrals and missed opportuni es for pa ents.
• A pallia ve care team embedded into an oncology clinic
allows joint visits with pa ents, which may enhance the
prognos c awareness of pa ents and facilitate informed
decision making.
• By aligning with ins tu onal goals, such as reduc on
of re-admissions or unnecessary health care use at the
end of life, programs can make a strong ﬁscal case for
outpa ent pallia ve care clinics.
• Eﬀec ve pallia ve care team has a dis nct,
complementary, and collabora ve role with oncology
teams in the care of pa ents with cancer.
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FACILITATORS AND BARRIERS TO PALLIATIVE
CARE REFERRAL
Pa ent and Family Facilitators and Barriers
A public opinion survey established that few people understand what pallia ve care is. However, when appropriately
educated about the services provided, most people would
be willing to have pallia ve care for themselves or a loved
one with serious illness.18 Studies of pa ents with cancer
suggest that many ini ally associate pallia ve care with
hospice and death and/or dying.19 Pa ents may associate
pallia ve care referral with decreased hopefulness or choice
about their care.20,21 Notably, those who received early integrated pallia ve care reported that their ini al concerns
were replaced by apprecia on for the QOL beneﬁts associated with pallia ve care services and recogni on that services provided by pallia ve care teams and oncologists were
dis nct but complementary.22 Even a er they understood
the value, pa ents s ll recommended calling pallia ve care
services by a diﬀerent name.21
Branding/naming. Given that pallia ve care grew out of the
hospice movement and that many providers and pa ents
associate it with death, dying, or hospice services, some
have advocated renaming these services to remove the associated s gma.21,23,24 The most frequently suggested alternave is suppor ve care.21,25,26 At The University of Texas MD
Anderson Cancer Center, oncologists and advance prac ce
providers preferred suppor ve care,25 and renaming the
service resulted in increased referrals.27 Other practices
avoid the problema c terms by being named in honor of
philanthropic donors or by using a name that is descrip ve
of services (e.g., the Symptom Management Service).

Oncologist Facilitators and Barriers
Reasons oncologists refer pa ents for pallia ve care. Studies to explore facilitators and barriers to referral among oncologists suggest that individual factors may aﬀect referral
more than ins tu onal bias for or against pallia ve oncology
care.28 Mul ple studies suggest that oncologists are most
likely to refer for assistance with complex pain and symptom management and less likely to solicit help with goals of
care.24,28-33 Comple on of a specialty pallia ve care rota on
during training increased likelihood of referral, as did adequate access to pallia ve care services in one’s ins tu on.23
However, numerous a tudinal, educa onal, and structural
barriers exist.
A tudinal barriers. Mul ple studies indicate that oncologists incorrectly link pallia ve care with death, dying, hospice,
or end-of-life care, and some believe it should be oﬀered
only when there are no more cancer-directed therapies
available.24,29,31 Some physicians may be resistant to changing this belief. Attitudinal barriers toward palliative care
expressed by oncologists include the following24,29,31,32,34,35:
• Persistent associa on with death, dying, hospice, and/
or end-of-life care
• S gma associated with the name "pallia ve care" and
concern that pa ents may have nega ve associa ons
• Belief that pallia ve care is an alterna ve to oncology
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care or is not compa ble with concurrent aggressive ancancer care
• Oncologist distrust of pallia ve care providers; belief
that certain topics, such as prognosis or goals of care,
are the sole domain of oncology clinicians
• Belief that patients/families will feel abandoned or
have less hope if their oncologist refers them to palliative care
• Fear of upse ng other oncology mul disciplinary team
members (e.g., medical oncologist upset that radia on
oncology colleague involves pallia ve care team)
• Belief that academic pallia ve care models don’t translate well into community se ngs
Primary versus specialty pallia ve care in oncology pracce. Prac cing oncologists o en say, “But I do pallia ve
care!” This belief may be another barrier to pallia ve care
referral.31,35 Indeed, many oncologists are skilled at management of cancer-associated pain and symptoms, as well as
discussion about prognosis and goals of care. These are essen al elements of primary pallia ve care.36 However, most
oncologists do not have specialized training to address more
complex symptoma c or emo onal needs of pa ents and
families,37-41 and many may not have me during rou ne
oﬃce visits to address broader psychosocial issues related
to suﬀering and coping that aﬀect pa ents with cancer and
their families. A 2016 joint guidance statement by ASCO
and the American Academy of Hospice and Pallia ve Medicine iden ﬁed basic symptoma c assessment and management skills, as well as elements of end-of-life care and
communica on, that were essen al aspects of high-quality
primary pallia ve care for pa ents with cancer. However,
expert consensus was that some domains require specialist
interven on.42 The degree to which an individual oncology
clinician feels they can provide primary pallia ve care may
depend on many factors, including their training, con nuing
educa on, a tudes, and prac ce environment. Professional
organiza ons recommend that oncologists receive pallia ve
care training in graduate and con nuing educa on environments to develop and reﬁne their skills.9,43

Structural Barriers to Outpa ent or CommunityBased Pallia ve Care
Outpa ent and community-based pallia ve or suppor ve
oncology programs have the beneﬁt of providing care in
the same loca on that most pa ents with advanced cancer receive their oncology care—in the outpa ent se ng.
Although 90% of U.S. hospitals with more than 300 beds
provide services,30 and although many pa ents at American
and European comprehensive cancer centers have access to
outpa ent pallia ve care,6,44 widespread access outside of
large academic centers to outpa ent or community-based
pallia ve care for pa ents with cancer may be limited.5,45
Surveyed oncologists reported the following structural or
ﬁnancial barriers to outpa ent or community-based specialty
pallia ve care referral23,29,31,46:
• Lack of service availability
• Lack of mely access for referred pa ents

• Lack of awareness about outpa ent or communitybased services
• Loca on of pallia ve care clinics oﬀ site/away from oncology clinics
• Prac ce environments in which pallia ve care clinics
only accept patients who are not receiving cancerdirected therapies
• Concern about copays and reimbursement for pallia ve
care services
Successful community-based outpa ent pallia ve care
clinics will an cipate and address many of these concerns.

BUILDING A BUSINESS PLAN FOR YOUR
PALLIATIVE CARE CLINIC
Outpa ent pallia ve care oﬀers tremendous value not just
to pa ents with cancer, families, and clinicians, but to ins tu ons as well. Pallia ve care supports high-quality clinical
care, including improved symptom control and, in some instances, reduced mortality.1,47 These clinical beneﬁts are at
the core of guidelines and recommenda ons from na onal
and interna onal oncologic organiza ons.8,48-51 ASCO ﬁrst
recommended pallia ve care for all pa ents with serious
symptoms or metasta c disease in 201248 and reaﬃrmed
their recommenda ons in 2016.8
Notably, this clinical (or moral) impera ve (i.e., provide
pallia ve care because it is the right thing to do for pa ents)
is aligned with a ﬁnancial impera ve: pallia ve care results
in important cost avoidance and cost savings in the context of a global care budget. Pallia ve care outpa ent work
typically includes a robust interdisciplinary team (including
providers such as chaplains and social workers who typically
cannot bill insurance for their work) and extensive phone
and follow-up support a er scheduled clinic visits. As such,
pallia ve care physician and nurse prac oner billing typically is not adequate to support comprehensive outpa ent
services in a fee-for-service system.52 However, with the
goal of making pa ent care consistent with pa ent wishes,
palliative care often results in provision of more desired
services that usually are not very expensive (e.g., symptom
management, home care, and hospice), but fewer unnecessary services that usually are very expensive (e.g., end-oflife hospitaliza ons, intensive care, and chemotherapy). In
balance, with a global budget in mind, outpa ent pallia ve
care is associated with fewer costs for ins tu ons that bear
global (at-risk) costs of care.53,54 The cost savings associated
with less unnecessary health care use at the end of life (e.g.,
emergency department visits, hospitaliza ons, intensive
care unit stays in the last days/months) and earlier hospice
referral jus fy the costs of early, integrated outpa ent pallia ve care services for pa ents with cancer.
Across the country, ins tu ons that provide cancer care
are recognizing the possibili es for expanded outpa ent
pallia ve care services to achieve the triple aim: improvement for the pa ent (and caregiver) experience, improvement in the health of popula ons, and reduc on of per
capita cost of health care.55 The movement to establish
value-based care has created an historic alignment among
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

113

FINLAY, RABOW, AND BUSS

what pa ents, families, health care clinicians, and health
care ins tu ons want. This alignment likely explains some
of the observed growth in pallia ve care services in cancer centers. Na onally, cancer centers are developing and
growing outpa ent pallia ve care services. The vast majority
of Na onal Comprehensive Cancer Network–member ins tu ons now oﬀers outpa ent pallia ve care and provides
an average of 469 consults per year, staﬀed by an average of
6.8 full- me equivalent personnel.6
Without adequate explicit reimbursement (i.e., billing income) for services to create a ﬂow of new monies that is
obviously visible to cancer center and prac ce administraons, pallia ve care groups must engage cancer centers and
prac ces by presen ng their value argument clearly and in
terms that ma er to the ins tu on.54 Pallia ve care must
align with the cancer center or prac ce and demonstrate
the ﬁnancial case for their comprehensive program. Such
an argument can include data of cost savings published in
the peer-reviewed literature. Although the published data
have dis nct limita ons and some inconsistencies, studies
of home-based and clinic-based community pallia ve care
demonstrate important clinical and ﬁnancial beneﬁts.1,12,47,56-64
Early referral and pallia ve care early in the course of cancer
care appear to be key.11-13,65
However, nearly every ins tu on wants their own local,
not na onal, data. Pallia ve care departments must project
the cost savings associated with performance at their own
ins tu ons. Pallia ve care programs must deﬁne, with the
ins tu on’s own mission statement, values, strategic inia ves, language, and data, how it helps the ins tu on to
create sustainable programs that serve pa ents, their loved
ones, and clinicians. Alignment with ins tu onal ini a ves
(e.g., cost avoidance from reduced health care use, quality
improvement) or payer or market forces within health care
systems may generate more support for outpa ent programs.
As an example of mission alignment and data that support the business case for outpa ent pallia ve care, the
outpa ent pallia ve care team at the UCSF Helen Diller
Family Comprehensive Cancer Center (called the Symptom
Management Service) generated data to describe the improved end-of-life health care use for cancer center decedents seen by pallia ve care late in their care (fewer than
3 months before death, typically seen by the inpa ent
pallia ve care service) compared with early (more than
3 months before death, typically seen by the outpa ent
palliative care service).12 These data showed improved
end-of-life health care use (i.e., fewer hospitaliza ons,
emergency department visits, in-hospital morality, 30-day
mortality, and death within 3 days of hospital discharge) for
early pallia ve care. This was associated with an a enuaon of the typical increase in health care costs at the end
of life and a savings per pa ent of approximately $5,000
(accounted for by savings in inpa ent expenses). In the setng of inadequate na onal data to benchmark staﬃng for
outpa ent pallia ve care, such u liza on/cost data, along
with quality data, contributed to leadership support for the
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request to expand the work of non-billing pallia ve care
team members, including an addi onal nurse and administra ve assistant, in the outpa ent se ng. Addi onal social
work support is being considered.
Some pallia ve care teams may have the ability to construct a robust business plan that is based on health care
value, but many will need the support of the ins tu on (i.e.,
ﬁnance and data personnel) or consulta on from outside
experts. Since 2003, through their Pallia ve Care Leadership
Center ini a ve (of which M. W. R. is a founding member),
the Center to Advance Pallia ve Care has oﬀered strategic consul ng and mentoring to new or growing programs
across the country and has developed a recent ini a ve focused on community-based pallia ve care.
To develop a robust and sustainable outpa ent pallia ve
care service, numerous strategic considera ons are important. Each of these has implica ons for staﬃng, clinical capacity,
and health care ﬁnances that each program must consider.
Strategic elements to consider include the following:
• Model of prac ce (clinic-based [stand-alone or colocated]
or home-based)
• Scope of your prac ce (What will your service do? What
pa ents will you see? What pa ents will you not see?)
• Level of responsibility (consulta on only, comanagement, or primary care)
• Referral process
• Visit specifics (length of visit for new patients and
follow-up visits, as well as for family mee ngs, advance
care planning sessions)
• Telemedicine capabili es
• Visit volume
• Mechanism for discharging pa ents from the prac ce
• Strategies for quality maintenance and improvement
(including pa ent-reported and other data, data and repor ng management systems)
• Clinical care space
• Staﬃng (What disciplines will be involved? Will they be
pallia ve care cer ﬁed? Where do they “live” administra vely?)
• 24/7 coverage
• Record-keeping and electronic medical record capabili es
• Billing processes
• Communica on and coordina on with oncologists and
referring providers
• Opioid management (prescribing, use, and monitoring)
• Service staﬀ sustainability and resiliency
Notably, the program design that is right for any one ins tu on is the one that is ﬁ ed to that ins tu on’s clinical
needs and strengths, culture and environment, and payment
model.

KEY CONSIDERATIONS IN DEVELOPING A
PALLIATIVE CARE CLINIC
Model/Loca on of the Clinic
Independent clinic. In an independent (i.e., stand-alone)
clinic model, the pallia ve care and oncology clinics are separate in loca on and usually in funding. Appointments are
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FIGURE 1. Independent and Embedded Models of Pallia ve Care

Abbrevia ons: PC, pallia ve care; QOL, quality of life.

not linked with oncology appointments, though eﬀorts can
be made to coordinate scheduling according to the availability and ﬂexibility of both the oncologist and the pallia ve
care clinic staﬀ. All the clinic staﬀ, including the recep onist,
medical assistant, and a er-hours coverage, are the responsibility of the pallia ve care team, and this responsibility
assignment has implica ons for the cost of the clinic. Independent clinics have the advantage of crea ng a separate
environment and are able to manage visits with mul ple
members of the interdisciplinary team.
Embedded or colocated. Pallia ve care clinics that aim to
serve pa ents with cancer primarily or exclusively are commonly colocated along with the oncology clinic in the cancer center, and degrees of integra on or embeddedness—
collabora ve ac vity and program services—vary. Typically,
either a physician or a nurse prac oner, some mes with
support of social work,7 coordinates with the oncologist to see
pa ents in tandem with them. A key feature of an embedded

clinic is the opportunity for the oncologist and the palliative care clinician to discuss patient issues in real time,
which ensures that the pallia ve care clinician understands
the prognosis and an cipates the next steps with respect
to treatment, and which ensures that the oncologist understands recommended symptom management and psychosocial interven ons. Cri cal informa on may be conveyed
during joint visits, which ensures a consistent message to
the pa ent and family. The model also facilitates educaon and support from pallia ve care to oncology and the
reverse.66
Although strong data compare concurrent outpa ent pallia ve care to usual oncologic care,1-3,11,12,14 li le data test
the rela ve impact of diﬀerent models to deliver pallia ve
care on outcomes. Einstein at al67 compared outcomes of
decedents with access to an embedded pallia ve care model
with those who had access to an independent palliative
care clinic. Findings included earlier integra on of pallia ve
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 1. Overcoming Barriers and Obtaining Buy-In for Outpa ent Pallia ve Care
Barrier

Buy-In Ac on
Deﬁne your oncology prac ce’s PC resources and needs:
• Who are the provider, pa ent, health system, payer, and community stakeholders?
• Iden fy ins tu onal PC champions

Assess Prac ce and Market Forces

• Iden fy knowledge, a tudinal, and service/access barriers to PC integra on
• Iden fy local PC/suppor ve care providers and hospices
• Inquire about poten al collabora ve service models
• Iden fy exis ng local/regional resources and services
Consider what kind of oncology-PC partnership may meet your prac ce’s service needs:
• Embedded clinic: may improve oncologist–PC communica on and ease of access for pa ents
• Independent PC clinic: less risk for oncology prac ce, but may decrease opportuni es for collaboraon and may limit access for pa ents

Evaluate Poten al Models for Care

• Home-based PC programs: meets pa ents in home se ngs, but may decrease face-to-face contact
between oncology and PC providers; less data to support model speciﬁc to cancer
• Telehealth model: telemedicine or telephonic care management models may be useful in rural or
resource-poor environments, or in se ngs with limited PC provider capacity15,73,74,80
• Primary PC model: with the TEAM approach to improve primary PC capacity, draws from literature on
best prac ces but needs valida on in trial se ng69
Collaborate with PC partner for the following:
• Deﬁne referral pathways and processes
• Consider suggested clinical criteria for referral, including automa c triggers

Deﬁne Consulta on E que e and
Expecta ons for Collabora on

• Deﬁne expecta ons for mely pa ent referral and urgent access
• Consider early consulta ons for pain and symptom control to integrate and normalize PC team in
pa ent care model81
• Clarify bidirec onal communica on expecta ons between oncologists and PC providers
• Clearly deﬁne roles among oncology and pallia ve team members31
• Iden fy a PC liaison or champion in your prac ce (e.g., navigator, case manager, nurse, advance prac ce
provider)82

Iden fy PC Liaison or Champion in Your
Oncology Se ng

• Establish a model for shared staﬃng with pallia ve-trained interdisciplinary team members (e.g., social
workers, chaplains, nurses, advance prac ce providers)35
• Provide con nuing educa on to prac ce liaison to build their PC skill set
• Invite PC providers to tumor board
• Provide oncology clinicians with regular opportuni es to a end primary PC con nuing educa on
• Clearly deﬁne PC services and delivery models
• Develop scrip ng to introduce PC eﬀec vely to pa ents/families and to limit the s gma81
• Iden fy a pa ent’s PC service needs or goals (e.g., pain, symptom control, advance care planning) and
frame your recommenda on for PC referral on the basis of those perceived needs83

Educate Providers on the Brand,
Messaging, and Services

• Example: “Your pain has been diﬃcult to manage, and I’d like to refer you to a team of experts who can
work with me to get it under be er control.”
• Avoid language associated with hospice, death, or dying in descrip ons of PC, and avoid describing PC as
a service for pa ents with cancer for use “when there is nothing more we can do”
• Consider naming services, such as suppor ve care or suppor ve oncology, or consider using a descrip ve
name, such as symptom management service, rather than PC25,27,84
• Normalize early PC referral81,82: “This is the way we always do it.”
Clearly deﬁne your PC program by using language that facilitates pa ent understanding84:
• Naming: consider suppor ve care or other non-PC names

Align Service Delivery and Marke ng With
the Needs of Pa ents/Families

• Message: create a symptom- and quality of life–oriented message; avoid focus on end-of-life care
• Service delivery model: a empt to provide PC services by using a model that addresses the needs of
your popula on (embedded vs. independent vs. other)
• Provide educa onally appropriate marke ng materials for pa ents and families

Abbrevia ons: PC, pallia ve care; TEAM, Time Educa on standardized Assessment and interdisciplinary Management.
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care services and longer hospice enrollment for those with
access to an embedded model. Notably, the referring oncologists were the same for both groups. This suggests
that the embedded model may be eﬀec ve to overcome
certain barriers. Certainly, the incorporation of a palliative care clinician into the oncology team sends a strong
message to pa ents and families that it is part of usual
cancer care. Eﬀec ve embedded clinics require substan al
buy-in from at least one oncologist in the prac ce to be
successful.

Method for Referral: Triggered Versus Physician
Discre on
In tradi onal clinical prac ce, referral to another specialty
relies on the discretion of the referring physician. Many
health care professionals equate pallia ve care with end-oflife care,68 which leads to late referrals. The eligibility criteria
of the clinical trials of outpa ent pallia ve care eﬀec vely
served as a trigger for the interven on arm, whereas referrals to pallia ve care were at physician discre on in the
usual-care arm. Such triggers consistently result in earlier
involvement of pallia ve care and improved outcomes. The
criteria were largely based on diagnoses (e.g., a diagnosis of
an advanced cancer) that portend limited prognoses.1-3 In
some cases, a symptom severity score greater than a certain
cutoﬀ served as a trigger for a referral.59,67
Implementa on of a trigger outside of a trial requires
buy-in from key members of the oncology team who are
expected to refer, as well as the pallia ve care team. In
our experience, oncologists were able to agree on prespeciﬁed criteria in the abstract, yet frequently would not
refer pa ents who met those criteria unless informed
that the pa ent met the trigger. Iden ﬁca on of pa ents
who meet prespeciﬁed criteria involves screening charts
in advance, which requires addi onal staﬃng, which may
not be feasible for all clinics. In addi on, such screening is
likely to enhance referrals. This may be an eﬀec ve strategy for clinics seeking to expand their volume, but a more
measured approach may be considered in clinics already
at capacity.

Staﬃng Considera ons
Pallia ve care, by deﬁni on, is delivered by an interdisciplinary team. The most common members include physicians, nurse prac oners, social workers, and nurses.
Some teams also include a chaplain, psychologist, pharmacist, or die cian. When an independent clinic is designed,
the needs of the pa ents and providers being served may
determine the composi on of the interdisciplinary team.
When pallia ve care is embedded into a cancer team, it
may be imprac cal to bring a full interdisciplinary team to
every pa ent visit. Also, the oncology team may already
include members of diﬀerent disciplines, such as a nurse
or social worker. By building close rela onships with all
members of the oncology team and by avoiding redundancy, a single pallia ve care clinician may incorporate
into a larger interdisciplinary cancer care team to deliver

eﬀec ve outpa ent pallia ve care services. This model
has ﬁnancial advantages, because the pallia ve care clinician can generate revenue and because the cost of the
other providers as well as the administra ve and support
staﬀ comes out of the cancer clinic. This hybrid model
recognizes the key elements of palliative care identified
in the Time Education standardized Assessment and interdisciplinary Management (TEAM) approach,69 and it
includes one individual with specialized training. (Please
see the subsec on "Other alterna ves: Enhanced primary
pallia ve care" for expanded discussion of the TEAM approach.) Alterna vely, members of a specialty pallia ve
care interdisciplinary team can see the pa ent serially, as
necessary, and incur greater costs but avoid the logis cal
challenge of a large team that sees the pa ent in a small
oﬃce.

Medica on Management
Prescribing prac ces vary in pallia ve care clinic se ngs.
The decision to prescribe means that the team is assuming
responsibility for managing medica ons, adverse eﬀects,
adjustments, reﬁlls, and increasingly onerous regulatory paperwork. Some clinics, recognizing the limita ons of their
staﬀ and/or the inability to provide oﬀ-hours coverage, opt
to defer prescribing and what accompanies it to the primary team. This approach puts less burden on staﬀ and may
encourage more learning opportuni es for the referring
provider. This approach also carries a risk that recommenda ons may not get implemented.70 When oncology and
pallia ve providers collaborate for pa ent care, clear roles
about prescrip on management should be deﬁned to avoid
mistakes or misunderstandings.

OVERVIEW OF SOME SUCCESSFUL MODELS
IN THE LITERATURE
A successful pallia ve care outpa ent model will take into
account the needs and concerns of the pa ents, the referring oncology specialists, the collabora ng providers, and
the prac ce environment into which it is being integrated.
This is not meant to be a comprehensive list, nor a review of
the literature. The following examples of clinic models with
published evidence of beneﬁt highlight diﬀerent eﬀec ve
programma c features.

Tradi onal Clinic-Based Oncology–Pallia ve Care
Collabora ons
Example 1: Pallia ve care in academic oncology prac ce
(colocated model). The work by Temel et al1 drew a enon to outpa ent pallia ve care because it demonstrated
improvements not only in QOL but also in a substantial
survival advantage. In this study, conducted at a major academic medical center, pa ents with non–small cell lung
cancer who were randomly assigned to the interven on
saw a single pallia ve care physician or nurse prac oner
on a monthly basis within 8 weeks of diagnosis. Visits generally were med to coincide with their scheduled oncology physician or treatment visits. Pallia ve care clinicians
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addressed symptoms, coping, and illness understanding
with equal frequency at all visits. Other content of these
visits varied during the illness trajectory; early visits
focused on building rapport with the patient, establishing information preferences and prognosis awareness,
and discussing cancer treatment and adverse eﬀects.
Issues related to end-of-life care preferences were not
addressed un l later in the rela onship.71 This model has
been replicated elsewhere, including with an interdisciplinary team.
Colocated or embedded models have the perceived beneﬁt of increased direct collabora on, educa on, and communica on between oncologic and pallia ve care providers
about pa ent care, and they provide joint visits for pa ents
with the oncologist and the pallia ve care specialist. Many
oncologists note a preference for embedded models of care
for this reason.28,31,35 In addi on, these models directly connect three important stakeholders: pa ents/families, oncologists, and pallia ve providers (Fig. 1).
Example 2: Pallia ve care in a private oncology prac ce.
In a similar delivery model, Muir et al59 embedded a hospiceemployed palliative care clinician and a fellow in a halfday palliative care clinic in a busy private oncology practice. The hospice and oncology practice had a longstanding collabora ve rela onship. Referring oncologists from
the group could make referrals for limited consulta on for
a problematic symptom or extensive consultation, which
would include discussion of goals of care and possibly referral to hospice, if appropriate. The pallia ve care clinicians
respected the scope of the oncologist’s referral. Clearly deﬁning and respec ng the scope of the referral are examples
of appropriate consulta on e que e that addressed one
reported barrier to referral from the literature.29,32,35
Referrals were tracked and compared the prac ce where
the pallia ve care clinic was embedded among oncologists
who also received educa on with an aﬃliated group that
received educa on and with nonaﬃliated prac ces without the educa on; all prac ces could refer to the pallia ve
care clinic for consulta on. A er the pilot, referrals increased drama cally both to the clinic and to the inpa ent
pallia ve care service at the aﬃliated hospital. Not surprisingly, the most drama c increase was from oncologists
who had access to the embedded model. Data collected
from a subset suggested that symptom burden improved
in those seen in the pallia ve care clinic more than once.
Opioid-prescribing prac ces also improved.72 Sa sfac on,
measured by anonymous survey of the referring providers,
was high.
In an eﬀort to demonstrate how this model aligned with
the goals of the private practice oncology group, the authors hypothesized that the me spent by pallia ve care
clinicians in the course of all their consulta ons was me
that oncologists would have spent with these pa ents had
the pallia ve care clinic not existed. According to this premise, they es mated that each referring oncologist saved an
average of 170 minutes per pa ent referred. For prac ces
in which there is a wait to see new pa ents, this could be a
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potent argument to support availability of a pallia ve care
clinic.

Alterna ve Models for Oncology–Pallia ve Care
Collabora on
Example 3: Telehealth pallia ve care support. In the ﬁrst
two examples, pallia ve care specialty clinicians made themselves available in the same space and o en on the same
day as the oncologists who would refer. In a third model,
Educa on, Nurture, Advise Before Life Ends (ENABLE), pallia ve care was provided with one face-to-face visit followed by four weekly psychoeduca onal phone sessions
from trained advance prac ce nurses and then monthly
sessions for the duration of the study.3,4 Patients in the
interven on showed improvement in mood, a trend toward
symptom improvement, and no change in health care use.
This nurse-led telephonic model—an example of a telehealth interven on—has advantages in rural se ngs, where
regular palliative care clinic visits may not be feasible,
and offers a substantial impact from a relatively simple
intervention. This work was funded by a research grant.
Although reimbursement for virtual encounters is evolving and parity legislation is widespread, this model may
pose challenges in a community practice in which billing
would be expected to fund much of the work of a palliative care clinician.
Addi onal telemedicine models of clinical pallia ve care
service delivery to pa ents with cancer via video or telephonic
methods exist, and they oﬀer promising but mixed results
related to overall symptom and service beneﬁts.73-75 The Project Extension for Community Healthcare Outcomes (ECHO)
model, which uses technology to deliver primary pallia ve
care educa on to frontline providers in varied se ngs, is also
described in the literature, although data are limited about
its clinical impact on pa ents.76 Given the workforce and geographic limita ons that aﬀect pallia ve care, telemedicine
models hold promise, but addi onal research is needed.
Example 4: Home-based pallia ve care. Pa ents with advanced cancer may face challenges in access of care in clinic
se ngs because of physical, func onal, or resource-based
limita ons. Home-based pallia ve care may oﬀer a solu on
for pa ents with cancer, and this model has been explored
with some success in cancer and mixed pa ent populaons.61,77 However, addi onal research is needed to determine the best models for home-based pallia ve care and
oncology collabora on.
Other alterna ves: Enhanced primary pallia ve care. In
environments with limited access to resources (i.e., rural,
underserved regions or regions with limited oncology and
pallia ve care staﬃng) or insurmountable barriers to pallia ve care integra on, oncology prac ces might adopt key
elements from the published trials about concurrent pallia ve and oncology care and implement them in a limited
manner.69 The TEAM approach advocates for me (an addi onal hour per pa ent per month), pa ent-focused educa on, standardized assessments (e.g., rou ne symptom
assessment with standardized tools), and interdisciplinary
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management protocols to incorporate primary pallia ve
care for pa ents with cancer.69 Because a beneﬁt of pallia ve care is the interdisciplinary support for pa ents and
families, the TEAM model advocates building rela onships
with interdisciplinary team members, such as advance
prac ce providers, chaplains, and/or social workers, as an
extension of the oncology team.69 The TEAM approach arculates cri cal components of pallia ve care and suggests
a prac cal means of delivering them. Addi onal study and
more approaches that are less revenue intensive, such as
CONNECT (i.e., care management by oncology nurses to address suppor ve care needs),78 are needed to see if these
approaches yield the same beneﬁts of established models.79

STRATEGIES FOR PROGRAM DEVELOPMENT
Table 1 lists strategies that are culled from literature as well
as expert opinion. These include approaches to overcoming common hurdles and ways to obtain buy-in for building
outpa ent pallia ve care programs. Addi onal research is
needed to establish innova ve models of care and expand
upon those men oned here.

CONCLUSION
Outpatient palliative care programs provide substantial
beneﬁts to pa ents and their caregivers. Designed properly,
they can also support oncologists in some of their most
challenging work. Unlike so many other new oncologic advances, pallia ve care extends survival and enhances QOL
and quality of care while it reduces costs. A recent study
of high-value oncology prac ces named early and normalized pallia ve care as one of the three a ributes with the
highest poten al to lower cost and at the same me maintain a high quality of care.35 More examples of innova ve,
eﬃcient, and prac cal implementa on of outpa ent and
community-based pallia ve care are needed in the literature so that we can learn from each other’s experiences. Improved integra on of pallia ve care into community-based
oncology prac ce represents an enormous opportunity to
comply with the ASCO recommenda ons for the beneﬁt of
those whom we serve—to simultaneously enhance the experience of pa ents and families with advanced cancer and
curb health care expenditures, a rare alignment of clinical
and ﬁscal goals.
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Implementa on of Pa ent-Reported Outcomes in Rou ne
Medical Care
Ethan Basch, MD, MSc, Lisa Barbera, MD, Carolyn L. Kerrigan, MD, MHCDS, and
Galina Velikova, MD, PhD
OVERVIEW
There is increasing interest to integrate collec on of pa ent-reported outcomes (PROs) in rou ne prac ce to enhance
clinical care. Mul ple studies show that systema c monitoring of pa ents using PROs improves pa ent-clinician communica on, clinician awareness of symptoms, symptom management, pa ent sa sfac on, quality of life, and overall survival.
The general approach includes a brief electronic survey, administered via the Web or an app or an automated telephone
system, with alerts to clinicians for concerning or worsening issues. Pa ents have generally been asked to self-report on
a regular basis (remotely between visits and/or at visits), with reminders promp ng pa ents to self-report that are sent
via email, text, or automated phone message. More recently, care management pathways for pa ents and clinicians have
been triggered by PRO system alerts. PRO systems may be free-standing, integrated into electronic health record systems
or pa ent portals, or na ve func onality of an electronic health record. Despite poten al beneﬁts, there are challenges
with integra ng PROs into prac ce for monitoring pa ent status, as there are with any modiﬁca ons to exis ng clinical
processes. These challenges range from administra ve to technical to workﬂow. A session at the 2018 ASCO Annual Meeting was dedicated to the implementa on of PROs in clinical prac ce. The session focused on prac cal examples of PRO
implementa ons, with honest reﬂec ons on barriers and strategies that may be generalizable to other systems looking
to implement PROs. Panelists for that session are the authors of this paper, which describes their respec ve experiences
implemen ng PROs in prac ce se ngs.

P

atient-reported outcomes encompass data reported
directly by people about how they feel and function,
such as symptoms, physical func on, and quality of life.
Although many PRO ques onnaires were ini ally developed for use in clinical trials, there is rapidly growing interest
to integrate PROs into rou ne clinical prac ce for monitoring pa ent clinical status. An impetus for this movement
is the body of evidence demonstra ng that clinicians miss
about half of their pa ents’ symptoms during treatment.1,2
Downstream consequences of missing symptoms include
patient suffering due to poor symptom control, missed
treatments, emergency department visits and hospitaliza ons, and physical debility. Indeed, poorly controlled
symptoms are a principal driver of preventable emergency
department visits, such as for pain, dyspnea, dehydra on,
nausea or vomi ng, diarrhea, and fa gue.3,4 Mul ple studies show that systema c monitoring of pa ents’ symptoms
using PROs closes this gap, improving pa ent-clinician communica on, clinician awareness of symptoms, symptom
management, pa ent sa sfac on, quality of life, and overall survival.5-7

Despite the clear beneﬁts, there are challenges with
integra ng PROs into prac ce for monitoring pa ent status, as there are with any modiﬁca ons to exis ng clinical
processes. These challenges range from administra ve to
technical to workﬂow issues. A session at the 2018 ASCO
Annual Mee ng was dedicated to the implementa on of
PROs in clinical prac ce. The session focused on prac cal
examples of PRO implementa ons, with honest reﬂecons on barriers and strategies that may be generalizable
to other systems looking to implement PROs. Panelists for
that session are the authors of this paper, and each has
summarized his or her respec ve content in the below
sec ons.

THE ERAPID SYSTEM IN ENGLAND
GALINA VELIKOVA, MD, PHD
The rou ne recording of treatment side eﬀects experienced
by pa ents with cancer is typically not well documented or
easily accessible within medical records. Pa ents also report challenges understanding the clinical severity of parcular symptoms and the appropriate care op ons when
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TABLE 1. Severity-Based Clinical Algorithm, Pa ent Advice, and Frequency of Ac va on of Each Category in
the Pilot Study
Propor on in This
Category in the Pilot
Study (Total of 540
Comple ons), %

Algorithm

Summary

Immediate Advice Message in QTool

A1

One or more severe problems likely medical
emergency, experienced currently

You have indicated a serious problem in this area. We
recommend that you contact the hospital now to discuss
your symptoms with the medical team (St. James’s
University Hospital tel. XXXXX and ask for the Oncology
Pa ent Inquiries Bleep Holder).

2

You have reported that you have been experiencing some
serious problems which have now improved. If you have
not already been in contact with your medical team, we
recommend that you contact them to discuss your symptoms when convenient, or men on them at your next
clinic appointment (if in the next 1–2 weeks). If you have
already been in touch with your medical team regarding
your symptoms, please follow the advice they have given
you.

8

If your symptoms are new or have changed recently, please
either contact the hospital when convenient to discuss
your symptoms with the medical team or men on them
at your next clinic appointment (if in the next 1–2 weeks).

14

Mild symptoms, do not require medical
a en on at present

Follow self-management advice.

75

Self-management advice presented

Example: For your pain or discomfort. If you have been
prescribed painkillers (also known as analgesics) by your
doctor, take the maximum dose that you have been prescribed as soon as you ﬁrst feel you have pain. Make sure
that you take your painkillers regularly, even if you have
mild pain which you think you can cope with. It is easier
to prevent the pain than to treat exis ng pain…

No problems reported

No advice. Thank you for comple ng eRAPID.

Contact the hospital now!
Example: I felt sick and not able to eat or
drink (CTCAE Grade 3)
A2

Severe problem(s) that improved
Contact the team when convenient

B

Three or more moderately severe medically
important problems
Contact the team when convenient

C

D

1

Abbrevia ons: CTCAE, Common Terminology Criteria for Adverse Events.

outside the hospital environment. In response to these issues,
the eRAPID system was devised to allow online pa ent repor ng during and beyond cancer treatment. Pa ents can
remotely report symptoms and side eﬀects from home and
receive immediate severity-tailored advice on self-management
strategies for mild symptoms or recommendations for

PRACTICAL APPLICATIONS
• PROs reﬂect how pa ents feel and func on and are
measured via surveys.
• PROs can be collected via the internet, automated
telephone systems, or downloadable applica ons.
• Mul ple studies have tested whether it is feasible
to integrate PROs into rou ne cancer care (it is) and
whether outcomes are improved as a result (they are).
• Many ins tu ons are integra ng PROs into clinical
prac ce and are iden fying challenges and strategies for
successful implementa on.
• Like any quality improvement project, there is a risk for
failure if implementa on is not done though ully with
ongoing monitoring and adjustment, par cularly in early
phases, as described through prac cal examples in this
paper.

contac ng the hospital for serious problems. The system
also generates no ﬁca ons via email to the relevant clinical
team for severe adverse events. Pa ent data are immediately transferred to electronic medical records (EMRs) for
clinical staﬀ members to access. These data can then be
used in rou ne consulta ons to support clinician decision
making and focus on symptoms that are most problema c
for pa ents.
The overall aims of the eRAPID system are to improve the
safe delivery of cancer treatments, enhance pa ent care,
and standardize documenta on of adverse events within
the clinical data sets. We hypothesize that the eRAPID approach will bring beneﬁts for both pa ents and health care
professionals. For pa ents, it may enable earlier symptom
detec on and improved self-management, mely admissions to manage more serious toxicity, improved supportive medica on use, and appropriate health service
contacts. For staﬀ members, it may reduce the number of
contacts, save me spent on inquiring and recording adverse events, focus a en on, and support decision making
during consulta ons.
Some of these beneﬁts have recently been shown in a
randomized controlled trial of chemotherapy for metasta c
cancers but also sugges ng a survival advantage.7,8
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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FIGURE 1. Case Study of a Pa ent With Ovarian Cancer: Screenshots of the eRAPID Display in the
Electronic Medical Record

(A) Graphical format par cularly suitable for tracking changes over me (the most recent report is on the right). (B) Tabular format containing free text on addi onal symptoms reported by the pa ent (the
most recent self-report is on the le ).
Abbrevia on: PRO, pa ent-reported outcome.
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FIGURE 2. Screenshots From the Cancer Care Ontario PRO System

(A) Typical computer kiosk at which pa ents complete PRO ques onnaires. (B) Example PRO measure. (C) Example printed report of PROs for clinicians.
Abbrevia on: PRO, pa ent-reported outcome.

During the eRAPID development phase, we adopted the
Medical Research Council’s complex interven on guidance
to op mize the design and acceptability of the system. The
interven on can be viewed as consis ng of many ac ve
components, which must be individually developed and
then put together and evaluated as a single complex system. The ac ve components of eRAPID are described brieﬂy
below.

IT System
A robust, secure online system was developed that allows
pa ents to log in with a provided user name and report
their symptoms remotely; within a few minutes, the selfreported data are pulled behind the Na onal Health Service
ﬁrewall to a database linked to the EMR, where the pa ent
is iden ﬁed and his or her results are displayed as part of
the individual medical record.9
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FIGURE 3. Sample of Ques onnaires Containing PROs That Can Be Ordered by DH Care Team
Members

Abbrevia ons: PROs, pa ent-reported outcomes; DH, Dartmouth-Hitchcock Medical Center.

Clinical Pathways
We performed process mapping of pa ent treatment pathways and interviews with health care professionals and
pa ents to iden fy where and how eRAPID will best ﬁt in
the clinical ﬂow and who are the key professionals to engage in
the new approach.10

Selec on of Symptom Items for Pa ent
Self-Repor ng
We elected to use the Common Terminology Criteria for
Adverse Events system, conver ng the adverse events items
descriptors into pa ent self-repor ng format preserving
the severity grading. Cogni ve pa ent interviews were performed to ensure comprehension and clinical meaningfulness
of the items.11
Severity thresholds and a clinical algorithm for severitybased pa ent advice and no ﬁca ons were developed. The
immediate severity-related guidance generated from eRAPID
on how to self-manage mild symptoms and when to contact
the hospital is a unique feature of our system compared
with other electronic PRO Web portals. This feature was
developed in an itera ve process involving the oncology clinicians to determine the severity thresholds in a way that
supports pa ent educa on, encourages self-management,
but does not compromise pa ent safety. See Table 1 for details
of the clinical algorithm’s categories, pa ent advice and
frequency of ac va on.

Training of Pa ents and Professionals
The ul mate success of eRAPID is dependent on how paents and staﬀ engage with and appreciate the poten al
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beneﬁts of the system. Pa ent training is provided ini ally
face to face by a researcher who introduces the eRAPID
system, gives pa ents their user names and passwords on
a postcard, and shows a demonstration version of the
questions, the automated advice, and the graphs of responses. Staff training consisted of a brief presentation at
the initiation of the project, usually during existing team
meetings to minimize time burden. Subsequently, during
the routine outpatient clinics, staff members were shown
again how to access patient self-reports and encouraged
to discuss them and to record their actions to the notifications for severe symptoms. Recently, the staff training
material was combined into an e-learning package, accessible via hyperlink directly from the patient records
in the EMR.
Once the components were fully developed, we performed a usability ﬁeld test of the live system in a clinical
context. Twelve women receiving chemotherapy for early
breast cancer used eRAPID for four cycles (approximately 12
weeks), and 10 clinicians were asked to use symptom reports during consulta ons and respond to no ﬁca ons for
severe symptoms. Feedback was posi ve. Pa ents described
the system as “reassuring” and “comfor ng” and valued the
self-management advice and the feedback on when is appropriate to contact the hospital. Some modiﬁca ons were
made to the clinical algorithm. For example, on a few occasions, pa ents reported severe symptoms retrospec vely
(the ques ons asked about the past 7 weeks), a er they had
been treated. Therefore, an addi onal branching ques on
was introduced to verity that a severe symptom is current,
thus avoiding unnecessary no ﬁca ons.

PROs IN CLINICAL PRACTICE

FIGURE 4. Examples of Documenta on Tools That Import Current and Past PRO Scores and Include
Guidance on Score Interpreta on

The care team also has the op on to view results graphically.
Abbrevia ons: PRO, pa ent-reported outcome; PHQ, Pa ent Health Ques onnaire; COREFO, Colorectal Func onal Outcome Ques onnaire.

eRAPID is currently undergoing an evalua on in a series of pilot and randomized controlled studies. A two-center pilot study
in pelvic radiotherapy for prostate, gynecologic, and lower
gastrointes nal cancers is looking at using eRAPID to monitor adverse eﬀects during and up to 6 months a er treatment.
A randomized controlled trial with an internal pilot is evalua ng poten al beneﬁts for pa ents and the cost-eﬀec veness
of the eRAPID interven on during chemotherapy for breast,
ovarian, and colorectal cancers.12 The main outcome measures from the pa ent perspec ve include quality of life,
self-eﬃcacy, and costs to pa ents. From the health care
perspec ve, data are collected on processes of care: clinical contacts with the hospital (acute admissions, telephone
calls, ward stays, and unplanned appointments) and changes
to chemotherapy delivery.
The internal pilot study suggested that the interven on
was well received, and recruitment ﬁgures met the criteria
for progression to the full trial. The pilot study recruited 87
par cipants over 6 months; 134 pa ents were iden ﬁed,
25 were excluded a er further screening because of lack
of Internet access or language barriers, and 22 declined.
The consent rate (excluding ineligible pa ents) was 80%.
Thirteen par cipants withdrew (8 because chemotherapy was stopped). Five hundred forty online symptom reports were completed, and 11 severe symptom alerts to
clinicians were ac vated. Informa on technology systems
were stable, and par cipants reported very few problems
accessing or using the eRAPID symptom reports. The full
randomized controlled trial commenced in May 2016, and
by the end of January 2018 had recruited 358 pa ents,

aiming for a target sample of 417. Results will be available
by the end of 2018.
Along with the formal assessment of the interven on in
the randomized controlled trial, an ongoing experien al
approach to observing and capturing the experiences of
pa ent and professionals using the eRAPID system is being conducted. The main barrier for the professionals is the
perceived extra me factor and the workload, despite previous research showing that pa ent encounters do not take
longer. Lack of familiarity with the system is another major
barrier. There is a learning curve when the self-reports are
introduced, and the clinicians need to see a suﬃcient number to become comfortable using them. As this approach is
tested in a randomized trial, only half of the pa ents have
self-reports. One clinician will see only one or two pa ents
per clinic and may forget to look at them. From the pa ent
side, the main reason for noncomple on is when pa ents
are admi ed to the hospital because of toxicity or when
they are doing well and are away from home.
Our observa ons suggest that a key facilitator for pa ents
is the fact that their clinicians are using the self-reports during
their care, and they can see the value of providing these data.
Patents also valued the direc ons on when it may be appropriate to contact the hospital, as they did not wanted to burden
the busy clinical staﬀ. For clinicians, it is essen al to ﬁnd out
for themselves that pa ent reports can provide useful data on
symptom severity and track it over me and that giving a focus
to the consulta on may save me. Using pa ent reports to
inform the management of pa ents’ condi ons can be parcularly powerful, as the following case study demonstrates.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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FIGURE 5. Best Prac ce Advisory Setup in Response to a Posi ve CRAFFT Score

Adolescent screening for substance use: www.sbir raining.com/node/530.
Abbrevia on: CRAFFT, Car, Relax, Alone, Forget, Friends, Trouble; BPA, best prac ce advisory.

Case Study
Figure 1 presents a case study of a pa ent with ovarian
cancer, providing an example of how pa ent self-reports
correspond to the clinical data and how they may add subjec ve informa on. The case is that of a 75-year-old woman diagnosed in 2011 with stage 3C/4 high-grade serous
ovarian adenocarcinoma. No pathogenic gBRCA muta on
was present. The pa ent was treated with chemotherapy
with interval debulking surgery. Between 2012 and 2017,
she received seven lines of systemic treatment, including
bevacizumab, tamoxifen, carbopla n, paclitaxel, and liposomal doxorubicin. She par cipated in eRAPID from February to June 2017, when she had further recurrence with
retroperitoneal lymph nodes, peritoneal and omental disease, and ascites. Presen ng symptoms were abdominal
pain and discomfort, nausea, poor appe te, fa gue, and
limited daily ac vi es. These symptoms were documented
in the medical records and are well reﬂected in the self-reports (Fig. 1A).
Treatment with low-dose weekly paclitaxel and carbopla n for six cycles resulted in par al response on CT and
normalizing of the tumor marker cancer an gen 125. Figure
1A shows corresponding improvements in abdominal pain,
nausea, and appe te and less impact on daily ac vi es.
However, the pa ent progressively developed peripheral
neuropathy, as can be seen from Fig. 1B, repor ng pains in
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the ﬁngers and toes. eRAPID reports showing an improvement of the recurrence symptoms conﬁrmed the par al
response on imaging and markers and later supported the
clinical decision to stop the chemotherapy because of the
development of peripheral neuropathy.
In conclusion, the eRAPID system is reliable and secure
and is performing well during the ongoing studies. We plan
to analyze and publish the results in 2018. If we conﬁrm
the hypothesized beneﬁts for pa ents and professionals,
as well as cost-eﬀec veness, the next step will be to move
to wider implementa on, on the basis of the science of
diﬀusion of innova on and using change management
methodology.

CANCER CARE ONTARIO PRO PROGRAM
LISA BARBERA, MD
Cancer Care Ontario (CCO) is the provincial government’s
adviser on the cancer system and is accountable to the
Ontario Ministry of Health and Long Term Care. CCO leads
mul year system planning, contracts for services with hospitals and providers, deploys informa on systems, establishes
guidelines and standards, and tracks performance targets.
The province of Ontario has a popula on of approximately
14 million people and covers a geographic area similar to
France and Spain combined. The province is divided into
14 regions, each assigned to a regional cancer program.

PROs IN CLINICAL PRACTICE

Regional cancer programs are responsible for service delivery but also for implementa on of provincial programs.
All programs and ac vi es at CCO are aligned with the
Ontario Cancer Plan. In 2015, Ontario Cancer Plan IV specifically iden ﬁed the importance of PROs. Although CCO has
been collec ng PROs since 2007, this explicit strategic objec ve provided clear guidance regarding the importance of
PROs for the organiza on and the crea on of a formal PRO
program in 2013.
The origin of the PRO program lies within the provincial
Pallia ve Care Program, which was formed in the mid2000s. Within that context, symptom management was
iden ﬁed as a real gap in clinical care. A pilot project was
completed at a single regional cancer center to evaluate the
role of rou ne administra on of the Edmonton Symptom
Assessment Scale (ESAS) within clinical care. The pilot project demonstrated increased documenta on of symptoms
and decreased acute care use.13 CCO implemented ESAS
provincially at all regional cancer centers in 2007.14 Ini ally,
only pallia ve care clinics and lung cancer clinics were included. In the ensuing years, the scope broadened to include all pa ents with cancer, regardless of cancer type
or disease status. Since that me, ESAS has been a part of
rou ne cancer care for all pa ents a ending any of the 14
regional cancer centers. Implementa on has con nued to
expand to include many of the partner community hospital
sites and has been integrated into many of the local EMRs.
Across Ontario, approximately 30,000 to 40,000 unique paents respond to ESAS on a monthly basis.
Although local implementa on looks diﬀerent at different centers, a typical workﬂow includes a three-step
process: (1) the pa ent registers for the appointment at
the front desk, (2) the pa ent is directed to the computer
kiosk to complete the PRO ques onnaire electronically
(Figs. 2A and 2B), and (3) PRO scores are provided to the
clinical team (Fig. 2C). Pa ents arrive and register for their

appointments. They are directed to a kiosk in the waiting room or perhaps given a tablet. They answer the nine
symptom questions from ESAS and one question about
func onal status using a touch screen interface. A hard copy
of the output includes a histogram with symptom scores
for the past 20 visits. Some centers have this available in
their EMRs. The output is then given to the clinical team to
use within the encounter. CCO has developed both providerfacing and pa ent-facing symptom management guides
for each symptom found in ESAS. These are intended as
guidance for the clinical care team on how to respond to
elevated symptom scores (www.cancercareontario.ca/en/
symptom-management).
With more than a decade of experience with ESAS, CCO
decided to oﬀer disease-speciﬁc measures. ESAS covers
symptoms common to all pa ents with cancer. Indeed,
it covers 7 of the 12 symptoms iden ﬁed by the Na onal
Cancer Ins tute as core symptoms for inclusion in clinical
trials when a PRO is being measured.15 However, certain
subgroups of pa ents have par cular symptom issues not
covered by ESAS. For example, men with early-stage prostate cancer have urinary diﬃcul es, bowel symptoms, and
sexual health issues. A pilot study of the Expanded Prostate
Cancer Index (EPIC-26) at one cancer center demonstrated
posi ve feedback from both pa ents and providers.16 On
the basis of the ini al pilot work, a follow-up study was conducted with a total of four cancer centers, this me with
EPIC-CP (Clinical Prac ce). Quan ta ve and qualita ve data
from pa ents and providers were overwhelmingly posi ve.
Using EPIC-CP fostered pa ent-centered communica on;
pa ents felt be er able to communicate their experience
to the team, it improved communica on and shared decision making, and facilitated mul disciplinary team care. The
need for educa on and support for pa ents and providers
emerged as an important implementa on issue (manuscript
submi ed).

FIGURE 6. Example Workﬂow for Integra on of PRO Informa on Into Clinical Prac ce From the UNC/
ALLIANCE/PCORI PRO-TECT Trial

Abbrevia ons: PRO, pa ent-reported outcome; PCORI, Pa ent-Centered Outcomes Research Ins tute; UNC, University of North Carolina.
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FIGURE 7. Screenshots From the UNC PRO-Core System

UNC, University of North Carolina; PRO, pa ent-reported outcome; ECOG, Eastern Coopera ve Oncology Group.
(A) Smartphone pa ent interface from the University of North Carolina (UNC) PRO-Core system. (B) Clinician longitudinal report from the UNC PRO-Core system.
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On the basis of this evidence and experience, CCO decided to implement EPIC-CP provincially star ng in October 2016. An addi onal item about rectal bleeding (taken
directly from EPIC-26) was added to the exis ng EPIC-CP
ques ons to ensure that this important radia on side eﬀect
was explicitly captured. Twenty-one support resources were
developed with input from 95 stakeholders represen ng
a wide variety of backgrounds such as physicians, nurses,
die cians, psychologists, informa on technology experts,
and pa ents.
These materials included pa ent- and provider-facing
symptom management guides for each EPIC domain, training videos about how to interpret the scores, technical
documents for Health Level 7 integra on, slide shows for
volunteers (who o en help at the kiosks), and frequently
asked ques on sheets. CCO staﬀ members were be er able
to support local implementa on eﬀorts by virtue of a staggered or waved rollout (a few centers at a me). CCO staﬀ
members visited each site prior to the go-live date and reviewed a detailed project implementa on plan outlining the
required steps over the ensuing 4 to 6 weeks. CCO staﬀ members also provided change management ideas, materials,
and support for IT integra on and help with stakeholder
engagement. By January 2017, successful launch had occurred at 12 of the 14 regional cancer centers, with more
than 10,000 assessments captured to date. During the implementa on phase, CCO staﬀ members facilitated a community of prac ce that was a ended by frontline individuals from the regional centers. This provided a safe space for
problem solving and learning from peers doing similar work
at other sites.
The inten on is to eventually have cancer-speciﬁc measures for the common cancers and/or those with a par cularly heavy symptom burden (e.g., head and neck cancers). As such, there is a need to standardize the approach
to this process. A PRO advisory commi ee was created
with individuals with methods exper se and regional and
pa ent representa on. A pipeline approach to select and
implement PROs was dra ed with speciﬁc steps and considera ons along the way (Fig. 2). A disease site is selected
on the basis of disease burden, symptom burden, and any
windows of opportunity that would ease implementa on. A
review of the literature iden ﬁes candidate measures. Measure choice is made on symptom coverage, usability (e.g.,
the number of ques ons), and its psychometric proper es.
A pilot study evaluates the acceptability of the measure, its
impact on outcomes, and sustainability issues. A decision
regarding implementa on is made on the basis of these
considera ons. Provincial implementa on would involve
the development of support materials and a waved implementa on approach. A formal evalua on is completed to
inform subsequent implementa ons. The intent is for the
PROs advisory commi ee to have oversight of this process
and to work in close partnership with the relevant provincial
tumor sites.
CCO holds quality of care as a key value and performance
management is an important organizational role. On a

quarterly basis, each regional cancer program is issued a
report on a range of indicators that span the cancer connuum. The propor on of eligible pa ents assessed with
a PRO measure is included in this report. Annual reports
of the same measure are included on the Cancer System
Quality Index (www.csqi.on.ca), which is publicly accessible.
Although assessing symptoms is one component of care,
symptom management is also cri cal. An annual ESAS experience survey is administered to a convenience sample
of pa ents and asks ques ons about their sa sfac on with
symptom management. This is also reported on the Cancer
System Quality Index. An annual chart audit of a sample of
charts from pa ents with high symptom scores evaluates
whether the elevated symptom score was acknowledged,
further assessed, and intervened upon. The chart audit results are provided back to local teams for local quality improvement ini a ves.
There are several factors that have facilitated implementa on eﬀorts. These include broad-based stakeholder involvement in as many steps as possible, EMR integra on,
central support of local change management, and idenfying a local clinical champion. Combining pa ent- and
provider-facing symptom management guides together
with the PRO measure when implemen ng has also proved
important.

BUILDING AN ORGANIZATION WIDE PRO
PROGRAM AT DARTMOUTH HITCHCOCK
CAROLYN L. KERRIGAN, MD, MHCDS
Dartmouth-Hitchcock Medical Center (DH) in Lebanon, New
Hampshire, is licensed for 400 beds and is the state’s only
academic medical center. It is also the state’s only ter ary
referral center, Na onal Cancer Ins tute–designated comprehensive cancer center, level 1 trauma center, and comprehensive full-service children’s hospital. DH extends its
reach in New Hampshire and Vermont via 4 ambulatory
facili es, 11 regional clinics, and 22 outreach clinics.
In addi on, DH has aﬃlia ons with four community hospitals in Vermont and New Hampshire. DH has long been
interested in measuring outcomes that ma er to pa ents.
In 1997 DH opened the Spine Center, with electronic integra on of PROs to support clinical care and research.17
Since then, there has been con nued leadership support to
expand this program throughout the hospital and system.
This has involved partnering with four diﬀerent technology
vendors as the program has been scaled up. In 2011 DH migrated from a home-grown electronic health record (EHR) to
EPIC’s EHR, and DH has since leveraged its rela onship with
the vendor to push for enhanced features within their so ware to help meet DH’s goals of collec on, use, and learning
from PROs.
The ﬁrst phase of our work focused largely on growing
the technology infrastructure in two ways: (1) delivering
ques onnaires to pa ents electronically (through a pa ent
portal, on smart phones, or on a tablet in clinic) and (2) to
provide immediate access to results by the care team.
Our early adopters needed minimal training and minimal
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instruc on in the use of PROs, as they were highly engaged
and recognized the value of PROs. As we began scaling up
the program and building PRO ques onnaires for an ever
expanding number of clinical areas, it became evident that
we needed a more robust approach to understanding roles
within the clinical teams, workﬂows, assis ng with redesign
for each clinic, and educa on of score interpreta on and
poten al interven ons.
We currently have deployed ques onnaires that include
a mix of individual items (demographics, symptom presence, function, etc.), and questionnaires that are scored
(PRO measures) for more than 40 diﬀerent health condions. This amounts to 4,500 individual items, 440 scoring ques onnaires that have been assembled into more
than 100 questionnaire sets for use by different clinical areas. This number is con nually growing. In the last
12 months, our system has supported the ordering of more
than 130,000 ques onnaires, with a response rate averaging 79% and some clinics seeing response rates in the 95%
range. Figure 3 includes a sampling of ques onnaires containing PROs that can be ordered by care team members
throughout the system.
With this robust infrastructure in place, we have deﬁned
12 steps in PRO implementa on. Steps 1 to 6 are considered
basic and steps 7 to 12 advanced.
Step 1: Implementa on begins with an inquiry from
a clinical area (bo om up) or a strategic ini ave (top down) that could beneﬁt from PRO implementa on. In the early years of our program,
the majority of new PRO implementa ons began
with inquiries from clinical areas (e.g., the Spine
Center), our early adopters. More recently there
have been strategic ini a ves aligned with new
care models that have led to PRO implementa ons
(e.g., systema c screening and outcome tracking
for depression).
Step 2: A formal applica on is submi ed. This applica on was designed by our steering commi ee so
that it could collect standardized informa on from
requestors, understand the size of the popula on
that would be responding to PROs, and determine
the number of clinicians involved. This allows the
commi ee to set priori es for programming and
training resources when the demand exceeds our
capacity.
Step 3: A formal consulta on with the requestor and
steering commi ee members is undertaken to idenfy pa ent codesign opportuni es, advise on selec ng validated PROs, avoiding redundancy in the
health system (e.g., choosing one standardized PRO
to screen for depression), exploring composi on
and roles of the local care team and the implicaons of workﬂow changes. During this ini al consulta on, we also begin to educate the team on EHR
func onality: ﬁnding and using results with pa ents
and learning how to document eﬃciently.
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Step 4: The new PRO ques onnaire is built into the EHR
for both collec on and scoring. This also involves
forma ng display of results and developing basic
documenta on tools. Figure 4 provides a sample of
two such documenta on tools.
Step 5: The PRO is piloted with one provider and one
pa ent with at-the-elbow support. The PRO is manually assigned to the clinic visit using tools within
EPIC. The experiences at this ini al visit help troubleshoot any issues, provide just-in- me educa on,
and make adjustments as needed using principles of
agile design. Care teams are also instructed in how
to send pa ents PROs a ached to a secure message
so that ques onnaires can be completed between
visits as needed.
Step 6: The use of PROs is expanded to addi onal providers and to all pa ents who meet criteria for comple ng a PRO. This is accompanied by care team
educa on on where to ﬁnd results, tools for documenta on, and the interpreta on of scores. Step 6
also ensures that the care team members share the
results with pa ents and integrate a discussion of
the PRO scores just as they would any other laboratory or imaging result. At this stage of matura on,
we also begin to share with care teams a dashboard
of process measures such as trends in ques onnaire
comple on rates and loca on (pa ent portal vs.
clinic) where PROs were completed.
Step 7: More advanced steps then follow, most commonly but not always in a linear order. The seventh
step is to use discrete elements in the medical record, such as type of clinic, provider, gender, age,
history of prior PRO comple on, and diagnosis, to
automa cally queue the PRO for an upcoming clinic
encounter rather than requiring a manual process
to “order” a ques onnaire. We also program rules
as to how far in advance of an encounter the PRO
is released for the pa ent to complete, as some
pa ents prefer to complete their PROs via our paent portal or personal device in advance of the
visit rather than on a tablet at the me of the visit. Programming logic can also be used to suppress
PRO ques onnaires on the basis of me since prior
comple on. If two clinical areas are interested in
the same PRO, this avoids the burden for pa ents of
recomple ng a PRO that they have just completed
recently for another clinic.
Step 8: A closer look is taken at roles in the clinic and
determines who on the team should be looking at
results and how they should be used by whom. Examples are as follows: (1) in a clinic with an embedded behavioral health clinician, the care team may
have determined that it is the role of the behavioral
health clinician to respond to a posi ve depression
screen rather than the primary care provider; (2) in
a clinic with embedded physical therapists, the care
team may have decided that both specialist and
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therapist should track and discuss results with paents; (3) in yet another clinic using PROs to screen
for social determinants of health, the role of managing results may fall to a community health care
worker; and (4) in an oncology clinic, a nurse may
be best posi oned to review results with pa ents.
Step 9: O en the results of PROs are new to the care
team, and they are unfamiliar with their interpretaon and the response warranted. Building decision
support tools into the EHR can provide needed guidance to manage abnormal results. Figure 5 shows
one such tool. Also, building data displays that include tradi onal clinical measures alongside PROs
can provide meaningful insights.
Step 10: Care teams may discover that they need new
resources to manage abnormal results. This leads
to careful considera on of the current workforce,
tasks assigned, and determina on of whether some
tasks can be eliminated and others reassigned or if
new team members with unique skill sets are needed.
Step 11: Once PROs have been collected for some period of me, it is important to plan for popula on-level analy cs. The results from these analyses can
provide important process and outcome measures
to the care team and to leadership. They can help
build the case for new resources and help recognize
gaps in care. The results can be fed forward to clinical teams to help predict outcomes for subsequent
pa ents with similar characteris cs. Our spine program has reached this level of maturity (h p://caligari.dartmouth.edu/SpinalOutcomes/).
Step 12: Using the power of the data to provide performance feedback to departments, frontline care
teams and in some cases individual providers a er
appropriate risk adjustment. We have reached this
level of matura on to date with two of our programs: depression management in primary care and
total joint replacement.
Barriers we have encountered include the following: (1)
If the steps are taken too quickly (e.g., pa ents complete
the PROs, but no one on the care team discusses the results
with pa ents, and in fact care team members ask many of
the same ques ons conversa onally), pa ents are le wondering why they bothered. Pa ents can become disengaged
and decline to par cipate further in PRO collec on. (2)
Enhancements to the EHR such as a pa ent-friendly dashboard of results can take many years to achieve. (3) For
small clinical programs, it may be diﬃcult to easily make
sense of the popula on-level analy cs. For these small programs, data sharing with other organiza ons can be complicated by technical challenges and lack of standardiza on of
which PROs to use. (4) If one organiza on has built a PRO
ques onnaire into its EMR, it is o en not possible or easy to
make this same PRO available in another organiza on’s EMR
without completely rebuilding it, even when using the same
vendor. (5) Because of this, some of our clinical programs

that are par cipa ng in learning collabora ves have chosen
to use a PRO collec on system endorsed by the collaborave but outside our EMR. This can create barriers to full use
of PROs at the point of care and integra on of the data with
the local EMR.
DH’s future vision is to have an enriched informa on environment that will be used to support pa ent decision making
using principles of coproduc on of care plans.18,19 This will require an IT pla orm that supports full integra on in a local
EMR and seamless sharing of deiden ﬁed data with collabora ve networks. These data should include not only PROs but
other relevant clinical data such as deﬁned by groups such as
the Interna onal Consor um for Health Outcomes Measurement (www.ichom.org). The collabora ves can then learn,
through analysis of large data sets, how diﬀerent pa ent
characteris cs and diﬀerent treatment interven ons aﬀect
pa ent outcomes on a scale that cannot be achieved by one
individual organiza on, resul ng in improved outcomes.20

PRO IMPLEMENTATION RESEARCH AT
MEMORIAL SLOAN KETTERING CANCER
CENTER AND THE UNIVERSITY OF NORTH
CAROLINA ETHAN BASCH, MD, MSC
Several large studies of PRO implementa on in rou ne cancer care contexts have been spearheaded by a team ini ally
located at Memorial Sloan Ke ering Cancer Center and subsequently at the University of North Carolina. These studies
have focused on iden fying approaches to implementa on
and eﬀec veness that are successful across popula ons.
The general PRO approach has included a brief electronic symptom survey including 10 to 15 ques ons derived
from the pa ent version of the Na onal Cancer Ins tute’s
Common Terminology Criteria for Adverse Events, administered via Web or an automated telephone system (pa ent
choice), with alerts to nurses for severe or worsening symptoms. Pa ents have generally been asked to self-report on
a weekly basis, with reminders sent by email, text, or automated phone message (Fig. 6). More recently, symptom
management pathways for pa ents and clinicians have
been triggered by these alerts.
This has included the Symptom Tracking and Repor ng
system, the use of which was associated with signiﬁcantly
improved quality of life, physical func oning, longer tolerability of chemotherapy, reduced emergency department
visits, and lengthened overall survival in a large single-center randomized trial at Memorial Sloan Ke ering Cancer
Center.7,8 This system, and its outgrowth through the PROCore at the University of North Carolina (Fig. 7), are being
used in mul ple na onal assessments of PRO integra on
into clinical care, including the ongoing Pa ent Centered
Outcomes Research Ins tute–supported PRO-TECT trial
(NCT03249090). PRO-TECT is a U.S. na onal cluster randomized trial in 1,000 pa ents treated at community oncology
prac ces, in which prac ces are assigned to integra on of
electronic PROs or usual care. Both arms are provided with
standardized symptom management pathways for pa ents
and providers. Outcomes include measures of u liza on
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and clinical outcomes, as well as assessment of implementa on challenges and successes. A goal is to inform ongoing
eﬀorts to implement PROs in oncology prac ce.

CONCLUSION
The PRO implementa on experiences described in this
piece demonstrate the progress of a nascent ﬁeld that has
moved from research and theory to applica on in prac ce.
These examples show that it is feasible to implement PROs
in clinical prac ce. However, as with any quality improvement project, there is a risk for failure if implementa on
is not done though ully with ongoing monitoring and adjustment, par cularly in early phases. The examples herein
provide insights about poten al pi alls and strategies when
considering implementa on.

A more in-depth descrip on of the various considera ons for bringing PROs into a prac ce can be found in
two excellent users’ guides, which are freely available
online and are highly recommended: the User’s Guide to
Implemen ng Pa ent-Reported Outcomes Assessment in
Clinical Prac ce from the Interna onal Society for Quality
of Life Research21 and the Users’ Guide to Integra ng
Pa ent-Reported Outcomes in Electronic Health Records
supported by the Pa ent-Centered Outcomes Research
Ins tute.22
Moving forward, it is our hope that PRO implementaon eﬀorts will learn from these collec ve experiences to
though ully design and roll out programs—with adequate
resources, training, and con nuous monitoring—to op mize the likelihood of success.
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Understanding U liza on Management Policy: How to
Manage This Increasingly Complex Environment in
Collabora on and With Be er Data
Debra A. Pa , MD, MPH, MBA
OVERVIEW
As innova on in cancer care con nues and newer costly therapies receive approval, u liza on management will con nue
to grow as an important way that payers can a empt to control costs and value while providing service to their pa ents.
Although u liza on management may be necessary, it takes many forms and is op mized when it ensures appropriate paent access to services and minimizes administra ve burdens of physicians and staﬀ. These opportuni es are best explored
in collabora on with payers. Informa on systems today provide an excellent pla orm for data sharing to facilitate collabora ve eﬀorts between care delivery organiza ons and payers to op mize these eﬀorts. As state and na onal policies diﬀer
regarding u liza on management, it is important for clinicians to be both aware and involved.

U

liza on management policy has many forms, but has
become increasingly complex as cancer scien ﬁc discovery has blossomed, cancer subtypes have become more
numerous, therapeu c opportuni es have grown and become more speciﬁc, and clinical decision-making is infused
with a complex integra on of the pa ent, the disease, the
state, and frequently molecular phenotypes. Utilization
management was set forth with the goal of restric ng use
to that which is most appropriate and preserving quality
and value.

UTILIZATION MANAGEMENT IS NECESSARY
TO CONTROL COSTS AND QUALITY
Although u liza on management has become an increasing
administra ve burden and is a barrier to pa ent sa sfac on
in addi on to an economic and eﬃciency hazard in many
prac ces, it is also a necessary prac ce to appropriately
control costs, curtail non–evidence-based therapeu c enthusiasm, and serve as a quality control to make sure the
right pa ent is ge ng the right treatment at the right me.
Content knowledge among medical oncologists is variable.
Many states do not require maintenance of cer ﬁca on,
and oncologists who have been prac cing for more than 17
years are not required to recer fy and demonstrate proﬁciency in oncologic knowledge, even in states that require
maintenance of cer ﬁca on. From ASCO’s oncology census,
we know that more than 18% of prac cing oncologists are
over age 64.1 This means many oncologists have not taken
a medical oncologist board examina on since 1990, when

the American Board of Internal Medicine grandfathered
par cipa on in oncology cer ﬁca on examina ons.2 Although cer ﬁca on does not imply proﬁciency, nor does
lack of cer ﬁca on determine lack of proﬁciency, oncology
is rapidly changing. Since that me when maintenance of
cer ﬁca on was required, more than half of cancer drugs
have been newly approved. In that same me period, cancer treatment costs have increased. In the last decade,
there has been unprecedented scien ﬁc progress in cancer partnered with an exponen al increase drug approvals
for cancer drugs by the U.S. Food and Drug Administra on
(FDA; Fig 1).

THIS HAS BEEN PARTNERED WITH
SUBSTANTIAL INCREASES IN COSTS
It is useful to consider how we move forward in collaboraon with be er data from what we have learned, as the
best answers for pa ents, prac oners, and payers lie in
pa ents having access to the most eﬀec ve therapies and
achieving cure and disease control in an eﬀec ve and eﬃcient way so as to detour or defer subsequent health care
costs and improve quality of life.4
ASCO published a comprehensive statement on u lizaon management for cancer therapy in April 2017.5 That
statement focused on having appropriate access to cancer
therapies for patients and charted better ways to move
forward.
U liza on management in oncology comes in many forms
and has many targets. Formulary restric ons, step therapy,
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FIGURE 1. FDA Cancer Drug Approvals From 1949 Through 2016

Data are limited to new molecular en es (NMEs, as described by the FDA) and include approvals for addi onal indica ons when data were available. Also included are cancer diagnos c and surgery
preparatory devices. Data compiled from drugs@fda.gov, Na onal Cancer Ins tute, FDA Orange Book, FDA.gov, and centerwatch.com. Repor ng and analysis by Sabrina Singleton, American Cancer Society
research historian. Reprinted from Cristol3 with permission from the publisher.

prior authoriza on, and peer review are the common
types of u liza on management typically integrated into
coverage determina ons. Diagnos c and therapeu c targets for u liza on management are usually focused on
some of the most costly interventions in cancer care:
chemotherapy, including targeted therapy and immunotherapy, imaging, molecular testing, radiation therapy,
surgery, and hospitalizations. Further discussion will be
limited to considera on of medical therapeu c intervenons in treatment with drugs, as this has been a growing
challenge for patients and clinicians and represents a

PRACTICAL APPLICATIONS
• Op mal u liza on management ensures appropriate
pa ent access to services and minimizes administra ve
burdens of physicians and staﬀ.
• Common types of u liza on management typically
integrated into coverage determina ons include:
formulary restric ons, step therapy, prior authoriza on,
and peer review.
• Diagnos c and therapeu c targets for u liza on
management are usually focused on some of the most
costly interven ons in cancer care: chemotherapy
(including targeted therapy and immunotherapy),
imaging, molecular tes ng, radia on therapy, surgery,
and hospitaliza ons.
• Value-based pathways are an important quality and
value metric by which payers can manage u liza on and
preserve pa ent-focused care.
• The systems that support us in care delivery can
assist us in enhancing quality of care by facilita ng
evidence- and value-based choices and using
collabora ve informa on systems to track and report
to reduce the administra ve burden and lack of
eﬃciency seen in prac ce today.
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great opportunity for collabora ve solu ons that can be
applied to the other targets as well, though the discussion
is applicable to many of the medical diagnos c and therapeu c interven ons, and they pose similar challenges and
opportuni es.
Prac cally, as an oncologist, u liza on management has
grown to drama cally aﬀect pa ent care. In the last decade
of prac ce, prior approval for chemotherapy treatment has
gone from 48 hours to more than a week, and even longer
for some therapies. The administrative burden, clinical ineﬃciencies, treatment delays, and pa ent sa sfac on with
delays in the prior authoriza on process poses problems on
many fronts. Par cular u liza on management techniques
in specialty pharmacy u liza on should have considera on
for improved collabora on and eﬃciencies. Although praconers o en are dissa sﬁed with the administra ve burdens posed by u liza on management strategies, they are
an important quality- and cost-control mechanism that is
ripe for collabora ve solu ons.

RESTRICTIVE FORMULARIES
Restric ve formularies are o en a mechanism of u liza on
management used by health systems. Formularies will frequently view drugs within a certain class or within a given
indica on as therapeu cally interchangeable. Although
therapeu c subs tu on may be reasonable for some diseases and some treatments, therapeu c equivalency may
not be established in cancer care. There also may be subtle
indica ons why pa ents may be be er candidates for one
treatment versus another treatment similar in eﬃcacy
based on toxicity. A good example of this is in CDK4/6 inhibi on in pa ents with estrogen-sensi ve metasta c breast
cancer. Although we have no compara ve data to suggest
eﬃcacy is diﬀerent among palbociclib, ribociclib, and abemaciclib, toxicity may make one choice be er than another.
For example, if a pa ent is intolerant of endocrine therapy
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due to toxicity, abemaciclib has single-agent FDA approval,
whereas the other two agents do not. Similarly, if chronic
diarrhea is a problem not amenable to medical management,
palbociclib or ribociclib might be more op mal choices.
For these reasons, restric ve formularies in cancer therapeu c interven ons pose hazards for doctors and pa ents
in ge ng the right interven on to the right pa ent at the
right me. There may s ll be reasons why formulary management is preferable for a payer. In many state Medicaid
programs in which the budget is truly limited, this blunt
instrument may be the only feasible way a state program
with limited staﬃng and limited budget can provide some
treatments. Although in cancer care this treatment strategy
is subop mal, if it is implemented, inclusion of clearly ar culated excep on processes that have appropriate clinical
oversight to enhance the therapeu c appropriateness of
treatment decisions for pa ents receiving care is cri cal.
The natural consequence of these formulary restric ons is
o en a worse outcome for pa ents, and whereas savings in
decreased drug u liza on are common, they are frequently
oﬀset by increased downstream costs of increased u lizaon due to worse outcomes.6
Incremental therapeu c strategies like step therapy, fail
ﬁrst therapy, and ered therapy are inherently problema c
in cancer care. Step or fail ﬁrst therapies require a pa ent
fail a lower cost therapy before being approved for a higher
cost therapy. Although this may be a reasonable way to
approach some medical problems for which the consequence
of failing ﬁrst is neither psychologically trauma zing nor life
threatening, in cancer care, this is not an appropriate management strategy. Similarly, ered therapy strategies with
higher out-of-pocket pa ent costs for more expensive and
more eﬀec ve drugs impose a tremendous ﬁnancial burden
on pa ents that is subop mal.

PRIOR AUTHORIZATION
Prior authorization is one of the most common types of
utilization management we see in oncology. Frequently,
payers or an external vendor hired by payers seek to gain
informa on from the medical treatment team to determine
if the proposed therapeutic intervention is appropriate.
Prior authoriza on management varies in the degree of
sophis ca on of the clinical reviewer. The data required to
inform treatment decisions and oncology care are numerous
to populate the decision tree along the line of therapeu c
interven on. Some mes prior authoriza on reviewers have
speciﬁc oncologic knowledge, but many have not been in
prac ce for some me over a me of remarkable innova on
and change in cancer care. Some mes prior authoriza on
reviewers have very limited oncology experience and are
simply following a treatment algorithm given to them. If
pa ents fail to get approval for therapy through the prior
authoriza on process, peer-to-peer reviews are frequently
implemented. The peer-to-peer review process is important,
but many peer reviewers have limited oncology experience
or have not prac ced since an era when half of the numbers
of drugs were available.

PATHWAYS: A BETTER OPTION
Although all of these processes have their place, pathways
programs that provide the cri cal data elements that guide
clinical decision-making are a be er op on to control cost
and quality. A more op mal approach is par cipa on in
evidence- and value-based treatment pathways that facilitate evidence- and value-based systems to improve pa ent
outcomes and reduce the total cost of care.7,8 By facilitating evidence- and value-based choices, the goals of utilization management are satisfied while reducing the
administrative burden in practices and allowing doctors
to make point-of-care decisions for their patients without unnecessary treatment delays and changes seen in
the prior authorization process. Pathways systems can
be complex, and ASCO’s policy statement provides useful
benchmarks to proceeding with a high-quality pathways
system.9 Although pathways systems aim to provide the
right treatment for the right patient at the right time,
some practices struggle with managing many different
pathways vendors in their own clinics. The administrative
burden of the lack of parsimony in utilization management strategies is high and diminishes time clinicians can
devote to patient care.

MOVING TOWARD VALUE BASED CARE
As we move along the continuum to value-based care,
value-based pathways are an important quality and value
metric by which payers can manage u liza on and preserve
pa ent-focused care.10 These strategies have been useful
in increasing compliance with evidence-based care and improving the value of care delivery. They have been incorporated into alterna ve payment models successfully and
are an important part of quality and value in the Oncology
Care Model and in the structure of other alterna ve payment model contracts.11 As all of our prac ces have growing
engagement with value-based care, pathways establish
a process by which pa ents, providers, and payers can be
aligned toward common goals.
With be er electronic health records and data systems,
informa on from these pathways can be directly fed to
payers to provide appropriate clinical data and reduce the
administra ve burden and ineﬃciency in the prior authoriza on process today. This is a more eﬀec ve tool to get the
right treatment to the right pa ent and can be electronically
communicated to payers as our informa on systems con nue
to improve.
Clinical decision support can be used at the point of care
to facilitate evidence-based decisions, ease the administrave burden of providers in comple ng this necessary documenta on, and improve compliance with evidence-based
treatment decisions and assessable data between clinicians
and payers.12
As we prac ce on an individual level to provide the right
care for each pa ent, our systems that support us in care
delivery can assist in the provision of aligned ac on toward
evidence- and value-based treatment choices to enhance
the quality of care by facilita ng evidence- and value-based
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choices and using collabora ve informa on systems to track
and report to reduce the administra ve burden and lack of
eﬃciency seen in prac ce today. Payers and prac ces who

are early adopters of these collabora ve strategies will be
farther down the path of systema cally providing high-quality
and value-based care.
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THE VALUE OF NEXT-GENERATION SEQUENCING TESTS

Assessing the Value of Next-Genera on Sequencing Tests in
a Dynamic Environment
Howard A. Burris, MD, Leonard B. Saltz, MD, and Peter P. Yu, MD
OVERVIEW
Next-genera on sequencing (NGS)–based technology has lowered the cost of cancer tes ng for genomic altera ons and is
now commercially available from a growing number of diagnos c laboratories. However, laboratories vary in the methodologies underlying their tests, the types and numbers of genomic altera ons covered by the test, and the clinical annotaon of the sequencing ﬁndings. Determining the value of NGS tests is dependent on whether it is used to support clinical
trials or as a part of rou ne clinical care at a me when both the inves ga onal drug pipeline and the list of U.S. Food and
Drug Administra on–approved or Compendium-listed therapeu cs is in a high state of ﬂux. Reimbursement policy for NGS
tes ng by the Centers for Medicare & Medicaid is evolving as the value of NGS tes ng becomes more clearly deﬁned for
speciﬁc clinical situa ons. Pa ent care and clinical decisions-making are dependent on the oncologist’s knowledge of when
NGS tes ng has value. Here, we review principles and prac ce for NGS tes ng in this dynamic conﬂuence of technology,
cancer biology, and health care policy.

N

GS-based tes ng is a technology in evolu on—evolving
from comple on of the human genome mapping in
2003, which at that me, relied on laborious older technologies, some of which, such as Sanger sequencing, remain
the gold standard for DNA analysis. Instead of sequencing
being performed one nucleo de at a me, genomic material
is fragmented into shorter lengths of approximately 100
base pairs. These shorter fragments are sequenced in parallel, and much as a jigsaw puzzle is reconstructed by referring to a complete image, the short genomic sequences are
mapped to one or more reference human genomes.1 The
precision of this massively parallel sequence mapping is
highly dependent on technical factors, such as the number
of mes that a nucleo de is repe vely sequenced (depth
of coverage) and the computa onal algorithms used to map
the nucleo de posi on. The pace of technologic evolu on
in genomics con nues to accelerate, reducing cost and
test turnaround me of NGS tests, while simultaneously
increasing cost through the introduc on of new technology,
wider adop on of that technology, which may be premature, and downstream consequences on medical decisionmaking. The ul mate value of any diagnos c test is its
impact or lack thereof on the clinical treatment of pa ents,
which is dependent on knowing when to obtain the test in
ques on and whether therapeu c choices exist that can be
exploited. Just as genomic tes ng technology is in a con nuous state of evolu on, the pipeline of new therapeu cs

targeted to an expanding knowledge base of genomic and
immunologic drivers of malignant behavior is increasing
in parallel. The cancers of individual pa ents are also in a
dynamic state, with clonal evolu on and acquired resistance
refu ng a one-cancer, one-driver muta on model. These
considerations illustrate the interdependency of factors
that are relevant to assessing the value of NGS and other
future genomic-based tests of the genome, transcriptome,
proteome, and metabolome of individual pa ents with cancer. Ul mately, assessment of overall u lity necessitates
an understanding of the technical performance limita ons
of the test, the role of these tests in clinical trials enterprise design, and the use of these tests in rou ne pa ent
treatment.

INTRODUCTION
Technical Performance
The ﬁrst molecular-based cancer tests focused on a single
protein or gene of interest, with great focus on standardizing the test methodology and deﬁning cutoﬀ points for
determining the division of pa ents into categories of differing prognos c outcomes or diﬀering predicted responses
to therapy, such estrogen and progesterone receptor measurement in breast cancer and HER2 testing in gastroesophageal adenocarcinoma cancers. 2,3 For particular
anatomically deﬁned cancers, grouping of molecular tests
has become standard prac ce: estrogen and progesterone
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receptor and HER2 for breast cancer and EGFR, ALK, and
ROS-1 for adenocarcinoma of the lung. The U.S. Food and
Drug Administration (FDA) policy describes companion
diagnos c tests, which are developed in conjunc on with
new molecularly targeted agents.4 However, NGS panels
comprise hundreds of genes and shi the quality tes ng
assessment away from individual test performance to the
performance of the underlying tes ng pla orm. Commercially
available NGS varies considerably from laboratory to laboratory with regard to mul ple factors, such as number of
genes tested; whether limited hot spots, whole exons, or
adjacent introns are being tested; and the technology of the
underlying pla orm. Genomic altera ons include singlenucleo de variants, copy number changes (ampliﬁca on),
and structural abnormali es (inser ons/dele ons, inversions, and transloca ons), and the performance of diﬀerent
tes ng pla orms varies by the type of genomic altera on
being studied.1 Discordant sequencing reports among commercially available NGS have been reported.5,6 Balancing
the need for widely accepted and adopted standards for genomic test development and performance while retaining
the ﬂexibility and agility needed for rapid innova on is the
first challenge to improving the value of NGS. An excellent review of the underlying issues per nent to biomarkerbased test development in oncology was published in 2015
by De Gramont et al,7 although without a speciﬁc focus on
NGS. The same month, the College of American Pathologists
(CAP) published the CAP Laboratory Standards for NextGenera on Sequencing Clinical Tests with 18 new laboratory
accredita on checklist requirements that were incorporated
into the CAP molecular pathology checklist.8 Together, these
two publica ons describe fundamental, consensus-driven
principles by which an NGS tes ng laboratory can be measured against.
The CAP standards separate NGS into wet and dry laboratory components, which is useful, because each has a
clearly dis nct delinea on and in fact, could be performed
by two separate laboratories working together as pragma c
considerations may dictate. For example, an entity might

PRACTICAL APPLICATIONS
• NGS tes ng is a more eﬃcient and mely technology
for genomic proﬁling of cancer, because it minimizes
the amount of ssue consumed and avoids the need for
itera ve reﬂex tes ng.
• The selec on of a diagnos c tes ng laboratory may
impact the clinical u lity of the NGS tes ng result.
• Greater use of NGS tes ng will allow the discovery of
rarer driver muta ons.
• Improper or premature adop on of NGS tes ng may
nega vely impact pa ent outcomes if there is an
insuﬃcient evidence base underlying decision-making.
• Molecular tumor boards allow molecular pathologists
and clinicians to integrate NGS genomic reports in the
context of a broader knowledge base and the individual
pa ent to support be er treatment decisions.
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decide to limit its investment to one or the other depending
on access to capital and intrinsic exper se. Wet laboratory
processes encompass specimen handling, genomic material
extrac on and prepara on, mapping of massively parallel
short reads to the reference genome, and subsequent repor ng of the genomic sequence as FASTQ ﬁles with annota on describing the precision at each nucleo de loca on
(base quality score) or target region. Emphasis is placed on
specifying standard opera ng procedures, documenta on
of tes ng procedures, and quality assurance programs.
Dry laboratory refers to the bioinforma cs component of
NGS. Star ng with the genera on of the FASTQ ﬁle describing the reconstructed sequence reads, analysis is performed
to iden fy variants from the reference genome that may be
reported as condensed binary alignment map or BAM ﬁles,
because data storage and transmission are a rate-limi ng
considera on as the number of genes studied increases.
Genomic variants are then cross-referenced to one or more
digitally accessible knowledge bases that provide informaon on the possible causa ve rela onship and therapeu c
impact of that genomic variant on pa ent disease state. A
genomic pathology report is then generated with clinical
annota on.

Clinical Trials Enterprise
NGS tests diﬀer from single-analyte tests by the number
of the genomic targets being studied within a panel, most
of which lack an inherently obvious biologic connec on to
the pa ent’s cancer. Associa on versus causa on becomes
an issue of concern when interpre ng the relevance of
the genomic ﬁnding to a pa ent. NGS tes ng generates a
great number of observa ons per sample tested, and such
high-dimensional data are suscep ble to overﬁ ng of the
data by computa onal models. Yet, increasing reliance on
computa onal modeling and “black box” algorithms seems
inevitable a er we accept that the one-gene, one-disease
model does not apply well to most cancers or most pa ents,
because their individual cancers undergo clonal evolu on
and selec on over me. The Na onal Academy of Medicine
deﬁnes an omics-based test as “a complex form of a biomarker test, using a deﬁned set of measurements combined
with a computa onal model as a clinical test.”9
Premature adop on of technology has undisputable risk
to pa ents and society. The widespread adop on of highdose chemotherapy with hematopoie c stem cell support
in breast cancer was a lesson that should not be necessary
to relearn. Yet, we have already witnessed this with respect
to predictive biomarker use in a series of clinical trials
designed around a cri cally ﬂawed omics-based test developed at Duke University.9,10 The Na onal Academy of Medicine’s Evolu on of Transla onal Omics: Lessons Learned
and the Path Forward9 sought to draw on this experience
and ar culate principles and processes to guide development of omics-based tests in oncology. The charge to the
Na onal Academy of Medicine commi ee was speciﬁc to
the use of omics-based tests in the context of clinical trial
design and was not for the deﬁni on of clinical u lity: “the
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processes and criteria for adop on and use of omics-based
test in standard clinical prac ce are outside the scope of
this report.”9 The commi ee separated its report into two
phases. The ﬁrst, test discovery and valida on, overlaps
with the subsequent CAP report. The second phase, evalua on of clinical u lity and use in a clinical trial context, describes three study designs based on successful and ongoing
trials. The emphasis on clinical trial design limits the focus
to drug development for FDA evalua on, and FDA evaluaon does not include assessment of clinical u lity or beneﬁt
coverage policy. Nevertheless, the eviden ary base created
in the context of clinical trial use of omics-based tests can
be directly relevant to establishing a clinical, reimbursable
standard of care.
The current use of NGS tes ng in clinical trial design is
most useful for biomarker-driven selec on of pa ents for
clinical trials. The argument for large panel tes ng of genes
is that patients with less common mutations associated
with speciﬁc anatomically deﬁned cancers can be iden ﬁed
and placed in relevant studies or iden ﬁed for trials using
biomarker-driven basket-bucket design, such as the Na onal
Cancer Institute’s Molecular Analysis for Therapy Choice
(MATCH) and ASCO’s Targeted Agent and Profiling Utiliza on Registry (TAPUR). Underlying this premise is that
biomarker-driven studies produce superior results in pa ent
outcomes (survival and toxici es) or study outcomes (trial
accrual and FDA or compendium approval) compared with
clinical trials that use only conven onal eligibility criteria.
Conﬂic ng evidence and opinion have been voiced, in part
because of a ﬂaw in thinking.11-13 The availability of clinical
trials is highly variable, and it is dependent on the number
and types of trials ac ve at any given me in a research
por olio and the resources and capabili es to support clinical
trial research at the oncology prac ce site to which the paent has access. A emp ng to measure the value of NGS
tes ng in isola on of these dependencies is certain to generate conﬂic ng experiences.

Pa ent Treatment
The Na onal Academy of Medicine report deﬁned clinical
u lity as “evidence of improved measurable clinical outcomes and [a test’s] usefulness and added value to pa ent
management decision-making compared with current management without [omics] tes ng.”9 The SHIVA trial was a
well-designed study to evaluate the use of NGS combined
with copy number and immunohistochemistry protein
analysis for randomiza on to a molecularly driven treatment with approved drugs given oﬀ label versus standard
chemotherapy treatment, irrespective of molecular characterization.14 As noted above, the impact of this study
was dependent on the molecularly driven therapeutic
choices that were available, which were limited to three signaling pathways (PI3K/AKT/mTOR, RAF/MEK, and hormone
receptor–based) and single-agent therapy. The study failed
to show beneﬁt to biomarker-driven treatment selec on
within the constraints men oned. A cri cal observa on
was that more than one molecular altera on was found in

28% of pa ents. The study design called for selec on of a
drug-target match when there was a drug that directly targeted a muta on over a drug that had an eﬀect on a downstream signal. Although this may be a plausible strategy,
other biologic considera ons, such as adap ve feedback
and cross talk between signal transduc on pathways, that
are not evident without bioinforma cs tools are likely to
play a major role in the selec on of a drug or drug combina on in the presence of mul ple muta ons reported by
NGS tes ng.
The Intermountain Healthcare Mul -Ins tu onal Molecular Tumor Board reviews NGS tests performed on pa ents
outside the context of a clinical trial and based on preclinical
and clinical published literature, issues recommenda ons
for targeted therapies. A retrospec ve study of 36 pa ents
with cancer whose cases were reviewed by the Molecular
Tumor Board compared progression-free survival and cost
of care of these pa ents with those of a contemporaneous
matched control popula on who received standard of care
biomarker tes ng and targeted therapy or chemotherapy per
NCCN guidelines or best suppor ve care. Superior progressionfree survival in the Molecular Tumor Board cohort was
reported at 22.9 versus 12 weeks for the control cohort (HR
0.47; p = .002). Cost of care per week on therapy for a subgroup of pa ents for whom cost data were available was not
signiﬁcantly diﬀerent at $4,665 for Molecular Tumor Board
versus $5,000 for control (p = .126).15

Assessment
NGS and other genomics-based tests involve complex and
rapidly changing technology. The velocity with which new
technology is created and made available precludes a
me-consuming guidance process, during which that technology may risk obsolescence. Instead, emphasis should be
placed on the molecular laboratory processes and quality
assurance programs that can be applied across test development and clinical tes ng. Bioinforma cs and the dry laboratory component of NGS tes ng are cri cal parts of the
value of NGS tes ng, especially because they result in clinical
interpreta on/annota on of the reports that provide guidance on treatment choices. Although there is a growing
number of therapeu c agents either FDA approved or compendium listed, the majority of therapeu c opportuni es for
pa ents will be through clinical trials. Therefore, the value
of NGS tes ng is linked to the capability and resources
available to match a pa ent’s NGS test results to meaningful
access to a clinical trial. As a pa ent’s clinical course evolves,
serial monitoring and retes ng will be needed to adjust
treatment either at me of clinical progression or perhaps,
even as resistant clones emerge before detec on as clinical
progression by imaging. Predic ve analy cs that provide
guidance on when to retest and computa onal biology analy cs that help interpret genomic mechanisms of resistance
are needed.
The value of NGS can only be accurately assessed in the
context of a health care delivery system and its clinical trial
research enterprise. The value will vary accordingly.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

141

BURRIS, SALTZ, AND YU

PATIENTS WITH METASTATIC CANCER
SHOULD HAVE THEIR TUMORS MOLECULARLY
PROFILED H. BURRIS
Among the exci ng advances in the treatment of cancer,
including novel immunotherapy approaches and targeted
small molecules, the ability to molecularly proﬁle a pa ent’s
tumor offers the opportunity to help each and every paent, researcher, and therapeu c approach. In advoca ng
for the posi on of doing broad-based genomic sequencing
on all pa ents’ tumors in the metasta c se ng, beneﬁts
can be reaped for the individual subject, the clinical trials
that should be considered, and all pa ents with cancer
by gaining a be er understanding of the aberra ons seen
across various groups.
To simply not perform molecular tes ng may deny paents of impac ul and life-altering therapies. The regulatory
premise behind the recent FDA approval of a broad-based
NGS panel is that pa ents with a variety of cancers, including non–small cell lung cancer, melanoma, breast cancer,
colorectal cancer, and ovarian cancer, may beneﬁt from 15
diﬀerent FDA-approved treatment op ons. Furthermore,
performing a single molecular test on a pa ent limits the
poten al beneﬁt for that individual pa ent to one therapeuc op on, providing no informa on for other treatments,
trials, pa ents, or the ﬁeld as a whole.
Two very precious commodi es, ssue and me, are saved
by assaying for numerous analyses at once to iden fy possible therapeu c op ons, and broad-based NGS tests are
more sensi ve than other assays. Examples include greater
sensi vity for NGS over ﬂuorescence in situ hybridiza on in
detec ng ALK rearrangements and the iden ﬁca on of clinically relevant altera ons in previously iden ﬁed pa ents
with “nega ve” non–small cell lung cancer.16,17 Addi onally,
it has been shown that microsatellite instability can be concurrently assessed with NGS versus polymerase chain reacon/immunohistochemistry methodology. With the recent
approval of pembrolizumab for pa ents with microsatellite
instability high tumors, regardless of histology, the urgency
in iden fying these pa ents early in decision-making is even
more cri cal.
It is becoming increasingly evident that tumor muta onal
burden (TMB)18 will play a role in the use of the novel immunotherapies, par cularly the checkpoint inhibitors.19 In
one study across diverse tumors, pa ents with high TMB
versus pa ents with intermediate or low TMB had a higher
response rate (58% vs. 20%; p = .0001) and longer median
progression-free survival (12.8 vs. 3.3 months; p < .0001).20
TMB is only assessed when NGS or whole-exome sequencing is performed. A December 2017 le er to the editor in
the New England Journal of Medicine described a strong
linear correla on between TMB and objec ve response
rate across 27 tumor subtypes enrolled in clinical trials and
treated with an –PD-1 or an –PD-L1 monotherapy.21 Of
note, these trials did not select for pa ents based on PD-L1
expression.
Equally important is the poten al for NGS broad-based
tes ng to highlight treatment op ons where there is likely to
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be li le beneﬁt. These situa ons would include RB1 losses
and muta ons and ESR1 muta ons in breast cancer, EGFR
ampliﬁca ons in lung cancer, and BRAF isoform switching
muta ons. Certainly, TMB low tumors may also be included
in this paradigm.22
Numerous examples of iden fying therapeu cally relevant
subsets of pa ents undergoing NGS tes ng are described in
the literature. In a study of the MSK-IMPACT assay in more
than 10,000 pa ents who were metasta c receiving NGS
tes ng, 37% had at least one clinically relevant muta on,
which was deﬁned as a ﬁnding that could be addressed with
a registered clinical trial or an oﬀ-label therapy.23 A unique
publica on on 200 pa ents with cancer of unknown primary
site using the FM1 NGS test found that nearly all pa ents’
tumors possessed at least one clinically relevant muta on.24
These poten ally clinically relevant ﬁndings do not occur
with rou ne histopathology and single-gene assays.
Over 1,000 pa ents with MSK-IMPACT NGS chose to have
addi onal analysis for germline muta ons. The researchers
found that 182 (17.5%) carried muta ons linked to cancer
suscep bility. This is substan ally higher than one expects
to see in the general cancer popula ons (5%–10%) and further
supports molecular proﬁling.23
Contained within numerous phase I publica ons and based
on my own personal experience, pa ents with variants of unknown signiﬁcance, previously uncharacterized aberra ons,
or simply very rare muta ons discovered through NGS have
experienced drama c beneﬁt.25 The recent success with the
kinase inhibitors of the neurotrophic tropomyosin receptor
kinase gene rearrangements highlights these examples. Paents with neurotrophic tropomyosin receptor kinase gene
fusions have experienced response rates of greater than 70%,
with durable responses extending beyond a year in nearly all
of those in the applicable group. NGS methods have greatly
aided the development of this par cular ﬁeld in both the
discovery of unbiased gene fusions as well as iden fying appropriate pa ents.26 Current targets being explored in phase
I clinical trials include AXL, IDH, MTAP, EZH2, RET, and ERK
among others. By and large, iden fying these pa ents is only
prac cal through NGS tes ng. Discovering which pa ents in
various clinical se ngs with unique prior treatment histories
and pathology have these muta ons will beneﬁt the greater
good through more eﬃcient drug development strategies.
In a similar vein, several prominent basket or umbrella
trials are currently enrolling patients based on matched
molecular alterations. These studies include the NCI’s
MATCH, the ASCO’s TAPUR, and Sarah Cannon’s MyPathway.
Almost all enrollment is through the use of broad-based
NGS tes ng, which allows for the greatest possibility of accessing the available study agents. Analysis of these results
and evalua on of the molecular proﬁle versus the response
will be invaluable for future eﬀorts. It is likely that the nextgenera on of these studies will look at combina on therapies with be er matching and will not try to ﬁt these unique
molecular proﬁles into one basket or treatment.
Early reports from the TRACERx trial highlight the importance of NGS tes ng to evaluate tumor heterogeneity head
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on and not use it as an excuse to not proﬁle. This study is
conduc ng mul region, whole-exome sequencing on earlystage, resectable non–small cell lung cancer tumors. Pa ents
are followed un l relapse, at which point NGS is performed
on the metastases to compare and evaluate variables for
risk and loca on of recurrence. This approach certainly foreshadows the possibility of bringing NGS into earlier stages of
disease to possibly impact adjuvant therapy.27
Molecular proﬁling is not a standalone technology for cancer
care. Rather, it is the application of new methodologies
adding uniquely to the pathologic descrip ons of tumors.
Established methods, such as microscopy, immunohistochemistry, and ﬂuorescence in situ hybridiza on, were once inves ga ve and rela vely expensive, while only beneﬁ ng
a minority of pa ents on their introduc on into prac ce.
The insights that were then gained by applying them across
broad popula ons aided in the redeﬁni on of many tumor
classifications, resulting in treatment changes for many
pa ents. The discovery of c-erbB2/Her2 and the use of immunohistochemistry and subsequently, ﬂuorescence in situ
hybridiza on led to the use of trastuzumab and other Her2
inhibitors, markedly changing the prognosis for that subset
of pa ents with breast cancer.
Cost is always an issue, and the pricing of NGS tes ng remains a moving target. That said, with the price of new therapies o en exceeding $10,000 per cycle and the associated
response assessment scans priced at several thousand dollars every couple of months, the cost to beneﬁt ra o seems
reasonable in further determining that the best therapy for
the pa ent’s tumor is being used. Interpreta on and incorpora on of the molecular results into treatment decisions
are another common excuse. My ins tu on, Sarah Cannon,
has merged with the bioinforma cs company Genospace to
provide that exper se in decision support while also matching to poten al clinical trial op ons.
Whether it is to try and iden fy an appropriate clinical trial,
conﬁrm the use of an approved therapy, take a chance on
ﬁnding the rare, ac onable muta on, or simply add to the
knowledge base for all, informed pa ents with cancer want
their tumors to be molecularly proﬁled. I know that I would.

MANAGING EXPECTATIONS AND MANAGING
COSTS: OPTIMIZING THE VALUE OF NGS IN
CANCER CARE L. SALTZ
I recently received a le er from a family of a pa ent with
colon cancer whom I do not know containing the following:
“I saw a brief TV program about a clinical trial called Precision Oncology, that you are currently prac cing where a
pa ent who had tumors all over the body had taken 2 pills
every day for a week and the tumors disappeared. We are
desperately seeking other medical help for my father, hoping and praying that you would review his latest reports
and let me know if you think you’re clinical trial will be
eﬀec ve?”
I do not know what program the writer is referring to, but
clearly, we have to be careful not to allow or propagate the
percep on that “precision oncology” has reached a point

where such beneﬁts can be oﬀered with any reasonable
likelihood or frequency. Molecular proﬁling of tumors using
NGS assays will open up some op ons for some people, but
many and in fact, most pa ents with solid tumors will not
be meaningfully beneﬁted by NGS at this me. Managing
expecta ons will involve ﬁrst managing our own expectaons and then helping pa ents understand what molecular
proﬁling of their tumor is and what it is and is not likely to
accomplish. As is always the challenge in oncology, we want
to provide hope to the degree that it is realis c to do so, but
we do not provide beneﬁt and we can certainly cause harm
if we provide false hope.
In addi on to managing expecta ons, it has always been
our responsibility as physicians to carefully consider cost and
value in the care of our pa ents. In 2002, the founda ons of
the American Board of Internal Medicine and the American
College of Physicians in conjunc on with the European Federa on of Internal Medicine published a Physician Charter
for the new millennium outlining our professional responsibili es. One of those responsibili es reads: “While mee ng
the needs of the individual pa ents, physicians are required
to provide health care that is based on wise and cost-eﬀec ve
management of limited clinical resources … The Physician’s
professional responsibility for appropriate alloca on of resources requires scrupulous avoidance of superﬂuous tests
and procedures.”28 Consistent with that, I am proud to note
the long-term inclusion of leadership in “cost-effective
patient care” in the mission statement of my institution,
Memorial Sloan Ke ering Cancer Center.29
Challenges faced with introduc on of any new technology
into clinical prac ce include understanding what that technology does and does not oﬀer and who is and is not an appropriate candidate for its use. NGS is no excep on. As we
advance in the era of precision oncology in general and NGS
in par cular, we must think carefully about what exactly it
is that we are talking about, who is in a posi on to beneﬁt,
and what level of beneﬁt can be realis cally expected. As
with all technologies, value can be maximized by appropriate use (high-value care) and curtailment of inappropriate
use (low-value care).
There is no way around the reality that each assay run will
entail a ﬁnancial cost. Although what Medicare will pay for
an NGS assessment and under what circumstances are under intense discussion at the me of this wri ng, currently,
commercial assays are priced at approximately $5,000 to
$7,000. It is important to remember that value and cost
move in opposite direc ons if the other parameters stay stable. Thus, if the cost of NGS rises, its rela ve value is diminished. Conversely, if compe on and market forces cause a
drop in the cost of NGS, then the value rises even without a
change in therapeu c eﬃcacy. It is too early to tell in what
direc on this will move.
To get a sense of the costs, for the purposes of this discussion, let us use the conveniently round number of $5,000
as the cost of an assay, recognizing that higher fees may be
charged and lower amounts may be paid depending on contracts between providers and payers. That is the cost to run
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the assay a single me. If assays are run on mul ple occasions on a single pa ent, then the cost will go up accordingly,
and at least based on current prac ce standards, the value
will go down. Previously, the constraints of undergoing tumor
biopsy limited the number of mes that NGS would be performed. The advancing technology of liquid biopsy changes
this and makes it easy to perform an assay more frequently.
We must ask whether we should do repeat biopsies, and if
so, how o en? A $5,000 assay once may sound like a rela vely small amount. As the number of such biopsies per
pa ent increases, that amount increases accordingly. If we
do one NGS assay on each of the roughly 600,000 new paents with metasta c cancer each year, that brings us to
an annual expenditure of $3 billion. This, of course, does
not include the cost of addi onal biopsies if those are performed. In most cases, ac onable muta ons will be present
in the primary tumor and archived ssue samples. Rebiopsy
is rarely indicated and cons tutes added risk and considerable added expense.
Taken in the context of the overall cost of care, this may
seem rela vely modest. However, much of the cost has to do
with what path this informa on takes us down. If a truly aconable pathway is iden ﬁed and truly ac ve drugs are able
to be obtained and administered, then the cost to beneﬁt rao will be low, and the value of the interven on will be high.
If, however, an unproduc ve course of ac on is pursued, such
as prescribing an MEK inhibitor for an iden ﬁed RAS mutaon or a combina on of expensive drugs based on laboratory
data without clinical evidence, then the opposite, high cost to
beneﬁt ra o and low-value care, will have resulted.
How might we approach a sustainable strategy to provide NGS tumor evalua on where needed, maximize the
chance that all who can beneﬁt from this technology do,
and at the same me, avoid deple ng resources through
nonvalue-added use? If used to iden fy a known ac ve
agent for a par cular muta onal proﬁle, then the likelihood
of improved outcome and improved value is high. This is
consistent with the current language that the Centers for
Medicare and Medicaid is proposing for coverage of NGS
assays for Medicare beneﬁciaries.30 As of the me of this
wri ng (subject to public comment and not yet ﬁnalized),
the proposal is to cover an NGS assay that is FDA approved
for Medicare beneﬁciaries who fulﬁll the following criteria:
(1) have recurrent, metasta c, or advanced stage IV cancer;
(2) have not been previously tested using the same NGS
assay; and (3) have decided to seek addi onal cancer therapy. As such, the proposed language speciﬁcally limits use
to pa ents with metasta c cancer, and it limits pa ents to
one- me tes ng. The language further goes on to say that
results from this test must be used in the treatment of the
pa ent, including guiding selec on of treatments proven to
improve health outcomes. It should be noted that we cannot
regard a treatment as “proven to improve health outcomes”
for pa ents on Medicare unless the Centers for Medicare
and Medicaid agrees to cover it, and what the Centers for
Medicare and Medicaid covers is either an FDA-approved
indica on or a Compendium-listed indica on.
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There is addi onal language from the Centers for Medicare
and Medicaid proposing coverage “with evidence development,” which would poten ally allow for screening for clinical trials within the Na onal Ins tutes of Health-Na onal
Cancer Ins tute clinical trials network. Although I would
hope that this would be expanded in the ﬁnal determina on
to cover other trials as well, at present, this ques ons remains
unse led. Furthermore, such an approach would not provide
coverage for drugs puta vely iden ﬁed as being useful on the
basis of the NGS assay outside of a clinical trial, unless treatment of that par cular muta onal pa ern and ssue type is
recognized by either the FDA or a recognized compendium.
We can an cipate much frustra on in a pa ent in whom an
NGS assay suggests a course of ac on but for whom a trial is
unavailable and coverage for the iden ﬁed targeted agent is
not forthcoming. This is and will remain a challenge as the use
of NGS tumor proﬁling broadens.
Use of informa on to iden fy pa ents most appropriate
for par cipa on in a clinical trial that is speciﬁcally targe ng
a muta on or muta onal proﬁle would be expected to add
considerable value, hopefully, to the pa ent and at least to
the research eﬀort to deﬁne be er treatments. If, however, an
NGS assay was to be obtained and used in pa ents who were
not candidates for such treatments, it would be adding cost
and expense without adding beneﬁt, thereby lowering value.
Virtually all clinical trials require a performance status (PS) of
Eastern Coopera ve Oncology Group (ECOG) 0 to 1. A few
may allow pa ents who have an ECOG PS of 2. For pa ents
with a PS 3 or 4, there are no clinical trials. This is because
the chance of beneﬁt drops considerably and the chance of
harm rises considerably with declining performance status.
Similarly, those pa ents with elevated bilirubin or crea nine
or low platelets, neutrophils, or hemoglobin are not realis c
candidates for clinical trials. The performance of an NGS assay
for the purpose of ﬁnding a trial for a trial-ineligible pa ent
would result in added expense and virtually no beneﬁt.
In 2017, there were approximately 1.6 million new cancers
diagnosed and 600,000 cancer deaths. Because most cancer
deaths are the result of metasta c disease, we can see from
these numbers that, of the pa ents with cancer, a substanal percentage has earlier-stage disease. For most tumors at
this me, NGS would provide li le if any usable informa on
for pa ents with early-stage cancer. For example, in pa ents
with colorectal cancer, genotyping for RAS and BRAF muta on status is absolutely necessary to provide appropriate
treatment of metasta c disease, but it is not useful for paents with stage I, II, or III disease. Similarly, pa ents with
early-stage cancer are not appropriate for considera on of
novel clinical trials of unproven agents. As such, outside of a
research se ng, the expense of NGS genotyping would not
be warranted in these pa ents at this me.
Excep ons may exist, and more may develop as data
mature. NGS can eﬀec vely be used for determina on of mismatch repair status, a ques on that is relevant in pa ents with
stage II colorectal cancer for decisions regarding considera on
of adjuvant therapy and screening for Lynch syndrome, a queson that is relevant for all pa ents with colorectal cancer. If,
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however, a pa ent’s tumor is determined to be microsatellite
stable by rou ne polymerase chain reac on or mismatch repair
proﬁcient by immunohistochemistry, then performing an NGS
assay to look for mismatch repair deﬁciency would be redundant and of li le or no value. If the expense of immunohistochemistry or polymerase chain reac on is saved by only doing
NGS for the determina on of microsatellite instability, then the
cost of the NGS is at least par ally oﬀset, and the value of such
a maneuver is increased. To the degree that newer technologies can replace, rather than be added on to, older technologies, these newer technologies become more cost eﬀec ve.

CONCLUSION
As we work to maximize beneﬁt from NGS tumor proﬁling,
we have to both keep a reasonable perspec ve on what can
be expected from this technology and help our pa ents to
maintain reasonable expecta ons as well. We have good
reason to believe that this technology has the poten al to
improve outcomes for many people with cancer. We must
get that message out while maintaining a balance of op mism and realism, without which it is easy for pa ents and
their families to build up expecta ons far beyond what can
be delivered.

References
1.

Biesecker LG, Green RC. Diagnos c clinical genome and exome
sequencing. N Engl J Med. 2014;370:2418-2425.

2.

Hammond ME, Hayes DF, Dowse M, et al. American Society of Clinical
Oncology/College of American Pathologists guideline recommenda ons
for immunohistochemical tes ng of estrogen and progesterone
receptors in breast cancer. J Clin Oncol. 2010;28:2784-2795.

3.

4.

5.

Bartley AN, Washington MK, Colasacco C, et al. HER2 tes ng and
clinical decision making in gastroesophageal adenocarcinoma:
guideline from the College of American Pathologists, American Society
for Clinical Pathology, and the American Society of Clinical Oncology. J
Clin Oncol. 2017;35:446-464.
U.S. Food and Drug Administra on. Principles for Codevelopment of an
In Vitro Companion Diagnos cs Device with a Therapeu c Product. Dra
GuidanceforIndustryandFoodandDrugAdministra onStaﬀ.https://www.
fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/
GuidanceDocuments/UCM510824.pdf. Accessed January 21, 2018.
Kuderer NM, Burton KA, Blau S, et al. Comparison of 2 commercially
available next-genera on sequencing pla orms in oncology. JAMA
Oncol. 2017;3:996-998.

14. Le Tourneau C, Delord JP, Goncalves A, et al. Molecularly targeted
therapy based on tumour molecular proﬁling versus conven onal
therapy for advanced cancer (SHIVA): a mul centre, open-label,
proof-of-concept, randomised, controlled phase 2 trial. Lancet Oncol.
2015;16:1324-1334.
15. Haslem DS, Van Norman SB, Fulde G, et al. A retrospec ve analysis
of precision medicine outcomes in pa ents with advanced cancer
reveals improved progression-free survival without increased health
care costs. J Oncol Pract. 2017;13:e108-e119.
16. Ali SM, Hensing T, Schrock AB, et al. Comprehensive genomic proﬁling
iden ﬁes a subset of crizo nib-responsive ALK-rearranged non-small
cell lung cancer not detected by ﬂuorescence in situ hybridiza on.
Oncologist. 2016;21:762-770.
17. Drilon A, Wang L, Arcila ME, et al. Broad, hybrid capture-based nextgenera on sequencing iden ﬁes ac onable genomic altera ons
in lung adenocarcinomas otherwise nega ve for such altera ons
by other genomic tes ng approaches.Clin Cancer Res. 2015;21:
3631-3639.
18. Panda A, Be geri A, Subramanian K, et al. Iden fying a clinically
applicable muta onal burden threshold as a poten al biomarker of
response to immune checkpoint therapy in solid tumors.JCO Precis
Oncol. Epub 2017 Dec 7.

6.

Torga G, Pienta KJ. Pa ent-paired sample congruence between 2
commercial liquid biopsy tests. JAMA Oncol. Epub 2017 Dec 14.

7.

deGramont A, Watson S, Ellis LM, et al. Pragma c issues in biomarker
evalua on for targeted therapies in cancer. Nat Rev Clin Oncol. 2015;12:
197-212.

19. Goodman AM, Kato S, Bazhenova L, et al. Tumor muta onal burden as
an independent predictor of response to immunotherapy in diverse
cancers. Mol Cancer Ther. 2017;16:2598-2608.

8.

Aziz N, Zhao Q, Bry L, et al. College of American Pathologists’
laboratory standards for next-genera on sequencing clinical tests.
Arch Pathol Lab Med. 2015;139:481-493.

20. Zehir A, Benayed R, Shah RH, et al. Muta onal landscape of metasta c
cancer revealed from prospec ve clinical sequencing of 10,000
pa ents. Nat Med. 2017;23:703-713.

9.

Ins tute of Medicine. Evolu on of Transla onal Omics: Lessons
Learned and the Path Forward. Washington, DC: Na onal Academies
Press; 2012.

21. Yarchoan M, Hopkins A, Jaﬀee EM. Tumor muta onal burden and
response rate to PD-1 inhibi on. N Engl J Med. 2017;377:2500-2501.

10. Hsu DS, Balakumuran BS, Acharya CR, et al. Pharmacogenomic
strategies provide a ra onal approach to the treatment of cispla nresistant patients with advanced cancer. J Clin Oncol. 2007;25:
4350-4357.
11. Schwaederle M, Zhao M, Lee JJ, et al. Impact of precision medicine in
diverse cancers: a meta-analysis of phase II clinical trials. J Clin Oncol.
2015;33:3817-3825.

22. Capdevila J, Rojo F, González-Mar n A, et al. Molecular proﬁling for
clinical decision making in advanced cancer: a clinical appraisal. J Cancer
Res Treat. 2017;5:77-85.
23. Mandelker D, Zhang L, Kemel Y, et al. Muta on detec on in pa ents
with advanced cancer by universal sequencing of cancer-related genes
in tumor and normal DNA vs guideline-based germline tes ng. JAMA.
2017;318:825-835.

12. Prasad V, Fojo T, Brada M. Precision oncology: origins, op mism, and
poten al. Lancet Oncol. 2016;17:e81-e86.

24. Ross JS, Wang K, Gay L, et al. Comprehensive genomic proﬁling of
carcinoma of unknown primary site: new routes to targeted therapies.
JAMA Oncol. 2015;1:40-49.

13. Subbiah V, Kurzrock R. Debunking the delusion that precision oncology
is an illusion. Oncologist. 2017;22:881-882.

25. Edenﬁeld WJ. Comprehensive genomic proﬁling of rare tumors in a
dedicated community clinic. J Clin Oncol. 2015;33 (suppl; abstr 6540).

asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

145

BURRIS, SALTZ, AND YU

26. Amatu A, Sartore-Bianchi A, Siena S. NTRK gene fusions as novel
targets of cancer therapy across mul ple tumour types. ESMO Open.
2016;1:e000023.

29. Memorial Sloan Kettering Cancer Center Mission Statement.
https://www.guidestar.org/profile/13-1624182. Accessed January
9, 2018.

27. Jamal-Hanjani M, Wilson GA, McGranahan N, et al. Tracking the evolu on
of non-small-cell-lung cancer. N Engl J Med. 2017;376:2109-2121.

30. Centers for Medicare & Medicaid Services. Proposed Decision Memo
for Next Genera on Sequencing (NGS) for Medicare Beneﬁciaries with
Advanced Cancer (CAG-00450N). https://www.cms.gov/medicarecoverage-database/details/nca-proposed-decision-memo.aspx?NCAI
d=290&bc=ACAAAAAACAAAAA==&. Accessed January 10, 2018.

28. Project of the ABIM Founda on, ACP–ASIM Founda on, and European
Federa on of Internal Medicine. Medical professionalism in the new
millennium: a physician charter. Ann Intern Med. 2002;136:243-246.

146

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

CENTRAL NERVOUS SYSTEM
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Integrating Genomics Into Neuro-Oncology Clinical Trials and
Practice
Evanthia Galanis, MD, Farhad Nassiri, MD, Shannon Coy, MD, Romina Nejad, HBSc, MSc (C),
Gelareh Zadeh, MD, PhD, and Sandro Santagata, MD, PhD
OVERVIEW
Important advances in our understanding of the molecular biology of brain tumors have resulted in a rapid evolution in
the taxonomy of central nervous system (CNS) tumors, which culminated in the revised 2016 World Health Organization
classification of CNS tumors that incorporates an integrated molecular/histologic diagnostic approach. Our expanding understanding of brain tumor genomics and molecular evolution during the disease course has started to impact clinical
management. Furthermore, incorporation of genomic information in ongoing and planned neuro-oncology clinical trials is
expected to lead to improved outcomes and result in personalized treatment options for patients with CNS malignancies.

O

ver the last 30 years, widespread efforts to characterize
chromosomal abnormalities, genomic mutations, epigenetic alterations, and proteomic changes in cancer cells
have rapidly increased our understanding of the molecular
biology of neoplasia.1-6 These advances have challenged
the histology-centric paradigm of tumor classification, demanding a reassessment of current diagnostic algorithms
and categories and development of novel strategies for incorporating molecular and genetic data into the nosology
of neoplasia.7 A new paradigm is emerging, highlighted by
the publication of the 2016 World Health Organization Classification of Tumors of the Central Nervous System,8 which
adopts, for the first time, diagnoses that integrate both
histologic and molecular parameters. Application of these
recent changes in the criteria and taxonomy of CNS tumors
and in clinical practice results in both challenges and opportunities that are many and varied.

HISTOLOGIC CLASSIFICATION OF CENTRAL
NERVOUS SYSTEM TUMORS
Systematic attempts to establish a universal taxonomy for
CNS tumors began in the 1950s with the groundbreaking
Armed Forces Institute of Pathology and Union for International Cancer Control texts. These efforts were, however, not met with widespread international acceptance.9,10
Subsequently, World Health Organization (WHO) working
groups were established to define international diagnostic
standards. The first meetings of a CNS-focused group con-

vened in 1970, culminating in the first WHO “blue book” for
CNS tumors that was published in 1979.11 Similar to classification schemes in other organ systems, the WHO classification of CNS tumors has typically been organized by the
presumed histogenesis of tumors ascertained through morphology and immunohistochemistry (e.g., astrocytic, oligodendroglial, or ependymal tumors). Notably, in contrast to
the staging of other solid tumors, which relies on the TNM
classification system, typically based on tumor size and
extent of spread,12 prognostic information for CNS tumors
is conveyed using a “WHO grade” designation. Grading is
based on histologic characteristics such as mitotic rate or
vascular proliferation, which have more prognostic value
for CNS tumors than does tumor size or extent of invasion.
Numerous clinicopathologic studies have driven the iterative and continual refinement of WHO diagnostic categories
and these changes have been codified in new editions and
revisions of the WHO CNS manual in 1993, 2000, 2007, and
2016.8,13-15

INTEGRATED MOLECULAR CLASSIFICATION
OF CENTRAL NERVOUS SYSTEM TUMORS
In addition to numerous advances in the histologic classification of CNS tumors in each subsequent edition of
the WHO manual, investigators across the field of neurooncology have uncovered distinct patterns of recurrent genomic alterations in many CNS neoplasms. Such molecular
and genetic findings were included in the 2000 and 2007
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WHO classifications, but at the time, these were considered
as supplemental to the histologic diagnoses. However, as
the number of findings has increased and clinicopathologic
analyses have matured, the International Society of Neuropathology and WHO working group surveys supported
inclusion of molecular criteria in tumor classification with
the aim of increasing diagnostic reproducibility and improving patient care. These insights were incorporated into the
2016 revision of the WHO classification. The most substantial changes were in the classification of diffuse gliomas and
embryonal tumors, which provide illustrative examples of
the new paradigm of integrated molecular classification.

Diffuse Gliomas

Since their first classification by Bailey and Cushing,16 diffuse
gliomas have been classified by their presumed lineage differentiation (astrocytic or oligodendroglial) based on morphologic features. Oligodendrogliomas were among the
first CNS tumors in which specific molecular genetic alterations were recognized, with the identification in 1994 of
the codeletion of chromosomal arms 1p and 19q.17 Further
studies showed improved outcome and response to chemotherapy in tumors with these alterations, providing tantalizing proof-of-principle evidence that specific molecular
alterations may be simultaneously diagnostic, prognostic,
and predictive of treatment response.18 In 2008, integrated
genomic analysis identified recurrent mutations in the isocitrate dehydrogenase genes (IDH1/2), most commonly the
IDH1 R132H mutation, in nearly all secondary glioblastomas. Subsequent studies showed that these mutations were
also present in the majority of low-grade astrocytomas and
oligodendrogliomas. Clinical correlation showed that these
mutations are highly predictive of long-term prognosis.19,20

PRACTICAL APPLICATIONS
• The 2016 World Health Organization classification of
CNS tumors resulted in a major restructuring of some
of the most common CNS tumors, including glioma and
medulloblastoma.
• Characterization for IDH mutations is now required
as part of the histologic characterization of diffuse
gliomas.
• The presence of both 1p/19q codeletion and
IDH mutations is necessary for the diagnosis of
oligodendroglioma to be established, and it is
impacting the standard-of-care treatment of
these patients.
• The recognition of the molecular evolution and
transformation of gliomas during the disease course
highlights the importance of repeat biopsies at
recurrence.
• A number of ongoing clinical trials for tumors such
as glioma, medulloblastoma, meningioma, and
craniopharyngioma are using biomarker-based and
adaptive designs that are expected to result in the
development of personalized treatment approaches for
patients with primary CNS tumors.

Additional work identified alpha-thalassemia/mental retardation syndrome X-linked (ATRX) mutations in astrocytomas
and secondary glioblastomas, which frequently co-occur
with mutations in tumor protein 53 (TP53).21
Such advances suggested that the integration of genotypic
findings may provide more biologically relevant diagnostic
categories, such as the presence of 1p/19q codeletion and
IDH1/2 mutations for oligodendroglioma; of TP53, ATRX,
and IDH1/2 mutations for astrocytomas and secondary glioblastomas; and of epidermal growth factor receptor (EGFR)
amplification and CDKN2A/2B deletion among other aberrations for primary glioblastomas.22 Clinicopathologic and
molecular studies to explore this possibility showed that integrated molecular data provided superior prognostic significance than traditional histologic classification alone.23,24 For
example, detection of the 1p/19q codeletion in morphologically defined oligoastrocytomas or oligodendrogliomas was
associated with clinical outcomes more concordant with
genotype rather than histologic phenotype or grade.
Thus, targeted gene sequencing and copy-number analysis is becoming increasingly essential for the proper classification of most brain tumors. For gliomas, including the most
common malignant glioma diagnosis (i.e., glioblastoma), a
complete workup requires IDH mutation assessment by
immunohistochemistry using antibodies that recognize the
IDH1 R132H mutant protein (Fig. 1) and/or mutation hotspot
sequencing that can identify alternative IDH1 mutations
such as R132C or IDH2 mutations. Glioblastomas are divided in the 2016 WHO classification of CNS tumors into (1)
glioblastoma, IDH-wild type (approximately 95% of cases),
which corresponds most frequently with the clinically defined primary or de novo glioblastoma and predominates in
patients older than age 5525; (2) glioblastoma, IDH-mutant
(approximately 5% of cases), which frequently corresponds
to secondary glioblastoma with a history of prior lowergrade diffuse glioma and preferentially arises in younger
patients25; and (3) glioblastoma, not otherwise specified, a
diagnosis that is reserved for those tumors for which full IDH
evaluation cannot be performed. The definition of full IDH
evaluation can differ for older patients with glioblastoma
relative to younger adults with glioblastoma and relative
to WHO grade II and grade III diffuse gliomas. In the latter
situations, IDH sequencing is highly recommended following negative R132H IDH1 immunohistochemistry, whereas
the near absence of non-R132H IDH1 and IDH2 mutations
in glioblastomas from patients older than approximately
age 5526 suggests that sequencing may not be needed in
the setting of negative R132H IDH1 immunohistochemistry
among such patients.27 In the case of oligodendroglioma
and oligoastrocytomas, in addition to IDH mutation, testing
for 1p/19q deletion by fluorescence in situ hybridization, array comparative genomic hybridization, or next-generation
sequencing is also needed. Accordingly, institutions that do
not offer such molecular testing will frequently be required
to request testing from outside laboratories.
Assays that characterize both mutations and copy-number
alterations, such as targeted next-generation sequencing,
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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provide an efficient approach for capturing the data
needed for glioma classification as well as for identifying a wide range of other aberrations that occur at low
frequency but that may inform tumor classification, patient care, and clinical trial decisions such as BRAF V600E
mutations, histone gene mutations, FGFR fusions, and a
range of focal amplifications or deletions. For instance,
recurrent mutations in histone H3 genes define an infrequent entity codified in the 2016 WHO classification as
H3K27M-mutant diffuse midline glioma. This mutation
is thought to result in dysregulation of polycomb repressor
complex 2 (PRC2) with resultant genome-wide epigenetic
alterations. These tumors may exhibit histologic features
of a high-grade (Fig. 2A) or low-grade (Fig. 2C) glioma and
may be identified in most cases by immunohistochemistry specific for mutated histone H3F3A when suspected

FIGURE 1. IDH1 Mutation in a Low-Grade
Astrocytoma
A

B

clinically (Fig. 2B and D), but they can also be identified by
sequencing technologies when they occur in atypical presentations. Although both high- and low-grade histologic
phenotypes are thought to carry a dismal prognosis based
on current clinicopathologic data and are correspondingly
classified as WHO grade IV, further assessment of the prognostic and predictive value of such histologic features in
cohorts of molecularly characterized cases is underway and
may reveal stratification of outcomes based on histologic
phenotype.

Medulloblastoma
The 2007 WHO classification defined multiple histopathologic variants of medulloblastoma with different clinical
outcomes. Systematic transcriptomic, microRNA, cytogenetic, and epigenomic studies sought to understand the
differences between subtypes and had established by 2012
that multiple biologically distinct genotypic clusters could
be defined with excellent cross-modality concordance, including those with activation of the Sonic hedgehog signaling pathway (SHH) or Wnt pathways.28-30 Clinicopathologic
studies subsequently showed that distinct biologic clusters
had different clinical outcomes. For instance, there was
an excellent prognosis for Wnt pathway-driven tumors, intermediate prognosis for SHH pathway-driven tumors and
poor prognoses for non-SHH/WNT tumors: these genotypic
clusters frequently, but not always, correlated with specific
histologic categories.31
The revised 2016 WHO classification for the first time
incorporates these advances into integrated diagnoses.
Tumors are substratified into four histologic categories
(classic, desmoplastic/nodular, extensive nodularity, and
large cell/anaplastic) and four principle molecular categories (WNT-activated, SHH-activated, group 3, and group 4),
allowing for treatment and prognostic stratification by pathway activity and histology.32 As with the grading of diffuse
gliomas, histologic descriptors remain useful for the diagnosis of medulloblastoma. Nearly all medulloblastomas with
desmoplastic/nodular or extensive nodularity histology fall
into the SHH-activated molecular group; these tumors have
lower risk profiles and may be eligible for trials of hedgehog pathway inhibitors. WNT-activated tumors, a particularly low-risk group, nearly always exhibit classic histology.
Anaplastic/large cell tumors are typically SHH-activated or
group 3 tumors, and these tumors are associated with poor
prognosis.28-32

Other Tumors

(A) Hematoxylin and eosin–stained section of a World Health Organization grade II gemistocytic
astrocytoma. (B) Immunohistochemistry using a mutation-specific antibody that recognizes IDH1
R132H mutant protein (brown staining), which is frequently mutated in low-grade astrocytomas,
oligodendrogliomas, and secondary glioblastomas.
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In addition to the examples listed above, the revised 2016
WHO classification includes several other molecularly
defined entities, including RELA fusion-positive ependymoma and embryonal tumor with multilayered Rosettes,
C19MC-altered. These entities follow a similar paradigm as
described above, and extended discussion may be found
elsewhere.8 In addition, a “not otherwise specified” classification was added for lesions with atypical genotypes or
cases lacking molecular data.

EVOLVING ROLE OF GENOMICS IN NEURO-ONCOLOGY

EVOLVING PARADIGMS AND FUTURE
DIRECTIONS IN BRAIN TUMOR HISTOLOGIC
CLASSIFICATIONS
The integrated diagnoses in the 2016 WHO classification
incorporate a large number of canonical molecular alterations; however, the theoretical limit of biologic findings
that may have clinical relevance is vast. Integrated molecular diagnoses may see a rapid expansion as novel assays
expand the scope of genetic, molecular, and phenotypic profiling. Recent years have seen an explosion of genome-level
sequencing data whose clinicopathologic contextualization
is still in its infancy, and rapid advances in epigenomic and
proteomic profiling and acute sensitivity testing approaches
promise to enable far greater granularity of tumor classification. Glioblastomas, for instance, may prove to be effectively substratified for prognostication or clinical treatment
by the presence of specific pathway alterations or combinations of alterations (e.g., EGFR amplification), epigenetic
profiles such as the glioma CpG island methylator phenotype (G-CIMP) or O-6-methylguanine methyltransferase
(MGMT) promoter methylation (a prognostic and possibly
predictive factor), and numerous other as-yet undiscovered
alterations. To address this complexity, future classification systems may alternatively seek to develop diagnoses

with succinct condensations of the most clinically relevant
features, or exploit computational methods to develop
increasingly high resolution “precision” classification and
treatment plans for each unique tumor. As in the taxonomy
of all tumor types, the challenge for brain tumors will also be
in establishing the merits of when to “lump” or “split.”33 In
the context of evolving classification systems, the establishment of clinical practice guidelines by the Society for NeuroOncology and the College of American Pathologists will
foster the appropriate level of genetic testing for patients
with brain tumors.
Given the superiority of molecular analyses in discriminating a variety of lesions, an important question is whether
histologic evaluation of tissue will remain necessary. We
believe that histologic review will still be required for the
foreseeable future. First, histologic evaluation of specimens
remains the most efficient and accurate methodology for the
initial diagnosis of neoplasia and is essential for determining the tissue regions most amenable to molecular profiling.
Although molecular studies may become more precise at
identifying specific cellular classifications of tumors, including possible epigenetic identification of tumor cell lineage,34
histologic evaluation of tissue also reveals spatial information that is not available by molecular studies, such as the

FIGURE 2. H3K27M-Mutant Diffuse Midline Glioma
A

B

C

D

(A and B) Hematoxylin and eosin–stained section (A) of an H3K27M-mutant diffuse midline glioma in the thalamus displaying high-grade morphology supported by immunohistochemistry (B) using an
H3K27M mutation–specific antibody (brown staining). (C and D) Hematoxylin and eosin–stained section (C) of an H3K27M-mutant diffuse midline glioma displaying low-grade morphology in the cingulate
gyrus supported by immunohistochemistry (C) using an H3K27M mutation–specific antibody (brown staining).
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spatial relationships between tumor cells and subgroups of
immune cells may become increasingly important in the age
of high-dimensional pathology. In addition, as illustrated by
the present grading of diffuse gliomas, histologic features
may retain superior diagnostic utility in specific situations,
although continued analysis of genomic or epigenetic alterations may reveal more effective paradigms.

TISSUE ACQUISITION BEFORE, DURING,
AND AFTER TREATMENT: INCORPORATING
GENOMICS INTO NEURO-ONCOLOGY
PRACTICE
The 2016 WHO classification of CNS tumors incorporates
and mandates genomic analysis in routine neuropathology
and neuro-oncology practice. There are two associated
challenges, however. First, this improved classification paradigm applies primarily to initial diagnosis: the impact
of treatment interventions on these molecular markers remains poorly characterized. Second, additional molecular
alterations of prognostic or predictive significance (MGMT
methylation in glioblastoma, V600E mutation in gliomas,
TSC mutations in subependymal giant cell astrocytoma,
etc.) were not included. Furthermore, this classification was
only in part able to capitalize and include existing information on genetic, transcriptional, and epigenetic changes,
which occur during glioma evolution. Therefore, serial tissue acquisition to guide clinicians in tailoring treatment to
the dynamic changes seen in the tumor through the continuum of care is increasingly becoming a clinical mandate.
Available technology, including next-generation sequencing,
which is increasingly available for clinical use,35 can ensure
that the clinician’s knowledge of the biology of the tumor
is at least as up to date as the dynamic changes occurring
in these malignancies and can create the foundation for future therapeutic advances. We anticipate that this approach
could hold the greatest immediate impact in the treatment
of patients with glioma.
A substantial body of existing evidence supports that recurrent gliomas undergo transformation and clonal evolution. For example, Riehmer et al36 used genome-wide array
comparative genomic hybridization analysis and showed
that 75% of non-IDH mutant recurrent glioblastomas in
their series acquired new genomic aberrations while either
maintaining or losing their primary tumor aberrations, referred to as sequential and discrepant pairs, respectively.
Similarly, recent work by Johnson et al37 comparing 23
matched primary to recurrent lower-grade gliomas by genome sequence analysis found an average of 33 somatic
mutations in each primary tumor, of which only an average
of 54% were also detected in the matched recurrent tumor.
Of these reported somatic mutations, only the prognostically favorable IDH mutation was shared in every matched
recurrent case, suggesting that IDH mutation remains intact
through serial tissue acquisition. Because IDH mutation is
believed to be an early initiation event in gliomagenesis and
is maintained through serial tissue acquisition, downstream
molecular alterations tightly coexpressed with IDH muta152
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tion, such as 1p/19q codeletion, ATRX, and TP53 mutations,
are also shared in most but not all cases, despite treatment
and tumor recurrence.37,38 In contrast, genomic events that
occur later in glioma evolution, such as aberrations in receptor tyrosine kinases platelet-derived growth factor receptor
A and EGFR, as well as phosphatase and tensin homolog
(PTEN) mutation, have been reported to “switch” with tumor progression due to divergent clonal selection and their
predominantly mutually exclusive presence in glioblastoma
cells.39-42 Of practical importance, in the series by Johnson
et al,37 exposure of these patients with low-grade glioma
to the commonly used chemotherapeutic agent temozolomide resulted in the acquisition of mutations in the DNA
mismatch-repair pathway and the development of a hypermutated phenotype.
In addition to the information gathered from bulk tumor
analysis, important information can be derived from rapidly
evolving state-of-the-art technology that now allows for
genomic profiling of single cells derived from a bulk tumor.
Results from the single-cell-omics approach in gliomas support that primary tumors represent a heterogeneous group
of subclones that, upon treatment, undergo selective pressure resulting in divergent clonal evolution at recurrence.
This theory highlights the importance of developing clonalspecific treatments, as opposed to a bulk “one-stop-fitsall” paradigm, and can better explain primary and secondary
resistance to chemotherapy. For example, Meyer et al43
demonstrated that treatment-naïve patients with glioblastoma harbor temozolomide-resistant clones regardless of
MGMT promoter status. This may explain the variability of
responses to temozolomide even within this predominantly
sensitive group.43
Taken together, these studies suggest that genomic evolution of recurrent gliomas could impact treatment decisions,
including eligibility for targeted therapies or combinations,
and support the rationale for tissue acquisition at recurrence. In conjunction with tissue-deriving information,
ongoing research on liquid biopsies from blood or cerebrospinal fluid, which characterize genetic material in exosomes
or circulating DNA,44-46 and advanced imaging, including
functional or metabolic imaging, can create the foundation for the development of reproducible noninvasive
measures for monitoring molecular evolution in gliomas
(Fig. 3).47-49

INTEGRATING TUMOR GENOMICS
INCLUDING WHO GUIDELINES INTO NEUROONCOLOGY CLINICAL TRIAL DESIGN

Diffuse Astrocytic and Oligodendroglial Tumors

Glioblastoma. Both the 2016 WHO classification of CNS
tumors and our expanding knowledge of CNS tumor genomics are impacting neuro-oncology clinical trial design
for many primary CNS tumors. The 2016 WHO classification of CNS tumors resulted in a major restructuring
of diffuse gliomas with incorporation of genetically defined
entities. As such, ongoing and future glioma trials must
comply with this classification. For glioblastoma trials,
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FIGURE 3. Workflow Demonstrating an Optimal Future Diagnostic and Treatment Selection Paradigm
for Patients With Glioma in the New Molecular Era
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the impact overall is expected to be minor: the new classification introduces tumor characterization for the IDH status; nevertheless, less than 5% of glioblastomas harbor
IDH mutations and as such, it is unlikely that the addition
of this diagnostic criterion, even during the conduct of
ongoing randomized trials, will impact results or imbalance
groups.
Despite the fact that it was not included in the 2016 WHO
classification, MGMT methylation status at diagnosis represents a prognostic and possibly predictive factor for patients with glioblastoma. Methylation of the promoter of
MGMT, a DNA repair enzyme, leads to decreased enzyme
activity and impaired ability to repair temozolomide-induced
DNA methylation. This is important because temozolomide in combination with radiation therapy is currently the
standard-of-care treatment regimen for newly diagnosed
glioblastoma based on the results of the EORTC/NCIC CE3
randomized phase III trial.50 Retrospective analysis in a subgroup of 206/572 study patients for whom baseline tumor
samples were available demonstrated that patients with
MGMT promoter methylation were more likely to benefit
from the addition of temozolomide.51 Long-term results of
this trial52 showed that MGMT promoter methylation status was the strongest predictive factor for survival. At 3 and
5 years, 27.6% and 15.8%, respectively, of patients with
MGMT methylation who received combination treatment
were alive compared with 11.1% and 8.3% of patients without MGMT methylation who received combination treatment. For patients treated with radiation alone, MGMT
promoter methylation was associated with a 7.8% and 5.2%
survival at 3 and 5 years, respectively, whereas no patient
without MGMT methylation survived beyond 3 years. Analysis of progression-free survival showed an advantage only
for patients whose tumor had a methylated MGMT promoter and who were treated with temozolomide and radiotherapy (RT).53 These data support the prognostic value
of MGMT methylation for patients with newly diagnosed
glioblastoma and a possible predictive value because it impacted progression-free survival after temozolomide therapy,
butthe impact on overall survival did not reach statistical
significance.52 A number of subsequent phase III trials, including RTOG 0525,54 RTOG 0825,55 and AVAGLIO,56 confirmed the prognostic value of MGMT methylation: patients
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without MGMT methylation have a median survival ranging from 14 to 16.2 months, whereas patients with MGMT
methylation have a median survival ranging from 22 to 26
months. As such, stratification based on MGMT status is
viewed as mandatory in newly diagnosed glioblastoma trials
because imbalance of this prognostic factor can confound
the results.
In addition, MGMT promoter methylation can lead to
greater sensitivity of glioma cells to other agents such as
PARP inhibitors that also block DNA repair.57 Based on preclinical data confirming that the PARP inhibitor veliparib
statistically significantly enhanced the efficacy of temozolomide in patient-derived glioblastoma xenografts with MGMT
promoter methylation,57 MGMT promoter methylation is
used as an eligibility criterion for A071102 (NCT02152982),
a biomarker enrichment design–based phase II/III Alliance
clinical trial evaluating temozolomide/veliparib versus placebo in the adjuvant treatment of patients with newly diagnosed glioblastoma. This trial uses a marker by treatment
interaction seamless phase II/III design and has currently
progressed to the randomized phase III stage.58
Despite the minimal clinical progress with only three new
therapies having been approved by the U.S. Food and Drug
Administration for the treatment of glioblastoma in the last
15 years (temozolomide, bevacizumab, and Optune), substantial molecular knowledge has been gained as a result of
large-scale genome sequencing projects such as The Cancer
Genome Atlas.59 In parallel, many new therapies have been
developed for clinical testing. These advances lead to optimism that molecularly based precision medicine may improve outcomes for patients with glioblastoma, but they also
highlight the limitations of current clinical trial designs that
do not test multiple therapies and biomarker combinations
simultaneously. At least two clinical trials in glioblastoma
are attempting to address this gap: INSIGhT (Individualized
Screening Trial of Innovative Glioblastoma Therapy) is ongoing60 and AGILE (Adaptive Global Innovative Learning Environment for Glioblastoma) is in the late planning stages.61 In
both trials, comprehensive multiplex genomic analysis will
be conducted for each patient to identify biomarker signatures prior to treatment assignments. For example, for the
INSIGhT trial, initial biomarker classifiers are based on four
specific pathway markers: EGFR amplification mutation; PI3K
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activation (PTEN loss through analogous deletion or mutation plus deletion), PIK3CA mutation, or PIK3R1 mutation;
p53 status (MDM2-4 amplification or p53 wildtype); and
CDK (CDK4/6 amplification or CDKN2A disomy). Both trials
follow Bayesian adaptive designs, which allow continuous
evaluation of a priori biomarker hypothesis and associations
with drug efficacy, with subsequent adaptation of randomization should an association be found. In the AGILE trial,
which targets both patients with newly diagnosed and recurrent glioblastomas, effective therapies identified in this
first learning stage will also transition in an inferentially
seamless manner to a second confirmatory stage that uses
fixed randomization to confirm findings and support regulatory registration.61 These trial designs could potentially have
substantial applicability in the development of personalized
treatments for patients with glioblastoma and could expedite new drug development.62,63
Oligodendroglioma. The diagnosis of oligodendroglioma
and anaplastic oligodendroglioma according to the 2016
WHO classification requires demonstration of both an IDH
gene family mutation and combined whole arm losses of 1p
and 19q (1p/19q codeletion). The RTOG 940264 and EORTC
2695165 trials convincingly demonstrated that 1p/19q
codeletion is both a prognostic factor as well as a predictive
factor of the efficacy of procarbazine, CCNU, and vincristine
(PCV) chemotherapy, administered either prior to or following radiation for newly diagnosed patients. For example, the
addition of PCV led to doubling of overall survival for these
patients (from 7.3 years in the RT-only group to 14.7 years in
the RT/PCV group) and increased progression-free survival
(from 2.9 years in the RT group to 8.4 years in the RT/PCV
group) in RTOG 9402, establishing a new standard of clinical
care for these patients.64 IDH mutation was also predictive
of response.65,66 Importantly, survival and progression-free
survival curves in these two anaplastic oligodendroglioma
studies were identical to RTOG 9802,67 a trial for patients
with high-risk, low-grade glioma with similar treatment
arms as in RTOG 9402, supporting that genotyping in this
context is more important than grade in determining prognosis and therapy efficacy. These data, which have clearly
associated 1p/19q and IDH mutations with both a better
prognosis as well as chemotherapy efficacy, have played
a critical role in shaping the design of the CODEL trial/
Alliance N0577 (NCT00887146), an international intergroup
trial conducted by Alliance for Clinical Trials in Oncology,
NRG Oncology, the Eastern Cooperative Oncology Group,
and the Cooperative Trials Group for Neuro-Oncology. This
trial started as a three-arm study comparing RT/PCV versus
RT versus single-agent temozolomide among patients with
1p/19q codeleted anaplastic glioma. Based on evolving molecular and clinical knowledge gained from the RTOG 9402,
EORTC 2695, and RTOG 9802 trials and the 2016 WHO classification, the N0577 trial has now modified eligibility rules
that allow enrollment of all patients with oligodendroglioma, 1p/19q codeleted and IDH mutant, independent of
grade. In its current design, the N0577 trial randomly assigns
patients to RT followed by PCV versus RT with temozolomide
154
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followed by temozolomide and represents a prime example
of how our evolving knowledge in tumor genomics can inform and alter clinical trial design in neuro-oncology.

Medulloblastoma
The 2016 WHO classification of CNS tumors has led to major
restructuring of medulloblastomas with the incorporation
of genetically defined entities that describe subgroups with
distinct molecular characteristics, demographics, and prognosis. Use of this classification in clinical trials is expected to
both increase the likelihood of informative results, because
by definition clinical trial populations in medulloblastoma
trials will be more homogenously defined, and also allow
investigators to better tailor development of new treatments. Aggressive treatments with high toxicity should be
reserved for subgroups with poor prognosis (e.g., group 3 or
4) in which the outcomes remain dismal, although a potential decrease of treatment intensity could be acceptable in
groups such as WNT that have excellent prognosis in order
to mitigate unnecessary exposure to short- and long-term
treatment-related side effects. In addition, this new classification encourages incorporation of targeted treatments
for groups where such treatments exist. For example, an ongoing St. Jude trial (A Clinical and Molecularly Risk-Directed
Therapy for Newly Diagnosed Glioblastoma, NCT01878617)
uses both a clinical risk and a molecular subtype–based classification to customize treatment of patients with medulloblastoma, including use of a targeted agent, the SHH pathway
inhibitor vismodegib for patients in the SHH subgroup.

Other Tumor Types
Despite the fact that they are not included in the 2016 WHO
classification, a number of driver mutations have been
identified in other primary brain tumors, creating hope for
effective targeted treatments. One such example is meningiomas, which represent the most common primary brain
tumors among adults, with an incidence of 140,000 cases in
the United States.68 Although surgery represents the mainstay of treatment of these tumors, there is a high risk of recurrence ranging from 20% for grade I up to 80% for grade
III tumors, even following gross total resection.69 For tumors
that are refractory to RT and surgery, no medical treatment
has been shown to be of proven benefit.
NF2 inactivation represents the most common alteration
observed in approximately 50% of meningiomas, whereas
other less common alterations include AKT mutations (8%–
13% of meningiomas) with 15% of meningiomas exhibiting
PI3K/AKT1/mTOR pathway activation.70,71 In addition, approximately 5% of meningiomas, especially skull base, olfactory
groove meningiomas, can harbor SMO mutations.70,71 Mutations in TRAF7, a proapoptotic ubiquitin ligase, were also
identified in approximately one-quarter of these tumors
in one study,71 but the role of the TRAF7 mutations in the
pathogenesis of meningioma is less clear.
Based on this information, the Alliance for Clinical Trials
in Oncology launched an umbrella trial (Alliance A071401,
NCT02523014) in which tumors of patients with recurrent
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meningioma are sequenced and, depending on the predominant genetic alteration, patients are assigned to one
of three treatment arms: (a) patients with NF2 mutations
are treated with a FAK inhibitor, based on data supporting a
synthetic lethal relationship of FAK inhibition in the context
of Merlin (NF2 gene product) deficiency,72 (b) patients with
AKT mutations are treated with an AKT inhibitor, whereas
(c) patients with SMO or PTCH mutations are treated with a
SMO inhibitor. The fact that these driver genetic alterations
are mutually exclusive increases the enthusiasm for the
therapeutic potential of this approach.
Craniopharyngiomas are another primary CNS tumor with
molecular subtypes for which targeted treatments are being developed. These are rare suprasellar tumors that occur among children and adults and can cause substantial
impairment through compression of critical structures and
morbidity of treatments.73 Subtypes are recognized based on
single driver mutations and include the 600E BRAF mutation
in approximately 95% of papillary craniopharyngiomas (seen
predominantly in adults), whereas catenin beta-1 (CTNNB1)
mutations were identified in 96% of adenomatous craniopharyngiomas (more common among children).74 The combination of the BRAF inhibitor dabrafenib with the MEK
inhibitor trametinib resulted in a rapid objective response and
symptom resolution for a young adult with a papillary craniopharyngioma.75 This led to a development of a phase II trial
of BRAF/MEK inhibitors (Alliance A071601, NCT03224767) for
this patient population. The study includes two separate co-

horts and the BRAF/MEK inhibitor combination (vemurafenib/
cobimetinib) is administered either in the neoadjuvant setting (cohort A), with the goal being tumor regression to
decrease the morbidity of standard-of-care treatment and
improve long-term control, or in the recurrent disease (cohort B) setting for which no good treatment options exist.

CONCLUSION
Dramatic advances in our understanding of the molecular
biology of tumors have driven a rapid evolution in the taxonomy of CNS tumors, with concomitant improvements in
therapeutic decision-making and clinical outcomes. The revised 2016 WHO classification of CNS tumors clearly illustrates the modern paradigm of integrated molecular and
histologic diagnoses, provides an effective framework for
continued incorporation of molecular findings into pathologic diagnoses, and highlights the importance of surgical
sampling not only at initial presentation but also at recurrence to more accurately capture the molecular evolution
of these tumors and customize treatment. Future analysis
of the increasingly vast amounts of information obtained
from genomic sequencing, epigenetic profiling, and proteomic analyses is likely to greatly increase the precision
and complexity of tumor diagnoses. Incorporation of this
accumulating information in ongoing and future clinical trials is expected to result in better outcomes for patients with
primary CNS tumors and lead to personalized treatment
options.
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Precision Medicine for Primary Central Nervous System
Tumors: Are We There Yet?
Franziska Maria Ippen, MD, Howard Colman, MD, PhD, Mar n J. van den Bent, MD, PhD,
and Priscilla Kaliopi Bras anos, MD
OVERVIEW
In recent years, technologic advances have increased tremendously our understanding of the molecular characteris cs and
gene c drivers of a variety of brain tumors. These discoveries have led to paradigm shi s in the treatment of these tumor
en es and may therefore have a considerable impact on the outcome of aﬀected pa ents in the near future. Here, we
provide a broad overview of recently discovered clinically ac onable muta ons that have been iden ﬁed in three diﬀerent
primary brain tumors: gliomas, meningiomas, and craniopharyngiomas. We furthermore highlight the diagnos c and therapeu c implica ons of these ﬁndings and summarize recently published and ongoing trials.

O

ver the past few decades, the widespread availability
of improved sequencing techniques has contributed
immensely to our understanding of the cancer genome
and therefore also to our knowledge of clinically ac onable muta ons in brain tumors. The discovery of a variety
of gene c driver muta ons in these tumors has enabled us
to integrate these ﬁndings into the diagnos c process and
to implement targeted treatment strategies in affected
patients by directing them to appropriate clinical trials.
Here we summarize recently discovered driver mutations
in low-grade gliomas, glioblastomas (GBMs), craniopharyngiomas, and meningiomas and discuss the diagnos c and
therapeu c implica ons of these ﬁndings.

TARGETED TREATMENT OF LOW GRADE
GLIOMA
On the Involved Tumor En

es

Low-grade gliomas are generally considered World Health
Organiza on (WHO) grade 1 or 2 tumors, but the current
WHO classiﬁca on and its emphasis on molecular characteris cs has made the dis nc on between tumor grades
less clear. The revised classiﬁca on now emphasizes molecular similari es, with only minimal morphologic and subjecve diﬀerences between grades 2 and 3. This is reﬂected in
the decreased diﬀerence in survival between grades 2 and
3 IDH-mutant (IDHmt) astrocytoma, and, taken together,
this suggests more of a con nuum between grades. Instead,
the WHO appropriately now dis nguishes between types of
IDHmt glioma (astrocytoma for those 1p/19q intact and oligodendroglioma if 1p/19q is codeleted). There is now com-

pelling evidence that pa ents with grade 2 or 3 IDH wild-type
glioma with TERT muta ons and polysomy of chromosome 7
plus loss of heterozygosity of chromosome 10q have similar
outcomes compared with those with GBM.1,2 In light of this,
when considering targeted treatment of gliomas, the focus
should not be so much on grade but on the molecular targets.

O-6-Methylguanine-DNA Methyltransferase
Targeted cancer therapies are drugs that block the growth
and spread of cancer by interfering with speciﬁc molecules
that are involved in the growth, progression, and spread of
cancer.3 If O-6-methylguanine-DNA methyltransferase (MGMT)
promoter methyla on status is considered, alkyla ng and
methylating chemotherapy can be considered targeted
treatments. Lomus ne and temozolomide are par cularly
eﬀec ve in the presence of a methylated MGMT promoter.
In most tumors with an IDH mutation, a so-called CpG
island hypermethylated phenotype is present; hypermethyla on aﬀects the MGMT promoter in 90% to 95% of cases,
resul ng in decreased expression of MGMT.4 This explains,
at least in part, the increased sensi vity of IDH-mutated
tumors to these agents compared with GBM in clinical trials of ﬁrst recurrences. Other mechanisms that are dependent on the func on of the normal IDH gene are, however,
probably also relevant. IDH mutations increase levels of
2-hydroxyglutarate and decrease levels of α-ketoglutarate,
which leads to a number of altered cell processes. The alkB
homolog DNA repair enzymes are involved in the repair of methylated DNA lesions, such as 1-methyl adenine
and 3-methyl cytosine, and they are α-ketoglutarate
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dependent.5,6 Lower α-ketoglutarate levels in IDHmt tumors
may contribute to decreased DNA repair through AlkB
homolog DNA repair.

PI3K/mTOR Pathway
The upregula on of this pathway plays a major role in GBM
but may also be relevant in lower-grade gliomas. Earlier
studies found the prognosis of patients with methylation of the PTEN promoter region and with expression of
phospho-S6 to be worse.7 Altera on of the receptor tyrosine
kinase–RAS-PI3K pathway and dele on of the PTEN region
are frequent events at the me of malignant progression
of IDHmt glioma.8 Everolimus, an mTOR inhibitor, showed
drama c responses in subependymal giant-cell astrocytomas in pa ents with tuberous sclerosis, a rare gene c
disease characterized by muta ons in TSC1 or TSC2.9,10 An
uncontrolled trial explored whether everolimus improved
outcomes of recurrent grade 2 glioma.11 Fi y-eight pa ents
were enrolled, with a variety of prior treatments including surgery only, and codeleted and noncodeleted tumors.
The report suggests that the vast majority of pa ents were
still grade 2 at the time of progression, and the reported
6-month progression-free survival was 84%. In the absence of
a control arm, deﬁni ve conclusions are diﬃcult to reach,
as many of these tumors tend to be slow growing and may
take quite some me to reach standardized endpoints of
progression, even in the absence of treatment. Notably,
posi vity of phospho-S6 was found to be correlated with
methyla on of PTEN and with decreased progression-free
survival.7 Further well-controlled studies are required to
demonstrate the clinical ac vity of mTOR inhibi on in this
se ng.

PRACTICAL APPLICATIONS
• In low-grade gliomas, MGMT promoter methyla on
status, IDH muta on status, upregula on of the PI3K/
AKT/mTOR pathway, and BRAF muta ons have shi ed
the focus toward agents targe ng these associated
altera ons.
• In glioblastomas, targe ng DNA repair mechanisms
using PARP inhibitors as well as agents targe ng the
IDH-mutant enzyme and gene fusions hold promise for
the treatment of pa ents with glioblastoma with those
gene c altera ons.
• BRAF V600E muta ons in papillary craniopharyngiomas
have been iden ﬁed as new promising targets to
eﬀec vely treat pa ents with these tumor en es.
• Meningiomas harbor clinically ac onable muta ons,
including SMO and AKT muta ons, that are currently
being evaluated in clinical trials.
• The iden ﬁca on of gene c driver muta ons and their
underlying molecular pathways in low-grade gliomas,
glioblastomas, craniopharyngiomas, and meningiomas
opens up new possibili es for the diagnos c process
as well as for eﬀec ve targeted treatment op ons in
aﬀected pa ents.

Targe ng IDH
The discovery of IDH muta ons as a key driver for a subset
of gliomas has dras cally altered our understanding of gliomas. The protein that is encoded by the mutant gene loses
its normal enzymatic activity and gains the ability to produce an oncometabolite, 2-hydroxyglutarate (R-2-HG).
2-HG induces increased histone and DNA methyla on and
blocks cellular diﬀeren a on. R-2-HG compe vely inhibits
α-ketoglutarate-dependent enzymes, which play crucial roles
in gene regula on and ssue homeostasis. A er the discovery
of IDH muta ons in glioma, several other tumors types were
found to have frequent IDH mutations, including acute
myeloid leukemia, cholangiocarcinoma, and certain sarcomas. Several inhibitors of the altered protein have entered
the clinical arena, and responses have been observed in acute
myeloid leukemia.12 However, this was not correlated with
the reduc on in plasma 2-HG and appeared to be due to
a diﬀeren a on of the tumor cells, but complete molecular responses have also been observed. In glioma, ini al
results appear less impressive, but a ﬁrst presenta on of the
results of AG-120, an oral IDH inhibitor, in unenhancing lowgrade glioma suggested that the growth rate of low-grade
glioma could be aﬀected.13 Further conﬁrmatory studies are
needed.
In vitro studies have suggested that increased 2-HG and
decreased α-ketoglutarate may sensi ze tumor cells to radiotherapy and to chemotherapy, which argues against
combina on strategies of mutated IDH protein inhibitors
with either chemotherapy or radiotherapy.6,14 However, in
vivo studies failed to conﬁrm this, with no interference with
the eﬀect of radiotherapy but also no single-agent ac vity
despite a clear reduc on of 2-HG.15 These studies also conﬁrmed the low brain penetrance of AG-120, which is a major
drawback, as many of the relevant tumors are unenhancing. More novel compounds such as AGI-5198 are brain
penetrant and may inhibit the products of both IDH1- and
IDH2-mutated genes. This la er compound showed a more
pronounced reduc on of intratumoral 2-HG in an intracranial glioma model. In this model, some single-agent ac vity
was observed, with increased ac vity in combina on with
radiotherapy compared with radiotherapy alone but no increased survival with the combina on. Also, neither inhibion of the eﬀects of temozolomide nor increased ac vity
was demonstrated. A fundamental ques on is whether
IDHmt tumors s ll rely on the IDH muta on–induced metabolic altera ons at later stages of the clinical course or
whether other gene c events have taken over.16 This has
important implica ons for the stages of disease at which
these agents could be clinically meaningful. Despite the discovery of IDH muta ons more than a decade ago and the
subsequent wealth of informa on on the pathogenic role
of IDH muta ons, clinical progress has been disappoin ng.
Nevertheless, inhibitors of the IDHmt protein remain a very
promising group of agents with poten ally huge clinical implica ons that warrant further study.
Beyond direct inhibi on of mutant IDH enzyme, recent data
have suggested several approaches for targeted therapy
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speciﬁc for IDHmt gliomas. One of the well-described epigene c eﬀects of IDH muta on is a global increase in CpG
methyla on across the genome, a phenomenon that has
been called CpG island methylator phenotype.17 In one
preclinical study, treatment of IDHmt models with the demethyla ng agent decitabine resulted in decreased growth
rates and increased evidence of diﬀeren a on.18 Another
study has shown that DNA hypermethyla on induced by
mutant IDH also results in a reduc on in binding of cohesin and CCCTC binding factor proteins that alter its insulator
func on and resulted in increased expression of PDGFRA.19
Treatment of a gliomasphere model with 5-azacytidine
resulted in decreased methyla on and increased CCCTC
binding factor binding at these site and related decreased
expression of PDGFRA. These observations suggest that
the use of demethyla ng agents, or other epigene c modifying drugs, may be a reasonable approach for further inves ga on in clinical trials in these pa ents. In addi on to
epigene c approaches, a recent publica on suggested that
metabolic targe ng of IDHmt tumors may be feasible using
nico namide phosphoribosyltransferase inhibitors to reduce NAD+ levels.20 Unfortunately, no corresponding clinical
data are yet available. Thus, the clinical value of these ﬁndings s ll needs to be determined.

overcome paradoxical mitogen-ac vated protein kinase
pathway ac va on, the ﬁnding of this abnormality has therapeu c implica ons. Responses in glioma to these agents
have been described, at present mostly in case reports.
More detailed clinical (umbrella) studies,29,30 including a
clinical trial of the BRAF inhibitor vemurafenib in children
with recurrent/refractory BRAF V600E–mutant gliomas
(NCT01748149), are ongoing.
In the general glioma popula on, BRAF V600E muta ons
are infrequent, but rou ne tes ng is indicated in the relevant histologies, which include tumors origina ng in the
medial part of the temporal lobe, brainstem, and mesencephalon. More rare gene c lesions in pilocy c astrocytoma
include NF1, KRAS, and RAS muta ons and FGFR1 and other
BRAF fusions.31
First-genera on RAF inhibitors (vemurafenib/PLX4720,
RAFi) cause paradoxical ac va on of the mitogen-ac vated
protein kinase pathway in BRAF-fusion tumors, and these tumors are not candidates for ﬁrst-genera on BRAF inhibitors.32
Newer agents (PLX8394) may overcome this, but clinical
data are not yet available.

BRAF V600E–Mutated Glial Tumors

Although targeted therapies have had a considerable impact
on pa ent outcomes in many solid tumors, GBM remains
an excep on. Despite many altera ons in speciﬁc pathways
in various molecular subtypes of GBM, to date targe ng of
speciﬁc muta ons or altera ons has failed to demonstrate
strong ac vity in these tumors. One possible explana on
for this failure is the lack of speciﬁc consensus muta ons
seen in other tumor types (e.g., BRAF V600E) in most GBM
subtypes.33 However, recent data point to several poten al
alterations and subtypes in GBM that may be amenable
to targeted therapy, including targe ng of DNA repair pathway suscep bili es using PARP inhibitors, targe ng the IDH
mutant enzyme as well as some of the metabolic and epigenetic effects of these mutations, and targeting various
fusion proteins that appear at low frequency but may provide a more biologically relevant target in GBM.

Abnormali es in the BRAF gene resul ng in increased signaling through the mitogen-ac vated protein kinase pathway
are characteris c of several subgroups of glioma. In gliomas,
the most frequent abnormality in the BRAF signaling pathway is the tandem duplica on at 7q34 resul ng in a transforming fusion gene between KIAA1549 and BRAF (BRAF
duplica on or BRAF-KIAA1549 fusion gene), which is frequently
present in fossa posterior pilocy c astrocytoma and in nonNF1 optic nerve glioma.21 BRAF V600E mutations are also
of high clinical interest, as these muta ons are druggable
with high response rates (e.g., in melanoma). BRAF V600E
muta ons are mutually exclusive with the BRAF-KIAA549
fusion gene and are present in 33% of the non–posterior
fossa pilocy c astrocytoma. They are also rela vely common
in pleomorphic xantroastrocytoma (43%–66%), anaplas c
pleomorphic xantroastrocytoma (65%), and ganglioglioma
(18%–43%), especially if located in the brainstem22-26; they
are also found, although infrequently, in adult glioma (GBM,
2%; adult low-grade glioma, 0%–3%).26 They are also frequent in the novel and rare en ty of epithelioid GBM, for
which the dis nc on from anaplas c pleomorphic xantroastrocytoma is unclear. In children, approximately one-third of
BRAF V600E–mutated low-grade gliomas are located in the
midline (diencephalon, brainstem),27 and they have a less
favorable prognosis, especially in the presence of CDKN2A
muta ons. In a recent phase I trial, dabrafenib has shown
promising response rates in pediatric pa ents with relapsed
or refractory BRAF V600E high- and low-grade gliomas.28
Because BRAF V600E–mutated tumors may be treated
with targeted agents, either alone or in combina on with
a mitogen-ac vated protein kinase pathway inhibitor to
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NOVEL MOLECULAR TARGETS INCLUDING
PARP/IDH/FUSIONS IN GLIOBLASTOMA
Overview

PARP Inhibitors in IDH Wild-Type and IDHmt
Glioblastoma
Alkyla ng agents have been a mainstay of treatment of
GBM and other gliomas for many years but unfortunately
with only moderate overall clinical eﬃcacy as single agents.
The most commonly used modern alkyla ng agent is temozolomide, which is a monofunc onal alkylator that methylates DNA at several sites, including N7 guanine, N3 adenine,
and 06 guanine. The sensi vity of gliomas to 06 methyla on
requires intact mismatch repair, and the main resistance
mechanism in gliomas for 06 methyla on is the expression
of the MGMT enzyme, and expression of MGMT is in turn
regulated by CPG island methyla on of its promoter.34,35
Resistance to methyla on at N7 and N3 sites requires intact
base excision repair pathways. PARP ac vity is necessary

PRECISION MEDICINE FOR PRIMARY CNS TUMORS

for efficient base excision repair,36 and PARP inhibitors
have been hypothesized to have poten al ac vity in gliomas through this mechanism.37 In addi on, PARP inhibitors
have been shown to be par cularly eﬀec ve in tumors with
defects in homologous recombina on of double-stranded
DNA breaks, including cancers with BRCA muta ons such
as breast cancer.38 The poten al relevance of defects in the
homologous recombina on pathway and PARP inhibitors in
IDH-mutated gliomas is discussed further below.
Several lines of evidence have suggested poten al eﬃcacy
of PARP inhibitors in GBM and speciﬁc GBM subtypes. Mulple targeted agents that inhibit PARP ac vity have been
developed, and several have developed eﬃcacy and have
received U.S. Food and Drug Administra on approval in
breast and ovarian cancer. These inhibitors typically work
by inhibi ng the PARyla on ac vity of PARP1 or PARP2 proteins, result in trapping of PARP proteins at loca ons of DNA
damage to varying degree, depending on the speciﬁc inhibitor. PARP inhibitors have been demonstrated to reduce
resistance to temozolomide in models of GBM and other tumor types.39-42 Other preclinical studies have suggested that
loss of PTEN, which is common in GBM, results in synthe c
lethality when combined with PARP inhibitors.43 These
observa ons have led to several clinical trials of PARP inhibitors with temozolomide in GBM and other cancers. A randomized phase I/II study of the PARP inhibitor ABT-888 with
temozolomide in recurrent GBM has been published,44 with
pa ents randomized between two temozolomide schedules
and with 6-month progression-free survival as the primary
endpoint. The study showed no beneﬁt of the combina on
of temozolomide with ABT-888 in terms of progression-free
survival and found that a 5-day schedule of temozolomide
was much be er tolerated in terms of hematologic toxicity
with ABT-888 compared with a 21-day schedule. Mul ple
clinical trials with different PARP inhibitors in GBM are
completed or ongoing, including BSI-201 (NCT00687765),
olaparib (NCT03212274 and NCT02974621), veliparib
(NCT02152982), and BGB-290 (NCT03150862).

IDH as a Therapeu c Target in Glioblastoma
As summarized above, muta ons in IDH1 and IDH2 genes
are a common feature of grade 2 and grade 3 gliomas. IDH
muta ons are seen less frequently overall in GBM but are
seen at high frequencies in the tumors that progress to
grade 4 from initial lower grade tumors. These observaons again highlight the substan al diﬀerences in biology
between IDHmt and IDH wild-type gliomas and suggest that
the op mal therapeu c approaches are likely to be very different in these groups, regardless of tumor grade.
One therapeutic approach, summarized above, is the
use of inhibitors that block the neomorphic ac vity of the
mutant IDH proteins. Addi onal clinical trials with mul ple diﬀerent IDH inhibitors are ongoing in GBM, several of
which are thought to be relatively brain penetrant
(NCT02481154, NCT03343197, NCT02273739, NCT02977689,
and NCT02381886). However, as stated above, it remains to
be determined whether mutant IDH ac vity is necessary as

a maintenance signal in gliomas and if there is a coopera ve
role of the IDH muta on with later oncogenic events.
As described above, there is abundant evidence from
several cancer types that PARP inhibitors are par cularly
eﬀec ve, and can be synthe cally lethal, in tumors with
inherent defects in defects on homologous repair such as
those with BRCA muta ons. Recent data suggest that gliomas
with IDH muta on may harbor a BRCA-like phenotype.45,46
These studies show that IDHmt cells demonstrate defects
in homologous repair and an increase in double-stranded
breaks compared with IDH wild-type cells, and eﬀects of IDH
muta on could be mimicked by addi on of 2-HG alone. Furthermore, IDHmt cells showed high sensi vity and synthe c
lethality when treated with PARP inhibitors. Both PARP inhibitor sensi vity and homologous repair defects in these
cells could be reversed with direct IDH inhibitors, supporting the idea that this phenotype is induced by IDH muta on
and 2-HG produc on and is dependent on persistent neomorphic enzyme ac vity.46 Treatment with temozolomide in
this model also demonstrated enhanced cytotoxicity when
combined with PARP inhibitors.45
Last, there is growing data that IDHmt gliomas may represent a poten al target for checkpoint inhibitors and other
immunotherapeu c approaches. A pep de vaccine targeting mutant IDH protein has demonstrated some ac vity
in preclinical models and is currently in early-phase clinical trials47 (NCT02454634). Treatment with temozolomide
in IDHmt gliomas has also been shown to induce in some
pa ents a hypermutator-like phenotype, which has the poten al to produce numerous neoan gens that may sensize to checkpoint inhibitors48 in a manner analogous to that
seen with microsatellite instability.49 The use of checkpoint
inhibitors in this hypermutator popula on is currently being tested as single agent and in combina on with radia on
(NCT02658279 and NCT02968940), and results are eagerly
awaited.

Gene Fusions as Therapeu c Targets in Glioblastoma
Chromosomal altera ons resul ng in expression of funconal fusion genes have proved to be important func onal drivers and therapeu c targets in mul ple cancers (e.g.,
chronic myeloid leukemia, lung cancer). Given the overall
failure of muta on-directed therapies in clinical trials of IDH
wild-type GBM, the recent iden ﬁca on of mul ple gene
fusions that appear to be poten al drivers of tumor biology has resulted in the hope that these fusions may turn
out to be eﬀec ve therapeu c targets. One early analysis
of RNA sequencing data from GBM samples iden ﬁed novel
intrachromosomal rearrangements that were predicted to
result in in-frame fusion proteins of the FGFR3 and TACC1
or TACC3 genes in a small subset (3.1%) of GBM samples
analyzed.50 Func onal analyses of the FGFR3-TACC proteins
demonstrated that they were oncogenic when introduced
into astrocytes in vitro and in vivo and caused mito c abnormali es that resulted in aneuploidy. Treatment of transformed cells with FGFR small-molecule inhibitors resulted in
tumor cell growth in vitro and in vivo, sugges ng the poten al
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therapeu c eﬃcacy of FGFR inhibitors in human GBM tumors
driven by this fusion. Addi onal analyses using combinaons of whole-exome, copy-number, and RNA sequencing
approaches have iden ﬁed addi onal poten ally pathogenic
fusions in small percentages of high-grade gliomas:
• EGFR fusions, including EGFR-SEPT1451 and HMGA2EGFR52
• Mul ple fusions of NTRK1, including NFASC-NTRK1 and
BREV-NTRK153
• ROS1 fusions in GBM54
• PTEN-COL17A1 fusions in GBM55
• MET fusions in approximately 10% of pediatric GBM56
• PTPRZ1-MET fusions in anaplas c astrocytoma57
• The KIAA1549:BRAF, which has been observed frequently in grade 1 pilocy c astrocytoma, has also been
reported to occur at low frequency in other pediatric
and higher grade gliomas58
Given the rarity of these fusion genes in the general popula on and the advanced methods needed to iden fy them,
the data on the actual therapeu c eﬃcacy of targeted treatments in tumors harboring speciﬁc altera ons are sparse.
However, one mul cancer study es mated that 4.4% of
GBM harbor a poten ally druggable fusion protein, including those involving ALK-ROS1-RET, FGFR, and NTRK.59 One
pediatric pa ent whose tumor harbored a MET fusion was
treated with crizo nib, with reported clinical and radiographic response.56 The rarity of these fusions in the general
GBM popula on also makes enriched trials challenging, but
several FGF inhibitors and other targeted therapies are currently in clinical trials for GBM or in basket type enriched
trials that include GBM.

PRECISION MEDICINE IN
CRANIOPHARYNGIOMAS AND
MENINGIOMAS
Craniopharyngiomas
Craniopharyngiomas are locally aggressive, low-grade epithelial neoplasms that arise in the suprasellar region of the
brain.60 In general, craniopharyngiomas are rela vely uncommon, accoun ng for about 1% to 3% of all brain tumors
in the United States.61-63 Nevertheless, these tumors can
cause devasta ng symptoms in aﬀected pa ents, because
they can compress and inﬁltrate the adjacent anatomic
structures, such as the pituitary gland, op c nerves, hypothalamus, and brainstem. On the basis of this anatomic
loca on, tumor growth itself as well as surgery and radiaon in this area may cause headaches, visual deﬁcits, panhypopituitarism, cogni ve deﬁcits, personality changes, and
hypothalamic dysfunc on.64-67 Besides these interven onal
challenges, the clinical management of these pa ents is
o en impeded by the lack of standardized clinical prac ce
guidelines and eﬀec ve systemic therapies.68,69
Craniopharyngiomas can be divided into two histologic
subtypes with dis nct features. Adaman nomatous craniopharyngiomas (ACPs) can occur in children and adults,
whereas papillary craniopharyngiomas (PCPs) occur mainly in
adults.60,70,71 However, if only sparse epithelium is present in
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the sample obtained or in case of small biopsies in general,
establishing a ﬁnal diagnosis exclusively on the basis of histologic features can be challenging.72
Using whole-exome sequencing, a recent study iden ﬁed
highly recurrent driver muta ons of craniopharyngiomas
that can aid dis nguish the two histologic subtypes: ac vating muta ons in the CTNNB1 gene were found in 95% of all
ACPs analyzed,73 indica ng that the WNT pathway plays a
crucial role in the tumorigenesis of this craniopharyngioma
subtype.74-77 These ﬁndings are in line with previous studies
showing that muta ons in exon 3 of beta-catenin (CTNNB1)
occur in up to 75% of pa ents with ACPs.77-79 Furthermore,
whole-exome sequencing revealed that recurrent muta ons
in BRAF V600E were found in 95% of all analyzed PCPs. Of
note, the detected altera ons in BRAF V600E and CTNNB1
were found to be clonal and mutually exclusive in each parcular tumor subtype, highligh ng the importance of these
ﬁndings for diagnos c purposes as well as for the clinical
management of these pa ents.73
With regard to diagnos c tools, immunohistochemistry
can now be used to classify suprasellar tumors. In PCPs,
beta-catenin is localized in the cell membrane, whereas in
ACPs, beta-catenin shi s into the cytoplasm and nucleus
and can be found mainly in cell clusters and sca ered single
cells.75,76,80 Recently, a muta on-speciﬁc an body (VE1)
selec vely recognizing BRAF V600E but not BRAF wild-type
has been developed, which may help dis nguish PCP from
ACP.81 However, it must be kept in mind that this an body
can cross-react with other BRAF wild-type ssues, such as
endocrine ssues and cilia.82-85 In these cases, allele-speciﬁc
gene c tes ng can help conﬁrm the suspected diagnosis.83
These ﬁndings may lead to a paradigm shi with regard to
targeted treatment op ons for pa ents with craniopharyngioma. To date, agents targe ng the WNT-signaling pathway
are unfortunately s ll early in development.86,87 In contrast,
BRAF inhibitors have already shown promising response
rates in pa ents with BRAF V600E–mutant melanomas,88
gangliogliomas,26 pleomorphic xanthoastrocytomas,26,89 and
hairy cell leukemias.90 Therefore, pa ents with PCP might
beneﬁt from these treatment op ons and can be enrolled
in suitable clinical trials.
Spectacular results have already be achieved in several
pa ents. A recently published case report demonstrated
a near complete response to treatment with vemurafenib
monotherapy in a pa ent with PCP, but a er interrup on
of treatment, the tumor showed rapid regrowth within only
6 weeks. A er restar ng treatment with vemurafenib,
tumor growth was stabilized 7 months a er ini al treatment.91 Other published cases pursued a combined systemic
treatment strategy. A drama c intracranial response was recently shown in a pa ent with a BRAF V600E–mutant PCP
who had previously undergone several urgent neurosurgical
resec ons because of a rapidly growing craniopharyngioma
with a large cys c component.92 Derived from research results in pa ents with melanoma,93 to improve the eﬃcacy of
treatment and to prevent an early resistance to the BRAF inhibitor dabrafenib, the MEK inhibitor trame nib was added

PRECISION MEDICINE FOR PRIMARY CNS TUMORS

a er 20 days. A er 35 days of systemic treatment, the solid
component of the PCP was reduced by 85% and the cys c
component by 81%. Histologic examina on of the ssue collected before and a er treatment revealed that the Ki-67
prolifera on index of 20% before treatment was reduced to
0.5% a er systemic treatment. As a result of the immune
response within the tumor, foamy macrophages and CD8posi ve T cells were detected in pos reatment samples.
Interes ngly, circula ng BRAF V600E was observed found in
the pa ent’s blood during the treatment course.92
Other case reports have demonstrated similar successful
response rates in pa ents with PCP who were treated with
a combina on of BRAF and MEK inhibitors.94,95 On the basis
of these promising results, a mul center Alliance for Clinical
Trials in Oncology–sponsored phase II clinical trial inves gating the role of dual BRAF and MEK inhibi on in pa ents with
newly diagnosed as well as recurrent PCP was subsequently
ini ated and is currently recrui ng pa ents (NCT03224767).
In this trial, pa ents will be treated with vemurafenib and
cobime nib. Furthermore, the inves gators plan to analyze
PCP ssue before and a er treatment with whole-exome
and RNA sequencing to iden fy gene c altera ons that may
evolve during the period of treatment, which may help further reﬁne therapeu c strategies for aﬀected pa ents.

Meningiomas
Accoun ng for more than one-third of brain tumors, meningiomas are the most common primary tumor in adults.96
Most meningiomas (80%) are classiﬁed as WHO grade 1 and
treated with surgical resec on.97 However, this treatment
approach can be challenging and is associated with high
morbidity in some anatomic loca ons, including the skull
base.98 About 15% to 20% and 1% to 3% are classiﬁed as
atypical (WHO grade 2) and anaplas c (WHO grade 3) meningiomas, respec vely. The management of grades 2 and
3 meningiomas remains diﬃcult. Because not all pa ents
can be successfully treated with surgical resec on alone,
a combined approach with radia on is frequently pursued
in aﬀected pa ents.99 WHO grade 1 meningioma have reported 5-year recurrence rates up to 20%, but the likelihood
for recurrence a er 5 years is much higher in WHO grade 2
(up to 40%) and WHO grade 3 (up to 94%) meningiomas.100-102
Compared with WHO grade 1 meningiomas, WHO grades
2 and 3 meningiomas are associated with a signiﬁcantly
higher 5-year mortality rate, ranging from 21% for atypical
to 68% for anaplas c meningiomas.103 Although the WHO
grading system is a good predictor of recurrence and prognosis of these tumors, it does not hold prognos c value for
response to treatment.
Since the 1990s, it has been known that inac va on of
the tumor suppressor NF2 by either monosomy 22 or muta ons is an established driver in approximately 50% of meningiomas,104-107 but un l 2012, li le was known about the
underlying clinically ac onable drivers in those tumors.
Moreover, studies of systemic therapies in recurrent
grade 2 and 3 meningiomas in recent years have unfortunately produced only disappoin ng results. Among a few,

the chemotherapy trabectedin, which is rou nely used for
advanced sarcoma as well as for ovarian cancer,108,109 has
shown promising ac vity in high-grade meningioma in vitro110
and is currently being inves gated in a randomized, mul center phase II trial for pa ents with recurrent WHO grade
2 and 3 meningiomas (EORTC-1320-BTG).
In 2013, whole-genome and whole-exome sequencing in
meningioma ssue samples revealed rela vely simple genomes with fewer copy-number altera ons, transloca ons
or rearrangements, and muta ons than usually observed in
other tumors in adult pa ents. Focal NF2 inac va on was
present in more than 40% of cases. In up to 13% and in
approximately 5% of tumors lacking NF2 aberra ons, AKT1
muta ons as part of the PI3K/AKT/mTOR pathway and SMO
muta ons as part of the Hedgehog pathway, respec vely,
were present.111,112 Interes ngly, more than 60% of meningiomas harboring AKT1 and SMO muta ons were found to be
origina ng in the skull base, indica ng that targeted agents
may poten ally facilitate treatment of these pa ents in the
future.111
On the basis of these ﬁndings, a phase II trial of the
Alliance for Clinical Trials in Oncology is currently analyzing
the ac vity of SMO, AKT1, and FAK inhibitors in recurrent
or progressive meningiomas harboring SMO, AKT1, or NF2
muta ons (NCT02523014)
A variety of other driver muta ons in meningiomas have
since been described, furthermore sugges ng that each individual muta on status correlates with a designated clinical
phenotype. In secretory meningiomas, combined muta ons
of KLF4 K409Q and TRAF7 that were mutually exclusive of NF2
muta ons were found in all samples examined.113 TERT promoter muta ons were found to be associated with a signiﬁcantly shorter me to recurrence.114 PIK3CA muta ons, also
a member of the PI3K/AKT signalling pathway, were found
to be as common as AKT1 and SMO muta ons in non-NF2mutant meningiomas, which were located predominantly in
the skull base.115 Moreover, in pa ents with rhabdoid meningiomas, inac va on of the tumor suppressor gene BAP1 is
associated with a shorter me to recurrence.116
A recent study examining the immune inﬁltrate of WHO
grades I to III meningiomas suggests that there might also
be a role for immunotherapy in these tumors. In this study,
PD-L1 expression was found to be increased in anaplas c
meningiomas, which caused a substan al decrease of inﬁltra ng T lymphocytes combined with an increase of forkhead box protein P3, expressing immunoregulatory T cells.
These mechanisms may contribute to an immunosuppressive microenvironment and therefore to the aggressive phenotype of this tumor subtype.117 As a result, a phase II trial
on the role of pembrolizumab in recurrent or residual highgrade meningiomas has just been ini ated and is currently
recrui ng pa ents (NCT03279692).

CONCLUSION
In summary, the iden ﬁca on of targetable driver muta ons
in low-grade gliomas, GBMs, craniopharyngiomas, and
meningiomas has opened up new poten al treatment op ons
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for aﬀected pa ents. On the basis of these ﬁndings, the
eﬃcacy of new targeted agents is currently being inves gated in clinical trials. However, we must further reﬁne our

knowledge of the molecular background of these tumors
to effectively treat patients with these tumor entities in
the future.
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OVERVIEW
Pa erns of response and progression to immunotherapy may diﬀer from those observed with drugs such as chemotherapy
and molecularly targeted agents. Speciﬁcally, some pa ents experience a response a er progression that is retrospec vely named
pseudoprogression. This phenomenon of pseudoprogression, ﬁrst reported in pa ents with melanoma who were treated
with ipilimumab, has led to the development of immune-speciﬁc related response criteria, such as irRC (immune-related
response criteria), irRECIST (immune-related RECIST), and iRECIST (immunotherapy RECIST) that allow con nued treatment
beyond progression. However, the rate of pseudoprogression has never exceeded 10% of pa ents across tumor types. Conversely, rapid progressions a er immunotherapy, called hyperprogressions, were reported by three diﬀerent teams in 9%
to 29% of pa ents treated with immunotherapy. Because of the absence of control arms in these studies, it remains to be
determined whether these rapid progressions reﬂect a detrimental eﬀect of immunotherapy in these pa ents. Finally, preliminary data suggest that immunotherapy might also aﬀect response to subsequent standard therapies. In total, given the
rarity of pseudoprogressions across tumor types and the recent descrip on of hyperprogressions, classic RECIST remains
a reasonable and ra onal method to assess response to immunotherapy. Con nua on of treatment beyond progression
should be proposed only in carefully selected pa ents whose clinical condi ons have improved and who have not experienced severe toxici es. Although there is an urgent need to iden fy predic ve biomarkers of eﬃcacy to immunotherapy,
there is an equally urgent need to iden fy predic ve factors of progression or possibly hyperprogression.

I

mmune evasion, now established as a fundamental hallmark of cancer, has long been an area of research and
interest for the development of novel therapeu cs in oncology, as illustrated by the use of intracavitary bacillus
Calme e-Guérin in the treatment of superﬁcial bladder tumors to s mulate immune response since the 1970s.1,2 The
immune system is able to recognize an gens derived from
cancer cells and therefore dis nguishes cancer cells from
their normal counterparts to generate a tumor-speciﬁc T-cell
immune response against the tumor.3 Immune checkpoints are receptors expressed on peripheral ssues and
immune cells and are involved with the maintenance of
self-tolerance and modulation of the immune response
(as a physiologic nega ve feedback loop) to prevent autoimmune reac ons. Cancer cells can escape tumor-specific
T-cell responses via engagement of inhibitory immune
checkpoints (coinhibitory signals), which thus induces
immune tolerance and tumor progression.3 Several strategies have been developed to s mulate cancer-speciﬁc immune response, including vaccines, cytokines, immune
checkpoints inhibitors, and adap ve T-cell therapies using
transfer of genetically engineered T cells that specifically

target tumor antigens, such as chimeric antigen receptor
(CAR) T cells.
Ipilimumab targets CTLA-4 expressed on T cells and downregulates T-cell ac va on.3 It was the ﬁrst immune checkpoint inhibitor to be approved by the U.S. Food and Drug
Administra on. PD-1 is another checkpoint that inac vates
T cells by binding to its ligand PD-L1, which is expressed in
peripheral ssues and cancer cells. Several an –PD-1 and
an –PD-L1 an bodies have been developed in the clinic.3,4
Immune checkpoint inhibitors represent a major breakthrough in oncology, because they have been shown to
improve survival across a broad range of tumor types.5-13
However, the majority of pa ents with cancer do not beneﬁt
from these drugs.14
The main goal of any medical interven on in oncology is
to improve quality of life and/or overall survival. To expedite
drug development, surrogate endpoints are used to assess
the eﬃcacy of new drugs and mostly include endpoints that
are based on the evalua on of tumor shrinkage or increase
with me. RECIST are the most commonly used response
assessment criteria in clinical research.15 These criteria have
been developed in the era of chemotherapy, for which eﬃcacy
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usually correlates with tumor shrinkage.16,17 Limita ons of
these criteria have been iden ﬁed with the emergence of
molecularly targeted agents that some mes improve overall survival without any tumor shrinkage, such as ima nib
for the treatment of gastrointestinal stromal tumors or
sorafenib for the treatment of hepatocellular carcinoma.18
Speciﬁc criteria, such as the Choi criteria, have been developed to overcome this limita on.19,20
Here, we aim to review the pa erns of response and progression to immunotherapy, especially to immune checkpoint
inhibitors. Firstly, we describe the radiographic criteria used
to assess response to immunotherapy. We then discuss the
ra onale for treatment beyond progression and its clinical
implica ons. Finally, we challenge the newly reported concept of hyperprogression a er immunotherapy.

ASSESSMENT OF RESPONSE TO
IMMUNOTHERAPY BY RADIOGRAPHIC
CRITERIA
Background
The evalua on and understanding of an tumor responses
in the era of immuno-oncology is becoming increasingly
important with the rapid expansion of indica ons and approvals of checkpoint inhibitors. The response evalua on of
immuno-oncology agents requires diﬀeren a on from tradi onal cytotoxic and other molecularly targeted agents.21
The mechanism of ac on of immuno-oncology agents is
to increase the immune response against the tumor cells,
which is accomplished by overcoming the tumor’s intrinsic
immune-evasion mechanisms. To date, most response evalua on to immuno-oncology therapy has been performed
using RECIST version 1.1 (RECIST1.1), but the need for more

PRACTICAL APPLICATIONS
• Pa erns of response and progression to immunotherapy
may diﬀer from those observed with other drugs, such
as chemotherapy and molecularly targeted agents.
• Speciﬁcally, some pa ents experience a response
a er progression (named pseudoprogression) that has
led to the development of immune-speciﬁc related
response criteria that allow con nued treatment beyond
progression.
• Given the rarity of pseudoprogression across tumor
types (< 10%), con nua on of treatment beyond
progression should be considered only in carefully
selected pa ents whose clinical condi ons have
improved, or have stabilized for those with rapidly
progressing disease, and who have not experienced
severe toxici es.
• Hyperprogression on immunotherapy has been reported
in 9% to 29% of pa ents, but these data must be
conﬁrmed in studies with a control arm.
• Although there is an urgent need to iden fy predic ve
biomarkers of eﬃcacy to immunotherapy, there is an
equally urgent need to iden fy predic ve factors of
progression or possible hyperprogression.
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precise criteria that are compa ble with the observed patterns of responses and the mode of action of immunooncology agents is well documented within the ﬁeld.22,23

Classic Response Criteria
The earliest a empts to standardize response evalua on
and thus the eﬃcacy of therapy were in 1981, with the establishment of the WHO criteria. This used bidimensional
measurements to determine the total tumor size24 and, on
incep on, was widely used; soon, however, there were setbacks25,26 that led to changes resul ng in the development of
RECIST1.0 in the late 1990s. This model used unidimensional rather than bidimensional measurements. On the basis of
a meta-analysis of eight studies that included 569 pa ents,
it was concluded that unidimensional measurement of a tumor’s maximum diameter could be suﬃcient to assess objec ve response.27 CT evalua on was determined to be the
most reliable and prac cal method, and similar imaging was
required at follow-up to avoid discrepancy in evalua on of
responses.21,28-31 As expected, the shortcomings of RECIST1.0
became apparent with me—speciﬁcally its applicability to
phase III trials in which the progression-free survival and/or
overall survival, not overall response rate, was the endpoint.
Also, the use of MRI and PET/CT has increased with me,
and the incorpora on of these newer technologies to assess response has become a challenge. The other important
pi all to RECIST1.0 is that the assessment of lymph nodes
was not included. These shortcomings led to the development of RECIST1.1. Important changes included the number
of lesions to be assessed (decreased from a maximum of 10
to ﬁve in total), a change in the number of lesions allowed
per organ (from ﬁve to two), and the inclusion of pathologic
lymph nodes (short axis of 15 mm) as measurable disease.
The use of an FDG-PET scan was speciﬁcally men oned for
the detec on of new lesions. The recommended dura on
for repeat imaging studies was 6 to 8 weeks.15
With the advent of immunotherapy, the use of RECIST in
clinical trials resulted in premature discon nua on of therapy in pa ents with clinical beneﬁt or a later response. This
insuﬃciency resulted in the need for irRC.
Immune-speciﬁc related response criteria. To es mate the
responses of immunotherapy accurately, new criteria called
irRC were developed (Table 1).21 The irRC were established
on the basis of data from trials of ipilimumab in pa ents
with advanced melanoma. A delayed but durable clinical
response was observed in a subset of pa ents and was associated with prolonged survival. The new criteria incorporated
several key features that allowed pa ents with atypical responses to con nue therapy and without the false label of
disease progression32; these features included the need for
conﬁrma on of progression a er it was ﬁrst documented
and the allowance of new metastases. In detail, the irRC
consisted of immune-related complete response (irCR; complete disappearance of all lesions), immune-related par al
response (irPR; reduc on of greater than or equal to 50% in
disease burden), immune-related stable disease (irSD; neither irCR nor irPR criteria met), and, last, immune-related
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progression of disease (irPD; an increase in tumor burden by
25% or greater rela ve to nadir). Four weeks from the ﬁrst
documented response, a repeat imaging is done for conﬁrma on. The overall response rate in the ipilimumab trials
was only 10%, but the 2-year overall survival in pa ents
with metasta c melanoma with the use of new criteria of
immune-responses was approximately 25%.33 Although the
irRC developed from the experience with advanced melanoma,
it was easily translated to other malignancies. Recently, it
was shown that pa ents treated beyond RECIST progression
but not progression by irRC had be er survival than pa ents
who experienced progression per both criteria, which suggests that irRC use could prevent premature termina on of
treatment in 14% of pa ents treated beyond ini al RECIST
progression without irRC progression.34 The irRC also have
been used to assess response in pa ents with advanced
non–small cell lung cancer (NSCLC) treated with pembrolizumab.35 The nomenclature of classic endpoints with the
irRC includes immune-related overall response rate, the
immune-related disease control rate, and the immunerelated progression-free survival; these correlate with overall survival.34 Furthermore, the irRC have been incorporated
into the U.S. Food and Drug Administra on and European
Medicines Agency guidance documents.36 As expected, the
disadvantage of the irRC was realized later. The irRC uses
bidimensional measurement (similar to WHO criteria), whereas
most of the initial immunotherapy trials used unidimensional measurements per RECIST criteria. Mul ple studies
demonstrated that bidimensional measurements were subject
to variability in responses compared with unidimensional
measurements.30,37
To refine the radiologic criteria to assess responses to
immuno-oncology therapy even more, the immune-related
RECIST (irRECIST) were introduced (Table 1). These criteria
combine the criteria of both irRC and RECIST by using unidimensional measurements and require confirmation of

progression.38 In irRECIST, measurable disease is deﬁned as
non-nodal metastases of 10 mm or more in the long axis
and nodal lesions of 15 mm or more in the short axis. The
total tumor burden is the sum of the target non-nodal lesions in the long axis and the target nodal lesions in the
short axis dimensions. Similar measurements are used for
new lesions. The responses in irRECIST are deﬁned as complete response if there is disappearance of all the target and
nontarget lesions if the nodal lesions are less than 10 mm
in the short axis. A par al response is a 30% or greater decrease in the tumor burden compared with the baseline and
no unequivocal progression in the nontarget lesions. Stable
disease, like other response criteria, is neither a complete
nor par al response. An increase of 20% or more in the total
measurable tumor burden from nadir, with a minimum of
5 mm of progression of nontarget lesions, or the appearance
of a new lesion, is considered irPD. An important aspect of
these irRC is that the irPD must be conﬁrmed with a repeat
assessment at least 4 weeks later to give immunotherapy
me to declare a response. If the repeat assessment has
new unequivocal progression from the prior imaging studies, or has the appearance of another new lesion, progressive disease is conﬁrmed.39,40 Despite these new immune
criteria (irRC and irRECIST), many immunotherapy trials since
2010 have used the tradi onal RECIST criteria, which therefore makes a universal comparison of data from diﬀerent
trials diﬃcult.41-43
In March 2017, a consensus guideline named immunotherapy RECIST (iRECIST) was published a er extensive work
carried out by the RECIST working group along with the immunotherapy subcommi ees (Table 1). The working group
planned to create a warehouse of data from immunotherapy trials to validate RECIST1.1. However, during the data
review, a wide discrepancy was noted between the trials run
by diﬀerent organiza ons, including coopera ve and industry groups, that had the poten al to make the pooled data

TABLE 1. Immune-Speciﬁc Related Response Criteria

Measurement Modality

irRC:
Bidimensional (Longest Diameter ×
Longest Perpendicular Diameter)

irRECIST:
Unidimensional (Longest Diameter)

iRECIST:
Unidimensional (Longest Diameter)

Baseline lesion size, mm

5×5

≥ 10

≥ 10

Minimum no. of lesions to be
measured for assessment

10 lesions in total; 5 per organ

5 lesions in total; 2 per organ

5 lesions in total; 2 per organ

Appearance of new lesions

Incorporated in the sum of the
measurements

Incorporated in the sum of the
measurements

iUPD; becomes iCPD if PD is eventually conﬁrmed

CR

Disappearance of all lesions

Disappearance of all lesions

Disappearance of all lesions

PR

≥ 50% decrease from baseline

≥ 30% decrease from baseline

≥ 30% decrease from baseline

SD

Neither CR nor PD is met

Neither CR nor PD is met

Neither CR nor PD is met

PD

≥ 25% increase in the nadir of the
sum of target lesions

≥ 20% increase in the nadir of the
sum of target lesions with a
minimum of 5 mm

≥ 20% increase in the nadir of the
sum of target lesions with a minimum of 5 mm

Conﬁrma on of PD

Yes

Yes, at least 4 weeks a er, and up to
12 weeks

Yes, at least 4 weeks a er, and up to
8 weeks

Abbrevia ons: irRC, immune-related response criteria; irRECIST, immune-related RECIST; iRECIST, immunotherapy RECIST; iUPD, immune unconﬁrmed progressive disease; iCPD, immune conﬁrmed progressive disease; PD, progressive disease; CR, complete response; PR, par al response; SD, stable disease.
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from all the trials diﬃcult to interpret. It was also noted that
RECIST1.1 was used to assess primary and secondary endpoints and that irRC and irRECIST had been used for exploratory endpoints to date (o en as a comparator to RECIST1.1
within the trial). Because of these discrepancies, the working group with the subcommi ees came up with a modiﬁed
RECIST1.1 for immuno-oncology and named it iRECIST. The
hope was that, with the introduc on of these guidelines,
there would be no variability in the interpreta on and analysis of various trials involving immunotherapy.
The deﬁni ons from RECIST1.1 formed the basis of the
iRECIST criteria, so the deﬁni ons of measurable and nonmeasurable disease, as well as target and nontarget lesions,
are unchanged. The working group recommended use of
a new standard terminology: immune complete response
(iCR), immune stable disease (iSD), immune par al response
(iPR), and immune unconﬁrmed progressive disease (iUPD)
or immune conﬁrmed PD (iCPD). The main diﬀerence between iUPD and iCPD is that iUPD uses the same deﬁni on
as RECIST1.1 for progressive disease, but iUPD must be
conﬁrmed to be considered true progression (iCPD); also a
repeat scan must be performed at least 4 weeks, but not
more than 8 weeks, a er iUPD. The response is considered
iCPD when there is an increase of at least 5 mm total of
measurements of target lesions from iUPD. A disease can
be named iUPD mul ple mes in a pa ent on one therapy
un l there is an iCPD. Unlike RECIST1.1, the response can
be categorized as iCR, iPR, or iSD during the follow-up assessment a er iUPD, but not a er iCPD is reached. For nontarget lesions, the same criteria are followed, and iUPD can
be assigned several mes; however, a new label—noniCPD/
noniUPD—is used when neither iCR nor progressive disease
have been reached. The concept of new lesion assessment
is noteworthy in iRECIST. Any new lesion should be iden ﬁed as measurable or nonmeasurable along the same lines
of RECIST1.1. If a new lesion is iden ﬁed (thus mee ng the
criteria for iUPD) and the pa ent is considered asymptoma c
or stable, then the treatment should not be withheld. Five
lesions (no more than two per organ) should be measured
and recorded as a new target lesion, and these should not
be included in the sum of measures of the baseline target
lesions. iCPD in new lesions is deﬁned as conﬁrma on in
subsequent scans, or as an increase in the sum of measures
in new target lesions of 5 mm or greater, or as any increase
in a nontarget lesion that was ini ally categorized as iUPD.
The best response recorded for the iRECIST criteria is
the immune best overall response. A er iUPD, in the subsequent reassessment imaging studies, iPR, iSD, iCR, or
unequivocal progression in nontarget lesions only can contribute to the immune best overall response unless iCPD
criteria are met. These guidelines are recommenda ons for
immuno-oncology clinical trials, especially phase III trials,
to encourage the use of both RECIST1.1 and iRECIST. They
also recommend that primary outcomes such as progressionfree survival, overall survival, and best response should be
based on RECIST1.1, whereas exploratory analyses should
use iRECIST. Early-phase clinical trials may consider using
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just iRECIST. During dra ing any clinical trial protocol, these
guidelines recommend clear men on of speciﬁc criteria used
for both primary and exploratory endpoints.44 The ﬁnal
iRECIST guidelines and informa on about the best way to
incorporate these criteria in the design of upcoming clinical trials are available on the European Organisa on for Research and Treatment of Cancer public website (www.eortc.
org/?s=iRECIST).
It is important to recognize that the treatment responses
for immunotherapy diﬀer from those of conven onal chemotherapy. The applica on of the immune-related response
criteria is prudent so that premature termina on of therapy
is avoided. To date, numerous clinical trials in immunooncology are underway, and the adop on of iRECIST criteria
will ensure a uniform approach to the conduct, interpretaon, and analysis of trials.

RATIONALE FOR TREATMENT BEYOND
PROGRESSION AND CLINICAL IMPLICATIONS
Ra onale for Treatment Beyond Progression
A progression according to RECIST followed by response
is commonly named a pseudoprogression. Pseudoprogressions were ﬁrst described in pa ents with advanced melanoma treated with ipilimumab, and later with the an –PD-1
inhibitors nivolumab or pembrolizumab, and provide the
ra onale for trea ng pa ents beyond progression.21,45 The
main limita on of RECIST is the assessment of progressive
disease that might lead to a premature cessation of an
effec ve immuno-oncology agent that would have induced
a pseudoprogression.
Biologic hypotheses might explain the phenomenon
of pseudoprogression observed in pa ents treated with
immuno-oncology agents. These agents initially induce
the recruitment of ac vated T cells to the tumor site before
they have any an tumor ac vity, which lead to an ar ﬁcial
increase in tumor size. Inﬂammatory reac ons have been
observed in tumor biopsies taken at ini al tumor progressions (that eventually were considered pseudoprogressions)
of melanoma in pa ents treated with ipilumumab.46
The occurrence of pseudoprogressions was conﬁrmed in
larger trials in which treatment beyond progression was allowed. Pseudoprogressions were reported in various tumor
types (Table 2), but rates never exceeded 10% of pa ents
treated with immuno-oncology agents.47-61 When the rates
of pseudoprogressions are calculated, use of all pa ents
who started immuno-oncology agents, and not only the
subgroup of pa ents who con nued on treatment a er
progression, as the denominator is essen al. Pa ents who
do not con nue immunotherapy a er progression usually
are pa ents whose clinical condi ons deteriorated and who
likely would have no longer beneﬁted from immunotherapy.
In most trials with immuno-oncology agents, treatment beyond progression is only allowed in pa ents whose clinical
condi ons do not deteriorate.
The iden ﬁca on of baseline characteris cs and pa ents
who will most beneﬁt from treatment with immuno-oncology
agents beyond progression remains an important challenge
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TABLE 2. Rates of Pseudoprogression in Pa ents Receiving PD-1/PD-L1 Inhibitors in Selected Phase II/III
Clinical Trials
Study Drug and Reference

Rate of Pseudoprogression, %

Comments

Nivolumab48

8.1

17 of 210 pa ents experienced a PR according to RECIST
a er a PD

Nivolumab52

8.3

10 of 120 pa ents experienced a PR according to RECIST
a er a PD

Pooled retrospec ve study of two mul center, phase III trials to evaluate an –
PD-1 an bodies50

4.6

24 of 526 pa ents experienced a PR according to RECIST
a er a PD

Nivolumab53

3.4

4 of117 pa ents had a tumor burden reduc on or no addi onal progression for at least two tumor assessments
a er ini al RECIST-deﬁned PD

Nivolumab47

5.5

16 of 292 pa ents with either (1) appearance of a new lesion followed by a decrease from baseline of at least 10%
in sum of target lesions; (2) ini al increase from nadir
≥ 20% in the sum of target lesions followed by a reducon from baseline of at least 30%; or (3) ini al increase
from nadir ≥ 20% in sum of target lesions or appearance
of new lesions followed by at least two tumor assessments that showed no addi onal progression, deﬁned
as ≥ 10% addi onal increase in the sum of target lesions
and new lesions

Nivolumab54

6.9

9 of 131 pa ents with either (1) appearance of a new lesion
followed by a decrease from baseline of at least 10%
in the sum of target lesions; (2) an ini al increase from
nadir ≥ 20% in the sum of target lesions followed by a
reduc on from baseline of at least 30%; or (3) an ini al
increase from nadir ≥ 20% in the sum of target lesions
followed by at least two tumor assessments that showed
no addi onal progression deﬁned as ≥ 10% addi onal
increase in the sum of target lesions and new lesions

Pooled retrospec ve study of three mulcenter, open-label trials to evaluate
an –PD-1 an body55

1.9

10 of 535 pa ents experienced a PR according to RECIST
a er a PD

Atezolizumab56

3.6

12 of 332 pa ents experienced a PR according to RECIST
a er a PD

1.3

3 of 240 pa ents experienced a PR according to RECIST
a er a PD

Nivolumab58

7.1

12 of 168 pa ents experienced a PR according to RECIST
a er a PD

Nivolumab59

4.9

20 of 406 pa ents experienced a PR according to RECIST
a er a PD

1.6

5 of 310 pa ents experienced a PR according to RECIST
a er a PD

Melanoma

Non–small cell lung cancer

Head and neck squamous cell carcinoma
Nivolumab57
Renal cell carcinoma

Urothelial carcinoma
Atezolizumab60
Abbrevia ons: PR, par al response; PD, progressive disease.

in the management of solid tumors in the era of immunotherapy. It is cri cal to avoid premature cessa on of a potenally eﬀec ve agent and, at a same me, to avoid delaying
the start of a subsequent poten ally eﬀec ve drug. Indeed,
some pa ents can experience progression rapidly with an
immuno-oncology agent, and rapid clinical deteriora on
makes the pa ent unable to receive a subsequent, potenally ac ve treatment. A tumor biopsy at the me of dis-

ease progression may help evaluate the presence of tumor
immune inﬁltra on versus the absence of immune cells in
exploratory studies, but this has not yet been proven as a
validated biomarker. No reliable assessment has been reported to date to help clinicians decide between a poten al
pseudoprogression or a real progression, although circula ng
tumor DNA, if present at baseline, has been shown to decrease in the presence of pseudoprogression.62
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Given the rarity of pseudoprogression and the absence of
validated predictors, con nued immuno-oncology treatment
beyond RECIST1.1-deﬁned progression should be proposed
only for pa ents who do not experience severe toxicity
from these agents and whose clinical condi ons have improved (or stabilized in those with rapid progression) with
treatment. Addi onal studies are warranted to iden fy predic ve factors of response to immuno-oncology agents to
guide therapeu c decisions.

who have experienced progression with immunotherapy.
Be er understanding of the tumor immune inﬁltrate along
with factors that will contribute to maintaining an eﬃcient
an tumor immune response is key to improve treatment
strategies with immunotherapy. One of the most useful, but
challenging, methods is to collect tumor samples and blood
before star ng immunotherapy, during treatment, and at
disease progression.

Strategies for Treatment A er Immunotherapy

Deﬁni on of Hyperprogression and Literature
Review

Despite impressive results in many diﬀerent types of tumors
in advanced se ngs, only a small propor on of pa ents
clearly beneﬁt from immuno-oncology agents. Some pa ents
will eventually develop secondary resistance.
Currently, the main strategy to improve the eﬃcacy of immunotherapy focuses on the development of combina on
strategies of already-marketed immuno-oncology agents
with other immuno-oncology agents, but also with molecularly targeted agents, radiotherapy, and chemotherapy,
mainly in patients who were not previously exposed to
immuno-oncology agents.63-65 Limited data exist on the best
strategies in pa ents who have already experienced progression during immunotherapy.
Data from pa ents with advanced melanoma showed
that BRAF inhibitors induced a brisk and strong CD8+ T-cell
inﬁltrate in human melanoma ssue early during therapy.66,67
Preclinical studies have suggested that chemotherapy administered a er immunotherapy might improve the balance between immunosuppressive cells and s mula on
of immune cells by increasing recruitment of CD8+ T cells
into the tumor microenvironment.68,69 In an in vivo model
of PD-1 knockout mice, paclitaxel enhanced the expression of major histocompa bility complex class I on cancer
cells, which thus increased the recruitment of CD8+ cells. In
another in vivo model, delivery of chemotherapy a er an
immunogenic treatment increased its an tumor ac vity via
an increase in the number of an gen-speciﬁc CD8+ T cells
within the tumor microenvironment.68,69
Retrospec ve studies showed that pa ents with NSCLC
who received salvage chemotherapy (mostly single agents)
a er immunotherapy achieved a higher overall response
rate compared with historical data.70-75 As an example, the
overall response rate to single-agent chemotherapy a er
exposure to immunotherapy was 53% in patients with
NSCLC compared with 35% in pa ents whose last chemotherapy was administered before the immuno-oncology
agent.74 A major response to a combina on of dacarbazine
and cisplatin was reported in a patient with metastatic
BRAF-mutated melanoma who had experienced disease
failure a er treatment with a BRAF inhibitor combina on,
ipilimumab and nivolumab, despite generally poor eﬃcacy
of dacarbazine and cispla n in pa ents with this disease.76
These preliminary results must be confirmed in larger
studies. The adequate sequence of treatment with immunooncology agents and other therapies must be explored
more, because there are no clear guidelines for pa ents
174
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HYPERPROGRESSION: MYTH OR REALITY
With increasing knowledge about immunotherapy, some
reports have described rapid progression in pa ents who
start immunotherapy. The main ques on is whether this
rapid progression represents the natural history of cancer
growth or is immunotherapy-induced accelera on of tumor
growth.
One concept purported to support the phenomenon of
immunotherapy-induced hyperprogression comes from randomized trials that compared immunotherapy with chemotherapy in which the overall survival curves clearly favor the
chemotherapy arm in the ﬁrst few months. This has been
reported, for example, with nivolumab in head and neck
squamous cell carcinoma and in NSCLC in the CheckMate
141 and 057 trials.47,77 The fact that the survival curve of the
control arm is greater than that of the immunotherapy arm
in the ﬁrst months indicates that a propor on of pa ents
experience worsened disease with immunotherapy compared with chemotherapy. However, it might also only mean
that immunotherapy has no ac vity at all in these pa ents
compared with some ac vity from chemotherapy.
Three recently published studies have examined the concept of hyperprogression (Fig. 1).78-80 In one study, the authors compared tumor growth kine cs in terms of volume
before star ng immunotherapy and during immunotherapy
in pa ents with various tumor types included in phase I clinical trials.78 Hyperprogression was deﬁned as a twofold or
greater increase in the tumor growth rate in terms of volume during immunotherapy. Hyperprogression was reported
in 12 (9%) of 131 pa ents. The median tumor growth rate
ra o was 20.7 (range, 2 to 141). Hyperprogression correlated
with worse overall survival.
In a second study, hyperprogression was deﬁned as a me
to treatment failure of less than 2 months or a greater than
50% increase in tumor burden in two diameters according to irRC compared with pre-immunotherapy imaging
that was obtained within 2 months of the ini a on of the
immuno-oncology agent, or a greater than twofold increase
in progression pace with one diameter.79 Six (4%) of 155
pa ents experienced hyperprogression according to this
deﬁni on.
In the third study, the authors focused on pa ents with
head and neck squamous cell cancer who were treated with
PD-1/PD-L1 inhibitors and compared tumor growth kine cs
with one diameter before and during immunotherapy.80 Hyperprogression was deﬁned as a twofold or greater increase
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FIGURE 1. Deﬁni ons of Hyperprogression in the Literature

ΣPRE = sum of the largest diameters of the target lesions on baseline imaging before star ng last prior treatment. ΣPOST = sum of the largest diameters of the target lesions on imaging post-immunotherapy.
VPRE = sum of the volumes of the target lesions on baseline imaging before star ng last prior treatment. VPOST = sum of the volumes of the target lesions on imaging post-immunotherapy. TPRE = me of
baseline imaging before star ng last prior treatment. TPOST = me of imaging post immunotherapy.

in the tumor growth rate in one diameter on immunotherapy. Ten (29%) of 34 pa ents experienced hyperprogression,
and hyperprogression correlated with poor progression-free
survival.

Predic ng Hyperprogression
Although it is essen al to iden fy predic ve biomarkers of
eﬃcacy of immuno-oncology agents, it seems even more
important to iden fy predic ve biomarkers for rapid progression. Hyperprogression was associated with older age,78
with a recurrence in an irradiated ﬁeld in pa ents with head
and neck squamous cell cancer,80 and with MDM2 ampliﬁca on.79 Recently, chromosomal instability iden ﬁed with
next-genera on sequencing on cell-free DNA was evaluated
in pa ents receiving immunotherapy and in a control group
of pa ents.81 The authors were able to accurately predict
progression on the basis of chromosomal instability quan ﬁcaon in plasma cell-free DNA: 90% of pa ents with progression did not have a substan al decrease in the chromosomal
number instability score. Interes ngly, in ﬁve of the six paents who experienced hyperprogression, progression was
predicted early with the chromosomal number instability
score.

Prac cal Considera ons
The concept of hyperprogression remains controversial,
because none of the studies described here had a control
arm. Therefore, nobody could predict whether similar tumor growth kine cs would occur in pa ents without any
treatment. No randomized trial to compare immunotherapy

with no treatment has been published to date, and only
worse overall survival with immuno-oncology agents versus
no drug therapy would be a valid demonstra on of the hyperprogression phenomenon. However, some pa ents do
experience rapid progression with immunotherapy, and it
would be helpful to compare in a quantitative way (and
not only a qualita ve way with dichotomic criteria such as
RECIST) the pa erns of progression in trials of immunotherapy compared with chemotherapy.
In any case, we strongly recommend interrup on of immunotherapy if rapid progression or hyperprogression is
clinically suspected. The disease should be reassessed clinically, and imaging should be performed. This might allow
pa ents to switch to another treatment if the clinical condi on is compa ble. These ﬁndings reinforce the need for
cau on about the decision to con nue an immuno-oncology
agent beyond progression, because most progressions are
real progressions and not pseudoprogressions.

CONCLUSION
Pa erns of response and progression of immuno-oncology
agents diﬀer from those seen with chemotherapeu c agents,
especially for the assessment of disease progression. Management of disease in pa ents who experience a response
to immunotherapy according to RECIST is similar to the
management in those treated with chemotherapy or molecularly targeted agents, although the ques on of whether
immunotherapy could be ceased in long-term responders
must be resolved. Similarly, treatment should be con nued
in pa ents who experience disease stabiliza on according
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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to RECIST. The big challenge is the assessment of disease progression, which has led to the development of irRC. Overall,
it is important to keep in mind that pseudoprogressions are
the excep on rather than the rule. Therefore, treatment beyond progression as proposed in new immune-related criteria should be carried out only in carefully selected pa ents
whose clinical condi ons have improved (or stabilized, in
cases of rapid progression) with immunotherapy and who
have not experienced severe toxici es. Treatment also may
be stopped early where there is rapid progression or when
hyperprogression is suspected so that the pa ent can switch

to another treatment in a timely manner. This is all the
more important given that preliminary data suggests that
some pa ents may have greater responses to subsequent
therapies, such as chemotherapy. We believe that classic
RECIST are s ll prac cal, eﬃcient, and relevant criteria to
assess the response and progression to immunotherapy in
the vast majority of pa ents. Although there is an urgent
need to iden fy predic ve factors of response to immunooncology agents, it seems equally important to identify
predic ve biomarkers of progression or possible hyperprogression.
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MANAGEMENT OF IMMUNE-RELATED TOXICITY

Challenging Cases: Management of Immune-Related Toxicity
Jeﬀrey S. Weber, MD, PhD
OVERVIEW
The approvals of six checkpoint inhibitory an bodies since 2011 have established immunotherapy for cancer as a ﬁ h
treatment modality a er chemotherapy, surgery, radia on, and targeted therapy. Long-las ng responses have been observed in melanoma, non–small cell lung cancer, renal cell cancer, and head and neck cancer, to name a few, and more approvals for these drugs undoubtedly are coming in the near future. The applica on of checkpoint inhibitors has expanded
well beyond melanoma, and, with wider use, the management of the immune-related adverse events (irAEs) that accompany these drugs has received increased a en on. In this work, several pa ent cases are presented that highlight how to
op mally manage these unique toxici es and that illustrate the basic principles of care for pa ents who receive checkpoint
inhibi on.

E

duca on of the care team and pa ents and good communica on between them are the keys to successful
management of irAEs. A recent review comprehensively
summarized the important ques ons that clinicians address
when their pa ents experience irAEs from checkpoint protein inhibi on (CPI).1 The mechanism-based toxici es that
cons tute irAEs result from potent s mula on of immune
responses directed against normal ssues in a scenario in
which there is a clinically signiﬁcant disinhibi on or reinvigora on of an tumor immunity.2 Data suggest that these adverse eﬀects may be T-cell mediated and that auto-an bodies
may cause some of the toxicity.3 Virtually any organ can be
aﬀected, and some of the irAEs appear to mimic known
autoimmune diseases, yet there are crucial diﬀerences between the acute onset and resolu on of irAEs and symptoms of classic autoimmune diseases that are o en chronic
and may be lifelong. The majority of irAEs aﬀect the gut,
liver, skin, and endocrine organs.4,5 However, less common
irAEs aﬀect the kidneys, lungs, bone marrow, heart, and
nervous system.6-9 The kine cs of onset and resolu on of
irAEs are well established, and, other than the endocrinopathies, virtually all irAEs will resolve completely with the use
of immune suppressants like cor costeroids, inﬂiximab, and
mycophenolic acid. The irAEs that occur with combina on
checkpoint inhibi on may occur earlier and last longer than
with PD-1/PD-L1 blockade alone. Most irAEs will occur within the ﬁrst 12 to 24 weeks of treatment, but certain irAEs,
including arthralgias and myalgias, may occur with more
chronic use of CPI.10 Uncommonly, irAEs may present at
any me during treatment with checkpoint blockade, even
years a er ini a on of therapy, and may even occur a er

CPI is stopped. For both CTLA-4 and PD-1/PD-L1 blockade,
skin irAEs occur ﬁrst, followed by gastrointes nal, then liver,
and ﬁnally endocrine adverse eﬀects.4,5 The exact e ology
of irAEs and the mechanisms that dis nguish them from
the an tumor impact of CPI remain unclear, and it is unknown whether one might disassociate the impact of one
from the other. There are some data that select irAEs may
be associated with a more favorable clinical outcome with
treatment using PD-1 blockade or combina on CTLA-4 and
PD-1 blockade.11,12 Pa ents with melanoma who received
nivolumab or pembrolizumab and developed rash or vi ligo
had be er outcomes than those who did not, and pa ents
who received combina on immunotherapy and had gastrointes nal adverse events also had a longer survival than
those who did not.13 Surprisingly, even when irAEs are treated with cor costeroids or other immune suppressants, no
data suggest that clinical outcome is compromised.14,15
The use of cor costeroids is the mainstay of management
of CPI-induced irAEs. Doses of oral prednisone should range
from 1 mg/kg to 2 mg/kg daily for grade 3 or 4 irAEs, and
tapering courses of cor costeroids should be given for a
minimum dura on of 1 month. Pa ents admi ed to the
hospital because of complica ons of irAEs should be treated
with intravenous cor costeroids. If symptoms of irAEs do
not abate within 72 to 96 hours of cor costeroid ini a on,
alterna ve immune suppressants, including inﬂiximab and
mycophenolic acid, should be considered. Not uncommonly,
a flare of irAE symptoms may be seen as steroids are
tapered. With coli s or pneumoni s, a bolus of intravenous
methylprednisolone may be given, and the steroid dose
should be increased to 1.5 to 2 mg/kg of prednisone or its
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equivalent with a taper over an addi onal 30 to 60 days.
For coli s or pneumoni s, a dose of inﬂiximab at 5 mg/kg
can be added to the regimen, or if previously used, an addi onal dose may be administered. Inﬂiximab should not
be used for hepa s, and alterna ve immune suppressants
such as mycophenolic acid should be given. If 6 weeks or
more of oral cor costeroids are required to manage irAEs,
prophylaxis should be considered for Pneumocys s carinii
infec on.16 Proton-pump inhibitor therapy should be added
to the steroid regimen to avoid gastri s. For grade 1 and
2 diarrhea, medicines such as loperamide can be useful to
diminish the symptoms. Stool samples in pa ents having
diarrhea due to an irAE should also be tested for other common gastrointes nal pathogens including Clostridium diﬃcile, as well as bacteria, fungal, ova, and parasites.
Important ques ons o en faced by oncology prac oners
are illustrated in the following pa ent cases. These include
when to add an addi onal immune suppressant if cor costeroids alone do not suﬃce; whether one may be able to
re-treat a pa ent who had a prior dose-limi ng irAE with
CPI; and whether pa ents with exis ng autoimmune disease should be treated at all with CPI.

CASE 1: COLITIS IN A PATIENT RECEIVING
PEMBROLIZUMAB
A 65-year-old man with a history of stage III melanoma resected from the right axilla with an unknown primary was
diagnosed with metasta c disease a er a rou ne surveillance
CT scan showed mul ple pulmonary nodules. A needle biopsy of a 2-cm right lung lesion was posi ve for melanoma,
BRAF wild type. He was asymptoma c, and his lactate dehydrogenase level was normal. The pa ent had a history of an
early-stage prostate cancer treated with surgery 18 months
ago and was not eligible for any trial. He started treatment
with single-agent pembrolizumab therapy; a er four doses
given every 3 weeks, CT scans for re-evalua on at week 12
showed a near-complete resolu on of all lung nodules. He
received his ﬁ h dose of the drug at week 13 and noted
diarrhea two to three mes a day 1 week later, but he did
not report this to the care team. The diarrhea abated a er
3 days, but 2 weeks a er the ﬁ h dose of pembrolizumab,
the pa ent noted eight episodes of diarrhea in 24 hours
accompanied by cramping and abdominal pain. That evening,

PRACTICAL APPLICATIONS
• IrAEs are unique, mechanism-based toxici es of
checkpoint inhibi on.
• Combina on CTLA-4/PD-1 blockade results in a higher
rate of irAEs than single agents, and CTLA-4 blockade is
associated with more irAEs than PD-1 blockade.
• Virtually all of the symptoms caused by irAEs are
reversible with the use of cor costeroids or other
immune suppressants.
• Checkpoint inhibitor an bodies increase the risk of a
ﬂare of exis ng autoimmunity.
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his appe te was poor and he drank very li le. He delayed
calling the care team un l the next morning and was asked
to come to the clinic for an evalua on. At that me, he had
a blood pressure level of 96/50 mmHg, was tachycardic
with a heart rate of 122 beats per minute, and had a mildly
tender abdomen. Rectal examina on showed minimal stool
that was heme nega ve; the blood urea nitrogen level was
37 mmol/L with a crea nine level of 1.5 μmol/L, and he was
admi ed to the hospital. The CT scan on admission showed
stranding and thickening of the descending and sigmoid
colon, without free air seen. Clostridium diﬃcile ters were
nega ve. Intravenous ﬂuid was given, and intravenous
methylprednisolone was administered at a dose of 125
mg that a ernoon and evening. The diarrhea episodes
decreased to four mes in the ensuing 24 hours. The next
day, the pa ent felt be er and started to eat; he received
120 mg of prednisone. However, he s ll had four episodes
of diarrhea on the second day in the hospital, and he had six
diarrheal bowel movements with minimal blood on the third
day. The gastrointes nal consultant performed a sigmoidoscopy that a ernoon, which showed diﬀuse ulcera on and
erythema. A dose of 5 mg/kg of inﬂiximab was ordered, but
administra on was delayed because of concerns about insurance reimbursement (because the pa ent did not have
a history of ulcera ve coli s). The Na onal Comprehensive
Cancer Network guidelines, which showed that tumor necrosis factor alpha–blocking an bodies were indicated for
CPI-induced coli s, were presented to the hospital administrator, and inﬂiximab was administered. Within 24 hours,
the pa ent felt remarkably be er, and cor costeroids were
con nued at 120 mg of prednisone by mouth daily. The paent was discharged a er 5 days in the hospital, 48 hours
after the infliximab administration, without diarrhea. The
cor costeroids were tapered over 48 days by 10 mg every
4 days, and a repeat CT scan at week 24 showed a complete response with no evidence of disease, which has been
maintained for 2 years.

CASE 2: MULTIPLE IRAES IN A PATIENT
RECEIVING NIVOLUMAB AND IPILIMUMAB
A 44-year-old woman with a history of stage IV melanoma
had liver, lung, and medias nal disease discovered during a
workup for chest pain. Biopsy of a liver lesion showed melanoma that was BRAF wild type and PD-L1 nega ve. She was
treated with nivolumab and ipilimumab combina on therapy and received three doses without incident; however,
a er the second dose, she had a grade 1 eleva on of the aspartate aminotransferase (AST) level. A week a er the third
treatment, she reported that she felt poorly and had a lowgrade fever, so she was asked to come to the clinic. Blood
tests taken in the clinic showed AST and alanine aminotransferase (ALT) levels greater than 10 mes the upper limit of ins tu onal normal, which indicated grade IV toxicity
that most likely was an irAE. Blood cultures were nega ve.
The pa ent was admi ed to the observa on ward and received 125 mg of intravenous methylprednisolone with
intravenous normal saline hydra on that evening, and she
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received an addi onal dose of methylprednisolone the next
morning. The AST and ALT levels were greatly decreased the
next morning and the pa ent felt be er, so she was sent
home from the observa on unit. She was instructed to follow up in clinic every other day for the next week for blood
draws to check liver func ons, which slowly decreased over
the next week. She was placed on 140 mg of prednisone
by mouth daily (2 mg/kg), and this dose was tapered down
for 2 months. She returned to work as a physical educa on
teacher a er 3 weeks of treatment with the cor costeroid
taper, and she felt well. She asked to be able to ﬁnish the
last dose of nivolumab and ipilimumab, but the members
of the care team declined. Six weeks a er the ini a on
of cor costeroids, CT scans showed a par al response of
all disease. Then, 1 week a er the cor costeroids ended,
her husband called the care team to report that his wife
“just didn’t seem herself,” and he was asked to bring her
to clinic. She was seen by a member of the care team, was
felt to have a normal mental status examina on, and was
sent home. Two days later, her husband again called to report that she seemed confused, and he told the care team
members that he would bring her back to clinic. At that
visit, she was slightly confused, and she seemed to answer
ques ons tangen ally. She could not recall her husband’s
name, nor the name of the oncologist; however, except for
the confusion and mild disorienta on, she had a nonfocal
neurologic examina on. There were no meningeal signs on
examina on. An urgent MRI of the brain with gadolinium
was unrevealing. Thyroid and adrenal func on blood tests
were normal. She was admi ed, and a neurology consult
was obtained. A lumbar puncture was performed on the
evening of admission, which showed clear ﬂuid, a slightly
elevated opening pressure, a mild increase in protein, and
90 white blood cells per cubic millimeter, all atypical in appearance. Cytology was nega ve, and all infec ous and viral
ters were nega ve. She received 250 mg of intravenous
methylprednisolone right a er the lumbar puncture and
then given 125 mg of methylprednisolone twice a day for
2 days. There was gradual improvement in mental status,
but the pa ent remained somewhat disoriented for 72 hours
a er cor costeroids were started. Prednisone by mouth at
2 mg/kg was started at day 4 a er admission; the pa ent
improved and was discharged on day 6 a er admission.
An oral prednisone taper for 2 months was ini ated, and
Pneumocys s prophylaxis with oral trimethoprim/sulfamethoxazole was started. Two weeks a er discharge, she felt
much be er and had a normal mental status and neurologic
examina on in the clinic. She did not recall any details of
the recent admission. Two weeks later, her repeat CT scans
showed a complete response, and she remains in remission
3 years a er the event.

CASE 3: EXACERBATION OF PRE EXISTING
AUTOIMMUNE DISEASE IN A PATIENT
RECEIVING ATEZOLIZUMAB
A 58-year-old man with a history of scleroderma and stage
IV non–small cell lung cancer experienced progression of

liver and subcutaneous disease a er treatment with frontline chemotherapy, and his tumor biopsy was more than
50% PD-L1 posi ve by immunohistochemical staining. His
scleroderma was manifest by s ﬀening of, and limita on
in, the movement in his hands, thickening and s ﬀness of
the skin of the forearms and lower legs, and mild diﬃculty
swallowing large pieces of solid food, especially meat. His
rheumatologist elected to maintain treatment with hydroxychloroquine daily. The pa ent agreed to be treated with
atezolizumab; a er three doses, he began to have increased
pain in his feet and hands as well as increased s ﬀness of
the hands, and he had diﬃculty holding a pen as well as
insomnia caused by discomfort in his feet. He wished to connue therapy and felt that the subcutaneous lesions were
shrinking. At week 12, his CT scans showed a par al response. He con nued therapy with an addi onal four doses
of atezolizumab, but he experienced increased fa gue and
discomfort in his hands and feet. Cor costeroids were started
as 8 mg of methylprednisolone by mouth daily, but he had
minimal change in symptoms. He began to have rectal incon nence and some soiling of underwear, which led him
to wear a diaper. At week 24, CT scans showed a near complete response of lung cancer, but, at the urging of his oncologist, the pa ent agreed to stop treatment and increase
his immunosuppression therapy. His symptoms began to
resolve; at week 36, his scans were stable, but autoimmune
symptoms improved (e.g., less fa gue, and he was sleeping
be er). At week 48, cor costeroid doses had been tapered;
he was symptoma cally improved and had stable CT scans.

DISCUSSION
These three cases illustrate a number of important issues
faced by oncology prac oners in the management of irAEs
seen with CPI in daily prac ce.
The ﬁrst case shows that even the use of high-dose cor costeroids (2 mg/kg) may not induce resolu on of symptoms
of diarrhea and coli s caused by CPI and that an addi onal
drug, inﬂiximab, should be used for con nued grade 3 to 4
diarrhea a er a rela vely brief trial of cor costeroids. The
pa ent in this case had an ini al decrease in diarrhea, which
then worsened a er 72 hours of cor costeroid therapy and
was appropriately treated with a dose of inﬂiximab, the tumor necrosis factor alpha–blocking an body, at a dosage of
5 mg/kg. Despite resistance by the insurance approvals representa ve at the outpa ent facility, the use of inﬂiximab
for CPI-induced coli s refractory to cor costeroids is within
Na onal Comprehensive Cancer Network guidelines and is
well described in the oncology literature17; when this was
pointed out by the oncologist, approval came rapidly. Because inﬂiximab is used acutely for CPI-induced coli s, and
only once or twice, there is li le ra onale for placement of a
puriﬁed protein deriva ve tuberculosis test before the drug
is used in a pa ent with CPI. Inﬂiximab can work very rapidly
and may cause resolu on of diarrhea and other symptoms
of CPI-induced coli s within 24 hours, which is very diﬀerent from its eﬀects on Crohn disease and ulcera ve coli s,
in which it is used chronically for months to years and may
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

181

JEFFREY S. WEBER

induce profound immunosuppression. The high-dose oral
cor costeroids should be con nued with a slow taper during
45 to 60 days in this case. Newer drugs used to treat coli s,
such as vedolizumab, an alpha4-beta7 integrin an body,
have had some success when cor costeroids and inﬂiximab
have failed to reverse CPI-induced diarrhea.18 In rare cases,
for which resolu on of symptoms is slow and mul ple immune suppressants have been used without resolu on of
diarrhea, considera on should be given to placing the paent on total parenteral nutri on, with nothing by mouth,
to achieve full bowel rest. In the case presented herein,
there was a delay of pa ent-reported symptoms of diarrhea,
which led to dehydra on and the need for hospitaliza on.
This experience highlights the importance of good communica on between the care team and the pa ent. At the
ﬁrst hint of diarrhea and cramping pain, the pa ent should
have been seen, symptoms should have been evaluated,
and the pa ent should have been in frequent phone contact with the care team. The close follow-up would have led
him to sooner treatment with cor costeroids, which may
have been accomplished as an outpa ent and would likely
have minimized morbidity. In this case, the sigmoidoscopy
demonstrated ulcera on and erythema, which conﬁrmed
the need for re-tapering the steroids and adding inﬂiximab.
Findings with endoscopy of the colon range from minimal
erythema to profound ulcera on, with friability and bleeding of the mucosae. Biopsy o en shows cryp s and diﬀuse
lymphocytic infiltration. Colonoscopy or sigmoidoscopy
are generally done, par cularly if their results will change
the management of the case of coli s.
The second case is illustrative of the complex presentations of multiple irAEs that may occur in patients who
receive combina on CPI. This case also should indicate to
oncology prac oners who use CPI that one must always
have a high degree of suspicion that any adverse event may
be immune related, even several months a er the last dose
of drug. With combina on therapy, irAEs may appear earlier and last longer, and the likelihood of mul ple concurrent
and consecu ve irAEs is increased compared with CTLA-4
or PD-1/PD-L1 blockade alone.19,20 The prolonged nature of
the eleva on in AST/ALT can be frustra ng for the pa ent
and the care team and may require the use of an addi onal
immunosuppressant, such as mycophenolic acid. Inﬂiximab
was not appropriate in this case, because it also can induce
hepatotoxicity. The grade 4 eleva on in liver func on and
the prolonged nature of the eleva on suggested that addional treatment with a CPI soon a er the resolu on of the
event was not appropriate despite the pa ent’s request to
con nue therapy. The refusal of the oncologist and the care
team to reins tute CPI was careful and appropriate. Several
weeks a er cor costeroids were ﬁnished and the pa ent
was back at work, and 2 months a er the onset of the episode of grade 4 hepa s, the subtle mental status changes
that occurred should have raised concerns by the care team
and led to a more detailed neurologic and cogni ve examina on. It was only a er the pa ent’s husband insisted on
re-evalua on that the care team was able to appreciate the
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central nervous system changes of encephali s and ins tute
proper therapy. It was important for the care team to keep
an open mind and assemble a proper diﬀeren al diagnosis
to avoid missing a cri cal irAE, yet rule out other poten al
causes of the encephali s that could have been viral, fungal,
or even bacterial.
In the third case, the ques on was whether it was safe
to treat a pa ent with an exis ng autoimmune disease
with CPI. There have been small series and single pa ent
cases published, but no large-scale experience has been
described. A recent review of the literature on treatment
of 123 pa ents with exis ng autoimmune disease who developed cancer with CPI compiled by a group of rheumatologists from a large U.S. cancer center suggested that,
although the likelihood of a ﬂare of the underlying disease
was 50%, most pa ents could tolerate single-agent PD-1
blockade, and only 17% of pa ents had to stop because the
exacerba on of symptoms was intolerable.21 A total of 34%
of pa ents had de novo irAEs, mainly coli s and hypophysi s,
and no diﬀerences were observed in the occurrence of irAEs
in those with ac ve or inac ve autoimmunity. Cor costeroids were required in 62% of pa ents, and an addi onal
16% required increases in, or new, an rheumatologic drugs.
Interes ngly, the response rate was 50% in those who had
an irAE or a ﬂare. Another series included 52 pa ents with
exis ng autoimmune disease who received an –PD-1 an bodies, with ﬂare of the autoimmune disease in 38% and
development of de novo irAEs in 29%.22 Only 12% of paents had to stop CPI therapy. As was seen in the case presented herein, the pa ent indeed had a ﬂare of scleroderma
symptoms and needed addi onal medicines—including
cor costeroids—to manage the eﬀects, yet he con nued to
receive treatment for 24 weeks un l he and his trea ng physician decided that the eﬀects were intolerable and therapy
should stop.
Are there established biomarkers that can be used by
prac cing oncologists to inform pa ents about the likelihood of developing irAEs from CPI? The answer is no, because no reliable pretreatment biomarker has accurately
predicted the onset of irAEs, and very few studies have explored this issue. One of the few promising approaches is
microbiome assessment in pa ents receiving CPI, because
data support the idea that certain anaerobic microbes in
the stool are associated with the beneﬁt of CPI with CTLA-4
blockade and PD-1 blockade,23-26 and data also suggest that
the type of bacteria within the microbiome may predispose
to the development of coli s.27 A number of studies of the
serum proteome, peripheral-blood immune cell phenotype,
immune cell genome, and epigenome are ongoing to elucidate the mechanisms by which irAEs occur and to predict
their onset.

CONCLUSION
The increasing use of checkpoint inhibitory an bodies for
cancer will inevitably increase the likelihood that oncology
prac oners will have to manage irAEs. Familiarity with the
guidelines for irAE management from the European Society
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of Medical Oncology28 and those soon to be published from
ASCO,29 as well as good communica on between the care

team and pa ents, are crucial elements of the safe management of adverse eﬀects of this class of drug.
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Tumor-Agnos c Drug Development
Michael Oﬃn, MD, Dazhi Liu, PharmD, and Alexander Drilon, MD
OVERVIEW
Therapies designed to target cancers that harbor speciﬁc molecular signatures have reshaped the landscape of oncologic
drug development, and advances in next genera on sequencing have led to an increase in the iden ﬁca on of these altera ons across tumor types. Tumor-agnos c trial designs, such as the “basket trial,” have been developed as an approach
to study the eﬃcacy of these treatments and increase pa ent access, especially for pa ents whose tumors carry these
altera ons infrequently. We review key aspects of these genomically enriched trial strategies and their impact on drug
development and approval.

T

he growth in the availability of comprehensive, clinicalgrade molecular proﬁling pla orms has led to a rise in
the number of predic ve biomarkers that have been incorporated into therapeu c paradigms for various cancers.
These advances in sequencing have likewise led to an increase in the iden ﬁca on of novel, puta ve genomic and
gene c biomarkers of therapeu c eﬃcacy. Drug development paradigms have had to adapt to a number of challenges
in this era, including the decreasing frequencies of these
altera ons and their iden ﬁca on across mul ple tumor
histologies.1,2 Select clinical trials have thus evolved to incorporate a strong focus on tumor-agnos c drug development, a strategy for enriching for novel targets regardless of
tumor site of origin.
Tumor-agnos c pa ent inclusion on clinical trials is not a
novel concept. The classic phase I dose escala on design
that a empts to establish a recommended phase II dose is
a histology-independent endeavor that only subsequently
selects for speciﬁc cancers in later-phase tes ng.3-5 The conceptual advance with tumor-agnos c drug development is
that trial designs have co-opted this strategy by speciﬁcally
enrolling molecularly enriched pa ents to establish eﬃcacy
data in phase I expansion cohorts and phase II studies.6,7 In
general, these studies fulﬁll the following features that are
typical of a “basket trial”: (1) cancers are enriched for one
or more molecular altera ons, (2) these altera ons have a
reasonable likelihood of predic ng response to a par cular
therapy based on preclinical func onal and/or computaonal modeling, and (3) these altera ons are found across
a variety of cancers.8,9
The ﬁrst genera on of basket trials was characterized by
the explora on of a validated biomarker in one histology
and the explora on of the predic ve nature of that biomarker

in other cancers. The VE-BASKET trial is an example of
such an approach, leveraging the known eﬃcacy of BRAFdirected therapy in BRAFV600E-mutant melanomas.10 In this
phase II, mul center, interna onal trial, 122 pa ents with
seven diﬀerent BRAFV600E-mutant nonmelanoma cancers,
including gastrointes nal, thoracic, head and neck, thyroid,
and hematologic malignancies, were treated with vemurafenib. Noteworthy ac vity was achieved in non–small cell
lung cancer and Erdheim–Chester disease (overall response
rates of 43% and 42% respec vely), resul ng in the U.S. Food
and Drug Administra on (FDA) gran ng breakthrough designa on for the la er. Moreover, substan al ac vity was noted
in pa ents with cancers such as pleomorphic xanthoastrocytoma; these pa ents would otherwise have had no access
to targeted therapy in a prospec ve, histology-speciﬁc trial.
Other basket trials have since been launched, such as a
phase II trial of trastuzumab emtansine for pa ents with
ERBB2-altered cancers. The reported ac vity of trastuzumab emtansine in ERBB2-mutant lung cancers has since resulted in the inclusion of this drug in the NCCN guidelines
for non–small cell lung cancer.11
Subsequent trial designs have grown in complexity.12 Select master protocols, o en large, mul center trials, are
composed of several basket cohorts as opposed to inves ga ng a single marker-drug pair.13 Examples of ongoing trials are the Na onal Cancer Ins tute MATCH trial, the ASCO
TAPUR trial, and the MyPathway trial.14-16 The three trials
are diﬀerent in terms of the goals, design, and funding.
The NCI sponsored NCI-MATCH trial consists of 25 separate
subprotocols, with plans to add more within the coming
months, and was designed to evaluate whether pa ents
whose tumors harbor speciﬁc gene muta ons will beneﬁt
from targeted therapies regardless of histology. The trial is
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designed to screen approximately 3,000 pa ents and enroll approximately 1,000 onto the protocol. As of July 2017,
5,963 tumor samples from pa ents from more than 1,000
clinical sites across the United States had been screened
using next-genera on sequencing at one of four central
gene-sequencing laboratories. The tumor samples included
a wide range of cancer types including, but not limited to,
colorectal, lung and prostate cancer, sarcomas, lymphomas,
and myeloma.14-17
Diﬀerent from the NCI-MATCH, which studies both inves ga onal and commercially available drugs, the ASCO TAPUR
trial is designed to collect informa on on the an -tumor
ac vity and toxicity of commercially available an -cancer
therapies. It has 16 discrete arms and 19 diﬀerent drugs
(both targeted therapy and immunotherapy). The ASCO TAPUR
protocol expects that rou ne clinical trial costs will be covered
by the pa ent’s insurance plan. In addi on, some pharmaceu cal companies also agree to provide marketed, targeted
drugs, and addi onal resources to support the trial. 18
Results from the ongoing My Pathway trial, a pharmaceucal company sponsored phase IIA trial enrolling pa ents
with advanced refractory solid tumors harboring molecular
altera ons in EGFR, ERBB2, BRAF, or the Hedgehog pathway,
have recently been published. Two hundred ﬁ y-one pa ents
with 35 dis nct tumor types were matched to one of six disnct matched therapy arms. The four FDA-approved targeted
therapies evaluated in MyPathway included trastuzumab
plus pertuzumab, vemurafenib, erlo nib, and vismodegib.
These aforemen oned targeted approaches produced meaningful responses in pa ents with various tumor types with
23% of pa ents from 14 histologic groups that had objec ve
responses.19 The 37 pa ents with colorectal cancer treated
with trastuzumab plus pertuzumab had an ORR of 38%
(95% CI, 23%–55%) and a median DOR of 11 months, which
compare favorably to regorafenib, panitumumab, and triﬂuridine and piracil, drugs which were recently approved
in refractory colorectal cancer. Although the MyPathway
study demonstrated meaningful responses in diﬀerent tumor types, it had several notable limita ons. Drug toxici es
were not were not reported in this study’s ﬁrst publica on,
and detailed genomic informa on was not available for all
pa ents who enrolled in the trial.

PRACTICAL APPLICATIONS
• In the ﬁeld of clinical research, the advent of tumoragnos c trials represents an important step toward
discovering biomarkers of response, establishing the
eﬀects of context, and elucida ng mechanisms of
treatment resistance across a variety of cancer types.
• A number of basket trials or master protocols are
currently ongoing, including the NCI MATCH and the
ASCO TAPUR trials, in addi on to trials sponsored
by industry.
• Tumor-agnos c drug development strategies have led
and are likely to con nue to lead to the integra on of
genomically informed therapies in the clinic.

In many prior clinical trials, context-speciﬁc responses to
therapy were observed, highligh ng that the ac vity of targeted therapy can be condi oned by the tumor site of origin.
Interes ngly, two drug development programs have shown
that the response to therapy can also largely be histology
independent. In a program spanning ﬁve diﬀerent clinical
trials,20-26 the immune checkpoint inhibitor was found to be
ac ve in microstatelite instability (MSI)-high and mismatchrepair deficient (dMMR) tumors across various histologies.27-29 These aforementioned trials enrolled a total of
149 pa ents with either MSI-high or dMMR solid malignancies from 15 diﬀerent tumor histologies ﬁnding an objec ve
response rate of 39.6% (48 par al responses and 11 complete
responses) leading to the ﬁrst FDA approval of a tumor agnos c treatment regimen based oﬀ a biomarker.30 Likewise,
the TRK inhibitor, larotrec nib, was evaluated in TRK fusion–
posi ve cancers in a program spanning three diﬀerent clinical trials including adult, adolescent, and pediatric pa ents
(NCT02122913,31 NCT02637687,32 and NCT0257643133).
An overall response rate of 78% (95% CI, 64%–89%) was
observed. This ac vity was tumor agnos c, age agnos c,
and molecularly agnos c (did not diﬀer by upstream fusion
partner).34,35 The FDA granted breakthrough designa on for
larotrec nib in TRK fusion–posi ve cancers in 2017.
The next genera on of these trials will must build on the
successes of these programs and evolve to address unmet
needs.35,36 As the mul center SHIVA trial illustrated, both
drug and target must undergo careful ve ng prior to ini a ng a complex trial.37 The SHIVA trial was a large histologically
agnos c trial which screened 716 tumors and iden ﬁed
293 pa ents with targetable gene c aberra ons involving
hormone receptors or the PI3K/AKT/mTOR or RAF/MEK
pathways. A total of 195 pa ents were randomly assigned
to treatment (99 to molecularly targeted therapy and 96
onto physician choice therapy). The study was designed
with a primary endpoint of progression-free survival (PFS)
comparing those on matched targeted therapy and those on
physician choice systemic treatment. The study ul mately
concluded that there was no beneﬁt in PFS between the
experimental group (2.3 months) versus the control arm
(2.0 months; HR 0.88, 95% CI, 0.65–1.19, p = .41) ﬁnding no
beneﬁt to the use of molecularly targeted agents outside of
the approved indica on. The SHIVA trial has been subject to
cri que since publica on. The trial was lacking in a strong
biologic ra onale suppor ng that the genomic biomarker/
hormone receptors selected were true ac onable drivers
that were well matched to poten al targeted therapy eﬃcacy. Another noteworthy concern comes from the fact that
some of targeted approaches used on protocol were nonselec ve inhibitors and, as such, call into ques on the precision of the approach.8 It also exempliﬁed the importance of
u lizing rigorously ve ed, and scien ﬁcally sound, companion diagnos c tests, to annotate truly ac onable ﬁndings.38
The SHIVA study results and design serves as a valuable educa onal experience for future tumor agnos c trial designs.
Study designs must be ﬂexible and allow a response to
data that emerge a er trial ini a on and, by adop ng a
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“pla orm trial” strategy, allow marker-drug pairs to exit
and be replaced poten ally with new drugs or combinaon therapies.39 For example, the VE-BASKET trial was
amended to administer the combina on of cetuximab
and vemurafenib in BRAFV600E-mutant colorectal cancers
a er low single-agent vemurafenib ac vity was observed
in these tumors.40 Finally, trials must be willing to adopt a
permissive enrollment strategy that allows the careful clinical creden aling of the vast array of genomic altera ons
iden ﬁed by comprehensive sequencing, many of which
cannot be explored in vitro/in vivo or computa onally in a
reasonable meframe.

As we con nue to make strides in redeﬁning oncologic
diagnoses by incorpora ng genome-driven informa on, the
importance of new trial designs will con nue to grow. Tumoragnos c drug development programs have taught us that
openness to novel strategies may increase our ability to ﬁnd
subpopula ons of pa ents who are likely to beneﬁt from a
given therapeu c approach.
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OVERVIEW
There has been a rapid up ck in the pace of oncology precision medicine advancements over the past several decades as
a result of increasingly sophis cated technology and the ability to study more pa ents through innova ve trial designs. As
more precision oncology approaches are developed, the need for precision medicine trials is increasing in the community
se ng, where most pa ents with cancer are treated. However, community-based prac ces, as well as some academic
centers, may face unique barriers to implemen ng precision medicine programs and trials within their communi es. Such
challenges include understanding the ssue needs of molecular tests (e.g., tumor, blood), iden fying which molecular tests
are best used and when ssue should be tested, interpre ng the test results and determining ac onability, understanding
the role of gene c counseling and/or follow-up tes ng, determining clinical trial eligibility, and assessing pa ent a tudes
and ﬁnancial concerns. The purpose of this ar cle is to provide guidance to community-based oncology prac ces currently
conduc ng clinical trials who want to expand their research program to include precision medicine trials. Here, we describe
the core components of precision medicine programs and oﬀer best prac ces for successful implementa on of precision
medicine trials in community-based prac ces.

P

recision medicine has been discussed for decades, especially in the ﬁeld of oncology. Precision medicine is an
approach to disease preven on and treatment that accounts
for variability in the genes, environment, and lifestyle of
each person.1 Precision medicine approaches to iden fying
variability in genetics include the use of multiple testing
techniques, including immunohistochemistry, ﬂuorescence
in situ hybridiza on, chromogenic in situ hybridiza on, ﬂow
cytometry, and next-generation sequencing. These techniques are used either in combination or individually to
iden fy molecular abnormali es in a pa ent's DNA with the
hopes of iden fying therapeu c targets.
Historically, pa ents with cancer have been treated with
cytotoxic chemotherapy, which has cured some cancers
(e.g., tes cular cancer) but also created debates on the
overall beneﬁt versus risk. Studies would test single agents,
doublets, triplets, and even quadruplets with increasing
toxicity and limita ons in eﬃcacy. Categorizing pa ents
consisted of organ site of origin and histologic classiﬁca on.
With the increasing development of molecularly targeted
therapies, technological advances in genomic tes ng, and
reﬁned techniques for obtaining specimens amenable to
genomic tes ng, precision medicine has become a reality in

clinical prac ce. Molecular assessments now drive therapeu c determina ons, which has subsequently decreased
the use of chemotherapy and blurred the lines of phenotypic
classiﬁca on (histopathology) with genotypic characterizaon (gene c tes ng). For instance, in pa ents with metasta c, non–small cell lung cancer, approximately 50% of
pa ents' tumors harbor a molecular abnormality (e.g., EGFR,
ALK, ROS1, BRAF, PD-L1) that could be treated with a targeted
therapy. For some cancers, it is now expected that the clinical
prac ce of oncology must integrate precision medicine.
Alongside these technology advances, a plethora of trials
have been ini ated to elucidate molecular pathways that
may be involved with cancer development and progression.
Examples of precision medicine trials include the BATTLE,2
the Na onal Cancer Ins tute (NCI) MATCH and M-PACT,3 the
ASCO TAPUR4 trials, and several other studies.5 Precision
medicine trials invoke new and diﬀerent challenges in their
design and execu on, thus requiring new strategies for successful implementa on in both the academic and community-based se ngs.
To have successful precision medicine trials in the community se ng, prac ces ﬁrst must be commi ed to developing
a mul disciplinary precision medicine program. This ar cle
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will focus on enhancing exis ng research programs in community-based prac ces to incorporate precision medicine
programs and trials. We identify current obstacles to the
implementa on of programs and trials in community-based
oncology prac ces and suggest best prac ces for overcoming these barriers.

BARRIERS TO IMPLEMENTING PRECISION
MEDICINE CLINICAL TRIALS
Barriers to conduc ng oncology precision medicine clinical
trials in the community include the following: molecular testing selec on, ming of tes ng, ssue collec on, interpreta on
of results (actionability), genetic counseling and patient
attitudes, clinical trial eligibility, and ﬁnancial concerns.

Molecular Test Selec on
Mul ple op ons for molecular tes ng exist and selec ng
the appropriate test to use in nonresearch se ngs is a
challenge. It may be diﬃcult for smaller, community-based
prac ces to determine which test is best or to assess test
valida on. Molecular panel tes ng in the research se ng
may be embedded in the study design as an included research cost (e.g., Strata Oncology or the original version of
NCI MATCH) or may be ordered before pa ents are enrolled
into a “pragma c/real-world” clinical trial. When ordered in
this se ng, the cost of molecular tes ng falls on the pa ent
or insurer, and study enrollment depends on the molecular inclusion criteria (e.g., ASCO TAPUR and the new version
of NCI MATCH). Other research studies may validate the
tes ng centrally (e.g., Novar s Signature with Founda on
Medicine).
Research testing with central confirmation may crossvalidate tes ng methodologies. In general, there has been

PRACTICAL APPLICATIONS
• Knowledge regarding precision medicine con nues
to expand. The need for community-based precision
medicine programs and trials is increasing, because
the majority of pa ents with cancer are treated at
community-based prac ces.
• Community-based prac ces may face challenges in
developing and implemen ng precision medicine
programs in the following domains: molecular
test selec on, ming of tes ng, ssue collec on,
interpreta on of genomic results (ac onability), gene c
counseling and pa ent a tudes, clinical trial eligibility,
and ﬁnancial concerns.
• A ributes of successful precision medicine programs
include mul disciplinary ins tu onal commitment to
the precision medicine program and trials, inclusion
of a molecular tumor board composed of qualiﬁed,
mul disciplinary personnel, and technologies to
manage, translate, and securely store vast genomic data.
• Precision medicine trials are essen al to delivering highquality oncology precision medicine.
• Precision medicine programs and trials in communitybased prac cesare feasible.

limited tes ng of molecular panel pla orms.6-8 Recently,
Kim et al9 found that in 6,897 proﬁciency tes ng responses,
both laboratory-developed tests and U.S. Food and Drug
Administra on–approved companion diagnos cs exceeded
97% accuracy combined across all comparable molecular
oncology proﬁciency tes ng samples. However, there may
be greater discordance with liquid biopsy tes ng.10 Clinical
trials that directly assess solid versus liquid biopsies and
u lity for treatment decision-making and monitoring are
needed.

Timing of Molecular Tes ng
For nonresearch molecular panel tes ng or real-world testing, many pa ents have historically had to wait 14 days a er
the biopsy according to the “14-day rule” (i.e., the laboratory
date of service for clinical laboratory and pathology specimens, as outlined in the Code of Federal Regula ons11).
This federal regula on does not require physicians to wait
14 days to send out a specimen for molecular panel tes ng,
but if the test was ordered within the 14 days, the molecular panel tes ng company could not directly bill Medicare
and had to bill the loca on where the biopsy procedure
occurred (e.g., clinic, hospital). The hospital or clinic could
then bill Medicare to obtain reimbursement. This complicated payment process resulted in unnecessary delays in
care or avoidance of test ordering. Concern regarding this
an quated rule prompted the Centers for Medicare & Medicaid Services to review the policy and ul mately change
it.12,13 As of January 2018, the 14-day rule no longer applies
to DNA-only tests (e.g., Founda on Medicine), but it s ll
holds true for tests that include immunohistochemistry assessment (e.g., Caris Life Sciences). The 14-day rule also s ll
applies to pa ents who are hospitalized during the me of
the sample acquisi on (although this policy may be changing). Updated guidelines on molecular tes ng for pa ents
with lung cancer specify a 10-day window from sample receipt to test result as an acceptable turnaround me for
molecular tes ng for targeted tyrosine kinase inhibitors14;
however, considering the me it takes to schedule and obtain ssue, the me to obtaining molecular test results can
o en be much longer.

Tissue Collec on
The quan ty and quality of tumor specimens are not always
op mal. The quan ty of ssue recommended for molecular
tes ng ranges by test methods. For example, next-genera on
sequencing of DNA requires a formalin-fixed paraffinembedded block (5 × 5 mm) or 10 to 15 unstained slides
with a minimum of 20% malignant origin or four to six cores
from a needle biopsy (using an 18-gauge needle).15-17 Addional tumor ssue is recommended for RNA next-genera on
sequencing or other tests (e.g., immunohistochemistry, chromogenic in situ hybridiza on). For some tests (e.g., MI Proﬁle; Caris Life Sciences, Phoenix, AZ), 40 or more slides may
be requested.15 A formalin-ﬁxed paraﬃn-embedded block
is preferred for most tests. This amount is not always possible to obtain because of the size or posi on of the tumor.
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In addi on to the quan ty of tumor needed, quality also
ma ers. In samples obtained from bone, common decalciﬁca on procedures may seriously aﬀect DNA/RNA-based
tes ng, whereas ethylenediaminetetraace c acid–based decalciﬁca on may be preferred for nucleic acid extrac on.18,19
In addi on, processing of ssue specimens may be subop mal. For example, for patients undergoing a colonoscopy,
the specimen could not be used for Founda on Medicine
tes ng if the biopsied ssue were processed with zinc formalin. Information from Caris Life Sciences suggests that
this results from divalent ca ons inhibi ng the polymerase
chain reactions necessary for molecular diagnos cs.20
Tumor ssue for molecular tes ng remains the gold standard for obtaining genomic informa on; however, obtaining
new tumor ssue is not always feasible. Use of archived ssue may be possible in cases in which obtaining new tumor
ssue is not feasible, but providers must consider that the
archived ssue may be from years prior and/or obtained
prior to the pa ent receiving mul ple lines of therapy. Specimen age and ﬁxa on methods are important and can impede tes ng. As a general sugges on, specimens older than
10 years may suﬀer from degrada on. Liquid biopsy tes ng
for ctDNA or cell-free DNA has great poten al for use when
tumor ssue is not available but currently lacks valida on in
broader se ngs.

Interpreta on of Ac onability
A molecular altera on that is “ac onable” is o en deﬁned
diﬀerently in the clinical se ng as opposed to the research
se ng. Various evidence scoring categories have been proposed, including those from Beltran et al21 (categories 1–3,
in which category 1 is abnormality with a targeted therapy
available) and the 2017 Joint Consensus Recommenda on
of the Association for Molecular Pathology, ASCO, and
College of American Pathologists22 (levels A–D, in which
A indicates the biomarker can predict response/resistance
or is included in professional guidelines as therapeu c, diagnos c, or prognos c for speciﬁc tumor types). Beltran et al21
noted 16 soma c altera ons per pa ent in whole-exome
sequencing. In their analysis, more than 90% of pa ents
had clinically or biologically per nent results with recommenda ons from an MTB, but only 5% of pa ents received
precision medicine–guided treatment.
In the context of a clinical trial, targetable molecular altera ons are generally well deﬁned. One such example is
NCI MATCH arms A (EGFR muta on; drug: afa nib), C1 (MET
ampliﬁca on; drug: crizo nib), and C2 (MET exon 14 splicing altera on; drug: crizo nib).23 If a pa ent is enrolled in a
research study, then the molecular tes ng is reviewed per
the study parameters. In both the NCI MATCH and ASCO
TAPUR trials, higher rates of pa ent matching to targeted
therapies have been reported (18% and 66%, respec vely)24,25
compared with the study by Beltran et al that reported a lower
rate of pa ents matched to precision medicine treatments.21
If molecular tes ng is done prior to treatment selecon or clinical trial evalua on, then MTBs, computer ﬂags
for poten al trials, and clinical decision support tools are
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emerging mechanisms to help facilitate accrual.26 At Levine
Cancer Ins tute, a variety of tools are used to facilitate acon on targetable altera ons. In addi on to a consulta ve
MTB, Levine Cancer Ins tute has developed the LCI Integrated Knowledge database, which provides an automated
synopsis of molecular alterations and potential clinical
trial matches for each pa ent with genomic test results. In
addi on, providers are no ﬁed by email that a report has
been returned and the email provides links that allow the
provider can view the report and schedule a consulta ve
MTB review. Providers can use the study summary pages
embedded in the EAPathways electronic accessible clinical
pathways tool to gain quick knowledge about the study raonale, objec ves, and eligibility criteria.27 EAPathways also
visually displays whether the trial is open to accrual using
a colored icon. A green clinical trial icon indicates that the
trial is open to accrual. Providers can click on the clinical
trial icon to send an email no ﬁca on about poten al trial
pa ents to the study coordinator. This streamlined process
has allowed the ins tute to greatly increase clinical trial enrollment in precision medicine trials.

Clinical Trial Eligibility
Inves gators ini a ng precision medicine trials should carefully
consider molecular tes ng needs when designing studies.28-30
For many trials, tumor ssue for molecular tes ng is required.
This requirement can limit enrollment in trials, especially in
community-based se ngs where pa ents may not wish to
travel to another facility for a biopsy or in certain tumor types
where obtaining quality ssue is a challenge. Precision medicine trial inves gators should consider relaxing ssue requirements by making fresh tumor biopsies op onal or requiring
only archival ssue when feasible and when the study design
permits. Precision medicine trial inves gators may also consider including liquid biopsies in addi on to a tumor biopsy or
when tumor ssue is not available. These approaches would
increase pa ent eligibility for precision medicine trials, a
strategic goal of ASCO, and help grow these programs, thus increasing pa ent access to precision medicine trials.

Gene c Counseling and Pa ent A tudes
Molecular panel tes ng can generate soma c muta on informa on that is poten ally targetable, as well as germline
informa on that can have implica ons for both the pa ent
and his or her rela ves. BRCA1/2 altera ons are examples
of both. Working with gene c counseling services (e.g., as
a local site service, via telemedicine, or as part of a clinical
trial support network) is becoming increasingly important.
Tumor variants of unknown importance versus germline
classiﬁca on may be imputed by allele frequency (queryable from some companies) or via comparison tes ng
of normal, noncancer material from the pa ent. As some
diseases are found to be increasingly associated with germline altera ons (e.g., prostate and breast cancers) and new
associa ons are elucidated, combining tes ng with gene c
counseling is a cri cal element of PM treatment. An ancillary
study to NCI MATCH called COMET (Communica on and
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Educa on in Tumor Proﬁling) is examining the eﬀects of providing gene c tes ng educa on to pa ents with cancer and
assessing how this aﬀects their knowledge and stress levels.31

Financial Concerns
Pa ent ﬁnancial constraints also present challenges to the
community-based precision medicine program. Some pracces may conduct precision medicine under the auspices of
umbrella research protocols. These protocols allow for data
sharing in return for reduced tes ng costs, but they o en
require partnerships with the genomic tes ng company that
smaller, community-based prac ces may not have. Large
panel genomic tes ng may come with high out-of-pocket
costs for pa ents, although prices are decreasing. Recent
na onal Medicare coverage announcements and the U.S. Food
and Drug Administra on’s approval of the Founda onOne
F1CDx next-genera on sequencing–based in vitro diagnosc test (Founda on Medicine, Cambridge, MA) allow this
test to be administered to Medicare beneficiaries with
recurrent, metasta c, or advanced stage IV non–small cell
lung cancer, melanoma, breast cancer, colorectal cancer, or
ovarian cancer.32 Addi onally, pa ent assistance programs
are available to support the use of these tests; however,
even with these programs, the cost of large panel molecular
tests may place them out of reach for some pa ents.
Prac ces also have ﬁnancial concerns. Crea ng a business
plan, selling the plan to other prac ce partners, and se ng
up the networks and infrastructure to support precision
medicine therapy and trials is challenging. Precision medicine programs involve signiﬁcant me and resources for successful implementa on. It is important to have buy-in from
prac ce partners and create value for pa ents; otherwise
providers and pa ents will not be engaged.
There are conﬂic ng opinions with regard to the value of
precision medicine,33,34 and prac ces should consider not
just the monetary cost involved with developing these programs and conduc ng trials. There are also indirect beneﬁts, such as the ability to deliver cutting edge therapies
and higher quality care to pa ents.

STRATEGIES FOR IMPLEMENTING
SUCCESSFUL PRECISION MEDICINE
PROGRAMS AND CLINICAL TRIALS
Implemen ng successful precision medicine trials is dependent on a successful precision medicine program. These programs require a mul disciplinary commitment to assembling
a unique founda on for conduc ng and evalua ng genomic
tes ng (Fig. 1). As precision medicine programs require direcon and resources from many stakeholders, it is impera ve
that all par es are commi ed to the program's success.
A fundamental element of a successful program is the
collabora ve rela onship between the clinical and research
departments in the organiza on. Given the mul faceted, complex, and quickly changing landscape in precision medicine,
it is impera ve to establish early and frequent communica on
amongst all stakeholders, but especially between the program leadership team, director, and clinical trial leadership.

Without the dedica on of shared resources, the program is
likely to remain in a silo with implementa on of precision medicine trials, the driver of precision medicine, at a disadvantage.
In addi on to the collabora ve rela onships between the
clinical and research teams, successful precision medicine
programs are composed of dedicated personnel, access to
facili es and providers prac cing across mul ple disciplines,
advanced technology tools, and partnerships between
the clinical operations team, research team, and genomic
profiling companies. Community-based prac ces may ﬁnd it
more challenging to create a precision medicine program compared with tradi onal academic ins tu ons with extensive
resources, but with proper planning and collabora ve work it
is feasible. Most pa ents with cancer (85%) are treated in the
community se ng, providing ample opportunity to impact
precision medicine trial accrual through successful opera onaliza on of a community-based precision medicine program.35
Strategies u lized by ins tu ons with successful precision
medicine programs and trials are described in this sec on
and can be applied at community-based prac ces.32,36

Personnel
Iden fying the stakeholders and personnel is a key strategy
for implemen ng a successful precision medicine program.
Some prac ces may ﬁnd it useful to ini ate the program
under the auspices of an umbrella research protocol, which
provides for feasibility tes ng of opera onal workﬂows, collec on of data for early internal analysis regarding u lity,
and development of a precision medicine trial por olio. When
this is the approach, coordina on of protocol development
and implementation, tissue acquisition, sample shipping,
molecular tes ng result return, and review of molecular testing results in a molecular tumor board is cri cal to mely
pa ent care and enrollment in precision medicine trials. As
such, managing the complexi es of a precision medicine program is best served by a mul disciplinary team that includes
dedicated leadership.
Leadership team. A precision medicine program leadership
team should be iden ﬁed to deﬁne the overall direc on
for the program based on current state-of-the-science and
treatment developments. The leadership team should consist of physicians experienced in conduc ng precision medicine trials and other experts, such as molecular biologists,
computa onal biologists, and gene cists. Lead physicians
advocate for precision medicine clinical trial op ons with
collabora ve partners, ul mately enhancing the adop on
of tes ng and targeted treatment within the program. Internally, the lead physicians are posi oned to support the
request for addi onal resources and foster the engagement
from that clinical administra on that is needed for long-term
integra on of precision medicine trials into clinical care in
the community se ng. It is the role of the leadership team
to recruit and engage all the relevant prac ce stakeholders.
Physicians and other experts on the precision medicine program leadership team should provide con nual educa on
and support, to providers prac cing precision medicine and
other program members, because the ﬁeld changes rapidly.
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Director. To augment the leadership of the team, prac ces
may consider hiring a director to guide day-to-day ac vi es
early in the development of the precision medicine program. A director with clinical, research, and business experience expedites processes, ensures that the program’s depth
and breadth is maximized, and engages with vendors. The
director interacts with clinical research coordinators, clinic
nurses, preauthoriza on specialists, schedulers, billing specialists, biospecimen repository technicians, and pathologists, along with vendors, and can bridge the research and
clinical con nuum required to successfully conduct a precision medicine trial. Rou ne mee ngs with key stakeholders,
led by the director and documented, are key in the mely
identification and mitigation of issues, provide reference
material for troubleshoo ng as precision medicine trials are
adopted on a wider scale, and support oncologists’ decisions
for oﬀ-label drug use.
Biospecimen repository and pathology team. If resources
for establishing a biospecimen repository and hiring associated staﬀ are available, this should be pursued, as having a
dedicated biospecimen repository and team is an eﬃcient
approach to coordina ng specimen retrieval, processing, and
shipping, greatly reduces the workload of the study coordinators, and standardizes process across mul ple prac ces.

The biospecimen repository team can serve as an addi onal
resource for trea ng physicians and inves gators on many
issues such as educa on, test ordering, and billing and reimbursement. Pathologists are an integral part of the precision
medicine program, providing genomic tes ng outside of
commercial vendors. Pathology assistants trained in specimen prepara on are also encouraged.

Molecular Tumor Boards
Molecular tes ng reports are unique to the vendor and can be
ambiguous for ﬁrst- me users or providers with limited experience. Much like the mul disciplinary approach to obtaining
the ssue, the results are best analyzed in a mul disciplinary
se ng. If resources are available at community-based pracces, establishment of a local MTB allows precision medicine
program personnel from various areas, along with providers
who may be u lizing precision medicine approaches in the
clinic, to come together. If establishing a local MTB is not feasible, community-based prac ces can par cipate in virtual MTBs
such as those oﬀered as part of research studies (e.g., ASCO
TAPUR). If local or study-speciﬁc MTBs are not available, websites like Healio’s Learn Genomics37 or the ASCO University
Molecular Tumor Board38 can provide sta c MTB cases for
providers to review. MTB cases currently residing on the Learn

FIGURE 1. A ributes of a Successful Precision Medicine Program
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Genomics37 website include cases focused on gastric and lung
adenocarcinoma. In addi on to real-life precision medicine
examples, the Learn Genomics website also serves as a
genomics educa onal resource for providers and pa ents.
A local MTB is most successful when it is composed of
personnel described previously and other physicians represen ng medical oncology, radia on oncology, radiology,
and pathology, gene c counselors, clinical research coordinators, and nurse navigators. The MTB provides support for
developing and ini a ng a mely treatment plan for precision medicine trials and oﬀering precision medicine op ons
to pa ents not seeking clinical trials. When reviewing MTB
cases, compliance with Healthcare Insurance Portability and
Accountability Act (HIPAA) requirements should be ensured.
Weekly MTB mee ngs may be suﬃcient for a small precision medicine program, with the op on of moving to twice
a week as volume increases. The frequency of the MTB, if
used prospec vely, must be assessed periodically to ensure
that results and discussion of the case are not being delayed
unnecessarily, which creates a setback in delivering mely
pa ent care. The frequency of MTB mee ngs should depend
on the number of cases to review. In our experience, one hour
typically consists of up to three detailed, physician-led pa ent
cases and 15 brief, director-led overviews. The precision medicine director must commit considerable time and effort
up front to review the results of genomic tes ng panels, prior
treatment history, and poten al matched clinical trials. MTBs
also serve as a venue for educa ng providers about mechanisms for obtaining molecular tes ng (e.g., research op ons
or low-cost programs), which can help reduce dispari es in
access to tes ng.

Biospecimen Acquisi on and Genomic Results
Workﬂows
Processes regarding biospecimen acquisi on and repor ng
of genomic results are important to successful programs.
Precision medicine trials require molecular tes ng of tumor
and other specimens (e.g., blood) to iden fy genomic altera ons of interest for study eligibility, making access to quality specimens paramount. The requirement for a new biopsy
to obtain ssue is o en dependent on the study design.
Alterna vely, archival ssue may be acceptable for molecular
tes ng in other studies. When exis ng ssue may be used,
the study team should verify the type and quan ty of ssue
needed per protocol and communicate with the pathology
department to ensure that adequate ssue exists and can
be released per institutional guidelines. In any case (new
biopsy or archival specimen), the study team must develop
a process to no fy the pathology department of the tes ng
request, facilitate the shipment of ssue to the tes ng vendor, and receive results for physician review.
Prac ces may wish to consider having the interven onal
radiology team perform a preliminary review of the lesions
prior to scheduling the biopsy in order to allow them to triage which cases may be appropriate for a new biopsy. For
cases that are not suitable, archived ssue or a liquid biopsy
may be feasible. For cases that require a new biopsy for study

or standard-of-care treatment purposes, the workflows
developed by the precision medicine director and study team
contribute to the successful acquisi on of ssue. Access to
the interven onal or opera ve suite and associated provider, either by the study coordinator or biospecimen repository team, further drives the feasibility of obtaining enough
high-quality tissue in an acceptable timeframe. Ensuring
that the study team has the appropriate contacts in the
scheduling, billing, and preauthoriza on oﬃce drama cally
reduces the me from biopsy order to comple on. Educating the ancillary teams and collabora ng on crea ng workﬂows should be a primary task of the precision medicine
director and study team at the outset of the project.

Technology
Data collec on and informa cs. Precision medicine trials,
much like other clinical trials, are data driven. However, the
amount of data and the coordina on of review and storage
of data are much more complex, in part because of the volume generated with molecular tes ng. Prac ces embarking
on the inclusion of precision medicine trials in the community
se ng should evaluate current and future data-handling procedures, especially in terms of storing results in the electronic
medical record. Because of the complexity of molecular data,
bioinforma cians are an important component to precision
medicine trials.
To reduce data entry error and the amount of me and
eﬀort that study coordinators need for data abstrac on,
community-based prac ces that wish to develop precision
medicine programs and conduct trials may consider inves ng resources in the development of automated data
transfer processes for molecular data. If automated molecular data transfer solu ons are not possible, then manual
abstrac on can be used. However, because of the detailed
nature of this type of data abstrac on, an outlined, mul ple-check quality assurance approach is suggested.
The precision medicine clinical trial menu may include
inves gator-ini ated trials, which present unique opera onal
considera ons. A key issue for inves gator-ini ated precision
medicine trials, beyond data handling of molecular tes ng results, is the collec on, maintenance, and storage of clinical and
outcomes data. As the program expands, interest surrounding
the muta ons iden ﬁed across the pa ent popula on will
likely arise (from both the research and the clinical arms of the
organiza on), especially when new muta ons are iden ﬁed
that become targetable. Collec ng data in an electronic data
capture tool with discrete ﬁelds allows for future data queries
of molecular results and allows for data quality checks.
A mul stakeholder report recently published by Conley
et al39 outlines core clinical data elements that inves gators conduc ng precision medicine studies should consider.
Table 1 describes both the core clinical data elements described by Conley et al as well as addi onal data elements
inves gators may wish to include. For example, some investigators may wish to include data on adverse events or
pa ent-reported outcomes data to elucidate the rela onships between targeted therapies and these events.
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TABLE 1. Data Elements to Consider for Inclusion in Precision Medicine Trials
Domain

Data Element

Demographics

Sex*
Ethnicity*
Race*
Date of birth*

Medical history

Prior malignancies*
Date of diagnosis of prior malignancies*

Treatment history (if not ﬁrst)

Treatments administered
Start and stop dates of treatments administered

Physical examina on at diagnosis

Height and weight*
Performance status*
Date of physical examina on

First diagnosis of interest

Basis of diagnosis*
Cancer site and histology*
Stage and grade*
Date of diagnosis*
Site and type of ssue sampling*
Prognos c biomarkers*

Molecular diagnos cs

Tumor vs. blood biopsy
Specimen collected (if tumor)
Test method
Date of specimen collected
Date of test result
Genomic altera on(s), including variants of unknown importance
MAF or ampliﬁca on present

MTB assessment

Date case is reviewed by MTB
MTB determina on of “ac onable altera ons”
MTB recommended therapy
MTB recommenda on for follow-up gene c counseling

Treatment episode

Therapeu c agent and/or modality*
Intent of treatment*
Treatment start and stop dates
Reason for treatment discon nua on*

Outcomes

Disease response*
Method of response evalua on*
Sites of progression/recurrence*
Date of response evalua on

Adverse events

CTCAE event
Event grade
Date of CTCAE event
Outcome and treatment in response to CTCAE event

Pa ent-reported outcomes

PRO-CTCAE event
PRO-CTCAE frequency, severity, interference
Date of PRO-CTCAE event
Con nued
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TABLE 1. Data Elements to Consider for Inclusion in Precision Medicine Trials (Cont'd)
Domain

Data Element

Concomitant medica ons

Medica on name
Dates of administra on

Survival status

Vital status*
Date of death*
Cause of death*

*Denotes a core data element iden ﬁed by Conley et al.39
Abbrevia ons: MAF, minor allele frequency; MTB, molecular tumor board; CTCAE, Common Terminology Criteria for Adverse Events; PRO-CTCAE, Pa ent-Reported Outcomes version of the Common Terminology Criteria for Adverse Events.

Virtual molecular tumor boards. Although housing large
data sets may be a challenge, perhaps the most important
hurdle in opera onalizing precision medicine trials is the
appropriate review of molecular tes ng results. In some
community prac ces, the providers and staﬀ included on
the MTB are located in separate facili es. For those precision medicine providers, a virtual MTB should be used to
foster collabora ve, real- me dialogue between providers
in diﬀerent geographic loca ons. Ideally, a videoconference
with presenta on capabili es can be used at each par cipa ng prac ce. Projec ng molecular tes ng reports, as well
as reviewing radiologic and/or pathologic images, aides in
facilita ng the discussion. An interac ve MTB also provides
a portal for con nued educa on of providers as tes ng
capabili es change and informa on regarding novel pathways
or treatments becomes available. Furthermore, discussions
around general opera ons and challenges of the precision
medicine program, as well as needs for successful precision

medicine trial enrollment and/or por olio expansion, are
best suited for the MTB in which key stakeholders are all
present at the same me.

CONCLUSION
Establishing a high-quality precision medicine program
that includes precision medicine clinical trials at community-based prac ces that are already conduc ng clinical
research is feasible with planning and resources. Prac ces
may consider introducing a precision medicine program and
corresponding clinical trial menu that is narrow in scope
and then expand the program. As large gene c panel testing increases and the need for counseling moves from highly resourced large academic centers to community-based
prac ces, where 85% of pa ents with cancer are treated,
we must con nually assess how precision medicine is implemented, both in clinical trials and oﬀ study, and share best
prac ces.
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COMBINATION IMMUNOTHERAPY DEVELOPMENT IN MELANOMA

Combina on Immunotherapy Development in Melanoma
Alexander M. M. Eggermont, MD, PhD, Marka Cri enden, MD, PhD, and Jennifer Wargo, MD, PhD
OVERVIEW
Melanoma has been the most important cancer to drive immunotherapy development of solid tumors. Since 2010, immunotherapy has been revolu onized by the concept of breaking tolerance. It represents a major paradigm shi and marks
the beginning of a new era. The impact of the ﬁrst immune checkpoint inhibitors, an –CTLA-4 and an –PD-1/an –PD-L1,
is unprecedented. In 7 years, it transformed advanced-stage melanoma into a curable disease in over 50% of pa ents. Another
major step has been the development of the combina on of BRAF inhibitors plus MEK inhibitors in the treatment of
BRAF-mutant melanomas. For the treatment of advanced disease, approvals were obtained for the immune checkpoint
inhibitors ipilimumab (2011), nivolumab (2014), pembrolizumab (2014), the combina on ipilimumab plus nivolumab (2015),
and the oncolytic virus vaccine laherparepvec (2015). The combination dabrafenib plus trametinib for BRAF-mutant
melanoma was approved in 2014, with similar success for other BRAF plus MEK inhibitor combina ons. Because of its
unique therapeu c index (high eﬃcacy and low toxicity) an –PD-1 agents (nivolumab and pembrolizumab) have now
been placed at the center of prac cally all combina on therapy development strategies in melanoma. An –PD-1 agents
are the central molecule for combina ons with a great variety of other immunotherapeu cs such as immune checkpoint
inhibitors, agonists, IDO inhibitors, macrophage polarizing agents, monoclonal an bodies, vaccines, targeted agents, chemotherapeu cs, radia on therapy, and even microbiome modulators.

IMMUNE CHECKPOINT INHIBITORS
An –CTLA-4
Monoclonal an body blocking of CTLA-4 leads to breaking
immune tolerance and can induce tumor regression. The
an –CTLA-4 an body ipilimumab (3 mg/kg) was approved
in 2011 for advanced-stage melanoma based on randomized controlled trial (RCT) results showing that ipilimumab
alone or combined with pep de vaccina on increased survival by 33% compared with vaccina on alone.1 Ipilimumab
at 10 mg/kg combined with dacarbazine did not further
increase the long-term overall survival (OS) of 20% compared
with ipilimumab alone2-4 or with tremelimumab alone.5
The eﬃcacy in pa ents with brain metastases was reported as well.6 Since responses can occur a er ini al tumor
progression or appearance of new lesions, immune-related
response criteria were developed.7,8 In 2016, RCT results
demonstrated that the 10 mg/kg dose increased OS compared with the 3 mg/kg dose (31% vs. 23% at 3 years), at the
cost of twice the grade 3 to 4 toxicity rate (34% vs. 19%) and
drug-related death rate (1.2% vs. 0.6%).9 The immune-related
adverse event (AE) proﬁle of ipilimumab at 3 mg/kg is already
complex with coli s, hepa s, hypophysi s, and rare cases of
myocardi s and neuri s syndromes, indica ng that combina ons with ipilimumab at 3 mg are not simple to develop.
No robust baseline predictive biomarkers have been

established for clinical decision-making, although the combina on of high levels of lactate dehydrogenase, C-reac ve
protein, myeloid-derived suppressor cells, and regulatory
T cells, and low counts of lymphocyte and eosinophile are
indicators of poor outcome.10

Combina on Therapies With Ipilimumab
Various combina ons of ipilimumab with other immunemodula ng, an angiogenic, chemotherapeu c, or targeted
agents have been investigated or are under evaluation,
but nivolumab and pembrolizumab have taken center
stage in development of combination therapies. Guiding
principles for combination treatment designs could be to
use drugs or radiotherapy that lead to immunogenic cell
death.11,12

Chemotherapy
Dacarbazine. An RCT comparing dacarbazine compared
with dacarbazine plus ipilimumab at 10 mg/kg in ﬁrst-line
advanced-stage melanoma showed a survival beneﬁt for
the combina on.2 Long-term survival in the combina on
arm was 20%, indica ng that the combina on is not be er
than ipilimumab alone.3,4
Fotemus ne. In a phase II trial, 86 pa ents with advancedstage melanoma, of whom 20 had asymptomatic brain
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metastases, received ipilimumab induc on treatment at
10 mg/kg and 100 mg/m2 fotemus ne weekly for 3 weeks
and then maintenance treatment every 3 weeks.13,14 Forty
pa ents (46.5%) achieved disease control, as did 10 pa ents
with brain metastases (50%), with grade 3 or higher AEs
in 55%.
Carbopla n/taxol. Thirty pa ents with advanced-stage
melanoma received ipilimumab and carbopla n/taxol. Best
overall response and disease control rates were 27% and
57%, with 13% grade or higher 3 AEs. Median OS was 16.2
months.15

melanoma, compared ipilimumab plus granulocyte-macrophage
colony-stimulating factor (GM-CSF; sargramostim) with ipilimumab alone.20 Pa ents received ipilimumab at 10 mg/kg,
on day 1 plus sargramos m, 250 μg, on days 1 to 14 of a
21-day cycle or ipilimumab alone. Ipilimumab treatment included induc on for four cycles followed by maintenance
every fourth cycle. At a median follow-up of 13.3 months,
OS was superior for combina on treatment (17.5 months
versus 12.7 months) and the 1-year survival rates were
68.9% versus 52.9%, without diﬀerences in progression-free
survival (3.1 months for both arms).

An angiogenic Agents

Vaccines

Bevacizumab. In a phase II study, 46 pa ents with metasta c
melanoma were treated in four dosing cohorts of ipilimumab (3 or 10 mg/kg) with four doses at 3-week intervals
and then every 12 weeks, and bevacizumab (7.5 or 15 mg/kg)
every 3 weeks.16 Best overall response: eight par al responses and 22 cases of stable disease, with a disease-control rate
of 67.4%. Median survival was 25.1 months. These results
merit further explora on.

Talimogene laherparepvec. Talimogene laherparepvec (T-VEC)
is a herpes simplex virus type 1–derived oncoly c immunotherapy designed to selec vely replicate within tumors
and produce GM-CSF. Intratumoral administra on of T-VEC
was compared with subcutaneous administration of GMCSF in patients with stage IIIB to IV melanoma in a RCT.21
With grade 3 to 4 events in less than 2% of the 436 pa ents,
the durable response rate (> 6 months) was higher with
T-VEC (16.3%) than GM-CSF (2.1%). Overall response rates
were 26.4% compared with 5.7%, and median OS was 23.3
months versus 18.9 months (hazard ra o 0.79; p = .051) for
T-VEC and GM-CSF, respec vely. T-VEC was approved by the
U.S. Food and Drug Administra on in 2015.
T-VEC with ipilimumab. A randomized phase II trial comparing ipilimumab plus T-VEC with ipilimumab alone demonstrated that the overall response rate in the combina on
arm was signiﬁcantly higher than in the ipilimumab-alone
arm (39% vs. 18%; p < .002), with grade 3 or higher AEs in
45% vs. 35%.22

Cytokines
Interleukin-2. The most mature data on this combina on
were shown among a 36-pa ent cohort treated at the Na onal
Cancer Ins tute Surgery Branch.17 There were six complete
responses (17%), which was higher than the 6% to 7% complete response rate in 141 pa ents treated with ipilimumab
alone or in combina on with gp100 vaccina on
Interferon-alpha. A phase II trial in 35 pa ents evaluated the
combina on of high-dose interferon with tremelimumab.18
The overall response rate was 24% (four complete responses
and five partial responses) and 38% with stable disease,
with a median progression-free response of 6.4 months
and a median OS of 21 months, sugges ng addi ve an tumor ac vity. The combina on of pegylated interferon and
ipilimumab in 27 evaluable pa ents yielded four complete
responses, eight par al responses, four cases of stable disease, and 13 PDs for a response rate of 40% with grade 3 to
4 toxici es in 45%.19
Granulocyte-macrophage colony-s mula ng factor. A randomized phase II trial in 245 pa ents with advanced-stage

PRACTICAL APPLICATIONS
• Melanoma has been the most important cancer to drive
immunotherapy development of solid tumors.
• The ﬁrst immune checkpoint inhibitors advanced
melanoma into a curable disease in over 50% of pa ents.
• The immune checkpoint inhibitors ipilimumab,
nivolumab, pembrolizumab, ipilimumab with nivolumab,
and the oncoly c virus vaccine laherparepvec have been
approved to treat advanced melanoma.
• An –PD-1 agents nivolumab and pembrolizumab have
now been placed at the center of combina on therapy
development strategies in melanoma due to their high
eﬃcacy and low toxicity.
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BRAF and MEK Inhibitors
Combina ons of BRAF inhibitors and MEK inhibitors with
immune checkpoint inhibitors such as an -CTLA are theore cally a rac ve, but have in prac ce proven to be not so
simple to develop. A phase I trial combining vemurafenib
and ipilimumab was stopped early because of several cases
of grade 3 to 4 hepa s.23 A phase I trial with dabrafenib
and ipilimumab did not reveal a high rate of severe hepa s. However, the combina on of dabrafenib plus trame nib
with ipilimumab was stopped a er seven pa ents because
of severe coli s in three pa ents; no extension cohort was
planned.24

An –PD-1 and An –PD-L1
The immune checkpoint PD-1 is expressed on many tumorinﬁltra ng lymphocytes in response to inﬂamma on. The
engagement of PD-1 on the lymphocyte by PD-L1 on melanoma cells and PD-L1-expressing components of the tumor
inﬁltrate downregulates T-cell func on.25 Avoiding this by
the use of an –PD-1 and an –PD-L1 an bodies has been
remarkably successful, both in terms of response rates
(30%–45%) and durability (2–3 years) in melanoma,25-32 even
after discontinuation,33 and in terms of a very favorable
toxicity proﬁle in comparison with an –CTLA-4 an bodies.34

COMBINATION IMMUNOTHERAPY DEVELOPMENT IN MELANOMA

In only a few years, phase I to III trials resulted in rapid approval
of nivolumab and pembrolizumab for advanced melanoma
in 2014 and in many other tumor types in the years therea er. PD-L1 expression in the tumor is a good biomarker for
response for monotherapy with either agent, but even in
pa ents who are PD-L1 nega ve, it is more eﬀec ve than
chemotherapy or ipilimumab.35 It is the first-line drug of
choice for all pa ents with metasta c melanoma, with the
exception of those with bulky, rapidly progressive BRAFmutant melanoma.36 Yet, a wide variety of immune-related
AEs can be seen at low frequencies. Excellent overview
ar cles discuss the diagnosis and treatment of these toxici es34,37-39 Indicators at baseline for good outcome with
an –PD-1 treatment are low M-category, low lactate dehydrogenase, high lymphocyte and eosinophil counts, and
high PD-L1 expression.40
Overall an –PD-1 and an –PD-L1 an bodies, because of
their ideal therapeu c index, have taken central stage in
combina on development strategies that we will summarize
below. Immunotherapies that failed as monotherapeu c
approaches, such as cytokines, vaccines, and IDO inhibitors
to men on a few, now are developed in combina on with
an –PD-1 or an –PD-L1 agents with remarkable promise!

An –PD-1 Plus An –CTLA-4 Combina on Therapy
The ra onale to combine these two checkpoint inhibitors is
that they have diﬀerent mechanisms of ac on, with an –
CTLA-4 mainly ac ng in the lymph node compartment at
restoring the induc on and prolifera on of ac vated T cells,
and with an –PD-1 mainly ac ng at the periphery at the tumor site, preven ng the neutraliza on of cytotoxic T cells by
PD-L1 expressing tumor and plasmoid dendri c cells in the
tumor inﬁltrate. The ﬁrst report in 2013 already indicated
that the combination is associated with clearly increased
response rates up to 50% to 60%, with an increased complete
response rate of around 20% and an increase in near-complete
responses.41 A randomized phase II trial of nivolumab plus
ipilimumab compared with ipilimumab (2:1) demonstrated,
at a median follow-up of 24.5 months, a 2-year OS of 63.8%
for the combina on compared with 53.6% for ipilimumab
alone. Combination therapy was associated with grade
3 or higher AEs in 54% of pa ents versus 20% of pa ents
for ipilimumab alone.42 In the RCT CheckMate 067, 945
treatment-naïve pa ents were randomly assigned 1:1:1 to
receive ipilimumab (3 mg/kg) versus nivolumab (1 mg/kg)
versus ipilimumab plus nivolumab (3 mg + 1 mg). Median
progression-free survival was superior for ipilimumab plus
nivolumab (11.5 months) compared with the nivolumab
arm (6.9 months) and the ipilimumab arm (2.9 months;
p < .001).43 In pa ents with tumors posi ve for PD-L1,
the median progression-free survival was the same (14
months) when treated with nivolumab alone or with the
combina on. But in pa ents with PD-L1–nega ve tumors,
progression-free survival was longer for ipilimumab plus
nivolumab (11.2 months) compared with nivolumab alone
(5.3 months). Combina on therapy was the most toxic, with
grade 3 or 4 AEs occurring in 55% of those treated with

the combination compared with 16.3% for nivolumab and
27.3% for ipilimumab. Overall survival results were reported
in 2017.44 Three-year survival rate for the combina on was
58%, 52% for nivolumab, and 34% for ipilimumab. Only the
diﬀerences with ipilimumab were signiﬁcant. Pa ents with
1% or greater expression of PD-L1 did as well with nivolumab
alone as with the combina on therapy. Only pa ents with
no expression of PD-L1 beneﬁted from the combina on.
Combina on therapy was much more toxic with grade 3 or
worse AEs in 59% of those who received it compared with
21% for nivolumab and 28% for ipilimumab. Results from
the low-dose ipilimumab (1 mg/kg) in combina on with
pembrolizumab in advanced-stage melanoma was reported
2017.45 With iden cal eﬃcacy, this combina on proved far
less toxic, with grade 3 or worse AEs in 27% of pa ents.45

Other Combina on Therapies: An –PD-1 Will Be the
Backbone
Immunotherapy combina ons in general are expected to be
perhaps the most dynamic drug development ﬁeld for years
to come. Once breaking tolerance is achieved, or even further improved with candidate molecules such as an -LAG3
and others, the door seems wide open to combine with
agonists such as OX40, CD137, ICOS-1, and others.
The most prominent combina ons under development at
the moment are an –PD-1/PD-L1 with IDO inhibitors and
with the oncoly c vaccine T-VEC.
IDO inhibitors plus anti–PD-1. The most advanced IDO
inhibitor currently in development is epacadostat. In phase
I to II studies, 54 evaluable pa ents with advanced-stage
melanoma were treated in combina on with pembrolizumab.
The overall response rate was 56% (30 of 54 patients;
eight complete responses, 22 par al responses), with a
78% disease control rate (complete response + partial
response + stable disease). Median progression-free survival
was 12.4 months; progression-free survival rates at 6, 12,
and 18 months were 70%, 54%, and 50%, respec vely.46
Similarly, the IDO pathway inhibitor indoximod in combina on with pembrolizumab demonstrated excellent ac vity against advanced melanoma in 51 patients, with an
overall response rate of 59%, a complete response rate of
12%, a par al response rate of 47%, and a disease control
rate of 80%.47 These results are not unlike ipilimumab plus
nivolumab or pembrolizumab data. The big diﬀerence is that
epacadostat and indoximod combina on therapy are far
less toxic, with treatment-related AEs οf 3 or higher in only
17% of pa ents.46 A phase II RCT of epacadostat with or
without pembrolizumab is ongoing, and results are expected
in 2018.
Oncoly c vaccina on with T-VEC and an –PD-1. Results
from a phase IB trial tes ng the impact of oncoly c virotherapy with T-VEC on cytotoxic T-cell inﬁltra on and the therapeu c eﬃcacy of pembrolizumab indicated very promising
ac vity.48 In 21 pa ents treated no dose-limi ng toxici es
occurred. The ORR was 62%, with a complete response rate
of 33%. Pa ents who responded to combina on therapy had
increased CD8+ T cells, elevated PD-L1 protein expression,
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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as well as IFN-γ gene expression on several cell subsets in
tumors a er T-VEC treatment. Response to combina on
therapy did not appear to be associated with baseline CD8+
T-cell inﬁltra on or baseline IFN-γ signature. This indicates
that T-VEC can turn cold tumors into hot tumors.
Various other combina ons can be envisioned. Current
developments also focus on radiotherapy and the poten al
of manipula on the pa ent’s microbiome.

RADIATION AND IMMUNOTHERAPY
There has been extensive preclinical work looking at the
interac on of radia on and the immune system, including
iden fying both the posi ve eﬀects of radia on with immunotherapy as well as iden fying some limi ng factors that
radia on may have on the eﬃcacy of immunotherapy. On
the clinical side, the data have been more limited in nature,
with most studies in the phase I/II se ng and s ll awai ng
further development of op mal radia on and immunotherapy approaches. To provide a framework for understanding the development and approaches being pursued with
radia on and immunotherapy combina on, we will discuss
known interac ons between radia on and immunotherapy
as well as discuss speciﬁc clinical trials looking at combinaon approaches and how they inform the future development of the ﬁeld.

Radia on and Immunotherapy Interac ons
Combina on approaches with radia on have been framed
in terms of two dis nct interac ons: abscopal responses and
immune modula on. The ﬁrst and perhaps more commonly
studied is the abscopal response ini ated by radia on. In
the case of the abscopal response interac on, studies have
focused on radia on func oning as an in situ vaccine resulting in the release of both an gen and adjuvant, and when
combined with immunotherapy agents results in the enhanced
immune control of distant nonirradiated sites of disease.49
Although the abscopal response has been described for
decades, a recent review of the literature suggests that
these responses are reported rela vely rarely when radiaon is used as a single agent, with only 21 reported cases
for solid tumors over the past 45 years.50 This rela ve infrequency suggests that radia on, as it is clinically used, is a
rather poor vaccine in itself. Preclinical studies have focused
on the op mal dose of radia on to result in an gen release
as well as ac va on of APC in the tumor environment to
result in eﬀec ve ini a on of eﬀector T cell response capable
of controlling tumors outside of the radia on ﬁeld. Several preclinical studies have demonstrated the release of
danger-associated molecular patterns (DAMPs) such as
HMGB1, calreticulin, ATP, and double-stranded DNA following radia on. In general, commonly used clinical doses
of 2 to 3 Gy have been associated with minimal release of
DAMPs, and increasing doses above 5 Gy and up to as high
as 30 Gy have been associated with increased release of
DAMPs and increased an gen release and subsequent an gen-speciﬁc T-cell ac va on.51-55 Interes ngly, it appears that
increasing dose in some tumor types has been associate
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with a decrease in immune cell ac va on, and there may be
a more optimal dose range between 8 to 15 Gy.56 This
inﬂec on point is likely to be present in some but not all tumor
types. In preclinical studies looking at abscopal responses
following radia on, most studies of radia on and immunotherapy have focused on radia on with checkpoint inhibitors, typically using doses greater than 5 Gy per fraction
and have shown synergy with an –CTLA-4, an –PD-1, and
an –PD-L1.57-59 Some studies have been done with more
commonly used 2 Gy per fraction doses and have also
shown synergy with an –PD-L1.60 Addi onally, preclinical
studies have shown that radiation can interact to induce
systemic immunity when combined with adjuvants including Toll-like receptor ligands, s mulator of interferon genes
(known as STING) ligands, costimulatory molecules, and
cytokine.61-66
The second radia on and immunotherapy interac on is
referred to as immune modulation. In this case, the role
of immunotherapy is to enhance the local in-ﬁeld radiaon response through both immune-adap ve and innatemediated clearance of residual disease.67,68 This has not
garnered as much interest as the abscopal response but is
poised to have a large clinical impact as immunotherapy
may become integrated earlier in the definitive setting.
This integra on of immunotherapeu c agents into the deﬁni ve se ng may permit radia on treatment modiﬁca on
that may decrease morbidity while enhancing the eﬀect
of local radia on therapy. Preclinical studies looking at the
eﬃcacy of local radia on in the presence of CD8 deple on
have demonstrated a clear CD8-mediated dependence of
radiation effect.55,63 In addition, retrospective studies in
pa ents have demonstrated that local control with radia on
is inferior in immunosuppressed pa ents.69 Alterna vely,
by targe ng innate immune cells such as macrophages
either by deple on or repolariza on, the local eﬀect of
radiation can be enhanced.70-72 A significant component
of immune modula on of the tumor following radia on
involves modiﬁca on of surviving radiated cancer cells,
which make them be er targets for immune cell–mediated
killing by CD8 T cells, natural killer cells, and gamma-delta
cells. This includes upregulation of class I, NKG2DL, adhesion molecules such as ICAM, and death receptors including FAS.51,67,68,73 Typically, upregula on of these markers
increases with increasing doses of radia on. Conversely,
while the cancer cells upregulate molecules to enhance
immune clearance, radia on has also been associated with
the upregula on of PD-L1, which may limit this response
and allow escape from immune-mediated clearance.57 Finally,
radiation has been associated with an increase in cytokine and chemokine secretion, which results in recruitment of immune cells into the tumor environment; this
can occur at even relatively low doses of radiation in the
2-Gy range.74 Based on the immune modulation effects in
the irradiated tumor, there is a strong ra onale for bringing
a range of immunotherapy agents including PD-1 axis–
targe ng and TAM-targe ng agents into the deﬁni ve radiation setting.
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Radia on and Immunotherapy Clinical Studies
In terms of clinical trials looking at the combina on of radiaon and immunotherapy agents, studies have been reporting on the combina on since the early 1990s, but almost all
of these have been single-arm studies that limit the ability
to comment on the eﬃcacy of these combina ons. Studies
are ac vely ongoing that randomly assign pa ents to receive
radia on plus immunotherapy alone, and, in the next few
years, we may have some answers as to whether radia on
adds anything to immunotherapy for the treatment of metastatic cancer. Several combination studies warrant specific discussion. The most extensively reported combina on
includes several studies with radia on and ipilimumab. The
largest study in metasta c castra on-resistant prostate cancer looked at radia on 8 Gy × 1 to a bone metastasis followed
by either ipilimumab or placebo. There was no signiﬁcant
diﬀerence in median OS between pa ents receiving ipilimumab compared with placebo, and it is unclear if responses were higher than would be expected if ipilimumab was
given without radia on.75 Subsequent single-arm studies of
radia on with ipilimumab have been reported. Two studies
looked at pa ents with metasta c melanoma treated with
radia on and ipilimumab. The ﬁrst reported on 22 pa ents
with metasta c melanoma treated to a single-index lesion
with 6 to 8 Gy per frac on in 2 to 3 frac ons followed by four
cycles of ipilimumab. The response rate was reported at
18% par al responses with no complete responses. Median
OS was 10.7 months.76 The second prospec ve study in metasta c melanoma again treated 22 pa ents with radia on
delivered to one to two sites of disease within 5 days of
star ng ipilimumab. The radia on dose in this study was
extremely heterogeneous, but they reported a 27% overall response rate with a 13% complete response rate. The
median OS in this study was 12.5 months.77 Although both
of these studies report higher overall responses of 18% to
27% compared with the pivotal ipilimumab study,1 which
reported a 10.9% overall response, this is comparable with
the more recent 19% overall response rate reported in the
recently published results on the combina on of nivolumab
and ipilimumab.44 Finally Tang et al reported on a phase I trial
of ipilimumab in solid cancers treated in combina on with
radia on given at doses of 12.5 Gy × 4. A total of 31 pa ents
were treated; the overall response rate was 10% and median
OS was 10 months.78 It is diﬃcult to make comparisons with
this ﬁnal study to historic controls as a variety of solid tumors
were treated, but it should be noted that there was only
one patient with melanoma (uveal subtype). Nonetheless, to date, the single-arm studies published investigating the combina on of radia on and CTLA-4 inhibi on are
not holding to the promise that the preclinical studies and
case reports seemed to imply.
There are a number of additional radiation and checkpoint inhibitor studies that are ac vely accruing and include
combinations with PD-1–axis inhibition that will likely be
repor ng in the next few years.79 There is one phase I study of
radia on in combina on with pembrolizumab in pa ents
with metasta c solid tumors that has recently been published.

In this study, pa ents typically received radia on to two sites
of disease followed by ini a on of pembrolizumab within
7 days of radia on. The reported overall objec ve response
rate was 13.2%, and it is diﬃcult to know if this is be er
than expected with pembrolizumab alone as it included a
variety of solid tumors.80
Finally, there have been a number of studies published looking at radia on in combina on with high-dose interleukin-2
(IL-2). Of par cular interest is that each of these studies
used high-dose IL-2, but radia on was given with dis nct
dose regimens in each study. The ﬁrst study, reported in 1991,
looked at 5 Gy per fraction of radiation given in 2 to 4
frac ons followed by high dose IL-2 in pa ents with metasta c melanoma. This study treated 28 pa ents and reported a response rate of 7%, which was no be er than
comparable high-dose IL-2 alone.81 The second study was in
pa ents with metasta c renal cell carcinoma and included
16 pa ents treated with a single 8 Gy frac on given before
cycle 1 and 2 of high-dose IL-2. In this case, they reported an
overall response rate of 12%, and this was again considered
comparable to rates seen with high-dose IL-2.82 The ﬁnal
study, reported in 2012, included 12 pa ents with metasta c
melanoma and renal cell carcinoma who received 20 Gy ×
1 to 3 frac ons and reported an overall response rate of
66.6%.83 This was considerably higher than response rates
typically seen with high-dose IL-2 alone. The obvious diﬀerence between these three studies is the signiﬁcantly higher
dose per frac on of 20 Gy compared with 5 to 8 Gy used in
the earlier studies. A randomized phase II study in melanoma
comparing this high-dose radia on plus IL-2 compared with
IL-2 alone has completed accrual and will report data to
determine if the response rate holds out in a larger study.
Finally, the recently reported PACIFIC trial in non–small
cell lung cancer has brought immune checkpoints into the
locally advanced, rather than purely metasta c, se ng and
has shown a substan al improvement in progression-free
survival in pa ents receiving adjuvant PD-L1 inhibi on following deﬁni ve chemoradia on compared with chemoradia on alone.84 This may serve as the star ng point for
combining immunotherapy with radia on in the deﬁni ve
se ng.
The preclinical combination of radiation and immunotherapy has shown very promising interac ons. The early
clinical studies have been rela vely mixed. There remains a
signiﬁcant amount of work needed to iden fy which immuno-oncology agents are best in combina on and how best
to deliver the radia on to op mize immune responses.

IMMUNOTHERAPY AND THE MICROBIOME
Living organisms are constantly interac ng with the environment, and these interac ons can shape immune responses
and even responses to immunotherapy. A clear example of
this involves the microbiome. The microbiome refers to the
collec ve genomes of microbes within a given community,
consis ng of mul ple diﬀerent microbiota including bacteria, viruses, fungi, and protozoa. Within a living person,
hundreds of trillions of microbiota are found over several
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diﬀerent anatomic sites, with a large propor on of these
present in the gastrointes nal tract.85 Over the past several
years, signiﬁcant evidence has emerged regarding the impact
of the microbiome on overall health,86 as well as several disease states including cancer.87 In addi on to this, there is now
clear evidence that the microbiome can inﬂuence response
and toxicity to cancer immunotherapy,88 with strategies
targeting the microbiome under development to try
to augment responses and abrogate toxicity to cancer
immunotherapy.

The Gut Microbiome Shapes Host Immunity
There is substantial interaction between the gut microbiome and the host, with a surface area between 30 and
40 m2 in the gut of the average human.89 Microbiota are
present at every level of the gastrointes nal tract, though
the amount and composi on at diﬀerent sites varies considerably.90 The microbiota are known to play a cri cal role
with host diges on and energy balance,91 and the immune
system has evolved to allow tolerance to these critical
commensal microbiota while protecting the host against
intes nal pathogens.92 Several factors inﬂuence this cri cal
balance, including a mucus layer as well as produc on of
an microbial pep des and immunoglobulins. The lamina
propria of the gut contains an extensive network of immune
cells along the en re length of the gut that facilitate tolerance to commensal bacteria as well as food an gens. This is
accomplished at the local level via the recogni on of bacterial proteins by receptors such as Toll-like receptors, which
induce matura on of dendri c cells that may then migrate
to mesenteric lymph nodes inducing speciﬁc T-cell subsets
such as regulatory T cells, which then traﬃc back to the
gut and mediate tolerance via the produc on of immunosuppressive cytokines and other means. However, it is now
quite evident that immune cells educated within the gut
may circulate systemically, thus shaping overall immunity.93
Evidence regarding the impact of the gut microbiome on
immunity at and beyond the level of the gut is demonstrated in preclinical models,94-96 as well as in human cohorts.97-99
Germ-free mice that lack commensal bacteria in the gut
demonstrate profound defects in cellular and humoral immunity at the level of the gut100 and also exhibit markedly impaired
systemic immune responses.101 Studies in human cohorts show
that the diversity and composi on of the gut microbiome may
inﬂuence immune responses such as those to vaccina on,
with enhanced vaccine responses observed in individuals with
a higher diversity of the gut microbiome.102 Composi onal differences in the gut microbiome may also inﬂuence responses
to vaccina on.103 Interes ngly, defects in the gut microbiome
may also poten ally inﬂuence cancer immunosurveillance,
highlighted by a study demonstra ng that chronic an bio c
use (which is known to nega vely impact the gut microbiome)
is associated with a higher risk of colonic adenomas.104

Characterizing the Gut Microbiome
Characterization of the gut microbiome has been greatly
facilitated by the applica on of next-genera on sequencing
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techniques. While methods (as well as reference genomes
for comparison) are s ll being reﬁned, several metrics to
characterize the microbiome are commonly applied.
Perhaps the most common means of assessing the diversity
and composi on of the gut microbiome involves sequencing
of ribosomal 16S rRNA, which is present in prokaryo c cells
but not in eukaryo c cells. Within the 16S gene, there are
nine hypervariable regions that can be assessed and used
to discriminate diﬀerent bacterial taxa. The most commonly
sequenced of these variable regions include V3, V4, and V6.
Reads derived from sequencing are then matched to reference genomes such as SILVA or Greengenes, leading to the
iden ﬁca on of bacterial opera onal taxonomic units and
quan ﬁca on of diversity.105-107
Diversity is a common metric and assesses the distribution and assembly patterns of microbial communities.108
Alpha diversity reﬂects the diversity of bacterial opera onal
taxonomic units within a given sample and is most commonly expressed via ecologic indices such as Shannon or
Inverse Simpson i. Beta diversity reﬂects the intersample
diversity between diﬀerent samples and can be interpreted as the degree of similarity (or lack thereof) between
sample groups.109-111 Composi onal diﬀerences may also be
described by evalua ng the diﬀeren al abundance of operaonal taxonomic units between popula ons. Linear discriminate analysis of eﬀect size is one tool commonly used to
compare and visualize the eﬀects sizes associated with composi onal diﬀerences between groups.112
In addi on to 16S sequencing, whole-metagenomic shotgun sequencing is used and oﬀers some dis nct advantages
over 16S methods. As opposed to sequencing one amplicon,
the en re bacterial genome is sheared, sequenced, and subsequently mapped against reference databases. In addi on
to gaining greater resolu on of bacterial taxa to the species level, whole-metagenomic shotgun sequencing allows
for mapping against metabolic pathway databases113,114 for
insight into the func on of the cons tuent bacterial communi es. Although the cost of whole-metagenomic shotgun
sequencing is currently signiﬁcantly higher than that of 16S
sequencing, it is declining with more widespread use and
is predicted to be the dominant sequencing method in the
near future.115

The Microbiome and Response to Immunotherapy
Preclinical studies demonstra ng an impact of the gut microbiome on response to cancer immunotherapy date back
over a decade,116 though the most provocative evidence
was published in Science in 2015, which showed an impact
of composi onal diﬀerences in the gut microbiome to the
immune checkpoint blockade targe ng CTLA-4 or PD-1.94,96
These provoca ve studies spurred tremendous interest
and a desire to validate this in human cohorts, and several
studies have now been published demonstra ng diﬀeren al
“signatures” in the gut microbiome of responders compared
with nonresponders to immune checkpoint blockade, with a
higher diversity of bacteria in the gut microbiome of responders
versus nonresponders,97-99 as well as composi onal diﬀerences
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with a higher abundance of bacteria such as Akkermansia,
Faecaliabcterium, Biﬁdobacterium, and Ruminococcaceae
(among others) in responders compared with nonresponders.97-99,117,118 Importantly, this observa on was made across
cancer types in the se ng of treatment with immune
checkpoint blockade, sugges ng that this is not unique to
melanoma. Diﬀerences did exist across the cohorts with
regard to speciﬁc bacterial taxa associated with response or
resistance, however, diﬀerent techniques for sequencing and
analysis were used. Addi onal studies are needed to validate
these findings and to better understand the unifying and
distinguishing features among these cohorts and factors
accoun ng for diﬀerences (such as geography and diet).
Despite some limita ons, important insights were gained
through these studies. Mechanis c studies were performed
in these cohorts in correla ve studies in tumor biopsies and
in parallel murine models, sugges ng a clear link between a
“favorable” gut microbiome and enhanced an tumor immune
responses.97,98 In addi on, one of these studies elegantly
demonstrated that pa ents who received an bio cs just prior
to or just a er the ini a on of immune checkpoint blockade
had signiﬁcantly lower survival,98 sugges ng that disrup on
of the gut microbiome can impair an tumor immunity. These
studies also highlight the poten al u lity of the gut microbiome as a biomarker of response, as this was quite a strong
predic ve factor to response to an –PD-1 therapy in several of
these studies.97,99 However, whether this is predic ve or prognos c is s ll in ques on and begs further inves ga on.
Perhaps the most profound ﬁnding in these studies was
the observa on that fecal microbiome transplanta on from
pa ents with responding versus nonresponding disease into
germ-free mice could recapitulate the phenotype observed
in pa ents, with delayed tumor outgrowth and enhanced
responses to immune checkpoint blockade in germ-free
mice receiving responding versus nonresponding fecal microbiome transplanta on.97,99 Furthermore, modula on of
the gut microbiome in these studies was associated with
enhanced responses to immune checkpoint blockade,97,99
providing the founda on for future studies in clinical trials.

The Microbiome and Immunotherapy Toxicity
In addi on to inﬂuencing therapeu c response, the gut microbiome has also been shown to inﬂuence toxicity to immunotherapy. Early studies in pa ents undergoing hematopoie c
stem cell transplant demonstrated that pa ents who developed graft versus host disease had a much lower diversity of bacteria in the gut microbiome and a markedly lower

abundance of bacterial taxa associated with overall gut health,
such as Ruminococcus, Lactobacillus, Faecalibacterium, and
Blau a.119-122 Cohorts of pa ents with or without toxicity
on immune checkpoint blockade have recently been studied, revealing that pa ents who failed to develop CTLA-4–
associated coli s had a higher abundance of bacteria in the
Bacteroidetes group within their gut microbiome,123 potenally via modula on of regulatory T cells within the colonic
mucosa. These ﬁndings certainly suggest a role for the gut
microbiome in media ng therapeu c toxicity, however, this
must be studied in larger cohorts.

Manipula ng the Microbiome as an Adjunct to
Immunotherapy
Based on this growing body of evidence, there is now a
great deal of enthusiasm to manipulate the microbiome as
an adjunct to immunotherapy. The concept of modula ng
the microbiome in the treatment of disease is not new, and
approaches such as these are being used to treat condi ons
outside of cancer, ranging from ulcera ve coli s to Parkinson disease.124,125
Nonetheless, there exists a range of op ons for modulating the microbiome, and ideal methods have not yet been
deﬁned in the treatment of cancer. Dietary interven ons
have been proposed, and there are ongoing studies evalua ng the impact of changes in diet on the microbiome and
other parameters in pa ents with cancer (NCT02843425).
These early studies do not include response assessment as
an endpoint, and such studies must be developed if we are
able to demonstrate that dietary changes can indeed have a
profound impact on the gut microbiome in this pa ent popula on.
Other methods exist and are being actively pursued,
including fecal microbiome transplanta on from complete
responders, to anti–PD-1 therapy (NCT03353402), to a
group of pa ents with refractory disease. Addi onal studies aim to evaluate the administra on of deﬁned bacterial
consortia and fecal microbiome transplantation are also
in development, though it is currently not clear from published literature what an ideal consor a of bacteria contains. Monoclonal microbial prepara ons are also being
considered based on preclinical and clinical ﬁndings.126
Certainly strategies like these are key to consider in this
age of precision cancer medicine and in light of the impact
of the microbiome, though we must exercise great care as
we move forward and must work together to provide op mal beneﬁt to our pa ents.
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NONSURGICAL MANAGEMENT OF OLIGOMETASTATIC COLORECTAL CANCER

Beyond the Knife: The Evolving Nonsurgical Management of
Oligometastatic Colorectal Cancer
Sharlene Gill, MD, MPH, MBA, FRCPC, David M. Liu, MD, FSIR, FRCPC, Harshani M. Green, MBBS, MRCP,
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OVERVIEW
In patients with liver-limited oligometastatic disease, the goal of treatment can be curative intent. Historically, this was
accomplished in patients presenting with upfront resectable disease. The availability of increasingly efficacious chemotherapy and biologic combinations with encouraging response rates led to the potential to convert unresectable disease
to resectability. Beyond the backbone of surgery, we now have a portfolio of locoregional strategies to consider.From an
interventional radiology perspective, the use of portal vein embolization can facilitate hypertrophy of the liver in anticipation of resection, thus converting unresectable disease to one amenable to a surgical approach with curative intent.
Technological advances in liver-directed ablative therapies have afforded the possibility of eliminate radiographically evident disease with the hope for long-term disease control. Advanced radiotherapy techniques are further increasing the
therapeutic options for patients with metastatic colorectal cancer. Improvements in external-beam radiotherapy over the
past 2 decades include image-guided radiotherapy, intensity-modulated radiotherapy, stereotactic body radiotherapy, and
proton-beam therapy. Finally, selective internal radiation therapy (SIRT) with microspheres labeled with the β-emitter 90Y
enable targeted delivery of radiation to hepatic tumors. A coordinated multidisciplinary approach is required to integrate
these nonsurgical adjuncts in an evidence-based manner to optimize outcomes for patients with potentially resectable
metastatic disease. In this article, we summarize recent developments in systemic therapy, radiotherapy, and interventional
liver-directed therapies that have changed the treatment landscape for patients with oligometastatic colorectal cancer.

A

n estimated 140,250 Americans will be diagnosed with
colorectal cancer (CRC) in 2018.1 Of these, approximately 20% will present with de novo metastatic disease, and
among those presenting with earlier-stage disease treated
with resection, another 35% will relapse with distant metastatic disease after an initial disease-free interval. For the
estimated 30% to 5% of patients with liver-limited or oligometastatic disease, it has long been recognized that surgical
metastasectomy may achieve durable disease control and
potentially cure.
However, less than 10% of patients with metastatic CRC
(mCRC) present with upfront resectable disease.2 Consequently, to achieve the goal of converting potentially
resectable metastatic disease to resectability requires a
multidisciplinary approach, including medical and surgical oncologists and, increasingly, radiation oncologists
and interventional radiologists. Herein, we summarize recent developments in systemic therapy, radiotherapy and
interventional liver-directed therapies that have changed
the treatment landscape for patients with oligometastatic
CRC.

SYSTEMIC THERAPY FOR CONVERSION:
WHEN RESPONSE RATE IS THE GOAL

Choice of Chemotherapy Backbone

The choice of chemotherapy regimen is dictated by several
factors, including efficacy, tumor RAS status, toxicity, cost,
and patient preference. Ultimately, however, when the intent
is to convert potentially resectable disease to a complete R0
resection, the primary metric of efficacy is typically response
rate. For patients with good performance status, combination
chemotherapy regimens with 5-fluorouracil and oxaliplatin
(FOLFOX), irinotecan (FOLFIRI), or both (FOLFOXIRI) are all
reasonable considerations. Because of the concern for irinotecan-related steatohepatitis,3 FOLFOX is commonly preferred;
however, FOLFIRI remains an option, particularly in patients
who have recently received FOLFOX in the adjuvant setting.
Objective response rates of 45% to 55% were demonstrated
with the doublet regimens in the prebiologic era.4,5 Trials
comparing the triplet regimen of FOLFOXIRI to FOLFIRI demonstrated significantly higher response rates (60% vs. 34%; p <
.0001) with higher rates of secondary liver resection among
patients with initially unresectable disease (15% vs. 6%).6
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Role of Biologics
With respect to biologics, the benefit of the VEGF monoclonal
antibody bevacizumab in potentially resectable disease, with
a goal of maximizing response rates, is still uncertain. In randomized trials, the addition of bevacizumab to oxaliplatincontaining chemotherapy did not meaningfully improve
response rates,7 whereas a modest response rate improve
was observed with irinotecan and 5-fluorouracil in combination with bevacizumab when administered as the IFL regimen.8 In the context of triplet therapy, the TRIBE trial of
bevacizumab with FOLFOXIRI demonstrated a response rate
of 65%, similar to that previously reported with FOLFOXIRI
alone.6 Beyond the questionable incremental improvement
in response rates with bevacizumab, the concerns regarding
operative toxicity with respect to bleeding, impaired wound
healing, and impaired hepatic regeneration remain despite
conflicting evidence.9,10 As a consequence, it is recommended
that bevacizumab be withheld for 6 to 8 weeks before resection, recognizing the 3-week half-life of this agent.
The incremental improvement in response rates with EGFR
monoclonal antibodies—cetuximab and panitumumab—is
somewhat compelling in the 40% of patients with mCRC who
have RAS wild-type (WT) disease; however, this is also not
without controversy. The phase II CELIM trial of cetuximab
with FOLFOX or FOLFIRI demonstrated response rates of 57%
to 68% with a 38% R0 resection rate.11 In another randomized
trial from China, a response rate of 57% was reported with
doublet chemotherapy plus cetuximab versus 29% with chemotherapy alone.12 However, the new EPOC trial of FOLFOX with
or without cetuximab in the peri-metastasectomy setting
showed a significantly detrimental impact on progressionfree survival with the addition of cetuximab (HR 1.48;
p = .030).13 Although this study was in the upfront resectable setting, it raises concerns regarding the application of

PRACTICAL APPLICATIONS
• When the goal is resectability, the selection of a
chemotherapeutic regimen is based upon what will
permit the best response rates with the least toxicity.
• As hepatotoxicity is correlated with cumulative
exposure, the duration of chemotherapy should be
determined by when disease becomes resectable rather
than treating to maximal response.
• Incorporation of an ablation strategy is an important
component of a multispecialty treatment approach
when considering eradication of colorectal liver
metastases.
• Promising local control following stereotactic body
radiotherapy for colorectal oligometastases has been
demonstrated in several studies.
• A coordinated multidisciplinary approach is required
to integrate all available nonsurgical modalities in an
evidence-based manner, in order to optimize outcomes
for patients with potentially resectable metastatic
colorectal cancer.
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a cetuximab-containing regimen in patients who may be
proceeding to a hepatic resection.
More recently, data on the influence of primary tumor
location on response to EGFR-directed therapy has reignited
interest in this biologic strategy in patients with left-sided
RAS WT disease. In the randomized VOLVI trial of FOLFOXIRI
with or without panitumumab, a response rate of 90% was
observed in patients with left-sided RAS WT unresectable
(mCRC), with a secondary resection rate of 60% among patients treated with the quadruplet regimen.14 Although this
was a relatively smaller study with 96 selected well and
younger patients, the response rates reported are very encouraging for the utility of an EGFR-containing regimen in
appropriately selected patients.
Another important consideration is the duration of therapy in patients for whom resectability is the goal. Because
best response is typically observed within the first six to
eight cycles of treatment, if sufficient response to be considered for resection has not been achieved within 4 months of
therapy, the likelihood of achieving resectability with continued therapy is low. Recognizing that treatment-related
toxicity, particularly hepatotoxicity, is correlated with number of administered cycles, it is equally important to recognize that systemic therapy should continue to resectability
and not necessarily to maximal response. Thus, close coordination between the medical oncologist and the surgical
and interventional oncologists is imperative.

INTERVENTIONAL RADIOLOGY: THE DRIVE TO
SURGICAL RESECTION OR CURATIVE INTENT

Portal Vein Embolization

The liver demonstrates unique regenerative abilities because of its histopathologic and functional architecture. In
brief, liver perfusion is based on inflow of hepatic arterial
flow and portal venous flow. The organ itself is organized in
parallel functional units (hepatic lobules) and demonstrates
the ability to rapidly proliferate and regenerate in the setting of acute injury/insult. As a result of this condition, a
large fraction of liver tissue may be resected in anticipation
of hepatic regeneration. However, there are limitations to
the compensation response. In liver with no compromise to
hepatic reserve (no chemotherapy, noncirrhotic, no portal
hypertension), up to 80% of the liver may be resected with
extremely low incidence of hepatic failure. In the setting of
compromise to hepatic reserve, up to 60% of the liver may
be resected with a slightly higher incidence of hepatic failure.
In patients presenting with high-volume liver nonresectable metastatic disease, two options exist to facilitate
conversion to surgical resectability: (1) tumor downsizing
through systemic or locoregional therapy and (2) hypertrophy of the remaining liver. The decision to pursue these
strategies in isolation or in combination largely depends on
review in a multidisciplinary setting, drawing from the expertise of the medical oncologist, surgical oncologist, radiologist, and interventional radiologist.15
Techniques have been developed to facilitate hypertrophy
of the liver in anticipation of surgical resection, thus converting
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potential nonresectability to curative intent. The use of portal vein embolization is predicated on knowledge that aggressive surgical ligation of the portal vein resulted in a clinically
measurable compensator hypertrophic response in the remaining liver. Diversion of blood flow (causing increased
hydrostatic pressure and transient portal hypertension), as
well as increased expression of hepatotrophic mediators,
has been theorized to facilitate the hypertrophic change in
the residual liver, facilitating conversion of patients whose
disease may not be surgically resectable to those with resectable disease.16
Various techniques have been described with respect to
portal vein embolization, but the general principle is based
on minimally invasive image-guided techniques. The general
approach is summarized as follows: Percutaneous portal
venous access is obtained through the liver under ultrasonographic or fluoroscopic guidance. Following this, selective catheterization of the individual branches of the portal
vein within the liver volume that is intended for surgical resection is selectively embolized with particles, coils, liquid
embolics (glue), or combinations of such, to divert portal
venous flow into the portion of liver that is intended to remain, as well as increased expression of hyperproliferation
factors secondary to the insult to the portion of liver that is
intended for surgical resection.
Follow-up CT, typically 6 weeks, is performed to measure the degree of relative hypertrophy of the future liver
remnant and overall total liver volume with anticipation of
surgical resection if appropriate hypertrophy occurs. Hypertrophic changes then typically occur immediately and reach
their nadir at 4 to 6 weeks, at which time reassessment for
resectability based on the future liver remnant growth will
be conducted. Changes in future liver remnant as high as
81% ± 47% have been reported by using various embolic
materials;17 the general consensus is that microspheres or
cyanoacrylate results in increased growth.18 Postsurgical
survival is reported to be equivalent or superior to that
among those patients undergoing surgical resection alone
(5-year survival, 44% vs. 35%, with a statistically significant
decrease in intrahepatic recurrences: 26% vs. 76%; p < .01).19
This situation may be explained through the delay in surgery,
providing a biologic test of time, or the facilitation of more
aggressive surgical resection.
In summary, portal vein embolization is intended to extend the resection margins and optimization of the function
of the remaining remnant, lowering the potential for liver
failure. Aggressive and creative approaches can be developed to remove all visible disease through this adjunct procedure, but they require thoughtful review of the imaging
by both surgeon and interventional radiologist in the setting
of a multidisciplinary team.15,18

Ablation Strategies
The prognosis in patients with colorectal liver metastasis
is largely determined by the degree of liver tumor infiltration. The rationale and use of liver-directed therapies for
the treatment of resectable disease, or potentially locally

curative therapy through surgical resection, have been established with both long-term population-based outcomes
and smaller randomized control trials despite high rates of
recurrence within the liver.20,21
Various energy-based ablative platforms are available
(cryoablation, microwave ablation, irreversible electroporation), with most of the published literature relating to radiofrequency ablation. A discussion relating to the technology
platforms is beyond the scope of this article, and interested
readers may refer to review articles specific to the topic.
Clinically, radiofrequency ablation is widely considered the
most mature in terms of both technology and publication,
and it remains the standard by which new ablative therapies
(including stereotactic radiotherapy [SBRT]) are measured.22
Although the acceptance of hepatic resection and conversion to resectability have become mainstream, discussion
and research on curative intent ablative therapies largely
entail single-arm studies that often are retrospective. Furthermore, the high rate of recurrence of liver metastasis in
patients undergoing curative intent questions the utility of
aggressive surgical resection in the setting of small tumor
burden. Because of the high variability in patient selection,
randomized controlled trials comparing surgical resection to
curative intent ablation have been limited.23
As a result of the variations in morphology, technique,
and technologies, 5-year survival benefit has been used as
a primary measure of efficacy, based on the low rates seen
(145-year survival rate of 14% in patients with distant spread
of disease, most hepatic) with optimized chemotherapeutic
and biologic regimens.24
Many articles have reported outcomes with the incorporation of radiofrequency ablation into clinical practice.
However, the variability of application (e.g., oligometastatic
disease with curative intent, extension of irradiation of
tumors that cannot be resected as an adjunct to resection,
treatment upon recurrence, neoadjuvant setting) result in
high variability in patient selection. Table 1 outlines the more
commonly cited literature.25-35
Two studies (by Kim and colleagues36 and Ruers and colleagues30) provide some perspective on the indications and
efficacy of ablation in the setting of colorectal liver metastasis.
Kim and colleagues retrospectively reported on a subset of
patients presenting with solitary colorectal liver metastasis
of less than 3 cm, comparing surgical resection to radiofrequency ablation with curative intent. In the subset of patients
who met these criteria, no significant difference was observed
with respect to disease-free survival and overall survival
(p = .962) between patients undergoing surgical resection
and those receiving radiofrequency ablation.36
Ruers and colleagues' recent publication of the CLOCC
data set (EORTC Intergroup phase II study [EORTC 40004]),
examining a strategy of colorectal liver metastasis eradication through a surgical resection/ablation approach, had
demonstrated a significant improvement in all clinically relevant parameters, highlighted by an 8-year overall survival rate
of 56.9% versus 8.9% (HR 0.58; 95% CI, 0.38–0.88; p < .01)
comparing radiofrequency ablation plus chemotherapy
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versus chemotherapy alone.30 One may infer from this
landmark study that curative-intent locoregional therapies
result in improvement in survival and greater control of progression compared with systemic therapy alone.30
With these two studies, two emerging roles for ablation
become apparent: (1) in patients with low-volume disease
amenable to curative ablation as opposed to surgical resection due to the expected high rates of recurrence and (2)
in patients presenting with a high burden of disease that is
nonresectable, even with conversion therapy that may involve
ablation only, or as a combinatorial approach to eradication
of all identifiable tumor burden.
The technical limitations of radiofrequency ablation in lesions less than 3 cm (near vascular structures, subcapsular,
central) may be overcome by microwave ablation, cryoablation and irreversible electroporation. However, controversy
remains as to whether patients presenting with lesions less
than 3-cm benefit from ablation, despite newer technologies allowing for larger ablation zones, as the biology of
patients with large tumors (not necessarily large burden of
disease) has not been clearly established.37
In summary, incorporation of an ablation strategy is an
essential component of multispecialty care in the patient
diagnosed with colorectal liver metastasis. The technologies and techniques have advanced substantially, with a

greater emphasis on larger ablations and efficiency predicated on the justifiable assumption that removal of radiographically visible disease translates into a survival benefit.

Embolization
The fundamental concept of hepatic arterial embolic therapy is based on the process of tumor angiogenesis and
the exploitation of the vascular capacitance of the tumor
to administer high concentrations of chemotherapy loaded
on calibrated microparticles through a process of ionic
binding. Delivery of the chemotherapy is based on plasma
ion exchange as a function of time, resulting in sustained
concentrated locoregional delivery of the chemotherapeutic
agent. Through the compartmentalization of chemotherapy,
decreased toxicities, increased concentrations, and potentially
improved tumor response may occur, in hopes of altering
or regulating tumor biology, translating into an improvement in survival. Most commonly, irinotecan is used as the
systemic therapeutic agent in the treatment of mCRC, so
termed DEBIRI.38
The current body of literature relating to the use of DEBIRI
has been limited by risk of bias and the strength of reported
results. A comprehensive critical review of the use of this
technique, including elution profile of the various microsphere manufacturers, particle size, and chemotherapeutic

TABLE 1. Summary of Radiofrequency Ablation Studies for Treatment of Metastatic Disease
No. of
Patients

Study (Year)
Ruers et al (2017)

30

Approach

Median/Range No.
of Tumors

Mean/Median
Diameter, cm

Extrahepatic
Disease, %

5-Year
Survival, %

119

Percutaneous
laparoscopic

4 (1–9)

< 4 cm (NR)

0

43.1

Imai et al (2017)33

31

Hepatect (Paviour)
+ RFA

5 (2–25; total)

29 (7–90; total)

0

57

2 (1–4; RFA)

1.3 (0.4–3.0; RFA)

Agcaoglu et al
(2013)32

395

Laparoscopic

3 (1–11)

3.4

8

17

Bale et al (2012)25

63

Percutaneous

2 (1–14)

2 (0.5–13)

0

27

Gillams et al
(2009)26

123

Percutaneous

2.1 (1–5)

2.9(0.9–5)

0

24

Hamada et al
(2012)27

101

Percutaneous

1.7

2.3 (0.5–9)

27

21

Kim et al (2011)34

595

Open
percutaneous

1.6

2.1 (0.5–6.2)

0

51 (< 3 cm)

Machi et al
(2006)29

100

Open
percutaneous
laparoscopic

3.5

3

20

31

Van Tillborg et al
(2011)35

38

Open
percutaneous

2.4

2.4 (0.2–8.3)

–**

36

Hammill et al
(2011)28

101

Laparoscopic

2.6

3-4

Solbiati et al
(2012)31

99

Percutaneous

2

2.2 (0.8–4)

Comment
8-year survival:
39.5%; RCT*

Extension of
RFA during
resection

8-year survival:
24%

18–49†
7

48

7-year survival:
25%

*The only prospective randomized controlled trial to date.
**Extrahepatic spread with intent for surgical resection.
†Forty-nine percent for resectable disease with curative intent.
Abbreviations: NR, not reported; RCT, randomized, controlled trial; RFA, radiofrequency ablation.
Randomized controlled trial: 119 patients with confirmed unresectable disease by conventional anatomic approach randomly assigned to systemic therapy (59 patients) alone or to systemic therapy plus
ablation/resection (51 patients).
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intensity, concluded that the small body evidence (primarily
restricted to small retrospective analyses, and phase IIa observational prospective studies) limited broad adoption of
DEBIRI.38
Recently, Martin and colleagues reported on the largest
randomized controlled trial to date of patients undergoing
DEBIRI.39 They recruited 70 patients into this two-group study
to compare FOLFOX6 and bevacizumab versus mFOLFOX6
and DEBIRI with or without bevacizumab in the first-line setting. The primary endpoint was response rate. The overall
response rate was significantly greater in the interventional
arm at 2 months (70% versus 54%; p = .02) and at 6 months
(76% versus 60%; p = .05), achieving success in the primary
endpoint.39
However, critics have stated concern regarding the introduction of additional chemotherapeutic agents in the
experimental arm, questioning whether the reported improvement in outcome may be confounded by the systemic
effects rather than the liver-directed therapy. Under these
pretenses, a proper study would be best compared with
a FOLFOXIRI/FOLFIRINOX regimen as opposed to what is
being described in the study, which is FOLFOX alone. The
authors concluded that the simultaneous administration
of microspheres is safe and does not cause treatment delays or increase systemic toxicity of chemotherapy, with the
added benefit of improved overall response rate, improved
hepatic progression-free survival, and more durable overall
progression-free survival (with a statistically increased incidence of downstage to surgical resection). Given the limited
evidence, the use of DEBIRI should be reserved for further
study.

RADIOTHERAPY FOR OLIGOMETASTASES:
ADVANCES IN EXTERNAL BEAM AND
SELECTIVE-INTERNAL RADIATION
Modern advanced radiotherapy techniques are increasing
the therapeutic options for patients with oligometastatic
mCRC. Improvements in external-beam radiotherapy (EBRT)
over the past 2 decades include image-guided radiotherapy,
intensity-modulated radiotherapy, SBRT, and proton-beam
therapy.
Although the standard dose for primary rectal cancer is
generally 45 to 54 Gy in 1.8-Gy fractions daily, some investigators report that hepatic metastases from CRC are more
radioresistant than other liver metastases clinically.40,41
SBRT can potentially allow delivery of higher biologic doses of radiotherapy than conventional fractionation in three
to five fractions over 2 weeks, with greater convenience for
patients and potentially higher efficacy than conventional
radiotherapy. It requires very accurate image guidance and
motion management to ensure a high degree of spatial accuracy. At most centers, SBRT is generally offered to patients
with up to three to five liver metastases and small treatment
volumes (< 8 cm lesion diameter), but it can be used to treat
more lesions depending on their locations within the liver
and larger tumors as long as sufficient normal functioning
liver (700 mL minimum) can be spared.42,43 Larger lesions are

commonly treated with three-dimensional conformal radiotherapy or intensity-modulated radiotherapy with 45 to
66 Gy in 1.8-Gy fractions.44
For all forms of external-beam radiotherapy to the liver,
it is recommended that patients have high-quality triphasic
CT planning scans, ideally with coregistration of MRI, with
or without positron-emission tomography for accurate target delineation.42,43 Because the liver moves with breathing, techniques for motion management are essential, as is
image-guided radiotherapy, such as cone-beam CT with or
without radio-opaque fiducial markers.45,46 Techniques used
by liver centers include abdominal compression, measured
breath-hold, and gated-radiotherapy treatment during the
breathing cycle.45,46 If four-dimensional CT is used, an internal target volume is defined to encompass the target volume
in all respiratory phases.43
Many studies have evaluated the safety, feasibility, and
toxicity profile of SBRT in the management of hepatic tumors.36,47-50 Particular caution must be exercised regarding
the proximity of adjacent luminal gastrointestinal structures
because all forms of EBRT can cause hemorrhagic gastritis
with doses greater than 7 Gy to one third of the stomach51
or colonic/duodenal ulceration with doses greater than 30
Gy in three fractions.52 Departmental protocols are based
on international guidance 53; if substantial compromise
of the planning target volume is likely to be required, the
treating oncologist may decide to change to conventional
fractionation.
Radiation-induced liver disease (RILD) has been the main
limiting factor for the use of EBRT in hepatic tumors. RILD is
characterized by central sinusoid congestion with adjacent
hepatic atrophy54 and usually occurs from a few weeks to
4 months after irradiation. Traditionally, a 5% risk for RILD
after 32 Gy to the whole liver at 2 Gy per fraction is quoted.55
The risk for RILD is considered proportional to the mean
dose of radiation to the normal tissue as the liver follows
the parallel architecture model of radiobiology.43 By sparing
sufficient functioning liver, doses up to 90 Gy have been reported to be safely given to up to a third of the liver volume.42,56,57 From the patient’s perspective, nausea, elevated
liver enzymes, acute skin erythema, asthenia, thrombocytopenia, and chest wall pain have been observed following
EBRT.
Various studies have shown promising local control rates
after SBRT as a focal treatment of CRC oligometastases in
multiple organs, including liver, lung, and lymph nodes.52,58-60
Some studies have included hepatic oligometastases from
multiple primaries, including CRC.43,47,61-69 Studies that included only inoperable hepatic oligometastases from CRC
are listed in Table 2.36,48-50,70,71 Of note, rates of Common
Terminology Criteria for Adverse Events (CTCAE) adverse
events of grade 3 or greater toxicity range between 0% and
15% in the six studies listed in Table 1, confirming that SBRT
is generally well tolerated.
Local control rates at 1 year for SBRT from three prospective and three retrospective studies of treatment for CRC hepatic metastases range between 50% and 100%, and overall
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31

20

65

11

24

70

60

Van der Pool et al
(2010), phase
I/II49

Chang et al (2011),
phase I36

Kress et al (2012),
retrospective48

Doi et al (2017),
retrospective32,72

Joo et al (2017),
retrospective71

McPartlin et al
(2017), phase I
and II50
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22.7–62.1 in 6 #
over 2 weeks

45–60 in 3–4 #

45–72 in 4–33 #

16–42/2–5 #

22–60/1–6 #

37.5–45/3 #

Dose/Fraction,
Gy

—

60-180
Gy

71.7115.5
Gy

28-110.8
Gy

40.5-180
Gy

–

BED

6-21

< 30
≥ 30

≤ 30
30–50
> 50

–

30 mL

7–60
(median,
23)

Size, mm

28.1

34.2

16

21

14.4

26

Abbreviations: BED, biologically effective dose; CTCAE, Common Terminology Criteria for Adverse Events.
Studies including stereotactic radiotherapy cases for liver metastases from primary cancers other than colorectal cancer are not listed in this table.

105

103

39

14

102

Lesions

No. of
Patients

Study (Year), Type

Median
Follow-up
(Months)

49.8

93

67.2

72

67 84 (≥ 42
Gy)

100

Local
Control at
1 Year (%)

32 (26 at 4
years)

73

35.9

–

55 66 (≥ 42
Gy)

74

Local
Control at 2
Years (%)

63

81.3

–

72

100

Overall
Survival at 1
Year (%)

26 (9 at 4
years)

75

67.1

25.7

38

83

Overall
Survival
at 2 Years
(%)
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16.0

–

–

16.1

–

11

Median
ProgressionFree Survival
(Months)

1.7

0

8 (authors describe alternate
causes of
toxicity)

9

6 (2 hepatic, 2
gastrointestinal
events)

15 (2 hepatic
events)

Toxicity ≥ CTCAE
Grade 3 (%)
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survival rates at 2 years range between 26% and 83%.36,48-50,70,71
However, out-of-field recurrences are common, with rates
reported between 59% and 68%.36,50,71 Patient selection is
therefore important; preferably, patients should be selected
for SBRT if they seem less likely to develop other metastases
in the near future, without or with the addition of systemic
therapy. Clinical trials exploring this approach include those
combining SBRT for mCRC with immunotherapy.73
A pooled analysis of 47 patients evaluated a range of doses
between 22 and 60 Gy and showed that total dose, dose
per fraction, and biologically effective dose (BED) correlated
with local control (p = .06).36 The best-fit curve estimated
that a dose of 48 Gy or greater in three fractions (BED, 117
Gy) was required for a 1-year local control rate of greater
than 90%. In a separate study, a retrospective analysis of
70 patients showed that more prolonged local control was
observed if higher doses were used; the optimal BED dose
was greater than 132 Gy.71 The 2-year local control rate for
lesions receiving BED at greater than 132 Gy was 89%; for
those receiving 100 to 112 Gy and 60 to 80 Gy, the rates
were 83% and 52%, respectively.71 The optimal dosimetric
parameters for an effective ablative dose with minimal toxicity require further evaluation through clinical trials.
Proton-beam therapy uses charged particles to deposit
dose at a defined depth with a very sharp fall-off in dose,
potentially reducing irradiation of the surrounding normal
tissue. One prospective phase II study of 89 patients with
hepatic metastases, of varying histologic types (34 CRCs),
used protons to doses of 30 to 50 gray equivalents in five
fractions (BED, 48–100 Gy; relative biologic effectiveness,
1.1) and had a median follow up of 30.1 months.74 There
were no CTCAE grade 3 or greater toxicities, and 1- and
3-year local control rates were 71.9% and 61.2%, respectively.
Interestingly, as suggested by other investigators using SBRT
with photons,41 CRC metastases in the photon-beam therapy study had worse local control than did other tumors.74
Somatic analyses showed that tumors with mutant KRAS
and TP53 tumors were more radioresistant than tumors
wild-type for the same genes, and that mutation of the
KRAS oncogene was a strong predictor of poor local control.
This study is an important demonstration that proton-beam
therapy safe and effective to treat oligometastases from
mCRC.

EBRT for Lung or Lymph Node Metastasis
Lung is a common site for mCRC, and SBRT is considered
a treatment option for oligometastatic pulmonary metastases. The dose and fractionation depend on tumor size and
proximity to areas at risk, including the chest wall, heart,
and main bronchus. In one study, 60 patients were treated
with doses of 48 to 60 Gy in three to four fractions, demonstrating 2-year local control rates of 80%, with a median
time to lung progression of 7 months.59 In another study, 44
patients with 69 CRC pulmonary metastases were treated
with SBRT;75 2-year overall survival rate was 67.7%, and
2-year local progression-free survival rate was 60.2%. No
CTCAE grade 3 or greater toxicities were reported.

In practice, SBRT is usually the second choice if surgical
resection is not feasible. One study evaluated the outcomes
of patients with pulmonary oligometastases after SBRT with
those after pulmonary metastasectomy.76 Despite the selection bias (SBRT was second choice in this study if resection
was not possible), 2-year local control rates did not significantly differ between the two study groups: 94% for SBRT
and 90% for resection.76
Despite its widespread use at SBRT centers, there are
limited high-quality data on the efficacy of SBRT for oligometastatic lymph node metastases. Because lymph node
resection is not practiced widely for metastatic disease and
can be technically challenging and morbid, SBRT is often the
preferred treatment option for these patients and can offer
them periods free from the toxicities of systemic therapy. In
a retrospective study of 18 patients treated with SBRT for
lymph node oligometastases from various primary tumors
(seven CRC), a 1-year local control rate of 94% was observed
and 1-year overall survival rate was 89%. No CTCAE grade
3 or greater toxicities were observed.77 In general, doses
ranging from 36 to 51 Gy in three to five fractions have been
used; careful recording of acute and late toxicities is advised
to ensure adequate clinical governance.

Selective Internal Radiotherapy for Liver Metastasis
Selective internal radiation therapy (SIRT) with resin or glass
microspheres labeled with the β-emitter 90Y enables targeted
delivery of radiation to inoperable liver metastases from
CRC.78-80 Whereas SBRT delivers high doses of external radiation in fractions, SIRT delivers a continuous dose of radiation
inside the liver. The physical half-life of 90Y is 64 hours, so
patients must be aware of some simple radiation protection
precautions for up to 7 days after SIRT.79 The treatment involves a workup procedure during which hepatic angiography is performed, aberrant vessels from liver to other organs
are embolized with coils, and 99mTc-labeled macro-aggregated
albumin is injected as a surrogate of the treatment.78-80 The
definitive treatment procedure is performed within 2 to
3 weeks of the workup procedure, during which millions of
90
Y microspheres are injected directly into the hepatic arterial vasculature. Because the 90Y-loaded microspheres preferentially localize in tumor arterial vasculature, very high
radiation doses are delivered to tumors while tolerable radiation doses to normal hepatic tissue are maintained.
In mCRC, SIRT is predominantly used as salvage therapy
in treatment-refractory disease81-83 or in the second-line
settings in combination with chemotherapy.79,84 Hendlisz
and colleagues randomly assigned 46 patients with mCRC
refractory to standard chemotherapy to protracted intravenous infusional 5-fluoroucil or the same chemotherapy
(dose reduced) plus SIRT; they observed an improvement in
median time to tumor progression of 2.4 months in favor of
the combination treatment.83 Because of crossover to SIRT
treatment from the control arm, overall survival could not
be studied meaningfully. On the basis of this randomized
controlled trial and published cohort studies, SIRT is widely
reimbursed in high-income countries for the treatment of
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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mCRC refractory to chemotherapy. There exists recently
published guidance on the optimal approach to managing
some of the most important complications of SIRT.85
The combination of SIRT with first-line chemotherapy is
not widely used in clinical practice. The feasibility of combining SIRT with first-line FOLFOX chemotherapy as a combined
radiosensitization approach for mCRC had previously been
demonstrated by Sharma and colleagues in 2007.86 The
FOXFIRE-SIRFLOX-FOXFIRE Global combined analysis of 1,103
patients assessed the efficacy and safety of SIRT with 90Y
resin microspheres when combined with first-line FOLFOX
chemotherapy versus FOLFOX alone in patients with liver-only or liver-dominant mCRC (bevacizumab or other biologically targeted agent was allowed at the discretion
of the investigators). This combined analysis demonstrated
that despite improving objective response rate and liverspecific progression, the addition of SIRT did not affect
overall survival and increased the frequency of grade 3 to 5
adverse events.87 The median improvement in local control
of liver metastases exceeded 8 months,84 but the amount
of chemotherapy and other anticancer therapy received
by patients in the combination arm was significantly lower
than that in patients randomly assigned to the control arm.
Because approximately 16% of patients in these prospective

clinical trials proceeded to have surgical resection of liver
metastases after SIRT,49 current data suggest that liver surgery is safe after SIRT, as suggested by a recently published
surgical series.85
In summary, recent advancements in systemic therapy,
external and internal radiotherapy, and interventional radiology have substantially expanded our therapeutic armamentarium. A coordinated multidisciplinary strategy is required
to integrate these nonsurgical adjuncts in an evidence-based
manner to optimize outcomes for patients with potentially
resectable metastatic disease.
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Precision Medicine Versus Popula on Medicine in Colon
Cancer: From Prospects of Preven on, Adjuvant
Chemotherapy, and Surveillance
Michael J. Hall, MD, Arden M. Morris, MD, and Weijing Sun, MD
OVERVIEW
With the advances of technologic revolu on that provides new insights into human biology, gene cs and cancer, as well as
advantages of big data which amasses large amounts of informa on for us to approach cancer treatment and preven on,
we are facing challenges of organically combining data from studies based on general popula on and informa on from
individual tes ng and se ng out precisional recommenda ons in cancer diagnosis, preven on, and treatment. We are
obligated to accelerate the adapta on of new scien ﬁc discoveries into eﬀec ve treatments and preven on for cancer. In
this review, we introduce our opinions on bringing knowledge of precision and popula on medicine together to guide our
clinical prac ce from the prospects of colorectal cancer preven on, stage III colon cancer adjuvant therapy, and postsurgery
surveillance.

A

pproximately one in 20 Americans will develop colorectal cancer (CRC) in their life mes.1 Popula on CRC
preven on by screening colonoscopy for average-risk individuals begins at age 50 and generally is repeated every
10 years.2-4 Precision CRC preven on connotes a tailored
approach to screening for CRC, in which the diﬀeren al use
of preven ve strategies like colonoscopy or chemoprevenon are based on individual and/or group-speciﬁc risks. Although much of the prac ce of medicine is s ll conducted
in a one-size-ﬁts-all fashion, increasing costs and growing
recogni on of variability in cancer risk that results from
measurable gene c risk factors and adverse environmental, dietary, or occupa onal exposures have fueled the development of guidelines in preven ve oncology that help
clinicians stra fy pa ents by risk in an eﬀort to op mize
screening and preven on.2,3,5 The growing and increasingly
complex list of personal history, family history, and genetic risk factors that are now included in many guideline
statements are evidence of the centrality of precision in
current CRC preven on prac ces and will be the focus of
this discussion.

PREVENTION
Why is Precision CRC Preven on Necessary?
Precision in CRC preven on is cri cal in the face of increasing health care costs, limited resources, and the no on that
cancer preven on can be conducted most eﬃciently when
it is tailored to an individual’s speciﬁc level of risk. For CRC,

this means low- to average-risk individuals may be spared
a por on of the morbidity associated with aggressive preven on eﬀorts (e.g., risk of frequent colonoscopy, including
perfora on; the risk of aspirin for CRC preven on, such as
gastri s and bleeding), whereas high-risk individuals should
be oﬀered screening beyond that of the average person to
reduce cancer incidence and mortality. For the sake of precision, current CRC preven on eﬀorts consider a variety of
factors. Family history is among the most common factors
used to guide precision medical care in a variety of disease
sites and is a core element of all CRC screening guidelines,
clinicians should be familiar with these guidelines (which
are not discussed in this ar cle).2-10 Today’s mul gene testing panels—which began with the cloning of the APC gene
(associated with familial adenomatous polyposis) and the
mismatch repair (MMR) genes of Lynch syndrome in the
1990s—can delineate risk for a small yet dis nct por on
of familial CRC, although the lion’s share of familial CRC is
s ll unexplained by detectable muta ons in hereditary risk
genes.11,12 Group-level risk associated with race and/or ethnicity also is recognized in recommenda ons from some
expert groups.3 Finally, the gastrointes nal clinician’s considera on of previous screening ﬁndings (e.g., adenoma free
on a previous colonoscopy vs. a large tubulovillous adenoma
vs. sessile serrated adenoma) and other health factors (e.g.,
history of inﬂammatory bowel syndrome) round out the
factors currently considered when colonoscopy intervals
are tailored to the individual pa ent.2,3,13
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Opera onalizing the Prac ce of Precision CRC
Preven on
Examples of some of the core relevant strata by which
current precision CRC preven on approaches are recommended by diﬀerent expert groups are listed in Table 1.
Guidelines that incorporate the impact of environmental
exposures and dietary factors on recommended screening
intervals; comorbid health condi ons, like obesity; or past
use of medica ons that may modulate CRC risk, like aspirin
or sta n use, remain limited. At least one risk calculator to
integrate family history, lifestyle factors (like smoking), and
screening history to determine life me CRC risk in average
risk individuals has been developed and is available through
the Na onal Cancer Ins tute website, but it does not incorporate gene c risk factors.14 More advanced tools to tailor
recommended screening to individual-level medical, gene c,
and exposure-related factors are a cri cal challenge to the
success of precision CRC preven on.

Precision CRC According to Personal and Family
History
A family history of CRC is among the strongest predictors
of personal CRC risk: risk is highest among those individuals with one or more ﬁrst-degree rela ves with CRC.2-4,6-8,15,16
A por on of this familial risk can be explained by shared

PRACTICAL APPLICATIONS
• Screening for colonoscopy for average-risk individuals
begins at age 50 and generally is repeated every
10 years.
• Family history is among the most common factors used
to guide precision medical care and is a core element of
all CRC screening guidelines.
• Among high-risk gene muta on carriers, precision
recommenda ons may be as aggressive as total
colectomy for pa ents with classic familial adenomatous
polyposis or for biallelic MUTYH carriers, but
recommenda ons are o en so ened and tailored to
polyp density and the presence of rectal involvement
(and the possibility of rectal sparing) in those with lessdense polyposis.
• Instead of rigidly or dogma cally making a decision of 3
versus 6 months of adjuvant therapy up front, therapy
could be ini ated for 6 months as the target with a
plan of alterna ng the treatment dura on on the basis
of a neurotoxicity assessment: 3 months of therapy
should be the minimal requirement, even in pa ents
with rela vely lower risk (e.g., T1-3N1 disease), and,
for pa ents with T4 or N2 disease, all suppor ve eﬀorts
should be given to complete 6 months of therapy.
• Guidelines strongly recommend comprehensive
surveillance for pa ents with stage II and stage III
colorectal cancer a er cura ve resec on with or without
adjuvant chemotherapy. The generally recommended
frequency of the comprehensive surveillance is every 3
to 6 months for the ﬁrst 2 years and then twice a year for
a total of 5 years.

inherited gene c risk factors, such as moderate- and highpenetrance gene c muta ons in hereditary risk genes, such
as the MMR genes of Lynch syndrome, but most familial
risk is not explained by this mechanism.11,12 Some families
will demonstrate very strong familial risks that meet strict
high-risk criteria, such as the Amsterdam I criteria for risk,
but upon tes ng do not have features of a known hereditary cancer syndrome.17 Assignment of risk in these families
remains a challenge. Occurrences of early-onset CRC have
been increasing,1,18-20 and it is associated in some cases with
a hereditary cancer risk. A recent popula on-based study
has iden ﬁed germline muta ons in approximately 25% of
individuals with early-onset CRC.21 In addi on to CRC onset
before age 50, a family history of advanced/high-risk adenomas in the colon has been associated with increased cancer
risks in close rela ves and should be considered when making CRC screening recommenda ons.22-25
Personal history of colorectal polyps, including mul ple
and right-sided hyperplas c polyps, high-risk and mul ple
adenomatous lesions, and sessile serrated adenomas are all
recognized as sources of increased risk of CRC and merit
more frequent CRC screening.22,23,26,27 Several U.S.-based
studies in recent years have documented a dis nct increase
in incidence of and mortality as a result of CRC among young
individuals (< age 50) during the past 30 to 40 years; since
2000, incidence has increased 22% and mortality, 13%28;
however, a clear cause has not been established.18-20,28 Although the higher risk of CRC among older individuals living
in developed na ons appears linked to dietary and lifestyle
factors related to socioeconomics,29 it remains uncertain
what risk factor(s) may be driving the increasing CRC rates
in young adults. It also remains uncertain whether there are
other increased cancer risks in this group, such as increased
risks of second CRC, upper gastrointes nal cancers, or other
cancers. CRC survivors are a par cularly important group
that has increased risks of a second CRC, and chemoprevenon with low-dose aspirin is now recommended for survivors.15,30-34 Finally, a personal history of inﬂammatory bowel
syndrome, including Crohn disease and ulcera ve coli s,
also increases the risk of CRC and supports recommenda ons for CRC screening tailored to the speciﬁc disease,
dura on since diagnosis, extent of bowel involvement, and
ac vity.2,35-37

Precision CRC Preven on According to Germline
Gene c Risk
CRC risk stra ﬁca on that is based on germline gene c risk
factors is a rapidly evolving area of hereditary CRC prevenon. As listed in Table 1 and as detailed in the updated 2017
Na onal Comprehensive Cancer Network guidelines, germline muta ons in mul ple genes now have been shown
to confer an increased risk of CRC, and risk ranges from a
10% life me risk to a nearly 80% to 100% life me risk of
CRC.5 What is generally true in hereditary/gene c risk is
that the highest-risk gene muta ons tend to be rarer in the
popula on, and asymptoma c carrier rates are rela vely
low. These truths are exempliﬁed by those muta ons in
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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the APC gene associated with classic familial adenomatous
polyposis; muta ons in the GREM1 gene; and muta ons
in the higher-penetrance MMR genes, MLH1 and MSH2.
Conversely, moderate- to low-penetrance gene muta ons
tend to be more common to extremely common and may
be found frequently among individuals with no personal
or family history of cancer. Examples of these muta ons
include muta ons in the MMR genes MSH6 and PMS2,
monoallelic muta ons in the MUTYH gene, low-penetrance
muta ons in the APC I1307K gene, and—poten ally—a
host of other muta ons in genes for which contribu ons to

CRC risk are s ll being deﬁned (e.g., ATM, CHEK2, BRCA1/2,
CDH1). Among high-risk gene muta on carriers, precision
recommenda ons may be as aggressive as total colectomy
for pa ents with classic familial adenomatous polyposis or
for biallelic MUTYH carriers, but recommenda ons are often so ened and tailored to polyp density and the presence
of rectal involvement (and the possibility of rectal sparing)
in those with less-dense polyposis. High-risk pa ents with
Lynch syndrome, though, should undergo frequent (1- to
2-year) colonoscopies because of the risk of even small adenomas developing into cancer and the risk of rapid progression

TABLE 1. Example Clinical Factors Used to Guide Precision CRC Preven on
Precision Factor by Guideline

Relevant Stra ﬁca on

Screening/Impact

Na onal Comprehensive Cancer Network Guidelines, v.2017
Family history of CRC, no gene c risks

Personal history of polyps or adenomas

Personal history of IBS

FDR with CRC, any age

Early, increased frequency (5–10 years)

FDR with advanced adenoma

Early, increased frequency (5–10 years)

SDR with CRC < 50 years

Increased frequency (5–10 years)

Low risk (TA; SSA [≤ 2, < 1 cm]; nega ve HGD)

Increased frequency (5–10 ears)

High risk (TVA/VA; SSA or TA > 1 cm, posi ve
HGD; 3–10 TA)

Greatly increased frequency (3–5 years)

Possible gene c risk (> 10 adenomas)

Refer to gene cs

Piecemeal endoscopy

Increased frequency (2–6 months)

< 8 years of IBS, well-controlled disease

None

≥ 8 years of IBS, poorly controlled disease

Increased frequency, biopsy, HD-WLE, or
chromoendoscopy

Low risk: L sided, dysplasia, or inﬂamma on

Greatly increased frequency (2–3 years)

High risk: PSC, extensive coli s, inﬂamma on,
family history of CRC < 50 years, adenomatous polyps, pseudopolyps, dysplasia,
stricture

Increased frequency (1 year)

Polyposis genes: APC (FAP), biallelic MUTYH
(MAP), STK11 (PJS), POLE/D1 (PAPP), GREM1,
BMPR1A, SMAD4, PTEN (CS), NTHL1, AXIN1,
MSH3

Very early (gene dependent; some begin in
adolescence)

Nonpolyposis genes: MLH1/MSH2/EPCAM
(Lynch); TP53 (LFS)

Very early, increased frequency

Nonpolyposis genes: MSH6/PMS2 (Lynch)

Early, increased frequency (but later start/less
frequent than MLH1/MSH2 carriers)

Nonpolyposis genes: APC I1307K, CHEK2,
monoallelic MUTYH

Early, increased frequency (5–10 years)

Race

African American

Early (45 years)

Age, years

Age ≥ 75 or life expectancy < 10 years

Suspend screening

Family meets Amsterdam criteria but tumor
mismatch repair tes ng is intact

Early, greatly increased frequency (3–5 years)

Adults age 50–59 with ≥ 10% 10-year CVD risk

Daily 81 mg ASA for ≥ 10 years

Findings at screening

If large dysplas c (≥ 1.5 cm), then chromoendoscopy 3–6 months

Hereditary/gene c risk of cancer
Higher-risk syndromes/genes

Moderate- and lower-risk genes

Increased frequency (gene dependent, some
yearly)

U.S. Mul -Society Task Force
Demographic characteris cs

High-risk family histories
Family colon cancer syndrome X
U.S. Preven ve Services Task Force
CRC preven on with low-dose aspirin

Abbrevia ons: ASA, aspirin; CRC, colorectal cancer; CS, Cowden syndrome; CVD, cardiovascular disease; FAP, familial adenopolyposis; FDR, ﬁrst-degee rela ve; HGD, high-grade dysplasia; IBS, irritable bowel
syndrome; LFS, Li-Fraumeni syndrome; MAP, MUTYH-associated polyposis; PAPP, polymerase proofreading-associated polyposis; PJS, Peutz-Jeghers syndrome; PSC, primary sclerosing cholangi s; SDR,
second-degree rela ve; SSA, sessile serrated adenoma; TA, tubular adenoma; TVA, tubulovillouos adenoma.
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of lesions to cancer when longer screening intervals are
adopted.5,38,39
Although the list of hereditary CRC risk genes con nues
to grow, Chubb et al40 and Dobbins et al41 have proposed
that the majority of high-penetrance CRC risk genes have
already been discovered. Nonetheless, a large frac on of
familial CRC remains undeﬁned by germline gene c factors
and is likely related to mixed environmental and/or shared
exposures, shared dietary pa erns, factors associated with
a shared microbiome, epigene c risk factors, and other reasons.42-45 One area that has been rela vely underdeveloped
in precision CRC preven on compared with breast cancer
research is the concept of residual risk.46 In breast cancer,
familial muta ons may explain only a por on of the breast
cancer risk within a high-risk family. Tes ng muta on nega ve (also known as true nega ve) in this se ng may mitigate but not totally eliminate elevated cancer risks seen in
some families.47-49

detectable muta on, or in pa ents with early-onset cancer
without a detectable muta on, will be increasingly valuable
to tailoring screening and preven on.46,48 Risk calculators
like the recently updated PREMM5 model also will be cri cal to broadly screen the popula on for pa ents who may
beneﬁt from germline tes ng in an eﬀort to oﬀer improved
precision to CRC screening plans.66 Even more powerful,
however, will be risk tools that consider mul ple factors of
risk at the individual level. Such integrated risk models will
incorporate popula on and individual gene c risks in the
context of personal history of environmental, dietary, and
other risk factors to oﬀer pa ents improved es mates of
CRC as well as informa on about how and to what degree
risks may be reduced through screening, healthy lifestyle,
risk factor avoidance, and chemopreven on.

Precision CRC Screening According to Race/Ethnicity

Evidence demonstrates that approximately 25% to 40% paents will develop a tumor recurrence as a locoregional recurrence, distant metastasis, or metachronous colorectal lesions
despite receiving a potentially curative operation.67 The
goals of adjuvant therapy are to evaporate poten al present microscopic metasta c cancer cells a er cura ve-intent
surgery and to decrease the recurrence and metastases of
the disease, which thus increases cure rate and overall survival.68 The decision about speciﬁc adjuvant therapy is based
on the assessment of sta s c evidence of disease relapse.
Because the treatment is essen ally for a risk, rather than
for provable disease, it is accepted that a propor on of paents who receive adjuvant therapy were already cured by
their primary surgery. Therefore, minimiza on of the shortterm and long-term toxici es is an important factor.

Data from the na onal popula on-based Surveillance and
Epidemiology and End Results database highlight the higher
risk for, and earlier age of onset in, CRC among African
Americans compared with other Americans.50-53 In part
because of the lower uptake of colonoscopy screening in the
African American popula on and other factors, increased
risk by race/ethnicity has been one factor underlying dispari es in CRC survival between African American and white
pa ents.54-56 Although dispari es have o en highlighted
diﬀerences between black and white pa ents, dispari es
in CRC screening and outcomes are found in other minority
popula ons, too.45 In 2005, the American Gastroenterological Associa on Commi ee of Minority Aﬀairs and Cultural
Diversity lowered the age of colorectal screening ini a on
to age 45 for individuals of African ancestry.57 The current U.S. Mul -Society Task Force3 guidelines for CRC connue to recommend screening to begin at age 45 for African
Americans.

The Future of Precision CRC Preven on
Precision CRC prevention will continue to evolve as a
more granular understanding of known CRC risk factors is
achieved and as new factors that diﬀeren ally aﬀect risk are
iden ﬁed. For example, evidence suggests that the risk of
CRC associated with ulcera ve coli s may be decreasing because of a variety of factors, including more widespread use
of an -inﬂammatory agents and immunomodulators.58-60 In
the area of hereditary cancer risks, eﬀorts already are underway by several groups to improve gene-speciﬁc and poten ally even muta on-speciﬁc es mates of cancer risk and
penetrance in the MMR genes.61,62 Eﬀorts also are ongoing
to con nue to understand the scope of disease risk by gene,
and a growing body of literature cites new risks of breast
cancer and poten ally other cancers in Lynch syndrome
muta on carriers.63-65 The incorpora on of single-nucleo de
polymorphisms and other genomic markers into residual
risk es mates in pa ents with strong family history but no

ADJUVANT CHEMOTHERAPY IN COLON
CANCER
The Goal and Ra onale of Adjuvant Therapy

Recurrence Risk Assessment in Colon Cancer
The assessment of recurrence risk in colon cancer is s ll based
mainly on the pathohistology characteris cs of a pa ent’s
disease at the surgery. The anatomic TNM classiﬁca on
remains the only validated prognos c tool in the adjuvant
se ng, and clinical prac ce is based on T and N staging.
The American Joint Commi ee of Cancer updates the staging systems every 6 years according to new evidence from
clinic research and epidemiologic data to keep informa on
as precise and accurate as possible. The eighth edi on of
the staging guideline was published in January 2018.69 The
Union for Interna onal Cancer Control also updates its staging guidelines regularly, for the same purpose.70 With the
recent research advances in molecular biology and translaon medicine, myriad candidate molecular biomarkers have
been reported for prognosis and for predic on of therapy.
However, the applica on of these markers in clinical pracce to guide adjuvant therapy remains limited, because rigorous assessment in large pa ent data sets by mul variable
analysis, and subsequent implementa on and valida on,
is needed.71-74 In colon cancer, the clinical decision to use
adjuvant chemotherapy remains based almost en rely on
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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the T and N staging system. Data from large bodies of evidence from randomized clinical studies have iden ﬁed clear
survival beneﬁts of adjuvant chemotherapy in pa ents with
stage III colon cancer.67,68

Argument, Debate, and Consensus of Stage II Colon
Cancer
For pa ents with cancer that invades the muscularis propria
but has no lymph node involvement (stage IIA), general recommenda ons suggest that adjuvant chemotherapy may
not contribute enough beneﬁt in overall survival. Enough
evidence has demonstrated that adjuvant chemotherapy
with ﬂuorouracil (FU) alone may cause detriment in pa ents
with stage II colon cancer and MMR deﬁciency.75-77 However,
it is well known that the prognosis of pa ents with stage II
tumors that penetrates to the surface of the visceral peritoneum (T4a) and that directly invade or adhere to other
organs or structures (T4b) may be worse than that of paents with T3N1 disease. Therefore, discussion about and
considera on of adjuvant chemotherapy is warranted in
those pa ents with so-called high-risk stage II disease, deﬁned by the following factors: T4 lesions, clinical presentaon with bowel obstruc on or perfora on, fewer than 12
lymph nodes recovered in the specimen, and poor diﬀerena on histology.78 A high level of baseline carcinoembryonic
an gen (i.e., > 5 ng/L), large vessel invasion, and perineural
and extramural vascular invasion also are considered risks
associated with recurrence.79 Other factors, such as age, comorbidi es, and personal preferences, may aﬀect the decision about adjuvant therapy.

Development and Choices of Adjuvant Treatment
Regimens
Adjuvant therapy in the colon was ﬁrst introduced into clinical prac ce in the early 1960s, shortly a er the an cancer
eﬃcacy of FU was demonstrated in advanced colon cancer.80
However, the beneﬁt of an adjuvant treatment a er surgery
for stage III colon cancer was not conﬁrmed with validated
randomized trials un l early 1990s. Moertel et al81 demonstrated in a randomized study that FU plus the an helminthic agent levamisole oﬀered a beneﬁt compared with
surgery alone. The intergroup study (INT-0035) conﬁrmed
these results in a larger popula on of pa ents with stage III
disease: they showed that FU plus levamisole reduced the
recurrence rate by 40% (p < .0001) and the death rate by
33% (p = .0007).82 The combina on regimen rapidly became
the standard of choice for stage III colon cancer adjuvant
therapy in most of the Western world. However, the toxicity
of the combina on and the length of treatment raised quesons about op mal therapy op ons. Several large randomized trials—INT-0089, an NCCTG trial, and NSABP C-04—were
performed to address those ques ons.83-85 Two main treatment regimens of bolus FU plus leucovorin developed on
the basis of data from these studies: the Mayo regimen
(daily bolus FU/leucovorin for 5 days every 4–5 weeks) and
the Roswell Park regimen (weekly bolus FU/leucovorin for
4 weeks in a 6-week cycle); both were administered for
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6 months of treatment and in the mid-1990s became standard op ons for adjuvant therapy in colon cancer worldwide. Because the eﬃcacy of both regimens was similar,
most clinicians chose a treatment regimen for their pa ents
on the basis of the toxicity proﬁles of these two regimens:
bone marrow suppression with the Mayo regimen versus
gastrointes nal toxici es with the Roswell Park regimen.
With a empts to increase eﬃcacy and decrease toxici es,
a number of other treatment op ons—including infusional
FU/leucovorin (i.e., LV5FU2, AIO, and de Gramont regimens)
and capecitabine alone (X-ACT trial)—became available for
pa ents.86,87
In the early and mid-2000s, two new eﬀec ve cytotoxic
agents, irinotecan and oxalipla n, and two biologics, bevacizumab and cetuximab, were approved to treat metasta c colorectal cancer. Combina ons of these agents with
FU/leucovorin-based regimens were tried in a empts to
improve the overall outcome of adjuvant therapy in colon
cancer.88-99 However, the addi onal survival beneﬁts were
iden ﬁed only in studies that added oxalipla n to FU-based
regimens or to capecitabine. The results of the MOSAIC
trial88,89 altered adjuvant treatment standard from FU/
leucovorin or capecitabine to FOLFOX for stage III colon cancer right a er study data were presented in abstract form
at the ASCO Annual Mee ng in 2003. In the study, 1,123
pa ents were randomly assigned to either infusional FU
with leucovorin or FOLFOX (infusional FU with leucovorin plus
oxalipla n). A er a median follow-up me of 37.9 months,
DFS at 3 years was 78.2% (95% CI, 75.6%–80.7%) in the
group that received FOLFOX and was 72.9% (95% CI,
70.2%–75.7%) in the group that received only infusional FU
with leucovorin (p = .002).88 In an update, the 5-year DFS
rates were 73.3% and 67.4% in the FOLFOX4 and infusional
groups, respec vely (HR 0.80; 95% CI, 0.68–0.93; p = .003).
The 6-year overall survival rates were 78.5% and 76.0% in
the FOLFOX4 and infusional groups, respec vely (HR 0.84;
95% CI, 0.71–1.00; p = .046). The 6-year overall survival
rates in only stage III disease were 72.9% and 68.7%, respecvely (HR 0.80; 95% CI, 0.65–0.97; p = .023).89 The beneﬁts
of oxalipla n with the combina on of capecitabine in the
adjuvant se ng were conﬁrmed in a study that compared
bolus FU/leucovorin (e.g., oxaliplatin plus capecitabine
[XELOX, CAPOX)].90,91 In the X-ACT trial, pa ents with stage
III colon cancer were randomly assigned to XELOX (oxaliplan plus capecitabine) or to an FU/leucovorin adjuvant regimen. The 3-year DFS rate was 70.9% with XELOX and was
66.5% with FU/leucovorin. The 5-year overall survival rates
for XELOX and FU/FA were 77.6% and 74.2%, respec vely.
Since the mid-2000s, 6 months of either FOLFOX or XELOX
has been a standard adjuvant treatment choice for stage III
colon cancer.

IDEA Consor um
The major challenge of FOLFOX or XELOX in clinic prac ce
is the oxalipla n-associated dose-related neuropathy, which
aﬀects the quality of life in almost all pa ents during therapy and which may greatly aﬀect some pa ents for a long
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me a er treatment is ﬁnished. Because the success of attempts to minimize the dose-related neuropathy without
compromising eﬃcacy by calcium or magnesium infusion
during oxalipla n admission was not conﬁrmed in a phase III
study,92 the focus turned to alteration of the duration of
treatment by reducing the cumula ve doses of oxalipla n.
Interestingly, a multicenter randomized study with 801
pa ents demonstrated that 12 weeks (3 months) of adjuvant infusion FU was associated with signiﬁcantly be er
quality of life during treatment and faster me to recovery
compared with 6 months of bolus FU/leucovorin.93
The IDEA (Interna onal Dura on Evalua on of Adjuvant
chemotherapy) prospec ve, preplanned accumulated data
from six large randomized trials worldwide (i.e., SCOT, TOSCA,
Alliance/SWOG 80702, IDEA France [GERCOR/PRODIGE],
ACHIEVE, and HORG) evaluated the noninferiority of
3 months compared with the standard 6 months of adjuvant
FOLFOX/XELOX for pa ents with stage III colon cancer. The
primary endpoint was DFS, deﬁned as me from enrollment
to relapse, second colorectal cancer, or death as a result of
any cause. Noninferiority was declared if the two-sided 95%
CI for the disease-free hazard ra o (3 months vs. 6 months)
es mated by a stra ﬁed Cox model was less than 1.12. Preplanned noninferiority was examined within regimen and
stage subgroups. The data were presented at the 2017 ASCO
Annual Mee ng.94 More than 12,000 pa ents from 12 countries were included in the analysis; the stage distribu on
was as follows: 13%, T1 to 2; 66%, T3; 21%, T4; and 28%, N2.
Overall, 60% of pa ents received FOLFOX, and 40% received
XELOX. The result showed that rates of grade 3 or greater
neurotoxicity were higher in the 6-month arm versus the
3-month arm (16% vs. 3% with FOLFOX, 9% vs. 3% with
XELOX; both p < .0001). Grade 2 neurotoxicity rates also
were greater in the 6-month arm versus the 3-month arm
(32% vs. 14% with FOLFOX, 36% vs. 12% with XELOX; both p <
.0001). During a median follow-up me of 39 months, 3,263
DFS events were observed. Overall, the 3-year DFS rate was
74.6% in the 3-month arm and was 75.5% in the 6-month
arm; the es mated DFS HR was 1.07 (95% CI, 1.00–1.15).
The authors concluded that the DFS noninferiority of
3 months with oxalipla n-based adjuvant therapy was not
established overall in stage III colon cancer. Interes ngly,
the subgroup analyses showed that the 3-month versus the
6-month DFS HR was 1.16 (95% CI, 1.06–1.26) for FOLFOX
and was 0.95 (95% CI, 0.85–1.06) for XELOX. The 3-months
versus 6-month DFS HR was 1.01 (95% CI, 0.90–1.12) in
T1-3N1 disease and was 1.12 (95% CI, 1.03–1.23) in T4 or N2
diseases. The data for these subgroup analyses suggest that
the choice of regimen (FOLFOX vs. XELOX) and risk group
(T1-3N1 vs. T4 or N2) should be considered in discussions
about the noninferiority of 3 months of oxalipla n-based
adjuvant therapy: noninferiority was indicated with XELOX
and in the T1-3N1 substage group.

Clinical Applica on in Prac ce
How to apply the data of IDEA collabora on into rou ne
medical oncology clinic prac ce is an important issue in the

clinic. First, we must understand that the primary endpoint
of IDEA was 3-year DFS. Although 3-year DFS is a validated
surrogate endpoint of overall survival, long-term overall survival data are needed to make a ﬁnal conclusion. First, IDEA
contained accumulated data from diﬀerent studies, which
resulted in unbalanced studies and regimens (e.g., FOLFOX
vs. XELOX). IDEA was not designed to compare diﬀerent regimens. Second, mul ple varia ons, not only in T and N stages,
exist among pa ents with stage III colon cancer. Third, the
dura on of adjuvant therapy aimed mainly to decrease the
oxalipla n-associated dose-dependent and cumula ve neurotoxicity. Furthermore, the development and advances in
molecular/biologic predic ve and prognos c markers will
inﬂuence our judgement of and decision about adjuvant
therapy. Therefore, detailed discussion between physicians
and pa ents is needed to consider all poten als and concerns. Thus, the consensus of oncologists may not be able
to follow clear standards when they are faced with similar
clinical scenarios. Instead of rigidly or dogma cally making a
decision of 3 versus 6 months of adjuvant therapy up front,
the therapy could be ini ated for 6 months as the target
with a plan of alterna ng the treatment dura on on the basis of a neurotoxicity assessment (toxicity grade and tolerance of the pa ent). Three months of therapy should be the
minimal requirement, even in pa ents with rela vely lower
risk (e.g., T1-3N1 disease). For those pa ents with high risk
(T4 or N2 disease), all suppor ve eﬀorts should be given to
complete 6 months of therapy. XELOX could be considered a
preferred regimen of choice, especially in those pa ents for
whom the decision of 3 months of therapy is already made
up front.

SURVEILLANCE
Ra onale and Guidelines
Current evidence suggests improved rates of cura ve secondary treatment with surveillance a er poten al curave resec on of colon cancer, which has been considered
standard in oncologic prac ce. Approximately 25% to 40%
of pa ents will develop tumor recurrence as locoregional
recurrence, distant metastasis, or metachronous colorectal
lesions despite a poten ally cura ve opera on.95 Data from
meta-analyses and randomized controlled studies showed
that surveillance by periodic images and monitoring of carcinoembryonic an gen levels likely are associated with early
detection of asymptomatic recurrences, which therefore
increases the poten al for cura ve therapy and survival
beneﬁt.96-100 Long-term survival can occur a er complete
resec on of local regional recurrences and of metasta c
liver and lung recurrences. Detec on of asymptoma c metachronous colorectal lesions, including cancer and polyps via
scheduled colonoscopy, may also lead to a cure.101 However, the op mal strategy to accurately detect recurrences at
the earliest stage remains controversial. Currently, the general recommenda ons for follow-up surveillance include a
combina on of history and physical examina on, laboratory and imaging evalua on, plus endoscopy (with somewhat
slightly varying schedules) according to the stage of disease
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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and the organiza on: guidelines come from na onal and
interna onal professional socialites, including ASCO, the European Society of Medical Oncology, the Na onal Comprehensive Cancer Network (in the United States), the Na onal
Health Service (in the United Kingdom), the Program in Evidence-Based Care (from Cancer Care, Ontario, Canada), and
the American Society of Colon and Rectal Surgeons.102-106
Addi onal workup may be recommended depending on
the results of these examina ons. There are debates about
the cost-beneﬁt of outcomes of high- versus low-intensity
surveillance.99,107-109 Each of these guidelines is based on literature review and opinions and consensus from regional
experts. However, there are diﬀerences among these guidelines despite the similar evidence base. All guidelines mark
their recommenda ons with grades (e.g., I, II; and A, B, or C)
to reﬂex the quality/strength of evidence.

Stages II and III
All guidelines strongly recommend comprehensive surveillance for pa ents with stage II and stage III colorectal cancer
a er cura ve resec on with or without adjuvant chemotherapy. The generally recommended frequency of the comprehensive surveillance is every 3 to 6 months for the ﬁrst
2 years and then twice a year for a total of 5 years. Regularly
scheduled oﬃce visits and carcinoembryonic an gen tes ng
are included. A pooled analysis from the ACCENT database
of 18 clinical trials that included pa ents with stages II and
III colon cancer supports the decreasing the frequency of
surveillance tes ng over me.110 In this study with 20,898
pa ents, 5,722 (33%) experienced recurrence a er FUbased adjuvant therapy. Among pa ents with disease recurrence, 62% were iden ﬁed within the ﬁrst 2 years; 80%,
within 3 years; and 92%, within 4 years. A er 5 years, the
recurrence rate was less than 1.5% per year. A er 10 years,
the recurrence rate was rare (less than 0.5% per year). The
FACS trial found that carcinoembryonic an gen tes ng either alone or in combina on with CT was associated with an
increase in the number of pa ents with disease recurrence
who could be treated with cura ve intent.109 Rou ne radiographic surveillance, including cross-sec onal chest and abdomen and pelvis images (CT or MRI), are recommended,
with the knowledge that the most common sites of systemic
recurrence for colorectal cancer are the liver and the lung.
However, there are no trial data about the op mal frequency
of surveillance imaging. Improved survival of recurrence
was observed with CT scans administered at a frequency of
every 3 to 6 months, but this schedule has not been compared with a less frequent protocol.100 Therefore, there is
no universal agreement about the frequency of images; annual image surveillance appears common for average-risk
pa ents, and more frequent imaging may be considered
for high-risk pa ents. There is no suﬃcient evidence about
surveillance by PET scan in lieu of tradi onal CT scanning,
although it has been used to help select pa ents for hepa c
resec on and to evaluate pa ents with an elevated carcinoembryonic an gen who had normal conven onal imaging and colonoscopy results.111,112
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Stage IV A er Cura ve-Intent Surgery
Pa ents with metasta c colorectal cancer who successfully
undergo poten ally cura ve–intent therapy typically undergo
surveillance routinely, but the potential benefit of the
surveillance remains somewhat controversial. Long-term
survival beneﬁt is well documented in properly selected
pa ents who receive cura ve therapy, especially those paents who have isolated disease, even a er secondary interven on for recurrent disease.113,114 Guidelines from both the
Na onal Comprehensive Cancer Network and the American
Society of Colon and Rectal Surgeons agree to continue
surveillance in those with no evidence of disease.102,106 The
timing and duration of surveillance are debatable, and
both are determined basically by the individual patient
risk proﬁle and performance status. A recent retrospect cohort study analyzed the recurrent models in 1,070 pa ents
with metasta c colorectal cancer who had poten ally curave–intent resec ons (R0 resec ons for both primary and
metasta c diseases).115 The data showed the overall rate
of recurrence was 73% (784 of 1,070 pa ents); 62% of recurrences developed within 1 year (as early recurrence),
24% developed in 1 to 2 years (as middle recurrence), and
14% developed in 2 or more years (as late recurrence). The
study indicated that risk factors for early recurrence included site (rectum), depth of tumor invasion (T4), increasing N stage, venous invasion, and liver metastasis. Risk
factors for later recurrence were tumor size of 50 mm or
smaller and peritoneal dissemina on. These data may help
guide surveillance protocol after curative resection of
stage IV colorectal cancer.

Other Issues
There are no clear surveillance recommenda ons for stage I
colorectal cancer except for scheduled colonoscopy, because there are li le deﬁni ve data about surveillance effec veness.102-106 It is notable that recurrences do happen in
pa ents with stage I colorectal cancer a er resec on.
All guidelines recommend performance of surveillance
colonoscopy at 1 year a er cura ve resec on for pa ents
with surgically treated stage I to IV colorectal cancer. Subsequent colonoscopy should be performed every 3 to 5 years
depending on the ﬁndings at the ﬁrst postopera ve examina on. In cases of incomplete colon evalua on before surgery, the ini al colonoscopy should be performed within 3 to
6 months or upon the comple on of adjuvant therapy.102-106
This recommendation is based on reports of a high incidence of apparently metachronous second cancers in the
ﬁrst 2 years a er resec on. If the examina on at 1 year is
normal, then the interval of surveillance therea er should
be 3 years. If that colonoscopy is normal, then the next interval should be 5 years. Shorter intervals may be indicated
according to associated adenoma ﬁndings or if the pa ent’s
age, family history, or tumor tes ng indicate deﬁnite or
probable hereditary nonpolyposis colorectal cancer.116
Liquid biopsy that is based on circulating tumor cells
and ctDNA analysis has shed a new light on the molecular
diagnosis and monitoring of cancer, including colorectal
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cancer.117 Studies suggest that the screening of circula ng
tumor cells and ctDNA may be highly sensi ve , which may
signiﬁcantly improve tumor diagnosis and facilitate earlystage detec on. Therefore, use of circula ng tumor cells
ctDNA as a liquid biopsy may herald a revolu on for tumor
management in the future.118 However, the clinical applicaon is s ll at the research level. The results depend on the
volume of plasma and the technology used for analysis. Prospec ve studies are needed, and promising results should
be validated in large follow-up studies to ensure clinical applicability. Also, a deeper understanding of cancer biology

may lead to improved insight into how and when liquid biopsies may be of best clinical use.119
It is important to point out that the success of surveillance for early detec on of curable recurrence depends on
pa ent and provider adherence to the surveillance schedule
and avoidance of unnecessary examina ons. An equally important factor is that, a er cura ve resec on of colorectal
cancer, pa ents are s ll at risk for other common malignancies (e.g., lung, breast) for which standard screening recommenda ons should be observed and measures to maintain
general health should be recommended.
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CLINICALLY RELEVANT MOLECULAR CLASSIFICATION OF COLORECTAL CANCER

Molecular Subtypes and the Evolu on of Treatment
Decisions in Metasta c Colorectal Cancer
Rodrigo Dienstmann, MD, Ramon Salazar, MD, MSc, and Josep Tabernero, MD, PhD
OVERVIEW
Colorectal cancer (CRC) has clinically relevant molecular heterogeneity at mul ple levels: genomics, epigenomics, transcriptomics, and microenvironment features. Genomic events acquired during carcinogenesis remain drivers of cancer progression in the metasta c se ng. For example, KRAS and NRAS muta ons deﬁne a popula on refractory to epidermal
growth factor receptor monoclonal an bodies, BRAFV600E muta ons associate with poor outcomes under standard therapies and response to targeted inhibitors in combina ons, and HER2 ampliﬁca ons confer unique sensi vity to double HER2
blockade. Mul ple rare gene altera ons driving resistance to epidermal growth factor receptor monoclonal an bodies
have been described, with substan al overlap in primary and acquired mechanisms, in line with a clonal selec on process.
In this context, sequen al analysis of circula ng tumor DNA has the poten al to guide drug development in a treatmentrefractory se ng. Rare kinase fusion events and complex altera ons in genes involved in DNA damage repair have been
described, with emerging evidence for targetability. On the other hand, transcriptomic subtypes and pathway ac va on
signatures have also shown prognos c and poten al predic ve value in metasta c CRC. These markers reﬂect stromal and
immune microenvironment interac ons with cancer cells. For example, the microsatellite instable or POLE ultramutant CRC
popula on is par cularly sensi ve to immune checkpoint inhibitors, whereas tumors with a mesenchymal phenotype are
characterized by ac va on of immunosuppressive molecules that mandate stra ﬁed development of novel immunotherapy
combina ons. Here, we review the expanding landscape of targetable oncogenic altera ons and signatures in metasta c
CRC and discuss the clinical implementa on of novel molecular diagnos c tests.

C

olorectal cancer (CRC) was one of the ﬁrst solid tumors
to be molecularly characterized, with several genes and
pathways implicated in tumor ini a on and growth.1 CRC
carcinogenesis is the result of a stepwise accumula on of gene c events in oncogenes (e.g., KRAS, NRAS, BRAF, PIK3CA)
and tumor suppressor genes (e.g., APC, TP53, SMAD4, PTEN)
that deregulate key signaling pathways driving progression,
such as WNT/β-catenin, transforming growth factor beta
(TGFβ), epidermal growth factor receptor (EGFR), and downstream mitogen-ac vated protein kinase (MAPK) and phosphoinosi de 3-kinase (PI3K). These altera ons are found in
most advanced tumors, which can be biologically classiﬁed
as either chromosomally instable or microsatellite instable
(MSI), depending on the pa ern of addi onal genomic and
epigenomic events. Although tumors that are chromosomally
instable harbor increased copy-number altera ons linked to
TP53 muta ons, MSI tumors have hypermuta on as a result
of defec ve DNA mismatch repair (MMR) system, with a clear
molecular origin (MLH1, MSH2, MSH6, or PMS2 inac va on)
arising from germline or soma c events.2

With the recent characterization of the transcriptomic
subtypes of the disease (consensus molecular subtypes
[CMS]), convergent pathway dependencies were identified: CMS1 (MSI immune) is hypermutated and MSI, with
strong immune cell infiltration and cytotoxic signaling
ac va on; CMS2 (canonical) is epithelial, chromosomally
instable, immune desert, and shows marked WNT and
EGFR signaling dependence; CMS3 (metabolic) is epithelial and has mixed chromosomal and microsatellite instability, evident metabolic dysregulation, and mutations in
the MAPK pathway; and CMS4 (mesenchymal) is chromosomally instable, with prominent TGFβ activation linked
to microenvironment inﬁltra on with immunosuppressive
and stromal cells.3 The CMS groups reflect distinct biology of primary CRC tumors and have a clear prognostic
impact in early-stage and advanced disease, with CMS4
mesenchymal tumors having twofold increased chances
of relapse after curative therapy and CMS1 MSI immune
tumors associated with dismal prognosis in the metasta c
setting.3,4
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In parallel with our increased understanding of molecular
drivers and tumor-microenvironment interac ons in CRC,
major advances in drug development of targeted agents
and immunotherapies have shown the value of tumor proﬁling in the clinic. Molecular heterogeneity plays an important role in treatment selec on in metasta c CRC (mCRC),
with KRAS/NRAS (RAS) mutated tumors intrinsically resistant to EGFR monoclonal an bodies (mAbs) and MSI tumors
uniquely sensi ve to immune checkpoint inhibitors. On top
of these validated biomarker-drug matches, there is mounting clinical evidence that addi onal biomarkers are relevant
for treatment stra ﬁca on, such as BRAFV600E muta ons and
HER2 ampliﬁca ons. Furthermore, longitudinal studies with
liquid biopsies in the an -EGFR resistance se ng revealed
substan al temporal genomic heterogeneity in mCRC as a
result of clonal selec on process achieved under treatment
pressure.1 The possibility to use next-genera on sequencing
(NGS) assays that test for mul ple gene altera ons over me
has great poten al to guide drug development in molecularly deﬁned subtypes with targetable oncogenic drivers.
In this review, we detail how the precision medicine paradigm of biomarker-drug matching has evolved in the past
decade and discuss future prospects for transcriptomic and
microenvironment proﬁling to expand personalized treatment op ons in mCRC.

ONCOGENIC DRIVERS
RAS Muta ons in Tissue and Plasma
Oncogenic muta ons in RAS are found in more than 50%
of CRC tumors. Despite many eﬀorts, RAS remains an elusive therapeu c target, and its relevance in the clinics is s ll

PRACTICAL APPLICATIONS
• RAS-mutant tumors are long known to be resistant to
an -EGFR therapies. MSI tumors are uniquely sensi ve
to immune checkpoint inhibitors. This knowledge has set
standard indica ons for cetuximab/panitumumab and
pembrolizumab/nivolumab, respec vely.
• Molecular heterogeneity of colorectal cancer is
substan al. Advances in tumor proﬁling through both
individual altera ons and gene signatures are paving the
path to emerging matched therapies.
• BRAFV600E muta ons and HER2 ampliﬁca ons show
promise in phase II clinical trials as predic ve biomarkers
of eﬃcacy to combina on targeted therapies. Rare
kinase fusions also confer sensi vity to targeted
inhibitors.
• MSI immune or “MSI-like” and mesenchymal or
“TGFβ-ac ve” subtypes or signatures stand out as
candidates for new gene expression biomarkers for
selec on of immune checkpoint inhibitors and targeted
combina ons, respec vely.
• Molecular heterogeneity is also a dynamic process.
ctDNA is able to detect emerging genomic altera ons
in a large propor on of pa ents progressing on
cetuximab or panitumumab, which are guiding new drug
development strategies.
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restrained to its role as a nega ve predictor biomarker of
response to EGFR-targeted mAbs. However, accurate assessment of RAS status has not only clinical but also major
economic relevance, so it is important to brieﬂy describe
current status and challenges on molecular diagnos c tests
used in clinical prac ce.
First, analytical sensitivity is critical when dealing with
a negative predictive biomarker: all patients with tumors
labeled as RAS mutant are not eligible for an -EGFR treatment, and those with RAS wild-type tumors have a meaningful chance of deriving clinical beneﬁt. In a retrospec ve
analysis of the CRYSTAL trial, pa ents with mCRC with tumor
RAS mutant allele frequencies less than 5% were s ll likely
to have improved survival outcomes with the addi on of
cetuximab to FOLFIRI in the ﬁrst-line se ng.5 Subsequent
retrospec ve nonrandomized data suggested the op mal
cutoﬀ point to be at 1% for EGFR mAb treatment beneﬁt
in a chemotherapy-refractory scenario.6,7 The ULTRA prospec ve study in second- or third-line se ngs provided
evidence that progression-free survival (PFS) predic on was
higher when a threshold of 5% was selected, reinforcing
that increasing analy cal sensi vity may worsen pa ent selec on.8 One of the poten al reasons for such variability in
cutoﬀs across studies is tumor purity heterogeneity rather
than in RAS-mutant clonal heterogeneity.9 Altogether, these
data suggest that pa ents with very low RAS mutant allele
frequencies in their tumors (< 5%) may s ll behave as wildtype because they derive comparable beneﬁt from an EGFR therapies as those without detectable RAS muta ons.
Next, the analysis of circula ng tumor DNA (ctDNA) is an
emerging alterna ve to detect driver gene muta ons, with
approximately 90% concordance rate of RAS-mutant status in
paired plasma and ssue samples.10,11 False-nega ve cases
in plasma have been linked to low tumor burden and peritoneal metastases.11 In the clinics, predic on of treatment
beneﬁt in pa ents receiving an -EGFR plus irinotecan in
second- or third-line se ngs was equivalent if tested with
tumor or ctDNA. With regard to muta on detec on threshold
in ctDNA, half of the pa ents showed mutant allele frequencies of 1% or less, reﬂec ng analy cal sensi vity diﬀerences
between ssue and plasma.10
Finally, ctDNA is able to detect emerging genomic altera ons in RAS and other driver genes in a large propor on of
pa ents progressing on cetuximab or panitumumab whose
tumors were ini ally diagnosed as wild-type.12 In most cases,
multiple events coexist in the same sample, such as different KRAS, NRAS, and BRAF oncogenic variants and MET
or HER2 amplifications, with newly detected alterations
deriving from minor preexis ng subclones in the primary
tumor lesion. Repeated ctDNA analyses have shown that
the percentage of KRAS-mutant alleles increases under an EGFR treatment exposure and rapidly declines a er drug
withdrawal. On subsequent follow-up, KRAS-mutant clones
inversely correlate with the me since last dose of EGFR
mAb and dynamically evolve on an -EGFR rechallenge.12 In
approximately one-third of the cases, EGFR extracellular domain muta ons that disrupt binding of EGFR mAb binding
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emerge in plasma, most frequently a er long exposure to
therapy and a er the rise of RAS-mutant clones in ctDNA.13
Most important, ctDNA analysis may guide pa ent selec on
for sequen al use of novel EGFR inhibitors in a treatmentrefractory se ng a er ini al response and subsequent progression to cetuximab or panitumumab. In a randomized
phase II trial with Sym004, a mixture of two EGFR mAbs,
pa ents with plasma ctDNA nega ve for RAS, BRAFV600E, and
EGFR-ac va ng muta ons at the me of treatment ini aon experienced an increase in median overall survival of
5.5 months compared with standard-of-care therapies.14
These promising results in a molecularly selected populaon support the design of pivotal ctDNA-guided clinical trials
in EGFR inhibitor refractory mCRC.

BRAF Muta ons
Close to 8% of pa ents with mCRC harbor BRAFV600E-mutant
tumors, which are associated with resistance to an -EGFR
regimens and signiﬁcantly worse survival outcomes.15 Matched
targeted therapies for this popula on have evolved markedly in recent years, with be er understanding of the pharmacodynamics of target inhibi on (Fig. 1). CRC cells rely on

EGFR ac va on as a feedback mechanism on BRAF inhibitor
exposure, with PI3K–mediated sustained MAPK signaling
and ac va on. In early trials, combina ons of BRAF plus
EGFR and/or MEK inhibitors achieved response rates of 15%
to 25%.15 A randomized phase II trial recently demonstrated
a 2.4-month improvement in median PFS with the addi on
of vemurafenib to the control regimen of irinotecan plus
cetuximab.16 A conﬁrmatory study inves ga ng doublet and
triplet targeted combina ons in BRAFV600E-mutant mCRC is
currently under way. Preliminary results of the BEACON
trial show that the triple combina on of encorafenib, binimenib, and cetuximab has acceptable toxicity and a promising
response rate of 48%.17
With NGS in the clinics, BRAFnon-V600E muta ons have been
iden ﬁed in up to 2% of mCRC tumors, some mes with
coexis ng RAS muta ons.18 Notably, most of them have
impaired kinase ac vity or are kinase dead, such as BRAFD594G.
In mCRC, BRAFnon-V600E muta ons do not nega vely aﬀect
pa ent prognosis, and preclinical studies suggest that sensi vity to EGFR inhibitors is not decreased.19 In the clinic,
when RAS-mutant alleles do not co-occur, pa ents may s ll
be oﬀered an -EGFR-targeted agents.

FIGURE 1. Molecular Classiﬁca on of CRC and Therapeu c Implica ons
A

B

(A) Genomic markers in mCRC with exis ng or poten al matched therapies. (B) Transcriptomic markers and pathway signatures in mCRC with poten al matched therapies.
Abbrevia ons: CRC, colorectal cancer; mut, muta on; ampl, ampliﬁca on; inh, inhibitors; mCRC, metasta c CRC.
*U.S. Food and Drug Administra on approved.
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HER2 and MET Ampliﬁca ons
HER2-targeted treatment has proven very successful in
HER2-ampliﬁed breast and gastric cancer. In pa ents with
mCRC, HER2 ampliﬁca on is a clinically relevant genomic altera on with prevalence of only 2% in unselected pa ents
but a clear enrichment in le -sided RAS and BRAF wild-type
primary tumors to 5%.20 HER2 status can be screened for
with standard diagnos c tests and a validated cutoﬀ of
posi vity using immunohistochemistry or hybridiza on assays is available.21 It has been linked to primary resistance
to an -EGFR agents in the refractory se ng but is also a
posi ve predic ve marker for response to HER2-targeted
agents in mCRC.20 In the HERACLES-A phase II trial, pa ents
with KRAS wild-type HER2-posi ve tumors refractory to
standard treatments were treated with the combina on
of trastuzumab plus lapa nib, and an overall response rate
of 30% was achieved.20 Double HER2 targe ng with pertuzumab and trastuzumab was explored in the phase II basket study MyPathway, with overall response rates of 38%
in HER2-ampliﬁed mCRC.22 In pa ents with acquired resistance to an -HER2 agents, the an body-drug conjugate
trastuzumab-DM1 has shown single-agent ac vity.23 These
emerging data are being validated in mul ple ongoing trials
with diﬀerent drug combina ons, but no phase III trial has
been ini ated so far.
With regard to MET ampliﬁca on in mCRC, it has been idenﬁed in numerous preclinical and clinical studies as a resistance mechanism to targeted agents, both an -EGFR agents
in RAS wild-type tumors and BRAF inhibitor combina ons in
BRAFV600E-mutant disease.24,25 Fewer than 2% of primary CRC
tumors harbor MET ampliﬁca ons, but prevalence using ctDNA NGS tests in pa ents refractory to an -EGFR treatment
may be as high as 20%.26 Preliminary reports suggest that potent MET inhibi on in this se ng can overcome resistance.27
The results of early clinical trials with novel MET-targeted
agents and combina ons are eagerly awaited.

Kinase Fusions
Transcrip onal outlier analysis iden ﬁed RAS and BRAF wildtype CRC cells resistant to EGFR blockade that are func onally
and pharmacologically “addicted” to other kinase genes, including ALK, ROS1, NTRK1, NTRK2, NTRK3, and RET.28 Indeed,
rare CRC pa ent samples with excep onally high ALK and
NTRK1 expression levels were found to harbor genomic rearrangements involving these genes, which render tumors
sensi ve to kinase inhibitors in preclinical models. Case reports of excep onal responses to the ALK and TRK inhibitor
entrec nib in fusion posi ve mCRC have been reported in the
literature.29,30 Despite the rarity, kinase fusions are enriched
in elderly pa ents with right-sided MSI, RAS, and BRAF wildtype tumors, which may guide molecular tes ng for inclusion
in ssue-agnos c clinical trials with targeted agents.31

ONCOGENIC SIGNATURES
MSI and “MSI-Like” Signature
The prevalence of MSI in the mCRC popula on is 5%, with
most pa ents harboring sporadic MLH1 loss via promoter
234

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

methylation/biallelic somatic genomic alterations rather
than germline muta ons in Lynch syndrome genes.1 MSI diagnos c tests are readily available and highly concordant:
the results of immunohistochemistry panels of MMR proteins and polymerase chain reac on–based assay for detec on of microsatellite loci. More recently, targeted NGS
panels have also enabled highly accurate detec on of a
defec ve MMR signature on the basis of the frac on of unstable microsatellite repeats compared with control populaons or through muta on burden quan ﬁca on.32,33 These
tumors are hypermutated because of the accumula on of
base-to-base mismatches, inser on, dele ons, and most
frequently frameshi muta ons that may generate neoan gens. Some of these neoan gens will be processed, presented
by major histocompa bility complex (MHC) molecules, and
recognized as foreign by T cells, which explains the high inﬁltra on of MSI tumors with CD8-posi ve cytotoxic T lymphocytes and ac vated T helper 1 (Th1) cells characterized
by interferon gamma produc on.34 To counterbalance this
microenvironment, MSI cancer cells upregulate the expression of mul ple immune checkpoints such as PD-1, PD-L1,
CTLA-4, and others, thus rendering tumors par cularly suscep ble to immune checkpoint inhibitors.34
Pembrolizumab was tested as a single agent in a basket
trial of pa ents with treatment-refractory progressive metasta c MSI tumors. The immune-related objec ve response
rate in pa ents with mCRC was 52%, with 2-year PFS of 59%
and a grade 3 to 4 adverse event rate of 20%.35 Nivolumab
also showed an tumoral ac vity as single agent or combined with ipilimumab in pa ents with MSI mCRC who received a minimum of one previous standard chemotherapy
regimen. Overall response rate with nivolumab alone was
31% and with the combina on regimen was 55%, with a
1-year PFS rate of 71%.36,37 Grade 3 to 4 treatment-related
adverse events occurred in 32% of the pa ents who received nivolumab plus ipilimumab.37 Predic ve biomarkers
for immunotherapy response in the MSI popula on are
missing, with responses rates not inﬂuenced by PD-L1 expression, BRAF muta on status, or gene c basis for MMR
deﬁciency.35,36 Although the clinical development of checkpoint inhibitors has not yet reached the stage of phase III
trials, the remarkable an tumor ac vity reported have
granted pembrolizumab and nivolumab U.S. Food and Drug
Administra on approval and Na onal Comprehensive Cancer Network guidelines recommenda on in the chemorefractory se ng. Phase III randomized trials in the ﬁrst-line
se ng are ongoing.
Of note, hypermuta on rates are not exclusively seen in
MSI tumors. Microsatellite-stable POLE-mutant samples, for
example, have the highest muta on rates in CRC and harbor
high neoan gen loads and tumor-inﬁltra ng lymphocytes
in the microenvironment. This ultramutant molecular subgroup accounts for fewer than 1% of pa ents with earlystage CRC and is associated with favorable prognosis.38 A
case report of response to pembrolizumab in pa ent with
chemotherapy-refractory microsatellite-stable POLE-mutant
mCRC was recently published.39 Moreover, another subset
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of mCRC tumors show microsatellite stability in standard
diagnos c tests but test posi ve for an “MSI-like” gene expression signature.40 It is expected that up to 10% of mCRC
cases display an “MSI-like” phenotype, and their high mutaon load and dependence on angiogenic factors in in silico
models have supported the design of a prospec ve clinical
trial with atezolizumab plus bevacizumab under the MoTriColor H2020 project.

Other DNA Repair Deﬁciency Altera ons
In addi on to altera ons of MMR genes, CRC tumors may
harbor genomic and epigenomic events in other genes implicated in DNA damage repair. In preclinical models, CRC
cells with ATM loss have defec ve homologous recombina on and show increased sensi vity to PARP inhibitors.41
Another example is MGMT promoter methyla on and response to the cytotoxic alkyla ng drugs temozolomide and
dacarbazine. In mCRC tumors selected for MGMT deﬁciency
through combined assessment of protein expression by immunohistochemistry and percentage of promoter methyla on by methyl-BEAMing, response rates in phase II trials
with alkyla ng agents in chemotherapy-refractory se ng
exceeded 70%, with median PFS of 5 months.42 More recent
preclinical studies have inves gated the impact of temozolomide on neoan gen load and induc on of immune cell inﬁltra on of the tumor microenvironment. In mouse models,
inac va on of MMR with the alkyla ng drug increased muta onal load and promoted con nuous renewal of neoangens, which triggered immune surveillance.43 This study
opens the door to ra onal chemotherapy plus immunotherapy combina ons in molecularly deﬁned mCRC popula ons.

Mesenchymal or “TGFβ-Ac ve” Signature
The iden ﬁca on of ac onable targets in tumors displaying a mesenchymal transcrip onal phenotype is of major
interest, considering the high prevalence of this signature
in mCRC (25%–30%) and reduced sensi vity to standard
chemotherapies.44,45 RAS wild-type CMS4 mesenchymal
tumors appear to be intrinsically resistant to an -EGFR
agents in preclinical models.45,46 Moreover, retrospec ve
analyses of clinical trials have shown similar results, also
when cetuximab is given in combina on with oxalipla nbased chemotherapies.4,47 In mice, the use of TGFβ-signaling
inhibitors to block the cross-talk between cancer cells and
the microenvironment was shown to halt disease progression of stromal-enriched CRC tumors.48 Another strategy to
reverse chemotherapy resistance of CMS4 mesenchymal
tumors is combina on therapy with chaperone (HSP90) inhibitors, an eﬀect not seen in chemotherapy-sensi ve CMS2
CRC cells and pa ent-derived xenogra models.45 Interestingly, both TGFβ and HSP90 inhibitors may also enhance
cancer immunotherapy eﬃcacy by upregula ng T-cell cytotoxicity and interferon gamma signaling in tumors with immunosuppressive microenvironment.49,50
Despite the poten al clinical u lity of CRC mesenchymal
signatures for outcome predic on or immune-targeted
therapy development, their clinical implementa on is chal-

lenging because of a lack of easy-to-use and cost-eﬀec ve
assays suitable for paraﬃn ssues. Diﬀerent groups are
working on classiﬁers based on protein markers by immunohistochemistry or gene expression signals using nCounter
NanoString technology, for example, with overall accuracy
close to 90% compared with the gold-standard CMS4 signature.47,51 Technical valida on studies are under way, in parallel with molecularly stra ﬁed clinical trials. One example
is the MoTriColor project, in which pa ents with mCRC with
tumors tes ng posi ve for a “TGFβ-ac ve” gene expression signature in archived paraﬃn ssue are eligible to the
combina on of galuniser b (TGFβ receptor inhibitor) and
capecitabine.

CONCLUSIONS AND RECOMMENDATIONS
The response to current targeted agents and immunotherapies in mCRC is highly dependent on driver genomic events.
Treatment decisions based on molecular subtypes have
evolved markedly in the recent years. Predic ve biomarkers
were ini ally developed under the “one marker, one drug”
paradigm of precision medicine. The limited eﬃcacy of
BRAF inhibitors in early clinical trials of BRAFV600E-mutant
mCRC indicated that the single-altera on perspec ve for
matched therapies had substan al limita ons. Our current
knowledge on the complexity of CRC genome, clonal selecon under treatment pressure, and adap ve ac va on of
parallel signaling pathways on targeted treatment exposure
supports the transi on to a “mul marker, mul drug” model
when making therapeu c decisions. This paradigm was applied to KRAS wild-type HER2-ampliﬁed mCRC, leading to
substan al an tumor ac vity of double HER2 blockade. The
reﬁned hyperselec on of candidates for EGFR mAbs beyond
RAS and BRAF muta on tes ng is another example: tumors
wild-type for several rare genomic mechanisms of primary
resistance known to ac vate the MAPKsignaling, such as
HER2 and MET ampliﬁca ons and kinase fusions, have the
highest chances of clinical beneﬁt.52 Finally, a deeper characteriza on of transcriptomic subtypes, encompassing tumor,
stromal, and immune components, revealed convergent
pathway dependencies that mandate a “mul omics, mul drug” model for development of novel therapies. This future paradigm of precision medicine holds promise for raonal immunotherapy combina ons in molecularly deﬁned
microsatellite-stable mCRC subpopula ons.
In conclusion, the poten al beneﬁts of mul plexed genotyping pla orms in individual pa ents with mCRC have
already been demonstrated, and the next logical step is to
facilitate larger clinical trials with biomarker-driven therapies. However, many issues must be addressed before widespread adop on of NGS or gene expression signatures in
clinical prac ce. These are our recommenda ons:
1. All pa ents with mCRC eligible to pallia ve therapy
should be tested for oncogenic KRAS and NRAS
muta ons before EGFR-targeted drugs.
2. The high concordance rates between ssue and
plasma sequencing suggest that ctDNA can be used
as a subs tute for standard RAS muta on detec on
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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3.

4.

5.

6.

in tumor samples. The value of sequen al ctDNA
analysis a er an -EGFR therapy for the iden ﬁca on
of targetable resistance mechanisms or a wild-type
popula on eligible to EGFR mAb rechallenge is under
inves ga on.
BRAFV600E is a strong nega ve predic ve marker for
an -EGFR beneﬁt and should be assessed as early
as possible in the evolu on of the disease to guide
sequen al treatment decisions.
Universal MSI tes ng for all pa ents with personal
histories of CRC could iden fy individuals with Lynch
syndrome and inform the use of immunotherapy in
pa ents with metasta c disease.
HER2 ampliﬁca on and overexpression tests are
recommended in pa ents eligible to clinical trials
with targeted agents, par cularly those with microsatellite-stable RAS/BRAF wild-type tumors, leftsided primary tumors, and resistance to an -EGFR
therapies.
At reference ins tu ons with access to experimental
therapies, comprehensive genomic tests should be
conducted to iden fy rare fusion events, known to be
enriched in MSI right-sided tumors that are RAS/BRAF
wild-type.

7. NGS for mutation burden quantification and DNA
repair deﬁciency detec on or gene expression proﬁling to iden fy oncogenic signatures of interest, such
as “MSI-like” or mesenchymal phenotype, should be
limited to research groups for which matched clinical
trials are available.
We strongly believe that to op mize clinical outcomes in
molecularly homogenous CRC popula ons, the evolu on of
clonal cancer cell events and interac ons with tumor microenvironment should be taken into considera on. An integrave and dynamic classiﬁca on system that links molecular
features to targeted drugs and immunotherapies has the
poten al to revolu onize precision medicine in mCRC.
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WHERE WE STAND WITH IMMUNOTHERAPY IN COLORECTAL CANCER

Where We Stand With Immunotherapy in Colorectal Cancer:
Deﬁcient Mismatch Repair, Proﬁcient Mismatch Repair, and
Toxicity Management
Michael J. Overman, MD, Marc S. Ernstoﬀ, MD, and Michael A. Morse, MD
OVERVIEW
With the recent U.S. Food and Drug Administra on approvals of pembrolizumab and nivolumab for refractory deﬁcient
mismatch repair metasta c colorectal cancer, immune checkpoint inhibitors have now entered into clinical care for gastrointes nal cancers. Extensive ongoing eﬀorts are exploring addi onal combina ons of therapy in both deﬁcient and proﬁcient mismatch repair colorectal cancer. This review will outline the current status of such eﬀorts and discuss the cri cal
aspects of recogni on and management of immune-related toxici es from checkpoint inhibitors.

T

he discovery of immune checkpoints and their role in
regula ng host immune response to cancer has provided therapeu c targets for clinicians. Although there are
now many recognized immune checkpoints, therapeu c
antagonis c monoclonal an bodies have been developed
for three targets (PD-1, its ligand PD-L1, and CTLA-4) and
the U.S. Food and Drug Administra on (FDA) has approved
their use in a wide variety of cancers. The tremendous survival beneﬁt seen from treatment with checkpoint inhibitors
among many pa ents with cancer has led to the widespread
adoption of checkpoint inhibitors in the clinic and the
expansion of the ﬁeld of immuno-oncology.
In gastrointes nal oncology, the ﬁrst FDA-approved
checkpoint inhibitors were pembrolizumab and nivolumab
for the treatment of refractory deﬁcient mismatch repair
(dMMR) metasta c colorectal cancer (CRC). This represents
approximately 4% of metasta c CRC, which is characterized
by very high levels of muta ons. Because these muta ons
are frequently seen at areas of DNA repeats or microsatellites, this deﬁciency in DNA MMR has also been termed
microsatellite-instability high (MSI-H). With these approvals,
a number of phase III clinical trials on dMMR CRC have iniated. However, single-agent checkpoint inhibitors have
not demonstrated meaningful clinical ac vity for pa ents
with proﬁcient mismatch repair (pMMR) CRC. Extensive basic
science and clinical trial eﬀorts are underway to iden fy the
optimal combinations that are needed for activity in the
more common pMMR CRC subset.
With the recent incorpora on of checkpoint inhibitors into
gastrointes nal oncology, the recogni on and management

of immune-related toxici es is of great importance. Because
these manifest in dis nctly diﬀerent ways from standard
chemotherapy toxici es, understanding of these poten al
life-threatening toxici es is of cri cal importance to clinical
prac ce.
This review discusses the recent changes in clinical care
for pa ents with dMMR cancer and the ongoing research
eﬀorts for pMMR CRC and provides guidance for the recogni on and management of immune-related toxici es.

UNDERSTANDING MISMATCH REPAIR AND
MICROSATELLITE INSTABILITY
MMR is one of the many mechanisms that cells use to repair damaged DNA. In par cular, MMR recognizes and repairs inser ons, dele ons, and mis-incorpora ons of DNA
bases during DNA replica on. As expected, deﬁciency in the
MMR system leads to the accumula on of muta ons. Thus,
CRCs with dMMR have a markedly elevated tumor mutaon rate, with one study demonstra ng a mean muta on
rate of 1,782 for dMMR CRC compared with 73 for pMMR
CRC.1 These types of DNA errors, which are recognized and
repaired by MMR, preferen ally occur at areas of DNA repeats, termed microsatellites. Because of this associa on,
pa ents with dMMR will demonstrate varia on in the
length of various microsatellites when comparing normal
and tumor sequences and this is termed MSI-H. Deﬁciency
or dysfunc on of MMR proteins such as MLH1, MSH2,
MSH6, PMS2, and TACSTD1/EPCAM will result in dMMR.
Iden ﬁca on of dMMR can be accomplished by immunohistochemical staining for the complete loss of one of the
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four most common MMR proteins: MLH1, MSH2, MSH6,
and PMS2. In addi on, tes ng for varia on in length of microsatellites can be used to diagnosis dMMR. The classic
tes ng for MSI-H is based on consensus guidelines that recommend the tes ng of ﬁve speciﬁc microsatellites (BAT25,
BAT26, D2S123, D5S346, and D17S250) via polymerase
chain reac on with the determina on of MSI-H based on
instability (length varia on between tumor and normal) at
greater than 30% of tested microsatellites. More recently,
large-coverage next-genera on sequencing panels have
demonstrated the ability to iden fy pa ents with dMMR
by evalua ng varia on at a large number of microsatellites
across the genome. In one recent report evalua ng the
next-genera on sequencing MSI iden ﬁca on algorithm
termed “MSIsensor,” the speciﬁcity and sensi vity were 100%
and 99.3%, respec vely, for 178 pa ents with CRC and endometrial cancer compared with MSI by polymerase chain
reac on or immunohistochemistry.2 Given the strong concordance across the various dMMR/MSI-H methodologies,
the FDA approvals for dMMR CRC, discussed below, were
not based on a speciﬁc tes ng methodology.
Approximately 15% of CRCs have dMMR; however, this
rate decreases by stage, with approximately 4% of pa ents
with stage IV disease demonstra ng dMMR. Of pa ents with
dMMR, Lynch syndrome or hereditary nonpolyposis CRC
will be present in about one-third of pa ents. The remainder of pa ents will have dMMR from sporadic acquisi on,
most commonly from methyla on of MLH1, resul ng in loss
of MLH1 protein expression, or from biallelic mismatch repair soma c muta ons. At present, it is recommended that
all pa ents with metasta c CRC undergo tes ng for dMMR
to iden fy not only pa ents with Lynch syndrome but also
pa ents who could be treated with an –PD-1 therapy.

PRACTICAL APPLICATIONS
• All pa ents with colorectal cancer should undergo
tes ng for microsatellite instability (mismatch repair)
status.
• Checkpoint blockade therapy shows drama c response
rates and durability of response in MSI-H (dMMR)
colorectal cancer and is currently approved by the FDA
for MSI-H (dMMR) a er ﬂuoropyrimidine, oxalipla n,
and irinotecan.
• Because microsatellite-stable (proﬁcient mismatch
repair) colorectal cancer does not respond to singleagent checkpoint blockade, new strategies are evalua ng
combina ons with chemotherapy, vaccines, deple on
of myeloid-derived suppressor cells, and deple on of
regulatory T cells.
• A high index of suspicion should be maintained for
immune-related adverse events caused by checkpoint
blockade, which can aﬀect any organ system.
• Treatment of suspected severe immune-related adverse
events is generally 1 mg/kg of prednisone or equivalent.
Refractory autoimmunity may require addi onal
immune modulators.
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DEFICIENT MISMATCH REPAIR COLORECTAL
CANCER
There has been a longstanding awareness of the unique immune tumor microenvironment of dMMR CRC with histopathology characterized by tumor-inﬁltra ng lymphocytes
and a Crohn-like lymphoid reac on. This robust immune
response is likely responsible for the favorable outcome of
pa ents with primary resected dMMR CRC. Based on this
known immune recogni on of dMMR CRC and the high
muta on rate within these cancers, two clinical trials were
ini ated to explore an –PD-1 therapy in advanced CRC.1,3-5
In the KEYNOTE 016 clinical trial, pa ents with pMMR
CRC, dMMR CRC, and dMMR non-CRCs were enrolled and
treated with single-agent pembrolizumab.1,5 The ini al report of this study demonstrated response rates of 40% (4
of 10) and 78% (7 of 9) for pa ents with dMMR CRC and
dMMR non-CRC, respec vely, whereas the response rate
was 0% (0 of 18) for pa ents with pMMR CRC. As expected,
high soma c muta on loads were correlated with prolonged progression-free survival. Updated results from this
trial were recently reported for 86 dMMR cancers. A total
of 12 diﬀerent tumor types were studied, with the most
common tumor type being CRC (40 pa ents). The overall
response rate was 53% (52% in pa ents with CRC and 54%
in pa ents with non-CRC). Es mated 1- and 2-year progression-free survival was 64% and 53%, respec vely. Pa ents
treated per protocol stopped therapy at 2 years; of the 18
pa ents who stopped therapy, none have yet had a recurrence at a median follow-up of approximately 8 months.
Such results suggest that the durability of clinical beneﬁt
seen with an –PD-1 therapy in dMMR cancers may result
in cures, although longer follow-up is needed. In May 2017,
the FDA approved pembrolizumab for pa ents with dMMR
CRC a er prior treatment with ﬂuoropyrimidine, oxalipla n,
and irinotecan and for dMMR solid tumors that do not have
sa sfactory alterna ve treatment op ons. This approval
was based on the above-men oned trial plus prospec ve
and/or retrospec ve analyses of pa ents with dMMR from
four addi onal trials. In total, 149 pa ents with dMMR (90
with CRC and 59 with non-CRC) demonstrated an overall response rate of 39.6%, with similar response rates in the CRC
cohort (36%) as the non-CRC cohort (46%).
In July 2017, the FDA also approved nivolumab for paents with dMMR CRC a er prior treatment with ﬂuoropyrimidine, oxalipla n, and irinotecan based on results from
the CheckMate 142 study.3,4 In total, 74 pa ents with dMMR
CRC were treated with single-agent nivolumab.3 The overall
response rate was 31.1%, with 69% of pa ents demonstrating disease control for 12 weeks or longer. Twelve-month
progression-free survival was 50% and 12-month overall
survival was 73%. In addi on to this single-agent nivolumab
cohort, the CheckMate 142 study also explored the combina on of nivolumab plus ipilimumab for a nonrandomized
concurrently enrolled cohort of 119 pa ents with dMMR
CRC.4 The combina on of nivolumab and ipilimumab
demonstrated improved outcomes with an overall response
rate of 55%, 12-month progression-free survival of 71%,
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and 12-month overall survival of 85%. Grade 3 to 4 treatment-related adverse events occurred for 32% of pa ents,
whereas this rate was 20% in the single-agent nivolumab
cohort. These results, sugges ng addi onal clinical beneﬁt
with a combinatorial approach for dMMR CRC, have laid the
groundwork for the explora on of addi onal combina on
therapies in dMMR cancers.
At present, a number of phase III clinical trials are underway that explore the use of an –PD-1 or an –PD-L1 therapy
in dMMR CRC (Table 1). Two clinical trials are exploring the
use of pembrolizumab or atezolizumab in the ﬁrst-line metasta c se ng and one clinical trial is exploring the use of
atezolizumab in combina on with folinic acid, ﬂuorouracil,
and oxalipla n as adjuvant therapy for stage III dMMR CRC.

PROFICIENT MISMATCH REPAIR COLORECTAL
CANCER
The impressive rates and durability of tumor regression
and disease control experienced by pa ents with CRC with
dMMR/MSI-H disease treated with an –PD-1 therapy stand
in stark contrast to the lack of response experienced by
those with pMMR/microsatellite stable disease as described
above. Therefore, one approach to developing immunologic
treatments for pMMR CRC ﬁrst seeks to understand the
diﬀerences in tumor molecular pa erns, immune cell content, and cytokine expression between dMMR and pMMR
CRC that renders dMMR tumors responsive to immune manipula ons and then a empts to replicate these favorable
condi ons within pMMR CRC (in other words, altering the
pMMR CRC to be more dMMR like). As described above, it
has long been appreciated that an increased immune inﬁltrate accompanies dMMR CRC. Indeed, the presence of an
an tumor T-cell inﬁltrate appears to be cri cal to the ac vity
of PD-1/PD-L1 blockade.6 So too in unselected CRC (mostly
pMMR), the extent of T-cell inﬁltrate correlates with improved outcome.7,8 More recently, gene expression proﬁling
has conﬁrmed these ﬁndings. Comparing diﬀeren al gene
expression in primary dMMR and pMMR CRCs, Mlecnik
et al9,10 observed that many of the diﬀeren ally regulated
genes were related to immune system ac vi es. Analysis
of the immunome, the gene pa erns that iden fy 28 different immune cell types, conﬁrmed the higher expression
of genes descrip ve of CD8+ cytotoxic and CD4+ T-helper
1 cell types. Immunos mulatory cytokines and chemokines
such as interferon-gamma, interleukin-15, GNLY, CCL3, and
CXCL16 were increased, whereas others such as CXCL14,
which is chemotac c for monocytes, were decreased in paents with dMMR. Interes ngly, some pMMR tumors with
proﬁles similar to dMMR tumors (high T-helper 1 cells, cytotoxic genes, cytokines, and chemokines) have a prognosis similar to dMMR malignancies and notably be er than
for pMMR tumors without these proﬁles. Therefore, it is
possible for pMMR CRC to have a dMMR-like immune phenotype; however, whether these dMMR-like pMMR CRCs
will experience responses to checkpoint blockade or any
other immunotherapy that mirrors the clinical responses of
dMMR CRC is unknown. Nonetheless, this hypothesis, that

crea ng a T-cell–inﬁltrated environment would increase the
immune responsiveness of pMMR CRC to checkpoint blockade, is at the heart of recent “blueprints” for bringing immunotherapy to the majority of pa ents with CRC.11
The most striking genomic explana on underlying the
diﬀerent immune response pa erns of dMMR and pMMR
tumors is the much higher frequency of neoan gens available in dMMR tumors as a result of their high muta onal
burden.12 The neoan gen load is correlated with the extent
of tumor-inﬁltra ng lymphocytes in CRC, not only among
dMMR and POLE exonuclease domain–mutated CRC (also
having high neoan gen loads) but also among pMMR.13 Although there is not a strict cutoﬀ for neoan gen load associated with increased T-cell inﬁltra on,12 it does appear that
the neoan gen load associated with marked T-cell inﬁltraon is well above that seen in most microsatellite stable/
POLE wild-type CRC. Therefore, it is likely that other strategies to enhance T-cell inﬁltra on, par cularly the memory
CD45RO+ T cells, into pMMR tumors with lower muta onal
burden will be required. Furthermore, the greater presence
of immunoinhibitory cells such as regulatory T cells (Tregs)
and myeloid-derived suppressor cells within pMMR tumors
may explain the poor immune response to pMMR CRC.12
The remainder of this sec on will focus on strategies under
development to enhance eﬀector T-cell ac va on and inﬁltra on into CRCs and decrease the immune-inhibitory cell
popula on.
Although pMMR CRCs may have lower muta onal and
neoan gen burden, they do harbor some mutated proteins
against which T-cell responses have been iden ﬁed (e.g.,
mutated KRAS or p53)14,15 and also express cancer germline an gens5 to which immune tolerance would not have
developed. Furthermore, tumor-inﬁltra ng lymphocytes
from pMMR CRC recognizing tumor an gens have been isolated.16 The very presence of these T cells, albeit at very low
frequency prior to any therapy, highlights the ability of the
ac va on phase of the cancer immunity cycle in which dendri c cells acquire and process tumor an gen shed from dying tumor cells and present them within surface-expressed
major histocompa bility complex (HLA) molecules to prime
an gen-speciﬁc CD4+ and CD8+ T cells. Therefore, there has
been considerable interest in developing strategies to target
an immune response against the an gens displayed by the
malignancy alone or in conjunc on with checkpoint blockade.
Therapies that destroy tumors (chemotherapy, radiotherapy, and targeted therapies) and thereby release tumor
an gen represent the most straigh orward strategy for
combina on with checkpoint blockade and other immunotherapies. These standard therapies, far from impairing immune responses as once feared, may also enhance immune
ac va on. Radiotherapy induces immunogenic cell death,
ac va on of tumor-associated dendri c cells and eﬀector
lymphocytes, and increased intratumoral T-cell inﬁltra on
and has repeatedly been reported to cause an abscopal
eﬀect on metasta c cancers.17 Chemotherapy also induces
immunogenic cell death,18 and it has been established in
lung cancer that increased clinical ac vity may be seen with
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 1. Clinical Trials Inves ga ng Immune Therapy in Colorectal Cancer
Study Name

Agent

Target

Study Popula on

Phase

KEYNOTE-177 (NCT02563002)

Pembrolizumab vs. standard therapy

PD-1

First-line metasta c dMMR CRC

III

COMMIT Trial NRG-GI004/SWOG-S1610
(NCT02997228)

Atezolizumab vs. FOLFOX/bevacizumab/
atezolizumab vs. FOLFOX/bevacizumab

PD-L1

First-line metasta c dMMR CRC

III

ATOMIC Trial Alliance A021502
(NCT02912559)

FOLFOX/atezolizumab vs. FOLFOX

PD-L1

Stage III dMMR colon cancer

III

MEDITREME (NCT03202758)

FOLFOX/durvalumab/tremelimumab

PD-L1
CTLA-4

First-line metasta c CRC (MMR not
speciﬁed)

IB/II

CheckMate 9X8 (NCT03414983)

FOLFOX/bevacizumab/nivolumab vs.
FOLFOX/bevacizumab

PD-1

First-line metasta c CRC (MMR not
speciﬁed)

II/III

ElevatION: CRC-101 (NCT03176264)

PDR001/bevacizumab/mFOLFOX6

PD-1

First-line metasta c CRC pMMR

I

BACCI (NCT02873195)

Capecitabine/bevacizumab with atezolizumab vs. capecitabine bevacizumab

PD-L1

Refractory metasta c CRC (MMR not
speciﬁed)

II

NCT02981524

GVAX colon vaccine with pembrolizumab

PD-1

Metasta c CRC pMMR

II

Quilt-2.004 (NCT03050814)

FOLFOX/bevacizumab with or without
Ad-CEA vaccine/avelumab

PD-L1

First-line metasta c CRC pMMR

II

NCT02860546

TAS-102 with nivolumab

PD-1

Refractory metasta c CRC (pMMR)

II

NCT03104439

Radiotherapy with nivolumab

PD-1

Metasta c CRC pMMR and dMMR

II

NCT03307603

90

PD-1

Metasta c CRC

I/II

NCT01274624

Reolysin with FOLFIR/bevacizumab

N/A

Metasta c CRC (MMR not speciﬁed)

I

NCT01394939

JX-594 (thymidine kinase-deac vated
vaccinia virus plus GM-CSF) with or
without irinotecan

N/A

Metasta c CRC (MMR not speciﬁed)

I/II

COTEZO IMblaze370 (NCT02788279)

Cobime nib with atezolizumab, atezolizumab monotherapy vs. regorafenib

PD-L1
Mek

Refractory metasta c CRC (dMMR
limited; pMMR)

III

CheckMate 142 (NCT02060188)

Nivolumab/ipilimumab/drug: cobime nib or daratumumab or an –
LAG-3 an body

PD-1
CTLA-4
Lag3
MEK
CD38

Pretreated metasta c CRC pMMR and
dMMR

II

CheckMate 9N9 (NCT03377361)

Nivolumab/trame nib with or without
ipilimumab

PD-1
CTLA-4
MEK

Pretreated metasta c CRC (MMR not
speciﬁed)

I/II

NCT03271047

Binime nib with nivolumab with or
without ipilimumab

PD-1
CTLA-4
MEK

Pretreated metasta c CRC pMMR
mutated RAS

I/II

NCT03256344

Talimogene laherparepvec with atezolizumab

PD-L1

Liver metastases of CRC

I

NCT03182894

Epacadostat with pembrolizumab with
azaci dine

PD-1
IDO

Metasta c CRC MSS

I II

NCT02777710

Durvalumab plus CSF-1R TKI (pexidarnib)

PD-L1
CSF-1R

Refractory metasta c CRC

I

NCT02559024

An -OX40 an body (MEDI6469)

OX-40

Liver metastases of CRC

I

NCT03081494

PDR001/regorafenib

PD-1

Metasta c CRC pMMR

IB

QUILT-3.050 (NCT03169777)

Avelumab, bevacizumab, capecitabine,
cetuximab, cyclophosphamide,
5-ﬂuorouracil, fulvestrant, leucovorin, nab paclitaxel, nivolumab,
omega-3-acid ethyl esters (Lovaza;
Teva, North Wales, PA), oxalipla n,
stereotac c body radia on therapy,
ALT-803, ETBX-011, ETBX-021, ETBX051, ETBX-061, GI-4000, GI-6207,
GI-6301, and haNK

Numerous

Metasta c CRC MMR not speciﬁed

IB/II

Y radioemboliza on with nivolumab

Con nued
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TABLE 1. Clinical Trials Inves ga ng Immune Therapy in Colorectal Cancer (Cont'd)
Study Name

Agent

Target

Study Popula on

Phase

NCT02834052

Pembrolizumab/poly-ICLC

PD-1
TLR3

Pretreated metasta c CRC pMMR

I/II

NCT02650713

TCB CEA (RO6958688) plus atezolizumab

PD-1
CEA

Metasta c cancers

I/II

Abbrevia ons: dMMR, deﬁcient mismatch repair; CRC, colorectal cancer; FOLFOX, folinic acid, ﬂuorouracil and oxalipla n; pMMR, proﬁcient mismatch repair; MMR, mismatch repair; Ad, adenovirus; CEA,
carcinoembryonic an gen; FOLFIR, folic acid, ﬂuorouracil, and irinotecan; GM-CSF, granulocyte-macrophage colony-s mula ng factor; IDO, indoleamine 2,3-dioxygenase; MSS, microsatellite stable; TKI,
tyrosine kinase inhibitor; haNK, high aﬃnity natural killer cells; TCB, T-cell bispeciﬁc.

chemotherapy plus checkpoint blockade, suppor ng similar
tes ng in other malignancies. Several early and later-line
studies tes ng chemotherapy plus an –PD-1 or an –PD-L1
or radiotherapy delivered as external beam or as radioemboliza on (Table 1) are ongoing in metasta c CRC. Other
therapies that are standard for CRC, such as an -EGFR
therapy with cetuximab and an -VEGF therapy with bevacizumab, may have synergy with immune therapies as well
(bevacizumab by reducing the levels of free VEGF, which
has immunoinhibitory eﬀects, and cetuximab by ac va ng
an body-dependent cellular cytotoxicity).19
An alterna ve approach to ac va ng an immune response against the tumor an gens is the intratumoral or
intravenous administra on of replica on competent oncoly c viruses, o en modiﬁed to express immunomodulatory
genes, that are capable of infec ng and lysing malignant
cells thereby releasing an gen. In the resul ng inﬂammatory milieu, innate immune responders such as dendri c
cells inﬁltrate and acquire, process, and present an gen to
T cells. Chaurasiya and Warner20 reviewed the preclinical
and clinical status of this so-called viroimmunotherapy in
CRC; in brief, leading viruses include oncoly c Ad11/Ad3
chimeric group B adenovirus, Newcastle disease virus, vaccinia, herpesvirus, and reovirus, which have reported preliminary results from earlier phase studies.
Cancer vaccines seek to ac vate CD4 and CD8+ T cells
against tumor an gens by supplying them in a context
where a potent T-cell response may be ac vated. These vaccines may be based on pep des and proteins mixed with
immunos mulatory adjuvants, viral vectors encoding tumor
an gen, modiﬁed tumor cells, and an gens delivered with
autologous dendri c cells.21 Vaccines targe ng known overexpressed or mutated tumor an gens have ac vated T-cell
responses against those an gens in pa ents with CRC.22
Although cancer vaccines alone have had modest ac vity,
best observed in the se ng of minimal disease,23 preclinical
data suggest that in combina on with checkpoint blockade,
they are able to increase CD8+ T-cell inﬁltra on into the tumor with a concomitant decrease in Tregs.24 Current clinical
trials are combining CRC vaccines with chemotherapy and/
or checkpoint blockade or s mulators of innate immunity
signaling through Toll-like receptors such as poly-ICLC or
MGN1703 or through cyclic dinucleo des (Table 1).
Downregula on of an gens, major histocompa bility
complex molecules, and immunos mulatory cytokines has
been observed in tumors exposed to immune a ack and it

has been proposed that epigene c regula on may account
for this. Epigene c modulators may upregulate immunomodulatory pathways, tumor an gens, major histocompatibility complex proteins, and interferons and synergize with
standard immunotherapies.25,26 The combina on of epigene c modiﬁers and checkpoint blockade is in clinical trials for
CRC (Table 1).
Other strategies to target tumor an gens include bispecific T-cell–engaging antibodies that simultaneously bind
T cells and tumor cells and chimeric an gen receptor T cells.
Such approaches result in a large number of T cells capable of recognizing and a acking tumor cells. Preclinical data
support the combina on of bispeciﬁc T-cell–engaging an body molecules targe ng carcinoembryonic an gen on tumors and CD3 on T cells with an –PD-1 or an –PD-L1.27 The
T-cell bispeciﬁc carcinoembryonic an gen, in a phase I study
alone or in combina on with atezolizumab, demonstrated
increased T-cell inﬁltra on and clinical responses but also
a high rate of infusion reac ons, fever, and diarrhea.28 This
study is con nuing to recruit pa ents (Table 1).
The observa on that pMMR CRCs are inﬁltrated with
myeloid-derived suppressor cells and Tregs suggests that
greater immunity could be achieved by deple ng these cell
types. Preclinical data in a mouse model of colon adenocarcinoma demonstrated that an an -CSF1R an body could delay tumor growth, associated with a decrease in myeloid-derived suppressor cells. Other preclinical studies have shown
synergy between this CSF1R targe ng and checkpoint blockade.29-31 A recent clinical trial has combined nivolumab with
the an -CSF1R an body cabiralizumab,32 although it is being
pursued now in pancrea c cancer; however, the CSF-1R tyrosine kinase inhibitor pexidar nib is being combined with
durvalumab in CRC (Table 1). The observa on that KW-0761
(mogamulizumab) depletes CCR4+ inhibitory Tregs in paents with cancer33 has opened the possibility that it could
be used in combina on with other immune therapies for
malignancies highly inﬁltrated with Tregs. The immunosuppressive effect of high IDO, an enzyme that metabolizes
tryptophan into kynurenine, depriving T cells of tryptophan
and suppressing them through kynurenine’s eﬀects on dendri c cells, is associated with outcome in CRC.34 The IDO
inhibitor epacadostat has been evaluated in advanced
cancers in combina on with pembrolizumab and a study
in CRC is an cipated to begin in early 2018 (Table 1). Adenosine, generated from adenosine triphosphate by CD73
in the tumor microenvironment, has immunosuppressive
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eﬀects through the A2A adenosine receptor expressed by
immune cells, speciﬁcally, inhibi ng T-cell and natural killer
T-cell prolifera on and enhancing prolifera on of Tregs and
myeloid-derived suppressor cells.35-37 An -CD73 an body
alone and with checkpoint blockade had ac vity in murine
CRC models37 and an -CD73 an body MEDI-9447 is in clinical trials with durvalumab, although it is being studied in
lung cancer. Finally, just as the deployment of other checkpoint molecules within the tumor microenvironment or lack
of immune agonists may explain resistance to checkpoint
blockade in dMMR CRC, it is possible that one of the checkpoints under study, such as TIM-3 or LAG-3, as well as immune agonists including GITR, OX40, 4-1BB, CD40, ICOS, or
CD27 may also require modula on in pMMR CRC. Supportive preclinical data have been generated for some of these
approaches.38-40
Although the MAPK pathway plays an important signaling role in CRC, it has also been observed that MEK inhibitors can modulate an tumor immunity by increasing HLA
expression and T-cell inﬁltra on into tumors.41 In a study of
the an –PD-L1 an body atezolizumab in combina on with
a MEK inhibitor, cobime nib, including pMMR CRC, ini al
reports suggested an overall response rate of 17% (four
with a par al response, and ﬁve with stable disease), but
a more recent presenta on noted that the rate decreased
to 8%.42 Nonetheless, survival was as high as 13 months
among those with conﬁrmed pMMR CRC. The results of a
pivotal trial of this approach are pending (Table 1) and other
MEK inhibitor/checkpoint blockade combina ons are under
study. PI3K pathway ac va on as a result of altera ons such
as loss of PTEN and PIK3CA muta ons is frequently iden ﬁed in CRC and this pathway ac va on is associated with
checkpoint upregula on.43 Therefore, PI3K pathway inhibi on
combined with checkpoint blockade is also under evalua on.

MANAGEMENT OF IMMUNE CHECKPOINT
TOXICITY
With the expanded use of checkpoint inhibitors have come
growing understandings of their unique scope of toxici es
that differ in characteristics, presentation, onset, severity,
and treatment from previously commonly used cancer therapeu cs. Toxici es are related to the unique checkpoint inhibitor mechanism of ac on that is shared by this class of
agents (i.e., “unleashing” of the immune brakes and subsequent ac va on of self-directed T cells and autoan bodies
as well as the cascade of cytokines that mediated development of autoimmunity). Immune-related adverse events
(irAEs) span all organ systems (Table 2) and their clinical presenta on ranges from asymptoma c biochemical or radiologic changes, to insidious onset of symptoms, to symptoms
that are rarely explosive in nature. Thus, the challenge for
oncologists as well as primary care providers and other subspecialists is to recognize these syndromes and to assess
their severity and the need for interven on by withholding
therapy and ini a ng immune suppression. Depending on
the irAE and the agent, checkpoint inhibitors may be reini ated following resolu on of the adverse event.
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The importance of recognizing and managing irAEs from
these agents has been recognized by the major international and national societies and groups with comprehensive review ar cles and guidelines from the Society of
Immunotherapy for Cancer, the European Society for Medical Oncology, ASCO, and the Na onal Comprehensive Cancer Network (unpublished data, 2018).44-46 In addi on, to reach
the nononcologic community, a separate review was published in the New England Journal of Medicine in January
2018.47 For a complete review of the topic of irAEs, we refer
readers to the above-referenced publica ons.
Adverse events to checkpoint inhibitors vary across the
severity scale, with most pa ents having low-grade (grade 1
or 2) symptoms that may be a ributable to immune-related
events. These include anemia, lymphopenia, pruritus, rash,
diarrhea, dry mouth, elevated liver and pancrea c enzymes,
arthralgia, myalgia cough, dyspnea, low-grade fever, and
fa gue. Low-grade skin toxicity with rash or pruritus is the
most frequently observed, with vi ligo noted for pa ents
with melanoma for the most part. Diarrhea is the next most
frequent. Toxicities are more frequent with anti–CTLA-4
inhibi on; an –PD-1 checkpoint inhibitors have slightly more
side eﬀects than those observed with an –PD-L1 checkpoint inhibitors.
Severe grade 3 or 4 irAEs are more frequently seen
with an –CTLA-4 checkpoint inhibitors and appear to be
dose related. Grade 3 or 4 diarrhea predominates in an –
CTLA-4 checkpoint inhibitors, with endocrine-related toxicity being the next most common irAE. Clinicians should
be alerted that mul ple irAEs can occur synchronously or
metachronously.
Although most irAEs occur in the 3 to 6 months a er inializa on of therapy, they may occur following the ﬁrst dose
and, rarely, can be delayed by months to even years a er
comple on of treatment. Awareness of the clinical presenta on with appropriate clinical inves ga on to determine
the e ology remains the bedrock of surveillance and treatment. Evalua on of any irAE should include considera on of
other poten al causes such as infec on, other medica on,
or cancer progression.
Once recognized, management of grade 1 to 2 toxici es
typically requires appropriate suppor ve care and con nuaon of checkpoint inhibitors with close observa on to ensure
that the toxicity does not progress to grade 3 or 4. Grade
3 or 4 toxici es require interruption of the therapy and
treatment with immune-suppressive agents. High-dose glucocor coids are the ﬁrst-line therapy, with 1 to 2 mg/kg of
prednisone or its equivalent ini ated for approximately 2 to 4
weeks prior to tapering. Prophylac c an bio cs for preven on
of Pneumocys s pneumonia should be used for prolonged
steroid use. Hospitaliza on and intravenous therapy is required for pa ents who have difficulty with oral glucocorticoid treatment or concerns regarding gastrointestinal
absorption. Intravenous ﬂuid replacement for severe diarrhea may also be required.
Typically, irAEs resolve rapidly within 1 week following
glucocor coid ini a on. For pa ents who do not respond,
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addi onal immune suppression with mycophenolate or
inﬂiximab must be considered. Mycophenolate is the preferred second-line treatment for immune-related hepa s.
Although the majority of pa ents with irAEs recover completely, the endocrine changes are frequently permanent
and other chronic irAEs are observed (e.g., coli s and arthris) that warrant ongoing immune suppression.
There are rare irAEs that warrant special a en on. Myocardi s is reported for approximately 0.3% of pa ents and

presents with arrhythmias or signs and symptoms of cardiac
failure and cardiac muscle damage with eleva on in troponin. There is a high mortality rate associated with myocardis; thus, hospitaliza on, close monitoring, and ini a on of
glucocor coids and inﬂiximab are warranted. Severe myosis can also be seen and if unrecognized may lead to rhabdomyolysis. Clinicians should also be aware of the precipitous
development of type 1 diabetes and pa ents presen ng
with diabetic ketoacidosis. Notable elevations in serum

TABLE 2. Frequency of Checkpoint Inhibitor–Related Toxicity by Organ System
Organ/System

Syndrome

Frequency (%)

Skin

Maculopapular rash

Approximately 30–50

Pruritus
Vi ligo (melanoma)
Bullous disease
Stevens-Johnson/toxic epidermal necrolysis syndromes
Gastrointes nal

Coli s

Approximately 20–40

Gastri s
Ilei s
Liver

Hepa

s

Approximately 4–15

Endocrine

Hypothyroidism

Approximately 10–50

Hyperthyroidism
Hypoadrenalism
Hypophysi s
Type 1 diabetes
Pulmonary

Pneumoni s

Approximately 1–5

Sarcoidosis
Musculoskeletal

Arthralgia

Rheumatologic

Arthri s

Approximately < 1–15

Myosi s
Sjögren syndrome
Cardiac

Myocardi s

Approximately < 1

Pericardi s
Hematologic

Anemia

Approximately < 1–5

Lymphopenia
Thrombocytopenia
Post-treatment lymphocytosis, eosinophilia, neutrophilia
Renal

Nephropathy

Approximately < 2–30

Neurologic

Posterior reversible encephalopathy

Approximately < 4–15

Guillain-Barré syndrome
Peripheral neuropathy
Myasthenia gravis
Asep c meningi s
Transverse myeli s
Ophthalmologic

Uvei s

Approximately 1

Episcleri s
Voght-Koyanagi-Harada disease
Conjunc vi s
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glucose from baseline should prompt evalua on for ketones
and the development of diabetes. Although episcleritis,
conjunctivitis, and uveitis are noted, special precautions
should be given to eye symptoms and signs, because the
clinical severity may not reﬂect the serious development
of panuvei s, ocular sarcoid syndrome, and Vogt-KoyanagiHarada syndrome, which, if untreated, can lead to blindness.
Checkpoint inhibitor–induced pneumoni s can masquerade
as infec on on radiographs or CT scans and be asymptoma c, requiring no immediate therapy but close follow-up, or
can progress to pulmonary failure and death if untreated
with immune suppression.

At this me, the empirical data suggest that pa ents who
develop grade 3 to 4 irAEs to Checkpoint inhibitor therapy
requiring immune suppression con nue to have similar beneﬁts compared with pa ents who do not require immune
suppression therapy. Reini a on of an –PD-1 or an –PD-L1
therapy following grade 3 to 4 irAEs related to these agents
can be safely achieved for approximately 50% of pa ents;
recurrence of the same irAE or other irAEs is seen for the
other 50%. Pa ents with serious irAEs a ributable to CTLA-4
or an an –PD-1 plus an –CTLA-4 combina on checkpoint
inhibi on can typically con nue taking an an –PD-1 following
resolu on of their irAEs.
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THE NEW ERA FOR UPPER GI TREATMENT

What Will We Expect From Novel Therapies to Esophageal
and Gastric Malignancies?
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OVERVIEW
Esophageal cancer and gastric cancer are aggressive diseases for which treatment approaches are facing a new era. Some
molecular pathways, such as VEGF, EGFR, ﬁbroblast growth factor receptor, PIK3CA, and PARP-1, have been studied, and
novel targeted drugs are presumed to be developed in the near future. From The Cancer Genome Atlas report, 80% of
Epstein-Barr virus tumors and 42% of tumors with microsatellite instability have PIK3CA muta ons, sugges ng that this
pathway could be reevaluated as a possible target for new systemic treatment of gastric cancer. Notably, higher PARP-1
expression can be found in gastric cancer, which might be related to more advanced disease and worse prognosis. In addion, PD-L1 expression, high microsatellite instability, and mismatch repair deﬁciency can be found in gastric cancer, thus
sugges ng that immunotherapy may also play a role in those pa ents. We discuss trends related to the poten al of novel
therapies for pa ents with esophageal and gastric cancers in the near future.

T

he rela ve prevalence of gastric cancer has decreased
over the past few decades, from the leading cause of
cancer in 1975 to the ﬁ h most common cancer; it is also
the third leading cause of cancer-related death in both
sexes worldwide.1,2 Gastric cancer is also the leading cancer associated with infec on,3 due to Helicobacter pylori
and Epstein-Barr virus (EBV). Gastric cancer has a twofold
greater incidence in men than women and heterogeneous
distribu on across the world, with higher incidence and
mortality rates in Asian countries, such as Korea, Japan,
and China, and the lowest incidence in the Western world,
such as in North America, where it is one of the least common cancers.4,5 Southern Europe, where this disease is the
sixth most common malignancy, is also considered a highrisk area.6 Some risk factors that are associated with the
development of gastric cancer include high intake of processed red meat or smoked preserved foods, smoking, high
alcohol intake, and Helicobacter pylori infec on, which is
the main cause of noncardia gastric cancer; however, few
studies have been conducted in low-income countries with
high gastric cancer incidence.7 Histologically, gastric adenocarcinomas are classiﬁed as intes nal (85%–90%) or diﬀuse
(10%–15%). The majority of gastric adenocarcinoma cases

are sporadic (90%–95%), and only 5% to 10% have familial predisposi on. Anatomically, proximal tumors are more
common in Western countries, and nonproximal tumors are
more frequent in Asian countries.6 By the American Joint
Commi ee on Cancer staging system, proximal stomach
tumors crossing the esophagogastric junc on are classiﬁed
and treated as esophageal carcinomas.8

MOLECULAR CLASSIFICATION
Tradi onally gastric cancers are classiﬁed into intes nal and
diﬀuse histologic subtypes, the so-called Lauren classiﬁcaon, although mixed subtypes are reported as well.9 Comprehensive analysis of driver muta ons in gastric cancer
has revealed that a mul tude of genes are causally involved
in cancer development and progression, including TP53,
ARID1A, PIK3CA, and RHOA.10-12 Some of these muta ons
associate with a speciﬁc type of gastric cancer; for example,
RHOA muta ons are largely conﬁned to diﬀuse-type gastric cancer. Addi onal gene c aberra ons involve ampliﬁca ons of genes including ERBB2, FGFR2, MET, and KRAS,
resul ng in ac va on of pathways downstream the receptor tyrosine kinases and RAS signaling, providing leads for
targeted therapy (see below). However, as in other cancer
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types, responses to single targeted agents are o en disappoin ng, sugges ng addi onal complexity and the need for
addi onal biomarkers.
In a key publication, The Cancer Genome Atlas (TCGA)
project proposes the division of gastric cancer into four gene cally deﬁned molecular subtypes: tumors posi ve for
EBV (with recurrent PIK3CA muta ons, extreme DNA hypermethyla on, and ampliﬁca on of JAK2, PD-L1, and PD-L2),
tumors with microsatellite instability (MSI), genomically stable tumors, and tumors with chromosomal instability (i.e.,
with marked aneuploidy and focal ampliﬁca on of receptor
tyrosine kinases).13 To integrate not only genomic aberraons but also epigene c modiﬁca ons and microenvironmental heterogeneity, including proper es of the immune
inﬁltrate and ac va on state of the stroma, comprehensive
gene expression–based classifications have been developed. The ini al studies focused on gene expression proﬁles
associa ng with intes nal and diﬀuse gastric cancer.14 Tan et
al15 used representa ve cell lines to construct proﬁles that
could discriminate the two gastric cancer types on the basis
of gene expression data. This dis nc on also had predic ve
relevance, as cell lines represen ng the intes nal type were
mostly oxalipla n responsive, whereas diﬀuse gastric cancer
lines were more responsive to cispla n. Later this work was
expanded to the detec on of three subtypes: a prolifera ve
type, a metabolic type, and a mesenchymal type.16 Also here
dis nct subtypes responded diﬀerently to therapeu c interven ons: gastric cancers of the mesenchymal subtype were
sensi ve to PIK3CA, AKT, and mTOR inhibitors, and metabolic
gastric cancers showed speciﬁc sensi vity to ﬂuorouracil.
More recently, the Asian Cancer Research Group (ACRG) proposed another classiﬁca ons on the basis of gene expression

PRACTICAL APPLICATIONS
• The Cancer Genome Atlas project proposes the division
of gastric cancer into four molecular subtypes: tumors
posi ve for EBV (with recurrent PIK3CA muta ons,
extreme DNA hypermethyla on, and ampliﬁca on
of JAK2, PD-L1, and PD-L2), microsatellite-instable
tumors, genomically stable tumors, and tumors with
chromosomal instability.
• MSI-H and high PD-L1 and PD-L2 expression raise the
poten al of immune therapy for pa ents with EBVposi ve gastric cancer.
• HER2 overexpression in gastric cancer ranges from 9% to
23% and is more frequent in the intes nal subtype. Its
prognos c value remains unclear, but HER2 should be
tested in all pa ents with metasta c gastric cancer using
an IHC-modiﬁed scoring system.
• Trastuzumab deruxtecan has shown important tumor
ac vity in tumors harboring HER2 overexpression.
• Currently, there is a marginal beneﬁt of apa nib
(1.8 months) and ramucirumab (1.4–2.2 months) for
advanced gastric cancer. Further research on biomarkers,
drug combina ons, sequencing, and maintenance
therapies might produce more signiﬁcant results on
targe ng VEGF.
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comprising four subtypes: a microsatellite-instable type, a
mesenchymal-like type, and p53-active and p53-inactive
types.17 The clinical relevance of these classiﬁca ons is best
studied for the TCGA and ACRG taxonomies.
Regarding the TCGA classiﬁca on, the EBV subtype was
associated with the best prognosis, followed by microsatellite-instable and chromosomal-instability subtypes; the
genomically stable subtype was associated with the worst
prognosis.18 The ACRG classiﬁca on scheme was also shown
to be prognos c in several cohorts, as the microsatelliteinstable subtype was associated with good prognosis and
the mesenchymal-like type with poor disease outcome.
Indeed, the iden ﬁca on of these subtypes (on the basis
of TCGA or ACRG classiﬁca on) might be useful for clinical
decisions, prognos cs, and research of new target therapies. Chromosomally unstable tumors represent 50% of
all gastric cancers.18 Analysis of these tumors can reveal
some recurring gene ampliﬁca ons, such as HER2, EGFR,
MET, CCNE1, CCND1, CDK6, VEGFA, and FGFR2, which are
poten ally targetable. The high-MSI subgroup corresponds
to 22% of gastric cancers and is characterized by elevated
muta on and hypermethyla on rates, a median age of 72,
and a higher propor on of females (56%). Higher muta on
rates increase the likelihood of neoan gens, and therefore,
high-MSI gastric cancer is a possible target for immune oncology.18,19 Genomically stable tumors represent 20% of gastric cancers, and some gene c changes can be found, such
as RHOA signaling mutations, CLDN18-ARHGAP26 fusion,
and ﬁbroblast growth factor receptor (FGFR) 2 and VEGFA
ampliﬁca on.5 The EBV subtype is more common in fundus
or body cancers and in men (81%), and it represents 9% of
all gastric cancers and is characterized by high levels of DNA
promoter hypermethyla on, elevated expression of PD-L1
and PD-L2, JAK2 ampliﬁca on, and PIK3CA muta on. Thus,
the high expression of PD-L1 and PD-L2 raises the poten al
for immune therapy in this subgroup, as well as in the highMSI subgroup. JAK-2 ampliﬁca on and PIK3CA muta ons
are also possible targets for these pa ents (Fig. 1).

TREATMENT
In 2017, gastric cancer represented 1.7% of all cancer cases
in the United States (with 28,000 new cases each year), with
5-year rela ve survival rates of 67.2% for localized disease,
30.7% for regional disease, and 5.2% for distant disease. Approximately 50% of pa ents with gastric cancer will be diagnosed with advanced-stage disease, but in some countries,
such as Japan and South Korea, where screening is rou nely
performed, early detec on is more frequent.2 The 5-year
overall survival (OS) dura on of metasta c gastric cancer
might range from 3 months with only suppor ve care treatment to 16 months in ﬁt pa ents in clinical trials; thus, gastric
cancer is s ll an unmet need in oncology.20 In many Western countries, there is considerable overlap between gastric
cancer and distal esophageal cancers in their treatment and
clinical trial inclusion. In the United States, esophageal cancer is the ﬁ h most common gastrointes nal cancer, with
an es mated 16,940 new cases per year, and it is the sixth
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FIGURE 1. Molecular Mechanisms and Promising Biomarkers in Gastric Cancer

Abbrevia ons: ACK1, ac vated Cdc42-associated kinase 1; AQP3, aquaporin 3; BMP2, bone morphogene c protein–2; BMP4, bone morphogene c protein 4, CCND1, cyclin D1; CCNE1, cyclin E1; CDH1,
cadherin-1 gene; CDK6, cell division protein kinase 6; CIMP, CpG island methylator phenotype; EphA2, erythropoie n-producing hepatocellular A2; FGFR2, ﬁbroblast growth factor receptor 2; hMLH1, gene
human mutL homolog 1; p16, tumor suppressor gene p16; MET, mesenchymal epithelial transi on; PIK3CA, PI3K encoding gene; PLA2G2A, phospholipase A2 group IIA; RUNX3, Runt-related transcrip on
factor 3; SULF2, SULF2 gene.

most common cancer worldwide.21 Approximately half of
pa ents diagnosed with esophageal cancer present with
unresectable or metasta c disease. Treatment of these paents aims to control dysphagia and other cancer-related
symptoms, improve quality of life, and prolong survival.
In the past 2 decades, modestly improved outcomes have
been achieved in the treatment of pa ents with inoperable
nonmetasta c cancer who are medically not ﬁt for surgery
or have unresectable, locally advanced disease. In distant
metasta c esophageal cancer, several double-agent or tripleagent chemotherapy regimens have been established as
first-line treatment options. Furthermore, long-term results of mul ple large randomized phase III trials using
addi onal targeted therapies have been published in the
past few years, aﬀec ng contemporary clinical prac ce
and future research direc ons.21 Here, we discuss the poten al of further therapeu c direc ons and biomarkers
for esophageal cancer and gastric cancer (EGC) in the advanced stage.

How Do We Treat Advanced EGC Today?
Today, trea ng advanced EGC is a diﬃcult challenge for
oncologists worldwide. Chemotherapy regimens, including
diﬀerent combina ons of pla num, ﬂuoropyrimidine, taxanes, and anthracyclines, were accepted as the backbone
of ﬁrst-line treatment of advanced disease.22,23 However,
some other targeted therapies have been incorporated in
this framework in recent years. For pa ents with advanced
HER2-posi ve gastric cancer, researchers have found a great
beneﬁt in adding trastuzumab to pla num-ﬂuoropyrimidine
chemotherapy regimens.24 In addition, ramucirumab, in
monotherapy or in combina on with paclitaxel, an an angiogenic monoclonal an body, was approved for metasta c
gastric cancer second-line treatment on the basis of results
from the RAINBOW and REGARD phase III clinical trials.25,26
The tyrosine kinase inhibitor (TKI) apa nib, a drug against
VEGFR-2, has demonstrated some beneﬁt in pa ents with
chemotherapy-refractory advanced or metastatic gastric

cancer, becoming a possible third- or further-line treatment.26 Despite the aforemen oned issues, the role of targe ng therapies in gastric cancer is s ll limited. However,
further research in this ﬁeld could contribute to more clinical u lity for the types of treatment of pa ents with gastric
cancer.

Emerging Targets and Treatments
HER2. HER2 overexpression in gastric cancer ranges from
9% to 23% and is more frequent in the intes nal subtype;
its prognos c value remains unclear, but HER2 should be
tested in all pa ents with metasta c gastric cancer, using
an immunohistochemistry-modiﬁed scoring system.27 A er
outstanding results in breast cancer, diﬀerent clinical trials
have targeted this receptor in gastric cancer.
In the ToGA trial, the median OS dura on was 13.8 months
in those assigned to trastuzumab plus chemotherapy and
11.1 months in the chemotherapy-alone group, which led
to U.S. Food and Drug Administra on (FDA) approval of
trastuzumab in combina on with chemotherapy as a new
standard op on for pa ents with HER2-posi ve advanced
gastric or gastroesophageal junc on (GEJ) cancer in 2010.24
Furthermore, there are diﬀerent trials targe ng HER2, with
diﬀerent combina ons of monoclonal an bodies, such as
trastuzumab, pertuzumab, TDM-1, or the TKI lapa nib combined with chemotherapy or radiotherapy (RT). Thus, there
are s ll many poten al clinical beneﬁts of diﬀerent targe ng
combina ons for HER2-posi ve disease. Currently, there are
more than 118 trials on HER2-posi ve gastric cancer registered at ClinicalTrials.gov. See Table 1 for some relevant trials considered by our group. In 2017, Doi et al28 published
an interes ng phase I study addressing the safety and tumor
activity of trastuzumab deruxtecan, an HER2-targeting
an body-drug conjugate, in pa ents with advanced breast
and gastric or gastroesophageal tumors. Doi et al assessed
23 pa ents, of whom 10 (43%) had an objec ve response
rate and 21 (91%) achieved disease control. The most common
grade 3 and grade 4 toxici es were decreased lymphocyte
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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count, decreased neutrophil count, and anemia. Trastuzumab
deruxtecan therefore shows important tumor activity
in those tumors harboring HER2 overexpression. Further
phase II and III trials are warranted to inves gate the role of
this drug in pa ents with EGC.28
Unlike breast cancers, however, the results of targe ng
HER2 in EGC have not been consistently posi ve. Recently,
the JACOB trial (NCT01774786) treated 780 pa ents with
HER2-posi ve metasta c or locally advanced unresectable
GEJ cancer or gastric cancer with ﬁrst-line trastuzumab and
chemotherapy with or without pertuzumab. Unfortunately,
this trial did not show any beneﬁt in OS for pa ents treated
with the combination of pertuzumab, trastuzumab, and
chemotherapy compared with trastuzumab, chemotherapy,
and placebo, with OS dura on of 17.5 months compared
with 14.2 months, respec vely (HR 0.84; 95% CI, 0.71–1.00;
p = .0565).40 Addi onally, the TRIO-013/LOGIC and TyTan
trials involved 545 pa ents. The median OS in the lapa nib and placebo arms was 12.2 months (95% CI, 10.6–14.2
months) and 10.5 months (95% CI, 9.0–11.3 months), respec vely, which was not signiﬁcantly diﬀerent (HR 0.91;
95% CI, 0.73–1.12). Although there were nega ve results
from the TRIO-013/LOGIC and TyTan trials,35,38 there are other
trials of lapa nib therapy for HER2-posi ve gastric cancer
that could be promising, such as MAGIC-B, which tested the
addi on of lapa nib or bevacizumab to periopera ve chemotherapy with epirubicin, cispla n, and capecitabine. The
es mated comple on date of this trial was December 2017,
and the results are s ll forthcoming.
Finally, a phase II clinical trial (NCT02015169) was designed
to inves gate the eﬃcacy and safety of XELOX (capecitabine
and oxalipla n) plus lapa nib treatment in patients with
HER2-posi ve gastric cancer with liver metastasis. The primary outcome was complete resec on rate (R0 resec on rate).
The es mated comple on date was May 2017. Despite a
small es mated number of par cipants (32 pa ents), this trial
may determine important issues for other an -HER2 therapies
apart from trastuzumab.
EGFR inhibi on. The EGFR transmembrane glycoprotein acvates a cascade of tyrosine kinases in Ras/Raf or Akt/mTOR
pathways. This receptor was successfully targeted in wildtype KRAS colorectal metasta c cancer with the monoclonal
an bodies panitumumab and cetuximab and in squamous
cell head and neck cancers with cetuximab. There are also
TKIs targe ng EGFR, such as erlo nib, which has been approved for lung cancer treatment.
EGFR could be considered an independent prognos c factor of worse outcomes in pa ents with gastric cancer41; it is
overexpressed by 30% to 50% in gastroesophageal tumors
and is a poten al target in such cases.23
Cetuximab (the EXPAND trial) and panitumumab (the REAL3
trial) failed to demonstrate beneﬁt in advanced gastroesophageal tumors. It is possible that EGFR overexpression
is not the leading oncogenic pathway in advanced gastric
cancer, but those trials did not select patients by EGFR
expression; that approach might be explored in further trials or subgroup analysis.42
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More recently, nimotuzumab, another monoclonal an EGFR an body, did not increase OS or progression-free survival in the overall popula on in a phase II clinical trial for
advanced gastric cancer, but those with EGFR overexpression had a substan al beneﬁt, which increased interest in
selec ng pa ents by EGFR status for EGFR-targe ng therapies.43 Intriguing retrospec ve biomarker analyses of the
COG trial44 suggest that a subpopulation of tumors with
EGFR copy number gain may beneﬁt from an -EGFR therapy,
implying that refining the EGFR biomarker may yet yield
posi ve results.
Immune checkpoint inhibitors. Upper gastrointes nal (GI)
cancers, namely, esophageal cancer, GEJ cancer, and stomach cancer, have high rates of soma c muta ons, trailing
only melanoma, lung, and bladder cancers with respect to
tumoral muta onal frequency.45 Given the known success
of immunotherapy in these highly mutated cancers, basic
science and clinical research have been set forth in upper GI
cancers, for which the success rate of cytotoxic chemotherapy remains poor.
The purpose of immunotherapy is to shi the balance
between proinﬂammatory immune eﬀector cells and an inﬂammatory suppressive cells. Immune checkpoints refer
to many immune system inhibitory pathways that are important for self-tolerance by modera ng the dura on and
amplitude of the physiologic immune response. Tumors
use these pathways as mechanisms of tumor resistance
through ligand-receptor interac ons. Checkpoint inhibitors have the poten al to enhance an tumor immunity by
altering the ligand receptor rela onship between tumor
and T cells.46
Currently two classes of immunotherapy are FDA approved, inhibitors of either the PD-1 and its ligand (PD-L1)
or CTLA-4.47 PD-L1 is expressed in 35% to 45% of esophageal
cancers,48,49 providing a ra onale for the use of immunotherapy drugs in these cancers. Recent and ongoing clinical
trials have studied the use of PD-1/PD-L1 or CTLA-4 inhibitors as monotherapy or in combina on in upper GI cancers.
PD-L1 expression, high MSI, and mismatch repair deﬁciency can be found in gastric cancer, which may provide a
role for immunotherapeu cs in trea ng pa ents with these
diseases. Pembrolizumab, a humanized monoclonal an body against PD-1, was ini ally studied in a phase IB trial in
advanced pretreated esophageal and GEJ cancers with PDL1 expression greater than 1%.28 Overall response rate was
30.4% (95% CI, 13.2%–52.9%). A subset analysis of response
rate revealed a response rate of 40.0% for adenocarcinoma
and 29.4% for squamous cell carcinoma. Later, a phase II
trial showed an overall response rate of 13.3% (95% CI,
8.2%–20%) in advanced gastric and GEJ adenocarcinoma,
including a complete response rate of 1.4%50 and a par al
response rate of 11.9%.51 Pa ents were required to have PDL1 expression of at least 1% tumor or stromal cells using immunohistochemistry. This led to FDA accelerated approval
for pa ents with recurrent, locally advanced, or metasta c
gastric or GEJ adenocarcinoma. A larger phase III trial that
inves gated pembrolizumab as second-line treatment for
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gastroesophageal junc on
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unresectable or metasta c
adenocarcinoma of
the stomach or
gastroesophageal junc on

HER2-posi ve advanced
gastric cancer that
progressed during or a er
ﬁrst-line therapy with a
combina on of at least
a pla num agent and a
ﬂuoropyrimidine given
concurrently

Asian pa ents with advanced
gastric cancer that
had progressed a er,
or during, ﬁrst-line
chemotherapy

Refractory advanced gastric
or gastroesophageal
adenocarcinoma
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TABLE 1. Phase III Clinical Trials in Gastric Cancer With Published Results

BSC

Everolimus + BSC

Placebo + paclitaxel

Olaparib + paclitaxel

Taxane

Trastuzumab

Capecitabine-cispla n
alone

Cetuximab +
capecitabine-cispla n

Placebo + cispla n and
capecitabine

Bevacizumab + cispla n
and capecitabine

Placebo + cispla n and
capecitabine

Bevacizumab + cispla n
and capecitabine

Arms of Treatment

Median OS
5.4 vs. 4.3 months (HR
0.90; 95% CI, 0.75–1.08;
p = .124)

Median OS
8.8 vs. 6.9 months (HR
0.79; 97.5% CI, 0.63–
1.00; p = .026)

Median OS
7.9 vs. 8.6 months (HR
1.15; 95% CI, 0.87–1.51;
one-sided p = .86)

Median PFS
4.4 vs. 5.6 months (HR
1.09; 95% CI, 0.92–1.29;
p = .32)

Median OS
10.5 vs. 11.4 months (HR
1.11; 95% CI, 0.79–1.56;
p = .5567

Median OS
12.1 vs. 10.1 months (HR
0.87; 95% CI, 0.73–1.03;
p = .1002).

Main Outcome Results

—

Previous progression on
pla num

Stomach disease

Previous gastrectomy

—

—

Advanced (nonmetasta c)
disease

Pan-Americans

Subpopula on
Beneﬁt

Con nued

Everolimus is not eﬀec ve
in pa ents with advanced
gastric cancer whose
disease progressed a er
one or two lines of previous
systemic chemotherapy

Results also nega ve in
ATM-nega ve popula on

Olaparib did not demonstrate
beneﬁt in Asian pa ents
with refractory advanced
gastric cancer

Trastuzumab was not
superior to taxane in
pa ents with previously
treated, HER2-posi ve
advanced gastric cancer

Cetuximab not eﬀec ve in
gastric or gastroesophageal
cancer

Bevacizumab not eﬀec ve
in Chinese popula on
with gastric or
gastroesophageal
junc on adenocarcinoma

Did not reach main
outcome

Conclusion and
Observa ons
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Panitumumab + EOC

Placebo + paclitaxel

Ramucirumab + paclitaxel

Placebo + CapeOX

Lapa nib + CapeOX

Arms of Treatment

TABLE 1. Phase III Clinical Trials in Gastric Cancer With Published Results (Cont'd)

Median OS
8.8 vs. 11.3 months (HR
1.37; 95% CI, 1.07–1.76;
p = .013).

Median OS
9.6 vs. 7.4 months (HR
0.807; 95% CI, 0.678–
0.962; p = .017)

Median OS
12.2 vs. 10.5 months (HR
0.91; 95% CI, 0.73–1.12)

Main Outcome Results

KRAS muta on
(10 pa ents;
HR 0.23; 95%
CI, 0.05–1.15)

Age < 60
(HR 0.69; 95%
CI, 0.51–0.94;
p = .0141)

Asian pa ents
(HR 0.68; 95%
CI, 0.48–0.96;
p = .0261)

Subpopula on
Beneﬁt
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Despite only 10 pa ents
with KRAS muta on,
there were surprising
posi ve results in this
subgroup, which might
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Addi on of panitumumab
to EOC chemotherapy, in
molecularly unselected
popula on, does not
increase OS in ﬁrst-line
metasta c or locally
advanced esophagogastric
adenocarcinoma

Less or no clinical beneﬁt
in pa ents from Asian
region (159 pa ents;
HR 0.986; 95% CI,
0.727–1.337), disease
nonmeasurable (125
pa ents; HR 1.101; 955
CI, 0.739–1.641), or
previous gastrectomy
(259 pa ents; HR 0.939;
95% CI, 0.697–1.263)

In second line, ramucirumab with paclitaxel
signiﬁcantly increases OS
on advanced gastric or
gastroesophageal
junc on adenocarcinoma

Addi on of lapa nib to
CapeOx did not increase
OS in pa ents with
HER2-ampliﬁed
gastroesophageal
adenocarcinoma
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intes nal subtype (87
pa ents; HR 1.009; 95%
CI, 0.583–1.745)

Ramucirumab monotherapy
has survival beneﬁts in
pa ents with advanced
gastric or gastroesophageal
junc on adenocarcinoma
progressing a er ﬁrst-line
chemotherapy

Conclusion and
Observa ons

In a further biomarker evalua on of the AVAGAST trial, high plasma VEGF-A (HR 0.72; 95% CI, 0.57–0.93) and low tumor neuropilin-1 (HR 0.75; 95% CI, 0.59–0.97) were found to be strong biomarker candidates for predic ng clinical outcomes in pa ents with advanced gastric
cancer treated with bevacizumab.39
Abbrevia ons: ATM, ataxia telangiectasia–mutated protein; BSC, best suppor ve care; CapeOX, capecitabine and oxalipla n; EOC, epirubicin, oxalipla n, and capecitabine; HR, hazard ra o; OS, overall survival; PFS, progression-free survival.
Date of source: January 10, 2018.
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Se ng
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Enrollment Period

TABLE 1. Phase III Clinical Trials in Gastric Cancer With Published Results (Cont'd)
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pa ents with advanced gastric or GEJ adenocarcinoma did
not meet its primary endpoint of OS (HR 0.82; 95% CI, 0.66–
1.03; p = .042) in pa ents whose tumors expressed PD-L1
greater than 1%.52 It is possible that PD-L1 is not a good biomarker in gastric cancer or that limi ng its expression to 1%
was too op mis c. It is possible that selec ng pa ents with
higher PD-L1 expression would provide superior outcomes.
Nivolumab is a human monoclonal IgG4 an body that inhibits PD-1 expressed on ac vated T cells. A phase II trial
included pa ents with advanced pretreated esophageal
cancer, not preselected by PD-L1 status, and demonstrated
a 17% objec ve response rate (95% CI, 10%–28%).50,53 A similar response rate of 11% was reported in a phase III trial
that included advanced gastric or GEJ tumors intolerant to
at least two previous lines of chemotherapy. There was also
an improvement in 12-month OS rate with nivolumab of
26.2% (95% CI, 20.7%–32.0%) compared with 10.9% (95%
CI, 6.2%–17.0%) with placebo.54 A head-to-head phase III
trial comparing nivolumab with chemotherapy including
docetaxel or paclitaxel in a similar cohort of chemorefractory
pa ents is ongoing.55
Tremelimumab inhibits CTLA-4, a protein receptor member of the immunoglobulin superfamily that func ons as an
immune checkpoint, that when expressed on the surface of
T helper cells, transmits an inhibitory signal to T cells when
bound to CD80 or CD86 on the surface of an gen-presen ng
cells.56 A phase II trial for patients with pretreated metasta c gastric and esophageal adenocarcinomas showed no
objec ve response rates when treated with tremelimumab.
Despite this, dura on of response in a small select group of
pa ent was encouraging.57
There are limited data to show that combina on immunotherapy is more eﬀec ve than monotherapy. A phase I/II
study combining ipilimumab and nivolumab led to durable
responses and long-term OS in heavily pretreated pa ents
with advanced gastric, esophageal, and GEJ cancer.58 There
are ongoing studies of combina on therapy with mogamulizumab, a humanized monoclonal an body–targe ng chemokine receptor, and nivolumab in advanced upper GI cancers.59,60
Addi onal ongoing studies in pa ents with metasta c upper GI cancers include the combina on of LAG525, which
targets LAG-3, and spartalizumab, an an –PD-1 combinaon.61 Furthermore, tremelimumab and durvalumab, a human immunoglobulin G1 kappa monoclonal an body that
blocks the interac on of PD-L1 with PD-1 and CD-80, are
also being studied.62
Historically, chemotherapy and radia on therapy have
been used in diﬀerent stages of upper GI cancers. In metasta c upper GI cancers, chemotherapy provides response
rates of 35% to 40%, with median survival beneﬁt of 9 to
11 months. Radia on therapy has been used in locally advanced disease as well as pallia vely in pa ents with metasta c disease. With modest beneﬁt seen in the treatment
of metasta c disease with chemotherapy, the most logical
step was to study immunotherapeu cs. Despite some preclinical promise, the clinical beneﬁt of in upper GI cancers
has been modest and has not been proved to be superior
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to chemotherapy. Knowing that chemotherapy has proven
beneﬁt, trials have now begun to look at combining chemotherapy with immunotherapy and/or radia on therapy.
The scien ﬁc ra onale for the use of chemotherapy combined with immunotherapy is based on preclinical data sugges ng that cytotoxic agents may act as immunomodulatory
agents through tumor an gen presenta on. This leads to an
upregula on of the expression of tumor an gens and major
histocompa bility complex class I molecules, to which the angens bind. Through an alterna ve pathway, chemotherapy
may also upregulate cos mulatory molecules such as B7-1
or downregulate coinhibitory molecules such as PD-L1/B7-1H
or B7-H4 expressed on the tumor cell surface. In doing so,
this enhances the strength of effector T-cell activity, preferen al depletes regulatory T cells, and liberates homeosta c or inﬂammatory cytokines.63-66 Chemotherapy may
also render tumor cells more sensi ve to T cell–mediated
lysis through fas-, perforin-, and granzyme B–dependent
mechanisms.67,68
Using this understanding, clinical trials have begun studying the use of combina on chemotherapy with immunotherapy in upper GI cancers. A phase III clinical trial is currently
evalua ng the use of nivolumab and ipilimumab, nivolumab
combined with ﬂuorouracil and cispla n, or ﬂuorouracil and
cispla n alone.69,70 Primary endpoints of this study include
progression-free survival and OS in previously untreated paents with advanced unresectable, recurrent, or metasta c
esophageal squamous cell carcinoma. There are ongoing
trials of pembrolizumab alone or in combina on with chemotherapy versus chemotherapy alone in ﬁrst-line gastric
or GEJ adenocarcinoma70 as well as in the neoadjuvant and
adjuvant se ng.71 Another phase I/II study will evaluate
the safety of durvalumab in combina on with oxalipla n/
capecitabine in the metasta c se ng.
RT is a key modality in trea ng many esophageal cancers.
Like chemotherapy, radia on has been found in preclinical
models to have immunomodulatory eﬀects through diﬀerent mechanisms, including the crea on of neoan gens, increased expression of proinﬂammatory cytokines capable of
ac va ng leukocytes, as well as upregula on and recruitment of immune cells into the tumor microenvironment.72,73
PD-L1 has been reported to be upregulated in the tumor
microenvironment after ionizing radiation in mice.74 This
increased PD-L1 expression suppresses the an tumor proper es of eﬀector T cells, providing a ra onal combina on of
immunotherapy and RT.
Using preclinical models,63,75,76 combina on RT and immunotherapy has received limited study. Previous small retrospec ve series have shown acceptable tolerability and some
enhanced response rates with combined immunotherapy
and RT in different disease subtypes.77,78 On the basis of
these data, clinical trials are ongoing in upper GI cancers.
Pembrolizumab combined with RT is being studied in metasta c esophageal79 as well as in advanced cancers of the
stomach and GEJ.80 In the neoadjuvant se ng, pembrolizumab, durvalumab, nivolumab, and ipilimumab are being
studied in addi on to chemoradia on.81-83

THE NEW ERA FOR UPPER GI TREATMENT

Finally, the discovery of tumor-associated an gens provide speciﬁc targets for new immunotherapies, including
using these tumor-associated an gens in cell-based therapies by developing autologous T cells that speciﬁcally target
these an gens in pa ents whose tumors express them. Two
common tumor-associated an gens that are known to be
expressed in esophageal cancers are melanoma-associated
an gen 3 and NY-ESO-1. In 2017, Lu et al84 addressed 17 paents with metasta c cancer who were treated with a major
histocompa bility complex class II–restricted T-cell receptor
targe ng the cancer germline an gen melanoma-associated
antigen 3. Patients received a schedule based on a lymphodeple ng prepara ve regimen, followed by adop ve
transfer of puriﬁed CD4+ T cells retrovirally transduced with
melanoma-associated an gen 3 TCR plus a systemic high
dose of interleukin-2. Among nine pa ents who were treated
at the highest dose level, objec ve par al responses were
observed in a patient with esophageal cancer (duration
4 months).84 Ongoing trials will hopefully shed light on the
best combina ons using immunotherapy, chemotherapy,
and/or radia on and the op mal doses and schedules.
PIK3CA. The complex PI3K/Akt/mTOR pathway has an important role in diﬀerent cellular mechanisms, such as cell
growth, cell prolifera on, protein transla on, and metabolism. Dysregula on of this pathway, which involves many
diﬀerent tyrosine kinases, is frequently observed in many
tumors and has led to the development of many targeted
therapies in this pathway that have been tested in diﬀerent
solid tumors, including gastric cancer.85 In a TCGA report,
80% of EBV tumors and 42% of MSI tumors have PIK3CA
muta ons, sugges ng that this pathway is a possible target
for new treatments in gastric cancer.
The GRANITE phase III clinical trial, tes ng everolimus for
previously treated advanced gastric cancer, failed to improve survival; however, PIK3CA muta ons were not tested,
and thus, pa ents were not selected or assessed for PIK3CA.34
Targeting the PIK3CA pathway in only mutated patients
might be a promising biomarker for future assessment in
pa ents with gastric cancer. Some AKT inhibitors, such as
afureser b and AZD5363, are also being tested in gastric
cancer, and the results are forthcoming.5
Angiogenesis. The high relevance of new blood vessels for
cancer growth and survival is well known.86 VEGF, a protein
with diﬀerent isoforms, is a s mulator of endothelial cell
growth that is highly expressed in diﬀerent solid tumors,
particularly in necrotic or hypoxic areas. Overexpression
of angiogenic markers is associated with more aggressive
disease; thus, these markers are poten al targets in gastric
cancer therapy.
Bevacizumab is an anti-VEGF antibody widely used in
diﬀerent solid tumors, such as colorectal, ovarian, breast,
and lung cancer,85,87 but it s ll did not demonstrate a clinical
beneﬁt in gastric cancer. The AVATAR and AVAGAST phase
III clinical trials failed to demonstrate the clinical beneﬁt
of bevacizumab in advanced gastric or GEJ cancer.29,30 However, ramucirumab, a fully human monoclonal antibody
potent against VEGFR-2, demonstrated benefit in the

second-line treatment of advanced gastric cancer following the REGARD26 and RAINBOW25 phase III clinical trials. In the REGARD trial, ramucirumab monotherapy versus
best supportive care significantly increased OS in second-line treatment of advanced gastric or GEJ adenocarcinomas. The median OS was 5.2 months (interquar le range,
2.3–9.9 months) in pa ents in the ramucirumab and 3.8
months (interquar le range, 1.7–7.1 months) in those in
the placebo group (HR 0.776; 95% CI, 0.603–0.998).26 In
the RAINBOW trial, ramucirumab with paclitaxel increased
progression-free survival and OS compared with placebo
plus paclitaxel. OS was signiﬁcantly longer in the ramucirumab
plus paclitaxel group than in the placebo plus paclitaxel
group (median, 9.6 months [95% CI, 8.5–10.8 months] vs.
7.4 months [95% CI, 6.3–8.4 months]; HR 0.807; 95% CI,
0.678–0.962).25
The TKI apa nib inhibits VEGFR-2 and demonstrated efﬁcacy and safety in phase II and III clinical trials in pa ents
with chemotherapy-refractory advanced or metasta c gastric
cancer, becoming a possible treatment in third- or furtherline therapies.88 Despite previous posi ve results in trials,
there are some concerns regarding the clinical beneﬁt of
ramucirumab and apa nib in gastric cancer. There is a marginal beneﬁt of afa nib (1.8 months) and ramucirumab
(1.4–2.2 months), but hopefully, further research on biomarkers, combina on therapies, sequencing, or maintenance
therapies might bring more substan al results for targe ng
VEGF in gastric cancer.89,90
PARP. PARPs are a group of enzymes that catalyze the transfer of ADP-ribose to diﬀerent intracellular proteins.91 PARPs
are relevant in many cellular processes, such as transcripon, replica on, recombina on, and DNA repair.92 Their role
in DNA repair is par cularly relevant because certain tumors defec ve in homologous recombina on mechanisms
may rely on PARP-mediated DNA repair for survival and are
sensi ve to its inhibi on.93 PARP inhibi on already has an
important role in BRCA-associated breast and ovarian cancers and might have addi onal importance in other cancers,
such as gastric adenocarcinoma.94 Higher PARP-1 expression
can be found in gastric cancer, and that might be related to
more advanced disease and worse prognosis.
A er some promising results in a phase II clinical trial, in
the GOLD phase III clinical trial, the PARP inhibitor olaparib
did not signiﬁcantly increase OS in pa ents with advanced
gastric cancer, including an ataxia telangiectasia–mutated
protein–negative population.33 In some trials, statistical
methods (such as a sta s cally signiﬁcant p value < .025)
and the lack of BRCA biomarker stratification could be
some of the reasons for unmet outcomes. Other trials to
address PARP inhibitors in gastric cancer are s ll ongoing.
A phase I clinical trial (NCT01123876) is tes ng velaparib,
a PARP inhibitor, with FOLFIRI in gastric cancer. A phase
I/II trial (NCT03008278) is s ll recrui ng subjects to test the
eﬀec veness of olaparib and ramucirumab (an an -VEGFR-2
an body) in trea ng pa ents with metasta c or locally recurrent gastric cancer or GEJ cancer that cannot be removed
by surgery. Novel combina ons and possible biomarker taiasco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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loring are challenging issues that might result in changes in
clinical prac ces in the near future.
FGFR. Fibroblast growth factors are a family of proteins that
interact with four tyrosine kinase transmembrane receptors
(FGFRs).95 FGFRs are downstream of diﬀerent intracellular
signaling pathways, including RAS-MAPK, PI3K-AKT, and
STAT, and thus regulate different cellular processes, such
as prolifera on, survival, migra on, diﬀeren a on, and metabolism.36,95 Interference in this pathway, such as gene
ampliﬁca on, chromosomal transloca on, or muta ons, is
associated with tumor ini a on, survival, prolifera on, and
invasion, par cularly in diﬀuse-type cancers such as gastric
cancer.96
To date, there are 11 trials registered at ClinicalTrials.gov
targe ng FGFR in gastric cancer. In the phase II SHINE trial,
AZD4547, an FGFR2 TKI, compared with paclitaxel in pa ents
with gastric cancer with FGFR2 amplification/polysomy
failed to improve the main outcome of progression-free
survival.97
Some drugs, such as dovi nib, fore nib, and pazopanib
are mul -TKIs, in which inhibi on includes FGFR.95 A phase
II trial (NCT01719549) is tes ng the mul -TKI dovi nib in
gastric cancer with FGFR2 ampliﬁca on. Another phase II
trial (NCT01921673) is evalua ng the role of dovi nib plus
docetaxel as second-line chemotherapy in pa ents with
metasta c or unresectable gastric cancer. Both trials are
completed, but the results have not yet been published.
It is not yet known if targe ng only one FGFR will have

posi ve results in gastric cancer, but there might be a place
for multi-TKIs that inhibit FGFR along with other kinase
pathways.

CONCLUSION AND FUTURE PERSPECTIVES
Currently, the treatment of advanced EGC is s ll a challenge
for oncologists and patients worldwide. EGC is different
from other types of tumors, such as lung, prostate, and
melanoma, because it lacks extensive, innova ve, and effec ve op ons based on driver muta ons and immunotherapy. Only HER2 expression is validated as a predic ve
biomarker, which could help tailor pa ent treatment. To
date, only trastuzumab and ramucirumab are well established for the treatment of advanced EGC. More recently,
nivolumab showed a modest beneﬁt in later lines of advanced EGC in the ATTRACTION-2 study.54 Novel molecular
classiﬁca ons such as proposed by TCGA and the ACRG will
beneﬁt the iden ﬁca on of poten al biomarkers that might
help the development of new target therapies, the design of
new clinical trials, and retrospec ve subanalysis of completed
trials. In HER2 ampliﬁca on tumors, VEGF, PARP, EGFR, PIK3CA,
and FGFR are promising pathways that could be sources of
novel target drugs in the near future. However, more extensive transla onal and clinical studies are warranted to op mize these approaches.
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OVERVIEW
The incidence rate of hepatocellular carcinoma (HCC) is rising. It is one of the most common cancers worldwide and
accounts for substan al morbidity and mortality. Chronic hepa s B virus (HBV) infec on, chronic hepa s C virus
(HCV) infec on, and nonalcoholic fa y liver disease (NAFLD) are the most important e ologies of HCC, and eﬀec ve
screening and management strategies are crucial to reduce the HCC risk. For HBV, which accounts for the majority of
HCC cases, most infections were acquired via perinatal and early horizontal transmission. Universal vaccination of
newborns has led to a decline in HCC incidence compared with the pre-vaccina on era. Eﬀec ve an viral therapies
with nucleos(t)ide analogues or pegylated interferon reduced the incidence of HCC. For HCV, the emergence of eﬀec ve
direct-ac ng an viral (DAA) agents has substan ally improved cure rates; therefore all pa ents with HCV should be
considered for DAA treatment. The most important obstacle in elimina ng HCV is access to therapy. For NAFLD, the
global incidence is increasing rapidly, thus its impact on HCC incidence may be explosive. Progression to HCC in NAFLD
happens par cularly in those with nonalcoholic steatohepa s (NASH) and exacerbated by metabolic syndrome, or
PNPLA3 gene polymorphism. Lifestyle changes are impera ve while drug therapy has yet to demonstrate substan ve
protec ve eﬀects on HCC preven on. For management of HCC, early diagnosis via imaging surveillance among persons
with HCC risk factors remains the most important strategy to iden fy early-stage disease appropriate for resec on or
transplanta on.

H

CC incidence rates have been rising in the past 3 decades, and these trends are expected to remain through
2030.1 According to the World Health Organiza on (WHO),
HCC is the ﬁ h most common cancer worldwide and the
second most common cause of cancer-related death in
2015. Several important risk factors have been iden ﬁed,
including chronic HBV infec on, chronic HCV infec on,
NAFLD and NASH, alcoholic liver disease, hereditary hemochromatosis, and any other causes leading to cirrhosis.
Although eﬀec ve an viral therapies are available to treat
chronic HBV and HCV, virally mediated HCC remains the e ology for the majority of HCC cases globally. Moreover, the
NAFLD/NASH pandemic, especially in developed countries,
will hinder the decline of HCC incidence, if not increase it.
In this ar cle, these three important risk factors (i.e., HBV,
HCV, and NAFLD/NASH) will be discussed regarding their
impacts on the global epidemiology, preven on, and management of HCC.

HEPATITIS B VIRUS
Global Epidemiology of HBV
WHO es mated that 257 million persons, corresponding to
3.5% of the global popula on, are chronically infected with
HBV as of the year 2015.2 Large regional varia on of chronic
HBV has been observed: the most endemic areas are the
Western Paciﬁc (6.2% of the residing popula on) and African (6.1%) regions followed by the East Mediterranean
(3.3%), Southeast Asia (2.0%), and European (1.6%) regions
and the region of the Americas (0.7%).2 The establishment
of HBV chronicity depends on the age of exposure. The risk
is greater than 90% for infants and children younger than
age 2 compared with 0% to 2% for adults.3,4 Therefore, most
chronic HBV infec ons were acquired ver cally (i.e., mother
to child transmission). Universal birth-dose HBV vaccina on
reduces the prevalence of chronic HBV in newborns5; thus,
most pa ents with chronic HBV were born in the prevaccina on era.
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Pa ents with chronic HBV are at risk for liver-related complica ons, namely cirrhosis and HCC. The incidence of these
complica ons parallels the prevalence of chronic HBV,6 and
therefore, the global distribu ons of chronic HBV and HCC
mirror each other.7-10 It is es mated that chronic HBV is e ologically implicated in as many as 50% to 80% of all HCC
cases, especially in HBV endemic areas (where chronic HBV
prevalence is greater than 8%).11,12 The life me risk of chronic HBV carriers to develop cirrhosis and/or HCC is 15% to
40%.13,14 The rela ve risk ra o of HCC in pa ents with chronic
HBV ranged from 14 to 223 compared with that in noncarriers.15-17 The risk is substan ally increased in those with
cirrhosis.18 According to a systematic review in Asia, the
incidence rates of HCC were 0.2, 0.6, and 3.7 per 100 person-years in inac ve carriers, noncirrho c chronic HBV, and
cirrho c chronic HBV, respec vely.19
In 2015, nearly 1 million persons died because of complica ons of chronic HBV. In contrast to the reduc ons in mortality from other important infec ons, such as HIV, tuberculosis,
and malaria, the mortality from chronic HBV–related complica ons increased over the past decade.2 Speciﬁcally, HBV
cirrhosis–related deaths were 241,700 in 1990 compared
with 312,400 in 2010. The numbers of deaths from chronic
HBV–related HCC were 210,200 in 1990 compared with
341,400 in 2010.20 Deaths from HBV-associated HCC occur
at a younger age in sub-Saharan Africa (median age 38.9)
than in the Western Paciﬁc region (median age 54.5).21

Preven on and Management of HBV Infec on
Primary preven on: Ac ve and passive immuniza on. Preven ng HBV infec on is the primary step in preven on of
HCC. Because the vast majority of chronic HBV infec on is
acquired ver cally from infected mothers, newborn vaccina on confers ac ve immuniza on and plays an essen al
role in primary preven on of chronic HBV–related HCC.
WHO recommends HBV vaccina on of all newborns, with
the ﬁrst dose given within 24 hours of birth ( mely birth
dose).2,5 The birth dose should be followed by two or three
subsequent doses within the ﬁrst 6 months of infancy. In
some countries, passive immunization with hepatitis B
immune globulin given with the birth dose vaccine is also

PRACTICAL APPLICATIONS
• Chronic HBV infec on accounts for most cases of HCC,
which is s ll rising in incidence, on a worldwide basis.
• Vaccina on of newborns against HBV and use of an viral
therapy are the two main eﬀec ve ways to reduce risk of
HCC development.
• Pa ents with chronic HCV infec on should be considered
for DAA therapy to reduce the risk of HCC.
• Management of NASH as an emerging risk factor for HCC
and early liver damage is important to improving pa ent
survival.
• Lifestyle changes such as weight reduc on, exercise and
dietary modiﬁca ons, and poten al newly developed
medica ons may prevent NASH and associated risks of HCC.

recommended. This combination scheme is more effecve than either HBV vaccine or hepa s B immune globulin alone.22,23 Before universal newborn immunization,
the ver cal transmission rates in newborns of hepa s B
e an gen (HBeAg)–posi ve mothers were 70% to 100% in
Asia and 40% in Africa, whereas in newborns of HBeAg-nega ve mothers, the rates were 5% to 30% in Asia and 5% in
Africa. In contrast, when newborn immuniza on was implemented, the ver cal transmission rates in newborns of
HBeAg-posi ve mothers and HBeAg-nega ve mothers were
20% and 0%, respec vely.24-26 Failure of vaccine protec on
primarily occurs in newborns of highly viremic mothers who
are usually HBeAg posi ve with high serum HBV DNA more
than 6 log10 copies per milliliter.27 Trea ng these mothers
with an eﬀec ve an viral (e.g., tenofovir disoproxil fumarate) on top of newborn immuniza on eﬀec vely reduces
the risk of ver cal transmission as recommended by major
interna onal guidelines.28-31
Since the worldwide introduc on of HBV vaccine from the
1980s to the early 2000s, the propor on of children younger
than age 5 with chronic HBV fell from 4.7% in the prevaccina on era to 1.3% in 2015, although a rela vely high rate
of 3.0% is s ll seen in young children in the African region.2
HBV immuniza on in newborns has been shown to reduce
the incidence of HCC. In a study from Thailand, the agestandardized incidence rate of HCC in nonvaccinated children
older than age 10 was 0.88 per million compared with 0.07
per million in vaccinated children.32 Similar ﬁndings were reported in a Taiwanese study, where the age- and genderadjusted rela ve risk of HCC was 0.31 for the vaccinated cohort
compared with the nonvaccinated cohort of children age 6
to 19. Development of HCC despite vaccina on was associated with incomplete HBV vaccina on (odds ra o [OR], 29.5)
and absence of hepa s B immune globulin administra on
in those born from HBeAg-posi ve mothers (OR, 9.43).33
Secondary preven on: Risk factors modiﬁca on. In paents who are already chronic HBV carriers, the risk of HCC
development is higher in those with certain host factors or
viral factors. Host factors include older age, male gender,
African origin, the presence of cirrhosis, chronic hepa c necroinﬂamma on, alcohol use, coinfec on with chronic HCV or
HIV, metabolic syndrome, and gene c polymorphism. Viral
factors include high HBV DNA levels and presence of speciﬁc
viral muta ons, such as core promoter muta on or pre-S
dele on.34-38 Although many of these host and viral factors
are nonmodiﬁable, HBV DNA level can now be substan ally
reduced by an viral drugs; hence, it is now the main treatment target for chronic HBV.
There are two main classes of drugs for control of viral replica on: interferon (IFN) and nucleos(t)ide analogs
(NAs). The use of NA is shown to reduce the risk of HCC in
pa ents with chronic HBV. Despite the fact that lamivudine
is no longer recommended as ﬁrst-line NA in chronic HBV,
mul ple well-designed studies in the past have shown the
beneﬁcial eﬀect of lamivudine in HCC reduc on.39,40 Emerging data suggest the coherent protec ve eﬀect of the more
potent first-line NAs: entecavir and tenofovir disoproxil
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fumarate. For instance, entecavir-treated pa ents were less
likely to develop HCC than matched controls (hazard ra o,
0.37).41 Although these compara ve studies were mainly
performed in Asian pa ents, data are limited for white paents.42 A recent European cohort showed that the annual
HCC incidence rate decreased from 1.22% within the ﬁrst
5 years to 0.73% a er the ﬁrst 5 years of entecavir or tenofovir disoproxil fumarate.43 Other studies involving non-Asian
pa ents were not direct compara ve studies, which compare the annual HCC incidence rates between NA-treated
pa ents with a theore cal predicted risk calculated by validated risk scores for the development of HCC.44,45 NAs are
shown to be associated with ﬁbrosis regression and, to a
lesser extent, reversal of cirrhosis, which is another contribu ng factor to the protec on against HCC development.46,47
Although data are more heterogeneous and less wellestablished compared with those in chronic HCV, the use of
IFN in chronic HBV was also shown to reduce the risk of HCC
in a selected subgroup of pa ents with early cirrhosis who
responded to IFN compared with controls.48,49 Nevertheless,
IFN response rate in chronic HBV is disappoin ng (20%–30%)
and incurs numerous adverse eﬀects. It is only considered as
an ini al treatment for pa ents with mild to moderate chronic
HBV without advanced cirrhosis.30 Other modiﬁable host factors should be op mized if feasible. These include limita on
of alcohol intake, screening for and treatment of coinfected
chronic HCV and HIV, and control of metabolic risk factors,
such as insulin resistance, and concurrent fa y liver disease.50-53
Ter ary preven on: Con nua on of an viral in established HCC. The general approach to HCC is covered later
in this ar cle. Speciﬁc to chronic HBV, in those who already
developed HCC, ter ary preven on mainly involves ini aon (if not given before the HCC) or con nua on of an viral
therapy. The beneﬁcial eﬀect of NA is observed in pa ents
who received cura ve therapies for HCC.54 In those who underwent cura ve liver resec on for HCC, the 6-year HCC recurrence rate in NA-treated pa ents was signiﬁcantly lower
than that in untreated pa ents (45.6% vs. 54.6%, p < .001).55
Also, in pa ents receiving radiofrequency abla on, NA
treatment has been shown to be associated with reduced
risk of HCC recurrence (2-year recurrence rate: 41.8% vs.
54.3%, p < .05).56 Although NA is highly eﬀec ve at preventing HBV reac va on and gra hepa s a er liver transplanta on,57 there is not yet any evidence showing the beneﬁcial
eﬀect of NA in preven on of HCC recurrence. The eﬀect of
NA on HCC for pa ents with inoperable HCC undergoing locoregional therapy is also not well deﬁned. These pa ents
should s ll be maintained on NA to prevent hepa c ﬂares
because of unsuppressed virologic replica on.

HEPATITIS C VIRUS
Global Epidemiology of HCV
Globally, 71 million persons are living with HCV infec on.
In 2015, there were 1.75 million new HCV infec ons. The
areas of highest incidence are the Eastern Mediterranean
Region (62.5 per 100,000) and the European Region (61.8
per 100,000), where the predominant route of transmission
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is unsafe health care injec ons and illicit injec on drug use,
respec vely.58 In the United States, approximately 3.5 million individuals are chronically infected with HCV, with over
75% of these in the “baby boomer” age cohort; most were
infected before the discovery of HCV and the subsequent
development of modern screening techniques for blood
products.59 More recently, injec on drug use is the most
common mode of acquisi on of HCV infec on in younger
popula ons.60-63 Chronic infec on with HCV leading to ﬁbrosis, cirrhosis, and associated molecular and genomic altera ons is a major contribu ng factor to liver cancer in the
United States, and it is associated with 50% of cases.64,65 The
chronic infec on rate a er acute infec on with HCV is 75%
to 85%, with 60% to 70% developing chronic liver disease,
which leads to cirrhosis in 5% to 20% and 1% to 5% dying
from liver failure or cancer.66 Most of this decades-long progression is absent symptoms, possibly contribu ng to complacency on the part of the public and health professionals.
However, this prolonged period also allows a window of opportunity for preven on by trea ng indolent HCV infec ons
before the onset of liver cancer. The oncology community
would beneﬁt from increased awareness of the rising burden of hepa s-related cancers and should consider opportuni es to prevent and manage the iden ﬁed risk factors for
rapidly growing HCC in their pa ent popula ons.
Individuals born between 1945 and 1965 (“baby boomers”) represent the cohort with the highest rates of chronic
HCV infec on and, concomitantly, the highest rates of liver
cancer–related mortality. The most common cancer types
associated with HCV infec on are primary liver cancers,
HCC, and intrahepa c cholangiocarcinoma. Addi onally,
associa ons have been reported with hematologic malignancies in par cular B-cell non-Hodgkin lymphoma (NHL).
Marginal zone lymphoma, lymphoplasmacy c lymphoma,
Burki lymphoma, and follicular lymphoma have also been
reported. Evidence on associa ons of HCV with mul ple extrahepa c solid tumors is sugges ve but inconclusive.67
Deaths related to HCV, including liver cancer, have increased substan ally and now exceed deaths caused by 60
other reportable infec ons combined, including HIV, pneumococcal disease, and tuberculosis.68 This is in spite of calls
for screening the baby boomer cohort as well as other at-risk
individuals with a one- me HCV an body test.69 Eﬀec ve
treatment of those with chronic HCV infec on is available and
seems to be associated with improved outcomes in pa ents
with cancer70; however, it is underu lized. Barriers related to
awareness and cost are being addressed, but it is important
for oncologists to assure that their at-risk pa ents are tested
and treated when indicated.64,66 In addi on to pa ents managed for ac ve treatment, many in the cancer survivor popula on may be at risk, and HCV-related liver cancers represent
a poten ally avoidable cause of second primary cancers.71

Preven on of HCV Infec on: Iden ﬁca on of
Persons With HCV Infec on
Current guidelines for screening in the general populaon include recommenda ons for individuals in the baby
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boomer birth cohort and those at risk of acquisi on of HCV
through individual behaviors (Table 1). There are no exis ng
recommenda ons speciﬁc to HCV screening in the cancer
popula on.
Evolving ra onale for screening in the general popula on.
The recommenda ons for HCV screening in the general
popula on have evolved over me from risk-based testing to currently include everyone born between the years
1945 and 1965. In 1998, the Centers for Disease Control and
Preven on (CDC) issued its ﬁrst recommenda ons for HCV

tes ng in individuals with risk factors for HCV infec on.72
The principal risk factor for chronic HCV infec on is a history of intravenous drug use, even one me. Addi onal risk
factors include receiving a blood transfusion or solid organ
transplanta on before the year 1992 and clo ng factors
before 1987, people on chronic hemodialysis, evidence of
chronic liver disease as evidenced by an elevated alanine
aminotransferase, individuals who are HIV posi ve, health
care workers with occupa onal exposure (needle s ck), and
children born of HCV-posi ve mothers.

TABLE 1. The Centers for Disease Control and Preven on Tes ng Recommenda ons for HCV
Infec on69,72-74
Popula on

Risk Factors

Individuals for whom HCV tes ng is recommended

Adults born from 1945 to 1965 should be tested once (without prior ascertainment of HCV risk factors)
Individuals who:
• Are current users for injec on drugs
• Have ever injected drugs, including those who have done so one or
a few mes many years ago
• Have certain medical condi ons including:
– Persons who received clo ng factor concentrates produced
before 1987
– Persons who were ever on long-term hemodialysis
– Persons with persistently abnormal alanine aminotransferase
levels
– Individuals who are infected with HIV
• Were prior recipients of transfusions or organ transplants, including
those who
– Were no ﬁed they had received blood from a donor who later
tested posi ve for HCV infec on
– Received a transfusion of blood, a transfusion of blood components, or an organ transplant before July 1992
Persons who might have been exposed to HCV within the past 6 months
(test for RNA or follow-up tes ng for HCV an body)

Individuals for whom HCV tes ng is recommended based on a recognized
exposure

• Health care, emergency medical, and public safety workers a er needle
s cks, sharps, or mucosal exposures to HCV-posi ve blood
• Children born to women who are HCV-posi ve

Individuals for whom the need for HCV tes ng is uncertain

• Persons who have been the recipient of transplanted ssue (including
but not limited to musculoskeletal, skin, sperm, and ova)
• Individuals who have used noninjec on illegal drugs, including intranasal
cocaine
• Individuals with a history of ta ooing or body piercing
• Individuals with a history of mul ple sex partners or sexually transmi ed
diseases
• Persons who have been long-term sex partners with individuals who are
HCV-infected

Individuals for whom HCV tes ng is not recommended

Unless they have risk factors for infec on as detailed above, rou ne
screening is not recommended for:
• Individuals employed as health care workers, including emergency
medical and public safety workers
• Women who are pregnant
• Nonsexual partners/rela ves/household contacts of individuals who
are HCV-infected

Abbrevia on: HCV, hepa

s C virus.
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However, risk-based HCV screening is inadequate for many
reasons, and be er screening methods are needed. Principally, many people with chronic HCV infec on do not report
or recall a speciﬁc iden ﬁable risk factor,75 and thus, infected
pa ents could be missed. Even among people with access to
health care and an elevated alanine aminotransferase, the
HCV screening rate is low. Thus, the CDC in 2012 and the
U.S. Preven ve Services Task Force in 2013 updated their
recommenda ons to include one- me HCV screening for
all people born between 1945 and 1965.69 The ra onale for
birth cohort screening is the dispropor onate prevalence of
HCV infec on in this popula on. According to data from the
Na onal Health and Nutri on Examina on Survey in 2003
and 2010, people born between 1945 and 1965 accounted
for over 80% of chronic HCV infec on in the United States,
with an es mated prevalence of 2.6% or six mes that of
the general popula on.76 Along with the CDC and the U.S.
Preven ve Services Task Force, the American Associa on for
the Study of Liver Disease (AASLD),77 the Infec ous Diseases
Society of America,77 the European Associa on for the Study
of Liver Disease,78 and WHO79 have recommended birth cohort screening in addi on to screening based on risk factors.
Screening is recommended one me for individuals without
ongoing HCV risk behavior. In individuals with ongoing risk
(e.g., ac ve intravenous drug users), no speciﬁc interval of
tes ng is recommended.
HCV screening tests. The ini al test to screen for HCV
infec on is serum tes ng for an -HCV an bodies or the
an -HCV test. An -HCV an bodies typically form from 2
to 6 months a er ini al HCV infec on.80 If the an -HCV
test is reac ve, this indicates HCV exposure in the past but
does not diﬀeren ate current infec on (chronic or acute)
from past infec on that is now resolved from either spontaneous viral clearance or a er an -HCV therapy. Thus,
HCV RNA is the conﬁrmatory test performed in all pa ents
with a positive anti-HCV test to diagnose current infection. In addi on, HCV RNA viral load obtained before
the ini a on of an -HCV therapy can be used to guide
dura on of an -HCV therapy. HCV RNA tes ng could be
considered in immunocompromised pa ents who might
not be able to mount a reac ve an -HCV test result. Interpreta on of an -HCV and HCV RNA tests is detailed in
Table 2.
Limita ons to HCV tes ng. Persons with recent HCV exposure in the past 6 months may have a false-nega ve test
result, because it takes up to 6 months for the an bodies to form.80 In such cases, the HCV RNA test serves as a
conﬁrmatory test. Immunosuppressed individuals may not
generate an -HCV an bodies. In such cases, HCV RNA testing would conﬁrm current infec on. A biologic false-posive an -HCV test can occur in 20% of pa ents,81 in whom
the an -HCV test is posi ve but if an HCV RNA is done, it
would be nega ve. These pa ents do not have ac ve HCV
infec on. Consider tes ng with another an -HCV screening assay. Up to 20% of individuals may spontaneously
resolve an HCV infec on a er exposure. Such individuals
will have posi ve an -HCV an body tes ng but nega ve
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HCV RNA tes ng. Pa ents successfully treated for HCV will
retain an -HCV an bodies but have a nega ve HCV polymerase chain reac on.
What does HCV RNA mean? Pa ents with posi ve an -HCV
test and detectable HCV RNA have current HCV infec on and
are well served by referral to an HCV specialist who can evaluate and ini ated DAA therapy if not contraindicated. HCV
specialists will also order an HCV genotype test, a diagnos c
test in which results will guide selec on of DAA treatment.
HCV genotyping is not a screening test for HCV infec on.
Pa ents with current HCV infec on also need counseling
about modifying other risk factors for liver ﬁbrosis, including
alcohol modera on, op mal weight maintenance, and management of metabolic syndrome and steatosis. If a pa ent
has an an -HCV–posi ve result but the HCV RNA is negave, then this pa ent does not have current HCV infec on.
No additional workup or monitoring is necessary, unless
the pa ent has a new risk factor for HCV infec on, in which
case addi onal HCV RNA tes ng can be followed to assess
for a new infec on. If the pa ent received an -HCV treatment and achieved sustained viral response in the se ng of
advance ﬁbrosis or cirrhosis, then this pa ent needs lifelong
surveillance for HCC.

Management of HCV Infec on
An -HCV therapy. The introduc on of all oral, highly effec ve, well-tolerated DAA therapy has revolu onized the
management of chronic HCV. In the span of only a few
years since the introduc on of the ﬁrst DAA agent, almost
everyone with chronic HCV infec on can be cured with a
minimum of side eﬀects. Accordingly, the AASLD/Infec ous
Diseases Society of America joint guidelines on the management of chronic HCV infec on recommend that everyone
with chronic HCV infec on be referred to an HCV treatment
provider for considera on of an viral therapy.82 The only
excep on to this recommenda on is for those with a short
life expectancy who would not be impacted by eradica on
of HCV.
An viral therapy against HCV has a posi ve impact on
the risk of development of HCV-associated cancers. For instance, the use of IFN-containing regimens was associated

TABLE 2. Interpreta on of An -HCV and HCV RNA
Tests
An -HCV

HCV RNA PCR

Interpreta on(s)

Posi ve

Posi ve

Ac ve HCV infec on

Posi ve

Nega ve

Previous exposure with spontaneous clearance, previous
HCV treatment with SVR, or
false-posi ve an body

Nega ve

Posi ve

Immunosuppressed pa ent or
recent infec on (less than
6 months)

Nega ve

Nega ve

No previous exposure to HCV

Abbrevia ons: HCV, hepa
response.

s C virus; PCR, polymerase chain reac on; SVR, sustained virologic
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with a more than 70% reduc on in the risk of developing
primary HCC71,83 and reduced the risk of primary NHL development to 0% among pa ents with resolved HCV infecon (vs. 2.56% among pa ents with persistent infec on).84
The new IFN-free regimens with DAAs have shown excellent rates (greater than 90%–95%) of sustained virologic
response (SVR), which is regarded as virologic cure.77 DAAinduced SVR is associated with a 71% to 76% reduc on in
HCC risk compared with treatment failure.85,86 Currently
available DAA therapy is presented in Fig. 1.
A few recent studies have raised concerns on the increase
risk of HCC occurrence or recurrence a er DAA therapy.87-89
However, several studies support that treatment with DAAs
is not associated with increased HCC risk compared with
treatment with IFN or in DAA-unexposed pa ents.85,86,90-92
Although well-designed prospec ve studies are conducted
to clarify this controversy, surveillance for HCC occurrence
or recurrence is required among pa ents with an SVR at risk
for liver disease progression, irrespec ve of the an viral
regimen used.67
DAA therapy to reduce risk of cirrhosis, HCC, and NHL
development. Professional socie es have published guidelines for diagnosis, management, and treatment of HCV
infec on in pa ents without cancer77,78 and pa ents with
hematologic malignancies or hematopoie c cell transplant
recipients,93,94 but these guidelines do not include recommenda ons for all pa ents with cancer.
HCV guidelines in pa ents without cancer recommend
that all pa ents with HCV be treated, except those with a
short life expectancy who cannot be remediated by HCV
therapy, liver transplanta on, or another directed therapy
to prevent complica ons of this curable infec on, including HCC.77 The HCC risk in HCV-infected pa ents increases
radically a er they develop cirrhosis, but a lower HCC risk
is s ll present in pa ents with advanced ﬁbrosis.85 SVR after IFN-based regimens is associated with improvement in
liver ﬁbrosis and necrosis in liver biopsies in 39% to 73% of
pa ents, with reversal of cirrhosis observed in 49% of the
cases.95 In the same way, improvement of liver s ﬀness has
been reported in pa ents with HCV-associated advanced
liver disease and DAA-induced SVR.96 Treatment of HCV
infec on may also reduce the risk or prevent extrahepa c
complica ons, including mixed cryoglobulinemia, glomerulonephri s, porphyria cutanea tarda, diabetes mellitus, cardiovascular disease, and B-cell NHL.97-99
Recent data highlight the poten al consequences of
delaying antiviral treatment on subsequent risk of HCC
and support treatment of all patients with HCV before
their progression to advanced ﬁbrosis and cirrhosis, because progression to cirrhosis might be associated with
substantial downstream costs related to the need for
lifelong HCC surveillance and/or cancer care for those
who develop HCC.86 Likewise, deferral treatment prac ces
based on ﬁbrosis stage alone are also inadequate in
HCV-associated NHL, because advanced liver disease has
been reported in only 18% of the pa ents at the me of
NHL diagnosis.98

FIGURE 1. Available Combina ons of DAAs to
Treat HCV in Pa ents With Cancer

Regimens are listed alphabe cally.
Abbrevia ons: HCV, hepa s C virus; DAAs, direct-ac ng an virals.

NASH
Introduc on
NAFLD, the hepa c manifesta on of metabolic syndrome,
exhibits a histologic spectrum ranging from simple steatosis
to NASH, a more aggressive form of damage with inﬂammaon and necrosis.100 NASH can lead to ﬁbrosis and ﬁnally,
cirrhosis with its complica ons, including HCC. Cirrhosis is
the main risk factor to develop HCC, and it is present in 70%
to 90% of HCC cases.101 The most common causes of cirrhosis are usually HBV, HCV, and alcoholic liver disease, but with
the sharp growth in the prevalence of obesity and diabetes
mellitus, NASH is at the moment the most common e ology
for chronic liver disease worldwide.102 However, recent evidence has shown that a substan al propor on of pa ents
with NAFLD or NASH progress to HCC in the absence of cirrhosis, implica ng obesity and diabetes mellitus as independent risk factors for HCC.103 Unfortunately, the mechanisms
by which NASH promotes the development of HCC are only
beginning to be studied, which is why its natural history and
prognosis are s ll controversial.

Global Epidemiology of NASH
The rising incidence of NAFLD and NASH has led to an
alarming rise of NASH-related HCC as well as an increasing
indica on for HCC-related liver transplanta on in the United States.104 On average, the global prevalence of NAFLD is
about 24%, with the highest rates reported in South America (31%) and the Middle East (32%), followed by Asia (27%),
the United States (24%), and Europe (23%), whereas Africa
has the lowest rate (14%).105 In addi on, it has been es mated that up to 25% of pa ents with NAFLD can progress
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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to NASH and that up to 20% of pa ents with NASH have
cirrhosis.106

Risk Factors for NASH-Related HCC
NASH. A systema c review by White et al107 showed that
NASH-associated cirrhosis carried a 2.4% to 12.8% increased
risk of HCC. Several studies have reported cases of NASH
without cirrhosis. In this regard, Kawada et al108 studied
1,168 pa ents who underwent hepa c resec on for HCC,
observing that six of eight pa ents with NASH-related HCC
did not have cirrhosis. Likewise, Paradis et al109 reported
that a number of pa ents with NASH developed HCC in
the absence of ﬁbrosis compared with HCC in the se ng
of other underlying liver disease. However, it is important
to men on that several studies have reported HCC in the
se ng of noncirrho c NAFLD. These pa ents, mainly older
men, have less aggressive tumors, and they are less likely to
be diagnosed by surveillance because of current guidelines
that recommend HCC screening only in pa ents with cirrhosis.110-112 One proposed hypothesis to explain the development of HCC in pa ents with noncirrho c NAFLD is that, in
the presence of metabolic syndrome, hepatocellular adenoma may incur a malignant transforma on.113,114
Obesity. Obesity predisposes to HCC development by lipid
accumula on inside hepatocytes, which in turn, leads to
chronic low-grade inﬂamma on.115 Obesity aﬀects more
than one-third of the U.S. popula on, being present in between 37% and 66% of pa ents with NAFLD and represen ng

36.6% of HCC causes in the United States and 16% in Europe.115-117 The risk of developing steatohepa s is higher in
obese individuals than nonobese individuals,118 and obesity
increases the rela ve risk of dying of cancer (Fig. 2).119 Obese
individuals have an increased risk (1.5- to 4.0-fold) of HCC;
in addi on, men with HCC and a body mass index (BMI) of
greater than 35 kg/m2 have a higher increase in mortality.
Some studies have reported that a BMI higher than 25 kg/m2
is a risk factor for hepatocarcinogenesis.120 A systema c
review revealed that persons who were overweight (BMI
25.0–29.9 kg/m2) or obese (BMI more than 30.0 kg/m2) had
17% and 89% increased HCC risk compared with those of
normal weight, respec vely (Table 3).121
Diabetes mellitus. Type 2 diabetes mellitus is a component
of metabolic syndrome, and it is strongly related to obesity.
It is es mated that one in 10 middle-aged American adults
has diabetes mellitus. The associa on between HCC and
diabetes mellitus has been reported in many studies. People with diabetes have a 2.31-fold increased risk of developing HCC and a 2.43-fold increased risk of HCC mortality
compared with individuals without diabetes.134 In a large
prospec ve study by El-Serag et al,135 pa ents with diabetes were shown to have a signiﬁcantly higher incidence of
NAFLD and HCC than persons without diabetes (NAFLD/HCC
incidence rate: 18.13/2.39 vs. 9.55/0.87 per 10,000 personyears, respec vely; p < .0001). Addi onally, diabetes mellitus is an independent risk factor for developing HCC, with an
OR of 2.87 (95% CI, 2.49–3.30).136

FIGURE 2. BMI and Mortality From Cancer Among U.S. Men

The comparison for each rela ve risk was between men in the highest BMI category and men in the reference category (BMI 18.5–24.9). Liver cancer had the highest rela ve risk. Results of the linear test for
trend were signiﬁcant for all cancer sites (p ≤ .05).
Abbrevia on: BMI, body mass index.
Adapted from Calle et al.119
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TABLE 3. Systema c Review of the Associa on Between Obesity and HCC: Epidemiologic Evidence121
First Author, Year,
Country

Study Type and
Total Popula on
Sample Size (N)

HCC Risk (95% CI)
BMI (kg/m2)

122

Samanic et al,
Cohort N: 4,500,700
2004, United States

119

Calle et al, 2003,
United States

Chen et al,
Taiwan

123

2008,

Cohort N: 900,053

Cohort N: 23,820

Obese Popula on

All

Men

U.S. veterans

RR: 1.0

White men ICD
OD

1.44 (1.28–1.61)

Black men ICD OD

0.68 (0.49–0.94)

Women

18.5–24.9

RR: 1.0

RR: 1.0

25–29.9

1.13 (0.94–1.34)

1.02 (0.80–1.31)

30–34.9

1.90 (1.46–2.47)

1.40 (0.97–2.00)

35–39.9

4.52 (2.94–6.94)

1.68 (0.93–3.05)

HBV and HCV
nega ve
< 23

RR: 1.0

23–24.9

0.88 (0.41–1.86)

25–29.9

0.86 (0.42–1.74)

≥ 30

2.36 (0.91–6.17)

HBV posi ve only
< 23

RR: 1.0

23–24.9

1.40 (0.97–2.02)

25–29.9

1.17 (0.81–1.69)

≥ 30

1.36 (0.64–2.89)

HCV posi ve only

124

Jee et al,
Korea

2008,

Kuriyama et al,125
2005, Japan

126

Cohort N: 1,213,829

Cohort N: 25,539

Samanic et al,
2006, Sweden

Cohort N: 362,552

Ba y et al,127 2005,
United Kingdom

Cohort N: 17,102

Rapp et al,128 2005,
Austria

Cohort N: 67,447

Wolk et al,129 2001,
Sweden

Cohort N: 28,129

< 23

RR: 1.0

23–24.9

1.05 (0.41–2.73)

25–29.9

3.02 (1.48–6.14)

≥ 30

4.13 (1.38–12.4)

23–24.9

HR: 1.0

HR: 1.0

25–29.9

1.04 (0.96–1.13)

1.14 (0.97–1.35)

≥ 30

1.63 (1.27–2.10)

1.39 (1.00–1.94)

18.5–24.9

RR: 1.0

RR: 1.0

25–27.4

0.80 (0.40–1.63)

1.30 (0.54–3.16)

27.5–29.9

1.14 (0.46–2.87)

0.91 (0.30–2.80)

18.5–24.9

RR: 1.0

25–29.9

1.45 (1.06–1.98)

≥ 30

3.13 (2.04–4.79)

18.5–24.9

HR: 1.0

25–29.9

0.91 (0.50–1.65)

≥ 30

3.55 (1.46–8.63)

18.5–24.9

HR: 1.0

25–29.9

1.32 (0.73–2.37)

≥ 30

1.67 (0.75–3.72)

Swedish populaon

SIR: 1.0

SIR: 1.0

SIR: 1.0

ICD OD

2.4 (1.6–3.4)

3.60 (2.0–6.0)

1.7 (0.9–2.9)
Con nued
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TABLE 3. Systema c Review of the Associa on Between Obesity and HCC: Epidemiologic Evidence (Cont'd)

130

Moller et al,
Denmark

HCC Risk (95% CI)

Study Type and Total
Popula on Sample
Size (N)
BMI (kg/m2)

First Author, Year,
Country
1994,

Cohort N: 43,965

Pan et al,131 2004,
Canada

Case-control N: 309
HCC cases, 5,039
controls

Ohishi et al,132 2008,
Japan

Nested case-control
N: 224 HCC cases,
644 controls

Polesel et al,133 2009,
Italy

Case-control N: 185
HCC cases, 404
controls

Obese Popula on

All

Men

Women

Danish popula on

RR: 1.0

RR: 1.0

RR: 1.0

ICD OB

1.9 (1.5–2.5)

1.9 (1.2–2.9)

1.9 (1.4–2.7)

< 25

OR: 1.0

OR: 1.0

OR: 1.0

25 to < 30

0.89 (0.68–1.17)

0.99 (0.72–1.38)

0.61 (0.35–1.07)

≥ 30

1.17 (0.83–1.66)

1.30 (0.85–1.97)

0.94 (0.48–1.84)

21.3–22.9

RR: 1.0

23–25

2.51 (0.99–6.37)

> 25

4.57 (1.85–11.3)

< 25

OR: 1.0

25 to < 30

1.0 (0.5–1.9)

≥ 30

1.9 (0.9–3.9)

Abbrevia ons: HCC, hepatocellular carcinoma; BMI, body mass index; ICD, Interna onal Classiﬁca on of Diseases; OD, obesity diagnosis; RR, rela ve risk; HBV, hepa
hazard ra o; SIR, standardized incidence ra o; OR, odds ra o.

Metabolic syndrome. Metabolic syndrome is a group of
metabolic disorders composed of hyperglycemia, abdominal obesity, high blood pressure, hypertriglyceridemia, and
low high-density lipoprotein.137 Metabolic syndrome occurs
when the pa ent has three of these metabolic condi ons.
Currently, up to 25% of the U.S. popula on is aﬀected by metabolic syndrome.101 Epidemiologic studies have es mated
that the risk of HCC is increased by 1.5- to 2.0-fold in individuals with metabolic syndrome.138,139 A systema c review
by Jinjuvadia et al140 (Table 4) showed that pa ents with
metabolic syndrome have a 81% increase risk of HCC (rela ve risk, 1.81; 95% CI, 1.37–2.41). This could be related to
speciﬁc molecular pathways of liver tumorigenesis, such as
the oxida ve stress and reac ve oxygen species produc on,
high levels of insulin growth factor-1, or the dysregula on of
inﬂammatory cytokines (Fig. 3).109,140,141
Pata n-like phospholipase-3 gene. The pata n-like phospholipase-3 gene is localized on human chromosome 22,
and its protein is expressed in the liver and adipose ssue.142
It has shown a strong activity in lipolysis and triglyceride
hydrolysis in adipocytes. In 2015, Xu et al143 performed a
meta-analysis to assess a rela onship between the pata nlike phospholipase-3 rs738409 polymorphism and suscep bility

s B virus; HCV, hepa

s C virus; HR,

to NAFLD, including NASH. The analysis, which included
23 case-control studies of 6,071 pa ents with NAFLD and
10,366 controls, showed a signiﬁcant associa on between
the rs738409 polymorphism and NAFLD risk in all gene c
models (OR, 3.41; 95% CI, 2.57–4.52; p < .00001) as well as
with NASH risk (OR, 4.44; 95% CI, 3.39–5.82; p < .00001).
Interes ngly, this gene c varia on has been frequently observed in the Hispanic popula on with NAFLD.144 Addi onally,
Singal et al145 reported in their systema c review with metaanalysis an increased HCC risk in pa ents with cirrhosis (OR,
1.40; 95% CI, 1.12–1.75). This risk was higher in pa ents
with NASH or alcohol-related cirrhosis (OR, 1.67; 95% CI,
1.27–2.21) than in those with other e ologies of cirrhosis
(OR, 1.33; 95% CI, 0.96–1.82).145 Therefore, it is evident that
pata n-like phospholipase-3 is a crucial risk factor for hepa c
steatosis, severe ﬁbrosis progression, and HCC development.

Management of NASH
It is important to recognize that all poten al therapies for
NASH studied in clinical trials have had inconsistent results,
and thus, deﬁni ve treatment is not currently available.
However, diet and weight loss have led to the best outcomes
for the pa ent with this disorder.146 A 7% to 10% weight loss

TABLE 4. Associa on Between Metabolic Syndrome and HCC: Systemic Review and Meta-Analysis140
Study Type

HCC Cases

Metabolic Syndrome Deﬁni on

RR (95% CI)

Case-control
Cohort

3,649 cases of 195,953 controls

NCEP-ATP III

2.58 (2.40–2.76)

266 cases of 578,700

WHO

1.35 (1.12–1.63)

Cohort

1,931 cases of 23,625

NCEP-ATP III

M: 1.89 (1.11–3.22); F: 3.67 (1.78–7.57)

Cohort

1,858 cases of 27,724

AHA

M: 1.73 (1.03–2.91); F: 1.18 (0.55–2.51)

Abbrevia ons: HCC, hepatocellular carcinoma; RR, risk ra o; NCEP-ATP III, Na onal Cholesterol Educa on Program Adult Treatment Panel III; WHO, World Health Organiza on; M, male; F, female; AHA,
American Heart Associa on.
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FIGURE 3. Role of Obesity and Metabolic Syndrome in HCC Pathogenesis

Obesity and metabolic syndrome lead the oncogenesis in the se ng of abnormal hepa c morphology, and hepa c steatosis may provide the appropriate microenvironment for the development of cancer. Insulin
resistance leads to fat accumula on in the hepatocytes by lipolysis and hyperinsulinemia. Obesity may lead to release of proinﬂammatory cytokines, inhibi on of an -inﬂammatory cytokines, and lipotoxicity.
Abbrevia ons: HCC, hepatocellular carcinoma; DAMP, damage-associated molecular pa ern; FFA, free fa y acid; IL-6, interleukin 6; LPS, lipopolysaccharide; NF-κβ, nuclear factor kB; PAMP, pathogenassociated molecular pa ern; TGF-β, transforming growth factor β; TNF-α, tumor necrosis factor α.
Adapted from Paradis et al.109

is the target of most lifestyle interven ons, and it results in
improvement of liver enzymes and histology. Pioglitazone
and vitamin E have been essen al in the NASH therapy, and
they have shown improvement of liver histology147 in paents with and without diabetes mellitus with biopsy-proven
NASH.148,149 The pharmacotherapy for NASH has focused on
modula on of metabolic pathways, inﬂammatory cascades,
and/or mechanisms impac ng ﬁbrosis, and numerous agents
are currently being inves gated in phase II and III clinical trials.
In randomized trials, drugs to inhibit the progression of NASH
to cirrhosis found that obe cholic acid,150 selonser b,151 and
elaﬁbranor152 can cause a decrease in hepa c fat and ﬁbrosis. Elaﬁbranor was developed as a peroxisome proliferator–
ac vated receptor-α/δ agonist, and its eﬀects have been
shown in reduc on of steatosis, ﬁbrosis, and inﬂamma on in
pa ents with NAFLD.153 Interes ngly, Ratziu et al153 showed
that using the highest dose (120 mg) of elaﬁbranor could resolve NASH without aggrava ng the grade of ﬁbrosis (when
considering “aggrava ng” as any NAFLD stage that implicates ﬁbrosis). Furthermore, they showed that elaﬁbranor
improved the cardiometabolic risk in pa ents with NASH.

Preven on of NASH-Related HCC
Cirrhosis remains the primary indica on for implemen ng
HCC surveillance; therefore, the AASLD guidelines recommend

that pa ents with NAFLD or cirrhosis should be screened for
HCC every 6 months.154 In general, surveillance is performed
by ultrasonography, but vigilance in the NAFLD popula on is
a challenge, because screening with abdominal ultrasound
in obese pa ents can be inaccurate. Currently, there is a lack
of recommenda ons for surveillance of pa ents with NASH
and without cirrhosis, probably because of the diﬃculty of
iden fying pa ents with NASH without a liver biopsy. However, recent blood-based biomarkers could be an aﬀordable
alterna ve for iden ﬁca on of pa ents at high risk of NASH
and advanced ﬁbrosis.155
Recent evidence suggests possible strategies to prevent
HCC development in pa ents with NAFLD/NASH.156 These
strategies concentrate on lifestyle changes to reduce progression of liver damage and use metabolically ac ve drugs, such
as me ormin and sta ns. In pa ents with type 2 diabetes
mellitus and metabolic syndrome, studies have shown that
regular aerobic exercise and weight loss reduce insulin resistance and can improve inﬂammatory ac vity as well as
diabetes mellitus compensa on.156,157 In this regard, in a phosphatase and tensin homolog–deﬁcient mouse model, which
is characterized by spontaneous development of both NAFLD
and HCC, the incidence of HCC was lower in exercised animals
(71%) than in sedentary animals (100%; p < .05).158 Regular exercise has shown the inhibi on of mTOR and the ac va on of
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adenosine monophosphate–ac vated protein kinase, which
are both involved in cell growth and prolifera on.159
Dietary antioxidants (coenzyme Q, vitamins C and E,
selenium) and certain phytochemicals present in fruit, vegetables, herbs, and medicinal plants have been suggested
to work in the preven on of HCC.160 This is interes ng if we
consider that pa ents with NASH have a deﬁciency of vitamin E and D and that vitamin D deﬁciency probably plays
a role in hepatocarcinogenesis.161,162 Likewise, it has been
observed that a Mediterranean diet has a protec ve effect in the development of HCC.163 This diet consists of high
consump on of vegetable oils, fruits, vegetables, legumes,
cereals, and ﬁsh and low consump on of saturated fat and
nonﬁsh meat products. Furthermore, cheese, milk, and
wine must be moderately consumed.164
The use of me ormin has been associated with a reducon of HCC risk in pa ents with diabetes. The an tumor
mechanisms of me ormin could be weight loss and reducon of endogenous reac ve oxygen species as well as the
reduc on of hyperinsulinemia.165 However, the an cancer
ac vity is not currently clear, and therefore, more clinical
evidence is necessary.
Several studies have suggested a poten al an neoplas c
eﬀect for sta ns, which have been related to a decrease in
HCC risk, independent of their lipid-lowering effect. This
is probably because of the anti-inflammatory properties
of statins mediated through the inhibition of JAK and its
proapopto c eﬀect via protein kinases: rapidly accelerated
ﬁbrosarcoma /mitogen-ac vated protein kinase 1/extracellular signal-regulated kinase.166 Furthermore, a cross-sec onal
study showed a protec ve eﬀect of sta ns in at-risk individuals in the development of steatohepa s and ﬁbrosis.167

HCC Management
HCC heterogeneity complicates the clariﬁca on of the
mechanisms of cancer development and the development
and implementa on of eﬀec ve treatments.168 Only 10% to
13% of pa ents with HCC can be cured with liver transplant,
surgical resec on, or tumor abla on therapies.169 Nowadays, the Barcelona Clinic Liver Cancer classiﬁca on is the
most widely accepted staging system; it is the only one that
considers the liver func on, the stage of tumor, and the
physical status of pa ents with HCC. Addi onally, it is the
most used classiﬁca on for clinical trials of new drugs to
treat HCC and in clinical prac ce. The early diagnosis of HCC
and interven on are essen al so that pa ents with HCC can
meet the criteria for cura ve resec on or liver transplantaon at the me of diagnosis.154,170
Diagnosis of HCC. The diagnos c tests include biopsy and
noninvasive tests, such as ultrasound, quadruple-phase muldetector CT (unenhanced, arterial, venous, and delayed
phases), and dynamic contrast-enhanced MRI. The use of
alpha-fetoprotein is no longer recommended, because it is
insuﬃciently sensi ve and speciﬁc for surveillance or diagnos c tes ng.154,171,172
Ultrasound is key for an early HCC diagnosis, because it can
detect tumors less than 1 cm in size.173 According to AASLD
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guidelines,154 these tumors should be monitored with ultrasonography at intervals of 3 to 6 months. Contrast-enhanced
ultrasonography should not be used as a diagnostic tool
because of its lack of speciﬁcity for HCC. Tumors greater
than 1 cm found by ultrasonography screening should be
evaluated with two of three dynamic studies: contrast ultrasonography, CT scan, or MRI with contrast.174 When the
lesion has atypical imaging features, the tumor should be
biopsied or undergo ﬁne-needle aspira on.
The deﬁnite diagnosis of HCC is made by biopsy or a dynamic technique, which shows an arterial hyperenhancement with venous/delayed-phase washout of contrast.154
Unfortunately, biopsies have an up to 30% false-nega ve
rate, which is why an expert pathologist should evaluate the
biopsies, especially for smaller lesions.175 Pathologists can
ﬁne-tune the HCC diagnosis by using the current markers
CD34, HSP-70, CK7, glypican 3, and glutamine synthetase.176
A nega ve biopsy for HCC should be followed by imaging at
3 to 6 months un l the lesion shows characteris c changes
for HCC or the lesion enlarges or disappears.154
Treatment of HCC. Pa ents should be stra ﬁed by disease
stage in the clinical se ng. For each stage, there should be
an indicated treatment. Unfortunately, there is prac cally
no treatment for late-phase HCC that improves survival,177
conﬁrming why pa ents with cirrhosis should be screened
for HCC every 6 months. Pa ents with HCC require a muldisciplinary evalua on for an op mal outcome, and their
care team should comprise hepatologists, radiologists, pathologists, oncologists, internists, interventional radiologists,
transplant surgeons, hepatobiliary surgeons, and nurses.178
Currently, the strategy to treat HCC is the Barcelona Clinic
Liver Cancer scheme (Fig. 4).154,179
There are several HCC treatment op ons, such as surgical resec on, liver transplanta on, percutaneous ablaon, and noncura ve treatments (sorafenib, transarterial
chemoemboliza on). In general, surgical resec on or liver
transplanta on is the ﬁrst op on to treat early-stage HCC;
however, resec on should be oﬀered for pa ents who have
an op mal proﬁle.154 Liver transplanta on should follow Milan criteria: a single tumor of 5 cm or up to three nodules
of 3 cm. Local abla on should be oﬀered when a pa ent
is not a candidate for surgical resec on or as a bridge to
liver transplanta on. Radiofrequency abla on and percutaneous ethanol injec on are eﬀec ve for small tumors, but
radiofrequency abla on is superior for tumors larger than 2
cm than percutaneous ethanol injec on.154,180 Transarterial
chemoemboliza on is recommended for pa ents who do
not have vascular invasion or extrahepa c spread and are
not candidates for liver transplanta on, surgical resec on,
or local abla on because of large tumor size or mul focal
tumor.181 Radioemboliza on with 90Y-labeled glass beads
has been shown to induce tumor necrosis and be er survival rates compared with transarterial chemoemboliza on.182
Moreover, it has shown eﬀec veness to treat pa ents with
intermediate-stage disease with mul ple or large tumors that
do not respond to transarterial chemoemboliza on, as well
as pa ents with advanced-stage disease with single-tumor
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FIGURE 4. Barcelona Clinic Liver Cancer Algorithm for Treatment of HCC

The Barcelona Clinic Liver Cancer staging and treatment strategy has been widely accepted to manage pa ents with HCC. This is the strategy most used to stage and decide the op mal therapy for each
pa ent with an adequate balance between risks and beneﬁts.
Abbrevia ons: HCC, hepatocellular carcinoma; M, metastasis; N, lymph node; PS, performance status; PST, performance status test; RFA, radiofrequency abla on; TACE, transarterial chemoemboliza on
Adapted from American Associa on for the Study of Liver Disease Prac ce Guidelines.154

and lobar portal vein tumor thrombosis. However, radioemboliza on with 90Y-labeled glass beads should not be recommended as standard therapy, because current data are all
based on retrospec ve or noncontrolled prospec ve studies. Finally, sorafenib is recommended for pa ents with advanced-stage disease and those who have exhausted other
therapeu c op ons.183 This drug has shown a relevant improvement in survival and the delay of tumor progression.
Nevertheless, pallia ve treatment should be oﬀered for paents with disseminated HCC.154

CONCLUSION
HCC is a common cause of death and malignancy worldwide.
HCC e ologies vary depending on geographic area, lifestyle,
and advanced medical care, but currently, most HCC cases
are related to chronic infec on from HBV or HCV. NAFLD/
NASH and excessive alcohol consump on are other important risk factors for the development of HCC.184 With the
rising rates of obesity and diabetes mellitus as well as the
declining levels of alcohol consump on and viral hepa s
infec on in many areas, NAFLD/NASH will become the most

important risk factor for HCC.185 Consequently, it should be
emphasized on surveillance and early diagnosis of HCC in
at-risk popula ons. For HBV and HCV, universal preven on
measures, educa on on high-risk behaviors, and screening
programs for blood donors are crucial to prevent and reduce HCC cases. However, vaccina on is the key to prevent
HBV-related HCC. Current an viral therapies for HBV and
HCV infec on can only decrease HCC and cannot en rely
eradicate it.186 Treatment of HCC has improved substan ally
over the last decades, with several cura ve op ons. Novel
therapies, such as radioemboliza on with 90Y-labeled glass
beads, and medica ons, such as sorafenib and regorafenib,
have shown improvements in survival rates, but research
s ll must be con nued.187 Addi onal studies are needed to
improve preven on strategies and advance management of
pa ents with HCC, especially in the ﬁeld of tumor regression
therapies.
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Is There a Precise Adjuvant Therapy for Esophagogastric
Carcinoma?
Elizabeth Cartwright, MBBS, Florence K. Keane, MD, Peter C. Enzinger, MD, Theodore Hong, MD, and
Ian Chau, MD
OVERVIEW
Esophagogastric cancer remains a leading cause of cancer-related mortality worldwide. The prognosis for pa ents with
locally advanced disease is poor and the majority of pa ents with operable tumors treated with surgery alone will have
recurrent disease. A mul modal approach to treatment with adjunc ve chemotherapy or chemoradiotherapy is therefore
the standard of care for these pa ents. However, there is no global consensus on the op mal treatment strategy and interna onal guidelines vary. Na onal clinical trials inform local prac ce: neoadjuvant, periopera ve, and adjuvant chemotherapy and radiotherapy combina ons are all possible treatment op ons in the management of resectable esophagogastric
cancer. A number of clinical trials are ongoing, which seek to directly compare mul modal treatment op ons and hope to
provide clarity in this area. Furthermore, increased understanding of the molecular and gene c features of esophagogastric
cancer may help to guide management of operable disease by determining op mal pa ent selec on through iden ﬁca on
of predic ve biomarkers of response and the applica on of novel targeted agents.

L

ong-term survival following surgical resec on of esophagogastric cancer is poor, with 5-year survival of less than
50% following surgery alone for pa ents with stage II or
higher disease.1,2 Adjunc ve therapies improve survival for
these pa ents, although standard prac ce varies globally.
The European Society of Medical Oncology guidelines recommend a perioperative chemotherapy approach for
pa ents with stage IB resectable gastric cancer or higher
and for pa ents who have not received neoadjuvant chemotherapy, postoperative chemoradiotherapy (CRT), or
chemotherapy.3 For pa ents with locally advanced esophagogastric junc on (EGJ) adenocarcinoma, either periopera ve chemotherapy or neoadjuvant CRT is recommended.4
For patients with stage T1b gastric cancer, the current
U.S. National Comprehensive Cancer Network guidelines
recommend upfront surgery followed by surveillance or
adjuvant chemotherapy or CRT, depending on pathologic
stage; for pa ents with stage T1b or higher disease, periopera ve chemotherapy or alterna vely CRT is recommended.5
For patients with locally advanced EGJ adenocarcinoma,
neoadjuvant CRT prior to surgery is recommended. 6 In
Asia, where clinical practice has been shaped by high disease incidence, na onal screening programs, and an early
stage of diagnosis, adjuvant chemotherapy following surgery for resectable gastric cancer remains the standard of
care.7

PERIOPERATIVE CHEMOTHERAPY
In Europe, a periopera ve approach has widely been adopted
for pa ents with locally advanced EGJ and gastric cancer on
the basis of two large phase III randomized controlled trials. The U.K. Medical Research Council (MRC) MAGIC trial
showed signiﬁcant improvement in 5-year overall survival
(OS; 23%–36%; p = .009) with periopera ve epirubicin, cispla n, and infusional 5-ﬂuorouracil (5-FU; ECF; three cycles
of ECF pre- and postopera vely) for 503 pa ents with stage II
or higher operable esophagogastric adenocarcinoma versus
surgery alone.8 A similar improvement in OS was reported
in the French FNCLCC/FFCD trial for 224 patients with
operable esophagogastric adenocarcinoma treated with
periopera ve cispla n and 5-FU (CF; two to three cycles of
CF preopera vely and three to four cycles postopera vely)
versus surgery alone.9 In both trials, periopera ve chemotherapy was associated with increased R0 resec on rates and
earlier pathologic tumor (T) and nodal (N) stage at surgery
compared with surgery alone.8,9 In the MRC MAGIC and
FNCLCC/FFCD trials, gastric and lower esophageal adenocarcinoma, respec vely, were the predominant anatomic
subtypes by similar propor ons and together these studies
provide evidence for a periopera ve approach in both resectable EGJ and gastric adenocarcinomas. A subsequent metaanalysis including the MAGIC and FNCLCC/FFCD trials among
14 randomized controlled trials inves ga ng periopera ve
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chemo(radio)therapy versus surgery in esophagogastric cancer reported that perioperative chemotherapy is associated with increased R0 resection rates, a more favorable
tumor stage at surgery, increased disease-free survival (DFS),
and a signiﬁcantly longer OS (hazard ra o [HR], 0.81; 95%
CI, 0.73–0.89), with an absolute increase in survival of 9%
at 5 years.10
More recently, the German AIO group presented the
prac ce-changing results of the FLOT4 study. A er the observed eﬃcacy of dose intensiﬁca on with docetaxel in the
advanced se ng, FLOT4 sought to compare periopera ve
docetaxel-based triplet chemotherapy, four cycles pre- and
postopera vely of 5-FU, leucovorin, oxalipla n, and docetaxel
(FLOT) every 2 weeks to three cycles of pre- and postoperave epirubicin, cispla n, and capecitabine (ECX)/ECF 3 mes
weekly for pa ents with gastric and EGJ adenocarcinoma.
Following encouraging phase II results demonstra ng a signiﬁcant increase in pathologic complete regression (pCR) with
periopera ve FLOT compared with periopera ve ECX/F, the
phase III clinical trial of 716 pa ents (56% of pa ents with
EGJ tumors) showed that periopera ve FLOT was associated
with a signiﬁcant improvement in median progression-free
survival from 18 to 30 months (HR 0.75; CI, 0.62–0.91; p =
.004) and improved median OS from 35 to 50 months (HR
0.77; CI, 0.63–0.94; p = .012) with a projected improvement
in 5-year OS from 36% to 45%.11,12
Periopera ve FLOT chemotherapy was associated with an
increased propor on of pa ents undergoing resec on surgery and increased R0 resec on rates compared with the
ECX/F arm (p = .011). Surgical morbidity and mortality were
not increased in the FLOT arm and although more grade 3 to
4 occurrences of infection, diarrhea, neutropenia, and
sensory disturbance were reported with FLOT, the overall
tolerability was comparable with ECX/F. The ECX/F arm in
FLOT4 performed as expected, with a near iden cal projected

PRACTICAL APPLICATIONS
• Periopera ve chemotherapy or neoadjuvant
chemoradiotherapy is standard of care in resectable
esophagogastric cancer.
• Pa ents who are suitable for triplet chemotherapy
in the periopera ve se ng should be considered
for chemotherapy with 5-ﬂuorouracil, leucovorin,
oxalipla n, and docetaxel.
• Adjuvant chemotherapy with or without radiotherapy
is an alterna ve approach for pa ents with resectable
gastric and esophagogastric junc on cancer who have
not received preopera ve treatment.
• The use of targeted therapies in operable
esophagogastric cancer is limited to clinical trials and
their role remains inves ga onal.
• Puta ve prognos c and predic ve biomarkers are
under inves ga on in operable esophagogastric cancer,
with metabolic response, pathologic regression, and
microsatellite instability showing promise in tailoring
therapy.

3-year OS rate to that reported in the periopera ve ECX
chemotherapy arm in the contemporaneously published
ST03 trial ,indica ng that the improvement in OS seen was
not as a result of an underperforming control arm.13 In the
subgroup analyses, in the subgroup analyses, the beneﬁt
of periopera ve FLOT was observed across all tumor subgroups, including signet cell tumors, Siewert type 1 esophageal tumors (HR 0.60), node nega ve tumors (HR 0.64), and
small tumors (HR 0.66).14
Despite the improvement in OS with periopera ve chemotherapy demonstrated in large phase III trials, a signiﬁcant
propor on of pa ents will not tolerate the postopera ve
component of this treatment. In the MRC MAGIC trial,
42% of pa ents in the chemotherapy arm completed all
six cycles of chemotherapy.8 Similar results were reported
in FLOT4, where although 91% of pa ents in the ECF/ECX
chemotherapy arm completed preopera ve chemotherapy,
only 52% of pa ents started postopera ve chemotherapy
and 37% completed the protocol. This decrease in uptake
was mirrored in the FLOT chemotherapy arm. However, it
is noted that pa ents treated with FLOT were more likely to
commence postopera ve chemotherapy (60%), and those
who did were more likely to complete postopera ve chemotherapy (46%) than those in the ECX/F arm.12 In clinical
prac ce, for pa ents who are unable to tolerate the postopera ve component of periopera ve chemotherapy, the
results in the neoadjuvant se ng suggest that this omission
might be acceptable, especially if there has been excessive
toxicity with preopera ve therapy or prolonged postoperave recovery.

PREOPERATIVE CHEMOTHERAPY
Long-term results of the MRC OE02 trial among pa ents
with esophageal adeno- and squamous cell carcinoma reported signiﬁcant improvement in 5-year OS from 17.1% to
23% (HR 0.84; 95% CI, 0.72–0.98; p = .03) with neoadjuvant
CF (two cycles) compared with surgery alone.15 However,
results in this se ng have been inconsistent, with the European EORTC 40954 and RTOG 8911 trials showing no signiﬁcant improvement in OS with neoadjuvant chemotherapy.16
Subsequent meta-analyses have reported a 2-year absolute survival beneﬁt of 7%, with most beneﬁt seen among
pa ents with junc onal tumors and among pa ents with
adenocarcinoma.17,18 The U.K. MRC OE05 study, a phase III
randomized controlled trial of 897 pa ents with resectable
esophageal and EGJ Siewert type 1 and 2 adenocarcinoma,
showed that increasing the dura on and intensity of preopera ve chemotherapy with four cycles of ECX versus two
cycles of CF did not improve median OS (23.4 vs. 26.1 months;
p = .19).19 Four cycles of neoadjuvant ECX cannot therefore
be considered standard of care; however, patients with
Siewert type 3 and gastric adenocarcinoma were not included
in this study.
There have been few trials directly comparing neoadjuvant and adjuvant chemotherapy. However, in 2016, the
SAKK 43/99 trial published the updated results of a prospec ve randomized phase III trial comparing four cycles of
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neoadjuvant docetaxel, cispla n, and 5-FU and four cycles
of postopera ve docetaxel, cispla n, and 5-FU for pa ents
with locally advanced resectable gastric cancer.20 The trial
closed early because of slow accrual a er 69 pa ents were
enrolled and therefore was not powered suﬃciently for survival, which may explain the lack of any observed differences in event-free survival and OS at 10 years.20 The group
concluded that preopera ve docetaxel, cispla n, and 5-FU
may be delivered with higher dose intensity and be er feasibility than postopera ve docetaxel, cispla n, and 5-FU
with the an cipated beneﬁts in terms of eﬃcacy at surgical
resec on in the preopera ve treatment arm, with 60% of
pa ents (19 of 32) achieving tumor downstaging.20

ADJUVANT CHEMOTHERAPY
In Asia, where pa ents tend to present with earlier-stage
disease, adjuvant chemotherapy remains a standard of care.
The ACTS-GC and CLASSIC trials have both reported a significant improvement in OS with adjuvant chemotherapy
following D2 gastrectomy in Asian popula ons.21,22 The ACTSGC trial compared postopera ve S1 (the combina on of an
oral prodrug of 5-FU, tegafur, and oxonic acid) at 40 mg/m2
for 28 days followed by a 2-week break for 1 year versus
surgery following a minimum D2 dissec on for pa ents
with stage II or higher gastric adenocarcinoma. The trial was
stopped early following an interim analysis at 1 year a er
1,059 pa ents were recruited, showing an improvement in
OS in the S1 group compared with surgery alone (p = .002).23
The updated 5-year survival showed a maintained beneﬁt
with a signiﬁcant improvement in 5-year OS from 61% to
72% with adjuvant S1 across pa ents in all disease stages.21
However, the u lity of S1 for non-Asian popula ons has not
been established and S1 remains an inves ga onal drug in
the United States and Europe.5,24,25 The phase III CLASSIC trial
was conducted in centers across South Korea, China, and
Taiwan and included pa ents with stage II or higher gastric
adenocarcinoma following D2 dissec on. The inves gators
compared 520 pa ents who received 6 months of capecitabine
and oxalipla n with 515 pa ents who were treated with surgery alone. The results showed an improvement in DFS at
3 years from 59% in the surgery-alone group to 74% in the chemotherapy arm (HR 0.56; 95% CI, 0.44–0.72; p < .0001), with
an improved 5-year OS in the adjuvant chemotherapy arm at
78% versus 69% (HR 0.66; 95% CI, 0.51–0.85; p = .0015).22,26
Several trials have inves gated the role of sequen al chemotherapy in the adjuvant se ng. In Europe, the ITACA
study showed that sequen al irinotecan and 5-FU followed
by docetaxel compared with 5-FU alone among 1,100 paents with resectable adenocarcinoma of the stomach and
EGJ was not associated with a signiﬁcant diﬀerence in DFS
(HR 1.0; 95% CI, 0.85–1.17; p = .97) or OS (HR 0.98; 95%
CI, 0.82–1.18; p = .87).27 The Japanese SAMIT trial of 1495
pa ents with T4a/b, N0-2 gastric adenocarcinoma following
D2 gastrectomy showed no improvement in DFS with sequenal treatment with paclitaxel and S1 or tegafur/uracil (HR
0.92; 95% CI, 0.80–1.07; p = .273).28 Early-phase clinical
trials have shown feasibility of dose intensification with
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docetaxel in addi on to S1 in the adjuvant se ng and encouraging 3-year OS data for 62 pa ents with stage III gastric
cancer treated with S1 plus docetaxel a er D2 gastrectomy.29,30
Phase III results are to be reported.
A large meta-analysis conducted by the Global Advanced/
Adjuvant Stomach Tumor Research Interna onal Collaboraon suggests a 5.8% absolute OS beneﬁt at 5 years (55.3%–
49.6%) for pa ents with resectable gastric cancer treated
with adjuvant chemotherapy.31 The evidence base for adjuvant chemotherapy is largely in Asian popula ons, and
European and American guidelines have favored a periopera ve/neoadjuvant approach as a result of the downstaging
eﬀects of upfront chemo(radio)therapy in a popula on that
typically presents with later-stage disease. However, results
in the postopera ve se ng have shown beneﬁt of adjuvant
chemotherapy; therefore, adjuvant chemotherapy is a standard of care for pa ents who have not received preoperave chemotherapy.

ADJUNCTIVE CHEMORADIOTHERAPY
In resectable gastric and EGJ cancer, treatment paradigms
incorpora ng CRT and chemotherapy have developed in
parallel, reﬂec ng the two compe ng risks of recurrence in
pa ents with locally advanced disease—locoregional recurrence and distant metastasis. Randomized data support the
role of CRT in the adjuvant se ng for pa ents with highrisk (T3/T4, node-posi ve, poorly cohesive–type) tumors,
but delivery of treatment is challenging in the postopera ve
se ng, raising interest in the role of neoadjuvant CRT.
For pa ents with resected, margin-nega ve stage IB to IV
(M0) gastric or EGJ cancer, adjuvant CRTis recommended
based on the results of the Intergroup 0116 trial.32 Intergroup 0116, a randomized trial of observa on versus
chemoradia on to 45 Gy sandwiched between three cycles of Mayo Clinic schedule 5-FU for pa ents with marginnega ve gastric cancer, demonstrated a 10% improvement
in OS with CRT. This improvement was directly a ributed
to a reduc on in locoregional recurrence with CRT, with a
29% local recurrence rate in the surgery-alone arm versus
19% in the CRT arm. There was no diﬀerence in the rate of
distant metastases. Cri cism of this trial has centered on
the extent of nodal dissec on, because most pa ents (54%)
underwent an insuﬃcient, D0, lymphadenectomy and only
10% of pa ents underwent a formal D2 dissec on. This has
raised concerns as to whether the beneﬁt of CRT would s ll
be seen among pa ents who underwent op mal resec on.
A retrospec ve analysis of the Dutch Cancer Group Trial, a
phase III trial of D2 versus D1 lymphadenectomy, provided
support for this concern, demonstra ng that although paents who underwent a D1 lymphadenectomy had a significant reduc on in the rate of locoregional recurrence with
CRT (2% vs. 18%; p = .001), there was no beneﬁt among
pa ents who underwent a D2 lymphadenectomy (12% vs.
13%; p = .88).33,34 Further complica ng management is the
inherent diﬃculty associated with delivery of postopera ve
treatment, because only 64% of pa ents could complete
the full course of postopera ve CRT as planned.

ADJUNCTIVE TREATMENT OPTIONS IN OPERABLE ESOPHAGOGASTRIC CANCER

Given the challenges associated with delivery of adjuvant
CRT, many favor periopera ve chemotherapy as described
in the MAGIC trial.8 Although only approximately 40% of
pa ents enrolled were able to complete all recommended
therapy, 85% of pa ents received all three cycles of preopera ve chemotherapy and all pa ents received at least one
cycle of chemotherapy. By combining mul agent chemotherapy with CRT the CALGB 80101 trial set out to improve
OS by harnessing both the improvement in locoregional
control seen in Intergroup 0116 and the reduc on in distant
metastases seen in the MAGIC trial.35 A total of 546 pa ents
with margin-nega ve gastric or EGJ adenocarcinoma were
randomly assigned to postopera ve 5-FU and leucovorin
before and a er CRT versus postopera ve ECF before and
a er CRT. However, there was no signiﬁcant diﬀerence in
5-year OS or DFS between the two arms, with 5-year OS
of 44% in both arms (HR 0.98; 95% CI, 0.78–1.24; p = .69).
Similarly to the previously discussed trials of adjuvant
therapy, many pa ents were unable to complete a full
course of adjuvant treatment, with approximately 66% of
pa ents comple ng a full course of chemotherapy and CRT
as planned.
Assessment of the role of postopera ve CRT is par cularly important for pa ents who have undergone a marginnega ve resec on with D2 lymph node dissec on, as most
pa ents enrolled in Intergroup 0116 had a D0 or D1 lymph
node dissec on. The ARTIST trial was a randomized trial of
458 pa ents evalua ng capecitabine and cispla n (CX) for
six cycles versus CX for two cycles, CRT with capecitabine(XRT)
to 45 Gy, followed by CX for two more cycles (CX/XRT/CX)
for pa ents with margin-nega ve gastric cancer and a D2
lymph node dissec on.36 All pa ents had a D2 lymph node
dissec on, with a median of 40 lymph nodes evaluated per
pa ent. Pa ents were at high risk for both local and distant
failure, with more than 85% enrolled having involved lymph
nodes. More than 75% of pa ents completed the full course
of therapy as planned. Although there was no signiﬁcant difference in the primary endpoint of 3-year DFS with the addi on of radia on (78.2% in the CX/XRT/CX arm vs. 74.2% in
the CX arm; p = .0862), there was a signiﬁcant improvement
in DFS for pa ents with involved lymph nodes who received
CRT (77.5% in the CX/XRT/CX arm vs. 72.3% in the CX arm;
p = .0365). There were low rates of locoregional recurrence
in both arms (4.8% in the CX/XRT/CX arm vs. 8.3% in the
CX arm; p = .3533). The ARTIST-II trial is currently planned
to assess the role of CRT in addi on to chemotherapy for
pa ents with node-posi ve gastric cancer a er R0 resec on
and D2 lymph node dissec on (NCT01761461).
Although the subgroup analysis from the ARTIST trial would
suggest that pa ents with involved lymph nodes beneﬁt
from adjuvant chemoradia on in addi on to chemotherapy, it is unclear whether these results can be extrapolated
to a Western popula on. Gastric cancer outcomes are signiﬁcantly superior in Eastern pa ent popula ons: 3-year DFS
in the surgery-alone arms of the ACTS-GC and CLASSIC
trials was 59%, compared with approximately 30% in the
surgery-alone arms of the Intergroup 0116 and MAGIC

trials.8,22,23,32 Although some of these differences may be
a ributed to more extensive nodal dissec ons, this diﬀerence in outcomes is also seen for pa ents with unresectable
or metasta c disease. For example, in the AVAGAST trial
of bevacizumab in addi on to CX in advanced gastric cancer, Asian pa ents had the highest median survival in the
chemotherapy-alone arm (12.1, 8.6, and 6.8 months for
Asian, European, and Pan-American pa ents, respec vely)
and the highest response rate to chemotherapy.37
For Western pa ents, the CRITICS trial evaluated periopera ve chemotherapy versus preopera ve chemotherapy
and adjuvant CRT for 788 pa ents with resectable gastric
adenocarcinoma.38 A er three cycles of preopera ve chemotherapy, approximately 94% of pa ents in the chemotherapy-alone arm and 93% of pa ents in the postopera ve
CRT arm underwent resec on, with rates of R0 resec on
of 80% and 84%, respec vely. Informa on on the extent of
nodal dissec on is not yet available. However, only approximately 60% of pa ents were able to start postopera ve
treatment, and only 47% of pa ents in the chemotherapy
arm and 52% of pa ents in the postopera ve CRT arm were
able to complete treatment as planned. There was no significant diﬀerence in OS between the two cohorts, with 5-year
OS of 40.8% with chemotherapy alone and 40.9% with
chemotherapy followed by CRT. With less than 50% of paents comple ng the full course of planned treatment, the
CRITICS trial underscores the inherent challenges associated
with delivery of postopera ve treatment a er gastrectomy
and provides further support for ongoing eﬀorts to shi
treatment to the neoadjuvant se ng.
The large treatment radiotherapy ﬁelds needed to encompass regional nodal basins a er gastrectomy make postopera ve chemoradia on par cularly challenging to deliver
(Figs. 1 and 2). Based on the resul ng toxicity seen in the
adjuvant se ng as well as the excellent outcomes seen
with neoadjuvant CRT in esophageal and EGJ cancer, there
is growing interest in preopera ve CRT for pa ents with gastric cancer. There are no mature randomized data in distal
gastric cancers, but completed trials in distal esophageal
and EGJ cancer show impressive outcomes. The POET trial
randomly assigned pa ents with T3/T4 adenocarcinoma of
the distal esophagus or gastric cardia to 2.5 cycles of neoadjuvant cispla n, 5-FU, and leucovorin versus two cycles
of neoadjuvant cispla n, 5-FU, and leucovorin followed
by chemoradia on to 30 Gy and one cycle of cispla n and
etoposide followed by resec on. Although the study terminated early as a result of poor accrual, enrolling 119 of an
expected 354 pa ents, there was a trend toward improvement in 3-year OS with CRT (47.4% vs. 27.7%; p = .07).39
Five-year follow-up showed a signiﬁcant improvement in
local progression-free survival a er CRT.40 In addi on, there
was a signiﬁcant increase in the rates of pathologic complete response (15.6% vs. 2.0%) and N0 resec ons (64.4%
vs. 37.7%) with CRT.
In the CROSS trial, 368 pa ents with resectable T1 to T3 or
node-posi ve esophageal or EGJ cancer (75% adenocarcinoma,
23% squamous cell carcinoma) were randomly assigned to
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FIGURE 1. Sample Digitally Reconstructed Radiograph of the Treatment Fields for a Preopera ve
Pa ent (Le ) and a Postopera ve Pa ent (Right)

receive upfront resec on versus neoadjuvant chemoradiaon to 41.4 Gy with weekly carbopla n and paclitaxel followed by resec on.41 There were signiﬁcant improvements
in rates of complete resec on, pCR, and OS with neoadjuvant CRT, thereby establishing neoadjuvant CRT followed
by resec on as a standard of care for pa ents with distal
esophageal and EGJ cancer. Neoadjuvant CRT was associated
with not only an improvement in rates of complete resecon (92% vs. 69%; p < .001) but also an overall pCR rate of
29%. The pCR rate varied by histology, with a 49% pCR rate
in squamous cell carcinoma and a 23% pCR rate in adenocarcinoma. Median OS was doubled (49.4 vs. 24 months),

and 5-year OS increased by 13% (47% vs. 24%; p < .001).
Importantly, neoadjuvant treatment was well tolerated and
was not associated with an increase in postopera ve morbidity compared with resec on alone (p = .85).
In gastric cancer, neoadjuvant CRT has thus far been explored in single-arm phase I and II trials. RTOG 9904 was
a phase II single-arm trial of induc on chemotherapy with
two cycles of 5-FU, leucovorin, and cisplatin followed by
preoperative CRT and resection.42 A total of 49 patients
with resectable gastric adenocarcinoma were enrolled, and
43 were evaluable; 77% of pa ents underwent R0 resecon and 50% underwent a D2 lymph node dissec on. The

FIGURE 2. Sample Radiotherapy Plans for the Treatment of Neo-/Adjuvant EGJ Cancers

These sample radiotherapy plans for the treatment of a neoadjuvant EGJ cancer (upper 3 images) and an adjuvant EGJ cancer (lower 3 images), demonstrate the larger treatment ﬁelds in the adjuvant se ng.
In the lower 3 panels, the le panel shows the anastomosis, whereas the centre and right panels show coverage of the regional lymph node basins, including the perigastric lymph nodes.
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pCR rate was 26%. Median OS was 23.2 months, with an
improved rate of 1-year OS in pa ents with a pCR (82% vs.
69%). A Dutch phase I/II single-arm trial of chemoradia on
to 45 Gy with weekly carbopla n and paclitaxel enrolled 35
pa ents with clinical T3 or T4 gastric cancer.43 One pa ent
developed progressive disease, and the remaining pa ents
were all able to undergo resec on. The R0 resec on rate
was 72%, the pCR rate was 16%, and the near complete
response rate was 24%. The rate of R0 resec on in this trial
was par cularly impressive, considering that eight of 12
pa ents who were ini ally considered to be unresectable
had a R0 resec on a er CRT. Importantly, both of these
trials as well as other phase I and II trials have demonstrated that neoadjuvant CRT is feasible for pa ents with
locally advanced gastric cancer and is not associated with
increased opera ve morbidity.44-48 Furthermore, although
the numbers remain small, the rates of pathologic complete
response seen in several of these trials are similar to those
seen in the CROSS trial and have also been associated with
improved OS on mul variate analysis.42,43,45,46,48
Randomized phase III trials are ongoing. The TOPGEAR trial
will randomly assign a planned total of 752 pa ents with
resectable gastric cancer to periopera ve chemotherapy
versus induc on chemotherapy, neoadjuvant CRT, and postopera ve chemotherapy.49 The CRITICS-II trial will randomly
assign pa ents to receive preopera ve chemotherapy, CRT,
or combined chemotherapy and CRT (NCT02931890), and
the ESOPEC trial will randomly assign a planned 438 pa ents
with esophageal and EGJ adenocarcinoma to receive periopera ve FLOT chemotherapy versus neoadjuvant (CROSS protocol) CRT (NCT02509286).

TARGETED THERAPIES IN EARLY STAGE
ESOPHAGOGASTRIC CANCER
Targeted therapies with an angiogenic and HER2-directed
monoclonal an bodies form part of the established treatment paradigm in advanced esophagogastric cancer.50-53 In
early-stage disease, results have been inconsistent and clinical trials are ongoing to establish the role of an -VEGF– and
an -HER2–directed therapies in this se ng. The MRC phase
II/III ST03 trial showed no addi onal beneﬁt to perioperave ECX with the addi on of bevacizumab, the monoclonal
an body against VEGF.13 This trial reported that of 1,063
pa ents with resectable esophagogastric adenocarcinoma,
there was no improvement in OS among pa ents randomly
assigned to receive bevacizumab with three cycles of periopera ve ECX and an addi onal six cycles (every 21 days) of
maintenance on comple on of chemotherapy compared
with the chemotherapy alone. Furthermore, postopera ve
anastomo c leaks and wound-healing complica ons were
higher in the bevacizumab group; therefore, periopera ve
chemotherapy plus bevacizumab is not recommended. The
phase II/III RAMSES trial (NCT02661971) is currently inves ga ng periopera ve FLOT with or without the an -VEGFR2
monoclonal an body ramucirumab. In HER2-posi ve gastric
and EGJ adenocarcinoma, trastuzumab with periopera ve
chemotherapy (NCT01130337), CRT (NCT01748773), and in

combina on with pertuzumab with periopera ve chemotherapy (NCT02205047) is under inves ga on (Table 1).

BIOMARKERS IN ESOPHAGOGASTRIC CANCER
Response rates to treatment in esophagogastric cancer vary
and even pa ents with similar-stage disease may have different outcomes. Puta ve prognos c and predic ve biomarkers are under inves ga on with the aim to iden fy
subsets of pa ents who are likely to beneﬁt from a speciﬁc
therapy, thereby op mizing treatment selec on and improving survival for individual pa ents.
The pathologic T stage and the Mandard tumor regression
grade (TRG) are important predictors of survival in resected
esophagogastric cancer. In an analysis of 584 consecutive esophageal and EGJ adenocarcinoma resec on specimens, among which 400 pa ents had received neoadjuvant
chemotherapy, from two high-volume U.K. cancer centers,
prognosis was found to be determined by pathologic stage
rather than clinical stage.54 In this analysis, tumor downstaging was shown to be the strongest independent predictor of
survival following adjustment for other prognos c factors.
For pa ents who responded to neoadjuvant chemotherapy,
lower rates of local and systemic recurrence and improved
Mandard TRGs were observed (6% vs. 13%; p = .030) compared with nonresponders (19% vs. 29%; p = .027).54 In a
retrospec ve analysis of 330 pa ents in the MRC MAGIC
trial, TRG was predic ve for OS where the median OS was
20.5 months for pa ents with TRGs 3 to 5, whereas the median OS in pa ents with TRGs 1 and 2 was not reached. High
TRGs and lymph node metastases were nega vely associated
with survival on univariate analysis, although lymph node
metastases alone was independently predic ve of survival
on mul variate analysis.55 In the MRC ST03 trial, Mandard
grades 1 and 2 had a signiﬁcantly improved 3-year survival
compared with Mandard grades 3 to 5 or no resec on (HR
0.30; 95% CI, 0.21–0.44; p ≤ .0001).13 An adap ve trial design based on pathologic tumor stage or Mandard TRG, such
that pa ents with adverse prognos c features are assigned
to receive intensiﬁed treatment, is an area of poten al future research.
In a series of early prospec ve trials, change in tumor
metabolic ac vity assessed by PET/CT during preopera ve
chemotherapy for pa ents with EGJ and gastric adenocarcinoma was predic ve for tumor response, prognosis, and
recurrence.56-58 A subsequent phase II clinical trial with 119
pa ents with locally advanced type 1 and 2 EGJ adenocarcinoma assigned all pa ents to 2 weeks of pla num/5-FU–
based induc on chemotherapy followed by evalua on of
metabolic response by PET/CT. Metabolic response was predeﬁned as a decrease in glucose standard uptake value of 35%
or greater. Responding pa ents con nued to receive neoadjuvant chemotherapy for 12 weeks and then proceeded to
surgery, and nonresponders proceeded straight to surgery.
A er a median follow-up of 2.3 years, the median OS was
not met in metabolic responders and was 25.8 months (19.4–
32.2 months) in nonresponders (p = .015).59 The subsequent
MUNICON II study was a prospective trial to investigate
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TABLE 1. Selected Current Clinical Trials With An -VEGF, An -HER2, and An –PD-1/PD-L1 Therapies in the
Periopera ve, Neoadjuvant, and Adjuvant Se ngs

ClinicalTrials.gov
Iden ﬁer

Planned
Recruitment
(No. of
Pa ents)

Primary
Endpoint

Phase

Trial Title

Popula on

Treatment Arms

NCT02661971

II/III

Periopera ve ramucirumab in combina on with FLOT versus FLOT alone
for resectable esophagogastric
adenocarcinoma: RAMSES—a
phase II/III trial of the AIO

Gastric/EGJ

FLOT vs. FLOT and ramucirumab

908

Phase II:
pCR/pSR;
phase III:
OS

NCT01130337

II

An open-label, mul center study to
evaluate the DFS rate of a periopera ve combina on of capecitabine,
trastuzumab, and oxalipla n in
pa ents with resectable gastric or
gastroesophageal junc on adenocarcinoma

HER2-posi ve
gastric/EGJ

CAPOX and trastuzumab

36

DFS

NCT02205047

II

Integra on of trastuzumab, with
or without pertuzumab, into
periopera ve chemotherapy of
HER2-posi ve stomach cancer: the
INNOVATION trial

HER2-posi ve
gastric/EGJ

CX/5-FU vs. CX/5-FU and
trastuzumab vs.
CX/5-FU, trastuzumab,
and pertuzumab

220

Near pCR
rate

NCT03221426

III

A phase III, randomized, double-blind,
clinical trial of pembrolizumab
(MK-3475) plus chemotherapy
versus placebo plus chemotherpy
as neoadjuvant/adjuvant treatment
for subjects with gastric EGJ adenocarcinoma (KEYNOTE-585)

Gastric/EGJ

CX/5-FU and placebo
vs. CX/5-FU and
pembrolizumab

860

OS/EFS/pCR
rate/AEs

NCT03399071

II

Periopera ve immunochemotherapy
in operable esophageal and gastric
cancer (ICONIC)

Gastric/esophageal

FLOT and avelumab

40

pCR rate

I/II

Phase I/II study of an –PD-L1 in combina on with chemo(radio)therapy
for esophageal cancer

Cohorts C and D:
esophageal/
EGJ followed by
postopera ve
chemotherapy
or CRT

Durvalumab

75 cohorts A
to D

AEs, DLT

NCT01748773

II

Safety and tolerability of oxalipla nResected HER2-poscapecitabine-trastuzumab
i ve gastric/EGJ
combina on and chemoradiotherapy
in operated pa ents with HER2posi ve gastric or gastroesophageal
junc on adenocarcinoma: phase II
study TOXAG

CAPOX, trastuzumab, and
45 Gy in 25 frac ons

35

AEs, PS

NCT02743494

III

A randomized, mul centre,
double-blind, phase III study of
adjuvant nivolumab or placebo in
subjectswith resected esophageal
or EGJ cancer (CheckMate 577)

Resected esophageal/EGJ a er
preopera ve CRT

Nivolumab vs. placebo

760

DFS/OS

NCT03006705

III

A mul center, double-blind, randomized study of pa ents with
gastric cancer undergoing postopera ve adjuvant chemotherapy
(ONO-4538)

Resected gastric/
EGJ

CAPOX or S1 and nivolumab
vs. CCAPOX or S1 and
placebo

700

RFS

Periopera ve

Neoadjuvant
NCT02735239

Adjuvant

Abbrevia ons: FLOT, ﬂuorouracil, leucovorin, oxalipla n, and docetaxel; EGJ, esophagogastric junc on; pCR, pathologic complete response; pSR, pathologic subtotal response; OS, overall survival; DFS,
disease-free survival; CAPOX, capecitabine and oxalipla n; CX, cispla n and capecitabine; 5-FU, 5-ﬂuorouracil; EFS, event-free survival; AE, adverse event; CRT, chemoradiotherapy; DLT, dose-limi ng toxicity;
PS, performance status; RFS, relapse-free survival.
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whether nonresponders who underwent early PET/CT would
beneﬁt from preopera ve salvage neoadjuvant radiotherapy
compared with continuation with neoadjuvant chemotherapy alone with a primary endpoint of R0 resec on rate.
Fi y-six pa ents with locally advanced EGJ adenocarcinoma
were included in the study and although the nonresponders showed improved histopathologic response, the primary
endpoint of increased R0 resec on rate was not met.60 Therefore, for poor metabolic responders, proceeding directly
to surgery or receiving radiotherapy with similar cytotoxic
drugs did not salvage these pa ents.
Further studies have subsequently inves gated whether
chemotherapy and radiotherapy treatments can be adapted
based on early PET/CT response to drive response in PET/
CT metabolic nonresponders. The AGITG DOCTOR trial, a
randomized phase II trial of 150 pa ents with resectable
gastric and EGJ adenocarcinoma, assigned all pa ents to
receive one cycle of CF prior to PET/CT evalua on. Pa ents
with a 35% or greater reduc on in the maximum standard
uptake value were classiﬁed as early metabolic responders
and con nued with a second cycle of CF followed by surgery. Pa ents classiﬁed as nonresponders were randomly
assigned 1:1 to CF plus docetaxel for two cycles or to CF
plus docetaxel with concurrent 45-Gy radiotherapy with a
primary endpoint of histologic response. A major histologic
response (< 10% residual tumor) was reported for three of
45 pa ents (7%) with early metabolic response, six of 30
pa ents (20%) treated with CF plus docetaxel, and 22 of 35
pa ents (63%) treated with CF plus docetaxel radiotherapy,
demonstra ng that docetaxel in addi on to preopera ve
chemotherapy and CRT can induce high rates of histologic
response.61 In the CALGB 80803 trial, 257 patients with
resectable esophageal and EGJ adenocarcinomas were randomly assigned to one of two arms of induc on chemotherapy followed by PET/CT (performed on days 36–42);
PET responders (≥ 35% reduc on in the maximum standard
uptake value) con nued on the same chemotherapy with
concurrent radiotherapy (50.4 Gy in 28 frac ons) and nonresponders were crossed over to alterna ve chemotherapy
with concurrent radiotherapy.62 The eﬃcacy criteria were
met for improvement in pathologic complete response
rates for pa ents who were PET nonresponders a er inducon chemotherapy and received alterna ve chemotherapy
during CRT.62 Although the survival data are awaited, these
studies show that stra fying treatment based on metabolic
response on PET/CT is feasible, although the use of PET as
a biomarker to modulate early treatment is yet to be fully
established.
In HER2-overexpressed esophagogastric cancer, HER2 is a
clinically signiﬁcant therapeu c target. However, the value
of HER2 as a prognos c and predic ve biomarker remains
to be conﬁrmed. A retrospec ve analysis of pa ents enrolled
in the INT-0116/SWOG9008 trial reported a signiﬁcant interac on between HER2 ampliﬁca on and treatment in terms
of DFS (p = .020) and OS (p = .034).63 Among the 148 evaluable pa ents, the median OS improved from 24 months
in the surgery-alone arm to 44 months with postopera ve

chemoradiation in patients with HER2-nonamplified tumors (p = .003).63 For pa ents with HER2-ampliﬁed tumors,
there was no signiﬁcant diﬀerence in OS with postopera ve
chemoradia on compared with surgery alone. The results
sugges ng that the beneﬁt of postopera ve chemoradia on in resectable gastric and EGJ tumors are limited to
HER2-nega ve tumors.63 However, retrospec ve analysis of
the ACTS-GC trial popula on showed that HER2 status did
not aﬀect DFS or OS and there was no interac on between
S1 and HER2 on survival.64 Similarly, HER2 expression had
no eﬀect on DFS in the ARTIST trial, and HER2 expression
was not associated with DFS or OS in a prospec ve series of
117 pa ents with Epstein-Barr virus (EBV)–associated gastric cancer.65,66
Esophagogastric cancers exhibit a high degree of molecular heterogeneity. Work carried out using microarray-based
gene expression proﬁling to iden fy new molecular subtypes
in gastric cell lines iden ﬁed two major genomic subgroups
(G-INT and G-DIF), which were independently prognos c of
survival and demonstrated differential benefit from adjuvant 5-FU in retrospec ve pa ent cohorts.47 In vitro, the
G-INT lines were more sensi ve to 5-FU and oxalipla n than
the G-DIF cell line but were also more resistant to cispla n.67
A subsequent phase II study of 74 pa ents with locally advanced, metasta c, and recurrent gastric cancer integrated
a pretreatment biopsy from which pa ents were allocated
to receive S1/oxalipla n or S1/cispla n based on their genomic proﬁles (NCT01100801). Based on the intercurrent
work published by Lei et al68 iden fying three intrinsic gastric
cancer subtypes (mesenchymal, prolifera ve, and metabolic),
post hoc genomic classification was performed. A significantly higher observed objec ve response rate was seen for
pa ents assigned to receive S1/oxalipla n based on their
genomic proﬁle compared with S1/cispla n (44.8% vs. 8.3%;
p = .033).69 The median turnaround me for genomic results
was 7 working days (interquar le range, 5–9 days), demonstra ng that molecular proﬁling to direct choice of chemotherapy can be performed within a reasonable meframe
and provide proof of concept for tailoring chemotherapy to
diﬀerent molecular subtypes. Although genomic classiﬁers
have shown some promising results, further inves ga on is
required to establish the role this approach may play in the
management of early-stage disease.69
The landmark ar cle published by The Cancer Genome
Atlas Research Network repor ng the results of a comprehensive molecular analysis of 295 gastric cancers described
four diﬀerent gastric cancer subtypes: EBV posi ve (9%), microsatellite instability (MSI; 22%), genomically stable (20%)
and chromosomal instability (50%).70 Expanded analysis of
these subgroups has iden ﬁed poten al therapeu c opportuni es. Approximately 15% of EBV-posi ve tumors have
genomic ampliﬁca on of the chromosomal region 9p24.1,
which encodes the PD-1 ligands. Furthermore, EBV-posi ve
cancers have PD-L1 expression in tumor cells (50%; 16 of
32) not seen in other gastric cancer subtypes and this is not
restricted to gastric cancer with ampliﬁca on of 9p24.1,
sugges ng more than one mechanism for inducing PD-L1
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expression in this subgroup.71 Among EBV-nega ve gastric
cancers, MSI gastric cancers also have expression of PD-L1
in tumor cells (33%) and immune cells (45%). By contrast,
in EBV-nega ve and microsatellite stable (MSS) gastric cancers, PD-L1 expression was not observed in tumor cells,
although 35% of pa ents with EBV-nega ve/MSS gastric
cancer exhibit PD-L1 expression of inﬂammatory cells. Moreover, an interferon-γ gene signature, a proposed marker of
sensi vity to PD-1 therapy, is enriched in EBV-posi ve and
MSI gastric cancer, further sugges ng that these subgroups
of pa ents with gastric cancer may respond to checkpoint
inhibi on. Given the current intense interest in immune
checkpoint inhibitors in esophagogastric cancers, poten al
predic ve biomarkers of response are of signiﬁcant no ce
and transla onal protocols of PD-1 and PD-L1 agents in
combina on with chemotherapy are likely to focus on this
area of research.
MSI and mismatch repair deﬁciency are prognos c for
survival in many cancers. Secondary analysis of 303 paents with MSI results available from the MRC MAGIC trial
showed that 20 of 303 pa ents had MSI-high (H) tumors.72
Mismatch repair deﬁciency and MSI-H were associated with
a posi ve prognos c eﬀect among pa ents treated with
surgery alone, such that the median OS was not reached
for pa ents with MSI-H tumors (95% CI, 4.4 months—not
reached) compared with a median OS of 20.3 months (95%
CI, 16.7–22.7 months; HR 0.35; 95% CI, 0.11–1.11; p = .08)
for pa ents with MSS and MSI-low tumors.72 However, for
pa ents treated with periopera ve chemotherapy conversely, the median OS for pa ents with mismatch repair
deﬁciency or MSI-H tumors was 9.6 months compared with
19.5 months for pa ents who had neither mismatch repair
deﬁciency or MSI-H (HR 2.18; 95% CI, 1.08–4.42; p = .03),
demonstra ng a diﬀeren ally nega ve prognos c eﬀect for
pa ents treated with chemotherapy.72 A retrospec ve anal-

ysis of the CLASSIC trial showed that in 592 specimens, a
similar propor on (6.1%) were MSI-H.73 Among the pa ents
treated with surgery alone, MSI-H had an improved 5-year
DFS adjusted for age, sex, tumor grade, disease stage, and
loca on compared with MSI-low or MSS (HR 0.244; 95% CI,
0.069–0.867; p = .0292).73 However, as seen in the MAGIC
analysis, for pa ents treated with chemotherapy, while DFS
was improved for pa ents with MSI-low or MSS tumors, no
beneﬁt was seen in the MSI-H group. Although not yet fully
elucidated, assessment of MSI is available at the clinical
level and there may be a future role for MSI on preoperave biopsy to select pa ents for periopera ve or adjuvant
chemotherapy. However, the majority of tumors are MSS
and considerable research eﬀort is being engaged currently,
with several randomized controlled trials inves ga ng the
role of immunotherapy in operable esophagogastric cancer
(Table 1).

CONCLUSION
It is evident that although a mul modal approach to the
treatment of operable esophagogastric cancer has improved
prognosis, overall the outlook remains poor and further advances are needed to improve survival for these pa ents.
The role of targeted agents in this se ng is being evaluated
and the results of the RAMSES trial inves ga ng periopera ve FLOT with or without ramucirumab are awaited. The
TOPGEAR, ARTIST-II and CRITICS-II trials will provide valuable informa on on the op mal role of CRT in resectable
gastric cancer. Currently, there are no validated biomarkers
in early-stage esophagogastric cancer; however, candidate
imaging, pathologic, and molecular biomarkers are being
evaluated in clinical trials. Incorpora on of validated prognos c and predic ve biomarkers in the treatment of operable esophagogastric cancer is hoped to stra fy and op mize
pa ent treatment selec on in the future.
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Biology and Systemic Treatment of Advanced
Gastroenteropancrea c Neuroendocrine Tumors
Nitya Raj, MD, Nicola Fazio, MD, PhD, and Jonathan Strosberg, MD
OVERVIEW
In recent years, there have been important scien ﬁc advances in the biologic characteriza on of neuroendocrine neoplasms and in their treatment. This review will describe these scientific advances, the evolving systemic treatment
approaches, and important topics to be addressed in future research.

N

euroendocrine neoplasms (NENs) represent a heterogeneous group of neoplasms arising from the diﬀuse
neuroendocrine cell system. Although these tumors can
originate anywhere in the body, they primarily arise in either the lung or gastroenteropancrea c (GEP) tract. For many
pa ents, the disease can display a less aggressive biology
compared with other solid tumors, growing slowly over a
period even of many years. Despite their rarity, the incidence and prevalence of neuroendocrine tumors (NETs) is rising, and NETs are now the second most prevalent advanced
gastrointes nal cancer a er colorectal cancer.1,2 In recent
years, important strides have been made in drug development, following the comple on of rigorous phase III clinical trials.3-7 This burgeoning interest in NET clinical research
has occurred in parallel with advances in NET transla onal
medicine—speciﬁcally, an improvement in our understanding of the gene cs through use of sequencing technology.
Although few ac onable altera ons have been iden ﬁed,
sequencing can provide important informa on that can be
used in concert with NET pathologic classiﬁca on for disease
prognos ca on and treatment decisions.
In this review, we will discuss current NET classiﬁca on
and available drug therapies, recent advances in NET transla onal medicine, use of radiolabeled therapies for NETs,
and best prac ces for sequencing the available systemic
treatments.

deﬁned as “tumors” (NETs), whereas poorly diﬀeren ated
NENs are deﬁned as neuroendocrine “carcinomas” (NECs).
To date, the WHO classiﬁca on system has been the most
important prognos c tool. However, there are limita ons
with the classiﬁca on schema par cularly with respect to
the grade 3 category, because more recent data demonstrate dis nct pa erns of response to treatment as well as
divergent outcomes for grade 3 NETs compared with grade
3 NECs. In a study of both well- and poorly diﬀeren ated
grade 3 GEP-NENs, poorer response rates (despite longer
survival) to pla num-based chemotherapy were observed
in NETs with a Ki-67 prolifera on index in the lower end of
the grade 3 range (≤ 55%).9 These ﬁndings were corroborated in a subsequent study of 45 pa ents with grade 3 welland poorly diﬀeren ated pancrea c NENs, in which inferior
overall survival (OS) was observed in NECs, despite a higher
response to pla num drugs; interes ngly, similar response
rates to alkyla ng agents were seen in both NETs and NECs.10
Through these studies and others, there is growing recogni on that the WHO grade 3 category contains both NECs
and NETs.11-13 With this understanding, the 2017 WHO criteria for pancrea c NENs now recognize both well- and
poorly diﬀeren ated cohorts within the grade 3 category,
an important pathologic dis nc on for the trea ng clinician
to recognize.14

PATHOLOGY

Advances in our understanding of the molecular basis of
NETs now provide informa on to be used in concert with
tradi onal pathologic criteria.
The ini al landmark whole-exome study sequenced 10
well-diﬀeren ated pancrea c NET (pNET) samples, and the
most commonly mutated genes were then screened in an
addi onal 58 tumors.15 The cohort was a mix of early-stage

The World Health Organiza on (WHO) GEP-NEN pathologic
classiﬁca on is a pivotal tool to predict tumor behavior. The
WHO criteria classify NENs by cell architecture (well and
poorly diﬀeren ated) and prolifera ve index as measured
by Ki-67 and/or mito c count (grade 1, low; grade 2, intermediate; and grade 3, high).8 Well-diﬀeren ated NENs are

NET MOLECULAR BASIS
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(59%) and metasta c (41%) tumors. The study inves gators
observed more muta ons in genes implicated in chroma n
remodeling (MEN1, DAXX, and ATRX) as well as those along
the mTOR pathway (largely in PTEN and TSC2). Importantly,
in this study, a survival beneﬁt was noted for those pa ents
whose tumors harbored muta ons in both MEN1 and either
DAXX or ATRX (100% OS at 10 years); in the absence of this
muta on status, 60% of pa ents died within 5 years of diagnosis.
A subsequent retrospec ve evalua on used a combina on
of immunohistochemistry tes ng as well as targeted exomic
sequencing with a narrow gene panel in pancrea c primary
grade 1/grade 2 NETs and poorly diﬀeren ated NECs.16 In
this series, loss of DAXX and ATRX staining was noted only in
well-diﬀeren ated NETs, whereas staining was intact in all
poorly diﬀeren ated NECs. In addi on, exomic and immunohistochemistry altera ons were noted in RB1 and TP53 in
poorly diﬀeren ated NECs, with no changes noted in these
genes or in protein expression in well-diﬀeren ated NETs.
These ﬁndings were further corroborated in other studies,
and it is now well recognized that altera ons in RB1 and
TP53 are largely restricted to poorly diﬀeren ated NECs.12,17
More recently, whole-genome sequencing was performed
in 102 primary pNETs (18.4% with metastatic disease).18
Four pathways (chroma n remodeling, DNA damage repair,
mTOR, and telomere maintenance) were iden ﬁed as commonly altered. In addi on, previously unreported germline
mutations were identified in DNA repair genes (MUTYH,
CHEK2, and BRCA2), sugges ng a greater than expected germline component for pNET pathogenesis.
Exome sequencing has also been pursued in small intesne NETs. In the largest analysis, 48 small intes ne NETs (70%

PRACTICAL APPLICATIONS
• The World Health Organiza on pathologic classiﬁca on
represents the most important prognos c tool currently
available for NENs.
• Our understanding of the molecular basis of NENs
has improved in recent years through tumor DNA
sequencing, which has iden ﬁed altera ons in
chroma n remodeling and mTOR pathway genes in
well-diﬀeren ated NETs.
• Through level 1 evidence, important recent advances
in systemic treatments for low- and intermediate-grade
NENs include targeted drugs as well as radiolabeled
somatosta n analogs.
• There are few clear predic ve biomarkers to guide
sequencing of systemic treatments for NENs. However,
basic clinicopathologic factors such as func onal status
of tumors, expression of somatosta n receptors on
imaging studies, tumor grade, disease bulk, and pa erns
of metasta c spread can inﬂuence treatment selec on.
• Current clinical trials comparing cytotoxic chemotherapy
and radiolabeled somatosta n analogs to everolimus
in pa ents with progressive NETs will help establish
guidelines for sequencing of systemic therapies.

grade 1, 30% grade 2) were sequenced and 14 muta ons in
splice sites were iden ﬁed; in an integrated analysis, recurrently altered genes implicated in chroma n remodeling,
DNA damage, apoptosis, renin-angiotensin system signaling,
and axon guidance were noted, with altera ons most frequently seen along the mTOR pathway.19
Next-genera on sequencing provides the opportunity to
bring these transla onal eﬀorts into the rou ne prac ce
se ng, allowing clinicians the opportunity to prospec vely
perform molecular tes ng while providing clinical care to
pa ents. Recent clinical next-genera on sequencing eﬀorts
in NETs are ongoing; to date, ﬁndings in well-diﬀeren ated
pNETs have been consistent with prior inves ga on, demonstra ng frequent altera ons in the chroma n remodeling
factors and in the mTOR pathway.20

NET THERAPY: KEY ADVANCES THROUGH
LEVEL 1 EVIDENCE
In the past decade, as our understanding of the NET molecular basis has improved, the NET treatment paradigm has
changed as a result of the comple on of several prospec ve
clinical trials leading to prac ce-changing outcomes.

Somatosta n Analogs
Because the majority of well-diﬀeren ated NETs (approximately 80%) express somatostatin receptor subtype 2
(SSTR-2) on their surface, the therapeu c role of synthe c
somatosta n analogs (SSAs; octreo de and lanreo de) has
been inves gated.21-23 These eﬀorts have demonstrated a
clear role for SSAs in the treatment of symptoms related to
hormone secre on in func onal NETs. Addi onal inves gaon has also demonstrated a role for both octreo de and
lanreotide in tumor cytostatic control. In the phase III
PROMID study of 85 pa ents with midgut NETs, a signiﬁcant
diﬀerence in me to progression was noted during treatment
with 30 mg of octreo de long-ac ng release (LAR) monthly
versus placebo (median, 14.3 vs. 6 months; p < .001).24 The
CLARINET study was subsequently conducted and included a
broader popula on of 204 pa ents with well- or moderately
diﬀeren ated grade 1 or grade 2 (Ki-67 < 10%) enteropancrea c NETs. In the CLARINET study, pa ents were randomly
assigned to receive 120 mg of lanreo de monthly or placebo,
and the study inves gators observed signiﬁcantly prolonged
progression-free survival (PFS) with lanreo de compared with
placebo (median, not reached vs. 18 months; p < .001).7 The
Na onal Comprehensive Cancer Network guidelines recommend either octreo de or lanreo de as ﬁrst-line choices
for symptom and/or tumor control.25,26

Targeted Drugs
Both single and combina on therapies of the mul targeted
receptor tyrosine kinase inhibitor suni nib and the mTOR inhibitor everolimus have been tested in clinical trials of NETs.
In 2011, through the conduct of two phase III clinical trials,
roles for both suni nib and everolimus were demonstrated
in pNETs, with subsequent inves ga on demonstra ng a
role for everolimus in lung and other gastrointes nal NETs.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Based on phase II data demonstra ng an tumor ac vity
for suni nib in pNETs (but not in NETs of other sites of origin),27 Raymond et al5 carried out a phase III trial of 171
pa ents with advanced and progressive well-diﬀeren ated pNETs. In this study, pa ents were randomly assigned
to receive 37.5 mg of suni nib daily or placebo. The study
showed a signiﬁcant PFS beneﬁt with suni nib compared
with placebo (median PFS, 11.4 vs. 5.5 months) and was
terminated early a er inves gators observed more serious
events and deaths in the placebo arm. The ﬁndings from
this study, taken together, led the U.S. Food and Drug Administra on to approve suni nib for treatment of pNETs.5
Phase II studies of everolimus demonstrated promising
data in NETs origina ng within and outside of the pancreas.28,29 With this founda on, the phase III RADIANT-3 study
was conducted, in which a signiﬁcant improvement was
noted in PFS among pa ents with well-diﬀeren ated grade
1/grade 2 progressive pNETs randomly assigned to receive
either 10 mg of everolimus daily or placebo (PFS, 11.0 vs. 4.6
months); based on these ﬁndings, the U.S. Food and Drug
Administra on approved everolimus for the treatment of
pNETs.3 RADIANT-2, a phase III study of treatment with 10
mg of everolimus daily plus 30 mg of octreo de LAR monthly
versus placebo plus 30 mg of octreo de LAR monthly, was
then conducted among 429 pa ents with advanced NETs
who had a history of carcinoid syndrome.30 Based on this
eligibility criterion, the tumor type consisted predominantly
of midgut NETs. Although median PFS was longer with
everolimus compared with placebo (16.4 vs. 11.3 months),
the result fell short of signiﬁcance. Moreover, there was a
nonsigniﬁcant trend toward reduced OS with everolimus in
this study.31 Subsequently, RADIANT-4, a phase III study of
treatment with 10 mg of everolimus daily versus placebo
in advanced nonfunc onal NETs of gastrointes nal or lung
origin, was conducted.4 In RADIANT-4, a signiﬁcant PFS beneﬁt was seen for everolimus versus placebo (median, 11.0
vs. 3.9 months); based on these ﬁndings, the U.S. Food and
Drug Administra on approved everolimus for the treatment
of advanced NETs of lung or gastrointes nal origin.

Cytotoxic Chemotherapy
Cytotoxic chemotherapy is typically used in NECs and in NETs
of higher tumor grade, heavy tumor burden, and/or a more
aggressive clinical course. An ini al role for chemotherapy in
NEN management dates back to the 1960s, with the earliest
inves ga ons of streptozocin-based chemotherapy for progressive and advanced pNETs.32,33 Over the years, a role for
both alkyla ng (streptozocin, temozolomide, and dacarbazine)
and pla num chemotherapy drugs has been demonstrated,
primarily in pNETs; in par cular, studies of alkyla ng therapies
in pNETs, both retrospec ve and prospec ve, have reported
objec ve response rates (ORRs) as high as 45% to 70%.9,10,34-47

NUCLEAR MEDICINE AND PEPTIDE RECEPTOR
RADIONUCLIDE THERAPY IN NETS
Although SSAs remain the cornerstone ﬁrst-line treatment
op on for most pa ents with advanced, unresectable NETs
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based on their excep onally favorable safety proﬁle and
their ability to inhibit tumor progression and palliate hormonal symptoms, most patients eventually experience
disease progression while receiving first-line SSA treatment.7,24,48 Radiolabeled SSAs, a form of pep de receptor
radionuclide therapy (PRRT), have emerged as an eﬀec ve
op on for pa ents with SSTR-expressing tumors. The underlying principle of this treatment is rather simple; by a aching
a radionuclide to an SSA, targeted radia on can be delivered
systemically to tumors.
Radiolabeled SSAs consist of a carrier molecule (the SSA),
a radionuclide isotope, and a chelator that binds and stabilizes the complex. Tetra-azacyclododecane-tetra-ace c acid
(DOTA) and diethylenetriamine penta-ace c acid have been
the most commonly used chelators. Examples of SSAs include either octreo de or octreotate, an analog with slightly
enhanced binding aﬃnity to SSTR-2. The term “DOTATOC”
is used when a DOTA chelator is combined with octreo de,
whereas “DOTATATE” denotes the combination of DOTA
with octreotate. The ﬁrst-genera on radionuclide used in
PRRT was 111In, a gamma-emi ng isotope that also emits
Auger electrons with short par cle range resul ng in a weak
cytotoxic eﬀect.49 Subsequent genera ons of radionuclide
isotopes have included 90Y and 177Lu, both beta-emi ng isotopes. The intermediate-range ssue penetra on of 177Lu
(approximately 2 mm) results in a rela vely favorable therapeu c index.50 Because radiolabeled SSAs target the SSTR,
virtually all studies of this treatment have required evidence
of tumoral SSTR expression on SSTR imaging.
Un l recently, most studies evalua ng radiolabeled SSAs
consisted of prospec ve registries or small single-arm studies and ins tu onal retrospec ve databases. Diﬀerences in
eligibility criteria, response criteria, and treatment doses
render comparisons diﬃcult.51 It is also important to note
that not all studies have required disease progression at
baseline. ORRs to 90Y-DOTATOC have ranged from less than
10% to greater than 30%, and median dura ons of PFS have
varied from 17 to 29 months.50 In one mul center study of
90 pa ents with refractory carcinoid syndrome treated with
three cycles of 90Y-DOTATOC, a stable disease rate of 70%
was observed but the ORR was only 4%, which is likely attributable to the popula on studied (primarily midgut NETs)
and heavy pretreatment.52 A higher response of 23% was
observed in a single-arm phase II study using four cycles of
90
Y-DOTATOC in a more heterogeneous popula on of GEP
and lung NETs.53
Somewhat more promising response rates and PFS dura ons have been observed with 177Lu-based radiolabeled
SSAs.50 Since 2000, more than 1,200 pa ents have been
treated at the Erasmus Medical Center in Ro erdam, the
Netherlands, using a standard protocol of 200 mCi (7.4 GBq)
of 177Lu-DOTATATE intravenously every 8 weeks for four
treatments. Dutch na onals followed a standard, prospecvely deﬁned evalua on program allowing for accurate assessment of outcomes. Eﬃcacy data on 443 Dutch pa ents
with GEP and lung NETs were recently reported, demonstrating an ORR of 39%, median PFS of 29 months, and median
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OS of 63 months.54 An ORR of 31% was observed in midgut
NETs, with a median PFS of 30 months. Pa ents with pNETs
had an ORR of 55%, also with a median PFS of 30 months.
Response rates ranging from 30% to 42% were seen in other
categories of GEP and lung NETs.54 Other studies have yielded
similar results: for example, a phase I to II trial of 51 pa ents
with advanced NETs treated with 177Lu-DOTATATE reported
an ORR of 33%, with a median me to progression of 36
months.55 In addi on to radiographic outcomes, several studies have shown notable enhancement in quality of life with
177
Lu-DOTATATE treatment, along with improvements in hormonal syndrome-associated symptoms.56
Acute and subacute side effects associated with PRRT
include cytopenias, caused by irradia on of the bone marrow. Grade 3 or 4 neutropenia and thrombocytopenia
events occur for approximately 5% of pa ents treated with
177
Lu-DOTATATE, with nadir counts commonly occurring 4 to
6 weeks a er each infusion and resolving within 8 weeks.54
Nephrotoxicity is a side eﬀect that is primarily associated
with 90Y-associated treatments and can be signiﬁcantly ameliorated with infusion of posi vely charged amino acids such
as arginine or lysine.57 Indeed, with use of 177Lu-based PRRT
and amino acid prophylaxis, the risk of long-term severe
treatment-related nephrotoxicity is negligible.
The most serious long-term toxicity associated with PRRT
is irreversible myelotoxicity. Two large studies with a prolonged dura on of follow-up established a rate of myelodysplastic syndrome of approximately 2% and a rate of
acute leukemia of approximately 0.5%.54,57 Advanced age,
presence of bone metastases, and heavy pretreatment have
been reported to increase the risk of secondary myelodysplas c syndrome, although there is some controversy as to
whether prior treatment with alkyla ng agents, such as temozolomide, increases this risk.48,58
The phase III NETTER-1 trial was the ﬁrst prospec ve,
randomized trial of a radiolabeled SSA.6 The study popula on consisted of pa ents with advanced midgut NETs,
represen ng the most common type of well-diﬀeren ated
metasta c NET. Eligible pa ents were required to have had
baseline radiographic progression by RECIST criteria while
receiving standard doses of octreo de over a period of no
more than 3 years. Another key eligibility requirement was
evidence of SSTR expression on all target lesions, at least
as high as normal liver parenchyma (Krenning grade 2 uptake on SSTR scin graphy). The inves ga onal arm received
177
Lu-DOTATATE administered at a ﬁxed dose of 200 mCi
intravenously every 8 weeks for four treatments followed
by standard-dose octreo de. The control arm received 60
mg of high-dose octreo de LAR every 4 weeks, a treatment
that was selected given the absence of any other proven
second-line systemic treatments in this popula on. The primary endpoint was PFS by blinded central radiology review.
At the me of primary endpoint analysis, treatment with
177
Lu-DOTATATE demonstrated a 79% improvement in PFS
(hazard ra o [HR], 0.21; 95% CI, 0.13–0.33; p < .0001). The
median dura on of PFS was 8.4 months for par cipants in
the high-dose octreo de arm and was not reached among

par cipants in the 177Lu-DOTATATE arm. The ORR was 18%
with 177Lu-DOTATATE versus 3% with high-dose octreo de,
a diﬀerence that was also signiﬁcant (p < .0004). Although
more mature follow-up is needed to evaluate OS per the stas cal plan, the interim analysis showed an HR of 0.4 for OS
(p = .004, with p = .000085 as a prespeciﬁed threshold for
signiﬁcance). Rates of grade 3 or 4 neutropenia and thrombocytopenia were 1% and 2%, respec vely. At the me of
primary endpoint analysis, there was no evidence of nephrotoxicity associated with 177Lu-DOTATATE. Rela vely high
rates of grade 1 and grade 2 nausea and vomi ng occurred
in the NETTER-1 study, which were primarily a ributable to
the commercial amino acid formula ons used for renal protec on in the trial and consisted of at least 18 amino acids
(as opposed to the compounded arginine/lysine formulaons commonly used outside of the NETTER-1 study).
Based on the results of the NETTER-1 study as well as single-arm data submi ed to regulatory authori es from the
Erasmus Medical Center database, both the European Medicines Agency and the U.S. Food and Drug Administra on
recently approved 177Lu-DOTATATE for the treatment of advanced GEP-NETs. A standard therapeu c course consists of
four cycles administered approximately 8 weeks apart. Further treatments can be administered if pa ents experience
progression a er a reasonable period of disease response
or stability, typically defined as greater than 12 months.
Repeat treatments o en consist of two cycles each, and
data indicate that salvage PRRT is a reasonable treatment
op on with a median me to progression of approximately
17 months.59 Although the maximal tolerated dose has not
been clearly established, a total cumula ve radia on dose
of approximately 1,600 mCi (eight cycles of 200 mCi each)
has been considered a reasonable lifetime limit at some
ins tu ons.

A ROLE FOR BIOMARKERS IN GUIDING NET
THERAPY
Given many therapeu c advances for NETs in recent years,
there have been mul ple eﬀorts to iden fy predic ve biomarkers for select NET therapies; unfortunately, few predicve biomarkers have been clearly iden ﬁed to date.

Somatosta n Analogs
As previously discussed, SSAs are o en considered as ini al
therapy for func onal symptoms as well as cytosta c control
in advanced NETs; SSAs bind to SSTRs expressed on the surface of NETs. Five known subtypes of the SSTR exist (SSTR1–
SSTR5); however, SSTR subtype expression for an individual
NET is variable. Although the Na onal Comprehensive Cancer Network guidelines do not limit use of octreo de LAR
or lanreo de to those NETs that are SSTR posi ve, it was
demonstrated previously that speciﬁc expression of SSTR2 by immunohistochemistry, but not the other receptor
subtypes, is associated with improved clinical outcomes
(both longer PFS and OS) in metasta c NETs.60,61 It has also
been demonstrated that posi ve SSTR-based imaging, thus
conﬁrming the presence of SSTRs on the NET cell surface,
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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is associated with a more favorable disease course among
pa ents treated with SSAs.62 Thus, it is likely that SSA treatment only beneﬁts pa ents whose tumors harbor the SSTR.

TABLE 1. Clinicopathologic-Related Factors to Be
Considered for Sequencing Neuroendocrine Tumor
Systemic Therapy

Everolimus
A role for the mTOR inhibitor everolimus in the management
of well-diﬀeren ated NETs has been clearly demonstrated
through the RADIANT-3 and RADIANT-4 trials.3,4 With the advances in our understanding of the molecular basis of NETs,
it has been hypothesized that altera ons along the mTOR
pathway may enrich a pa ent popula on for everolimus.
Gene and protein expression in tumor ssue specimens, circula ng blood markers, as well as imaging modali es have
been used to iden fy resistance and/or response biomarkers for everolimus; unfortunately, to date, all studies have
failed to iden fy a NET pa ent cohort more likely to beneﬁt
from this targeted drug.63

Alkyla ng Agent Chemotherapy
Evidence demonstra ng a role for alkyla ng agents in NET
management dates back several decades. It is believed that
alkyla ng agent cytotoxicity occurs through DNA methyla on at O6-guanine sites; O6-methylguanine DNA methyltransferase (MGMT) is an enzyme that maintains genomic
stability, repairing these DNA changes.64,65 In glioblastoma,
MGMT deﬁciency serves as a biomarker for response to alkyla ng agents.66-68 With this founda on, transla onal eﬀorts
to iden fy a predic ve biomarker for alkyla ng agent therapy in NETs have centered on MGMT. Although early eﬀorts
suggested possible u lity of MGMT assays, more recent inves ga ons with a larger number of pa ents failed to show
that MGMT deﬁciency by immunohistochemistry or promoter hypermethyla on could predict response.41,47,64,69-71
With this understanding, the use of alkylating agents for
disease management should not be restricted to MGMTdeﬁcient NETs.

PRRT
SSTR expression on imaging studies appears to predict
response to PRRT. This has been demonstrated in several
studies using both baseline SSTR scintigraphy as well as
68
Ga-based SSTR-PET imaging.72,73

SEQUENCING TREATMENT IN NETS
The treatment strategy for pa ents with advanced NETs
is mul disciplinary and includes systemic therapies, liverdirected treatments (i.e., bland, chemotherapy, and/or radio
emboliza on procedures), and surgical resec on. Although
surgery and liver-directed therapies are important treatment modali es in NETs (par cularly for liver dominant disease), these treatment op ons are outside the scope of this
review, which centers on systemic NET treatments.
For the trea ng clinician, choice of systemic therapy for
NETs depends on several factors (Table 1). Speciﬁcally, as
will be discussed, factors that impact drug choice include
tumor functional status, avidity on SSTR imaging, tumor
pathologic grade, disease bulk, and disease behavior.
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Func oning tumor

Nonfunc oning tumor

SSTR posi ve

SSTR nega ve

Low or intermediate tumor grade

High tumor grade

Liver-only metastases

Liver and extrahepa c metastases

Rate and pa ern of tumor
progression (clinical and/or
radiographic)

Rate and pa ern of tumor
progression (clinical and/or
radiographic)

Abbrevia on: SSTR, somatosta n receptor.

Func oning Tumors
In those NETs that are hormone secre ng (i.e., func onal
NETs), control of symptoms from hormone secre on typically guides choice of ini al therapy. Carcinoid syndrome,
as a result of the release of serotonin and other vasoac ve
factors into the circula on, is the most frequent func onal
syndrome seen in approximately 20% of NETs, ranging from
8% in lung NETs to 32% in small bowel NETs.74 Func onal
pNETs include tumors that secrete hormones such as insulin, gastrin, glucagon, and vasoac ve intes nal pep de. For
pa ents with advanced NETs and carcinoid syndrome, SSAs
are typically ini ated ﬁrst line and can oﬀer control of both
hormonal symptoms and tumor progression. Use of SSAs
has demonstrable ac vity in the control of func onal symptoms from NETs secre ng vasoac ve intes nal pep de as
well as glucagon.75-77 For NETs secre ng insulin and gastrin, a
more limited role for SSAs has been demonstrated, because
transient worsening of hypoglycemia can actually be seen
in insulin-secre ng NETs, and proton pump inhibitors are
typically ini ated in gastrin-secre ng NETs to mi gate the
produc on and release of gastric acid.26,78
For those func onal NETs ini ally treated with an SSA, a er
disease progression, future treatment decisions with regard
to systemic op ons should take into considera on control
of both hormone release as well as other tumor-speciﬁc
features. Op ons for ongoing control of hormone release
in the absence of disease progression include escala on
of long-ac ng SSA dose, introduc on of short-ac ng SSAs,
and tumor debulking (surgical and liver-directed therapies).
For pa ents with refractory diarrhea related to carcinoid
syndrome, the novel oral serotonin inhibitor telotristat
(combined with an SSA) has been demonstrated to reduce
the number of daily bowel movements compared with
placebo.79

Nonfunc oning Tumors
For advanced, nonfunc onal well-diﬀeren ated NETs, SSAs
are typically ini ated ﬁrst line in SSTR-posi ve tumors,
based on the results of the PROMID and CLARINET trials.7,24
However, it is important to recognize that almost all NETs
included in PROMID and approximately two-thirds of NETs
included in CLARINET were grade 1 with Ki-67 of less than
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3%. The ac vity of SSAs in clinically aggressive tumors has
not been well studied.
No prospec ve data are availableto guide sequencing of
therapies a er progression on ﬁrst-line SSA treatment. For
midgut NETs, available systemic treatment op ons include
everolimus or PRRT. The NETTER-1 study of PRRT included
only pa ents with advanced midgut NETs who experienced
progression during ﬁrst-line SSA therapy.6 In RADIANT-4,
more than one-half of the pa ents included in both the
everolimus and placebo arms had previously received therapy with an SSA; importantly, a beneﬁt with everolimus
was seen for all pa ents, with the excep on of the midgut
NET subgroup analysis.4 Importantly, based on this subset
analysis from RADIANT-4, as well as the prior ﬁndings from
RADIANT-2, there is clear evidence that everolimus is relavely inac ve in the typical, slow-growing midgut NET; thus,
in this se ng, if the disease is avid on SSTR imaging, PRRT
would be a reasonable systemic therapy to consider prior to
everolimus.
For those well-diﬀeren ated pNETs documented to be
avid on SSTR imaging, SSAs again are typically ini ated ﬁrst
line. Compared with NETs of other sites of origin, a greater
number of systemic treatments are available for pNETs a er
progression on SSAs and include everolimus, suni nib, cytotoxic chemotherapy, and PRRT. To date, no trial has specifically inves gated sequencing of these systemic therapies.
In the two regulatory phase III trials of everolimus and suninib in pNETs, many pa ents had previously received SSAs
and/or chemotherapy, and no prospec ve inves ga on has
been completed to date comparing chemotherapy with
placebo, everolimus, or suni nib in pNETs.3,5 Importantly,
despite a lack of prospec ve randomized studies with chemotherapy, ac vity in pNETs (compared with NETs of other

sites of origin) appears to be high, and chemotherapy should
be strongly considered for pa ents with pNETs that are clinically aggressive, of high pathologic grade, and/or of high
tumor burden; chemotherapy op ons include combina on
regimens incorpora ng either pla num or alkyla ng drugs,
as discussed previously.

Ongoing Studies and Future Direc ons of NET
Clinical Research
To date, although important strides have been made with
rigorous investigation of novel systemic treatments in
NETs, there remains a lack of prospective data on how to
sequence these therapies. It is well recognized that future
research efforts should include studies that compare the
different active drugs and address the topic of sequencing, to clarify treatment paradigms for our patients. Currently, there are two ongoing multicenter clinical trials
poised to address these issues for the NET patient population. SEQTOR (NCT02246127) is a prospective, randomized, open-label study to evaluate the efficacy and
safety of chemotherapy (fluorouracil and streptozotocin)
followed by everolimus versus everolimus followed by ﬂuorouracil and streptozotocin in advanced and progressive
pNETs. COMPETE (NCT03049189) is a prospec ve, randomized, open-label study to evaluate the eﬃcacy and safety
of PRRT (177Lu-DOTATOC) versus everolimus in advanced
and progressive SSTR-posi ve GEP-NETs. These clinical trials represent our ﬁrst eﬀorts to gain a be er understanding of sequen al therapy in NETs. As we look to the future,
con nued and ongoing clinical inves ga on, similar to these
two prospective studies, will help elucidate how to sequence the growing number of available systemic therapies
for NETs.
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What Makes a Pancrea c Cancer Resectable?
Douglas B. Evans, MD
OVERVIEW
The majority of pa ents with localized pancrea c cancer who undergo surgery with or without adjuvant therapy will develop
metasta c disease, sugges ng that surgery alone is not suﬃcient for cure and micrometastases are present at the me of
diagnosis even when not clinically apparent. As such, the ﬁeld is rapidly moving to consensus on treatment sequencing,
which emphasizes the early delivery of systemic therapy and the applica on of surgery to the popula on of pa ents most
likely to receive clinical beneﬁt from such large opera ons—namely, those with stable or responding disease following
systemic therapy and o en chemoradia on. There remains incomplete consensus about the deﬁni on of what is operable
(both tumor anatomy and pa ent age/comorbidi es) and whether the opera on should be performed in a high-volume
center by more experienced surgeons. In this ar cle, we try to provide a comprehensive descrip on of when surgery should
be performed and what cons tutes an operable tumor. Such informa on is cri cally important for the op mal delivery of
stage-speciﬁc therapy and to allow physicians to provide accurate expecta ons to all pa ents for treatment outcome. The
complex issues of where and by whom such large opera ons should be performed is beyond the scope of this review.

A

dvanced imaging technology has improved preopera ve clinical staging so that “exploratory surgery” to
determine resectability for known or suspected pancrea c
or periampullary cancer is not necessary and should not be
performed in 2018.1 Preopera ve evalua on should include
a detailed history and physical examina on (including funconal status), chest imaging, laboratory studies including tumor markers (CA19-9 and carcinoembryonic an gen [CEA]
at present; an expanded list of biomarkers will be available
soon), contrast-enhanced pancreas-protocol CT of the abdomen, and evalua on of comorbid condi ons as indicated.
CT allows for assessment of the tumor’s rela onship to the
superior mesenteric artery (SMA), the superior mesenteric
vein (SMV) and SMV–portal vein conﬂuence (SMV-PV), the
celiac artery, and the hepa c artery. CT also deﬁnes any
arterial or venous aberra ons (e.g., replaced le or right
hepa c artery, inferior mesenteric vein draining directly
into the SMV, jejunal branch of the SMV draining anterior
to the SMA) and highlights poten al lymph node or extrapancrea c metastases. Clinicians can then accurately stage
the pa ent on the basis of CT imaging: (1) resectable, (2)
borderline resectable, (3) locally advanced (now to include
type A and type B), and (4) metasta c (Table 1).2,3 These categories are necessary to allow for op mal mul disciplinary
treatment sequencing both on and oﬀ of a clinical trial, as
this ar cle discusses.
There is an evolving recogni on that pancrea c cancer
is a systemic disease at the me of diagnosis, even among
pa ents with apparent localized disease.4 As a result, and

supported by recent data demonstra ng improved overall
survival for pa ents who are treated with mul modality
therapy as compared with surgery alone, greater a en on
has been focused on the op mal treatment sequencing of
chemotherapy, chemoradia on, and surgery for pa ents
with localized pancrea c cancer. Inherent in the decision to
deliver all three modali es (or even just chemotherapy and
surgery) to a pa ent with localized pancrea c cancer is the
accurate iden ﬁca on of those who have poten ally operable disease at the me of diagnosis. The beneﬁt of an objec vely deﬁned staging system for pa ents and physicians
is obvious: the goals of therapy (to include surgery) can be
speciﬁcally deﬁned at the me of diagnosis. The goal of
pa ents (and their trea ng physicians) who receive neoadjuvant treatment sequencing is eventual surgery, with the
understanding of the rather modest beneﬁt that surgery
may have on disease-free survival in some pa ents.
As experience with preopera ve staging evolved, it soon
became clear that a gray zone existed between the deﬁnions of resectable and locally advanced pancrea c cancer.
Borderline resectable disease was used to deﬁne pa ents
with arterial abutment and short SMV-PV occlusion who, in
the past, would have been considered to have locally advanced disease.5 However, a er neoadjuvant therapy, such
pa ents with responding disease (clinical beneﬁt, improved
imaging, and a decline in tumor marker proﬁle) were being
considered for surgery—hence the development of the borderline classiﬁca on. Pa ents with borderline resectable
pancrea c cancer are diﬀerent from those with resectable
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TABLE 1. Classiﬁca on of Locally Advanced Pancrea c Adenocarcinoma Into Type A and B and Comparison
With Deﬁni ons Used for Resectable and Borderline Resectable Disease
Vascular Structures
That Determine Stage
of Disease for Localized
Pancrea c Cancer

Locally Advanced
Resectable

Borderline Resectable

Type A

Type B

SMA (usually pertains
to tumor of head or
uncinate process)

No radiographic evidence of
abutment or encasement

≤ 180° (abutment)

> 180° (encasement) but ≤
270°

> 270° encasement

Celiac artery (usually
pertains to tumor of
pancrea c body)

No radiographic evidence of
abutment or encasement

≤ 180° (abutment)

> 180° (encasement) but does
not extend to aorta and
amenable to celiac resec on
(with or without reconstrucon)

> 180° and abutment/ encasement of aorta

Hepa c artery (usually
pertains to tumor of
pancrea c neck/head)

No radiographic evidence of
abutment or encasement

Short-segment abutment/encasement
without extension to
celiac artery or hepatic artery bifurca on

> 180° encasement with
extension to celiac artery
and amenable to vascular
reconstruc on

> 180° encasement with extension beyond bifurca on
of proper hepa c artery
into right and le hepa c
arteries

SMV-PV

≤ 50% narrowing of SMV, PV,
SMV-PV

> 50% narrowing of
SMV, PV, SMV-PV
with distal and
proximal target for
reconstruc on

Occlusion without obvious
op on for reconstruc on

Tradi onally considered
for resec on a er
neoadjuvant therapy

Yes

Yes

No

Tumor-artery anatomy

Tumor-vein anatomy

No

Abbrevia ons: PV, portal vein; SMA, superior mesenteric artery; SMV, superior mesenteric vein; SMV-PV, superior mesenteric-portal vein.
Modiﬁed from Evans DB, George B, Tsai S. Nonmetasta c pancrea c cancer: resectable, borderline resectable, and locally advanced-deﬁni ons of increasing importance for the op mal delivery of mul modality therapy. Ann Surg Oncol. 2015:22:3409-3413.

disease in that they (1) are at the highest possible risk for a
posi ve margin of resec on because of tumor-artery abutment; (2) require a more complex opera on, usually involving vascular resec on and reconstruc on; and (3) may be
at higher risk for harboring radiographically occult distant
metasta c disease. For these reasons, a longer period of
induc on therapy, o en including chemotherapy followed

PRACTICAL APPLICATIONS
• The clinical stage of disease can be determined by accurate pretreatment CT imaging.
• The poten al for an individual pa ent to complete all
intended neoadjuvant therapy and surgery can be determined by the pretreatment stage of disease.
• Operability is objec vely deﬁned in this ar cle,
but such objec vity is based on the experience of
high-volume surgical oncologists who rou nely perform vascular resec on and reconstruc on at the
me of pancreatectomy.
• Such large opera ons are performed only in carefully
selected pa ents who have responded to induc on
therapy.
• Surgery is perhaps necessary but is rarely suﬃcient
for the achievement of a disease-free survival of
more than 2 years.

by chemoradia on, has been applied to this pa ent popula on. The chemoradia on por on of induc on therapy is
thought to be par cularly important for pa ents with arterial abutment in the hope of sterilizing at least the periphery
of the tumor and thereby preven ng a posi ve margin of
resec on.
Our program, as well as na onal consensus guidelines,
has espoused the use of objec vely deﬁned criteria for
pretreatment (and preopera ve/postneoadjuvant) staging
(Table 1). An objec ve CT-based system for radiographic
staging allows one to accurately iden fy the popula on of
pa ents being treated, provides a system that may be reproducible at other ins tu ons (necessary for the conduct
of clinical trials), and allows one to deﬁne the poten al for
comple on of all intended therapy to include surgery. In
our published experience, the likelihood of successful surgery a er induc on therapy for pa ents with resectable,
borderline resectable, locally advanced type A, and locally
advanced type B disease are approximately 90%, 75%, 60%,
and 25%, respec vely (Table 2).6-9
To add clarity to the goals of treatment of pa ents with
locally advanced pancrea c cancer, we recently described
a system for categorizing this stage of disease: locally advanced type A, where surgery may be possible a er systemic
therapy and chemoradia on, and locally advanced type B,
where surgery would likely never be possible.2 Our categories were based on a few guiding principles inﬂuenced by
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 2. Likelihood of Comple ng All Intended
Neoadjuvant Therapy According to Disease Stage at
Diagnosis

op on for possible cure or long-term survival. It, therefore,
is cri cally important that surgery be applied to carefully
selected pa ents by using objec ve criteria and not because
other therapies have been exhausted and the physician
team is unsure of what to do next. Our stage-speciﬁc approach to the pa ent with localized pancrea c cancer can
be summarized as follows.

Disease Stage at Diagnosis

Likelihood of Comple ng All
Intended Neoadjuvant Therapy
(%)*

Resectable

90

Borderline resectable

75

Resectable Primary Tumor

Locally advanced type A

60

Locally advanced type B

25**

We prefer neoadjuvant therapy as part of a clinical trial.
Outside of a clinical trial, we are evolving to a “surgery last”
or “total neoadjuvant approach” because the disease that
recurs a er successful surgery and is responsible for the
death of the pa ent is usually the micrometasta c disease
that exists in the liver, peritoneum, or lungs of most pa ents
at the me of diagnosis. This fundamental reality, combined
with the inability to reliably deliver adjuvant therapy a er a
large opera on, is changing the paradigm of treatment sequencing to emphasize early systemic therapy regardless of
the stage of disease.10 Outside of a clinical trial, for pa ents
with resectable pancrea c cancer, we would begin systemic
therapy (FOLFIRINOX or gemcitabine-nab-paclitaxel with or
without cispla n) and restage in 2 months. In the absence
of disease response (change in tumor size on CT or a decline
in CA19-9/CEA ), we would then transi on to chemoradiaon. If there was a robust decline in CA19-9, an addi onal
2 months of systemic therapy before chemoradia on would
be reasonable. For pa ents with an obstructed bile duct, we
rou nely use metal stents, which are placed before neoadjuvant therapy begins. The occasional pa ent who develops
stent-associated acute cholecys s is treated with a percutaneous cholecystostomy tube (not an opera on), which
can be removed at the me of pancreatectomy a er all intended neoadjuvant therapy is completed.11 We con nue
to include chemoradia on in the mul modality treatment
program for pa ents with operable pancrea c cancer.
It is important to note that most local recurrences develop
within millimeters of the SMA and celiac artery because
these vessels are immediately adjacent to a surgeon-created
margin and pancrea c cancers frequently extend along the
perivascular neural ssues. Although me culous surgical
technique may allow for the dissec on of tumor away from
the adven a of the artery, more than 40% of pa ents will
have residual tumor cells at the resec on margin, which often remain undetected. Such pa ents will manifest a clinically signiﬁcant local recurrence only if they escape systemic
recurrence; in other words, local recurrence can occur only
in living pa ents.
As the length of life increases as a result of more eﬀecve systemic therapy (and the reliable delivery of such therapy in a neoadjuvant fashion combined with safe surgery),
more pa ents will be at risk for a perineural recurrence in
the absence of radia on therapy to the primary tumor and
associated perineural ssue and lymph nodes. At our ins tu on, when neoadjuvant chemoradia on is delivered, the
en re pancrea c head, body, or tail (depending on the site
of the primary tumor) is targeted, rather than just the visible

*To include successful surgery.
**Based on small numbers; a larger experience may prove this number to be overly op mis c.

our experience. For example, one can o en develop the
plane of dissec on between the adven a of the artery and
the surrounding autonomic perineural sheath (which may
be inﬁltrated/inseparable from the tumor) and thereby separate the artery from the tumor. Such a dissec on is usually
ini ated only if one does not need to cut through tumor to
access the peri-adven al plane of dissec on. Therefore,
360° encasement of the SMA would require segmental resec on; we are not ready to advocate for this extent of an
opera on for pancrea c adenocarcinoma, and therefore,
complete encasement of the SMA is considered locally
advanced type B. In contrast, celiac artery resec on and
reconstruc on can be performed safely with increasing
experience at high-volume centers and does not de-innervate
the midgut. Therefore, complete encasement of the celiac
artery is considered locally advanced type A. Our threshold
for considering surgery a er induc on therapy is evolving,
and our current thoughts on how to objec vely classify the
pa ent with locally advanced disease into categories A and
B are described in Table 1.

STAGE SPECIFIC THERAPY: EVERY PATIENT
NEEDS A DEFINED TREATMENT PLAN
In light of the improved response rates seen with current
systemic therapies (e.g., FOLFIRINOX [leucovorin, ﬂuorouracil, irinotecan, and oxalipla n], gemcitabine-nab-paclitaxel),
pa ents who were previously thought to have nonsurgical
disease are being reconsidered for surgery. Such pa ents
have o en received a lengthy course (4–6 months) of systemic therapy, frequently followed by chemoradia on, and
are then found to have a good performance status with a
low or normalized serum level of CA19-9. Essen ally, these
pa ents are “s ll standing,” and o en the physician team
does not know what to do with them. Such pa ents have
clearly responded to therapy, and op ons may therefore include a treatment break (rarely preferred by the asymptoma c
pa ent with a normalized CA19-9), maintenance chemotherapy (however deﬁned), or considera on of surgery.
Surgery is o en considered because there are few other
a rac ve op ons, complete histologic responses are rare
with systemic therapy and chemoradia on, and surgical resec on of the primary tumor is thought to oﬀer the only
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gross tumor volume, along with the celiac artery, SMA,
and SMV. This targets the perineural spread of the tumor
as well as microscopic lymph nodes adjacent to the large
vessels that arise from the aorta. Lesions that are near the
PV, SMV-PV, inferior vena cava or aorta, or the celiac artery/
common hepa c artery are also selec vely targeted. Rather
than comprehensively trea ng all regional at-risk nodal distribu ons, we target only suspicious regional lymph nodes.
Pa ents are typically restaged with high-quality CT during
week 4 a er the comple on of chemoradia on (the ﬁnal part
of the neoadjuvant program) and have surgery in week 5.
We require pa ents to be free of treatment-associated toxicity (fa gue, anorexia) for a minimum of 2 weeks before
opera on.

Borderline Resectable Primary Tumor
Again, we prefer neoadjuvant therapy as part of a clinical trial.
Outside of a clinical trial, neoadjuvant therapy is widely accepted for this stage of pancrea c cancer.12 By deﬁni on,
pa ents with borderline resectable disease have operable
tumors, but ones that require a more complex opera on,
and such pa ents are at higher risk for a posi ve margin of
resec on. As seen with resectable disease, we are evolving to a “surgery last” or “total neoadjuvant" approach because it is even more diﬃcult to deliver adjuvant therapy
to patients who have received neoadjuvant therapy and
surgery (compared with surgery alone).10 Although current
clinical trials are using a sandwich approach—neoadjuvant
chemotherapy/surgery/adjuvant therapy—the studies to
date suggest that many pa ents treated this way will not receive intended adjuvant therapy (for example, the ACOSOG
trial presented at the ASCO Annual Mee ng). Importantly,
pa ents with borderline resectable disease have operable
tumors, and therefore, a window of operability can be lost
in the event of local disease progression. This is unlikely to
occur a er 2 months of systemic therapy but can occur a er
4 or more months. Therefore, if restaging studies performed
a er 2 months of systemic therapy suggest the lack of response (or even subtle local disease progression), we would
transi on to chemoradia on.
The alterna ve would be to change to second-line systemic
therapy, which we feel would be a mistake with this stage
of disease. We have seen many pa ents who, at diagnosis,
had borderline resectable disease and, a er a lengthy course
of systemic therapy (≥ 4 months), were found to have inoperable local disease. This may have been preventable with a
more rapid transi on to chemoradia on a er 2 months of
ﬁrst-line systemic therapy and no obvious response (based
on CT and serum biomarkers). For pa ents who do respond
to 2 months of systemic therapy, we would con nue with
another 2 months, followed by restaging and then chemoradia on before ﬁnal restaging and surgery.
Because pancrea c cancer is diagnosed in many pa ents
of advanced age who may have signiﬁcant medical comorbidi es, there is always the concern that some pa ents
may simply not be able to tolerate mul ple treatments
in series, especially to include surgery. For pa ents who

“declare” themselves inadequate candidates for opera on
a er the stress test of induc on therapy has failed, neoadjuvant treatment sequencing was to their advantage. These
pa ents were the ones at highest possible risk for surgical
complica ons and the inability to recover from surgery (if
done ﬁrst). Even if they recovered their performance status
a er surgery, they would have been unlikely to receive adjuvant therapy.

Locally Advanced Primary Tumor
Again, a clinical trial is preferred. Outside of a clinical trial,
neoadjuvant therapy is also widely accepted for this stage of
pancrea c cancer, which was historically felt to be inoperable. The recently described categories of locally advanced
disease A and B do allow the segrega on of this pa ent
popula on into those who are more, and less, likely to have
their primary tumors surgically excised a er induc on therapy.3 Pa ents determined to have locally advanced type A
disease are best treated in a manner similar to that used in
pa ents with borderline resectable disease: In the absence
of a response to 2 months of systemic therapy, we would
transi on to chemoradia on. In contrast, for pa ents with
locally advanced type B tumors, we would usually change
systemic therapy if a lack of response was determined (lack
of clinical beneﬁt, no change in CT or progression, and/or
a lack of a signiﬁcant [> 30%] biomarker decline). Because
only 25% (or less) of pa ents with locally advanced type B
tumors experience a response to induc on therapy, which
allows for considera on of surgery, a window of operability is not really at risk. For pa ents with locally advanced
disease who show evidence of a response to systemic therapy (restaging at 2-month intervals), we would con nue
systemic therapy for 4 to 6 months and then make a ﬁnal
decision regarding operability. For pa ents who we feel can
have their tumors surgically removed, we would complete
neoadjuvant therapy with chemoradia on delivered with
preopera ve intent. For pa ents who are deemed unresectable, considera on should be given to deﬁni ve chemoradia on (dose escala on; dose and frac ona on schedule
are currently an area of intense debate and inves ga on).
We and others have clinical trial opportuni es for pa ents
with inoperable locally advanced disease who have stable/
responding disease a er a minimum of 4 months of systemic
therapy.
For pa ents who do undergo surgery, vascular resec on
and reconstruc on add signiﬁcantly to the complexity of
pancreatectomy.13-15 For venous resec on/reconstruc on,
we require a suitable proximal (PV) and distal (SMV) target
for reconstruc on, and we use systemic hepariniza on with
arterial inﬂow occlusion on the SMA. Following venous reconstruc on, it is cri cally important that the SMV-PV conﬂuence be as close to normal as possible with regard to size,
shape, and contour. Whether one performs a tangen al repair with saphenous vein or an interposi on gra with internal jugular vein, either can look perfect or unacceptable and
either can stay patent for the life of the pa ent or eventually
occlude (resul ng in extrahepa c portal hypertension and
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ascites). The surgeon should not leave the opera ng room
unless the reconstructed venous segment looks perfect
because narrowing of the SMV-PV will be a problem in the
postopera ve period.
Pancrea c cancer involving the celiac artery o en requires
an Appleby procedure consis ng of a distal pancreatectomy,
en-bloc splenectomy, and resection of the celiac artery.
However, in pa ents treated with neoadjuvant therapy,
especially when it included chemoradia on, a plane of dissec on can some mes be developed between the advena of the artery and the associated nerve sheath. If the
tumor/nerve sheath can be separated from the adven a
of the artery, then the common hepa c artery, le gastric
artery, and celiac artery are preserved, allowing the operaon to be limited to resec on of the distal pancreas, spleen,
involved perineurium, and lymph nodes. If the celiac artery
is resected, we prefer rou ne reconstruc on of the artery
(“supercharged” Appleby) with a reversed saphenous vein
gra from the proximal celiac artery to the common hepa c
artery.15 This maneuver restores forward ﬂow to the stomach (and liver), which may be especially important when the
le gastric artery is also resected.
Pancrea c cancer that encases the SMV-PV conﬂuence in
the se ng of SMA and/or celiac artery abutment/encasement
represents a much more complex operative challenge
(compared with just isolated celiac artery encasement) and
requires a greater level of surgical experience. A temporary
mesocaval shunt using a le internal jugular vein interposi on gra widely opens the root of the small bowel mesentery to facilitate careful microdissec on of the SMA and
celiac artery, structures that are frequently within 1 or 2 cm
of one another and o en very hard to visualize and dissect
with the SMV-PV conﬂuence intact.
By degree of diﬃculty, tumors involving the pancrea c
body/celiac artery are the most technically straigh orward
to resect and reconstruct. Those involving the pancrea c
head/uncinate that require skeletonizing the root of the
mesentery (SMA) as well as resec on/reconstruc on of the
SMV are the next most challenging. Finally, tumors of
the neck of the pancreas that encase both the SMV-PV and
the common hepa c artery are the most technically diﬃcult. Importantly, the degree of diﬃculty in performing
pancrea c resec on for cancer is o en inversely related to
tumor size; the tumors of the pancrea c neck may be the
smallest, but the nuances of their surgical removal are the
most complex and the most diﬃcult.
Finally, in some centers, the use of irreversible electropora on (IRE) has been applied to pa ents with borderline resectable and locally advanced pancrea c cancer at the me
of surgery. IRE is a nonthermal abla ve technique that can
be performed at the me of surgery or via a percutaneous
approach. Morbidity related to IRE can be substan al, and
there has been substan al discrepancy in the outcomes reported with IRE. Of note, IRE is being applied to two pa ent
popula ons: those deemed unresectable, who undergo surgery just for IRE to be performed, and those whose preopera ve stage is unclear, allowing the surgeon to use IRE as
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a plan B if the tumor is not removed or is removed with a
grossly posi ve margin. This approach to the treatment of
pancrea c cancer deﬁes the oncologic principle of accurate
preopera ve staging, encourages the inappropriate use of
surgery, and imparts the morbidity of a laparotomy on paents with unresectable disease who could achieve equal/
superior local disease control with radia on therapy (and
no opera on).
Recognizing the wealth of data that support the associa on of higher pa ent volume with improved outcome,
par cularly with regard to pancrea c cancer surgery when
vascular resec on and reconstruc on are required, it is
inescapable that surgical exper se combined with mul disciplinary care is essen al to achieve op mal oncologic
outcomes.16 Resectability can be accurately deﬁned on preopera ve imaging, and complex vascular resec on, if necessary, should be performed by surgeons experienced with
venous and arterial reconstruc on. Such pa ents should
not receive IRE or any other emerging noncura ve local interven on simply because the exper se does not exist to
perform the required opera on. We appreciate the complexity of opera onalizing this recommenda on at a me of
increased physician employment and pressure from hospital systems to retain downstream revenue.

CONCLUSIONS
Surgery ﬁrst for operable pancrea c cancer has resulted in
no signiﬁcant change in survival over the past 3 decades.
This has been due to the inappropriate early applica on
of a local therapy (surgery) to a systemic disease in most
pa ents. In contrast to a surgery-ﬁrst strategy, neoadjuvant
treatment sequencing will ensure the receipt of systemic
therapy by all pa ents and accurately segregate the pa ent
popula on into those who will and will not beneﬁt from
surgery. With growing acceptance, neoadjuvant therapy
will be the backbone for most future studies of mul modality therapy in localized pancrea c cancer. Such trials will
increasingly incorporate novel inves ga onal drug therapies and evolving techniques and frac ona on schemes
for the delivery of radia on therapy. Sensi ve and speciﬁc
diagnos c biomarkers will add to the more widespread incorpora on of precise cross-sec onal imaging studies, resul ng in both improved disease staging and assessment of
treatment response. Progress will likely con nue to be measured in small advances, and our contemporary challenge
will be to avail exci ng clinical trials as well as state-of-theart, oﬀ-trial therapy to all eligible pa ents. This will require
physicians to work collabora vely across health systems at
a me when hospital systems receive a signiﬁcant contribu on margin for the care of each pa ent with pancrea c
cancer and “leakage” from one system to another is o en
ac vely discouraged, even for the minority of pa ents who
may beneﬁt from a complex surgical procedure. As physicians have become increasingly employed by mul specialty
prac ce groups or hospital systems, keeping the pa ent ﬁrst
may pose a challenge beyond that of the low-density tumor
on the CT scan.
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MULTIDISCIPLINARY MANAGEMENT OF MUSCLE-INVASIVE BLADDER CANCER

Mul disciplinary Management of Muscle-Invasive Bladder
Cancer: Current Challenges and Future Direc ons
Jeanny B. Aragon-Ching, MD, FACP, Ryan P. Werntz, MD, Anthony L. Zietman, MD, and
Gary D. Steinberg, MD
OVERVIEW
The treatment of muscle-invasive bladder cancer (MIBC) is complex and requires a mul disciplinary collabora on among
surgery, radia on, and medical oncology. Although neoadjuvant chemotherapy (NAC) followed by radical cystectomy (RC)
and lymph node dissec on has been considered the standard treatment for MIBC, many pa ents are unﬁt for surgery or
cispla n-ineligible, and considera ons for bladder-preserva on strategies not only are increasingly recognized as op mal
treatment alterna ves, but also should feature in the range of management op ons presented to pa ents at the me of
diagnosis. Apart from chemotherapy, immunotherapy has also been used with success in locally advanced and metasta c
bladder cancer and is moving into the MIBC space. Prospec ve studies addressing trends in management that span systemic,
surgical, and radia on op ons for pa ents are discussed in this ar cle.

B

ladder cancer occurred in an es mated 79,030 pa ents
in the United States in 2017 alone, with 60,490 cases occurring in men and 18,540 in women.1 The same trends were
seen in Europe, with incidence rates of 19.1 per 100,000 in
men and 4 per 100,000 for women.2 Although a majority
are diagnosed with superﬁcial bladder cancers,3 up to 25%
present with muscle-invasive disease, for whom the risk
for progression or metastasis is substan al. Prognosis and
recurrences vary by stage of disease as well as other prognos c features, including lymph node involvement, lymphovascular invasion, tumor stage, presence of variant histology,
and molecular subtyping.4-6 Although RC has historically
been the cornerstone of treatment for MIBC, optimizing
outcomes with NAC and alternative options for bladder
preserva on strategies have also emerged as treatment
op ons. In this review, we discuss the mul disciplinary management of MIBC by highligh ng periopera ve systemic therapy, surgical management issues, and bladder-preserva on
techniques and principles for MIBC.

SYSTEMIC THERAPY FOR MIBC
Role of Chemotherapy in Locally Advanced
Urothelial Cancer
Chemotherapy has an established role in the treatment of
MIBC, either in the periopera ve se ng or concurrently
as radiosensi zing agents with radia on. The use of neoadjuvant cispla n-based chemotherapy was largely deﬁned
by several prospec ve trials that elucidated the beneﬁt of

mul agent cispla n-based chemotherapy prior to deﬁni ve
RC.7 One large prospec ve trial by the intergroup Southwest Oncology Group (SWOG) 8710 enrolled 317 pa ents
and used NAC with methotrexate, vinblas ne, adriamycin,
and cispla n (MVAC) followed by RC with regional lymphadenectomy (153 pa ents) compared with those who underwent surgery alone (154 pa ents).8 The combina on
arm was found to be associated with improved overall survival (46 months, as compared with 77 months in those who
received NAC with surgery; p = .06) as well as be er pathologic T0 rates in those who received NAC (38% in the NAC
arm versus 15% who underwent surgery alone, p < .001).
Pa ents who achieved a pT0 response also had a signiﬁcantly higher 5-year disease-free survival at 85% compared
with those with residual muscle-invasive or higher-stage
disease, deﬁning pathologic response at cystectomy as a
surrogate for eﬃcacy of NAC use. The ability to maintain
dose intensity and tolerability is supported by the use of
growth factors in the dose-dense or accelerated MVAC setng.9-11 The results of these smaller phase II trials are similar
to the SWOG 8710 trial, where a complete response rate
(pT0 at cystectomy) was seen in 15 out of 40 pa ents (38%;
95% CI, 23%–53%) in the accelerated MVAC se ng,10 and
49% (80% CI, 38%–61%) achieved pathologic response of
pT1N0M0 or lower in the dose-dense phases II se ng.11 A
larger phase III randomized trial that enrolled 976 pa ents
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trial evaluated the eﬀects of NAC using cispla n, methotrexate, and vinblas ne followed by RC with lymphadenectomy
or radiotherapy.12 This trial demonstrated, only upon longer
follow-up a er a median of 8 years, a 16% reduc on in the
risk of death (hazard ratio [HR], 0.84; 95% CI 0.72–0.99;
p = .037), transla ng to a 6% increase in 10-year survival
from 30% to 36% a er cispla n, methotrexate, and vinblastine. In contrast, usual practice often dictates use of the
doublet regimen gemcitabine and cispla n (GC) given the
similar eﬃcacy but improved tolerability of GC compared
with MVAC in the metasta c se ng,13 with a median survival
of 14 months for GC and 15.2 months for MVAC, but with
lesser toxic deaths (1% for GC and 3% for MVAC). Frequent
extrapola on in the neoadjuvant se ng is seen, in which
GC is used in most centers, and the pathologic complete response rates are similar (pathologic complete response for
GC was 23.9% vs. 24.5% for MVAC; p = .2).14 However, true
equivalence of the two regimens is unknown but supported
by several retrospec ve analyses.15-18 One prospec ve trial
led by SWOG S1314, called Co-expression Extrapola on Program to Predict Chemotherapy Response in Pa ents With
Bladder Cancer, started enrolling pa ents with the goal of
randomizing to either GC or dose-dense MVAC with the primary outcome of examining the rela onship of dose-dense
MVAC- and GC-speciﬁc Co-expression Extrapola on scores
to pathologic response at cystectomy, though not speciﬁcally comparing one regimen to the other (NCT02177695).
Regardless of the regimen used, the ability to achieve a
complete pT0 response, which NAC would ideally strive for,
serves as a surrogate for survival in several studies.19,20
Adjuvant chemotherapy has been studied in mul ple series, but it has been wrought with problems, including being
underpowered in most series. More recent data21 as well
as retrospec ve analyses have shown beneﬁt in terms of
overall and disease-free survival,22 with support for perioperative systemic therapy regardless of the sequence.23
However, one of the biggest adjuvant chemotherapy trials
(the European Organisa on for Research and Treatment of
Cancer 30994 trial) enrolled only 284 of the planned 660
patients,24 highlighting the difficulty in accruing to these
adjuvant trials. Although up-front or immediate adjuvant
chemotherapy showed no improvement in overall survival

PRACTICAL APPLICATIONS
• Neoadjuvant cispla n-based chemotherapy remains the
standard systemic therapy for cispla n-eligible pa ents
undergoing RC and lymphadenectomy.
• Maximal TURBT followed by chemoradia on is an
alterna ve op on for pa ents who refuse cystectomy or
otherwise choose bladder-preserva on techniques.
• Increasing knowledge regarding biomarkers of response
to chemotherapy, radia on, or cystectomy may pave the
way for selec ng pa ents for diﬀerent modali es.
• Mul disciplinary collabora on between surgery,
radia on oncology, and medical oncology brings about
the best outcomes for MIBC.
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compared with deferred adjuvant treatment (adjusted HR
0.78; p = .13), there was prolonga on of progression-free
survival with immediate compared with deferred chemotherapy (HR 0.54; p < .0001), with 5-year progression-free
survival of 47.6% in the up-front adjuvant chemotherapy
group and 31.8% in the deferred treatment group. The chemotherapy agents used were four cycles of GC, high-dose
MVAC, or MVAC or six cycles of deferred chemotherapy
only upon relapse. These data form the ra onale of oﬀering
adjuvant chemotherapy in pa ents with locally advanced
T3 to T4 and/or node-posi ve bladder cancer who have not
received prior cispla n-based NAC.25

Challenges of Periopera ve Systemic Therapy for
Locally Advanced Bladder Cancer
Although chemotherapy has been considered the mainstay
of periopera ve systemic therapy, it is well recognized that
not everyone will be eligible for cispla n-based chemotherapy. In addi on, slow adop on of NAC has been observed
despite guideline recommendations advocating its use,26
although increasing use of NAC has been observed in more
contemporary series.27 There are a lot of potential challenges to delivering cispla n-based periopera ve chemotherapy, including those considered “unﬁt” for cispla n in
whom cispla n ineligibility is deﬁned as renal insuﬃciency
with a crea nine clearance less than 60 mL/min, hearing
loss of grade 2 or more, impaired performance status with
Eastern Coopera ve Oncology Group performance status of
2 or higher, neuropathy of grade 2 or higher, and cardiac
dysfunc on as deﬁned by New York Heart Associa on class
III heart failure.28 Subs tu on with carbopla n has demonstrated subop mal responses in the metasta c se ng.29
Thus, pa ents who are considered unﬁt or ineligible for cispla n should therefore be considered for up-front surgery
given the concern for delay of deﬁni ve treatment that may
compromise outcomes. Although age is not necessarily a
factor that precludes cispla n eligibility, most pa ents with
bladder cancer do have advanced age at presenta on, and
studies have shown that crea nine clearance of less than
60 mL/min, a common criterion for cispla n eligibility, is
more prevalent with older age.30 In contrast, eﬀorts to improve response rates with varying combina ons and other
targets have been a empted. Similarly, alterna ve agents
(other than cisplatin), such as low-dose gemcitabine or
5-fluorouracil/mitomycin, have been used concurrently
with radia on, though mostly as radiosensi zing agents,
and will be discussed further in the bladder-preserva on
strategies below.

Use of Checkpoint Inhibitors/Targeted Agents and
Biomarkers of Response
Given the striking beneﬁt of the use of checkpoint inhibitors
in pa ents with unresectable and metasta c bladder cancer
in the salvage second-line se ng in whom ﬁve PD-1/PD-L1
drugs are currently approved,31 eﬀorts to examine the u lity of PD-1/PD-L1 inhibitors in the ﬁrst-line treatment of paents who are ineligible for cispla n has led to the U.S. Food
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and Drug Administra on approval of atezolizumab and pembrolizumab for the ﬁrst-line therapy of locally advanced and
metasta c bladder cancer.32,33 Eﬀorts to extrapolate these
results in the neoadjuvant (Table 1) and adjuvant se ngs
are also underway with a mul tude of trials. For instance,
in pa ents with muscle-invasive or node-posi ve urothelial cancer who have undergone surgery, there are currently
several adjuvant immunotherapy trials, including use of
atezolizumab compared with observa on (IMvigor010 trial;
NCT02450331), nivolumab compared with placebo (CheckMate 274; NCT02632409), and pembrolizumab compared
with placebo (AMBASSADOR, sponsored though Alliance for
Clinical Trials in Oncology, A031501; NCT03244384). Data
were gleaned from the ini al Cancer Genome Atlas (TCGA)
analyses, as the updated report showed compelling therapeutic targets that can be exploited with five different
subtypes stra ﬁed into luminal, luminal-papillary, luminalinﬁltrated, basal, and neuronal.34
The use of other targets such as VEGF inhibitors is promising
in the second-line salvage se ng, such as ramucirumab35,36
and fibroblast growth factor receptor inhibitors. There
are other evolving immune targets that serve to bypass
resistance to immunotherapy in the advanced/metasta c
se ng, such as the use of IDO inhibitors, adenosine-A2A
receptor small-molecule inhibitors, dual cos mulatory
targe ng of OX-40 and 4-1bb, monoclonal an body to
B7H3, and the use of an an body-drug conjugate composed of an an –nec n-4 monoclonal an body a ached
to monomethyl aurista n E, called enfortumab vedo n
(ASG-22ME), with promising trials all underway,37 though
it remains to be seen if these targeted agents would be
tested in the neoadjuvant se ng. A study looking at the
combina on of ramucirumab and pembrolizumab in a
phase I study for pa ents with urothelial carcinoma with
documented disease progression a er one to three prior lines of systemic therapy is underway (NCT02443324).
Other poten al targets, such as erlo nib, arebeing examined in the neoadjuvant se ng (NCT02169284). However,
combina ons that include GC chemotherapy with VEGF
inhibitors such as suni nib resulted in excess toxicity.38
The use of neoadjuvant MVAC with bevacizumab in conjunc on with gene expression proﬁling showed that the
addi on of the VEGF-targeted agent probably yielded no
addi onal beneﬁt, although the segrega on into diﬀerent
subtypes of basal, p53–like, and luminal showed that the
basal type was most predic ve of response and survival
to chemotherapy.39 Tumors with p53 subtypes consistently
show chemoresistance.40 A genomic-based biomarker valida on study showed that pa ents whose tumors express
genomic altera ons in the DNA repair genes such as ATM,
RB1, and FANCC were more likely to have improved pathologic response (p < .001; 87% sensi vity, 100% speciﬁcity) and be er overall survival (p = .007) to cispla n-based
NAC.41 However, these ﬁndings may not necessarily predict
exclusive responses to chemotherapy and may indicate response to immunotherapy as well. In addi on, these data
are too preliminary to start applying TCGA subtypes to decide

who should receive NAC in prac ce. Increased PD-L1 expression was predic ve of response in the advanced immunotherapy trials,42 although lack of expression does not
necessarily preclude usefulness because responses, albeit
lower, are s ll seen in those with lower marker expression.
Strategies to combine chemotherapy with immunotherapy
are underway.43 The inclusion of immunotherapy in the
treatment paradigm of MIBC as neoadjuvant, adjuvant, or
concurrent with bladder preserva on is the subject of ongoing clinical inves ga on (Table 1).

SURGICAL MANAGEMENT OF MIBC
High-Quality Transurethral Resec on of Bladder
Tumor
Bladder cancer diagnosis and management begins with a
high-quality transurethral resec on of bladder tumor (TURBT).
Inadequate resection can lead to considerable understaging and misdiagnosis, with pa ents receiving intravesical therapy for presumed non-MIBC when in fact they have
muscle-invasive disease. Despite recently updated American Urological Associa on and European Associa on of
Urology guidelines that strongly recommend repeat TURBT
in pa ents with high-grade T1 or high-volume, high-grade
Ta, complete transurethral resec on remains challenging.44
When performing a repeat TURBT, approximately 70% of
pa ents will have remaining visible tumors, with the majority away from the resec on site. These ﬁndings have been
a ributed to lack of detec on of tumors using standard
white-light cystoscopy. More recently, blue-light cystoscopy (BLC) is being used in the ini al diagnosis and staging
of bladder cancer. Photodynamic diagnosis uses the photodynamic proper es of hexaminolevulinate (HAL). Following
intravesical installa on, the HAL binds to protoporphyrin
IX, which preferen ally accumulates in neoplas c cells. The
blue light causes the HAL bound to protoporphyrin IX to ﬂuoresce red. The use of BLC with HAL has shown clinical beneﬁt in ﬁve prospec ve interna onal clinical studies involving
more than 1,800 pa ents. The main beneﬁt is seen in the
detec on of carcinoma in situ, where BLC compared with
white-light cystoscopy detected around 40% (odds ra o,
12.3) more cases and at least one addi onal papillary tumor
in 25% of cases.45 The use of BLC cystoscopy has been associated with an increase in the detection of tumors and
reduc on in the recurrence rate, but has ques onable impact on progression rates.46,47 With the improvement in staging
with BLC, the hope is to more accurately diagnose pa ents
and provide the op mal treatment regimen.

Radical Cystectomy
Once the diagnosis of MIBC is made, management must
be op mized because the risk of morbidity and mortality
is noteworthy. Currently in the United States, a er considering NAC, the gold-standard treatment is RC and urinary
diversion. RC alone may cure the majority of pa ents with
pathologically organ-conﬁned pT2 disease, approximately
50% to 60% of pa ents with pT3 disease, and 20% to 30% of
pa ents with pT4 of low-volume lymph node–posi ve pN1
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TABLE 1. Select Ongoing Neoadjuvant and Concurrent Radia on Trials Using Checkpoint Inhibitors for MIBC
Trial Name

ClinicalTrials.
gov Iden ﬁer

Pa ent Popula on

Phase of Trial

Arms of Trial

Primary
Objec ve

Secondary
Objec ve
Relapse-free
survival, overall survival

Neoadjuvant Pembrolizumab
in Combina on With
Gemcitabine Therapy in
Cis-eligible/Ineligible UC
Subjects

NCT02365766

Clinical stage
cT2-4aN0M0

Phase 1B/II

Dose-ﬁnding cohort:
pembrolizumab at
star ng dose of 200 mg
(dose level 0), and/or
120 mg (dose level -1)
in combina on with
gemcitabine and
cispla n.

Phase IB:
safety and
tolerability;
phase II: rate
of pathologic
response

Mul -Ins tu onal Phase
II Study of Radia on
Therapy and An –PD-L1
Checkpoint Inhibi on
(Durvalumab) With or
Without An –CTLA-4
Inhibi on (Tremelimumab)
in Pa ents With Unresectable, Muscle-Invasive
or Metasta c Urothelial
Bladder Cancer That Are
Ineligible or Refusing
Chemotherapy

NCT03150836

Locally advanced
(cT3 or cT4) or
metasta c
(N+ or M+)
urothelial
bladder cancer;
mixed histologies
with predominant urothelial
pa ern are
allowed

Phase II

Regimen A: durvalumab +
RT; regimen B:
durvalumab +
tremelimumab + RT

Toxicity accord- Pathologic
ing to NCI
complete
CTCAE v. 4.03
response, local
criteria; procontrol, overall
gression-free
response rate,
survival
overall survival

Pembrolizumab (MK3475),
Gemcitabine, and Concurrent Hypofrac onated
Radia on Therapy for
Muscle-Invasive Urothelial
Cancer of the Bladder

NCT02621151

Clinical stage
T2–T4aN0M0

Open-label
phase II

Pembrolizumab 200 mg
IV every 3 weeks
star ng D1 of RT; gemcitabine 27 mg/m2
twice weekly for 4
weeks during RT;
EBRT × 52 Gy ×
20 frac ons

2-year bladder-intact
disease-free
survival rate

Safety, complete
response, overall survival

Phase 1B Study to Assess
Safety and Eﬃcacy of
Neo-Adjuvant Bladder
Urothelial Carcinoma
COmbina onimmunotherapy
(NABUCCO)

NCT03387761

cT3-4aN0 or T1,
cN+, or T1, any N,
resectable retroperitoneal lymph
node metastasis;
cispla n-ineligible or refusal

Phase 1B
single-arm
open-label

Day 1: ipilimumab
3 mg/kg IV; day 22:
ipilimumab 3 mg/kg +
nivolumab 1 mg/kg IV;
day 43: nivolumab
3 mg/kg IV

Safety

Eﬃcacy, resistance mechanisms

Pre-Surgical Study Evaluating An –PD-L1 An body
(Durvalumab) Plus
An –CTLA-4 (Tremelimumab) in Pa ents With
Muscle-Invasive, High-Risk
Urothelial Carcinoma Who
Are Ineligible for Cisplan-Based Neoadjuvant
Chemotherapy

NCT02657486

cT2-3aN0M0;
cispla nineligible or
refusal

Pilot study

Durvalumab and tremelimumab by vein on day
1 of weeks 1 and 5

Safety

Immune and
molecular
changes

A Phase II Study Evalua ng
Neoadjuvant Pembrolizumab Monotherapy in
Pa ents With MuscleInvasive Bladder Cancer
to Explore In Vivo the
Mechanisms of Ac on of
Pembrolizumab

NCT03212651

cT2–T4aN0/XM-;
cispla nineligible or
refusal

Open-label
phase II

Pembrolizumab 200 mg
IV every 3 weeks for
three cycles prior to
cystectomy

Pathologic
complete
response

None listed

Neoadjuvant Nivolumab
With and Without
Urelumab in Pa ents
With Cispla n-Ineligible
Muscle-Invasive Urothelial
Carcinoma of the Bladder

NCT02845323

cT2–T4N0-1M0;
cispla nineligible or
refusal

Randomized
phase II

Arm A, nivolumab in combina on with urelumab
or arm B, nivolumab
monotherapy

Immune
response to
treatment as
measured by
tumorinﬁltra ng
CD8+ T-cell
density at
cystectomy

Treatmentrelated adverse
events; pathologic response;
prognos c
value of tumor
biopsy

Con nued
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TABLE 1. Select Ongoing Neoadjuvant and Concurrent Radia on Trials Using Checkpoint Inhibitors for MIBC
(Cont'd)
Trial Name

ClinicalTrials.
gov Iden ﬁer

Primary
Objec ve

Secondary
Objec ve

Pembrolizumab 200 mg
IV every 3 weeks for
three cycles prior to
cystectomy

Pathologic
complete
response

Adverse events

Pembrolizumab 200 mg
IV every 3 weeks +
gemcitabine
1,000 mg/m2 D1 and
D8 + cispla n 70 mg/m2
D1 every 3 weeks for
four cycles prior to
cystectomy

Pathologic
Event-free surdownstaging
vival, overall
to < pT2 a er
survival
neoadjuvant
therapy

Pa ent Popula on

Phase of Trial

Arms of Trial

An Open-Label, Single-Arm,
NCT02736266
Phase 2 Study of
Neoadjuvant Pembrolizumab
(MK-3475) Before
Cystectomy for Pa ents
With Muscle-Invasive
Urothelial Bladder Cancer

T2–T4aN0M0 MIBC

Open-label
phase II

Phase II Single-Arm Study of
NCT02690558
Gemcitabine and Cispla n
Plus Pembrolizumab as
Neoadjuvant Therapy Prior
to Radical Cystectomy in
Pa ents With MuscleInvasive Bladder Cancer

T2–T4a N0/X M0

Open-label
phase II

Abbrevia ons: MIBC, muscle-invasive bladder cancer; UC, urothelial carcinoma; RT, radia on therapy; NCI, Na onal Cancer Ins tute; CTCAE, Common Terminology Criteria for Adverse Events; IV, intravenously;
D1, Day 1; EBRT, external beam radia on therapy; D8, Day 8.

disease.48 In pa ents with high-risk non-MIBC (i.e., cT1 with
lymphovascular invasion or cT1 with carcinoma in situ), early
or mely cystectomy may oﬀer the greatest survival beneﬁt, but this is beyond the scope of this ar cle.49 RC in men
involves removal of the bladder, prostate, seminal vesicles,
and pelvic lymph nodes. In women, RC involves anterior pelvic exentera on (i.e., removal of the bladder, urethra, uterus,
ovaries, fallopian tubes, anterior wall of the vagina, and
pelvic lymph nodes). Organ-sparing RC in female pa ents,
deﬁned as sparing the vagina and uterus or preserva on
of the neurovascular ssue along the antero-lateral vaginal
wall that may improve sexual and voiding mechanics,50 has
been gaining more widespread acceptance in pa ents who
choose an orthotopic neobladder.51 Pa ents who have clinical evidence of a cT3 tumor (i.e., hydronephrosis or palpable mass on examina on) or who have a posteriorly located
tumor along the trigone are not ideal candidates for organ
preserva on.52 In properly selected pa ents, the risk of local
recurrence a er RC is low. In the largest series of 30 consecu ve female pa ents with clinical T2a to T3b tumors, only
one pa ent experienced a local recurrence with a median
follow-up of 35.7 months.53 In addi on to a high-quality RC,
a thorough pelvic lymph node dissec on is paramount for
accurate staging and prognosis.

Lymph Node Dissec on
Standard pelvic lymph node dissec on includes the proximal boundary of the bifurca on of the external and internal
iliac vessels, distally the circumﬂex iliac vein, laterally the
genitofemoral nerve, and deep the obturator fossa and presacral nodes. An extended node dissec on is along the common iliac vessels to the bifurca on of the aorta with some
surgeons advoca ng a supraextended dissec on up to the
inferior mesenteric artery. These extended dissec ons may
be reasonable and supported by retrospec ve data that

suggest a therapeu c beneﬁt from the extent of lymph node
dissec on.54 It is rare to have skip lymph nodes metastases
(i.e., nega ve lymph nodes in the standard por on of the
dissec on but posi ve in the extended por on alone).55-57
It is likely that some of the survival beneﬁt ﬁndings may be
due to the “Will Rogers phenomenon,” in which more accurate staging leads to the conclusion for a therapeu c beneﬁt
from the extended node dissec ons. Two randomized clinical trials are a emp ng to determine the therapeu c role
of extended compared with standard lymph node dissec on
in MIBC. The SWOG 1011 trial is currently s ll in accrual. The
preliminary results of the European trial, which randomly
assigned 183 pa ents to an extended and 190 pa ents to
a limited lymph node dissec on, found no diﬀerence in recurrence-free survival (69% vs. 62%; log-rank p = .24).58 On
the post hoc analysis, there was an improvement in 5-year
recurrence-free survival in pa ents with pT2 disease only
(85% vs. 62.5%; p < .01). One possible reason for the lack of
diﬀerence seen in their primary endpoint (recurrence-free
survival) was that median nodal count of 19 in the limited
cohort might have been more extensive than a true limited
pelvic lymph node dissec on. Hopefully, the results of SWOG
1011 will help clarify the therapeu c value of an extended
lymph node dissec on in bladder cancer. Although there are
no clear data regarding improved survival with an extended
lymph node dissec on, is staging improved by an extended
node dissec on? In a study in which pa ents are found to
have posi ve lymph nodes, up to 34% of the pa ents had
posi ve nodes above the aor c bifurca on and presacral
areas, outside the standard pelvic lymph node dissec on
template.59 However, all of these pa ents had pelvic lymph
node metastasis. The concept of skip lesions has only been
reported in one pa ent.60 Another study examined the impact of an extended node dissec on, in which node packets
were sent from each zone, and determined that a standard
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pelvic lymph node dissec on correctly iden ﬁed nodal metastasis in 100% of pa ents. However, if limited to a standard
template, 43% of pa ents would have had nodal disease le
in situ. They hypothesize that removing the addi onal posi ve lymph nodes may have a therapeu c beneﬁt, but this
is not supported by their data.61 Currently, the therapeu c
value of an extended pelvic lymph node dissec on up to the
aor c bifurca on or inferior mesenteric artery is unknown,
and a standard lymph node dissec on is suﬃcient to provide accurate staging informa on. Performing an extended
node dissec on will result in more opera ve me and can
contribute to more complications with unknown clinical
beneﬁt.

Surgical Volume
RC is a procedure associated with considerable morbidity.
In a study at Memorial Sloan Ke ering Cancer Center, the
morbidity and mortality results were reported on 1,142
consecu ve pa ents receiving RC. They found that 64% of
pa ents had a complica on in the ﬁrst 90 days, 13% being major complica ons. Their 30-day mortality rate was
1.5%.61 These data highlight that even pa ents treated at
very high-volume centers have substan al complica ons. A
study examining surgeon volume and opera ve mortality in
the United States using na onal Medicare claims found that
surgeon volume was inversely related to opera ve mortality
in all eight index procedures examined.62 The adjusted odds
ra o for opera ve death for RC was 1.83. Surgeon volume
had a greater impact on outcomes in RC when compared
with a lung resec on for cancer, abdominal aor c aneurysm
repair, aor c valve replacement, caro d endarterectomy,
and coronary artery bypass. Together, these data highlight
the importance of the hospital se ng with high-volume experience trea ng high-acuity, complex, surgical pa ents but
also high-volume RC.

Urinary Reconstruc on
Although RC is complex and drives the oncologic outcomes in
bladder cancer, many of the complica ons arise from the urinary diversion. When it comes to urinary diversions, pa ents
have a number of op ons from which to choose. Pa ents
who elect to undergo an orthotopic urinary diversion or a
con nent catheterizable pouch o en require more follow-up
and may have higher complica on rates when compared with
ileal conduits.63 For the properly selected pa ent, however,
con nent diversions may be an excellent op on poten ally
providing more natural urinary func on, body image, and sociability. Quality of life assessments have been performed by
mul ple ins tu ons in an a empt to answer which diversion
is associated with the best quality of life. The results have
been mixed. Each diversion is associated with advantages and
disadvantages, and pa ents must be counseled to make an
informed decision that best suits their needs.64

Complica ons
RC with diversion is associated with many diﬀerent types of
complica ons. Common complica ons include ileus, small
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bowel obstruc on, urinary tract infec ons, ﬂuid collec ons,
lymphoceles, and thromboembolic events. Strategies have
been used in an effort to reduce the length of stay and
readmission rates. Alvimopan, a peripherally ac ng opioid
recep on antagonist, was shown to signiﬁcantly reduce the
length of stay, me to gastrointes nal recovery, and postoperave ileus in a mul center, randomized, double-blind, placebocontrolled trial for pa ents undergoing RC.65 This medica on,
along with no mechanical bowel preparation, has been
implemented in enhanced recovery pathways across the
world in an eﬀort to improve postopera ve care in pa ents
with RC. Venous thromboembolism remains a considerable
concern in radical pelvic surgery, in which events can be as
high as 10% to 15%. It has been our prac ce that all pa ents
who undergo RC are discharged home with a 30-day course
of enoxaparin. This is because many of these thromboembolic events occur when the pa ents leave the hospital.66,67
One of the more common and diﬃcult to manage complicaons is the ureteral anastomo c stricture.
In most series, the ureteral anastomo c stricture rate is
somewhere between 3% and 10%, with most (70%) being
le -sided ureteral strictures.68,69 Many eﬀorts have been
made to minimize the stricture rate by preserving as much
periureteral ssue as possible and performing an interrupted
anastomosis. In a large retrospec ve series, the ureteral
stricture rate was evaluated with 149 and 109 consecu ve
pa ents with an interrupted and a running anastomosis,
respec vely. The stricture rate per ureter was 8.5% in the
interrupted group and 12.7% in the running group. On mul variable analysis, a running anastomosis was associated with
the development of a ureteral stricture (HR 1.9; p < .01).70
Although a running anastomosis was associated with a
higher stricture rate in this study, this was not a randomized
trial, and the most important factor is thought to be a robust blood supply. The le ureter is extensively mobilized
and o en devascularized, likely contribu ng to the observed
higher le ureteral stricture rate. A recent study a empted
to create a diversion using a porcine model to reduce the
le ureteral stricture rate by anastomosing the ureter in situ
on the le side without bringing it under the sigmoid mesentery. The proposed orthotopic diversion uses two aﬀerent
limbs in a simple U-pouch conﬁgura on without compromising on compliance or capacity. This has not been validated
clinically but may aid in reducing the ureteral stricture rate.71

Robo c Versus Open Cystectomy
Robo c-assisted cystectomy is becoming more common in
the United States, where roughly 25% of RC are now being
performed robo cally.72 Recently, a randomized trial comparing robo c compared with open RC was completed.73
However, all of the urinary diversions performed were open.
One of the main cri ques of the robo c technique is the
quality of the lymph node dissec on. The trial randomly assigned 60 pa ents to robo c RC and 58 to open RC. There
was no diﬀerence in 90-day complica on rates, hospital stay,
and pathologic outcomes, including lymph node count. The
robo c approach was associated with a lower blood loss
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(p < .02) but signiﬁcantly longer opera ve mes. The ini al
concerns about margin status and inadequate lymph node
dissec on with robo c cystectomy were associated with the
learning curve, and likely these procedures are oncologically
equivalent. However, it is important to note that robo c
cystectomy has not shown a beneﬁt in terms of length of
stay, oncologic outcomes, or lymph node yield. There are some
concerns that robo c cystectomy or the pneumoperitoneum
associated with robo c surgery may alter the recurrence
rates in bladder cancer a er RC. In a recent publica on, robo c cystectomy was associated with higher rates of peritoneal carcinomatosis (21% [9 out of 43] vs. 8% [2 out of 26])
and extrapelvic recurrences when compared with open RC.74
This highlights the importance of further inves ga on into
robo c surgery for MIBC. The higher cost associated with
robo c RC has been well documented and must be weighed
when considering using this technology in the treatment of
MIBC without any notable clinical beneﬁt.75,76

CONTEMPORARY BLADDER SPARING
MANAGEMENT OF MIBC
Across the ﬁeld of oncology organ preserva on, a combinaon of debulking surgery, radia on, and systemic therapy
has become a standard of care. The most well-recognized
and deeply established examples are seen in breast, head,
neck, and anal cancers, although many other examples
exist. Although RC is s ll considered the gold standard for
MIBC treatment in the United States, this is not uniformly
the case around the world. In the United Kingdom, 60% are
managed primarily with organ-preserving strategies, with
cystectomy reserved for salvage.
The basic principles of organ conserva on are that (1) the
organ can be preserved in a func onal state and with li le
residual impact on quality of life, (2) the organ-preserving
strategy does not preclude salvage surgery, and (3) overall
survival is not compromised by an a empt at ini al organ
preserva on.
If these goals can be achieved, then organ-preserving
strategies should feature in the range of management opons presented to pa ents at the me of diagnosis.

TREATMENT ALGORITHM FOR BLADDER
SPARING THERAPY
The current state of organ preservation in MIBC is the
cumulative result of thousands of patients being entered
into prospec ve studies in Europe, Canada, and the United
States over the last 30 years.77-86 Although strategies may
diﬀer from na on to na on in detail, they do not diﬀer in
principle, which includes the following:
• Selec on of appropriate cases
• Ini al high-quality maximal TURBT
• External beam radia on therapy with concurrent sensizing chemotherapy
• Cystoscopic assessment of treatment response with
prompt cystectomy for nonresponders
• Regular, subsequent, cystoscopic surveillance with a
cystectomy at the ﬁrst sign of invasive recurrence

Case Selec on
Pa ents with cT2 and T3a tumors, those with tumors less
than 5 cm, and those with unifocal disease are those for
whom good local control can be an cipated. In part, this is
because they can be readily debulked. Mul variable analyses have shown that large mul focal tumors and those
with tumor-related hydronephrosis have lower rates of local control.78,85 These pa ents may be be er served by RC,
assuming there is no evidence of distant metastases. Most
invasive tumors are high grade, and grade does not feature
into selec on. Recent studies have suggested that the histologic variants, such as micropapillary disease, do not fare
any worse with chemoradia on than pure urothelial cancers and thus may also be treated with chemoradia on.87
However, it goes without saying that a poorly func oning
bladder as a result of extensive Tcis or much prior treatment with intravesical therapy will only func on worse a er
chemoradia on. Therefore, such pa ents may be be er directed toward radical surgery and reconstruc on.

Debulking Surgery
Achievement of high-quality and maximal TURBT cannot be
overstated. Although a biopsy is necessary to establish the
diagnosis prior to RC, a visibly complete resec on should be
a empted and achieved prior to chemoradia on. Although
it is well recognized that a small propor on of pa ents can
be cured by TURBT alone, this is not the case for most paents. Aggressive TURBT appears to improve the rates of
local control by chemoradia on by as much as 20%.85

Chemoradia on
Radia on is given at doses of 55 to 65 Gy, substan ally lower than those used in prostate cancer, because urothelial
cancers are substan ally more radiosensi ve. If radia on is
used alone, long-term local control rates of around 30% to
40% have historically been reported. In the United States,
a series of trials by the Radia on Therapy Oncology Group
(RTOG) has explored diﬀerent forms of radia on (once a day
or twice a day), NAC, and concurrent sensitizing chemotherapy.78,80,82-84 NAC has not been shown to be of addi onal
value with radiation, unlike in conjunction with surgery,
and therefore does not feature in current protocols. Concurrent chemotherapy, however, adds substan ally to local
control. In the United States, the most favored regimen on
coopera ve protocols has been twice-daily radia on together
with concurrent cispla n and 5-ﬂuorouracil. In the United
Kingdom and at the University of Michigan, gemcitabine
has been used as an alterna ve radiosensi zer together
with once-daily radia on.86 RTOG 0712, a randomized phase
II comparison, suggests that these regimens are equivalent
and that the gemcitabine carries less toxicity.84 This may
prove to be the arm that will be carried forward into future
studies. Mitomycin-C and 5-ﬂuorouracil, drugs that are rounely used to eﬀec vely radiosensi ze anal cancers, have
been tested in a large Bri sh randomized trial in MIBC.81
However, this trial used radia on alone as the comparator arm, not an alternative chemotherapy regimen. This
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combina on also yielded local control rates of over 70%.
The choice of chemotherapy may then depend upon the
age of the pa ent, the presence or absence of renal, hearing,
or neurologic baseline problems or other cispla n-eligibility
criteria, and on local geographic preference. When pa ents
are selected for organ preserva on and managed with
TURBT and chemoradia on, local control rates in excess of
80% are now being regularly reported.

Prompt Salvage of Local Failures
In the United States, cystoscopy is performed at a midpoint during the radia on (usually around 40 Gy) and salvage cystectomy recommended in the case of incomplete
responses. This has the advantage of direc ng the pa ent
to surgery before receiving full radia on doses. It has the
disadvantage of occasionally recommending cystectomy to
pa ents who were on their way to a complete response but
simply had not go en there yet. Following comple on of
full-dose chemoradia on, a cystoscopy every 3 to 6 months
is recommended. Approximately 20% of those who achieve
a complete response will have a subsequent superﬁcial relapse (Ta, T1, and Tcis), and about 15% will have a future
invasive relapse. It is the la er that needs cystectomy. The
prompt employment of salvage cystectomy is probably one
of the reasons why, in the many a empts made to compare
disease-free survival outcomes, those receiving ini al organ
preserva on seems to be indis nguishable from those who
had an immediate ini al cystectomy. The complica on rate
a er salvage cystectomy is only very modestly higher than
that seen a er an ini al cystectomy.88,89 A pa ent choosing
to take the path of organ preserva on may, however, have
lost the chance to be reconstructed with an orthotopic neobladder because of vascular changes and ﬁbrosis within the
pelvis.90
In the absence of randomized trials, many a empts have
been made to compare survival outcomes a er cystectomy or
bladder-preserving strategies. However, diﬃcul es in matching arise between the use of clinical and pathologic staging
systems, but when sophis cated a empts are made to address and balance these issues, then, stage for stage, survival
appears to be close, if not the same.91 Given the lack of randomized trials that have been successfully completed, these
are likely to be the best data available for a long me.92

Quality of Life
Inves gators from Boston reported a study on pa ents receiving TURBT, chemotherapy, and radia on in the treatment of the bladder cancers with a median me from the
treatment of over 6 years, suﬃcient to capture the majority
of the late radia on side eﬀects.93 Seventy-ﬁve percent of
pa ents had normal func oning bladders by urodynamic
study, with reduced bladder compliance seen in 22% of
pa ents. Quality of life ques onnaires using recognized
instruments showed bladder symptoms to be uncommon,
par cularly in men. Bowel symptoms were, however, more
common, occurring in 22% of pa ents and causing distress
in 14%. This small but detectable level of las ng bowel distress
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could be considered the addi onal price that these pa ents
paid to retain their bladders.
A more recent cross-sectional questionnaire study
attempted to compare the quality of life of cystectomy with
chemoradia on in a similar popula on with long follow-up.94
Using six diﬀerent validated quality of life instruments and
propensity score matching, mul variable analysis demonstrated be er general quality of life in those who received
chemoradia on when compared with RC. It was also associated with superior physical, social, emo onal, and cogni ve
func oning as well as be er func oning in the bowel and
sexual domains.

Biomarkers
In an ideal world, biomarkers would be used to reﬁne the
selec on of pa ents for chemoradia on. In exploratory studies conducted by RTOG, altered expression of p53, CDKN2A,
and pRB had no prognos c signiﬁcance, but overexpression
of HER2 was correlated with a reduced complete response
rate.95 This has led to a feasibility trial in which trastuzumab
was combined with chemoradia on for those pa ents who
overexpress HER2.96 In the United Kingdom, MRE11 is being
studied for poten al predic ve value for radia on-treated
pa ents.97,98 It is one of many DNA damage-signaling proteins
active in the process of DNA double-strand break repair.
Standardizing the assessment of MRE11 expression is proving
diﬃcult, and this marker is yet to be validated in other series. As men oned earlier, given increased PD-L1 expression
as predic ve of response, there are now plans afoot by the
coopera ve groups to test this and other PD-L1 inhibitors as
a component of organ-preserving strategies for MIBC.

CONCLUSION
The treatment of MIBC is complex and requires a mul disciplinary collaboration among surgery, radiation, and
medical oncology. Although periopera ve chemotherapy
followed by RC and pelvic lymph node dissec on has been
established as a standard treatment of MIBC, many pa ents
are either unﬁt for surgery or ineligible for cispla n; thus,
bladder preserva on employing the combina on of maximal TURBT, sensi zing chemotherapy, and radia on is now
an established part of the therapeu c landscape in MIBC.
The bladder cancer guidelines published by the American
Urological Association, ASCO, the American Society for
Radia on Oncology, and the Society of Urologic Oncology
now incorporate the selective use of these strategies.25
It may be the preferred management in elderly patients,
those with too many other comorbid condi ons to consider cystectomy, and in those who, a er a good discussion
of the alterna ves, simply choose it. In the past couple of
years, there has been a rapid evolu on in bladder cancer
treatment with immuno-oncology, especially checkpoint
inhibitors as single agents and/or in combina on therapy
in the ﬁrst- and second-line metasta c bladder cancer setngs. The mul disciplinary treatment of pa ents with MIBC
oﬀers the best approach and yields the best outcomes for
such pa ents.
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State-of-the-Art Management of Germ Cell Tumors
Darren R. Feldman, MD
OVERVIEW
The state of the art management of germ cell tumors (GCT) in 2018 does not include novel agents targe ng genomic altera ons or exci ng immunologic-based approaches but rather the avoidance of pi alls in everyday prac ce. The rela ve
rarity of GCT and high curability with correct management create the "perfect storm" for high-stakes errors to occur. This
review focuses on several common pi alls that should be avoided in staging and management of early-stage and advanced
GCT in order to maximize pa ent outcomes. A par cularly frequent misstep is to base treatment decisions on pre- rather
than postorchiectomy tumor markers that, depending on marker direc onality, can lead to either undertreatment with
poten ally inferior outcomes or overtreatment with excess toxicity. Another common mistake is the failure to consider the
unique ability of GCT to diﬀeren ate and the dis nct biology of teratoma (chemoresistance and lack of increased glucose
uptake compared with normal ssue), which exerts a pervasive inﬂuence on nonseminoma management. This may lead to
inappropriate use of PET scan to evaluate the postchemotherapy residual mass and, if nega ve, the conclusion that surgery
is not needed whereas (FDG-nega ve) teratoma should be removed. It could also result in administra on of addi onal
unnecessary chemotherapy to pa ents with marker normaliza on but without robust radiographic response a er 3 to 4
cycles of BEP. Finally, oncologists should strive to maintain standard chemotherapy doses, not subs tute carbopla n for
cispla n, and refer to expert centers when exper se (e.g., RPLND) is not available locally in order to achieve op mal cure
rates in advanced disease.

A

review of the state of the art in managing germ cell
tumors (GCTs) in 2018 diﬀers from that of virtually
all other malignancies in which novel therapies releasing
checkpoints in the immune system or targe ng a muta on
integral to the biology of the tumor are leading to unparalleled drama c improvements in outcome with minuteto-minute change in the standard of care. Nevertheless, GCT
enthusiasts can take solace in the fact that despite all of the
progress being made in these other malignancies, sensi vity to available therapy and cure rates remain higher in the
se ng of metasta c GCTs than any other cancer, par cularly if treatment is correctly applied.1,2 The truth is that in
GCTs, there has not been as much of a change in treatment
op ons as there has been reinforcement of the knowledge
already learned and pu ng that knowledge into prac ce in
the management of the disease.
Despite a lack of new op ons for managing GCTs, the rarity of the tumor and mul faceted treatment con nue to
present diﬃcult challenges for the busy oncologist and urologist. There are several nuances that are not easily acquired
by treatment of one or two cases per year, and robust surgical experience with GCTs, par cularly performance of retroperitoneal lymph node dissec ons, is limited to only a few
centers in each country.3 Both historic and contemporary

data indicate that pa ents treated at high-volume centers
achieve superior outcomes to those treated in the community.4-6 The following review will focus on the most common
pi alls being made in clinical prac ce that prevent state-ofthe-art management (Table 1).

DIAGNOSIS AND STAGING
A frequent mistake made during the staging of newly diagnosed GCTs is the inability to resist using newer but unnecessary imaging technologies in disease assessment. PET
scanning, although useful in staging many malignancies,
has essen ally no role in the diagnosis or staging of GCTs,7
even in seminoma. Results may lead to iden ﬁca on of
clinically insigniﬁcant ﬁndings, causing increased pa ent
anxiety and performance of unnecessary diagnos c procedures. Disease sites containing teratoma are nearly always
2-deoxy-2-ﬂuoro-D-glucose (FDG)-nega ve and yet must
be regarded as fully malignant metastases equivalent to
other histologies (e.g., yolk sac, choriocarcinoma, etc.) and
require systemic chemotherapy.7 The state of the art is to
s ck with the basics, which, in most cases, consists of a CT
scan of the abdomen and pelvis with contrast, either a chest
x-ray or CT of the chest, and the tumor markers human chorionic gonadotropin (HCG), alpha-fetoprotein (AFP), and
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TABLE 1. Common Pi alls in Germ Cell Tumor Management
Disease Se ng

Pi all

Danger

Diagnos c workup

Use of PET scan for staging

Performs no be er than CT, yet more expensive and excess radia on
exposure; may lead to complacency about FDG-nega ve masses
or overiden ﬁca on of irrelevant condi ons

Early-stage disease

Advanced disease

All phases

Management based on pre-orchiectomy tumor markers

Can lead to overtreatment of stage I-A or I-B as I-S

Lack of recogni on of causes of false-posi ve eleva ons
of AFP or HCG

Can lead to overtreatment of stage I-A or I-B as I-S

Lack of recogni on that borderline lymph nodes in the
landing zone may be benign

Can lead to overtreatment of stage I as stage II

Management based on pre-orchiectomy tumor marker
levels

Can lead to incorrect IGCCCG classiﬁca on with poten al for over- or
undertreatment

Failure to recognize teratoma as the e ology of lack of
shrinkage

Can lead to addi onal chemotherapy beyond three to four cycles
and unnecessary toxicity

Use of PET in postchemotherapy nonseminoma evaluaon

Can lead to omission of surgery predisposing to relapse, par cularly
late relapse with teratoma or secondary soma c malignancy

Failure to recognize the slow terminal decline rate of HCG
in pa ents with a high star ng HCG value

Can lead to unnecessary use of salvage chemotherapy with considerable toxicity

Decreasing etoposide or cispla n doses or subs tu ng
carbopla n for cispla n

Leads to decrease in eﬃcacy (cures and survival)

Failure to refer pa ents to expert center (e.g., salvage
chemotherapy, need for RPLND, or other complicated
situa on)

Can lead to a variety of incorrect or insuﬃcient treatments and
subop mal outcome

Abbrevia ons: GCT, germ cell tumor; FDG, 2-deoxy-2-ﬂuoro--glucose; HCG, human chorionic gonadotropin; AFP, alpha-fetoprotein; IGCCCG, Interna onal Germ Cell Cancer Collabora ve Group; RPLND,
retroperitoneal lymph node dissec on.

lactate dehydrogenase. Use of PET scan in GCT management
is reserved for evalua on of the large (> 3 cm) residual mass

a er chemotherapy for seminoma8 and on an individualized
basis in some pa ents with rising markers without evidence
of disease on conven onal imaging.

PRACTICAL APPLICATIONS

EARLY STAGE DISEASE

• Measurement of the tumor markers AFP and HCG is an
essen al component of GCT management. However,
it is cri cal to use the tumor markers obtained a er
rather than before orchiectomy for staging, es ma on
of prognosis, and treatment determina on as use of
pre-orchiectomy markers can lead to either under- or
overtreatment.
• Teratoma, a histologic subtype of nonseminoma that
represents terminally diﬀeren ated soma c ssue, is
chemotherapy-resistant and not associated with tumor
marker produc on or FDG-avidity. PET scan cannot
diﬀeren ate between teratoma and necrosis and has no
rou ne role in nonseminoma management.
• Nonmalignant causes of (low-level) eleva on of HCG
(hypogonadism, heterophile an bodies) and AFP
(alcohol, heterophile an bodies) should be considered
before altering management decisions.
• When HCG starts oﬀ in the poor-risk range (> 50,000
mIU/mL), it can exhibit a slow terminal decline rate at
the end of chemotherapy. A slowly declining HCG may
eventually normalize and does not necessarily represent
chemotherapy resistance or the need for salvage
chemotherapy.
• Randomized trials demonstrate that lowering the doses
of cispla n or etoposide in ﬁrst-line chemotherapy leads
to inferior outcomes as does subs tu ng carbopla n for
cispla n. These prac ces should be avoided whenever
possible.

Errors in the management of early-stage disease typically
stem from a lack of apprecia on of the natural history of
GCTs nor the poten al for mild imaging or serum tumor
marker abnormali es to be unrelated to GCTs. An essenal principle to remember is that prognosis and management are dictated by the values of postorchiectomy tumor
markers (represen ng the burden of metasta c disease)
in pa ents with tes cular GCT. Making decisions based
on pre-orchiectomy marker values can lead to both overand undertreatment. For example, it is not uncommon for
marker levels to normalize following orchiectomy, even
when the values were quite elevated preopera vely. In
the absence of metasta c disease on imaging, such paents have stage I disease and may not require any further
treatment. Treatment of such a pa ent with full-course
chemotherapy for advanced disease will result in unnecessary toxicity and long-term risks. It is important to follow
declining marker levels to normaliza on or rise in such situa ons and knowledge of the half-lives for AFP (5–7 days)
and HCG (1–3 days) can be helpful in predic ng the likelihood of normaliza on.
The poten al for false-posi ve low-level eleva on of
markers is another important considera on in GCT management. For AFP, the upper limit of normal is o en between
6 and 8, but a considerable minority of the popula on will
have an AFP in the 10 to 15 range and, more rarely, between
15 to 25.9 Heterophile antibodies, insults to the liver
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(alcohol, viral hepa s, or hemochromatosis), and hereditary persistence of AFP are addi onal non-GCT–related e ologies of mildly elevated AFP.10-12 The marker trend is the
key to diﬀeren a ng such cases from ac ve malignancy.
Those that remain stable over several weeks or a er cancerdirected interven on such as an orchiectomy are typically
not of malignant e ology.
False posi ves for HCG include testosterone deﬁciency,
marijuana usage,13 heterophile an bodies,14,15 and use of
some medica ons. Hypogonadism can cause eleva on of
HCG via two mechanisms; in less speciﬁc assays, increased
pituitary secre on of luteinizing hormone secre on in response to low testosterone can cross-react with the assay
for HCG due to the substan al homology between luteinizing hormone and HCG.16 Pituitary secre on of HCG, which
can also occur in the se ng of hypogonadism, is another
poten al mechanism of nontumor eleva on.17 The level
rarely exceeds 10 ng/mL, and a testosterone suppression
test can quickly establish whether hypogonadism is the
cause of HCG eleva on in suspected cases.17,18
Another even more common problem surfaces when
prac oners are faced with borderline retroperitoneal
lymph nodes in a pa ent who otherwise would be considered to have stage I disease. There is an approximately
30% likelihood that a retroperitoneal lymph node between
1.0 and 1.5 cm in the tes cular tumor landing zone (le
para-aor c for le tes s tumors and interaortocaval for
right tes s tumors) will be benign. Nodes outside of the
landing zone have even a higher chance of being unrelated
to GCTs. As such, borderline lymph nodes can o en be followed with a repeat CT scan 6 to 8 weeks later.19 If the
nodes are con nuing to enlarge, then they likely represent
metastasis, but if they remain stable or are decreasing in
size, then they are probably benign. Repea ng imaging can
avoid overtreatment and does not compromise cure rates
in most pa ents. One must also appreciate that the natural
history of GCTs dictates that 90% to 95% of metasta c tescular GCTs will spread to the retroperitoneum ﬁrst with
only 5% to 10% skipping the retroperitoneum and spreading to other sites such as the lungs, medias nal or neck
lymph nodes, or liver. Thus, when approaching a pa ent
with reported skip metastasis and normal tumor markers,
one must consider the possibility of nonmalignant e ologies such as sarcoidosis in the case of medias nal adenopathy and small lung nodules.20 Biopsy can be helpful in
dis nguishing these two scenarios.

ADVANCED DISEASE
In pa ents with advanced GCTs, use of pre-orchiectomy
markers for decision-making again emerges as a common
mistake. Similar to staging, the postorchiectomy markers
must be used to determine Interna onal Germ Cell Cancer
Collabora ve Group prognos c classiﬁca on that guides
chemotherapy selec on. It is not uncommon for a pa ent
whose markers are in the intermediate- or poor-risk range
pre-orchiectomy to decline to the good-risk range following
surgery and would be at risk for increased toxicity if treated

as having poor-risk disease. In contrast, a pa ent with
pre-orchiectomy markers in the good-risk range who has a
rapid marker rise postorchiectomy to the intermediate- or
poor-risk values would be signiﬁcantly undertreated with a
decreased chance of cure if chemotherapy were selected
based on the pre-orchiectomy values.
A ﬁnal tumor marker considera on is that at the end of
chemotherapy, HCG may exhibit a slow terminal decline
rather than following the typical 1- to 3-day half-life we see
a er surgery and the ﬁrst two cycles. As shown elegantly
by Zon et al,21 pa ents with prechemotherapy HCG values
higher than 50,000 mIU/mL can have a slow decline following comple on of their fourth cycle of chemotherapy. More
than 50% of men with detectable HCGs that are declining
will eventually normalize their HCG values and never require any further chemotherapy.
Another common issue in advanced disease is failure to
recognize the importance of teratoma in the postchemotherapy management of nonseminoma. This generally applies to pa ents who achieve normaliza on of their markers
following chemotherapy but with only a modest decrease
in the size of retroperitoneal adenopathy. These pa ents
should not be treated with another two cycles of chemotherapy, given there is no evidence that six cycles is superior to
four and that teratoma may explain the lack of radiographic
response. Teratoma is not sensi ve to chemotherapy such
that further chemotherapy is unlikely to garner further reduc on in lymphadenopathy and will add toxicity. Instead,
surgical resec on of the residual nodes should be pursued in
this situa on. Similarly, PET scan should not be used to evaluate the residual retroperitoneal mass in such cases. Both
teratoma and necrosis lack FDG avidity on PET scan, and
therefore, a nega ve PET does not obviate the need for surgical resec on.22 Proceed to surgery and “forget the PET."
A cri cally important component of advanced GCT management is to ensure proper chemotherapy dosing to maximize pa ent outcomes. The standard dose for etoposide
is 500 mg/m2 per cycle and for cispla n is 100 mg/m2 per
cycle in both the bleomycin, etoposide, and cispla n and
etoposide and carbopla n regimens. Decreasing the doses
of either drug has been demonstrated in several studies to
lead to inferior outcomes.23,24 Furthermore, subs tu on of
carbopla n for cispla n also decreases cure rates and survival.25-27 In addi on to lower cure rates, salvage chemotherapy adds a substan al burden of therapy and toxicity
(neuropathy, nnitus, hearing loss, infer lity, secondary
malignancies, and cardiovascular disease) such that deviating from standard dosing that maximizes success should be
avoided. Pa ents should also be treated on me every 21
days whenever possible without unnecessary delays.
A ﬁnal and perhaps the most important pi all in managing GCTs is not seeking advice or referring to a high-volume
center for complicated or unusual cases or when certain
exper se is not available at the local treatment site. This
applies to most cases in which retroperitoneal lymph node
dissec on or salvage chemotherapy is required and par cularly for pa ents in whom high-dose chemotherapy with
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autologous stem cell reinfusion is being considered. Referral
to a high-volume center will maximize the chance of cure
and limit unnecessary complica ons and toxicity.

CONCLUSION
Although the state-of-the art management of GCTs
may not have changed much over the past decade, it is

increasingly recognized how devia ons from standard care
and failure to refer pa ents to a high-volume center nega vely aﬀect outcome. Simply put, state-of-the-art management of GCTs starts by sta ng that there is an art to
managing GCTs, one that is enhanced by experience in every phase of the disease from surgery to chemotherapy to
survivorship.
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OVERVIEW
Over the past 5 decades, the use of well-validated, guideline-based strategies has resulted in high cure rates in newly diagnosed pa ents with germ cell cancer. However, about 30% of those with metasta c disease at ini al presenta on will experience refractory disease. Salvage treatment is far more complex and less validated than ﬁrst-line treatment because it is
rare, pa ent cohorts are more heterogeneous, and prognos c factors seem to have greater impact. Prior to the ini a on of
any salvage treatment, several considera ons must be made, including assessment of known prognos c factors and choice
of the op mal salvage strategy. Evalua on of pa ents according to their disease biology, response to prior treatment, and
the extent of their tumor burden at the me of salvage treatment is crucial for establishing the op mal salvage strategy. Paents with metasta c germ cell cancer in whom adequate cispla n-based ﬁrst-line chemotherapy fails should be included
in the ongoing randomized TIGER trial comparing conven onal-dose chemotherapy with high-dose chemotherapy as ﬁrst
salvage treatment. Outside this trial, pa ents may be treated with conven onal or high-dose chemotherapy depending
on the presence or absence of adverse prognos c factors, availability of resources, and pa ent and physician preferences.

O

ver the past 5 decades, the use of well-validated,
guideline-based strategies has resulted in high cure rates
in newly diagnosed pa ents with germ cell cancer (GCC).
However, about 30% of those with metasta c disease at inial presenta on, corresponding to about 5% to 10% of all
pa ents with GCC, will experience refractory disease with
progression or recurrence at some me point and need for
further therapy. Salvage treatment is far more complex and
less validated than ﬁrst-line treatment because it is rare,
pa ent cohorts are more heterogeneous, and prognos c
factors seem to have greater impact.
Prior to the ini a on of any salvage treatment, several
considerations must be made: verification that first-line
treatment has failed, search for metasta c sites and extent
of disease, assessment of known prognos c factors, and ﬁnally choice of the op mal salvage strategy. Careful pa ent
selec on will be required to avoid overtreatment and unnecessary long-term toxicity.

SPECIAL CONSIDERATIONS
Pa ents who progress or relapse during ac ve surveillance
or a er adjuvant chemotherapy for stage I disease are no
candidates for any salvage treatment. Such pa ents should
be managed according to the algorithms for primary metasta c disease depending on their ini al histology and their
stage at the me of progression.1
Salvage treatment should also not be given in pa ents
who respond well but remain posi ve for the serum tumor

markers alpha-fetoprotein or human chorionic gonadotrophin a er comple on of ﬁrst-line treatment. Although
some will eventually progress, others will develop a plateau or even normalize their markers later on and should
be scheduled for resec on of residual tumors.2 However,
if the markers start to increase, salvage chemotherapy is
mandatory.3
A dilemma exists for pa ents with evidence of high percentage of vital tumor a er residual tumor resec on. On
the basis of retrospec ve analyses and the higher risk for
relapse, two addi onal adjuvant cycles have been recommended by some authors.4 However, the beneﬁt of this approach has never been prospec vely validated. Alterna vely,
close follow-up of such pa ents can be done, and further
treatment can be given only to those pa ents who progress
during follow up.
There are two important subgroups of pa ents in whom
salvage surgery rather than salvage chemotherapy is successful: (1) pa ents with a “growing teratoma” syndrome
during or a er ﬁrst-line chemotherapy who demonstrate
radiologic progression but have normalized tumor markers5
and (2) pa ents with resectable late-relapse GCC that occurs more than 2 years a er cispla n-based ﬁrst-line chemotherapy.6 They will best beneﬁt from immediate salvage
surgery, even despite documented tumor marker increase,
usually of alpha-fetoprotein.7 Malignant transforma on
may be found in such specimens, which remains a challenge
with respect to further management.7,8
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TABLE 1. Prognos c Factors at First Relapse
Histology in Pa ents With Refractory Disease or at First Relapse Following First-Line Chemotherapy
Histology

Favorable Seminoma

Unfavorable Nonseminoma

Primary tumor loca on

All, except primary medias nal nonseminomas

Primary medias nal nonseminomas

Response to ﬁrst-line
therapy

CR or PR with nega ve serum tumor markers

PR with posi ve serum tumor markers or worse

Progression-free interval

> 3 months a er ini a on of the last ﬁrst-line chemotherapy

< 3 months a er ini a on of the last
ﬁrst-line chemotherapy

Metastases at relapse

Lymph node or pulmonary metastases as the only metasta c
sites

Extrapulmonary organ metastases (liver, bone, brain)

Tumor markers at relapse

AFP low (≤ 1,000 ng/mL)

AFP high (> 1,000 ng/mL)

HCG low (≤ 1,000 U/L)

HCG high (> 1,000 U/L)

Abbrevia ons: CR, complete remission; PR, par al remission; AFP, serum alpha-fetoprotein; HCG, serum human chorionic gonadotropin.
Adapted from Lorch et al.13

In the scenario of pa ents with obvious progression
during adequately given cispla n-based ﬁrst-line chemotherapy, so-called absolute cispla n refractory, pa ents are
candidates for salvage chemotherapy instead of “desperaon surgery,” as mul focal disease usually is present and
long-term remissions using treatment intensiﬁca on by
high-dose chemotherapy (HDCT) followed by salvage surgery can be achieved.9,10

EVALUATION OF PATIENTS PRIOR TO
SALVAGE TREATMENT
High accuracy must be given to the deﬁni on of refractory,
progressive, or relapsed GCC.11 Neither new radiologic lesions alone nor a single eleva on of a serum tumor marker
should be considered suﬃcient to ini ate salvage chemotherapy. Infrequently, transient eleva ons of serum tumor

PRACTICAL APPLICATIONS
• Approximately 30% of pa ents with metasta c disease
at ini al presenta on, corresponding to about 5% to
10% of all pa ents with GCC, will experience refractory
disease and need further therapy.
• Several considera ons must be made before salvage
treatment: veriﬁca on that ﬁrst-line treatment has
failed, search for metasta c sites and extent of disease,
assessment of known prognos c factors, and selec ons
of the op mal salvage strategy.
• Evalua on of pa ents according to their disease biology,
response to prior treatment, and the extent of their
tumor burden at the me of salvage treatment is crucial
for establishing the op mal salvage strategy.
• Pa ents with metasta c GCC in whom adequate
cispla n-based ﬁrst-line chemotherapy has failed should
be included in the ongoing randomized TIGER trial
comparing CDCT with HDCT as ﬁrst salvage treatment.
• Outside TIGER, pa ents may be treated with CDCT or
HDCT depending on the presence or absence of adverse
prognos c factors, availability of resources, and pa ent
and physician preferences.

markers with spontaneous normaliza on have been observed, as well as lung changes (e.g., from bleomycin toxicity or manifesta ons of sarcoidosis) that may likewise be
mistaken for progressive disease.
For these reasons, current guidelines require unequivocal
demonstra on of relapse or progression prior to the ini aon of salvage treatment either by serial determina on of
increasing serum tumor markers or, if absent, by histologic
evidence of vital undiﬀeren ated cancer.1,12

PROGNOSTIC FACTORS FOR FIRST SALVAGE
CHEMOTHERAPY
Prognos c factors have also been established in pa ents
with refractory or relapsed GCC. These factors usually reﬂect tumor biology and the extent of disease and can be
used to guide treatment decisions.
A recent large collabora ve eﬀort of the Interna onal
Prognos c Factor Study Group that included nearly 1,600
pa ents in a robust analysis of prognos c factors led to
the development of an interna onally accepted prognos c
score for ﬁrst salvage chemotherapy.13 This analysis iden ﬁed seven independent variables with a signiﬁcant impact
on progression-free survival and overall survival. Adverse
prognos c factors in this analysis were (1) extragonadal
primary tumors, (2) less than complete remission or less
than tumor-marker-nega ve par al remission to ﬁrst-line
treatment, (3) a progression-free interval of 3 months
or less, (4) eleva on of alpha-fetoprotein at salvage to
more than 1,000 ng/mL,; (5) eleva on of human chorionic
gonadotrophin at salvage to more than 1,000 U/L, and
(6) the presence of liver, bone, or brain metastases. Paents with pure seminoma represented a separate subgroup (Table 1).
A total of ﬁve prognos c categories could be deﬁned.13
Two-year progression-free survival, estimated using the
Kaplan-Meier method, was 75% for pa ents in the very
low risk group, 51% in the low-risk group, 40% in the intermediate-risk group, 26% in the high-risk group, and 6%
for pa ents in the very high risk group.13 Despite this improvement in the iden ﬁca on of prognos c factors, future
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FIGURE 1. Overall Survival Probability A er First Salvage Treatment According to Prognos c Factors13
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The categories are based on the analysis of the Interna onal Prognos c Factor Study Group13: V Low, very low risk; Low, low risk; Interm, intermediate risk; High, high risk; V High = very high risk.

challenges will consist of transla on into clinical management strategies (Fig. 1).

CONVENTIONAL DOSE CHEMOTHERAPY
Depending on prognos c factors and careful pa ent selecon, conven onal-dose chemotherapy (CDCT) will successfully salvage about 15% to 70% of pa ents at the me of
their ﬁrst salvage a empt. The regimens combine cispla n
and ifosfamide with either etoposide (VIP), vinblas ne, or
paclitaxel, with none of these regimens being clearly superior to the others.14-16 To date, four cycles of cispla n/ifosfamide/paclitaxel, VIP, or cispla n/ifosfamide/vinblas ne
should be considered standard as a ﬁrst salvage CDCT regimen (Table 2).

HDCT AND THE SEARCH FOR AN OPTIMAL
HDCT COMBINATION
Unsa sfactory results with CDCT, par cularly in pa ents
presen ng with adverse prognos c factors, led to the use of
HDCT followed by the reinfusion of autologous hematopoie c stem cells, a technique that was pioneered in the early
1990s.20 Nichols et al17 in 1989 ﬁrst reported on a combinaon of high-dose carbopla n and etoposide that achieved a
high response rate and long-term remission in pa ents with
refractory GCCs that had not responded to prior CDCT. This
ini al report triggered a large number of subsequent trials
in the United States and Europe that were able to reproduce
these results in independent pa ent cohorts.18,19,21
Despite all subsequent eﬀorts, the ini al combina on of
carbopla n and etoposide is s ll the mainstay of all HDCT
regimens. Several studies inves gated modiﬁca ons either
by using higher doses or by incorpora ng addi onal drugs,
such as cyclophosphamide, ifosfamide, and thiotepa. Although none of these trials delivered unequivocal clinical
evidence of improved eﬃcacy, many of these a empts resulted in considerable increases in adverse eﬀects.21 Recent
phase II trials repor ng impressive results from new combinations and/or the addition of the antiangiogenic drug
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bevacizumab are limited by small sample sizes and heterogenous pa ent popula ons.22,23 In contrast to these a empts,
improvements in suppor ve care and the use of peripheral
blood progenitor cells led to a substan al reduc on in the
me to hematopoie c recovery and thus to a reduc on in
the treatment-related mortality rate from more than 10% to
3% or less in the most recent series.20

TABLE 2. Standard First Salvage Chemotherapy
Regimens
Regimen

Dose

Applica on

No. of Cycles

Days 1–5

4 cycles

Days 1–5

Every 21 days

CDCT14,15
VIP
Cispla n

20 mg/m2
2

Ifosfamide

1.2 g/m

Etoposide

75 mg/m2

Days 1–5

20 mg/m2

Days 1–5

4 cycles

Days 1–5

Every 21 days

TIP
Cispla n

2

Ifosfamide

1.2 g/m

Paclitaxel

175–250 mg

Day 1

20 mg/m2

Days 1–5

4 cycles

Days 1–5

Every 21 days

VeIP
Cispla n

2

Ifosfamide

1.2 g/m

Vinblas ne

0.11 mg/kg

Days 1 and 2

500 mg/m2

Days 1–3

2

HDCT17-19
Carbopla n

3 cycles

Etoposide

500 mg/m

Days 1–3

Every 28 days

Carbopla n

AUC 8

Days 1–3

3 cycles

Etoposide

400 mg/m2

Days 1–3

Every 28 days

Carbopla n

700 mg/m2

Days 1–3

2 cycles

Etoposide

750 mg/m2

Days 1–3

Every 28 days

Abbrevia ons: AUC, area under the plasma drug concentra on- me curve; CDCT, conven onal-dose
chemotherapy; HDCT, high-dose chemotherapy; TIP, cispla n, ifosfamide, and paclitaxel; VeIP,
cispla n, ifosfamide, and vinblas ne; VIP, cispla n, ifosfamide, and etoposide.
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SEQUENTIAL HDCT VERSUS SINGLE HDCT
The comparison of single HDCT using three drugs and sequen al HDCT using the standard backbone carbopla n
and etoposide has been carried out in a large prospec ve,
randomized, mul center phase III trial by the German Tescular Cancer Study Group.21,24 A total of 216 pa ents with
relapsed and/or refractory GCC were randomized to either
one cycle of conven onal-dose VIP followed by three cycles
of high-dose carbopla n and etoposide or to three cycles
of conven onal-dose VIP followed by one cycle of highdose carbopla n, etoposide, and cyclophosphamide.21 Both
treatment regimens showed similar results with respect to
eﬃcacy. Progression-free survival a er 2 years was reported
as 52% and 47% for the two treatment arms, and overall
survival after 2 years was 58% and 50%, respectively.
However, the trial had to be terminated early because of
treatment-related excess mortality of 16% in the single
HDCT arm versus 4% in the sequential HDCT arm. Longterm follow up of pa ents from this trial conﬁrmed these
results.24 As a consequence, most centers worldwide use
sequen al rather than single HDCT, with two or three HDCT
cycles combining carbopla n and etoposide (Table 2).18,19,21
Both strategies of two cycles of HDCT as published by inves gators from Indiana University and three cycles of HDCT
as published by inves gators from the Memorial Sloan Kettering Cancer Center and the German Tes cular Cancer
Study Group are well founded and equivalent according to
current knowledge.

CDCT OR HDCT AS FIRST SALVAGE
TREATMENT
The rou ne use of HDCT as ﬁrst-line salvage chemotherapy
in pa ents with GCC remains controversial and is the subject of ongoing research.
In a thoroughly conducted matched-pair analysis taking
into account all prognos c factors known at that me, it was
demonstrated that the use of HDCT as part of ﬁrst salvage
therapy led to an improvement of approximately 10% in
terms of both event-free survival and overall survival.25 Other
groups have also suggested that HDCT may be superior to
CDCT as ﬁrst salvage treatment. In a retrospec ve analysis
of 135 pa ents from Indiana University, Einhorn et al18 reported long-term survival probabili es following sequen al
HDCT of about 70% across all risk categories. A prospec ve
study of 81 pa ents from the Memorial Sloan Ke ering Cancer Center with adverse prognos c features prior to ﬁrst salvage treatment demonstrated that two cycles of CDCT with
paclitaxel and ifosfamide followed by three cycles of HDCT
with carbopla n and etoposide resulted in an overall survival probability of about 50% at 5 years.19 More recently,
an interna onal group of inves gators retrospec vely compared CDCT with HDCT in the largest cohort of ﬁrst salvage
pa ents with GCC reported to date. HDCT outperformed
CDCT in almost all of the prognos c subgroups with respect
to progression-free and overall survival.26
A rare clinical scenario occurs in pa ents with unresectable widespread metasta c late relapses. In such pa ents

CDCT with cispla n/ifosfamide/paclitaxel as well as sequenal HDCT with carbopla n and etoposide have both been
successfully used.27-29
In contrast, the only phase III trial (IT94) that prospec vely
compared CDCT with HDCT failed to demonstrate a sta scally signiﬁcant diﬀerence between the two strategies.30
In this mul center trial across several European countries,
263 pa ents were randomly assigned to receive either a
single cycle of HDCT a er three cycles of conven onal-dose
VIP or four cycles of conven onal-dose VIP alone. The IT94
trial has been cri cized for methodological reasons and is
not conclusive to stop the debate over op mal ﬁrst salvage
strategy.
Therefore, in a transatlan c mul center collabora ve effort between the Alliance for Clinical Trials in Oncology in
the United States and the European Organisa on for Research and Treatment of Cancer in Europe, the ques on
of CDCT versus HDCT is currently being addressed in a prospec ve randomized trial comparing four cycles of cispla n/
ifosfamide/paclitaxel versus sequen al HDCT (TIGER trial;
NCT02375204).31

SECOND OR SUBSEQUENT SALVAGE
TREATMENT
Although long-term remissions and cure can s ll be achieved
in individual pa ents, long-term survival probabili es are
poor in pa ents who experience mul ple relapses or who
progress despite adequate ﬁrst salvage chemotherapy. One
retrospec ve analysis in 49 pa ents who received HDCT as
second or subsequent relapse therapy demonstrated that
the long-term survival probability was reduced to less than
20%, but long-term remissions could be achieved.32 Therefore, unless contraindicated, HDCT is recommended even
in pa ents who have failed to respond to mul ple previous
conven onal treatments.
Conven onal-dose treatment with newer agents such as
oxalipla n and gemcitabine alone or in combina on with
paclitaxel as well as others has also been studied in pa ents
with mul ple relapses and reported to occasionally induce
long-term remissions, but these approaches have not been
formally compared with a strategy of HDCT as a second or
subsequent salvage a empt.33-36

FUTURE DIRECTIONS
Recently, the role of targeted therapies has been evaluated
in several phase II trials in pa ents not responding to CDCT
and/or HDCT. Suni nib, everolimus, or bevacizumab reached
objec ve responses or met their primary endpoints.
Currently the role of immunotherapy is explored in paents with refractory GCC.37-40 First results of a phase II trial
with pembrolizumab, an an –PD-1 an body, did not show
clinically meaningful single-agent ac vity.41
To date, addi onal studies are evalua ng the role of other
targeted agents, for example the cyclin-dependent kinase
inhibitor palbociclib (NCT01037790), the PARP-1 inhibitor
olaparib (NCT02533765), and the an -CD30 monoclonal anbody brentuximab (NCT02689219).
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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CONCLUSIONS
Evalua on of pa ents according to their disease biology,
response to prior treatment, and the extent of their tumor burden at the me of salvage treatment is crucial for
establishing the op mal salvage strategy. First, refractory
disease, progression, or relapse must be unequivocally
certain. Second, pa ents with growing teratoma or with
resectable late relapses must be scheduled for upfront
salvage surgery rather than salvage chemotherapy. Third,
all other pa ents with metasta c GCC in whom adequate

cispla n-based ﬁrst-line chemotherapy fails should be included in the ongoing randomized TIGER trial comparing
CDCT with HDCT as ﬁrst salvage treatment. Outside this
trial, pa ents may be treated with CDCT or HDCT depending on the presence or absence of adverse prognostic
factors, availability of resources, and pa ent and physician
preferences. It is of importance that all those patients
be referred and treated at or in close coopera on with
centers that have special exper se in this rare group of
pa ents.
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Personalized Management of Advanced Kidney Cancer
Jeﬀrey Graham, MD, Daniel Y. C. Heng, MD, James Brugarolas, MD, PhD, and Ulka Vaishampayan, MD
OVERVIEW
The treatment of renal cell carcinoma represents one of the great success stories in transla onal cancer research, with the
development of novel therapies targe ng key oncogenic pathways. These include drugs that target the VEGF and mTOR
pathways, as well as novel immuno-oncology agents. Despite the therapeu c advancements, there is a paucity of wellvalidated prognos c and predic ve biomarkers in advanced kidney cancer. With a number of highly eﬀec ve therapies
available across mul ple lines, it will become increasingly important to develop a more tailored approach to treatment
selec on. Prognos c clinical models, such the Interna onal Metasta c Renal Cell Carcinoma Database Consor um (IMDC)
model, are rou nely used for prognos ca on in clinical prac ce. The IMDC model has demonstrated a predic ve capability
in the context of these treatments including immune checkpoint inhibi on. A number of promising molecular markers and
gene expression signatures are being explored as prognos c and predic ve biomarkers, but none are ready to be widely
used for treatment selec on. In this review, we will explore the current landscape of personalized care in metasta c renal
cell carcinoma. This will include a focus on both prognos c and predic ve factors as well as clinical applica ons of biology
in kidney cancer.

T

he treatment of renal cell carcinoma (RCC) has undergone a drama c evolu on over the last decade. The
improvements in treatment are secondary to a be er understanding of the biologic factors driving cancer growth.
The elucida on of the importance of the VEGF and mTOR
pathways led to the introduc on of several novel agents in
the treatment of metasta c renal cell carcinoma (mRCC).
More recently, several new immuno-oncology agents have
shown impressive ac vity in advanced kidney cancer and
are currently being explored in combina on with targeted
therapy.1 The evolu on of targeted therapy as the mainstay
of management in RCC has been a dominant part of the
advances.
Despite these impressive successes in exploi ng molecular targets, there has been a paucity of biomarkers in RCC
that can predict response or clinical outcomes with the novel
agents. As the number of therapeu c op ons increases, it
is cri cal to develop a personalized strategy to treatment,
taking into considera on both tumor and pa ent characteris cs to develop a tailored treatment plan. In a disease such
as RCC where the spectrum of overall survival (OS) ranges
from a few months to many years even without administraon of any systemic therapy, the risk prognos ca on of the
pa ents is of paramount importance in therapeu c decision
making. Individualized care using predic ve biomarkers is
central to the treatment of other advanced malignancies.
This includes the an -HER2 an body in HER2-ampliﬁed

breast cancer, an -EGFR therapies in KRAS wild-type colorectal cancer, and BRAF inhibitors in BRAF mutant melanomas.2 Thus, the elucida on of predic ve factors is an unmet
need in mRCC and an area of ac ve research.3
In this review, we will explore the current landscape of
personalized care in mRCC. This will include a focus on both
prognos c and predic ve factors as well as clinical applicaons of biology in kidney cancer. We will provide examples
of a personalized approach to systemic therapy and explore
future direc ons in the individualized treatment of advanced kidney cancer.

OVERVIEW OF PROGNOSTIC CLINICAL
FACTORS
A personalized approach to the treatment of cancer necessitates an understanding of the variables inﬂuencing prognosis. Prior to the advent of targeted agents, a commonly
used prognos c risk index was the Memorial Sloan Ke ering Cancer Center model. This model was developed and
validated in the era of interferon therapy, and it incorporated a number of clinical and biochemical variables. The
Memorial Sloan Ke ering Cancer Center model integrated
ﬁve adverse factors: Karnofsky performance status of less
than 80%, elevated lactate dehydrogenase, high corrected
serum calcium, low hemoglobin, and interval from diagnosis to treatment of less than 1 year. Based on the number of
pretreatment factors, three prognos c groups were iden ﬁed:
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TABLE 1. IMDC and MSKCC Prognos c Models
Prognos c Factor

Risk Groups

Median OS
(Months)

Favorable risk (0 factors)

43

Intermediate risk (1–2
factors)

23

Poor risk (≥ 3 factors)

8

Favorable risk (0 factors)

30

Intermediate risk (1–2
factors)

14

Poor risk (≥ 3 factors)

5

IMDC5
Low Karnofsky performance (< 80%)
Time from diagnosis to
treatment < 1 year
Low hemoglobin (< LLN)
High corrected calcium
(> ULN)
High neutrophils (> ULN)
High platelets (> ULN)
MSKCC4
Low Karnofsky performance (< 80%)
Time from diagnosis to
treatment < 1 year
Low hemoglobin (< LLN)
High corrected calcium
(> 10 mg/dL)
High LDH (> 1.5 mes
ULN)

Abbrevia ons: IMDC, Interna onal Metasta c Renal Cell Carcinoma Database Consor um; MSKCC,
Memorial Sloan Ke ering Cancer Center; OS, overall survival; LLN, lower limit of normal; ULN,
upper limit of normal; LDH, lactate dehydrogenase.

favorable (zero risk factors), intermediate (one to two risk
factors), and poor risk (more than two risk factors).4
The IMDC prognos c model was developed in the more
modern era of VEGF-targeted therapy. In total, six variables
were iden ﬁed as having prognos c signiﬁcance in this popula on.5 These included two clinical factors (a Karnofsky
performance status of less than 80% and me from diagnosis to ini a on of therapy of less than 1 year) as well as

PRACTICAL APPLICATIONS
• As the number of therapeu c op ons in metasta c renal
cell carcinoma increases, it will be cri cal to develop a
more personalized strategy to treatment, taking into
considera on both tumor and pa ent characteris cs to
develop a tailored treatment plan.
• Clinical prognos c models like the IMDC in advanced
renal cell carcinoma are important tools for both clinical
decision making and risk stra ﬁca on in clinical trials.
• More robust predictors of response to novel immunooncology agents, including immune checkpoint
inhibitors, are an unmet need in metasta c renal cell
carcinoma.
• Modern genomic proﬁling in renal cell carcinoma is
uncovering a number of promising predic ve and
prognos c molecular biomarkers.
• Enrollment of pa ents with advanced kidney cancer in
biomarker-directed clinical trials is encouraged.

four laboratory factors (hemoglobin below the lower limit
of normal and elevated corrected calcium, neutrophil count,
and platelet counts greater than the upper limit of normal). The ﬁnal IMDC model was able to successfully stra fy
real-world pa ents into three dis nct prognos c groups:
favorable (zero risk factors), intermediate (one to two risk
factors), and poor risk (more than two risk factors). Table
1 summarizes the Memorial Sloan Ke ering Cancer Center
and IMDC prognos c models.
The IMDC model was externally validated using a cohort
of 1,028 real-world pa ents from 13 interna onal cancer
centers. In this analysis, the median OS associated with
each prognostic group was 43 months, 23 months, and
8 months in the favorable, intermediate, and poor risk groups,
respec vely.6 The IMDC model con nues to be widely used
to stra fy pa ents in contemporary clinical trials and to
provide personalized, risk-directed treatment selec on in
everyday clinical practice. The recent trials of nivolumab,
cabozan nib, and ipilimumab and nivolumab as well as
lenva nib and everolimus have used the IMDC criteria, as
they were speciﬁcally applicable to an -VEGF therapy with
suni nib.
Since the ini al valida on of the IMDC model, it has been
studied in a number of other popula ons of pa ents with
RCC. Similar to the ﬁrst-line se ng, the IMDC model has
been demonstrated to provide prognos c stra ﬁca on in
both the second and third-line se ngs.7,8 Because the original IMDC model included predominately clear cell renal cell
carcinoma (ccRCC), Kroeger et al9 examined the applicability
of the IMDC prognos c model in advanced non–clear cell
renal cell carcinoma (nccRCC). In this popula on, pa ents
with nccRCC had inferior OS (12.8 vs. 22.3 months) compared with pa ents with ccRCC. Similar to the clear cell
popula on, the IMDC model was able to reliably stra fy the
nccRCC cohort into three dis nct prognos c groups.9 More
recently, the IMDC was shown to provide prognos c stratiﬁca on among pa ents receiving second-line immunotherapy agents, including the immune checkpoint inhibitor
nivolumab.10
Given that the IMDC prognos c model did not include
pa ents receiving pazopanib, Perez-Valderrama et al11 conducted a retrospec ve observa onal study to validate the
model in this popula on. The study included 278 pa ents
treated with ﬁrst-line pazopanib for mRCC in 34 centers in
Europe. Within this cohort, 19.4% had favorable risk, 57.2%
had intermediate risk, and 23.4% had poor risk. As with
ﬁrst-line suni nib, the IMDC model was able to es mate the
prognosis of pa ents treated with ﬁrst-line pazopanib. The
median OS was not reached in the favorable risk group and
was 21.6 months and 7.1 months in the intermediate and
poor risk groups, respec vely.
Beyond the aforemen oned variables included in the
IMDC model, there have been a number of other clinical
factors demonstrated to have prognostic significance
in advanced kidney cancer. These include the baseline
neutrophil-to-lymphocyte ratio (NLR) and the presence
of bone and liver metastases. McKay et al12 examined the
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 2. Results of the CABOSUN Trial: Cabozan nib Versus Suni nib in First-Line mRCC, With Outcomes by
Subgroup Analysis Including IMDC Risk Group and Presence of Bone Metastases
Outcome

CABO
(79 Pa ents)

SUN
(78 Pa ents)

Conﬁrmed ORR, % (95% CI)

46 (34–57)

18 (10–28)

Median PFS, months (95% CI)

HR
(95% CI)

p Value
.012

8.2 (6.2–8.8)

5.6 (3.4–8.1)

0.66 (0.46–0.95)

Bone metastases

6.14

3.38

0.54 (0.31–0.95)

Poor IMDC risk

6.14

2.77

0.75 (0.35–1.65)

Intermediate risk

8.31

6.24

0.64 (0.43–0.96)

30.3 (14.6–35)

21.8 (16.3–27)

0.8 (0.50–1.26)

Median OS, months (95% CI)

Abbrevia ons: mRCC, metasta c renal cell carcinoma; IMDC, Interna onal Metasta c Renal Cell Carcinoma Database Consor um; HR, hazard ra o; ORR, objec ve response rate; PFS, progression-free survival;
OS, overall survival.

prognos c impact of bone and liver metastases in a retrospec ve analysis of 2,027 pa ents with mRCC treated with
ﬁrst-line targeted therapy. Both of these factors were associated with inferior outcomes, with hazard ra os (HR) of
1.38 and 1.37 (p < .0001) for the presence of bone and liver
metastases, respec vely. Elevated markers of systemic host
inﬂamma on, such as NLR, have been shown to be associated with a poor prognosis in several solid tumors. Templeton et al13 explored the impact of baseline NLR on survival
in advanced RCC. In this analysis, higher NLR at baseline was
associated with shorter OS (adjusted HR per 1-unit increase
in lnNLR, 1.69; 95% CI, 1.46–1.95; p < .001).13
Although uncovering variables associated with poor prognosis is important in developing personalized treatment
strategies, iden fying factors that do not inﬂuence clinical
outcomes is also helpful. As the overall life expectancy of
our popula on increases, understanding the impact of age
on cancer outcomes will become increasingly important.
Khamba et al14 explored the use of ﬁrst-line targeted therapy in elderly pa ents (older than age 75) with mRCC. In
this analysis, outcomes were found to be similar between
the older and younger subgroups, even when adjusted for
known poor prognos c factors. These ﬁndings suggest that
age alone should not be used as an absolute contraindicaon to targeted therapy.

OBSERVATION/SURVEILLANCE OF THE
PATIENT WITH METASTATIC RENAL CELL
CARCINOMA
mRCC is a heterogeneous disease and one that is characterized by a variable natural history. There appears to be a
certain subset of pa ents with mRCC who may display a less
aggressive and more indolent pa ern of progression. Given
these observa ons, there has been ongoing interest in the
idea of deferred systemic therapy with ac ve surveillance, in
contrast to the more standard approach of star ng therapy
immediately at the onset of metasta c disease. This deferred
approach has been examined in a number of retrospec ve
analyses as well as prospec vely in a large observa onal registry, the Metasta c Renal Cell Cancer Registry.15,16 Park et al17
performed a retrospec ve analysis of 58 pa ents undergoing ac ve surveillance for mRCC. In this series, the median
me to disease progression was 12.4 months. Mul variable
analysis revealed that Karnofsky performance status of less
than 100%, liver metastases, and me from diagnosis to the
start of surveillance of less than 1 year were associated with
a shorter me to progression. Importantly, the response rate
and OS for the subsequent systemic treatment a er surveillance were comparable with those of previous reports.
Rini et al18 conducted a prospec ve phase II trial designed
to examine the feasibility and safety of an ini al ac ve

TABLE 3. CheckMate 214: Outcomes in the IMDC Intermediate/Poor Risk Groups and by PD-L1 Expression
Outcome

Nivo/Ipi
(425 Pa ents)

SUN
(422 Pa ents)

HR

p Value

Median OS, months (95% CI)

NR (28.2–NE)

26.0 (22.1–NE)

0.63

< .0001

PD-L1 < 1% (562 pa ents)

NR (28.2-NE)

NR (24-NE)

0.73

.0249

PD-L1 > 1%

NR (NE-NE)

19.6

0.49

.001

Median PFS, months (95% CI)

11.6 (8.7–15.5)

8.4 (7.0–10.8)

0.82

.0331

PD-L1 ≥ 1%

22.8 (9.4–NE)

5.9 (4.4–7.1)

0.48

.0003

PD-L1 < 1%

11.0 (8.1–14.9)

10.4 (7.5–13.8)

1.0

.9670

42 (37–47)

27 (22–31)

< .0001

Conﬁrmed ORR, % (95% CI)
PD-L1 ≥ 1%

58 (48–68)

22 (15-31)

< .0001

PD-L1 < 1%

37 (32-43)

28 (23-34)

.0252

Abbrevia ons: IMDC, Interna onal Metasta c Renal Cell Carcinoma Database Consor um; Nivo/Ipi, nivolumab/ ipilimumab; HR, hazard ra o; OS, overall survival; NR, not reported; NE, not es mable; PFS,
progression-free survival; ORR, objec ve response rate.
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surveillance approach in the era of modern targeted therapy. They included pa ents with asymptoma c mRCC, measurable disease, and no prior systemic therapy. In total, 52
pa ents were enrolled into the study. Pa ents were radiographically assessed at baseline and then every 3 months
for year 1, every 4 months for year 2, then every 6 months
therea er. The decision to ini ate systemic therapy was at
the discre on of the trea ng physician and pa ent. The
median surveillance me un l ini a on of systemic therapy was 14.9 months. Mul variate analysis showed that a
higher number of IMDC risk factors (p = .0403) and a greater
number of metasta c sites (p = .0414) were associated with
a shorter surveillance period. Based on this, the authors
iden ﬁed a favorable subgroup, deﬁned as pa ents with
zero to one IMDC risk factor and fewer than two organs
with metasta c disease, who had an es mated median surveillance me of 22.2 months. These ﬁndings suggest that
deferred ini a on of systemic therapy using an ac ve surveillance protocol may be appropriate for carefully selected
pa ents with low-risk disease.

MANAGEMENT OF OLIGOMETASTATIC RENAL
CELL CARCINOMA
Despite improvements in systemic therapy op ons, local
therapy to sites of metasta c disease remains an important component in the personalized management of mRCC.
These therapies can include surgical resec on (metastasectomy), deﬁni ve radiotherapy, and other abla ve procedures. The most common sites of metasta c disease in
RCC are the lung (45%), bone (30%), lymph nodes (20%),
liver (20%), adrenal gland (9%), and brain (8%).19 For each
of these sites, there is evidence that local therapies may
be effective, particularly in the setting of a limited number of metastases. In a series of 141 pa ents treated with
metastasectomy in the pretargeted therapy era, cura ve intent resec on was associated with a 44% 5-year OS rate.20 A
disease-free interval greater than 12 months from the me
of nephrectomy, solitary site (vs. mul ple sites) of metastasis, and age younger than 60 were associated with improved
survival.
With regard to resection of pulmonary metastases,
Pfannschmidt et al21 retrospec vely analyzed 191 pa ents
with pulmonary metastases from RCC who underwent surgical resec on. The 5-year survival rate a er complete metastasectomy was 41.5%. Favorable prognos c factors included
having fewer than seven metasta c lesions and a disease-free
interval of greater than 23 months. Pancrea c metastases
also tend to have a favorable outcome a er resec on.22 Solitary bone and so ssue metastases should also be considered for local therapy. Emboliza on of metastases, especially
bone metastasis, prior to resec on is strongly advised to reduce the risk of hemorrhage and complica ons.
The role of local therapy in the management of RCC is rapidly increasing. Noninvasive techniques such as stereotac c
radia on therapy or cryotherapy are increasingly being applied for oligometasta c disease and for consolida ve control of residual masses a er systemic therapy.23 Aoun et al24

reported on cryoabla on of more than 2,000 tumor masses
including metasta c sites and renal masses and established
eﬃcacy of the procedure. The successful experience with a
series of pa ents speciﬁcally with advanced kidney cancer
treated with cryotherapy has helped establish the safety,
feasibility, and eﬃcacy of this procedure. Wang et al23 evaluated stereotac c abla ve radia on therapy for extracranial
RCC metastases and reported results on 175 metasta c foci,
where they observed 1-year local control rates in excess
of 90%. There are also emerging data on abscopal eﬀects
and of synergy between immunotherapy and abla ve techniques as a result of the release of neoan gens.25 Currently,
clinical trials evalua ng the direct and abscopal clinical effects and immune changes with a combina on of radia on
or cryotherapy and immune checkpoint inhibi on are in development.
The role of systemic therapy following complete resec on
of metasta c disease is unclear. The ECOG 2810 phase III
trial is comparing adjuvant pazopanib with placebo a er
metastasectomy and may help clarify the use of targeted
agents in resected mRCC. Other trials exploring immune
checkpoint inhibitors also allow the inclusion of pa ents
with completely resected metastatic disease, such as
KEYNOTE-564, which compares pembrolizumab with placebo
in the adjuvant se ng, or IMmo on010, which evaluates
atezolizumab.

CLINICAL APPLICATION OF PROGNOSTIC
AND PREDICTIVE FACTORS IN FRONTLINE
THERAPY OF METASTATIC RENAL CELL
CARCINOMA
In the ﬁrst-line se ng, there are a number of established
therapeu c op ons in mRCC. These include VEGF-targeted
drugs (e.g., suni nib, pazopanib, and cabozan nib), mTOR
inhibitors, high-dose interleukin (IL)-2, and more recently,
immuno-oncology agents.1 One of the cornerstones of personalized care in oncology is the discovery and valida on
of factors that can predict response to various therapeu c
agents. These can include clinical or pa ent-speciﬁc factors
as well as tumor-speciﬁc biomarkers. In this sec on, we will
review clinical factors that may be used to help establish a
more personalized approach to the treatment of advanced
RCC.
Prognos c clinical factors are important in guiding treatment decisions in mRCC. In 2007, Hudes et al26 conducted
a phase III randomized trial exploring the role of the mTOR
inhibitor temsirolimus in previously untreated, poor-risk,
advanced RCC. In this trial, 626 pa ents were randomly assigned to temsirolimus, temsirolimus plus interferon-alfa, or
interferon-alfa monotherapy. Inclusion criteria necessitated
that pa ents have at least three of the following six predictors of poor prognosis: elevated lactate dehydrogenase, elevated serum calcium, low hemoglobin, me from diagnosis
to randomiza on of less than 1 year, Karnofsky performance
status of 60 or 70, and metastases in mul ple organs. In this
poor-risk popula on, temsirolimus signiﬁcantly prolonged
the median OS compared with interferon-alfa as a single
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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agent (10.9 vs. 7.3 months; HR for mortality, 0.73; 95% CI,
0.58–0.92). These results led the U.S. Food and Drug Administra on to approve temsirolimus in the ﬁrst-line se ng for
pa ents with a poor prognosis. Although this trial did not
directly compare the use of an mTOR inhibitor among paents with good-intermediate versus poor risk, it did provide a risk-directed approach to treatment selec on. It is
important to note that the prognos c index used in this trial
is diﬀerent from the IMDC model. In real-world prac ce, the
use of temsirolimus in this se ng is limited as a result of
intravenous administra on.
Risk proﬁling has also been used in studies using VEGFtargeted agents. In the recently reported phase II CABOSUN
trial, 157 patients with intermediate or poor risk mRCC
based on IMDC criteria were randomly assigned to cabozannib or suni nib.27 Cabozan nib is a VEGF, MET, and AXL
inhibitor. Pa ents were stra ﬁed by IMDC risk category (intermediate or poor) and presence of bone metastases. The
response rate for cabozan nib was 46%, with a signiﬁcantly
increased median progression-free survival (PFS; 8.2 vs. 5.6
months; HR 0.66; 95% CI, 0.46–0.95; p = .012) compared
with suni nib. OS was also increased with cabozan nib,
(26.6 vs. 21.2 months), but the diﬀerence was not sta s cally signiﬁcant (HR 0.79; 95% CI, 0.53–1.20). A PFS beneﬁt
with cabozan nib was also observed in subgroup analyses,
including among those with poor IMDC risk and bone metastases. The results of the independent review of response
and PFS in the CABOSUN trial led the U.S. Food and Drug Administra on to approve cabozan nib in the frontline se ng
of RCC. Table 2 summarizes the key results of the CABOSUN
trial.
More recently, the predic ve capability of the IMDC model
was demonstrated in the CheckMate 214 clinical trial.28 This
was a large phase III randomized controlled trial evaluating the combina on of two immune checkpoint inhibitors,
nivolumab and ipilimumab, compared with standard suninib alone in previously untreated advanced RCC or mRCC.
This trial stra ﬁed pa ents by IMDC prognos c group and
sample size was powered for overall analysis and for the intermediate and poor risk groups. In the IMDC intermediate
and poor risk groups, combina on immunotherapy was associated with superior OS compared with suni nib (HR 0.63;
p < .0001). In contrast, the IMDC favorable group appeared
to have superior outcomes with suni nib alone in terms of
response rate and PFS. In the favorable risk group, the objec ve response rate (ORR) was 52% versus 29% (p = .0002)
and PFS was 25.2 versus 15.3 months (HR 2.18; p < .0001) in
the suni nib and immunotherapy arms, respec vely. These
data suggest that favorable risk tumors may have a dis nct
biology, which is characterized by greater dependence on
VEGF signaling.
The inves gators also performed an exploratory analysis
looking at PD-L1 expression. Pa ents with a tumor PD-L1 of
1% or greater demonstrated a higher response rate and improved PFS with nivolumab and ipilimumab compared with
suni nib, but those with less than 1% expression demonstrated a response rate of 37%. This suggests that PD-L1
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expression may increase the likelihood or response but
cannot accurately predict which pa ents will not respond.
With regard to toxicity, an increased incidence of high-grade
treatment-related adverse events was observed with suninib. This may have been inﬂuenced by the early introducon of steroids, which were required for 60% of pa ents
with combina on immunotherapy. Health-related quality of
life data were also collected, with pa ents repor ng be er
symptom control with immunotherapy versus suni nib. It
is unclear why the intermediate and poor risk groups appeared to beneﬁt more from immunotherapy. This may be
a ributable to higher levels of neoan gen exposure and immune s mula on or secondary to uniden ﬁed biomarkers
common to this group. Tumors in the intermediate and poor
risk groups may also be more inﬂamed, which may account
for increased neutrophil or platelet counts as well as anemia
and possibly a worse performance status. The results of this
pivotal trial have the poten al to transform the treatment
landscape of mRCC, and they provide clinicians with a more
personalized approach to upfront systemic therapy. Table 3
summarizes the key results of the CheckMate 214 trial.
Other regimens that are currently in ongoing phase III trials consist of a common theme of comparing combina ons
of an -VEGF therapy and immunotherapy, using suni nib as
the control arm. One of the combina ons, bevacizumab and
atezolizumab, has shown favorable outcomes in the PD-L1–
posi ve popula on in a randomized trial (IMmo on 151)
compared with the control arm of suni nib.

Role of Cytoreduc ve Nephrectomy in Metasta c
Renal Cell Carcinoma
Selec ng pa ents with advanced kidney cancer that may
beneﬁt from a cytoreduc ve nephrectomy (CN) is another
important decision in the personalized treatment of this
popula on. In the pretargeted therapy era, a combined
analysis of two prospec ve randomized clinical trials revealed that CN followed by interferon treatment was associated with a 5.8-month increase in OS versus interferon
alone (13.6 vs. 7.8 months).29 Unfortunately, there has been
a lack of randomized trials exploring the role of CN for paents with mRCC being treated with molecularly targeted
therapy. To inves gate this further, a retrospec ve analysis
was performed to address the survival beneﬁt of CN for paents with mRCC treated with targeted therapy.30 The median OS for pa ents with CN versus without CN was 20.6
versus 9.5 months (p < .0001). When adjusted for IMDC risk
criteria to correct for imbalances, the HR of death was 0.60
(95% CI, 0.52–0.69; p < .0001). Importantly, pa ents who
possessed four or more of the IMDC prognos c factors did
not appear to beneﬁt from CN. Thus, not all pa ents should
be oﬀered this procedure and the decision should be individualized based on prognosis. In the real world, other
considera ons include bulk of tumor burden outside of the
kidney, brain/liver metastases, symptoms from the primary
tumor, and surgical feasibility.
In the recently reported SURTIME trial, inves gators attempted to determine whether the sequence of CN among
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pa ents who receive suni nib has an eﬀect on pa ent outcomes.31 In this trial, pa ents with metasta c ccRCC were
randomly assigned to immediate CN followed by suni nib
versus three cycles of suni nib followed by CN plus suni nib
(deferred CN). As a result of poor accrual, the inves gators
decided to report the progression-free rate at week 28 as
the primary endpoint. No signiﬁcant diﬀerence between
the two groups was observed; the progression-free rate was
42.0% (95% CI, 28.2–56.8) versus 42.9% (95% CI, 28.8–57.8)
in the immediate and deferred arms, respec vely (p > .99).
Although the study was not adequately powered, an OS
improvement was seen for deferred CN. The authors concluded that the deferred approach ini ates therapy quickly,
does not lead to the inability to perform CN, and CN a er
suni nib appears to be safe.

On-Treatment Predictors of Response
Given the rela ve lack of well-validated predic ve biomarkers, there has been interest in examining the use of
on-treatment predictors of response. Most of these rely on
mechanism-based adverse events that may act as a surrogate for clinical eﬃcacy, focusing mainly on VEGF-targeted
therapies. This class of drugs has speciﬁc toxici es, many of
which have been analyzed as poten al surrogate biomarkers. These include hypertension, hypothyroidism, neutropenia, thrombocytopenia, and hand-foot syndrome.32
The most well established of these adverse events is
treatment-related hypertension.33 This side eﬀect is common with suni nib, occurring in approximately one-third
of pa ents.34 Rini et al35 examined the associa on between
suni nib-induced hypertension and an tumor eﬃcacy in
a large retrospec ve, pooled analysis of four studies that
included 544 pa ents with mRCC. In this study, hypertension was deﬁned as a systolic blood pressure of at least 140
mmHg or a diastolic blood pressure of at least 90 mmHg.
Systolic hypertension was associated with an ORR of 54.8%
compared with an ORR of 8.7% for pa ents without systolic
hypertension (p < .001). PFS (12.5 vs. 2.5 months; p < .001)
and OS (30.9 vs. 7.2 months; p < .001) were also signiﬁcantly longer for pa ents with systolic hypertension than for
those without. Importantly, the incidence of hypertensionassociated end organ dysfunc on, such as cardiovascular
events, was low. Although retrospective in nature, these
ﬁndings suggest that treatment-induced hypertension may
be a viable predic ve biomarker of eﬃcacy in mRCC. Other
studies suggest that the phenomenon is generalizable to
other an -VEGF receptor therapies. Inasmuch as the hypertension is likely related to the magnitude of systemic VEGF
receptor blockade, higher rates of hypertension may reﬂect
higher eﬀec ve drug levels.

CLINICAL APPLICATION OF PROGNOSTIC
AND PREDICTIVE FACTORS IN SECOND LINE
THERAPY AND BEYOND OF RENAL CELL
CARCINOMA
In the second-line se ng, there are again a number of poten al treatment op ons. These include targeted drugs

such as axi nib, cabozan nib, lenva nib plus everolimus, and
the checkpoint inhibitor nivolumab. The op mal sequence
of therapy is still an area of active research. Al-Marrawi
et al36 used the IMDC data set to retrospec vely inves gate
the associa on of clinical outcome between two lines of targeted therapy. In this study, 464 pa ents who received both
a ﬁrst- and second-line VEGF inhibitor were included. In this
analysis, there was no correla on between ﬁrst- and secondline responses, in terms of both ORR and PFS. For the en re
group, the ORR for ﬁrst-line therapy was 22% compared
with 11% for the second-line therapy. These results suggest
that in clinical prac ce, a pa ent’s response, or lack thereof,
should not necessarily inﬂuence the choice of second-line
targeted therapy.
The phase III METEOR trial helped establish cabozan nib
as an eﬀec ve second-line op on in mRCC.37 In this trial,
658 previously treated pa ents were randomly assigned
to receive cabozan nib (60 mg/day) or everolimus (10 mg/
day). All pa ents had progressed a er receiving prior VEGF
tyrosine kinase inhibitor therapy; 69% of pa ents had received only one prior course of systemic therapy, whereas
31% had been treated with two or more prior regimens.
Pa ents progressing while treated with immune checkpoint
inhibitors were also included. Randomiza on was stra ﬁed
according to the number of previous VEGF tyrosine kinase
inhibitors and prognos c risk category. Cabozan nib was
associated with an improved PFS compared with everolimus (7.4 vs. 3.8 months), with a corresponding HR of 0.58
(95% CI, 0.45–0.75; p < .001). This PFS beneﬁt was consistently observed in prespeciﬁed subgroups deﬁned according to the number of prior VEGF tyrosine kinase inhibitors
and prognos c risk category. A dedicated subset analysis of
pa ents with bone metastases also revealed improved outcomes with cabozan nib.38 In this subgroup, the PFS was 7.4
months for cabozan nib versus 2.7 months for everolimus
(HR 0.33; 95% CI, 0.21–0.51). Median OS was also longer
with cabozan nib (20.1 vs. 12.1 months; HR 0.54; 95% CI,
0.34–0.84). These results are consistent with those from
the previously discussed CABOSUN trial and suggest that
cabozan nib is an eﬀec ve treatment op on for this speciﬁc pa ent popula on.
Another recently approved second-line op on in mRCC is
the immune checkpoint inhibitor nivolumab. In the CheckMate 025 trial, 821 pa ents were randomly assigned to
nivolumab (3 mg/kg every 2 weeks) or everolimus (10 mg/
day), with all pa ents having received one or two prior anangiogenic therapies.39 Randomiza on was stra ﬁed by
the prognos c risk group and the number of previous anangiogenic therapy regimens. Nivolumab was associated
with a signiﬁcant improvement in OS (25.0 vs. 19.6 months;
HR 0.73). The ORR was also greater with nivolumab compared with everolimus (25% vs. 5%). Expression of PD-L1
on tumor cells was not associated with a survival beneﬁt
to nivolumab, because those with 1% or greater expression
and those with less than 1% expression had a similar survival
beneﬁt compared with everolimus. Among pa ents with
1% or greater PD-L1 expression, the median OS was 21.8
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months (95% CI, 16.5–28.1) in the nivolumab group and
18.8 months (95% CI, 11.9–19.9) in the everolimus group
(HR 0.79; 95% CI, 0.53–1.17). Higher levels of PD-L1 expression appeared to be associated with shorter OS irrespec ve
of treatment arm. A substan al improvement in quality of
life was also observed over the 2-year study period during
nivolumab treatment. A dedicated subgroup analysis of this
trial has also been reported. This has conﬁrmed a beneﬁt to
nivolumab across a number of key baseline factors, including risk groups, age, number and sites of metastases, and
type and dura on of prior therapy.40 Dura on of response
to prior an -VEGF therapy and NLR (cutoﬀ greater than or
less than three) were noted to be independent predictors
of beneﬁt from nivolumab therapy in pretreated RCC.41 In
the context of immune therapy, no clear predic ve or prognos c factors have emerged that have been correlated in
large popula ons. Explora on of the IMDC database to evaluate prognos c criteria with immunotherapy treatment is
ongoing.

CLINICAL APPLICATIONS OF BIOLOGY IN
RENAL CELL CARCINOMA
The treatment of RCC represents one of the great success
stories in transla onal cancer research, with the development of novel therapies targe ng key oncogenic pathways. Despite these advancements, there is a rela ve lack
of well-validated prognos c and predic ve molecular biomarkers in advanced kidney cancer.
Broadly speaking, RCC represents a diverse collec on of
dis nct histologic subtypes, with ccRCC comprising more
than 75% of cases.42 Molecular heterogeneity within these
subtypes is likely playing an important role in the diversity
of responses and resistance to targeted therapies and has
complicated biomarker discovery.2 The elucida on and subsequent clinical valida on of these molecular markers will
be cri cal in the development of a more personalized approach to treatment. In this sec on, we will highlight the
contemporary clinical applica ons of biology in RCC. We will
focus on poten al molecular prognos c biomarkers as well
as predic ve factors related to VEGF-targeted therapy and
immune checkpoint inhibitors.

mutually exclusive, muta ons in PBRM1 and SETD2 appear
to synergize.45
The prognos c signiﬁcance of many of these genes has
been an area of ac ve research. Kapur et al46 performed a
retrospec ve analysis of 145 pa ents with ccRCC at The University of Texas Southwestern Medical Center, the majority
of whom had localized or locoregional disease. Their results
demonstrated that pa ents with tumors harboring BAP1
muta ons had signiﬁcantly reduced median OS compared
with those who had tumors containing PBRM1 muta ons
(4.6 vs. 10.6 years, respec vely; HR 2.7; p = .04).46 They observed similar results in analysis of a second cohort (with
327 pa ents) from The Cancer Genome Atlas (TCGA).46
Hakimi et al47 performed a similar study looking at 188 paents who underwent resec on of primary ccRCC at the
Memorial Sloan Ke ering Cancer Center, as well as an independent cohort of 421 pa ents from the TCGA. BAP1 muta ons were associated with worse cancer-speciﬁc survival,
with an HR of 7.71 (p = .002). PBRM1 muta ons appeared to
have no impact on cancer-speciﬁc survival, whereas SETD2
muta ons were associated with worse cancer-speciﬁc survival only in the TCGA cohort (HR 1.68; p = .036).
Beyond single gene muta ons, other studies have explored the use of gene expression proﬁling in the prognosca on of RCC. Brannon et al48 obtained gene expression
data from 48 ccRCC samples and iden ﬁed two dis nct molecular subtypes, which they deﬁned as clear cell type A and
clear cell type B. Using a valida on data set of 177 samples,
pa ents with clear cell type A tumors had signiﬁcantly better cancer-speciﬁc survival than those with clear cell type B
tumors (median survival, 8.6 vs. 2.0 years, respectively;
p = .002). This signature was subsequently validated in a
meta-analysis of six ccRCC gene expression data sets encompassing a total of 480 pa ents.49 Similarly, an analysis
of the TCGA data set revealed four dis nct molecular subgroups, designated m1 to m4. Similar to the study by Brannon
et al,49 postnephrectomy survival was related to these ccRCC
subtypes. Interes ngly, this study iden ﬁed changes in key
metabolic pathways within these subtypes. This included
a more aggressive phenotype that was associated with increased expression of enzymes associated with the pentose
phosphate shunt, glutamine transport, and fa y acid synthesis.43

Prognos c Biomarkers
Advancements in modern genomic techniques, including
next-genera on sequencing, have revealed the diverse
spectrum of both gene c and epigene c changes in kidney cancer. The most commonly mutated gene in ccRCC is
von Hippel Lindau (VHL), which in inac vated in more than
50% of pa ents with ccRCC.43 This gene resides on chromosome 3p25 and is essen al to the regula on of hypoxia-inducible factor α and angiogenesis. Three other tumor
suppressor genes (PBRM1, SETD2, and BAP1) are also located on chromosome 3p and together cons tute the most
frequently mutated genes a er VHL.44 All three of these
genes appear to be involved in regula ng epigene c processes such as chroma n and histone modiﬁca on.2 Interes ngly, whereas muta ons in PBRM1 and BAP1 tend to be
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Predic ve Biomarkers
As alluded to previously, the use of molecular classiﬁcaons to predict response to therapy is a crucial step toward
a more personalized approach to the treatment of kidney
cancer. With regard to VEGF-targeted therapy, a number of
tumor-speciﬁc factors have been studied as poten al biomarkers, including VHL muta ons and hypoxia-inducible
factor levels. None of these are currently used in clinical
practice and require further prospective validation.50 Interes ngly, however, expression of the par cular hypoxiainducible factor α isoform may predict responsiveness to a
new class of agents targe ng hypoxia-inducible factor 2α.51
Beuselinck et al52 performed an integrated genomic analysis of primary ccRCCs to iden fy subgroups that may be
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more sensi ve or resistant to an -VEGF treatment. They
collected primary tumor samples from 121 pa ents with
metasta c ccRCC who were receiving ﬁrst-line suni nib.
Using gene expression proﬁling, they iden ﬁed four robust
ccRCC subtypes (ccRCC1–ccRCC4). These groups showed a
high correla on with the prognos c groups previously described by Brannon et al.48 These four molecular subtypes
were associated with diﬀerent responses to suni nib treatment: ccRCC1/ccRCC4 tumors had a lower response rate
(p = .005) and a shorter PFS and OS compared with the
ccRCC2/ccRCC3 subtypes (p = .001 and .0003, respec vely).
The ccRCC4 subtype was associated with the poorest suninib response.
The poor-responder ccRCC1/ccRCC4 subtypes appeared
to share a number of common molecular characteris cs
such as upregula on of MYC targets or a hypermethylated
status strongly correlated with a polycomb stem-cell phenotype. The ccRCC3 tumors revealed a gene expression proﬁle
similar to that of the normal kidney and appeared to have
an indolent disease course. The ccRCC4 tumors showed
speciﬁc pathologic features such as a more inﬂammatory
and sarcomatoid phenotype as well as an upregula on of
cellular immune pathways. These ﬁndings suggest that the
ccRCC4 subtype may be more suscep ble to immune-based

therapies. The authors have subsequently shown that these
four molecular subtypes are also associated with outcome
among pa ents receiving pazopanib as ﬁrst-line therapy.53
Although intriguing, the results must be further validated in
a larger, independent pa ent cohort before they are used in
rou ne clinical prac ce for treatment selec on.
There have also been a number of studies examining poten al predic ve biomarkers to mTOR-directed therapy.
Kucejova et al54 iden ﬁed muta ons in the mTOR-nega ve
regulator TSC1 in ccRCC and proposed that such muta ons
may iden fy tumors most likely to respond to mTOR inhibitors. Kwiatkowski et al55 retrospec vely analyzed a cohort of
79 pa ents with mRCC treated with mTOR inhibitors. They
performed molecular gene c analysis on both responders
and nonresponders to iden fy muta ons associated with
response. Muta ons in MTOR, TSC1, or TSC2 were more
common for pa ents who experienced clinical beneﬁt than
for those who progressed. However, a substan al frac on of
responders (31 of 43; 72%) had no mTOR pathway muta on
iden ﬁed. Thus, more research is needed before promising
biomarkers such as these are used for treatment selec on
in clinical prac ce.
With regard to immune-based therapies, the use of highdose IL-2 remains a ﬁrst-line op on for a select group of

FIGURE 1. Personalized Frontline Therapy of Renal Cell Carcinoma

Asterisks indicate that cabozan nib should be considered for pa ents with bone metastases. The recommenda on for PD-L1 tes ng for treatment decisions is based on subset analysis of CheckMate 214.
Abbrevia ons: RCC, renal cell carcinoma; IMDC, Interna onal Metasta c Renal Cell Carcinoma Database Consor um; Ipi+Nivo, ipilimumab/nivolumab.
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pa ents. Early evidence suggested that certain tumor characteris cs such as carbonic anhydrase IX expression may
predict for response. Unfortunately, the phase II SELECT
trial (with 120 pa ents) failed to demonstrate the predicve value of carbonic anhydrase IX expression on overall
response rate.56 The iden ﬁca on of reliable predic ve biomarkers for immune checkpoint inhibitors is another area of
ac ve research in many tumor types, including RCC. The immune checkpoints most commonly targeted in cancer are the
PD-1/PD-L1 pathway and the CTLA-4 pathway. In mRCC, the
PD-1 inhibitor nivolumab has shown ac vity in the secondline se ng, as well as in the ﬁrst-line se ng in combina on
with the CTLA-4 inhibitor, ipilimumab.28,39
One of the most studied poten al biomarkers for immunotherapy is PD-L1 expression. Unlike in other tumors, PD-L1
has not been shown to be a reliable predictor of response to
an –PD-1 therapy in RCC. In the CheckMate 025 trial exploring nivolumab in the second-line se ng, a beneﬁt was
observed with nivolumab irrespec ve of PD-L1 expression.39
In a subgroup analysis of the previously discussed CheckMate 214 trial, pa ents with tumor PD-L1 of 1% or greater
demonstrated a higher response rate and improved PFS with
nivolumab and ipilimumab compared with suni nib, but
those with less than 1% expression s ll had a response rate
of 37%.28 IMmo on 151 is a recently reported randomized
trial that compared bevacizumab and atezolizumab therapy
to suni nib, speciﬁcally in PD-L1 posi ve (> 1% expression
on tumor inﬁltra ng cells; SP142 assay) pa ents with metasta c renal cancer.57 The primary endpoint of the study was
inves gator assessed PFS in PD-L1 posi ve pa ents with
untreated metasta c RCC and OS in all pa ents by intent
to treat. The results revealed that PFS was signiﬁcantly improved with the combina on in PD-L1 posi ve pa ents (HR
0.74; 95% CI, 0.57–0.96; p = .0217). Median PFS was 7.7
months with suni nib and 11.2 months with atezolizumab
and bevacizumab combina on. The OS results are not mature at the me of present report. In general, there are several key limita ons with the use of PD-L1 expression as a
poten al biomarker. These include heterogeneity between
the primary and metasta c sites as well as intratumor heterogeneity. PD-L1 is also a dynamic biomarker, which may
change based on prior VEGF-targeted therapy. Other limita ons involve the technical methods used, including the
choice of an body, the selected cutoﬀs to deﬁne posi vity,
and the types of cells analyzed.57
To explore genomic altera ons in ccRCC that may correlate with response to an –PD-1 therapy, Miao et al58 performed whole exome sequencing of metasta c ccRCC from
35 pa ents treated with nivolumab. In this analysis, they
found that loss-of-func on muta ons in the PBRM1 gene
appeared to be associated with increased clinical beneﬁt to
immune checkpoint therapy. Those with PBRM1 loss had
signiﬁcantly prolonged OS and PFS compared with pa ents
without PBRM1 loss (log-rank p = .0074 and p = .029, respec vely). These ﬁndings were conﬁrmed in an independent valida on cohort of 63 pa ents with ccRCC treated
with checkpoint inhibitors. It is speculated that PBRM1 loss
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may alter global expression proﬁles to inﬂuence responsiveness to immune-based therapies. The use of genomic analysis to predict response to immunotherapy represents an
exci ng step forward in the personalized care of mRCC. These
ﬁndings will need further prospec ve valida on before they
are used in clinical prac ce.

Non–Clear Cell Renal Cell Carcinoma
nccRCC represents approximately 20% of diagnoses and
comprises a number of dis nct histologies, each of which
appears to have unique biology. The most common of the
non–clear cell variants is papillary RCC. Durinck et al59 performed integrated genomic analyses of 167 non–clear cell
tumors, including 67 papillary RCCs. The authors iden ﬁed
10 signiﬁcantly mutated genes, including MET, NF2, SLC5A3,
PNKD, and CPQ.59 The TCGA Network recently performed a
comprehensive molecular characteriza on of papillary RCC
from 161 samples and conﬁrmed two clinically and biologically dis nct subtypes.60 Type I disease was noted to bear a
higher frequency of altera ons in the MET proto-oncogene,
whereas type II tumors had CDKN2A silencing and SETD2
muta ons. Data from the French RCC Network further support MET as an oncogenic driver across papillary RCC subtypes. In their analysis of 220 samples, 81% and 46% of type I
and type II cases, respec vely, demonstrated altera ons in
the MET gene.61
These ﬁndings have led to interest in exploring the use of
MET-directed therapies in papillary RCC. The predic ve ability of MET muta onal status was demonstrated in a phase II
trial looking at the MET inhibitor fore nib in metasta c papillary RCC. In this trial, the presence of a germline MET
muta on was highly predic ve of a response to this novel targeted therapy.62 Another phase II study evaluated the safety
and eﬃcacy of the MET inhibitor savoli nib for pa ents with
papillary RCC according to MET status.63 In this trial, ORR
was signiﬁcantly higher for pa ents with MET-driven disease (18% vs. none; p = .002). Median PFS for pa ents with
MET-driven and MET-independent disease was 6.2 and 1.4
months, respec vely (HR 0.33; p < .001). Given these ﬁndings, an interna onal, randomized, phase II study led by the
Southwest Oncology Group (SWOG 1500) is further exploring this approach. This trial is randomly assigning pa ents
with metasta c papillary RCC to receive either suni nib or
one of three MET-directed therapies: savoli nib, cabozannib, and crizo nib. There will be an addi onal exploratory
evalua on of MET muta onal status and expression. The
results of this trial could help change the treatment paradigm of nccRCC and further promote a more personalized
approach to therapy.

Future Direc ons: ctDNA
RCC is characterized by a high degree of intratumor heterogeneity. Analyses of RCC samples have shown that a single
tumor biopsy may reveal only a minority of the gene c altera ons within the en re tumor and that diﬀerences in
gene c altera ons are seen between the primary and metasta c sites.64,65 This degree of heterogeneity and clonal
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evolu on complicates biomarker development and the
delivery of precision medicine. Given these limita ons,
there has been increasing interest in the use ctDNA in kidney cancer.
Pal et al66 conducted the largest pa ent series of ctDNA
evalua on in mRCC to date. In this study, they obtained
ctDNA proﬁles from a cohort of 220 consecu ve pa ents
with mRCC.66 Genomic altera ons were detected for 79%
of pa ents. The most frequent altera ons included TP53
(35%), VHL (23%), EGFR (17%), NF1 (16%), and ARID1A
(12%). They also a empted to deﬁne diﬀerences in the
ctDNA proﬁle across lines of targeted therapy. When looking
at post ﬁrst-line VEGF-therapy versus ﬁrst-line VEGF-therapy
proﬁles, they iden ﬁed diﬀerences in genomic altera ons:
TP53 (64% vs. 31%; p = .04), NF1 (29% vs. 4%; p = .02), and
PIK3CA (29% vs. 8%; p = .07). These changes may suggest
a selec ve pressure from therapy and could imply a role in
therapeu c resistance. Although it is not without a number
of important limita ons, this study illustrates the poten al
of ctDNA in further evalua ng the genomic diversity of RCC.
In the future, the use of ctDNA may expedite biomarker discovery and facilitate the selec on of novel targeted therapies.

CONCLUSION
In summary, the treatment of advanced RCC has undergone
an impressive transforma on over the last decade. With a
number of highly eﬀec ve therapies available across mulple lines, it will become increasingly important to develop
a more tailored approach to treatment selec on. Clinical
prognos c models like the IMDC have shown a predic ve
ability in the context of immune checkpoint inhibi on in the
ﬁrst-line se ng and will likely be used in clinical prac ce for
pa ent selec on. In Figure 1, we present a proposed plan
based on current available informa on to help determine
frontline therapy of ccRCC. As our understanding of the genomic landscape of RCC improves, a number of molecular
markers are being explored as biomarkers. These include
robust gene expression proﬁles that will hopefully further
improve our ability to predict who will and will not respond
to targeted therapy. Novel pla orms such as ctDNA analysis
may also provide a less-invasive avenue toward personalized medicine. In the end, given the complexity of cancer
treatment, it will likely require a combina on of clinical and
biologic approaches to fully realize the poten al of precision
oncology.
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Systemic Therapy for Advanced Urothelial Carcinoma:
Current Standards and Treatment Considera ons
Brian Dietrich, MD, Arlene O. Sie er-Radtke, MD, Sandy Srinivas, MD, and Evan Y. Yu, MD
OVERVIEW
Urothelial carcinoma is the sixth most common malignancy in the United States. Although most are diagnosed with non–
muscle-invasive malignancy, many pa ents will develop recurrent disease within 5 years, with 10% to 20% developing advanced muscle-invasive or more distant incurable disease. For such pa ents, clinical outcomes have remained subop mal,
although recent therapeu c advances have brought new hope to the ﬁeld. Here, we discuss the main systemic treatment
op ons available for the treatment of pa ents with advanced disease. This review begins with tradi onal chemotherapy,
which remains a ﬁrst-line treatment op on for many pa ents. The second sec on focuses on the evolving landscape of immunotherapy, speciﬁcally on approved checkpoint inhibitors and future challenges. Last, we address advances in targeted
treatments, including angiogenesis and ﬁbroblast growth factor receptor (FGFR) inhibitors as well as an body-drug conjugates. As the number of available treatment op ons con nues to expand, ongoing trials to inves gate the best sequence
and combina on strategies to incorporate these drugs into clinical prac ce will help delineate the future.

B

ladder cancer is the sixth most common cancer in the
United States, with an es mated 79,030 cases diagnosed in 2017.1,2 Men are four mes more likely to develop
disease than women, with approximately 60,490 men and
18,540 women diagnosed annually.1,2 Although the majority
of cases are non–muscle-invasive malignancy, nearly 70%
of these will have a recurrence within 5 years, with 10% to
20% developing advanced muscle-invasive or metasta c
disease.3 Despite mul disciplinary therapeu c advances,
clinical outcomes remain subop mal, with 5-year survival
rates around 77% for all stages combined and less than 15%
for those with metasta c disease.4 Further, urothelial malignancies frequently occur in an older popula on, many with
comorbidi es, rendering a large percentage of newly diagnosed pa ents ineligible to receive standard chemotherapy
regimens. Overall outcomes have been rather sta c for decades, with some recent improvements, yet there remains
an unmet need for newer interven ons. Here, we ﬁrst review historic standard chemotherapy regimens, followed by
more recent targeted and immunotherapy op ons for the
management of advanced bladder cancer.

SYSTEMIC CHEMOTHERAPY IN ADVANCED
UROTHELIAL CANCER
On its incep on, administra on of the chemotherapy agent
cispla n fostered a genuine sense of excitement in the ﬁeld
of urothelial cancer, genera ng similar excitement and

hope to what we are currently seeing with immune checkpoint inhibi on. However, despite the ini al enthusiasm
and extensive trials that followed over several decades, we
found that there was a plateau in the therapeu c response
and survival that could be achieved with combinatorial chemotherapy.
Methotrexate, vinblastine, doxorubicin, and cisplatin
(MVAC) showed evidence of clinical ac vity5 and survival advantage compared with combina on treatments.6 Despite
several decades of research with diﬀerent chemotherapy
combina ons, inves gators have not been able to inﬂuence
survival beyond the ini al outcomes observed with MVAC.
The major “improvement” in chemotherapy has been in
decreasing toxicity, with the adop on of gemcitabine and
cispla n (GC) as the standard of care because of decreased
mucosi s and neutropenic fever in pa ents with incurable
urothelial cancer.7

Dose-Dense Therapy
The development of dose-dense chemotherapy combinaons has resulted in improved toxicity and a shorter duraon of treatment compared with MVAC but has had limited
impact on clinical outcomes. Sternberg et al8 reported decreased mucosi s and neutropenic fever rates with dosedense MVAC compared with MVAC in metasta c urothelial cancer, resul ng in a resurgence of this combina on
as a neoadjuvant treatment of urothelial cancer. Several
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neoadjuvant clinical trials have suggested similar downstaging rates with dose-dense MVAC, a shorter me to surgery,9-11 and comparable long-term survival9 as has been
observed with tradi onal MVAC.
Dose-dense strategies have been explored with GC as
well. Bellmunt et al12 reported more cycles delivered and an
improved toxicity proﬁle with a triple combina on of gemcitabine, paclitaxel, and cispla n given on a 3-week schedule compared with a 4-week schedule of GC. Dose-dense
GC on a 2-week schedule has also been evaluated, although
that study was closed prior to comple ng enrollment a er
ﬁnding higher rates of venous thromboembolism in the
treated pa ents.13
GC is being used as a backbone for the addi on of other
novel agents, including immune checkpoint inhibitors and
bevacizumab, in currently ac ve trials. Trials with other
agents did not suggest any addi ve beneﬁt. Hussain et al14
reported no addi onal ac vity and increased toxicity, with
higher than expected rates of thromboembolism resul ng
in dose reduc on of the chemotherapy, in a small randomized trial of GC with or without cetuximab in a group of unselected pa ents with metasta c urothelial cancer. Another
trial of HER2-posi ve pa ents explored the addi on of trastuzumab to the combina on of gemcitabine, paclitaxel, and
carbopla n but could not determine addi ve beneﬁt with
trastuzumab and reported higher rates of cardiac toxicity.15

Combining Chemotherapy With Immunotherapy
Early a empts to incorporate immune-modula ng agents
with systemic chemotherapy resulted in minimal impact
on clinical ac vity. One of the earliest trials using the im-

PRACTICAL APPLICATIONS
• Despite mul disciplinary advances in urothelial
carcinoma, clinical outcomes remain subop mal for
those with advanced disease, with 5-year survival rates
typically less than 15%.
• For pa ents with metasta c disease, ﬁrst-line pla numbased chemotherapy remains standard of care for those
who are cispla n eligible.
• For pa ents with recurrent disease a er chemotherapy,
there has been FDA approval of ﬁve diﬀerent PD-1/
PD-L1 inhibitors since May 2016, with both
atezolizumab and pembrolizumab also approved as
ﬁrst-line therapy for pa ents ineligible to receive
cispla n chemotherapy.
• There are a number of promising targeted therapies
currently undergoing study in advanced urothelial
carcinoma, including VEGF receptor 2 an bodies,
selec ve FGFR inhibitors, and an body-drug conjugates
such as enfortumab vedo n, targe ng Nec n-4.
• As a mul tude of drugs con nue to be inves gated, the
treatment paradigm con nues to change with ongoing
research aimed at how best to incorporate these newer
agents with current well-established therapies or in
novel combina ons with other treatment modali es at
various stages of disease

mune-modula ng agent α-interferon with ﬂuorouracil and
cispla n had evidence of clinical ac vity but was more toxic
than MVAC.16 With the recent advances in immune checkpoint inhibi on, Galsky et al17 explored the combina on of
GC with ipilimumab. Despite the addi on of ipilimumab,
there did not appear to be an impact on survival greater
than that observed with historical data on chemotherapy
alone. Although ipilimumab did appear to aﬀect the immune system, resul ng in increased levels of circula ng CD4
and CD8 T cells, the rates of immune-mediated toxici es
appeared lower than what was typically observed with this
dose of ipilimumab. Therefore, one might consider whether
the chemotherapy may have resulted in down-modula on
of the immune response. Currently, there are many clinical
trials ongoing combining systemic chemotherapy with immune checkpoint inhibitors exploring the impact of these
combina ons in the frontline treatment of metasta c urothelial carcinoma and beyond (Table 1).

Selec ng Chemotherapy: Clinical Factors
The use of cispla n-based chemotherapy has been limited
by the toxicity in pa ents with urothelial cancer, whose
frequent comorbid condi ons limit their ability to tolerate
aggressive therapy. It is es mated that only a minority of paents are actually candidates for or receive a cispla n-based
chemotherapy regimen.18 As a result, many have focused on
the use of clinical factors to select pa ents for treatment.
Poor kidney func on frequently occurs in pa ents with
urothelial carcinoma, either from direct obstruc on or inﬁltra on of urothelial tumors or the comorbid condi ons
commonly associated with this disease. An expert consensus statement suggested a glomerular ﬁltra on rate of
greater than 60 mL/min as op mal for the use of cisplan-based chemotherapy.19 Although this has resulted in the
FDA’s threshold for adequate renal func on for drug development in pa ents considered cispla n eligible, it should be
noted that many inves gators have performed clinical trials
of cispla n-based chemotherapy in those with glomerular
ﬁltra on rates as low as 50 to 55 mL/min.9,20 Such pa ents
typically receive aggressive hydra on with a full 3 L of postcispla n hydra on and have decompression of obstructed
kidneys with nephrostomy tubes to tolerate such therapy.
Others have advocated for a split-dose schedule of cispla n
on days 1 and 2 for glomerular ﬁltra on rate between 50
and 60 mL/min (and even as low as 40–50 mL/min, which is
the current standard at The University of Texas MD Anderson Cancer Center). Aggressive ﬂuid hydra on is essen al
when trea ng pa ents with these lower glomerular ﬁltraon rates.
Poor hearing and peripheral neuropathy are addi onal
limita ons for the use of a cispla n-based regimen. A combina on of ifosfamide, doxorubicin, and gemcitabine avoids
these nerve-damaging eﬀects and has shown evidence of
clinical ac vity with downstaging rates and survival similar
to what has been reported with neoadjuvant MVAC.21 However, it should be noted that this combina on requires hospitaliza on, use of mesna, and a sodium acetate infusion,
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

343

DIETRICH ET AL

TABLE 1. Ac vely Accruing Immunotherapy Combina on Trials
Study

ClinicalTrials.gov Iden ﬁer

Arms

Disease State

Phase

Es mated
Comple on Date

Danube

NCT02516241

Durvalumab + tremelimumab vs. durvalumab vs.
standard chemotherapy

Metasta c, ﬁrstline therapy

III

July 2019

HCRN GU10-148

NCT01524991

Ipilimumab in combina on
with gemcitabine and
cispla n

Metasta c, ﬁrstline

II

March 2018

KEYNOTE-361

NCT02853305

Pembrolizumab with or
without pla num-based
chemotherapy vs.
pla num-based chemotherapy

Metasta c, ﬁrstline

III

March 2020

IMvigor 130

NCT02807636

Atezolizumab vs. atezolizumab in combina on
with pla num-based
chemotherapy vs.
pla num-based chemotherapy

Metasta c, ﬁrstline

III

July 2020

JAVELIN Bladder 100

NCT02603432

Avelumab + BSC vs. BSC
alone following frontline
pla num chemotherapy

Metasta c,
maintenance
therapy

III

July 2020

USC/NCI sponsored

NCT02717156

Pembrolizumab + sEphB4HSC

Metasta c,
second-line or
beyond

II

November 2020

D4884C00001

NCT02527434

MEDI4736 ± tremelimumab
vs. tremelimumab alone
sequenced to MEDI4736
monotherapy

Metasta c,
second-line

II

October 2018

MSK sponsored

NCT03093922

Two dosing schedules of
atezolizumab + cispla n
and gemcitabine

Metasta c, ﬁrstline

II

March 2019

BMS CA209-032

NCT01928394

Nivolumab ± ipilumumab

Metasta c,
second-line

I/II

December 2019

Eli Lilly sponsored

NCT02443324

Ramucirumab + pembrolizumab

Metasta c,
second-line

I

August 2018

NCI sponsored

NCT02496208

Nivolumab + cabozan nib ±
ipilimumab

Metasta c,
second-line

I

December 2017

UC Davis/Merck Sharpe &
Dohme sponsored

NCT02437370

Pembrolizumab + docetaxel
or gemcitabine in pla num-pretreated

Metasta c,
second-line

I

December 2019

BMS CA224-020

NCT01968109

An -LAG3 ± nivolumab

Metasta c,
second-line

I

October 2019

Corvus CPI-444-001

NCT02655822

CPI-444 ± avelumab

Metasta c,
second-line

I

December 2018

PsiOxus Therapeu cs sponsored

NCT02636036

Enadenotucirev + nivolumab

Metasta c,
second-line

I

June 2019

Propel

NCT03138889

NKTR-214 + pembrolizumab/NKTR-214 +
atezolizumab

Metasta c, ﬁrstline (pla num
ineligible);
second-line
(PD following
pla num
therapy)

I

May 2020

Con nued
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TABLE 1. Ac vely Accruing Immunotherapy Combina on Trials (Cont'd)
Study

ClinicalTrials.gov Iden ﬁer

Arms

Disease State

Phase

Es mated
Comple on Date

RO7198457/Genentech
sponsored

NCT03289962

Personalized cancer vaccine
± atezolizumab

Metasta c, ﬁrstline (pla num
ineligible);
second-line
(PD following
pla num
therapy)

I

September 2020

EV-103

NCT03288545

Enfortumab vedo n +
CPI (pembrolizumab or
atezolizumab)

Metasta c, ﬁrstline (pla num
ineligible);
second-line
(PD following
pla num
therapy)

I

September 2020

Rutgers/NCI sponsored

NCT03229278

Trigriluzole + nivolumab or
pembrolizumab

Metasta c,
second-line or
beyond

I

July 2019

FIERCE-22

NCT03123055

B-701 + pembrolizumab

Metasta c,
second-line

I

March 2019

Abbrevia ons: BSC, best suppor ve care; MSK, Memorial Sloan Ke ering Cancer Center; NCI, Na onal Cancer Ins tute; UC, University of California; PD, progressive disease.

but remains a considera on for pa ents younger than age
80 with a glomerular ﬁltra on rates greater than or equal to
50 mL/min.

Selec ng for Chemotherapy by Muta on Tes ng
Altera ons in DNA repair pathways have long been implicated in the development of urothelial cancer.22 One variant,
ERCC2/XPD, has been implicated in both cispla n sensi vity
and cispla n resistance in squamous tumors of the head
and neck23 and non–small cell lung cancer,24 respec vely.
More recently, Van Allen et al25 reported enhanced cispla n
sensi vity for ERCC2-mutated urothelial cancer, ﬁnding that
of the tumors downstaged to pT0/pTisN0 with neoadjuvant
cispla n-based chemotherapy, ERCC2 was the most consistent muta on noted in the cispla n responsive group.
Muta ons of the HER2 pathway have also been implicated
in cispla n sensi vity. Groenendijk et al26 found that ERBB2
muta ons were present in nine of 38 complete responses
(CRs) and none of the 33 nonresponders to neoadjuvant
cispla n-based chemotherapy. They also reported ERCC2
muta ons in six of the 38 pa ents with a CR and two of the
33 pa ents whose disease did not respond to treatment,
although this associa on did not meet sta s cal signiﬁcance.26 Larger data sets are clearly needed to validate the
role of ERBB2 and ERCC2 in predic ng response to cispla nbased chemotherapy.

CHECKPOINT INHIBITORS FOR ADVANCED
DISEASE
The concept for using immunotherapy drugs in bladder malignancies is not novel, having now been in use since the
1960s, when immune-mediated therapeu c eﬀects, some
persis ng for extended periods of me, were ﬁrst demonstrated using intravesical bacillus Calme e-Guerin in non–

muscle-invasive bladder cancer.27 FDA approval for the
treatment of in situ carcinoma of the bladder and prophylaxis of recurrent tumors following transurethral resec on
of a bladder tumor was granted in 1990. Since that ini al
incep on, there has been an explosion of interest in the applica on of novel immune therapies in trea ng a variety of
malignancies, including bladder cancer. Bladder cancer is a
heterogenous malignancy with a high frequency of soma c
muta ons,28 on par with other disease processes such as
melanoma and non–small cell lung cancer. This hypermutaonal phenotype yields an increase in neoan gen burden,
which is hypothesized to correspond to a tumor’s sensi vity
to immune checkpoint blockade that can be exploited by
a number of therapeu c agents.29,30 Although a number of
immune checkpoint proteins exist, PD-1 and its ligand counterpart PD-L1 are the most common targets of currently
approved drugs. Exploita on of the pathway has revoluonized the treatment of pa ents with advanced disease,
leading to the FDA approval of ﬁve agents since May 2016,
with applica ons in cispla n-ineligible pa ents and pa ents
previously treated with pla num-based chemotherapy.

Immunotherapy for Advanced or Recurrent Disease:
Previously Treated Pa ents
Although pla num-based chemotherapy is s ll used as standard frontline therapy for those eligible, progressive disease inevitably occurs. Beyond chemotherapy, many eﬀec ve
therapeutic options are now available, including five different checkpoint inhibitors: atezolizumab, pembrolizumab,
nivolumab, durvalumab, and avelumab.
Atezolizumab (Tecentriq; Genentech) is a humanized,
monoclonal an body targe ng PD-L1, leading to inhibi on
of PD-1 and B7.1 receptor interac on.31 Eﬃcacy of the drug
was demonstrated in cohort 2 of the single-arm, open-label
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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phase II IMvigor 210 study,32 leading to accelerated approval
in May 2016 on the basis of encouraging, durable response
rates. To be eligible for the study, pa ents were required
to have disease progression during or following therapy
with pla num-based chemotherapy, or within 12 months
of comple on of neoadjuvant or adjuvant therapy. Objecve response rate (ORR) by RECIST criteria was the primary
endpoint of the study. PD-L1 status was prospec vely analyzed using the Ventana SP142 assay by Roche, using 5%
as a cutoﬀ for high expression by immunohistochemical
staining. Atezolizumab was administered as a 1,200 mg intravenous infusion given on day 1 of each 3-week cycle, connuing un l disease progression or unacceptable toxicity. At
14.4-month median follow-up, the ORR was 14.8% in the
310 treated pa ents, including 17 CRs (5.5%). A greater ORR
was seen in the high-PD-L1 group (26%), including 12 CRs in
the pa ents with 5% or greater PD-L1 expression, although
responses (including CRs) occurred even in the absence of
PD-L1. Perhaps even more important, the majority of those
with a treatment eﬀect showed promising durability, with
con nuing responses in 38 of the 45 responders (84%) at
a median follow-up of 12 months. Common side eﬀects include fa gue, nausea, fever, decreased appe te, and possible immune-related eﬀects, with 6.5% of pa ents requiring
cor costeroid administra on and 2.3% needing thyroid hormone supplementa on.33
IMvigor 21134 was the larger phase III study intended to
validate the results of the prior phase II study using atezolizumab for second-line therapy, with overall survival (OS) being the primary endpoint. Pa ents were randomly assigned
to receive either atezolizumab or inves gator’s choice of
paclitaxel, docetaxel, or vinflunine. Confirmed objective
responses were similar between the chemotherapy and
atezolizumab arms, and the study disappoin ngly fell short
of its primary endpoint of OS. Numerically longer dura on
of responses did occur in the atezolizumab arm. Although
the treatment responses for atezolizumab were similar to
those seen in the phase II study, the results in the chemotherapy arm were be er than the planned study assumpons, which may factor into why the study failed to reach its
primary endpoint.
Pembrolizumab (Keytruda; Merck) is a humanized anbody targe ng PD-1, leading to blockade of PD-L1 and
PD-L2 ligands. KEYNOTE-04535 was a randomized phase III
trial comparing pembrolizumab given at a dose of 200 mg
every 3 weeks to inves gators choice of either paclitaxel,
docetaxel, or vinﬂunine in pa ents with previously treated
metasta c urothelial carcinoma. Progression-free survival
(PFS) and OS were the coprimary endpoints of the study.
OS was signiﬁcantly increased in the immunotherapy arm
at 10.3 months, compared with 7.4 months with chemotherapy. PFS was similar among all groups. Overall response
rates were higher in the immunotherapy arm (21% vs. 11%),
including CRs in 19 pa ents (7%). Response dura on of at
least 12 months was be er with pembrolizumab compared
with chemotherapy (68% vs. 35%). Treatment with PD-1
blockade was be er tolerated than chemotherapy, with
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fewer adverse eﬀects reported (69.1% vs. 90%) and disconnua on of treatment due to adverse events (AEs; 5.6%
with pembrolizumab vs. 11% with chemotherapy). The
side-eﬀect proﬁle with pembrolizumab was similar to studies in other malignancies. The results of KEYNOTE-045 provided the ﬁrst high-level evidence for immune checkpoint
inhibitors in advanced disease, conﬁrming an OS beneﬁt (by
nearly 3 months) compared with chemotherapy with be er
tolerability.
Nivolumab (Opdivo; Bristol-Myers Squibb) is a fully human
IgG4 an body that targets PD-1. The beneﬁts of nivolumab
in advanced disease have been demonstrated in two studies
of pa ents with pla num-pretreated disease, CheckMate
03236 and CheckMate 275,37 leading to regulatory approval
of the agent in February 2017. In the phase I/II open-label
CheckMate 03236 study, pa ents were given nivolumab at a
dose of 3 mg/kg intravenously every 2 weeks, with ORR as
the primary endpoint. At a median follow-up me of 15.2
months, the ORR was 24.4%, with ﬁve pa ents (6%) achieving a CR. Responses to therapy were observed regardless of
level of PD-L1 expression. Skin (seen in 42% of subjects) and
gastrointes nal (10%) AEs were most commonly reported,
and there were two treatment-related deaths from thrombocytopenia and pneumoni s.36 Checkmate 27537 was the
larger phase II study evalua ng nivolumab in pa ents with
locally advanced, unresectable, or metasta c disease following treatment with a pla num-based chemotherapy
regimen. ORR was the primary endpoint of the study, with
19.6% of pa ents responding at a median follow-up of 7.0
months. Responses occurred irrespective of the level of
PD-L1 expression, although this was measured for subgroup
analysis using the Dako assay with cutoﬀs of 1% and 5%. The
collec ve median OS was 8.7 months, with survival rates of
6.0 and 11.3 months for PD-L1 levels above and below 1%,
respec vely. Diarrhea and fa gue were commonly reported,
with grade 3 or 4 toxicity occurring in 17.8% of pa ents.
The humanized PD-L1 an body durvalumab (Imﬁnzi; AstraZeneca) demonstrated eﬃcacy based on the phase I/II
1108 study38 of 191 pa ents who were pretreated with platinum-based chemotherapy. Treatment was given intravenously every 2 weeks at a dose of 10 mg/kg. ORRs occurred
in 17.8% of pa ents, with 3.7% achieving a CR. ORRs were
higher for those with high PD-L1 expression, with 27.6% of
tumors with high PD-L1 expression vs. 5.1% of those with
low or no expression responding. Median OS was 18.2
months (although OS data were considered immature at
me of the data cutoﬀ), with 55% of pa ents alive at 1 year.
High-grade immune-related AEs occurred in 2.1% of cases,
including two deaths from immune-related pneumoni s
and hepa s.38 Accelerated regulatory approval was given to
durvalumab in May 2017 for second-line use. Currently, the
phase III DANUBE trial is evalua ng durvalumab for frontline
use regardless of pla num eligibility, either as a single agent
or in combina on with the CTLA-4 an body tremelimumab,
compared with standard pla num-based therapy.
The last of the PD-L1 an bodies, avelumab (Bavencio;
EMD Serono/Pﬁzer), received condi onal regulatory approval
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in May 2017 for second-line treatment of urothelial carcinoma a er a pla num-based regimen, on the basis of the
results of a 44-pa ent phase IB expansion cohort.39 Treatment was given at a dose of 10 mg/kg intravenously every 2 weeks, with safety and tolerability being the primary
endpoints. Secondary endpoints included PFS, OS, ORR by
RECIST 1.1 criteria, and PD-L1 associa ons with response.
At a median follow-up of 16.5 months, ORR was 18.2%, including CRs in 5 of the 44 pa ents (11.4%) and 15 pa ents
with stable disease. Notably higher response rates occurred
in the PD-L1-posi ve tumors (53.8% vs. 4.2%), with durable
responses in the majority of cases. A 13.7-month median OS
was seen in the cohort. Treatment-related AEs were similar
to other immunotherapy agents, including fa gue (31.8%),
nausea (11.4%), infusion reac ons (20%), and immune-related toxici es (20.5%, with hypothyroidism being the most
common). No treatment-related deaths occurred in this
phase I cohort. Avelumab is also currently being evaluated
for use as a maintenance therapy in the phase III JAVELIN
Bladder 100 study,40 which randomly assigns pa ents who
do not progress a er comple ng ﬁrst-line pla num chemotherapy to a maintenance regimen of avelumab plus best
suppor ve care versus best suppor ve care alone, with OS
being the primary endpoint. The study is expected to be
completed by 2020.

Frontline Immunotherapy: Cispla n-Ineligible
Pa ents
Of the approved immunotherapy agents, only atezolizumab
(Tecentriq) and pembrolizumab (Keytruda) are approved as
ﬁrst-line therapy for pa ents ineligible to receive cispla n
chemotherapy. Use of atezolizumab in the frontline metasta c se ng for cispla n-ineligible pa ents was evaluated
in cohort 1 of the phase II IMvigor210 study.41 This cohort
enrolled 119 pa ents ineligible to receive cispla n, most
commonly because of renal dysfunc on or subop mal performance status (ECOG 2 or higher). At a follow-up me of
17.2 months, ORR was 23%, which included 9% achieving
a CR. Protracted responses were seen as well, with 19 of
the 27 responders having con nued treatment beneﬁt at
the me of analysis. Expression of PD-L1 did not correlate
with responses seen. The median OS for the group was 15.9
months. Twelve percent of pa ents developed serious immune-related AEs, warran ng discon nua on of therapy in
fewer than 10% of pa ents because of treatment-related effects. Atezolizumab received regulatory approval for frontline use in cispla n-ineligible pa ents in April 2017 on the
basis of the durable responses seen in IMvigor210.
The phase II study KEYNOTE-05242 included pa ents with
advanced disease ineligible to receive cispla n treatment,
most frequently because of renal dysfunc on or poor performance status. The study enrolled an older pa ent popula on, with a median age of 74, a third of whom were older
than age 80. Treatment with pembrolizumab was administered every 3 weeks for up to 2 years, with ORR as the
primary study endpoint. At 9.5-month median follow-up,
a 29% response rate was seen, 7% of which were CRs. Re-

sponses could be seen at all levels of PD-L1 expression,
although the high-PD-L1 (≥ 10%) subgroup yielded greater
results. Approximately 11% of subjects discon nued treatment because of side eﬀects. Given the clinically meaningful,
durable responses demonstrated in KEYNOTE-052, accelerated approval was granted for use in cispla n-ineligible
pa ents in May 2017.

Immunotherapy: Challenges and Future
Considera ons
Although the use of PD-1/PD-L1 drugs has yielded great advances, many limita ons and challenges remain. The promise of immunotherapy is tempered by the low propor on
of pa ents beneﬁ ng from the drugs, with response rates
of only about 20% on average. Whether these numbers can
be improved is currently being evaluated in a number of ongoing trials combining immunotherapy with radia on treatments, chemotherapy, vaccines, and other immunotherapy
agents.
Selec ng which pa ents are likely to beneﬁt from a durable response is urgently needed. Various PD-L1 assays
are currently the most readily available study, although
PD-L1 is an imperfect biomarker, lacking a standardized assay for staining and accepted metrics to deﬁne expression
thresholds. Furthermore, PD-L1 is not universally predicve of treatment response, with some studies such as the
IMvigor21134 showing lack of predic ve power (the PD-L1
biomarker unexpectedly enriched responses in both the
chemotherapy and atezolizumab arms, which may in part
explain some of the nega ve results in the study). Expression is heterogeneous within primary tumors and metastases. Because most of the tested samples are from archived
ssues, these may not reﬂect dynamic changes in expression that may develop throughout a pa ent’s complex treatment course.
Gene expression proﬁling has been used to classify molecular subtypes of urothelial cancer that diﬀer in their
prognosis and underlying biology. Early subtyping work suggested the basal subtype, which is associated with a poor
prognosis,43,44 was predic ve for a survival beneﬁt when
treated with cispla n-based chemotherapy.45 The p53-like/
luminal 2/luminal-inﬁltrated subtype was associated with
chemotherapy resistance.45 Robertson et al46 recently proposed a stra ﬁca on of ﬁve diﬀerent subtypes (luminal,
luminal-papillary, luminal-inﬁltrated, basal/squamous, and
neuronal) of bladder cancer using integrated RNA subtype
classiﬁca on. Luminal subtype, which cons tuted 35% of
specimens in this study, may demonstrate a lower probability of response to neoadjuvant chemotherapy on the basis
of preliminary data from Seiler et al47 The luminal-inﬁltrated
subtype may also have lower responses to neoadjuvant chemotherapy, although express the immune markers CD270
(PD-L1) and CTLA4,46 which may predict for be er responses
to immune checkpoint inhibi on. When explored in the context of immunotherapy, higher responses were observed in
the luminal 2 subtype with atezolizumab48 and the basal
1 subtype with nivolumab,49 with both studies sugges ng
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lower responses in luminal 1 tumors that appear immunologically “cold.” Further studies are needed to validate these
ﬁndings.
Tumor muta onal burden has also been looked at as a
poten al biomarker, with correla ons between high mutaonal burden and response rates and durability in subgroup
analysis of the atezolizumab41 IMvigor210 study, although
such sequencing assays can be diﬃcult to standardize, and
the rela ve muta on burden may be altered over me,
causing changes in the immune signature. Mul parameter
immune gene expression proﬁling using nanostring-based
gene expression signatures is another avenue of markers
being inves gated in other disease en es,50-52 with transla on to urothelial malignancies if successful. Immune gene
expression proﬁling oﬀers the advantage of proﬁling RNA
from mul ple cell types and therefore may be more fully
representa ve of the inﬂammatory status within the tumor
microenvironment.
For the subset of pa ents who do respond to therapy,
the op mal dura on of treatment remains unknown. On
the basis of clinical trial experience, the current standard
of care is to con nue the drug indeﬁnitely un l progression
or unacceptable toxicity. Trials are currently under way to
assess the importance of length of treatment. The fact that
pa ents who have had a response with treatment stopped
for toxicity con nued to maintain lack of progression gives
considera on that therapy might be stopped a er a ﬁnite
duration. In some practices, without any data available,
stopping therapy in pa ents achieving a CR a er 6 months
and in those with a par al response (PR) or stable disease
a er a dura on of 1 to 2 years seems reasonable. Retreatment
is also an area of some uncertainty. Whether pa ents who
achieved a CR beneﬁt from retreatment remains largely unknown. A course of chemotherapy or radia on may alter the
microenvironment of the tumor and possibly allow be er
response on retreatment, although that remains unproven.
As we gain more experience with these immunotherapy
agents, the op mal sequence of therapies is also being reconsidered. With a mul tude of similar agents available, it
remains unclear if one is superior over another on the basis
of eﬃcacy or toxicity, and no dis nc on currently exists between choosing a PD-1 versus a PD-L1 agent. The current
indica on for PD-1/PD-L1 blockade is for metasta c disease
progressing on a cispla n-based regimen or for pa ents too
frail or unﬁt to receive pla num-based therapy. There are
pa ents, however, in whom the use of chemotherapy may
be preferred over immunotherapy drugs, and iden fying
be er biomarkers may help elucidate the op mal treatment selec on for pa ents. Given the demonstrated beneﬁt in advanced disease, earlier use of PD-1/PD-L1 agents
in the periopera ve period and non–muscle-invasive disease is also being evaluated. It is unclear if prior exposure
to these agents will alter subsequent responses for drug rechallenges with recurrent disease.
Last, the cost of any therapeu c interven on needs to be
considered with a treatment from which the majority of paents will not derive therapeu c beneﬁt. The development
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of be er biomarkers to predict response will help ensure
that agents are selected more appropriately.

TARGETED THERAPIES IN ADVANCED
UROTHELIAL CANCER
Although the urothelial cancer world now has immuno-oncology agents as well as cytotoxic chemotherapy, we s ll
have much to learn and add to improve pa ent outcomes.
Combina on therapies and sequencing of agents are of
great importance. However, discovering the next wave of
targeted therapies is just as pivotal, as it is clear that our advancements, although impressive, s ll do not lead to cures
for pa ents with metasta c disease. In this next sec on, we
will review select targets in clinical trials for urothelial carcinoma that we view as especially promising.

Angiogenesis
VEGF and its mul ple receptors have been validated targets for improving survival in mul ple cancers, including
colon and lung. For urothelial carcinoma, elevated levels
of VEGF correlate with worse outcomes,53 and inhibi on of
this pathway has led to a enua on of tumor prolifera on
and invasion.54 Unfortunately, a empts with tyrosine kinase
inhibitors of the VEGF family have not yielded convincing
success with suni nib,55-58 pazopanib,59,60 vande nib,61,62 or
cabozan nib.63
Bevacizumab, a monoclonal an body against VEGF, is
s ll being studied. An open-label phase II trial64 of gemcitabine, cispla n, and bevacizumab 15 mg/kg every 21 days
reported an impressive 72% ORR; however, the primary
endpoint was 50% improvement in PFS, and the observed
8.2 months were not sa sfactory to achieve that goal. Median OS of 19.1 months is diﬃcult to interpret given the
nonrandomized nature of the trial.64 Addi onally, a concerning 21% of pa ents suﬀered from venous thromboembolic
events. Another open-label phase II trial by Balar et al65 in a
cispla n-ineligible popula on combined bevacizumab with
gemcitabine and carbopla n. This trial resulted in an ORR
of 49%, median PFS of 6.5 months, and median OS of 13.9
months. Again, 20% of pa ents had venous thromboembolic events. Nevertheless, the risk/beneﬁt ra o ques ons
surrounding bevacizumab will be answered in a ﬁrst-line,
randomized, and controlled phase III trial that has completed accrual with results pending (NCT00942331).
More recently, ramucirumab, a fully humanized monoclonal an body that binds VEGF receptor 2, has shown beneﬁt
both in randomized phase II and III trials. In the randomized phase II trial,66 140 pa ents with metasta c urothelial
carcinoma, postpla num chemotherapy, were randomly
assigned 1:1:1 to receive docetaxel versus docetaxel with
ramucirumab versus docetaxel with icrucumab, a monoclonal an body targe ng VEGF receptor 1. PFS, the primary
endpoint, was signiﬁcantly longer in the docetaxel with ramucirumab arm at a median of 5.4 months compared with
2.8 months in the docetaxel-only arm. Icrucumab did not
demonstrate beneﬁt, with a median PFS of 1.6 months. OS,
a secondary endpoint, did not signiﬁcantly diﬀer between
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groups. As a result, a phase III trial67 was launched, which
randomly assigned 530 pa ents with inoperable or metasta c urothelial carcinoma, who progressed during or a er
prior pla num-based chemotherapy, to docetaxel plus ramucirumab 10 mg/kg versus docetaxel plus placebo every
21 days. The primary endpoint was again PFS and was signiﬁcantly improved in the docetaxel plus ramucirumab arm
over docetaxel plus placebo, with a median of 4.07 versus
2.76 months (p = .0118), respec vely. There were no major grade 3 or 4 events or unexpected toxici es. OS results
are pending and discussions with regulatory agencies are
ongoing.

Fibroblast Growth Factor Receptors
The FGFR family includes four highly conserved receptor tyrosine kinases (FGFR1–4) that bind at least 18 biologically
ac ve ﬁbroblast growth factor ligands.68 Downstream signaling leads to func onal roles in regula on of cell prolifera on,
diﬀeren a on, tumorigenesis, angiogenesis, and migra on.
The biology and clinical applicability of FGFR3 is the most
extensively described. Ac va ng point muta ons of FGFR3
are common (approximately 86%) in low-grade and early-stage
bladder tumors.69 However, The Cancer Genome Atlas Research Network iden ﬁed only 12% of muscle-invasive bladder
cancers with FGFR3 muta ons.70 FGFR3 muta ons are also
very common in upper-tract urothelial tumors, especially of
the ureter.71 In muscle-invasive bladder cancer, the presence
of FGFR3 muta on is associated with a higher frequency of
CDKN2A dele on, and together they may be an independent predictor of disease progression.72 Oncogenic FGFR3
fusion proteins are also more common in high-grade, invasive tumors.73 Pharmacologic inhibi on of FGFR3 leads to
cytosta c eﬀects with cell cycle arrest in G1 or G0.74
FGFR1 has been less intensively studied, but increased
expression at both the messenger RNA and protein levels
is common.75 Expression of FGFR1 is high in bladder cancer
cell lines with a mesenchymal phenotype, sugges ng a role
in invasion and metastasis.76 On the contrary, FGFR3-highand FGFR1-low-expressing cells have an epithelial phenotype.77 Therefore, muscle-invasive bladder cancer may be
more FGFR1-dependent, with greater eﬀects on epithelialmesenchymal transi on and the metasta c phenotype, instead of cell prolifera on.
Ini al eﬀorts to inhibit FGFRs in clinical trials were with
mul kinase inhibitors. Dovi nib was tested in a phase II
trial78 of advanced pa ents with urothelial bladder cancer
who received prior combina on pla num chemotherapy,
and no responses were seen in the FGFR3 mutated populaon, whereas only one response was seen in the wild-type
popula on.78 Hence, the trial was terminated at the end of
stage 1 for lack of eﬃcacy. Similarly, a phase II trial79 in the
bacillus Calme e-Guerin–unresponsive popula on harboring either FGFR3 muta on or overexpression was closed
early with limited ac vity and substan al toxicity. Pazopanib has provided an excep onally durable response for
a pa ent known to harbor both the FGFR3 S249C-ac va ng
muta on and ampliﬁca on.80

Selec ve FGFR-targe ng inhibitors may oﬀer more promise
with less nonspeciﬁc kinase-associated toxicity. However,
FGFR-selec ve agents oﬀer a diﬀerent toxicity proﬁle, including hyperphosphatemia, ssue calciﬁca on, and changes in
nails and hair.81 Early results with erdaﬁ nib (JNJ-42756493,
an inhibitor of FGFR1–4) suggested durable responses in
three patients with urothelial carcinoma, one with FGFR3
transloca on and another with FGFR2 trunca on. The tolerability of this agent has allowed for con nuous dosing with
up- tra on on the basis of phosphorous level. In a phase I
trial, BGJ398 had three of eight pa ents with PR and stable
disease in another three pa ents, all with FGFR3 muta on.82
AZD4547 has demonstrated durable response in two of three
pa ents, both harboring high FGFR1 and FGFR3 expression
and one with an addi onal muta on in the ligand-binding
domain of FGFR3.83 Meanwhile, phase I results from the
Debio 1347 trial included ﬁve pa ent responses of 56 total
pa ents, and one responding pa ent had urothelial carcinoma with FGFR3 fusion.84 In pa ents with high FGFR1–3
tumor messenger RNA levels, rogara nib (BAY 1163877)
showed the highest response rates in the bladder cancer expansion cohort, with three PRs out of eight pa ents.85 TAS120 did not have a measurable response in eight enrolled
pa ents with bladder cancer.86 The next steps in the clinical
development of the above promising agents and other ongoing FGFR targe ng trials are listed in Table 2.
Another strategy to target FGFR is with monoclonal an bodies. Ten pa ents with bladder cancer were enrolled in
a phase I trial with MFGR1877S, an FGFR3-speciﬁc monoclonal an body, and long-term stable disease was observed
in ﬁve pa ents.87 B-701 is another monoclonal an body
that blocks both wild-type and ac vated mutant FGFR3 receptors. Early tes ng with B-701 was in combina on with
docetaxel for pa ents with disease progression on or a er
one or two lines of prior chemotherapy, excluding taxanes.
A preliminary abstract88 reported on 17 evaluable pa ents,
one experienced CR, two experienced PR, and a 58% disease
control rate. Five pa ents had FGFR3 muta on, and that included the pa ent with CR and another with PR. Another
trial of B-701 is in combina on with pembrolizumab for the
metasta c or inoperable postpla num popula on.

An body-Drug Conjugates
An body-drug conjugates are characterized by a monoclonal an body against a highly expressed cancer cell target,
with a protease-cleavable linker to a cytotoxic agent. The
chemotherapeu c agent is only released internally in select
cells expressing the protein target a er internaliza on of
the an body-drug conjugate and lysosomal cleavage. Brentuximab vedo n and ado-trastuzumab emtansin are examples
of such agents already regulatory approved for treatment of
certain lymphomas and breast cancer, respec vely. In urothelial bladder cancer, a couple of recent agents have shown
good efficacy using an antibody linked to microtubuledisrup ng agent monomethyl aurista n E.
ASG-15ME is targeted to SLITRK6, a type I transmembrane
neuronal receptor. SLITRK6 expression is identified by
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 2. FGFR Inhibitors in Ac vely Accruing Urothelial Carcinoma–Focused Clinical Trials
Drug(s)

Phase

Disease State
*

ClinicalTrials.gov Iden ﬁer

Other Details

Erdaﬁ nib
(JNJ-42756493)

II

Metasta c

NCT02365597

BGJ398

Pilot

Non–muscle-invasive bladder
cancer

NCT02657486

BGJ398

II

Metasta c second line and
beyond*

NCT02160041

AZD4547 BISCAY trial

IB

Metasta c second or third line*

NCT02546661

Debio 1347

I

Metasta c with no standard treatment op on*

NCT01948297

Rogara nib
(BAY1163877)

I

Metasta c*

NCT01976741

Expansion cohort but FGFR genomic
altera on not mandated

LY3076226

I

Metasta c*

NCT02529553

Urothelial cohort a er dose escala on

*

NCT02872714

Part 3 combina ons with gemcitabine/
cispla n, pembrolizumab, docetaxel,
or trastuzumab do not mandate FGFR
altera on

Single agent or combined with durvalumab

INCB054828

II

Metasta c

B-701 ± docetaxel
FIERCE 21 trial**

IB-II

Metasta c*

NCT02401542

Phase II por on randomizes B-701/
docetaxel against placebo/docetaxel

B-701 + pembrolizumab
FIERCE 22 trial**

I

Metasta c postpla num*

NCT03123055

FGFR altera on not mandated

*Includes pa ents with locally-advanced, inoperable disease.
**Unlike all the other FGFR-speciﬁc kinases, B-701 is an FGFR3-speciﬁc monoclonal an body.
Abbrevia on: FGFR, ﬁbroblast growth factor receptor.

immunohistochemistry in 90% of urothelial carcinomas.85
In a phase I trial86 of heavily pretreated pa ents with metasta c urothelial carcinoma, 1 mg/kg was iden ﬁed as the
maximum tolerated dose, and toxicity was predictable, with
reversible ocular AEs occurring in 29.4% of pa ents. Among
the 51 pa ents across all dosing levels, there were 1 CR and
17 PRs, for a 37.5% ORR. However, unique subgroups showed
impressive results, with ORR of 50% at the maximum tolerated dose, 53% in checkpoint inhibitor–exposed pa ents,
and 46% in pa ents with hepa c metastases.
Another an body drug conjugate showing impressive phase
I results is enfortumab vedotin, which targets Nec n-4,
which is highly expressed in mul ple cancers, including
urothelial carcinoma.87 Of 68 patients with metastatic
urothelial carcinoma treated, the agent was well tolerated,
with grade 3 or higher hypophosphatemia occurring in 9%.
Strong an tumor ac vity was noted, with ORR of 40% for
the en re dose range (three with CR), 46% for prior checkpoint inhibitor–treated pa ents, and 44% for those with
liver metastasis. As a result, a phase II trial (NCT03219333)

has been ini ated with the goal of achieving accelerated
approval in the third-line metasta c se ng. Addi onally,
a phase I trial (NCT03299545) in combina on with either
atezolizumab or pembrolizumab was recently launched. A
randomized phase III trial is currently being designed.

CONCLUSION
A er a long period of stagna on, treatment strategies for
the management of advanced bladder cancer have started
to evolve in recent years, now encompassing tradi onal
chemotherapy, immunotherapy, and targeted op ons. With
a mul tude of newly approved agents, the treatment paradigm con nues to change, with ongoing research aimed
at how best to incorporate these drugs with the current
well-established therapies or in new combina ons with
other treatment modali es at various stages of disease.
Given the ongoing lack of predic ve response, con nued
research focuses on the development of be er biomarkers
or molecular proﬁles that may op mize treatment selec on
for pa ents.
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MANAGEMENT OF BIOCHEMICALLY RECURRENT PROSTATE CANCER

Management of Biochemically Recurrent Prostate Cancer:
Ensuring the Right Treatment of the Right Pa ent at the
Right Time
Daniel E. Spra , MD, Deaglan J. McHugh, Michael J. Morris, MD, and Alicia K. Morgans, MD, MPH
OVERVIEW
Biochemically recurrent prostate cancer is an increasingly common disease state, with more than 25,000 cases occurring
annually in the United States. Fortunately, progress con nues to be made to more eﬀec vely iden fy metasta c disease,
op mize exis ng therapies, and develop new technologies and therapeu c strategies for the ming and delivery of systemic treatments to improve outcomes. This review covers three topics related to the diagnosis and treatment of men with
biochemical recurrence (BCR). First, we provide an update on the state of the rapidly evolving ﬁeld of molecular imaging
and its place in prac ce. Second, we describe validated clinicopathologic methods to risk stra fy pa ents with biochemically recurrent disease, including new gene expression classiﬁers, to personalize postopera ve radiotherapy (RT) ming.
Last, we deﬁne our approach to op mal management with systemic therapy, including iden fying the pa ents who may
beneﬁt most and balancing the dura on and ming of treatment with considera on of the eﬀect of therapy on quality of
life (QOL) and medical complica ons associated with treatment.

A

er deﬁni ve radical therapy (e.g., surgery or RT) and
before the development of overt metasta c disease,
an intermediate clinical disease state of prostate-speciﬁc
an gen (PSA)–only recurrence or BCR exists for thousands
of men each year treated previously for localized prostate
cancer. This disease state is deﬁned by a rising PSA a er
radical therapy without evidence of metasta c disease on
CT or 99Tc bone scan. BCR can be challenging to treat because of the absence of radiographic disease to monitor response. Addi onally, there is tremendous heterogeneity in
the natural history of BCR, making it cri cal to personalize
the approach to treatment.1
In the United States, there has been an increase in the incidence of biochemically recurrent prostate cancer for several converging reasons.2-4 First, in 2012, the U.S. Preven ve
Services Task Force discouraged the use of PSA screening for
prostate cancer, leading to a reduc on in PSA screening and
an increase in the number of men diagnosed with higherrisk localized disease.2-4 In addi on, prac ce pa erns have
shi ed to include an increase in radical prostatectomy (RP)
for the treatment of high-risk localized disease. However,
there remains a less than 10% u liza on rate of adjuvant
RT in eligible men, despite evidence demonstra ng a survival advantage in select high-risk pa ents and support for

adjuvant RT from the American Urological Associa on, the
American Society for Radiation Oncology, and ASCO.5,6
Given that 50% to 95% of men with high-risk prostate cancer will experience recurrence a er localized treatment,
an es mated 25,000 men will develop BCR annually in the
United States.7,8
Numerous advances are expected to lead to improvements in outcomes for the growing popula on of men with
BCR. Novel molecular imaging techniques are providing
inves gators and clinicians with an improved understanding
of the loca on and burden of the PSA-producing recurrent disease using several dis nct methods, including choline, ﬂuciclovine, and prostate-speciﬁc membrane an gen
(PSMA) PET approaches. Addi onally, recently developed
genomic biomarkers can improve the risk stra ﬁca on of
pa ents to more accurately direct the use and ming of
adjuvant or salvage RT. Finally, ongoing eﬀorts con nue to
investigate the use, timing, and intensity of androgendeprivation therapy (ADT) administration for these paents. This review addresses these recent advances and
focuses principally on level one data available for men who
have experienced BCR post-prostatectomy although many
of the concepts may apply also to men who have recurred
a er deﬁni ve RT.
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TABLE 1. PET Tracer Molecules and Current Clinical Use Op ons for Each
Tracer

Target

Context of Use/Indica on

Regulatory Status

FDG

Glucose metabolism

Response assessment in advanced disease,
especially mCRPC

FDA approved; CMS will reimburse for determina on of treatment eﬀects in advanced
disease (as of June 11, 2013)

11

Lipid synthesis

Suspected prostate cancer recurrence and
noninforma ve bone scin graphy, CT or
MRI

FDA approved, September 12, 2012

Fluciclovine

Amino acid transport

Suspected prostate cancer recurrence based
on elevated PSA levels following prior
treatment

FDA approved, May 27, 2016

68

PSMA

Mul ple, all inves ga onal

Not approved in United States, available
throughout the world in trials and oﬀ,
depending on the country

18

PSMA

Mul ple, all inves ga onal

Not approved in United States, available
throughout the world in trials and oﬀ,
depending on the country

FDHT

AR

Disease detec on, prognos c, PD eﬀects in
new drug development

Inves ga onal; available in United States,
Europe, and Australia in trials

C-choline

Ga-PSMA (HBED-CC; 11)

F-PyL

Abbrevia ons: FDG, ﬂuorodeoxyglucose; mCRPC, metasta c castra on-resistant prostate cancer; FDA, U.S. Food and Drug Administra on; CMS, Centers for Medicare and Medicaid Services; PSA, prostate-speciﬁc an gen; PSMA, prostate-speciﬁc membrane an gen; FDHT, ﬂuorodihydrotestosterone; AR, androgen receptor; PD, pharmacodynamic.

IMAGING STRATEGIES IN BIOCHEMICAL
RECURRENCE
Radiographic detec on of prostate cancer in the context of
BCR is essen al to deﬁne disease distribu on, plan treatment, and set expecta ons. Dis nguishing between a local
recurrence and metastases is cri cal to determine whether
treatment will entail local salvage therapy to eradicate disease, further surveillance, or systemic treatment to control
disease progression. Radiographic detec on of disease is
con ngent on the performance characteris cs of the imaging technology that is used. Clinicians and pa ents relying
on conven onal cross-sec onal imaging or bone scin graphy have been hampered by the limits of early disease
detec on, especially when PSA values are low. This limitaon has led to an enthusias c inves ga on and adop on of

PRACTICAL APPLICATIONS
• Mul ple molecular imaging modali es are approved for
the detec on of occult metasta c disease for men with
biochemical relapse a er primary therapy.
• The op mal means of integra ng the currently available
molecular imaging modali es into clinical care are not
yet deﬁned.
• Clinical, pathologic, and genomic biomarkers should be
used to appropriately risk stra fy pa ents to receive
adjuvant RT and salvage RT.
• Pa ents receiving early salvage RT with PSA less than
or equal to 0.5 ng/mL should likely be treated with RT
alone, whereas pa ents with higher PSA levels should
receive the addi on of hormone therapy.
• The op mal approach to treatment of BCR with systemic
therapy remains controversial, with the ideal approach
being individualized with respect to the expected beneﬁt
from treatment and the expected complica ons of
hormonal therapy for a given pa ent.
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newer molecular imaging modali es, including 11C-choline,
F-ﬂuorocholine, 11C-acetate, ﬂuciclovine, and 68Ga- and
18
F-radiolabeled PSMA-directed agents, which typically detect
disease earlier than standard imaging techniques (Table 1).
Choline is a par cipant in cell membrane and lipid biosynthesis. It has been used for molecular imaging and for
the detec on of occult disease since the late 1990s.9 In a
retrospec ve analysis of 358 pa ents with BCR a er RP, the
tracer demonstrated sensi vity of 85%, speciﬁcity of 93%,
posi ve predic ve value of 91%, nega ve predic ve value
of 87%, and overall accuracy of 89%. On mul variate analysis, old age, PSA level, prior biochemical failure, and pathologic staging and posi ve nodal involvement were all highly
associated with a higher likelihood of a posi ve ﬁnding on
the scan. Receiver opera ng characteris c analysis showed
that pa ents with PET/CT-posi ve and PET/CT-nega ve disease were best dis nguished with a PSA cutoﬀ of 1.4 ng/mL.
However, in the range of when most salvage RT might be
performed, when the PSA is less than 0.4 ng/mL, detec on
of disease occurs in only 21% of cases, which can limit the
prac cal applica on of 11C-choline PET/CT when applied in
the context of rou ne prac ce.10
PSA doubling me (PSA DT) was inversely related to
11
C-choline PET/CT posi vity in pa ents with BCR a er RP.
A retrospec ve analysis of 170 pa ents reported that the
percentage of pa ents with posi ve 11C-choline PET/CT
was 27% for PSA DT greater than 6 months, 61% for PSA
DT between 3 and 6 months, and 81% for PSA DT less than
3 months.11 11C-choline PET/CT is U.S. Food and Drug Administration approved for patients with suspected prostate
cancer recurrence and noninforma ve bone scin graphy,
CT, or MRI.12
Fluciclovine, or FACBC, is an analog of -leucine that illuminates cells thathave ac ve amino acid transport.13
Like 11C-choline, it has U.S. regulatory approval for men
with suspected prostate cancer recurrence on the basis of
18
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elevated PSA levels a er prior treatment.14 In a comparison
of 11C-choline and ﬂuciclovine, 100 pa ents with BCR a er
RP underwent dual 11C-choline and ﬂuciclovine imaging.15
Fluciclovine and choline were compared head to head by
pa ent and site of disease for 89 par cipants. Fluciclovine
appeared to demonstrate superior performance characteris cs, as it had greater sensi vity (37% vs. 32%) and speciﬁcity (67% vs. 40%). Fluciclovine also detected metasta c
disease at PSA levels less than 1 ng/mL (21% vs. 14%, p =
.0001), providing a method to iden fy local recurrence
when outcomes from salvage RT may be op mized.
One of the most promising molecular imaging techniques
for disease detection uses PSMA, a unique membranebound glycoprotein that is overexpressed on prostate
cancer cells. PSMA-binding ligands are bound to the extracellular domain of PSMA. 68Ga-PSMA-HBED-CC (68Ga-PSMA)
is a small-molecule radiotracer targe ng PSMA with superior performance characteris cs for disease detec on in
ini al studies, especially at very low PSA levels. Verburg
et al16 retrospec vely studied 155 pa ents with biochemically recurrent prostate cancer who underwent 68Ga-PSMA
PET/CT a er primary surgery or RT. Imaging was posi ve
in 44%, 79%, and 89% of pa ents with PSA levels of less
than 1, 1 to 2, and greater than 2 ng/mL, respec vely. In
mul variate analyses, both absolute PSA and PSA DT were
independent determinants of scan positivity and presence of extrapelvic lymph node metastases. This analysis
included patients who had undergone surgery or RT
(with or without ADT) in both the primary and salvage
se ngs.
In another retrospec ve study, Eiber et al17 examined the
use of 68Ga-PSMA PET/CT in 248 pa ents with BCR a er RP.
In this analysis, lesion detec on rates were 97%, 93%, 73%,
and 58% for PSA levels of less than or equal to 2, 1 to less
than 2, 0.5 to less than 1, and 0.2 to less than 0.5 ng/mL,
respec vely. Detec on rates were higher in pa ents with
Gleason scores greater than or equal to 8 versus less than
or equal to 7, possibly reﬂec ng earlier ﬁndings correla ng
PSMA expression with Gleason score.18
Although direct compara ve data are limited, PSMA imaging has superior sensi vity compared with choline. In
one study, 139 men with BCR underwent 18F-choline and
68
Ga PET imaging.19 Disease detec on rates were 74.4%
for choline imaging alone and 85.6% when both scans
were performed. Disease was detected only by the PSMA
scan in 28.6% of men with PSA levels of 0.2 to 1 ng/mL, in
45.5% at PSA levels of 1 to 2 ng/mL, and in 71.4% at PSA
levels of greater than 2 ng/mL. A single retrospec ve study
compared the diagnos c accuracy of choline PET/CT with
68
Ga-PSMA PET/CT, on the basis of histopathologic ﬁndings a er sen nel lymph node dissec on in pa ents with
BCR.20 Preopera ve imaging demonstrated that 30 of 38
(79%) and 23 of 28 (82%) pa ents had at least one focus of
disease conﬁrmed histologically at salvage node dissec on
for 18FEC-choline and 68Ga-PSMA PET/CT imaging, respecvely. For 18FEC-choline and for 68Ga-PSMA, sensi vity was
71% and 87%, respec vely. Speciﬁcity was 87% and 93%,

respec vely, posi ve predic ve value was 67% and 76%,
respec vely, and nega ve predic ve value was 89% and
97%, respec vely. However, ligand-speciﬁc challenges for
68
Ga-PSMA PET imaging exist and include diﬃculty evaluating tumor foci in close proximity to the bladder secondary
to urinary excre on of 68Ga-PSMA. Further, the availability
of the radionuclide is limited by generator capacity, and
the short half-life (68 minutes) of 68Ga precludes delivery
to distant PET centers.21 Finally, as with any PSMA-directed
imaging modality, non–PSMA-producing prostate cancers,
such as those that are poorly diﬀeren ated or have a neuroendocrine component, may not be assessed well with
this modality.22
18
F-DCFPyL is a novel, second-genera on low–molecular
weight PSMA imaging agent that oﬀers poten al advantages over the 68Ga-PSMA ligand.23 Because of the lower
positron emission energy, the distance to decelerate the
positron in human ssue is much shorter in comparison
with 68Ga-PSMA, resul ng in a higher image resolu on.
Furthermore, produc on volume and a longer half-life offer prac cal advantages over 68Ga. In 14 selected pa ents
with BCR, 18F-DCFPyL PET/CT was performed in addi on to
68
Ga-PSMA PET/CT, with 18F-DCFPyL detec ng all suspicious
lesions seen on 68Ga, with addi onal lesions seen in three
pa ents on 18F-DCFPyL imaging.24 The mean maximum
standardized uptake value in the concordant 18F-DCFPyL
PSMA–posi ve lesions was signiﬁcantly higher compared
with 68Ga-PSMA-HBED-CC (14.5 vs. 12.2, p = .028, 15 paents). The mean tumor-to-background ra os (15 pa ents)
were signiﬁcantly higher for 18F-DCFPyL compared with
68
Ga-PSMA-HBED-CC using kidney, spleen, or paro d as the
reference organ.
The same group examined 191 consecu ve pa ents
with BCR a er RP (106 pa ents) and RT (85 pa ents) using
18
F-DCFPyL (62 pa ents) or 68Ga-PSMA (129 pa ents).25 For
a PSA of 0.5 to 3.5 ng/mL in the RP group, PSA-stra ﬁed
sensi vity was 88% (15 of 17) for 18F-DCFPyL and 66% (23
of 35) for 68Ga-PSMA. This signiﬁcant diﬀerence was preserved in the Gleason matched-pair analysis. Outside of this
range, sensi vity was comparably low (PSA < 0.5 ng/mL) or
high (PSA > 3.5 ng/mL). Tracer sensi vity in the RT group
was largely PSA independent. In an orthogonal valida on of
25 pa ents, although the direct comparison of both tracers
used sequen ally demonstrated excellent concordance in
distribu on, in 36% of pa ents with PSMA-posi ve disease,
additional lesions were detected on the 18F-DCFPyL scan
(p = .037).

PRECISION RISK STRATIFICATION METHODS
Merely having a BCR a er prostatectomy should not trigger all men to receive salvage treatment. Decision-making
should be grounded in understanding each pa ent’s individual prognosis and should be based on personal clinical,
pathologic, radiographic, and genomic characteris cs.6 The
concept of risk stra ﬁca on for men is importan or iden fying not only which men should receive salvage RT but also
when the addi on of ADT will be beneﬁcial.
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Life Expectancy Es ma on
Before discussing methods to risk stra fy men with biochemically recurrent disease after prostatectomy, it is
impera ve to understand that at no point should the treatment be worse than the disease itself. A balance should be
struck between the goals of cure and preserva on of QOL.
An understanding of a pa ent’s performance status, comorbidi es, and, ul mately, life expectancy is requisite to compare and contrast the beneﬁts and harms further therapy
may provide. Social Security tables and calculators leveraging data from the Na onal Ins tutes of Health are available
online to es mate a pa ent’s life expectancy to be er understand a pa ent’s non–prostate cancer risk for death.26,27
This can then be balanced with the pa ent’s risk for progression, metastases, and death from prostate cancer.

Prostate Cancer Risk Stra ﬁca on
Mul ple risk stra ﬁca on tools have been developed to
capture a pa ent’s risk of recurrence a er prostatectomy.28,29
Recently updated, the Stephenson nomogram is one of the
most used and comprehensive measures that can prognoscate a man’s risk for subsequent biochemical failure or
development of distant metastases a er undergoing salvage RT.29 A user-friendly method to calculate a pa ent’s
progression-free survival using the Stephenson nomogram is
available online through the Memorial Sloan Ke ering website.28,30 The Stephenson nomogram includes common clinical and pathologic variables, such as surgical Gleason score
(now commonly referred to as grade groups), extracapsular
extension, seminal vesicle invasion, surgical margin status,
and pre-RT PSA. The two variables that most inﬂuence a paent’s risk for recurrence are pre-RT PSA and the Gleason
score. However, one important variable that was not captured in the updated Stephenson nomogram is PSA DT. PSA
DT, o en split as a PSA DT greater or less than 10 months,
provides valuable prognos c informa on to complement
other clinicopathologic variables.1 PSA DT can also be readily calculated online through the Memorial Sloan Ke ering
website.31
Beyond rou ne clinical and pathologic variables, gene
expression classiﬁers have demonstrated the ability to further improve risk stra ﬁca on.32,33 Decipher, a 22-gene gene
expression classiﬁer, can be run on ssue taken from the
me of pretreatment biopsy or from the RP specimen. A recent individual pa ent–level meta-analysis of studies using
the Decipher pla orm demonstrated that the Decipher test
independently added prognos c value over the variables
found in the Stephenson nomogram to predict a pa ent’s
risk for distant metastasis.34 Furthermore, this study demonstrated that the Decipher test performed equally well in men
undergoing salvage RT, sugges ng that this commercially
available biomarker may help with risk stra ﬁca on in men
with biochemically recurrent disease post-prostatectomy.

Applica on of Risk Stra ﬁca on to Guide Treatment
Salvage radia on therapy use and ming. Leveraging all of
the available risk stra ﬁca on tools, including an es mate of
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an individual’s risk for non–prostate cancer death, will assist
with making an informed decision of the ming and suitability of salvage RT for a pa ent with BCR. In general, men
with a less than 5-year life expectancy are unlikely to beneﬁt from salvage RT given that the median me to develop
distant metastasis a er PSA recurrence, without any treatment, is approximately 8 years.1 Addi onally, men with an
indolent recurrence (long PSA DT, low risk for distant metastasis calculated by the Stephenson nomogram, and/or a
low-risk Decipher score) may not beneﬁt from salvage RT if
their life expectancy is less than 10 years. For men with a
greater than 10-year life expectancy, which is the vast majority of men with BCR, the focus should be on delivering
“early” salvage RT (delivered when PSA is < 0.5 ng/mL), and
poten ally “very early” salvage RT (PSA < 0.2 ng/mL).29,35 Interna onal guidelines recommend the use of early salvage
RT, as late salvage RT (PSA > 0.5 ng/mL) consistently has
demonstrated inferior survival outcomes.29,35,36 Because of
this, all ongoing phase III randomized controlled trials comparing adjuvant with salvage RT have enforced early salvage
RT as the experimental arm (Radiotherapy and Androgen
Depriva on in Combina on A er Local Surgery [RADICALS;
NCT00541047], Radiotherapy Adjuvant Versus Early Salvage
[RAVES; NCT00860652], and GETUG-17 [NCT00667069]).
Addition of androgen-deprivation therapy to salvage
radiotherapy. Recently, two randomized phase III trials of salvage RT with or without androgen pathway inhibi on have
reported their results.37,38 These trials have generated numerous ques ons given their discordant results, which are
likely rooted in the differences in the cohorts themselves,
treatment arms, and follow-up dura on. RTOG 9601 tested
the addi on of 2 years of bicalutamide monotherapy to
salvage RT.37 The trial had a median follow-up period of
13 years, and the pa ents enrolled were high risk by modern
standards (67% had T3 disease, 75% had posi ve margins,
12% had persistently elevated PSAs > 0.5 ng/mL a er prostatectomy). Furthermore, RT was delivered primarily as late
salvage RT, in that only 10% of men had salvage RT when
PSA was 0.2 to 0.3 ng/mL, 25% had PSA levels greater than
1.0 ng/mL, and the median PSA level was 0.6 ng/mL. Bicalutamide was associated with a reduc on in distant metastasis
and improvement in overall survival. However, the beneﬁt
on subset analysis was limited to men who underwent late
salvage RT with PSA levels greater than 0.7 ng/mL.
The GETUG-AFU-16 trial tested the addi on of 6 months
of a luteinizing hormone–releasing hormone agonist to
salvage RT.38 This study had a median follow-up period of
5.3 years, and pa ents were more analogous to contemporary treated pa ents (46% had T3 disease, 51% had posi ve
margins, and the trial did not permit persistently elevated
PSA levels a er prostatectomy). Overall the cohort was lower
risk then men enrolled in RTOG 9601. Furthermore, 75% of
pa ents on the trial underwent early salvage RT, and only
10% of pa ents underwent salvage RT at PSA levels greater
than 1.0 ng/mL. In this more favorable-risk popula on undergoing early salvage RT, the inves gators did not ﬁnd a
signiﬁcant diﬀerence between arms with regard to distant
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metastasis or overall survival. They did report an improvement in biochemical control from the addi on of ADT, which
would be expected to be improved in pa ents receiving
PSA-lowering therapy and is of unclear clinical signiﬁcance.
However, similar to RTOG 9601, they did demonstrate that
men with PSA levels greater than 0.5 ng/mL appeared to
derive the greatest beneﬁt from the addi on of ADT. Similar ﬁndings have been recently reported from retrospec ve
studies demonstra ng that only men with a high risk for
recurrence appear to derive a beneﬁt from the addi on of
ADT to salvage RT.39
So what can one conclude from these two very diﬀerent
trials? Despite the numerous diﬀerences between RTOG
9601 and GETUG-AFU-16, it is clear that men undergoing
late salvage RT (PSA > 0.7 ng/mL) with high-risk features
(Gleason score 8–10, T3 disease, and/or posi ve margins)
appear to derive a metastasis and survival beneﬁt from the
addi on of long-term hormonal therapy on the basis of
RTOG 9601.37 Furthermore, men who undergo early salvage
RT have yet to demonstrate clinically meaningful beneﬁts
with regard to reduc ons in metastasis or death from prostate cancer from the addi on of androgen pathway inhibion. A recent framework from a panel of mul disciplinary
experts based on the available evidence can be used to help
personalize the use of ADT for men receiving salvage RT and
recommends omission of ADT for men undergoing early salvage RT.40 The culmina on of the data has inspired a recently
approved phase II randomized NRG Oncology coopera ve
group trial, NRG GU-006, to inves gate if men undergoing
primarily early salvage RT will beneﬁt from enhanced anandrogen therapy (apalutamide, a second-genera on anandrogen) versus placebo.

Beyond Risk Stra ﬁca on
All of the risk stra ﬁca on tools discussed thus far are
“prognos c” biomarkers. They provide prognos c informaon regardless of whether the pa ent is treated with RT,
ADT, or both. In contrast, ideally we would use “predic ve”
biomarkers to personalize therapy. Predic ve biomarkers
speciﬁcally provide informa on regarding how a pa ent will
respond to a par cular treatment and only that treatment.
For example, estrogen receptor expression in breast cancer is a predic ve biomarker for which pa ents will derive
beneﬁt from endocrine therapy. Women without estrogen
receptor expression will not beneﬁt from endocrine therapy. Ideally, predic ve biomarkers could be used to guide
the use of RT and ADT. Unfortunately, to date, there is not
a single prospec vely validated predic ve biomarker in localized or recurrent prostate cancer, but mul ple strategies
are being developed and inves gated.41,42 One promising
predic ve biomarker to guide the use of ADT has been created on the basis of the PAM50 molecular classiﬁer that was
developed for breast cancer.41 This classiﬁer divides pa ents
into luminal and basal subtypes and has been shown to
predict which pa ents will derive beneﬁt from addi on of
ADT. To validate this work, the previously men oned NRG
GU-006 randomized phase II placebo-controlled trial will be

stra fying pa ents by their PAM50 subtype to prospec vely
validate if this biomarker can predict which men undergoing
salvage RT will beneﬁt from apalutamide.

INITIAL SYSTEMIC THERAPY FOR
BIOCHEMICAL RECURRENCE: OPTIMIZING
TIMING OF THERAPY AND PATIENT SELECTION
ADT remains the backbone of systemic therapy for the
treatment of men with BCR of prostate cancer who are not
candidates for local salvage therapy or who have BCR a er
salvage treatment. Exposure to ADT will eventually lead to
the development of castra on-resistant disease if con nued for long enough, and the beneﬁt of treatment in the
biochemical recurrent se ng has not been clearly deﬁned.
Evidence deﬁning the op mal ming and dura on of ADT in
the se ng of BCR is lacking. In contrast, the complica ons
associated with systemic therapy are be er deﬁned and are
a cri cal aspect of treatment decision-making in this se ng.
A though ul discussion of the risks and beneﬁts of treatment and its ming are essen al for decision-making for
men with BCR.

Complica ons of Androgen-Depriva on Therapy
Although treatment with ADT is considered rela vely tolerable for a majority of men, treatment is not without
complica ons. In addi on to those that immediately and
no ceably impair QOL, such as hot ﬂashes, loss of interest
in sexual ac vity, erec le dysfunc on, and psychological
and cogni ve eﬀects, ADT also increases the risk for medical complica ons that can cause morbidity and increase
mortality in this predominantly elderly pa ent popula on.43
Medical complica ons, including the development of osteoporosis, diabetes, sarcopenia, and cardiovascular disease,
occur at higher rates in men treated with ADT compared
with untreated men.44-49 It is cri cal to consider the risk for
these complica ons in addi on to poten al beneﬁts when
discussing treatment op ons with men experiencing BCR.

Timing of Systemic Therapy: Early Versus Late
As described above, one of the challenges in managing BCR
of prostate cancer is deﬁning the disease state and determining whether a pa ent meets criteria for salvage therapy
locally. For men who are not receiving salvage local therapy
or have BCR a er salvage treatment, the next step in management is deﬁning the op mal ming of systemic therapy.
This decision is complicated by the need to balance the efﬁcacy of the therapy, preferably measured by improvement
in overall and disease-speciﬁc survival, against minimiza on
of side eﬀects and decline in QOL in this generally asymptoma c popula on.
Two observa onal studies a empted to determine whether
earlier or later initiation of treatment is superior.50,51 In
the ﬁrst, 2,096 men in the Cancer of the Prostate Strategic
Urologic Research Endeavor (CaPSURE) database were idenﬁed as experiencing biochemical relapse a er ini al treatment with RT or prostatectomy. The inves gators assessed
the eﬀect of immediate (ini ated ADT within 3 months of
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PSA relapse) versus deferred ADT (ini ated ADT at development of metastases or 2 or more years a er PSA relapse) on
overall and prostate cancer–speciﬁc survival using complex
mathema cal modeling. The hazard ra o (HR) for mortality comparing immediate to deferred ADT was 0.91 (95%
CI, 0.52–1.60),50 demonstra ng no signiﬁcant advantage to
early ini a on of ADT in this se ng. There were too few
prostate cancer–related deaths to assess the associa on
with prostate cancer–speciﬁc mortality.
A separate inves ga on of the op mal ming of ADT for
men with BCR was a retrospec ve cohort study of 5,804
men with BCR a er RT or prostatectomy iden ﬁed from
three managed care systems.51 The inves gators assessed
treatment with ADT as a me-dependent variable to determine whether ADT exposure and ming of ADT were associated with overall and prostate cancer–speciﬁc mortality. In
an adjusted analysis, there was no associa on between any
salvage treatment with ADT and overall or prostate cancer–
speciﬁc mortality.51 A subgroup analysis of men with PSA DT
less than 9 months found an associa on between improved
overall and prostate cancer–speciﬁc survival and treatment
with ADT in both the prostatectomy and RT treated groups
(overall survival and prostate cancer–speciﬁc mortality HRs,
0.35 [95% CI, 0.20–0.63] and 0.43 [95% CI, 0.21–0.91] for the
prostatectomy-treated cohort and 0.62 [95% CI, 0.48–0.80]
and 0.65 [95% CI, 0.47–0.90] for the RT cohort).51 These results should be interpreted in the context of the limita ons
of a retrospec ve claims-based analysis but raise ques ons
regarding poten al beneﬁt of earlier treatment with ADT in
subsets of men at high risk for progressive disease.
A recently reported prospec ve randomized phase III trial
sought to evaluate the eﬀect of ming of ini a on of ADT in
men with BCR a er RT or prostatectomy.52 The TOAD study
(TROG 03.06 and VCOG PR 01-03) randomly assigned 261 of
a planned 750 men with BCR to receive immediate (ini ated
ADT within 8 weeks of randomiza on) or delayed (ini ated
ADT 2 or more years a er randomiza on unless symptoms,
development of metasta c disease, or PSA DT ≤ 6 months)
ADT. The analysis was stra ﬁed by ini al treatment (RT or
prostatectomy), PSA DT, relapse-free interval, and plan for
con nuous ADT versus intermi ent ADT (iADT), and men
with PSA DT less than 3 months were excluded from the
study. Although the study did not meet planned accrual and
was halted early, the inves gators found a sta s cally signiﬁcant improvement in survival associated with early inia on of ADT when compared with delayed ADT in an unadjusted analysis (HR 0.55; 95% CI, 0.30–1.00; p = .050).52
However, the small sample size and borderline signiﬁcance
of this unadjusted analysis make it impossible to draw deﬁni ve conclusions from these ﬁndings. A QOL assessment
accompanying this study demonstrated inferior QOL in the
immediate treatment arm related to sexual ac vity and
hormone treatment–related symptoms at 6 and 12 months
compared with delayed therapy, though there may be less
diﬀerence between groups at later me points.53
Given the lack of more deﬁni ve data, many clinicians attempt to balance the risks and beneﬁts of ini a ng systemic
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therapy by op ng to ini ate treatment earlier in populaons at high risk for rapidly developing complica ons from
progressive prostate cancer and delay therapy in men with
less aggressive recurrence. In addi on to the data presented
above from a retrospec ve cohort study assessing subgroups
that may beneﬁt from earlier ADT, there have been separate
studies deﬁning the natural history of prostate cancer recurrence and progression that iden fy characteris cs of paents at highest risk for developing metastasis and death
following prostatectomy.1,51,54 In one series, 1,997 men were
followed for a mean of 5.3 years a er prostatectomy. Overall, 315 (15%) developed PSA-only recurrence, and 103 (34%)
of the men not treated with immediate systemic therapy developed metasta c disease by the conclusion of the study.1
Characteris cs associated with more rapid metastasis and
death in the cohort included a Gleason score of 8 or higher,
PSA recurrence within 2 years a er prostatectomy, and PSA
DT less than 10 months.1 Although this was deﬁned in a popula on that is unlikely to have received salvage local therapy,
as would occur today, these data suggest characteris cs of
pa ents at heightened risk for metastasis and death a er PSA
recurrence in the overall popula on of men with BCR a er
prostatectomy. Whether these men would achieve beneﬁt
from systemic treatment speciﬁcally remains unknown.

Op mal Administra on of Systemic Therapy
In addi on to ques ons of ming, the op mal formula on
and dura on of ADT have not been deﬁned for men with
BCR. At present there are no randomized studies that directly
compare the effects of surgical castration or gonadotropinreleasing hormone agonist or antagonist therapy with
androgen receptor–directed therapies or combined androgen
blockade in the BCR se ng. The EMBARK trial is an industrysponsored study that attempts to address this issue by
randomly assigning men with high-risk BCR (deﬁned by PSA
DT less than or equal to 9 months) to receive treatment with
leuprolide plus enzalutamide versus enzalutamide alone
versus leuprolide alone (NCT02319837). This study does not
address the ques on of whether earlier ADT is be er than
delayed treatment but does deﬁne a treatment strategy for
the popula on of men with short PSA DT who appear to
beneﬁt from earlier ini a on of ADT in the nonrandomized
studies described previously.
Whether treatment should be con nuous or intermi ent
for men with BCR is also somewhat controversial. The largest study addressing this issue was an interna onal mul center phase III study randomly assigning 1,386 men with
BCR a er RT treatment to receive iADT or con nuous ADT
to evaluate the associa on between treatment and overall survival.55 iADT was deﬁned as treatment with ADT for
8 months followed by cessa on of treatment un l the PSA
rose to greater than 10 ng/mL. The study was designed
as a noninferiority study, with the upper bound of the HR
set at less than 1.25. After nearly 7 years of follow-up,
iADT was noninferior to con nuous ADT (HR 1.02; 95%
CI, 0.86–1.21).55 In the associated QOL assessment, it was
notable that only 35% of men in the iADT group recovered
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testosterone to pretreatment levels by 2 years, and only
29% of men who were potent at baseline regained potency.
QOL was signiﬁcantly superior in the iADT group compared
with the con nuous ADT group for all hormone-associated
symptoms, including desire for sexual activity (p < .001)
and hot ﬂashes (p < .001).55 The median dura on of treatment in the con nuous ADT group was 43.9 months versus 15.9 months for men treated with iADT, with a median
oﬀ-treatment me of 37.6 months. Given the lack of clear
survival advantage associated with con nuous ADT, the
slightly superior QOL associated with iADT, and the dura on

spent oﬀ treatment, iADT is the preferred management
strategy for many clinicians trea ng men with BCR.

CONCLUSION
Ultimately, there are many uncertain aspects of the
management of men with BCR of prostate cancer, including
op mal imaging approaches, risk stra ﬁca on techniques,
and choices regarding treatment. Ongoing studies assessing
the op mal workup and treatment of men with hormonesensi ve BCR are expected to clarify some of the controversy
in the next few years.
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Metasta c Castra on-Sensi ve Prostate Cancer: Op mizing
Pa ent Selec on and Treatment
Andrew W. Hahn, MD, Celes a S. Higano, MD, Mary-Ellen Taplin, MD, Charles J. Ryan, MD, and Neeraj
Agarwal, MD
OVERVIEW
The treatment landscape for metasta c castra on-sensi ve prostate cancer (mCSPC) has rapidly evolved over the past
5 years. Although androgen-depriva on therapy (ADT) is s ll the backbone of treatment, the addi on of docetaxel or abiraterone acetate has improved outcomes for pa ents with mCSPC and become standard of care. With mul ple treatment
op ons available for pa ents with mCSPC, treatment selec on to op mize pa ent outcomes has become increasingly difﬁcult. Here, we review the clinical trials involving ADT plus docetaxel or abiraterone and provide clinicians with guidelines
for treatment. Although surgery and/or radia on are standard of care for localized, intermediate- and high-risk prostate
cancer, these treatments are not rou nely used as part of ini al treatment plans for pa ents with de novo mCSPC. Recent
clinical data are challenging that dogma, and we review the literature on the addi on of surgery and radia on to systemic
therapy for mCSPC. Finally, the standard of care for oligometasta c prostate cancer (a subset of mCSPC with limited
metastases) has not been established compared with that for some other cancers. We discuss the recent studies on
metastasis-directed therapy for treatment of oligometasta c prostate cancer.

P

rostate cancer accounts for one in every ﬁve cancer diagnoses, making it the most common cancer in men,
and metasta c prostate cancer is the second most common
cause of cancer-related deaths in men in the United States.1
The incidence of prostate cancer began to decline in 2000,
and it has more rapidly declined since the U.S. Prevenve Services Task Force changed its recommenda ons for
prostate-speciﬁc an gen (PSA) screening in 2008 and 2011.1,2
However, over the same period in the United States, the
incidence of metasta c prostate cancer is increasing, with
at least one study showing a 72% higher incidence of
mCSPC cases in 2013 than in 2004.3,4 Whether the increase
in mCSPC is speciﬁcally related to changes in screening recommenda ons is unknown; however, this increase is concerning because mCSPC is generally considered to be incurable.
Although localized prostate cancer has a 5-year survival
rate of 100%, mCSPC has a 5-year survival rate of 29.8%.5
The treatment of mCSPC has signiﬁcantly changed over
the past 5 years. The backbone of treatment of mCSPC is
ADT to deprive prostate cancer cells of growth-s mula ng
androgens.6 In 2013, the results of a phase III study of connuous versus intermi ent ADT (SWOG9346) ques oned
the role of intermi ent ADT. Further incremental progress
in the outcome of pa ents with mCSPC came from the

addi on of novel agents, docetaxel or abiraterone, to ADT
for more aggressive up-front treatment of metasta c prostate cancer. Since 2015, two clinical trials, CHAARTED and
STAMPEDE arm C, demonstrated that up-front docetaxel
plus ADT improves overall survival (OS) in pa ents with
mCSPC.7,8 Then, in 2017, two clinical trials, LATITUDE and
STAMPEDE arm G, showed that up-front abiraterone plus
prednisone plus ADT improves OS to a similar degree as
docetaxel plus ADT did.9,10 These clinical trials improved the
prognosis for pa ents with mCSPC for the ﬁrst me; however, they also present clinicians with a challenge to op mize treatment selec on for individual pa ents among
ADT alone, ADT plus docetaxel, and ADT plus abiraterone. To
date, no head-to-head comparisons of ADT plus docetaxel
versus ADT plus abiraterone are formally published. Addionally, a logical clinical ques on to ask is,what is the value
of adding both docetaxel and abiraterone to standard castra on therapy? Currently, there are no data to support this
approach.
We begin by discussing the agents available for ADT and
eﬃcacy of diﬀerent dosing regimens. We then more closely
analyze the evolving treatment paradigm for mCSPC, including ADT plus docetaxel, ADT plus abiraterone, and novel
combina ons currently being inves gated. A er reviewing
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the available data, we discuss considera ons for selec on
of the op mal treatment regimen for individual pa ents
with mCSPC. Finally, we review the role for addi on of surgery and/or radiotherapy to systemic therapy in de novo
mCSPC and mul modality therapy for oligometasta c prostate cancer.

EVOLVING TREATMENT PARADIGM OF
METASTATIC CASTRATION SENSITIVE
PROSTATE CANCER
Androgen-Depriva on Therapy
In mCSPC, prostate cancer cells need high levels of androgens
to drive cancer growth.11 Accordingly, approximately 90% of
pa ents with mCSPC will respond to ini al treatment with
ADT.12 ADT for mCSPC works by decreasing tes cular produc on of androgens.13 There are mul ple mechanisms of
ac on to block tes cular produc on of androgens, including
orchiectomy, luteinizing hormone–releasing hormone (LHRH)
agonists to prevent luteinizing hormone secre on, and LHRH
antagonists to decrease luteinizing hormone secre on. Two
LHRH agonists, leuprolide and goserelin, are approved in the
United States, whereas degarelix is the only LHRH antagonist
approved there. The ﬁrst-genera on an androgens ﬂutamide,
nilutamide, and bicalutamide are not recommended as monotherapy for mCSPC; however, they are frequently used when
LHRH agonists are ini ated to prevent testosterone ﬂare.14 Unl 2015, combined androgen blockade with an LHRH agonist
and a ﬁrst-genera on an androgen was commonly used to treat
mCSPC. Combined androgen blockade with ﬁrst-genera on
an androgens can be considered, but data suppor ng the

PRACTICAL APPLICATIONS
• ADT plus docetaxel for six cycles is considered a standard
of care for high-volume mCSPC based on the CHAARTED,
STAMPEDE arm C, and GETUG-AFU 15 clinical trials.
• ADT plus abiraterone acetate con nued un l disease
progression is considered a standard of care for all
pa ents with mCSPC based on the LATITUDE and
STAMPEDE arm G clinical trials.
• Predic ve biomarkers are needed to select pa ents
for ADT plus docetaxel versus ADT plus abiraterone.
Un l those are iden ﬁed, ADT plus docetaxel may be
considered for pa ents with mCSPC who have more
than four metastases, have a good performance status,
desire shorter total treatment me, or have concerns
for prescrip on drug costs; ADT plus abiraterone acetate
may be suggested to pa ents who have fewer than four
sites of metastases or are unable/unwilling to tolerate
the poten al toxicity of chemotherapy.
• Mul ple phase III clinical trials are inves ga ng novel
combina ons of ADT and androgen axis inhibitors,
including enzalutamide, apalutamide, darolutamide, and
orteronel without cor costeroids in mCSPC.
• Clinical studies suggest that addi on of surgery and/or
radiotherapy to systemic treatment may have a role in
the treatment of newly diagnosed mCSPC, and clinical
trials are inves ga ng this hypothesis.
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beneﬁts are small. Furthermore, second-genera on androgen
receptor (AR) antagonists or androgen synthesis inhibitors
may negate the observed beneﬁts (Fig. 1).
Recent inves ga ons have studied the op mal dosing
schedule of ADT to balance eﬃcacy with pa ent quality of life.
In a phase III clinical trial of 3,040 men with newly diagnosed
metasta c hormone-sensi ve prostate cancer (mHSPC),
SWOG studied whether intermi ent ADT is noninferior to
con nuous ADT.15 All pa ents were ini ally treated with 7
months of con nuous ADT then randomly assigned to con nuous or intermi ent ADT if they had an ongoing PSA response.
The coprimary endpoints for SWOG 9346 were noninferiority
of intermi ent ADT with respect to OS and quality of life
3 months a er randomiza on. Unsurprisingly, intermi ent
ADT was associated with improved quality of life 3 months
a er randomiza on but not later because of the variable period of me “oﬀ therapy.” However, intermi ent ADT was not
found to be noninferior to con nuous ADT with respect to OS
(5.8 years vs. 5.1 years; hazard ra o [HR], 1.10; 95% CI, 0.99–
1.23) but rather the result was inconclusive. However, SWOG
9346 raised concerns about intermi ent ADT, thus perpetuating con nuous ADT as the favored therapy for mCSPC.
Analyses of several clinical trials have suggested that more
aggressive up-front treatment could translate to improved
outcomes for pa ents with mCSPC. In a subgroup analysis
of 1,345 pa ents from SWOG 9346, lower PSA values a er
7 months of con nuous ADT were predic ve of improved
median OS.16 Speciﬁcally, the 383 (25%) pa ents with a
PSA greater than 4 ng/mL had a median OS of 13 months,
whereas the 602 (45%) pa ents with a PSA less than
0.2 ng/mL had a median OS of 75 months. A follow-up analysis from the PR-7 trial, in men with biochemically recurrent
prostate cancer, found that lower testosterone levels were
predic ve of improved cancer-speciﬁc survival and me to
castra on-resistant prostate cancer (CRPC).17 These studies
suggested that deeper androgen blockade could improve
clinical outcomes for pa ents with mCSPC.18

Androgen-Depriva on Therapy Plus Docetaxel
To date, three clinical trials have inves gated the eﬃcacy
of ADT plus docetaxel: CHAARTED, STAMPEDE arm C, and
GETUG-AFU 15. CHAARTED was a phase III clinical trial that
randomly assigned 790 men with mCSPC to receive ADT
plus docetaxel or ADT alone.7 Docetaxel without daily prednisone was administered every 3 weeks for a total of six
cycles. The primary outcome, median OS, was 13.6 months
longer for pa ents treated with ADT plus docetaxel than for
pa ents receiving ADT alone (57.6 months vs. 44.0 months,
respec vely; HR 0.61; 95% CI, 0.47–0.80). Of note, a substan al number of pa ents in the ADT-alone arm never received docetaxel at CRPC before death. ADT plus docetaxel
also improved median me to progression compared with
ADT alone (20.2 months vs. 11.7 months; HR 0.61; 95%
CI, 0.51–0.72). Docetaxel has a signiﬁcant toxicity proﬁle
that diﬀers from that of ADT, and 29.3% of pa ents treated with ADT plus docetaxel reported any grade 3/4 adverse
events. The most frequently reported grade 3/4 adverse
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events were neutropenia (12.1%) and fa gue (4.1%). To
determine whether ADT plus docetaxel should be used in all
pa ents with mHSPC or only higher-risk pa ents, CHAARTED
performed a subgroup analysis of median OS by extent of
disease present.19 Inves gators found that only pa ents
with high-volume disease, deﬁned as the presence of visceral metastases or at least four bone lesions with one or
more beyond the vertebral bodies and pelvis, beneﬁt from
ADT plus docetaxel (median OS, 51 months vs. 34 months;
HR 0.63; 95% CI, 0.50–0.79), whereas low-volume pa ents
have similar outcomes with ADT alone or with docetaxel
(median OS, 64 months vs. not reached; HR 1.04; 95% CI,
0.70–1.55).
GETUG-AFU 15, conducted before CHAARTED, was a
phase III clinical trial that randomly assigned 385 men
with mCSPC to receive ADT alone or ADT plus docetaxel.20
Median OS was not signiﬁcantly improved in the ADT plus
docetaxel arm compared with ADT alone (58.9 months vs.
54.2 months; HR 1.01; 95% CI, 0.75–1.36). Furthermore, before use of granulocyte colony-s mula ng factor, four treatment-related deaths occurred in the ADT plus docetaxel
arm. A er publica on of CHAARTED, a follow-up analysis
of GETUG-AFU 15 reported median OS by volume of disease, which was collected retrospec vely.21 A nonsigniﬁcant
trend toward improved OS was seen in high-volume disease
(39.8 months vs. 35.1 months; HR 0.78; 95% CI, 0.56–1.09),
and no diﬀerence in OS was observed for low-volume

disease (not reached vs. 83.4 months; HR 1.02; 95% CI,
0.67–1.55).22
With discordant ﬁndings between CHAARTED and GETUGAFU 15, STAMPEDE arm C sought to further explore whether
ADT plus docetaxel improves survival for pa ents with
mCSPC. STAMPEDE randomly assigned 2,962 men with locally
advanced or mHSPC to receive ADT alone (arm A); ADT plus
zoledronic acid (arm B); ADT plus docetaxel (arm C); or ADT,
docetaxel, and zoledronic acid (arm E).8 Similar to CHAARTED,
ADT plus docetaxel signiﬁcantly improved median OS compared with ADT alone in STAMPEDE arm C (81 months vs.
71.3 months; HR 0.78; 95% CI, 0.66–0.93). ADT plus docetaxel
also improved median failure-free survival compared with
ADT alone (37 months vs. 20 months; HR 0.61; 95% CI,
0.53–0.70). As was seen in the other trials, more pa ents
in the ADT plus docetaxel arm reported grade 3/4 adverse
events than did those receiving ADT alone (39% vs. 17%),
and one treatment-related death occurred in the ADT plus
docetaxel cohort. Unfortunately, STAMPEDE did not report
outcomes by volume of disease.
In a meta-analysis that included CHAARTED, STAMPEDE
arm C/E, and GETUG-AFU 15, ADT plus docetaxel was conﬁrmed to signiﬁcantly improve median OS (HR 0.77; 95% CI,
0.68–0.87) and median failure-free survival (HR 0.64; 95%
CI, 0.58–0.70) compared with ADT alone.23 These trials and
subsequent meta-analysis established ADT plus docetaxel as
a standard of care for ﬁt pa ents with high-volume mCSPC.

FIGURE 1. Androgen Synthesis Pathway Throughout Body With Drugs Targe ng Androgen Synthesis

Abbrevia ons: AR, androgen receptor; GnRH, gonadotropin-releasing hormone; HSP, heat shock protein; SARD, selec ve androgen receptor degrader.
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ADT Plus Abiraterone Acetate Plus Prednisone
Similar to docetaxel, abiraterone acetate was ini ally approved for the treatment of mCRPC.24,25 Abiraterone is a
nonsteroidal, irreversible inhibitor of CYP17A1, so it inhibits gonadal and extragonadal androgen synthesis. To date,
two clinical trials studying abiraterone in mCSPC have been
reported, LATITUDE and STAMPEDE arm G; one study,
PEACE-1, is s ll ongoing. LATITUDE was a phase III clinical
trial that randomly assigned 1,199 men with mCSPC to receive ADT plus abiraterone (1,000 mg daily) and prednisone
(5 mg daily) or ADT alone.9 To be included in the trial, men with
mCSPC needed to have at least two high-risk prognos c factors, including a Gleason score of 8 or higher, presence of at
least three bone lesions, or measurable visceral metastases.
LATITUDE was powered to measure two primary endpoints:
median OS and radiographic progression-free survival.
ADT plus abiraterone signiﬁcantly improved median OS (not
reached vs. 34.7 months; HR 0.62; 95% CI, 0.51–0.76) and
median radiographic progression-free survival (33.0 vs. 14.8
months; HR 0.47; 95% CI, 0.39–0.55). Regarding toxicity,
grade 3/4 adverse events were more common in the ADT
plus abiraterone arm (63% vs. 48%). The most frequently
reported grade 3/4 adverse events in the abiraterone arm
were mineralocor coid-related hypertension (20%), hypokalemia (11%), and increased alanine aminotransferase
levels (5%).
Interes ngly, in 2017, STAMPEDE arm G, which was simultaneously presented with LATITUDE at the ASCO annual
mee ng, showed similar beneﬁts with upfront abiraterone.
STAMPEDE arm G was a phase III clinical trial that included
mul ple cohorts of pa ents with advanced prostate cancer,
including mCSPC, node-posi ve disease, or high-risk locally
advanced disease.10 In total, 1,917 men with advanced prostate cancer were randomly assigned to receive ADT plus
1,000 mg of abiraterone plus 5 mg of prednisolone or ADT
alone. Of these 1,917 men, 941 had newly diagnosed mCSPC.
In the overall cohort, ADT plus abiraterone demonstrated
a strong OS advantage compared with ADT (83% vs. 76%;
HR 0.63; 95% CI, 0.52–0.76) and be er 3-year failure-free
survival (75% vs. 45%; HR 0.29; 95% CI, 0.25–0.34). In paents with mCSPC, the eﬀect of ADT plus abiraterone on
OS and failure-free survival remained true. As was seen in
LATITUDE, the incidence of grade 3/4 adverse events was
higher in the ADT plus abiraterone group than in the ADTalone group (47% vs. 33%). On the basis of the results from
the LATITUDE and STAMPEDE arm G clinical trials, ADT plus
abiraterone acetate and prednisone is now considered a
standard of care for mCSPC regardless of the disease volume status. However, follow-up for nonmetasta c prostate
cancer is not adequate to determine the beneﬁt.
A third phase III clinical trial evalua ng ADT plus abiraterone is in progress. PEACE-1 will randomly assign 916 paents with mCSPC to one of four arms: ADT with or without
docetaxel, ADT with or without docetaxel and abiraterone
and prednisone, ADT with or without docetaxel and radiotherapy, or ADT with or without docetaxel and abiraterone
and prednisone. PEACE-1 will help us be er understand
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whether docetaxel and abiraterone can have synergis c effect in mCSPC.

OPTIMAL CURRENT TREATMENT PARADIGM
Because clinical trials inves ga ng ADT plus docetaxel and
ADT plus abiraterone had very similar outcomes and headto-head, prospec ve comparisons were not performed, clinicians face a new challenge op mizing treatment selec on
for pa ents with mCSPC. Furthermore, predic ve biomarkers are not available in the clinic to help guide treatment
selec on. Although the eﬃcacy of these regimens is similar, the toxicity proﬁles, cost, and dura on of treatment can
help guide selec on between docetaxel and abiraterone.
Analysis of the individual trials shows that the disease
volume may help tailor treatment selec on.26 In CHAARTED
and GETUG-AFU 15, men with low-volume disease did not
beneﬁt with docetaxel. However, none of the trials with
abiraterone have categorized men according to the volume
status of the disease and thus have not shown lack of beneﬁt in any given subset of pa ents.27 We recommend that
docetaxel be considered for pa ents with high-volume
disease, and abiraterone can be recommended to all regardless of disease volume (Table 1). Table 1 shows considera ons for the trea ng physician choosing between ADT
plus abiraterone and ADT plus docetaxel.
In regard to toxicity, the frequency of grade 3 to 5 adverse
events was similar between ADT plus docetaxel and ADT
plus abiraterone plus prednisone. However, the proﬁle of
adverse events signiﬁcantly diﬀers between the two drugs.
Docetaxel may cause bone marrow suppression, infec ons,
and neuropathy, whereas abiraterone may cause mineralocor coid-induced hypertension, hypokalemia, and elevated
liver enzyme levels. In general, most pa ents be er tolerate abiraterone than docetaxel. The dura on of treatment
also diﬀers signiﬁcantly between the reported regimens
of docetaxel and abiraterone in mCSPC. Docetaxel is given
once every 3 weeks for a total of six cycles, which is generally around 15 weeks of total treatment. In contrast, abiraterone is recommended daily un l me of progression,
which generally occurs a er several years of treatment
with abiraterone. Finally, the expense to the pa ent of abiraterone and docetaxel diﬀers signiﬁcantly. When only cost
per cycle and number of cycles given are considered, the six
cycles of docetaxel cost the same as 3- to 4-month treatment

TABLE 1. A ributes of Treatment That Favor ADT
Plus Abiraterone or ADT Plus Docetaxel
A ribute

Favors Abiraterone

Favors Docetaxel

Eﬃcacy in HVD

X

X

Eﬃcacy in LVD

X

Toxicity

X

Treatment dura on

X

Cost

X

Abbrevia ons: ADT, androgen-depriva on therapy; HVD, high-volume disease; LVD, low-volume
disease.
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TABLE 2. Ongoing and Recently Reported Phase III Clinical Trials Evalua ng Novel Androgen Axis Inhibitors in
Metasta c Hormone-Sensi ve Prostate Cancer
Trial Name

Arms

No. of
Pa ents

Primary Endpoint

ClinicalTrials.gov
Iden ﬁer

An cipated Read
Out

PEACE-1

ADT ± doce, ± RT, ± abi

916

rPFS, OS

NCT01957436

2020

SWOG-1216

ADT + TAK-700 vs. bicalutamide

1,304

OS

NCT01809691

2020

ARASENS

ADT + doce + ODM-201 vs.
placebo

1,300

OS

NCT02799602

2022

ENZA-MET

ADT ± doce + enza vs. NSAA

1,100

OS

NCT02446405

2020

ARCHES

ADT ± doce + enza vs. placebo

1,100

rPFS

NCT02677896

2023

STAMPEDE ARM J

ADT ± doce, ± RT, ± abi + enza

1,800

OS

NCT00268476

2020

TITAN

ADT ± doce + apa vs. placebo

1,000

rPFS, OS

NCT02489318

2021

Abbrevia ons: ADT, androgen-depriva on therapy; doce, docetaxel; RT, radiotherapy; abi, abiraterone acetate; rPFS, radiographic progression-free survival; OS, overall survival; enza, enzalutamide; NSAA,
nonsteroidal androgen antagonist; apa, apalutamide.

with abiraterone. Additionally, there is frequently a high
copay with abiraterone (an oral drug) compared with
docetaxel (an intravenous drug).28,29 This is a simplis c analysis that does not account for many components of costeﬀec veness; however, a formal cost-eﬀec veness analysis
has yet to be done. Thus, docetaxel may be favored over
abiraterone for pa ents or in countries where cost factors
heavily into the treatment decision.
In summary, ADT plus docetaxel may be considered for
pa ents who desire shorter total treatment me or when
there are cost considera ons. ADT plus abiraterone can
be considered in pa ents who have low-volume disease,
desire to avoid possible chemotherapy toxicity, or want to
minimize facility visits for docetaxel administra on. Finally,
pa ent-speciﬁc comorbidi es may guide treatment selecon, for example, avoiding docetaxel in frail pa ents at high
risk for myelosuppression and those with neuropathy and
avoiding abiraterone plus prednisone in those with liver disease, diabetes, and osteoporosis.

NOVEL COMBINATIONS BEING INVESTIGATED
FOR METASTATIC CASTRATION SENSITIVE
PROSTATE CANCER
With the knowledge that deeper androgen signaling blockade leads to improved outcomes in mCSPC and the recent
success of docetaxel and abiraterone, several novel combina ons of ADT plus androgen axis inhibitors are under
inves ga on. Enzalutamide is a second-genera on an androgen that binds to the AR with higher aﬃnity than bicalutamide and prevents nuclear transloca on of the AR
(Fig. 1).30 Enzalutamide is approved as any-line treatment of
mCRPC.31,32 Two phase III clinical trials are evalua ng ADT
plus enzalutamide in pa ents with mCSPC: ENZA-MET and
ARCHES (Table 2). ENZA-MET (NCT02446405) will randomly
assign 1,000 pa ents with mCSPC to receive ADT with or
without docetaxel plus enzalutamide or ADT with or without docetaxel plus a nonsteroidal androgen antagonist.
ENZA-MET is an cipated to read out in 2020, and it will tell
us whether ADT plus enzalutamide is more eﬃcacious than
standard ADT and whether ADT plus enzalutamide has a

synergis c eﬀect with docetaxel. ARCHES (NCT02677896)
aims to answer the same clinical ques ons. ARCHES is also
randomly assigning 1,100 pa ents to receive ADT with or
without docetaxel plus enzalutamide or ADT with or without
docetaxel plus placebo. Unfortunately, neither of these trials
is comparing ADT plus enzalutamide to ADT plus abiraterone
or docetaxel, which are now considered standard of care.
Apalutamide (ARN-509) is another second-genera on anandrogen that is an irreversible AR antagonist. Recently,
in the SPARTAN trial in men with M0 CRPC, apalutamide
showed improved survival outcomes; however, it is not currently approved for prostate cancer.33 ADT plus apalutamide
is being studied for mCSPC in the phase III TITAN clinical trial
(NCT02489318). Previously, a phase II clinical trial of apalutamide in mCRPC demonstrated acceptable safety and eﬃcacy
to warrant further inves ga ons in mCSPC and mCRPC.34
TITAN is randomly assigning 1,000 pa ents with mCSPC to
receive ADT with or without docetaxel plus apalutamide
versus ADT alone (Table 2). TITAN will answer the ques on
of whether addi on of apalutamide to standard-of-care
treatment may improve survival outcomes in mCSPC.
Darolutamide (ODM-201) is a next-genera on an androgen that has a higher aﬃnity for the AR than does enzalutamide or apalutamide.35 Darolutamide is not currently
approved for the treatment of prostate cancer. However, a
phase I/II clinical trial in 134 men with progressive mCRPC
found darolutamide to have an acceptable safety proﬁle.36
ARASENS (NCT02799602) is a phase III clinical trial in mCSPC
that will randomly assign 1,300 men to receive ADT plus
docetaxel and either darolutamide or placebo (Table 2).
ARASENS is expected to read out in 2022.
Orteronel (TAK-700) is unique from the other novel androgen axis inhibitors discussed because it is a reversible CYP17
inhibitor that has more speciﬁcity for 17,20 lyase than 17
hydroxylase. Preclinical studies demonstrated that orteronel signiﬁcantly reduces testosterone and androstenedione
levels in cell lines and rats, resul ng in smaller prostates.37,38
Although phase III clinical trials in mCRPC showed no OS
benefit with orteronel, a phase II trial in patients with
nonmetasta c prostate cancer and biochemical recurrence
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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found that orteronel decreased PSA by greater than 30%
in most pa ents and that 16% achieved a PSA less than
0.2 ng/mL at 3 months.39-41 A phase III clinical trial, SWOG1216, is inves ga ng ADT plus orteronel (without prednisone)
compared with ADT plus bicalutamide in 1,304 pa ents with
mCSPC (NCT01809691).

THE ROLE OF LOCALIZED THERAPY IN
METASTATIC CASTRATION SENSITIVE
PROSTATE CANCER
Prostate radia on or radical prostatectomy (RP) are not currently recommended for the treatment of pa ents with de
novo metasta c prostate cancer. In some advanced malignancies, such as metasta c renal cell carcinoma, pa ents
experience a survival beneﬁt from cytoreduc ve surgery,
which is considered a standard of care for these pa ents.42
This has led to increased interest in the role of local therapy
for mCSPC. Although reported studies have important limita ons, early results for this approach in mCSPC are intriguing and warrant further inves ga on.
Ini ally, two hypothesis-genera ng, retrospec ve Surveillance, Epidemiology, and End Results (SEER) database studies found that local therapy combined with systemic therapy
improved survival in metasta c prostate cancer. In the ﬁrst
SEER analysis, 8,185 pa ents with stage IV prostate cancer
were iden ﬁed between 2004 and 2010.43 Of these 8,185
pa ents, 245 pa ents (3.0%) had an RP performed, and 129
pa ents (1.6%) were treated with prostate brachytherapy.
The remaining, untreated pa ents were signiﬁcantly older
(p < .001) and less likely to have a Gleason score of 7 or
lower (p < .001). Five-year OS and cancer-speciﬁc survival
were higher in pa ents receiving RP (67.4% and 75.8%, respec vely) and brachytherapy (52.6% and 61.3%) than in
those receiving no local treatment (22.5% and 48.7%; p < .001).
Another SEER study used a propensity score analysis to ensure that the observed eﬀect of radical prostatectomy or
brachytherapy were a ributable to treatment instead of
baseline cohort diﬀerences.44 The authors conﬁrmed that RP
and brachytherapy improve CSS compared with no deﬁni ve
treatment. Because of their use of the SEER database, both
studies had substan al limita ons, including not accoun ng
for whether pa ents received ADT and the fact that less than
5% of their total cohorts received deﬁni ve therapy.45 A third
retrospec ve study used the Na onal Cancer Database to
conﬁrm the ﬁndings from previous SEER studies.46 Of 6,382
men with newly diagnosed mCSPC in this database, 538 men
(8.4%) were treated with ADT plus radiotherapy, and the
remaining men were treated with ADT alone. Men treated
with ADT plus radiotherapy had signiﬁcantly improved OS in
mul variate analysis (HR 0.62; 95% CI, 0.55–0.71).
To address the limita ons of the prior SEER studies, a study
linked SEER outcomes to Medicare data.47 This study design
allowed the authors to account for medical comorbidi es,
receipt of ADT, and type of radiotherapy given (pallia ve,
localized intensity-modulated radia on, or conformal radia on). In the mul variate analysis accoun ng for these
factors, prostate cancer–speciﬁc mortality was improved for
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RP (HR 0.48; 95% CI, 0.27–0.85) and intensity-modulated
radia on (HR 0.38; 95% CI, 0.24–0.61). Because the three
prior studies came from the U.S. SEER database, a retrospec ve study of the Munich Cancer registry also looked at
the eﬀect of RP on survival for mCSPC.48 Of the 1,538 men
with mCSPC, 75 men (5%) received RP, and this group had
improved 5-year OS compared with the no-surgery arm
(55% vs. 21%; p < .01). Finally, a case-control series of 140
men with mCSPC randomly assigned 38 men to prostate radiotherapy, 39 to pallia ve radiotherapy, and 63 to no radiotherapy.49 Pa ents who received prostate radiotherapy had
improved 3-year OS compared with the other groups (69%
vs. 43%; p = .004), and no grade 3 or worse genitourinary
adverse events were reported.
In summary, RP and local radiotherapy have shown poten al to improve survival in pa ents with mCSPC.50 However, the design of reported studies (i.e., retrospec ve or
case-control series) and inconsistent ﬁndings indicate that
randomized clinical trials are needed before deﬁni ve
therapy is rou nely used in the management of newly diagnosed mCSPC. A phase II clinical trial randomly assigning 180 men with mCSPC to ADT with or without localized
therapy (NCT01751438) is underway and should begin to
address this hypothesis. As clinical trials inves gate these
ques ons, inves gators must consider how the signiﬁcant
morbidity associated with deﬁni ve therapy weighs against
the beneﬁts of treatment.

METASTASIS DIRECTED THERAPY FOR
OLIGOMETASTATIC PROSTATE CANCER
Although no consensus deﬁni on exists, oligometasta c
prostate cancer is o en deﬁned as at least three or ﬁve metastases.51 To date, it is unclear whether pa ents with oligometasta c prostate cancer should be treated diﬀerently
than pa ents with high-volume disease.
Multiple retrospective studies initially suggested that
metastasis-directed therapy is safe, feasible, and eﬃcacious
in pa ents with oligometasta c prostate cancer. In a singlecenter study of 40 pa ents with fewer than two bone metastases in the spine, stereotac c body radia on therapy
(SBRT) to the metasta c lesions was associated with an
es mated local disease control rate of 95.5% at 6, 12, and
24 months.52 Another single-center study of 21 pa ents with
oligometasta c disease involving the bone (19 pa ents),
lymph nodes (one pa ent), or liver (one pa ent) found that
SBRT had 100% local control at 5 months and that 53% of
pa ents had an undetectable PSA.53 These studies were followed by a mul center retrospec ve study of 119 pa ents
that conﬁrmed SBRT is eﬃcacious in oligometasta c prostate cancer.54 Then, two retrospec ve studies demonstrated
that SBRT delays the ini a on of ADT for pa ents with oligometasta c disease.55,56
With multiple retrospective studies suggesting that
metastasis-directed therapy may be efficacious for oligometasta c prostate cancer, a phase II clinical trial, STOMP,
sought to validate the role for metastasis-directed therapy.57
In STOMP, 62 patients with biochemical recurrence after
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deﬁni ve therapy or fewer than three extracranial metasta c
lesions were randomly assigned to surveillance or metastasisdirected therapy (either SBRT or surgery). The median ADTfree survival for surveillance was 13 months compared with
21 months for the metastasis-directed therapy arm (HR
0.60; 95% CI, 0.40–0.90). Quality of life was similar in the
two arms at baseline, 3 months, and 12 months. Two ongoing phase III clinical trials, CORE and PCX IX, will provide
overall survival data for metastasis-directed therapy. CORE
(NCT02759783) is randomly assigning 206 pa ents with
oligometasta c prostate, breast, and non–small cell lung
cancer to standard of care or standard of care plus SBRT. In
contrast, PCX IX (NCT02685397) is randomly assigning 130
pa ents with oligometasta c CRPC to an LHRH agonist plus
enzalutamide or to LHRH agonist plus enzalutamide plus SBRT.

CONCLUSION
ADT plus docetaxel and ADT plus abiraterone are the
contemporary standard treatment of mCSPC. ADT plus
docetaxel may be considered for patients with mCSPC
who have good performance status, have high-volume

disease, desire shorter total treatment me, or have concerns of prescrip on drug costs. ADT plus abiraterone acetate may be suggested for men with cancer of any volume
and who desire to minimize hospital visits associated with
chemotherapy infusions. Pa ent-speciﬁc comorbidi es
may guide treatment selec on as well; for example, abiraterone plus prednisone may be avoided in those with
diabetes, liver disease, osteoporosis, or diﬃcult-to-control
hypertension, and docetaxel may be avoided in those with
neuropathy or at high risk for myelosuppression. Eventually, we need predic ve biomarkers to op mize treatment
selec on between these current and emerging therapies.
We also an cipate that treatment of mCSPC will con nue
to rapidly evolve. Mul ple novel androgen axis inhibitors
are being inves gated in combina on with ADT for treatment of mCSPC. On the basis of retrospec ve and casecontrol series data, local therapy for de novo mCSPC has
the poten al to augment current systemic therapies. Finally, for pa ents with oligometasta c prostate cancer,
metastasis-directed therapy combined with systemic therapy is promising.
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Practical Methods for Integrating Genetic Testing Into
Clinical Practice for Advanced Prostate Cancer
Heather Cheng, MD, PhD, Jacquelyn Powers, LCGC, Kerry Schaffer, MD, and Oliver Sartor, MD
OVERVIEW
Recent advances clearly demonstrate the potential clinical relevance of germline genetic testing and somatic genomic profiling in identifying possible therapeutic and/or clinical trial options, particularly in advanced prostate cancer. In addition,
if a germline genetic mutation/pathogenic variant is identified, there may be important family implications and possible
life-saving changes to healthcare management. However, there is substantial debate and uncertainty about how best to
offer genetic testing services, which tests to use, which patients to test, what sequence of testing, what timing, by whom,
and with what kind of follow-up. To help address this new area of potential benefit and confusion, we provide a practical
overview of recent advances, discuss options and considerations for both germline and somatic testing, and offer practical
advice on what providers should understand before referring and/or ordering testing, key discussion points for patients
and families, and available genetics resources.

O

ver the past several years, it has become abundantly
clear that molecular events not only can be defined in
prostate cancer but also can affect the treatment of patients
and can have important implications for family members.
A substantial proportion of aggressive prostate cancers
(approximately 25%) have characteristic DNA repair alterations that suggest precision therapy opportunities; approximately 10% have alterations found in the germline
and potentially represent inherited cancer predisposition.
These findings have led to rapid and far-reaching changes
to the field that include exciting new precision treatment
opportunities and increased responsibility and challenges
surrounding tumor genomic profiling and genetic counseling around inherited cancer risk.

GENOMICS VERSUS GENETICS AND
IMPLICATIONS FOR PROSTATE CANCER CARE
In 2015, The Cancer Genome Atlas Research Network reported findings from 333 primary prostate cancers and the
identification of 19% of primary tumors with mutations in
DNA repair genes, including 3% in the homologous recombination repair gene, BRCA2.1 That same year, the International Stand Up to Cancer/Prostate Cancer Foundation/
American Association for Cancer Research Prostate Cancer
Dream Team applied exome sequencing to 150 metastatic
biopsies and found that 23% of metastatic prostate cancers
carry alterations in genes critical for DNA repair, again involving homologous recombination repair (BRCA2, ATM,
and BRCA1) as well as mismatch repair (MLH1 and MSH2).2

Unexpectedly, 8% of the DNA repair mutations were found
in the germline DNA, the first indication that there may be
a higher than previously recognized prevalence of cancer
predisposition among men with metastatic prostate cancer.
These discoveries represented major strides in the field and
a new era marked by greater interplay between somatic
genomics and germline genetics.

HOMOLOGOUS RECOMBINATION DNA
REPAIR DEFECTS AND NEW TREATMENT
STRATEGIES
Specific treatment strategies could quickly be gleaned from
research in other BRCA1/2-associated cancers, particularly
breast cancer and ovarian cancer. The phase II TOPARP-A
study showed that 14 of 16 patients (88%) with heavily pretreated metastatic castration-resistant prostate cancer and
somatic alterations in DNA repair genes achieved objective
responses to the PARP inhibitor olaparib.3 The identified
genes involved included BRCA2, ATM, and BRCA1, among
others (Table 1). The responses were sustained for a large
portion of patients (in many, for more than 6 months). This
trial highlights the strong potential therapeutic role for
PARP inhibitor therapy in tumors with DNA repair defects
and has led to a number of subsequent clinical trials testing
PARP inhibitors for biomarker-selected (i.e., DNA repair–
deficient) advanced prostate cancer.
Although PARP inhibitors are currently garnering the most
attention in the clinical trial realm, platinum chemotherapy
has also been used in other BRCA1/2-associated cancers
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and has the advantage of being readily available and familiar to practicing medical oncologists. A retrospective case
series evaluated three patients who displayed exceptional
response (complete or partial response ranging from 6 to
30 months) to platinum chemotherapy after disease progression while receiving prior standard therapy and whose tumors
were available for analysis.5 Clinical targeted next-generation
sequencing on tumor DNA demonstrated the presence of
biallelic BRCA2 inactivation: two patients had a single germline mutation with an additional acquired somatic event,
and the third patient had two somatic mutations.
In a retrospective analysis of 141 men with prostate cancer who received at least two doses of carboplatin and
docetaxel for metastatic castration-resistant prostate cancer, treatment demonstrated benefit for patients with germline DNA repair deficiency with BRCA2 mutation.6 Eight
of 141 men (5.7%) had a pathologic germline mutation; six
of these patients (75%) experienced a prostate-specific antigen decline greater than 50% within 12 weeks compared
with 23 of 133 noncarriers (17%; absolute difference, 58%;
95% CI, 27% to 88%; p < .001). This retrospective analysis
of a prospective study demonstrated increased response to
platinum-based chemotherapy among patients with metastatic castration-resistant prostate cancer who also carried
a BRCA2 germline mutation or pathogenic variant. A prostate-specific antigen response greater than 50% was associated with prolonged survival in the entire group of 141 men,
and median survival was 18.9 months for carriers compared
with 9.5 months for noncarriers.
These two studies highlight a biologic subgroup of prostate cancer with particular sensitivity to platinum therapy.
In contrast, other studies of platinum have failed to show
clinical benefit among unselected patients with prostate
cancer,7 illustrating the concept that genomics and genetics

PRACTICAL APPLICATIONS
• The presence of both germline and somatic mutations
is increasingly well defined for patients with advanced
prostate cancer; however, who to test and how to test is
the subject of considerable debate.
• It is now clear that the prevalence of men with
metastatic prostate cancer carrying pathologic variants
in DNA repair mutations is approximately 10% and
includes genes such as BRCA2 (most predominant), ATM,
CHEK2, BRCA1, RAD51D, and PALB2.
• Surprisingly, family histories for these patients are not
always revealing and thus cannot be relied on to guide
genetic testing.
• Germline pathogenic alterations may have both familial
and therapeutic implications.
• Somatic alterations in various genes are increasingly well
described; PARP inhibitors or platinum-based therapies
may be considered for patients with BRCA mutations,
and treatment with PD-1 inhibitors is warranted for
patients with mismatch repair alterations and has been
approved by the U.S. Food and Drug Administration.

together can help identify effective “precision” treatments
for the subset of patients who are likely to respond and can
minimize ineffective treatments for those who are unlikely to
benefit. As a result of these data, other studies are ongoing
to evaluate the role of PARP inhibitors and platinum-based
chemotherapy alone or in combination with other therapy
for patients with DNA repair defects.

GERMLINE DNA REPAIR DEFECTS ARE
ASSOCIATED WITH POOR PROGNOSIS AND
ENRICHED IN METASTATIC PROSTATE CANCER
Recognition of genomic factors critical to driving a cancer
may aid in efforts toward characterizing natural history and
thus may serve as prognostic markers. It has been established that men who carry relatively rare pathogenic germline variants in BRCA2 have an increased risk of developing
prostate cancer and, if cancer is present, have worse outcomes compared with men with prostate cancer who do not
carry BRCA2 pathogenic variants (mutations).8-10

TABLE 1. DNA Repair Genes, Prevalence of
Mutations/Deletions in Metastatic Prostate Cancer,
and Early Evidence of Therapeutic Response to
PARP Inhibitors

Gene

Prevalence of Germline
Mutations in Metastatic
Prostate Cancer (%)a

Preliminary Association
With PARP Inhibitor
Response (X)b

ATM

1.59

X

ATR

0.29

BAP1

0.0

BARD1

0.0

BRCA1

0.87

X

BRCA2

5.35

X

BRIP1

0.18

CHEK2

1.87

FAM175A

0.18

FANCA

—

GEN1

0.46

HDAC2

—

MLH1

0.0

MRE11A

0.14

MSH2

0.14

MSH6

0.14

NBN

0.29

X

PALB2

0.43

X

PMS2

0.29

RAD51C

0.14

RAD51D

0.43

XRCC2

0.0

X
X

aData are from Pritchard et al.4
b
Data are from Mateo et al.3
Italicized genes indicate that data with inadequate sequencing for metastatic population were
censored.
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A retrospective study of tumor characteristics in BRCA1/2
germline pathogenic variant (PV; mutation) carriers versus
noncarriers identified that 67 participants in the carrier
group had more aggressive tumors, a significantly higher
T score (T1, 9% vs. 26%; T2, 48% vs. 39%; and T3, 34% vs. 28%;
p < .02), and a higher Gleason score (≤ 6, 33% vs. 49%; 7, 31%
vs. 34%; and ≥ 8, 34% vs. 15%; p < .0001) compared with
1,235 noncarriers.8 N1 disease was present in 6% of carriers
and 2% of noncarriers (p = .009). Moreover, BRCA1/2 germline carriers treated with curative intent with conventional
treatment strategies (49 with BRCA2 and 18 with BRCA1)
developed metastatic disease earlier and were observed
to have shorter survival compared with 1,235 noncarriers.9
Independent of the more aggressive baseline tumor characteristics, BRCA1/2 mutation carriers had worse outcomes
in terms of metastasis-free survival (90%, 72%, and 50% vs.
97%, 94%, and 84% at 3, 5, and 10 years, respectively) and
cause-specific survival (96%, 76%, and 61% vs. 99%, 97%,
and 85% at 3, 5, and 10 years, respectively) compared with
individuals who were noncarriers.
The prevalence of germline DNA repair alterations associated with high- and moderate-penetrance cancer predisposition is higher than previously recognized in the population
with metastatic prostate cancer.4 An analysis of germline mutations among men with metastatic prostate cancer was performed to determine the frequency of germline DNA repair
mutations in this population. This analysis tested 20 genes
associated with autosomal dominant cancer predisposition
among 692 men with metastatic prostate cancer and identified 84 pathogenic germline mutations (11.8%) in 16 different
genes (Table 1). The study used whole-exome sequencing or
targeted next-generation sequencing assays specific for the
DNA repair genes. The 11.8% frequency of germline mutations in genes mediating DNA repair processes in men with
metastatic prostate cancer showed a significantly higher prevalence than that for patients with localized prostate cancer
(4.6%; per the Cancer Genome Atlas Research Network) and
for patients without cancer (2%–3%; per the Exome Aggregation Consortium).4 Tumor was available for sequencing for 61
men with germline DNA repair mutations, and of these, 59%

had a second acquired allele aberrancy, providing support
that these genes were of consequence rather than passengers. It should be noted that there were also new genes identified for which risk/penetrance estimates for prostate cancer
have not yet been established.
In addition to the potential therapeutic benefits and prognostic implications, identifying germline carriers of single,
high- or moderate-penetrance cancer predisposition genes
is an opportunity for cascade genetic testing. Early germline genetic testing of family members will allow better understanding of personal risk for developing cancers and will
create opportunities for early cancer-specific screening and,
in some cases, risk reduction therapies and reproductive
planning options. It should be noted that risk/penetrance for
prostate cancer is incompletely characterized for many of the
newly implicated genes but there are established guidelines
for screening/management of other cancers for some genes.
With the recent exciting advances, the extent of germline
and somatic testing is likely to increase. Ongoing efforts are
underway to understand and optimize delivery models, timing, and other considerations around germline and somatic
genetic testing. In the meantime, we offer the following
practical considerations.

PRECISION MEDICINE FOR PROSTATE
CANCER IN THE REAL WORLD: SOMATIC AND
GERMLINE TESTING CONSIDERATIONS
Obtaining specimens from prostate cancer samples can be
challenging for numerous reasons. First, metastatic biopsies
are more invasive procedures and the most common site of
metastatic disease is bone, which poses some difficulty with
specimen acquisition, and can potentially involve specimen
processing steps that may interfere with sequencing assays
(e.g., decalcification). Second, there can be heterogeneity
within the tumor tissue; thus, limitations of sampling may
lead to results only partially reflective of tumor biology.
Tumor sampling techniques and circulating tumor cell
(CTC) sequencing methods are not yet agreed upon in the
experimental realm or as standard of care. However, progress is being made through advances in technology and

SIDEBAR 1. Suggested Criteria for Whom to Offer Genetic Counseling/Testing for Germline Alterations
Man With a Diagnosis of Prostate Cancer and Any One of the Following:
• Known mutation in a cancer susceptibility gene within the family
• Metastatic prostate cancer
• High-risk localized prostate cancer (Gleason score ≥ 8, WHO grade group ≥ 3, or PSA ≥ 20)
• Tumor (somatic) sequencing indicating the presence of mutations in hereditary cancer risk genes (e.g., BRCA2,
BRCA1, ATM, MSH2, MSH6, MLH1, PMS2)
• Family history suggestive of hereditary breast and ovarian cancer syndrome
• Family history suggestive of Lynch syndrome
• Family history suggestive of hereditary prostate cancer syndrome
Abbreviations: WHO, World Health Organization; PSA, prostate-specific antigen.
Adapted from the National Comprehensive Cancer Network13-15; Giri et al12; and Gillessen et al.16
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increasing correlation between ctDNA and tumor tissue. An
ideal test would provide information about somatic mutations (and germline mutations if desired), would have low
cost, and would be easy to obtain. Ultimately, if a test were
simple and affordable, somatic and germline assessment of
a tumor at diagnosis could someday help physicians guide
up-front management and potentially monitor for resistance and guide subsequent treatment planning.

AVAILABILITY OF GERMLINE TESTING
Currently, germline genetic testing may be slightly more
straightforward, because germline variants and mutations
can be easily and reliably evaluated from peripheral blood
and saliva as well as from buccal mucosa or skin biopsy and
there are accepted standards for reporting variants (benign,
likely benign, variant of uncertain significance, pathogenic,
and likely pathogenic).11
Several options for testing are present and the exact test is
dependent on arrangements that can be made individually.
Companies such as Ambry Genetics, Color Genomics, Invitae
Genetics, and Myriad all have different mechanisms for testing and billing. A key determination is the “out-of-pocket”
cost to the patient and what will be paid by insurance, which
can be difficult to discern. Many patients are interested in
genetic testing because of the familial implications but out-ofpocket costs are a consideration for many.
It is also notable that the patients with advanced prostate cancer may or may not have family histories that
qualify them for genetic testing, and at times the criteria
seem to vary from one insurance company to another.
Testing guidelines for men are less established than those
for women.
Another issue that has been extremely problematic is
the frequent lack of availability of genetic counselors. This
has become a controversial area particularly for clinics that
treat patients who may be traveling from distant locations.
It may be helpful to create a standardized set of materials
and information for patients and a mechanism for testing to occur directly in an oncology clinic without formal
genetic counseling if access to counseling is a limited resource. This is a potentially controversial approach, yet the
limitations of genetic counseling resources are substantial
in many institutions and this could facilitate triaging of
more in-depth genetics services for individuals who have
variants of significance. Some companies offer genetic
counseling services over the telephone. Clearly, this is an
area that requires further development and collaborative
optimization.

WHO TO TEST FOR GERMLINE ALTERATIONS?
There are multiple questions that arise regarding who
should be tested, how, and when. A consensus document
was recently published but must be considered exploratory in terms of making recommendations simply because
of the lack of data.12 In addition, relevant National Comprehensive Cancer Network guidelines have been updated.
The current National Comprehensive Cancer Network

prostate guidelines (www.nccn.org) recommend that
genetic counseling and/or testing be offered to patients
with metastatic prostate cancer and those who qualify for
the testing based on family history guidelines (Sidebar 1).
Patient priorities should be considered, as should cost of
testing. Utility of results may be not only for the patient's
own prostate cancer care decisions (in which case life
expectancy and performance status should be factored),
but also to test an informative member of the family
where cascade testing is also a potential goal. Potentially
at-risk relatives would have the option for more informative, less expensive single-site testing if a pathogenic result is found.

ASSAYS FOR SOMATIC GENETIC ALTERATIONS
Evaluation of somatic alterations in prostate cancer continues to evolve. A variety of DNA, RNA, or protein-based
assays can be either tissue or blood based. Tissue-based assays are well discussed in the context of other tumors and
further discussions here do not need to be elaborated on
other than to say that mutations and copy number variations are only part of the story. Inversions (e.g., the Boland
inversion), methylation patterns (e.g., those relevant for
MLH1), and splice variants are additional noteworthy areas.
Tissue-based assays have recently been covered by selected
insurance companies, including Medicare.
RNA transcriptomic analyses and the generation of various signatures are both interesting and potentially clinically
relevant. PAM50 categorization into luminal and basal subtypes is potentially noteworthy for those with localized disease. Tissue- and blood-based assays have been developed
on both androgen receptor (AR) amplification and AR splice
variants (especially ARV-7). ARV-7 can be assayed in CTCs or
in whole blood. Although the importance of ARV-7 has been
debated, the stability of RNA is potentially problematic.
RNA-based ARV-7 assays in CTCs are cleared by the Clinical
Laboratory Improvement Amendment and can be ordered
from selected vendors.
A variety of protein-based assays have been studied, with
ARV-7 being a recent protein of focus. The small aberrant
extension of the ARV-7 protein (at the C terminus) can be
targeted with specific antibodies. Antibody-based assays for
ARV-7 can be done on CTCs. Such testing can soon be commercially available.
Another blood-based assay is based on cell-free DNA or
ctDNA. There is clear progress on both mutations and amplifications of AR. Non-AR assays have yet to be verified
but understanding the mutations in DNA repair genes, mismatch repair genes, and microsatellite instability/mutation
burden is a current area of assessment. Such assays can now
be ordered from various commercial vendors but their coverage by insurance is highly variable.

CLINICAL ACTIONABILITY OF SOMATIC
MUTATIONS
At present, the most clinically “actionable” alteration may
be the presence of mismatch repair mutations or high
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microsatellite instability in which PD-1 inhibitors are U.S. Food
and Drug Administration–approved in a tumor-tissue agnostic
manner. Although prostate cancer data remain relatively limited, remissions are documented in patients with castrationresistant prostate cancer after treatment with PD-1 antibodies.
Given that today these assays are tissue based and that
prostate metastatic tissue is often hard to obtain, there is a
high need for assays that are blood based.
Blood-based ctDNA is of considerable interest but it is
early to conclude that these assays can be used reliably.
Considerable differences between assays have been noted
by respected investigators (K. J. Pienta et al, unpublished
data). The bottom line is that the ctDNA assays are still to be
proven in the context of multi-institutional trials and more
research must be done.
DNA repair defects, especially those in BRCA1/2, have
been linked to PARP inhibitor and platinum sensitivity when
using tissue-based assays.3,5
The AR amplifications and the selected AR mutations
have been linked to resistance to abiraterone and/or enzalutamide in various assays. Certain mutations such L702H,
H875Y, and T878A are linked to abiraterone/enzalutamide
resistance and poor clinical outcomes in some studies.
W742C/L is associated with agonistic actions of bicalutamide and F877L converts apalutamide and enzalutamide
to agonists. The AR amplifications and mutations are best
studied in blood-based assays using cell-free DNA.
ARV-7 has been linked to resistance to abiraterone and
enzalutamide in both RNA- and antibody-based assays in
CTCs. AR amplification in CTCs is similarly linked. Taxanes
may be a better choice for those with ARV-7 detected
in CTCs.
Various morphologic patterns in CTCs including heterogeneity are also linked to abiraterone/enzalutamide resistance
when analyzing CTCs in the bloodstream. These assays are
not clinically available at this time.

SOMATIC GENETICS: WHO TO TEST IN
CLINICAL PRACTICE?
The importance of testing escalates when the clinician becomes better informed as to appropriate treatment choices. Currently, the empirical approaches to management
represent a reasonable alternative to biomarkers for many
patients. Current biomarkers are not perfect and the response/resistance patterns need further prospective verification in broad groups and with readily repeatable assays.
The use of PARP inhibition represents an opportunity for
those with DNA repair alterations, as does the use of platinum. Who to test depends on access to clinical trials and the
availability of germline results. The majority of individuals
with germline mutations in DNA repair genes also have
somatic mutations. The use of platinum in an empirical manner may be justified. To our knowledge, no data on bloodbased ctDNA assays for use of PARP inhibitors or platinum
currently exist.
The testing of tissue for high microsatellite instability or
mismatch repair is a bit of a conundrum. Who to test? Lynch
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syndrome may be suspected based on family history but
testing tissue in every patient seems unjustified. Given the
activity of PD-1 antibodies, testing on accessible tissue and
more diligent attempts to obtain tissue may be warranted
for patients with either germline alterations or family histories that are suspect for Lynch-type patterns. The frequency
of microsatellite instability and mismatch repair is unclear
but estimates ranged as high as 12% of patients in an autopsy series.17

PRACTICAL GUIDANCE ON GENETIC
COUNSELING WITHOUT GENETIC
COUNSELOR SUPPORT
As next-generation tumor sequencing becomes more embedded into routine clinical oncology practice, it remains
critically important that practitioners recognize and better
understand its role in potentially unearthing germline or
inherited cancer risk. Although the primary objective of
next-generation tumor sequencing is to determine therapeutic targets, results may also suggest or identify underlying germline disease-associated variants regardless of
whether they were suspected prior to testing.18 It could
be argued that “germline genetics” is best approached via
thorough risk assessment under the provision of a specialist such as a genetic counselor. Although this is considered
the “gold standard,” the avenues by which individuals are
assessed for inherited cancer risk, including “incident to”
next-generation tumor sequencing, have altered the mechanisms of ascertainment. When specialist support is not
available, the traditional approach of pre- and postgenetic
counseling may be untenable.
This section will review practical guidance and tools to
help demystify and make “germline versus somatic” more
navigable.
The main components of clarifying and demystifying
germline versus somatic variants are as follows: (1) know
the test and what is or is not reported, (2) identify the
laboratory contact(s) and/or laboratory genetic counselor,
(3) have general familiarity with genes or findings that
could be relevant to inherited susceptibility, and (4) understand how to triage. Through this foundation, one can have
better-informed conversations with patients and their
families.

Germline Versus Somatic
In distinguishing between germline and somatic variants,
germline DNA is inherited material from both the egg and
sperm that may be passed down to offspring. A germline PV
is constitutional and within every cell of the body. With few
exceptions, germline PVs that predispose to known inherited cancer syndromes (e.g., BRCA1/2 and hereditary breast
and ovarian cancer syndrome) are inherited in an autosomal
dominant manner. Put another way, each child (offspring)
has a 50/50 chance of inheriting the germline PV and associated cancer risks. Approximately 5% to 10% of cancers are
inherited and are attributable to a single highly penetrant
PV in a DNA repair gene.
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TABLE 3. Suggested Reference Checklist of Considerations When Ordering Genetic/Genomic Testing
Checklist

Provider Action Plan (Summarized in 5–10 Minutes)21,22

Pretest checklist
Know your test
Q: Tumor only?a

(1) Brief assessment of pretest clinical suspicion of a high-risk cancer syndrome (Sidebar 1) and temper
2(a) to 2(e) according to suspicion23
(2) Brief dialogue with patient/family:

Q
 : Filter out/computationally mask
presumed germline?

(a) Outline the primary goal of tNGS

A: Use traditional risk assessment to
inform suspicion of inherited cancer
risk

(b) Real but small chance test result may suggest an inherited risk with implication for relatives

Q: Who is my laboratory contact?

(c) If suggestive a priori, “indispensable” information directly relevant to the family is as follows:

Informed consent: no precedent, verbal
acknowledgment

Inherited mutations in cancer risk genes are rare. Most mutations found within tumors are
acquired changes, are not present at birth, and cannot be passed down to children
Implications of inherited risk vary depending on the gene and result (associated cancer risks and
our depth of knowledge are gene specific)
If determined to be inherited, the family could take steps to clarify and reduce risk through medical
care/intervention
Potential for various uncertainties
(d) Testing is voluntary. In context of tNGS, primary benefit of therapeutics typically outweighs
potential risks associated with incidental germline
(e) Elements of disclosure: possibility of new sample (blood/saliva) for germline confirmation,
possible cascade testing in family members if mutation is confirmed

Post-test check list to help determine whether germline analysis appears warranteda
Q: Has the laboratory provided variant
interpretation (e.g., pathogenic, VUS,
benign)?

Pathogenic: potentially actionable
VUS: not actionable
Variant interpretation discrepancies between somatic and germline: refer to ClinVar (www.ncbi.nlm.nih.
gov/clinvar/)
Benign: not actionable
Unknown: contact the laboratory for confirmation

Q: Have mutations in the gene of interest
been reported as associated with an
inherited cancer predisposition
syndrome and/or an increased cancer
risk (Table 4)?

BRCA1 or BRCA2: warrants germline confirmation per NCCN v1.2018
Consistent clinical phenotype: If patient’s personal/family history is consistent with disease, germline
confirmation warranted
Example 1: APC mutation found in any tumor type in patient reporting a history of greater than 20
colon polyps
Action plan: APC germline confirmation appears warranted
Example 2: VHL mutation found in any tumor type in patient that does not exhibit features of Von
Hippel Lindau (Table 1 and www.omim.org)
Action plan: VHL germline confirmation does not appear warranted
Moderate penetrance: RAD51C, RAD51D, BRIP1, PALB2, etc.
Consideration of germline confirmation

Q: Is this gene variant a common “founder
mutation” (Table 5)?

Strongly consider germline confirmation

Q: Is this gene commonly mutated in
disease?

Example: The TP53 gene is the most commonly mutated gene in human cancers. Inherited TP53
mutations cause Li-Fraumeni syndrome, a high-risk cancer syndrome with well-established clinical
diagnostic criteria (Sidebar 1 and www.omim.org). Less than 1% of TP53 mutations identified in tumors
are present in the germline. Rarely do TP53 mutations warrant germline confirmation, unless cancer
type alone supports a possible diagnosis

a

If germline variants are reported in parallel with tumor results, ensure that the laboratory is validated in germline sequencing and interpretation (per American College of Medical Genetics and Genomics–
Association for Molecular Pathology guidelines; skip to the last section titled “Key Discussion Points for Patients and Their Families.”).
Abbreviations: tNGS, next-generation tumor sequencing; VUS, variant of uncertain significance; NCCN, National Comprehensive Cancer Network.

Somatic variants are alterations in genes that develop over one’s lifetime, and they are not present in the
egg or sperm and cannot be passed down to offspring. In this context, should one pursue analysis of

this mutation through a blood or saliva specimen, the
PV would be absent. The majority of genetic alterations
detected in tumors are somatic (“It’s not you, it’s your
tumor.”).
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TABLE 4. Genes Associated With Increased Risk of Cancer
Gene

Syndrome Association

High penetrance

Consistent phenotype: available clinical diagnostic criteria,
early onset, multigenerational, specific constellation of
clinical features in individual +/− family

APC

FAP

BAP1

Predominant Tumor Type(s)

Colorectal, polyposis (adenomatous)
Renal, uveal melanoma

a

BRCA1

HBOC

Breast, ovarian, prostate, pancreas, melanoma

BRCA2a

HBOC

Breast, ovarian, prostate, pancreas, melanoma

BMPR1A

Colorectal, large and small bowel polyposis (juvenile type)

CDH1

Hereditary diffuse gastric cancer

Diffuse gastric, breast

CDK4

Melanoma cancer syndrome (FAMMM)

Malignant melanoma

CDKN2A

Melanoma cancer syndrome (FAMMM)

Malignant melanoma

FH

Hereditary leiomyomatosis and renal cell cancer

Renal, cutaneous, and uterine leiomyomas

FLCN

Birt Hogg-Dubé

Renal, fibrofolliculomas, pneumothorax, lung cysts

MEN1

Multiple endocrine neoplasia type 1

Endocrineb

MLH1

HNPCC, Lynch syndrome

Tier 1: colorectal, endometrial, ovarian

MSH2

HNPCC, Lynch syndrome

MSH6

HNPCC, Lynch syndrome

Tier 2: gastric, small bowel, brain, pancreas, prostate
Tier 1: colorectal, endometrial, ovarian
Tier 2: gastric, small bowel, brain, pancreas, prostate
Tier 1: colorectal, endometrial, ovarian
Tier 2: gastric, small bowel, brain, pancreas, prostate
RB1

Retinoblastoma (pediatric), melanoma, sarcoma

RET

Medullary thyroid

PALB2

Breast, pancreas

PMS2

HNPCC, Lynch syndrome

Tier 1: colorectal, endometrial, ovarian
Tier 2: gastric, small bowel, brain, pancreas, prostate

PTEN

Cowden syndrome

b

SDHA

Hereditary pheochromocytoma-paraganglioma

Pheochromocytoma, paraganglioma

SDHB

Hereditary pheochromocytoma-paraganglioma

Pheochromocytoma, paraganglioma

SDHC

Hereditary pheochromocytoma-paraganglioma

Pheochromocytoma, paraganglioma

SDHD

Hereditary pheochromocytoma-paraganglioma

Pheochromocytoma, paraganglioma

STK11

Peutz-Jegher syndrome

Tier 1: polyposis (Peutz-Jegher type), distinct lip frecklingb

TP53d

Li-Fraumeni syndrome

Pediatric adrenocortical carcinoma, choroid plexus tumor,
breast cancer (younger than 35 years), soft tissue
sarcoma

TSC1

Tuberous sclerosis type 1

b

TSC2

Tuberous sclerosis type 2

b

VHL

Von Hippel Lindau

b

WT1

Wilms tumor, including WAGR

b

NF2

Neurofibromatosis type 2

b

c

Tier 2: breast, colorectal, pancreas, lung, small bowel

Continued
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TABLE 4. Gennes Associated With Increased Risk of Cancer (Cont'd)
Gene

Syndrome Association

Predominant Tumor Type(s)

Moderate penetrance
(monozygote)

Syndrome Association

Predominant Tumor Type(s)

ATM

Breast, pancreas

BRIP1

Ovarian

CHEK2

Breast, prostate, colon

MITF

Melanoma

NBN
RAD51C

No established syndrome, inconsistent phenotype

RAD51D

Breast
Ovarian
Ovarian

Low penetrance
APC I1307K

Colorectal

MUTYH monozygote

Colorectal

CHEK2 I157T

Breast

Per National Comprehensive Cancer Network13 guidelines (v1.2018), all patients with somatic BRCA1 and BRCA2 pathogenic findings regardless of tumor type and/or family history should be offered germline
confirmation.
b
Clinical diagnosis typically made based on noncancerous features. Please refer to www.omim.org for explanation and expansion.
c
Per the Cancer Genome Atlas Research Network, approximately 5% of primary prostate cancers have a PTEN mutation, with 0.1% germline frequency. Please refer to OMIM.org or ACMG-NSGC practice
guidelines for appropriate consideration of germline confirmation and/or referral.
d
Most frequently mutated gene in human cancers. Please refer to Online Mendelian Inheritance in Man (OMIM) or ACMG-NSGC practice guidelines20 for appropriate consideration of germline confirmation
and/or referral.
Abbreviations: FAP, familial adenomatous polyposis; HBOC, heritable breast and ovarian cancer; FAMMM, familial atypical multiple mole–melanoma; HNPCC, hereditary nonpolyposis colorectal cancer;
WAGR, Wilms tumor/aniridia/genitourinary malformation/mental retardation; ACMG, American College of Medical Genetics and Genomics; NSGC, National Society of Genetic Counselors.
a

Deciphering What Is Somatic and What Could Be
Germline: Know Your Test and Know Your Laboratory
More frequently seen in research-based next-generation tumor sequencing, although there will likely be an uptick in the
pursuant of commercial entities, laboratories may sequence
a normal, matched control DNA sample in parallel with the
tumor DNA. When using “paired tumor-normal,” germline
variants may be evident.19 In such cases, however, it is not

always apparent whether germline variants are reported,
and if they are, by what standard of interpretation and rigor.
This section focuses on laboratories that sequence only
the tumor DNA, because this is the more likely encountered
scenario in the clinical realm. Tumor-only sequencing without
matched normal DNA introduces the possibility of a germline
mutation but does not confirm or rule it out. It is at the practitioner’s discretion when to suspect a reported mutation as

TABLE 5. Ashkenazi Jewish and European Founder Mutations
Mutation

Comment

BRCA1 c.68_69delAG (p.Glu23Valfs*17)
BRCA1 c.5266dupC (p.Gln1756Profs*74)
BRCA2 c.5946delT (p.Ser1982Argfs*22)
BRCA2 c.771_775delTCAAA
MSH2 c.1906G>C (p.Ala636Pro)
MSH6 c.3959_3962delCAAG (p. Ala1320Glufs*6)
CHEK2 c.1100delC (p.Thr367Metfs*15)
CHEK2 c.1283C>T (p.Ser428Phe)
APC c.3920T>A (p.Ile1307Lys)

Low penetrance, unclear clinical utility; does not cause polyposis

MUTYH c.1187G>A (p.Gly396Asp)

Biallelic MUTYH carriers have polyposis condition known as MUTYH polyposis

MUTYH c.536A>G (p.Tyr179Cys)

Biallelic MUTYH carriers have polyposis condition known as MUTYH polyposis

NBN c.657del5
FANCC c.456 + 4A>T
PALB2 c.1592delT
CHEK2 (p.I157T) and (p.S428F)

Low penetrance, unclear clinical utility
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Sidebar 2. Logistics and Resources
• National Society of Genetic Counselors frequently
asked questions (aboutgeneticcounselors.com/FAQsresources)
• How to find a genetic counselor, including telemedicine (aboutgeneticcounselors.com)
• National Cancer Institute fact sheet on genetic testing for hereditary cancer syndromes (www.cancer.
gov/about-cancer/causes-prevention/genetics/
genetic-testing-fact-sheet#q7)

possibly germline, which would warrant confirmation on a new
sample type (blood, saliva) by a Clinical Laboratory Improvement
Amendments–College of American Pathologists laboratory
proficient in germline analysis, reporting, and interpretation.
Medical oncologists must also appreciate that the goals
of somatic testing and variant interpretation are different
than for germline variants. It is possible that certain tumor
testing laboratories filter or computationally mask what is
presumed germline.

Tumor Testing Should Not Be Used as a Substitute
When Genetic Cancer Risk Is Suspected
Germline versus somatic laboratories have different reporting mechanisms (e.g., are missenses and/or variants of uncertain significance reported?) and different institutional
knowledge. Furthermore, absence of a gene finding on a somatic testing does not equate to a negative result in the germline. As with all patients, if clinical suspicion is high for an
inherited cancer predisposition syndrome, genetic evaluation and/or referral to a genetic specialist is recommended.20
There is recognition that it is not feasible for busy oncology clinics to implement detailed family risk screening
for every patient; furthermore, relying solely on family history has its shortcomings (e.g., inaccurate reporting, the
reduced penetrance of moderate risk mutations making
family history difficult to use, and stringent diagnostic and
testing criteria).18
If possible, it benefits the provider to be anticipatory; the
likelihood of a somatic finding present in the germline is
low but real. A brief discussion up front at the time of nextgeneration sequencing ordering can help explain the possibility of identifying inherited risk, reassurance that information
will be communicated to the patient/family if determined
to be relevant, and highlighting that incidentals are at times
“unavoidable.” Table 3 proposes a pre- and postchecklist
that could be referenced quickly to mitigate (although not
eliminate) some of the current issues.

KEY DISCUSSION POINTS FOR PATIENTS AND
THEIR FAMILIES
If a germline mutation is suspected and/or confirmed, here
are some main discussion points to consider, recognizing
that discussions are tailored and nuanced for each patient.
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Basic Genetic Education and Implication for the Family
Most mutations in tumors are not inherited; rather, they develop only within cancerous cells. Germline mutations are rare
but can be passed down to children and can be associated
with an increased risk for cancer. In most cases, a parent who
has a germline mutation has a 50/50 chance of passing down
this mutation to each child. We all have an expected 7 to
10 genes (of 20,000) that do not function due to a mutation.

Implications of Results Vary Depending on the Gene,
Result, and Age and Sex of the Patient
There are high-risk genes, moderate-risk genes, and genes
for which there may be a cancer risk association but it remains unclear (Tables 4 and 5). A positive test result for
a mutation does not guarantee that patients will develop
cancer in their lifetime; however, this test may show a need
for additional medical care to protect health. Some gene
mutations cause higher risks for cancer (BRCA1/2), whereas
others may confer modest increased risk (CHEK2 for breast
cancer and RAD51C/D for ovarian cancer). It is important to
recognize that not all gene mutations confer the same risk,
and many are not yet characterized for either cancer risk or
for disease biology or treatment implications. Many newly
implicated rare variants have limited to no data around the
relative risk of developing cancer or a therapeutic response
profile. However, there are medical care guidelines and interventions for some key genes, some of which are proven
to be life-saving and others more controversial. There are
evidence-based recommendations in some cases, consensus guidelines in others, and no clear consensus or guidelines others.24 With few exceptions (TP53), most testing of
this nature is recommended for individuals older than 18
years. Reproductive issues may influence decisions, especially in younger women.

Psychosocial Assessment
It is important to establish a mutual agenda and evaluate
family dynamics. Although inherited health risk information
may not directly benefit the patient’s care, the patient is the
most informative individual to evaluate to see whether this
finding could be inherited or passed down. Identification
of an inherited gene mutation does not mean an individual
has or will develop cancer; however, the risks may be higher.
Conversely, testing negative for one or more inherited gene
mutations does not eliminate all likelihood of developing
cancer. In addition, relatives should be followed based on
their own personal and family history.
It is also recommended that physicians assess the patient’s willingness to share information with relatives and
to potentially establish a point of care (next of kin), as inherited cancer genetics is evolving rapidly and there could
be updates in the future, especially if results are uncertain.
Individuals are adaptive and most can effectively assimilate risk information. Sometimes patients do not want to
“burden” their families with genetic risk information and
they feel guilty or ashamed. It is important to share with
patients that most individuals, including offspring, would
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feel that the benefits of having predictive health risk information outweigh the risks. Most individuals would and
do prefer to take charge of their medical care if there
are interventions for early detection and prevention. Finally, coping strategies differ between individuals and understanding a patient’s coping mechanism may be used to
potentially clarify misinformation. Mutation carriers may
experience fatalistic thoughts (e.g., that cancer is not a matter of “if” but “when” and that there is nothing to mitigate
such a high risk for disease). Others may avoid addressing
their risk out of fear. In “high-risk” families, individuals’
perceptions of risk and mortality are oftentimes shaped by
their strong family history of disease (their family legacy).
Others may choose to learn as much as possible about their

risk or disease (intellectualism), insert humor, or take the
“fighting spirit” approach (e.g., those motivated to avoid a
similar fate). Individuals may pull from multiple strategies.
By evaluating the coping strategy, providers can normalize
emotions and correct misinformation and thus make navigation of health risk information and care easier.
The goal of this article is to provide a basic framework
for considering somatic and germline testing, as well as the
downstream familial impact of an inherited finding, it cannot
fully address all of the current issues nor should this be used
as a substitute when genetic specialist support is available. It
is hoped that this may serve as a supplement to the knowledge gleaned from the experts positioned at both the testing
laboratories and within one’s own community (Sidebar 2).
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The Winds of Change: Emerging Therapeu cs in
Prostate Cancer
Carmel J. Pezaro, BHB, MBChB, FRACP, DMEdSc, Ariel E. Marciscano, MD, PhD, and Ravi A. Madan, MD
OVERVIEW
The last decade has seen substan al advances in androgen receptor targe ng in prostate cancer. In addi on, advances have
been made in immunotherapy and radiopharmaceu cal-based therapy, although their op mal use in the clinic remains unclear. Recent understanding of the relevance and ac onability of DNA damage repair muta ons in a considerable minority
of pa ents with prostate cancer is likely to open up a new fron er in prostate cancer therapeu cs. As androgen receptor–
directed therapy moves earlier in the disease process for prostate cancer, advances in these nonandrogen receptor–based
therapeu cs may take on greater signiﬁcance in the years to come.

T

he last decade has seen important advances in prostate cancer therapeu cs, including enzalutamide, abiraterone acetate, sipuleucel-T, cabazitaxel, and radium-233.
Most notable are the an androgen strategies developed to
target the mechanisms of resistance to androgen-depriva on
therapy, the foundation of systemic therapy in prostate
cancer. Such tumor altera ons include androgen receptor
(AR) overexpression and secondary production of androgens, likely by prostate cancer cells. By targe ng the AR with
high aﬃnity and impac ng its transloca on to and func on
within the nucleus, enzalutamide represents a considerable
advance over ﬁrst-genera on an androgens.1 In addi on,
abiraterone eﬀec vely inhibits secondary androgen biosynthesis.2 Both have demonstrated remarkable improvements
in progression-free survival (PFS), but neither are cura ve.3,4
Furthermore, with moun ng data suppor ng earlier use of
these therapies, there is increasing need for new therapeuc strategies in advanced prostate cancer. PARP inhibi on,
radiopharmaceu cals, and immunotherapy represent three
prospec ve ﬁelds that could revolu onize prostate cancer
therapy in the next decade.

PARP INHIBITION
In the 1990s, studies of familial breast and ovarian cancer
iden ﬁed muta ons in tumor-suppressor genes involved in
DNA repair pathways, naming them BRCA1 and BRCA2.5,6
BRCA-mutated cancer cells were unable to perform homologous recombina on repair (HRR) and relied on less eﬃcient, higher risk repair pathways to combat the ongoing
DNA damage that occurred during normal cellular processes.
In 2005, back-to-back publications in Nature presented
preclinical data demonstra ng that these cancer cells were
highly sensi ve to inhibi on of the PARP enzyme.7,8 PARP
inhibition was pursued as a potential adjunct to enhance

cytotoxicity, but also as a monotherapy in those cancers
with inbuilt genomic suscep bility, providing a combined
effect termed synthetic lethality9 (Fig. 1). Single-agent
PARP inhibitors entered clinical tes ng, ini ally in cohorts
enriched for germline BRCA defects10 and then in expanded
popula ons with phenotypic similari es, referred to as
“BRCAness.”11 Posi ve phase III trials of PARP inhibi on
in advanced cancers now include niraparib maintenance
therapy in women with platinum-sensitive ovarian, fallopian tube, and peritoneal cancers12; olaparib maintenance
in women with ovarian cancers and germline BRCA mutaons13; and olaparib monotherapy in pa ents with metasta c BRCA-associated breast cancers.14 These trials led to
the U.S. Food and Drug Administra on (FDA) approval of
niraparib and olaparib in selected pa ent subgroups.
For men with prostate cancer, PARP inhibi on emerged as
a novel strategy with the presenta on of the TOPARP trial
by Mateo et al.15 In this adap ve-design phase II trial, 50
men with metasta c castra on-resistant prostate cancer
(mCRPC) received olaparib monotherapy 400 mg twice daily,
un l progression, toxicity, or withdrawal. The primary endpoint was a composite that included radiographic response,
≥ 50% prostate-speciﬁc an gen (PSA) decline, or CellSearch
circula ng tumor cell conversion. All of the enrolled men
had received at least one line of chemotherapy for mCRPC,
and almost all had received at least one oral AR-targe ng
agent. Of the 49 men evaluable for ac vity, 16 had a treatment response (response rate 33%; 95% CI, 20% to 48%),
with median treatment dura on of 40 weeks in responders
and a tolerable toxicity proﬁle. Of the responses, ﬁve represented circula ng tumor cell conversion alone, with a 50%
or higher PSA decline observed in the other 11 patients,
accompanied by radiologic response in six pa ents. Most
signiﬁcantly, 14 of the 16 responding pa ents had identified
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FIGURE 1. DNA Repair and the Role of PARP Inhibitors

A: DNA with a single
strand break

B: PARP complex binds to
the broken DNA strand, to
iniƟate repair

C: IntroducƟon of PARP
inhibitor (yellow) traps the
PARP complex at the site of
damage

D: PARP trapping stalls DNA
replicaƟon and causes a
double strand break (DSB).
Cells deficient in HRR are
unable to repair the DSBs,
accumulaƟng defects and
leading to cell death

Abbrevia on: HRR, homologous recombina on repair.

DNA repair muta ons, including six with germline events
(BRCA2 in 3 and ATM in 3). All seven men with BCRA2
loss responded to treatment. Secondary endpoints of PFS
and overall survival (OS) favored the biomarker-positive
cohort.
Following the publication of TOPARP, interest in targeting DNA repair in men with prostate cancer has blossomed. If the eﬃcacy of PARP inhibi on is proven, it
is likely to benefit a substantial subset of men with prostate cancer. However, our knowledge around the use of
PARP inhibitors in prostate cancer must be considered
to be in an infancy stage, with a plethora of unanswered
ques ons.

Which Pa ent?
TOPARP enrolled men with heavily pretreated mCRPC, but it
is not yet known if this represents the ideal treatment ming or op mal pa ent group.16

PRACTICAL APPLICATIONS
• We review the current role of radiopharmaceu cals in
prostate cancer.
• Also reviewed will be the current role of immunotherapy
in prostate cancer.
• We also discuss the emerging role of PARP inhibi on in
prostate cancer.
• Our desire is to understand the emerging need to test
pa ents with prostate cancer for DNA damage repair
muta ons.
• We detail and discuss which tests could be used when
evalua ng pa ents with prostate cancer for DNA
damage repair muta ons.

It has become clear that the prevalence of HRR defects
in men with soma c prostate cancer is much higher than
previously appreciated. In men with CRPC, the prevalence
of soma c DNA repair defects has been reported to be
22.7%,17 with a higher prevalence of 33% in the TOPARP
popula on. We do not yet have longitudinal studies of soma c HRR defects or BRCAness in prostate cancer, but these
data indicate that a noteworthy propor on of men with
mCRPC may develop soma c muta ons sensi zing to PARP
inhibi on, depending on the evolving cancer behavior and
any impact of tumor heterogeneity. However, although oral
PARP inhibitors appear generally well tolerated in clinical
trial popula ons, saving treatment un l pa ents have exhausted other therapies risks a poorer ra o of therapeu c
beneﬁt to toxicity.
In a mul center study of 150 men with metasta c prostate
cancer, germline muta ons in DNA repair genes were iden ﬁed in 11.8%, most commonly in BRCA2, ATM, and CHEK2.18
Importantly, muta ons were not adequately predicted by
family history or age at diagnosis. Irrespec ve of prostate
cancer, these germline muta ons may have important implica ons for nonprostate cancer risk and for gene c relaves. At present, there are insuﬃcient data to diﬀeren ate
treatment responsiveness between men with germline or
soma c defects or across various HRR muta ons.
Although the prevalence is lower in the total popula on
of men with early-stage prostate cancer, germline BRCA muta ons have been associated with more aggressive tumor
features, increased risk of metasta c spread, and shortened
cancer-speciﬁc survival.19,20 Iden fying men with HRR mutaons promises opportuni es to develop adjuvant therapies,
and indeed, one phase I neoadjuvant trial is already underway (NCT02324998).
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Which Test?
In TOPARP, all men underwent tumor biopsy during screening, with whole-exome and transcriptome studies performed on ssue as well as germline whole-exome DNA
sequencing on saliva. Outside of clinical trials, however, repeated biopsy remains a challenging proposi on for many
pa ents and clinicians. Using archival specimens enables
wider tes ng, but risks missing the evolu on of soma c
muta ons.21 At present, techniques to iden fy soma c muta ons in peripheral blood remain inves ga onal. In contrast, germline tes ng with targeted sequencing using DNA
from saliva, buccal cells, or peripheral blood is well established.9 Although we may look to colleagues in other solid
tumors to learn about HRR tes ng, each cancer has unique
a ributes of natural history, pla num exposure/response,
and BRCAness that may necessitate diﬀerent strategies to
iden fy pa ents. Ongoing clinical trials will enroll men with
defects in a broad panel of HRR genes and are expected to
provide invaluable data from screening as well as treatment
phases, including further popula on-level data on muta on
frequencies.
Of concern, tradi onal models that mandate gene c counseling prior to tes ng are ill equipped to deal with the inﬂux
of pa ents with prostate cancer.22 Recent cross-sec onal
survey data suggested that fewer than 20% of women
with breast or ovarian cancer in the United States have
undergone gene c tes ng,23 and yet services are already
stretched. Novel mechanisms for educa on and tes ng will
be required to adequately service the large popula on of
men with prostate cancer.

Which Therapy?
There are a number of PARP inhibitors in clinical development, with diﬀering potency in trapping PARP.9 The clinical relevance of this pharmacologic varia on is unknown.
At present, men with metasta c prostate cancer and DNA
repair defects are being enrolled to mul ple phase II and
phase III trials (Table 1). Although this mul plicity of trials
has likely slowed recruitment among this relatively less
common cancer subtype, men currently have easy access to
genomic tes ng and research par cipa on worldwide.
PARP inhibitors are predicted to be tolerable in combina on. The results of a phase II trial combining veliparib
with abiraterone and prednisone (NCT01576172) are awaited.
Upcoming studies will combine PARP inhibitors with a
number of prostate cancer–directed, targeted, and immune
therapies (Table 1).
Already in breast and ovarian cancer research, a number
of mechanisms of induced resistance to PARP inhibi on
have been described.9,24 It is likely that there will be overlapping mechanisms in prostate cancer, and further research is
expected.
There is always a tension between fulﬁlling research requirements and expedi ng access to novel treatments
for pa ents in need. Although PARP inhibitors represent
a compelling novel mechanism of ac on, their eﬃcacy in
advanced prostate cancer has not yet been solidiﬁed. The
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value of high-quality transla onal research to correctly develop and disseminate treatment to the op mum pa ent
group cannot be overstated.

Radiopharmaceu cal Therapy
Recent advances in radiopharmaceu cal therapy (RPT) have
demonstrated the ability to meaningfully aﬀect clinical outcomes for pa ents with advanced prostate cancer. Contribu ng to this growing enthusiasm are novel prostate-speciﬁc
membrane an gen (PSMA)–targeted radionuclide agents
with considerable poten al to transform both the diagnosc and therapeu c landscape for men with prostate cancer.
Tradi onally, RPT was exclusively considered to be a pallia ve interven on as beta-par cle–emi ng radionuclides
(i.e., 153Sm and 89Sr) are eﬀec ve in their ability to alleviate
bony pain related to osseous metasta c disease but have
not been demonstrated to prolong survival. The advent of
Radium-223 (Ra-223) in prostate cancer has successfully challenged this dogma, thereby opening a ﬂoodgate of new
opportunities for RPT to be used as monotherapy or in
combina on with various strategies to improve pa ent outcomes across a variety of malignancies and in various stages
of disease.
In the pivotal double-blind, placebo-controlled phase III
ALSYMPCA study, Ra-223 extended median OS (14.0 vs.
11.2 months) and delayed the me to ﬁrst symptoma c
skeletal-related event (15.6 vs. 9.8 months) in a large cohort
of men with mCRPC harboring symptoma c bone metastases without visceral metastases.25 This survival advantage is
likely a ributable to the dis nct characteris cs of Ra-223 in
comparison with other commonly used RPT agents. Given
calcium-mime c proper es, Ra-223 selec vely accumulates
at sites of site of high bone turnover, par cularly at the interface of osseous metastases and bone. Preclinical work
has suggested a dual-targe ng mechanism, as both direct
tumoricidal eﬀects and inhibi on of dysregulated, pathologic bone remodeling are poten ally important to the clinical beneﬁt observed with Ra-223.26 Further, as an alphapar cle–emi ng radioisotope, high linear energy transfer
over a short path length (< 100 μm) facilitates eﬃcient induc on of highly localized irreparable DNA double-stranded
breaks within bony metastases while simultaneously minimizing damage to adjacent tissues. Indeed, the FDAapproved schedule of Ra-223 administered at 50 kBq/kg
every 4 weeks for an intended six cycles has been generally
well-tolerated without concerning safety signals when given
as monotherapy and has demonstrated a magnitude of clinical beneﬁt that is similar to other recently FDA-approved
agents (i.e., abiraterone, cabazitaxel, and enzalutamide) in
the postdocetaxel mCRPC se ng. The eﬃcacy and safety
proﬁle coupled with a unique mechanism of ac on have
made Ra-223 an a rac ve target for combina on strategies.
As androgen-depriva on therapy remains a long-standing
pillar in the management of prostate cancer, there is interest
in combining next-genera on an androgens with Ra-223.
The single-arm phase IIIB study by the Ra-223 Interna onal
Early Access Program investigators provided early insight
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that concomitant an androgen therapy (abiraterone, enzalutamide, or both) and Ra-223 could poten ally be safely
combined and further extend median survival for pa ents
with mCRPC, including those who are asymptoma c.27 This
favorable survival and safety proﬁle was further corroborated by the phase II U.S. expanded access program as well
as the eRADicAte study, which demonstrated that the combina on of Ra-223 and abiraterone resulted in a clinically
meaningful improvement in quality of life and pain metrics
without the addi on of new or concerning safety signals.28,29
These encouraging clinical experiences laid the founda on

for the double-blind phase III ERA 223 study (NCT02043678).
This study randomized chemotherapy-naive pa ents with
asymptoma c/minimally symptoma c bone-predominant
mCRPC in 1:1 fashion (806 pa ents) to abiraterone (plus
prednisone/prednisolone) with or without Ra-223 to test
whether the addi on of Ra-223 would increase symptoma c
skeletal-related event–free survival. Unfortunately, more
fractures and deaths have been observed in the experimental Ra-223/abiraterone arm, promp ng Bayer to prematurely unblind this trial to evaluate the safety concerns
raised by the Independent Data Monitoring Commi ee.30

TABLE 1. Ac ve Phase II to III Trials of PARP Inhibitors in Men With Prostate Cancer and DNA-Repair
Abnormali es

Study Type

Drug

ClinicalTrials.gov
Iden ﬁca on Number;
Trial Name

Phase; Study Size

Se ng; Comparator (If Applicable)

Primary
Endpoint

Single agent
Phase II in
CRPC

Phase II in
HSPC
Phase III in
CRPC

Combina on

Olaparib
(completed)

NCT01682772

II; 89 pa ents
(maximum;
adap ve
design)

mCRPC, post 1 to 2 taxane chemotherapy agent(s)

RR

Niraparib

NCT02854436; Galahad

II; 160 pa ents

mCRPC, post 1+ chemotherapy and 1+ AR-targe ng
agent(s)

ORR

Rucaparib

NCT02952534; TRITON2

II; 160 pa ents

mCRPC, post 1+ chemotherapy and 1 to 2 ARtarge ng agent(s)

ORR + PSA
response

Talazoparib

NCT03148795

II; 100 pa ents

mCRPC, post 1 to 2 chemotherapy and 1+ ARtarge ng agent(s)

ORR

Olaparib

NCT03263650

II randomized; 96
pa ents

mCRPC with aggressive characteris cs; maintenance
following six cycles cabazitaxel plus carbopla n;
randomized to olaparib vs. observa on

PFS

Olaparib

NCT03047135

II; 50 pa ents

Biochemical recurrence post-RP; PSA doubling ≤6
months

PSA response

Rucaparib

NCT03413995; TRIUMPH

II; 30 pa ents

mHSPC, not on ADT

PSA response

Olaparib

NCT02987543; PROfound

III; 340 pa ents

mCRPC, post 1+ AR-targe ng agent(s); vs. inves gator
choice (AA, enzalutamide, or docetaxel)

rPFS

Rucaparib

NCT02975934; TRITON3

III; 400 pa ents

mCRPC, chemotherapy-naive; vs. inves gator choice
(AA, enzalutamide, or docetaxel)

rPFS

Talazoparib

NCT03395197;
TALAPRO-3

III; 444 pa ents

mCRPC, chemotherapy-naive; vs. inves gator choice
(AA, enzalutamide, or docetaxel)

rPFS

Veliparib

NCT01576172

II randomized;
148 pa ents

mCRPC, prior chemotherapy allowed; randomized to
AA with or without veliparib

PSA response

Olaparib

NCT01972217

II randomized;
159 pa ents

mCRPC, post docetaxel; randomized to AA with or
without olaparib

rPFS

Olaparib

NCT02893917

II randomized; 90
pa ents

mCRPC, post 1+ therapy for CRPC; randomized to
olaparib with or without cediranib

rPFS

Olaparib

NCT03317392

I/II randomized;
112 pa ents

mCRPC with bone metastases; randomized to
Ra-223 with or without olaparib

(Phase II) rPFS

Olaparib

NCT03012321

II randomized; 70
pa ents

mCRPC, postdocetaxel; randomized to AA, AA +
olaparib, or olaparib

PFS

Rucaparib

NCT03338790; CheckMate 9KD

II randomized;
300 pa ents

mCRPC, prior chemotherapy allowed; randomized
to nivolumab plus one of: rucaparib, docetaxel, or
enzalutamide

ORR plus PSA
response

Talazoparib

NCT03395197; TALAPRO-3

III; 444 pa ents

mCRPC, chemotherapy-naive; randomized to ARtarge ng agent with or without talazoparib

rPFS

Abbrevia ons: AA, abiraterone acetate (in combina on with cor costeroid); ADT, androgen-depriva on therapy; HSPC, hormone-sensi ve prostate cancer; mHSPC, metasta c hormone-sensi ve prostate
cancer; ORR, overall response rate; RP, radical prostatectomy; rPFS, radiographic PFS; RR, response rate.
Based on trials listed on ClinicalTrials.gov as of January 31, 2018. AR-targe ng agents include abiraterone, enzalutamide, or similar.
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This is somewhat unexpected, as prior studies have not indicated that this combina on yields excessive toxicity, and
Ra-223 monotherapy con nues to be well-tolerated in the
long-term follow-up of the ALSYMPCA cohort.27-29,31 Further
analysis is required to understand if there is some form
of synergy with toxicity among Ra-223, abiraterone, and/
or prednisone. The jury is currently s ll out as to whether
an androgens and Ra-223 form a safe and eﬃcacious partnership in prostate cancer; however, the ERA 223 study underscores the importance of phase III trials and serves as a
reminder that promising combina on regimens can be derailed by an adverse risk-beneﬁt proﬁle. Based on current
data, the use of abiraterone and prednisone with Ra-223
cannot be recommended.
PSMA-directed radioligand therapy (RLT) has rapidly
emerged as an intriguing therapeu c op on for mCRPC.
Compared with calcium-mime c/bone-targe ng Ra-223,
which addresses osseous metastases, PSMA-directed RLT
holds the dis nct advantage of poten ally addressing both
visceral and bony micro- and macroscopic disease. Owing
to high surface expression on malignant prostate carcinoma
cells, mul ple PSMA-targeted an bodies and small molecules are being evaluated both preclinically and clinically.
Among these agents, the beta-emitting radioconjugate
177
Lu-PSMA is the most commonly used PSMA-speciﬁc RPT
in the clinic. Indeed, the DOTA-conjugated radioligand,
177
Lu-PSMA-617, has demonstrated favorable biodistribuon and pharmacokine c proper es possessing high target
aﬃnity, prolonged intratumoral reten on, and minimal renal uptake.32 Although highly speciﬁc PSMA binding is feasible, and current experience suggests that this approach is
well-tolerated, it is important to acknowledge that PSMA is
not exclusively expressed on tumor cells, and the oﬀ-target
eﬀects of PSMA-directed RLT could result in poten ally serious and/or irreversible injury to the kidneys and salivary
glands as well as other radiosensi ve normal ssues.33,34 As
such, rigorous radia on dosimetry and prospec ve clinical
evalua on are desperately needed to validate the safety
and eﬃcacy of this approach. Despite these concerns, nascent clinical experiences have been quite promising and
appear to oﬀer beneﬁt to some pa ents with mCRPC with
disease that is refractory to mul ple prior lines of therapy.
Although there is a paucity of prospec ve, randomized
clinical data and limited long-term follow-up, compelling
retrospec ve data have emerged from several centers in
Germany, which have led the charge of PSMA-directed RLT
into the clinic. Similar to Ra-223, the German experience
suggests that PSMA-RLT improves survival in addi on to
pallia ng symptoma c disease. This is par cularly notable,
as several retrospec ve series have observed a survival
beneﬁt among heavily pretreated cohorts of pa ents with
mCRPC who have previously been exposed to chemotherapy, enzalutamide, abiraterone, or Ra-223.34-36 To be er
understand factors that determine the clinical beneﬁt of
177
Lu-PSMA-617 RLT, recent work by Rahbar et al37 reported
that PSA decline (approximately ≥ 20%) following the ﬁrst
RLT treatment, pretreatment alkaline phosphatase less than
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200 U/L, and cumula ve injected ac vity greater than 18.8
GBq were associated with longer survival in a cohort of 104
pa ents with mCRPC undergoing treatment with 351 cycles
of RLT (administered every 8 weeks un l progression, death,
or toxicity). An independent retrospec ve analysis exploring a similar popula on of pa ents (100 pa ents receiving
347 cycles of RLT) conﬁrmed that biochemical response (approximate PSA decline ≥ 14%) as well as lack of hepa c involvement were predic ve of OS.38 In addi on to iden fying
clinically relevant prognos c and predic ve biomarkers for
PSMA-directed RLT, the emergence of PET-based PSMAspeciﬁc molecular imaging is an increasingly useful tool for
diagnosis, pa ent selec on, and monitoring of RLT treatment response and will undoubtedly shape future clinical
management.39
Much work is needed to determine the op mal dose
regimen/schedule and to verify the perceived safety and
survival beneﬁt of 177Lu-PSMA-617 RLT. There are now two
prospec ve studies in the United States that are ac vely
enrolling pa ents with advanced mCRPC and will provide
valuable informa on over the coming years.40 A phase I
dose-escala on study (NCT03042468) led by Weill Cornell
Medicine will inves gate the dose-limi ng toxicity of fraconated 177Lu-PSMA-617 (three-plus-three design with six
dose levels) and cumula ve maximum tolerated dose (cumula ve dose range 3.7 GBq to 22.2 GBq) to inform future
phase II studies. Addi onally, a mul center phase II trial
(NCT03042312) will evaluate PSA decline of 50% or more
at 12 weeks as a surrogate for eﬃcacy at two diﬀerent dose
levels (6.0 GBq vs. 7.4 GBq). Interna onally, the Australian
and New Zealand Urogenital and Prostate (ANZUP) Cancer
Trials Group has begun enrollment to a randomized phase
II trial, comparing to cabazitaxel (ANZUP1603). In the next
5 years, we will learn if these exci ng signals will become
a genuine treatment considera on alongside or in conjunc on with several other recently FDA-approved agents.
Given the theore cal advantages of alpha-par cle therapy,
PSMA-targeted alpha-par cle RLT (i.e., 211At and 225Ac) might
prove to be more eﬀec ve, although nephrotoxicity and
other late eﬀects remain an ongoing concern.41
Cau ous op mism is warranted for RPT in prostate cancer. Ra-223 and PSMA-targeted RLT have the poten al to
transform the therapeu c landscape for men with advanced
prostate cancer—their unique mechanism of ac on and
nonoverlapping toxicity proﬁles suggest that combina on
strategies and their use in earlier stages of disease might
further improve outcomes.

Immunotherapy
Modern immunotherapy in clinical oncology arguably made
its debut in prostate cancer in 2010 when sipuleucel-T, a
therapeu c vaccine derived from a pa ent’s own immune
cells collected via apheresis, demonstrated an OS advantage in two phase III trials.42,43 Despite a sta s cally signiﬁcant
and clinically meaningful improvement in OS (25.8 vs. 21.7
months; HR 0.78; 95% CI, 0.61 to 0.98; p = .03), clinicians
were reluctant to use a treatment that had no immediate
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changes in short-term disease progression (within 3 months)
or rare impact on PSA.43,44 To this day, the treatment remains
a poten ally polarizing topic among prostate cancer clinicians despite trials demonstra ng immunologic impact of
the treatment and the poten al for sipuleucel-T to drive
T cells to the tumor microenvironment.43,45 In the years to
come, however, such a ributes of immune ac va on could
make therapies targe ng immune checkpoints more eﬀecve in prostate cancer.
In recent years, ﬁve new therapies have demonstrated an
ability to improve survival in prostate cancer; conspicuous
by their absence are the immune checkpoint inhibitors that
have revolu onized the treatment landscape in other cancers including melanoma, non–small cell lung cancer, and
bladder cancer. Two trials using ipilimumab (an –CTLA-4;
FDA approved in melanoma) in advanced prostate cancer
failed to improve survival.46,47 Meanwhile, an –PD-1/PD-L1
inhibitors have had very modest impact as monotherapy in
prostate cancer, corrobora ng data that suggest the vast
majority of prostate tumors are PD-L1 nega ve.48 The one
subset of pa ents who do beneﬁt from an –PD-1/PD-L1
therapy are pa ents with microsatellite instability high tumors, who make up approximately 2% to 5% of all pa ents
with advanced prostate cancer, poten ally compelling clinicians to test pa ents for this targetable defect.49
The assessments of the root cause of the rela ve ineffec veness of immunotherapy in prostate cancer is similar
to other tumor types that do not respond to PD-1/PD-L1
inhibi on. The lack of immune cells in the tumor microenvironment (i.e., an immunologically “cold” tumor microenvironment) is the most likely explana on for the lack of
beneﬁt seen with PD-1/PD-L1 inhibitors.50 To have an eﬀect,
these treatments must disrupt the molecular engagement
of PD-1 and PD-L1 in the tumor microenvironment that essen ally allows tumor or stroma in the microenvironment
to abrogate immune cell func on. If there are immune cells
present, PD-1/PD-L1 inhibitors essen ally free them from
immunologic inanima on, allowing them to recognize and
kill cancer cells, hence the rapid and remarkable an tumor
responses seen in pa ents with PD-L1–posi ve tumors. If,
however, the tumor is immunologically cold, then the tumor
microenvironment is devoid of immune cells, and PD-1/
PD-L1 inhibitors are shoo ng molecular blanks, rendering
them ineﬀec ve.
With that understanding, strategies are being developed
to modify the poten ally dynamic immune microenvironments of cold tumors in an eﬀort to heat them up immunologically with immune inﬁltra on. As men oned earlier,
therapeu c cancer vaccines have the poten al to increase
immune cell targe ng of the tumor microenvironment. A
study of sipuleucel-T in the neoadjuvant se ng prior to
radical prostatectomy demonstrated the ability to increase
ac ve T-cell inﬁltra on of the prostate a er 1 month of therapy.45 Mul ple trials are currently underway with vaccines
and checkpoint inhibition in prostate cancer. Pembrolizumab, which heretofore has demonstrated li le ac vity as
monotherapy, is being combined with a DNA-based vaccine

targe ng prosta c acid phosphatase.51 This study, which is
also evalua ng the op mal sequence of therapy, has produced preliminary data indica ng poten al for the combina on when given concurrently to induce PSA declines and
radiographic responses in mCRPC, neither of which would
be expected with either treatment alone. This study is ongoing. Two addi onal trials are combining vaccines and immune checkpoint inhibi on in earlier stages of the disease.
One trial will combine nivolumab and the therapeu c cancer
vaccine prostvac (pox viral-based targe ng PSA) in the neoadjuvant se ng (NCT02933255). Another trial will combine
two pox viral–based vaccines, prostvac and CV-301 (targets
MUC1 and CEA), with M7824, a PD-L1 inhibitor that also has
the func on to bind/deplete transforming growth factor-β
(an immune suppressive cytokine) in the tumor microenvironment (NCT03315871). Both of the la er two studies are
currently accruing at the Na onal Cancer Ins tute.
An androgen therapies are at the forefront of treatment
of mCRPC, and there are studies ongoing combining these
agents with immune checkpoint inhibi on. At the leading
edge of these studies is a trial combining enzalutamide with
pembrolizumab in mCRPC. Pembrolizumab is added to paents who are progressing on enzalutamide. Based on preliminary data, responses in approximately 20% of pa ents
have been reported, higher than would be expected with
pembrolizumab alone.52,53 There are exis ng data that have
suggested the enzalutamide can have immune-s mulatory effects in pa ents with prostate cancer.54 Furthermore, data
from circula ng immune cells in pa ents being treated with
enzalutamide have indicated that there is increased PD-1
expression on the cells, thereby demonstra ng the potenal for synergis c therapy.55 The clinical trial combining
enzalutamide with pembrolizumab is ongoing, and further
enrollment will deﬁne the poten al of this combina on.
There is also growing interest in combining immunotherapy with emerging therapeu cs such as radiopharmaceucals and PARP inhibitors in prostate cancers, agents with
established or burgeoning roles in prostate cancer as described previously. Radia on has been shown to enhance
immune recogni on of cancer cells via a process known as
immunogenic modula on by which cancer cells that are not
euthanized by radia on directly can be modiﬁed at the level
of the cell surface. These changes lead to increased expression of molecules such as tumor-associated an gens, major
histocompa bility complex class I molecules that can augment immune recogni on of tumor cells, ul mately potena ng immune cell killing. Sublethal levels of radia on can
also lead to upregula on of molecules such as FAS, which
can be engaged by immune cells in the tumor microenvironment as a mechanism for cell killing.56 Although the immune
poten al of radia on was ini ally described in conjunc on
with external beam radia on, similar eﬀects have been
demonstrated using alpha- and beta-emi ng radiopharmaceu cals.57,58 Indeed, a previous clinical trial has suggested
improved clinical beneﬁt when beta-emi ng 153Sm was
combined with the therapeu c cancer vaccine prostvac,
compared with 153Sm alone.59 Building on this strategy, there
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are ongoing trials combining immunotherapy (sipuleucel-T
and PD-1/PD-L1 inhibitors) with Ra-223.
As men oned previously, PARP inhibi on is relevant based
on the genomics of up to a third of pa ents with prostate
cancer; however, mul ple trials are a emp ng to exploit
hypothesized immunologic synergies. In addi on, hypotheses suggest the possibility that DNA damage induced by
PARP inhibi on in cancer cells can increase the amount of
DNA in the cytosol, thereby trigging the STING pathway.60,61
Once ac vated, the STING pathway, likely an innate defense
mechanism against viral infec on, leads to increased produc on of interferon with the tumor microenvironment,
thereby both ac va ng a local immune response and upregula ng PD-L1 expression. Yet another hypothesis suggests
that DNA damage induced by PARP inhibi on can increase
mutational burden within a tumor, thereby making it a
more a rac ve immunologic target and thus more likely to
express PD-L1. Although the ra onale remains empirical at
this point, mul ple trials are evalua ng this combina on
with some preliminary evidence of ac vity in a small number of pa ents. One expanded cohort of a current trial is
evalua ng prostate cancer speciﬁcally based on preliminary
data from the ﬁrst 17 pa ents.62 The early ﬁndings suggest
that the combina on of olaparib and durvalumab maybe
be more eﬀec ve than olaparib alone in pa ents with DNA
damage repair muta ons and may even bring beneﬁt to
those without known muta ons in the targeted pathway.

Again, addi onal data will be required to validate the ini al
enthusiasm for this combina on in prostate cancer.

CONCLUSION
From the emergence of docetaxel for mCRPC in 2004,
through the development of next-genera on an androgens, addi onal chemotherapy agents, and RPT, great strides
have been made in systemic therapy for advanced prostate
cancer. Nonetheless, curing metasta c prostate cancer remains an elusive goal. Addi onal therapies will be required
to further enhance op ons for men with advanced prostate
cancer. Emerging targets for treatment of this disease now
include DNA damage repair muta ons and microsatellite instability high status, which can be impacted by PARP inhibion and PD-1/PD-L1 inhibi on, respec vely. Furthermore,
targe ng the bone microenvironment, the primary reservoir
for disease for the vast majority of men with mCRPC, is a
strategy that has not yet been fully exploited, but emerging
RPT and RLT op ons hold promise. Appropriately combining and sequencing these new therapies within the exis ng
treatment paradigm will also require further clinical inves ga on. Perhaps data from the trials currently ongoing with
PARP inhibitors, RPT/RLT, and immunotherapy will highlight
the path forward for trea ng advanced prostate cancer and
move the ﬁeld one step closer to its ul mate goal: to limit
morbidity and mortality for pa ents diagnosed with prostate cancer.
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Progress Through Collabora on: An ASCO and U.S. Food and
Drug Administra on Workshop to Improve the Evidence
Base for Trea ng Older Adults With Cancer
Harpreet Singh, MD, Ar Hurria, MD, and Heidi D. Klepin, MD, MS
OVERVIEW
Older adults represent the majority of pa ents diagnosed with cancer, yet the evidence base used to guide therapy for this
growing segment of the popula on is limited compared with data available for younger adults. Informa on is par cularly
limited for adults commonly seen in prac ce, including those over age 75 and those with comorbidity or frailty. Eﬀorts have
been underway to raise awareness of this substan al gap in evidence and iden fy strategies to build an evidence base for
older adults. Recently, the ASCO and the U.S. Food and Drug Administra on convened a public workshop to address this
issue. There is a need for innova ve trial design to test the eﬃcacy and tolerability of therapies among generalizable older
adult popula ons. Incorpora on of endpoints such as func onal independence and quality of life as well as inves ga on
of geriatric assessment–based treatment alloca on strategies will be needed to individualize care planning. Strategies to
increase trial enrollment need to be emphasized, including modernizing eligibility criteria, addressing pa ent and provider
barriers to clinical trial enrollment, and considera on of incen ves for pa ents, providers, and sponsors. Finally, inves gaon of real-world data and incorpora on of pa ent-reported outcomes into the drug-development process may provide
opportuni es to build evidence related to treatment beneﬁt and tolerance with an emphasis on the pa ent experience
among older adults in diverse treatment se ngs.

G

lobal demographic changes in the coming decades will
have profound implica ons for public health, health
care spending, and medical research. One of the most acute
demographic changes on the horizon is the overall aging of
the popula on. The popula on of older adults is growing,
with a worldwide projected average annual increase of
27.1 million from 2015 to 2050.1 As cancer is a disease of
aging, quality cancer care for older adults is impera ve. However, there is limited evidence for trea ng this complex and
o en vulnerable popula on. In par cular, older adults are
under-represented on both cooperative group and U.S.
Food and Drug Administra on (FDA) registra on studies
that set the standard for oncology care.2-4 Hence, older
adults are o en treated using evidence developed in younger,
healthier, cohorts.5
Several eﬀorts have been underway by various stakeholders to address this cri cal need to improve the evidence base
for trea ng older adults with cancer, including the Na onal
Ins tute on Aging, Na onal Cancer Ins tute (NCI), Cancer
and Aging Research Group, Ins tute of Medicine (IOM),
ASCO, and the FDA. In this manuscript, we summarize these
eﬀorts and propose recommenda ons to ﬁll knowledge gaps
pertaining to the treatment of older adults with cancer.

U13 CONFERENCES
From September 2010 to May 2015, the Cancer and Aging
Research Group, in collabora on with the NCI and Na onal
Ins tute on Aging, convened three U13 conferences. The
overall aim of the conference series was to discuss the current level of research evidence in geriatric oncology, outline knowledge gaps, and propose strategies for research
designs that would address these gaps in 10 years. At the
ﬁrst conference, “Biological, Clinical, and Psychosocial Correlates at the Interface of Aging and Cancer Research,” recommenda ons were put forth for inclusion of a geriatric
assessment (GA) in clinical trials, and the following recommenda ons were made: (1) the incorpora on of GA into
oncology research, (2) consistent incorpora on of physiologic and biologic markers of aging in oncology trials, (3) increased studies of vulnerable older adults and/or those
age 75 and older, and (4) the incorporation of specific
age-associated support in research infrastructure.5
The second conference, held in 2012, “Design and Implementa on of Therapeu c Clinical Trials for Older and/
or Frail Adults with Cancer,” focused on the design of therapeu c clinical trials for older and frail adults with cancer
and, in a subsequent white paper, oﬀered recommenda ons
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for improving accrual of older adults to clinical trials. “To
increase the enrollment of older adults onto clinical trials”
the authors wrote, “clinical trials must be developed specifically for those individuals who do not meet the eligibility
criteria or are not ﬁt enough for enrollment onto clinical
trials focused on individuals of all ages.”6 Conference topics included geriatric and quality-of-life (QOL) endpoints for
clinical trials in older adults and sta s cal considera ons
in those novel endpoints such as the impact of therapy on
func on and cogni on.
The third and ﬁnal U13 conference, held in May 2015, focused on developing and implemen ng interven on studies
to improve the quality of survival in older and/or frail adults
with cancer. These include designing interven on studies
with outcomes meaningful for older adults, such as funconal independence.7 Recommenda ons included that future interven on trials for older adults with cancer should:
(1) rigorously test interven ons to prevent the decline of
or improve health status, especially interven ons focused
on op mizing physical performance, nutri onal status, and
cogni on while undergoing cancer treatment; (2) use standardized care plans based on GA ﬁndings to guide targeted
interven ons; and (3) incorporate the principles of geriatrics into survivorship care plans.7

IOM REPORT
In its 2013 report on the quality of cancer care in the
United States, the IOM iden ﬁed a crisis in cancer-care
delivery. Generally, it iden ﬁed the need for “high-quality,
evidence-based strategies to guide cancer care and ensure eﬃcient and eﬀec ve use of scarce resources.”8 More
speciﬁcally, much of this iden ﬁed crisis is rooted in how
cancer care is delivered to older pa ents. The report notes
that the current infrastructure is “not prepared to take care
of this growing cancer popula on, as few of [its] standard
treatment approaches have been evaluated in this se ng.”
This concern especially applies to older adults with mul ple

PRACTICAL APPLICATIONS
• Older adults are underrepresented in clinical trials,
resul ng in a gap in evidence to inform management of a
large propor on of adults with cancer.
• Innova ve trial design is needed to test the eﬃcacy and
tolerability of cancer therapies in older adults inclusive
of those older than age 75 and those with comorbidity
or frailty.
• A mul faceted approach to increased trial enrollment
includes modernizing eligibility criteria, addressing
pa ent and provider barriers to clinical trial enrollment,
and considera on of incen ves for pa ents, providers,
and sponsors.
• The FDA is currently evalua ng regulatory tools, such
as real-world evidence and pa ent-reported outcomes,
as part of the drug-development process. Both could
improve our understanding of cancer therapies in older
adults.

chronic diseases (comorbidity).8 The report recommends an
expansion of the breadth of data collected on cancer interven ons for older adults to op mize treatment decisionmaking for this popula on.
Furthermore, the IOM report iden ﬁed workforce issues
related to the care of older adults with cancer. It says that
the “growth in absolute numbers of older adults is likely to
result in a greater total volume of pa ents with cancer and a
greater need for service than the current workforce can provide.” The report endorsed the recommenda on of a previous IOM report,9 which supports the enhancement of the
geriatric competency of the general health care workforce.

ASCO RECOMMENDATIONS
In response to the 2013 IOM report, the ASCO convened
a subcommi ee of the Cancer Research Commi ee to develop recommenda ons for improving the evidence base
for older adults with cancer. The commi ee iden ﬁed ﬁve
recommenda ons in a 2015 ar cle: researchers should: (1)
use clinical trials to improve the evidence base for trea ng
older adults with cancer; (2) leverage research designs and
infrastructure for genera ng evidence on older adults with
cancer; (3) increase FDA authority to incen vize and require
research involving older adults with cancer; (4) increase clinicians’ recruitment of older adults with cancer to clinical
trials; and (5) use journal policies to improve researchers’
repor ng on the age distribu on and health risk proﬁles of
research par cipants.10 The ar cle includes ac on items for
each recommenda on, recommenda on goals, and opportuni es in geriatric oncology clinical trial designs. Specifically, the ASCO report recommends, among other things,
that the authority of the FDA be increased to incen vize and
require research that includes older adults. To this point,
the report endorses three ac on items: (1) Congress should
provide the FDA authority to require that a drug or biologic
marke ng applica on contain a plan to gather data and develop recommenda ons on safety, eﬃcacy, and dosing in
older adults; (2) Congress should grant the FDA authority to
create incen ves for companies that conduct clinical trials
of new cancer treatments in older adults; and (3) the FDA
should include experts in aging and geriatric oncology on its
advisory boards to provide scien ﬁc advice on the development and assessment of novel agents and emerging federal
policies.10

FDA WORKSHOP
In November 2017, ASCO and the FDA held a public workshop for geriatric oncology to discuss the issues highlighted
by the IOM and the recommenda ons from ASCO. According to the IOM, the FDA has issued guidance, but not requirements, that include (1) “the rou ne and thorough
evalua on of the eﬀects of drugs on older adults”; (2) the
guidance that clinical studies should comprise a popula on
that reﬂects the pa ents that will receive the drug a er it is
marketed; and (3) the inclusion of individuals older than age
75 in clinical trials.8 Nevertheless, in 2013, Scher and Hurria11
noted that despite comprising 59% of the popula on with
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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cancer, adults 65 and older were only 33% of trial par cipants in the geriatric usage sec ons of the drug package
insert for 24 drugs approved for cancer treatments between
2007 and 2010. Par cipants at the Geriatric Oncology Workshop included experts from the ﬁelds of cancer and aging,
representa ves from the FDA, NCI, industry, Centers for
Medicare & Medicaid Services, European Medical Associaon, and pa ent advocates. The workshop was organized
into thema c sessions each designed to address speciﬁc
topic areas cri cal to increasing the evidence base for older
adults. Highlights and next steps will be discussed in the remainder of this review.

Designing Clinical Trials for Older Adults With Cancer
Improving the evidence base for older adults with cancer requires the design of trials that both facilitate the enrollment
of representa ve older pa ents and capture comprehensive
data that can best inform individualized management strategies. Key ques ons for older and frail adults with cancer
include whether established treatments are equally tolerable and eﬃcacious and how to evaluate novel therapeu c
strategies in these popula ons. Designing trials accoun ng
for both the heterogeneity of aging and a broader range of
outcomes relevant to older adults is challenging.
Randomized controlled trials enrolling representa ve
older adults are cri cal to inform evidence-based prac ce.12
Clinical trials designed speciﬁcally for older adults can be an
op mal vehicle to establish standards of care par cularly
for those adults who are not rou nely represented in registra on trials (i.e., older than age 75, mul ple chronic condi ons, or frail).13,14 Another important role for randomized
controlled trials is tes ng novel treatment alloca on strategies accoun ng for frailty that will help individualize care.
For example, Corre et al15 randomly assigned older pa ents
with lung cancer to usual care versus GA-directed therapy
and demonstrated equivalent survival but decreased toxicity in the GA-directed arm.16 This type of study can inform
novel strategies to individually allocate treatment plans
based on GA results. Although randomized trials remain
the gold standard, they o en require large sample sizes and
considerable resources. Hence, though ul and eﬃcient use
of varied types of trials will be necessary to both enroll and
op mally address ques ons relevant for older pa ents.
Prospec ve cohort studies can augment the evidence
base, providing informa on on topics ranging from pa erns
of care, decision-making, treatment eﬀec veness, toxicity,
and risk predic on. Results of well-designed cohort studies
can translate directly into prac ce-changing management.
These trials are par cularly suited to the study of pa ents
with mul ple chronic condi ons and frailty. Examples include cohort studies demonstra ng the u lity of using GA to
predict chemotherapy toxicity among older pa ents receiving chemotherapy.17-19 Furthermore, embedded correla ve
studies provide a resource-eﬃcient strategy to gather informa on in the context of a planned clinical trial that can better characterize older pa ents to inform generalizability and
subset analyses, develop risk predic on models, and collect
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longitudinal outcome data (i.e., func onal outcomes) related to treatment tolerance and QOL.20 Smaller single-arm
and early-phase trials are par cularly important to evaluate
treatment eﬃcacy in older adult popula ons and be er understand the implica ons of age-related changes in pharmacokine cs/pharmacodynamics.21
Novel trial strategies also warrant considera on. Extended
trial designs (i.e., including the addi on of an older cohort
to the superior arm in a randomized study) could eﬃciently
use exis ng infrastructure to evaluate treatment tolerability
among older pa ents and those with comorbidity. Another
novel approach proposed in the workshop is the incorpora on of a concurrent addi onal observa onal arm to a
phase III trial that speciﬁcally focuses on accruing an adequate number of older adults (or those who are frail or have
speciﬁc comorbid condi ons) so that the eﬃcacy and toxicity data are captured concurrently in a more generalizable
popula on of pa ents. This approach would provide mely
informa on to prac oners and could appeal to sponsors
by collec ng data in parallel with the randomized controlled
trials to support broader labeling indica ons.
Another key topic relates to the expansion of trial outcomes beyond disease-speciﬁc endpoints and survival. The
impact of cancer and its treatments on outcomes such as
physical func on, cogni on, func onal independence, and
global QOL is highly relevant to older adults. Similarly, the
development of prefrailty or frailty could be considered as
a key outcome in clinical trials. These outcomes are of concern to pa ents, yet we have sparse data to inform the risks
and beneﬁts related to these aspects of the treatment experience and subsequent survivorship. In a review of 127
pallia ve chemotherapy trials for older adults, data speciﬁc
to physical func on, health care use, cogni ve func on, and
QOL were collected in 6%, 3%, 6%, and 31%, respec vely.22
Similarly, in a review of over 1,000 hematologic malignancy
phase I to III trials in the Na onal Ins tutes of Health (NIH)
registry, the outcomes of QOL, health care use, and funcon were reported in less than 10% of all studies.23 In considering the use of trial designs speciﬁcally for older adults,
the use of composite endpoints as detailed by Wildiers
et al24 is par cularly a rac ve. Composite endpoints provide a mul dimensional perspec ve of overall treatment
u lity. This approach can incorporate mul ple well-deﬁned
pa ent-centric outcomes versus a combina on of both the
pa ent and provider perspec ves of the treatment experience, as demonstrated in the FOCUS2 trial for older adults
with advanced colorectal cancer.13
Next steps were proposed during the workshop for advancing the evidence base for older adults related to trial
design. Recommenda ons are to: (1) design trials with an
addi onal arm for registra on data speciﬁc to older and/
or frailer pa ents; (2) incorporate pharmacokine c and genomic studies for older adults into early-phase clinical trials; (3) include pa ent-centric outcomes such as func onal
measures and QOL into phase III and postmarke ng studies;
(4) develop reproducible composite endpoints to capture efﬁcacy, safety, and tolerability that meet regulatory standards;
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and (5) facilitate discussion between sponsors and the FDA
early in the drug-development process that addresses trial
design and endpoints relevant to older adults.

Increasing Enrollment of Older Adults in Registra on
Trials
Pa ents enrolled in registra on trials are not adequately
representa ve of those seen in clinical prac ce. Trial parcipants are generally younger and healthier, resul ng in
uncertainty regarding op mal management for a large propor on of the popula on. There is a par cular lack of data
to provide an evidence-based standard of care for pa ents
older than age 75 and those with comorbidity or frailty. Concern regarding provision of representa ve data on clinical
trials is not limited to oncology. The NIH recently announced
the Inclusion Across the Lifespan Policy to ensure that the
evidence collected in NIH-funded research is applicable to
those who are aﬀected by the disease or condi on being
studied. Star ng in 2019, NIH research applica ons involving human subjects will be required to describe how par cipants across the lifespan will be included, with jus ﬁca on
of proposed par cipant age ranges. This policy reﬂects a key
theme echoed during the workshop highligh ng the importance of inten onal planning to recruit pa ents of representa ve ages so that the evidence gained in clinical trials
would be readily generalizable to the majority of pa ents
with the condi on studied.
Speciﬁc to oncology, the workshop addressed barriers and
facilitators to enrollment of representa ve older adults. A
key topic addressed was the ongoing eﬀort to modernize
trial eligibility criteria.25 A review of eligibility criteria requirements for cancer clinical trials conducted by the FDA
shows that the criteria narrowly deﬁne the study popula on
and o en represent lower-risk pa ents.26 This has important
implica ons for older adults. A recent publica on by a working group27 established by ASCO and the Friends of Cancer
Research details speciﬁc recommenda ons for expanding
eligibility criteria related to organ dysfunc on, concurrent
malignancy, and comorbidi es. Several commonly applied
eligibility criteria were examined, including requirements
for crea nine clearance higher than 60 mL/min, adequate
liver func on tests, absence of cardiac disease (i.e., ejec on
frac on more than 50% and no history of myocardial infarcon), and no prior malignancy in the past 5 years. These criteria are o en applied without direct relevance to the drug
being tested. The working group explored the implica ons
of these criteria for recruitment of representa ve pa ents.
Using data from over 10,000 pa ents in the Kaiser Permanente database, the authors demonstrated the impact of applying these criteria to pa ents with varied cancer types. In
par cular, a requirement of a crea nine clearance 60 mL/min
or higher among pa ents with breast, colorectal, lung, and
bladder cancer would exclude 15%, 18%, 20%, and 34% of
patients, respectively. Based on these data, the authors
es mated that exclusion of pa ents with crea nine clearance less than 60 mL/min would preclude 20% to 46% of paents from par cipa ng in clinical trials. A large propor on

of those excluded would be in the older age range (older
than age 75). The ar cle details speciﬁc recommenda ons
for updated eligibility criteria to maintain safety and maximize trial par cipa on. For example, if renal toxicity and
clearance are not a treatment-related concern, a lower crea nine clearance (> 30 mL/min) should be applied. In
addition to updated recommenda ons for organ dysfuncon–speciﬁc criteria, the authors advocate for inclusion
of measures of pa ent func onal status that be er assess
ﬁtness versus frailty in a given treatment context. Careful
considera on of inclusion criteria by inves gators and regulators early in trial development can ensure an increased
number and diversity of pa ents be er reﬂec ve of those
who will be treated in the community.
Although reﬁning eligibility criteria is expected to have a
notable impact on trial par cipa on, other factors beyond
eligibility can inﬂuence recruitment to clinical trials. Some of
these barriers are logis cal challenges.28 For example, clinical trials frequently require addi onal study visits, which can
be a hardship for older adults who may rely on others for
transporta on. Geographic barriers more broadly may inﬂuence recruitment, as a large propor on of oncologists and
subsequently large clinical trials are clustered in speciﬁc states,
frequently favoring access to pa ents living in popula ondense loca ons. Addressing ease of access, distance traveled, and number of study visits intentionally in trial
design and support infrastructure may increase access and
raise the appeal of clinical trial par cipa on to older and
frail adults. Addi onal logis cal barriers may inﬂuence providers’ recommenda ons for older adults to par cipate in
trials. Recruiting older adults to clinical trials is a timeconsuming process and can pose increased risk due to a higher
probability of adverse events29 as well as a higher poten al
for protocol viola ons given a higher prevalence of condions (i.e., comorbidi es, impaired social support, polypharmacy, cogni ve impairment, and func onal impairment),19
which can impact adherence to protocol requirements.30
The extent to which these concerns inﬂuence providers’ recommenda ons for trials is unknown and warrants further
a en on.
Bias remains a poten al barrier to trial recruitment from
the standpoint of pa ents and providers. Considera on
of the pa ent’s perspec ve, inclusive of the unique needs
and priori es of older pa ents with cancer is cri cal to opmize trial design and facilitate communica on strategies
related to recruitment.31 Studies suggest that older pa ents
with cancer report willingness to par cipate in cancer clinical trials.32 However, a disconnect between the trial design
and the pa ent’s needs and priori es can result in lower
enrollment. Engagement of pa ent advocates and invesgators with exper se in working with varied social and
demographic groups early in trial design and during implementa on could overcome some of these barriers.33 Provider
bias also warrants a en on, as a common reason reported
for lack of enrollment is that the provider did not recommend the trial.34,35 Research and educa on focused on the
perspec ves of pa ents and providers can inform strategies
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to enhance pa ent recruitment to trials representa ve of
those with the disease.
Several concrete next steps were proposed to improve
recruitment of representa ve older adults to clinical trials.
There is an overarching need to harmonize eﬀorts currently
underway by mul ple stakeholders including the NCI, FDA,
and ASCO. Research priori es include: (1) understanding
the characteris cs of pa ents who enroll in trials as well as
the characteris cs of trials that successfully enroll representa ve older adults; (2) inves ga on of barriers to provider
recruitment of older adults: (3) inclusion of pa ent advocates in trial design and implementa on; and (4) inclusion
of geriatric oncologists on review commi ees and as consultants during the trial design process. Examples of next
steps focused on educa on and culture change are: (1) dissemina on and adop on of broadened eligibility criteria
recommenda ons; (2) educa on and dissemina on of evidence suppor ng the feasibility and eﬃciency of GAs; (3)
provider educa on focused on communica on regarding trial
enrollment with older adults; and (4) advocacy-centered
educa on addressing the opportuni es for clinical trial engagement for older adults. Finally, recommenda ons that focused on incen ves to overcome barriers include: (1) payment
for GAs; (2) increasing accrual credits for recruitment of
older adults; (3) inclusion of support for addi onal pa ent/
caregiver costs (i.e., transporta on and lodging) in clinical
trial budgets; and (4) inclusion of detailed plans for enrollment of older adults in both industry and NCI-sponsored
studies.

Use of Real-World Evidence in Drug Development
The FDA is commi ed to ongoing eﬀorts to improve the
evidence base for trea ng older adults with cancer. This involves using real-world evidence and pa ent-reported outcomes (PROs) in the context of regulatory decision-making
as it relates to the geriatric oncology popula on. Real-world
data (RWD) is deﬁned as data rela ng to pa ent health status and/or delivery of health care rou nely collected from
a variety of sources, and real-world evidence is deﬁned as
clinical evidence regarding the use and poten al beneﬁts or
risks of a drug derived from the analysis of RWD. The FDA
has consistently sought to advance regulatory science that
will op mize the decision-making process for the development of cancer therapeu cs. From the geriatric oncology
perspec ve, these eﬀorts have great poten al to augment
our current understanding of oncology drugs in older adults
who are tradi onally under-represented in clinical trials.
The following represent milestones in the FDA’s eﬀorts to
improve the framework for RWD collec on and analysis:
• In 2008, the FDA launched the Sen nel Ini a ve in response to the FDA Amendments Act, which called for
crea on of an ac ve surveillance system for monitoring
the safety of approved drugs and products.36
• The FDA Oncology Center of Excellence launched the
Informa on Exchange and Data Transforma on (INFORMED) ini a ve that focuses on building infrastructure in big data analy cs.37
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• Under the 21st Century Cures Act (2016), the FDA is directed to develop a regulatory framework to evaluate
how real-world evidence can poten ally be used to
support new products and indica ons and postapproval
requirements.38
• FDA’s collabora ve eﬀorts with groups like ASCO’s CancerLinQ and Fla ron Health are a prime opportunity to
interrogate the data relevant to cancer therapy in older
adults.39,40
The FDA recognizes that there is a wealth of RWD that is
rou nely collected in the course of treatment and management of disease in pa ents. Although data in the se ng of
rou ne clinical prac ce may not have the same quality controls as data collected within a clinical trial se ng, there are
circumstances in which RWD may be of suﬃcient quality to
help inform our understanding of approved cancer therapies in older adults. RWD are collected in electronic health
records, registries, and claims data. Increasingly, PROs are
being captured electronically in the clinical se ng, and
this can be another pipeline of structured RWD. Data from
these various sources could help provide insight into clinical
outcomes such as toxici es leading to hospitaliza ons. This
may be of par cular importance to a more vulnerable and
frail popula on.
The FDA has encouraged through several guidances41,42
that sponsors enroll an adequate representa on of older
adults into their clinical trials; however, in some cases, this
may not be achieved. RWD is a poten al resource to gather
informa on on pa ents who are not included in clinical
trials, but are treated in clinical prac ce. As the deﬁni on
of clinical data derived from electronic health records and
other sources expands, more informa on from older paents in rural and community prac ces can also be eﬀecvely used.
Ongoing collabora ons between the FDA and both Flatiron and CancerLinQ have already shown promise. A mulcenter analysis using electronic health record data from
community clinics in the Fla ron Health Network examined
real-world usage pa erns of PD-1 inhibitors in metasta c
non–small cell lung cancer. The median age of pa ents at
the me of PD-1 inhibitor ini a on was 69, with the majority of pa ents over age 65. Importantly, 27% of pa ents
were age 75 and older.43 This is of par cular relevance
given an FDA analysis of clinical trial data that showed that
whereas 37% of new cases of lung cancer occur in pa ents
75 and older, they make up only 9% of the clinical trial popula on.4 In addi on to demographic data, RWD can provide
addi onal safety data in the postmarket se ng for pa ent
groups not represented in the registra on trials.
RWD has poten al to inform us on pa ents tradi onally
underrepresented in clinical trials. Older adults are a key
popula on of interest in whom there is an increasing need
for quality safety data not captured within the current paradigm of clinical trials. To maximize informa on gained,
eﬀorts will need to be made to systema cally integrate elements of the GA into rou ne clinical prac ce and to capture these data in the electronic health record. The FDA is
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commi ed to this eﬀort through collabora on with both
internal and external stakeholders to enhance the capability of this emerging resource. ASCO’s CancerLinQ is rapidly
expanding its scope and capability, with a database of over
1 million pa ents. By recognizing the value of real-world evidence as an important contribu ng factor for understanding
oncology drugs in older adults, we can encourage the medical community to learn more from rou ne clinical care than
we do today.

Pa ent-Focused Drug Development/PROs
The pa ent experience is relevant in the evalua on of novel
oncology therapeu cs for use in all pa ents but par cularly
in older adults. The tradi onal paradigm for drug evalua on
has largely been limited to tumor and survival eﬃcacy endpoints balanced against clinician-reported safety data. The
FDA has required that the package inserts of approved products included a “Geriatric Use” subsec on that provides
per nent informa on about the drug’s experience in older
adults.44 Unfortunately, the information included in this
section can be limited if older adults have been underrepresented in the registra on trial(s).
Although tumor and survival data are consistently obtained, GA informa on is o en not captured in registra on
trials.45 The GA provides clinicians with informa on on the
heterogeneity of the aging process beyond chronologic
age46,47 through evalua on of the individual’s func onal
status, cogni ve func on, nutri onal status, comorbid condi ons, psychological state, and social support. A comprehensive GA can inform discussions of pa ent preference in
terms of QOL measures, which can be par cularly important
in older pa ents with cancer because a disease-centered
approach may neglect key elements such as degree of
social support or a pa ent’s willingness to tolerate eﬀects of
therapy, which may lead to loss of independence. Despite
eﬀorts to include GAs in clinical trials, they have had limited
uptake in trials designed to support FDA registra on.
Although formal GAs are not yet typically incorporated,
PROs are commonly submi ed to the FDA in marke ng applica ons, and some informa on collected in the PROs contain GA informa on. For example, PROs commonly include
an assessment of health-related QOL domains (e.g., physical, cogni ve, emo onal, role, and social), as well as key
disease- and treatment-related symptoms. The measures
are obtained at baseline and periodically throughout the
study meline. The rigor of PRO assessment has been increasing and is providing a rich source of pa ent experience
data that can complement our understanding of a therapy’s
eﬀect on older adults with cancer.
Although PRO measures may not speciﬁcally address all
areas of the GA, func onal status is a cri cal element of
most PRO measures and a cri cal part of the GA. For example, the GA assesses both basic ac vi es of daily living such
as bathing, dressing, and feeding, as well as instrumental or
advanced ac vi es of daily living, such as driving or shopping for groceries. Similarly, the EORTC,48 a widely used PRO
tool, asks ques ons such as:

“Do you have any trouble taking a long or short walk
outside of the house?”
“Do you need to stay in bed or a chair during the
day?”
“Do you need help with ea ng, dressing, washing
yourself, or using the toilet?”
For older adults with cancer, treatment eﬀects on symptoms and func oning may be as important as treatment effects on survival.49 PRO measures that capture how pa ents
feel and func on can be used in the regulatory context to
provide pa ent experience data, support eﬃcacy, and provide complementary descrip ve data to inform tolerability.
PRO measures evalua ng disease symptoms, treatment side
eﬀects, physical func on, and health-related QOL are commonly incorporated in randomized chemotherapy trials.
The FDA incorporates PRO results into their review of new
cancer therapies and communicates informa ve aspects
of the PRO data in FDA product labels. The product label is
a limited vehicle to present this rich data source, and FDA
supports calls to report this informa on in the published literature in conjunc on with the primary tumor response and
survival results to inform treatment eﬀects in older pa ents
with cancer.50,51
In recent years, the FDA has made great progress in incorpora ng the pa ent voice into the regulatory process.
Several recent legisla ve eﬀorts have highlighted the importance of incorpora ng the pa ent more in drug development, including the sixth reauthoriza on of the Prescrip on
Drug User Fee Act as well as the 21st Century Cures Act.52
These efforts will result in the FDA holding numerous
public workshops and dra ing guidance to industry to engage with stakeholders and convey the current thinking
on scien ﬁcally rigorous pa ent-focused drug development. The next several years will focus on transi oning
from listening to pa ent experiences in pa ent-focused
drug-development mee ngs to developing formal advice
on systemically collec ng pa ent-centered informa on
in ways that can inform drug development and regulatory
decision-making.
There are also mul ple commonly used and translated
measurement systems that can assess speciﬁc symptoms
and mul -item scales such as fa gue that may provide more
speciﬁc and relevant informa on. These data are an important adjunct to the tradi onal eﬃcacy and safety data that
are currently evaluated and included in drug labels. Many
have advocated for more pa ent experience data to help
evaluate new drugs and biologics for older adults. Future
workshops planned under the 21st Century Cures Act allow
for addi onal opportuni es for geriatric oncology advocates
to provide input on PRO tools that may be of most value to
older adults. It will be cri cal for advocates of cancer care in
older adults to par cipate in this process. Together with invesgators, advocates, government, industry, and research ins tu ons, we can ﬁll the knowledge gap needed to improve
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the care of our rapidly growing popula on of older adults
with cancer.

CONCLUSION
There is a clear impera ve to increase the evidence base to
inform care for older adults with cancer. Mul ple strategies

will be needed that engage and harmonize eﬀorts among
a diverse group of stakeholders inclusive of pa ents, advocates, providers, inves gators, socie es, NIH, industry, regulators, and payers. Results of these eﬀorts will translate to
the goal of providing truly personalized care for older adults
with cancer.
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Immunotherapy in Older Adults With Advanced Cancers:
Implica ons for Clinical Decision-Making and Future
Research
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OVERVIEW
Immunotherapy has expanded the therapeu c landscape for advanced cancers, including solid tumors and lymphomas.
For many pa ents with cancer, these agents have been shown to have substan al eﬃcacy and favorable toxicity compared
with cytotoxic agents, par cularly in the second-line se ng. With the advent of an –PD-1 and an –PD-L1 checkpoint
inhibitors, combina on immunotherapy- and chemoimmunotherapy-based strategies have emerged as promising novel
regimens to improve cancer-related outcomes. Older adults age 65 or older represent the growing majority of pa ents
diagnosed with cancer. However, older adults are under-represented in clinical trials in general, as well as in the landmark
studies that led to approval of these immunotherapy agents. Because of increasing age and a endant mul morbidity and
impaired func onal status, many of these pa ents seen in the community-based oncology prac ces would not have been
considered eligible for such studies. Thus, the results of these studies are diﬃcult to generalize to a broader pa ent populaon with these compe ng risks. Furthermore, robust evalua on of toxici es, eﬀect on quality of life and func onal status,
and aging-related (i.e., immunosenescence) and immunotherapy-related changes aﬀec ng the immune system remain
underexplored research areas for older adults. This review examines the role of immunotherapy and its unique issues,
speciﬁcally in older adults with lung cancer, bladder cancer, and lymphomas.

T

he eﬀects of the aging immune system (immunosenescence) confer immune dysregula on and have both
cellular and humoral aspects. We have found deple on in
lymphocyte reserve with increasing age, with fewer naive
CD4+ and CD8+ T cells and decreased repertoire in regulatory
and memory T cells with an overall development of a proinﬂammatory proﬁle.1-3 These changes can lead to increased
suscep bility to infec ons and less robust response to vaccina on. Furthermore, immunosenescence may increase the
risk for certain cancers, such as lymphomas, because it also
aﬀects B-cell func on.4 In pa ents receiving immune-based
treatments for melanoma, older adults have demonstrated
reduced levels of tumor-inﬁltra ng lymphocytes, which, in
turn, confers worse progression- or disease-free survival.5-7
We also know that unique temporal changes in peripheral
blood T-cell subset proﬁles occur in pa ents with advanced
melanoma and non–small cell lung cancer (NSCLC) when
they undergo combination or single-agent immunotherapies, which appear to aﬀect both depth and dura on of
response.8,9 Finally, newer data support a correla on with
frailty in older adults and speciﬁc T-cell subset “proﬁles,”
which may have implica ons on how best to further evaluate

older adults of diﬀering baseline func onal status in terms
of the degree of response, tolerability, and overall clinical
benefit of immunotherapy within an immunosenescent
milieu.10

FRAILTY AND THE ROLE OF GERIATRIC
ASSESSMENT IN CANCER TREATMENT
DECISION MAKING
In the context of oncology, a geriatric assessment (GA) is
a mul dimensional evalua on of the overall ﬁtness of an
older adult to tolerate a proposed cancer treatment plan
and follow up, thereby aiding cancer providers in their
shared treatment decision-making.11,12 A cancer-speciﬁc GA
o en incorporates measures of func onal status, cognition,
mood, nutrition, medications, social support, and mul morbidity. GA has been used to evaluate the risk for substan al chemotherapy-related toxicity among older adults
with cancer.13,14 Before treatment decisions, the Interna onal Society of Geriatric Oncology has recommended that the
evalua on, including a GA, be part of clinical prac ce for caring for older adults with lymphoma and other cancers.12,15
To oﬀer a more abbreviated assessment, the G8 screening

From the Na onal Cancer Centre Singapore, Singapore; Hospital Universitario Fundacion Jimenez Diaz, Madrid, Spain; University of Rochester, Rochester, NY.
Disclosures of poten al conﬂicts of interest provided by the authors are available with the online ar cle at asco.org/edbook.
Corresponding author: Ronald Maggiore, MD, University of Rochester, Wilmot Cancer Ins tute, 601 Elmwood Ave., Box 704, Rochester, NY 14642; email: ronald_maggiore@
urmc.rochester.edu.
© 2018 American Society of Clinical Oncology

400

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

IMMUNOTHERAPY IN OLDER ADULTS WITH CANCER: LUNG, BLADDER, AND LYMPHOMA

tool was developed to risk-stra fy ﬁt versus frail older paents with cancer who could receive standard treatment
compared with those who should undergo further evalua on
with a full GA to guide tailoring of cancer therapy.16,17 To
date, no study has evaluated the role of GA and health-related
outcomes in older adults receiving immunotherapy, either
single-agent or in combination. Many single-institutional
and postmarke ng analyses in community prac ce have examined toxicity and related outcomes among older adults
with specific cancer types or those in general; however,
data remain somewhat conflicting as to whether older
adults with increasing age experience more immune-related
adverse events (irAEs) than their younger counterparts in
terms of their accoun ng for line of therapy, func onal status, cogni ve status, and mul morbidity.18-24

LUNG CANCER
Non–small Cell Lung Cancer
Overview. The an –PD-L1 inhibitors were ﬁrst evaluated in
pa ents with advanced-stage NSCLC in the second line or
beyond compared with docetaxel chemotherapy.25-28 These
studies collec vely demonstrated an improvement in objec ve response rate (ORR) of 15% to 20% and overall survival (OS) by approximately 3 to 4 months compared with
docetaxel. In the ﬁrst-line se ng in preselected pa ents
with advanced NSCLC with at least 50% PD-L1 expression,
ORR and OS were improved compared with results seen
with pla num-based doublet chemotherapy.29
Stage III disease. RTOG 3505 (NCT02768558) was evaluating cispla n/etoposide-based concurrent chemoradia on
therapy, followed by nivolumab, versus placebo maintenance therapy, but this trial was closed early because of
results of the PACIFIC trial. That trial evaluated the added
beneﬁt of durvalumab versus placebo a er pla num-based

PRACTICAL APPLICATIONS
• Older adults remain under-represented in cancer clinical
trials, including those involving immunotherapies.
• Older adults with good performance status appear
to beneﬁt similarly to single-agent checkpoint
inhibitor therapy (i.e., PD-1 or PD-L1) as their younger
counterparts.
• Overall toxicity appears similar both across landmark
trials and in single-ins tu onal studies, but
hospitaliza ons and inﬂuence of poor func onal status
and mul morbidity in the real world remain.
• The role of a geriatric assessment for older adults
receiving immunotherapies remains unclear but may be
useful to gauge ﬁtness for more intense therapies, such
as combined immunotherapy, chemoimmunotherapy, or
chemotherapy/radia on plus immunotherapy strategies
• More research is needed to evaluate the correla on
between markers of immunosenescence among older
adults receiving immunotherapy and the eﬀect of these
rela onships on biological, clinical, func onal, and
pa ent-reported outcomes.

concurrent chemoradia on (any chemotherapy regimen).
It demonstrated signiﬁcant progression-free survival (PFS)
favoring durvalumab compared with placebo (median,
16.8 vs. 5.6 months, respec vely); it also almost doubled
the me to metasta c recurrence or death compared with
placebo (23.2 vs. 14.6 months, respec vely). Approximately
4.4% of the pa ents in the treatment group developed grade
3 to 4 pneumonia, with durvalumab-related or radia onrelated pneumonitis leading to durvalumab discontinua on most frequently (4%–6%). However, the median age
for each group was younger than age 70 (Table 1). The PFS
beneﬁt s ll appeared signiﬁcant irrespec ve of age, but the
conﬁdence interval started to cross 1.0 for pa ents age 65
or older compared with those younger than age 65. Other
studies are evalua ng the combina on of an –PD-1 inhibitors, such as nivolumab, concurrently with chemotherapy
and radia on upfront for stage III NSCLC (e.g., the NICOLAS
study, NCT02434081); neoadjuvant chemoradia on plus
pembrolizumab followed by surgery for resectable disease
followed by maintenance pembrolizumab (NCT02987998);
and studies evalua ng this class of agents in combina on
with stereotac c body radia on therapy for both oligometasta c and localized NSCLC.
An –PD-1 and an –PD-L1 therapy: second-line and beyond.
Despite rela ve under-representa on of older adults, pooled
analyses have demonstrated that older adults are s ll likely
to beneﬁt in terms of OS when receiving immunotherapy
for advanced solid tumors, including NSCLC.20,22,30-33 For
NSCLC, when age 65 or older was used as a cutoﬀ, there
was a rela ve risk reduc on in mortality of 34% favoring
immunotherapy over chemotherapy.32 Despite these limitaons, age-based subgroup analyses have been performed
in some NSCLC trials. For example, in CheckMate 017 and
057, which led to nivolumab’s approval in the second line
and beyond for advanced NSCLC, although only 7% to 10%
of the total pa ents enrolled were age 75 or older, subset
analysis demonstrated a trend in limited clinical beneﬁt or
worse overall mortality.25,28 An expansion trial of nivolumab
in this se ng was evaluated to capture more pa ents age
70 or older and/or those with an Eastern Coopera ve Oncology Group (ECOG) performance status (PS) of 2 (CheckMate 153).22 Of the approximately 1,300 pa ents enrolled,
40% were age 70 or older and 9% had ECOG PS of 2. Of the
pa ents with a PS of 2, half were age 70 or older. However, many of these pa ents were heavily pretreated; more
than half had received two or more lines of therapy. In a
comparison of younger (< age 70) versus older (≥ age 70)
pa ents, there were no diﬀerences in treatment discon nua on rates (79% vs. 78%), toxicity of any grade (60% vs.
62%); grade 3 to 4 toxicity (11% vs. 13%), or median OS (9.4
vs. 10.3 months). Tumor PD-L1 expression was not broken
down further by age.
Anti–PD-1 therapy first-line: alone and in combination
with chemotherapy. KEYNOTE 024 evaluated ﬁrst-line pembrolizumab compared with pla num-based chemotherapy as
frontline therapy for pa ents with advanced NSCLC whose
tumors had at least 50% PD-L1 expression.29 The median age
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Stage IIIB/IV

Stage IIIB/IV

OAK

Nonsquamous cell

Stage IIIB/IV

Squamous

Stage IIIB/IV

Stage IIIA-B, ﬁrst-line

Se ng

KEYNOTE 010

CheckMate 057

CheckMate 017

NSCLC advanced stage, second-line, and beyond

PACIFIC

NSCLC stage III

Trial

Atezolizumab vs. docetaxel

Pembrolizumab (2 doses) vs. docetaxel

Nivolumab vs. docetaxel

Nivolumab vs. docetaxel

CRT with any pla num-based chemotherapy followed by durvalumab or placebo
for 1 year

Treatment

Age ≥ 65: 397 (47%)

Range: age 33–85

Median: age 64

Age ≥ 65: 429
(41.5%)

Range: age 56–69

Median: age 63

Age ≥ 75: 43 (7%)

Age 65–74: 200
(34%)

Range: age 21–85

Median: age 62

Age ≥ 75: 29 (11%)

Age 65–74: 91 (33%)

Range: age 39–85

Median: age 63

Age ≥ 65: 322 (45%)

Range: age 23–90

Median: age 64

Age Data*

0: 37%; 1: 63%

0: 34%;
1: 66%; 2–3: < 1%

0: 31%; 1: 69%

0: 24%; 1: 76%

0: 49%; 1: 51%

ECOG/WHO PS

OS

OS, PFS

OS, PFS

OS, PFS

PFS

Primary
Outcome(s)

TABLE 1. Representa on of Older Adults and Age- or PS-Speciﬁc Subgroup Analysis: Results in Key Lung and Bladder Cancer Trials

Con nued

For OS beneﬁt with
atezolizumab:
< age 65: 0.80
(0.64–1.00);
≥ age 65: 0.66
(0.52–0.83);
PS 0: 0.78
(0.58–1.04),
PS 1: 0.68
(0.56–0.84)

For OS beneﬁt with pembrolizumab:
< age 65: 0.63
(0.50–0.79);
≥ age 65: 0.76
(0.57–1.02)

For OS beneﬁt with
nivolumab:
< age 65: 0.81
(0.62–1.04); age
65–74: 0.53
(0.45–0.89);
≥ age 75: 0.90
(0.43–1.87)

For OS beneﬁt with
nivolumab:
< age 65: 0.52
(0.35–0.75); age
65–74: 0.56
(0.34–0.91);
≥ age 75: 1.85
(0.76–4.51)

For PFS beneﬁt with
durvalumab a er
CRT: < age 65: 0.43
(0.47–0.73); ≥ age 65:
0.74 (0.54–1.01)

Age- or PS-Speciﬁc
Subgroup Analyses: HR
(95% CI)**
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Recurrent/stage IV

Govindan et al

CheckMate 032

Progressive disease a er
pla num-based chemotherapy, second line or
beyond

Stage IIIB/IV, nonsquamous
cell

KEYNOTE 021

Small cell lung cancer

Recurrent/stage IV

First line, PD-L1 ≥ 50%

Stage IV

Se ng

CheckMate 026

KEYNOTE 024

NSCLC advanced stage,
ﬁrst-line

Trial

Nivolumab vs. nivolumab + ipilimumab (2
diﬀering doses: 1 mg/kg + 3 mg/kg vs.
3 mg/kg + 1 mg/kg)

Ipilimumab + carbopla n/paclitaxel vs.
placebo + chemotherapy

Pembrolizumab + carbopla n/pemetrexed vs. chemotherapy alone

Nivolumab vs. pla num-based chemotherapy

Pembrolizumab vs. pla num-based
chemotherapy

Treatment

Range: age 46–71

Age ≥ 75: 9 pa ents;
7 pa ents; 0 paents (8% of total
study popula on)

Median: age 63; age
66; age 61

Age ≥ 75: 71 (9%)

Age 65–74: 298
(40%)

Age < 65: 280 (37%)

Range: age 28–85

Median: age 64

Range: age 54–70

Median: age 63

Age ≥ 75: 62 (11%)

Age ≥ 65: 260 (48%)

Range: age 29–89

Median: age 65

Age ≥ 65: 164 (54%)

Range: age 33–90

Median: age 64.5;
age 66 (each
group)

Age Data*

All were 0–1; breakdown
not available

0: 34.5%;
1: 64.8%; 2–3: 0.7%

0: 44%; 1: 56%

0: 33%;
1: 66%; 2–3: 1%

0: 35%; 1: 65%

ECOG/WHO PS

ORR

PFS

ORR

OS

OS

Primary
Outcome(s)

None reported

Con nued

For PFS beneﬁt with addion of ipilimumab:
< age 65: 0.82
(0.64–1.04); age
65–74: 1.06
(0.81–1.37);
≥ age 75: 0.85
(0.51–1.43);
PS 0: 0.99
(0.73–1.33);
PS 1: 0.86
(0.70–1.05)

< age 65 vs. ≥ age 65 for
ORR planned but not
yet reported

For OS beneﬁt with
nivolumab:
< age 65: 1.13
(0.83–1.54);
≥ age 65: 1.04
(0.77–1.41);
PS 0: 1.11
(0.74–1.66);
PS ≥ 1: 1.02
(0.79–1.32)

For OS beneﬁt with
pembrolizumab:
< age 65: 0.61
(0.40–0.92);
≥ age 65: 0.45
(0.29–0.70)

Age- or PS-Speciﬁc
Subgroup Analyses: HR
(95% CI)**

TABLE 1. Representa on of Older Adults and Age- or PS-Speciﬁc Subgroup Analysis: Results in Key Lung and Bladder Cancer Trials (Cont'd)
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Advanced UC, progressed
a er pla num-based
chemotherapy

Locally advanced,
unresectable or MUC
cispla n-ineligible pa ents

Locally advanced,
unresectable or MUC
cispla n-ineligible pa ents

CheckMate 275

KEYNOTE 052

IMVIGOR 210

Single-arm phase II with atezolizumab

Single arm phase II with pembrolizumab

Phase II single arm with nivolumab

Pembrolizumab vs. inves gators' choice
(docetaxel or paclitaxel or vinﬂunine)

Treatment

Range: age 51–92

Median: age 73

Age > 65: > 80%

Range: age 38–90

Median: age 74

Age ≥ 65: 55%

Range: age 38–90

Median: age 66

Range: age 29–88

Median: age 67

Age Data*

2: 20.2%

0: 22%; 1: 36%; 2: 42%;
3: < 1%

0: 54%; ≥ 1: 46%

0: 44.1%; 1: 53.0%; 2:
0.7%

ECOG/WHO PS

ORR

ORR

ORR

OS, PFS

ORR ≥ age 80: 28%

ORR for pa ents who
responded for ≥ 4
months were stra ﬁed
for age: ≥ age 65: 26%,
ECOG 2: 27%

None reported

For OS ≥ age 65: 0.76
(0.56–1.02)

Age- or PS-Speciﬁc
Subgroup Analyses: HR
(95% CI)**

*Values are expressed as median age, age range, and/or number (percentage) of pa ents.
**Values are hazard ra os and 95% CIs except for last two studies, which are objec ve response rates.
Abbrevia ons: CRT, chemoradia on therapy; ECOG, Eastern Coopera ve Oncology Group; HR, hazard ra o; MUC, metasta c urothelial carcinoma; NSCLC, non–small-cell lung cancer; ORR, objec ve response rate; OS, overall survival; PFS, progression-free survival; PS, performance
status; UC, urothelial carcinoma; WHO, World Health Organiza on.

Advanced UC, progressed
a er pla num-based
chemotherapy

Se ng

KEYNOTE 045

Metasta c urothelial carcinoma

Trial

Primary
Outcome(s)

TABLE 1. Representa on of Older Adults and Age- or PS-Speciﬁc Subgroup Analysis: Results in Key Lung and Bladder Cancer Trials (Cont'd)
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was 64.5 to 66 (range, age 33–90). The ORR, PFS, and OS were
sta s cally signiﬁcantly improved, favoring upfront pembrolizumab, in this PD-L1–high NSCLC popula on; in age-based
subgroup analysis (< age 65 vs. ≥ age 65), this superiority was
maintained (hazard ra o for risk for death or progression was
0.61 vs. 0.45, respec vely; Table 1). Seventy-three percent
and 26% of pa ents experienced any grade and grade 3 to
5 toxici es, respec vely. Only 7% of these toxic events led to
treatment discon nua on; these rates were sta s cally lower
than those seen in the chemotherapy group (90%, 53%, and
11%, respec vely). For the irAEs, 29% were any grade and
10% were grade 3 to 4; most were dermatologic (4%).
CheckMate 026 evaluated nivolumab compared with
platinum-based combination chemotherapy as frontline
therapy for pa ents with advanced NSCLC.34 Median age
of pa ents enrolled was 64 (range, age 29–89 ); 11% were
age 75 years or older. This study did not a priori exclude paents with tumors exceeding a prespeciﬁed level of PD-L1
expression and was restricted to those with an ECOG PS of
0–1. Age-based subgroup analyses did not show any diﬀerence in ORR, PFS, or OS advantage in this unselected NSCLC
pa ent popula on. However, for the primary OS analysis,
pa ents were stra ﬁed by PD-L1 level by using a cutoﬀ of
5%, which failed to meet the primary aim. Only in subgroup
analysis looking at high tumor muta on burden and PD-L1
levels of 50% or greater did the data support a trend toward improved survival outcomes with nivolumab. Toxicity
for upfront nivolumab therapy was similar to that seen for
pembrolizumab in the KEYNOTE 024 trial, with 71% experiencing any grade toxicity and 18% experiencing grade 3 to
4 events. Only 10% of events led to treatment discon nua on, which was improved overall compared with chemotherapy. Interes ngly, with advancing age, there was a trend
toward decreasing tumor muta on burden seen irrespecve of treatment (approximately 50% for pa ents younger
than age 65, 37% for pa ents age 65–74, and 12%–15% for
pa ents age 75 or older). Analogously, of pa ents with tumors with at least 5% PD-L1 expression, just over half (53%)
were younger than age 65, 34% were age 65 to 74, and 12%
were age 75 or older.
The recent phase I CheckMate 012 trial evaluated lowerintensity ipilimumab plus nivolumab as ﬁrst-line therapy for
advanced NSCLC independent of PD-L1 expression.35 The
median age of pa ents enrolled was 62 to 68, but the study
was limited to pa ents with an ECOG PS of 0–1. Almost three
quarters of pa ents experienced any grade toxicity, with almost a third incurring grade 3 to 4 events. Severe irAEs or
events leading to treatment discon nua on occurred in no
more than 5% of pa ents regardless of ipilimumab schedule. The median dura on of response was about 9 months
and the ORR was 38% to 48% depending on the regimen;
more favorable outcomes trended commensurately with
tumor levels of PD-L1 expression. Compared with historical
controls from the CheckMate 026 nivolumab monotherapy
ﬁrst-line trial, ORR and disease control rates were rela vely
improved, par cularly among pa ents who had tumors with
higher levels of PD-L1 expression.

Two recent studies explored ﬁrst-line chemoimmunotherapy (Table 1). First, KEYNOTE 021 evaluated pembrolizumab in combina on with carbopla n plus pemetrexed with
pemetrexed maintenance versus chemotherapy alone, irrespec ve of tumor PD-L1 status, among pa ents with advanced adenocarcinoma of the lung.36 With an impressive
ORR (all par al responses [PRs]) of 55% favoring the combina on treatment, there was s ll a trend toward a higher
frequency of grade 3 to 5 adverse events (AEs) in the combina on group (39% vs. 26%, but only 8% of events leading
to treatment discon nua on); the rate of any grade irAE
was 19% and the rate of grade 3 to 4 irAEs was 2% in an
ECOG PS 0–1 pa ent popula on with a median age of 62.5
to 63.2 (range, age 54–70). Median PFS appears superior for
the combina on group (19 vs. 9 months), but OS beneﬁt remains unclear yet encouraging.37
Another trial evaluated frontline ipilimumab versus
placebo combined with carbopla n plus gemcitabine for
advanced squamous cell carcinoma of the lung. Patients
enrolled were generally younger (median age, 64; range,
age 28–85), with only 10% age 75 or older; almost all had
an ECOG PS of 0–1.38 Unfortunately, the combina on did
not signiﬁcantly improve ORR, OS, or PFS; moreover, toxicies were much higher than those seen with chemotherapy
plus placebo: 51%, 33%, and 28% versus 35%, 10%, and 7%,
respec vely, for any grade toxicity, grade 3 to 4 toxicity, or
discon nua on due to toxicity. Seven treatment-related
deaths occurred in the treatment group vs. one in the placebo
group. Of the irAEs, 27% were related to diarrhea.

Small Cell Lung Cancer
Growing data support the clinical beneﬁt of immunotherapy
in the second line or beyond for pa ents with extensive-stage
small cell lung cancer, par cularly nivolumab alone or in
combina on with ipilimumab.39 However, how best to sequence immunotherapy in pla num-resistant or refractory
disease while balancing the poten al toxici es of combinaon immunotherapy remain unanswered ques ons. Furthermore, the incorporation of other predictive biomarkers
that may be more germane in the small cell arena, such as
tumor mutation burden (given relatively lower PD-L1 expression levels in small cell cancer), may help further stra fy
monotherapy and combina on treatment decision-making.

METASTATIC UROTHELIAL CARCINOMA
Overview
Urothelial cancer is the fourth most common cancer in males
and 11th most common cancer in females in the Western
popula on. A er prostate cancer, it is the second most common urinary tract malignancy.40 Similar to NSCLC, it is usually
diagnosed in older adults, with a median age of 70 at diagnosis. Despite the prevalence of bladder cancer, mortality rates
have remained unchanged in the past 20 years. The 5-year
OS rate stands at 70% for localized bladder cancer. However,
survival rates strikingly decline for locally advanced or metasta c disease, with the median OS being approximately
15 months.41 Urothelial carcinoma can be categorized into
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three groups: nonmuscle invasive, muscle-invasive, or metasta c. Muscle-invasive disease makes up 20% to 30% of cases
and treatment involves cystectomy with neoadjuvant or adjuvant chemotherapy.42 Cispla n-based combina on chemotherapy has been the standard of care for metasta c urothelial
carcinoma (MUC) for the past 20 years, with dismal survival
rates.43 The lack of eﬃcacious treatment op ons for pa ents
with advanced urothelial carcinomas underscores the need
for novel treatment strategies. In recent mes, immunotherapy has made the headlines for its poten al to change treatment paradigms in many cancers, including bladder cancer.42
Intravesical bacillus Calme e-Guerin was the ﬁrst U.S. Food
and Drug Administra on–approved immunotherapy for use
in nonmuscle invasive bladder cancer. Most recently, immune
checkpoint inhibitors have become the face of immunotherapy in the treatment of MUC.
Cispla n-eligible MUC. Immune checkpoint inhibitors are a
par cularly a rac ve treatment op on for bladder cancers
because bladder cancers are highly an genic, with the third
highest rates of somatic mutations after melanoma and
NSCLC.44 Atezolizumab, a monoclonal IgG1 an body that
binds PD-L1, was the ﬁrst an –PD-L1 an body that was U.S.
Food and Drug Administra on approved for use in metasta c
bladder cancer a er failure of chemotherapy.45 Pembrolizumab,
a PD-1 inhibitor, was ﬁrst studied in the phase IB KEYNOTE
012 trial, which included pa ents with metasta c and locally
advanced urothelial cancers. A er a median follow-up of
13 months, eight of 33 pa ents (28%) responded to treatment. Of these, three had complete responses (CRs).46
This trial was followed by the phase III KEYNOTE 045 study,
which was an interna onal randomized controlled trial. A total of 542 pa ents with advanced urothelial carcinoma that
progressed a er pla num-based chemotherapy were randomly assigned to pembrolizumab or inves gator’s choice
of chemotherapy (paclitaxel, docetaxel, or vinﬂunine). The
median age of pa ents in the pembrolizumab group was
67 (range, age 29–88). The coprimary endpoints of the trial
were OS and PFS in the overall cohort and the cohort of paents with tumors whose PD-L1 was more than 10%. PFS
did not signiﬁcantly diﬀer between the pembrolizumab and
chemotherapy groups in either the overall popula on or the
subgroup with at least 10% PD-L1 posi vity. However, median
OS was signiﬁcantly greater in the pembrolizumab group
(10.3 months) than the chemotherapy group (7.4 months;
p = .002). Pembrolizumab showed an OS beneﬁt in all subgroups of pa ents, including those age 65 and older (Table 1).
There were also fewer AEs of any grade in the pembrolizumab
group than in the chemotherapy group (60.9% vs. 90.2%).47
Surprisingly, however, another phase III study comparing
atezolizumab (a PD-L1 inhibitor), which had received accelerated approval on the basis of a phase I study, yielded nega ve results in terms of OS compared with chemotherapy
in the second-line se ng.48 A beneﬁt was observed when
the data were analyzed according to the inten on-to-treat
group (hazard ra o 0.85; 95% CI, 0.73–0.99).
Several ongoing phase III trials are evalua ng other agents
in the same class in this se ng. None of these trials have
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speciﬁcally enrolled older pa ents with cancer; however, on
the basis of the median age of the pa ents in these studies, a
substan al number fall into that age group. According to the
irAEs observed in these trials, the tolerable safety proﬁle and
likely quality-of-life beneﬁt would favor its use in older adults.
Cispla n-ineligible MUC. Since the 2000s, the combina on
of gemcitabine and cispla n has been the standard of care
once it had been shown to have eﬃcacy similar to that of
the methotrexate, vinblastine, doxorubicin, and cisplatin
regimen but with markedly fewer toxicities.43 However,
treatment op ons are limited for pa ents who are ineligible
to receive cispla n. Cispla n ineligibility is deﬁned by the
following criteria: ECOG PS of 2, crea nine clearance less
than 60 mL/min, grade 2 neuropathy or hearing loss, or New
York Heart Associa on class 3 heart failure.49 KEYNOTE 052
is a phase II study of pembrolizumab in cispla n-ineligible
advanced or metasta c urothelial carcinomas.50 The median
age of pa ents in this study was 74 (range, age 34–94). More
than 80% of the pa ents were older than age 65, and approximately 24% had an objec ve response with a median
follow-up me of approximately 5 months. The ﬁndings of
this study and the IMvigor210 study of atezolizumab in a
similar cohort suggest that these agents are a suitable op on
with good ac vity in older frail pa ents as well. It is important that these two studies had rela vely higher numbers of
pa ents with an ECOG PS of 2 (42% and 20%, respec vely).51
Despite the research, we s ll do not know which pa ent
with MUC will beneﬁt from immunotherapy and who will do
be er with chemotherapy. A predic ve biomarker will not
only help to personalize treatment but also spare pa ents
who will not beneﬁt from the drug because of AEs and the
ﬁnancial toxicity from these expensive drugs. PD-L1 has been
used as a surrogate marker for eﬃcacy in cancers such as
NSCLC. A meta-analysis on the role of PD-L1 status showed
higher response rates in pa ents with higher PD-L1 expression.52 However the value of PD-L1 as a biomarker in urothelial
cancers is limited at present. In the phase II IMvigor210 trial
studying the role of atezolizumab in cispla n-ineligible paents, pa ents with tumors with higher PD-L1 expression
on immune cells demonstrated a higher response rate
compared with lower PD-L1 expression (ORR, 26% vs. 10%,
respec vely).45
However, this was contrary to the ﬁndings of the CheckMate 275 and KEYNOTE 045 trials. In the CheckMate 275
trial, pa ents with metasta c bladder cancer whose disease
progressed while receiving pla num-based chemotherapy
were given nivolumab at 3 mg/kg. Nivolumab was eﬃcacious across all PD-L1 subgroups, with an ORR of 19.6% in
the overall popula on and 16% in the low–PD-L1 expression subgroup.53 In the KEYNOTE 045 trial, pembrolizumab
showed an OS beneﬁt over chemotherapy regardless of
PD-L1 expression.47 The conﬂic ng results of PD-L1 status
in the diﬀerent studies may be related to various factors.
First, diﬀerent methods were used to determine PD-L1 expression, for example, tes ng methods, assays used, and
how expression was deﬁned (tumor cells, tumor-inﬁltra ng
immune cells, or a combina on thereof). Second, in many
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instances stored archival tumor ssues were used instead of
new biopsy specimens, which is not ideal given that PD-L1
expression may change commensurately with the disease
stages and prior lines of therapies.
Although checkpoint inhibitors are be er tolerated than
early immunotherapeu c agents, such as interleukin-2,
they do have AEs. Some common toxici es include fa gue,
dermatologic manifesta ons (e.g., rash and pruritus), diarrhea independent of coli s, and endocrinopathies such as
hypophysi s and thyroidi s.54 Less common but poten ally
life-threatening toxici es that have been encountered include pneumoni s, coli s, and pancrea s. Although most
toxici es resolve with drug withdrawal and prompt ini aon of systemic cor costeroids, endocrinopathies tend to
be irreversible, require ongoing monitoring, and lead to lifelong steroid and/or hormone replacement.54

LYMPHOMAS
Overview
Compared with other cancers, non-Hodgkin lymphoma
(NHL) is common, represen ng 4.3% of all new cancer causes
in the U.S. Na onal Cancer Ins tute Surveillance, Epidemiology, and End Results (NCI SEER) program reveals that the
median age at diagnosis of NHL is 67, with 24.9% of new cases
being diagnosed in pa ents age 65 to 74, 21.3% of those age
75 to 84, and 9.4% of those older than age 84.55 Increasing
age is associated with poorer OS in pa ents with NHL. In
fact, age is among the prognos c factors in the Interna onal
Prognos c Index scoring for histologically aggressive lymphoma and the Follicular Lymphoma Interna onal Prognos c
Index scoring for follicular lymphoma (FL).56,57 There is a lack
of consensus about the age at which a pa ent with NHL is
considered “older” or “elderly,” with a conven onal deﬁni on
of older than age 65, although many argue it should be older
than age 75 because of the more substan al physiologic and
pharmacologic changes that occur around that me.58

Immunotherapy for Lymphomas: Overview
Although cases in older adults represent most of the cancers diagnosed and deaths by age group, they are underrepresented in clinical trials.59-61 Aging is also associated with
a decrease in the eﬀec veness of the immune system and in
altera ons to it. Few speciﬁc trials have been carried out for
immunotherapy in elderly people, with most pa ents considered to be ﬁt. Tolerance among older adults seems to be
similar to that of younger adults, but eﬃcacy seems to diﬀer
according to the type of cancer; some show no diﬀerence
and others less eﬃcacy among older subgroups. However,
the numbers in older subgroups are rela vely small and
more inves ga on is needed, with speciﬁc clinical trials for
elderly pa ents with cancer.33 Lymphomas have previously
demonstrated substan al responsiveness to immunologic
manipula ons. B-cell lymphomas demonstrate an interplay
between tumor and the host immune system that appears
to directly aﬀect lymphoma growth. Other lymphomas,
such as FL, contain many tumor-inﬁltra ng lymphocytes in
the tumor microenvironment that are poten al candidates

for checkpoint blockade to elicit local immune ac va on
against malignant B cells.62
Following the successful use of immune checkpoint
blockade therapy in advanced solid tumors, these agents
have become a promising modality in the treatment of relapsed lymphomas. To date, the PD-1 and PD-L1 pathway
has emerged as a key target of checkpoint inhibitor therapy,
demonstra ng unprecedented ac vity, par cularly in heavily pretreated relapsed/refractory HL and some forms of
NHL.63 Studies of checkpoint inhibitors in lymphomas are reviewed below by agent: the an –PD-1 an bodies nivolumab
and pembrolizumab, the an –delta-like-1/PD-1 an body pidilizumab, and the an –PD-L1 an body atezolizumab. Landmark clinical trials of these agents in older pa ents with
lymphomas are summarized below (Table 2).

Speciﬁc Lymphomas: Hodgkin Lymphoma
The phase I study of nivolumab in Hodgkin lymphoma (HL)
showed an 87% ORR; 17% of pa ents reached CR and 70%
achieved PR. Twenty-three pa ents were enrolled, with a
median age of 35 (range, age 20–54).64 The phase II CheckMate
205 study of nivolumab in pa ents with relapsed/refractory
classic HL a er failed autologous stem cell transplanta on
and brentuximab vedo n demonstrated an ORR of 66%,
with seven pa ents achieving CR (9%) and 46 pa ents reaching PR (58%). This study enrolled slightly more patients
(80 pa ents), with a median age of 39 (range, age 18–72);
however, only three pa ents (4%) were age 65 or older.65
A subgroup analysis, categorized by age, was performed on
data reported in pa ents with classic HL receiving nivolumab
at 3 mg/kg intravenously every 2 weeks in studies CA209-205
(phase II) and CA209-039 (phase I).66 In the integrated popula on of both studies, the eﬃcacy of nivolumab was evaluated in 95 pa ents and safety was evaluated in 266 pa ents
with classic HL. At baseline, the median age was 37 (range,
age 18–72), with only 3.2% of pa ents age 65 or older. The
ORRs were 66.3% (95% CI, 55.7–75.8) in those younger than
age 65 and 66.7% (95% CI, 9.4–99.2) in those age 65 or older.
This analysis showed frequencies of grade 3 to 4 AEs, all-causality and drug-related, were greater among pa ents age
65 or older than among those younger than age 65, as follows: (1) younger than age 65: all-causality grade 3 to 4 AEs,
37.5%; drug-related grade 3 to 4 AEs, 20.8% and (2) age 65
or older: all-causality grade 3 to 4 AEs, 42.9%; drug-related
grade 3 to 4 AEs, 28.6%. Any diﬀerences noted are of limited interpretability because of low sample sizes and event
rates and probably do not alter the overall safety proﬁle of
nivolumab in these subgroups. However, further study is
warranted. In a real-life-experience study of nivolumab in
82 pa ents with relapsed or refractory HL, the median age
was 30 (range, age 18–75). Pa ents older than age 65 were
included, but safety and eﬃcacy have not diﬀered.67
New trials are exploring nivolumab in combina on with
other therapies. According to the interim results of a phase
I/II trial of brentuximab vedo n plus nivolumab in 62 paents with relapsed or refractory HL, the median age was
36 (range, age 18–69).68 The CR rate among all treated pa ents
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Pembrolizumab,
10 mg/kg every
2 weeks

Nivolumab, 3 mg/kg
every 2 weeks

Pembrolizumab,
200 mg once
every 3 weeks,
(median no. of
treatment
cycles: 13)

R/R cHL that
progressed
a er BV

R/R cHL that
failed to
respond to
AHSCT and
BV

R/R cHL,
progressed
a er ASCT
and/or BV

Nivolumab, 1–3 mg/
kg every 2 weeks

Pembrolizumab,
10 mg/kg every
2 weeks or
200 mg every
3 weeks for up to
2 years

Pembrolizumab,
200 mg every
3 weeks for up to
2 years

R/R NHL and
MM

R/R PMBCL

R/R CLL with
RT and
relapsed CLL

NHL

Nivolumab, 3 mg/kg
every 2 weeks

An body, Dose

R/R cHL

HL

Lymphoma

Phase II; 25 RT:
9, relapse
CLL: 16

Phase IB; 18

Phase IB; FL:
10, DLBCL:
11, other
B-NHL: 10,
T-cell NHL:
23, MM: 27

Phase II; 210

Phase II; 80

Phase IB; 32

Phase I; 23

Phase; No. of
Pa ents

RT: 44, 11; relapsed CLL: 0, 0

41, 11.8

FL: 40, 10; DLBCL:
36, 18; other
B-NHL: 0, 0;
T-cell NHL: 17,
0; MM: 4, 4*

69, 22.4

66.3, 9 (68,
13 according
to ICML 2017
update)

65, 16

87, 17

ORR, %; CR, %

Median OS: 10.7 months for
R/R CLL with RT a er a
median follow-up me of
11 months, not reached
among pa ents with
prior ibru nib therapy

With median follow-up of
11.3 months, median
dura on of response and
OS were not reached; in
2 of the 7 pa ents who
responded, dura on of
response was 20.5+ and
22.4+ months

Dura on of response:
6.0–81.6 weeks

At 6 months: PFS: 72.4; OS:
99.5

At 6 months: PFS: 76.9; OS:
98.7; at 12 months,
median PFS: 10.0 months

PFS: 46 at 52 weeks

PFS: 86 at 24 weeks; OS: 91
at 1 year; 83 at 1.5 y

PFS (%); OS: Dura on of
Response

100, 60

61, 11.8

All: 63; (for B-cell NHL: 71,
26)

All: 63 irAEs: 28.6;
infusion-related
reac ons: 6.4

99, 41

97, 16

78, 22

All-Grade AEs, Grade 3–4
AEs

RT**: 4 (44)
CLL **: 9 (56)
Total**: 13 (52)

Total: 69 (46–81)
RT: 69 (46–78)
CLL: 72 (59–81)

30 (22–62)

T-cell lymphoma 61 (30–81)

Con nued

Cohort 3 (no BV a er
ASCT): 3 (5.0)

Cohort 3 (no BV a er ASCT): 32
(18–73)

0 (0)

Cohort 2 (ASCT ineligible
and BV failure): 15 (18.5)

Cohort 2 (ASCT ineligible and BV
failure): 40 (20–76)

B-cell lymphoma 65 (23–74)

All pa ents: 18 (8.6)
Cohort 1 (a er ASCT/BV):
0 (0)

Cohort 1 (a er ASCT/BV): 34
(19–64)

3 (4)

1 (3)

0 (0)

Older Adults (≥ Age 65),
N (%)

All pa ents: 35 (18–76)

39 (18–72)

32 (20–67)

35 (20–54)

Median Age (Range), Years

TABLE 2. Summary of Landmark Immunotherapy Trials in Lymphomas With Focus on Older Adult Representa on
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Nivolumab, 3 mg/
kg intravenously
every 2 weeks
(in 1 pa ent with
rituximab-refractory PCNSL,
rituximab was
con nued for 3
doses a er ini aon of nivolumab
treatment)

An body, Dose

R/R PCNSL: 4,
PTCL with
CNS relapse:
1

Phase; No. of
Pa ents
100, 80

ORR, %; CR, %
3 pa ents remained free of
progression at 13+ to 17+
months

PFS (%); OS: Dura on of
Response
60, 20

All-Grade AEs, Grade 3–4
AEs
64 (54–85)

Median Age (Range), Years
3 (60)

Older Adults (≥ Age 65),
N (%)

*Nivolumab therapy a er radiotherapy.
**Age ≥ 70.
Abbrevia ons: AE, adverse event; AHSCT, autologous hematopoie c stem cell transplanta on; ASCT, autologous stem cell transplant; BV, brentuximab vedo n; cHL, classic-type Hodgkin lymphoma; CLL, chronic lymphocy c leukemia; CNS, central nervous system; CR, complete
response; DLBCL, diﬀuse large B-cell lymphoma; FL, follicular lymphoma; HL, Hodgkin lymphoma; irAE, immune-related adverse event; MM, mul ple myeloma; NHL, non-Hodgkin lymphoma; ORR, objec ve response rate; OS, overall survival; PCNSL, primary central nervous system
lymphoma; PFS, progression-free survival; PMBCL, primary medias nal B-cell lymphoma; PTCL, peripheral T-cell lymphoma; R/R, relapsed/refractory; RT, Richter transforma on.

R/R PCNSL
and PTCL

Lymphoma

TABLE 2. Summary of Landmark Immunotherapy Trials in Lymphomas With Focus on Older Adult Representa on (Cont'd)
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was 61%, with an ORR of 82%. Five pa ents (8%) were treated
with systemic steroids for irAEs. The combina on of brentuximab vedo n and nivolumab was an ac ve and well-tolerated
ﬁrst salvage regimen that poten ally provided pa ents with
relapsed or refractory HL an alterna ve to tradi onal combina on chemotherapy. Although it is an a rac ve regimen
for elderly pa ents with relapsed or refractory HL, for whom
chemotherapy approaches are usually not feasible, we s ll do
not have robust data on safety and eﬃcacy of this “chemotherapy-free” combina on in older adults with HL.
Pembrolizumab has also shown substan al eﬃcacy in paents with relapsed or refractory HL. Updated results from
KEYNOTE 013 (31 pa ents), with a median pa ent age of 32
(range, age 20–67) and a median follow-up of 24.9 months,
showed an ORR of 58% (18 of 31), a CR rate of 19% (6of 31),
and a PR rate of 12% (12 of 31); the median dura on of response was not yet been reached.69 The phase II KEYNOTE
087 study (205 pa ents) evaluated pembrolizumab in three
cohorts of pa ents with classic HL deﬁned by history of exposure to brentuximab vedo n and autologous stem cell
transplanta on. Of the en re cohort, only 8.6% (18 pa ents)
were age 65 or older. Pooled preliminary data from the three
cohorts showed an ORR of 65.4% to 68.3%, a CR rate of 21.7%
to 29%, and reduced tumor burden in 93.7%. This preliminary
study shows substan al clinical ac vity of pembrolizumab
across diﬀerent lines of prior treatment and age ranges.70
Clinical development of an –PD-1 therapy in classic HL
con nues, with a planned phase III trial of nivolumab monotherapy for classic HL, a study of it in combina on with
brentuximab vedotin versus brentuximab vedotin alone
(CheckMate 812), a phase III trial comparing pembrolizumab head-to-head with brentuximab vedo n (KEYNOTE 204),
and studies evalua ng treatment with PD-1 blockade earlier
in the natural history of classic HL. Both trials allow the recruitment of older adults, so repor ng of speciﬁc subgroup
analyses of these trials is eagerly awaited.

CR (10%), three PRs (30%), and six with stable disease
(60%), with median PFS not reached.74 In the B-cell lymphoma
cohort of this study, the median age at enrollment was
65 (range, age 23–74), with no diﬀerences among young and
older pa ents reported. The KEYNOTE 013 study included
19 patients with primary mediastinal B-cell lymphoma
(PMBCL), with a median age of 30.5 (range, age 22–62);
pembrolizumab showed a response rate of 41%, with two
pa ents achieving CR and ﬁve achieving PR.75 A phase II study
(KEYNOTE 170) is planned on the basis of these results, with
no age limit in eligibility criteria.
In T-cell NHL, pembrolizumab has also shown clinical ac vity for relapsed/refractory advanced mycosis fungoides and
Sézary syndrome, with an ORR of 38%, with one CR and eight
PRs.76 The aforemen oned study of nivolumab included 23
pa ents with T-cell NHL in which there were four PRs: two of
13 pa ents (15%) with mycosis fungoides and two of ﬁve paents (40%) with peripheral T-cell lymphoma. The median age
at enrollment of the T-cell cohort was 61 (range, age 30–81),
with no speciﬁc age. A recent series of seven pa ents demonstrated a high rate of response to pembrolizumab in natural
killer/T-cell lymphoma, with CR in ﬁve of seven pa ents; however, only one pa ent was older than age 65.77 Of note, none
of these studies performed age-speciﬁc subgroup analyses.
Finally, medias nal gray-zone lymphoma lies intermediate between nodular-sclerosis classic HL and PMBCL, with
overlapping clinical, histologic, and molecular features. In
a report of three cases of refractory medias nal gray-zone
lymphoma that were successfully treated with an –PD-1
therapy, two of them were in older adults: A 76-year-old
man had a complete metabolic response a er treatment
with pembrolizumab and con nues to be in remission on
day 381 of treatment, and an 80-year-old woman had a complete metabolic response a er treatment with nivolumab
and con nues to be in remission on day 161 of treatment.78

Non-Hodgkin Lymphoma: An –PD-L1 Therapy
Non-Hodgkin Lymphoma: An –PD-1 Therapy
Pidilizumab was evaluated in a phase II study of 66 pa ents
with diﬀuse large B-cell lymphoma (DLBCL) a er autologous
stem cell transplanta on. The median age at enrollment
was 57 (range, age 19–80).71 This study had an ORR of 51%,
and 70% of pa ents did not have progressive disease at 16
months. Although older adults were enrolled, no men on
was done regarding diﬀerences in safety or eﬃcacy. A study
of pidilizumab plus rituximab in 32 pa ents with relapsed FL
demonstrated an ORR of 66% (19 of 29 evaluable pa ents)
and 15 CRs were noted (52%). The median age at enrollment was 61 (range, age 35–79), and no diﬀerences among
age subgroups were men oned.72 The clinical development
of pidilizumab has been delayed by doubts about its target
because it does not bind PD-1; recent evidence suggests
that the delta-like 1 protein is the primary binding target,
whereas PD-1 is secondary and restricted to nonglycosylated
and hypoglycosylated forms of this molecule.73
Among a study across several lymphoma types, nivolumab
monotherapy in FL showed a 40% ORR (4 of 10), with one
410

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

Unlike PD-1, PD-L1 as a target has been less explored in paents with NHL. Forty-two pa ents with FL were recruited
in a phase I/II trial with obinutuzumab/bendamus ne plus
atezolizumab as an induc on regimen, followed by obinutuzumab plus atezolizumab as maintenance therapy.79 Paents enrolled had a median age at baseline of 57 (range,
age 29–75), with seven pa ents age 65 or older (17%). With
only one older pa ent included in the interim analysis of
eﬃcacy, the ORR was 80%, with a CR rate of 67% and a PR rate
of 13%. We should wait un l the ﬁnal report to see whether
there are diﬀerences among age subgroups. Other studies
evalua ng atezolizumab are s ll recrui ng: atezolizumab
in combina on with obinutuzumab and tazemetostat in FL
and DLBCL (NCT02220842), atezolizumab in combina on
with obinutuzumab and venetoclax in FL (NCT03276468),
and atezolizumab monotherapy in relapsed and refractory
HL (NCT03120676). Durvalumab has also been explored in
lymphoma. Several trials evalua ng diﬀerent combina ons
are s ll recrui ng, with no results formally published yet. All
trials combining durvalumab with lenalidomide are on hold
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because of early reports of excess toxicity. Finally, avelumab
is being explored in several trials in HL (NCT026034419) or
in combina on with R-CHOP (rituximab, cyclophosphamide,
doxorubicin, vincris ne, and prednisone; NCT03244176) or
with epigene c modulators, bendamus ne, or an -CD137
in DLBCL (NCT02951156).

CTL019 Chimeric An gen Receptor T-Cell Therapy in
Older Adults With Lymphomas
In the ZUMA-1 trial (NCT02348216), among the 111 pa ents
who were enrolled, axi-cel chimeric an gen receptor (CAR)
T-cell therapy was successfully manufactured for 110 (99%)
and administered to 101 (91%).80 The ORR was 82%, and the
CR rate was 54%. With a median follow-up of 15.4 months,
42% of the pa ents con nued to have an ongoing response,
and 40% con nued to have a CR. The OS rate at 18 months was
52%. The median age of the en re cohort was 58 (range, age
23–76), with 24 pa ents (24%) age 65 or older. In the DLBCL
cohort, the median age at baseline was 58 (range, age 25–76),
with 17 pa ents (22%) age 65 or older; in the transformed FL
and PMBCL cohort, the median age was 57 (range, age 23–76),
with seven pa ents (29%) age 65 or older. Response rates
were consistent across key covariates, including age.
In the JULIET trial (NCT02030834), 28 adult pa ents with
lymphoma received CTL019 cells.81 In the FL cohort (14 paents), the median age at baseline was 59 (range, age 43–
72) and in the DLBCL cohort (14 pa ents) it was 58 (range,
age 25–77). Of them, 18 of 28 had a response (64%); CR
occurred in six of 14 pa ents with DLBCL (43%) and 10 of 14
pa ents with FL (71%). Sustained remissions were achieved,
and at a median follow-up of 28.6 months, 86% and 89%
of the pa ents with DLBCL and FL, respec vely, were s ll
responding. In the TRANSCEND NHL 001 trial, the ﬁrst mul center phase I trial of JCAR017 in relapsed/refractory B-cell
NHL (NCT02631044), 74 pa ents were treated; of them,
69 in the DLBCL cohort had a median age of 61 (range, age
26–82).82 Best overall response, 3-month, and 6-month
response rates were 75% (51 of 68), 49% (27 of 55), and
40% (14 of 35), respec vely. The best overall, 3-month, and
6-month CR rates were 56% (38 of 68), 40% (22 of 55),
and 37% (13 of 35), respec vely. Among 16 double-/triple-hit
pa ents with lymphoma, the best ORR was 81%, and the
3-month CR rate was 60%. Older pa ents were included in
this trial, but subgroup analyses were not apparent.

CONCLUSION AND FUTURE DIRECTIONS
Immunotherapies, par cularly the an –PD-1 and an –PD-L1
checkpoint inhibitors, have changed the therapeu c landscape

for patients with advanced cancers across cancer type.
These agents may oﬀer alterna ves to cytotoxic chemotherapy in a variety of settings, such as the frontline
setting for patients with chemotherapy-ineligible locally
advanced or metasta c bladder cancer, many of whom are
older and/or with poor performance status and mul morbidity. Similarly, upfront immunotherapy strategies are being
explored for pa ents with NSCLC and small cell lung cancer, as well as those with relapsed/refractory lymphomas,
which may be more appealing for older adults. Combina on
strategies with radia on therapy for NSCLC and other solid
tumors are s ll evolving. However, with addi onal combina ons, par cularly combined checkpoint blockade, there
is a commensurate increase in intrinsic toxicity regardless
of age. Pa ent selec on among older adults for such evolving strategies remain of cri cal importance, especially for
those trying to extrapolate and apply study data to the “real
world,” in which older adults make up the majority of paents we see in the clinic.
Even among monotherapy strategies, the data on safety
and eﬃcacy of immunotherapies in older adults with cancer
are limited. With the paucity of higher-level evidence-based
data available, it seems that eﬃcacy can be similar to that
in younger pa ents, even though older pa ents tend to
have more AEs in more na onally based studies, especially
those with poorer PS. The hypothesis that can explain
such clinical differences may be related to aging-related
reductions in repertoire in the T-cell subsets and the preexis ng exhausted phenotype related to immunosenescence, which can be further aﬀected by frailty and by prior
chemotherapy.10,83
With the integra on of the evalua on of the aging immune system and the growing importance of the GA, a new
concept of “comprehensive immune assessment” has been
raised to be explored in older adults before they receive
immunotherapies.84 Although toxici es among older adults
treated with single-agent checkpoint inhibitors have been
manageable when globally examined across these studies,
to what extent the clinical beneﬁt is seen in this popula on
remains less clear. Moreover, data on the eﬀect on hospitaliza on, health resource use, pa ent-reported outcomes,
cost-eﬀec veness, and func onal outcomes for older adults
receiving immunotherapies remain lacking. Future research
should evaluate the role of immunosenescence and its effect on such outcomes, how best to incorporate this into the
GA framework, and how to use those data to guide the development of more prospec ve studies of older adults with
cancer receiving immunotherapies.
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GERIATRIC ASSESSMENT TO IMPROVE THE CARE OF OLDER ADULTS

Preven ng Treatment-Related Func onal Decline: Strategies
to Maximize Resilience
Armin Shahrokni, MD, MPH, Koshy Alexander, MD, Tanya M. Wildes, MD, MSCI, and
Mar ne T. E. Puts, RN, PhD
OVERVIEW
The majority of pa ents with cancer are older adults. A comprehensive geriatric assessment (CGA) will help the clinical
team iden fy underlying medical and func onal status issues that can aﬀect cancer treatment delivery, cancer prognosis,
and treatment tolerability. The CGA, as well as more abbreviated assessments and geriatric screening tools, can aid in the
treatment decision-making process through improved individualized predic on of mortality, toxicity of cancer therapy, and
postopera ve complica ons and can also help clinicians develop an integrated care plan for the older adult with cancer. In
this ar cle, we will review the latest evidence with regard to the use of CGA in oncology. In addi on, we will describe the
beneﬁts of conduc ng a CGA and the types of interven ons that can be taken by the interprofessional team to improve the
treatment outcomes and well-being of older adults.

C

ancer is a disease that occurs more commonly in older
adults. For example, the total number of cancers is projected to increase by 45% from 2010 to 2030 in the United
States, driven largely by the growing number of older adults.
By 2030, an es mated 70% of all cancers will occur among
adults age 65 and older.1
There is wide varia on in the ability of pa ents of the same
age to tolerate cancer therapy. Chronologic age alone is a
poor descriptor of heterogeneity in the aging process and
is an inadequate indicator to determine responses among
older pa ents to cancer treatment. We need a systema c
and evidence-based way to describe this heterogeneity to
guide oncology treatment decisions. Geriatric condi ons
such as func onal and cogni ve impairments are frequently
unrecognized or inadequately addressed in older adults.
Rather than chronologic age, pa ents’ physiologic age or ﬁtness level based on a “ﬁt-to-frail” spectrum is more meaningful. Frailty is an important geriatric syndrome that is
characterized by mul system dysregula on, leading to decreased physiologic reserve and increased vulnerability for
adverse health outcomes.2 CGA involves the evalua on of
the physical, psychosocial, and environmental factors that
impact the well-being of older individuals.3 CGA is a mul dimensional, interdisciplinary diagnos c process to determine the medical, psychological, and func onal capabili es
of an older adult, which should lead to the development of
a coordinated and integrated plan for treatment and longterm follow-up to improve outcomes for older pa ents with

cancer.4 Frail older adults may have mul ple chronic condi ons and may have diﬃculty maintaining independence.
They may be more vulnerable to therapy toxici es and may
not have substan al las ng beneﬁts from therapy. CGA may
be used as a tool to determine reversible deﬁcits and devise
treatment strategies to mi gate such deﬁcits.
The CGA has been demonstrated to be superior to clinical judgment, even by experienced clinicians, when used to
evaluate the ﬁtness of older pa ents with cancer.5 Mul ple
studies have suggested a spectrum of beneﬁts that arise from
using CGA for older pa ents with cancer. For example, a prospec ve mul centric study on the large-scale feasibility and
usefulness of CGA in oncology showed that CGA detected
unknown geriatric problems in 51% of pa ents age 70 and
older. When the physician was aware of the assessment results at the me of decision-making, geriatric interven ons
were planned for 25.7% of pa ents and the treatment decision was inﬂuenced for 25.3% of pa ents.6 CGA and its more
abbreviated deriva ve commonly called geriatric assessment
(GA) can be used in treatment decision-making by clinicians,
helping to risk stra fy pa ents prior to poten ally high-risk
therapy.7 GA and CGA have a role in predic ng complica ons
and side eﬀects from cancer treatment.8-10 During the cancer
treatment trajectory, CGA may be used as a tool to iden fy
new deﬁcits (e.g., a decline in func onal ac vity levels) and
devise treatment strategies to mi gate such deﬁcits. A number of studies have shown the use of CGA in the es ma on of
survival.11-13 The online e-prognosis indices incorporate CGA
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TABLE 1. Comprehensive Geriatric Assessment Domains and Their Instruments
Domain
Cogni on

Tool

Type of Tool

MiniCog

17

Performance based

Mini-Mental State Examina on18

Performance based

19

Func on and performance

Montreal Cogni ve Assessment

Performance based

Blessed Orienta on-Memory-Concentra on Test20

Performance based

Performance status scales:
Karnofsky performance status21

Self-report

Eastern Coopera ve Oncology Group

22

Self-report

Ac vi es of daily living23

Self-report

Instrumental ac vi es of daily living

24

Self-report

Timed Up and Go25
Gait speed

Performance based

26

Performance based

Grip strength27
Tine
Comorbidity

Performance based

Gait and Balance Scale

28

Performance based

Charlson Comorbidity Index29

Calculated

Cumula ve Illness Ra ng Scale–Geriatrics
Nutri on
Psychosocial status and
quality of life

30

Calculated

Body mass index

Calculated

Mini Nutri onal Assessment31

Self-report

Medical Outcomes Study–Social Support Survey32

Self-report

UCLA Loneliness Scale

33

Self-report

Geriatric Depression Scale34
Pa ent Health Ques onnaire-9
Medica on appropriateness and polypharmacy

Self-report
35

Self-report

Distress Thermometer36

Self-report

Brown bag review

Medica on review

Use of inappropriate medica ons among elderly pa ents (e.g., Beer’s list)37
Screening Tool of Older People’s Prescrip ons and the Screening Tool to Alert
to Right Treatment38

Medica on review

Number of medica ons

Medica on review

FORTA (Fit fOR The Aged) score

39

Medica on review

Abbrevia on: UCLA, University of California, Los Angeles.

elements to es mate mortality risk.14 It may provide an eﬀecve approach to the management of pain and psychological
status in the hospitalized older pa ent with cancer.15

PRACTICAL APPLICATIONS
• Chronologic age alone is a poor descriptor of the
heterogeneity in the aging process. Pa ents’ physiologic
age or ﬁtness level based on a “ﬁt-to-frail” spectrum
is more meaningful in char ng out a cancer treatment
trajectory.
• Geriatric assessment uncovers vulnerabili es that are
not appreciated in rou ne oncology prac ce.
• Comple on of geriatric assessment is feasible in the
oncology clinical se ng.
• Geriatric assessment can aid in personalizing risk
predic on for toxicity of treatment and mortality.
• Nurses are key players in the care for older adults with
cancer in the conduct of the CGA and the follow-up with
interven ons to address the issues iden ﬁed.
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In this ar cle, we will discuss CGA domains and the feasibility of CGA and GA in research and daily prac ce. We also
describe how geriatricians, nurses, and oncologists can use
CGA and design and implement interven ons to improve
outcomes of older pa ents with cancer.

COMPREHENSIVE GERIATRIC ASSESSMENT
DOMAINS AND THEIR EVIDENCE
CGA for the older pa ent with cancer includes an evalua on
of func onal status, comorbid medical condi ons, cognion, nutri onal status, psychological state, and social support, as well as a review of the pa ent’s medica ons.16 Table
1 describes domains of CGA and commonly used instruments. Table 2 describes the evidence on the importance of
each CGA domain.

FEASIBILITY OF COMPREHENSIVE GERIATRIC
ASSESSMENT OR GERIATRIC ASSESSMENT
Numerous studies have demonstrated the feasibility of incorpora ng brief, largely self-administered GA into both

GERIATRIC ASSESSMENT TO IMPROVE THE CARE OF OLDER ADULTS

TABLE 2. Current Evidence on Importance of CGA Domains
Domain

Before Treatment

During Treatment

A er Treatment

Pa ents with a precancer diagnosis
of demen a are less likely to
receive invasive diagnos c tes ng
as well as standard or cura ve
intent treatments.41,42

Pa ents can have trouble remembering and following treatment
instruc ons, delaying diagnosis
of complica ons and decreasing
adherence to prescribed primary
and suppor ve treatments.

Up to 75% of pa ents with cancer
experience cogni ve impairment
during or a er treatment of their
cancer. For many pa ents (up to
35%), this persists for months or
years a er treatment.43

Impaired cogni on can result in substan al diﬃcul es in understanding treatments and procedures,
which is important in the process
of obtaining informed consent.

Both cancer and cancer therapies
can nega vely aﬀect cogni on,
and older adults with preexis ng
cogni ve impairment may be
more suscep ble to cogni ve
decline and delirium with therapy
than younger pa ents.44

Post-treatment cogni ve changes
frequently include problems in
a en on, working memory, and
execu ve func on.

Func onal status decline is known
to occur most frequently in the
ﬁrst year a er diagnosis.47

Pa ents who experience a persistent
decline in physical func oning
without recovery a er treatment
are at risk for func onal decline
and early mortality.48

Grip strength correlates with
sarcopenia and has been shown
to be associated with adverse
outcomes for pa ents with
cancer.49,50

Func onal decline occurs in about
one-third of older pa ents with
cancer receiving chemotherapy.
Decline in ADLs is strongly prognos c for overall survival.51

Objec vely measured physical
func on may predict mortality
among cancer survivors.52

Represents the sum of the medical Frequent comorbidi es among
condi ons, other than the cancer,
elderly pa ents, such as cardiofrom which the individual suﬀers.
vascular disease, hypertension,
As an individual ages, the life
diabetes, or demen a, inﬂuence
expectancy decreases53 and the
the management of cancer.
number of comorbid medical
condi ons increases.54 Consequently, an older pa ent may
have mul ple compe ng risks
for death. For older adults, the
combina on of a high burden of
compe ng risks and high rates of
treatment-related complica ons
conspires to reduce the net beneﬁt of numerous interven ons.55

Cancer treatment may decompensate or worsen previously stable
comorbid condi ons.

An increased incidence of cardiac
and/or pulmonary dysfunc on is
observed in cancer survivors.56

Cardiac events associated with
chemotherapy may consist of
mild blood pressure changes,
thrombosis, EKG changes,
arrhythmias, myocardi s, pericardi s, myocardial infarc on,
cardiomyopathy, and CHF.57

Radia on therapy is associated
with an increased risk of vascular
disease, including coronary
atherosclerosis.58

Cogni on
One in three seniors dies with a
form of demen a in the United
States today. The incidence of
demen a doubles every 5 years
a er age 65.40 Because more
than 50% of new cancers are
diagnosed among those older
than age 65 , the overlap of
cogni ve dysfunc on and cancer
is a real problem.

Func onal status
Prevalence of func onal disability Impaired func onal status is associated with a higher risk of toxicity
increases with age.45 Performance
status scores such as the ECOG22
from chemotherapy. The CRASH
21
and KPS are o en used in
score9 and the scoring system
oncology to es mate a pa ent’s
developed by the CARG8 include
func onal status. However, they
func onal status criteria.
tend to under-represent the
degree of func onal impairment
among older pa ents.46

Comorbid condi ons

Comorbidi es may increase the risk
of complica ons, modify cancer
behavior, or mask symptoms.

Con nued
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TABLE 2. Current Evidence on Importance of CGA Domains (Cont'd)
Domain

Before Treatment

During Treatment

A er Treatment
Myocardial dysfunc on and CHF
as a result of cancer treatment
(anthracyclines, HER2 receptor
antagonists) can persist into
survivorship59
Pulmonary ﬁbrosis can have an
insidious onset and can present
years a er cancer treatment.

Nutri onal status
Weight loss in pa ents with
cancer is an independent adverse
prognos c factor and is associated with a lower performance
status.60

With the growing global obesity
epidemic, there is consistent
evidence that higher amounts
of body fat are associated with
increased risks of a number of
cancers.61

Weight loss has been observed in
40% to 91.6% of pa ents during
the course of chemotherapy,
depending on cancer loca on.62

Resec ons of parts of the diges ve
tract can interfere with nutri on
by eﬀects on swallowing, gastrointes nal mo lity, or more o en
by malabsorp on.

Malnutri on is prevalent up to
83% of older pa ents with
cancer scheduled to receive
chemotherapy.62

About 40% of pa ents report anorexia a er beginning treatment,
and 67.2% of pa ents report
at least one chemosensory
altera on. Increased rather than
decreased taste sensi vi es were
more common.63

Three years a er surgery, 42% of
pa ents who underwent laryngectomy and 50% of pa ents
who underwent pharyngolaryngectomy experienced long-term
dysphagia leading to nutri onal
deﬁcits.64

Malnutri on is associated with
treatment complica ons and
increasing mortality among
pa ents receiving chemotherapy,
radia on therapy, or surgery.65-70

Chronic xerostomia that also impairs swallowing can occur up to
5 years a er treatment.71

Social isola on and low levels of social support have been associated
with an increased incidence of
cancer as well as higher mortality
risk among pa ents with cancer.74,75

Increased social isola on is a risk
factor for poor tolerance of
adverse eﬀects of cancer treatment.76

In a study of breast cancer survivors, pa ents with inadequate social support experienced greater
distress.77

Pa ents with cancer and depression
are less likely to receive deﬁni ve
treatment and hence experience
worse survival compared with
those without depression.78

Compared with pa ents without
depression, the odds are three
mes greater that pa ents with
depression will be noncompliant
with prescribed treatments79

Among pa ents with hematologic
cancer a er stem-cell transplanta on, major depressive disorder
predicts higher 1- and 3-year case
fatality rates.80

Psychosocial status
Social isola on, the lack of
social es, is an independent
predictor of mortality in the
older popula on in general.72 For
older pa ents with cancer, the
prevalence of clinically substanal depression ranges from 3% to
25%. Although the psychological
impact of cancer among older
adults is less adverse or similar
compared with younger pa ents,
organic mental disorders are
more prevalent among the older
group.73

Con nued
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TABLE 2. Current Evidence on Importance of CGA Domains (Cont'd)
Domain

Before Treatment

Polypharmacy

During Treatment

A er Treatment

Polypharmacy is common among
older adults and although it can
be therapeu c in nature, it is
linked to adverse events.81 The
medical comorbidity burden for
older pa ents increases the number of drugs prescribed, increasing the poten al for side eﬀects
from individual drugs as well as
those resul ng from drug-drug
interac ons. For pa ents with
cancer, the drug burden includes
not only those used in the treatment of the cancer but also those
used for suppor ve care and
the management of symptoms
related to therapy-induced toxicity.82 There is substan al overlap
between use of prescrip on
medica ons and herbal/dietary
supplements. A study showed
that among prescrip on drug
users, 16% also took an herbal/
dietary supplement for nonspeciﬁc
reasons such as “health.” This
raises the concern further for
unintended interac ons.83

Abbrevia ons: CGA, comprehensive geriatric assessment; ECOG, Eastern Coopera ve Oncology Group; KPS, Karnofsky performance status; CRASH, Chemotherapy Risk Assessment Scale for High-Age Pa ents;
CARG, Cancer and Aging Research Group; ADL, ac vi es of daily living; EKG, electrocardiographic; CHF, conges ve heart failure.

clinical trials and rou ne oncology prac ce.84-86 These studies have repeatedly and consistently shown that pa ents
can complete the GA in 20 to 30 minutes, with minimal
provider me (5–10 minutes) required to complete the components that are not self-administered (e.g., physical performance tests and a cogni ve screen). Earlier studies used
pencil-and-paper tes ng, but electronic comple on of the
GA is also feasible and equivalent to its forerunner.87,88 Given
the extensive literature demonstra ng its feasibility, there
have been recent calls to reconsider the common refrain
that GA is too me-consuming to incorporate into oncology
prac ce.89However, it is s ll unclear whether the CGA or GA
can be implemented in the prac ces with limited resources.

UTILIZING COMPREHENSIVE GERIATRIC
ASSESSMENT TO DECREASE TREATMENT
ASSOCIATED TOXICITY IN CLINICAL PRACTICE
Clinicians surveyed on factors that inﬂuence their treatment
recommenda ons for older adults with cancer cited performance status as the most inﬂuen al factor in their decisionmaking in both the adjuvant and palliative settings.90 It
has long been recognized that comorbidities and performance status are independent and must be assessed separately,91 but the prevalence of func onal limita ons and
frailty in individuals with a “good” performance status is underappreciated.46,92,93 In one cohort of almost 300 pa ents,
23% of pa ents assessed to be ﬁt by the oncologist were
categorized as frail using GA criteria.93 In a cohort of almost
800 older adults with solid tumors and a Karnofsky performance status21 of 80 or greater, more than two-thirds (69%)

had at least one deﬁcit iden ﬁed by GA, including 23% with
dependence in one or more instrumental ac vi es of daily
living (IADLs), 43% with nine or more medications, 18%
with impaired physical performance on the Timed Up and
Go test, and 7% with recurrent falls.92
GA has demonstrated u lity in predic ng toxicity of cancer treatment, postopera ve complica ons, and overall
mortality. Improved risk stra ﬁca on and risk predic on
for these outcomes using GA may facilitate clinician recommenda ons and shared decision-making. Studies that
have examined the rela onship between GA and toxicity
of chemotherapy are listed in Table 3. A systema c review
showed that 49% to 64% of older adults experienced grade
3 or greater toxicity of chemotherapy and although most
of the studies found associa ons between GA parameters
and toxicity, studies were inconsistent in which geriatric domains were associated with toxicity.94 Domains found to be
associated with toxicity included comorbidi es,95 func onal
status/physical performance,9,96-100 cogni on,9,101 decreased
social ac vity,96,97 falls,96,97 hearing impairment,96,97 and nutri on.9,101 The range of domains found to be associated
with toxicity underscores the necessity of the mul dimensional appraisal of GA. Figure 1 demonstrates the Cancer
and Aging Research Group risk predic on model with the
risk of chemotherapy toxicity based on the pa ent’s score.
A number of large cohort studies have shown the u lity of
GA in predic ng which older pa ents with cancer undergoing
surgery are at greater risk for postopera ve complica ons. In
a cohort study of 460 older adults undergoing elec ve surgery
for cancer, the PACE (Preopera ve Assessment of Cancer in
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Including
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Frailty
Measures

X
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Status/
Support
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X

X

X

X

X

X
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IADLs associated with
hematologic toxicity;
ECOG performance
status, nutri on, and
cogni on associated
with nonhematologic
toxicity

Geriatric assessment
domains in risk
predic on model
included dependence
in medica ons, falls,
decreased social ac vi es, decreased ability
to walk 1 block, and
hearing impairment

Risk predic on model
associated with grade
3 or greater toxicity of
chemotherapy (AUC
of model was 0.72
in the development
cohort and 0.65 in the
valida on cohort)

Poorer nutri onal status
and cogni on were
associated with comple ng fewer cycles of
chemotherapy

Low grip strength predicted toxicity

Comorbidi es associated
with severe treatment
toxicity

Categoriza on of paents as ﬁt, vulnerable or frail did not
correlate with toxicity
grade

Associa on of GA
Components With
Outcome

SHAHROKNI ET AL

31

Hayashi et al98

Any

Any

Cancer

X

X (VES-13)

ADLs/
IADLs

Physical
Performance
Measure

X

X

Comorbidi es

Cogni on

X

X

Medica on

X

X

X

Depression

X

Geriatric
Syndromes,
Including
Falls or
Frailty
Measures

X

X

Social
Status/
Support
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Nutri on

X

X

Preserved ADL func on
associated with be er
tolerance of chemotherapy

Vulnerability by VES13
associated with both
hematologic and nonhematologic toxicity

Associa on of GA
Components With
Outcome
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FIGURE 1. Cancer and Aging Research Group Risk Predic on Model With the Risk of Chemotherapy
Toxicity Based on the Pa ent’s Score

Abbrevia ons: GI, gastrointes nal; GU, genitourinary; Cr Cl, crea nine clearance.

the Elderly) inves gators showed that fa gue, dependence
in IADLs, and abnormal performance status were associated
with postopera ve complica ons; dependence in ac vi es
of daily living (ADLs) or IADLs and impaired performance
status were associated with extended hospitaliza on.103 In a
similar study of 328 older pa ents with any cancer undergoing resec on, slower mes on the Timed Up and Go, poorer
scores on the American Society of Anesthesiologist scale,
and impaired nutri on predicted major complica ons.104 In
two separate cohorts of older pa ents with colorectal cancer
undergoing resec on, impairment in IADLs was associated
with postopera ve complica ons.105,106 A recent systema c
review concluded that func onal dependence, comorbidies, and frailty were geriatric domains most commonly associated with adverse postopera ve outcomes in older adults
with cancer.107 The role for GA in the older surgical pa ent
will likely extend beyond risk predic on to support shared
decision-making and enable prehabilita on to op mize an
older adult’s health before elec ve surgery.
GA may also have a role for pa ents receiving radia on
therapy, although data on its u lity in predic ng toxicity of
radia on therapy have been less conclusive than in the chemotherapy and surgical se ng. In a prospec ve cohort of 46
older adults with head and neck cancer, dependence in IADLs
was not associated with tolerance of radia on but was associated with poorer recovery in health-related quality of life a er
radia on.108 Several other studies have found no associa on
between geriatric domains and toxicity of radia on therapy.
In a cohort of 178 pa ents undergoing radical radiotherapy
for locally advanced prostate cancer, “CGA needs” (deﬁned
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as one of the following: ADL/IADL dependence, residing in a
residen al care facility, or nine or more medica ons or falls
in the past 6 months) were not associated with toxicity of radia on.109 In a cohort of more than 400 pa ents undergoing
cura ve intent radia on, physical performance on the Timed
Up and Go test110 and frailty using the G-8 scale25 were not
associated with toxicity of radia on on mul variate analysis.
Another study of more than 60 pa ents with various malignancies found no associa on between frailty and toxicity of
radia on.111 Although studies to date have not shown a strong
ability of GA to predict radia on toxicity, GA may uncover issues that require interven on and individualized suppor ve
care for older adults undergoing radia on therapy.112
GA or geriatric screening tools are predic ve of mortality
for older adults with cancer that is treated surgically, with
radia on, and with chemotherapy. In a cohort of 339 older
adults beginning a course of chemotherapy, male sex,
advanced cancer, poorer nutri on, and slower me on
the Timed Up and Go were associated with a greater risk
of early mortality.113 Similarly, in a cohort of 190 older paents with tumors, gait speed below 0.8 m/s was associated
with a fivefold greater risk of death within 6 months.114
In another cohort, it was not a physical performance test,
but impairments in any of two of six domains (ADLs/IADLs,
falls, polypharmacy, sensory impairments, or urinary inconnence or pain) in an abbreviated GA that was associated
with survival.115 Finally, in a cohort of 131 patients who
underwent elec ve surgery for malignancies, those who
were both dependent in ADLs and had impaired me on
the Timed Up and Go or those with impaired cogni on
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were at greater risk for mortality in mul variate analysis.116
Valida on of such approaches to es mate an older adult’s
risk of mortality a er cancer treatment may allow more informed, personalized decision-making.
The poten al of GA to improve predic on of toxicity and
survival may allow physicians to tailor their recommendaons to the unique health status of older adults. This is par cularly important because older pa ents report that the most
important factor in their treatment decision-making process
is the oncologist’s recommenda on.117 When oncologists are
provided with results of GA, it inﬂuences their recommenda ons 20% to 40% of the me.118-120 With reﬁned, individualized risk predic on, communica on between pa ent and
provider may be enhanced. In one recent pilot study of older adults with pancrea c or colorectal cancer and their surgeons, pa ents underwent a brief GA, which included query
about goals and preferences. Surgeons underwent training
in the components of the GA and techniques for shared
decision-making. The surgeons were provided with results of
the GA. Pre–post comparisons showed improvement in decision-making a er the interven on.121 A large, cluster-randomized community-based study of the inﬂuence of GA on treatment decisions and shared decision-making in older adults
considering systemic therapy is underway (NCT02107443).
Studies in which GA was used to direct treatment are
emerging. Wright et al122 presented a quality improvement
project in which they developed and used an algorithm incorpora ng GA and pa ent preferences. In a cohort of 24
older women with T1N0 estrogen receptor–posi ve breast
cancer, decisions about nodal evalua on were inﬂuenced by
10-year life expectancy (calculated using GA), and adjuvant
therapy was directed by both life expectancy and pa ent
preferences.122 Rates of elec ng to forego sen nel lymph
node biopsies or adjuvant radia on increased with use of
the algorithm. One large randomized trial u lizing GA to direct chemotherapy assignment was reported. The ESOGIA
(Elderly Selec on on Geriatric Index Assessment) trial randomized 494 pa ents with non–small cell lung cancer to a
usual care arm, with the chemotherapy regimen determined
by age and performances status, or to an experimental arm
wherein chemotherapy was determined by ﬁtness based on
GA.10 Although the trial did not meet its primary endpoint
of a 30% improvement in treatment failure–free survival,
overall survival was similar in the two groups, with lower
toxicity in the group who received treatment based on GA,
which many considered a proof of beneﬁt of individualizing
therapy based on GA.123

TEAM BASED APPROACHES TO
PERSONALIZED CARE FOR OLDER ADULTS: IT
TAKES A VILLAGE
A recent Delphi consensus framework for interven ons
guided by the GA can be used to iden fy appropriate interven ons that nurses and other interprofessional team
members can take to support older adults with cancer before, during, and a er treatment.124 With the crea on of an
integrated care plan, it is crucial that one member of the

health care team be responsible for coordina ng care, following up on referrals and tests, and so forth. Cancer care
coordina on and cancer care naviga on have been shown
to improve care125 and other quality care outcomes. Nurses
are well posi oned to be the team member responsible for
follow-up and care coordina on with the older adult a er
the CGA.126,127 Table 4 presents a summary of the intervenons that could be considered by the interprofessional team
based on the diﬀerent domains and guided by the consensus statement.128
A core domain of the GA is management of current symptoms and comorbidi es and medica on review and management. Although the geriatrician, pharmacist, or nurse
prac oner can perform the detailed medica on review to
op mize medica ons,129,130 nurses play a key role in assessing older adults’ medica on use, beliefs, and adherence to
medica on. Evidence has shown that, for various reasons,
up to one in two older adults may not adhere to their medica on as prescribed.131,132 For example, older adults with
cancer may have func onal limita ons, mobility limitaons, ﬁnancial limita ons, depression, or cogni ve impairment that can aﬀect medica on use.131,132 Although there
are currently few eﬀec ve adherence-enhancing intervenons,133,134 nurses and other team members should take a
mul faceted pa ent-centered approach.135 Nurses should
assess and address the underlying reasons leading to subop mal adherence with the older adult to iden fy which interven ons may be most useful. Common problems include
arthri s that may lead to problems opening pillboxes, not
being able to pick up medica ons from the pharmacy, and
forge ng to take the medica on. Interven ons that target
these underlying issues can be iden ﬁed. These might include having medica ons delivered by the pharmacy, using
a dose e or blister pack, or involving a support person, applica on (“app”) so ware, or other memory aid(s) to remind
the older adult to take the medica on to facilitate adherence. Pharmacists are also in a good posi on to address
subop mal adherence.130,136,137 Pa ents may stop medicaons to reduce symptoms (e.g., of pain, weight gain, etc.)
and the symptoms must be assessed and addressed.131,132,135
Older adults with cancer o en have other chronic condions, and it is important to assess how they are managing
these other diseases. Nurses can play a key role here by
ﬁnding out, for example, what other specialists older adults
are seeing, what other treatments they are receiving, what
(if any) other care and support (e.g., nursing, occupa onal
therapy/physical therapy or other rehabilita on services)
they receive to manage their chronic condi ons, and how
their ability to complete their ADLs is aﬀected.
Family physicians, nurse prac oners working in primary
care, and geriatricians are key players in managing comorbidi es. Nurses can teach self-management skills to empower
older adults to manage their health and other conditions
during cancer treatment through several tactics. These
include educating older adults about changing medicaons needed during treatment, op mizing lifestyle choices
to improve their health and well-being, and connecting
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 4. Proposed Interven ons Based on CGA Impairments
Issues Iden ﬁed in the CGA

Possible Interven ons

Comorbid condi ons

Review comorbidi es management by geriatrician/nurse prac
ora on with the family physician

oner in the cancer center in collab-

Nurses to provide support and educa on to facilitate self-management
Consider referral to social work to address barriers to op mal management (e.g., community)
Nurses to monitor symptoms and well-being over me to evaluate the new management plan
because con nuing/severe symptoms can impact well-being and adherence
Polypharmacy

Perform a medica on review to op mize the medica ons during cancer treatment
Nurses to provide educa on to the older adult and family members showing that a high number of
medica ons is a risk factor for delirium and thus provide educa on for delirium preven on and
early recogni on

Subop mal medica on adherence

Assess and address the reasons for nonadherence
Pharmacists and nurses to support medica on use
Consider occupa onal therapist referral for memory aids and support for medica on adherence in
the home (e.g., in case of func onal limita ons impac ng adherence)

Falls

Nurses to assess fall history, fear of falling, balance, and gait diﬃcul es
If any of these issues present, team to conduct a comprehensive fall assessment and dependent on
the assessment interven ons to be implemented
Consider occupa onal therapists and physical therapy referrals for environmental assessment to
prevent falls in the home and arrange assis ve devices/technology for in the home
Consider physical therapist referral for a tailored exercise plan to increase balance and strength
Nurses to provide ongoing monitoring
Consider calcium and vitamin D supplementa on

Substan al weight loss/poor

Review weight history/weight loss and appe te and food intake
Consider referral to a die

an in the case of malnutri on

Assess and develop a management for symptoms that interfere with intake (e.g., pain in mouth)
Address cons pa on/diarrhea and nausea and vomi ng
Nurses to provide pa ent educa on about nutri on and hydra on to all older pa ents with poor
appe te/no weight loss
Consider a referral to food delivery programs (e.g., Meals on Wheels), grocery delivery services, and
support for meal prepara on
Cogni ve impairment

Nurses should evaluate the social support available and what is needed during the treatment (ongoing monitoring)
Provide educa on about healthy lifestyles such as smoking cessa on, exercise, and diet to reduce
the risk of further cogni ve decline
Discuss op miza on of vision and hearing
Referral to social work for supports at home for the older adult’s safety and avoidance of caregiver
burnout

Delirium preven on and recogni on

Nurses to provide pa ent educa on to older adult and caregivers about delirium preven on and
early recogni on

Depression

Nurses should provide support and foster hope
Nurses should assess social support network and ways to increase the supports available
Nurses to provide pa ent educa on on treatment of depression (sleep hygiene and physical ac vity)
Nurses to consider referral to social worker/psychology services for increasing problem-solving skills
and counseling
Monitor for the risk of suicide

Abbrevia on: CGA, comprehensive geriatric assessment.

older adults with community services for exercise programs.
Nurses can also work with the team to assess whether comorbidi es are be er managed by changes to medica ons
(e.g., monitoring blood pressure to see if the hypertension/
hypotension is better).128,138-140 Nurses can also facilitate
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communica on between the geriatric oncology team and
the primary health care team.127
Older adults taking many medica ons and experiencing
dehydra on, malnutri on, and electrolyte imbalances may
be at higher risk of delirium. Nurses should address delirium

GERIATRIC ASSESSMENT TO IMPROVE THE CARE OF OLDER ADULTS

preven on with older adults and their caregivers with several strategies, including pa ent educa on about the sleepwake cycle, adequate pain management, management
of cons pa on/diarrhea during treatment, adequate nutri onal intake and hydra on, preven on and management
of nausea and vomi ng, cogni ve s mula on, adequate vision and hearing, and physical ac vity.141 Nurses should use
screening tools for delirium and discuss with the older adult
and their caregiver the signs of delirium for early iden ﬁcaon. The most commonly used tool is the Confusion Assessment Method.142
Complica ng ma ers, those with cogni ve impairment
are at higher risk of delirium.142 Cogni ve impairment affects cancer treatment delivery and prognosis, but cancer
treatment can also cause cogni ve impairment.143,144 It
is thus important that the geriatric oncology team clearly
communicates the results of the CGA and develops a plan to
support the older adult with cogni ve important during the
treatment. Nurses should assess the social support available
to the older adult during the treatment.141 Referral to an
occupa onal therapist could help iden fy strategies in the
home that the older adult or caregiver can use to adapt to
the challenges (e.g., through providing memory aids in the
home for daily ac vi es).144 Nurses should discuss lifestyle
such as engaging in mental and physical ac vity and engaging in social interac ons; smoking cessa on and op mizing
vision and hearing may reduce the risk of further cogni ve
decline. It is also important for nurses to assess caregivers’
health and well-being to support the caregiver and avoid
caregiver burnout. A referral to a social worker may be considered for addi onal support at home (e.g., professional
and community services such as locally available volunteer
services for respite for the caregiver).
Older adults with cancer may be at higher risk for falls
and injurious falls.145,146 It is important that with the CGA,
nurses assess whether the older adult has had a fall in the
previous 12 months and, if yes, review the circumstances
under which the pa ent fell: Was the pa ent running for
the bus and tripped? Did the pa ent get dizzy and fall while
going to the bathroom at night? If the older adult reports
mul ple falls, a fall for which medical a en on was needed,
or a fear of falling or has balance and gait abnormali es, a
comprehensive fall risk assessment may be considered to
iden fy fall risk factors and develop a management plan.
A recent meta-analysis by Tricco et al147 reported that the
most eﬀec ve interven on for reducing falls is exercise
alone or exercise in combina on with other interven ons
(including improving vision, environmental assessment and
modiﬁca on, case management, and calcium and vitamin D
supplementa on). An occupa onal therapist can assist with
environmental interven ons to address home hazards such
as slippery ﬂoors, loose rugs, lack of handrails/grab bars in
bathrooms, staircase changes, and safer transfers.144,148 Occupa onal therapists can help older adults develop a plan
for comple ng daily tasks, especially when they are fagued, so that they can perform these tasks while conserving as much energy as possible.144

Nurses can also play a valuable role in fall risk factor reduc on by providing pa ent educa on about fall prevenon (si ng up on the edge of the bed before ge ng out of
bed, removing loose carpets, proper use of assis ve devices,
safety at home, what to do in case of falls, etc). Exercise
may also help manage cancer fa gue.149 If the older adult
has comorbidi es, referral to a physical therapist may be
considered to develop an exercise plan tailored to the older
adult, taking into account the exis ng func onal status limitations. However, it is important that all team members
are cognizant of the language used to discuss fall preven on
strategies. In a synthesis of qualita ve research of perceived
fall risk in older adults, Gardiner et al150 reported that just
being perceived as at risk for falls is felt to be threatening
and they recommended discussing fall risk in terms of a proac ve approach toward living well and healthy behavior.
Weight loss or poor appe te may also be iden ﬁed during
the CGA.151 Nutri onal status aﬀects prognosis for pa ents
with cancer and can also aﬀect treatment toxicity.151-153
Poor nutri onal intake and weight loss for older adults with
cancer can have several causes, including limited ability
to obtain and prepare meals (as a result of cogni ve and
func onal limita ons, mobility impairment, and ﬁnancial
limita ons), the cancer itself (malabsorp on/obstruc ons
and fa gue), and the treatment (nausea/vomi ng, cons pa on/diarrhea, mucosi s, taste altera ons, and pain).
Malnutri on is common in community-dwelling older
adults; thus, many pa ents may already be in need of nutrional interven ons before they begin cancer treatment.154 It
is important that nurses assess to iden fy the pa ent’s weight
history and possible reasons for weight loss or poor nutrional intake. Nurses should consider referral to a die an for
a nutri onal assessment and nutri onal interven ons such
as oral supplements (including protein supplements) and
exercise.151,155,156 In the case of inadequate intake as a result
of func onal or cogni ve impairment, nurses should consult
with the caregiver to determine whether op ons such as grocery delivery, meal delivery programs (e.g., Meals on Wheels),
or caregiver-supported meal prepara on are available.156
Depression is common in older adults: 10% to 15% of
community-dwelling older adults have considerable clinically relevant depressive symptoms.157 Depression is also
common in oncology. It is important for nurses to monitor
the symptoms and suicide risk,158 because increased age,
depression, mul ple comorbidi es, pain, func onal impairment, lack of social support network, and hopelessness are
all risk factors that are present among many older adults
with cancer.158-160 Nurses should consider a referral to psychosocial oncology services or a social worker for counseling
and interven ons aimed at improving problem-solving abili es.161,162 Nurses should educate pa ents and their families
about the importance of maintaining health and sleep hygiene and the beneﬁts of exercise. However, a substan al
propor on of older adults live alone and may have a small
support network. Nurses should assess the social support system for emo onal support and build a therapeu c
rela onship focusing on enhancing the older adult’s coping
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skills and ways to foster hope. A social worker may assist
in evalua ng locally available support services in the community, such as volunteers, peer supports, and ac vity and
exercise programs.
Cancer is a complex disease with o en diﬃcult treatments. Older adults with cancer o en have one or more
chronic condi ons in addi on to cancer and may have already complex medica on regimens. CGA and management
is an important tool in managing the health of this vulnerable popula on, and nurses and the other members of the
interprofessional team play a key role in its delivery.

HOW TO INCORPORATE GERIATRICS CARE
INTO CARE FOR OLDER ADULTS WITH
CANCER?
In the previous sec ons, we described the domains of CGA
and their instruments. We also discussed the associa on
between CGA domains and cancer outcomes. We then explained the interven ons that can be performed by allied
healthcare professionals based on CGA ﬁndings. In this secon, we describe the models that can be used to incorporate
geriatric care into rou ne care of older adults with cancer.

Incorpora ng Geriatric Principles in Oncology
Training
By 2030, approximately 70% of pa ents with cancer will be
older than age 70.1 As a result, it is cri cal that oncologists
are introduced to domains of CGA and its importance. They
should also learn basic interven ons that can be performed
in fast-paced clinics. Diﬀerent courses and programs are
available via ASCO or the Interna onal Society of Geriatric
Oncology.163-165

Shared Care Model
In this model, oncologists and geriatricians share the care
of older adults with cancer. The model emerges from successes in nononcologic se ng. For example, a systema c
review showed that shared postopera ve care between geriatricians and orthopedic surgeons decreases postopera ve
morbidity and mortality substan ally.166 The model can be
applied in diﬀerent phases of cancer care from preopera ve
evalua on to end of life or cancer survivorship. Memorial
Sloan Ke ering Cancer Center has described the imple-

menta on of a shared care model across the cancer connuum.167 In this model, the role of the geriatrician changes
over me. In early phases of treatment, the model op mizes
the fitness of older patients with cancer, while near the
end of life, it focuses on introducing pa ents to pallia ve
care and the hospice se ng. The advantage of such a model
is the guarantee for the proper GA and interventions by
the geriatrician. However, the model is resource intensive,
and with the limited number of geriatricians in the United
States, it may not be scalable. The shared care model also
requires clear alloca on of tasks assigned to each discipline
in the care of older pa ents with cancer. For example, who
is responsible for managing new-onset hypertension for a
pa ent who has begun taking tyrosine kinase inhibitors?

Geriatric Oncology Consulta on Model
In this model, the geriatric oncology consulta on clinic is
a ended by a geriatrician or an oncologist with training or
exper se in geriatrics. Major ac vi es of this clinic usually
include performing CGA and recommending proper interven ons based on iden ﬁed problems in the CGA. Mostly,
the execu on of the recommenda on will be deferred to
the primary oncology team. The consulta on model is not as
resource intensive as the shared care model and thus has
poten al for scalability. This model is feasible to be implemented.168 Addi onal studies are ongoing to provide evidence
of its eﬀec veness in improving outcomes of older pa ents
with cancer. It remains to be seen whether Oncology Care
Model and quality-based payment op ons will embrace the
u lity of GA and CGA in the care of older adults with cancer.

CONCLUSION
GA is a mechanism to summarize the heterogeneity of
health status of older adults and is feasible to implement
in the oncology se ng. GA can uncover vulnerabili es that
are under-recognized if only performance status is assessed,
has u lity in predic ng toxici es of treatment or mortality,
and may ul mately improve decision-making for older adults
with cancer. Mul disciplinary interven ons, including nursingled interven ons, informed by the results of CGA hold promise to improve the care of the older patient with cancer.
A number of models of care are emerging to eﬀect this muldisciplinary care.
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CANCER CARE FOR REFUGEE AND DISPLACED POPULATIONS

Cancer Care for Refugees and Displaced Popula ons: Middle
East Conﬂicts and Global Natural Disasters
Nagi S. El Saghir, MD, FACP, FASCO, Enrique Soto Pérez de Celis, MD, MSc, Johny E. Fares, MD, and
Richard Sullivan, MD, PhD
OVERVIEW
Conﬂicts and natural disasters can cause major disrup ons to people’s lives. Media and news agencies usually focus on
immediate consequences of these events, including loss of life and injuries, environmental and property destruc on, and
relief eﬀorts. In this ar cle, we will examine the eﬀects of conﬂicts (focusing on in the Middle East) and global natural disasters on pa ents already diagnosed with cancer and on those who are diagnosed with cancer during and in the immediate
a ermath of these events. We will review the limited literature, provide situa onal analysis, and discuss medical relief efforts, governmental readiness, and the role of United Na ons agencies and interna onal nongovernmental organiza ons.
We will also discuss treatment of pa ents with cancer in the context of prolonged displacements and limited resources.

C

onﬂicts and natural disasters can cause major disrupons to people’s lives. Media and news agencies usually
focus on immediate consequences of these events, including loss of life and injuries, environmental and property destruc on, and relief eﬀorts. In this ar cle, we will examine
the eﬀects of conﬂicts (focusing on in the Middle East) and
global natural disasters on pa ents already diagnosed with
cancer and on those who are diagnosed with cancer during
and in the immediate a ermath of these events. We will
review the limited literature about noncommunicable diseases (NCDs), provide situa onal analysis, and discuss medical relief eﬀorts, governmental readiness, and the role of
United Na ons agencies and interna onal nongovernmental organiza ons. We will also discuss treatment of pa ents
with cancer in the context of prolonged displacements and
limited resources.

CONFLICTS, INJURIES, AND POPULATION
DISPLACEMENT IN THE MIDDLE EAST
Conﬂicts that escalate into violence are a major cause of
people’s displacement from their residences and even their
countries, as they may need to search for shelter and safety
outside of their home country. Use of modern weaponry
also causes massive destruc on and inﬂicts severe human
injury. According to the United Na ons High Commissioner
for Refugees (UNHCR), we are now witnessing the highest
levels of human displacement to date. There are approximately 65.6 million refugees and displaced people worldwide.1

The UNHCR deﬁnes refugees and displaced people as those
who are forced to leave their homes as a result of conﬂict,
persecution, generalized violence, or human rights violaons. Over the last several decades, the interna onal community has faced many refugee crises, during which public
health issues, such as infec ous diseases and malnutri on,
were managed as part of relief eﬀorts. However, NCDs are
o en not well targeted in such circumstances, and they are
not given as much importance as the other diseases during
crises management and resolu on.2
In the Middle East, millions of Pales nians have lived as
refugees and displaced persons since the 1948 war and
subsequent armed conﬂicts.3,4 Hundreds of thousands of
Iraqis were displaced during the 2001 invasion of Iraq and
the subsequent wars and terrorism that followed. The Syrian conﬂict, which started in 2011, has caused one of the
most devasta ng human crises; millions of refugees and
displaced persons have ﬂowed into neighboring Lebanon,
Jordan, Turkey, as well as Europe and the many other countries in the world. The latest conﬂict in Yemen is another
major devasta ng event, with many Yemeni civilians remaining displaced in their own country. Lebanon has also
suﬀered human displacement because of its own civil war
in the 1980s. In addi on to direct war-related deaths and
injuries, displaced people may have pre-exis ng diseases,
develop new diseases, and require health care, sanita on,
infrastructure, and manpower. Lebanon hosts the largest
number of Syrians refugees in propor on with its na onal
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popula on, 183 per 1,000.3 Lebanon is also presently the
des na on of tens of thousands of Iraqis seeking medical
care.5,6. The American University of Beirut Medical Center
has treated those suﬀering from war casual es, vic ms of
car bombs and terrorist explosions, as well as refugees and
displaced people from the wars and conﬂicts in the Middle
East during the past several decades.5

Refugees and Displaced People With Cancer in the
Middle East
Refugees and displaced people may see their cancer treatment interrupted, or they may develop a new cancer while
they are in host countries. They o en present with advanced
disease and suﬀer more complica ons. These pa ents have

PRACTICAL APPLICATIONS
• Conﬂicts and natural disasters cause destruc on, acute
bodily injuries and displacement of people from their
own homes. Worldwide, there are tens of millions of
refugees and displaced people in their own or host
countries. In addi on to general medical and surgical
problems, they may either have their cancer treatment
interrupted or develop new cancers.
• Host countries, United Na on organiza ons, UNHCR,
Interna onal Red Cross, and various humanitarian
organiza ons bear extensive burdens and alleviate great
human suﬀerings but oﬀer limited coverage for the
management of cancer because of limited resources,
other more urgent priori es, and high costs.
• In addi on to increasing budgets for relief organiza ons
and asking that cancer treatment be covered like other
NCDs, implementa on of resource-stra ﬁed guidelines
may help provide much needed care for early diagnosis
and treatment of cancer in large refugees and displaced
people where full resource-intense care is not possible.
• Hurricanes, ﬂooding, drought, earthquakes, volcanic
erup ons and mass movements represent enormous
challenges for both high- and low-income countries
that have varied degrees of preparedness. The United
Na ons adopted the Sendai Framework for Disaster
Risk Reduc on, which aims at reducing disaster risk,
protec ng persons, and strengthening the resilience
of communi es and countries. The Sendai Framework
focuses on providing informa on for pa ents with
cancer and caregivers, ensuring con nuity of care,
iden fying vulnerable pa ents, including cancer care in
rapid response teams, strengthening the resilience of the
health care infrastructure, rebuilding back, and seeking
interna onal coopera on.
• With the growing burden of cancer and mass
displacement of popula ons worldwide, we ﬁnd a
par cularly neglected community of cancer pa ents who
struggle to get medical care. Considering the present
disorganized and underfunded approach, the global
health community must change its percep ons, vision
and strategy to tackle this issue. United Na ons and
nongovernmental organiza on roles are essen al and
should be highly supported.
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poor outcomes because of poor hygiene and living condi ons, as well as the limited health educa on, limited
access to care, and limited resources available to them.
They are usually unfamiliar with the health system in their
asylum countries, and they are not enrolled in screening
programs.2,7 A study done in Turkey, which receives the
highest crude number of Syrians refugees, showed that
the most common cancer type among refugees was breast
cancer, and the majority of pa ents were diagnosed at an
advanced stage.8 Unlike refugees displaced from conﬂicts
in Africa, where endemic and epidemic infec ous diseases
and malnutri on are the main health crises, Syrian refugees are more aﬀected with chronic and costly diseases,
such as hypertension, diabetes, heart diseases, and cancer.9
In the a ermath of conﬂicts, countries may have infrastructures destroyed and manpower displaced, which causes
patients with cancer to seek treatment outside of their
home countries6
Cancer in displaced people: sta s cs from Syria. War in
Syria has caused the worst humanitarian crisis of the 21st
century, as declared by the UNHCR.3 It has resulted in the
displacement of over 12 million people inside and outside
Syria and destruc on of large numbers of hospitals, clinics,
laboratories, pharmaceu cal factories, and infrastructures
crucial to oncology care. According to the World Health Organiza on (WHO), at the end of 2017, 45% of public hospitals were reported damaged, with 15% fully damaged and
30% par ally damaged. Forty-nine percent were reported
fully func oning, 25% of hospitals were reported par ally
func oning, and 26% were reported nonfunc oning.10 Diagnos c imaging modali es and radia on therapy are not
available in the majority of medical centers in Syria, making
it very hard for the physicians to follow the universal guidelines in diagnosis and treatment.11 Many physicians and
medical personnel have either died or le the country.2,3
Physicians for Human Rights reported that 15,000 doctors
had le the country in 2015.12
Pa ents with cancer cannot get proper treatment, neither
inside Syria nor in neighboring host countries. According to
WHO’s Health Resources and Services Availability Monitoring System, only 23% of func onal public hospitals in Syria
provided cancer treatment services.13 Only 46% of pa ents
with cancer in Syria completed radiotherapy treatment
without interrup on, and 55% of them completed systemic
therapy/chemotherapy without interrup on.14 The mean
nurse-to-physician ra o is 1.71:1 in 94 surgical hospitals
in Syria.15 This ra o is almost half of the worldwide recommended ra o, which is 3:1 to 4:1, and is much lower than
the 5:1 ra o recommended in the Sphere Handbook for
minimum standards in disaster responses.15,16

Interna onal Relief Eﬀorts and Pa ents With Cancer
in the Middle East
Although international agencies and volunteer organizaons provide various kinds of needed medical support,3,5 in
many host countries, the expenses of trea ng pa ents with
cancer are o en not covered because they are designated

CANCER CARE FOR REFUGEE AND DISPLACED POPULATIONS

as having too poor of a prognosis and/or treatment is ﬁnancially too costly.2,17 Countries that host the highest number
of refugees, such as Lebanon and Turkey, lack cancer surveillance programs that track the number of refugees with
cancer, which makes it impossible to know how many of
these pa ents are requiring treatment and not receiving it
because of limited resources.7 The UNHCR is facing serious
limita ons to support those pa ents and provide them with
the treatment they need. This is due to the limited funding
for humanitarian emergencies since the beginning of the
Syrian crisis. The UNHCR in Lebanon is facing an 83% deﬁcit
in funding.18 Because of the limited resources and the overwhelming needs, the UNHCR selec vely funds expensive
treatment based on the decision of a UNHCR Excep onal
Care Commi ee, which relies on several criteria to select
the cases that most deserve to receive health care coverage.
One of these criteria is disease prognosis.2 For example, out
of 511 applicants for expensive cancer treatment in Jordan,
the Excep onal Care Commi ee denied care for more than
50% because of poor prognosis.2 However, results from a
recent survey from The Johns Hopkins Center for Humanitarian Health noted a change of funding for cancer treatment for refugees in Lebanon and Jordan in 2016.19
Experience at the American University of Beirut Medical
Center. In Lebanon, the Ministry of Public Health reported
that in 2016, public hospitals had accumulated a deficit amoun ng to $15 million since the onset of the Syrian
crisis.20 This indicates that the large inﬂux of refugees and
displaced people into a neighboring country may cause a
signiﬁcant nega ve impact on the health care system and
its already-limited resources. A report on the eﬀect of refugees from Syria and Iraq on breast cancer incidence in Lebanon showed a substan al 37.6% increase in breast cancer
cases. At the American University of Beirut Medical Center,
41% of pa ents with breast cancer seen in 2015 were Iraqi
and Syrian. The percentage (24%) of Iraqi pa ents who presented with metasta c breast cancer was higher than the
percentage (15%) of the Lebanese pa ents. In addi on, the
percentage of Iraqi pa ents with breast cancer who were
screen-detected was only 4% compared with 28% for the
Lebanese pa ents with breast cancer.6 Advanced disease
at presenta on has also been noted in studies of refugees
from Turkey.9,21
The Children’s Cancer Center of Lebanon at the American
University of Beirut Medical Center, which is aﬃliated with
St. Jude Children’s Research Hospital of Memphis, Tennessee,
provides treatment of a large number of Syrians refugees
and other displaced pa ents from the region. Since 2013, it
has received humanitarian funds for displaced pa ents and
was oﬀered complete modern, unrestricted management
for 126 displaced Syrian and Pales nian children with diﬀerent types of cancer.22

Cancer Awareness, Early Detec on, and Screening
for Refugees and Displaced People
Countries of asylum should keep na onal cancer registries
updated to achieve better cancer surveillance and allow

forecas ng of crises so that aid from interna onal organizaons can be requested beforehand. Public awareness and
informa on about how, where, and when to seek medical
attention should be made more available to refugees in
asylum countries. This could be achieved by improving communica on between the health care system and the refugees through publicity and awareness campaigns. Detec ng
cancers at early stages would lead to be er prognoses and
less-costly treatment.7,17

Financial Coverage and Resource-Stra ﬁed
Guidelines for Refugees and Displaced People
One of the main reasons for the failure of suppor ng refugees with cancer is the misconcep on that all types of
cancers have poor prognoses and that all cancer treatments
are expensive. This is not always the case. The United Naons as well as other agencies and host countries may apply resource-stra ﬁed guidelines to manage refugees with
cancer where required. A pa ent with a breast cancer may
be treated with mastectomy and tamoxifen rather than le
untreated. We should apply the principle of doing the best
we can with the resources that we have.17 Pa ents can be
treated with a limited workup, ﬁne-needle aspira on, basic
surgery, cheaply priced chemotherapy, and hormonal therapy.
As for ﬁnancing of medical and surgical treatment of refugees and displaced people with cancer and other diseases,
the UNHCR and other humanitarian agencies need and
should be allocated more money and resources. The United
Nations and humanitarian agencies should be enabled to
ask governments that fuel wars and conﬂicts to pay for resul ng damages and medical expenses. Alloca on of more
ﬁnancial resources to the UNHCR and other humanitarian
agencies would help cover more pa ent treatment.

CANCER CARE IN THE FACE OF DEVASTATION:
MEANINGFUL RESPONSE TO NATURAL
DISASTERS
Natural disasters, such as hurricanes, ﬂooding, drought,
earthquakes, tsunamis, volcanic erup ons, and mass movements, can occur at any me and in any loca on in the world.
The loss of human life and infrastructure caused by natural
disasters can exert a heavy toll on the well-being of people
and communi es, and greatly damage their health, cultural
heritage, socioeconomic assets, and ecosystems.23 Between
1994 and 2013, 6,873 natural disasters were recorded,
which claimed a total of 1.35 million lives. An average of 218
million people were aﬀected by natural disasters every year
during that meframe.24 The most common natural disasters during that period were climate-related events, which
accounted of approximately 91% of worldwide disasters. On
the other hand, geophysical disasters (e.g., earthquakes and
tsunamis) were the most deadly, accounting for 55% of
disaster-related deaths.24
Natural disasters represent an enormous challenge to the
organiza on, preparedness, and resilience of health care
systems. Immediately a er natural disasters strike a community, the response is mostly geared toward providing
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

435

EL SAGHIR ET AL

acute care for the injured. However, when cri cal health
care infrastructure is destroyed, access to treatment and
medica on for people with chronic NCDs, such as cancer,
is jeopardized.25,26 Disasters may also lead to an increase in
other health risks, such as infec ons, which may disproporonately aﬀect frail individuals, such as older adults and paents with treatment-related immune suppression.27-29

that cancer-speciﬁc mortality rates stabilized quickly and remained stable in the 5 years a er the disaster.38 Although
mortality rates did not change signiﬁcantly, the diagnosis
and treatment of pa ents in the area may have been aﬀected, as shown by a study demonstra ng that 33% of pa ents
with breast cancer treated in the 5 years a er the earthquake experienced treatment delays, compared with 19%
before the disaster.37

The Impact of Natural Disasters on Cancer Care
Most of the data regarding the eﬀect of natural disasters
on cancer care comes from the a ermath of Hurricane Katrina in the United States in 2005 and from the earthquake
and tsunami in Japan in 2011. A er the destruc on caused
by Hurricane Katrina, for instance, New Orleans lost 80% of
its hospital capacity and 75% of its safety net clinics.30 Furthermore, 800,000 people (mostly from underserved popula ons) were displaced because of ﬂooding and housing
damage.30 Cancer care was directly aﬀected, with discon nua on of oncology services at public hospitals that lasted up
to a year.31,32 Sixty-eight percent of all medica ons dispensed
for hurricane evacuees were for the treatment of NCDs,33
and, among families living in aﬀected communi es, almost
5% of adults reported having a cancer diagnosis.34 Data from
the Na onal Program of Cancer Registries showed that, in
the states of Alabama and Louisiana, up to 24,000 individuals with a recent diagnosis of cancer may have been aﬀected
or displaced by Katrina.34 Displaced pa ents, as well as those
living in communities with damaged communication and
transporta on infrastructure, had diﬃcul es obtaining access to mely care. Among pa ents with head and neck
cancer seen in the New Orleans–Baton Rouge area, for example, those with low availability of transporta on, as well
as those who perceived a lack of access to oncology care,
were more likely to have diagnos c delays.30 The most frequent barriers encountered by health care providers a er
Hurricane Katrina were inadequate medical informa on
(e.g., inaccessible medical records) and ﬁnancial constraints
as a result of the high number of uninsured pa ents seeking
care.35
The 2011 earthquake and ensuing tsunami and Fukushima
Daiichi nuclear reactor meltdown produced one of the
biggest disasters in the history of Japan. The region hit by
the tsunami lost 10 hospitals, 83 clinics, and 10% of available hospital beds.36 Furthermore, as a result of the nuclear
emergency, over 80,000 people were ordered to evacuate
the area, leading to a 20% decrease in the number of available health care providers, who ﬂed to other regions of Japan.37 An analysis of the mortality sta s cs in the aﬀected
area showed that the risk of death as a result of causes
other than trauma signiﬁcantly increased in the month after the earthquake but returned to normal a er 3 months.36
This increase in mortality was par cularly seen among
women older than age 85.38 An increase in cancer-speciﬁc
mortality was also found in octogenarians during the ﬁrst
month a er the disaster, which may be explained by the
fact that these pa ents were more vulnerable and/or unable
to evacuate the area.36 However, it is important to men on
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Preparing for Natural Disasters
Both Hurricane Katrina and the East Japan earthquake
affected high-income countries with resilient health care
systems. In Japan speciﬁcally, the lessons learned from the
1995 Kobe earthquake led to a coordinated and swi response that was able to successfully stabilize the situa on in
a short period of me.28,39 The Japanese Ministry of Health
deployed more than 300 disaster medical assistance teams
within 24 hours a er the 2011 earthquake.39 Addi onally,
telecommunica ons were rapidly restarted, allowing for the
transfer of medical records and for rapid dissemina on of
informa on regarding needs at the local and regional level
using the internet.39,40
Unfortunately, most natural disasters occur in low-income
countries with vulnerable health care systems, where a coordinated response is less likely to occur because of economic
and structural constraints.24,41 To address these dispari es,
the United Na ons adopted the Sendai Framework for Disaster Risk Reduc on (www.unisdr.org/we/coordinate/sendaiframework), which aims to reduce disaster risk, protect
persons, and strengthen the resilience of communi es and
countries.23 Several of the general guidelines included in the
Sendai Framework, as well as some of the lessons learned
during past disasters, can be applied to cancer care in both
high and low-income countries:
1. Providing information for patients and caregivers.
Ensuring access to information regarding where to
obtain care in case of an emergency can represent
a lifeline for patients. ASCO offered resources to
patients affected by Hurricanes Harvey, Irma, and
Maria in 2017,42 and the American Cancer Society
has developed a series of recommendations for
pa ents with cancer facing natural disasters.43 These
recommendations were translated into Japanese
and distributed among evacuees and at health care
centers in the aftermath of the 2011 East Japan
earthquake.44 Other novel technologies, such as
social media, have also been used to disseminate
informa on and to obtain data and op mize disaster
response.39,45
2. Ensuring con nuity of care. One of the main issues
faced by Hurricane Katrina evacuees was the lack
of informa on regarding current and past medical
history. Ensuring remote access to medical records
and providing patients with “grab-and-go” copies
of their basic disease-related informa on (e.g., the
ASCO/National Cancer Institute wallet card)46 is an
essen al component of disaster preparedness.47,48
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3. Iden fying vulnerable pa ents. Older adults, par cularly those who are socially isolated and/or dependent
in their ac vi es of daily living, are highly vulnerable
a er natural disasters.27-29,39 Mapping systems should
be used to iden fy older adults with cancer, and a
speciﬁc plan for older pa ents, including dedicated
shelters, should be ins tuted.27,29 Pa ents who need
life-suppor ng interven ons, such as hemodialysis,
should also be iden ﬁed and promptly evacuated to
areas where these are available.49 Finally, pa ents
who are in need of palliative care and those who
have complica ons of cancer treatment should have
the highest priority. A good example of a system for
disaster surveillance is the Ins tute of Epidemiology,
Disease Control, and Research in Bangladesh, which
rapidly assesses the func oning of the health system
a er natural disasters.50
4. Including cancer care in rapid-response teams. WHO
recommends se ng up mobile clinics equipped to
treat NCDs, training ﬁrst responders to implement
the WHO package of essential NCD interventions,
and including essen al NCD medicines in emergency
health kits.25,51,52 Among the medica ons included in
WHO’s NCD essen al list, those used to treat pain
(such as morphine and nonsteroidal an -inﬂammatory
drugs) and those that can treat adverse eﬀects of
chemotherapy (such as an eme cs, laxa ves, and
steroids) can be par cularly useful for pa ents with
cancer.52
5. Strengthening the resilience of the health care
infrastructure and “building back be er.” Hospitals,
clinics, and other health care facili es are cri cal
infrastructure, and a coordinated eﬀort must be made
to ensure their safety, eﬀec veness, and opera on
during and after disasters. Building codes should
be strictly followed when health care facilities are
planned in areas at risk, and damaged health care
infrastructure should be rebuilt following the highest
structural standards.23,25
6. Interna onal coopera on and global partnership.
Disasters dispropor onately aﬀect low-income, vulnerable countries that may not have the necessary
resources to launch an eﬀec ve response, such
as treatment of pa ents with cancer or rebuilding
damaged infrastructure.24,41 International organizaons, such as ASCO, could poten ally play a role by
deploying specialists in oncology or in pallia ve care
to assist pa ents aﬀected by natural disasters in
developing na ons.23

HEALTH CARE FOR REFUGEES AND
DISPLACED PEOPLE: SITUATIONS ANALYSIS IN
PARTICULAR COUNTRIES
Cancer represents a very signiﬁcant social and economic
burden of disease in the tens of millions of refugees and
displaced people worldwide. The current level of a en on
and resources directed toward refugee cancer care are highly

inadequate. We will highlight this neglect by presen ng a
brief economic analysis of the burden of cancer in a selected
refugee population. We will also discuss the role of the
United Na ons and nongovernmental organiza ons. The
popula on inves gated is the 4.74M Syrian refugees currently residing in Jordan, Turkey, and Lebanon, and the costs
es mated are for the provision of cancer-speciﬁc services.
The experience of health care for refugees in Lebanon is
perhaps the most complex and also the most substandard.
Again, there is very limited informa on directly available on
the experience of pa ents with cancer, but the overall level
of accessible (affordable) health services is low. Primary
health care is run by nongovernmental organiza ons and
has user fees a ached, and, to access secondary or ter ary
care, refugees have to be funded by UNHCR on a case by
case basis, as the ter ary health system in Lebanon is totally
privatized.53 The result is that often only life-threatening
condi ons are ﬁnanced, and the rest is le to the refugee
popula on to arrange. In Turkey, it is diﬃcult to ﬁnd relevant informa on. It is possible that this is linked to the fact
that the Turkish government is in the lead for the refugee
response, and the United Nations agencies are marginalized. However, what is known is that all registered refugees
are formally eligible to the same rights of access to health
care as Turkish citizens, which means health care is heavily subsidized by the government insurance scheme.54,55
In Jordan, originally the Jordanian government had provided free health care to all registered refugees—to the
same standard as insured Jordanians. However, with the
system under immense strain, the government abruptly
stopped this support in November 2014. To fill the gap,
a hybrid system was put in place, whereby, theore cally,
nongovernmental organiza ons and private donors would
fund access to Ministry of Health secondary and tertiary
care, and primary care would be covered more directly
by nongovernmental organizations. Unfortunately, this
policy only applied to registered refugees living inside
camps. So the approximately 500,000 registered refugees that were living outside of camps (about 83% of
the total) were not eligible for support, and instead had
to pay expensive private health care rates. The es mated
cost for recurrent cancer-speciﬁc service provision for the
Syrian refugee popula on in Jordan, Turkey, and Lebanon
was €3.38M, €26.58M, and €17.72M, respec vely, making a
total cost €47.67M.55,56

Cancer Services: Provisions and Neglect
Cancer services have been a severely neglected dimension
of refugee health, and the global health community must
overhaul its percep on, vision, and strategy for tackling
this issue. The interna onal and global health communi es
were s ll caught on the back foot with the massive increase
in refugee numbers and the health needs they presented.
Ini ally, this resulted in a very substan al care-gap for NCD
refugee health services, which has only begun to be addressed recently. Much of this recent focus has fallen to
comba ng cardiovascular diseases, hypertension, or diseases
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with severe and immediate outcomes if treatment is disrupted, such as provision of insulin for type I diabetes or
dialysis for kidney disease. However, despite this repriori za on of NCD services, cancer care has received very li le
a en on. Even with the overall NCD category, and despite
its substan al burden, cancer represents an acutely neglected dimension of refugee health. Though undoubtedly
there are refugees who can access adequate cancer services
in par cular host-na ons, the global picture is disheartening. At the suprana onal level, the United Na ons agencies
(WHO, UNHCR) responsible providing leadership for refugee
health—which includes iden fying priori es and direc ng
the ﬂow of crucial ﬁnancing—have done li le to promote
the importance for cancer services.57-61

Cancer in Refugees and Displaced People: Increased
Global Response to a Growing Burden
With the growing global burden of cancer and the mass displacement of popula ons across Asia, Africa, and Europe,
we ﬁnd a par cularly neglected community of pa ents
with cancer who, uprooted from their homes, struggle to
get access to the services and care they need to manage
their condi ons. The global health community must overhaul its perception, vision, and strategy for tackling cancer
care in refugee popula ons. There is no predictable end in
sight for the drivers of current conﬂicts, and the incidence
of cancer is forecast to rise year a er year. The United Naons and nongovernmental organiza on roles are essen al
and should be highly supported

CONCLUSION
Wars, conﬂicts and natural disasters can cause major destrucons and disrup ons for pa ents already ge ng treatment
for cancer and delays on diagnosis and treatment of displaced
people. Pa ents with cancer are vulnerable to such unexpected
circumstances that aﬀect their quality of life, the quality of
medical care that they receive, and the available resources and
medica ons that are essen al for their treatment. Refugees
and displaced people o en present with advanced disease. In
the Middle East, cancer care for refugees and displaced people
is subop mal because of the limited ﬁnancial resources and
the insuﬃcient na onal and interna onal support, awareness,
educa on, and access to care. Care of pa ents with cancer
does not fall within high priori es of interna onal relief and
humanitarian agencies because of misconcep ons that all
types of cancers have poor prognosis and that all cancer care
is costly. We recommend that pa ents be treated according to
resource-stra ﬁed guidelines rather than receive subop mal
or no treatment. Natural disasters and their eﬀect on NCDs,
such as cancer, could be avoided by adop ng the Sendai
Framework for Disaster Risk Reduc on by all of the countries that are at risk. This will make the health care systems
in these countries more resilient to such unexpected events
and will enable them to successfully recover from these
disasters in a short period of me with minimal losses. Nongovernmental organiza ons and interna onal relief organiza ons play important roles in suppor ng refugees and
displaced people, and they should have alloca on of more
ﬁnancial resources.
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Global Breast Cancer Research: Moving Forward
Carlos H. Barrios, MD, Tomás Reinert, MD, and Gustavo Werutsky, MD
OVERVIEW
Breast cancer is a major global health problem and major cause of mortality. Although mortality trends are declining in
high-income countries, trends are increasing in low- and middle-income countries (LMICs). Addressing global breast cancer
research is a challenging endeavor, as notable dispari es and extremely heterogeneous reali es exist in diﬀerent regions
across the world. Basic global cancer health care needs have been addressed by the World Health Organiza on’s (WHO)
proposed list of essen al medicines and by resource-stra ﬁed guidelines for screening and treatment. However, speciﬁc
strategies are needed to address dispari es in access to health care, par cularly access to new therapies. Discussions about
global research in breast cancer should take into account the ongoing globaliza on of clinical trials. Collabora on fostered
by well-established research organiza ons in North America and Europe is essen al for the development of infrastructure
and human resources in LMICs so that researchers in these countries can begin to address regional ques ons. Speciﬁc
challenges that impact the future of global breast cancer research include increasing the availability of trials in LMICs, developing strategies to increase pa ent par cipa on in clinical trials, and crea on of clear guidelines for the development of
real-world evidence-based research. The main objec ve of this review is to encourage the discussion of challenges in global
breast cancer research with the hope that collec vely we will be able to generate workable proposals to advance the ﬁeld.

C

urrent projec ons indicate that the number of new cancer cases is increasing at a fast rate and will evolve from
14 million global cases in 2012 to 22 million by 2030, with
the majority of cases occurring in LMICs.1 There are approximately 1.67 million new cases of breast cancer diagnosed
annually, and breast cancer mortality is second only to lung
cancer.2 It is noteworthy that although incidence rates are
increasing in most countries, mortality rates are decreasing
only in high-income countries, with an es mated 70% of
breast cancer deaths occurring in LMICs.1,3 Recently reported
data from the United States show a 26% decrease in overall cancer mortality over the last 2 decades; breast cancer
deaths declined by 39% from 1991 to 2015.4 Although advances in screening, early detec on, and adjuvant treatment
are mostly responsible for the decline in mortality in highincome countries, most new cases are recorded in LMICs,
where rates of death from breast cancer are increasing.5
Although major advances in our understanding of the
disease have revolu onized our approach to treatment,
guided by the introduc on of genomic tes ng pla orms,
an -HER2, aromatase inhibi on, and an -CDK4/6 therapies, substan al challenges remain in the management of
some resistant forms of the disease.6-8 In the early-stage setng, substan al improvement in breast cancer relapse-free
survival rates over the last several decades have been reported, especially in HER2-posi ve and triple-nega ve
tumors.9 Results in the metasta c se ng, however, leave

room for improvement. Recently presented real-world
data from France indicate substan al progress in the outcome of pa ents with metasta c HER2-posi ve disease,
but show no improvement in the 5-year survival of paents with tumors that are HER2-nega ve, HR-posi ve and
triple-nega ve.10

ADDRESSING BASIC GLOBAL NEEDS
Addressing global breast cancer research needs is challenging, and it is cri cally important to recognize its heterogeneity around the globe. There are substan al diﬀerences
in the impact of the disease in diﬀerent regions. Therefore,
although important global ques ons have been iden ﬁed,
regions may priori ze their needs diﬀerently.11,12
Although we acknowledge diﬀerent deﬁni ons, in this paper, we consider that the ul mate goal of research is not
only to improve the understanding but also the applica on
of how generated data are translated into clinical beneﬁts.
We will focus on the most essen al areas that require the
a en on of researchers, and we will brieﬂy review a few
fundamental aspects of contemporary global dispari es in
breast cancer research.
Deﬁning global basic health care needs is always a good
place to start. The WHO has proposed a roster of essen al
medicines for the treatment of cancer, and, although this
is a good star ng point, the applica on and implementa on
of the ini a ve remains a challenge in many regions.13,14
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Resource-stra ﬁed guidelines for the preven on, screening, and treatment of breast cancer have been proposed
to address the speciﬁc limita ons and priori es of LMICs.15
For example, mammographic screening remains controversial, even though breast cancer is detected at later stages
in LMICs, which greatly impacts outcomes compared with
high-income countries.16,17 Speciﬁc recommenda ons to
tackle this very basic and clearly important need are mandatory. Although eﬀorts to address this issue can be iden ﬁed,
prac cal implementa on strategies remain challenging. Research in these areas, although perceived as less important
or a lower priority in high-income countries, is vital in most
regions of the world.
Finally, access issues are another important global challenge, especially as new and more-expensive treatment
alterna ves are developed and introduced. Data from the
European Federa on of Pharmaceu cal Industries Associaon indicate that among the new drugs released into the
market in the last 5 years, approximately 90% are used predominantly in three regions: the United States (64.7%), ﬁve
countries in Western Europe (17.5%), and Japan (7.3%). This
leaves about 10% of the consump on for the rest of the
world.18 Although these numbers apply to all pharmaceu cals, it is reasonable to expect there are more pronounced
diﬀerences in oncology. It is diﬃcult to assess the real impact
on outcomes associated with access to new drugs. Nonetheless, it is probably substan al in certain clinical se ngs,
such as the management of advanced HER2-posi ve disease. Although recognizing and understanding basic global
needs for pa ents with breast cancer is cri cal, in our view,
it is important to include these issues as part of a global
research agenda.

IMPORTANCE OF GLOBAL RESEARCH
Several of the key aspects addressed here are applicable to
many other areas of oncology, and they are all important

PRACTICAL APPLICATIONS
• The ongoing globaliza on of clinical research, although
challenging, should be seen as a major opportunity for
the development of research in LMICs.
• Cultural, educa onal, and socioeconomic characteris cs
of pa ents inﬂuence enrollment in clinical trials
and should be addressed as poten al barriers to
par cipa on.
• Dissemina on of informa on about ongoing clinical
trials to the public is crucial to boost trial par cipa on,
facilitate recruitment, and hasten availability of trial
results.
• Although par cularly challenging in LMICs, independent
academic research needs special a en on and
alterna ve sources of funding.
• Priori es in breast cancer research vary by region,
and, although important global ques ons have been
iden ﬁed, speciﬁc regions might priori ze their own
needs.
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while considering how to improve global breast cancer research. Collabora on in research eﬀorts is the most important road to the future. Sharing the experience and exper se
of research groups and cultures in high-income countries
with those in LMICs that have emerging or nearly nonexistent infrastructure is paramount to this process. This is a
vital concept that requires global involvement and careful
strategic guidance. The ongoing globaliza on of clinical research, although challenging, is an unavoidable process that
should be seen as a major opportunity for the development
of research in LMICs. We and others have pointed out the
characteris cs and par cular challenges of the globaliza on
of research, and we project a future with wider distribu on
of investment, increased qualiﬁca on of human resources,
dissemina on of the ability to iden fy important research
ques ons, and, ul mately, the possibility of conduc ng regional research focused on local needs.19,20
Worldwide dispari es in research infrastructure and human resources must be recognized and provided with speciﬁc a en on if we want to posi vely impact global breast
cancer research. The ﬁnancial and logis c requirements of
modern trials o en exceed available resources in most academic centers. Over the last 40 to 50 years, a considerable
percentage—in some cases the majority—of trials and
prac ce-changing research eﬀorts have depended on support
from pharmaceutical companies. Independent academic
research, although essen al to future development, is becoming increasingly diﬃcult to accomplish. If it is to have
an objec ve impact on research scenarios, it needs to be
supported with a clearly deﬁned path. Alterna ve sources
of funding are evidently needed and should be ac vely pursued by governments and socie es. This is par cularly difﬁcult in LMICs, where medical research and science are in
general are low on the list of priori es. On a related note,
changing the current societal culture of philanthropy, giving,
ac ve par cipa on, and sponsorship of community projects
should be the focus of strategic planning as an alterna ve
to industry-supported research. In La n America, the La n
American Coopera ve Oncology Group’s CURA Project is an
example of such an ini a ve.21
Addressing the barriers that make clinical trials unavailable in LMICs is also of paramount importance to change
prac cal outcomes. We should recognize that although the
intent of drug research is to develop new treatment alterna ves, it also represents a par al solu on to the access
problems in many countries.22 Though not a deﬁni ve soluon, availability of clinical research protocols represents a
lifesaving alterna ve for a substan al number of pa ents
with cancer who do not have access to state-of-the-art therapy for their disease. The virtuous circle of clinical research
drives the principle that a pa ent will be treated in the same
way, whether she is at the top hospitals in Houston, New
York, London, or in any research site in La n America, Africa,
or Asia. The globaliza on of research we have witnessed
over the last few decades represents a clear opportunity to
engage the interna onal community in the development of
research eﬀorts in LMICs. Similarly, popula ons of diﬀerent
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ethnic backgrounds may respond diﬀerently in terms of toxicity and eﬃcacy when submi ed to the same treatment,
and thus should be studied as part of the drug development
process.

CURRENT STATE OF CLINICAL TRIALS IN
BREAST CANCER
The analysis of geographic data indica ng where clinical research protocols are currently available leads to the iden ﬁca on of the same worldwide dispari es observed in other
areas. Data from ClinicalTrials.gov show that of the 264,949
clinical trials currently registered, 42% are in North America
and 28% are in Europe, whereas only 15.7% are available in
Asia and 6.9%, 4%, and 2.5% are available in La n America,
Middle East, and Africa, respec vely (Fig. 1). Looking exclusively at the availability of recrui ng phase I, II, and III breast
cancer trials, of the currently registered 933 studies, only
5%, 3.3%, and 2.5% are available in La n America, Middle
East, and Africa, respec vely; all of which are regions where
incidence and mortality rates of breast cancer are a progressively major burden23 (Fig. 2). Addi onally, global trials
are more likely phase III trials, whereas early phase I and
II trials are preferen ally performed in North America and
Western Europe.23 Although the discrepancies in trial availability could be be er analyzed according to socioeconomic
parameters rather than geography, this analysis remains illustra ve and challenging.

SELECTED GLOBAL RESEARCH ISSUES AND
CHALLENGES
A few selected issues to be addressed to improve global
breast cancer research are proposed in Table 1. Although
each reader may think other aspects of this complex discussion may deserve inclusion, and probably righ ully so, our
main objec ve here is to promote a debate that will hopefully lead to prac cal proposals to improve the current state
of worldwide cancer research.

Informa on on and Access to Clinical Trials
Public informa on about ongoing clinical trials is crucial to
boost trial par cipa on, facilitate recruitment, and speed
availability of the results. Notably, ClinicalTrials.gov, run by
the U.S. Na onal Library of Medicine, was the ﬁrst online
registry for clinical trials and remains the largest and most
widely used database. Several other countries have developed similar trial registries. The WHO organized a working
group to deﬁne best prac ces for clinical trial registries addressing the minimal and op mal opera ng standards for
trial registra on. This interna onal clinical trials registry
pla orm tries to ensure broad access to all those involved
in health care.24
Although trial registries are an essen al part of the global
research eﬀort, informa on on trial loca ons is not always
available or complete, making it diﬃcult for pa ents and
physicians to iden fy poten al studies to join. Improvements in this process are urgently needed to facilitate the
prac cal aspects of pa ent par cipa on.

An ini a ve in this direc on of speeding up pa ent enrollment in clinical studies is the INTEGRATE project developed
by the Breast Interna onal Group (BIG) with the support
of the European Commission. This ini a ve aims to create
innova ve infrastructures to enable data and knowledge
sharing to foster large-scale collabora on in biomedical
research.25 One of the tools of this pla orm includes is an
advanced pa ent screening process for clinical trials, which
iden ﬁes eligible pa ents through an automa c evalua on
of eligibility by matching pa ent characteris cs to the required criteria of each trial. The pla orm u lizes pa ent
data available in hospital electronic medical records. Repeated readings of pa ents’ records can determine their
eligibility for mul ple trials at diﬀerent me points in the
clinical course. As eligibility determina on is challenging
and o en requires a me-consuming manual chart review,
the global applica on of these pla orms could speed up the
process of iden fying candidates for clinical trials. A similar
pla orm is IBM Watson Health, which generates a ranked
list of trials for each pa ent by relevance and eligibility.26
Addi onally, recent evidence shows that social media can
increase clinical trial enrollment and help iden fy pa ents
with rare tumor subtypes.27
In conclusion, development and implementa on of technologies through digital pla orms, mobile apps, and other
social media instruments can have a major impact on access
to clinical trials.

Pa ent Par cipa on in Clinical Research
The substan al progress and success of global research in
bringing prac ce-changing results that are undoubtedly
improving outcomes cannot hide the meager propor on of
pa ents who actually par cipate in clinical trials. The fact
remains that a very small minority of pa ents with breast
cancer are enrolled in clinical trials worldwide. Currently, it
is es mated that less than 1% of the U.S. popula on par cipates in clinical trials, although more than 70% claim they
would if recommended by their physician.28 This rate of parcipa on is likely similar if not poorer in other regions of
the world.
This is a par cularly challenging subject as we evolve from
comprehensive trial design strategies to studies addressing
speciﬁc tumor subtypes that occasionally represent only a
very small percentage of the overall population. Despite
being extremely important, this strategy requires a concerted eﬀort to revise and op mize our current complex,
very slow, and ineﬃcient drug development process. This
issue is further stressed by the fact that minori es and the
elderly popula on, among other subgroups, are consistently
under-represented in global clinical trials.29 Although this
discussion is not new, it remains dominant in improving performance and speeding up the development of new treatment alterna ves more eﬀec vely.
A number of diﬀerent arguments have a role in this discussion. Most pa ents consider the op on of clinical trials as important to their treatment, and they expect to be
informed by their oncologists about such alterna ves.30
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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FIGURE 1. Map of All 264,949 Studies Registered on ClinicalTrials.gov

Pa ents’ mo va ons for trial par cipa on include poten al
personal beneﬁt but also the willingness to help others and
contribute to scien ﬁc research.31 Recent provoca ve strategies discuss and propose more direct pa ent par cipa on
in research, leading to a more pa ent-centric approach.
Engagement of pa ents in some aspects of the design of
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trials, such as determining the convenience of their par cipa on and gauging their experience during the conduct of
the protocol, can indeed improve the process as a whole.
Crea ng pa ent advisory boards and encouraging advocacy
par cipa on will certainly generate sugges ons that could
op mize enrollment strategies and enhance overall study
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FIGURE 2. Map of All 933 Recrui ng Phase I, II, and III Breast Cancer Clinical Trials on ClinicalTrials.gov
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designs. On a related subject, making endpoints and trial
designs understandable to pa ents is as important as appropriate and eﬀec ve communica on of the results to the
lay public. Listening to pa ents’ opinions may spawn new
ideas and qualify these processes.32
Cultural, educa onal, and socioeconomic aspects may affect pa ents’ mo va on to par cipate in studies and can
be considered barriers to trial par cipa on, especially in
LMICs.19,33-35 Therefore, as illustrated by a recent report from
Asia, approaches customized to local and community beliefs
are needed to improve trial par cipa on in minority groups
of women with breast cancer.36 Importantly, although ethnic
background and social dispari es do inﬂuence the proporon of pa ents in clinical trials, socioeconomic status does
not seem to aﬀect the survival of pa ents par cipa ng in
breast cancer clinical trials.37
Strategies to increase the par cipa on of minori es in innova ve trial designs and the challenges posed by limited
funding availability will require the adop on of eﬀec ve and
eﬃcient recrui ng strategies, specialized training, and the
ac ve engagement of many stakeholders.38 Pa ent advocacy
groups can partner with researchers and support pa ents in
the process of joining a speciﬁc study. Their involvement can
assist physicians in reaching out to pa ents and the public
while helping pa ents make be er-informed choices about
their care and par cipa on in clinical trials.39 In many countries, cancer advocacy is a new concept, and there is current
growth in advocacy ac vi es in many LMICs, par cularly in
Africa and La n America.40
Physicians play a cri cal role in clinical trial recruitment,
and their preferences have a considerable impact on the

TABLE 1. Selected Issues With Prac cal Implica ons
for Global Breast Cancer Research
Issue

Proposed Strategy

Access to clinical trials

• Increase availability of trials in low- and
middle-income countries
• Make informa on on recrui ng trials more
widely available for pa ents and physicians

Pa ent par cipa on in
clinical trials

• Iden fy and generate speciﬁc strategies to
counteract limi ng cultural, educa onal,
and socioeconomic factors that hinder
pa ent recruitment into clinical trials

Academic research

• Increase support for all aspects of independent research
• Develop interna onal collabora ons and
create innova ve infrastructures to enable
data and knowledge sharing

Human resource
training

• S mulate training of qualiﬁed personnel,
par cularly in low- and middle-income
countries

Regulatory issues

• Encourage ini a ves of harmoniza on of
regulatory approval processes of clinical
trials

Real-world evidence

• Generate a precise and uniform deﬁni on of
methods to op mize informa on collec on
and minimize bias on real-world data
research
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par cipa on of pa ents. For example, it is well known that
oncologists represent a barrier to the inclusion of older paents in breast cancer trials because of the percep on that
these pa ents have lower tolerance and higher toxicity.41,42
Consequently, older pa ents with breast cancer remain
mostly under-represented in coopera ve group therapeu c
trials. A recent study observed some improvement in the accrual of elderly pa ents to adjuvant trials but a worsening of
accrual in neoadjuvant/metasta c trials.43 Therefore, physicians’ involvement and awareness of poten al beneﬁts are
essen al, especially in LMICs where clinical trials are not as
frequently available.
Lastly, we must consider the increasing complexity of clinical trials with cumula ve requirements for documenta on
that has led to an escala on in the workload of personnel
at clinical trial sites. Therefore, enrolling pa ents in clinical
trials is not only limited by pa ent issues, but also by physicians’ availability and the infrastructure of the clinical trial
sites.44

Academic Research
Industry-driven studies have tested and registered numerous eﬀec ve drugs and devices for the diagnosis and treatment of pa ents with breast cancer. However, academic-led
trials should be recognized for the important roles they play
in cancer research, especially in studies of new combinaons, mul modal treatment regimens, and cost-eﬀec ve
evalua ons. Simultaneously, in this era of molecular medicine and immunotherapy, basic and transla onal research
play a crucial role in iden fying new an cancer treatments
and strategies developed by many academic ins tu ons.
Some important advances in breast cancer are the result
of academic-led trials conducted by cooperative groups.
For example, the MINDACT trial addressed the safe deescala on of adjuvant treatment in early-stage breast cancer,45 the HERA trial established trastuzumab as adjuvant
treatment in HER2-positive breast cancer,46 and ACOSOG
Z0011 showed efficacy in treating patients with sentinel
lymph node dissec on alone.47
About 35% of trials in Europe are noncommercial, and
they are indispensable in the clinical trial landscape.48 To address the lack of awareness on the importance of academic
clinical research, the Clinical Academic Cancer Research
Forum, a joint ini a ve by the European Associa on for
Cancer Research, European Organiza on for the Research
and Treatment of Cancer (EORTC), and European Society for
Medical Oncology (ESMO), calls on European Union ins tu ons to support this type of research for the beneﬁt of
pa ents.49
Recent data show that the Na onal Cancer Ins tute’s investment in its cancer coopera ve group research program
has provided excep onal value and beneﬁt to the American
public. On a very telling analysis using data from 23 posi ve
SWOG treatment trials, this study es mated that 3.34 million life-years were gained in the popula on of U.S. pa ents
with cancer through 2015, at a cost of $125 per life-year
gained.50
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Human Resources Training
Building capacity for clinical research in LMICs through interna onal collabora on is an important ini a ve with
far-reaching consequences. We must educate, train, and
nurture the next genera on of clinical researchers. The
Methods in Clinical Cancer Research workshop, jointly organized by the European Cancer Organiza on, EORTC, American Associa on for Cancer Research, and ESMO, is one such
ini a ve. Another example is the ASCO Interna onal Clinical Trials Workshop (ICTW) that supports cancer research by
developing research skills among early-career researches in
LMICs. Early exposure of medical students, oncologists, and
other health professionals to clinical research methodology
is mandatory to support the development of global research
ini a ves. Importantly, sta s cians focused in cancer research must be trained; they remain a dire need in LMICs.

Regulatory Issues
The launch of a clinical study is me consuming and inﬂuenced by a complex network of mul ple oversight bodies
with varying objec ves and responsibili es. Regulatory
melines are considered one of the most important elements in the conduct of clinical trials. When pharmaceu cal companies carry out their category planning, melines
for assessment and approval are considered a key indicator
of a country’s a rac veness. Complex and heterogeneous
regula ons across diﬀerent geographic and economic regions can hinder the global conduct of studies. For example,
an analysis of regional melines to set up a global phase
III clinical trial (ALTTO) of breast cancer showed that upper
middle–income countries took longer to obtain regulatory
authority approval (median, 123 days) than high-income
countries (median, 47 days) and LMICs (median, 57 days).
The median me from ins tu onal review board approval
to the ﬁrst recruited pa ent was 169 days.51 Therefore,
op mizing regulatory processes can boost and facilitate
countries’ par cipa on in clinical trials. Accelera ng the
ac va on process by removing administra ve barriers and
nonvalue-adding steps is key to saving precious me in
opening clinical trials.52
Ins tu onal scien ﬁc reviews of clinical trials in oncology
contribute substan ally to protocol ac va on melines.
Even though this process is mandatory, op mizing melines is necessary. The length of review is, in general, associated with the trial phase, ming of approval, and number
of commi ee changes/clariﬁca ons requested.53 The Ins tute of Medicine and U.S. Food and Drug Administra on
recognize that ac va ng clinical trials in the United States
is lengthy and ineﬃcient. Downstream consequences include increased expenditure, subop mal accrual, shi ing
of clinical trials overseas, and delayed availability of treatments for pa ents. To speed up the process of trial ac vaon, the European Union clinical trial portal and database
supports the ambi ous moderniza on of the processes
for the authoriza on and oversight of clinical trials laid
down in the EU Clinical Trial Regula on that will come into
eﬀect in 2019.

Although worldwide harmoniza on of good clinical pracce standards has been achieved and can be considered
a great accomplishment in the development and conduct
of clinical research, heterogeneity in regulatory standards
is an important issue that has a large impact on the availability not only of trials, but also of newly approved and
more eﬀec ve (and expensive) treatments. Harmonizaon of trial approval requirements, although conceptually
diﬃcult, should remain on our agenda as an important
goal.54,55

Need for Real-World Data
Transla ng clinical research results into clinical prac ce is
another challenge we should tackle. The clinical trial experiment is designed and developed in a controlled fashion with
speciﬁc inclusion and exclusion criteria. Nonetheless, the
conﬁrma on of pa ent outcomes in a more general popula on remains an integral part of the process. The genera on of what has been called real-world data or evidence
is essen al to accept the results of a clinical trial as leading
to deﬁnite beneﬁt in the overall popula on. The real impact on the whole popula on is, ul mately, our main objec ve. This takes on par cular importance as we recognize
that many of the new addi ons to our cancer treatments
come with beneﬁts that can be sta s cally signiﬁcant but
have ques onable clinical consequences. Both ASCO and
ESMO have put forth their proposed criteria to expand the
exis ng criteria far beyond the standard sta s cal posi vity of a trial.56-58 Although imperfect, these ini a ves help
the overall analysis and, as they are discussed, will help
regulators and clinicians in the process of incorpora ng
new standards of treatment.59 Nevertheless, this discussion should be tempered by the fact that we have only
rarely evolved with home runs and major changes in cancer
treatment. Most of our advances have been incremental,
with slow stepwise improvements that have collec vely resulted in the major impact on the pa ent outcomes that we
see today.
In this scenario, informa on obtained outside the constraints of the randomized controlled clinical trial is gaining
a en on as a poten al solu on for the frequent lack of generalizability of trial results to speciﬁc daily clinical situa ons.
Real-world evidence can be deﬁned as health care informaon obtained from atypical sources to assess the safety and
eﬀec veness of drugs and devices. Real-world research and
the concepts of a planned interven on and randomiza on
in academic scenarios are en rely compa ble and will probably be complementary, eventually genera ng more deﬁni ve evidence.60
Among other regulatory bodies, the U.S. Food and Drug
Administra on, has been working on a means to harmonize
data collected from nontradi onal research pla orms to
monitor the safety and eﬀec veness of drugs and medical
devices.61 A precise deﬁni on of the appropriate methods
to plan real-world research and the speciﬁc procedures to
collect informa on are required to minimize bias. Likely,
the collec on of this evidence will be informa ve and less
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expensive than that of the tradi onal clinical trial. Recently,
ASCO reported that its CancerLinQ network, which includes
clinical prac ces across 40 U.S. states, will share outcome
data with the U.S. Food and Drug Administra on to inform
regulatory decisions.62 These ini a ves carry enormous poten al for data genera on and the expansion of research
opportuni es globally.

SETTING RESEARCH PRIORITIES
A number of published eﬀorts have tried to deﬁne or priori ze research topics in breast cancer.11,12 Although these
are all laudable exercises, it is important to understand that
priori es do vary in diﬀerent regions of the world. Furthermore, most of these eﬀorts originate from the percep on of
unmet medical needs by groups of key opinion leaders and
do not necessarily represent the best, unbiased strategy.63
Considering these limita ons and recognizing that each
reader or expert in the ﬁeld may create a separate list based
on personal prejudice, we propose a few topics that may
be considered to be priori es within the context of global
cancer care (Sidebar 1).
Improving the current clinical trial experiment is mandatory. We must iden fy barriers that hinder the accelerated
inclusion of pa ents and drug development process. The
sooner we obtain results, the quicker we can interpret them
and generate new ques ons that will advance the ﬁeld. Realworld evidence promises a new perspective with actual,
more concrete data on the safety and eﬃcacy of our interven ons. At the same me, this area represents an excellent opportunity for global research development, as it will
entail much lower costs than the rou ne clinical trial. The
collec on of clinical trial data on pa ents’ postprogression,
a related issue, is a straigh orward strategy that can help
interpre ng survival results.
Early detec on strategies that are applicable and relevant
to LMICs are mandatory and probably more important to
study as their direct consequence could be the potenally immediate increase in cure rates. This is par cularly
attractive considering the reported increasing incidence
and mortality rates in these regions. Along the same lines,
the iden ﬁca on of pa ents with gene c predisposi on is
clearly a key objec ve as these pa ents should be oﬀered
and subjected to a more-intensive screening program.
Although we have made advances in subtyping the different diseases that comprise breast cancer, we s ll have a
long way to go. An update on the deﬁni ons of the criteria
for hormone-receptor expression and the consequent different responses we see according to expression levels
requires renewed guidelines. Discrepancies in the immunohistochemic and molecular deﬁni ons, and the consequences
related to outcomes depending on the classiﬁca on we use,
must be clariﬁed. Quick introduc ons of novel technologies
that allow for the detec on of circula ng tumor DNA and
tumor-speciﬁc gene altera ons will certainly help eﬀorts in
subtyping and segmen ng our pa ents and developing new
targeted treatment alterna ves. These same technologies
are assis ng with the detec on of evolu onary molecular
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SIDEBAR 1. Selected High-Priority Topics for Global
Breast Cancer Research
1. Iden fy obstacles to improve pa ent enrollment
in clinical trials.
2. Accelerate drug development strategies.
3. Generate criteria for the unbiased design of realworld evidence studies.
4. Be er collec on of postprogression data in
randomized clinical trials.
5. Deﬁne the op mal strategies for mammography/
screening, especially in low- and middle-income
countries.
6. Develop tools and strategies to iden fy pa ents
with gene c predisposi on.
7. Be er deﬁne subpopula ons of pa ents with
breast cancer.
8. Iden fy and validate targets of resistance.
9. De-escalate breast cancer therapies without
sacriﬁcing outcomes.
10. Deﬁne the op mal sequencing of treatments in
the advanced-disease se ng.

changes that will invariably relate to resistance mechanisms.
Ul mately, we must recognize the fact for far too long we
have been trea ng a large number of pa ents with earlystage breast cancer who do not require any treatment.
Efforts to de-escalate and avoid treatment by selec ng only
those who will really beneﬁt from adjuvant modali es are
mandatory. Another aspect worth men oning is the fact
that we have been unable to deﬁne the op mal sequencing
of our treatment regimens for pa ents with advanced-stage
disease. Hopefully, the ra onale of iden fying the speciﬁc
molecular resistance mechanism will help in developing
more sensible and intelligent treatment selec on strategies.

CONCLUSION
The unques onable impact of breast cancer and the ongoing culture of globaliza on should be seen as opportuni es
to tackle cri cal global health priori es, such as the development of research in LMICs, the encouragement of independent academic research, and the improvement of access
to clinical trials while increasing pa ent par cipa on and involvement. Although breast cancer research priori es vary
in diﬀerent socioeconomic scenarios, iden ﬁca on of both
global and regional needs is mandatory. Collabora on strategies are essen al and should be designed accordingly. At
the very least, our objec ve with this discussion is to a ract
the a en on of established research groups, medical socie es, and industry, arguably the major players in deﬁning
current and future strategies, to address some of these issues and improve the debate with further delibera ons that
will hopefully exert a real, posi ve impact on breast cancer
research at a global level.

GLOBAL BREAST CANCER RESEARCH
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BREAST CANCER IN LATIN AMERICA

Breast Cancer in La n America: A Map of the Disease in the
Region
Eduardo Cazap, MD, PhD, FASCO
OVERVIEW
In the next few decades, breast cancer will become a leading global public health problem as it increases dispropor onately in low- and middle-income countries. Dispari es are clear when comparisons are made with rates in Europe and the
United States, but they also exist between the countries of the region or even within the same country in La n America.
Large ci es or urban areas have be er access and resource availability than small towns or remote zones. This ar cle presents the status of the disease across 12 years with data obtained through three studies performed in 2006, 2010, and 2013
and based on surveys, reviews of literature, pa ent organiza ons, and public databases. The ﬁrst study provided a general
picture of breast cancer control in the region (La n America); the second compared expert percep ons with medical care
standards; and the third was a review of literature and public databases together with surveys of breast cancer experts and
pa ent organiza ons. We conclude that breast cancer is the most frequent cancer and kills more women than any other
cancer; we also suggest that aging is the principal risk factor, which will drive the incidence to epidemic levels as a result of
demographic transi on in La n America. The economic burden also is large and can be clearly observed: in countries that
today allocate insuﬃcient resources, women go undiagnosed or uncared for or receive treatment with subop mal therapies, all of which results in high morbidity and the associated societal costs. The vast inequi es in access to health care in
countries translates into unequal results in outcomes. Na onal cancer control plans are the fundamental building block to
an organized governance, ﬁnancing, and delivery of health care for breast cancer.

T

he world is facing a cri cal health care problem: in the
next few decades, cancer will become a leading global
public health threat, with rates increasing dispropor onately in low- and middle-income countries. Breast cancer is
a high priority element of this global cancer threat.1
In the United States, 60% of breast cancer occurrences
are diagnosed in the earliest stages; conversely, in Brazil and
Mexico, only 20% and 10%, respec vely, are diagnosed at
an early stage. The all-cancer mortality-to-incidence ra o
for La n America is 0.59, compared with 0.43 for the European Union and 0.35 for the United States. Prac cally, the
risk of dying as a result of breast cancer is double in La n
America than in the United States.2
A study done by our group in 2006, “Breast cancer in La n
America: results of the La n American and Caribbean Society
of Medical Oncology/Breast Cancer Research Founda on expert survey”3 obtained, through a 65-ques on telephone interview to 100 breast cancer experts from 12 La n American
countries, preliminary informa on about the state of breast
cancer care at that me. The methodology was used to obtain fast qualita ve informa on about breast cancer in the
region because of the lack of hard data at that moment.

With respect to epidemiologic characteristics, the incidence of breast cancer in Latin American countries was
lower than that in more developed countries, whereas
the mortality rate was higher. These differences probably are related to differences in screening strategies and
access to treatment. The authors agreed that popula onbased data were urgently needed to make informed decisions.
It was also reported that greater than 90% of countries
had, at that me, no na onal laws or guidelines for mammography screening and that the access rate to mammography was approximately 50%. However, diagnostic testing
for hormone receptors and biomarkers were available at
most centers (> 80%), and, overall, nearly 80% of patients
started treatment within 3 months of diagnosis. In most
Latin American health systems, doctors work both at academic institutions and public hospitals, so the subjective
interpretation of these data may be inaccurate. Alternative data collection strategies that offer a better understanding of the state of breast cancer care in developing
countries could help identify areas for improvement.3
Some of the relevant conclusions of the study are listed
in the Sidebar.
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TABLE 1. Rela on Between Breast Cancer Incidence and Some Reproduc ve, Socioeconomic, and Lifestyle
Factors From the 2013 Study

Country

ASR
Incidence
Rate (%)

Births in
Women Age
< 30 Years
(%)

Mean
Childbearing
Age (Years)

Fer lity
Rate (%)15

Overweight
and Obesity
Rate (%)*

Alcohol
Consump on
(Liters)**

Women's
Life
Expectancy
(Years)

Per Capita
GDP in 2008
($)

Female
Educa on
Rate (%)†

Uruguay

90.7

64.96

27.7

2.1

73.48

12.7

79.9

8,161

96.3

Argen na

74.0

65.83

27.9

2.2

77.28

7.6

79.1

9,885

93.3

Costa Rica

42.9

75.00

26.6

1.9

74.16

7.8

81.3

5,189

74.4

Venezuela

42.5

75.24

26.8

2.5

74.30

—

76.8

5,884

75.7

Brazil

42.3

76.58

26.9

1.8

68.40

10.6

76

4,448

89.4

Chile

40.1

65.74

28.0

1.9

76.66

8.2

81.6

6,235

82

Peru

34.0

63.53

28.5

2.5

78.88

5.6

75.9

2,924

89.9

Colombia

31.2

72.51

26.5

2.4

70.41

4.7

76.7

2,983

80.9

Ecuador

30.8

72.25

27.4

2.5

62.75

—

78.1

1,745

—

Panama

29.2

74.86

26.6

2.5

65.66

—

78.3

5,688

83.5

Mexico

27.2

71.79

26.8

2.2

79.95

17.3

78.7

7,092

79

Correla on
Coeﬃcient

−0.485

0.378

−0.309

0.219

0.112

0.325

0.688

0.679

p

.1306

.2519

.355

.5181

.7912

.3298

.0193

.0310

*Es mated overweight and obesity (BMI ≥ 25 kg/m2) prevalence in women age 30 or older in 2005.
**Per capita consump on of pure alcohol by women age 15 and older; drinkers only.
†Combined gross enrollment ra o in educa on in 2007.
Abbrevia ons: ASR, age-standardized rate; BMI, body mass index; GDP, gross domes c product.

A subsequent study published in 2010, en tled “Breast
cancer in La n America: experts percep ons compared with
medical care standards,”4 compared expert perceptions
with medical care standards through a systema c review of
the norms—recommenda ons and guidelines considered

PRACTICAL APPLICATIONS
• Breast cancer is the most common cancer in women in
La n America, and, for most cases it is diagnosed at a
late stage. Educa on, awareness, preven on, and early
diagnosis are priori es to be considered for all ac ons
performed as part of the breast cancer control con nuum.
• Because of the demographic transi on, breast cancer
rates will approach epidemic propor ons with great
economic impact. Health systems and physicians must
be prepared to face this cri cal situa on.
• Lack of data about the disease is common. It is
important to promote be er informa on from reliable
data that originates from La n American countries.
• Access and aﬀordability to proper diagnosis and care are
important limi ng factors. Na onal general or speciﬁc
breast cancer plans are fundamental for an organized
governance, ﬁnancing, and health care delivery.
• Evidence-based treatment guidelines are published in
most countries by governmental authori es, cancer
ins tutes, or scien ﬁc associa ons. The challenge is the
implementa on of policies and mechanisms to ensure a
consistent compliance with these guidelines across the
whole popula on
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to be medical care standards (MCS) for breast cancer in 12
La n American countries. Informa on related to MCS was
requested from government health authori es, cancer ins tutes, and na onal scien ﬁc and professional socie es.
The documents received were reviewed by breast cancer
experts from each country. In addition, three key survey
ques ons from the 2006 study about early detec on and diagnosis were reprocessed to provide informa on related to
the implementa on prac ce of exis ng MCS. We concluded
that all countries included in the study had MCS, whether
published by government authori es, na onal professional
or scientific associations, or cancer institutes, or through
the adop on of interna onal MCS. The results were reported
at the center level (mainly private institutions) or at the
country level (public hospitals). Overall, 85% of the experts
reported that less than 50% of the women with no symptoms undergo a mammography at the country level compared with 43% at the center level. For diagnos c suspicion
of breast cancer, 80% of diagnos c suspicion originated with
the pa ent at a country level compared with 50% screening
or medical care at a center. Approximately 30% of pa ents
waited more than 3 months for a diagnosis at the country level compared with 7% at the center level. All of the
countries in the study reported the use of similar MCS for
breast cancer care. The reported diﬀerence between care
prac ced at a country level versus at a center level suggests
that the challenge is not in genera ng new MCS but in implemen ng policies and control mechanisms for compliance
with exis ng MCS, which would guarantee their applicability
and access to all popula ons.4

BREAST CANCER IN LATIN AMERICA

Our study published in 2013, “A review of breast cancer
care and outcomes in La n America,” performed by the
Karolinska Ins tutet, the Stockholm School of Economics,
the Pan American Health Organiza on, the American Cancer Society, and the La n-American and Caribbean Society
of Medical Oncology, analyzed in more detail the picture
of the disease according several aspects.5 Here, we summarize some conclusions about diﬀerent aspects of breast
cancer control determined in this study, which was the last
published and most comprehensive one produced by our
group.
The study was based on a review of literature and public databases as well as on a survey of clinical experts and
pa ent organiza ons. The literature review, which focused
speciﬁcally on treatment pa erns and costs of breast cancer
in each study country, was conducted in MEDLINE, LILACS,
and SciELO but included also gray literature that targeted
data and informa on about the epidemiology of the disease
and its outcomes in the region as well as treatment guidelines, cancer control plans, and documenta on about the
cost of breast cancer.
The study faced a number of limita ons, mostly because
of the lack of data. Perhaps the most important limita on
to bear in mind during interpreta on of the results is publica on bias. Many factors inﬂuence the research and intellectual produc on in the countries that par cipated in
the study, which resulted in diverse volumes of evidence.
Although rich materials and data were iden ﬁed for some
countries, only a few and sca ered ar cles were found for
others. Nevertheless, this study is one of the few bodies of
comprehensive data available today about breast cancer in
La n America.

EPIDEMIOLOGIC BURDEN
Breast cancer is the most common type of cancer in women
in La n America. Each year, approximately 115,000 women
are diagnosed and 37,000 die as a result of breast cancer.
Incidence and mortality are increasing: Unlike in Europe or
the United States, both incidence and mortality rates are
on the rise, and mortality is expected to double in fewer
than 20 years. Aging is recognized as the main risk factor for
breast cancer; increasing age will cause steep increases in
breast cancer occurrences.
Popula ons in La n American countries today have relatively low mean ages, but this is bound to change. The
demographic proﬁle of Argen na and Uruguay may oﬀer
a look into the future of the region: the mean ages there
are 5 to 10 years older than the current average, and crude
mortality rates as a result of breast cancer are five to six
times higher than the current Latin American average.
In some countries, including Brazil, breast cancer occurrences are expected to increase quickly and reach epidemic
proportions.
According to the available (although limited) comparable
data and gathered or constructed series of variables, the
only correla ons with increased breast cancer risk in La n
American countries are wealth and educa on (Table 1).

CLINICAL BURDEN
Survival rate in La n America is considerably lower than the
E.U. benchmark, which achieved 5-year survival rates greater
than 80%. Enhanced treatments and earlier diagnoses explain progresses made during past years. The available data
show a 5-year survival rate in La n America that ﬂuctuates
around 70%, and this diﬀerence in survival is caused mainly
by the late stage at diagnosis, which is an important predictor for overall survival. Benchmark for detec on of early
breast cancer in the European Union is 90%, whereas the
La n American average is between 60% and 70%. In countries like Peru, Colombia, or Mexico, approximately 50% of
detected breast cancer occurrences are in advanced stages.
Late stage at diagnosis nega vely aﬀects survival rate and
notably increases per-case health expenditures.

SOCIAL AND ECONOMIC BURDEN
The costs of breast cancer are directly related to stage of
diagnosis, and annual health care costs for a pa ent with
stage IV breast cancer in La n America is three to four mes
the cost of treatment for a pa ents with stage I disease.6
The increased morbidity and mortality of pa ents with metastases greatly increase overall expenses throughout the
health care system (e.g., by increasing use of primary care
facili es or emergency care while depriving society of produc ve years).
The ample majority of women are diagnosed when they
are s ll at working ages, so produc vity losses as a result of
younger age at death are exacerbated by the increased morbidity that results from younger age at diagnosis. Because
of insuﬃcient funding, some pa ents are undiagnosed, una ended, untreated, and uncared for—and others receive
subop mal treatment. General health care expenditure in
La n America is far below European and U.S. standards, not
only in absolute but also in rela ve terms. Annual expenditures per breast cancer occurrence in Europe are approximately $40,000; conversely, in La n American countries,
such as in Brazil for example, values can vary depending on
insurance type, from $4,800 in the Sistema Único de Saúde
(Brazil's publicly funded health system) to 16,400 in a private facility.7

ACCESS TO TREATMENT AND FRAMEWORK
OF CARE
Health care coverage is expanding, although not across all
dimensions. Health access in La n American countries has
improved con nuously over the years, driven by reforms
toward more universal health access and a growing parcipa on of the private sector. Of the three dimensions to
universal health access, expansion has been made mainly in
terms of the popula on that is covered. To prevent ﬁnancial
hardship, impoverishment, and social inequity, expansion of
the depth of services and propor on of costs covered are
cri cal for catastrophic condi ons, such as breast cancer.
Nevertheless, there are vast diﬀerences in access to
breast cancer care across La n America that result mainly
from insurance type and geographic loca on. Even within
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a par cular insurance type or country, great diﬀerences in
access can exist depending on the wealth of the region (i.e.,
state or province, municipality) and the willingness to invest
in breast cancer care.
As an example, Brazil endows diﬀerent levels of resources
to breast cancer care according to the type of insurance. Inequali es exist on the basis of insurance type. In Argen na,
the Compulsory Medical Plan guarantees 100% public coverage for oncology drugs. However, the type and quality of
provided treatments vary in diﬀerent provinces or districts,
which causes geographic inequali es. Conversely, in Peru,
64% of the popula on depends on the public health insurance, which covers breast cancer diagnosis but not treatments. Not surprisingly, health outcomes in Peru are far
lower than average and are among the lowest in the region.
It is important to men on that this situa on has improved
in recent years.
Absence of na onal cancer control programs (NCCPs)
contributes to dispari es. NCCPs are recommended by the
World Health Organiza on, because they are the blueprint
of a holis c cancer control strategy and play a vital role in
op mizing health systems and reducing the burden of cancer. The func on of an NCCP is to deﬁne cri cal processes in
cancer control, such as overall na onal strategy, priori es,
governance, ﬁnancing, service delivery, monitoring, and
con nuous improvement. Several La n American countries
do not have formal NCCPs in place, and basic elements of a
NCCP, such as popula on-based cancer registries, are missing or implemented only with a limited scope.
Treatment guidelines exist; the challenge is implementaon. Evidence-based treatment guidelines are published in
most countries by government authori es, cancer ins tutes,
or scien ﬁc associa ons. The challenge is the implementaon of policies and mechanisms to ensure a consistent compliance with these guidelines across the whole popula on.

DIAGNOSIS AND TREATMENT
Generally speaking, there is low commitment to mammography screening. In La n American countries, most breast
cancer occurrences are detected when women seek care
a er they no ce a breast lump. Early detec on is an opportunity for improvement in the region, and there is no consistent strategy for breast cancer preven on or detec on that
could be recognized. Ac ons are being taken in countries
like Mexico, Costa Rica, Argen na, Uruguay, or Brazil, where
popula on-based programs have been or are being implemented.
Hormone receptor and biomarker determina on are common prac ce. Contrary to the low commitment to mammographic screening, post-diagnos c screening with hormone
receptor and biologic marker determina on seems widespread in the La n American region. Some ques ons exist
in terms of the diﬀerences found in HER2 overexpression,
which leads us to conclude (1) that criteria for immunohistochemistry assay interpreta on must be standardized and
(2) that it is unclear whether HER2 overexpression has been
tested consistently.
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SIDEBAR. Conclusions From the 2008 Study on Breast
Cancer in La n America
•
•
•
•
•
•
•
•
•
•

Lack of epidemiologic data
Lack of poli cal commitment
Low rate of mammographic screening
Hormone receptor and molecular markers not available for all pa ents
High percentage of mastectomy
Surgery done by gynecologist or general surgeon in
an important number of cases
Clinical epidemiologic and basic research were insuﬃcient
Short interval between diagnosis and treatment in
some countries
Adequate pallia ve care for pa ents (chemotherapy,
hormonotherapy, morphine)
Good level of educa on in specialists trea ng breast
cancer

With regard to medical therapy, all systemic treatments
are licensed, but budget considera ons limit the use of
some eﬀec ve treatments. Adjuvant chemotherapy reduces
the rela ve risk of death each year by almost 40% for women
younger than age 50 years and by 20% for women age 50 to
69. Endocrine therapy with tamoxifen in women with estrogen
receptor–posi ve disease results in a more than 30% rela ve
risk reduc on of mortality.
One year of adjuvant therapy with trastuzumab in women
with HER2-posi ve breast cancer leads to a 50% reduced
risk of recurrence. Use of modern drugs greatly diﬀers from
country to country and by insurance type. Chemotherapy
treatments with anthracyclines are widely accepted, as is
tamoxifen, for pa ents with estrogen receptor–posi ve tumors. However, new-genera on hormonal treatments like
aromatase inhibitors and the biologic therapy trastuzumab
are not accessible to all women.
In metasta c breast cancer, medical treatment is the most
important considera on. Access to modern drugs is cri cal
but is not a reality. Targeted therapies, such as trastuzumab,
bevacizumab, or lapa nib, are important treatment op ons
for pa ents with advanced breast cancer. Access to these
drugs follows restric ons similar to those men oned for
early breast cancer, which leaves pa ents with few therapeu c alterna ves, uncontrolled disease progression, and—
consequently—poor outcomes.

PALLIATIVE CARE
Quality of life during the end of life is poor in La n American
pa ents with cancer, and symptoms such as pain, fa gue,
nausea, physical impairment, and sleeplessness have been
persistent problems. Studies show that care is fragmented;
suﬀering, uncontrolled; and communica on among professionals, pa ents, and families, poor. Also a great burden is
placed on pa ents, families, and caregivers. The main barriers

BREAST CANCER IN LATIN AMERICA

to op mal pain control are inadequate staﬀ knowledge of
pain management (70%), inability to pay for services or analgesics (57%), inadequate pain assessment (52%), and excessive regula ons of prescribing opioids (44%)

BREAST CANCER IN YOUNG WOMEN IN LATIN
AMERICA
Breast cancer among La n American women is a growing
burden throughout the region. The increased propor on of
breast cancer occurrences in young women is important,
because their diagnoses and tumor behaviors are usually
more aggressive than those in their older counterparts. The
ﬁndings of a recent study reveal that there is scarce informa on about this ma er in La n American countries, especially about the par cular eﬀects and complica ons that
this group of women faces during and a er treatment. Also,
there are no speciﬁc clinical or educa onal programs that
focus on this popula on. A call to ac on from health policy planners, medical providers, researchers, pa ents with
breast cancer, families, and the community in general is deserved for be er care of this emergent challenge.8

CONCLUSION
Breast cancer is the most common cancer, and it kills more
women than any other cancer in La n America. Despite the
scarcity of na onal registries, we corroborated reports of
increasing incidence and mortality in most countries. The
number of deaths as a result of breast cancer is expected to
double by 2030—to 74,000 every year. Aging is the principal
risk factor for breast cancer development. Because of the
demographic transi on in La n America, breast cancer rates
will approach epidemic propor ons. Breast cancer burden
has diﬀerent shapes. In Peru, Mexico, Colombia, and Brazil,
younger age at diagnosis and at death deprives socie es of
numerous produc ve years, as does the high occurrence of
the disease in Argen na and Uruguay. The economic burden
is also great, and it is clearly observed that countries today
allocate insuﬃcient resources to tackle the disease. Women
remain undiagnosed, uncared for, or treated with subop mal therapies, all of which result in high morbidity and the
associated societal costs. Universal health care coverage is
s ll not the rule in La n American countries; even in those
countries where the en tlement to breast cancer health services are guaranteed by law, it is not accompanied by the
necessary resources. Vast inequi es in access to breast cancer
health in La n American countries, and even among diﬀerent regions of countries, exist, which translate to unequal
results in breast cancer outcomes. Data about survival are
scarce and fragmented; what is available shows a wide dispersion across and also within countries. Yet, the evidence
signals that only a few countries have 5-year survival outcomes
that surpass 70%. Breast cancer outcomes have improved

during the past decade, as evidenced by comparison of the
mortality-to-incidence ra os between 2002 and 2008. Costa
Rica is the country where most progress is seen, whereas
Brazil, Mexico, and Panama have not been able to greatly
improve their mortality-to-incidence ra os during the past
years. The reduced survival in La n American countries results in part from diagnosis of approximately 30% to 40% of
pa ents when the disease is already in metasta c phases III
and IV; conversely, in Europe, late diagnosis occurs in only
10% of the all diagnoses. Currently in La n American countries, the majority of breast cancer occurrences are detected
when women seek care a er onset of symptoms. Ini a ves
to increase the awareness of breast cancer are important
so that women are a en ve and do not postpone seeking
care un l the symptoms have reached a cri cal stage. No
one-approach-suits-all preven on strategy is feasible given
the outstanding epidemiologic contrasts in terms of disease occurrence, risks, and available resources both across
and within countries. Popula on-based mammography has
been shown to improve outcomes, because it leads to a
larger share of breast cancers diagnosed at an early stage;
however, in some La n American countries with limited resources and low incidences, the best screening strategies
diﬀer. In countries such as Argen na and Uruguay, versus
countries such as Ecuador, Peru, or Mexico, higher frequency,
lower star ng age, and shorter intervals for screening are
jus ﬁed.
Because aﬀordability remains a liming factor in the La n
American region, recommenda ons from the Breast Health
Global Ini a ve and World Health Organiza on highlight the
role of preven on but contemplate several addi onal measures, such as health educa on and behavior modiﬁca on,
breast self-awareness, and clinical breast examina on. Most
La n American countries have medical care standards; the
challenge in this region is to implement policies and control
mechanisms to ensure their compliance and applicability to
the whole popula on. NCCPs are the fundamental building
blocks to an organized governance, ﬁnancing, and health
care delivery for cancer. There is a marked absence of NCCPs in
La n American countries, which deviates from 2005 World
Health Assembly resolu ons. La n American pa ent groups
fulﬁll an important task when health care systems cannot or
do not suﬃciently assist pa ents with breast cancer. Faulty
pa ent informa on services and lack of government inclusion of these services in policy decision-making should be
improved.
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NEW AND IMPORTANT CHANGES IN THE TNM SYSTEM

New and Important Changes in the TNM Staging System for
Breast Cancer
Gabriel N. Hortobagyi, MD, Stephen B. Edge, MD, and Armando Giuliano, MD
OVERVIEW
Expanded understanding of biologic factors that modulate the clinical course of malignant disease have led to the gradual
integra on of biomarkers into staging classiﬁca ons. The American Joint Commi ee on Cancer (AJCC) TNM staging system
is universally used and has largely displaced other staging classiﬁca ons for most, although not all, cancers. Many of the
chapters of the eighth edi on of the AJCC TNM staging system integrated biomarkers with anatomic deﬁni ons. The Breast
Chapter added estrogen receptor (ER) and progesterone receptor (PR) expression, HER2 expression, and/or ampliﬁca on
and histologic grade to the anatomic assessment of tumor size, regional lymph node involvement, and distant metastases
(known as TNM). While preserving an anatomic staging system for con nuity and for regions where modern biomarkers
are not always available, the eighth edi on emphasizes the increased prognos c precision of the clinical prognos c stage
groups and the pathologic prognos c stage groups. The clinical prognos c stage groups are applicable to all pa ents with
primary breast cancer before any treatment has been implemented, but require a clinical and imaging evalua on as well
as a biopsy with grade and available ER, PR, and HER2 results; the pathologic prognos c stage groups are applicable to all
pa ents treated with complete surgical excision as ﬁrst treatment and also require a complete pathology report, grade,
and ER, PR, and HER2. Applying the pathologic prognos c stage groups to a large database of pa ents staged by basic TNM
groupings changed the stage grouping of almost 40% of pa ents. Grouping by pathologic prognos c stage groups led to a
be er prognos c distribu on of the group and more precise individual prognos ca on.

S

taging classiﬁca ons were developed to be er understand the clinical behavior of speciﬁc malignancies, determine prognosis, and enable physicians and their pa ents
to compare outcomes of similar groups of pa ents. In the
early part of the 20th century, mul ple staging classiﬁcaons were developed by experienced clinicians as well as
professional organiza ons. Star ng in 1943, and for the next
10 years, Pierre Denoix, a French surgeon, devised a staging
system based on the dimensions of the primary tumor, the
presence and extent of regional lymph node metastases,
and the presence and absence of distant metastases.1 The
system was adopted by the Union Interna onale Contre le
Cancer (UICC) in 1968, and in 1977, the AJCC published its
ﬁrst staging system based on the TNM concept.2 Since 1977,
the AJCC has developed a detailed and extensive staging system that covers the spectrum of human malignancies and
has updated it seven mes, as new informa on about clinical behavior and management strategies has become available. Such updates have been the result of mul disciplinary
delibera ons by teams of experts, including surgeons, medical and radia on oncologists, pathologists, radiologists, and

tumor registry experts, including representa ves of the
AJCC and UICC. In 1987, with the publica on of the fourth
edi on of the UICC TNM Atlas, the UICC and AJCC TNM classiﬁca ons were uniﬁed. The eighth edi on of this staging
system, which became eﬀec ve January 1, 2018, is the most
drama c departure from previous staging classiﬁca on.3 In
several tumor types, the new staging system has incorporated biomarkers that modify the anatomic TNM classiﬁcaon. Although such changes were incorporated into staging
of a few cancers, including prostate, in the past couple of
edi ons, the paucity of appropriately performed analyses
of large clinical databases and relevantly forma ed results
in the peer-reviewed literature precluded the incorpora on
of most biomarkers into the staging system. In the meanme, the prac ce of oncology has moved forward, many
biomarkers have been incorporated into the process of selec ng therapies, especially systemic therapies, and many
cancers have been subdivided into speciﬁc subtypes based
on these biomarkers.
Speciﬁcally in the case of breast cancer, it is now considered to be a conglomerate of at least four speciﬁc molecular
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subtypes based on gene expression proﬁling: luminal A, luminal B, HER2-enriched, and basal breast cancer.4 Because
gene expression proﬁling is not available to most prac cing
physicians, this molecular classiﬁca on has been adapted to
clinical prac ce on the basis of frequently used biomarker
assays: ER, PR, HER2, and some measure of prolifera on,
usually the Ki-67 assay. As demonstrated by the evolu on of
classiﬁca ons in hematologic malignancies (leukemias and
lymphomas), it is quite likely several more molecular and
clinical subtypes will be iden ﬁed and validated in the breast
cancer ﬁeld. In addi on, mul gene assays have been developed, using a variety of technologies, to provide prognos c
informa on for pa ents with early breast cancer.5,6 These
assays have also made major inroads into clinical prac ce
and have been validated by retrospec ve and prospec ve
analyses and, in some cases, by prospec ve controlled trials.7,8 Thus, it became apparent that the AJCC staging system
needed to incorporate state-of-the-art biology and prognosc assays or be considered obsolete.

METHODS
In 2013, expert panels were created for each of the major tumor types and charged with developing the best and
most eﬀec ve staging system based on validated prognosc markers and technology that was widely available. The
panels were also instructed to keep the anatomic TNM
classiﬁca on as a basic level of staging, so that areas of the
world where modern biomarker analyses were not being
performed rou nely, or at all, could s ll use the system. The
biomarker addi ons were envisioned as a second er of
prognos ca on, with genomic assays, if relevant, representing a third layer. The AJCC staﬀ and members of the panels
for the seventh edi on had kept track of items that users of
the staging system had iden ﬁed as in need of clariﬁca on
or upda ng. A list of such items was made available to each
panel. In addi on, each panel collected peer-reviewed pub-

PRACTICAL APPLICATIONS
• Biologic a ributes of tumor cells modulate clinical
course and therapeu c outcomes.
• Staging systems divide pa ent cohorts into dis nct
prognos c categories and allow more precise
comparison of pa ent cohorts, clinical trial results, and
therapeu c outcomes.
• ER and PR expressions by breast cancer cells iden fy
diﬀerent types of breast cancer, with dis nct clinical
behavior and prognosis.
• Overexpression and ampliﬁca on of HER2 is associated
with adverse prognosis, but it can be overcome with
speciﬁc an -HER2 targeted treatments.
• The eighth edi on AJCC staging system assumes all
pa ents receive state-of-the-art local, regional, and
systemic therapies.
• The use of pathologic prognos c stage groups is the
recommended staging system for North America, since it
provides more precise individual prognos ca on.
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lica ons that could form the basis for modiﬁca ons of the
staging system. AJCC staﬀ performed a review of the literature, and individual panelists contributed such publica ons
as they thought were relevant to the delibera ons of the
panel. This paper focuses on the changes that were implemented in the breast staging system. However, considerable
changes have also been introduced into the staging systems
of many other tumor types.
The major issue under discussion was the integra on of
biomarkers into the staging system to improve prognos ca on. Because ER, PR, HER2, and Ki-67 are in widespread
use, these were the major focus of the discussion. Histologic
and nuclear grade were also discussed in great detail. The
panel approached organiza ons that controlled large, contemporary databases that included informa on about the
biomarkers under considera on and requested analyses to
determine the incremental beneﬁt of adding each of the biomarkers, as well as a group of biomarkers, to the basic TNM
staging system. These organiza ons included the Na onal
Cancer Database (NCDB), the Na onal Comprehensive Cancer Network, the Early Breast Cancer Trialists’ Collabora ve
Group, the California Cancer Registry, the Na onal Clinical
Trials Network of the Na onal Cancer Ins tute, and large
comprehensive cancer centers. Several of these groups undertook detailed analysis of their databases and provided
invaluable informa on to the panel. The principal source
of informa on was a massive analysis based on 334,243
women diagnosed between 2010 and 2012 and included in
the NCDB. Others are s ll in the process of analyzing their
data, and, as the results of such analyses become available,
they will be considered in future panel discussions.
The breast panel met by monthly conference calls and had
a 2-day face-to-face mee ng. All issues raised by previous
users and major topics brought up by panel members were
addressed and resolved by consensus. The resul ng document was placed on a whiteboard under password protecons, and all panel members reviewed and made repeated
changes. The ﬁnal document was approved by all panel
members and the AJCC execu ve leadership. Some illustra ons from the seventh edi on were retained, whereas
other new ones were added.

CHANGES TO THE AJCC/UICC STAGING
SYSTEM INCLUDED IN THE EIGHTH EDITION
A number of changes reﬂected the need to clarify previously included deﬁni ons and approaches to speciﬁc staging circumstances. Emerging scien ﬁc evidence suggested
that lobular carcinoma in situ is a benign en ty, so it was
removed from the list of malignant tumors considered by
the Breast Chapter. Standard procedures for deﬁning the dimensions of the primary tumor were addressed: (1) rounding
the size of very small tumors was discouraged, (2) T size in the
presence of mul ple tumor foci was clariﬁed, and (3) a clear
deﬁni on of satellite tumor nodules in the skin was included.
Clariﬁca ons to the N category were also added: (1) measurement of nodal metastases was clearly deﬁned; and (2)
cNX was further deﬁned.
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The designa on pM0 was determined to be invalid, whereas
cM1 and pM1 were reaﬃrmed.
The postneoadjuvant systemic therapy classiﬁca on was
further elaborated: (1) determina on of ypT size was clariﬁed to exclude surrounding ﬁbrosis, (2) determina on of
the dimensions of residual nodal metastases was restated,
and (3) the deﬁni on of pathologic complete remission was
revisited, and clariﬁca on was made of pathologic complete
remission in the presence of M1 disease.
The major modiﬁca ons were based on the integra on
of four biomarkers into the staging system: ER, PR, HER2,
and grade (No ngham Grading System). The panel determined that whenever possible, all invasive cancers should
have determina on of histologic grade and assays to measure the expression of ER, PR, and HER2, following broadly
accepted guidelines, such as those publicized by the ASCO/
College of American Pathologists collabora on.9,10 A second
er of prognos ca on, using informa on about grade, ER,
PR, and HER2, was added to the anatomic information of
TN and M: the resulting, combined categories were called
prognostic stage groups. Clinical prognostic stage groups
were developed for use in all patients with primary breast
cancer when all information about anatomic extent and
biomarkers is available. The clinical prognostic groups are
based on baseline assessment, before any therapeutic intervention has been initiated. It uses clinical assessment
of dimensions, based on physical examination and imaging (mammography, ultrasound, and/or MRI). The clinical
prognostic stage groups can also be applied to patients
who are initially treated with neoadjuvant systemic therapy, chemotherapy, or endocrine therapy; when compared with the baseline clinical prognostic stage, this will
provide an accurate assessment of clinical response prior
to surgical therapy.
For pa ents who undergo deﬁni ve surgical resec on as
their ini al treatment modality, the new system includes
pathologic prognos c staging. This is based on pathologic
evalua on of extent of disease (T and N), added to biomarker informa on. The panel considered this to be the
most accurate and precise staging system to be used whenever all of the informa on was available (Table 1).11 The
pathologic prognos c staging should not be used for paents who received neoadjuvant systemic therapy before
surgery. Rather, the postneoadjuvant (ypT and ypN) staging
system should be used for these pa ents. Because there are
no large enough databases of pa ents who have received
neoadjuvant systemic therapy and have complete informaon about ypTNM and biomarkers, no prognos c staging
system has been developed for this popula on. The panel
will con nue to assess the availability of appropriate databases and relevant analyses to develop such a prognos c
staging system in the future.
Although the tables associated with these changes in
the AJCC staging system are large and complex, it should be
relatively easy to find an individual patient’s prognostic
stage group by star ng from the le of the table and gradually proceeding to the right, using the pa ent’s speciﬁc

staging informa on. In addi on, the AJCC is in the process of
developing a staging calculator that can be used as a standalone applica on or incorporated into other electronic record
and registry systems to further facilitate the determina on
of an individual’s prognos c stage and, therefore, prognosis.
The addi on of biomarkers to the TNM staging system
has a major eﬀect on prognos ca on. It is es mated that
upwards of 40% of pa ents classiﬁed by anatomic TNM
groupings will change at least one stage grouping when the
prognos c stage groups are used.

INCORPORATION OF MULTIGENE PANELS
INTO THE STAGING SYSTEM
Over the past couple of decades, and based on the comple on of the Human Genome Project, several groups have
developed mul gene panels that have been shown to provide more accurate individual prognos c informa on.5,6,12-15
These panels have been used in the determina on of prognosis in exis ng tumor collec ons, mostly tumor banks, although some used pa ent samples from prospec ve clinical
trials. These commercially available panels can reproducibly
iden fy pa ents with be er and worse prognosis a er inial treatment with cura ve intent. Most panels were developed for hormone receptor–posi ve, HER2-nega ve
tumors, although MammaPrint was developed in an unselected group of pa ents with breast cancer. Most of the clinical valida on has taken place in pa ent groups with lymph
node–nega ve breast cancer, although informa on based
on lymph node–posi ve breast cancer is star ng to appear
in the peer-reviewed literature.
MammaPrint was recently tested in a prospec ve clinical
trial (MINDACT) in which risk of recurrence was assessed
by MammaPrint and by clinic-pathologic methods (Adjuvant! Online).8 Pa ents with hormone receptor–posi ve,
HER2-nega ve, node-nega ve or -posi ve, low-risk tumors
by both methods were assigned to adjuvant endocrine therapy only; pa ents with high-risk tumors by both methods
were assigned to chemotherapy, whereas pa ents with discrepant results in the two methods were randomly assigned
to use one method or the other to determine whether they
should get chemotherapy or endocrine therapy. At the ﬁrst
analysis, MammaPrint iden ﬁed a group of pa ents with
excellent prognosis who were quite unlikely to beneﬁt from
chemotherapy.
The 21-gene assay (Oncotype DX) was the prognos c assay for the TAILORx clinical trial.7 Patients with hormone
receptor–posi ve, HER2-nega ve, node-nega ve breast cancer and a recurrence score (RS) lower than 11 were assigned
to endocrine therapy alone, whereas those with an RS 25
or higher were assigned to chemotherapy followed by endocrine therapy. Pa ents with an intermediate RS (11–24)
were randomly assigned to endocrine therapy alone or endocrine therapy plus chemotherapy. Only the low-risk group
has been reported: these pa ents had an outstanding result
(98.6% disease-free survival at 6.9 years) with endocrine
therapy only. The rest of the trial has not been reported.
Conﬁrmatory reports from three large databases (Surveillance,
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TABLE 1. Pathologic Prognos c Stage Groups

When TNM Is…

And Grade Is…

And HER2 Status Is…

And ER Status Is…

And PR Status Is…

Then the Pathologic
Prognos c Stage
Group Is…

Tis(c or p)N0M0,

Any

Any

Any

Any

0

Posi ve

IA

Nega ve

IA

Posi ve

IA

Nega ve

IA

*

T1 N0M0,
T0N1miM0,
T1*N1miM0

Posi ve
Posi ve
Nega ve
1
Posi ve
Nega ve
Nega ve
Posi ve
Posi ve
Nega ve
2
Posi ve
Nega ve
Nega ve
Posi ve
Posi ve
Nega ve
3
Posi ve
Nega ve
Nega ve

Posi ve

IA

Nega ve

IA

Posi ve

IA

Nega ve

IA

Posi ve

IA

Nega ve

IA

Posi ve

IA

Nega ve

IA

Posi ve

IA

Nega ve

IA

Posi ve

IA

Nega ve

IB

Posi ve

IA

Nega ve

IA

Posi ve

IA

Nega ve

IA

Posi ve

IA

Nega ve

IA

Posi ve

IA

Nega ve

IB
Con nued
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TABLE 1. Pathologic Prognos c Stage Groups (Cont'd)

When TNM Is…

And Grade Is…

And HER2 Status Is…

T0N1**M0, T1N1**M0,
T2N0M0

And ER Status Is…
Posi ve

Posi ve
Nega ve
1
Posi ve
Nega ve
Nega ve
Posi ve
Posi ve
Nega ve
2
Posi ve
Nega ve
Nega ve
Posi ve
Posi ve
Nega ve
3
Posi ve
Nega ve
Nega ve

And PR Status Is…

Then the Pathologic
Prognos c Stage
Group Is…

Posi ve

IA

Nega ve

IB

Posi ve

IB

Nega ve

IIA

Posi ve

IA

Nega ve

IB

Posi ve

IB

Nega ve

IIA

Posi ve

IA

Nega ve

IB

Posi ve

IB

Nega ve

IIA

Posi ve

IA

Nega ve

IIA

Posi ve

IIA

Nega ve

IIA

Posi ve

IA

Nega ve

IIA

Posi ve

IIA

Nega ve

IIA

Posi ve

IB

Nega ve

IIA

Posi ve

IIA

Nega ve

IIA
Con nued
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TABLE 1. Pathologic Prognos c Stage Groups (Cont'd)

When TNM Is…

And Grade Is…

And HER2 Status Is…

T2N1M0, T3N0M0

And ER Status Is…
Posi ve

Posi ve
Nega ve
1
Posi ve
Nega ve
Nega ve
Posi ve
Posi ve
Nega ve
2
Posi ve
Nega ve
Nega ve
Posi ve
Posi ve
Nega ve
3
Posi ve
Nega ve
Nega ve

And PR Status Is…

Then the Pathologic
Prognos c Stage
Group Is…

Posi ve

IA

Nega ve

IIB

Posi ve

IIB

Nega ve

IIB

Posi ve

IA

Nega ve

IIB

Posi ve

IIB

Nega ve

IIB

Posi ve

IB

Nega ve

IIB

Posi ve

IIB

Nega ve

IIB

Posi ve

IB

Nega ve

IIB

Posi ve

IIB

Nega ve

IIB

Posi ve

IB

Nega ve

IIB

Posi ve

IIB

Nega ve

IIB

Posi ve

IIA

Nega ve

IIB

Posi ve

IIB

Nega ve

IIIA
Con nued
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TABLE 1. Pathologic Prognos c Stage Groups (Cont'd)

When TNM Is…

And Grade Is…

T0N2M0,
T1N2M0, T2N2M0,
T3N1M0, T3N2M0

And HER2 Status Is…

And ER Status Is…
Posi ve

Posi ve
Nega ve
1
Posi ve
Nega ve
Nega ve
Posi ve
Posi ve
Nega ve
2
Posi ve
Nega ve
Nega ve
Posi ve
Posi ve
Nega ve
3
Posi ve
Nega ve
Nega ve

And PR Status Is…

Then the Pathologic
Prognos c Stage
Group Is…

Posi ve

IB

Nega ve

IIIA

Posi ve

IIIA

Nega ve

IIIA

Posi ve

IB

Nega ve

IIIA

Posi ve

IIIA

Nega ve

IIIA

Posi ve

IB

Nega ve

IIIA

Posi ve

IIIA

Nega ve

IIIA

Posi ve

IB

Nega ve

IIIA

Posi ve

IIIA

Nega ve

IIIB

Posi ve

IIA

Nega ve

IIIA

Posi ve

IIIA

Nega ve

IIIA

Posi ve

IIB

Nega ve

IIIA

Posi ve

IIIA

Nega ve

IIIC
Con nued
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TABLE 1. Pathologic Prognos c Stage Groups (Cont'd)

When TNM Is…

And Grade Is…

T4N0M0,
T4N1M0,
T4N2M0, T(any)N3M0

And HER2 Status Is…

And ER Status Is…
Posi ve

Posi ve
Nega ve
1
Posi ve
Nega ve
Nega ve
Posi ve
Posi ve
Nega ve
2
Posi ve
Nega ve
Nega ve
Posi ve
Posi ve
Nega ve
3
Posi ve
Nega ve
Nega ve

T(any)N(any)M1

Any

Any

Any

And PR Status Is…

Then the Pathologic
Prognos c Stage
Group Is…

Posi ve

IIIA

Nega ve

IIIB

Posi ve

IIIB

Nega ve

IIIB

Posi ve

IIIA

Nega ve

IIIB

Posi ve

IIIB

Nega ve

IIIB

Posi ve

IIIA

Nega ve

IIIB

Posi ve

IIIB

Nega ve

IIIB

Posi ve

IIIA

Nega ve

IIIB

Posi ve

IIIB

Nega ve

IIIC

Posi ve

IIIB

Nega ve

IIIB

Posi ve

IIIB

Nega ve

IIIB

Posi ve

IIIB

Nega ve

IIIC

Posi ve

IIIC

Nega ve

IIIC

Any

IV

*Includes T1mi.
**Does not include N1mi.
For cases in which HER2 is determined to be equivocal by in situ hybridiza on (ISH; ﬂuorescence ISH or chromogenic ISH) tes ng under the 2013 ASCO/College of American Pathologists HER2 tes ng guidelines, the HER2-nega ve category should be used for staging in the pathologic prognos c stage group table. The prognos c value of these prognos c stage groups is based on popula ons of persons with
breast cancer who have been oﬀered and mostly treated with appropriate endocrine and/or systemic chemotherapy (including an -HER2 therapy).
Reprinted with permission from Amin et al.3
Abbrevia ons: TNM, tumor node metastasis; ER, estrogen receptor; PR, progesterone receptor.

Epidemiology, and End Results [SEER],16 West German
Study Group PlanB,17 and Clalit18) indicate the highly reproducible nature of the assay and provide reassurance
that pa ents with very low RS can safely forego adjuvant
chemotherapy.
These two assays have been used in tens of thousands or
hundreds of thousands of pa ents and provide the largest
proof of concept that they provide reproducible and reliable
individual prognos ca on. Other assays (PAM50,12 Breast
Cancer Index,13 IHC4,14 and EndoPredict15) also iden fy lowand high-risk popula ons and could presumably contribute
to the biomarker-based prognos c staging system. Based
on these results, and on the preponderance of evidence in
the peer-reviewed literature, as well as a comprehensive review of the relevant literature by a panel of the ASCO,19,20
the AJCC Breast Panel recommended that, when available
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and indica ng a low-risk category, in pa ents with hormone
receptor–posi ve, HER2-nega ve invasive breast cancer
with a T1-2 primary tumor and nega ve lymph nodes, these
pa ents should be considered to have a stage IA breast cancer, regardless of the size of the tumor. For the current edion of the AJCC Breast Cancer Staging System, the expert
panel applied this change to stage IA only for pa ents with a
low Oncotype DX score. However, the AJCC is commi ed to
more rapid re-evalua on and upda ng, and it is likely with
such updates the panel will include other genomic proﬁles
for this downstaging.

USE OF PROGNOSTIC SCORES
Another approach, perhaps somewhat simpler, to determine individual prognosis is based on informa on obtained
from mul variable analysis of a large database housed at

NEW AND IMPORTANT CHANGES IN THE TNM SYSTEM

TABLE 2. Univariate and Mul variate Analysis of Prognos c Factors in Rela on to Disease-Speciﬁc Survival
Univariate Analysis
5-Year DSS
(%)

HR

I

99.1

Referent

IIA

98.0

2.8

.002

IIB

95.6

4.8

IIIA

95.4

6.8

IIIC

79.5

26.6

I

99.8

Referent

II

98.9

III

95.3

Prognos c Factor

Mul variate Analysis 2

p

HR

p

Assigned Points

2.3

.01

1

< .0001

4.0

< .0001

2

< .0001

7.2

< .0001

3

< .0001

19.9

< .0001

4

5.0

.1

4.0

.2

0

25.0

.001

13.1

.01

1

< .0001

2.5

.001

1

Pathologic stage (seventh edi on)
Referent

0

Nuclear grade
Referent

0

ER status
Posi ve

98.8

Referent

Nega ve

92.9

4.9

Posi ve

98.8

Referent

Nega ve

95.2

4.0

Referent

0

PgR status
Referent
< .0001

NS

HER2 status
Posi ve

97.5

Referent

Nega ve

98.0

0.8

Referent
.5

2.2

0
.04

1

Abbrevia on: DSS, disease-speciﬁc survival; ER, estrogen receptor; PgR, progesterone receptor.
Reprinted with permission from Amin et al.3

The University of Texas MD Anderson Cancer Center in
Houston, TX, which is an NCI-Designated Cancer Center. The
ins tu on developed an online, prospec ve database of all
pa ents with breast cancer treated or assessed at the ins tu on since 1997. The database provides detailed informa on about pa ent demographics, tumor characteris cs,
treatment modali es used, and outcomes. Informa on in
the database is updated about once a year. Inves gators
iden ﬁed 3,728 pa ents treated with deﬁni ve surgery and
appropriate adjuvant treatments between 1997 and 2006
and with complete biomarker informa on. Univariate and
multivariate analyses were performed to identify factors
associated with disease-speciﬁc survival (DSS). Variables associated with outcomes were assigned points, and a prognosc model based on the sum of points was developed (Table
2).11 A model that included pathologic stage, ER, and grade
provided a highly precise prognos c system.21 Developed on
the MD Anderson Cancer Center database (Table 3),11 the

TABLE 3. Determina on of Risk Score/Proﬁle
Factor

0 Points

1 Point

Grade

Grade 1/2

Grade 3

ER status

ER-posi ve

ER-nega ve

HER2 status

HER2-posi ve

HER2-nega ve

Abbrevia on: ER, estrogen receptor.

prognos c score was validated on a cohort of pa ents of the
SEER database and subsequently on the California Cancer
Registry database (Table 4).22

CLINICAL RELEVANCE OF CHANGES TO THE
AJCC STAGING SYSTEM
A few clinical examples might illustrate the impact of these
changes on clinical prac ce.
• A 58-year-old schoolteacher developed a lump in the
right breast. By physical examination, it measured
3.5 × 4.0 cm. By imaging, the lesion measured 3.2 ×
3.6 cm. There was no palpable axillary lymphadenopathy. A percutaneous needle biopsy showed a grade 2
invasive ductal carcinoma (IDC), ER+, PR−, HER2−. The
pa ent underwent breast-conserving surgery, which
conﬁrmed an IDC, measuring 3.0 × 3.5 cm. Sen nel
lymph node biopsy was nega ve. An Oncotype DX assay
was requested and showed an RS of 9. Using the basic
TNM staging system, the anatomic stage for this primary
breast cancer would be IIA (pT2N0M0). Applying the
new clinical prognos c stage groupings would also lead
to a stage IIA. The pathologic prognos c stage would be
IIA, and, with the result of the Oncotype DX RS (genomic
modiﬁer), her tumor would be downstaged to IA.
• A 63-year-old homemaker developed a lump in the
le breast. By physical examina on, it measured 7.5 ×
6.0 cm. By imaging, the lesion measured 8.2 × 6.6 cm.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 4. Overall and Disease-Speciﬁc Survival Determined by Risk Score/Proﬁle
Stage (Seventh
Edi on)
I (IA and IB)

IIA

IIB

IIIA

IIIC

Risk Proﬁle

No. of
Pa ents

5-Year DSS (%)

95% CI (%)

5-Year OS (%)

95% CI (%)

0

36

100

97.0

80.4–99.6

1

1,173

99.4

98.7–99.7

96.7

95.4–97.0

2

274

98.8

96.4–99.6

94.6

91.0–96.8

3

119

96.6

91.1–98.7

93.8

87.5–97.0

96.8

79.2–99.5

97.5–99.8

97.1

94.7–98.4

0

31

100

1

634

99.4

2

236

97.5

93.2–99.1

94.1

88.7–97.0

3

98

91.0

81.8–95.7

88.2

78.5–93.8

0

11

100

1

309

96.9

2

107

92.9

83.6–97.1

89.3

80.1–94.4

3

40

91.5

75.6–97.2

91.5

75.6–97.2

0

3

100

1

134

98.3

100
92.6–98.8

94.6

89.6–97.2

100
88.2–99.8

91.5

82.6–96.0

2

50

92.2

77.2–97.5

90.3

75.7–96.3

3

7

68.6

21.3–91.2

68.6

21.3–91.2

0

0

1

39

92.2

72.1–98.0

84.4

63.7–93.9

2

16

80.8

51.4–93.4

80.8

51.4–93.4

3

10

33.3

6.3–64.6

33.3

6.3–64.6

Abbrevia ons: DSS, disease-speciﬁc survival; OS, overall survival.

There was one palpable axillary node measuring 1.5 ×
1.5 cm. Biopsy showed a grade 1 IDC, ER+, PR+, HER2+.
Breast-conserving surgery conﬁrmed an IDC measuring
8.0 × 6.5 cm. Sen nel lymph node biopsy was posi ve.

(pT1N1M0), but her clinical prognos c stage would be
IA, and her pathologic prognos c stage would be IA.
This would again have major implica ons on the selecon of op mal adjuvant therapy.

The anatomic stage of this tumor would be IIIA (pT3N1M0),
the clinical prognos c stage IIA, and the pathologic prognostic stage IB. Note, however, that the change in prognosis is based on the assump on that if it is appropriate
in her personal circumstance, she is oﬀered and receives
systemic therapy based on the T, N, and biomarker status
of her cancer.
• A 72-year-old execu ve was found to have a mammographic abnormality in the right breast. The lesion
was not detectable by physical examina on. By imaging, the lesion measured 1.1 × 0.8 cm. There was no
palpable axillary node. Biopsy showed a grade 3 IDC,
ER−, PR−, HER2−. Breast-conserving surgery conﬁrmed
an IDC, measuring 1.0 × 0.7 cm. Sen nel lymph node
biopsy was posi ve (0.4 cm). Axillary lymph node
dissec on not performed. Oncotype DX RS was not
performed (not indicated for triple-nega ve breast
cancer).
Anatomic stage: IIA (pT1N1M0); clinical prognos c stage:
IB; and pathologic prognos c stage: IIA.
• If this 72-year-old execu ve had been diagnosed with
the exact same cancer but diﬀerent biomarker proﬁle,
ER+, PR+, HER2+, her anatomic stage would s ll be IIA

The development of these prognos c models was a major step forward for the AJCC staging system. However, it
is understood that this system will require ongoing revision
as informa on on biomarkers, genomic proﬁles, and treatment evolves. The AJCC is commi ed to making such revisions more o en than the historical 6- to 8-year revision
cycle. The NCDB represents a very large group of pa ents, but,
when distributed into 120 possible stage groups, the numbers decrease drama cally. In addi on, the median followup of this large cohort was only 41.7 months. Although
this provides a reliable preliminary analysis, longer followup will be needed, in view of the rather protracted nature
of some breast cancer subtypes. This is par cularly true
for hormone receptor–posi ve breast cancers, for which
a 10-year follow-up is barely acceptable, and recurrences
con nue to occur for more than 20 years.23 Unfortunately,
the collec on of informa on about hormone receptors and
HER2 did not start in earnest un l 2010 in the SEER database and the NCDB. Larger databases of pa ents treated
with state-of-the-art therapies, longer follow-up mes, and
conﬁrmatory analyses from other large oncology databases
will help reﬁne the modiﬁca ons implemented in the eighth
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CONCLUSION
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edi on of the AJCC staging system. Something similar must
be said about the mul gene panels and their role in staging. Although the databases of pa ents whose tumors have
been tested with these assays is growing, the denominator
is usually much smaller when, in addi on to the results of
genomic assays, complete clinic-pathologic informa on,
biomarkers, and appropriate follow-up with outcomes is

sought. The development of more sophis cated mul gene
panels in triple-nega ve and HER2-enriched popula ons
would be a welcome addi on in the future. We have taken
the ﬁrst steps in biology-driven staging and prognos ca on
in breast cancer. As our knowledge base expands and the
use of personalized cancer therapy grows, our staging systems will con nue to improve.
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CARE AFTER CHEMOTHERAPY: TREATING THE BODY AND THE MIND

Care A er Chemotherapy: Peripheral Neuropathy, Cannabis
for Symptom Control, and Mindfulness
Deanna Teoh, MD, Thomas J. Smith, MD, Mihae Song, MD, and Nick M. Spirtos, MD
OVERVIEW
As cancer therapies improve, pa ents are living longer. With these improvements in therapy comes a responsibility to op mize pa ents’ quality of life during cancer therapy and beyond. This report reviews three mely and important topics. The
ﬁrst sec on reviews the mechanism underlying chemotherapy-induced peripheral neuropathy and evaluates the evidence
for interven ons to prevent and treat peripheral neuropathy. It also provides a framework for approaching the diagnosis
and management of this common and bothersome side eﬀect. The second sec on addresses the controversial but eﬀec ve
use of cannabinoids for cancer and chemotherapy symptoms. Although clinical trials are diﬃcult to conduct because of the
poli cal and social s gma of this class of drugs, this review provides evidence of the eﬃcacy of cannabinoids for treatment
of pain and nausea. The last sec on addresses the mind-body connec on, with a focus on the nega ve emo ons pa ents
with cancer o en experience. This sec on assesses the literature regarding mindfulness-based programs to improve cancerrelated stress. These three topics may appear unrelated, but all address one common goal: trea ng the body and the mind
to op mize quality of life during and a er cancer therapy.
Quan ty of life for many cancer pa ents is improving
steadily; now we need to do the same for quality of
life. — Peter Cardy, Chief Execu ve, Macmillan Cancer
Support

M

ost pa ents with cancer cannot wait to complete
their treatment. But healing is not complete when
treatment stops. Many pa ents have lingering physical side
eﬀects from their cancer or their treatment, including but
not limited to pain, neuropathy, fa gue, physical weakness,
sexual dysfunc on, and altered body image. Most pa ents
also have strong emo ons associated with their cancer diagnosis and treatment, and this can further augment the
physical side eﬀects. This review provides an introduc on
to treatment of some of these long-term eﬀects, including
preven on and management of chemotherapy-induced peripheral neuropathy, the medicinal eﬀects of cannabis and
the social and poli cal context of this therapy, and the effects of mindfulness-based therapies.

PREVENTION AND TREATMENT OF
CHEMOTHERAPY INDUCED PERIPHERAL
NEUROPATHY
Your Pa ent Has Chemotherapy-Induced Peripheral
Neuropathy. Now What?
As a breast oncologist, one of my biggest concerns is the
damage that the drugs I have administered have caused to
an ever-increasing number of survivors. We review what

we have learned from medical oncology, pallia ve medicine, and neuromodula on about chemotherapy-induced
peripheral neuropathy (CIPN). The only thing good thing to
say about CIPN is that it indicates maximal tolerance of the
organism and might be good for outcomes; median overall
survival of pa ents with pancrea c cancer in a nab-paclitaxel trial who developed grade III versus grade 0 CIPN was
15 months compared 6 months (HR 0.33; p < .0001).1 First,
take CIPN seriously. It occurs in 30% to 40% of people receiving pla nums, taxanes, proteosome inhibitors, and an ever-increasing number of drugs.2 Sensory neuropathy may be
worse in black or African-American women.3 Only recently
have we recognized the phenomena of “coas ng,” wherein
the damage may con nue for months a er the treatment
ends, especially a er treatment with oxalipla n or cisplan.4 CIPN has long-standing consequences, with 47% of
people repor ng signiﬁcant bothersome symptoms 6 years
a er treatment. Of those with CIPN, the fall risk is increased
by a hazard ra o of 1.8.5 Second, rou nely ask about CIPN
because CIPN is rela vely easy to diagnose. Ask, “Are you
having any pain, numbness, or ngling since you started
chemotherapy?”, “Have you had any falls?”, and “Is the CIPN
bothering you enough that we should treat it?” Third, we
can be cau ously op mis c that the future will be be er as
we understand the basic science of CIPN.6,7 To date, ASCO
can only recommend duloxe ne for treatment, and nothing at
all for preven on.8 However, that is slowly changing. The main
damage causing CIPN appears to be to the mitochondria in
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the cell body at the dorsal horn, with inability to repair the
terminal arboriza on of the longest nerve ﬁbers—hence the
damage to the longest nerves ﬁrst. Other targets include rare
inﬂammatory neuropathies in the brain and spinal cord from
PD-1 and CTLA-4 inhibitors.9 There are also rare reports of
delayed bowel obstruc on from oxalipla n.10

What Helps to Prevent CIPN?
Table 1 lists established and poten al ways to prevent CIPN.
Right now, only exercise prevents CIPN, and although the
eﬀect size is measurable, it is small. The data come from a
secondary analysis of a randomized trial of exercise to prevent fa gue and do show reduc ons of 0.3 (on a scale of
0–10) in numbness/ ngling and 0.4 in hot/cold sensa ons.11
Missing from the data is the eﬀect on pain, which was not
measured. Regardless, exercise has so many good a ributes
it should be a standard prescrip on for all pa ents.
Drugs to prevent CIPN are ﬁnally appearing. Calmangafodipir, which mimics manganese superoxide dismutase and
protects mitochondria from oxida ve stress, was somewhat
eﬀec ve in a randomized phase II trial, reducing sensory
CIPN symptoms and reducing the risk for grade 2 or higher
CIPN (HR 0.62).16 Side eﬀects were minimal, and the an cancer eﬃcacy of leucovorin/ﬂuorouracil/oxalipla n (FOLFOX)
therapy was unchanged.
Wrapping the extremi es in cold also appears to prevent
some parts of CIPN. As an example, in women treated with
paclitaxel who underwent regional cooling (think cold socks and
gloves) the incidence of grade 2 or higher CIPN was 5% to 9%
versus 20% to 32% in comparison groups.14 Randomized trials
are ongoing. Of course, that will not work with oxalipla n.

PRACTICAL APPLICATIONS
• As our pa ents live longer, it is paramount that we seek
ways to op mize quality of life through management
of common side eﬀects, such as chemotherapy-induced
peripheral neuropathy, use of emerging and eﬀec ve
therapies, and recognizing the mind-body connec on
and integra ng mindfulness-based programs with
standard therapy.
• Peripheral neuropathy is a common side eﬀect of
mul ple cancer therapies but may be minimized or
prevented by exercise, cold wraps, and emerging drugs
that protect the mitochondria.
• Drugs such as duloxe ne, opioids, certain
an convulsants, and menthol, as well as newer
therapies such as neuromodula on, may treat exis ng
chemotherapy-induced peripheral neuropathy.
• Although commercially available dronabinol is
not superior to other an eme cs and oromucosal
nabiximols is not very eﬀec ve for trea ng cancer pain,
cannabis has been shown to be eﬀec ve for trea ng
pain and may help pa ents reduce opioid intake.
• Mindfulness-based programs have been shown to
decrease stress and anxiety in pa ents with cancer and
to decrease cor sol and cytokine levels associated with
stress.
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What Treatments Help Established CIPN?
Treatments do exist for exis ng CIPN (Table 2). Folklore that
opioids do not work in neuropathic pain is common. However, the data show that compared with placebo, opioids
control neuropathic pain as well as they do other types
of pain,23 but the number needed to treat, approximately
three, is about the same as with other neuropathic pain
drugs.24
First, start with duloxetine. It is the only drug proven to
work in randomized controlled trials.7,25 Do not start with
gabapentin or pregabalin. If duloxetine does not work,
or the effect is not sufficient or side effects too large,
then switch to an alternative drug. This will require 3- to
4-week trials until something works, or the CIPN remits,
or you just get tired of trying. But refer to an interested
neurologist, pain manager, or pallia ve care specialist rather
than just give up.7 It takes pa ence to do sequen al 4-week
trials.
Second, con nue the opioids. Add drugs proven to work
along with opioids, such as nortriptyline, star ng at 10 mg at
night and increasing up to 100 mg,23 or gabapen n, 300 mg
at night with a target dose of 1,800 mg per day.32 In other
types of neuropathic pain, nortriptyline and gabapen n
have demonstrated a synergis c eﬀect, poten ally allowing
avoidance of opioids.11 If no other drugs have helped, switch
the drug class to carbamazepine or oxcarbazepine to quiet
damaged nerve impulse genera on.7
Third, add nontoxic treatments. Fallon and colleagues'
proof-of-concept trial showed that 1% menthol (think
"back rub" in the local drugstore or lotions with mentol
used to treat skin ailments) did not help pain scores due
to CIPN, but people did report improvements in walking, sleep, and catastrophizing (“nothing will ever get
better”).28 Additionally, 81% of patients reported improvement in neuropathy symptoms, often substantial.
Although this will not work for everyone, it is incredibly
easy, inexpensive, and very patient-centered. Instruct
your patients to apply this treatment to the affected
areas and the low back (where the nerves from the leg
would enter the spinal cord) twice a day for at least a
month. The principle is that the menthol binds to surface
receptors, sends a cooling message along the native nervous system, and may reset the local nerves or the pain
areas of the brain.
Finally, think out of the box about neuromodula on. We
found at least a dozen successful cases and no failures with
spinal cord s mula on, but this technique is invasive and
expensive. Pachman and colleagues reported a posi ve result from Scrambler (Calmare Therapeu cs Inc., Rutherford,
NJ) therapy, which uses surface electrodes to capture the
surface receptors of the c-ﬁbers (which carry pain impulses)
and send a “nonpain” impulse along the usual route to the
brain.27 Treatment dura on is approximately 45 minutes
daily un l the pain is relieved. Results were be er than
with duloxe ne. Our own group reported li le eﬀect in a
sham-controlled Scrambler therapy trial, but because we
have changed our technique to completely avoid any
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TABLE 1. Preven on of Chemotherapy-Induced Peripheral Neuropathy
Interven on

Eﬀect Size

Prac cality

Comment

Total CIPN symptoms:
approximately 0.5/10
diﬀerence

Exercise for Cancer Pa ents (EXCAP): individually
tailored daily moderately intense walking,
therapeu c band exercises (e.g., squat, side
bend); both increased over 6 weeks

Recommend that pa ents walk 10
minutes twice a day moderately
fast so they are at least
swea ng; increase as tolerated

Eﬀec ve
Exercise

Numbness and ngling:
0.2/1011
Exercise

Exercise pa ents had
stable CIPN, control
group got worse12

8-weeks supervised exercise program, including
endurance, resistance, and balance training
(2 mes/week for 60 minutes)

Pa ents with metasta c colorectal
cancer, 30 pa ents; only 11%–
23% were ge ng oxalipla n

Controlled-release oxycodone
during FOLFOX

Oxycodone group: 29/29
pa ents completed all
cycles

Oxycodone is readily available

Single-center, retrospec ve trial in
Japan; median number of
cycles, 7 and 13 (p < .05);
pa ents given oxycodone
during FOLFOX were compared
with those not given it

With every-3-weeks
paclitaxel, incidence
of grade ≥ 2 CIPN was
5%–9% vs. 20%–32% in
control groups14

Pa ents are already using these devices, and they
are commonly available via pa ent forums: “I
used the gel gloves - they are on amazon - and
boo es - elas -gel I think - for a 60 minutes taxol
infusion it was 2 sets”15

No diﬀerence in paclitaxel doses,
or drugs used to treat CIPN,
between the groups

With calmangafodipir,
less neurotoxicity
(0.62; p = .16), less cold
allodynia, and fewer
sensory symptoms16

Not yet available commercially

Phase II trial, to be repeated in
larger phase III trial

No-oxycodone group:
10/35 pa ents did not
complete all cycles13
Cold (regional hypothermia
during infusion)

Drugs
Calmangafodipir, an infusion to
protect mitochondria

Ineﬀec ve randomized trials but
some mes used
Pregabalin

017,18

Minocycline

019

Might help fa gue

Goshajinkigan, Japanese
herbal medicine

Not signiﬁcant20

May reduce persistence but not
incidence or severity

B vitamins

Not signiﬁcant21

Sensory neuropathy was be er,
but this was not the main
endpoint

Nonrandomized trials or trials
to watch
STOP randomized trial
(sensorimotor and vibra on
exercises)

Vibra ng pla orm that
engages legs and
trunk22

Abbrevia ons: CIPN, chemotherapy-induced peripheral neuropathy; FOLFOX, leucovorin/ﬂuorouracil/oxalipla n.

dermatomes that have altered sensa on, we have had
mul ple consecu ve successes (unpublished data submitted for presenta on at the 2018 ASCO Annual Mee ng).

Take-Home Messages
First, ask about CIPN symptoms. Second, be prepared to do
mul ple 3- to 4-week trials of duloxe ne ﬁrst, then pregabalin or gabapen n, then nortriptyline, and keep going. Refer
to a pain manager, neurologist, or pallia ve care specialist
if you do not have the experience or pa ence. Watch for
new informa on about mitochondrial protec on agents;
cold-preven on gloves and socks; treatment with topical
agents, such as 1% menthol, to bind surface receptors for
damaged nerves; and treatment with superﬁcial neuromodula on, such as Scrambler therapy.

MEDICINAL EFFECTS OF CANNABIS
Cannabis Poli cs
Over the last 150 years, the perceived and reported medicinal eﬀects or beneﬁts associated with the consump on of
products derived from the cannabis plant have ﬂuctuated as
much as the most vola le stock market period in history. Periodically, the beneﬁts have been held out to be Olympian in
nature, almost a cure-all for all condi ons, whereas at other
mes use of cannabis has been associated with “reefer
madness,” including suicidal idea on, sexual promiscuity, and
in general uncontrolled impulses. The truth, as usual, lies
somewhere in between. Add in a dose of world poli cs and
posturing, diﬃculty in conduc ng cannabis trials, an error in
taxonomy, the radically diﬀerent eﬀect ascribed to the two
main components of the plant, delta-9 tetrahydrocannabinol
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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(THC) and cannabidiol (CBD) consumed in a variety of ways,
a less than clear understanding of the metabolism of the
compounds and the endocannabinoid system, and the inability to link a speciﬁc plant proﬁle to a speciﬁc outcome,
and it becomes even more diﬃcult separa ng the ﬂower
from the trim, as it pertains to cannabis sa va and its medicinal eﬀects.
For the purposes of this forum, the historic marke ng of
cannabis and its byproducts will be le to an excellent reference, as will references to reefer madness–type publicaons.33 Regarding world and U.S. poli cs, our present-day
situa on, for the most part, is s ll governed na onally by
the Nixon administra on ignoring the recommenda ons of
the Na onal Commission on Marihuana and Drug Abuse
(The Schafer Commission) and its appendix, both published
in 1972,34,35 which called for decriminaliza on of personal
possession and use of cannabis. Even this report was not
without controversy. To paraphrase a report issued by the

Commi ee on Public Health of the New York Academy of
Medicine, it recommended that a government agency invesgate the feasibility of control and distribu on of marijuana through a government agency, whereas a New England
Journal of Medicine editorial suggested that legaliza on offered the best promise for eﬀec ve control of marijuana.36
Nahas and Greenwood published a detailed rebu al to the
Shafer Commission report and ul mately the administra on
ignored the Commission’s recommenda ons.37 Currently 28
states, the District of Columbia, and a few of the more than
500 recognized na ve tribal na ons have passed laws regula ng the sale of cannabis for medical or for both medical
and recrea onal use, and the laws enacted by each of these
governments or their legisla on are at odds with federal
statute. The recent rescinding of the Cole memorandum by
U.S. A orney General Jeﬀ Sessions has added fuel to the
ﬁres of confusion, which unfortunately will not be solved
here. All should be le with the warning of “buyer beware.”

TABLE 2. Interven ons Used to Treat Chemotherapy-Induced Peripheral Neuropathy
Interven on

Eﬀect Size

Prac cality

Comment

Duloxe ne

Eﬀect size, 0.513 (p = .003);
mean diﬀerence in pain
scores was 0.73, so
about a point25

Administer just as in the
trial: start at 30 mg for
a week, then increase
to 60 mg

Eﬀect was seen within 1 month, so if there is no
beneﬁt or if side eﬀects occur, stop and try
something else

Exercise

Total CIPN symptoms:
approximately 0.5/10
diﬀerence

Eﬀec ve

Exercise for Cancer Pa ents (EXCAP): individually
tailored daily moderately intense walking,
therapeu c band exercises (e.g., squat, side
bend); both increased over 6 weeks

Numbness and ngling:
0.20 eﬀect11
Neurobiofeedback

On Brief Pain Inventory,
“worst” pain reduced
by 2.4, clinically
signiﬁcant (p = .001)26

Not readily available

Visual and auditory rewards were given for voluntary changes in EEG; not placebo controlled

Scrambler therapy

Eﬀect size similar to or
exceeds that seen with
duloxe ne27

Topical 1% menthol

81% of pa ents reported
improvement with no
harm28

Readily available

Not placebo controlled, but no harm

Spinal cord s mula on

Few published cases but
can be eﬀec ve29

Trial determines whether
there is any beneﬁt
before implanta on

Readily available at most pain centers

Not readily available but safe

Ineﬀec ve in RCT but commonly used:
DO NOT USE FIRST
Gabapen n30

44% taxanes, 20% pla nums, 27% combina ons —
no eﬀect
We have all had pa ents who get worse when
gabapen n is stopped, so there are some
responders. Just use as second line and in
combina on.

Pregabalin

Not adequately tested

Reﬂexology

No diﬀerence in CIPN
severity or incidence;
slight improvement in
sensory symptoms31

Abbrevia ons: CIPN, chemotherapy-induced peripheral neuropathy; EEG, electroencephalography; RCT, randomized clinical trial.
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No a priori reason to suspect this is be er than
gabapen n, but it could be be er tolerated

CARE AFTER CHEMOTHERAPY: TREATING THE BODY AND THE MIND

The Science Behind Medicinal Cannabis
As with staging systems for each cancer, we can all argue
the merits of the speciﬁcs deﬁning each stage, but none
would argue against the need for uniformity. For without
it, discussion of results and therefore evalua on of new
treatments would be rendered impossible. Cannabis was
taxonomically divided into three species in the 1970s:
C. indica, C. sa va, and C. ruderalis. Adding to the confusion,
yet ul mately clarifying, was the work of McPartland, who
proved on a gene c basis that these were all the same species, just diﬀerent subspecies.38 More importantly, he found
that C. sa va originated in India and should have been classiﬁed as C. indica, C. indica originated in Afghanistan and
should have been iden ﬁed as C. afghanica, and C. ruderalis
is most properly classiﬁed as C. sa va. Un l this nomenclature is standardized, comparing research results will be near
impossible.
Since Mechoulam's group iden ﬁed and synthesized both
CBD and THC, the psychoac ve component in the cannabis
plant, more than 60 phytocannabinoids have been iden ﬁed in addi on to approximately 400 other components of
the cannabis plant. These include many terpenes that account for the associated aroma and that may contribute to
the entourage eﬀects of cannabis.39,40 Research eﬀorts have
logically been based on our understanding of metabolism
via the cytochrome P450 pathways and the cannabinoid
receptors currently iden ﬁed throughout the body, par cularly in the brain. Le to further study is the molecular basis
for the therapeu c eﬀect of associated with CBD, as it has
li le aﬃnity for the CB1 and CB2 receptors.41-43 Of most importance at this me has been the iden ﬁca on of CBD acting as a nega ve allosteric modulator, thereby changing the
shape of the CB1 receptor and dampening the psychoac ve
eﬀect associated with the consump on of THC when taken
in combina on with CBD.44

Medicinal Eﬀects of Cannabinoids
Much of our collec ve knowledge regarding the clinical effects of cannabinoids comes from case reports and retrospec ve observa onal studies. Few prospec ve randomized
clinical trials have been reported. Russo has provided an
excellent review of controversies associated with research
in this area, including issues involving clinical trial approval
and design.45 Russo highlighted the diﬃcul es encountered
in a empts to conduct research involving cannabis, in parcular the need to use cannabis provided exclusively by the
University of Mississippi or to apply to cul vate and supply
the study drug. Of note, although the U.S. Drug Enforcement
Administra on and the U.S. Food and Drug Administra on
make it challenging to obtain cannabis to conduct medical
research, the U.S. Patent and Trademark Oﬃce has issued a
wide range of patents involving cannabis: for its cul va on,
methods for extrac on and manufacturing, and products
combined with any of several other compound proven beneﬁcial in the treatment of certain medical condi ons. Predicve Therapeu cs LLC (Salt Lake City, UT) was issued U.S. Patent 9,149,499 B1 on October 6, 2015, for the combina on

of cannabis and any nonsteroidal an -inﬂammatory drug
and any proges n with the intent to treat pelvic pain and/or
endometriosis. Others, including the U.S. government, have
been issued patents for cannabis-related products (Table 3).
On one hand, conduc ng studies necessary for such applica ons is made diﬃcult at best; however, those intending
to commercialize cannabis-based therapies have been given
the green light. In Nevada speciﬁcally, eﬀorts to conduct
federally approved research with the intent of ﬁling a new
drug applica on have been thwarted as the ins tu onal review board at the university medical center requires Drug
Enforcement Administra on assurance before considering
any protocol containing cannabis in a treatment arm, yet
to obtain federal permission one needs ins tu onal review
board approval for study of the drug of concern.
Given these diﬃcul es conduc ng cannabinoid research,
many studies that pertain to clinical oncology involve the
use of dronabinol to relieve chemotherapy-induced nausea
and vomi ng and pain. May and Glode have thoroughly reviewed much of this literature.46 Dronabinol has oﬀered li le
relief over other available an eme cs. Addi onal prospecve studies have using oromucosal nabiximols (THC:CBD
ra o of 1:1) for intractable spas city in pa ents with mulple sclerosis led to the U.S. Food and Drug Administra on
gran ng GW Pharmaceu cals (London, United Kingdom;
Carlsbad, CA) approval for this indica on.47,48 A randomized clinical trial using the same product to treat cancerassociated pain showed oromucosal nabiximols to be no
be er than placebo.49 Maccarrone and colleagues have reviewed results of trials involving oromucosal nabiximols and
concluded they were both tolerated and eﬃcacious.50
Addressing the opiate crisis in this country has led to many
studies being conducted using cannabis-based therapy as an
alterna ve means of managing chronic and cancer-related
pain. Although nabiximols are not sta s cally superior to
placebo for controlling pain in pa ents with cancer, other
randomized placebo-controlled trials have demonstrated
the eﬃcacy of using cannabis for pain control.51-53 Evidence
also suggests that a cannabis-opioid interac on exists, resulting in improved pain control.54 All the studies to date have
used pain scales or pa ent interview results to determine the
success or failure of the cannabis interven on. Given the increasing availability of legal cannabis, there will be fewer opportuni es to study a cannabis-naive popula on—it is clear
from the work of Bachhuber and colleagues that pa ents are
self-trea ng with cannabis to reduce if not eliminate their dependence on narco cs. This is reﬂected by the 24% reduc on
in opiate-related deaths in states with legalized medical marijuana programs as compared with those without.55
We, a group of physicians in Nevada, are licensed to cul vate, produce, and sell cannabis-related products. We have
previously conducted a single-arm pilot study enrolling 25
pa ents with a history of at least 3 years of long-term opiate
use, with a study endpoint of decreasing opiate intake, as
determined by weekly pill count, by 30%. Results from that
study exceeded our goal, with a decrease in opiate intake by
greater than 50% in 92% of pa ents (N. Spirtos, manuscript
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in prepara on). This provides an objec ve basis from which
to evaluate the poten al of cannabis to reduce opiate consump on across the United States. We are conduc ng a
randomized, placebo-controlled study using a guava-based
syrup with a THC:CBD ra o of 2:1 and a placebo containing only the guava-based syrup. We have also opened a trial
to evaluate the eﬀec veness of this syrup with some slight
modiﬁca ons in the terpene proﬁle to control chemotherapyinduced nausea and vomi ng. These results will be presented
at the mee ng.

EFFECTS OF MINDFULNESS ON CANCER
RECOVERY
What Is Mindfulness?
Mindfulness is the prac ce of fully paying a en on to the
present and maintaining awareness, with nonjudgment,
emo onal balance, and openness.56 It includes both formal
and informal medita on prac ces to engage an individual’s
rela onship to experience.57 Mindfulness is rooted in Buddhism, and because of its purpose to improve suﬀering and
encourage compassion, it has a poten al role in medicine.58

TABLE 3. Cannabis Patents
Cited Patent

Filing Date

Publica on Date

Applicant

Title

US4279824

November 1, 1979

July 21, 1981

Laurence O. McKinney

Method and apparatus for
processing herbaceous plant
materials, including the plant
cannabis

US6403126

January 24, 2000

June 11, 2002

Websar Innova ons Inc.

Cannabinoid extrac on method

US6630507

April 21, 1999

October 7, 2003

United States of America as represented by
the Department of
Health and Human
Services

Cannabinoids as an oxidants
and neuroprotectants

US7968594

April 27, 2005

June 28, 2011

GW Pharma Ltd.

Pharmaceu cal composi ons
for the treatment of pain

US20040049059

October 16, 2001

March 11, 2004

Adam Mueller

Method for producing an
extract from cannabis
plant ma er, containing a
tetrahydrocannabinol and
a cannabidiol and cannabis
extracts

US20080103193

October 26, 2006

May 1, 2008

Trevor Percival Castor

Methods for making composions and composi ons for
trea ng pain and cachexia

US20080241339

March 28, 2007

October 2, 2008

California Natural
Products

Hemp food product base and
processes

US20090035396

May 30, 2008

February 5, 2009

GW Pharma Ltd.

Novel reference plant, a
method for its produc on,
extracts obtained therefrom,
and their use

US20100216872

September 26, 2008

August 26, 2010

Heinz Letzel

Plant extract from low-THC
cannabis for the treatment
of disease

US20110098348

April 9, 2009

April 28, 2011

GW Pharma Ltd.

Cannabis sa va plants rich
in cannabichromene and
its acid, extracts thereof,
and methods of obtaining
extracts therefrom

US20120311744

June 6, 2012

December 6, 2012

Erich E. Sirkowski

Marked cannabis for indica ng
medical marijuana

US20130109747

June 1, 2012

May 2, 2013

GW Pharma Ltd.

Pharmaceu cal formula on

US20140243405

September 14, 2012

August 28, 2014
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Abbrevia on: THC, delta-9 tetrahydrocannabinol.
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Instead of focusing on the distress itself, mindfulnessbased programs train individuals to reﬁne their awareness
of health and their response to various forms of distress.
Mindfulness prac ces can help individuals recognize their
usual condi oned ways of reac ng and strengthen their
ability to cope with disability or pain.58 This shi in their rela onship to their thoughts, feelings, and body sensa ons,
called decentering or reperceiving, can lead to op miza on
in preven on and recovery from illness.58-60 Diﬀerent mindbody interven ons, including but not limited to relaxa on,
biofeedback, hypnosis, yoga, art therapy, music therapy,
combined movement and medita on therapy (e.g., tai-chi
and qigong), have been used to focus on the interac ons
among the brain, mind, body and behavior to improve overall health and physical func oning.61,62
Mindfulness-based programs (MBPs) use these fundamental principles to involve par cipants in sustained rigorous training in mindfulness media on prac ces to develop
awareness and understanding.63 A dis nguishing characteris c of MBP is the systema c training for both teachers and
par cipants in formal and informal mindfulness medita on
prac ces. Original MBPs include mindfulness-based stress
reduc on (MBSR) and mindfulness-based cogni ve therapy
(MBCT). MBSR is a group program that was developed within a medical framework in 1979 by Kabat-Zinn to introduce
formal and informal mindfulness in clinical se ngs.56,64
MBSR is tradi onally scheduled over eight weekly sessions
las ng 2.5 hours each. Fundamental principles include three
formal mindfulness medita on prac ces: body scan, si ng
media on, and mindful movement. Daily home prac ce
consists of 40 minutes of guided mindfulness in everyday
ac vi es. MBSR has shown eﬀec veness in enhancing mental health outcomes and reducing stress in people with
chronic health problems.56,57,65,66
MBCT, originally developed for people in remission from
major depression, integrates MBSR’s core components with
aspects of cogni ve therapy to prevent recurrence or relapse of depression.67-69 It introduced the mini-media on,
or 3-minute breath space. Compared with MBSR, MBCT has
smaller class sizes and par cipants have similar disorders.68,70
Other MBPs with similar theore cal ideas and mindfulness
medita on prac ces have since been developed, reaching a
broad popula on and various se ngs, including hospitals,
schools, and prisons.59,65,66,71
A er changes to the MBSR program were made in 2000 to
be er target a cancer popula on, MSBR has been the most
used prac ce in studies of mindfulness in oncology.72 The
study of the eﬀec veness of MBSR in pa ents with cancer
has been growing because it is well known that cancer is frequently associated with psychological suﬀering and stress.73
A er the ini al diagnosis of cancer or recurrence, 10% to
20% of pa ents eventually develop depression and anxiety,
which can lead to worsening of their overall health.57 They
have high degrees of sleep disturbances, chronic fa gue,
and trauma.64 Greater than 45% of pa ents with cancer have
reported that the emo onal distress of cancer was more
diﬃcult to manage than the physical eﬀects.74 Pa ents with

cancer may have a higher rate of complementary therapy
use to alleviate these eﬀects; in contrast, oncologists use
these complementary therapies less o en than do other
specialists.62,75 Early studies of MSBR in oncology have
shown poten al in improving mood, coping, pain, nausea,
fa gue, and sleep disturbance.57 More recently, randomized controlled trials and meta-analyses have explored the
eﬀects of the MBP interven on in the oncology popula on.

Poten al Beneﬁts of MBPs
In 1982, Kabat-Zinn ﬁrst reported the eﬀec veness of MBSR
interven on in pa ents with chronic pain of 6 months' to 48
years' dura on. A er pa ents completed training, their perceived pain decreased signiﬁcantly, with 50% of pa ents repor ng a reduc on of at least 50%.56 Speca and colleagues
then adapted the MBSR program in 2000 to be er address
the needs of pa ents with cancer.72 The study enrolled 109
pa ents with various types of cancer. The MBSR group experienced improvements of 65% in mood disturbance and
31% in stress symptoms. Other posi ve eﬀects included
acceptance of pain, severity of general medical symptoms,
physical func ons, and ability to cope with daily life.72
A growing body of evidence suggests that MBPs may
help to reduce psychological symptoms of stress and anxiety, especially in women with breast cancer. Randomized
controlled trials using MBSR or MBCT have shown improvements in anxiety and fear of recurrence,76 depression and
distress, breast- and endocrine-related quality of life, and
overall well-being in pa ents with breast cancer.76-79 A systema c review and meta-analysis by Haller and colleagues
iden ﬁed 10 RCTS on MBSR and MBCT in 1,709 women
with breast cancer.80 It concluded that MBSR and MBCT
are safe and eﬀec ve at reducing anxiety and depression 6 to 12 months a er interven on. Long-term studies
are needed.
MBSR has also demonstrated improvement in immune
func on and physical eﬀects of poor sleep and fa gue.
Small nonrandomized trials in pa ents with breast or prostate cancer have shown marked decreases in cor sol and
re-establishment of natural killer cell ac vity and cytokine
produc on levels, a reduc on in T-helper 1 (proinﬂammatory) cytokine levels, decreased blood pressure, and decreased subjec ve stress symptoms.81-83 However, changes
in objec ve and subjec ve measures were greatest for
those who were more distant from their cancer diagnosis
and treatment and did not correlate with the amount of
me spent prac cing MBSR techniques. Studies have shown
mixed eﬀects on the ability of MBSR to improve insomnia,
with some studies showing improvement in the insomnia
severity index and objec ve measures, such as ac graph
measurements and number of waking bouts, whereas other
studies showed no improvement in subjec ve or objective measures related to sleep.84,85 However, these trials
are limited by lack of a standardized definition of sleep
disorder, lack of long-term follow-up, nonactive control
groups, and nonvalidated subjective and objective sleep
measures.86
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MBPs in Gynecologic Cancers
Many of the MBP studies in pa ents with gynecologic cancer
have focused on its eﬀect on sexual func on. Studies have
used many MBP prac ces, including MBCT, psycheduca on,
and even online mindfulness medita on instruc on, for paents with gynecologic cancer.87-89 Results from these small
studies have shown improvement in sexual desire, arousal,
orgasm, sa sfac on, and sexual distress, with eﬀects las ng
up to 6 months.
Quality-of-life studies using MBCT or other MBPs, including bio-behavioral therapy, in pa ents with breast and gynecologic cancer have shown signiﬁcant improvements in
distress, anxiety, nega ve aﬀect, post-trauma c growth,
mindfulness, and overall quality of life when measured by
using validated surveys.90-92 One of the studies supplemented
the subjec ve ﬁndings with objec ve measures showing
signiﬁcant decreases in morning cor sol levels and res ng
heartrate.90 An internet-based strategy speciﬁcally tailored
to ovarian cancer survivors using a combina on of MBSR,
cognitive-behavior stress management, and acceptance
and commitment therapy showed marked improvements
in perceived stress and ovarian cancer-specific quality
of life.93

Limita ons of MBP Studies and Areas for Future
Research
Because of the disparity of study designs and measures, it
is hard to compare eﬀec veness across diﬀerent mindfulnessbased interven ons. Even studies of well-deﬁned prac ces,
such as MBSR and MBCT, o en deviate from the intervenon as originally described. The results of many studies are

diﬃcult to interpret because of small sample sizes, lack of
control groups, short follow-up, and methodologic issues,
including the fact that pa ents receiving an depressant
medica ons are o en excluded.57 Par cipants are primarily
white, female, well-educated and middle-aged, with breast
cancer being the most common diagnosis, and thus are not
representa ve of all individuals with cancer.57 Studies are
needed to determine the best form of delivery of mindfulness interven ons and for whom it is intended.59 Data on
the op mum length of contact me and the use of home
prac ce are lacking.62 Because of the limited number of
randomized clinical trials and qualita ve studies, it is also
unclear whether mindfulness is the operator of change. To
further understand how mindfulness could improve outcomes in pa ents with cancer, endpoints should correlate
physiologic responses and quality of life.62

Role of MBPs for Cancer Recovery
Because pa ents with cancer o en suﬀer emo onal and
psychological distress during and a er treatment, it is important to address these issues to improve pa ents’ overall well-being. Mindfulness-based prac ces have poten al
to integrate with primary care and oncology services to increase the ability to cope with pain and chronic illness, reduce stress in pa ents, and foster compassion. The delivery
of mindfulness in cancer is not limited to MBSR and MBCT;
in fact, modiﬁca ons of the original MBSR and MBCT protocols to be er target the problem or speciﬁc popula ons are
encouraged. Many areas are yet unexplored, and there is a
con nued need for rigorous, high-quality studies to inves gate mechanisms, eﬀec veness, and implementa on.
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The Epigene c Landscape in the Treatment of Gynecologic
Malignancies
Ramez N. Eskander, MD
OVERVIEW
The care of pa ents with advanced-stage or recurrent endometrial, ovarian, and cervical cancer remains clinically challenging. Despite the iden ﬁca on of novel therapeu cs and advancements in suppor ve care, survival outcomes have
been rela vely unchanged over the past decade. In addi on to established genomic altera ons and the contribu ons of
the tumor microenvironment to cancer progression, epigene c mechanisms have emerged as important contributors to
gynecologic cancer progression. DNA methyla on, histone modiﬁca on, and noncoding RNA expression may be important
contributors to disease ini a on and progression and may represent novel therapeu c targets. This ar cle reviews the epigene c landscape of endometrial, ovarian, and cervical cancer, describing the state of the science and discussing poten al
clinical applica ons. To date, the role of epigene c drugs in the treatment of gynecologic cancers remains unclear, although
con nued progress may inform future treatment modali es.

W

ith an improved understanding of the molecular landscapes of ovarian, uterine, and cervical cancer, an interest in targeted therapies has emerged.1-4 This molecular
granularity has translated into U.S. Food and Drug Administra on (FDA) approvals of the an angiogenic agent bevacizumab and of the PARP inhibitors (niraparib, rucaparib,
olaparib), a er a nearly 10-year interval which saw limited
progress in pa ents suﬀering from recurrent cervical and
ovarian cancer.
In an eﬀort to expand on the above, inves gators have
turned their attention beyond traditional genomic mutations, exploring the role of the epigenome on cancer
progression, in an attempt to identify novel therapeutic
strategies. Epigene cs is deﬁned as changes in gene expression that are not due to altera ons in DNA sequence.5
The principal epigene c changes iden ﬁed, and studied, to
date include the following: (1) DNA methyla on, (2) histone
modiﬁca on, and (3) microRNA (miRNA) inhibi on.6 This
epigene c reprograming of gene expression has been clearly
iden ﬁed as a driver in malignant transforma on and cancer propaga on.7
Tradi onally, malignant transforma on is thought to
arise from the ac va on of oncogenes or the inac va on
of tumor suppressor genes via germline or soma c mutaons. More recently, changes in the epigenome have been
iden ﬁed, which contribute to the ini a on and progression of cancer. Approximately 40% of genes harbor DNA
promotor regions rich in cytosines that precede guanines

(CpGs), which, when methylated, result in transcrip onal repression. This process, catalyzed by DNA methyltransferases
(DNMTs), may occur in the promotor regions of tumorsuppressor genes, resul ng in oncogenic transforma on.
This paradigm has been well described for the retinoblastoma (Rb), p16, hMLH1, and BRCA1 tumor-suppressor
genes.8-12 In humans, the three known DNMTs include DNMTA1, DNMT3A, and DNAMT3B. DNMT1 is responsible for
maintaining hemimethyla on of DNA during replica on,
whereas DNMT3A and DNMT3B can catalyze de novo DNA
methyla on.13
Beyond DNA CpG island methyla on, epigene c regula on may occur via histone modiﬁca on. Histones are a
group of proteins responsible for DNA packaging and are
amenable to modiﬁca on on their N-terminal residue. Mulple complex combina ons have been described, including
methyla on, acetyla on, and phosphoryla on occurring at
lysine, arginine, or serine residues.14 Importantly, acetyla on and methyla on of histones can result in mul ple
downstream eﬀects aﬀec ng transcrip on, DNA replicaon, and repair, as well as chromosome organiza on.6 Histone acetyla on is generally associated with transcrip onal
ac va on, whereas the eﬀect of methyla on varies and
depends on the amino acid residue and its loca on. In an
analogous manner to DNA promoter methyla on, histone
modiﬁca on via hypoacetyla on, and methyla on of lysine-9
on histone H3 or lysine-27, can lead to transcrip onal repression. Conversely, acetylation of histone H3 and H4
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and methyla on of lysine-4 residue of histone H3 have been
associated with gene ac va on.15 These processes are mediated by a family of proteins, including histone acetyltransferases, histone deacetylase (HDAC), histone demethylases,
and histone methyltransferases.
More recently, the inﬂuence of noncoding RNAs, including
miRNA, on transcrip onal regula on has been described.
These small 22-nucleo de sequences regulate gene expression via binding at the 3ʹ untranslated region, resul ng in
the formation of RNA-induced silencing complexes, with
inhibi on of transla on or RNA destabiliza on.16 Evalua on
of both normal and cancer ssue specimens suggests that
miRNA downregula on is associated with tumorigenesis
and that miRNA may serve a tumor suppressor func on.
As an example, the downregula on of the let-7 family of
miRNAs has been linked to lung cancer progression and is
thought to be mediated by RAS oncogene ac va on.17
The paradigm of epigenomic therapeu cs has been most
extensively examined in the hematologic arena, in which
the FDA has approved six agents as an neoplas c drugs:
vorinostat (HDAC inhibitor), romidepsin (HDAC inhibitor),
5-azacy dine (DNA methyltransferase inhibitor), decitabine
(DNA methyltransferase inhibitor), and ruxoli nib (JAK1/2
inhibitor).
In patients with gynecologic malignancies, epigenetic
silencing has been hypothesized to be a driver of cancer
progression, with diﬀeren al methyla on proﬁles in endometrial, ovarian, and cervical cancer specimens.18 Given
the substan al unmet clinical need, transla onal scien sts
and clinical trialists are exploring the implica ons of the
epigenome and the therapeu c eﬃcacy of novel epigene c
agents on oncologic outcomes in pa ents with gynecologic
cancer.

ENDOMETRIAL CANCER
Endometrial cancer con nues to be the most common gynecologic malignancy in the United States and is the only
cancer of the female genital tract with a rising incidence
and mortality.19 In 2018, it is es mated that there will be

PRACTICAL APPLICATIONS
• The management of advanced-stage or recurrent
gynecologic cancer remains a clinical challenge.
• Epigene c changes have been iden ﬁed as poten al
drivers of cancer progression across mul ple tumor
types, including ovarian, endometrial, and cervical
cancer.
• A be er understanding of these epigene c changes may
help iden fy novel therapeu c paradigms and improve
outcomes.
• To date, responses with the use of single-agent
epigene c drugs, as well as combina on regimens, have
been clinically disappoin ng.
• It will be important to iden fy poten al predictors of
response with the use of epigene c to maximize eﬃcacy
and reduce toxicity.

62,230 new cases and 11,350 deaths.20 Despite the excellent prognosis in pa ents with early-stage disease, those
with metasta c or recurrent endometrial cancer have limited therapeu c op ons. Since the comple on of Gynecologic Oncology Group (GOG) protocol 177, which explored
the triplet regimen of paclitaxel, doxorubicin, and cispla n
in pa ents with advanced-stage and recurrent endometrial
cancer, there have been limited therapeu c advancements.21
GOG protocol 209 was a subsequent phase III clinical trial
comparing the combination regimen of carboplatin plus
paclitaxel to the combina on of paclitaxel, doxorubicin, and
cispla n. This study enrolled more than 1,300 pa ents and
demonstrated less toxicity and a noninferior progressionfree survival and overall survival with the doublet regimen
of carbopla n plus paclitaxel. Furthermore, second-line chemotherapy op ons for endometrial cancer are notably less
eﬀec ve, with Megace (Bristol-Myers Squibb) being the only
FDA-approved agent in this se ng.
Growing evidence suggests that epigene c altera on,
in the form of aberrant DNA methyla on, is a widespread
and early altera on in endometrial cancer progression that
aﬀects the expression of numerous important genes. Molecular analysis of endometrial tumorigenesis in 110 cancer
specimens and 62 controls iden ﬁed promotor hypermethyla on, and transcrip onal repression, in 24 tumor suppressor
genes, with progressive methylation from simple hyperplasia to complex hyperplasia and ul mately carcinoma.22
Furthermore, in DNA mismatch repair (MMR) gene mutaon carriers, MMR and methyla on defects were iden ﬁed
more than 10 years before the diagnosis of endometrial
cancer.22 To date, DNA promoter methyla on has been idenﬁed in several gene targets in endometrial cancer, potenally contribu ng to carcinogenesis (Table 1).

TABLE 1. Epigene c Targets via Promoter
Hypermethyla on in Endometrial Cancer
Gene

Gene Name

Func on

hMLH1

Human Mut-L homolog 1

DNA mismatch repair gene

APC

Adenomatous polyposis coli

Regula on of cell cycle and
apoptosis, cell adhesion, signal
transduc on

RASSF1A

Ras-associated
domain family
protein 1

Cell cycle regula on, cellular
adhesions, apoptosis

P53

Regulates cellular prolifera on,
apoptosis induc on, DNA repair

PTEN

Phosphatase and
tensin homolog

Regulates cellular prolifera on
and apoptosis

CDH1

E-Cadherin

Epithelial cell adhesion

ERα

Estrogen receptor
alpha

Regula on of prolifera on

PR-B

Progesterone
receptor

Regula on of prolifera on

p16

Cyclin-dependent
kinase inhibitor
2A

Cell cycle regula on
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It is well established that germline muta ons in DNA mismatch repair genes (hMLH1, hMSH2, hMSH3, hMSH6, and
hPMS2) result in Lynch syndrome, with an increased risk
for endometrial cancer.23 More recently, hMLH1 promoter
hypermethyla on has been reported in up to 40% of endometrial cancer specimens, resul ng in transcrip onal repression and a microsatellite-high phenotype.24 This ﬁnding
is par cularly relevant given the recent success of immune
checkpoint inhibi on in pa ents with MMR-deﬁcient, recurrent endometrial cancer. Building on ini al data published
by Le and colleagues,25 Fader and colleagues26 presented
an expanded cohort of pa ents with MMR-deﬁcient and
recurrent or persistent endometrial cancer treated with
single-agent treatment with pembrolizumab. All 10 pa ents
had received at least one prior line of systemic chemotherapy and up to four previous regimens. The authors reported
an overall response rate of 70% (95% CI, 21%–86%; seven
pa ents), with two complete responses and ﬁve par al responses. The disease control rate, or “clinical beneﬁt” rate
(complete response + par al response + stable disease), was
80% (eight pa ents). The 12-month overall survival rate was
89%, and the median overall survival was not yet reached at
me of repor ng. Importantly, microsatellite instability (MSI)
status was determined by using standard-of-care MMR
immunohistochemistry tes ng for hMLH1, hMSH2, hMSH6,
and hPMS2. Pa ents lacking expression of DNA MMR proteins were classiﬁed as MSI-high, consistent with prior studies repor ng concordance rates greater than 90% between
MMR immunohistochemistry and MSI polymerase chain
reac on. In the trial, hMLH1 promoter hypermethyla on
was not evaluated in pa ents lacking immunohistochemistry expression of hMLH1 or hPMS2.
Most recently, a er review of pooled data from ﬁve uncontrolled, open-label, mul cohort, mul center, single-arm
trials, single-agent pembrolizumab was approved for the
treatment of MMR-deﬁcient (MSI-high) solid tumors that
progressed following prior therapy, with no alterna ve
treatment op ons. This disease site–agnos c approval, issued by the FDA on May 23, 2017, was the ﬁrst of its kind,
reﬂec ng the clinical relevance of checkpoint inhibi on in
patients with limited therapeutic options. Across all five
trials, the eﬃcacy analysis showed an overall response rate
(ORR) of 39.6% (95% CI, 31.7%–47.9%) with a complete response rate of 7.4% and a par al response rate of 32.2%. At
the me of data cutoﬀ, median dura on of response had
not yet been reached (range, 1.6+ to 22.7+ months), with
78% of responding pa ents having responses of 6 months
or longer. Of the 149 pa ents in the pooled analysis, 14 had
recurrent endometrial cancer, with a reported ORR of 36%
(dura on of response range, 4.2+ to 17.3+ months), surpassing historical controls in this pretreated pa ent popula on.
In the recurrent disease se ng, a variety of therapeu c
approaches using various hormonal agents have been examined, with a clinical beneﬁt rate approaching 40%.27 Hormonal
therapy is appealing in this pa ent popula on, principally
because of ease of administra on as well as the beneﬁcial
therapeu c index. Despite robust preclinical and biologic
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ra onal for endocrine therapy, these agents are commonly
eﬀec ve for a brief period, with pa ents developing resistance and progressive disease.27 It is hypothesized that resistance is a result of progesterone receptor downregula on
and silencing of signal transduc on. This was exempliﬁed in
GOG protocol 0211, a preopera ve window-of-opportunity
trial in women with endometrial cancer. A er the diagnosis
of biopsy-proved disease, women were enrolled to receive
medroxyprogesterone acetate 21 to 24 days before surgery.
The authors reported a 64% par al response rate and one
complete response among 59 women.28 Interes ngly, GOG0211 illustrated a downregula on of progesterone receptor a er exposure to medroxyprogesterone. In preclinical
models, progesterone receptor downregula on is thought
to result from promoter CpG hypermethyla on and gene
silencing.
The preceding results have since catalyzed the development and ac va on of NRG-GY011, a randomized surgical
window pilot investigation of the relationship of shortterm medroxyprogesterone acetate therapy compared with
medroxyprogesterone acetate plus en nostat on the morphologic, biochemical, and molecular changes in primary
endometrioid adenocarcinoma of the uterine corpus. The
selec on of en nostat, an HDAC inhibitor, in protocol design was driven by its oral formula on and ease of administra on, robust data sugges ng its eﬃcacy in upregula ng
and maintaining progesterone receptor levels, and cellular
diﬀeren a on.29 The results of this trial may subsequently
inform the u lity of a combinatorial approach, hormonal
therapy plus epigene c modiﬁer, in pa ents with recurrent
endometrial carcinoma.
In addi on to the above, the ARID1A gene has been idenﬁed as a frequently mutated tumor suppressor in several
gynecologic malignancies.30 ARID1A encodes the BAF250a
protein, a member of the SWItch/sucrose nonfermentable
(SWI/SNF) complex, par cipa ng in chroma n remodeling
and transcrip onal regula on.31 Aberra ons in chroma n
remodeling have been iden ﬁed in approximately 20% of
all human cancers.32 Speciﬁcally, the SWI/SNF complex is involved in ac va on or inhibi on of transcrip on and plays a
crucial role in carcinogenesis.30 More recently, studies have
shown that ARID1A mutations are involved in carcinogenesis via the phospha dylinositol-3-kinase (PI3K)/protein
kinase B (AKT) pathway, with resultant cellular prolifera on
and inhibi on of apoptosis.30
Gene c studies have revealed an evolu onarily conserved
antagonis c rela onship between the SWI/SNF complex
and polycomb group proteins.33 The loss of SWI/SNF complex subunits (ARID1A, SMARCB1, and SMARA4) results in
unopposed zeste homolog 2 (EZH2) ac vity, promo ng carcinogenesis, and oncogenic transforma on.
ARID1A muta ons have been iden ﬁed in up to 47% of
low-grade endometrioid endometrial carcinomas, 60% of
high-grade endometrioid adenocarcinomas, 11% of serous
adenocarcinomas, and up to 24% of carcinosarcomas.30 An
association between loss of ARID1A protein expression
and activation of the PI3K/AKT pathway has also been
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detailed. Muta ons of PTEN and PIK3CA frequently occur
in endometrial carcinomas with ARID1A muta on, and it is
hypothesized that these ARID1A muta ons induce aberrant
ac va on of the PI3K pathway.30 Addi onally, inves gators
have explored the possibility that ARID1A muta on may result in defec ve MMR, resul ng in MSI and greater tumor
muta onal burden. A strong associa on between ARID1A
loss and sporadic MSI is thought to result from epigene c
silencing of MLH1.34
Given the data outlined above, inves gators are looking
to evaluate the ac vity of single-agent tazemetostat (an oral
EZH2 inhibitor) in pa ents with recurrent endometrioid adenocarcinoma. This epigene c approach seeks to capitalize
on the oncogenic addic on of ARID1A-mutated endometrial
cancers on EZH2 activity. Translational endpoints will include BAF250a immunohistochemistry expression on tumor
samples, as well as genomic sequencing of 467 other genes,
including alternate components of the SWI/SNF pathway
(e.g., ARID1B, ARID2, SMARCA4, SMARCB1, SMARCD1, and
PBRM1).

OVARIAN CANCER
Epithelial ovarian cancer accounts for 25% of all malignancies aﬀec ng the female genital tract and remains the
most fatal gynecologic malignancy. In the United States, a
projected 22,240 new cases will be diagnosed in 2018, with
14,070 deaths.20 Advanced-stage epithelial ovarian cancer is
managed with primary or interval surgical cytoreduc on and
combina on pla num- and taxane-based chemotherapy.35
In some centers, use of the intraperitoneal-intravenous drug
delivery route has persisted despite conﬂic ng clinical trial
results.36 Conversely, a weekly, dose-dense schedule for
paclitaxel gained popularity a er an overall survival advantage was reported in a Japanese GOG clinical trial, with the
more recent ICON-8 results once again ques oning this approach.37,38 Irrespec ve of cytotoxic regimen and mode of
administra on, the greatest hurdles in the treatment of paents with advanced-stage ovarian cancer remains acquired
drug resistance and selec on of pla num-resistant clones.39
Thus, the development of ac ve, tolerable, noncytotoxic
drugs has emerged as a priority in epithelial ovarian cancer
research.
As discussed earlier, the evolu on of our understanding
of the molecular landscape of ovarian cancer has facilitated
drug development, with the recent FDA approval of three
separate PARP inhibitors in the maintenance therapy and
recurrent se ngs. These promising advances have addi onally promoted the inves ga on of alternate therapeu cs,
including poten al epigene c targets. Perhaps the most
notable epigene c changes iden ﬁed in ovarian cancer are
the methyla on, and silencing, of the tumor suppressors
BRCA1 and hMLH1, both responsible for DNA damage repair.40,41 In a recent large case-control study of more than
5,000 women, BRCA1 promoter methyla on was iden ﬁed
more frequently in pa ents with ovarian cancer than controls (6.4% vs. 4.2%; age-adjusted odds ra o, 1.83 [95% CI,
1.27–2.63]).42 Consistent with prior data from The Cancer

Genome Atlas, elevated methylation was restricted to
pa ents with high-grade serous ovarian cancer (9.6%; odds
ra o, 2.91 [95% CI, 1.85–4.56]), in contrast to 5.1% and 4.0%
of pa ents with nonserous and low-grade serous ovarian
cancer, respec vely. Perhaps the most thought-provoking
aspects of this study include iden ﬁca on of BRCA1 methyla on in newborn cord-blood samples, sugges ng that
methyla on may be an embryonic event that aﬀects cancer
risk throughout life.42
In an eﬀort to improve clinical outcomes, inves gators
have examined the eﬀect of DNMT inhibitors on chemotherapy sensi vity in preclinical models, and the poten al for
reversal of pla num and taxane resistance.43,44 Subsequently,
in a phase I clinical trial, low-dose decitabine was given in
combination with carboplatin in patients with recurrent,
pla num-resistant ovarian cancer.45 Decitabine was administered intravenously daily for 5 days, before carbopla n
area under the curve of 5 on day 8 of a 28-day cycle. A standard 3 + 3 dose escala on design was used, with decitabine
tested at two dose levels: 10 mg/m2 (seven patients) or
20 mg/m2 (three patients). Dose-limiting toxicity at the
20-mg/m2 dose was grade 4 neutropenia (two pa ents),
and no dose-limi ng toxici es were observed at 10 mg/m2.45
Ten heavily pretreated pa ents were enrolled (median of ﬁve
prior lines of therapy), with nine comple ng at least one
cycle of therapy. One complete response was observed, and
three addi onal pa ents had stable disease for 6 months
or more. Transla onal on-treatment assessment of methyla on using polymerase chain reac on demonstrated reduced global methyla on on days 8 and 15 when compared
with day 1.45
The biologic ac vity seen in this early phase I study
prompted the assessment of alternate epigene c agents,
speciﬁcally HDAC inhibitors, in pa ents with recurrent ovarian cancer. In a phase II clinical trial, Dizon and colleagues
examined the activity of belinostat in combination with
carboplatin in women with platinum-resistant, recurrent
ovarian cancer.46 A total of 27 eligible and evaluable women
were enrolled in the trial and treated with 1,000 mg/m2 of
belinostat daily for 5 days with carbopla n area under the
curve of 5 on day 3 of a 21-day cycle. The median number
of cycles given was two (range, 1 to 10). One pa ent had
a complete response and one had a par al response (due
to lack of normaliza on of her Ca-125 level), for an ORR of
7.4% (95% CI, 0.9%–24.3%), resul ng in closure of the trial
a er the ﬁrst stage due to drug inac vity.46 Twelve pa ents
(44.4%) had stable disease as their best response. Grade 3
and 4 adverse events occurring in more than 10% of treated
patients were uncommon and were limited to neutropenia (22.2%), thrombocytopenia (14.8%), and vomi ng
(11.1%). Unfortunately, single-agent belinostat failed to show
clinical responses in a cohort of patients with platinumresistant epithelial ovarian cancer, despite the accumula on
of acetylated histones H3 and H4 in peripheral blood mononuclear cells.47
In another study, once again conducted in the pla numresistant se ng, belinostat was used in combina on with
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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carbopla n and paclitaxel.48 A total of 35 women were treated
in the phase II expansion cohort with 1000 mg/m2 of belinostat daily for 5 days with carbopla n area under the curve
of 5 plus 175 mg/m2 of paclitaxel given on day 3 of a 21-day
cycle. Once again, in a heavily treated cohort (54% with
more than two prior pla num-based combina ons), there
were three complete responses and 12 par al response,
for an ORR of 43% (95% CI, 26%–61%).48 The most frequent
treatment-related adverse events in the trial were nausea
(83%), fa gue (74%), vomi ng (63%), alopecia (57%), and
diarrhea (37%). The discrepant drug ac vity seen in these
two trials may be related to trial design and eligibility criteria, or alterna vely the incorpora on of paclitaxel in the
la er, which has been shown to be synergis c with HDAC
inhibi on.49 Furthermore, both studies failed to iden fy biomarkers predic ve of response.
Analogous to endometrioid endometrial cancer,
endometriosis-associated ovarian cancers, including clear
cell and endometrioid histologic types, frequently harbor
ARID1A muta ons. In a pivotal study, Wiegand and colleagues
implicated ARID1A as a tumor suppressor gene frequently disrupted in ovarian endometrioid and clear cell carcinomas.50
In a cohort of 152 cancer specimens, ARID1A muta ons were
iden ﬁed in 46% of clear cell cancers and 30% of the endometrioid ovarian carcinoma specimens (Table 2).30,31,51-54
Importantly, none of the 76 high-grade serous cancer specimens exhibited an iden ﬁable muta on.50 Furthermore,
ARID1A muta ons and lack of BAF250a protein expression
were iden ﬁed in neighboring, con guous preneoplas c
atypical endometrio c lesions, establishing ARID1A muta on as a poten al early event in the transforma on of
endometriosis into cancer.50 To capitalize on these ﬁndings, clinical trialists are looking to examine the eﬃcacy
of tazemetostat as single-agent treatment in pa ents with
measurable, recurrent clear cell and endometrioid ovarian
cancer.

advantage.55-71 The poor oncologic outcome in this pa ent
popula on has driven the explora on of novel treatment
paradigms.72 Most recently, GOG protocol 240 was completed, illustra ng a signiﬁcant improvement in overall
survival (17 vs. 13.3 months; p = .007) with the incorpora on of the an angiogenic agent bevacizumab to a chemotherapy backbone, without a deteriora on in quality of
life.73-76 This milestone represented the ﬁrst me a targeted
agent resulted in an overall survival advantage in the gynecologic cancer arena, resul ng in FDA approval of bevacizumab in the treatment of advanced-stage or recurrent
cervical cancer.77
Cervical cancer is unique among gynecologic cancers because several risk factors are well established, and the causa ve agent, human papillomavirus (HPV), is known. This was
conﬁrmed in the molecular characteriza on of cervical cancer, where 95% specimens were found to be HPV posi ve.2
High-risk HPV infec on alone is not suﬃcient for malignant
transforma on, and it is hypothesized the alternate gene c
and epigenetic factors are required for carcinogenesis.78
The most extensively studied epigenetic changes in cervical carcinogenesis include DNA methyla on and histone
modiﬁca on.
Principal targets of methyla on include the p16 protein, a
cyclin-dependent kinase inhibitor, which tradi onally funcons as a tumor suppressor. Following HPV infec on, early
p16 inac va on has been iden ﬁed, with progressive methyla on in more advanced tumors.79 In addi on to the p16
tumor suppressor, fragile his dine triad gene (FHIT), cyclin
A1 (CCNA1), DAPK1, and Ras-associated domain family 1
isoform A (RASSf1A) are targets of DNA promotor methylaon and transcrip onal repression.79 HPV-related promoter
hypermethyla on has also been iden ﬁed in genes related
to cellular diﬀeren a on, prolifera on, adhesion, and cell
signaling (Sidebar.).

CERVICAL CANCER
A er the iden ﬁca on of cispla n as an eﬀec ve drug in
the treatment of cervical cancer, many eﬀec ve singleagent and combination drug regimens were identified
with improved response rates, but no overall survival

TABLE 2. Frequency of ARID1A Muta ons in
Endometrioid and Clear Cell Ovarian Cancer
Study Author

Endometrioid (%)

Clear Cell (%)

Wiegand et al50

30

46

Rambau et al51

48

–

Takeda et al30

30

57

52*

Chene et al

22

47

Mao and Shih53

30

57

Ayhan et al

55

75

Lowery et al31*

48

41

54

*Expression assessed by BAF250a immunohistochemistry alone.
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SIDEBAR. Epigene c Targe ng of Tumor Suppressor
Genes via Promoter Hypermethyla on in Cervical
Cancer
•
•
•
•
•
•
•
•
•
•
•
•
•
•

P16
FHIT
CCNA1
DAPK1
RASSF1A
O6-methylguanine DNA methyl transferase (MGMT)
APC
Re noic acid receptor beta (RAR-β2)
PTEN
Cell adhesion molecule1 (CADM1)
E-cadherin
Immunoglobulin superfamily 4 (IGSF4)
Tumor suppressor in lung cancer 1 (TSLC1)
P73
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The contribution of histone modification has also
been evaluated, with increased expression of HDACs in
cervical carcinoma.80 Histone deacetylation results in
compact chromatic and transcriptional repression of
target genes. In cervical cancer HeLa cell lines, the Wnt
antagonist DICKKOPF-1 is downregulated as a result of
histone deacetylation, resulting in canonical Wnt pathway activation.81 Parenthetically, in an alternate cell line,
SNU-703, DICKKOPF-1 silencing was mediated via promotor
hypermethyla on.
To date, only hydralazine, an an hypertensive and DNA
methyla on inhibitor, has been examined in pa ents with
cervical cancer. In a small phase I, dose-escala on study, hydralazine at doses between 50 and 150 mg/d was well tolerated and eﬀec ve in the demethyla on and reac va on
of tumor suppressor genes, without aﬀec ng global DNA
methyla on.82

CONCLUSION
The role of epigene c drugs in the treatment of advancedstage or recurrent ovarian, endometrial, and cervical cancer
remains unclear. Despite substan al preclinical ra onale, limited response rates have been observed to date. The interplay
between the genome and epigenome in cancer progression
is undoubtedly complex and mul factorial, with both environmental and heritable components. Furthermore, the
rela ve contribu on of DNA methyla on/hypomethyla on,
histone modiﬁca on, and miRNA expression on gynecologic
cancer genesis con nues to be debated.
Ul mately, targeted therapeu cs and combined approaches
will require identification of predictive biomarkers to enrich for pa ent popula ons more likely to respond to tailored interven ons. This may maximize therapeu c beneﬁt,
while limi ng toxicity, given the poten al oﬀ-target eﬀects
of this drug class.
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Na onal Cancer Ins tute Programma c Collabora on for
Inves ga onal Radiopharmaceu cals
Charles A. Kunos, MD, PhD, and Jacek Capala, PhD, DSc
OVERVIEW
Radiopharmaceu cal therapies have provided an a rac ve therapeu c approach since the introduc on of 131I to treat
thyroid cancer. New insights in cancer biology and radiochemistry have brought radiopharmaceu cals to the leading edge
of oncology clinical research. Na onal Cancer Ins tute (NCI) programs watch for new radiopharmaceu cal breakthroughs
that should be used to treat pa ents with unmet therapeu c needs. Such eﬀorts occur through leveraged partnerships
between NCI’s Cancer Therapy Evalua on Program and its Radia on Research Program. If groundbreaking discoveries are
made, NCI pulls together clinician scien sts to design novel radiopharmaceu cal phase I and II monotherapy or combinaon trials. The speciﬁc infrastructure needs, such as radiopharmaceu cal dosimetry and treatment planning, demand new
programma c workﬂow and regulatory oversight. This ar cle discusses a modern approach to the development of radiopharmaceu cal therapies in the era of personalized medicine.

INTRODUCTION
Radiotherapy as cancer treatment remains an eﬀec ve opon for pa ent cure and pallia on. It helps cure some cancers, such as localized breast, cervical, and prostate cancer.1 It
provides long-las ng control for pallia on of many others.
More than 16.6 million American pediatric and adult cancer
survivors are es mated alive as of January 1, 2018, half of
whom underwent radiotherapy as cancer treatment at one
me or another.2,3 Steady federal support of prac ce-altering
basic science and clinical research ul mately has translated
into enhanced cures and reduced morbidity. New insights
in cancer biology, radiobiology, and radiochemistry have
reposi oned radiopharmaceu cal therapies at the leading
edge of personalized medicine oncology research. Exis ng
and forthcoming programma c ini a ves at the Na onal
Cancer Ins tute (NCI) intend to prominently boost radiopharmaceu cal clinical development in an era of personalized medicine.
Forecasts for radiopharmaceu cal trial success are be er
now than before. Yet the landscape for success has changed.
Oncology clinical trials currently enrich for molecularly selected pa ent popula ons in an eﬀort to gain suppor ve
evidence for inves ga onal agents in disease-speciﬁc treatment indica ons. This strategic approach can set the stage
for rapid and eﬃcient introduc on of new drug therapies
to pa ents. New or repurposed radiopharmaceu cal therapies should adopt similar drug strategies (1) to appeal
to patients and (2) to broaden clinical utility. And here a

radiopharmaceu cal therapy should be thought of as a drug
therapy. Exis ng NCI Cancer Therapy Evalua on Program
(CTEP) ini a ves consider a radiopharmaceu cal therapy to
be a radionuclide delivered by vein, injec on, or inges on
intending to irradiate targeted cancer cells while minimizing radia on dose to nearby normal cells (Fig. 1). There are
factors that make it reasonable to consider radiopharmaceu cal therapies drug like and amenable to development
similar to that of inves ga onal drugs.
Radiopharmaceu cals act by emi ng short-range DNAdamaging ionizing radia on to overwhelm a cancer cell’s
DNA damage response (DDR), much like highly selec ve
drugs inac vate cancer target proteins. They have quan ﬁable pharmacokine c exposures and elimina on half-lives.
Typically, their prescrip on doses are ﬁxed by pa ent body
weight (or body surface area, depending on the agent). Last,
they have predictable organ toxici es. By considering these
agents to be drugs from the outset, CTEP contends that
radiopharmaceu cal therapies can follow an easier programmatic path for clinical development to address unmet
pa ent need. This also provides a clearer vision for regulatory
approval so that important radiopharmaceu cal therapies
reach pa ents earlier. Through one of its ini a ves, the NCI
Small Business Innova on Research Development Center
reviewed 21 next-genera on radiopharmaceu cal cancer
technology projects between 2015 and 2017. Nineteen
projects have been funded so far. Research on radiopharmaceu cal candidate drugs con nues to be needed clinically.
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RADIOPHARMACEUTICAL THERAPIES IN CANCER

FIGURE 1. An body-Radionuclide Conjugates to Treat Cancer

Speciﬁc an bodies carry radionuclide payloads to tumor to release energy-rich radia on locally at cancer cells. A radionuclide such as 227Th conjugated in a chelator conjugate linked to an an body ﬁts this
intent. A er drug product formula on, an bodies target radionuclides to the surfaces of cancer cells within tumor. Radioac ve decay injures cancer cells, perhaps overly reliant on one of the DNA damage
responses, leading to cytotoxicity.

For an audience unfamiliar with radiotherapy clinical
development at CTEP, this ar cle provides perspec ve on
a modern approach to radiopharmaceu cal therapies in
the era of personalized medicine. Prior clinical experience,
gained in radiopharmaceu cal therapy for women with
ovarian cancer, frames current and future ini a ves.

RADIOPHARMACEUTICAL EXPLOITABLE DDRS
IN CANCER
Exploitable DNA Damage Responses
A hallmark of cancer cells is the loss of one or more DDRs.4
A cell’s response to damaged DNA includes base excision
repair, nucleo de excision repair, mismatch repair, homol-

PRACTICAL APPLICATIONS
• New insights in cancer biology, radiobiology, and
radia on chemistry have all boosted the poten al of
radiopharmaceu cal therapies for cancer treatment.
• Quan ta ve radia on dosimetry of radiopharmaceu cal
agents and op mal treatment planning for individual
pa ents remain essen al to move research forward
eﬃciently.
• NCI brings new radiopharmaceu cal discoveries to
pa ents.
• NCI leverages programma c collabora on for leadingedge phase I and II radiopharmaceu cal trials.
• NCI infrastructure needs bring about forward-thinking
plans for radiopharmaceu cal clinical research.

ogous recombina on repair, and nonhomologous end joining. Each repair pathway is reviewed elsewhere.4 Loss of one
or more DDR pathways leads to greater reliance on those
that remain.5 A cancer cell heavily reliant on one DDR pathway is more prone to die when its survival DDR pathway is
blocked. This is known as synthe c lethality.4 An exploitable
DDR survival pathway, whereby drug monotherapy brings
about success alone, is rare. That is why the term “synthe c
lethality” can lead to confusion. Another deﬁni on of synthe c lethality describes synergy or addi vity when a gene c
lesion elevates sensi vity, but a second cytotoxic agent is
required to kill cancers. This scenario renders drug monotherapy less likely to be eﬀec ve. An body-radionuclide conjugates might be par cularly a rac ve in this case (Fig. 1).
A third deﬁni on of synthe c lethality explains the instance
in which two or more agents are combined for synthe c lethal eﬀects when a gene c muta on of known pathologic
signiﬁcance is present. This o en is termed “contextual
synthetic lethality.” Because cytotoxic drug combination
partners are ac ng independently, therapeu c index falls.
If eﬀec ve combina ons are not tested together, clinical
development of one or the other agent might lag. Mee ng
deﬁni on 1 or 2 is a goal in oncology research.
Probably the best-known DDR-deﬁcient cancers that ﬁt
the ﬁrst deﬁni on are those that harbor faulty elements
of homologous recombina on repair. This condi on arises
from inac ve breast- and ovarian-associated tumor suppressor genes BRCA1 and BRCA2.6,7 Cells with intact BRCA1
and BRCA2 are capable of sister chroma d recombina on
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 1. Physical Proper es of Select Radionuclides for the Treatment of Pa ents
Radionuclide

Half-Life

Decay Mode

Energy (MeV)

Prior An cancer Use

32

14.3 days

β−

1.70

Ovarian cancer

67

2.6 days

β−

0.58

Lymphoma

89

50.5 days

β−

1.49

Bone metastases

90

2.7 days

β−

2.28

Liver cancer

111

2.8 days

EC

0.17, 0.25 gamma rays

Lymphoma

131

8.0 days

β−

0.61

Thyroid

153

1.9 days

β−

0.81

Bone metastases

166

26.8 hours

β−

1.85

Liver cancer

177

6.7 days

β−

0.50

Neuroendocrine

188

17.0 hours

β−

2.12

Liver cancer

198

2.7 days

β−

0.41

Solid Tumor

211

7.2 hours

EC, α

7.45

Inves ga onal

213

45.6 minutes

β−, α

8.00

Leukemia

223

11.4 days

β−, α

7.53

Prostate bone metastases

227

18.7 days

α

6.00

Visceral metastases

P
Cu
Sr
Y
In
I
Sm
Ho
Lu
Re
Au
At
Bi
Ra
Th

Abbrevia ons: α, alpha par cle (two protons, two neutrons); β, beta par cle (one electron); EC, electron capture.

repair. This process involves nuclear RAD51 foci.8 Cancers
with defec ve BRCA1 and BRCA2 cannot recruit homologous
recombina on repair proteins. Therefore, sister chroma d
recombina on repair is compromised. And error-prone nonhomologous end joining or other repair mechanisms take
over and predominate as the survival DDR pathway. Cancers
with faulty homologous recombina on repair might over rely
on PARP to ﬁx incurred DNA single-strand breaks. PARP inhibi on by drugs brings about chemical synthe c lethality.8,9
The strategy of PARP inhibi on is eﬀec ve, as at least ﬁve
PARP inhibitors are in late phase clinical development for
pa ents with ovarian cancer,10 and three have been licensed
for speciﬁc clinical indica ons.
Be er understanding of cancer and normal cell radiobiology is important for radionuclide clinical development when
cancers have exploitable DDR pathways. Radionuclides emit
α par cles, β par cles, or photons (either alone or in combina on) during their radioac ve decay. These emissions
can damage DNA nucleo des or break strands. DNA strand
breaks, especially double-strand breaks, are the most cytotoxic.
If an irradiated cell is unable to coordinate its DDR pathways,
it dies. Normal cells do this task well and do not die. Cancers deﬁcient in one or more DDR pathways do not do this
task well. Cancers are prone to die if overwhelmed by DNA
damage. This might explain why external (conven onal)
radiotherapy will retain a pallia ve or immune system s mulatory role. But radiopharmaceu cals may have greater
beneﬁt in the long term. These radioac ve drugs given by
vein, injec on, or inges on irradiate distances that span one
to 10 cells. Cancers absorbing radia on dose during radionuclide decay are overcome by unrepaired or lingering DNA
damage. As these radioac ve drugs induce more and more
DNA damage, they stress missing or survival-dependent
DDR pathways. This promotes cancer cell death. Finding
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human tumor gene c lesions sensi zed to lethal radionuclide eﬀects is desired. Radionuclides coadministered with
targeted drugs or conjugated to tumor-speciﬁc an bodies
are appealing given the probable wide therapeu c index
(Table 1).
This ar cle brings a en on to an unappreciated monotherapy beneﬁt for radionuclides in pa ents with ovarian
cancer. Epithelial ovarian cancer harbors defec ve BRCA1
and BRCA2 in 22% of pa ents.11 Assuming that the proporon of defec ve BRCA1 and BRCA2 cancers existed over the
prior period of radionuclide clinical development, there may
be clues from prior evidence of radionuclide treatment eﬃcacy that can be re-explored for pa ents.

Ovarian Cancer Radiopharmaceu cal Therapy
Trial Examples
One historical approach tested in epithelial ovarian cancer
treatment involved intraperitoneal ins lla on of chromic
phosphate suspension (32P, β− emi er). Its ra onale followed
logic that ovarian cancers spread early and mul site. Ini al
surgery might be incomplete, leaving occult residual peritoneal surface disease. Molecular characteriza on of tumors
was impossible then. 32P suspension was given by intraperitoneal fenestrated catheter. It was thought to coat all peritoneal surfaces a er carefully choreographed four-direc on
rolls. These 10-minute rolls repeated over a 2-hour period
aided 32P coverage, as loculated pockets of peritoneal ascites
blocked access to disease or concentrated 32P in pools contribu ng to toxicity. Several prospec ve randomized trials of 32P
in epithelial ovarian cancer are summarized next.
An open-label postsurgical phase II trial (1976–1986) randomly allocated 74 women to a single intraperitoneal 32P
(15 mCi) dose and 71 women to 12-cycle oral melphalan
(0.2 mg kg−1 D1–5 every 4–6 weeks).12 Women had stage 1
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(limited to the ovaries) or stage 2 (limited to the pelvis)
ovarian disease. The trial showed that about two-thirds of
all 32P-treated pa ents had no side eﬀects (18 of 68 [26%]
had abdominal pain); four pa ents (6%) underwent exploratory surgery for non-disease-related bowel obstruc on.
Melphalan-treated pa ents experienced myelosuppression
(74%), with 20% classiﬁed as severe. The single dose of 32P
was as eﬀec ve as 12-cycle melphalan, including rate of relapse (19% vs. 19%), 5-year progression-free survival (80%
vs. 80%, p = .87), and 5-year overall survival (78% vs. 81%,
p = .48).
A follow-up phase III trial (1986–1994) by the same
inves gators randomized postsurgical 32P or cispla ncyclophosphamide treatment.13 One hundred ten women
were allocated to a single intraperitoneal 32P (15 mCi) dose.
One hundred nineteen women were assigned to three-cycle
cispla n (100 mg m−2) plus cyclophosphamide (1 g kg−1)
every 21 days. Women had stage 1 or 2 ovarian disease. Side
eﬀects from 32P were uncommon. There was a 4% rate of
gastrointes nal toxicity. Three pa ents sustained iatrogenic
bowel perfora ons from catheter placement. In the other
trial arm, toxicity was more frequent. Moderate to severe
reduc ons in white blood cell (69%) or platelet (8%) count
occurred. Gastrointes nal toxicity was 12%. 32P single dosing
ne ed the same eﬃcacy as three-cycle cyclophosphamidecispla n for all measures of eﬃcacy. The 10-year cumula ve
rate of relapse was not signiﬁcantly diﬀerent (35% vs. 28%,
p = .15). Both 5-year (78% vs. 82%) and 10-year (66% vs. 68%,
p = .43) overall survival rates were similar sta s cally.
Another randomized trial from the Norwegian Radium
Hospital (1982–1988) studied women with stage 1, 2, or 3
cancer (outside the pelvis or spread to retroperitoneal lymph
nodes).14 Postsurgical treatment was either single intraperitoneal 32P (7–10 mCi) injec on in 169 pa ents or six-cycle
cispla n (50 mg m−2) infusion every 21 days in 171 pa ents.
The trial found toxicity to be uncommon in 32P-treated paents, with a single pa ent having a lung embolism (one of
136 [0.7%]). Surgery requiring nondisease bowel obstrucon occurred in six pa ents (4%). Cispla n treatment was
stopped in 12 pa ents (7%) for not otherwise speciﬁed side
eﬀects. Two pa ents (1%) underwent surgery for nondisease
bowel obstruc on a er cispla n. The single dose of 32P was
as successful as six-cycle cispla n, as relapse rate (21% vs.
24%), 5-year progression-free survival (81% vs. 75%, p = .57),
and overall survival (83% vs. 81%, p = .60) were essen ally
the same in sta s cal analyses.
To isolate the contribu on of 32P in stage 3 ovarian cancer, another randomized trial was done a er ini al and
second-look surgery.15 One group of 104 women received a
single intraperitoneal 32P (15 mCi) dose. The other group of
98 women underwent no further treatment. On-trial toxicity was infrequent. Among 32P-treated pa ents, four pa ents
(4%) experienced grade 3 or 4 hematologic side eﬀects. Four
(4%) had gastrointes nal side eﬀects of the same grade.
Three (3%) underwent surgery for nondisease bowel obstruc on. In the group receiving no further treatment, four
(4%) had hematologic side eﬀects, two (2%) had gastroin-

tes nal side eﬀects, and one (1%) had surgery for a nondisease ﬁstula. 32P was not superior to no further treatment of
stage 3 pa ents. The rate of relapse (65% vs. 64%) was the
same. The 5-year progression-free survival rate was 44%,
compared with 34% (p = .27). The 5-year overall survival
rate was 83%, compared with 81% (p = .60).
Within the limits of interpreta on, these trials provide
proof of concept that a radiopharmaceu cal appropriately
targeted in a disease-speciﬁc sense delivers beneﬁt with
a favorable safety proﬁle in pa ents with ovarian cancer.
The opportunity to reposi on “old” radiopharmaceu cal
therapies to ac ve treatment of pa ents takes advantage
of possible exploitable DDRs in cancer. New agents such
as an body-radionuclide conjugates (e.g., an mesothelin
an body–227Th conjugate; see Fig. 1) are of clinical interest
for pa ents with early- and advanced-stage ovarian cancer.
Adequately powered radiopharmaceu cal therapy trials are
of cri cal clinical importance now.

RADIOPHARMACEUTICAL CLINICAL
DEVELOPMENT
NCI takes in inves ga onal agents for sponsored, collaborave clinical development through one mechanism, the NCI
Experimental Therapeu cs (NExT) program.16 Agent applica ons to NExT undergo a rigorous two-stage review. The
ﬁrst-level review is carried out by nonfederal clinician sciensts per a special emphasis panel. The second-level review occurs by CTEP clinician scien sts and cancer biologists. Agent
applica ons scoring well submit addi onal “just-in- me”
informa on to assist assigned CTEP medical oﬃcers in structuring a project team. A project team is a scien ﬁc review
group for evalua on of agent scien ﬁc and clinical merit.
Project teams involve interested clinician scien sts, transla onal scien sts, clinical pharmacologists, and cancer biologists. CTEP solicits membership to a project team. Once
competed, applicants undergo two-stage review at CTEP.
The ﬁrst level involves the medical oﬃcers; the second level
occurs with leadership. A erward, project teams convene
to discuss agent-speciﬁc science, pharmacology, and clinical
performance to cra mature clinical development projects
or trials mul ple in number. CTEP monitors project team
progress carefully. Ac ve monitoring includes correspondences from inves gators, medical oﬃcer reports, teleconferences, and other informa on. At its conclusion, project
team work must be presented for approval to an inves gaonal drug steering commi ee made up from a diﬀerent set
of nonfederal clinician scien sts and cancer biologists. Final
administra ve reviews are conducted, and approval documents are sent to successful project team inves gators.
Trials o en ac vate in the CTEP Experimental Therapeu cs
Clinical Trial Network, an integrated phase I and phase II program for the early clinical evalua on of innova ve cancer
treatments among select member NCI cancer centers with
early drug development interest and capacity.17
As an example of the NExT process, a radiopharmaceu cal
therapy in clinical development is 223Ra. Here, the drug substance is 223Ra dichloride. Modes of 223Ra decay involve both
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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alpha par cle (α, a helium ion containing two protons and
two neutrons) and beta par cle (β, meaning one electron)
emission. The total energy emi ed by 223Ra and its daughters
is 28.2 MeV, with alpha par cles contribu ng 95.3% of
this energy. Alpha par cles can split cancer cell DNA to
form a double-strand break. If unrepaired, the break may
be lethal to the cancer cell. Ini al clinical success of 223Ra
in men with metasta c prostate cancer prompted interest in further evalua on of its broader clinical u lity.18
CTEP has recently started a 223Ra and olaparib combinaon trial in a similar pa ent popula on via protocol 10096
(NCT03317382). A successful NExT applica on for 223Ra has
led to a project team. Solicited membership includes CTEP
clinical researchers, radiopharmaceu cal experts, and NCI
Radia on Research Program inves gators. Goals for the
team include (1) selec ng new tumor types for study and
(2) monotherapy or combina on trials for conduct in the
Experimental Therapeu cs Clinical Trial Network.

PROGRAMMATIC COLLABORATION FOR
RADIOPHARMACEUTICAL DEVELOPMENT
NCI uses programma c collabora on for two-stage appraisal
of radiopharmaceu cal NExT applicants. The ﬁrst stage
involves joint discussion between CTEP and the Radia on
Research Program.19 This level of review assesses any gaps
in preclinical or clinical science much deeper than the simple
resolve to jointly develop a radiopharmaceu cal therapy.
The second stage covers wider input from CTEP reviewers,
such as provision of radiopharmaceu cal handling, appropriate inves gator registra on and record keeping, and
logis cs of agent forecas ng, acquisi on, and inventory
management. Successful applicants follow one of two clinical development paths. One is the solicited project team
path for mul ple trials discussed above. The other is an
unsolicited path that requests a single trial supported by
CTEP resources. Either path is subject to ﬁnal administrave review and approval. Depending on design, trials may
ac vate in the Experimental Therapeu cs Clinical Trial Network or in the CTEP Na onal Clinical Trials Network, a consolidated network of ﬁve coopera ve groups responsible for
late phase clinical evalua on of cancer treatments across a
diverse mul site panel of American and Canadian cancer
centers.20
A relevant case of programma c collabora on is the Radia on Research Program radiopharmaceu cal therapy working group. This ini a ve provides a focused forum for federal
and nonfederal clinician scien sts and cancer biologists to
freely discuss triumphs and barriers in radioac ve drug development. Discussion oﬀers opportuni es to fast-track discovery and to boost return on prior inves ga ve ventures
such as from Small Business Innova on Research. NCI and
its community of radia on oncology inves gators are well
posi oned to enter into a radiopharmaceu cal era of drug
development over the next two decades. A suggested ac onable agent list is provided in Table 1. Other cu ng-edge ideas
such as targeted an body-radiopharmaceu cal conjugates
are a high priority.
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RADIOPHARMACEUTICAL INFRASTRUCTURE
NEEDS
NCI’s investment in radiopharmaceu cal scien ﬁc review,
management, monitoring, and other forms of vital infrastructure is key to crea ng innova ve trials and to promo ng
full clinical development. NCI should consider investments
in forward-thinking plans for radiopharmaceu cal clinical
research. And it is a good me to make those investments,
a er awarding 19 Small Business Innova on Research radiopharmaceu cal development phase grants.
The NCI desires collabora ve research planning and cost
sharing with commercial suppliers to ﬁnance the desired radiopharmaceu cal infrastructure and studies. More nonfederal spending would be welcome, but NCI is willing to take
the lead in this area because the amount of assistance it
would receive under any new nonfederal ini a ve remains
unclear. One-oﬀ radiopharmaceu cal therapy trials seem to
omit many important areas of research, such as absorbed
radia on dose dosimetry or pharmacokine cs.
The NCI should consider addressing unmet infrastructure
needs now for several reasons. The investment should improve eﬃcient, safe, and cost-eﬀec ve study of radiopharmaceu cal therapies, now and in the future. The ﬁrst need
is expert evalua on by physicians experienced in radia on
oncology at ini al NExT program applicant triage. By leveraging exis ng scien ﬁc review capabili es in CTEP and the
Radia on Research Program, early go or no-go decisions
could be made without new resource alloca on. This could
boost overall operational efficiency in the clinical trial
enterprise. A second need is to support a coordinated
radiopharmaceu cal dosimetry development team. Such a
team would be charged with crea ng a radiopharmaceu cal
dosimetry development plan to be reviewed by a NCI radiaon expert review commi ee. NCI o en uses its contractors
to administra vely support these types of tasks. Addi onal
funding may need to be allocated for the addi onal workload.
NCI is in a strong posi on to provide infrastructure building.
NCI’s clinical trial enterprise already has clinical monitoring
and regulatory elements in user-friendly Web-based formats.
Well-targeted infrastructure builds for radiopharmaceu cal
shipping and handling, inves gator registra on, commercial
supplier–NCI interfaces for inventory tracking, and new electronic trial case report forms ensure workﬂow that can be relied upon in the near term and the long term.

RADIOPHARMACEUTICAL DOSIMETRY
Radia on dosimetry in health care means the quan ﬁed
measure of ionizing radia on dose absorbed by the human
body. Radionuclides given by vein, injec on, or inges on
irradiate cancerous and normal ssue un l excreted or decayed. The radia on dose absorbed over me is an integral
of biologic decay (excre on) and radioac ve decay, or the
commi ed dose. To measure deposited radia on dose in paents, two parameters are needed. First, a volumetric scan
of the pa ent must be done. Computed tomography and
magne c resonance imaging ﬁt this need. Either modality
permits radionuclide targe ng and any at-risk anatomy to
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be contoured for three-dimensional anatomic volume calcula on. A volumetric scan of the radionuclide distributed
in the pa ent must be captured. This second volume can
be determined in two ways. A pretherapy scan can be done
using a trace amount of the radionuclide to give the apparent volume of distribu on (or the volume necessary to
contain the total amount of an administered radionuclide
at the same concentra on that it is observed in the blood).
Or a post-therapy scan of fully distributed radionuclide can
be obtained for the volume of interest. Mathema cal algorithms compiling spa al anatomy and radionuclide deposion determine pa ent commi ed dose. These algorithms
assume that administered radionuclides are not reinjected,
reingested, or reinhaled a er body elimina on.
From this vantage point, radiopharmaceu cal therapies
are amenable to pharmacokinetic analyses. Early-phase
drug development trials explore drug absorp on, distribuon, and elimina on by blood tests. Most radionuclides can
undergo the same by whole-body nuclear imaging studies.
This is an a rac ve property for clinical development plans.
As phase I trials typically home in on toxicity, radiopharmaceu cal pharmacokine cs should inform safe dose and
schedule, with the least number of patients exposed to
serious or life-threatening adverse events. Connec ng administered ac vity and administered intensity (i.e., the frequency
of radionuclide dosing) is important to the ﬁnal safety proﬁle
of the study radiopharmaceu cal agent. CTEP encourages
such an approach for drug development.21 It is reasonable
to apply this no on to radiopharmaceu cal therapy development as well.
Conceptual obstacles in dosimetry remain. It is clear that,
when eﬀort is expended, radiopharmaceu cal absorbed
dose to a pa ent can be calculated. One challenge is rela ve biologic eﬀec veness. In radiobiology, eﬀec veness
is in part the ra o of cell kill from one type of ionizing radia on to photon-based ionizing radia on given the same
absorbed energy (Table 1). Beta par cles, gamma rays, and
x-rays all have a weigh ng factor (WR [formerly Q]) of 1.
Alpha par cles can have a WR as high as 20. The higher the
WR, the greater a cell’s DNA is damaged. Another part of

eﬀec veness is bioavailability. Bioavailability here means
the propor on of a radionuclide drug that enters the circula on when introduced into the body and therefore capable
of an an tumor eﬀect. Radiopharmaceu cal therapies that
target tumors have a higher rela ve biologic eﬀec veness
than those that do not. A second challenge is rela ve uncertainty in therapeu c index. The tradi onal phase I trial inves ga on describes adverse events associated with agent
administra on, targe ng a toxicity rate of 33% or less.21 It
does not necessarily suit the development of radiopharmaceu cal therapies in monotherapy or combina ons when
an agent’s commi ed dose is uncharacterized. Perhaps a
more informa ve role for radiopharmaceu cal dosimetry is
to help point out warning of unforeseen toxicity. This may
help reduce pa ent risk, iden fy acceptable toxicity, and
uncover vulnerable pa ent popula ons. And last, there is
the contemporary test of calcula ng commi ed dose across
me independent images without or with deformable registra on.
A “good” early-phase radiopharmaceu cal development
study includes dosimetry. Careful dosimetry guides study
design by reducing the number of trial subjects exposed
to serious toxicity. It provides context for star ng dose and
schedule, with the smallest number of trial subjects exposed
to subtherapeu c doses. It aids in describing therapeu c
intent in a disease-speciﬁc manner. For all these reasons,
radiopharmaceu cal dosimetry adds value in a radionuclide
clinical development program.

CONCLUSION
Radiotherapy retains a central role in the era of personalized medicine because of exploitable DDRs in cancer. Radiopharmaceu cal therapies introduce new ways to add
clinical beneﬁt to pa ents. Novel biotechnology for systemic radionuclide therapy opens new paths of clinical invesga on. Programma c collabora on at the NCI facilitates
radiopharmaceu cal discovery. This enhances its return on
investment and pushes brand-new therapies to pa ents.
Having a commitment to radiopharmaceu cal dosimetry
should reduce morbidity and enhance survival for pa ents.
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Moving From Mutation to Actionability
Ilaria Colombo, MD, Katherine C. Kurnit, MD, Shannon N. Westin, MD, and Amit M. Oza, MD
OVERVIEW
The diffusion of high-throughput next-generation sequencing technologies has sustained massive parallel sequencing of
tumor tissue providing a deep insight into tumor biology and advancement of personalized medicine. A substantial number
of targeted agents have been investigated in gynecologic cancer and some have received U.S. Food and Drug Administration approval, like PARP inhibitors in ovarian cancer, bevacizumab in ovarian and cervical cancers, and pembrolizumab in
microsatellite-unstable or mismatch repair–deficient endometrial cancer. To improve effectiveness of targeted therapy,
identification of predictive biomarkers able to guide the selection of the correct drug for the correct patient is crucial.
Different limitations must be addressed to favor a more rapid implementation of a genotyping approach in treatment
selection, such as the possibility to easily assess tumor heterogeneity and clonal evolution along the disease trajectory and
the need for innovative trial designs like adaptive or basket trials incorporating molecular features as selection criteria.
A deep dive into the genomic features of exceptional responders may also favor better understanding of tumor biology,
mechanism of action of a specific target agent, and identification or predictive biomarkers for subsequent tailored studies.

THE ROLE OF TARGETED THERAPY IN
GYNECOLOGIC CANCERS
Over the last decade, remarkable advances have been
achieved in the “omics” technologies, (genomic, proteomic,
transcriptomic) enabling rapid DNA and RNA sequencing and changing the paradigm of cancer treatment that
is now moving from a “one-size-fits-all” strategy to personalized medicine. Identification of predictive biomarkers has become a touchstone for drug development with
the aim of matching patients to a specific targeted treatment that is no longer based on disease site or histologic subtype but on the specific actionable molecular
aberration. The advent of high-throughput sequencing
technologies had led to identification of an incredibly
high number of somatic mutations with the added challenge of distinguishing “driver” from “passenger” mutations.1 The fundamental principle of precision medicine
lies in the possibility to directly or indirectly act on these
mutations, identify predictive biomarkers, and improve
treatment effectiveness by matching the right treatment
to the right patient. Following the characterization of
molecular landscapes of ovarian, endometrial, and cervical cancers by The Cancer Genome Atlas (TCGA), many
different targeted therapies have been investigated and
some approved for the treatment of gynecologic cancers.2-4 However, efficacy, type of actionability, and presence of biomarkers to guide patient selection are different
between agents (Fig. 1).

Driver Mutations and Direct Actionability
PARP inhibitors. Repair of DNA damage is necessary to
maintain genomic stability, promote cell survival, and replication. Base excision repair pathways are involved in the
repair of single strand DNA breaks where PARP plays a role.
Inhibition of PARP leads to accumulation of double-stranded
DNA breaks normally repaired by homologous recombination (error-free pathway) or by nonhomologous end joining
(error-prone pathway).5 Different enzymes are recruited to
repair double-stranded DNA breaks, such as BRCA1, BRCA2,
and other homologous recombination proteins. Germline
or somatic mutations in BRCA1/2 or defects in other homologous recombination repair system genes (e.g., EMSY,
RAD51, ATM, ATR, Fanconi Anemia, BARD1, BRIP1, PALB2,
CHEK2, PTEN, MRE11A and others), are known as homologous recombination deficiency (HRD) and observed in
50% to 60% of high-grade serous ovarian cancer (HGSOC)
cases.2 The presence of HRD sensitizes cancer cells to PARP
inhibitors (PARPi) through “synthetic lethality.” Evidence
from phase II and III trials confirmed the role of PARPi for
the treatment of relapsed platinum-sensitive and platinumresistant ovarian cancer (OC) and as maintenance treatment
of platinum-sensitive relapse after response to platinumbased chemotherapy.6-13 Direct comparison between PARPi
(olaparib, niraparib, and rucaparib) is challenging given differences in selection criteria (BRCA1/-mutated only versus
inclusion of wild-type BRCA1/2), HRD definition, study design, inclusion or exclusion of patients with residual bulky
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FIGURE 1. Efficacy, Type of Actionability, and Presence of Biomarkers in Gynecologic Cancers
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PRACTICAL APPLICATIONS
• Identification of driver and actionable mutations in
tumor tissue allows the development of precision
medicine, with the aim to match the drug to patient
according the specific molecular profile.
• Despite different targeted therapies that have
been investigated for the treatment of gynecologic
malignancies, precision, sensitivity, and specificity of
predictive biomarkers to guide treatment selection
remain a challenge.
• Although the presence of BRCA mutation or homologous
recombination deficiency is a biomarker of the
magnitude of benefit, they cannot, as yet, be used to
exclude patients from PARP inhibitor treatment, given
clinical benefit is also observed in patients with wildtype BRCA or homologous recombination proficient
tumors.
• As data further support the benefit of molecularly
matched therapies, there are an increasing number
of molecularly driven clinical trials on a variety scales.
Thus, the optimal timing, utility, and logistics of NGS in
gynecologic malignancies are expected to evolve.
• Gynecologic cancers include a number of distinct
tumor types with a unique pattern of alterations and
challenge NGS gene panel design. There is an urgent
need to consider changing trial design to encompass all
gynecologic patients into biomarker-based, basket-type
clinical trials.
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disease, or abnormal CA125 level in maintenance clinical
trials. Although the magnitude of PARPi benefit is higher
in patients carrying BRCA mutations or HRD, these molecular features cannot be completely used as predictive biomarkers given that benefit is still observed when mutations
are not present. Improvements in response rate (RR) and
progression-free survival (PFS) have been observed in homologous recombination proficient and in unselected (“all
comers”) populations.9,13 The ARIEL-2 (NCT01891344) and
ARIEL-3 (NCT01968213) trials investigated a tumor-based
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molecular signature of HRD capable of predicting rucaparib
activity beyond germline or somatic BRCA mutations.9,12 As
a consequence of HRD, genomic scars accumulate and may
be measured as an extension of genomic loss of heterozygosity (LOH).14 Although LOH score (high vs. low) can define
which subgroups of patients are more likely to benefit from
rucaparib, it cannot be exclusively used as a biomarker of
response given that improvement in PFS, although arguably
clinically significant, has been observed in patients with
BRCA wild-type and LOH-low tumors.9,12
PI3K/AKT/mTOR inhibitors. The PI3K/AKT/mTOR is the
most frequently mutated or dysregulated pathway in endometrial cancer (EC) and a highly “druggable” target.4 Yet,
after nearly 20 years of preclinical and clinical studies, a predictive biomarker or signature to target this pathway with
PI3Kinase or mTOR inhibitors remains elusive for clinical
practice. Different mTOR inhibitors have shown signs of
activity in phase II trials with RR 4% to 24% but with significant
toxicities.15-17 Activation of redundant pathways restoring
PI3K activity has been reported as one of the most relevant
mechanisms of resistance and led to investigation of combination strategies involving multitarget treatment (pan-PI3K,
AKT, and PI3K-mTORC dual inhibitors) to overcome primary
or acquired resistance.18 However, the risk of significant toxicities is of particular concern in patients with EC known to
be frail and with multiple comorbidities. Thus, targeting this
pathway is challenging given pitfalls such as patient selection, toxicity management, and biomarker identification. All
these aspects must be considered in designing clinical trials
with the aim of bringing these agents into clinical practice
where they are urgently needed to improve patient outcomes. Moreover, deep genome tumor analyses in patients
with exceptional response to PI3K/AKT/mTOR inhibitors
may elucidate underlying mechanisms of action and support predictive biomarker discovery.

Driver Mutations and Indirect Actionability

Immune checkpoint inhibitors. Immune checkpoint inhibitors (anti–PD-1/PD-L1) are under investigation in gynecologic
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cancers and are of particular interest in specific subtypes of
endometrial cancer with high rates of somatic mutations:
the ultramutated group harboring mutations of polymerase
epsilon (POLE) and the hypermutated group characterized
by microsatellite instability–high (MSI-high) or deficient
mismatch repair system.4 The POLE and the MSI groups,
accounting for 10% and 25% of all recurrent endometrial
cancers respectively, have a higher level of neoantigens
and tumor-infiltrating lymphocytes with high expression of
PD-1/PD-L1, supporting the rationale to investigate immunotherapy.19 A phase II study (NCT01876511) investigating
pembrolizumab in mismatch repair–deficient solid tumors
regardless of disease site, enrolled 86 patients including 15
patients with endometrial cancer. Objective radiologic responses have been observed in 53% (46/86) of patients, with
21% (18) achieving a complete response and a 2-year PFS of
53%. In the endometrial cohort, three patients (20%) had
complete response, five (33%) partial response, and three
stable disease (20%) as best response.20 In the phase IB
KEYNOTE 028 (NCT02054806) trial assessing pembrolizumab
in PD-L1–positive advanced/metastatic solid tumors, 23
patients with EC were evaluable for response. At the time
of data cut-off, three patients (13%) had a partial response
and three (13%) stable disease for 24.6 weeks.21 Among the
three patients with a partial response, one had POLE mutation, one non-MSI high tumor, and one unknown MSI status.21 Although clinical benefit seems higher in patients with
higher mutation burden, objective responses have been
also reported in non-MSI endometrial cancer. Thus, further
investigation is needed to identify predictive biomarkers
and to define the role of PD-L1 expression to guide patient
selection. In the cohort of advanced/recurrent cervical cancer (10 patients), an RR of 17% was reported.22
In advanced ovarian cancer, anti–PD-1/PD-L1 therapies
have shown a smaller magnitude of benefit with lower RRs
(0%–15%) likely due to low mutation burden and tumor
immunogenicity.23-26 However, early signs of activity have been
observed in specific subtypes commonly resistant to chemotherapy, such as clear cell, warranting further investigation.23

No Actionable Mutations

Angiogenesis. Angiogenesis is an hallmark process of cancer
growth and progression and plays an important role in ovarian cancer.27 Different agents have been investigated, and,
among these, the anti-VEGF monoclonal antibody bevacizumab has shown to increase PFS and overall survival (OS)
in different settings of ovarian cancer treatment.28-31 When
used in the first-line setting, PFS is increased by 4 months
as observed in the GOG 218 trial (NCT00262847)32 and the
median OS by 9 months in the high-risk population (stage
IV, inoperable, or suboptimally debulked stage III) of ICON7
(NCT00483782).28 In the recurrent setting, the GOG213
(NCT00565851) trial showed an improvement of 3.4 months
in PFS and 5 months in OS when bevacizumab has been added
to carboplatin and paclitaxel (or gemcitabine) for platinumsensitive recurrence.33 An improvement of 4 months in PFS
has been also observed when bevacizumab is added to

carboplatin and gemcitabine for the treatment of platinumsensitive recurrence (OCEANS trial, NCT00434642)30 and
of 3.4 months in the platinum-resistant setting when added
to weekly paclitaxel, liposomal doxorubicin, or topotecan
(AURELIA trial, NCT00976911),31 with a trend in OS improvement with weekly paclitaxel.34 Despite the fact that high
levels of VEGF have been associated with poor outcomes
in ovarian cancer,35 no predictive biomarkers have been
identified. This limits the ability to select patients who are
most likely going to benefit from bevacizumab and to spare
nonresponders from unnecessary toxicity, which would allow for a more efficient and cost-effective use of this agent.
A retrospective biomarker analysis of GOG-218 reported
possible association between high density of vascular endothelial cells that usually express VEGF-receptor and hightumor VEGF-A with patient outcomes.36 A retrospective
analysis of ICON7 pretreatment plasma has identified a signature of three biomarkers (mesothelin, fms-like tyrosine
kinase 4, and α1-acid glycoprotein) that combined with
CA125 can predict benefit.37 However, prospective studies are
warranted to confirm the predictive role of these biomarkers and their applicability in clinical practice.37
Importantly in recurrent/advanced cervical cancer, bevacizumab improved OS,29 irrespective of any biomarker. This
led to U.S. Food and Drug Administration (FDA) approval
of the combination and a National Cancer Institute clinical
alert. Antiangiogenic agents like sunitinib, bevacizumab,
aflibercept, sorafenib, and cediranib have been tested in
endometrial cancer in phase II trials showing RRs of 5% to
18% and a PFS rate at 6 months of 30% to 40%.38-42 However,
given the lack of phase III trials and absence of biomarkers
to identify patients more likely to benefit, no antiangiogenic
agents have been approved for the treatment of endometrial cancer. Further studies assessing angiogenesis inhibitors
in combination with chemotherapy or other targeted agents
and focused on biomarker discovery are warranted.

NGS GENE PANELS

NGS Gene Panels on Actionable Mutations

With the advent of NGS, molecular assessment of all tumor
types has evolved rapidly. Whereas assessments were previously limited to individual genes in the era of Sanger sequencing, NGS subsequently allowed for rapid assessment
of many genes simultaneously. However, unlike many other
tumor types, gynecologic tumors have had relatively few
genotype-specific targeted therapeutics approved by the
FDA. Aside from BRCA mutations for several PARPi and MSIhigh for pembrolizumab, no other drug has achieved a biomarker-specific FDA approval in gynecologic malignancies.
This is true even for gynecologic tumors containing mutations in genes associated with approved targeted therapies
in other tumor types (e.g., BRAF V600E). As more data support the benefit of molecularly matched therapies,43-45 there
is an increasing number of molecularly driven clinical trials.
This is true on both a smaller scale with single or multiinstitution trials, as well as on a national level with National
Cancer Institute and ASCO efforts. Thus, the optimal timing,
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utility, and logistics of NGS in gynecologic malignancies are
expected to evolve.
Currently, the majority of “standard-of-care” molecular
testing is performed using commercially available gene panels. Although these panels have indications for use in all solid
tumors, only two have approval for gynecologic malignancies: FoundationFocus CDX BRCA (Foundation Medicine) and
myChoice HRD (Myriad). Both of these tests are approved
for ovarian cancer only and used primarily for the consideration of PARPi therapy.46,47 FoundationOne CDX was recently
approved as an NGS gene panel test for all solid tumors and
includes genomic signatures for tumor mutation burden and
MSI assessments. However, this panel is relatively unique
in that it is also approved as a companion diagnostic for
FDA-approved therapies in five tumor types: ovarian cancer,
non–small cell lung cancer, melanoma, breast cancer, and
colorectal cancer. Additionally, other non-FDA–approved
options for molecular assessment of gynecologic malignancies exist, including Caris Molecular Intelligence (Caris Life
Sciences), Tumor Blueprint (The Clearity Foundation), TumorNext-HRD and TumorNext-Lynch (Ambry Genetics), and
Oncomine Comprehensive Assay (Thermo Fisher Scientific).
Other common techniques including immunohistochemistry (e.g., for PTEN loss assessment) and fluorescence in
situ hybridization (e.g., for HER2 amplification assessment)
continue to be used on a hospital-by-hospital basis. However, newer molecular characterization techniques including
RNAseq and reverse phase protein array have also begun to
emerge for clinical use.48,49

Challenges for Designing NGS Gene Panels
Gynecologic cancers include a number of distinct tumor
types with a unique pattern of alterations. The majority
of ovarian cancers are epithelial, and the majority of epithelial ovarian cancers are HGSOC. Although the most frequent mutation in HGSOC is in TP53, therapies targeting
this alteration are still in preclinical or early-phase clinical
trials.50 Currently, the most clinically relevant alterations in
epithelial ovarian cancers are those associated with HRD. In
TCGA’s molecular characterization of ovarian cancers, approximately 50% of tumors were found to have alterations,
which led to nonproficient homologous recombination DNA
repair. Interestingly, although most of these homologous
recombination defects were in BRCA1/2, almost 15% were
in other genes, suggesting that somatic (including epigenetic) and other germline alterations may be relevant to HRDrelated targeted therapeutics.51 Cohort studies and clinical
trials have already shown that patients with ovarian cancer
demonstrating HRD but without a germline BRCA mutation,
behave similarly to patients with germline BRCA mutations
in terms of clinical outcomes and treatment response.52-55
Furthermore, recent data from niraparib and rucaparib
show improved response to PARPi in tumors with evidence
of HRD based on aberrations other than mutations, such as
LOH.12,56 Thus, identification of patients with HRD and ongoing development of relevant therapeutics will be critical for
patients with HGSOC.
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Other epithelial ovarian cancer subtypes have an array
of potentially actionable mutations. A large proportion of
low-grade serous ovarian cancers have KRAS and BRAF mutations, as well as high expression of estrogen and progesterone receptors.57,58 Endometrioid ovarian cancers have
high rates of PI3K pathway alterations as well less frequent
BRCA, ARID1A, and CTNNB1 mutations.59 Similarly, clear cell
ovarian cancers have high rates of PI3K pathway alterations
and a higher frequency of ARID1A mutations compared with
HGSOC.60,61 Mucinous ovarian cancers have frequent KRAS
and BRAF mutations as well as HER2 amplification.62,63 In
adult granulosa cell tumors, FOXL2 mutations have been
found, and DICER1 mutations in several other nonepithelial
ovarian cancers,64,65 but their clinical relevance is presently
unclear as fewer biomarker-driven clinical trials have been
completed in patients with these cancers.
For endometrial cancer, the molecular landscape has
been well-described, but clinical success with targeted therapies has been modest. TCGA’s study of endometrial cancer
demonstrated notable alterations in PTEN, PIK3CA, PIK3R1,
ARID1A, KRAS, and CTNNB1 in tumors with endometrioid
histology.4 In fact, it is more common for endometrioid tumors to have at least one molecular abnormality than to
be completely wild-type. The high number of mutations, and
specifically the propensity for PI3K/AKT pathway alterations,
has been supported by other smaller, single-institution
studies as well.66-69 TCGA also demonstrated high rates of
TP53 mutations in the endometrial cancers that were predominantly of serous histology as well a proportion of highgrade endometrioid tumors.4 Interestingly, studies have
also demonstrated HER2 overexpression and amplification
in uterine serous carcinomas.70-72 From a tumor mutational
burden standpoint, two subsets of patients characterized as
having hypermutated (mostly MSI-high) and ultramutated
(POLE mutants) disease were also identified in endometrial
cancer.4 A subset of endometrial cancers with high tumor
mutational burden has been identified in multiple other
studies and is increasingly of clinical interest.73,74
For HPV-related gynecologic cancers, including cervical,
vaginal, and vulvar cancers, many novel therapeutics have
focused on the HPV aspect of these tumors and less on the
molecular landscape. However, molecular characterization
of these tumor types has increased in recent years, including a TCGA analysis of cervical cancers published in 2017.75
Interestingly, TCGA’s analysis identified several cervical
cancer subsets. Although most were defined by HPV-related
characteristics, there was a small subset that appeared
more similar to endometrial cancer. This endometrial-like
group demonstrated a significantly higher proportion of
KRAS, ARID1A, and PTEN mutations than the rest of the cervical cancers assessed. Additionally, the majority of these
tumors showed an alteration in either the PI3K/MAPK or the
TGF-beta signaling pathways. High frequencies of the PI3K
and MAPK pathways have similarly been shown in other
smaller studies.76,77 However, the finding of a subset of
tumors with ERBB3 mutations was relatively novel and suggests a new targetable pathway for these patients.75

MOVING FROM MUTATION TO ACTIONABILITY

The targetable alterations of vulvar and vaginal cancers
are vastly unknown. A recent NGS molecular assessment of
vulvar cancers demonstrated mutations in the PI3K/MAPK
pathway, as well as TP53 mutations and a small number of
ERBB4 mutations.78 Of note, significantly more alterations
were seen when immunohistochemistry was used compared with NGS, underscoring one of the complexities of
identifying predictive biomarkers for novel therapeutics.
Unfortunately, these data also suggest that we may not
be able to easily extrapolate between tumors of different
primary sites even when the tumorigenesis mechanism is
thought to be similar.

Clinical Relevance of NGS Gene Panels
One of the ongoing debates for molecular testing that is not
limited to gynecologic malignancies, is related to the optimal timing of such testing. Currently, most molecular testing
for gynecologic malignancies occurs in the recurrent setting.
This is in large part due to a lack of FDA-approved targeted therapies available in the upfront setting. At this point,
most molecular testing in gynecologic malignancies is done
with the goal of finding appropriate biomarker-driven clinical trials for patients with disease that have failed upfront
therapy. Less often, clinicians may use therapies off-label.79
This may be particularly relevant to rare tumors that have
no available tumor-specific clinical trials. In addition to the
lack of standard-of-care options currently associated with
molecular testing, concern regarding tumoral molecular
evolution over time may make tumor testing less valuable
if other therapies are anticipated prior to the initiation of a
targeted agent.
However, as the field of precision oncology evolves, it is
quite plausible that targeted agents will move to the primary
setting as well. As they achieve approvals for gynecologic
cancers in the recurrent setting, clinical trials assessing targeted therapies in the upfront setting will become less controversial. As seen in treatment of non–small cell lung cancer,
which has evolved from cytotoxic chemotherapy based
on histologic subtypes into parallel treatment algorithms
based on its molecular subgroups,80 gynecologic malignancies may ultimately move toward a more molecularly based
treatment approach. Although ALK-positive non–small cell
lung cancer is only present 3% to 5% of the time, the benefit
of crizotinib was so overwhelming in this patient population
that it is now clinically recommended to test all patients with
non–small cell lung cancer at diagnosis.80,81 To allow similar
successes to be achieved for patients with gynecologic cancer
in the future, clinical trials must be carefully designed to study
the specific patient populations of greatest relevance, while
capitalizing on the relatively small numbers of patients who
are diagnosed with gynecologic malignancies each year.82
One possible solution may be with the use of basket trials
(i.e., multiple tumor types with a single biomarker). Currently,
several large National Cancer Institute (NCI) basket trials
such as NCI-MATCH (Molecular Analysis for Therapy Choice)
and NCI-MPACT are ongoing across a variety of solid tumor
types, including gynecologic malignancies. Other smaller

single- and multi-institution basket trials are ongoing. The
initial results from the MyPathway Study were recently
published and demonstrated promising responses in multiple tumor types harboring relevant biomarkers for several
targeted therapies.83 Although most patients did not have
gynecologic malignancies, seven patients with uterine cancer and 14 patients with ovarian cancer were enrolled. Although none of the seven patients with uterine cancer and
only one of the eight patients with ovarian cancer achieved
a clinical response to HER2-directed therapy, two of the four
patients with BRAF V600E ovarian cancer achieved a partial
response to vemurafenib.83 Although these results may be
somewhat disappointing, they do help guide where future
efforts might be most efficiently directed. In addition,
ASCO’s Targeted Agent and Profiling Utilization Registry
(TAPUR) is ongoing and will help capture patients being
treated off-label in a formal tracking system.
These large tumor-agnostic trials have the potential to
provide a mechanism to identify biomarker-driven targeted
therapies for gynecologic cancers while taking advantage of
the relatively higher numbers of patients with other common tumor types such as breast, colorectal, and lung cancers. This type of trial design recently helped result in an
FDA-approval of pembrolizumab for MSI-high tumors.20 Although endometrial cancers did not comprise the majority
of tumors enrolled on the trials, patients with this disease
(as well as other patients with other gynecologic cancers)
can now receive pembrolizumab as standard of care if they
are found to be MSI-high.
Basket trials have also been shown to be feasible when
limited to patients with gynecologic cancer. Several studies
targeting the PI3K/AKT pathway in gynecologic malignancies
harboring relevant mutations have been successfully completed,84-86 and other similar trials are currently ongoing. Although it could be argued that some of the gynecologic malignancies have no more in common with each other than
with other solid tumor types (e.g., vaginal cancer and ovarian cancer), from a logistics standpoint, basket trials of gynecologic malignancies make practical sense as many of these
patients are being seen by oncology groups who only treat
gynecologic cancer. As the numbers of known biomarkers
and targeted therapies continue to grow, optimizing the efficiency of clinical trials for patients with gynecologic cancer
will be critical to the development of future targeted therapies for these patients.

Molecular Profiling and Targeted Therapy Pitfalls

In gynecologic cancers as in other malignancies, several limitations and controversies must be addressed to promote
integration of molecular medicine into standard practice
and clinical trials.
Tissue accessibility. Commonly, most of the genomic tests
are performed at one time point on archival tissue to spare
patients from invasive biopsy. Tumors are characterized by
temporal and spatial heterogeneity with progressive evolution of molecular aberrations along the disease trajectory
and by the presence of clonal evolution in the different sites
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

499

COLOMBO ET AL

of a metastatic disease.87 Therefore, new dynamic strategies capable of avoiding multiple tumor biopsies that are
time-consuming, costly, and with potential risks for the patients have been investigated. The application of targeted
NGS on circulating cell–free DNA (cfDNA) has been used
to overcome these limitations.88 cfDNA is released into the
blood stream upon cell death and can be isolated and interrogated for molecular aberrations. These liquid biopsies are
easily performed (through blood, paracentesis, and thoracentesis), less invasive, repeatable during disease evolution,
and can provide information on residual disease, disease
burden, tumor heterogeneity, resistance mutations, clonal
evolution, and be used as potential predictive biomarker for
response to treatment.89 cfDNA can be identified in blood
or liquid-based Pap smears in patients with early-stage disease, representing a promising tool for screening in highrisk populations.90,91
Cost and complexity of genotype-based health care. The
implementation of precision medicine in clinical decisionmaking and in trial design is increasing the cost and complexity of health care and clinical research in oncology. Rapid
improvement in the detection of genomic alterations linked
to cancer susceptibility and the widespread use of multigene hereditary panels has also led to increased identification of families at higher risk for cancer (e.g., germline BRCA
mutation, Lynch syndrome, Li-Fraumeni syndrome). Genetic
counseling and discussion about potential risk reduction
strategies (surgical or pharmacologic) and prevention must
be incorporated in the treatment plan.92 This has to be proactively offered to patients but also to first-degree family
members, and adequate access to genetic testing needs to
be promoted in underserved and high-risk communities.
A growing number of targeted therapies are receiving approval by health authorities with substantial costs for the
treatment itself and for the management of related toxicities, sometimes with only limited improvement of patient
outcomes. Efforts to develop biomarkers to better select patients more likely to benefit from a specific targeted agent
are necessary to sustain a cost-effective strategy able to
match the treatment with the genetic make-up of the disease.

Although NGS technologies are now more affordable and
accessible, the high complexity of results requires bioinformatics support, clinician education, and molecular tumor
board discussion to correctly interpret molecular data and
adequately integrate them into patient care.
Drug development and clinical trial design. The advent of
precision medicine and the growing number of new targeted agents are changing the paradigm of drug development.
To date, only a few strong genomic biomarkers are actionable with approved standard targeted agents (e.g., ALK fusion and EGFR mutation in non–small cell lung cancer, HER2
amplification in breast and gastric cancers, BRAF V600 mutation in melanoma, KRAS mutation in colorectal cancer).
Some aspects are relevant to improve drug development:
(1) deep “omics” analyses of exceptional responders to understand the underlying mechanism of action and identify a
potential genomic signature to guide future development;
(2) implementation of genotype selection in early-phase
clinical trials; and (3) promotion of new trial designs (e.g.,
adaptive strategy or basket trials) to increase the chance
to observe signs of clinical activity in early-phase studies
and favor a more rapid process of drug approval, especially
when facing rare tumors. Approximately 30% to 40% of patients with gynecologic cancers are diagnosed with a rare
subtype of cancer (< 6 cases per 100,000 per year).93 When
disease-specific trials are challenged by the low tumor incidence, need for international collaborations, lack of funding,
slow accrual, and absence of standard treatment, molecularly
matched trials may favor discovery of urgently needed effective agents. Furthermore, despite the large number of
targeted agents tested in clinical trials, only a minority reach
the market and become available for treatment.94 It is not
uncommon to have patients with unexpected dramatic or
long-lasting responses to these novel therapies after previous lines of treatment. A deep investigation into the tumor biology of these tumors may help in understanding the
mechanism of action of the drug and identify potential genomic aberrations responsible for the exceptional response
that can be potentially used as a predictive biomarker and
further investigated in genotype-based clinical trials.
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MAJOR CHANGES IN HEAD AND NECK STAGING

Major Changes in Head and Neck Staging for 2018
William Lydia , MD, EMBA, FACS, Brian O’Sullivan, MD, FRCPC, FRCPI, and Snehal Patel, MD, FRCS
OVERVIEW
Oncologists should be aware of three major modiﬁca ons and addi ons to staging head and neck cancer that became
eﬀec ve in 2018. Oral cavity cancers have the addi on of depth of invasion; oropharyngeal cancers (OPCs) are now disnguished by the immunohistochemical stain, p16, into those that are associated with high-risk human papillomavirus
and those that are not; and all sites except nasopharyngeal carcinoma and high-risk human papillomavirus OPC will now
include the important parameter of extranodal extension. The ra onale and emerging data suppor ng these changes are
discussed in this ar cle and the accompanying oral presenta on at the 2018 ASCO Annual Mee ng.

S

taging cancers is an important tool for oncologists to
deﬁne the natural history of disease, help to predict
prognosis, support the surveillance community to facilitate
cancer control at the registry level, and compare clinic trials
across locales and is essen al as a stra ﬁca on factor for
clinical and transla onal research. Periodic updates to staging systems are necessary to accurately reﬂect emerging
data, diﬀeren ate novel diseases, and be er capture the
real-world experiences of clinicians and pa ents. The eighth
edi on of the AJCC Cancer Staging Manual (TNM classiﬁcaon from the American Joint Commi ee on Cancer [AJCC]
and the Union for Interna onal Cancer Control [UICC]) reﬂects these principles.1-4 The AJCC head and neck task force,
working with their partners in the UICC, sought to maintain
harmony between the two dominant world systems for
cancer staging as they introduced incremental staging changes,
which took eﬀect January 1, 2018. Three major changes to
head and neck staging will be highlighted in this ar cle, including adding depth of invasion to oral cavity cancer, introducing novel pathologic and clinical staging system for high-risk
human papillomavirus–posi ve (HPV+)–associated oropharyngeal cancer (OPC), and the incorpora on of extranodal
extension (ENE) in nodal characteriza on in high-risk HPV–
nega ve (HPV−) and non-nasopharyngeal carcinoma. This
ar cle and the accompanying oral presenta on given at the
2018 ASCO Annual Mee ng will highlight the AJCC/UICC
staging changes, present the ra onale for the changes, and
provide preliminary data that have emerged.

ANATOMY
A common mispercep on in the lay press is the conﬂa on
of the oropharynx with the oral cavity. Because each of the
changes in staging discussed in this ar cle are site depen-

dent, a brief word on this dis nc on is important. Many
press reports describe the high-risk HPV associa on with
oral cancer. Although there are associa ons with HPV in
the oral cavity, they are uncommon, and it is not apparent
at this me what implica on these have on the e ology or
outcome of these cancers. What is clear is that HPV-related
cancer of the oropharynx, determined by the surrogate
immunohistochemical marker p16, is one of the most common cancers in the head and neck in the western world and
is associated with a substan ally be er outcome for tumors
in the OPC (speciﬁcally, cancers arising in the pala ne and
lingual tonsils). Educa ng pa ents about the diﬀerence is
important for them to understand the impact of HPV in the
e ology of their disease when it occurs in the oropharynx; it
is also important for prac oners to appreciate why depth
of invasion aﬀects staging in the oral cavity.
Anatomic speciﬁcs for the TNM were slightly adjusted
for the oral cavity in the eighth edi on to be er reﬂect the
somewhat diﬀering cause of lip and oral cavity cancers and
transi onal embryology of the vermillion of the lip rela ve
to either the skin or the oral mucosa. The vermillion border
of the lip is now staged by using the chapter on skin cancer
of the head and neck. The oral cavity boundary begins at
the border of the wet and dry mucosa of the upper and
lower lips and extends to the anterior tonsillar pillars, the
circumvallate papilla and the junc on of the hard and so
palate and includes the buccal mucosa, wet mucosal surfaces of the lips, dental alveolar structures, ﬂoor of mouth,
oral tongue, and hard palate. The oropharynx is deﬁned by
its boundary with the oral cavity anteriorly, the extension of
the so palate to the posterior pharyngeal wall posteriorlysuperiorly, and the plane of the hyoid inferiorly. The oropharynx includes the pala ne tonsils, the base of the tongue
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TABLE 1. Characteris cs of Pa ents With Oral Cavity Cancer
Variable

Combined

MSKCC

PMH

Total pa ents

1,792

1,119

673

Median follow-up (range),
months

44.30 (0.03–307.75)

51.02 (0.13–307.75)

38.23 (0.03–197.61)

Years treated

1985–2012

1985–2012

1993–2011

Median age (range), years

60 (15–96)

60 (16–96)

61 (15–89)

Men, no. of pa ents

1,064 (59)

642 (57)

422 (63)

Abbrevia ons: MSKCC, Memorial Sloan Ke ering Cancer Center; PMH, Princess Margaret Hospital.
Reproduced with permission from AJCC Manual on Staging, eighth edi on.

and lingual tonsils, and the lateral and posterior pharyngeal
walls between the so palate and hyoid.

DEPTH OF INVASION
To improve the ability to diﬀeren ate oral cavity cancers
with smaller horizontal size but more aggressive behavior,
depth of invasion (DOI) has been added to oral cavity T characteriza on. The previous parameter of extrinsic muscle
invasion was removed because it was hard for pathologists
to deﬁne and lacked speciﬁcity. This reﬁnement reﬂects
decades of data indica ng that depth is a nega ve prognoscator in cancers of the tongue, buccal mucosa, and ﬂoor
of mouth in par cular. This is similar to other cancers, such
as melanoma and uterine cervix. Ini al data by Spiro and
colleagues suggested that 3 mm of invasion substan ally
increases the risk for nodal metastases and thus portended
a worse prognosis.5 Subsequent work has found depths of
4 or 5 mm as the important branch points, but all studies
supported the idea that increasing depth of invasion augured a quan ta vely worse prognosis.6-8 The large retrospec ve mul -ins tu onal interna onal study performed
by Ebrahimi and colleagues also supported at least a 5-mm
increment, or greater for more advanced T categories, along
with the tradi onal T character of horizontal size.9
Assessing DOI in a large data set was important in reﬁning the staging criteria. However, many cancer registry data
sets lack details on DOI. Therefore, only data sets with this
parameter could be used to develop the staging paradigm.
The data that were used to analyze outcomes in pa ents

PRACTICAL APPLICATIONS
• Three major changes were made to the staging of head
and neck cancer upon the publica on and ins tu on of
the eighth edi on of the AJCC Cancer Staging Manual.
• Oral cavity cancers now incorporate depth of invasion as
a criterion for T designa on.
• A novel staging system has been introduced for high-risk
HPV-associated oropharyngeal cancers.
• Pathologic staging of high-risk HPV oropharyngeal
cancers diﬀers from clinical staging by exclusively using
node number.
• Extranodal extension is now used on all head and neck
nodal disease except nasopharynx and high-risk HPV
oropharyngeal cancers.
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with oral cancer came from a combined prospec ve data
set of two North American ter ary cancer care centers
(Memorial Sloan Ke ering Cancer Center [MSKCC] and Princess
Margaret Hospital [PMH]) that share common workup and
treatment strategies (Table 1). DOI of the primary tumor
was used to modify T criteria for pa ents with oral cancer
largely on the basis of the Ebrahimi study. Figure 1 shows
the prognos c outcomes based on the new T criteria proposed in the eighth edi on. In par cular, the enhanced hazard consistency and discrimina on among T1 and T2 tumors
with increasing DOI was compelling, although this was also
evident for T3 lesions.
The diﬀerence between DOI and tumor thickness requires
special a en on. Although in many cases these will be very
similar, the data reported are not always consistently one
or the other. DOI was chosen over thickness to avoid stage
migra on of the more indolent-ac ng cancers, which present as thick exophy c cancers but with minimal invasion.
Determina on of DOI may be diﬃcult at mes and may not
always be readily apparent, just as determining the clinical
size of a lymph node or pharyngeal or oral cavity tumor is
not exact. However, clinicians for years have been assessing
tumors and es ma ng their size by using me culous assessment and measurement. This will be the case with depth.
The clinician should try to ignore the exophy c por on of
the tumor and assess the por on that invades below the
surface. The clinician should use the standard rule of staging
and err on the side of the lower appropriate stage.
Recent publica ons have supported the improved hazard
discrimina on in oral cavity staging with the addi on of DOI.
Matos and colleagues retrospec vely inves gated nearly
300 pa ents and determined that by using the pT category
of the eighth edi on, 22.9% of pa ents were upstaged with
DOI.10 These pa ents had a higher recurrence rate and a
lower disease-speciﬁc survival compared with rates seen
with use of the seventh-edi on TNM criteria, sugges ng an
improved predic ve capacity.

THE NEW TNM FOR HPV POSITIVE
OROPHARYNX CANCER
High-risk HPV+ OPC is a rapidly emerging disease aﬀec ng a
different population with a generally exemplary prognosis.
Ini ally, most prognos c algorithms in OPC used HPV status
as a stratification factor rather than recognizing it as a
new disease with poten ally diﬀerent treatments. However,

MAJOR CHANGES IN HEAD AND NECK STAGING

opinions have now converged on the principle that a novel
staging system was needed to properly depict the character
and prognosis of this new disease, which contrasts with
smoking-related/HPV-unrelated (HPV−) OPC from which the
tradi onal TNM classiﬁca on was derived. Through use of
the seventh edi on TNM classiﬁca on, most pa ents with
high-risk HPV+ OPC were discovering that they have stage IV
disease, but the reality was that their prognosis rivals that
of pa ents with the most curable cancers. This was alarming
for many pa ents and clinicians ﬁrst facing their cancer diagnosis and might perpetuate a philosophy that tradi onal
intensiﬁed treatments are always needed, which is under
challenge.
Over a rela vely recent period since the oﬃcial recognion of the viral cause of this disease by the World Health
Organiza on in 2007, evidence emerged that the behavior of
HPV-related OPC is unsuited to the seventh edi on staging
system.11 In particular, investigators at The University of

Texas MD Anderson Cancer Center noted a change in survival
in the most recent decade for OPC with unknown HPV status.
It is now recognized that HPV causa on was emerging as
the dominant form of the disease during this me, compared
with an earlier period (1955−2004), when the disease was
predominantly caused by alcohol and smoking. This survival
advantage had unexpected stage speciﬁcity with unusually
favorable outcome for stage III and IV disease in the recent
period that disrupted the prognos c ability of the en re
stage classiﬁca on.12 Similarly, Straetmans and colleagues
observed that lymph nodal involvement and extent of nodal
disease seemed not to be associated with reliable prognos c ability.13 Subsequently, Keane and colleagues pointed
out a changing prognostic significance from the later
1990s until 2008 in the Surveillance, Epidemiology, and
End Results (SEER) database for oropharyngeal squamous
cell carcinoma without knowledge of HPV status.14 They
observed an emerging pa ern for both the T classiﬁca on and

FIGURE 1. Overall Survival Based on T Criteria

Abbrevia ons: AJCC, American Joint Commi ee on Cancer; Cum, cumula ve.
Reproduced with permission from AJCC Manual on Staging, eighth edi on.

asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

507

LYDIATT, O’SULLIVAN, AND PATEL

N classiﬁca on in which essen ally the T4 category was the
only consistent T component with an appreciably higher
hazard ra o for survival compared with T1 in the most recent decade. They also noted a surprising evolu on in pattern of reduc on of hazard ra o for survival for all seventh
edi on N2 subcategories compared with N0 disease.14

Clinical TNM
Huang and colleagues at the Princess Margaret Hospital
undertook a “discovery” study using 810 pa ents with OPC
treated almost exclusively with radiotherapy with or without
chemotherapy.15 They showed that pa ents with high-risk
HPV+ OPC (573 pa ents) did not demonstrate prognos c
discrimina on by using the seventh edi on TNM; this was
par cularly the case for stage IV disease, with no signiﬁcant
separa on of survival curves from stage I to IV (p = .56).15
In contrast, HPV− disease (273 pa ents) showed acceptable
performance from stage I to IV (p = .04). The study used several
statistical assessments, including recursive partitioning
(RPA) and adjusted hazard ra os (AHRs) to derive two classiﬁca ons using the exis ng T and N categories of the seventh
edi on TNM for the HPV+ cohort.15 Both classiﬁca ons were
compared with the seventh edi on TNM using modiﬁed
criteria from Groome and colleagues,16 which evaluated

TABLE 2. Regional Lymph Nodes Clinical Category
Criteria (cN) Except Nasopharyngeal and High-Risk
HPV+ OPC
N Category

N Criteria

NX

Regional lymph nodes cannot be assessed

N0

No regional lymph node metastasis

N1

Metastasis in a single ipsilateral lymph node, ≤ 3 cm in
greatest dimension and ENE−

N2

Metastasis in a single ipsilateral lymph node > 3 cm
but not > 6 cm in greatest dimension and ENE−;
or metastases in mul ple ipsilateral lymph nodes,
none > 6 cm in greatest dimension and ENE−; or in
bilateral or contralateral lymph nodes, none > 6 cm
in greatest dimension, ENE−

performance according to ﬁve established criteria: (1) hazard
consistency, to assess the similarity of overall survival (OS)
for subgroups deﬁned by T and N within each stage group;
(2) hazard discrimina on, to evaluate the diﬀerences in OS
between stage groups to assess how equally they were
spaced; (3) explained variance, to calculate the percentage
of OS varia on explained by the stage groupings; (4) sample size balance, to examine the diﬀerence in sample sizes
across stage groups; and (5) likelihood diﬀerence, to evaluate the diﬀerence in goodness of ﬁt between the models.
The RPA-based TNM stage grouping (stage I/II/III:
T1–3N0–N2b/T1–3N2c/T4 or N3, with M1 as stage IV) was
proposed for HPV-related OPC as a result of substan ally
improved survival predic on compared with the seventh
edi on TNM. The AHR model also yielded a valid classiﬁcaon, but RPA stage demonstrated be er survival predic on
at this phase of deriva on. Interes ngly, within the PMH
cohort from Huang and colleagues, 56% of pa ents classiﬁed as stage III or IV according to seventh edi on TNM
criteria would migrate to stage I. Huang and colleagues’ RPA

TABLE 3. Regional Lymph Node Pathologic Category
Criteria (pN) Except Nasopharyngeal and High-Risk
HPV+ OPC
N Category

N Criteria

NX

Regional lymph nodes cannot be assessed

N0

No regional lymph node metastasis

N1

Metastasis in a single ipsilateral lymph node, ≤ 3 cm in
greatest dimension and ENE−

N2

Metastasis in a single ipsilateral lymph node, ≤ 3 cm in
greatest dimension and ENE+; or > 3 cm but not > 6
cm in greatest dimension and ENE−; or metastases
in mul ple ipsilateral lymph nodes, none > 6 cm
in greatest dimension and ENE−; or in bilateral or
contralateral lymph nodes, none > 6 cm in greatest
dimension, ENE−

N2a

Metastasis in single ipsilateral node ≤ 3 cm in greatest
dimension and ENE+ or a single ipsilateral node > 3
cm but not > 6 cm in greatest dimension and ENE−

N2a

Metastasis in single ipsilateral node > 3 cm but not > 6
cm in greatest dimension and ENE−

N2b

Metastasis in mul ple ipsilateral nodes, none > 6 cm in
greatest dimension and ENE−

N2b

Metastasis in mul ple ipsilateral nodes, none > 6 cm in
greatest dimension and ENE−

N2c

Metastasis in bilateral or contralateral lymph nodes,
none > 6 cm in greatest dimension and ENE−

N2c

Metastasis in bilateral or contralateral lymph nodes,
none more than 6 cm in greatest dimension and
ENE-

N3

N3

Metastasis in a lymph node more than 6 cm in greatest
dimension and ENE-; or metastasis in a single ipsilateral node ENE+; or mul ple ipsilateral, contralateral,
or bilateral nodes any with ENE+

Metastasis in a lymph node > 6 cm in greatest dimension and ENE− or metastasis in a single ipsilateral
node > 3 cm in greatest dimension and ENE+ or
mul ple ipsilateral, contralateral, or bilateral nodes
any with ENE+

N3a

Metastasis in a lymph node > 6 cm in greatest dimension and ENE−

N3b

Metastasis in a single ipsilateral node > 3 cm in
greatest dimension and ENE+ or mul ple ipsilateral,
contralateral, or bilateral nodes any with ENE+

N3a

Metastasis in a lymph node > 6 cm in greatest
dimension and ENE−

N3b

Metastasis in a single ipsilateral node ENE+ or mul ple
ipsilateral, contralateral or bilateral nodes any with
ENE+

Abbrevia ons: ENE, extranodal extension; HPV, human papillomavirus; OPC, oropharyngeal
cancer.
Reproduced with permission from AJCC Manual on Staging, eighth edi on.
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Abbrevia ons: ENE, extranodal extension; HPV, human papillomavirus; OPC, oropharyngeal
cancer.
A designa on of U or L may be used for any N stage to indicate metastasis above the lower border
of the cricoid (U) or below the lower border of the cricoid (L). Similarly, clinical and pathologic ENE
should be recorded as ENE− or ENE+.
Reproduced with permission from AJCC Manual on Staging, eighth edi on.

MAJOR CHANGES IN HEAD AND NECK STAGING

FIGURE 2. Overall Survival in Lip and Oral Cavity Cancer Based on N Criteria That Incorporate
Extranodal Extension as a Prognos c Factor

Reproduced with permission from the AJCC Manual on Staging, eighth edi on.

classiﬁca on was subsequently validated pragma cally in
an external administra ve data set of the Na onal Cancer
Database (NCDB) by Horne and colleagues in an analysis
of 8,803 pa ents with HPV+ OPC which included 9% treated
with surgery alone.17
After the discovery study by Huang and colleagues, a
conﬁrmatory study was undertaken to reﬁne the classiﬁcaon by using training and valida on sta s cal maneuvers
to rederive the models with a new external data set from a
mul -ins tu onal cohort. The new conﬁrmatory deriva on
study was undertaken by the Interna onal Collabora on
on Oropharyngeal cancer Network for Staging (ICON-S) and
derived a classiﬁca on for high-risk HPV+ OPC, which was
subsequently adopted by the UICC and AJCC for the eighth
edi on TNM to more appropriately depict the character and
prognosis of the disease.18
The ICON-S study was an interna onal collabora on evalua ng approximately 2,600 pa ents with OPC, of whom
1,907 had high-risk HPV and were from seven institutions
across Europe and North America. Like the original discovery
study at PMH, ICON-S ini ally re-examined the exis ng
seventh edi on TNM, which performed appropriately for
HPV− pa ents (696 pa ents), with a monotonic OS reduc on
according to seventh edi on staging. Five-year OS rates for
seventh edi on stage I, II, III, IVA, and IVB were 76% (95%
CI, 61%–95%), 68% (95% CI, 56%–81%), 53% (95% CI, 44%–
64%), 45% (95% CI, 40%–50%), and 34% (95% CI, 25%–48%),
respec vely. However, among high-risk HPV+ cases, the
seventh edi on TNM fared very poorly, with OS rates inseparable for stage I, II, III, and IVA (5-year OS rates: I, 88%

[95% CI, 74%–100%]; II, 82% [95% CI, 71%–95%]; III, 84%
[95% CI, 79%–89%]; IVA, 81% [95% CI, 79%–83%]; p = .25)
but lower in stage IVB (5-year OS: 60% [95% CI, 53%–68%];
p < .001), essen ally driven by N3 disease in this stage subset.
Furthermore, 5-year OS did not diﬀer in pa ents with highrisk HPV+ OPC among N0 (80%; 95% CI, 73%–87%), N1–N2a
(87%; 95% CI, 83%–90%), and N2b (83%; 95% CI, 80%–86%]
subsets. As was performed by Huang and colleagues, ICON-S
also explored RPA and AHR models. Both were again compared
against, and proved to be superior to, seventh edi on TNM.
The AHR model was based on a multivariable Cox model
calculated adjusted (age, smoking, and treatment) HRs for
risk for death with various T–N combina ons, considering
minimal hazard difference, the ordinal order of T and N
categories, and the sample size balance between new poten al stage subgroups. Because instances of N1–N2b disease all behaved similarly, they were classiﬁed within a single N
subcategory (N1), such as NPC, the other viral-related pharyngeal disease, nasopharyngeal carcinoma, whereas contralateral or bilateral neck disease (formerly N2c in the seventh
edi on) was reclassiﬁed as N2, and N3 remained unchanged
from the seventh edi on. The T categories behaved independently from T1 to T4, but there was no apparent subdivision within T4 and survival was iden cal between T4a
and T4b. The eventual ICON-S stage classiﬁca on was based
on the AHR model, which had the be er performance and
the most prac cal TNM stage tabula on “grid.” The stage
tabula on for the la er included stage I (comprising T1/T2
and N0/N1), stage II (composed of T3 and N2 disease), and
stage III (made up from T4 and N3 disease). Stage IV disease
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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was reserved for distant metastases (M1 disease), similar to
many other non–head and neck cancers.
A er the new ICON-S stage system was derived, metaanalysis was applied to evaluate the heterogeneity of the
stage performance across diﬀerent ins tu ons. The metaanalysis used the generic inverse-variance methods and
forest plots to assess heterogeneity across diﬀerent ins tuons. Heterogeneity tests showed that the hazard ra o for
ICON-S III versus II and II versus I were in the same direc on
(> 1.0 for higher stages) across all ins tu ons, which supports the applicability of ICON-S classiﬁca on across various
jurisdic ons. Of the ICON-S HPV+ data set, 48% of seventh
edi on TNM stage III–IV would migrate to eighth edi on
TNM stage I.
ICON-S was subsequently adopted for the eighth edi on
because it enhanced the UICC/AJCC TNM stra ﬁca on into
more valid groups compared with the seventh edition to

facilitate pa ent counseling, cancer surveillance, and translaonal research and to op mize clinical trials design and outcome repor ng. This is a prerequisite because all pa ents
must be staged at the me of ini al diagnosis before treatment is undertaken. Subsequently, several pragma c external
valida on studies from single ins tu on and administra ve
data have been undertaken with excellent monotonic decrements in survival from stage I to stage II to stage III with or
without stage IV (when analyzed).19-24 Of interest, although
primarily a report of surgical management with the prime
goal of deriving a postsurgical TNM (pTNM) classiﬁca on to
accommodate the emerging strategy of endoscopic surgery,
one report showed that the ICON-S classification (eighth
edi on clinical TNM) also performs in an exemplary manner
for surgically treated pa ents.19 This underlines the u lity
of the clinical TNM classiﬁca on as applied to the disease
overall, irrespec ve of the management undertaken.

FIGURE 3. N Criteria Validated by Using the Memorial Sloan Ke ering Cancer Center–Princess
Margaret Hospital Ins tu onal Data Set

Abbrevia ons: AJCC, American Joint Commi ee on Cancer; Cum, cumula ve.
Reproduced with permission from the AJCC Manual on Staging, eighth edi on.
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FIGURE 4. Overall Survival in Oral Cavity Cancer Based on Seventh Edi on American Joint
Commi ee on Cancer/Union for Interna onal Cancer Control Stage Groupings Using Eighth
Edi on T and N Criteria

Abbrevia ons: AJCC, American Joint Commi ee on Cancer; Cum, cumula ve.
Reproduced with permission from the AJCC Manual on Staging, eighth edi on.

Pathology-Based pTNM
Regarding the aforemen oned study of surgically treated
pa ents, Haughey and colleagues developed a pTNM staging that also uses three separate ers of risk based on the
exis ng primary tumor pT category classiﬁca on (also without subdivision into T4a and T4b) combined with metasta c
node count iden ﬁed a er neck node dissec on.19 This recognizes recent advances in surgical management, predominantly using transoral techniques, and the need to guide
and inves gate postsurgical treatments. As in the case of
clinical TNM men oned, a discovery process was ini ally
undertaken through a study (220 pa ents) at Washington

University.25 This study challenged the exis ng premise that
laterality and extracapsular lymph node spread were predominant risk factors in the transoral surgical case treated
with postopera ve adjuvant treatment. The ﬁndings were
that a combination of AJCC/UICC pT classification and
pathology-conﬁrmed metasta c node count (four or fewer
versus ﬁve or more) yielded three groups: stages I (pT1–T2,
four or fewer nodes), II (pT1–T2, ﬁve or more nodes; pT3–T4,
four or fewer nodes), and III (pT3–T4, ﬁve or more nodes),
with incrementally worse prognosis. This was subsequently
explored in a pragma c mul center study (equivalent to
the derivation study of ICON-S) comprising 704 patients
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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FIGURE 5. Overall Survival in Pa ents With Oral Cancer A er Adjustment of Stage Groups (Memorial
Sloan Ke ering Cancer Center–Princess Margaret Hospital Data)

Abbrevia on: Cum, cumula ve.
Reproduced with permission from the AJCC Manual on Staging, eighth edi on.

exclusively treated by transoral surgery in ﬁve centers in the
United States or United Kingdom.19
Subsequently, Zhan and colleagues reported an external validation study that used registry data (specifically
the NCDB) on 3,745 patients treated with surgery from
2010 to 2014.26 They found excellent hazard discrimination and prognostication among stage I, II, and III for the
eighth edition pTNM classification. On a cautionary note,
however, Zhan and colleagues also observed that extranodal extension (ENE) was present in 41% of cases and that
this attribute confers a subtle but significant negative effect on overall survival in this large patient sample (92%
ENE− vs. 85% ENE+; p < .001). Furthermore, examination
of the confirmatory derivation study from Haughey and
colleagues showed a trend in univariate analysis for worsening survival in the presence of pathologic evidence of
extranodal disease (p = .06) and a significant detriment
associated with contralateral lymph node involvement
(formerly seventh edition N2c; p = .049). Notable also in
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this surgical series is the lower proportion of patient with
N2c disease (7%; detected pathologically) compared with
greater than 20% in the ICON-S study (all determined
clinically). Whether this represents false-positive results
clinically or a selection away from operating on bilateral
disease is unknown. Multivariate analysis also indicated
that both adjuvant radiotherapy and chemoradiotherapy
appeared to confer survival advantage by using Cox regression.19
In the end, a workable pathologic staging system now
seems feasible to guide prognosis and adjuvant therapy
decisions in surgically managed HPV– oropharyngeal squamous cell carcinoma and has been adopted for the pTNM
eighth edi on. It should facilitate reﬁnement of clinical trial
risk stra ﬁca on, with the caveat that some aspects con nue
to merit close study in the future, including the presence
and degree of extranodal extension and the degree of intensity of treatment that should be used in the presence of
such adverse features.

MAJOR CHANGES IN HEAD AND NECK STAGING

Relevance of TNM Eighth Edi on to Management
Importantly, determina on of high-risk HPV status for the
purposes of staging is undertaken through the use of the
surrogate marker p16, determined by immunohistochemistry for overexpression of the tumor suppressor protein p16
(cyclin-dependent kinase 2A). Therefore, p16 staining must
be performed on all OPCs for proper staging. p16 was chosen because of lower cost, widespread availability, and rela ve
ease of interpreta on,4,27,28 as opposed to speciﬁc determina on of high-risk HPV.
A new clinical classiﬁca on for high-risk HPV+ OPC is now
included in the eighth edi on TNM that is relevant to cases
treated with surgical or nonsurgical approaches. However,
this classiﬁca on reﬂects prognosis under the current treatment paradigm, in which many pa ents received intensiﬁed
treatment, and concern remains about whether the excellent
prognosis of high-risk HPV+ OPC would con nue in all cases if
intensity were reduced. Stage I does not necessarily imply limited treatment is required. Thus, prac oners must be mindful
that the TNM classiﬁca on is not a guideline for treatment
but provides a framework for clinical research and treatment
decision-making that must con nue to acknowledge other important tumor factors (e.g., presence of extranodal extension),
treatment factors (e.g., resec on margin status, radiotherapy
dose, mode of systemic treatment), and pa ent factors (e.g.,
age, performance status, and poten ally a quan ﬁed assessment of smoking history). The only safe path to modify treatment will be from the results of properly designed clinical trials.

EXTRANODAL EXTENSION IN ALL HEAD
AND NECK CANCER SITES EXCEPT
NASOPHARYNGEAL CANCER AND HPV
ASSOCIATED P16+ OPC
Metastasis to the regional lymph nodes is the most powerful predictor of outcome in tradi onal (typically, tobaccoassociated) head and neck cancers, and the status of the
cervical nodes is therefore mandatory for prognos c predicon. Characteris cs of metasta c nodes, such as the size of
the node(s), the number of nodes involved, and laterality
rela ve to the primary tumor, have always been accounted
for in previous itera ons of the AJCC/UICC staging system.
However, ENE, which has long been known to be an important
feature of nodal metastases in non–high-risk HPV+ tumors,
was not used in previous edi ons of the staging system.29,30
The eighth edi on introduces ENE in the N category for both
clinical and pathologic staging of tumors not associated with
high-risk HPV (Tables 2 and 3).
Early or microscopic ENE can be iden ﬁed only on pathologic examina on but cannot be detected reliably on clinical examina on or with any currently available imaging
modality.31 The AJCC/UICC commi ee has therefore set a
high bar for incorpora ng ENE into clinical staging so that
only pa ents with unambiguous clinical evidence of ENE
supported by, but not exclusive of, radiographic evidence
should be designated ENE+. Clinical ENE requires unequivocal clinical signs of gross ENE, such as skin involvement
or muscle invasion causing tethering or ﬁxity of the nodal

mass, or dysfunc on of a cranial nerve, the brachial plexus,
the sympathe c trunk, or the phrenic nerve, supported by
strong radiographic evidence of ENE.
Pathologic ENE is deﬁned as extension of metasta c carcinoma through the ﬁbrous capsule of a lymph node into the
surrounding connec ve ssue, regardless of the presence of
stromal reac on. Tumor that stretches the capsule without
breaching it does not cons tute ENE. The extent of ENE is subcategorized as ENEma (macroscopic or gross ENE that is apparent
to the pathologist's naked eye or extends > 2 mm beyond the
nodal capsule under the microscope, or a so ssue deposit
that has completely destroyed nodal architecture) or ENEmi
(microscopic ENE that is restricted to ≤ 2 mm from the nodal
capsule). These subcategories are recommended for data collec on and are both considered as ENE+ for deﬁni on of pN.
These changes in N category were based on analysis
from large data sets of oral cavity cancer, which is primarily
treated surgically; thus, they allow incorpora on of histopathologic features, such as ENE. The N categoriza on of
HPV-nega ve−associated tumors was heavily inﬂuenced
by oral cavity data from MSKCC and PMH discussed above
based on the extrapola on that these tumors have clinical
behavior similar to that of other tobacco-associated cancers
of the larynx, hypopharynx, and HPV− OPC, as well as paranasal sinus, skin, and salivary gland malignancies. Revision
of the N criteria was based on a preliminary analysis of ENE
on a data set from the NCDB, including pa ents treated in
2010 to 2011 (Fig. 2). These results were then validated by
using the MSKCC-PMH ins tu onal data set (Fig. 3).
The interplay of the new T and N criteria for stage grouping
was then examined by using the MSKCC-PMH data set according to seventh edi on AJCC/UICC criteria (Fig. 4) because NCDB
data did not have informa on on DOI of the primary tumor. The
seventh edi on groupings did not discriminate between stages
II and III, and this is likely due to the redistribu on of prognos c
weight of DOI and rela vely lower impact of low-volume metasta c nodal disease. The stage groups were therefore appropriately adjusted to take into account the eﬀect of these newer
prognos c factors; the MSKCC-PMH data were reanalyzed and
demonstrated improved discrimina on of stage groups (Fig. 5).
A limita on of these analyses is that similar cancer registry
data were not available on DOI of the primary tumor and ENE.
Stage groupings for the eighth edi on will therefore remain
unchanged for now, pending valida on of these results on
cancer registry data sets in the future.
As an aide memoir for prac oners for what might seem a
confusing “new” classiﬁca on, it may be helpful to recall the
following: In the earliest strata of the pN categories, only N1
is aﬀected uniquely, and here the presence of ENE in a single
ipsilateral lymph node less than 3 cm in maximum dimension migrates that category to N2a; pN2 nodes will migrate
to pN3b, whereas all other N categories remain the same
as seventh edi on TNM in the absence of EN.The presence
of cENE migrates them all uniformly to the new adverse
subcategory of cN3b. A new subcategory of N3a is created
to maintain a en on to the rare instance of a node greater
than 6 cm where ENE is not iden ﬁed.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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CONCLUSION
Staging of head and neck cancers has undergone a major revision in three key areas. DOI now is used to be er
discriminate oral cavity cancers, high-risk HPV+ p16+ OPC
is now staged by using a novel system with much be er

predic ve capability, and nodal disease is further reﬁned by
whether ENE is present. It is important for the oncologist to
understand these modiﬁca ons for accurate data collec on
and pa ent stra ﬁca on so that new treatment paradigms
can be be er determined through clinical trials.
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PERSONALIZING POSTOPERATIVE TREATMENT OF HEAD AND NECK CANCERS

Personalizing Postopera ve Treatment of Head and Neck
Cancers
Ellie Maghami, MD, FACS, Shlomo A. Koyfman, MD, and Jared Weiss, MD
OVERVIEW
Head and neck cancer (HNC) treatment is a complex mul disciplinary undertaking. Although overtreatment can result in
func onal and cosme c defects, undertreatment can result in cancer recurrence. Surgery and chemoradiotherapy are both
accepted standards for the cura ve intent treatment of locally advanced mucosal squamous cell carcinoma of the head and
neck, but are o en priori zed diﬀerently depending on the site of tumor origin (e.g., oral cavity/sinonasal vs. oropharynx/
larynx), tumor burden, tumor biology, quality-life considera ons, and pa ent preference. Regardless of modali es chosen,
failure to cure remains a considerable problem in locally advanced disease. For pa ents treated with primary surgery,
high-risk pathologic features portend higher recurrence rates, and adjuvant therapy can reduce these rates and improve
outcomes. This report details which tumor- and nodal-related factors are indica ons for adjuvant therapy, examines the
impact of tumor HPV status on adjuvant treatment paradigms, and considers which systemic therapies should be used for
which pa ents when trimodality therapy is indicated.

F

or early-stage HNCs, single-modality therapy with surgery or radia on therapy (RT) was demonstrated highly
eﬀec ve for local control by mul ple prospec ve trials. In
T1 to T2 cancers of the diges ve tract, a local control rate of
80% to 90% was reported with either surgery or radia on
alone.1 For T3 to T4 tumors, single-modality treatment led
to unacceptable higher failure rates. In 1996, Mishra et al2
reported on 140 pa ents with T3 to T4 N0-2b buccal squamous cell carcinoma randomly assigned to receive surgery
with or without postopera ve adjuvant RT. Local recurrence
was signiﬁcantly higher in pa ents undergoing surgery
alone (25% vs. 10%), and 3-year disease-free survival (DFS)
was signiﬁcantly higher in those receiving adjuvant RT (68%
vs. 38%).2 In the preadjuvant therapy era, locoregional recurrence occurred in 30% of pa ents and distant recurrence
in 25%.3 Surgery and postopera ve RT became the accepted
standard for advanced-stage HNC. A prospec ve randomized trial reported on prognos c pathologic variables for
postoperative RT and the importance of both timing of
postoperative RT initiation and duration of postoperative
RT comple on in advanced-stage disease.4
The Na onal Comprehensive Cancer Network enlists the
following poor risk indicators in the postopera ve se ng:
posi ve margin, extranodal extension (ENE), lymphovascular invasion (LVI), perineural invasion (PNI), advanced T
stage (pT3-T4), high grade, advanced N stage (N2 to N3),
and involved nodes in levels IV and V as indicators for addi-

on of postopera ve adjuvant therapy.5 Other prognos cators frequently discussed in mul disciplinary tumor boards
include presence of worst pattern of invasion (WPOI),6
recurrent disease, nodal yield, and nodal ra o in neck dissecon specimen.7-10 In cases of oropharyngeal squamous cell
carcinoma (OPC), tumor p16 status (a surrogate marker for
HPV) and pa ent’s smoking history are considered,11 with
the caveat that the Na onal Comprehensive Cancer Network does not currently endorse treatment modiﬁca on
based on these factors outside of carefully designed clinical
trials. Interes ngly, 25% of pa ents with HNC registered in
the Na onal Cancer Database did not receive adjuvant therapy as recommended according to Na onal Comprehensive
Cancer Network guidelines.12 Patient and hospital-based
factors may have been involved.
Although the Na onal Comprehensive Cancer Network
provides a general framework for management, knowledge
of clinical trials and inves ga ons that have led to these
recommenda ons is cri cal to the more sophis cated dayto-day nuanced approach to HNC treatment. This report
examines prognos cators historically important for the addion of postopera ve adjuvant therapy; it reports the state
of the evidence currently available for the growing population of HPV-mediated OPC (HPVOPC) managed with
up-front surgery; and ﬁnally, it examines indica ons, beneﬁts, and toxicity derived from the addi on of chemotherapy
to radia on in the adjuvant se ng. In a recent publica on
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repor ng on the largest single-ins tu on experience for
transoral robotic surgery for OPC, nearly 50% of patients
received triple-modality treatment.13

PRIMARY TUMOR FACTORS WARRANTING
POSTOPERATIVE ADJUVANT THERAPY
The overarching goal in surgery is complete resec on with
nega ve margins. A posi ve margin is an indisputable poor
prognos c factor in HNC; it substantially increases the likelihood of recurrence and decreased survival.14 Historically, a
nega ve margin of at least 1 cm on the en bloc specimen has
been considered the op mal standard of care for surgery but
may not be easily achievable as a result of anatomic and
func onal considera ons. On the vocal cords, a margin of 1 to
2 mm may be suﬃcient; this, however, is not generally considered adequate for oral tongue cancer. For the oral tongue, a
close margin is typically deﬁned as less than 5 mm, although
recent data on oral tongue cancer suggest that this cutoﬀ is
be er deﬁned as less than 2.2 mm,15 because locoregional
control (LRC) was not superior when wider margins were
taken. This is an important considera on given that cri cal structures may preclude a larger margin, and a smaller
margin of resec on may be appropriate in certain anatomic
regions to spare func onally cri cal structures and may be
especially acceptable when there are eﬀec ve adjuvant
therapies that can be added to enhance local control. There
is a sta s cal improvement in local control, DFS, and overall survival (OS) with increasing radial margin distance from
the tumor.16 This, however, needs to be a carefully balanced
decision by the surgeon while keeping cancer site, tumor
behavior, pa ent func on, and available adjuvant therapy
in considera on.
The issue of what cons tutes an adequate margin of
resec on in HPVOPC is a ma er of inves ga on in mul ple
surgical clinical trials. For example, in the Eastern Coopera ve
Oncology Group 3311 phase II randomized trial of transoral

PRACTICAL APPLICATIONS
• A specialized mul disciplinary care team is essen al to
best outcomes in advanced-stage HNC.
• Adjuvant treatment improves LRC for advanced-stage
HNC treated with up-front surgery.
• Careful considera on of pa ent, tumor, and nodal
factors is cri cal for decisions on adjuvant therapy with
the dual objec ve of maximizing cancer cure rate and
minimizing unwanted toxic side eﬀects.
• Pa ents with HPV-posi ve oropharyngeal cancer have
a be er outlook for cure and OS, and therefore longterm func onal outcomes are especiallyimportant
considera ons in care.
• The best management of advanced-stage HPV-mediated
oropharyngeal cancer is under ac ve inves ga on.
• Molecular proﬁling of tumors and/or resec on margins,
plus immune proﬁling of tumor-host microenvironments,
may introduce novel approaches to personaliza on of
adjuvant treatment decisions in the future.
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surgical resec on followed by low-dose or standard-dose
intensity-modulated RT in resectable p16+ locally advanced
oropharyngeal cancers, a negative margin was defined as
3 mm or greater, a close tumor margin as less than 3 mm from
ink, and a posi ve margin as tumor present at the ink. This
deﬁni on is being harmonized among several clinical trials
and is o en helpful in recommending adjuvant therapy for a
margin of less than 3 mm.
Another important considera on in assessing margins
is the specimen from which margins are assessed. There
are considerable diﬀerences in how margins are assessed
across diﬀerent ins tu ons. In general, "specimen-driven"
assessment of margins is preferable to "defect-driven" evalua on of margins.14 In specimen-driven analysis of margins,
the pathologists examines the main resected specimen and
then sec ons the specimen perpendicularly through the
tumor and measures the distance between the leading tumor
edge and the surgeon's cut in millimeters. In defect-driven
sampling, the surgeon provides strips of ssue taken from
the remaining wound bed for margin analysis. For spa ally
complex resec ons, a combined specimen-driven and defectdriven analysis of margins may be necessary to achieve
sa sfactory clearance as important landmarks on the main
specimen may be lost due to ssue contrac on and relave slippage of ssues against one another. Retrospec ve
studies have shown that achieving nega ve margins oﬀ the
primary specimen (i.e., specimen-driven margins) leads to
lower risks of recurrence in oral cavity cancer surgery compared with nega ve margins assessed from the tumor bed
(i.e., defect-driven margins).17 Tumor-bed margins were
shown not to be adequately sensi ve predictors of margin status on the main resection specimen. Reliance on
tumor-bed margins for decisions regarding adjuvant treatment may lead to undertreatment.Similarly, margins that
require repeated frozen-sec on a empts for microscopic
clearance carry a higher risk of recurrence, exceeding 25%.16
In transoral robo c surgery for OPC, the need to take two or
greater margins to achieve complete resec on was recently
shown to carry an increased risk of locoregional recurrence
and death due to disease.13 Adjuvant RT can be considered
in this circumstance. For OPC, intraopera ve and ﬁnal posi ve margins are shown to be signiﬁcantly more likely for
base of tongue tumors than tonsil tumors (35.3% vs. 12.4%,
respec vely; p = .002) and (19.6% vs. 4.5%, respec vely, p =
.004) respec vely.18 With transoral laser microsurgery technique, a tumor may be removed in mul ple pieces, and margin assessment becomes highly operator dependent and
complex, requiring careful tumor mapping, orientation,
processing, and repor ng by both surgeon and pathologist.
To date, there are diﬀerence of opinions and substan al biases as to what cons tutes a clear, close, or posi ve margin.14
In a large report of transoral surgery for HNC, a margin was
generally considered clear unless microscopic tumor was
seen to touch ink on the ﬁnal permanent slides.19
In deciding adequacy of margins of resec on, pa ern of
invasion (POI) at the tumor-host interface should be considered.19 POI at the deep tumor margin was found to be
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a strong prognos cator of local control for early-stage oral
and glo c cancers.6,20 POI types 1 through 4 were originally
deﬁned by Bryne et al: type 1 with tumor invasion in a broad
pushing manner, type 2 with pushing "ﬁngers" or separate
large tumor islands, type 3 with invasive tumor islands of
greater than 15 cells per island, and type 4 with even smaller
tumor islandsof 15 or fewer cells down to evenisolated single invasive cells.20 Brandwein-Gensler added a new type
5 pa ern of invasion in 2005, which describes a dispersed
pa ern of tumor invasion with distance of 1 mm or greater
of normal ssue between tumor satellites of any size.6 In
the study and reporting of tumor resection slides, the
highest POI score is deemed the WPOI.6 WPOI-5 is a validated marker of poor LRC in early-stage oral cavity squamous cell cancer (OCSCC) andpredicted 42% locoregional
recurrence suppor ngadjuvant therapy.21 In another report
on early-stage OCSCC, an inﬁltra ve compared with cohesive
WPOI increased the risk of locoregional recurrence (hazard
ra o [HR], 1.46; 95% CI, 0.95–2.25) and more than doubled
the risk of dying of cancer (HR 2.34; 95% CI, 1.26–4.32).22
Depth of invasion (DOI) is measured from the basement
membrane perpendicularly down to the deepest microscopic
tumor edge and is a critical predictor of disease-specific
survival (DSS) for OCSCC across all T stages.23 For pT1 cases
of oral tongue and ﬂoor-of-mouth cancer, a DOI of more than
4 mm was sta s cally correlated with poorer prognosis.24
DOI of 4 mm or greater predicted worse LRC (HR 1.67; 95%
CI, 1.07–2.60) and risk of dying from cancer (HR 2.44; 95%
CI 1.34–4.47) in Cox modeling of 472 pa ents with earlystage oral tongue cancer.22 Ganly et al25 examined the risk of
disease recurrence in the neck for pT1-2 OCSCC treated with
surgery alone and iden ﬁed DOI equal or greater than 4 mm
predicted a nodal relapse rate of 24%, four mes greater
risk than that observed for lesions with DOI less than 4 mm.
The eighth edition of the American Joint Committee on
Cancer Cancer Staging Manual now incorporates DOI as an
important determinant of T staging for OCSCC.
Even when resec on margins are deemed tumor free,
local recurrence rates of up to 10% to 30% are reported.
Looking at root causes, a common gene c predisposi on
within the tumor ﬁeld has been detected in 20% to 60% of
such cases that remain undetected by standard histopathology.26,27 This underscores the need for novel technologies
that could identify precursor lesions in addition to any
residual cancer cells within the tumor ﬁeld. The presence of
TP53-mutated DNA at tumor-free surgical margins has been
shown predic ve for locoregional recurrence (rela ve risk
7.1; p = .021)27 and may be exploited to decide on postopera ve RT in the future. Novel molecular and op cal imaging
techniques for margin assessment are in development and
may guide tumor resec on margins in the future; however,
these techniques may not be applicable to assessment of
the deep tumor margin.14
PNI is popularly deﬁned by Liebig et al28 as the microscopic
presence of tumors cells in any of the three layers of the
nerve sheath or tumor cells surrounding at least one-third
of the circumference of a nerve and has been associated

with increased lymph node metastasis and worse DSS and
OS in OCSCC.29,30 In a study of early OCSCC, PNI predicted a
worse 5-year DSS compared with pa ents presen ng without PNI (76% vs. 92%; p < .003).31 In addi on, PNI predicted
regional lymph node metastasis on multivariate analysis
(55% vs. 21%: p = .017). Elec ve neck dissec on in pa ents
with early OCSCC with PNI was found to signiﬁcantly reduce the rate of neck recurrence from 85.7% to 16.2%
(p = .001) and is indicated for pa ents with cN0 disease with
PNI-posi ve tumors for improving DSS as well as neck control. In another study of low-risk pa ents who were treated
by surgery alone, including neck dissec on, the 5-year DSS
rates were almost the same in those with PNI-posi ve and
-nega ve tumors (92.0% vs. 92.9%; p = .9104).32 The authors
concluded that low-risk pa ents PNI-posi ve disease who
undergo neck dissec on do not need postopera ve adjuvant therapy, because the residual risk from PNI is minimal.
The use of adjuvant RT for OCSCC with isolated PNI remains
controversial and is not universally recommended, as there
is no conclusive evidence that RT improves local control in
the absence of other adverse pathologic features.29
LVI has been associated with worse local control, LRC, and
OS.33,34 LVI in 180 pa ents with node-nega ve OCSCC (85%
were T1 to T2) treated with up-front surgery was associated
with worse LRC and OS.33 Three-year LRC rates were 38.8%
(95% CI, 22.8%–54.6%) for pa ents with LVI compared with
81.9% (95% CI, 74.4%–87.4%) in those without LVI. Threeyear OS rates were 71.3% (95% CI, 53.2%–83.4%) in pa ents
with LVI compared with 90.3% (95% CI, 83.8%–94.3%) in
those without LVI. As such, the authors recommend adjuvant radia on in pa ents with node-nega ve disease with
LVI.

NODAL FACTORS WARRANTING
POSTOPERATIVE ADJUVANT THERAPY
Lymph node involvement was established as an indica on for
adjuvant RT decades ago, as surgery alone in these pa ents
is historically associated with high risks of recurrence.35
Recent large database studies have conﬁrmed this observaon in modern mes.36 The number of involved metasta c
nodes and the overall nodal yield in neck dissec on specimen
both confer prognos c signiﬁcance. In OCC, each posi ve
node confers an addi onal 40% rela ve risk of mortality, up
to four nodes.9 In addi on, the number of nodes harvested,
regardless of whether they are cancerous, impacts survival.
As a quality metric, some studies suggest that harves ng less
than 18 nodes in a neck dissec on leads to worsened survival,8 whereas others suggest that survival improves with
even more thorough neck dissec ons up to 35 nodes.9 As
such, inadequate lymph node dissec ons in pa ents with a
rela vely high risk of microscopic nodal involvement should
be considered for adjuvant RT. There are a number of studies indica ng lymph node ra o, the number of involved nodes
over the number of nodes removed, as another relevant
prognos cator for OS in pa ents treated with up-front surgery.7 Conversely, pa ents with a single involved node in an
otherwise adequately dissected neck have excellent outcomes
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with surgery alone, and RT can be deferred in these pa ents.37
These data underscore the ra onale for surgical acumen and
diligence in both staging and therapeu c neck dissec ons.
ENE has been shown in many prospec ve and retrospecve studies to be one of the most powerful predictors of outcome in node-posi ve HNCs.38 In a large single-ins tu on
experience of transoral robotic surgery for OPC, 61% of
node-posi ve cases had evidence for ENE, and presence of
ENE was a considerable predictor of distant metastasis and
OS.13 Both clinical and pathologic ENE appear in the eighth
edi on of the American Joint Commi ee on Cancer Cancer
Staging Manual for nonvirally mediated cancers. Clinical
ENE is marked by ssue invasion and ﬁxa on (skin, dermis,
and muscle) and/or nerve inﬁltra on by nodes involved with
tumor. For ENE, the nega ve predic ve value using CT/MRI
is reported to be as high as 87.3% and the posi ve predicve value as high as 82.6%.39 CT/MRI is helpful in detec ng
clinical ENE but is not proven reliable in predic ng lesser
degrees of ENE. Most prognos c informa on on ENE is based
on pathologic ENE. Both microscopic ENE defined as ENE
2 mm or less beyond nodal capsule and major ENE deﬁned
as ENE more than 2 mm beyond nodal capsule qualify as
ENE posi vity for pathologic staging in the eighth edi on.

COMPOSITE ANALYSIS OF RISK FACTORS IN
ORAL CAVITY CANCERS
The oral cavity is the most common site of mucosal HNC,
and treatment of oral cavity cancers is surgically driven. For
OCSCC, Chen et al40 examined over 567 treated pa ents retrospec vely and deﬁned posi ve margin and ENE as major
risk factors and pT4, posi ve nodes, close margin (≤ 5 mm
and > 1 mm), tumor depth 1 cm or more, lympha c invasion,
vascular invasion, PNI, and poor diﬀeren a on as minor risk
factors. By subgroups analysis, 192 pa ents with at least two
minor prognos c factors and no other major risk factors beneﬁ ed from postopera ve RT or concurrent chemoradiotherapy with signiﬁcantly be er 5-year LRC, DFS, and OS compared
with the surgery-only group. For 179 pa ents with at least
three minor prognos c factors and/or at least one major risk
factor, pa ents receiving postopera ve concurrent chemoradiotherapy showed signiﬁcantly be er 5-year LRC, DFS, and
OS compared with postopera ve RT or surgery alone. They
concluded that pa ents with OCSCC with two minor risk factors
should receive postopera ve RT, and those with posi ve
margin, ENE, or more than two minor risk factors have better outcomes with the addi on of chemotherapy.40 In a
mul -ins tu onal study of pa ents with OCSCC with ENE,
the addi on of chemotherapy to radia on led to a 55% survival advantage at 5 years (p < .05).41
In another study of stage III and IV OCSCC, high-grade
tumors (HR 1.811; p = .0285), recurrent tumors (HR 1.963;
p = .0214), and tumors with higher nodal ra o (HR 1.037;
p = .0240) were shown to be associated with inferior DFS.
There is a broad list of risk factors reported important for
DFS in OCSCC, which also include pa ern of tumor invasion
(WPOI),6 presence of lymphocytic host response (LHR),42
grade, and degree of kera niza on.43 Tumors with strong
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LHR are densely rimmed with lymphocytes, with at least one
lymphoid nodule at the tumor interface per each low-power
4× microscopic ﬁeld, and are correlated with stronger adapve CD8+ T-cell immunity response against tumor an gens
and more favorable tumor stage and survival. Added to this
broad array of histopathologic features are more recent
reports on genomic and molecular proﬁling of these cancers.
This heterogeneity of factors has proven diﬃcult for integra ve risk modeling to be er inform adjuvant treatment
decisions. Recurrent OCSCC s ll remains a deadly disease,
with 30% to 45% 5-year OS a er salvage surgery.10

CONSIDERATIONS OF POSTOPERATIVE RT IN
HPV ASSOCIATED DISEASE
HNC epidemiology has undergone a major change over the
last decade, with an increasing prevalence of HPVOPC in
healthy, nonsmoking males. HPVOPC has a diﬀerent demographic and biology than HPV-nega ve OPC, which is predominantly due to the carcinogenic eﬀects of tobacco use.
HPVOPC, usually diagnosed by posi ve p16 immunohistochemistry, is generally more sensi ve to treatment, which
gives pa ents with these cancers a survival advantage.44 The
landmark Radia on Therapy Oncology Group (RTOG) and
European Organisa on for Research and Treatment of Cancer (EORTC) trials, which established margin posi vity and
extranodal extension as powerful nega ve prognos c factors for which adjuvant chemoradiotherapy is indicated, did
not control for oropharynx subsite or HPV status. Whether
posi ve margin or ENE, as classically deﬁned, are important
risk factors for HPVOPC is also of importance. Mul ple smaller
retrospec ve series have reported li le beneﬁt to the addi on of chemotherapy to postopera ve radia on.45-47 In a
Na onal Cancer Database study of 1,043 pa ents with OPC
who underwent primary surgery, ENE, LVI, pT3 to T4 tumors,
and Charlson/Deyo score were associated with inferior OS.
However, OS was not be er with adjuvant chemoradiotherapy compared with RT alone in the pa ents posi ve for ENE
(89.6% vs. 89.3%, respec vely; p = .55).48
Amini et al49 found that the presence of posi ve margin
and/or ENE was associated with worse OS in HPV-nega ve
OPC (HR 2.11; p = .008) but not HPVOPC (HR 1.61; p = .154).
Ajmani et al50 examined the Na onal Cancer Database records for 6,948 pa ents diagnosed with head and neck
squamous cell carcinoma between 2010 and 2013 who underwent surgical resec on and had either posi ve margins
or ENE and found chemoradiotherapy beneﬁcial over RT in
ENE among pa ents with HPV-nega ve tumors and in posi ve
margins among pa ents with HPV-posi ve tumors. For OPC
and cancer of unknown primary, Kharytaniuk et al51 found
ENE to be a considerably worse determinant of relapse-free
survival (HR 9.7; 95% CI, 1.3–72.3) and DSS (HR 8.7; 95% CI,
1.1–62.7) in p16-nega ve cases. In contrast, among pa ents
with p16-posi ve disease, ENE had no eﬀect on relapse-free
survival (HR 1.1; 95% CI, 0.2–7.8) or DSS (HR 1.2; 95% CI,
0.1–18.7).51 This ques on is being inves gated in clinical trials.
Rather than the presence of ENE being prognostic in
resected HPVOPC, there is now evidence implicating a
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number of involved metasta c nodes as more powerfully
prognostic.52 This is reflected in the new American Joint
Commi ee on Cancer eighth edi on pathologic staging system for HPVOPC,52 in which pa ents with more than four
nodes involved is the only factor that determines N2 disease as opposed to N1.52 In mul variable Cox analyses, ENE,
N2c-N3 classiﬁca on, and smoking were not prognos c.
As there is poten al added toxicity of trimodality therapy,
there is pressing concern to exactly deﬁne what are highrisk prognos cators for HPVOPC jus fying treatment intensiﬁca on for this pa ent subpopula on. Su et al45 contend
that the omission of concurrent chemotherapy to adjuvant
RT may oﬀer compara ve local control rates with a lower
toxicity proﬁle in the se ng of pa ents with HPV-posi ve
disease with tradi onal high-risk features. However, one is
cau oned that premature omission of chemotherapy may
lead to increased distant relapse in HPVOPC.53
Importantly, in a recent mul -ins tu onal study of 53
pa ents with HPV-posi vedisease treated with transoral robo c surgery who met indica ons for either adjuvant RT or
chemoradiotherapy but refused, Routman et al54 found that
pa ents without ENE or posi ve margins had an 11% risk
of failure using death as a compe ng event, whereas those
with ENE had a 53% risk of recurrence. Salvage therapy was
successful in 77% of pa ents. This underscores the fact that
at least adjuvant RT is cri cal for pa ents posi ve for HPV
with ENE and raises the ques on of whether all pa ents
posi ve for HPV with intermediate-risk disease (PNI, LVI, T3
to T4, or N2 to -3 disease) require adjuvant RT at all. Perhaps
pa ents with a single intermediate-risk factor (e.g., only PNI
or two involved lymph nodes without ENE) can be safely
treated with surgical monotherapy and reserve intensiﬁed
strategies for salvage. This remains an open ques on that
requires prospec ve study.

ADJUVANT CHEMOTHERAPY: FOR WHOM
SHOULD CHEMOTHERAPY BE ADDED TO
ADJUVANT RT?
Adjuvant RT improves outcomes; however, with RT alone,
failure to cure remains common in higher-risk pa ents. Two
landmark large randomized clinical trials addressed whether
there was any beneﬁt with the addi on of chemotherapy:
EORTC 2293155 and RTOG 9501.56 The regimen used in the
two studies was iden cal (bolus cispla n 100 mg/m2 every
3 weeks for three doses), but the inclusion criteria were different. Both studies allowed pa ents with posi ve margins
or ENE. EORTC 22931 also allowed for inclusion of stage III
or IV cancers, oropharynx or oral cancer with level 4 or level
5 lymphadenopathy, PNI, and vascular invasion. RTOG 9501
also allowed presence of at least two involved lymph nodes.
With a median follow-up of 60 months, EORTC 22931
showed a considerable improvement in LRC (31% relapse
without and 17% with chemotherapy; p = .007), progressionfree survival (HR 0.75; p = .04), and OS (HR 0.7; p = .02). The
RTOG trial was ini ally published with a median follow-up
of 46 months and showed a marked improvement in LRC
(HR 0.6; p = .01) and DFS (HR 0.8; p = .04) but not OS (HR

0.8; p = .19). In subsequent 10-year reanalysis, no treatment
advantage remained for any of these measures (LRC: HR 0.7,
p = .1; DFS: HR 0.9, p = .25; and OS: HR 0.9, p = .3).57 In
unplanned analysis of the subgroup with either microscopic
posi ve margins or ENE, LRC and DFS improved, and OS
trended toward improvement (LRC: HR 0.5, p = .02; DFS: HR
0.8, p = .05; and OS: HR 0.8, p = .08). In pa ents who met entry criteria by having two or more posi ve nodes but without posi ve margins or ENE, there were no trends or even
hints of improved outcomes with the addi on of cispla n
to adjuvant RT. Subsequently, a joint analysis of these two
major trials was conducted.38 It showed that pa ents with
posi ve margins or ENE clearly beneﬁ ed from the addi on
of chemotherapy to adjuvant radia on (combined HR for LRC,
0.5; for OS, 0.7; both signiﬁcant with p values not provided).
Among pa ents eligible for the RTOG study only, there was
no hint of improvement in treatment outcomes, whereas
there was a trend toward improved LRC (HR 0.5; p = .1) and
OS (HR 0.7; p = .06).
In summary, for the ﬁt pa ent with a surgical pathology
report demonstra ng posi ve margins or ENE, the addi on
of cispla n to adjuvant RT oﬀers a roughly 48% reduc on in
the risk of locoregional relapse, 30% improvement in DFS,
and 30% improvement in OS. Pa ents without posi ve margins or ENE but with mul ple posi ve lymph nodes do not
appear to beneﬁt. It is unclear whether pa ents with stage
III to IV cancer, level 4 or 5 lymphadenopathy, perineural
disease, or vascular invasion beneﬁt from chemotherapy.
At tumor boards and in examina on rooms, chemoradiotherapy is o en considered for pa ents without posi ve
margins or ENE. A recent retrospec ve observa onal cohort
studying using the Na onal Cancer Database evaluated over
10,870 pa ents with stage III or IV squamous cell carcinoma
of the head and neck treated surgically whose pathology report did not show posi ve margins or ENE.58 A total of 47%
were treated with chemoradiotherapy, and survival was superior for those treated with chemoradiotherapy (HR 0.9;
p < .001). Increasing number of involved lymph nodes was
associated with increased beneﬁt.

HARD CHOICES: PATIENTS WITH CISPLATIN
CONTRAINDICATIONS
Any treatment advantages come at high toxicity cost, rendering some pa ents ineligible or borderline eligible. Cispla n is a very toxic chemotherapeu c agent. In the RTOG
9501 study, the rate of grade 3 to 5 acute toxici es with RT
alone was 34.4%. This rate rose to 77% with the addi on of
cispla n to RT, including two deaths.59 Acute grade 3 to 5
toxici es increased by at least 10% including: hematologic
(1% vs. 78%), mucous membrane (37% vs. 62%), pharynx
and esophagus (32% vs. 50%), nausea and vomi ng (0% vs.
40%), upper gastrointes nal tract (6% vs. 32%), infec on
(1% vs. 13%), and neurologic (0% vs. 10%). In clinical pracce, long-term otopathy, nephropathy, and neuropathy are
also commonly seen.60 The RTOG subsequently updated the
incidence of chronic toxici es grade 3 to 5 at 1, 2, 5, and
10 years.57 They were 12% versus 20% at 1 year, 16% versus
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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FUTURE DIRECTIONS FOR INTERMEDIATE
RISK POSTOPERATIVE PATIENTS

The Eastern Coopera ve Oncology Group-ACRIN Cancer
Research Group EA3132 (NCT02734537) trial is a randomized
trial of intermediate-risk pa ents (without ENE or posi ve
margins) who have disrup ve p53 muta ons, which confer
a poorer prognosis, to be treated with either RT alone or RT
plus cispla n with the hopes of improving DFS in this cohort.
The RTOG 1216 (NCT01810913) trial is inves ga ng cispla n compared with docetaxel compared with docetaxel
plus cetuximab in high-risk pa ents who have undergone
resec on of HPV-nega ve HNC and have posi ve margins or
ENE. This phase III trial is ongoing.
The NRG-HN003 (NCT02775812) is inves ga ng the addion of pembrolizumab to radia on and cispla n in high-risk
pa ents as well. This ini al phase I study is nearly completed
accrual and may be incorporated into the 1216 trial as an
addi onal arm.
LCCC1725 is a phase II study of adjuvant RT with the PD-L1
inhibitor durvalumab and the CTLA-4 inhibitor tremelimumab
for medium-risk patients. In this study, medium risk is
deﬁned similarly to RTOG 0920, with the excep on that T2
oral cavity with more than 5 mm DOI is not included. The
study is expected to start accrual in the spring of 2018.
PATHWay (NCT02841748) is a randomized, double-blinded
phase II study of 1 year of pembrolizumab or placebo. Inclusion criteria are very broad, encompassing a variety of popula ons with risk of recurrence of at least 40%, including
postopera ve pa ents. Of note, pembrolizumab treatment
follows complete standard therapy and is not given concurrently with RT.

Several clinical trials are open and investigating novel
approaches to pa ents with intermediate-risk disease.
RTOG 0920 (NCT00956007) is randomly assigning pa ents
with medium risk to radia on alone or to radia on plus
cetuximab. Medium risk in this study is deﬁned as absence
of posi ve margins or extracapsular extension but presence
of one of the following: PNI, LVI, single lymph node more than
3 cm or two or more lymph nodes (all < 6 cm), close margin(s)
of resec on, pathologically conﬁrmed T3 or T4a primary tumor, or T2 oral cavity cancer with more than 5 mm DOI.

Our understanding of HNCs is evolving. Adjuvant RT and
chemoradiotherapy have a deﬁned role in this disease with
known indica ons. However, these are in ﬂux based on HPV
status, genomic biomarkers, and novel agents. Future trials
are inves ga ng many of these ques ons. The dual objectives of optimizing cancer and quality-of-life outcomes
require mul disciplinary engagement in both clinical prac ce
and inves ga onal arenas.

21% at 2 years, 19% versus 23% at 5 years, and 21% versus
25% at 10 years.
Finally, many pa ents with head and neck squamous cell
carcinoma are considered poor candidates for high-dose
cispla n due to advanced age, baseline renal dysfunc on,
known auditory deﬁcits including hearing loss and/or nnitus, and poor performance status.61 The optimal treatment of the pa ent for whom adjuvant chemoradiotherapy
is indicated but bolus cisplatin contraindicated is poorly
deﬁned.
No phase III study addresses this popula on, and so the
clinician is le with regimens evaluated in phase II studies,
with modiﬁed regimens, or with extrapola on from data
sets derived from the deﬁni ve context. In the deﬁni ve
context, the addi on of cetuximab to RT improved survival,61
but no large randomized data exist in the adjuvant context.
The best available data to address the ques on of cetuximab’s
merits in adjuvant chemoradiotherapy come from the randomized phase II RTOG 0234.62 RTOG randomly assigned
238 pa ents with posi ve margins, extracapsular extension,
and/or mul ple involved lymph nodes to weekly cetuximab
plus cispla n 30 mg/m2 or to weekly cetuximab plus docetaxel
15 mg/m2. For the cispla n plus cetuximab arm, 2-year DFS
was 57%, and 2-year OS was 69%. For the docetaxel plus
cetuximab arm, 2-year DFS was 66%, and 2-year OS was
79%.

CONCLUSION
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Communica ng the Financial Burden of Treatment With
Pa ents
Ryan D. Nipp, MD, Ellen Miller Sonet, MBA, JD, and Gery P. Guy Jr., PhD, MPH
OVERVIEW
In recent years, high health care costs and the ﬁnancial burden of cancer care have received increased a en on. In response to the ﬁnancial burden of cancer care, pa ents may jeopardize their health outcomes by not properly adhering to
prescribed therapies or even forgoing and delaying care in an eﬀort to defray costs. In addi on, the ﬁnancial burden experienced by pa ents with cancer may nega vely impact clinical outcomes, such as quality of life, physical and psychological
symptoms, and poten ally, even survival. Notably, in the current era of targeted treatment and immunotherapies for
pa ents with cancer, the rising costs of cancer con nue to remain at the forefront of pa ent concerns. Therefore, a cri cal
need exists to determine how best to assist pa ents with the cost burden of cancer diagnosis and treatment

A

s data mount showing that pa ents with cancer o en experience ﬁnancial burden related to their care,1-4 there
is a growing need to foster appropriate pa ent-clinician
communica on about the costs of cancer care.5-16 Research
has shown that oncologists frequently feel uncomfortable
and poorly equipped to discuss costs with their pa ents.17,18
As a result, oncology clinicians o en do not ask about their
patients’ financial concerns.18-20 However, the majority of
oncologists acknowledge the importance of discussing the
ﬁnancial impact of care with pa ents.18
Importantly, published recommendations from ASCO
and others encourage patient-clinician discussion about
the costs of cancer care.21,22 Notably, patient-clinician
discussion about the costs of cancer care has the potential to improve care delivery and outcomes for patients
by fostering informed decision-making. Although the financial costs of cancer care represent just one factor in
the decision-making process, data suggest that patients
would appreciate the opportunity to engage in financial
discussions with their oncology team.19,23,24 In addition,
patients often prefer that their clinician initiate cost discussions with them rather than initiating the conversation themselves.25

THE CLINICIAN'S PERSPECTIVE ON
DISCUSSING COSTS WITH PATIENTS
Poten al Barriers to Cost Discussions
Mul ple hypothe cal barriers exist that o en prevent oncologists from engaging in discussions about the costs of
cancer care with their pa ents (Sidebar 1). First, clinicians

may worry that these discussions are me consuming. In
a me-limited clinical encounter, oncologists may priori ze
discussions about other issues, such as their pa ents’ physical symptoms, the side eﬀects of treatment, laboratory and
imaging results, and chemotherapy dosing. Second, clinicians may avoid discussions about the costs of cancer care
because of their lack of knowledge about the total costs
incurred by the pa ent and the speciﬁc out-of-pocket expenditures that pa ents may endure. Certain pa ents may
have diﬀerent insurance plans and beneﬁt packages that
alter the amount that a speciﬁc individual will ul mately
pay for their cancer care, and this further complicates clinicians’ ability to an cipate the economic consequences for
each individual pa ent. Third, some clinicians may feel that
they should not consider costs when making treatment recommenda ons for their pa ents from both a prac cal and
an ethical point of view.26,27 Similarly, oncologists may defer cost discussions with their pa ents out of concern that
some pa ents may forgo poten ally beneﬁcial cancer care
because of cost concerns. In addi on, oncology clinicians do
not want their pa ents to think that they are willing to compromise the quality of their care because of costs. However,
for pa ents to make truly informed decisions about their
care, informa on about costs is a side eﬀect that pa ents
may need and want. Importantly, research has shown that
pa ents do not o en let their out-of-pocket expenses inﬂuence their decision-making regarding their cancer care.23
Pa ents also experience hypothe cal barriers that prevent them from engaging in cost discussions. Speciﬁcally,
pa ents may not feel comfortable raising the issue of their
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COMMUNICATING THE FINANCIAL BURDEN OF TREATMENT WITH PATIENTS

SIDEBAR 1. The Clinician's Perspec ve on Discussing
Costs With Pa ents
Clinician Perspec ve
• Discussions may be me consuming
• Lack of knowledge about costs incurred by pa ents
• Prac cal and ethical concerns
• Concerns that cost informa on may lead pa ents
to forgo care
• Concerns that cost discussions may jeopardize the
pa ent-clinician rela onship
Pa ent Perspec ve
• Not sure of the appropriateness of discussing costs
with their clinical team
• Embarrassed or self-conscious to raise the issue
with their clinicians
• Desire to respect their clinicians’ me
• Not sure that their clinicians would have a solu on
for this concern
• Priori ze other concerns during a me-limited
clinic visit
• Lack of real- me knowledge about the total costs
that they will incur
Poten al Solu ons to Assist With Cost
Discussions
• Train clinicians about economics of cancer and
basics of health insurance
• Assist clinicians with how to engage in cost
discussions
• Equip clinicians with rela ve costs of treatment op ons
• Provide pa ents with cost informa on and me
costs ( me from home and visit frequency)
• Use nonclinician staﬀ, such as ﬁnancial counselors
and trained administra ve staﬀ

PRACTICAL APPLICATIONS
• The costs of cancer care have risen over me and
may con nue to worsen in the current era of targeted
therapies and immunotherapies.
• As the cost of cancer treatment con nues to
increase, ongoing eﬀorts are needed to enhance our
understanding of the ﬁnancial hardship experienced
by pa ents with cancer and their families to iden fy
poten al solu ons.
• Conversa ons between clinicians and pa ents about
the ﬁnancial consequences of cancer treatment are
fundamental to high-quality, pa ent-centered cancer
care, and may help address pa ents' ﬁnancial burden.
• Poten al barriers may exist that prevent pa ent-clinician
discussions about the cost of cancer care.
• Despite the poten al barriers to pa ent-clinician cost
discussions, prac cal solu ons exist that may improve
pa ents' and clinicians' abili es to communicate about
the cost of cancer care.

ﬁnancial concerns because of uncertainty about the appropriateness of discussing this issue with their clinical team.
Similarly, pa ents may feel embarrassed and self-conscious
about the no on that costs represent one of their concerns,
especially in the se ng of cancer when other issues may
seem more pressing at mes. Moreover, pa ents want to
respect their clinicians’ me, and if they feel that their oncologists are too busy or lack solu ons for this problem,
this may further prevent pa ents from a emp ng to engage in discussions about the cost of their cancer care. If
pa ents sense that they have limited me to discuss all of
their issues with their clinicians, they may priori ze issues
that they feel more conﬁdent that their team can address,
such as physical symptoms, medica on management, and
ques ons about their treatment. Notably, pa ents may not
know the full extent of the ﬁnancial implica ons of their
care un l much later, and thus, they may not know to menon their cost concerns un l it is too late for them or their
clinical team to help defray some of the expenses.

Poten al Solu ons to Assist With Pa ent-Clinician
Discussions About Costs
Despite the various barriers to pa ent-clinician cost discussions that exist, a few prac cal solu ons have emerged to
enhance pa ents’ and clinicians’ abili es to communicate
about the costs of cancer care. Currently, oncology clinicians
receive li le training about the ﬁnancial burden of cancer.
Thus, a ﬁrst step in fostering pa ent-clinician discussions
about costs could include providing addi onal training for
clinicians about the economics of cancer care and basics of
health insurance, in addi on to assis ng clinicians with how
to engage in cost discussions with their pa ents. Research
suggests that clinicians who report feeling more comfortable discussing costs with their pa ents are then more likely
to engage in cost discussions with their pa ents.18 Notably,
in cancer care, clinicians o en have limited op ons when
selecting the best treatment strategy for their patients.
However, in those instances when mul ple, equally eﬀecve treatment op ons exist, clinicians should be equipped
with the rela ve costs of the diﬀerent op ons to aid in
decision-making discussions. In addi on, simply providing
pa ents with the me costs, such as me away from home
and frequency of clinic visits for certain regimens, may add
valuable informa on for pa ents to consider when making
informed treatment decisions about their care. Furthermore,
clinicians o en experience me constraints that limit their
ability to engage in discussions about pa ents’ cost concerns. Thus, eﬀorts to eﬀec vely address pa ents’ ﬁnancial
burden could include the use of nonclinician support staﬀ,
such as ﬁnancial counselors or other trained administra ve
staﬀ, to meet regularly with pa ents and help strategize
about op ons to limit the ﬁnancial burden associated with
cancer care. Financial counselors have the ability to inform
pa ents about cancer treatment costs, their insurance beneﬁts, and an cipated out-of-pocket expenditures for treatment.28 Additional research is needed to understand the
impact of eﬀorts, such as integra ng ﬁnancial counselors into
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 1. Characteris cs of Selected Publicly Available Data Sources for Es ma ng the Financial Burden
Associated With Cancer Care
Surveillance Epidemiology and End
Results Medicare

Na onal Health Interview
Survey

Data Collec on

Cancer registries linked to Medicare
claims

Self-reported

Self-reported, provider
reported

Availability

Annually

Annually

Annually

Representa veness

Geographically deﬁned

Na onally representa ve

Na onally representa ve

Par cipants

Age 65 and older and disabled (all ages)

Age 18 and older

Age 18 and older

Health Insurance Type

Only Medicare fee for service

All payers

All payers

Data Characteris cs

MEPS

Financial Burden Informa on Included
Medical expenditures
Total medical costs

x

x

Inpa ent costs

x

x

Outpa ent costs

x

x

Pharmacy costs

x

x

Out-of-pocket costs

x

Produc vity loss
Employment disabilitya

x

x

Days lost from work

x

x

Lost household produc vity

x

x

Medical care use
Delaying medical care because of cost

x

x

Not receiving medical care because of
cost

x

x

Changing prescrip on use because of
cost

x

Financial hardship because of cancer
Medical debt

xb

Bankruptcy

xb

Trouble paying medical bills

x

xb

Making ﬁnancial sacriﬁces
Worry about paying medical bills
a

xb

x

xb

Being unable to work because of health.
Available in the MEPS Experiences With Cancer Survivorship Supplement.

b

the cancer care team and/or training clinicians to engage in
costs discussions, on the ﬁnancial distress experienced by
pa ents with cancer.

COST IN THE ERA OF TARGETED THERAPIES
AND IMMUNOTHERAPIES FOR CANCER
Cancer care costs have risen substan ally over me. Notably,
the cost of cancer care has increased at two to three mes
the rate of other health care costs.29 From 1965 to 2013, the
average monthly cost of cancer treatment increased from
$100 to $10,000.29 Importantly, as the availability and use of
expensive targeted therapies and immunotherapies steadily
rise, we are likely going to con nue to see an upward trend
in cancer treatment costs.30,31 Although these therapies
bring new hope in the ﬁght against cancer, higher treatment
costs could also result in considerable out-of-pocket expenses
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and ﬁnancial hardship among pa ents with cancer and their
families.
Cancer survivors (individuals with a history of cancer)
have greater medical expenditures and out-of-pocket costs
than individuals without a history of cancer, regardless of
insurance status.32-36 In addi on, research has shown that
survivors con nue to experience ﬁnancial burden for many
years a er their ini al cancer diagnosis and treatment, reﬂec ng their need for care to address the late and las ng
eﬀects of cancer treatment.32-36 Most health insurance plans
require some form of cost-sharing for cancer therapy (typically in the form of a copayment), thus pa ents and their
families may be responsible for thousands of dollars in medical bills for their cancer treatment.2 In recent years, out-ofpocket costs for cancer treatment have risen drama cally,
even among pa ents with health insurance coverage.29,37,38
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The high cost of cancer treatment may pose an even greater
challenge among those without health insurance, because
they are likely to face even higher out-of-pocket costs.39
High out-of-pocket costs can reduce access to care, inﬂuence clinical prac ce, and aﬀect treatment choices.17,40 By
crea ng a ﬁnancial barrier, high out-of-pocket costs can also
result in pa ents delaying medical treatment and missing
the opportunity to obtain necessary care.10,41,42 Data suggest that nearly one-third of cancer survivors report making
changes in their prescrip on drug use (i.e., skipping doses,
taking less medicine, delaying ﬁlling a prescrip on, asking
for lower-cost medica on, buying prescrip on drugs from
another country, and using alterna ve therapies) for ﬁnancial reasons.43 Furthermore, reduced access to care among
cancer survivors may aﬀect surveillance for disease recurrence, screening for addi onal cancers, and care for the late
and las ng eﬀects of cancer treatment.44,45
In addi on to high out-of-pocket costs, a cancer diagnosis
may also limit employment opportuni es.46 Cancer survivors are more likely to report being unable to work, missing
more days of work, and spending more days in bed because
of their health compared with those without a history of cancer.32 Given the strong rela onship between employment
and health insurance, the inability to work could result in
the loss of insurance and fewer resources to pay for medical
care, further magnifying the ﬁnancial hardship associated
with cancer. Notably, pa ents with cancer are at increased
risk for ﬁnancial hardship, such as reduced income (because
of loss of work), medical debt, and even bankruptcy.3,47-49
Among working age cancer survivors, research has shown
that over one-fourth report material ﬁnancial hardship (i.e.,
medical debt, bankruptcy, trouble paying medical bills, and
making other ﬁnancial sacriﬁces) because of their cancer
diagnosis and its treatment.49 Moreover, data have shown
that approximately one-third of cancer survivors report going into debt as result of their cancer, and 3% have ﬁled for
bankruptcy as a result of cancer.48 In addi on, 23% of cancer
survivors and 32% of working age cancer survivors report
worrying about paying large medical bills.48 Such concerns
surrounding cancer treatment costs are common among paents with cancer, even those with health insurance.50 The
ﬁnancial strain associated with cancer treatment can have
a substan al impact on the quality of life of pa ents and
their families.51,52 Importantly, as a result of the remarkable
ﬁnancial burden of cancer, pa ents and their families may
be faced with choosing between cancer therapies or paying
their daily living expenses.2,53

Assessing Financial Burden Among Pa ents With
Cancer
In the current era of targeted therapies and immunotherapies for pa ents with cancer, the ﬁnancial burden of cancer care is likely to con nue to worsen. However, research
focused on the ﬁnancial burden related speciﬁcally to targeted therapies and immunotherapies is lacking. With the
increasing cost of cancer treatment, it is cri cal for ongoing
eﬀorts to con nue to monitor and improve our understanding

of the ﬁnancial hardship faced by pa ents with cancer and
their families. Importantly, a number of publicly available
data sources are available to examine the ﬁnancial burden
associated with cancer care (Table 1), such as the Surveillance Epidemiology and End Results Medicare data, the Naonal Health Interview Survey, and the Medical Expenditure
Panel Survey (MEPS).

Surveillance Epidemiology and End Results Medicare
Surveillance Epidemiology and End Results Medicare data,
available from the Na onal Cancer Ins tute, provide detailed informa on about Medicare beneﬁciaries with cancer. This combined data set contains informa on about
medical care and the costs of treatment before a cancer
diagnoses, over the course of treatment, and during longterm follow-up.54 These data have been used extensively
to es mate the costs of cancer treatment among Medicare
beneﬁciaries.33,55 Thus, the Surveillance Epidemiology and
End Results Medicare combined data set represents a helpful tool for clinicians and researchers to con nue to inves gate the ﬁnancial burden of cancer care in the current era of
targeted therapies and immunotherapies.

The Na onal Health Interview Survey
The Na onal Health Interview Survey is an annual na onally
representa ve survey of the adult popula on in the United
States conducted by the Centers for Disease Control and
Preven on. The Na onal Health Interview Survey contains
informa on on a broad range of health topics and includes

SIDEBAR 2. Assis ng Pa ents With the Cost Burden
of Cancer Diagnosis and Treatment
Strategies to Alleviate Financial Burden
1. Provide informa on on helpful resources
2. Include informa on and resources in clinics,
wai ng areas, and online portals
3. Screen for risk of ﬁnancial toxicity (e.g., distress
thermometer or the COST tool)
4. Refer to a ﬁnancial navigator and/or oncology
social worker
Strategies to Communicate With Pa ents About
Costs
1. Ask pa ents if they are concerned about the
costs of treatment and related expenses
2. Explain that nearly all pa ents ﬁnd it diﬃcult to
manage these costs; show empathy
3. Discuss lower-cost treatment op ons and alternate dosing and tes ng schedules, if available
4. Discuss pa ents’ lifestyle priori es and preferences
5. Regularly men on available resources to help
with ﬁnancial challenges
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detailed demographic and socioeconomic characteris cs. In
addi on, the Na onal Health Interview Survey provides informa on about pa ent-reported ﬁnancial concerns related
to health care access and aﬀordability. The data have been
used previously to assess a wide range of issues aﬀec ng
cancer survivors, including employment, ac vity limita ons,
insurance coverage, and access to care.10,41,43,56-58

The Medical Expenditure Panel Survey
The MEPS household component is an annual, na onally
representa ve household survey conducted by the Agency
for Healthcare Research and Quality.59 In addi on to informa on on demographic characteris cs, health status, access to medical care, and employment, the MEPS collects
informa on on health care use and expenditures among
adults of all ages, regardless of insurance status. The MEPS
data have been used to examine several aspects of the burden of cancer, including the economic burden among cancer survivors, out-of-pocket costs, pa ent me costs, and
access to preven ve care.34,42,60,61
In an eﬀort to improve the quality of data available for
es ma ng the burden of cancer in the United States, the
MEPS Experiences with Cancer Survivorship Supplement
was recently developed.61 The MEPS Experiences with Cancer Survivorship Supplement is a self-administered quesonnaire of adult cancer survivors containing ques ons on
medical care costs, employment pa erns, ﬁnancial hardship, and the burden of illness for cancer survivors and their
families.62 These data, ﬁrst collected in 2011, have been
used to examine issues facing cancer survivors, such as access to care,63 and the ﬁnancial hardships related to cancer
treatment.49

Future Work
As the cost of cancer treatment increases in the United
States, the ﬁnancial burden associated with treatment will
likely increase in tandem. Thus, es ma ng and projec ng
the ﬁnancial burden of cancer will be increasingly important and mely issues. Emerging areas for future research
include evalua ng the use, eﬀec veness, and consequences
of targeted therapies and immunotherapies. Estimating
treatment uptake, associated costs, and the impact of ﬁnancial burden on pa ent morbidity and survival are important
areas for future research.

ASSISTING PATIENTS WITH THE COST
BURDEN OF CANCER DIAGNOSIS AND
TREATMENT: NEXT GENERATION
SEQUENCING TESTING, OFF LABEL
MEDICATIONS, AND MORE
Conversa ons between clinicians and pa ents about the ﬁnancial costs of treatment are fundamental to high-quality,
patient-centered cancer care. The National Academies
of Medicine highlighted the issue of the ﬁnancial costs to
pa ents in the 2013 Consensus Study Report en tled Delivering High-Quality Cancer Care: Char ng a New Course
for a System in Crisis.21 Subsequently, substan al research
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has focused on deﬁning, assessing, and characterizing the
impact of what is ar ully termed “ﬁnancial toxicity.”64 The
Comprehensive Score for Financial Toxicity (COST) measure
is a well-validated, 11-item ques onnaire that helps iden fy
pa ents with cancer who may be at greater risk for experiencing ﬁnancial toxicity.64 Notably, ﬁnancial toxicity has
been linked to reduc ons in health-related quality of life,52
symptom burden,51 treatment compliance,5 and even survival.13 However, despite the compelling data a es ng to
the perils associated with the ﬁnancial burden of cancer,
eﬀorts to respond to this par cularly troubling side eﬀect of
cancer treatment are lacking.65
Even before a cancer diagnosis is conﬁrmed, health care
expenditures and ﬁnancial burdens represent a major concern for many pa ents. For individuals who are s ll seeking
to conﬁrm their diagnosis, surveys have shown that nearly
one-half talked with their physician or oﬃce staﬀ about the
cost of tes ng before they had the test, and over one-ﬁ h
did not follow their doctor’s test recommenda ons because
of the costs of care.66 Furthermore, ﬁnances can cause considerable psychological distress for pa ents.66 Research suggests that nearly one-third of pa ents with advanced cancer
report ﬁnancial distress to be more severe than their physical, family, and emo onal distress.67 Notably, the presence
of ﬁnancial distress has been shown to correlate with paents’ anxiety, depression, and quality of life.51,52,67 Pa ents
o en face numerous stressors related to the diagnosis of
cancer, such as the ability to cope emo onally and trying to
ﬁnd a “new normal” while adjus ng to the reality of their
illness. When experiencing ﬁnancial distress, pa ents’ capacity to integrate and accept their diagnosis may be compromised as they direct their a en on toward paying for
treatment and related expenses.68 Thus, developing and
tes ng ways to help pa ents and clinicians communicate
about the ﬁnancial burden of cancer treatment are increasingly important.
Despite the prevalence of ﬁnancial distress and the impact that it has on pa ents’ quality of life and outcomes,
treatment costs and pa ents’ ﬁnancial distress are rarely
probed by oncology clinicians.66 In addi on, pa ents may
avoid engaging in cost discussions with their clinicians.17
Although many resources exist to support pa ents and address their ﬁnancial concerns, clinicians o en lack knowledge about these resources and/or forget to bring them to
the a en on of their pa ents. In fact, survey data suggest
that fewer than one-half of pa ents report having enough
informa on about the costs of their treatment plan.66 Importantly, oncology clinicians o en avoid discussing costs
with their pa ents, because they worry about not having
viable ways of addressing their pa ents’ cost concerns.
However, op ons do exist for clinicians to poten ally help
address their pa ents’ ﬁnancial burden, such as switching
pa ents to lower-cost medica ons when possible, choosing
alterna ve treatment schedules, facilita ng copay assistance, and arranging tests, visits, and procedures to avoid
paying mul ple deduc bles (Sidebar 2).65 In addi on, other
care team members can help provide advice to patients,
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including pa ent ﬁnancial services staﬀ and primary care
clinicians.66 Pa ents generally ﬁnd that any advice to help
with aﬀording medical bills is helpful.66
In summary, addi onal work is needed to determine the
best strategy for oncologists to engage in cost discussions
with their pa ents. Aside from direct conversa on between
care team members and pa ents regarding ﬁnances, other
opportuni es exist to address the ﬁnancial hardships that
pa ents face. Clinicians can use certain strategies and/or
recommend resources to help pa ents cope with ﬁnancial
hardship and its accompanying distress, including the following.
1. Clinicians can consider distribu ng a list of ﬁnancial
and psychosocial support services to pa ents either
before or during their ini al visits. Informa on
about these resources should also be available in
clinics, wai ng areas, and online portals as part of
comprehensive pa ent educa on.
2. Clinicians and researchers can use tools, such as
the COST measure and/or distress thermometer, to
determine pa ents’ risk for “ﬁnancial toxicity” and

3.

4.

5.

6.

other indicators of stress. These assessments can help
clinicians iden fy pa ents at greatest need for certain
support services.
Clinicians can consider referring pa ents for ﬁnancial
counseling, and many hospitals and prac ces are
beginning to oﬀer ﬁnancial naviga on services.
Referring pa ents and caregivers to oncology social
workers can help them manage the enormous strain
of a cancer diagnosis and its impact on all aspects of
their life.
When internal resources are not available, clinicians
could consider referring to external organiza ons to
help with their pa ents’ ﬁnancial burden and distress.
Clinicians should be informed about the costs of
treatment, as this may help them learn about the
presence of lower-cost treatment op ons. In addi on,
clinicians should be open to discussing pa ents’
ﬁnancial concerns, which will help pa ents understand
that they are sensi ve to the ﬁnancial challenges of
cancer and empower pa ents to discuss their concerns
with care team members.
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Pa ent-Clinician Communica on Is a Joint Crea on: Working
Together Toward Well-Being
Timothy Gilligan, MD, Liz Salmi, and Andrea Enzinger, MD
OVERVIEW
Oncology clinicians face a monumentally diﬃcult task: to guide pa ents on what may be the scariest and most unpleasant
journey of their lives. They must preserve their pa ents’ hope while at the same me giving them accurate informa on.
And pa ents with cancer face a monumentally diﬃcult task: naviga ng a path while confron ng an o en-terrifying disease. Communica on between pa ents with cancer, their loved ones, and the trea ng clinicians presents many challenges.
We must become be er at communica ng with each other; pa ents need easier access to informa on about their medical
condi on and their health care; and we must establish rela onships that are stronger and more respec ul, trus ng, and
empathic. If we are to deliver pa ent-centered or whole-person care, we must know who our pa ents are, what is important to them, and how they derive meaning in their lives. In this review, we discuss ASCO's ﬁrst Pa ent-Clinician Communica on guideline, the importance and value of pa ents having direct access to their medical record, and how to address
spirituality and/or religion with pa ents with cancer.

O

ncology clinicians face a monumentally diﬃcult task: to
guide pa ents on what may be the scariest and most
unpleasant journey of their lives. They must preserve their
pa ents’ hope while at the same me giving them accurate
informa on. And pa ents with cancer face a monumentally
diﬃcult task: naviga ng a path while confron ng an o enterrifying disease, and having to work with a health care
system that o en seems bureaucra c and uncaring.
Communica on between pa ents with cancer, their loved
ones, and the trea ng clinicians presents many challenges.
The medical and emo onal stakes are high, and there is
generally a large disparity in exper se—the pa ents know
more about themselves, their life, and their values, and the
clinicians know more about medicine. In addi on, most paents have not faced a cancer diagnosis before, and many
clinicians have received li le if any high-quality training in
how to talk to pa ents and colleagues in a manner that
fosters strong, trus ng rela onships.
A further challenge is the strong move away from a paternalis c model of medicine. Under this model, the physician was assumed to know best and pa ents were o en
assumed to be too fragile or too lacking in medical exper se
to be able to handle hearing the truth about their condion. Fast forward to the present, and we ﬁnd ourselves in a
world where pa ents are increasingly recognized as members of the care team who have an essen al role to play as
experts in their own experience, history, and values.

To adapt to this new world, several things are needed.
We must become be er at communica ng with each other;
pa ents need easier access to informa on about their medical condi on and their health care; and we must establish
rela onships that are stronger and more respec ul, trusting and empathic. If we are to deliver pa ent-centered or
whole-person care, we must know who our pa ents are,
what is important to them, and how they derive meaning
in their lives. With regard to the ﬁrst challenge above, ASCO
issued its ﬁrst Pa ent-Clinician Communica on guideline in
2017; it is discussed below. Second, Liz Salmi, a pa ent with
cancer, writes about the importance and value to pa ents
of having direct access to their medical record, including clinician notes. Finally, the ar cle discusses how to address
spirituality and/or religion with pa ents with cancer.

ASCO PATIENT CLINICIAN COMMUNICATION
GUIDELINE
The ASCO pa ent-clinician communica on guideline was
developed by a mul disciplinary, mul professional panel
that included representa on from medical oncology, psychiatry, nursing, hospice, and pallia ve medicine, as well as a
pa ent representa ve and experts in health care communica on and health dispari es. The guideline was based on a
systema c review of the literature and was developed using
a formal consensus process. It is structured around nine key
areas and makes speciﬁc recommenda ons within each of
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these categories. The nine key areas are core communicaon skills, discussing goals of care and prognosis, discussing
treatment op ons and clinical trials, discussing end-of-life
care, using communica on to facilitate family involvement
in care, mee ng the needs of underserved popula ons,
communica ng eﬀec vely when there are barriers to communica on, discussing cost of care, and clinician training in
communica on skills.
A common theme linking most of these topics is rela onshipcentered communica on (RCC) skills.1,2 RCC aims to facilitate
pa ent-clinician interac ons by developing a strong therapeu c rela onship based on trust, caring, and mutual respect.
Key RCC skills include rapport-building, listening, conveying
empathy, and partnering with the pa ent with regard to setng the agenda for the visit and developing the treatment
or management plan. The speciﬁc recommenda ons for
each of the key areas are described below.

Core Communica on Skills
These skills apply to almost every conversa on. They include prework: reviewing the pa ent’s medical informa on,
clarifying one’s own goals for the conversa on, and an cipa ng the needs and responses of the pa ent and family.
Core skills also include behaviors that ac vely foster trust
and collabora on, such as si ng down, listening, and getng to know the pa ent as a person beyond their illness.
The guideline recommends taking me at the beginning of
encounters to inquire what the pa ent wants to address
during the visit so that an agenda can be set collabora vely.
Exploring pa ents’ understanding of their condi on is also
recommended so that the discussion can start from a place
of shared understanding and misunderstandings can be

PRACTICAL APPLICATIONS
• Expecta ons regarding pa ent-clinician communica on
are changing: pa ents and our health care system are
paying more a en on to the quality of communica on
between pa ents and clinicians, and ASCO recently
published a consensus guideline on the subject to help
health care professionals caring for pa ents with cancer
and their loved ones.
• Communica ng is a skill that can be improved
with prac ce and high-quality feedback. When we
communicate be er, we build stronger and more
trus ng rela onships with others.
• Pa ents can become more ac vely involved in their
care and in partnering with the clinicians caring for
them if they have direct access to their medical records,
including progress notes. Ins tu ons giving pa ents
direct access to progress notes have reported posi ve
experiences.
• Cancer can be a threat to a person's iden ty and raise
profound ques ons about mortality and the meaning
of life. For many pa ents, spirituality and religion are
important and help them cope with the trauma of
cancer; this ar cle provides tools for taking a spiritual
history.

addressed. When providing informa on, it should be mely
and oriented to the pa ent’s concerns and preferences for
informa on. Pa ents o en complain that they have diﬃculty
obtaining clinical informa on when they want it and are
some mes subjected to data-dumps whereby they receive
more informa on than they can understand and retain.
Reten on can be improved by using "teach-back," which
is the prac ce of asking pa ents to tell the clinician how
they would explain their condi on and/or treatment plan to
someone else. The ﬁnal core skill is to respond empathically
when pa ents display emo on.

Discussing Goals of Care and Prognosis
Oncology clinicians have a responsibility to develop treatment plans that align with the pa ent’s values and priori es.
Pa ents cannot par cipate meaningfully in clinical decision
making unless their goals are clearly deﬁned and they understand the likely outcome of each of the op ons available
to them. We must ﬁnd out who our pa ents are as individuals, what is most important to them, and what they want
from their health care team. Complica ng ma ers, surveys
of pa ents have made it clear that pa ents generally want
accurate and candid informa on about their prognosis and
also want informa on communicated in a way that sustains
hope. Sustaining hope while providing candid informa on
about a cancer’s prognosis can be challenging.3-5
It is appropriate to have a goals-of-care conversa on whenever there is a substan al change in the condi on or when
considering a substan al change in treatment. The guideline
has several recommenda ons for these conversa ons:
1. The core skill of asking pa ents about their current
understanding of their condi on and their prognosis
can help clinicians frame medical informa on in a
way that is more individualized to the speciﬁc pa ent.
When the news is bad, this skill can alert the clinician
as to how much of a surprise the news will be.
2. Asking what pa ents want to know and how much
informa on they desire helps the clinician tailor the
informa on delivered to ﬁt the speciﬁc pa ent’s needs.
3. Clinicians can support hope by ar cula ng their
commitment to help and care for the patient
throughout the course of the illness and to strive to
obtain as good an outcome as possible.
4. When discussing prognosis, mixed framing and
providing the informa on in small, discrete doses
can improve pa ent understanding and recall. One
example of mixed framing is to tell the pa ent the
best, worst, and most likely outcome.
5. Clinicians should be prepared to respond empathically
to pa ents’ emo onal responses during or a er these
weighty conversa ons. When providing bad news, there
are speciﬁc steps speciﬁed in the guideline that can
improve the pa ent’s understanding and experience.

Discussing Treatment Op ons and Clinical Trials
Understanding their treatment op ons can be challenging
for pa ents and studies have reported that pa ents accurately
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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remember well under half of the informa on they are given
at health care visits.6 Several steps can help increase pa ent
understanding and reten on of informa on:
1. Clarifying the goal(s) of care and the expected
outcome of each op on (e.g., cure vs. prolonga on of
survival vs. improved quality of life).
2. Presen ng beneﬁts (e.g., longer life, delay of progression, symptom improvement) and burdens of
treatment (e.g., side eﬀects, cost, invasive procedures,
me spent away from home in medical ins tu ons
and traveling to and from appointments) so that
pa ents can balance them in light of their goals and
priori es.
3. Delivering informa on about treatment op ons in small
chunks and checking frequently for understanding.
4. Presenting standard treatment options, including
palliative care, prior to investigational options so
that pa ent understands what the clinical trial is an
alterna ve to.

Discussing End-of-Life Care
Discussions of end-of-life care can be emo onally fraught
for pa ents and loved ones and clinicians alike. The guideline makes several recommenda ons to facilitate these
cri cal conversa ons. Using an organized framework can
provide a structure that promotes higher-quality conversa ons and greater par cipa on from pa ents and their
loved ones. Just as when placing a central venous catheter
or removing a gallbladder, clinicians will generally feel more
conﬁdent if they have a clear understanding of what the key
steps are and the order in which they should be undertaken.
The guideline recommends ini a ng conversa ons about
end-of-life preferences early in the course of a terminal disease and exploring how each pa ent’s culture and religion
or spirituality aﬀect their preferences regarding care near
the end of life. An cipa ng grief and distress among paents and their loved ones is appropriate, and an empathic
response is important. Clinicians can be more eﬀec ve in
helping terminally ill pa ents if they are familiar with and
inform pa ents about local resources available to provide
support for terminally ill pa ents and their loved ones.

are also recommended to help build a shared understanding
of the pa ent’s condi on, prognosis and goals of care, and
end-of-life care preferences.

Mee ng the Needs of Underserved Popula ons
There is abundant documenta on of substan al racial and
socioeconomic dispari es in cancer care and cancer outcomes. The guideline includes three recommenda ons to
improve communica on with underserved popula ons.
First, clinicians should maintain awareness that pa ents may
have beliefs, experiences, understandings, and expecta ons
that are diﬀerent from the clinicians’. Curiosity about the
pa ent and a sincere desire to understand them help build
trus ng rela onships. Second, avoiding assump ons about
sexual orienta on and gender iden ty can help make all paents feel welcome and cared for. Similarly, clinicians should
use nonjudgmental language when discussing sexuality and
sexual behavior. Third, clinicians can build a more empathic
rela onship with members of underserved or marginalized
popula ons by remembering that such pa ents are more
likely to have had nega ve experiences with health care in
the past, including experiences of feeling disrespected or
unsafe. When pa ents have had such experiences in the
past, it can take longer to build a trus ng rela onship.

Communica ng Eﬀec vely When There Are Barriers
to Communica on; Discussing Cost of Care
When pa ents don’t share a common language with the
clinician or have low health literacy or numeracy, communicaon about health care is more challenging. A ending to these
issues by being rigorous in using trained medical interpreters,
visual aids, and terminology the pa ent understands can all
help. For a substan al propor on of pa ents, medical costs are
a substan al burden. However, there are very limited data to
guide best prac ces regarding talking to pa ents about cost of
care, and some pa ents do not wish to discuss such ma ers
with their oncologist.7 The guideline recommends exploring
with pa ents whether cost of care is a concern and whether
they want help learning more about the costs of their treatment and exploring op ons for covering those costs.

Clinician Training in Communica on Skills
Using Communica on to Facilitate Family
Involvement in Care
Cancer aﬀects not only the pa ent but the pa ent's families
and loved ones. Key decisions about trea ng and caring for
the pa ent o en have strong input from all of these pares. And families and loved ones o en play a cri cal role in
cancer care by providing care and support to the pa ent in
many diﬀerent ways. They also help by being another set of
ears to hear medical informa on and thus help the pa ent
remember and adhere to the treatment plan. And they are
o en a key source of important informa on about how the
pa ent is doing at home. The guideline recommends encouraging involvement by family and loved one in discussions about goals of care and treatment early in the course
of the disease if the pa ent consents. Formal family mee ngs
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Health care communica on is highly complex, and highquality training can help clinicians improve. Such training
should be based on sound educa onal principles and should
include abundant opportuni es to prac ce skills in simulatedpa ent scenarios, observed pa ent encounters, and other
experien al learning opportuni es. In teaching communicaon skills, the goal is not so much for the clinician to understand key principles of communica on but rather to be able
to use eﬀec ve communica on skills in prac ce. Learning to
communicate is thus similar to learning to play a musical instrument or a sport. Lectures have not been demonstrated
to be of any benefit; skills practice enables clinicians to
improve.8,9
When communicating with patients, clinicians bring
their own history of experiences and their own biases and
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sensi vi es. Communica on skills training is most eﬀecve if it fosters self-awareness and situa onal awareness
related to emo ons, a tudes, and underlying beliefs that
may aﬀect communica on and decision-making. Teaching
communica on skills is complex and demanding work, and
faculty of such educa onal sessions should be appropriately
trained and experienced to be able to model and teach the
desired skills and facilitate experien al learning.

ANCHORING PATIENT CONVERSATIONS
THROUGH TRANSPARENCY
There’s no such thing as a “good me” to get sick or have a
health emergency.
One week a er my 29th birthday, I suﬀered a massive
seizure and was rushed to the emergency department.
Scans showed I had a mass in my brain. A er a 9-hour brain
surgery, it was discovered I had a grade II astrocytoma, a
slow-growing but malignant brain tumor. A few months after the ﬁrst surgery my tumor grew back, sending me into a
whirlwind of treatments over the following years, including
a second brain surgery and 24 months of chemotherapy. To
say I "had a few ques ons" about my new health status is an
understatement.
Having been born on the cusp between Genera on X and
the Millennials, my ins nctual response as a pa ent is to
Google every new medical term I encounter. For the most
part I ﬁnd what I am looking for, and if I get confused I email
my doctor to ask ques ons. But this makes me wonder, how
do people with no formal training in medicine seek answers
when we aren’t with our doctors 24/7? Are we all relying on
Dr. Google? Are we ﬁnding the right answers in our internet
search? Or perhaps, more importantly, are we even asking
the right ques ons?
I have friends dealing with sick kids, caring for aging parents, or wondering if and when their family history of breast
cancer is going to catch up with them. The modern pa ent
living with chronic illness spends only a few hours each year
in health care but over 5,000 waking hours in self-care.10 It’s
no wonder that of the 40,000 Google searches happening
every second, 2,000 are health-related.11
In early 2017, a change in my health insurance plan forced
me to obtain my medical record and transfer it to new doctors. I was given a DVD with my record on it. When I popped
the disc into my computer I had no idea this simple ac on
would forever change the way I view access to my health
informa on. There I found a 4,836-page ﬁle detailing my
previous 8 years of living with brain cancer, including my
doctors’ notes.
Like most people, I didn’t know clinical notes were a thing, let
alone imagine I could have access to this informa on. For the
previous 8 years, I could Google my condi on, but I was never
able to read what my own doctors wrote about me. Seeing
my doctors’ notes was eye opening and helped ﬁll in details I
missed when I was unconscious from seizures and surgeries—
moments I thought would forever remain a mystery to me.
Yes, my notes contained a few typos and a lot of medical
jargon. Yes, I could tell physicians had copied and pasted

from note to note. But I didn’t care about all that because
what I also saw was detailed informa on about my diagnosis and me, and I saw that my doctors cared. To a pa ent,
notes are a behind-the-scenes look at our health. Beyond
gaining a greater understanding of my care and my condion, I could tell my doctors and nurses were paying a enon and no cing the smallest details about me. This is not
something I could ever learn from a Google search.
I got great care from my previous health system—the fact
I am here proves that. But it makes me wonder even more:
Why hide my notes?

Be There for When Your Pa ents Are Ready to
Engage
Most discussions about health care transforma on include
strategies to improve pa ent engagement. I believe two
things are fundamental to achieving successful engagement: (1) truly invi ng pa ents to the table and (2) giving us
access to informa on.
I don’t need to tell you that a cancer diagnosis is scary.
Access to the medical record isn’t going to change that, but
it can help us gain a solid understanding of our condi on, a
be er understanding of our treatment plans, and greater
trust in our care teams.12 Research shows that pa ents forget much of what doctors tell them, up to 80% when the
news is bad. Why keep notes from any pa ent?
Today there is a growing movement toward transparency
in health care, a movement in which clinicians and pa ents
are working together to make it easier for regular people
like me to have complete access to our full medical records,
including our notes. Researchers at OpenNotes and other
ins tu ons are studying the eﬀects of sharing clinical notes
with pa ents. The ﬁndings are posi ve and consistent.
When pa ents read notes, they become more ac vely involved with their health, ask be er ques ons, and are able
to make more informed decisions. And when pa ents have
an opportunity to review their medical informa on they’re
more likely to conﬁrm and remember next steps (e.g., booking necessary follow-up appointments and tests), and can
partner in the safety of their own care by iden fying errors
and inaccuracies in the record.13
Pa ents care about their own notes more than anyone
else, or, as Podge Reed, a double-lung recipient at Johns
Hopkins, said, “OpenNotes is a very cri cal part of my care
so that I can ensure that I’m staying on line with my treatment plan and can con nue to live a produc ve life.”
Today, more than 100 health systems across the country are sharing notes through online pa ent portals. That
means over 20 million people can review their notes, online,
whenever they choose … except for me and about 94% of
the rest of America. We’re moving in the right direc on, but
there’s s ll a long way to go.

Open Notes in Cancer Care
MD Anderson was one of the ﬁrst health systems to start
sharing notes with pa ents, in 2009, and they have the most
experience sharing oncology notes. Not only does MD
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Anderson report nothing bad ever happening as a result, the
feedback from pa ents and clinicians about sharing notes
has been good.14 As a result, pa ents who read oncology
notes report beneﬁts similar to those of primary care.15
Con nued observa on of open notes at cancer centers
shows that pa ents who access their electronic records are
more informed about their care plan and ask more focused
ques ons. Other cancer centers noted for their implementa on of open notes include Cleveland Clinic, Mayo Clinic,
Stanford Health Care, and UW Medicine.

strength, and support; however, cancer can also raise or
magnify spiritual concerns related to mortality, suﬀering,
meaning, and purpose in life. Although oncologists are seldom trained in spiritual ma ers, few professionals interact
more frequently or in mately with pa ents as they grapple
with these issues. Many clinicians feel uncomfortable when
spiritual concerns arise; however, apprecia ng the deeper
dimensions of our pa ents’ cancer experience, and addressing these issues on a basic level, can beneﬁt both pa ents
and our rela onships.20

But What About Imaging?

Spirituality and the Religious Landscape of the
United States

The most consistent concern I’ve heard from oncologists
about open notes is related to imaging.16 Some oncologists
have had the unfortunate experience of hearing from paents who have seen the results of an unfavorable report
before the oncologist was able to talk with the pa ent. Understandably, a report iden fying every possible diagnosis,
or a scan showing a growth or return of cancer, can induce
anxiety, but it is even worse when presented without the
context and empathy a good cancer doctor and good notes
can provide.
As a pa ent and proponent for open notes, I share the
same concerns. But open notes, laboratory reports, and/or
imaging ﬁndings are not an “all or nothing” concept. I have
had the opportunity to talk with some of the na on’s top
health informa on technology specialists about open notes,
and nearly every feature that makes notes-sharing a possibility can be tweaked on the backend of the electronic
health record. It is possible to customize the ming of how
and when laboratory and imaging reports are delivered to
pa ents. Some health systems choose to delay the delivery
of imaging reports by 3 to 7 days a er the report is signed
by a radiologist.
Everything can be customized—so don’t let technology be
the barrier.

Notes Are Forever
A visit with my oncologist might last 45 minutes, but my
note lasts forever. If I had had access to my notes during
ac ve treatment, I know I would have read each one with
care. A cancer diagnosis ﬁlls our lives with uncertainty, but
a physician’s assessment and plan provides a roadmap to
what’s next. Remove the barriers. Let pa ents know the
notes exist, and invite us in. Make it easy to ﬁnd the notes
and easier for us to be engaged.
I can’t believe it took a massive medical records request
for me to have stumbled across my notes, and there isn’t
a single thing in my notes I don’t understand. I wish I could
have seen them sooner. Your pa ents are hungry for informa on, and we can handle it. Although you cannot make
pa ents engage, you can be there when we are ready.

SPIRITUALITY IN ONCOLOGY
Spirituality and religion are important to pa ents facing
cancer, par cularly those with advanced disease.17-19 Spirituality and religion can be a tremendous source of comfort,
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Spirituality is o en thought of as a religious process concerned with promo ng connec on to God or the sacred;
however, it is increasingly recognized that the construct of
spirituality is not necessarily rooted in religious faith. The
European Associa on for Pallia ve Care deﬁnes spirituality
as “the dynamic aspect of human life that relates to the way
persons (individual and community) experience, express
and/or seek meaning, purpose, transcendence, and the way
they connect to the moment, to self, to others, to nature, to
the signiﬁcant and/or the sacred. Spirituality is expressed
through beliefs, values, tradi ons and prac ces.” Through
this lens, it becomes clear that many familiar pa ent concerns are by nature spiritual, including ques ons of meaning (“Why is this happening to me?”), value (“I don’t want
to become a burden”), and rela onship (“I regret things I’ve
said and done”).21
This broad understanding of spirituality is par cularly
important as U.S. religious landscapes shi . According to a
2013 Pew Center survey, more than 20% of the US populaon iden ﬁes with no speciﬁc religious tradi on, with rates
approaching 40% among younger adults. Most pa ents,
even those who are not religious, have systems of belief that
bring meaning and purpose to their lives. These formal or
informal belief systems can be an important source of support or can be substan vely shaken by a cancer diagnosis.

Relevance of Religion and Spirituality to Cancer Care
Cancer is a major threat to people’s sense of iden ty. Cancer
interrupts the trajectory of pa ents’ lives; it upends a sense
of security, raises ques ons about meaning and purpose,
and challenges relationships. For many, religion and/or
spirituality can help confront and make sense of this upheaval. Indeed, faith is one of the most important and frequent coping strategies cited by pa ents. But just as o en,
the upheavals caused by cancer can challenge the core of
pa ents’ spiritual and religious beliefs. Most pa ents with
cancer experience spiritual needs or struggles, ranging from
existen al to highly religious in nature.17,22 Upward of 75% of
pa ents with cancer, whether religious or not, endorse spiritual struggles, including loss of hope or meaning, the need
for forgiveness, and even feeling abandoned, punished, or
unloved by God.17,22-24
Although these struggles do not always present themselves on the surface of clinical encounters, they can be a

PATIENT-CLINICIAN COMMUNICATION IS A JOINT CREATION

powerful undercurrent eroding pa ents’ well-being and
quality of life. Spiritual/existen al well-being has been shown
to be a powerful predictor of quality of life, over and above
physical, emo onal, func onal, and social well-being.25,26
Given the incontrover ble importance of quality of life, it
could be argued that care teams should pay much more atten on to spiritual well-being.
Religious and spiritual factors can also aﬀect highly personal care decisions,27 such as the decision to pursue experimental treatment28 or to choose comfort-oriented or intensive
care at the end of life. One study found that pa ents with
cancer who relied highly on religion to cope were more likely
to receive intensive medical care at the end of life,29 potenally reﬂec ng hope for miraculous healing or beliefs about
the sanc ty of life. It should be emphasized, however, that
religion and spirituality operate in highly individualized ways
in pa ents’ medical decisions. In a secular medical environment, pa ents are o en ill equipped to bring deeply held

religious convic ons to medical decision-making. In these
cases, board-cer ﬁed chaplains or pa ents’ own clergy can
be useful partners in challenging treatment discussions.30
One could argue that religion and spirituality are relevant
to cancer care simply because of their importance to paents. Par cularly near the end of life, spiritual issues are at
the forefront of pa ents’ and families’ priori es. In one survey of nearly 2,000 terminally ill pa ents and family members, freedom from pain and peace with God were equally
ranked as the most important factors in determining a “good
death.”31 In fact, spiritual care has long been considered a
core domain of quality pallia ve care and was engrained
within the ethos of the modern hospice movement.21

Pa ent Perspec ves on Addressing Religious/
Spiritual Issues Within Cancer Care
Pa ents’ a tudes toward addressing spiritual issues within
clinical care vary according to the pa ent, the situa on, and

TABLE 1. Spiritual Screening Tools
Tool

Domain

Sample Ques ons

F

Faith

Do you consider yourself spiritual or religious?
Do you have spiritual beliefs that help you cope with [contextualize to
situa on]?

I

Importance

What importance does spirituality have in your life?
Does it inﬂuence your medical decisions?

C

Community

Are you part of a spiritual community? Is this a support to you?

A

Address within care

How would you like me to address these issue in your care?

H

Source of hope, meaning, comfort, strength, peace

What are our sources of hope, strength, comfort and peace?
What do you hold onto during diﬃcult mes?
For some, spiritual beliefs are a source of comfort. Is this true for you?

O

Organized religion

Are you part of an organized religious or spiritual community?
What aspects of your religion are helpful or not-so helpful to you?

P

Personal spirituality and Prac ces

Do you have personal spiritual beliefs?
What aspects of spirituality or spiritual prac ces do you ﬁnd most
helpful?

E

Eﬀects on care

Has being sick aﬀected your ability to do things that usually help you
spiritually? How do your beliefs aﬀect the kind of care you would
like me to provide?

F

Faith and/or beliefs

Do you consider yourself spiritual or religious?
What things do you believe that give your life meaning and purpose?

A

Ac ve

Are you ac ve in your faith community?

C

Coping, Comfort, Conﬂict, Concern

Do your beliefs (faith) help you cope?
How has your faith provided comfort in light of your cancer?

T

Treatment Plan

Based on responses, make a plan to support/encourage, reassess, or
refer to a spiritual care provider such as a chaplain or clergy.

Spiritual History Tools
FICA

HOPE

FACT

Sample One- or TwoItem Spiritual Screening Ques ons

You’re dealing with a lot. What helps you cope in diﬃcult mes? Is
spirituality or religion a part of that?
Where do you ﬁnd strength during diﬃcult mes? Do your personal
beliefs help you make sense of your illness
How o en are you at peace at the end of the day?
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the type of spiritual interac on.32,33 Given the life-threatening
nature of cancer and the close rela onships between paents and providers, it is not surprising that pa ents with
cancer are par cularly welcoming of spiritual conversa ons
with their doctors and nurses.26,34,35 Even among secular
urban popula ons, most pa ents with cancer believe it is
appropriate for oncologists to inquire about their spiritual
needs.23,34 Another study found that large majori es of paents with cancer approved of oncology doctors and nurses
rou nely addressing spiritual issues, including asking about
spiritual/religious background, referring to chaplaincy, and
even oﬀering prayer in appropriate circumstances.34 Nearly
80% of pa ents thought that rou ne spiritual care would
have a posi ve impact on pa ents. In open-ended responses,
pa ents noted that they thought spiritual care would provide emo onal support, help providers see them as “whole
persons,” and deepen rela onships.35 Unfortunately, paents seldom experience spiritual care from their cancer
care team.23,34,35

Prac cal Sugges ons
Addressing spiritual or religious issues within clinical care
must begin with humility and self-awareness. Clinicians
must be conscious of their own belief systems, biases, competence, and boundaries. Discussions must be predicated
on respect for pa ent autonomy, recognizing that our role
as clinicians is to listen and support pa ents within their
own belief system, not persuade them toward our own. This
aligns with qualita ve data showing that pa ents’ interest in
spiritual care arises mainly from a desire to be more deeply
heard, understood, and supported by their providers. In
contrast, pa ents generally do not expect or want spiritual
counsel from clinicians.35
Many pa ents do not spontaneously bring up spiritual
issues with their care team, as culture or past experiences
may suggest that doctors and nurses are not interested. To
reset these expecta ons, it is important to create an environment in which pa ents feel comfortable bringing up spiritual issues, if and when they choose. An easy star ng point
is to pay a en on and respond to pa ents’ own cues, including statements like “So many people are praying for us,”
“We are trus ng God for…,” and the presence of scriptures
or religious cards in a hospital room. Research shows that
clinicians rarely acknowledge or respond to types of spiritual

statements,36 eﬀec vely telling pa ents we are uninterested.
Although there are no simple formulas on how to respond
to spiritual cues, it can be helpful to approach these
observa ons with a respec ul curiosity. We suggest using
open-ended ques ons, such as “It sounds like your faith
community is very important to you, tell me more about
that” or “I’m really interested in what you mean by that.
Would you mind sharing more?” These conversa ons can
be very short, but they send a signal to pa ents and grant
permission for future open conversa ons about the spiritual
dimensions of their experience.
Another important prac ce is taking a “spiritual history,”
which refers to asking pa ents about their spiritual background, beliefs, and support system. This need not be at the
ﬁrst clinical encounter and is likely most appropriate a er
several visits when a rela onship exists. A variety of spiritual
history tools have been developed, including FICA,37 HOPE38
and FACT,39 which are detailed in (Table 1). Rather than use
a formal spiritual history tool, it may feel more natural to
ask one or two open-ended ques ons. Examples include
“You’ve been dealing with a lot lately. What helps you cope
in diﬃcult mes? Is spirituality or religion a part of that?”
or “Where do you ﬁnd strength during diﬃcult mes?” or
“How o en are you at peace at the end of the day?”40 Regardless of the tool, it is probably most important to try out
diﬀerent words and phrases and use what works for your
own communica on style.
If pa ents bring up speciﬁc spiritual struggles, be mindful
that our job is not to “ﬁx” the problem. Most important is
to listen well, to empathize, and to oﬀer a caring and nonjudgmental presence. Detailed discussion of responding
to spiritual needs is beyond the scope of this review, but
it can be helpful to follow communica on principles, such
as the NURSE framework for responding to emo on: Naming, Understanding, Respec ng, Suppor ng, and Exploring.
When pa ents get stuck in unanswerable ques ons (e.g.,
“Why is this happening to me?”) or if they express spiritual
pain (“God is punishing me”), acknowledge and listen to
pa ents’ concerns. Then, validate the importance of their
struggle and ask permission to involve spiritual professionals,
such as a board-cer ﬁed chaplain or pa ents’ own clergy.
Debrieﬁng with professional spiritual care providers can be
an important way to build comfort and skills in integra ng
spiritual care within the clinical care of pa ents.
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Telemedicine in Cancer Care
S. Joseph Sirintrapun, MD, FASCP, FCAP, and Ana Maria Lopez, MD, MPH, FACP
OVERVIEW
Telemedicine uses telecommunica ons technology as a tool to deliver health care to popula ons with limited access to
care. Telemedicine has been tested in mul ple clinical se ngs, demonstra ng at least equivalency to in-person care and
high levels of pa ent and health professional sa sfac on. Teleoncology has been demonstrated to improve access to care
and decrease health care costs. Teleconsulta ons may take place in a synchronous, asynchronous, or blended format.
Examples of successful teleoncology applica ons include cancer telegene cs, bundling of cancer-related teleapplica ons,
remote chemotherapy supervision, symptom management, survivorship care, pallia ve care, and approaches to increase
access to cancer clinical trials. Telepathology is cri cal to cancer care and may be accomplished synchronously and asynchronously for both cytology and ssue diagnoses. Mobile applica ons support symptom management, lifestyle modiﬁca on, and medica on adherence as a tool for home-based care. Telemedicine can support the oncologist with access to
interac ve tele-educa on. Teleoncology prac ce should maintain in-person professional standards, including documentaon integrated into the pa ent’s electronic health record. Telemedicine training is essen al to facilitate rapport, maximize
engagement, and conduct an accurate virtual exam. With the appropriate a achments, the only limita on to the virtual
exam is palpa on. The na onal telehealth resource centers can provide interested clinicians with the latest informa on on
telemedicine reimbursement, parity, and prac ce. To experience the gains of teleoncology, appropriate training, educa on,
as well as paying close a en on to gaps, such as those inherent in the digital divide, are essen al.

T

elemedicine uses telecommunica ons technology as
a tool to deliver health care to popula ons with limited
access to care.1 Ini ally developed to assist in the care of
astronauts in space, telemedicine technology was soon
being adapted and studied to increase access to care for
popula ons on Earth.2 Since the demonstra on projects
in the 1970s, access to telemedicine technology has expanded with greater portability, improved usability, lower
costs, and higher quality. From the Na onal Aeronau cs
and Space Administra on’s singular STARPAHC Project to
the myriad of small, large, freestanding, academic, commercial, direct-to-consumer telemedicine services available
in the United States today, telemedicine has been tested in
mul ple clinical se ngs. Most studies demonstrate at least
equivalency to in-person care and high levels of pa ent and
health professional sa sfac on.3,4 Some studies demonstrate improved outcomes compared with in-person care.5
These factors have fueled ongoing interest in improving
health care delivery by integra ng teleconsulta ons with
tradi onal in-person clinical care.

are two primary approaches to telemedicine services:
synchronous or asynchronous format. The pa ent and consultant may engage virtually and synchronously or asynchronously. The former uses fully interac ve video technology in
real me. The la er stores and forward or transmits clinical
data elements, such as medical reports, images, and video
recordings, to be interpreted at a later me. This la er approach is known as “store-forward.” Telemedicine services,
including teleoncology, may use one or both of these formats with or without intermi ent in-person consulta ons
based on clinical needs. The physical exam may be accomplished virtually, with the excep on of palpa on, and/or
data may be gathered by the local clinician and relayed to
the teleconsultant or teleoncologist. Given the skills necessary for teleconsulta on, team-based health professional
educa on regarding the delivery of telemedicine services is
essen al for the teleconsulta on team. Pa ent educa on
and orienta on regarding telemedicine and what to expect
promote pa ent-centered care and engagement.6

TELEMEDICINE

Ra onale

Deﬁni ons and History

The predicted shortage of oncologists in the United States,7
the greying of the popula on,8 and the well-documented
oncology health care work force and popula on geographic

Approach. Telemedicine services may use a variety of telecommunica ons technology to support clinical care. There

TELEONCOLOGY
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mismatch9 provide speciﬁc ra onale for implementa on
and expansion of teleoncology services. Telemedicine technology can serve to redistribute the oncology work force in
a ra onal way, where needed. The convenience of teleoncology may serve to minimize the disrup on that the disease can cause.10

bundling of teleradiology, telepathology, and teleoncology
in breast cancer care, as had previously been accomplished
for telediabetes care,22 to allow for enhanced access to quality care as a blend of in-person care (i.e., the clinical services
available on site) and teleconsulta ve care.

Telegene cs for Cancer Care
Examples of Eﬀec ve Teleoncology Interven ons
Mul ple aspects of teleoncology care have been studied.
As an ini al step, the technology was explored in real- me
video format to increase access to oncology care in rural
popula ons where the prior standard was for the oncologist
and/or the oncology team to travel to the rural site. Dooli le
and colleagues11-13 from the University of Kansas Medical
Center demonstrated both clinical and cost eﬀec veness of
this approach. Since then, others have conﬁrmed the eﬃcacy
of this approach and iden ﬁed high levels of pa ent sa sfac on and improved access to clinical cancer services.14-16
Increased use of telemedicine is associated with improved
cost eﬃcacy.12,17

Bundling of Services
Because quality care of the pa ent with cancer requires
mul disciplinary team–based care, telecommunica ons
technology can support interprofessional care. Teleoncology
lends itself well to bundling of services. At its simplest, most
teleoncology visits are a blend of real-time and storeforward with the direct pa ent interac on taking place as a
real- me videoconferencing session and with transmission
of laboratory, imaging, and pathology data transmi ed for
store-forward review. Building on this experience, Lopez
et al18,19 and Weinstein et al20,21 demonstrated the eﬃcacy of

PRACTICAL APPLICATIONS
• Telemedicine is the use of telecommunica ons
technology to deliver health care to popula ons with
limited access to care.
• Telemedicine has generally been demonstrated to be at
least equivalent to in-person care, improve access, and
decrease costs with high levels of pa ent and health
professional sa sfac on.
• Telemedicine may take place synchronously,
asynchronously, or blended with in-person care.
The pa ent and the consultant may engage virtually
via fully interac ve video technology in real me or
asynchronously by storing and forwarding clinical data
elements, such as medical reports, images, and video
recordings, to be interpreted at a later me.
• Eﬀec ve teleoncology interven ons include cancer
telegene cs, telepathology, bundling of cancer related
teleapplica ons, remote chemotherapy supervision,
symptom management, survivorship care, pallia ve
care, and approaches to increase access to cancer clinical
trials, some of which may use mobile technologies.
• The na onal telehealth resource centers can provide
interested clinicians with the latest informa on on
telemedicine reimbursement, parity, and prac ce.

Building on the experience with telegene cs in pediatric
popula ons, the Arizona Telemedicine Program23 and others24 began providing telegene c services to urban and rural
popula ons. The strong literature on phone consulta ons
for gene cs care provided a sound ra onale for expansion
to telemedicine services. The approach successfully iden ﬁes
gene c carriers and yields high levels of pa ent sa sfac on.25-27

Most Recent Innova ons
Teleoncology services are exploring remote supervision
of chemotherapy delivery.28,29 Limita ons include physical
exam assessment, which may be fully accomplished virtually with the excep on of palpa on. Training in the virtual
physical exam is essen al for success. Collabora on and
communica on with the referring clinician regarding physical exam ﬁndings can address the inability to palpate. Some
programs rely fully on the local physical exam.30-32 Portable,
home-based, and mobile technologies may be used for
home health follow-up that may include wound care, symptom management, and pallia ve care (see Mobile Applicaons for Cancer Care sec on below).

Cancer Clinical Trials
Access to cancer clinical trials is o en limited for pa ents
living in nonurban areas. Even if pa ents are not traveling
long distances for cancer care, the addi onal me requirements associated with cancer clinical trial enrollment can be
a deterrent for par cipa on.33 Telemedicine may be used to
facilitate access to cancer clinical trials by facilita ng trial eligibility assessment,34 consent,35 par cipa on,36 and cancer
clinical trial follow-up,37 including symptom assessment and
management.38

TELEPATHOLOGY: A CRITICAL ASPECT OF
CANCER CARE
Transforming Pathology to Telepathology
In pathology, the microscopic examina on of ssue on glass
slides has historically necessitated tying the physical presence of people skilled in the microscopic examina on with
the microscopy equipment imaging the glass slides. Telepathology disrupts that paradigm by allowing remote viewing
of microscopic images, essen ally decoupling the physical
requirement of people skilled in the microscopic examinaon with the glass slide.
One such pathology use case is telepathology for rapid
on-site evalua on (ROSE). ROSE with cytology prepara ons
plays a cri cal role in minimally invasive procedures. Achieving accurate diagnoses o en requires ancillary immunohistochemical tes ng. Likewise, cytologic specimens need
enough ssue for the performance of molecular analyses.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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A aining accurate diagnoses and ssue suﬃciency for molecular studies highlights the importance of ROSE in providing immediate feedback on triaging specimens obtained
through minimally invasive procedures.
ROSE is tradi onally performed by pathologists or cytotechnologists who must go on site where the procedure is
performed. The number of ROSE procedures delivered is
limited by the number of available cytotechnologists and
pathologists to go on site. Some on-site loca ons lack available cytotechnologists and pathologists. With hard cases,
me spent performing ROSE can extend to hours if the lesion is near inaccessible. The me expended on such cases
creates an opportunity cost of availability. Pathologists or
cytotechnologists caught up with such demanding procedures are no longer available for other procedures. Because
of the immediacy of ROSE, synchronous real- me telecytology (TC) addresses all of those issues.

Ra onale
Memorial Sloan Ke ering Cancer Center (MSKCC) has developed two large-scale models for synchronous real- me TC
opera ons for ROSE. The ﬁrst model addressed our on-site
satellite loca ons, which lack available cytotechnologists
and pathologists. MSKCC had established mul ple satellite
loca ons oﬀering interven onal radiology and endoscopy
services. The volume of procedures, however, was not able
to jus fy the physical on-site presence of a cytotechnologist.
The solu on created is TC through robo c microscopes.39
The second model addressed more centrally located
high-volume loca ons that have available cytotechnologists
and pathologists. The solu on created is TC through streaming high-deﬁni on video microscopy. This framework for TC
enabled for more eﬃcient use of skilled resources to render
ROSE.40

Approach
In the ﬁrst model for synchronous real- me TC, cytotechnologists oﬀ site control robo c microscopes deployed to
the satellite sites. Through a mul disciplinary eﬀort of educa on and training, teams in laboratory medicine, interven onal radiology, and endoscopy prepare the cytologic
specimens through staining and loading of the robo c microscopes. Cytotechnologists are then able to control the
robo c microscopes and communicate the results back to
the on-site procedural teams.
In the second model for synchronous real- me TC, cytotechnologists go to mul ple on-site loca ons and leverage
streaming high-deﬁni on video microscopy technology.
Cytotechnologists and fellows go on site to prepare the cytologic specimens and drive the glass slides on the microscopes to selected cri cal regions of interest. The images,
in turn, are streamed back to a cytopathologist centrally.
The cytopathologist essen ally validates and coordinates
a distributed team of cytotechnologists via TC. Through
this TC framework, a more eﬃcient workﬂow is established
to increase the scale and coverage of all incoming ROSE
requests.
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Assessment
In the ﬁrst model for synchronous real- me TC using robo c microscopes, over 22 months, 439 showed a perfect
correla on of 92.7% (407 out of 439) of the cases. An adequacy upgrade (inadequate specimen becomes adequate)
occurred in 6.6% (29 out of 439) of the cases. In an adequacy
downgrade (adequate specimen becomes inadequate), the
most relevant metric is near zero at 0.7% (3 out of 439) of
the cases.39
In the second model for synchronous real- me TC using streaming high-deﬁni on video microscopy, over 26
months, 12,949 cases showed a perfect correla on of 93.0%
(12,043 out of 12,949). An adequacy upgrade (inadequate
specimen becomes adequate) occurred in 6.7% (867 out of
12,949). In an adequacy downgrade (adequate specimen
becomes inadequate), the most relevant metric is near zero
at 0.3% (39).41
Both TC models show adequacy downgrades (adequate
specimen becomes inadequate) at a minimum. Adequacy
downgrades are cri cal metrics because preliminary adequacy assessments incorrectly designated as adequate lead
to premature ﬁnalizing of procedures without the accurate
sampling of lesions. Adequacy downgrades result in either
delay of diagnoses or need for repeat procedures.

Future Direc ons
ROSE is a successful use case of telepathology at our ins tu on. With that success, our en re opera on of cytologic
prepara ons for ROSE is now en rely driven by TC. Furthermore, to our knowledge, our ins tu on has the most extensive use of TC in the world.
ROSE TC illustrates one example of the value of synchronous telepathology. Implementa on is now underway at our
ins tu on on an ambi ous large-scale asynchronous telepathology ini a ve to render secondary opinions through digital slide-scanning technologies. Termed the pathology consulta on portal, health care en es will be able to upload
digitally scanned images of glass slides to receive secondary
opinions for diagnosis. The immediacy and availability of
such a portal will disrupt how pathology consulta on is performed today by obvia ng the need for physical transport
and manual handling of glass slides and pa ent informaon. Interna onal ins tu ons will likely see the most beneﬁt. There are savings in me by overcoming the barriers of
long dura ons for physical transporta on, and there is the
circumven on of regulatory restric ons by some countries
in not allowing glass slides to be sent outside their borders.
Such technology expands the accessibility to anyone who
desires a second pathology consulta on.

MOBILE APPLICATIONS FOR CANCER CARE
Mobile health, or mHealth, is rapidly emerging as a cri cal
tool for cancer care from preven on42 to pallia on.43 Recognizing that pa ents with cancer seek to stay well and
limit me in the outpa ent and inpa ent medical se ngs,
mHealth’s goal is to help pa ents stay well while staying
closer to home and living their lives. Portable, home-based,
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and mobile technologies may be used for home health
follow-up that may include wound care, symptom management, and pallia ve care.
Wearable technologies can provide intermi ent or connuous monitoring of vital signs. Temperature may be assessed con nuously or intermi ently through skin sensors
that may provide early clues to neutropenic fever. Weight
assessments may take place intermi ently with results
transmi ed directly to the clinical team.
O en linked to smartphone applica ons, mHealth technologies may broadly include tex ng and messaging eﬀorts
that provide pa ents with ongoing engagement, support,
and coaching.44,45 Smartphone applica ons have been developed to support lifestyle modiﬁca on, wellness ac vi es,
and medica on adherence. These assis ve technologies
may also target speciﬁc popula ons, such as the aging.46
A achments to smartphones can provide the clinician with
tools to assist with pa ent care. These interven ons range
from iPad-based group therapy visits for young adults47 with
cancer to the use of smartphone digital images to assess the
cervix a er abnormal screening.48

POLICY AND IMPLEMENTATION EFFORTS
ESSENTIAL FOR TELEONCOLOGY CARE
When to Consider Teleoncology
If your prac ce is providing care to sites that are requiring
considerable travel me, you may wish to consider a virtual
solu on. The saving of travel me may decrease your stress
while suppor ng clinical produc vity and well-being. The
factors to consider are distance between the referring site
and consul ng site, frequency of travel, the savings in travel
me for the clinical team and the pa ent/family, the service need, and your capacity to meet the need. Although
the ini al costs may seem high, remember that the more
frequently the system is used, the lower the costs are per
session.49

Prac ce Factors
Teleoncology prac ce should maintain in-person professional standards, including suppor ng full documenta on
that is integrated into the pa ent’s electronic health record.
With improvements in technology, deprecia on, and cost
eﬃciencies, using the best technology that you can aﬀord
will keep your prac ce closer to the leading edge as technology evolves. As you develop teleoncology clinical processes,
consider your exis ng in-person processes. Developing similar processes will facilitate use, minimize errors, and improve pa ent care.

Training
Because few prac cing physicians are familiar with telemedicine technology, training is essen al. A teleconsulta on is
not simply FaceTime with a pa ent. Training with the telemedicine technology is essen al to facilitate rapport, maximize engagement, and conduct an accurate virtual exam.
With the appropriate a achments, the only limita on to the
virtual exam is palpa on.

Reimbursement
Telemedicine reimbursement is not uniform across the
country and remains a barrier to wider clinical implementa on. Reimbursement may serve as either a deterrent or
a facilitator depending on your state. It is important to explore and learn the rules in your own state.
For example, Medicare considers where the pa ent is
located (that is, where the teleconsulta on is origina ng)
in its reimbursement decision. Pa ents located in a health
professional shortage area are more likely to have teleconsulta ons covered by Medicare. Health professional shortage areas may include cri cal access hospitals, rural health
clinics, and federally qualified health centers. Although
the teleconsultant bills for the consulta on, the originating site may bill a facility fee. The latter may require the
presence of a health professional at the originating site.
Each state’s Medicaid requirements may differ. Become
familiar with your own state requirements regarding services covered, clinicians covered, and any specific documenta on that may need to be speciﬁed in the progress
note. Always check the patient’s own insurance regulations. Even though some payers, especially large payers,
may cover telemedicine services, the pa ent’s own insurance plan may not.
Some states have enacted telemedicine parity. Please
see the American Telemedicine Associa on’s website for a
list of the states that have passed telemedicine parity laws
(www.americantelemed.org/policy-page/state-policyresource-center). Most telemedicine services will require
speciﬁc codes for reimbursement. It is important to conﬁrm
the proper code or modiﬁer to use when billing for medical services. In some states, nonphysician clinicians may
also be able to provide reimbursable services. If the clinician
chooses to bypass insurance coverage and bill the pa ent
directly, the pa ent may need to sign a waiver.
The na onal telehealth resource centers can provide interested clinicians with the latest informa on on telemedicine
reimbursement (www.telehealthresourcecenter.org).

Tele-educa on
Telemedicine can also serve to support the oncologist in the
rural area by suppor ng access to tele-educa on, camaraderie, and support. Using technology for distance educa on
is well established. Similar to the clinical experience, educa on may be synchronous, asynchronous, or blended. To
support camaraderie, blended or synchronous approaches
may be most eﬀec ve. A blended educa onal program may
include viewing of a recorded session, followed by an interac ve ques on-and-answer session. Educa onal support
is not only needed in rural or remote areas. With the everchanging landscape of care, tele-educa on may serve the
essen al func on of helping to build and support the oncology workforce in both urban and rural se ngs and in
mul disciplinary se ngs (e.g., oncology, behavioral health,
and primary care) in partnership with interprofessional colleagues (e.g., physicians, nurses, gene c counselors, pharmacologists, and others).
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Mul disciplinary and Interprofessional Tumor
Boards
Both disease-speciﬁc and molecular tumor boards serve to
bring together health professionals to review, discuss, and
prepare a treatment plan for a pa ent. Although generally
accomplished on site, the technology can be used to bridge
distances for some disciplines. For example, the pathology
and/or radiology may be “beamed in” with telepathology
and teleradiology, respec vely. Some tumor boards are considering including the pa ent and family in the discussion.

FUTURE DIRECTIONS
The poten al that technology brings to facilitate care is tremendous. In cancer care, services may be bundled with a
blend of in-person and virtual op ons. Clinicians may be
brought together virtually for the beneﬁt of the pa ent,
providing not only the necessary multidisciplinary care
but also the necessary interprofessional care. Telecommunica ons technology enables pa ents to receive more care
at home as the point of care shi s away from the hospital
and the medical oﬃce. Like other telemedicine intervenons, teleoncology is generally found to be equivalent to
in-person care and demonstrate costs savings and pa ent
sa sfac on.
Barriers to dissemina on remain and include technology
costs, inconsistent billing and reimbursement regula ons,
data security risks, and state licensure requirements for
clinicians. Although smartphones, internet access, and cell
phones are fairly ubiquitous in the United States and globally, as clinicians seeking to provide quality care to all of
our pa ents, we must remember that there is a digital divide related to access and use.50 The digital divide limits
access to these innova ons and limits the ability to study

and understand the impact of these innova ons in some
popula ons—generally, the most vulnerable.51
The digitaliza on of health records holds the promise of
be er exchange of health informa on to achieve the right
care at the right me for all people. The virtual linking of the
electronic health record with diagnos c tools may include
portable cameras equipped with secure so ware to assess
skin changes and rashes associated with chemotherapy or
radia on, as well as computer-based interac ve tools that
assess symptoms related to cancer care in real me. These
diagnos c tools may be linked to appropriate pa ent educaon materials for health educa on at the point of need. Ulmately, this technology may develop to the point at which
the educa onal materials automa cally modify to pa ent
literacy based on speech recogni on.
The ability to exchange de-iden ﬁed health informa on
electronically may yield unprecedented access to popula onbased data. Discerning which data ma er, which diﬀerence
makes a diﬀerence, may ul mately be deﬁned by the linkage of electronic records to ar ﬁcial intelligence tools that
can support clinical decision-making.52
The opportunity of big data analy cs may soon be evident
along the spectrum of health care. As our ability to analyze
data and predict outcomes improves, personalized treatment approaches will be uncovered and tested in real me.
Technology is a tool that may free the physician to focus
on pa ent care. We may see improved coordina on of cancer care with lower costs, me savings, early disease detec on, and increased access to care, educa on, and individualized care. To see these successes, we must focus on
appropriate training, educa on, and reimbursement as well
as paying close a en on to gaps such as those inherent in
the digital divide.

References
1.

Institute of Medicine. Telemedicine: A Guide to Assessing
Telecommunica ons for Health Care. Washington, DC: The Na onal
Academies Press; 1996.

8.

American Medical Associa on. AMA Physician Masterﬁle. http://
www.ama-assn.org/ama/pub/about-ama/physician-data-resources/
physician-masterfile.page. Accessed March 16, 2018.

2.

Freiburger G, Holcomb M, Piper D. The STARPAHC collec on: part
of an archive of the history of telemedicine. J Telemed Telecare.
2007;13:221-223.

9.

United States Census Bureau. 2010 Census Urban Area Facts. https://
www.census.gov/geo/reference/ua/uafacts.html. Accessed March
16, 2018.

3.

Powell RE, Henstenburg JM, Cooper G, et al. Pa ent percep ons of
telehealth primary care video visits. Ann Fam Med. 2017;15:225229.

10. Cox A, Lucas G, Marcu A, et al. Cancer survivors’ experience with
telehealth: a systema c review and thema c synthesis. J Med Internet
Res. 2017;19:e11.

4.

Kruse CS, Krowski N, Rodriguez B, et al. Telehealth and pa ent
sa sfac on: a systema c review and narra ve analysis. BMJ Open.
2017;7:e016242.

11. Dooli le GC, Allen A, Wi man C, et al. Oncology care for rural Kansans
via telemedicine: the establishment of a tele-oncology prac ce. Proc
Am Soc Clin Oncol. 1996;15:326.

5.

Chen YY, Guan BS, Li ZK, et al. Eﬀect of telehealth interven on on
breast cancer pa ents’ quality of life and psychological outcomes: a
meta-analysis. J Telemed Telecare. Epub 2017 Jan 1.

12. Dooli le GC, Allen A. Prac sing oncology via telemedicine. J Telemed
Telecare. 1997;3:63-70.

6.

Lopez AM, Avery D, Krupinski E, et al. Increasing access to care via telehealth: the Arizona experience. J Ambul Care Manage. 2005;28:16-23.

7.

544

Hortobagyi GN; American Society of Clinical Oncology. A shortage of
oncologists? The American Society of Clinical Oncology workforce
study. J Clin Oncol. 2007;25:1468-1469.

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

13. Dooli le GC, Harmon A, Williams A, et al. A cost analysis of a teleoncology prac ce. J Telemed Telecare. 1997;3(1_suppl):20-22.
14. Sharma JJ, Gross G, Sharma P. Extending oncology clinical services to
rural areas of Texas via teleoncology. J Oncol Pract. 2012;8:68.
15. Yunus F, Gray S, Fox KC, et al. The impact of telemedicine in cancer
care. J Clin Oncol. 2009;27 (suppl; abstr e20508).

TELEMEDICINE IN CANCER CARE

16. Sabesan S, Roberts LJ, Aiken P, et al. Timely access to specialist medical
oncology services closer to home for rural pa ents: experience from the
Townsville Teleoncology Model. Aust J Rural Health. 2014;22:156-159.

35. Bobb MR, Van Heukelom PG, Faine BA, et al. Telemedicine provides
noninferior research informed consent for remote study enrollment: a
randomized controlled trial. Acad Emerg Med. 2016;23:759-765.

17. Thaker DA, Monypenny R, Olver I, et al. Cost savings from a
telemedicine model of care in northern Queensland, Australia. Med J
Aust. 2013;199:414-417.

36. Clark JM, Heifetz LJ, Palmer D, et al. Telehealth allows for clinical trial
par cipa on and mul modality therapy in a rural pa ent with stage
4 non-small cell lung cancer. Cancer Treat Res Commun. 2016;9:139142.

18. López AM, Graham AR, Barker GP, et al. Virtual slide telepathology
enables an innova ve telehealth rapid breast care clinic. Hum Pathol.
2009;40:1082-1091.
19. Lopez A, Venker CC, Howerter A, et al. Demonstra on of an expedited
breast care (EBC) clinic. J Clin Oncol. 2006;24 (suppl; abstr 16023).
20. Weinstein RS, López AM, Barker GP, et al. The innova ve bundling of
teleradiology, telepathology, and teleoncology services. IBM Syst J.
2007;46:69-84.
21. Weinstein RS, Graham AR, Richter LC, et al. Overview of telepathology,
virtual microscopy, and whole slide imaging: prospects for the future.
Hum Pathol. 2009;40:1057-1069.
22. University of Arizona. Early ADVICE programs. http://telemedicine.
arizona.edu/clinical-services/earlyADVICE. Accessed March 16, 2018.
23. Cunniﬀ C, Lopez AM, Webster PD, et al. Tele-gene cs: novel applica on
to address health care dispari es in pediatrics.Presented at: 12th
Annual Mee ng of the American Telemedicine Associa on Mee ng.
Nashville, TN; 2007.
24. Kubendran S, Sivamurthy S, Schaefer GB. A novel approach in pediatric
telegene c services: gene cist, pediatrician and gene c counselor
team. Genet Med. 2017;19:1260-1267.
25. Lopez AM. Telemedicine, telehealth, and e-health technologies in
cancer preven on. In Alberts D, Hess LM (eds). Fundamentals of
Cancer Preven on. Berlin: Springer; 2014;259-277.
26. Lopez AM. Cancer survivorship in the digital age. In Alberts D,
Lluria-Preva M, Kha S, et al (eds). Suppor ve Cancer Care. Cham
Switzerland: Springer; 2016;281-290.
27. Bradbury A, Patrick-Miller L, Harris D, et al. U lizing remote real- me
videoconferencing to expand access to cancer gene c services in
community prac ces: a mul center feasibility study. J Med Internet
Res. 2016;18:e23.
28. Jhaveri D, Larkins S, Kelly J, et al. Remote chemotherapy supervision
model for rural cancer care: perspec ves of health professionals. Eur J
Cancer Care (Engl). 2016;25:93-98.
29. Sabesan S, Larkins S, Evans R, et al. Telemedicine for rural cancer care
in North Queensland: bringing cancer care home. Aust J Rural Health.
2012;20:259-264.

37. Galsky MD, Shahin M, Jia R, et al. Telemedicine-enabled clinical trial
of me ormin in pa ents with prostate cancer. Clin Cancer Inform.
2017;1:1-10.
38. Kelly WK, Halabi S (eds). Oncology Clinical Trials: Successful Design,
Conduct, and Analysis. New York: Demos Medical Publishing; 2018.
39. Sirintrapun SJ, Rudomina D, Mazzella A, et al. Robo c telecytology for
remote cytologic evalua on without an on-site cytotechnologist or
cytopathologist: An ac ve quality assessment and experience of over
400 cases. J Pathol Inform. 2017;8:35.
40. Sirintrapun SJ, Rudomina D, Mazzella A, et al. Successful secure highdeﬁni on streaming telecytology for remote cytologic evalua on. J
Pathol Inform. 2017;8:33.
41. Lin O, Rudomina D, Mazella A, et al. Rapid on site evalua on: why use
telecytology. Diagn Cytopthol. Epub 2018 March.
42. Kinney AY, Boonyasiriwat W, Walters ST, et al. Telehealth personalized
cancer risk communica on to mo vate colonoscopy in rela ves
of pa ents with colorectal cancer: the family CARE Randomized
controlled trial. J Clin Oncol. 2014;32:654-662.
43. Worster B, Swartz K. Telemedicine and pallia ve care: an increasing
role in suppor ve oncology. Curr Oncol Rep. 2017;19:37.
44. Akhu-Zaheya LM, Shiyab WY. The eﬀect of short message system (SMS)
reminder on adherence to a healthy diet, medica on, and cessa on of
smoking among adult pa ents with cardiovascular diseases. Int J Med
Inform. 2017;98:65-75.
45. Weinstein RS, Lopez AM, Joseph BA, et al. Telemedicine, telehealth,
and mobile health applica ons that work: opportuni es and barriers.
Am J Med. 2014;127:183-187.
46. Paul L, Brewster S, Wyke S, et al. Increasing physical ac vity in older
adults using STARFISH, an interac ve smartphone applica on (app); a
pilot study. J Rehabil Assist Technol Eng. 2017;4:2055668317696236.
47. Melton L, Brewer B, Kolva E, et al. Increasing access to care for young
adults with cancer: results of a quality-improvement project using a
novel telemedicine approach to suppor ve group psychotherapy.
Palliat Support Care. 2017;15:176-180.

30. Sabesan S. Medical models of teleoncology: current status and future
direc ons. Asia Pac J Clin Oncol. 2014;10:200-204.

48. Tanaka Y, Ueda Y, Okazawa A, et al. ‘Smartscopy’ as an alterna ve
device for cervical cancer screening: a pilot study. BMJ Innov.
2017;3:123-126.

31. Dooli le GC, Spaulding AO. Providing access to oncology care for rural
pa ents via telemedicine. J Oncol Pract. 2006;2:228-230.

49. Yunus F, Gray S, Fox KC, et al. The impact of telemedicine in cancer
care. J Clin Oncol. 2009;27 (suppl; abstr e20508).

32. Taylor M, Khoo K, Saltman D, et al. The use of telemedicine to care for
cancer pa ents at remote sites. J Clin Oncol. 2007;25 (suppl; abstr 6538).

50. Van Dijk JAGM. Digital divide: Impact of access. In Rössler P, Hoﬀner
CA, van Zoonen L (eds). The Interna onal Encyclopedia of Media
Eﬀects. New York: John Wiley & Sons; 2017;1-11.

33. Baquet CR, Henderson K, Commiskey P, et al. Clinical trials: the art of
enrollment. Semin Oncol Nurs. 2008;24:262-269.
34. Science 37. Science 37 and AOBiome Complete Industry-First
Virtual Clincal Trialo Through MetasiteTM (Decentralized) Opera ng
Model. https://www.science37.com/science-37-aobiome-completeindustry-first-virtual-clinical-trial-metasite-decentralized-operatingmodel/. Accessed March 16, 2018.

51. James DC, Harville C II, Sears C, et al. Par cipa on of African Americans
in e-Health and m-Health studies: a systema c review. Telemed J E
Health. 2017;23:351-364.
52. Choi E, Bahadori MT, Schuetz A, et al. Doctor AI: predic ng clinical
events via recurrent neural networks.Presented at: Machine Learning
for Healthcare Conference. Los Angeles, CA; 2016.

asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

545

MADHAVAN ET AL

Art and Challenges of Precision Medicine: Interpre ng and
Integra ng Genomic Data Into Clinical Prac ce
Subha Madhavan, PhD, Somasundaram Subramaniam, MD, MS, Thomas D. Brown, MD, MBA, and
James L. Chen, MD
OVERVIEW
Precision medicine is at the forefront of innova on in cancer care. With the development of technologies to rapidly sequence DNA from tumors, cell-free DNA, proteins, and even metabolites coupled with the rapid decline in the cost of
genomic sequencing, there has been an exponen al increase in the amount of data generated for each pa ent diagnosed
with cancer. The ability to harness this explosion of data will be cri cal to improving treatments for pa ents. Precision
medicine lends itself to big data or “informa cs” approaches and is focused on storing, accessing, sharing, and studying
these data while taking necessary precau ons to protect pa ents’ privacy. Major cancer care stakeholders have developed
a variety of systems to incorporate precision medicine technologies into pa ent care as soon as possible and also to provide the ability to store and analyze the omics and clinical data aggregately in the future. Scaling these precision medicine
programs within the conﬁnes of health care system silos is challenging, and research consor ums are being formed to overcome these limita ons. Incorpora ng and interpre ng the results of precision medicine sequencing is complex and rapidly
changing, necessita ng reliance on a group of experts. This is o en performed at molecular tumor boards at large academic
and research ins tu ons with available in-house exper se, but alterna ve models clinical decision support so ware or of
virtual tumor boards poten ally expand these advances to almost any pa ent, regardless of site of care. The promises of
precision medicine will be more quickly realized by expanding collabora ons to rapidly process and interpret the growing
volumes of omics data.

T

he concept of cancer precision medicine, and that of
precision medicine informa cs, has always hinged on
one key premise: that most cancer therapies are designed
for the “average pa ent” as a “one-size-ﬁts-all" approach.
But there is no “average pa ent,” and thus most treatments
will be successful for some pa ents but not for others.
“Precision medicine” should not be conﬂated with “personalized medicine,” as both terms are some mes used interchangeably. Precision medicine tailors therapies to classes
of pa ents on the basis of the diﬀerences in people’s genes,
environments, and lifestyles. Personalized medicine implies
customiza on for an individual pa ent. Precision medicine
simply expands this to the cohort level.1 Taken together, one
can think of precision medicine as designed to target the
right disease with the right treatment of the right set of paents at the right me.
For precision medicine informa cs to be eﬀec ve, precision medicine requires technology development that allows
us to iden fy key altered pathways that are suscep ble to
molecularly targeted or immunologic therapies.2 The increasing customiza on of medical treatment to speciﬁc
pa ent characteris cs has been possible through con nued

advances in (1) our understanding of the physiologic mechanisms of disease, leading to the prolifera on of omics data
(e.g., proteomics, metabolomics), and (2) compu ng systems (e.g., pa ent and trial matching algorithms) that facilitate the development and applica on of targeted agents.3
These advancements allow improved outcomes and reduced
exposure to the adverse eﬀects of unnecessary treatment.
They can help us be er decipher the interpa ent (between
pa ents) and intrapa ent (diﬀerent tumors within the same
pa ent) heterogeneity that is o en a hurdle to treatment
success and can contribute to both treatment failure and
drug resistance.4
Precision medicine algorithms and strategies have already
borne fruit. The introduc on of U.S. Food and Drug Administra on (FDA)–approved treatments that are tailored to
speciﬁc characteris cs of individuals, such as a person’s gene c makeup, or the gene c proﬁle of an individual’s tumor
have become more rou ne. Pa ents with a variety of cancers rou nely undergo molecular tes ng as part of pa ent
care, enabling physicians to select treatments that improve
chances of survival and reduce exposure to adverse eﬀects.
Importantly, omics-based cancer medicine is here. In 2017,
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nearly 50% of the early-stage pipeline assets and 30% of
late-stage molecular en es of pharmaceu cal companies
involved the use of biomarker tests.5 Furthermore, more
than one-third of drug approvals have had DNA-based biomarkers included in their original FDA submissions.6

EXPLOSION OF OMICS TYPE DATA
Although genomics data are commonly men oned in the
same breath as precision medicine, it is useful to point out
that genomics is simply one type of precision medicine data.
Other forms of precision data include, but are not limited
to, such things as radiographic features (radiomics), pa entreported outcomes (personomics), and digital pathology.
By “genomics data,” we are referring to the ability to interrogate the genome using next-genera on sequencing techniques. It is equally important to note that omics-type data
can be derived from (1) the tumor, (2) the pa ent, (3) ssue surrounding the tumor “stroma,” (4) circula ng blood,
and (5) other bodily ﬂuids. Ongoing research has increased
our understanding of the underlying pathophysiology of
not only the tumor but also the pa ent-tumor interac on
through these omics data. Acquisi on of these omics data
has required improvements in detection techniques and
data analysis.
As an example, assaying proteins using immunohistochemistry, the use of singular an gens that bind to single
proteins of interest in cancer ssue, is now being supplanted
by mass spectrometry, which allows massively parallel
iden ﬁca on of hundreds of proteins simultaneously. However, it has taken improved computer performance (and
supercomputer clusters) to accurately iden fy this large
number of proteins in a reasonable amount of me. This
expanding ﬁeld, proteomics, provides a far more accurate
readout compared with immunohistochemistry, which is
o en subjec ve and diﬃcult to parallelize. Advanced DNA
sequencing, which ushered in the genomic revolu on, has
also improved greatly. Our ability to perform DNA sequencing with trace amounts of star ng material (low-passage
reads) with improved ﬁdelity and detec on is allowing us
to detect circula ng tumor DNA from the blood. Circulating tumor DNA is tumor-derived fragmented DNA circulating in blood along with cell-free DNA from other sources,
measuring about 150 bp. Circula ng tumor DNA provides an

PRACTICAL APPLICATIONS
• Learn about incorpora ng genomic data into EHRs.
• Understand the role of data-sharing consor a in
aggrega ng data from large numbers of pa ents.
• Learn about molecular tumor boards, including virtual
tumor boards, and other mechanisms for interpre ng
complex genomic data.
• Learn about data safety and pa ent privacy as it applies
to precision medicine.
• Develop an apprecia on for the necessity of
incorpora ng precision medicine–based therapies into
rou ne clinical prac ce.

overview of the genomic reservoir of diﬀerent tumor clones
and genomic diversity. Circula ng tumor DNA may ﬁnally
provide a means of assaying intrapa ent tumor heterogeneity, allowing us to get a sense of the rela ve abundance
of genomic altera ons across metasta c deposits within a
pa ent. Other promising omics technologies include metabolite analysis. Metabolites have tradi onally been singular
molecules detected by immunoassay in the clinic. Metabolomics aims to measure abundances of all small molecules
detectable in biospecimens, including blood, ssue, urine,
and breath, among others. Typically, mass spectrometry
and nuclear magne c resonance techniques are applied to
measure hundreds to thousands of metabolites in a given
sample. The chemotherapeu c drug methotrexate, for example, has levels that are detected via immunoassay for quanﬁca on purposes.7 However, immunoassays measure only
singular known metabolites, and it is well known that combina ons of metabolites are more clinically relevant than
singular metabolites.

CHALLENGES IN UNDERSTANDING OMICS
DATA FOR CLINICAL USE
To use these omics data meaningfully for clinical use requires systems that help clinicians sort through the omics
and context and interpreta on. Algorithmically, there has
been a shi to using informa cs methods such as gene signatures and nonlinear approaches such as neural networks
and advanced aggrega ve techniques to model complex
rela onships among pa ents to facilitate this process.8 Importantly, these approaches are the root of cohort matching algorithms that aim to ﬁnd “pa ents like my pa ent.”9
Results of these algorithms are simpler to understand and
have propelled the growth of clinical trials matching algorithms. Na onal trials such as NCI-MATCH10 that pair pa ent
tumors with speciﬁc tumor altera ons to targeted medica ons are a simplis c ﬁrst step in this paradigm shi . The
ability to perform complex matching, and matching rules,
has relied on the growth of aggregated pa ent data sets and
the ability to quickly assess tumor omics data. Although not
all of these trials have been successful, there is evidence
that as a general approach, pa ents treated with therapies
that match the molecular proﬁle of their tumors have better outcomes than those who are not.11 As more targeted
agents become available, the number of laboratories oﬀering molecular tes ng has increased, and large academic,
ter ary care hospitals have begun conduc ng molecular
tumor boards (MTBs)12,13 at which experts weigh in on the
molecular proﬁle as well as other relevant factors for speciﬁc pa ents to suggest matched therapies. However, the
gold standard remains a genomics or domain expert to provide interpreta on of the data. Thus, these interpreta ons
are o en facilitated by MTBs or by clinical decision support
so ware. But given the shortage of subtype and pathway
speciﬁc domain exper se, virtual tumor boards (VTBs) are
o en used to bring disease certain exper se in treatment
planning. VTBs are par cularly useful for rare tumors, in
which domain exper se may be diﬃcult to obtain locally, or
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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in late-stage tumors, in which standard-of-care op ons have
been exhausted and novel treatments are being explored.

PRECISION ONCOLOGY IN THE COMMUNITY
SETTING
Background
The vast majority of pa ents with cancer in the United States
are treated at community hospitals and prac ces. It is therefore paramount that precision medicine oncology technologies be available to these facilities. Not only is there a
delivery issue, there is a need to encourage the widespread
uptake of precision genomics by community oncology pracces. This will not only facilitate poten ally be er pa ent
care but also aid in accruing pa ents to omics-driven clinical
trials. However, considerable challenges exist in implementing a precision medicine program, including administra ve,
logis c, and ﬁnancial barriers. Arguably, the most imposing
barrier may be the willingness and mo va on of oncologists
to incorporate rou ne genomic tes ng into their daily workﬂows when the clinical beneﬁt of panel-based omics testing in all tumor types has not been deﬁni vely established.
Overcoming these substan al obstacles by establishing a
comprehensive pla orm to integrate omics data into clinical
prac ce requires the support and engagement of the key
stakeholders in each prac ce or health care system, which
includes oncologists, pathologists, nursing and research
staﬀ members, administrators, electronic health records
(EHRs), and informa on technology specialists and others.
As a case example, we use the Swedish Cancer Ins tute as
a didac c means of uncovering and overcoming challenges
in bringing a precision medicine program to the community.
In September 2014, the Personalized Medicine Research
Program was implemented at the Swedish Cancer Ins tute,
a nonuniversity, community-based research prac ce in Sea le, Washington. The Swedish Cancer Ins tute is a component of Providence St. Joseph Health, a system comprising
50 hospitals across seven western states.14 In their model,
patients are enrolled into an institutional review board–
approved registra on protocol, and tumors are proﬁled using a customized in-house gene altera on panel, originally
composed of 68 gene altera ons and recently expanded to
79 gene altera ons, focused on solid tumors. Data are collected using a cloud-based integrated informa cs pla orm
to facilitate evidence-based analysis, clinical trials matching,
and an MTB.
The underlying so ware pla orm to facilitate management of this clinical and research program has been developed by a third-party vendor, Syapse (San Francisco, CA).
Provider acceptance of this technology was enhanced by integra ng the pla orm into the Swedish Medical Center’s exis ng EHR. This reduced redundancy by pulling in pa ents’
clinical data directly from previously entered ﬁelds within
the EHR and from the ins tu on’s cancer registry. Similarly,
results of the genomic analysis and recommenda ons of
poten ally suitable therapies are delivered to the provider
within the EHR and did not require separate logins to an external web portal. Raw proﬁling data from the gene altera on
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panel are imported directly from an aﬃliated Clinical Laboratory Improvement Amendments–certified laboratory,
with the addi onal capability of impor ng omics data from
large commercial genomics test vendors. Subsequent iteraons of the pla orm will integrate and present meaningful
outcomes data. Data connec ons also exist, or are under
development, with a clinical trials management system, ins tu onal disease site registries, state and na onal registries, and the anatomic pathology laboratories. To op mize
use of the emerging data set, projects are under way to apply machine learning to develop decision support tools.
Financial barriers con nue to be a limita on to more
widespread uptake of precision medicine tes ng, although
an early study suggests that it may be a cost-neutral undertaking.15 Billing for the next-genera on sequencing panel in
the Personalized Medicine Research Program was submi ed
to pa ents’ insurance companies on the basis of medical necessity, and an interim analysis of reimbursement pa erns
has shown that approximately one-third of patients received reimbursement, with private and Medicare managed
care plans reimbursing at the highest frequency and level.16
The recent FDA approvals of several commercially available
NGS panel tests will likely result in greater accessibility to
genomic tes ng.17 For biomarkers that strongly implicate a
well-validated targeted therapy, obtaining the medica on is
diﬃcult. These medica ons are designated as "oﬀ-label" as
they generally do not have an FDA indica on for the tumor
type in ques on. Albeit me consuming, many insurance
plans increasingly are willing to consider evidence from targeted therapies in the appeals process. Furthermore, many
pharmaceu cal companies provide copay or compassionate
use programs for pa ents that demonstrate need.

Targeted Therapy Trials in the Community
The main goal for se ng up the Personalized Medicine Research Program was to provide the ability to match genomic
results with appropriate or promising therapies. Therapeuc sugges ons, or the domain exper se that is clinically aconable, which may include on-label, oﬀ-label, and clinical
trial op ons, are formulated by a molecular decision support
service (N-of-One, Concord, MA). A molecular pathologist reviews these sugges ons before being included together with
the genomic results in the ﬁnal report. A subset of these
cases are discussed, by oncologist or pathologist request, at
a biweekly MTB, to provide addi onal input on interpretaon of molecular results. In the ﬁrst 869 pa ents enrolled
in this protocol, results of the next-genera on sequencing
tes ng was found to aﬀect 105 pa ents (21%),18 consistent
with the impact of molecular proﬁling in other published series.19,20 The MTB has proved to be a key venue for engaging
and educa ng clinicians about precision medicine. Clinical trial
enrollment was a key goal of establishing a precision medicine
program. In addi on to single tumor site–based molecular trials, the current framework also facilitates the recruitment of
pa ents to large na onal basket trials, including NCI-MATCH
(NCT02465060) and ASCO’s Targeted Agent and Profiling
Utiliza on Registry (TAPUR; NCT02693535) trial.
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Data-Sharing Consor a
Several ini a ves are under way to further leverage genomic
and clinical data from the growing percentage of cancer paents who are par cipa ng in precision medicine programs
across the country. The American Associa on of Cancer
Research ini ated Project Genomics Evidence Neoplasia
Information Exchange (GENIE), a multiphase, multiyear,
interna onal data-sharing project to assist in clinical decisionmaking in rare cancers, and in rare variants of common cancers. Research outcomes for Project GENIE are (1) iden ﬁca on of novel therapeu c targets, (2) aiding in the design
of biomarker-driven clinical trials, and (3) iden ﬁca on of
genomic determinants of response to therapy. In the ﬁrst
phase of the project, the eight founding interna onal academic ins tu ons released a 19,000-pa ent data set.21 Notable ﬁndings from the ini al GENIE data demonstrate that
almost all tumor types, especially carcinomas of unknown
primary, have at least some samples with a high muta onal
burden, deﬁned as muta on burden above the 90th percenle of all samples tested on the larger sequencing panels
(12.3 muta ons/Mb). This ﬁnding suggests that the strategy
of checkpoint inhibi on may be relevant to a propor on of
pa ents in a wide variety of cancer types.22 As of early 2018,
both the Swedish Cancer Ins tute and the Providence Portland Cancer Center’s Earle A. Chiles Research Ins tute, both
ins tutes within Providence St. Joseph Health, have become
par cipants in Project GENIE. This represents an important
contribu on to the GENIE data set from a large communitybased health system.
Along similar lines, the Oncology Precision Network consortium was launched to share deidentified aggregated
omics data among mul ple community and academic ins tutions.23 Founding members of the consortium include
Intermountain Healthcare (Salt Lake City, UT), the Swedish
Cancer Ins tute, the Providence Portland Cancer Center,
and the Stanford Cancer Ins tute (Stanford, CA), with the
Syapse pla orm facilita ng the data sharing. This consorum an cipates sharing genomic and outcomes data from
more than 100,000 pa ents, represen ng more than 200
hospitals, annually by 2019, with mostly large communitybased hospital systems, and some addi onal academic centers, having commi ed to joining the Oncology Precision
Network. All contribu ng partner sites will be able to access
the data, which are appropriately deiden ﬁed and Health
Insurance Portability and Accountability Act and Health Informa on Technology for Economic and Clinical Health compliant, in real me and will allow trea ng physicians to view
real-world outcomes for other pa ents with similar omics
proﬁles.

GROWTH OF VIRTUAL TUMOR BOARDS
Background
As men oned earlier, although molecular proﬁling and tumor board discussion are available to pa ents at many large
academic hospitals, 95% of pa ents with cancer are treated
at the community level. The Swedish experience provided
one such example of using decision support software to

provide a level of genomic interpreta on. There are other
growing approaches. One such eﬀort involved was ini ated
in the pancreatic cancer domain and involves academic
medical centers, pa ent advocacy groups, community hospitals, and a small company to develop a scalable VTB. A
scalable VTB can take advantage of cloud-based computing, mobile device engagement, and collabora ve pla orm
so ware development. The rapid pace of publica on of
new results describing biomarker-drug interac ons relevant
to cancer makes it diﬃcult for most oncologists to stay up
to date. In addition, the presence of multiple actionable
biomarkers in a single tumor can present challenges for physicians in that a strong informa cs system becomes necessary when confronted with the huge number of poten al
combina on therapies in clinical trials. A VTB can bring together all this informa on, along with pa ents’ clinical and
molecular data, to the ﬁnger ps of clinicians using a single
web-based portal. Other cancer domains and their respecve oncologists who run MTBs at academic and commercial
organiza ons are now adop ng this VTB model.

Use of a Virtual Tumor Board by the Pancrea c
Cancer Ac on Network’s Know Your Tumor Program
The crea on of the aforemen oned pancrea c VTB example
is described in be er detail here. A mul disciplinary team
of clinicians and informa cians from the Pancrea c Cancer
Ac on Network, Perthera, and Georgetown University’s
Lombardi Cancer Center orchestrated a precision medicine
opera on called Know Your Tumor in which 640 pa ents
with pancrea c cancer referred from 287 community and
academic centers in the United States were enrolled into
the largest geographically distributed precision medicine
program for pancrea c cancer. A VTB consis ng of more
than 10 oncologists reviewed each case and iden ﬁed highly
actionable findings in 27% of patients, including 15% of
pa ents with homologous recombina on-deﬁcient tumors.
An addi onal 27% of pa ent samples also carried molecular
abnormali es, the targe ng of which would alter therapeuc choices. In all, more than 50% of pa ent samples were
ac onable or highly ac onable. These pa ents were followed longitudinally, and at the me of data cutoﬀ, 24% of
the pa ents (156 pa ents) had ini ated new therapy, 81%
(126 pa ents) of whom used therapies that matched their
molecular proﬁles. These data and analysis of the VTB were
quan ta ve in nature and required the informa cs teams
to collect and curate the data, which were received mostly
in nonstandard formats. VTBs provide a unique opportunity
to automate this process with a web-based, asynchronous,
VTB with highly usable interfaces for clinicians, who are
overburdened at most academic medical centers and worse
so in community clinics.

Technical Implementa on of Virtual Tumor Boards
VTBs have their own set of technical challenges aside from
simply coordina ng health care providers. The VTB process of
delivering pa ent reports has guided its development. To date,
the many features of this pancrea c VTB include the following:
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FIGURE 1. Treatment Scoring Model Based on Best Prac ces Published by ClinGen Soma c Working
Group, Associa on of Molecular Pathologists, and OncoKB

This scoring model was codeveloped with collaborators at Georgetown University’s Lombardi Cancer Center.

• An informa on technology infrastructure consis ng of
databases for mul ple types of informa on to feed into
the VTB: pa ent history, molecular proﬁling data, and external knowledge of biomarkers, drugs, and clinical trials.
• A treatment scoring system (Fig. 1) used to rank singleagent and combination therapies on the baiss of
the strength of molecular biomarkers, the ac vity of the
drug(s) in the speciﬁc cancer type, and prior exposure
of the pa ent to the drug under considera on (or drugs
with similar mechanisms of ac on). In the VTB example above, the scoring model is based on best prac ces
published by the ClinGen Somatic Working Group,24
Associa on of Molecular Pathologists,25 and OncoKB.26
• A user interface consis ng of (1) a chat feature allowing
asynchronous discussion of a case, thus avoiding scheduling conﬂicts for geographically dispersed oncologists;
(2) a single-tab view allowing access to pa ent-related
documents such as medical history, laboratory results,
and reports all in one place without having to navigate
away from the tab; (3) resources and references allowing access to external databases within the VTB (example databases include Na onal Cancer Ins tute cancer
dic onaries, clinical trials database, PubMed and Online
Mendelian Inheritance in Man) with the intent that the
user does not have to leave the VTB interface to access
cri cal informa on from other references databases;
and (4) a case-tracking feature allowing clinicians to
know whether a case is ready for analysis or is awai ng
laboratory results or medical history.
• Data sources including Knowledgebase, Molecular DB,
and Pa ent EHR DB, described below.

Precision Medicine Sources for Computerized Virtual
Tumor Boards
The selec on of a precise therapy on the basis of a pa ent’s
molecular proﬁle requires computer-assisted analysis of
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enormous molecular, clinical, pa ent history, and pharmacological data sets that o en come from disparate sources.
For instance, arriving at an op mal decision may involve
searching through tens of thousands of unique variants in
ClinVar,27 more than 5 million soma c variants in the Catalogue of Soma c Muta ons in Cancer,28 more than 25 million PubMed ar cles, more than 0.9 billion submissions to
dbSNP,29 190 FDA–approved drugs with pharmacogenomic
labeling and more than 300,000 globally registered clinical
trials.30 Scien ﬁc publica ons remain a central source of
informa on on the ac onability of biomarkers. With advancement in tumor molecular proﬁling and cancer drug
development, scien ﬁc evidence is witnessing a huge surge.
For doctors commonly with me constraints, presen ng just
the therapeu cally relevant informa on would ease the
me pressure and expedite the biomarker-matched treatment selec on process. To create a library of intelligently
ﬁltered oncologist-useful informa on such as drug, disease,
biomarker altera on, biomarker-drug rela ons, manual
cura on from high-quality journals is o en required on a
day-to-day basis. In the pancrea c VTB example, biomarkerdrug associa ons were scored on the basis of strength of
evidence (preclinical or clinical) and grouped into implicaon levels as follows: 0 = per nent nega ve, 1 = uncertain,
2 = evidence that could modify op ons, and 3 = biomarker
altera ons that are highly ac onable.
A er selec ng biomarker-matched treatment, it is equally
important for an oncologist to determine the accessibility
of a recommended treatment. One recent study found that
19 of 95 pa ents (20%) were unable to enroll in a recommended study because of trial eligibility restric ons or inconvenient travel distances.13 Poor structuring of eligibility
requirements at ClinicalTrials.gov is therefore an issue. Although each trial has inclusion and exclusion criteria, the
actual enrollment information is spread throughout the
sections in a listed clinical trial. For example, a trial might
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include “solid tumor” in its tle but specify a par cular tumor
type in its inclusion criteria or specify a par cular subtype
in its exclusion criteria. Treatment se ng (i.e., what line of
treatment a pa ent eligible is for), although most o en included in the inclusion and exclusion criteria, is some mes included in the oﬃcial tle. A biomarker-based search might list
biomarker-speciﬁc clinical trials, but it is important to know
whether an altera on in a speciﬁc biomarker excludes or includes a pa ent. For example, EGFR-exon19 dele on might
be an inclusion requirement, but EGFR-T790M might be present as an exclusion criteria. Therefore, to know the accurate
eligibility criteria, manual popula on of clinical trial eligibility
requirements is performed. This is con nuously updated with
any new informa on gathered either via our medical review
panel or elsewhere (e.g., trial arm closure). There are many
consor a and government-based eﬀorts such as ClinGen31-34
that have disease-speciﬁc task forces that standardize such
evidence from soma c tes ng laboratories.

Usability and Cogni ve Systems Analysis of Virtual
Tumor Boards
The success of so ware applica ons, especially those built
for clinicians and scien sts, is dependent on understanding
the complex cogni ve processes of the intended users and
their unique workﬂows. With this knowledge one can develop
a user interface that is more intuitive, is easy to use, and,
most important, meets the func onal needs of the user.
Human factors engineering and usability analysis facilitate
users’ reasoning and support their decision making to arrive
at the best treatment decisions for their pa ents and can be
applied to VTBs.
Usability tes ng on VTB prototypes ensures that products
meet the design objec ves.35,36 Some common techniques for
usability tes ng are think-aloud protocols and eye tracking.
To be er understand the connec on between the design of
the prototypes and user experience, one can track how a user
visually processes the informa on on the interface. This atten on to usability will help ensure that target oncology users
will ﬁnd their ac ons intui ve and easy to interpret.

PATIENT PRIVACY AND INFORMATION
SECURITY
With molecular tes ng, one possible risk is breach of conﬁden ality through the release of iden fying informa on.
Because it may deeply aﬀect an individual’s sense of self, the
privacy of pa ents with gene c disorders needs to be ﬁercely
protected. All clinicians and researchers involved in this
ﬁeld are very sensi ve to this and rou nely enforce this in
their daily prac ces. To minimize this risk, DNA samples and
medical data are typically encoded and linked to a registry
par cipant iden ﬁca on number. The link between contact
informa on and personal iden fying informa on is maintained at a single loca on, accessible only to honest brokers
and principal inves gators of the study or VTB. Any breach
of conﬁden ality should be immediately reported to the
ins tu onal review board of record and the sponsor (e.g.,
Na onal Ins tutes of Health).

Poten al risks associated with clinical whole-exome sequencing are an cipated to be similar to risks associated with
other forms of gene c tes ng, including anxiety and stress at
learning the results, disrupted family rela onships, possible disrup on in social rela onships, changes in reproduc ve
choices, s gma za on, and poten al loss of employability or
insurability (although this poten al is now lessened because of
the Gene c Informa on Nondiscrimina on Act). In addi on,
because whole-exome sequencing also produces incidental
gene c informa on, there may be unforeseeable risks systems, and processes must be in place for appropriate return of
results. Study enrollment and disclosure of gene c test results
are typically performed in the context of gene c counseling by
board-cer ﬁed gene cists and gene c counselors to minimize
these poten al risks. During the informed consent process, individuals must be provided with alterna ves for clinical gene c
tes ng so that they can make informed decisions about whether
to par cipate in the precision medicine research program.
Par cipants may also change their minds and decline to learn
their results prior to the test result disclosure session.
Precision medicine informa cs pla orms must therefore
adhere to all federal regula ons for handling sensi ve data
including the Health Insurance Portability and Accountability Act and the Federal Informa on Security Management
Act. Na onal Ins tutes of Health–funded programs are required to adopt and implement the policies, procedures,
controls, and standards of the U.S. Department of Health
and Human Services Informa on Security Program by aligning with data access policies and eRA Commons authen ca on framework. Large consor a sharing genomic data
from thousands of par cipants use a secure virtual private
cloud framework that provides the security controls necessary to meet Federal Informa on Security Management
Act compliance requirements. Through this infrastructure,
informa on protec on is provided with security controls at
the virtual network, server, and storage layer as well as the
security controls oﬀered by cloud providers such as Amazon Web Services. Teams must implement iden ty management, authentication and authorization services, storage
security, and logging and event management to eﬀec vely
secure pa ent derived precision medicine data sets.

CONCLUSION
Taken together, leveraging the rapid advances in precision
medicine technologies to deliver the greatest beneﬁts to
pa ents is incredibly promising while at the same me
constrained by considerable challenges. Using precision
oncology requires innova ve comprehensive programs to
overcome barriers to implementa on and scalable learning
systems to keep pace with the huge and growing fund of
knowledge and rapidly changing technological advances.
Here we present two methods of precision medicine informa cs, via clinical decision support so ware methodologies and a modern version of a classic tumor board. Either
method will permit treatment of pa ents and also facilitate
the collec on, storage, and sharing of molecular and clinical data. This step is essen al, as learning from the past is
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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the only way to improve the collec ve care provided to paents in the future. Speciﬁc to bioinforma cs, sophis cated,
cloud-based pla orms adhering to strict security standards
are being developed to manage and analyze complex omics
data. These rapidly evolving systems allow rou ne clinical
care and can also facilitate the use of virtual exper se. Developing and strengthening collabora ons (private, public,
and government; laboratory and clinic) remain key in quickly
achieving the promises of precision medicine.
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HEMATOLOGIC
MALIGNANCIES—LEUKEMIA,
MYELODYSPLASTIC
SYNDROMES, AND
ALLOTRANSPLANT

THREE MANIFESTATIONS OF AML

Acute Myeloid Leukemia: The Good, the Bad, and the Ugly
Andrew Kuykendall, MD, Nicolas Duployez, PharmD, PhD, Nicolas Boissel, MD, PhD, Jeﬀrey E. Lancet, MD,
and John S. Welch, MD, PhD
OVERVIEW
Acute myeloid leukemia (AML) was ini ally subdivided according to morphology (the French-American-Bri sh system),
which proved helpful in pathologic categoriza on. Subsequently, clinical and genomic factors were found to correlate with
response to chemotherapy and with overall survival. These included a history of antecedent hematologic disease, a history
of chemotherapy or radia on therapy, the presence of various recurrent cytogene c abnormali es, and, more recently, the
presence of speciﬁc point muta ons. This ar cle reviews the biology and responses of one AML subgroup with consistent
response and good outcomes following chemotherapy (core-binding factor leukemia), and two subgroups with persistently
bad, and even ugly, outcomes (secondary AML and TP53-mutated AML).

THE GOOD: CORE BINDING FACTOR ACUTE
MYELOID LEUKEMIA ALL ARE CURED?
There are two kinds of spurs, my friend. Those
that come in by the door; those that come in by the
window. – Tuco the Ugly in The Good, the Bad and
the Ugly

Diagnosis
Core-binding factor (CBF) AML includes AML with t(8;21)
(q22;q22) and AML with inv(16)(p13q22) or t(8;21)(p13;q22)
chromosomal rearrangements [hereafter referred to as
t(8;21) and inv(16)], leading to the RUNX1-RUNX1T1 and
CBFB-MYH11 fusion genes, respec vely. Both altera ons
result in the disruption of genes encoding subunits of
the CBF complex (RUNX1 and CBFB), a heterodimeric transcription factor complex that regulates hematopoietic
differentiation.1 CBF-AML is among the most common
cytogene c subtypes of AML, accoun ng for 25% of pediatric cases of AML and 15% of adult de novo AML cases.2
Their iden ﬁca on is cri cal in rou ne prac ce because
the presence of these alterations substantially affects
clinical management of AML.3 Morphologically, pa ents
with t(8;21) frequently present with the French-AmericanBri sh (FAB) morphologic subtype M2 or AML with maturaon, whereas pa ents with inv(16) are more o en diagnosed
with the FAB M4Eo or acute myelomonocy c leukemia with
abnormal marrow eosinophils.4 Importantly, pa ents with
t(8;21) or inv(16) should be considered to have AML regardless the percentage of blasts, according to the World

Health Organization (WHO) classification of hematologic
neoplasms.5
Addi onal chromosomal aberra ons, which are detected
by conven onal karyotype in approximately 70% and 40%
of t(8;21) and inv(16), respec vely, are distributed in a nonrandom fashion, and some of them are extremely rare in
non–CBF AML (Fig. 1).6-8 Among t(8;21) cases, loss of a sex
chromosome is by far the most common event, occurring
in near half of pa ents, followed by del(9q) in 10% to 20%
of cases. Both aberra ons are nearly absent among inv(16)
cases. Although the prognosis conferred by these aberraons has been debated, it is believed that they do not aﬀect
the outcome in t(8;21) pa ents.9 By contrast, trisomy 22
appears speciﬁc to inv(16) and represents the most frequent
secondary aberra on in this subset, in which it accounts for
10% to 20% of cases. Several reports, including one from
the German-Austrian AML study Group (AMLSG),10 have
suggested that trisomy 22 was associated with more favorable outcome.
Experience from murine models has demonstrated that
the expression of the RUNX1-RUNX1T1 or CBFB-MYH11
fusion genes alone induces aberrant self-renewal and impairs diﬀeren a on but is insuﬃcient to induce leukemia.11
Consistent with this, preleukemic cells harboring RUNX1RUNX1T1 or CBFB-MYH11 fusion genes were iden ﬁed in
neonatal Guthrie tests more than 10 years before clinical
development of AML,12 as well as following long-term clinical remission of AML.13 CBF-AML is therefore considered
as a model for the mul step pathogenesis of leukemia, in
which AML development requires the acquisi on of further
lesions, including muta ons ac va ng kinase signaling.14
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Common Kinase Signaling Altera ons
Muta ons ac va ng kinase signaling, especially in genes
encoding transmembrane tyrosine kinase receptors KIT and
FLT3, or intracellular small guanosine triphosphatases belonging to the RAS family, are the most frequent secondary
events in CBF AML (Fig. 1). Muta ons involving this set of
genes are found in 30% to 75% of pa ents depending on sequencing panels, technologies, and depth of coverage.10,15-20
Signaling muta ons have been a great ﬁeld of research in
recent years, but data are s ll conﬂic ng; however, most
published reports indicate that KIT muta ons confer an adverse prognosis, with a higher incidence of relapse.9,15,16,20,21
Overall, the discrepancies among studies may reﬂect diﬀerences in treatment, including salvage therapy, selec on of
the study cohort, or the methods of inves ga on. The prognos c signiﬁcance of KIT muta ons may depend on allele
burden,15,22,23 as well as other coopera ng events.15 Indeed,
results from the United Kingdom Medical Research Council
suggested a higher relapse rate in pa ents with a KIT mutant
level of 25% or greater,23 whereas the French group found a
higher incidence of relapse in t(8;21) pa ents with a KIT mutant allelic ra o of 35% or more.15 To date, the eﬀect of FLT3
muta ons is even more controversial among studies and
could depend on the type of muta ons,24 whereas RAS muta ons have never been correlated with clinical outcome.
These uncertain es translate into cau ous recommendaons; CBF AML with KIT muta ons has been reclassiﬁed into
intermediate-risk group in the National Comprehensive
Cancer Network recommenda ons but are not men oned
in the European LeukemiaNet 2017 risk stra ﬁca on.

Dis nct Gene c Pa erns in t(8;21) and inv(16) AML
Recent reports iden ﬁed recurring muta ons that dis nguish t(8;21) and inv(16) AML (Fig. 1).14,17 Indeed, ASXL1
muta ons were recently reported in about 11% of t(8;21)
cases19,24 as muta ons within ASXL2, the paralog of ASXL1,

PRACTICAL APPLICATIONS
• Recent discoveries of recurring muta ons that occur
exclusively or almost exclusively in t(8;21) further
support the existence of a speciﬁc pathway in this CBF
AML.
• Secondary AML is a diease know for its treatment
resistance and poor outcomes. Various biologic features
contribute to this phenotype; however, our increased
understanding has led to the development of novel
therapeu c agents that hold promise in improving
outcomes in our pa ents.
• TP53 muta ons inform a unique subset of AML
associated with recurrent karyotypic variants, an
absence of recurrent single nucleo de variants,
and dismal responses to cytotoxic chemotherapy.
Decitabine has emerged as an alterna ve approach, and
unconven onal strategies and targeted therapeu cs
will be required to overcome the adverse risk associated
with TP53 muta ons
556
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were found in about 23% of t(8;21) cases.24,25 Strikingly,
these muta ons were totally absent among inv(16) pa ents.
Both genes encode proteins that control gene expression
through the regula on and the recruitment of epigene c
regulator complexes and transcrip on factors to speciﬁc
genomic loci with histone modiﬁca ons. In a more comprehensive study, it appeared that muta ons in genes encoding
chroma n modiﬁers (ASXL1, ASXL2, EZH2, KDM6A, BCOR,
BCORL1) could be found in more than 40% of pa ents with
t(8;21). Likewise, muta ons within cohesin members (SMC1A,
SMC3, RAD21, STAG2) were found in 18% of t(8;21) pa ents.
Both classes of muta ons are absent or extremely rare in
inv(1).14,18,26,27 Of note, SMC1A, STAG2, BCOR, BCORL1, and
KDM6A are located on chromosome X, and loss of sex chromosomes is common in t(8;21) AML, whereas this is rare
in inv(16) AML. Interes ngly, recent ﬁndings about ASXL2
and cohesin dysregula on have suggested a common pathway in which muta ons within these two classes of lesions
enhanced global chroma n accessibility at RUNX1- and
RUNX1-RUNXT1–speciﬁc binding sites.28,29 In a French cohort, t(8;21) pa ents with muta ons in kinase signaling plus
chroma n modiﬁers or cohesin members had the highest
risk for relapse.15 Addi onally, muta ons in ZBTB7A, encoding a nega ve regulator of glycolysis, have been described
in 10%–23% of t(8;21), whereas they appear to be absent
in inv(16).26,28

Minimal Residual Disease
Both RUNX1-RUNX1T1 and CBFB-MYH11 fusion transcripts
are well-established markers for measurable residual disease (MRD) monitoring by real-time quantitative polymerase chain reac on. The best me to assess MRD and the
threshold to adopt remain a ma er of debate and depend
on the treatment used. Higher MRD absolute levels or low
MRD log-reduc on a er one or two courses have been associated with a higher risk for relapse in both CBF subgroups
and a shorter survival in inv(16) cases.16,30 Postconsolida on
MRD monitoring allows for molecular relapse detec on,
which usually precedes full hematologic relapse from 3 to
4.9 months depending on CBF subtype.31,32 On the basis of
these observa ons, the European LeukemiaNet MRD Working Party recently recommended that pa ents with CBF
AML should have an ini al assessment of MRD a er two
cycles of chemotherapy, followed by serial measurements
every 3 months for at least the ﬁrst 2 years a er the end
of treatment to detect molecular relapse.33 A molecular relapse is deﬁned by an increase in MRD of 1 log10 or greater
between two posi ve samples in a pa ent with previously
undetectable MRD. Of note, stable levels of bone marrow
MRD may be detectable for years a er ini al diagnosis without progression or evidence of hematologic relapse.31,32

Therapy
A 7 + 3 induc on with 3 days of anthracycline and 7 days
of con nuous infusion of cytarabine remains the standard
of care in AML, including CBF AML. The complete remission
rate reported in young adults with CBF AML is usually 80%

THREE MANIFESTATIONS OF AML

FIGURE 1. (A) Gene c Landscape and (B) Altera ons Frequencies in Core-Binding Factor Acute
Myeloid Leukemia (Adult CBF-2006 and Pediatric ELAM-02 Trials)

to 90% or more, with 5-year overall survival (OS) of more
than 60%; this is far higher than in other AML subtypes.6,7,17
This high remission rate is also reached in elderly pa ents
a er intensive chemotherapy induc on, but 5-year OS es mates are lower (30%).34 The beneﬁt of more intensive induc on approaches remains unclear. Few trials have been
designed in the CBF AML popula on, and only subgroup analyses with inadequate power are available to assess the beneﬁt of certain therapeu c strategies. The beneﬁt in terms
of OS and event-free survival of higher doses of daunorubicin

(90 mg/m2 × 3 vs. 45 mg/m2 × 3) was suggested in the HOVON/
AMLSG/SAKK and ECOG-ACRIN studies.35,36 This observa on
was, however, not conﬁrmed by the Korean Coopera ve
Study Group A for Hematology group.37 There is no evidence that the early use of intermediate or high cytarabine
(I/HDAC) may improve pa ent outcome.38,39 The French ALFA
group randomly assigned pa ents to receive a standard 7 +
3 regimen or a reinforced induc on strategy, with no diﬀerence in term of complete response (CR) rate.17 Interes ngly,
the reinforced strategy was associated with significantly
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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lower postremission MRD levels that did not translate into
diﬀerences in terms of cumula ve incidence of relapse or
OS.17
Since the observa on by the CALGB of the beneﬁt of HDAC
consolida on in CBF AML, the use of this regimen has widely
spread through many cooperative groups.40 The question
of the accurate cytarabine dose in consolida on has been
raised in many randomized trials. The Japanese Acute Leukemia Study Group reported on the beneﬁt in term of diseasefree survival from HDAC consolida on (2,000 mg/m2 × 10,
five cycles) when compared with conventional-dose
(200 mg/m2 × 5, four cycles) cytarabine.41 However, no beneﬁt
in term of OS was observed. Diﬀerent studies comparing different dosing and regimens of cytarabine but in which pa ents
were receiving at least one course of I/HDAC during inducon or consolida on courses did not accurately deﬁne the
op mal cytarabine consolida on regimen in CBF AML.39 It
is thus recommended that optimal consolidation should
consider giving two to four courses of at least 1,000–
1,500 mg/m2 × 6 (D1, 3, 5, or D1–3) cytarabine.3 In elderly
patients, a retrospective study suggested a benefit of
intermediate- to high-dose cytarabine in t(8;21) but not in
inv(16) pa ents.34
Allogeneic hematopoie c stem cell transplant (HSCT)
is usually not recommended for pa ents with CBF AML in
ﬁrst CR.3 In the absence of randomized studies, this recommenda on is based on numerous donor versus no-donor
or allogra versus chemotherapy studies.6,41-43 Recent idenﬁca on of new risk factors based on MRD assessment or
muta on proﬁling may challenge this posi on in some subgroups of high-risk pa ents. Increased cumula ve incidence
of relapse observed in the context of high pos nduc on
MRD levels or with KIT mutations, especially with high
allelic ra os, raises the issue of HSCT indica on in this context,16,22,30 especially in younger pa ents and/or in pa ents
with few comorbidi es.44,45
The recent approval of gemtuzumab ozogamicin (GO) as a
ﬁrst-line treatment of AML is an important step forward in
the treatment of CBF AML. Several randomized studies have
inves gated the place of frontline GO in induc on and consolida on with diﬀerent dosage and infusion schedules.46-50
All these studies have reported a beneﬁt of GO in term of
relapse-free survival for pa ents with favorable-risk AML.
An individual pa ent data meta-analysis of these studies
conﬁrmed that the beneﬁt of GO is mostly observed in the
favorable cytogene c subgroup, with a diﬀerence in OS of
20.7% at 6 years (75.5% vs. 54.8% in GO vs. non-GO group;
p = .0006).51 A remaining issue is the beneﬁt/risk ra o of
the combina on of GO with standard chemotherapy: Few
of these pa ents will be eligible for HSCT, and treatmentrelated mortality is low a er standard induc on and I/HDAC
consolida on, especially in young pa ents.
Because of the speciﬁc spectrum of muta ons associated
with CBF AML, the combina on of chemotherapy with targeted therapies is a focus of interest. The French DasaCBF
study failed to demonstrate any beneﬁt of dasa nib given as
single-agent treatment during maintenance therapy in high558
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risk CBF AML, deﬁned by a high MRD level a er induc on.52
In a phase Ib/IIa study, the AMLSG group combined dasa nib with induc on, HDAC consolida ons, and maintenance
in pa ents with CBF AML, whatever the muta on proﬁle.53
On the basis of favorable safety and an improved OS compared with historical controls, a phase III study is ongoing.
According to the same ra onale, the Alliance conducted a
similar phase II combina on, with promising early results.54
The more recent comprehension of oncogenesis and mutaonal landscape in this disease opens the door to mul ple
combined approaches, including hypomethyla ng agents,
histone deacetylase, and tyrosine kinase inhibitors.
If CBF AMLs are diseases with “good” prognosis, pa ents
not cured a er frontline therapy should not be considered
“bad or ugly.” Second complete remission rates in pa ents
exposed to intensive salvage were reported in up to 70%
to 80% of pa ents, and 5-year OS was 30% to 50%. A er
relapse, second CR rates and OS are usually be er in paents with inv(16) than in those with t(8;21).6,7,54,55 The use
of GO in salvage regimen improved pa ent outcome in a
retrospec ve study.56 An indica on for HSCT in second CR is
widely admi ed, although conﬂic ng data have been published on its beneﬁt, especially in t(8;21) cases.55,56

Conclusions
Given the similari es in prognos c and molecular features
(involvement of the CBF complex, coexistence of signaling
muta ons), t(8;21) and inv(16) are usually grouped and
reported together in clinical studies. However, recent discoveries of recurring muta ons that occur exclusively or
almost exclusively in t(8;21) further support the existence of
a speciﬁc pathway in this group of diseases. Understanding
the func onal basis for the existence of such lesions will be
cri cal to promote our knowledge of CBF AML and to reﬁne
their prognos c relevance.

SECONDARY AML THE BAD
Every gun makes its own tune. – Blondie in The Good,
the Bad and the Ugly

Diagnosis
Secondary AML is a composite designa on that classically
alludes to AML that has arisen in the context of a prior myeloid malignancy, newly diagnosed AML that presents with
marked dysplasia, or AML that emerges a er prior cytotoxic
chemotherapy or radia on for an unrelated malignancy. The
1997 WHO classiﬁca on of hematopoie c and lymphoid
neoplasms separated secondary AML from de novo AML,
crea ng a classiﬁca on system for AML that included the
following subcategories: AML with recurrent gene c abnormali es, AML with mul lineage dysplasia, therapy-related
AML (t-AML) and myelodysplas c syndromes (MDS), and
AML not otherwise categorized.57 The 2016 WHO criteria
deﬁnes AML with myelodysplas c-related changes as a diagnosis of AML that followed a 6-month history of MDS or
MDS/myeloprolifera ve neoplasm (MPN) or presented with
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FIGURE 2. (A) Incidence of De Novo, Secondary, and Therapy-Related Acute Myeloid Leukemia (AML)
in a Danish Popula on-Based Study of 3,055 Unselected Pa ents With AML, (B) Distribu on of
Preceding Hematologic Disease in 603 Pa ents With Secondary AML (sAML)

Originally published by the American Society of Clinical Oncology. Granfeldt Østgård LS, et al: 33(31), 2015:3641-3649.

at least 50% dysplasia in two or more myeloid lineages,5,58,59
with the notable excep on of cases harboring an NPM1
muta on or biallelic CEBPA muta ons.60,61 Speciﬁc MDSrelated cytogene c abnormali es can represent MDS in the
absence of clear morphologic evidence of dysplasia.5,59 Recent work suggests that muta ons involving spliceosome
machinery and chroma n remodeling may be able to idenfy pa ents with secondary-like AML with inferior responses
to cytotoxic therapy and outcome, although this has not be
incorporated into the WHO diagnos c criteria.62
Although t-AML is o en included under the umbrella of
secondary AML, this designa on is based on extrinsic exposure as opposed to pathologic ﬁndings. Classically, t-AML
has been separated according to inci ng agent; type 1
t-AML follows treatment with an alkyla ng agent or ionizing
radia on and type 2 follows treatment with a topoisomerase II inhibitor.

a 20% risk a ributed to chronic myelomonocy c leukemia
and a 40% risk with atypical CML.72,73 Bone marrow failure
syndromes, such as aplas c anemia and Fanconi anemia,
can display leukemic transforma on as well.74-79
Secondary AML is independently associated with poor
rates of response to intensive chemotherapy and inferior
OS compared with de novo AML; however, these outcomes
are strongly inﬂuenced by pa ent age, karyotype, and preceding myeloid disease.64,65 Survival is es mated to be only
6 to 12 months despite treatment with intensive chemotherapy, a prognosis that is disturbingly consistent across
age groups, although the disease is heavily enriched in the
elderly population.65 AML arising from MPN or another
non-MDS myeloid malignancy appears to be associated
with compara vely worse outcomes than AML arising from
MDS.64,80

Biology
Epidemiology
Secondary AML occurs more commonly in the elderly popula on than does de novo AML, which has a ﬂat incidence
throughout life.63 Large popula on-based studies suggest
that secondary AML makes up about 25% of all AML cases,
with 18% to 20% evolving from a previous myeloid disease
and 6% to 8% being therapy related (Fig. 2).64,65 All myeloid
malignancies are associated with an increased risk for AML,
although that risk varies widely according to the speciﬁc myeloid disease. For many diseases, prognos c risk scores have
been developed to be er iden fy pa ents at increased risk
for leukemic transforma on. In MDS, pa ents with excess
blasts (MDS-EB1/2) are es mated to have a 25% and 35%
risk for AML at 1 and 2 years, with lower-risk MDS having 5%
and 10% transforma on risk over similar me intervals.66
MPNs have varying risks of leukemic transforma on; primary
myeloﬁbrosis is more prone to transforma on (es mated
at 6%–21% at 5 years and approximately 20% at 10 years)
than is both polycythemia vera (2% at 10 years and 8% at
20 years) and essen al thrombocythemia (approximately
2% risk at 15 years).67-71 MDS/MPN overlap syndromes can
carry a substantial risk for leukemic transformation, with

Secondary AML is biologically dis nct from de novo AML,
with several key diﬀeren a ng features: It is associated with
mul lineage dysplasia, it o en harbors a complex karyotype
with frequent loss of gene c material, it evolves within a context of clonal hematopoiesis, and it develops as a result of
progressive gene c damage. In contrast, de novo AML o en
features recurrent, balanced transloca ons and inversions
and is not associated with mul lineage dysplasia.63 Unique
biologic characteristics, such as subclonal heterogeneity,
hypermethyla on of tumor suppressor genes, a mul drugresistant phenotype, upregula on of an apopto c proteins,
and treatment-induced immune escape mechanisms, make
secondary AML a challenging disease to treat.81-84
Although de novo disease is believed to result from an
inci ng genomic event that leads to expansion of the leukemic clone, AML arising from MDS or MPN typically evolves
in a stepwise fashion with mul ple hits accumula ng over
me. Thus, pa ents with secondary AML tend to exhibit
more mutated genes than do those with de novo AML. Muta ons in SRSF2, SF3B1, U2AF1, ZRSR2, ASXL1, EZH2, BCOR,
and STAG2 are highly speciﬁc for secondary AML, although
addi onal muta ons in signaling pathways (i.e., FLT3, RAS,
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

559

KUYKENDALL ET AL

CBL, PTPN11), transcrip on factors (i.e., RUNX1, WT1), epigene c regulators (i.e., IDH1/2, TET2), and TP53 have been
implicated in the leukemogenic process. Ul mately, the
founding clone is outcompeted by an advantaged subclone,
although evidence of the original clone invariably persists.
This leads to oligoclonal disease with evolved clones that
are diﬀeren ally responsive to therapy.62,85-90 Disease progression has also been attributed to DNA hypermethylation, which leads to silencing of tumor suppressor genes,
growth regulatory genes, and adhesion molecules.91,92
Decreased response rates in secondary AML have been
linked to a mul drug-resistant phenotype. MDR1 encodes
P-glycoprotein, a protein that mediates drug efflux and
is enriched in patients with AML evolving from MDS.
P-glycoprotein par cipates in ac ve eﬄux of daunorubicin;
is associated with decreased intracellular daunorubicin levels, resistance to induc on chemotherapy, and increased
relapse rates; and is independently associated with inferior OS.93-99 Chemoresistance is also conferred by upregulaon of the an apopto c proteins, Bcl-2 and Bcl-XL, which
undergo splice isoform switching in secondary AML.100-105
A comparison of the ratio of proapoptotic (Bax/Bad) to
an apopto c proteins (Bcl-2/Bcl-X) between low-risk and
high-risk MDS showed that disease progression was associated with signiﬁcantly reduced ra os, due primarily to increased Bcl-2 expression.82 Lastly, pa ents with secondary
AML have o en received prior therapies that contribute to
decreased responsiveness to subsequent therapies. Exposure to hypomethyla ng agents leads to upregula on of the
immune checkpoints PD-1, PD-L1, PD-L2, and CTLA-4, and
pa ents with secondary AML who had prior hypomethylating agent exposure have shown decreased response rates to
induc on therapy and inferior OS.84,106
Therapy-related AML has been classically separated into
two types according to prior exposure. Type 1 t-AML typically occurs 4 to 7 years a er treatment, with two thirds of
pa ents experiencing a preceding MDS phase and the other
third presen ng with AML with MDS-related changes. Deleons of the long arm of chromosome 5 [del(5q)], the long
arm of chromosome 7 [del (7q)], or loss of chromosome 7
(monosomy 7) are common, as are TP53 muta ons. Numerous
candidate genes on chromosome 5 and 7 have been implicated in the pathogenesis of t-AML, sugges ng the presence
of a contiguous gene syndrome that leads to a resultant
state of haploinsuﬃciency.107 In type 2 t-AML, the latency
period is typically shorter, with pa ents o en presen ng
with AML 2 to 3 years a er treatment, without a preceding
MDS phase and with balanced chromosomal transloca ons
involving 11q23 (MLL) or 21q22 (RUNX1).108 Topoisomerase
II inhibitors have also been implicated in more rare forms of
t-AML, including CBF t-AML and therapy-related acute promyelocy c leukemia. The former displays rearrangements
at CBF genes RUNX1 at 21q22 and CBFB 16q22 and typically
respond favorably to intensive chemotherapy regimens. The
la er displays a balanced transloca on between the PML
and RARA genes, t(15;17), and responds well to all-trans
re noic acid–based therapies.109 Host suscep bility plays
560
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an important role in t-AML; many pa ents with t-AML are
found to have germline muta ons in cancer suscep bility
genes.110-112 Interindividual variability in drug metabolism
has also been implicated.108,113 Similar to AML arising from
prior myeloid malignancy, clonal hematopoiesis can play
an important role, especially in type 1 t-AML cases in which
cytotoxic therapy places a selec ve pressure on a minor
drug-resistant preleukemic clone, allowing for clonal expansion. To that end, reports have shown that mutant TP53
mutant clones can be found in hematopoie c cells years
before cytotoxic therapy and are ul mately followed by
TP53 mutant therapy-related MDS/AML.114,115 Accordingly,
evidence of clonal hematopoiesis before cytotoxic therapy
is much more common in pa ents who ul mately develop
therapy-related myeloid neoplasms.116,117 More recently, the
role of the bone marrow microenvironment has been implicated as the role of inﬂamma on in myeloid malignancies
has been uncovered.118-120

Tradi onal Therapies
Historically, AML arising from MDS or with evidence of
marked dysplasia was treated in a fashion similar to that
used for de novo AML, with anthracycline-based chemotherapy regimens and strong considera on of allogeneic
hematopoie c cell transplant (AHCT) as the only therapy with
curative potential. With these approaches, retrospective
reviews have repeatedly shown that outcomes in secondary
AML are inferior to those seen with de novo AML, with lower
rates of complete remission and frequent relapses.121-124 Early
eﬀorts to improve treatment responses largely involved intensifying induc on chemotherapy regimens, although these
eﬀorts were largely unsuccessful.125-128 Several randomized
clinical trials assessed the addi on of P-glycoprotein inhibitors to standard induc on regimens, with two trials using
cyclosporine-A showing modest clinical beneﬁt.129,130
Addi onal eﬀorts to improve upon tradi onal chemotherapybased approaches relied on increasing the sensi vity of leukemic blasts to chemotherapy by altering cell cycle kine cs.
Myeloid growth factors were incorporated on the basis of
the ra onale that they could enhance the eﬀect of S-phase–
dependent cytotoxic agents, such as cytarabine.131-134 A Polish
study showed impressive results in pa ents with relapsed/
refractory AML treated with cladribine, mitoxantrone, and
cytarabine given concurrently with granulocyte colonys mula ng factor CLAG-M),135 whereas a retrospec ve study
in pa ents with AML evolving from MDS a er azanucleoside
failure and showed improved response rates and survival
with CLAG-M compared with standard induc on.136
Secondary AML has long been viewed as a high-risk disease that requires AHCT for the achievement of durable
remission. No prospec ve studies have compared AHCT to
nontransplant treatments, and retrospec ve studies have
yielded conﬂic ng results.128,137-139 Through use of propensity
score matching, outcomes with AHCT were similar between
de novo AML and secondary AML, although it is important to
note that numerous factors thought to predict poor response
a er AHCT are enriched in the secondary AML popula on.139
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Azanucleosides
Azaci dine (Aza) and decitabine are nucleoside analogs that
incorporate into DNA and inhibit DNA methyltransferase.
They have been extensively studied in MDS and secondary AML, given the importance of DNA methyla on in progression from MDS to AML.91,92 The AZA-001 trial led to the
approval of Aza for the treatment of MDS a er showing a
survival beneﬁt compared with conven onal care. This study
included pa ents with 21% to 30% blasts who would now
be classiﬁed as having AML with myelodysplas c-related
changes.140 The AZA-AML-001 study subsequently enrolled
pa ents age 65 or older with newly diagnosed AML and
more than 30% bone marrow blasts and randomly assigned
them to Aza or conven onal care. Aza-treated pa ents
showed a trend toward improved OS, although this gained
sta s cal signiﬁcance only a er pa ents receiving convenonal care were censored at me of crossover. A post hoc
central review of pa ents’ bone marrow samples from this
trial iden ﬁed that more than 50% of study par cipants met
criteria for AML with MDS-related changes, and a subgroup
analysis demonstrated that these pa ents exhibited a survival advantage with Aza.141 Although Aza has limited beneﬁt in the chronic phase of MPNs, it is commonly used in the
blast phase and can lead to clinical responses.142,143
Decitabine was directly compared with conven onal care
in a phase III study that enrolled pa ents age 65 or older
with newly diagnosed AML with poor or intermediaterisk cytogene cs. Secondary AML was reported in 35% of
pa ents. Although primary analysis did not reveal a signiﬁcant improvement in OS (7.7 months vs. 5.0 months;
p = .108), response rates were signiﬁcantly improved and a
subsequent, unplanned analysis a er prolonged follow-up
demonstrated improved OS, with a nominal p value of .03
showing sta s cal signiﬁcance.144 Retrospec ve data have
also suggested beneﬁt in MPNs with accelerated or blast
phase and high-risk myeloﬁbrosis.145
Guadecitabine, a next-genera on hypomethyla ng agent
that is resistant to deamina on and has a longer half-life
than Aza and decitabine, has been tested in AML in early-phase trials that are enriched with pa ents who have
secondary AML. Promising results in a recently published
phase II trial have led to an ongoing phase III trial comparing
guadecitabine to conven onal care in previously untreated
AML.146
Sapacitabine (CYC682) is an oral nucleoside analog that induces single-strand breaks and leads to double-strand DNA
breaks and/or G2 cell cycle arrest. Although early-phase
studies showed promising ac vity, two phase III studies
have failed to meet their primary endpoints.147,148

CPX-351
The importance of ra ometric dosing was demonstrated
preclinically in a study that analyzed several combina ons
of chemotherapy, including cytarabine and daunorubicin.
This led to the crea on of CPX-351, a liposomal encapsulaon of cytarabine and daunorubicin at a ﬁxed ra o of 5:1,
which was shown to be the op mal ra o to achieve syn-

ergis c ac vity in mouse studies.149 The unique delivery
system leads to improved drug delivery and prolonged exposure.150,151 A randomized phase II study compared CPX351 to inves gator’s choice of salvage therapy in relapsed
AML and demonstrated improved responses and a poten al
survival advantage in pa ents with poor-risk AML, a group
that was enriched in this study popula on.152 This led to the
development of a randomized phase III clinical trial comparing CPX-351 to standard 7 + 3 induc on chemotherapy
in pa ents with newly diagnosed, high-risk AML age 60 to
75. “High-risk” was deﬁned as prior cytotoxic treatment,
antecedent MDS or chronic myelomonocy c leukemia, or
AML with MDS-related cytogene c abnormali es. In this
trial, CPX-351 treatment resulted in signiﬁcantly improved
OS (9.56 vs. 5.95 months; p = .005), event-free survival (p =
.021), and complete remission plus complete remission with
incomplete marrow recovery (47.7% vs. 33.3%; p = .016).
A landmark analysis performed in patients from either
group who underwent AHCT demonstrated improved OS
in those treated with CPX-351, with a hazard ra o of 0.46
(p = .0046). The side eﬀect proﬁle was similar between
treatment groups; the notable diﬀerence was prolonged
count recovery in the CPX-351 group.153 This led to the U.S.
Food and Drug Administra on (FDA) approval of CPX-351
for the treatment of newly diagnosed t-AML or AML with
MDS-related changes. CPX-351 has now become the standard of care for pa ents with secondary AML who are ﬁt to
receive intensive chemotherapy.

Novel Therapeu cs
A host of novel agents are being actively investigated in
secondary AML, o en addressing new targets that convey
treatment resistance or contribute to disease progression. Some agents of particular interest are summarized
in Table 1.

Conclusions
Secondary AML is a subgroup of AML highlighted by treatment resistance and poor outcomes. Various biologic features contribute to this phenotype; however, our increased
understanding has led to the development of novel therapeu c agents that hold promise in improving outcomes in
our pa ents. The FDA approval of CPX-351 for the treatment of newly diagnosed t-AML and AML with MDS-related
changes represents an important step forward in the ba le
to improve care for our pa ents. In looking toward the future, further therapeu c advances related to personalized
molecular phenotyping are emerging, along with a be er
understanding of risk-mi ga on strategies to help prevent
t-AML in vulnerable popula ons.

TP53 MUTATED AML THE UGLY
Put your drawers on and take your gun oﬀ. – Blondie
in The Good, the Bad and the Ugly
TP53-mutated AML is a subset of AML with especially poor response to chemotherapy and consistently dismal outcomes.154
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Drug

Venetoclax (ABT199)

Enasidenib
(AG-221)

Ivosidenib
(AG-120)

Drug Target

Bcl-2 inhibi on

IDH2 inhibitor

IDH1 inhibitor
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Mutant-speciﬁc IDH1
inhibi on

Mutant-speciﬁc IDH2
inhibi on

BH3 mime c

Mechanism of Ac on

III

I

NCT03173248

NCT02632708

I

NCT02632708
Expanded
access

II

NCT03013998

NCT03245424

III

NCT02577406

II

NCT03404193

II

III

NCT02993523

NCT03383575

III

Phase

NCT03069352

Clinical Trial

Combina on
(induc on)

Combina on

Single-agent

Combina on
(induc on)

Stepwise

Single-agent

Combina on
(azaci dine)

Combina on
(decitabine)

Combina on
(azaci dine)

Combina on
(low-dose
cytarabine)

Single-Agent vs.
Combina on

Treatment-naive
AML

Treatment-naive
AML

R/R AML

Treatment-naive
AML

Treatment-naive
AML

R/R de novo or
secondary AML
in elderly

HMA-naive MDS,
including
pa ents
with blasts
20%–30%

R/R high-risk
MDS/AML,
treatmentnaive AML in
elderly pa ents,
sAML

Treatment-naive
AML

Treatment-naive
AML

Indica ons

31% of enrolled paents with sAML

IDH1/2 muta ons
seen in 10% of
sAML

IDH1/2 muta ons
seen in 10% of
sAML cases

43% of enrolled paents with sAML

Previously untreated
pa ents; IDH1/2
muta ons seen
in 10% of sAML
cases

Phase Ib/II por on
included ≥25%
with secondary
AML

Inclusion criteria
include AML-MLD
with 20%–30%
blasts; IDH1/2
muta ons seen
in 10% of sAML
cases

Phase II included
25% with sAML

Phase II included
47% with antecedent hematologic malignancy

Relevance to
Secondary AML

TABLE 1. Selected Novel Agents Currently Being Studied in Clinical Trials With Signiﬁcance to Secondary AML

44% ORR in sAML

57% ORR in sAML

Phase II: ORR 40%; median
OS 9.3 mo

Phase II: ORR 67%

Phase 2: ORR 64%

Relevant Preliminary
Results

Con nued

Recrui ng

Recrui ng

Available

Recrui ng

Recrui ng

Recrui ng

Recrui ng

Recrui ng

Recrui ng

Recrui ng

Status
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BET inhibitor

BET inhibitor

BET inhibitor

CPI-0610

GSK525762

INCB057643

NCT02711137

NCT01943851

NCT02158858

NCT02543879

NCT02841540

NCT02775903

NCT03065400

NCT02845297

NCT02397720

Clinical Trial

I/II

I

I

I

I

II

II

II

II

Phase

Single-agent/combina on

Single-agent

Single-agent

Single-agent

Single-agent

Combina on
(azaci dine)

Single-agent

Combina on
(azaci dine)

Combina on
(azaci dine)

Single-Agent vs.
Combina on

Advanced malignancies

R/R hematologic
malignancies

AML, MDS, MPN/
MDS, MF

AML or high-risk
MDS

MDS, CMML,
AML with splicing muta on

De novo and
secondary
AML in elderly
pa ents

MPN-AP and
MPN-BP

De novo and R/R
AML in elderly
pa ents

De novo and R/R
AML in elderly
pa ents

Indica ons

Expansion phase
includes combina on arm with
ruxoli nib

Strong preclinical
ra onale in postMPN AML

Spliceosome mutaons common in
sAML

43% of enrolled paents with sAML
with poor-risk
cytogene cs

Relevance to
Secondary AML
ORR 35%; CR in 21%

Relevant Preliminary
Results

Recrui ng

Recrui ng

Recrui ng

Recrui ng

Recrui ng

Recrui ng

Recrui ng

Recrui ng

Recrui ng

Status

Abbrevia ons: AML, acute myeloid leukemia; ORR, objec ve response rate; sAML, secondary acute myeloid leukemia; R/R, relapsing/refractory; MDS, myelodysplas c syndrome; HMA, hypomethyla ng agent; MLD, mul lineage dysplasia; OS, overall survival; CR, complete response;
MPN-AP, myeloprolifera ve neoplasm in accelerated phase; MPN-BP, myeloprolifera ve neoplasm in blast phase; CMML, chronic myelomonocy c leukemia; BET, bromodomain and extra-terminal; MPN, myeloprolifera ve neoplasm; MF, mycosis fungoides.

BET inhibitor

FT-1101

BET

PD-L1

Durvalumab

SF3B1 modulator

PD-1

Pembrolizumab

H3B-8800

PD-1

Pembrolizumab

Spliceosome

PD-1 and CTLA-4

Nivolumab and
ipilimumab

Immune checkpoints

Mechanism of Ac on

Drug

Drug Target

TABLE 1. Selected Novel Agents Currently Being Studied in Clinical Trials With Signiﬁcance to Secondary AML (Cont'd)
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Diagnosis
TP53-mutated AML carries muta ons in TP53. These mutaons are widely distributed across all domains of the gene,
although there is a bias toward the DNA-binding domain.155
All forms of muta ons have been observed, including deleons, inser ons, and nonsense muta ons, but the majority
of variants are missense (70%–80%).156 There are a series of
“hot-spot” posi ons, including P72R, R175H, Y220C, R248Q,
and R273C, and these pa erns largely overlap between
AML-associated muta ons and TP53 variants observed in
solid tumors.157 This bias toward “hot-spot” posi ons reﬂects a shi in the muta onal spectrum of AML-associated
TP53 muta ons, and 32% of TP53 muta ons are C>G variants, whereas only 7% of global AML muta ons are C>G
variants. Mutations in different domains may represent
different functional effects (gain of function vs. loss of
function).158,159 These are generally lumped together in
AML studies because of small numbers, and the differential biology of these variants has been incompletely
explored in AML. Of note, deletion of the remaining wildtype TP53 allele, or alternative loss of heterozygosity
mechanisms, is common,160 which leads to a null state or
augments the effects of dominant-negative or gain-offunction mutations.159,161

Incidence
TP53 muta ons occur in nearly 50% of cancer162 but occur in
only 10% to 15% of AML cases.163-165 Likewise, Li-Fraumeni syndrome is associated with germline TP53 muta ons, but AML
is an unusual malignancy among pa ents with Li-Fraumeni
(approximately 5% of associated malignancies).166 Variants in
TP53 are conspicuously absent from pediatric AML.160,167,168
There is a prevalence of TP53 muta ons among pa ents with
M6-erythroleukemias (25%–36%),169,170 and TP53 muta ons
have been associated with the progression of AML from polycythemia vera and essen al thrombocythemia.171

Historical Outcomes
Across a wide range of studies, responses to cytotoxic
induc on chemotherapy among pa ents with TP53-mutated
AML tend to be poor (28%–42%)167,169,172 and OS short
(median survivals of 5–9 months).163,164,169,172,173 In mul variate analysis, TP53 muta ons have been associated with
inferior responses and OS across a range of studies.164,174-177
Four studies have evaluated the independent impact of
complex karyotypes and TP53 muta ons on OS of pa ents
treated with cytotoxic chemotherapy.164,167,169,173 These
studies found combinatory eﬀects but also observed that
the adverse risk for complex karyotypes is driven predominantly by the presence of TP53 muta ons and that TP53
outcomes may be worse with concurrent TP53 and complex karyotypes.

Biology
TP53 muta ons in AML are associated with older age, lower
blast counts (both in the bone marrow and in the peripheral
blood), adverse risk karyotypes, and exposure to anteced564
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ent chemotherapy.115,169,174,178 TP53 muta ons tend to have
high variant allele frequencies and are nearly universally
stable at relapse, all consistent with early events during
clonal evolu on.90,169,173
Analysis of co-occurring muta ons has suggested that
TP53-mutant AML clusters as a unique subgroup;164,165 however, TP53-mutated AML is not associated with a unique
transcrip onal signature by standard RNA sequencing.165
TP53 muta ons co-occur with a paucity of other common
AML-associated single-nucleo de variants (e.g., DNMT3A,
NPM1, FLT3, IDH1, IDH2, TET2); rather, TP53-mutated
AML is associated with recurrent co-occurring karyotypic
structural alterations, especially abnormalities involving
chromosomes 5, 7, and 17 and with events involving chromothripsis.62,156,164,165,167,173,175,176,179-183 Interes ngly, although
genomic instability has been a ributed to TP53 dysfunc on,
only speciﬁc types of augmented mutagenesis are noted in
TP53-mutated AML; TP53-muta ons co-occur with increased
numbers of large cytogene c events, chromothripsis, and
marker chromosomes,180,184 but not with an increase in singlenucleo de variants.90,115,165
To be er deﬁne pa erns of nucleo de variants and
muta ons in TP53, we performed a meta-analysis of published TP53-mutated AML cases that included sequence
evalua on of at least 16 addi onal genes, and we iden ﬁed 248 cases (Fig. 3A). Consistent with individual studies,
TP53-mutated cases are associated with a paucity of addional nucleo de variants; 50% of cases lacked co-occurring
variants in any of these addi onal 16 genes, whereas 75%
of cases in The Cancer Genome Atlas presented with variants in at least one of these genes. Reduced frequency of
co-occurring muta ons was par cularly prominent among
a few AML-deﬁning genes,62 including NPM1 and FLT3.
Frequencies were also reduced in IDH1, IDH2, DNMT3A,
WT1, and RUNX1, and a trend toward an increase in the
frequency of JAK2 variants was observed, consistent with
TP53 associa ng with transforma on from myeloproliferave diseases.85,171,185
Muta ons may coexist within founding clones or subclones or may exist in alterna ve clones, which are unrelated to the malignant clone. We observed a case with a
TP53 muta on that responded to decitabine, in which a
DNMT3A muta on was observed in an alterna ve clone that
expanded during remission and was subsequently displaced
at relapse (Fig. 3B). To determine whether co-occurring
nucleotide variants commonly co-occur within founding
clones with TP53, we examined 65 available cases with concurrent muta ons in DNMT3A, TET2, FLT3, or N/KRAS (the
most commonly comutated genes), where the variant allele
frequency of both the TP53 muta on and the concurrent
muta on were publically available (Fig. 3C).90,164,165,173 Most
variants colocalized along the median, sugges ng that they
co-occur within founding clones. A subset of variants could
be observed with high TP53 variant allele frequency and
low variant allele frequency in the concurrent gene (sugges ng the concurrent variant is in a subclone or an alterna ve clone), and a subset of variants were observed with
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FIGURE 3. Meta-Analysis of Published Acute Myeloid Leukemia Cases With Mutated TP53

(A) A total of 248 cases were iden ﬁed with available sequencing in TP53 and in a set of 16 addi onal commonly mutated acute myeloid leukemia (AML) genes. Pa ents are indicated in columns. Genes are
indicated in rows, and muta ons with colored boxes. (B) Copy number (CN) adjusted variant allele frequency (VAF) for muta ons iden ﬁed in pa ent 1004 by enhanced exome analysis noted a muta on in
TP53, which was reduced with decitabine treatment, and an alterna ve clone with a DNMT3A muta on that expanded during remission and was not part of the malignant clone. (C) Comparison of variant
allele frequencies in 65 published cases with concurrent muta ons in TP53, DNMT3A, TET2, FLT3, NRAS, or KRAS.

low TP53 variant allele frequency and high variant allele frequency in the concurrent gene (sugges ng the TP53 variant
is in a subclone or in an alterna ve clone). These data are
consistent with the ﬁnding that TP53 variants typically contribute to early founding clone evolu on, and the occasional
par cipa on of TP53 variants in subclonal expansion or in
AML transforma on.
TP53 point muta ons may result in conforma on changes
that disrupt the TP53 protein or direct disrup on of the
DNA-binding interface.186 Both eﬀects lead to loss of DNA
binding. Dominant negative effects may occur through
hetero-oligomerization with the wild-type TP53 protein.
Novel func ons of many of the point muta ons have been
accessed by overexpressing the missense allele in TP53 null
tumor cells and observing acquired phenotypes; speciﬁcally,
an increase in growth independence, tumor progression,
metastasis, and drug resistance has been associated with
missense TP53 variants, sugges ng gain-of-func on ac vies.187-190 Overexpression of wild-type TP53 in the context of
tumor cells with null versus mutant TP53 tumor cells lead to
incomplete restora on of the mutant expression signatures,

again sugges ng novel func ons of the mutant proteins that
could not be restored by re-expression of the wild-type
allele.191 The extent of the mutant expression signature varied, depending on the muta on; R172H had the greatest
eﬀect (one of the most common conforma onal muta ons),
whereas expression of wild-type TP53 could abrogate
the eﬀects of R270H to a greater degree (a DNA contact
muta on).191
Wild-type TP53 protein has a short half-life. Many of the
missense muta ons lead to protein stabiliza on and thus
to high concentra ons of mutant TP53 protein, and this
heightened protein level may facilitate some dominantnega ve or gain-of-func on eﬀects.159,192-194 Mechanisms of
high mutant TP53 expression have not been clearly elucidated
in AML but may include decreased ubiqui na on195 and disruption of normal MDM2 negative feedback mechanisms
on TP53 expression.159,196
The mechanisms of leukemogenesis in TP53-mutated AML
remain unclear. Within the subset of erythroleukemia, direct cross-talk between Gata1 and Tp53 has been described,
sugges ng poten al lineage-restricted leukemic ac vity.197
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TP53 muta ons are observed in preleukemic states such as
clonal hematopoiesis of indeterminant prognosis and thus
appear capable of directly providing a clonal, premalignant
advantage.198-200 The frequent co-occurrence of chromosomal abnormali es in chromosomes 5 and 7 suggest that
speciﬁc addi onal pathways must be modiﬁed to transi on
from clonal hematopoiesis of indeterminant prognosis to AML.
Likewise, TP53 muta ons may be observed in hematopoie c
stem/progenitor clones that exist before chemotherapy,
which are subsequently selected for by the evolutionary
bo leneck imposed by chemotherapy.201
Ac va on of TP53 has been implicated as an essen al
step in chemotherapy-induced apoptosis.202,203 Therefore,
it is not surprising that TP53 mutations are enriched in
treatment-related myeloid neoplasms and that TP53-mutated
AML responds poorly to chemotherapy that induces DNA
damage and cellular stress and cell death via TP53-ac va ng
mechanisms.

Treatment Op ons
The ﬁrst ques on is, should pa ents with TP53-mutated
AML avoid treatment? Indeed, compared with other forms
of AML, TP53-mutated AML has dismal outcomes and typically represents the molecular subgroup with the worst
outcomes in prognos c studies. However, despite these results, pa ents with TP53-mutated AML who did not receive
chemotherapy fared even worse,172 so the presence of TP53
alone should not be an absolute barrier to therapy.
Logically, the choice of therapy should be directed toward
op ons that do not require ac va on of TP53 to achieve
responses. In this way, we come back to Blondie’s gri y recommenda on, “Put your drawers on and take your gun oﬀ.”
TP53-mutated AML may best be approached with something other than the usual cytotoxic hand cannons applied
to standard AML.
Decitabine, at low doses, does not cause direct cytotoxicity but is incorporated into DNA, where it acts to alter epigene c signatures.90,204 Several studies have found that the
presence of adverse-risk karyotypes did not aﬀect the response rates or OS of pa ents treated with decitabine.205-209
Ten-day cycles of decitabine induced responses in 21 of 21
pa ents with TP53 muta ons, and these pa ents had equivalent outcomes compared with TP53 wild-type pa ents.90
More recent studies using 5-day schedules of decitabine
noted 62% and 66% response rates in TP53-mutated AML
or MDS cases, respec vely,156,210 and cell-line analysis further suggests a poten al sensi vity of TP53-mutated cells
to hypomethyla ng agents.211 Despite recent enthusiasm
for decitabine, decitabine as a single-agent does not induce
deep or durable remissions, and addi onal consolida on
therapy is necessary.90,212
Alternative approaches will be required to target this
ultra-high-risk group of pa ents with AML. Novel therapies
in development aim to restore or stabilize the expression
of a remaining wild-type allele, destabilize the mutant protein, or ac vate TP53-independent cell death.157-159,197 Targe ng poten al synthe c lethality pathways has also been
566
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explored.157 Such targets include the G2/M checkpoint (because TP53 mutant cells tend to have lost G1 arrest ac vity)
and growth signaling pathways that TP53 null cancer cells
rely on (especially easily targeted kinases); however, it is unclear whether these synthe c lethality approaches will be
universally applicable or will be cell type speciﬁc. Many of
these studies have been performed in epithelial cancer cell
lines, and it remains to be seen whether they can easily be
translated to AML.
Recently, small molecules have been developed that speciﬁcally destabilize individual TP53 point mutants, with eﬀorts
focused on R175H, R248Q, R273H, and Y220C. 157 These
are exci ng, targeted therapies but may be challenging to
assess in AML clinical trials because of limited numbers of
pa ents with speciﬁc muta ons. Alterna ve compounds,
such as PRIMA-1, appear able to facilitate refolding of mutant TP53 into wild-type conﬁgura ons, and these may be
more clinically tractable simply as a result of pa ent numbers.213 Regardless, such target-directed therapies hold much
promise, and clinical results will be eagerly anticipated,
although limited pa ent numbers in AML may be challenging for clinical trial comple on.
One par cularly interes ng class of TP53-targe ng therapies are the sta ns, which lead to preferen al degradaon of mutant TP53 in cancer cell lines192,214 and to ex vivo
toxicity of primary AML cells.215,216 Follow-up studies found
that perturba on of the mevalonate synthesis pathways by
sta n induced a ubiqui n ligase that preferen ally targeted
mutant TP53 for degrada on.214 In vitro sta n concentraons required for mutant TP53 degrada on are typically in
the 1 to 10 μM range, whereas typical human serum concentra ons are 1 to 50 nM.217 Therefore, short-term highdose sta n may need to be considered.

Conclusions
TP53 muta ons inform a unique subset of AML associated
with recurrent karyotypic variants, an absence of recurrent
single nucleo de variants, and dismal responses to cytotoxic
chemotherapy. Decitabine has emerged as an alternative
approach, with a TP53-independent mechanism of ac on.
Unconven onal strategies and targeted therapeu cs will be
required to overcome the adverse risk associated with TP53
muta ons.

SUMMARY
A growing molecular and biologic understanding of AML
has allowed us to view the disease in an increasingly nuanced way. Historically, iden fying the good, the bad, and
the ugly forms of the disease helped select pa ents likely
to require more aggressive therapeu c interven ons a er
standard induc on chemotherapy. The FDA approval of GO
and CPX-351, coupled with the impressive results of decitabine in TP53 mutated AML, has signaled the emergence of
a tailored ini al approach. Returning to our cinema c analogy, it was Blondie who stated, “Every gun makes its own
tune.” O en as deadly as a ﬁrearm, AML is similarly unique,
but with newly approved medica ons and promising novel
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agents under inves ga on, there is reason for op mism in
our ability to develop the op mal countera ack.
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Incorpora ng Immunotherapy Into the Treatment Strategies
of B-Cell Adult Acute Lymphoblas c Leukemia: The Role of
Blinatumomab and Inotuzumab Ozogamicin
Hagop Kantarjian, MD, and Elias Jabbour, MD
OVERVIEW
Monoclonal an bodies and bispeciﬁc an body constructs hold considerable promise in improving the outcomes of pa ents
with acute lymphoblas c leukemia (ALL). An body-drug conjugates such as inotuzumab ozogamicin and the bispeciﬁc
T-cell engager blinatumomab represent novel an body constructs that have shown substan al clinical ac vity in ALL.
Although most studies have focused on the use of these agents in the salvage se ng, incorpora on of these an bodies
into the frontline regimens is impera ve to improve long-term survival for pa ents with ALL and to increase the cure rates
of adult ALL to the levels achieved in the pediatric popula on.

R

ecent years have witnessed major advances in the development of novel therapies that target speciﬁc subsets
of adult acute lymphoblas c leukemia (ALL).1 Monoclonal
an bodies, bispeciﬁc an body constructs, and chimeric
an gen receptor (CAR) T-cell therapies developed in the past
5 to 7 years have revolu onized the treatment of ALL and
resulted in U.S. Food and Drug Administra on approvals of
blinatumomab (2014), inotuzumab (2017), and sagenlecleucel (2017) as ALL salvage strategies.2-5 These agents bind
to selec ve targets on leukemic cells and work through a
number of mechanisms, including an body-dependent and
complement-dependent and cellular cytotoxicity and direct
induc on of apoptosis. If a target is known to internalize
upon binding, potent drugs or toxins can be conjugated to
the an body por on, producing an addi onal mechanism
for leukemic cell targeted elimina on.2 Although most studies have focused on the use of these agents in the salvage
se ng, incorpora on of these an bodies into frontline regimens with the goal of achieving minimal residual disease
(MRD) nega vity is cri cal to maximize their beneﬁts and
achieve higher long-term survival rates for pa ents with
ALL. Their use in combined modali es as salvage and frontline therapies is under inves ga on. Herein, we review the
clinical ac vity of blinatumomab and inotuzumab in adult
ALL and discuss their roles in modern ALL therapy.

PREAMBLE
Although adults with ALL achieve high rates of complete
remission (CR) of 90% with frontline modern chemotherapy

regimens, approximately 40% to 50% relapse. The overall
response rates a er relapse are low, ranging from 25% to
50%. Cytotoxic chemotherapy results in modest CR rates
of 30% to 40% in ﬁrst salvage and 10% to 20% in later salvages. Few pa ents can be bridged to allogeneic stem cell
transplanta on (allo-SCT), with 5% to 10% in some studies
but as high as 30% to 40% in German trials.6,7 Bridging to
allo-SCT oﬀers a chance of long-term remissions and cures
(< 20%–30%). Immunotherapy, in the form of monoclonal
an bodies and bispeciﬁc an body constructs, targe ng
CD19 and CD22, and CAR T-cell therapies have allowed better management of relapsed-refractory B-cell ALL.

ANTI CD19 BISPECIFIC T CELL ENGAGER:
BLINATUMOMAB
CD19 is nearly universally expressed on the cell surface
of both precursor and mature B-ALL leukemic blasts and
is therefore an ideal target for an body-directed therapy.
Blinatumomab, the ﬁrst bispeciﬁc T-cell–engaging an body
construct, redirects host CD3-posi ve T cells to cell surface
an gen-expressing (CD19) ALL cells (Table 1).8

Minimal Residual Disease
Pos nduc on MRD posi vity is an independent prognos c
marker of chemotherapy-refractory disease in both adult and
pediatric ALL. Blinatumomab was ﬁrst assessed in pa ents
with posi ve MRD and subsequently studied in pa ents with
relapsed-refractory ALL. Gökbuget et al9 used single-agent
blinatumomab in 116 pa ents with ALL in ﬁrst or later CR
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MONOCLONAL ANTIBODIES AND BISPECIFIC ANTIBODY CONSTRUCTS IN ALL

TABLE 1. Blinatumomab Ac vity in Acute
Lymphoblas c Leukemia
Ph-Posi ve

Ph-Nega ve

Posi ve
MRD

Pivotal
Phase II
(ALCANTARA)

Conﬁrmatory
Phase II

Tower
Phase III

BLAST
Phase II

No. of
Pa ents

45

189

271

116

CR/CRh/
CRi, %

36

43

45

NA

MRD* negavity, %

88

82

76

78

OS, median,
mo

7.1

6.1

7.7

36

Parameter

*MRD nega vity deﬁned by a level less than 0.01%.
Abbrevia ons: ALL, acute lymphoblas c leukemia; MRD, minimal residual disease; CR, complete
response; CRh, complete response with incomplete hematologic recovery; CRi, complete response
with incomplete blood count recovery; NA, not applicable; OS, overall survival.

but with MRD posi vity. Most pa ents had three or more
courses of chemotherapy, and at least 35% were in second
CR. Blinatumomab was given at 15 μg/m2/day by con nuous
infusion for 28 days every 6 weeks for four cycles. Approximately 78% of pa ents achieved MRD nega vity a er one
cycle and 80% a er four cycles.9 With a median follow-up
dura on of 29 months, the median survival was 36 months,
and the median relapse-free survival was 19 months. The
median survival for pa ents who achieved MRD-nega ve
status was 40 months, compared with 12 months for those
who remained MRD posi ve.9 Notably, allo-SCT did not confer a survival beneﬁt for the small number of pa ents (14 paents) who achieved MRD nega vity in ﬁrst remission. These
results provide evidence that a strategy of MRD-directed
therapy using monoclonal an bodies and bispeciﬁc-an body
constructs is useful in improving outcome in ALL.

Relapsed-Refractory Disease
In the conﬁrmatory phase II study of 189 heavily pretreated
pa ents with relapsed or refractory Philadelphia chromosome (Ph)–negative ALL, blinatumomab given as a continuous intravenous infusion for 4 consecu ve weeks on a
6-week cycle was associated with a rate of CR plus CR with
par al hematologic recovery of 43%. The median response
duration was 9 months; the median survival time was

PRACTICAL APPLICATIONS
• An -ALL an body constructs are superior to standardof-care chemotherapy.
• Results of CAR-T therapy are very promising.
• Combina ons of an bodies and chemotherapy are
superior to either modality of treatment alone.
• Toxici es of inotuzumab and blinatumomab are
manageable.
• Cytokine-release syndrome with CAR-T requires prompt
and intensive management.

6 months.10 A phase III randomized trial (the TOWER study)
compared blinatumomab with an inves gator’s choice chemotherapy in pa ents with relapsed-refractory Ph-nega ve
ALL.4 More than 400 pa ents were randomly selected (2:1)
to receive either blinatumomab (271 pa ents) or standardof-care (SOC) chemotherapy (134 patients). The overall
response rate was 45% with blinatumomab and 30% with
SOC (p = .007). Molecular remission rates among responders, deﬁned as less than 10−4 blasts in the ﬁrst 12 weeks,
were 75% and 48%, respec vely. Blinatumomab prolonged
survival, which was the primary study endpoint. The median
survival was 7.7 months (range, 5.6–9.6 months) with blinatumomab and 4.0 months (range, 2.9–5.3 months) with
SOC chemotherapy, respectively (hazard ratio [HR], 0.71;
p = .012). Be er results were obtained when blinatumomab
was used in salvage 1: in this se ng, median survival was
11.1 with blinatumomab and 5.5 months with SOC.
Studies assessing blinatumomab in the frontline treatment of adults ALL are ongoing.

Ph-Posi ve Acute Lymphoblas c Leukemia
Blinatumomab was evaluated in the phase II ALCANTARA trial
in pa ents with relapsed-refractory Ph-posi ve ALL.11 Blinatumomab was given at the standard dose for up to ﬁve cycles
in 45 patients. After the first two cycles, 36% of patients
achieved CR or par al hematologic response. With a median
follow-up dura on of 9 months, the median relapse-free
survival was 6.7 months, and the median survival was 7.1
months. Among the 16 responders, the MRD nega vity rate
was 88%. Forty-four percent of pa ents received allo-SCT.
Blinatumomab was evaluated in combina on with pona nib, a potent BCR-ABL1 tyrosine kinase inhibitor, in 20 pa ents
with relapsed-refractory Ph-posi ve ALL and chronic myeloid
leukemia in lymphoid blast phase.12 The combina on was
safe and resulted in an objec ve response rate of 65%. The
median survival was 14 months. Studies combining pona nib and blinatumomab are ongoing in older pa ents with
newly diagnosed Ph-posi ve ALL and in relapsed-refractory
Ph-posi ve ALL.
The toxicity proﬁle of blinatumomab is acceptable, consis ng of fever, chills, and hypogammaglobulinemia. Tremor,
headache, other mental status changes (e.g., confusion),
and occasional seizures (2%) have been reported. Fever,
chills, and other cons tu onal symptoms are due to a cytokine release syndrome that occurs shortly a er the start
of therapy. This is reduced with the use of steroids (e.g.,
dexamethasone 8 mg every 8 hours for 2 or 3 days). Serious
adverse events are uncommon and include encephalopathy
and rarely seizures. Cor costeroids before the ﬁrst dose and
prior to dose escala on ameliorate some toxici es.

ANTI CD22 ANTIBODY DRUG CONJUGATE:
INOTUZUMAB OZOGAMICIN
CD22 is expressed in 95% of precursor B-ALL and universally
in Burki leukemia. Inotuzumab ozogamicin is an immunoconjugate comprised of an anti-CD22 antibody linked to
calicheamicin, a potent cytotoxic compound (Table 2).13 In
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TABLE 2. Inotuzumab Ozogamicin Ac vity in Acute Lymphoblas c Leukemia

Parameter

Single Dose
Phase II

Weekly Dose
Phase II

Weekly Dose
Mul center
Phase II

INO-VATE Phase III

INO + Mini-Hyper-CVD
R/R

INO + Mini-Hyper-CVD
Frontline Elderly

No. of pa ents

49

41

35

109

70

52

INO dose/schedule

2

1.8 mg/m D1
q 3–4 weeks

2

2

2

0.8 mg/m D1

0.8 mg/m D1

0.8 mg/m D1

0.5 mg/m2 D8,
15

0.5 mg/m2 D8, 15

0.5 mg/m2 D8, 15

59

68

88

2

1.3–1.8 mg/m in
cycle 1 followed by
1.0–1.3 mg/m2 for
cycles 2–4

1.3–1.8 mg/m2 in
cycle 1 followed by
1.0–1.3 mg/m2 for
cycles 2–4

77

97

Results
ORR, %

57

CR, %

18

20

31

36

59

80

MRD nega vity, %

68

71

84

78

81

96

Median survival, mo

5

7.3

7.4

7.7

11

Not reached

Abbrevia ons: ALL, acute lymphoblas c leukemia; INO, inotuzumab ozogamicin; R/R, refractory/relapsed; D, day; ORR, overall response rate; CR, complete response; MRD, minimal residual disease.

a single-ins tu on phase II study in pa ents with relapsedrefractory ALL, inotuzumab was administered at a starting dose of 1.3 to 1.8 mg/m2 intravenously every 3 to 4
weeks.14 Forty-nine patients were treated, 73% of whom
received inotuzumab for second salvage or later. The objecve response rate was 57%, and the median survival was 5.1
months. Nearly half of the pa ents treated with inotuzumab
were able to proceed to allo-SCT (22 pa ents), including
four pa ents who received second allo-SCT. Common adverse
eﬀects included fever and hypotension following the infusion.
Notable serious toxici es included veno-occlusive disease
a er allo-SCT (23%). This was observed mainly in pa ents
who received double alkylators as part of their pretransplanta on condi oning. Older age was also a risk factor,
with older pa ents experiencing more veno-occlusive disease
a er allo-SCT compared with younger pa ents.
To minimize toxici es without comprising eﬃcacy and on
the basis of pharmacokine c and pharmacodynamic data,
inotuzumab was administered on a weekly basis at 0.8 mg/m2
intravenously on day 1, followed by 0.5 mg/m2 intravenously on days 8 and 15, every 3 to 4 weeks in 40 pa ents
with relapsed-refractory ALL.15 The study yielded a similar
objec ve response rate as inotuzumab given every 3 to 4
weeks (59% vs. 57%) with a median survival of 9.5 months.
Weekly administra on of inotuzumab resulted in fewer
adverse events, including lower rates of veno-occlusive
disease. In a separate mul center phase II trial in heavily
pretreated pa ents with relapsed-refractory ALL, inotuzumab
therapy resulted in a remission rate of 66%, with 78% of
patients who achieved CR becoming MRD negative. The
median survival was 7.4 months.16
In a randomized phase III trial comparing inotuzumab
with a physician’s choice of chemotherapy in patients
with relapsed-refractory ALL in salvage 1 and 2, the objec ve
response rates were 88% (CR 81%) with inotuzumab and
32% (CR 29%) with SOC chemotherapy (p < .0001). Among
responders, the MRD-nega vity rates were 78% and 28%
(p < .0001), respec vely.3 The median progression-free survival was 5.0 with inotuzumab versus 1.8 months with SOC
(p < .001). The median survival was 7.7 versus 6.7 months (HR
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0.77; p = .02); the 2-year survival rate was 23% versus 10%.3
The median progression-free survival was 5.0 months with
inotuzumab and 1.8 months with SOC (HR 0.45; p < .001).

Combina on Therapy in Acute Lymphoblas c
Leukemia Salvage
Inotuzumab was evaluated in the salvage se ng in combinaon with a dose-reduced “mini-hyper-CVD” regimen including low doses of hyperfrac onated cyclophosphamide (50%
dose reduc on), vincris ne, no anthracyclines, and dexamethasone alterna ng with low doses of methotrexate (75%
dose reduc on) and high-dose cytarabine (83% dose reducon).17 Fi y-nine pa ents with relapsed-refractory ALL were
treated. The objec ve response rate was 78% (CR 59%), with
82% of responders achieving MRD-nega ve status. Results
are updated in the 70 pa ents treated so far (Table 2). The
2-year progression-free and survival rates were 60% and 32%,
respec vely. Among pa ents treated in salvage 1, the 2-year
survival rate was 50%. The survival of pa ents treated with
mini-hyper-CVD plus inotuzumab were superior to a historical
cohort of pa ents with relapsed-refractory ALL treated with
inotuzumab monotherapy (median survival, 11 months vs. 6
months; p = .03).17 Studies exploring lower dose schedules of
inotuzumab (0.9 mg/m2 per cycle) in relapsed-refractory ALL
and in pa ents with MRD-posi ve disease are ongoing.

Elderly Pa ents With Acute Lymphoblas c Leukemia
The incidence of ALL increases a er the age 50. In this pa ent
popula on, intensive chemotherapy results in a CR rate of
80% but a high rate of toxici es.18,19 One-third of pa ents
achieving CR die of myelosuppression-associated complicaons during consolida on maintenance. The long-term cure
rate among such pa ents is only 15% to 20%.18,19 The German Mul center Study Group for Adult ALL reported a CR
rate of 76%, an early death rate of 14%, a mortality of 6% in
CR, and a 5-year survival rate of 23% in 268 elderly pa ents
treated with less-intensive induc on and consolida on regimen.20 Among 727 elderly patients (> age 65) diagnosed
between 2007 and 2012 and treated under Medicare, the
median survival was 10 months.21 In the Na onal Cancer

MONOCLONAL ANTIBODIES AND BISPECIFIC ANTIBODY CONSTRUCTS IN ALL

Ins tute’s Surveillance, Epidemiology, and End Results database (1980–2011), among 1,675 older patients with ALL
(age ≥ 60), the median survival me was 4 months, and the
3-year survival rate was 12.8%.22 The goal with modern regimens is to maintain eﬃcacy but reduce toxicity.
In a phase II study, 52 pa ents (median age, 69; range, 60–
79 years) with newly diagnosed Ph-nega ve ALL were treated
with mini-hyper-CVD and inotuzumab.23 The objective response rate was 97% (CR rate 80%). All pa ents in CR also
achieved MRD nega vity. The 2-year CR dura on and survival
rates were 81% and 64%, respec vely. The 2-year survival
rates were higher with mini-hyper-CVD plus inotuzumab
than with historical hyper-CVAD with or without rituximab
(64% vs. 38%, respec vely). A valida on of these preliminary ﬁndings in a randomized phase III trial is planned.

Ph-Posi ve Acute Lymphoblas c Leukemia
Inotuzumab was evaluated in combina on with bosu nib
in 16 pa ents with relapsed-refractory Ph-posi ve ALL (14
pa ents) and chronic myeloid leukemia in lymphoid blast
phase (2 pa ents).24 The combina on was safe and resulted
in an objec ve response rate of 81% (CR 50%). The complete
cytogene c response and complete molecular response
rates were 69% and 55%, respec vely. The median eventfree and overall survival were 8.8 and 10.7 months, respecvely. Among the 13 responders, six received allo-SCT; ﬁve
are alive at the last follow-up.

OTHER AGENTS IN DEVELOPMENT
Other an body-drug conjugates targe ng CD19 and CD22
are in development. Among them, ADCT-402 is composed
of a humanized monoclonal an body directed against human CD19, conjugated to SG3199, a pyrrolobenzodiazepine
dimer cytotoxin.25 The poten al for ADCT-402 in trea ng
B-cell malignancies was tested in mice injected subcutaneously or intravenously with cells from human-derived B-cell
leukemia and lymphoma cell lines. Complete responses
were observed in mice a er receiving a single low dose of
ADCT-402. The eﬃcacy of ADCT-402 in these models is due
to the targeted delivery of the cytotoxin. In a phase I study
in 29 pa ents with relapsed-refractory ALL, single-agent
ADCT-402 15 to 150 μg/kg weekly × 3 every month was well
tolerated, with no dose-limi ng toxici es. Four pa ents responded at the higher dose levels (3 CR, 1 CR with incomplete blood count recovery), with two MRD-nega ve CRs.
Dose escala on and expansion are underway.25

CAR T CELL THERAPIES
CAR T-cells are an exci ng recent development in cancer treatment. CAR T cells directed at CD19 are an eﬀec ve approach
for pa ents with aggressive B-cell lymphomas and pediatric
ALL. In the ini al study, 59 children with relapsed-refractory
ALL were treated with CAR T cells.26 The CR rate was 93%. The
es mated 1-year event-free and survival rates were 55% and
79%, respec vely. Cytokine release syndrome occurred in
88% of the pa ents, all of whom recovered. In a conﬁrmatory
phase I/II, 25-center global study, 75 pa ents age 3 to 23 (me-

dian, age 11) were treated.5 The overall remission rate within
3 months was 68% (82% among pa ents who were evaluable
for eﬃcacy). All responders achieved nega ve MRD status.
The event-free survival and overall survival rates were 50%
and 73% at 12 months, respec vely.
In the ZUMA-3 study, 33 pa ents with relapsed-refractory
ALL were treated. The overall response rate was 71% (CR
67% and CR with incomplete blood count recovery 4%).27
Overall, the rate of grade 3 or higher cytokine release syndrome was 28%; the rate of any grade 3 or higher neurologic
events was 52%.
Recently an adult study of CD19 CAR T cells was reported.28
Eighty-three pa ents were enrolled, 78 underwent pheresis,
and 53 were treated. CR was observed in 44 of the 53 pa ents
treated (CR rate 83%; CR in 44 of 78 who underwent pheresis
[56%]). For the 53 pa ents treated, the median event-free survival was 6.1 months, and median survival was 12.9 months.
The 2-year event-free survival and survival rates were about
15% and less than 30%, respec vely. Pa ents with low disease
burden (deﬁned as marrow blasts < 5%) had longer event-free
survival and survival dura ons, as well as lower incidences of
cytokine release syndrome neurotoxic events.
To circumvent CD19 escape as a cause of relapse a er
CD19–CAR T-cell therapy, CD22-targeted CAR T-cell therapy
has recently been developed.29 Of the 15 children and adults
with relapsed-refractory B-ALL, most of whom were previously treated with CD-19-directed immunotherapy, 11
(73%) achieved CR a er treatment with at least 1 × 106/kg
body weight of CD22-targeted CAR T cells.
Current CAR T-cell therapies use autologous lymphocytes,
which can be scarce and diﬃcult to expand. New pla orms
provide an “oﬀ-the-shelf” approach, in which cells are derived from healthy volunteer donors. Preliminary results of
the CALM study (UCART19 in Advanced Lymphoid Malignancies) using this therapy in a phase I dose escala on trial were
recently reported.30 Among six adults, four achieved CR with
incomplete blood count recovery with MRD nega vity at
day 28. Oﬀ-the-shelf products targe ng CD22 and allogeneic
cord blood–derived natural killer cells are being developed.

CONCLUSION
Therapies targe ng speciﬁc transcripts or leukemic cell surface an gens are major therapeu c breakthroughs. In the
relapsed-refractory se ng, the use of immunotherapy results
in high rates of MRD nega vity, which translated into long-term
survival in some responders, par cularly when given in salvage
1. For example, when inotuzumab was given in combina on
with low-intensity chemotherapy, a median survival dura on
beyond 2 years was obtained. Given the encouraging results
achieved with monoclonal an bodies, bispeciﬁc an body
constructs, and CAR T cells, the therapeu c tools necessary
to improve outcomes of pa ents with adult ALL may now be
available. These treatment modali es are not compe ve but
rather complementary, and they could be administered sequen ally to produce the deepest remissions possible. With
these therapeu c op ons, the ques on is how they are best
incorporated into ALL treatment. The ra onal combina on
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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of monoclonal an bodies, bispeciﬁc an body constructs, and
CAR T cells may reduce the need for long-term intensive
chemotherapy and may obviate the need for allo-SCT in many

pa ents. These novel combina ons may translate into improved long-term outcomes and may result in cure rates in
adult ALL that approach those seen in the pediatric popula on.
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HEMATOLOGIC
MALIGNANCIES—
LYMPHOMA AND CHRONIC
LYMPHOCYTIC LEUKEMIA

JAIN ET AL

Approaches to Chronic Lymphocy c Leukemia Therapy in the
Era of New Agents: The Conundrum of Many Op ons
Ni n Jain, MD, Philip Thompson, MD, Alessandra Ferrajoli, MD, Chadi Nabhan, MD, MBA,
Anthony R. Mato, MD, MSCE, and Susan O’Brien, MD
OVERVIEW
Three small molecule inhibitors have been approved for the treatment of chronic lymphocy c leukemia (CLL) in the last
4 years. Ibru nib, idelalisib, and venetoclax are oral agents with excellent eﬃcacy and diﬀerent toxicity proﬁles. Issues
discussed herein include the current role for chemoimmunotherapy in CLL, the use of oral inhibitors in older pa ents, and
the sequencing of these molecules in daily prac ce.

T

he advent of novel small molecule therapy for the treatment of CLL has dramatically changed the therapeutic
landscape. Two B-cell receptor inhibitors, ibrutinib and
idelalisib, are now available. Ibru nib, a Bruton’s tyrosine
kinase inhibitor, has approval by the U.S. Food and Drug
Administra on for the ini al treatment of CLL and for relapsed
disease. Idelalisib, a phosphoinosi de 3-kinase delta inhibitor, is approved when combined with rituximab for the
treatment of relapsed CLL. In addi on, venetoclax, a BCL2
inhibitor, was approved for the treatment of relapsed CLL in
pa ents with 17p dele on. However, a recent presenta on
of data from the Murano trial1 (at the 2017 Mee ng of the
American Society of Hematology), will likely lead to a broader
label for this agent in the near future.
The excellent eﬃcacies of these novel agents raise quesons about what the future treatment landscape will look
like. This paper addresses several topics in CLL relevant to
the use of small molecules. The initial section discusses
whether there is s ll a role for chemoimmunotherapy in
the treatment of CLL. The second section discusses the
challenge of trea ng CLL in older pa ents. Although novel
agents generally are be er tolerated than chemotherapy
regimens, they are not without their own par cular adverse
eﬀects, some of which can be problema c in older pa ents.
In addi on, there is the prac cal issue of the generalized
availability of these drugs given the expense involved with
their use. Finally, the topic of op mal sequencing of small
molecules, including outcomes a er switching agents either
because of intolerance or resistance, is addressed. These
discussions should be helpful for the general management
of CLL in the age of oral agents.

IS THERE STILL A ROLE FOR
CHEMOIMMUNOTHERAPY IN THE
TREATMENT OF CHRONIC LYMPHOCYTIC
LEUKEMIA?
Role of Chemoimmunotherapy in Treatment-Naive
Chronic Lymphocy c Leukemia
In the 1980s and 1990s, the ac vity of the chemotherapy
agents, such as chlorambucil, cyclophosphamide, and ﬂudarabine, was noted in pa ents with CLL.2-6 With the introducon of rituximab, chemoimmunotherapy (CIT) regimens,
such as FCR (ﬂudarabine, cyclophosphamide, rituximab)
and BR (bendamus ne, rituximab), were established.7-9 In
a phase II trial, the FCR regimen led to an overall response
rate (ORR) of 95% with a complete remission (CR) rate of
72%.7 The median progression-free survival PFS was 6.4
years. The value of added rituximab was conﬁrmed by the
German CLL Study Group (GCLLSG) CLL8 trial, in which 817
treatment-naive, physically ﬁt pa ents were randomly assigned to FCR or to ﬂudarabine and cyclophosphamide (FC);
the FCR regimen led to improved PFS and overall survival
(OS).10 The BR regimen is used o en in pa ents with CLL.9
In the GCLLSG CLL10 trial, 561 treatment-naive, physically
ﬁt pa ents [without del(17p)] were randomly assigned to
FCR or to BR.11 The primary endpoint was PFS, which was
longer with FCR (median PFS, 57.6 months for the FCR arm
vs. 42.3 months for the BR arm; hazard ra o [HR], 1.593; p <
.0001).12 There was no diﬀerence in OS. Pa ents in the FCR
group were more likely to receive less than the planned six
cycles, and they had more myelosuppression and infec ous
complica ons. Approximately 35% pa ents of the pa ents
enrolled in this trial were older than age 65; in that age group,
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the PFS for the BR versus FCR group was not diﬀerent, and
BR was less toxic. The CLL10 trial established FCR as the
treatment of choice for younger, ﬁt pa ents with CLL. For
pa ents older than age 65 who are deemed appropriate for
CIT, FCR, or BR could be considered. It is important to note
that, for pa ents in whom CIT is considered appropriate but
who have moderate renal dysfunc on (i.e., glomerular ﬁltra on rate [GFR] of 30 to 70 mL/min/1.73 m2), FCR can lead
to serious toxici es; for these pa ents, BR is preferred.
In an eﬀort to iden fy pa ents who derive the most longterm beneﬁt from ﬁrst-line FCR, a research group at MD
Anderson Cancer Center reported that pa ents who have
mutated IGHV have a 10-year PFS of approximately 55%
compared with approximately 10% for the IGHV-unmutated
group.13 Notably, a plateau was seen on the PFS curve for IGHVmutated group a er 10 years. Other groups have reported
similar findings, albeit with a shorter follow-up time.14,15
These data suggest that, for pa ents with mutated IGHV,
FCR remains an a rac ve op on given long-term disease
remission in the majority of the pa ents; many of these
pa ents had no evidence of disease in the blood by polymerase chain reac on (i.e., nega ve for minimal residual disease [MRD]), so the possibility of cure has been raised.16 It is
important to men on that up to 5% of pa ents may develop
therapy-related myelodysplas c syndrome/acute myeloid
leukemia a er FCR.17 Pa ents with unmutated IGHV con nue
to experience disease relapse a er CIT. Hence, CIT may not
be the op mal approach for treatment in these pa ents, and
treatment with novel targeted therapies should be considered. Limited clinical data with targeted therapies in young,
ﬁt pa ents with CLL [who do not have del(17p)] are available.
Ibrutinib, a Bruton’s tyrosine kinase inhibitor, is currently approved for pa ents with CLL. Ibru nib was ini ally

PRACTICAL APPLICATIONS
• Novel agents are currently indicated in both the frontline
(ibru nib) and relapsed/refractory se ngs (ibru nib,
idelalisib/rituximab, venetoclax).
• Although ibru nib is indicated for all pa ents in the
frontline se ng, compara ve data on ibru nib versus
chemoimmunotherapy and sequencing a er ibru nib
discon nua on are limited; In addi on, a subset of
ﬁt pa ents with mutated IGHV experience prolonged
remissions and may be cured with FCR.
• In older pa ents (not candidates for FCR or BR), ibru nib
produces signiﬁcantly higher ORR and longer PFS and
OS than those seen with chlorambucil; nevertheless,
ﬁnancial exigencies may prohibit ini al therapy with
ibru nib in some pa ents.
• In the relapsed se ng, ibru nib, idelalisib/rituximab, and
venetoclax all can be used; however, current data about
sequencing these agents are limited to one prospec ve
study and retrospec ve real-world evidence studies.
• Con nued enrollment of pa ents with CLL into clinical
trials with relevant controls and observa onal studies is
important to resolve ongoing sequencing ques ons.

inves gated in a phase I/II clinical trial in 101 pa ents with
relapsed/refractory CLL and 31 patients with treatmentnaive CLL.18-20 In the treatment-naive cohort, after a median follow-up time of 62 months, an ORR of 87% with
a CR rate of 29% was noted. The 5-year PFS was an impressive 92%. In a phase III trial (RESONATE-2 trial), 269
patients age 65 or older with treatment-naive CLL were
randomly assigned to receive ibrutinib or chlorambucil.21
The median PFS was significantly longer for the ibrutinib
arm (median, not reached for ibrutinib vs. 18.9 months
for chlorambucil; HR 0.16; p < .001). The 2-year PFS was
89% for the ibrutinib arm and was 34% for the chlorambucil arm.22 The OS was significantly superior for the ibrutinib arm even after crossover was allowed for those who
experienced progression with chlorambucil (p = .001)
This trial led to the expanded label for ibrutinib as initial therapy of CLL. Currently, a randomized clinical trial
is comparing ibrutinib/obinutuzumab with chlorambucil/
obinutuzumab (PCYC-1130); enrollment has completed,
but the results are pending.
Pa ents with del(17p) are resistant to CIT. Results with
targeted therapies, such as ibru nib and venetoclax, are
much superior to those achieved with CIT regimens.23,24 CIT
should not be used for pa ents with del(17p).

Role of CIT in Relapsed/Refractory Chronic
Lymphocy c Leukemia
Historically, CIT had been the standard of care for pa ents
with relapsed/refractory CLL. This rapidly changed a few
years ago with the introduc on of targeted therapies. In
the ini al phase I/II trial with ibru nib, 101 pa ents with
relapsed/refractory CLL were enrolled.18,20 A er a median
follow-up me of 49 months, an ORR of 89% with a 10% CR
rate was noted. The median PFS for the relapsed/refractory
cohort was 52 months. Notably, this group of pa ents was
heavily pretreated with a median of four prior therapies. In
comparison, the median PFS with FCR in less heavily pretreated pa ents with relapsed/refractory CLL has ranged
from 21 to 31 months.25-28 Similarly, the median PFS with
BR in pa ents with relapsed/refractory CLL (median of two
prior therapies) was 15 months.8 Thus, ibru nib is superior
to CIT in relapsed/refractory CLL. The BCL2 inhibitor venetoclax currently is approved for pa ents with relapsed/
refractory CLL and del(17p). At the recent American Society of Hematology annual mee ng, the combina on of
venetoclax and rituximab (VR) was compared with BR in
relapsed/refractory CLL (MURANO trial1). A total of 389
pa ents were enrolled (194 in VR; 195 in BR). The median
number of prior therapies for both arms was one. A er a
median follow-up me of 23.8 months, the PFS was much
longer with VR (HR 0.19; p < .0001; median, not reached
vs. 18.1 months). The beneﬁt of VR was noted across all
pa ent subgroups. The 2-year PFS was 82.8% for the VR
group. VR also led to improved OS (HR 0.48; p = .018).
This trial clearly establishes the superiority of targeted
therapies compared with conven onal chemotherapy in
relapsed/refractory CLL. In our opinion, the role for CIT in
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TABLE 1. Phase III Trials in Treatment-Naive Chronic Lymphocy c Leukemia
Randomized Arms

Trial

No. of Pa ents

Control
(Chemotherapy)

Experimental (Targeted Therapies)

Current
Status

ClinicalTrials.gov
Iden ﬁer

ECOG-E1912

519

FCR

IBR + R

Enrolled

NCT02048813

ALLIANCE
A041202

523

BR

IBR + R

Enrolled

NCT01886872

PCYC-1130

212

CLB + G

IBR + G

Enrolled

NCT02264574

ACE-CL-007

535

CLB + G

ACAL + G

Enrolled

NCT02475681

BGB-3111-304

467

BR

BGB3111

Enrolled

NCT03336333

UNITY-CLL

Approximately
300

CLB + G

TGR1202
+U

Enrolled

NCT02612311

CLL14

445

CLB + G

VEN + G

Enrolled

NCT02242942

CLL13

920

FCR / BR

VEN + G

Enrolling

NCT02950051

IBR

ACAL

VEN + R

VEN + IBR + G

Abbrevia ons: ACAL, acalabru nib; BR, bendamus ne + rituximab; CLB, chlorambucil; CLL, chronic lymphocy c anemia; FCR, ﬂudarabine, cyclophosphamide and rituximab; G, obinutuzumab; IBR, ibru nib; R,
rituximab; U, ublituximab; VEN, venetoclax.

relapsed/refractory CLL is very limited and likely restricted
to pa ents whose disease has failed to respond to all available targeted therapies or those whose tumors may need
rapid debulking.

Combina on of CIT and Targeted Therapies
There have been eﬀorts to improve upon CIT with incorpora on of targeted therapies. The MD Anderson Cancer
Center group reported preliminary results of a clinical trial
with the combina on of ibru nib, FC, and obinutuzumab
(GA101) for young, fit patients with mutated IGHV and
without del(17p).29 Notably, only three cycles of FC chemotherapy were administered. Patients continued ibrutinib and obinutuzumab for up to a total of 12 cycles. An
MRD nega vity rate in bone marrow of 87% was reported
a er three cycles; it was 93% at 6 months. The CR/CRi (complete response with incomplete hematologic recovery) rate
was 44% a er three cycles, which increased to 78% a er
cycle 6. All pa ents with nega ve MRD discon nued ibru nib at 1 year and had no MRD recurrence during a median
follow-up of 5.5 months a er discon nua on. Researchers
from the Dana-Farber Cancer Ins tute reported results with
the combina on of ibru nib with six cycles of FCR in young,
ﬁt pa ents with CLL.30 This trial included pa ents with both
mutated and unmutated IGHV and included pa ents with
del(17p). A total of 63% pa ents achieved CR/CRi, and 83%
were MRD nega ve in bone marrow. These data from the
ibru nib/FC/obinutuzumab and ibru nib/FC/rituximab trials,
although obtained with a small number of pa ents and
short follow-up, appear favorable compared with FCR results;
the bone marrow MRD negativity rates were especially
impressive.
In relapsed/refractory CLL, in the HELIOS trial, pa ents
were randomly assigned to receive BR plus ibru nib versus
BR plus placebo.31 The BR/ibru nib arm produced a superior
PFS (18-month PFS, 79% in the BR/ibru nib arm vs. 24% in
the BR/placebo arm; HR 0.203; p < .0001). In another phase
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III trial, pa ents with relapsed/refractory CLL were randomly
assigned to BR plus idelalisib versus BR plus placebo.32 The
BR/idelalisib arm resulted in a longer PFS and OS. Unfortunately, neither of these trials included a nonchemotherapy
arm, and the contribu on of bendamus ne to the eﬃcacy
is unclear.

CIT SUMMARY
The role of CIT has greatly diminished in the era of targeted
therapies. First-line CIT with FCR is considered for young, ﬁt
pa ents with mutated IGHV and without del(17p), given the
excellent long-term outcomes for these pa ents. This group
cons tutes approximately 7% to 10% of all pa ents with CLL
who require ﬁrst-line therapy. For all other pa ents in the
ﬁrst-line se ng, and for pa ents with relapsed/refractory
CLL, treatment with novel targeted therapies is favored.
Enrollment in clinical trials is strongly encouraged. Several
ongoing phase III clinical trials in the ﬁrst-line se ng (Table
1) will more speciﬁcally deﬁne the role of CIT.

THE CHALLENGE OF CHRONIC LYMPHOCYTIC
LEUKEMIA IN THE ELDERLY POPULATION
The median age at diagnosis of CLL is 70 years; approximately
67% of pa ents are age 65 or older.33 Historically, there has
been a sense of therapeu c nihilism surrounding pa ents with
CLL. This developed from two beliefs: ﬁrst, that older pa ents
with CLL would die as a result of unrelated causes; second,
that there were limited treatment op ons to greatly aﬀect
the natural history of the disease and that were tolerable in
the elderly popula on. In fact, in a large study from the Mayo
clinic, all pa ents—except those age 75 or older with Rai
stage 0 disease—had a reduced life expectancy rela ve to
age-matched controls.34 Other studies have shown that CLL
reduces life expectancy, even in pa ents age 85 or older.35
Elderly pa ents have historically been under-represented in
clinical trials.36-38 However, therapeu c op ons for older paents have changed drama cally in recent mes.
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TABLE 2. Addi onal Expected Life Years According
to Age and Sex
Addi onal Years of Life Expectancy
Pa ent Age,
Years

Men

Women

65

19.2

21.7

70

15.4

17.4

75

11.8

13.6

80

8.7

10.1

85

6.2

7.3

According to U.S. Social Security data.

Why Is Age Important and How Do We Assess
Fitness?
The age of a pa ent is linked to life expectancy, which in
turn may determine the treatment paradigm: aggressive
treatment that is intended to produce deep, durable remission is appropriate for a younger pa ent with limited
comorbidi es; in contrast, for an older pa ent who has severe comorbid condi ons that limit life expectancy, pallia ve
treatment intended to avoid excessive treatment-related
toxicity may be most appropriate. Addi onal expected life
years according to age and pa ent sex are listed in Table 2.39
We may underes mate the life expectancy of many of our
older pa ents.40
Chronologic age per se is not the most important determinant of treatment outcome in CLL40; however, older pa ents
have an increased incidence of comorbid medical condions, including physical frailty, which may aﬀect both life
expectancy and treatment tolerability.41 The number of comorbidi es independently predicts inferior PFS and survival
in both younger and older pa ents42; thus an assessment of
ﬁtness, rather than reliance on chronologic age, is essen al
to inform treatment decisions.
Comprehensive geriatric assessment is recommended by
the Na onal Comprehensive Cancer Network and Internaonal Society for Geriatric Oncology for pa ents age 65 or
older.43 Such an assessment should encompass the following
domains: func onal status, comorbidity, cogni on, mental
health status, fa gue, social status and support, nutri on,
and presence of geriatric syndromes. The purpose of such
a review is to select a treatment strategy that is based on
func onal status, life expectancy, and predicted treatment
tolerability. However, such an assessment is me consuming, requires geriatric exper se, and has not been widely
adopted in CLL.
Comorbidity assessment tools determine the number and
severity of comorbidi es; these are widely used to deﬁne
ﬁtness to describe prognosis and determine clinical trial eligibility. The Cumula ve Index Ra ng Scale (CIRS)44 is perhaps
the most widely used; others include the Charlson comorbidity index45 and the Na onal Cancer Ins tute comorbidity
index.46 Eastern Coopera ve Oncology Group performance
status is simple and rapid to perform in the rou ne clinic
se ng, but it provides rela vely limited func onal assess-

ment in older pa ents47,48; however, this is o en the only
assessment of ﬁtness used to determine clinical trial eligibility. CIRS score does not correlate well with performance
status.49,50
There are dis nct changes in pharmacokine cs in older
pa ents that may increase the risk of adverse eﬀects caused
by drug accumulation: Renal function, known to decline
with age,51 is an important determinant of tolerability of
ﬂudarabine-based regimens, for example30,52; in addi on,
hepatic function declines with age.53 Older patients also
are more likely to suﬀer from polypharmacy; in one study
among ambulatory pa ents with cancer, 84% were receiving
more than five medications and 43%, more than 10 medica ons.54 Polypharmacy increases the poten al for drugdrug interac ons.55 This is important to recognize in pa ents
treated with CLL, because ibru nib56 and venetoclax57 are
metabolized predominantly by CYP3A4 enzymes in the liver;
adverse effects that result from drug accumulation can
be caused by co-prescription of drugs that inhibit CYP3A4
enzymes. Careful review of medica on lists for older pa ents
and consideration of organ function are required when
treatment decisions are made.

Prognos c Factors in Older Pa ents With Chronic
Lymphocy c Leukemia
Prognos c factors in pa ents with CLL have been reviewed
elsewhere.58,59 The interna onal prognos c index for CLL
integrates ﬁve independent prognos c factors: TP53 status
(no abnormali es vs. del[17p] or TP53 muta on or both),
IGHV muta onal status (mutated vs. unmutated), serum β2microglobulin concentra on (≤ 3.5mg/L vs. > 3.5mg/L), clinical stage (Binet A or Rai 0 vs. Binet B to C or Rai I to IV), and age
(≤ 65 years vs. > 65 years) into a weighted prognos c score,
which was validated speciﬁcally in older pa ents (i.e., age
70 or older).60 In CLL, most reports suggest no associa on
between age and higher-risk disease biology,34,51 although
one report did suggest a higher incidence of TP53 dele on
or muta on.61 Also, reports about the signiﬁcance of biologic
prognos c factors in older pa ents generally indicate that
these factors retain prognos c importance. Data from the
Mayo Clinic demonstrated that prognos c markers, such as
IGHV muta on status, retained signiﬁcance at least up to
age 75; therea er, muta on status and ﬂuorescence in situ
hybridiza on appeared to lose prognos c importance34; the
interna onal prognos c index for CLL remained prognos c
for OS in pa ents older than age 70.60
As in younger pa ents, del(17p) or TP53 muta on are
important predic ve markers; outcomes with CIT are dismal,62-66 and novel agents, such as ibru nib23 and venetoclax,24 achieve impressive PFS in the relapsed se ng.
Currently, ibru nib is approved by the U.S. Food and Drug
Administra on in the ﬁrst-line se ng, whereas venetoclax
is approved for relapsed del(17p) CLL. We believe that IGHV
soma c hypermuta on status and del(11q) may be used increasingly as predic ve markers, because unmutated IGHV
and del(11q) predict inferior outcomes with FCR62,64,67 but
not with ibru nib.22
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

583

JAIN ET AL

Does CIT S ll Have a Role in Fit, Older Pa ents With
Chronic Lymphocy c Leukemia?
In ﬁt pa ents who have favorable prognos c features [i.e.,
mutated IGHV, lack of del(11q) or del(17p)], FCR may produce long-las ng remissions and, poten ally, cure.62,64,67 FCR
is tolerated by selected older pa ents; of pa ents treated
with FCR in the GCLLSG CLL8 study, 31% were age 65 or
older, and 11% were age 70 or older.10 All pa ents had low
CIRS scores (≤ 6) and es mated GFR of 70 mL/min/1.73m2 or
greater. In this study, age was not an independent prognosc factor for either PFS or survival; in addi on, hematologic
toxicity of grade 3 to 4 severity was only marginally more
common (53% vs. 45% for pa ents age ≥ 65 compared with
age < 65 ), and there was no increased incidence of infecon in older pa ents. Data from the MD Anderson Cancer
Center also suggest that PFS is not reduced in pa ents age
65 or older rela ve to those younger than age 65 who are
treated with FCR.67
Nonetheless, given the high rate of hematologic toxicity, including prolonged neutropenia in 17% to 35% of pa ents a er
FCR,62,68 the GCLLSG CLL10 study compared BR with FCR as
ﬁrst-line treatment in ﬁt pa ents with CLL. Notably, although
CLL10 showed inferior PFS for BR in the whole-treatment
group, there was no PFS diﬀerence between the treatment
groups in pa ents age 65 or older, and there was reduced incidence of neutropenia and infec on in the BR arm.
An additional concern is a 1.5% to 4.5% incidence of
therapy-related myeloid neoplasms a er FCR.62,69 Second primary cancers are more common a er treatment of CLL than
in an age-matched popula on; older age, but not necessarily
the speciﬁc treatment given, is a risk factor for development
of a second primary malignancy a er treatment of CLL.17,70
Overall, FCR and BR are reasonable ﬁrst line-treatment
op ons for ﬁt, older pa ents with CLL who lack del(17p) or
TP53 muta ons. However, FCR is the only therapy demonstrated to achieve very-long-term PFS in pa ents with favorable genomic features [IGHV mutated, no del(11q), no
TP53 dele on or muta on]. Thus, FCR is preferred instead
of BR in such favorable-risk pa ents predicted to be able to
tolerate FCR (i.e., ﬁt, age 65 to 70, es mated GFR ≥ 70 mL/
min/1.73m2). Phase III studies are ongoing to compare FCR
or BR with ibru nib and venetoclax-based regimens. Older
pa ents are eligible in each study, and each study uses some
assessment of physical ﬁtness to determine eligibility.

Treatment of Pa ents Ineligible for FludarabineBased CIT
Historically, pa ents ineligible for ﬂudarabine-based CIT
have been the most challenging to treat. For many years,
before the availability of novel, targeted agents, the standard of care for older, unﬁt pa ents was chlorambucil because
of the poor tolerability of ﬂudarabine-based combina on
treatment, and because ﬂudarabine monotherapy did not
lead to dis nct beneﬁts compared with beneﬁts from chlorambucil in the CLL5 study.49
However, this paradigm has changed rapidly in recent
years. Building on the data from CLL8 that the addi on of the
584

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

CD20 monoclonal an body rituximab to FC improved PFS
and survival in ﬁt pa ents,10 the GCLLSG CLL11 study compared chlorambucil to chlorambucil plus rituximab (R-Clb)
or chlorambucil plus obinutuzumab (G-Clb) in unﬁt pa ents
(CIRS score > 6 or GFR < 70 mL/min/1.73m2).50 Obinutuzumab
is a second-genera on CD20 monoclonal an body that is
glycoengineered to enhance an body-dependent cellular
cytotoxicity.71 A total of 781 pa ents were randomly assigned across three arms. Both CD20 monoclonal an body
chemotherapy combinations demonstrated superior PFS
rela ve to that seen with chlorambucil monotherapy (median PFS, 26.7 vs. 16.3 vs. 11.1 months, for G-Clb vs. R-Clb
vs. chlorambucil monotherapy, respec vely); the G-Clb arm
also demonstrated superior survival compared with that
seen with chlorambucil monotherapy. Finally, there was an
improvement in the rate of undetectable MRD with the addi on of obinutuzumab versus rituximab (37.1% vs. 3.3% in
blood and 19.5% vs. 2.6% in bone marrow). Achievement
of undetectable MRD strongly correlated with PFS in the
G-Clb group. Similarly, the COMPLEMENT 1 study compared
chlorambucil to chlorambucil plus the CD20 monoclonal anbody ofatumumab (O-Clb) and demonstrated signiﬁcantly
longer PFS (median, 22.4 vs. 13.1 months), but not survival,
with the O-Clb arm.72
Finally, the RESONATE II study compared chlorambucil to
the Bruton’s tyrosine kinase inhibitor ibru nib in older paents (age ≥ 65).21 This study demonstrated a superior response rate, longer PFS, in treatment-naive pa ents (median
not reached in ibru nib-treated pa ents; HR for progression
or death, 0.09) and improved overall survival for pa ents
ini ally treated with ibru nib (HR 0.16). Also noteworthy is
that, in the ﬁrst-line se ng, ibru nib appeared to overcome
the nega ve prognos c impact of del(11q) and unmutated
IGHV.22 Ibru nib is associated with two unique adverse effects of par cular signiﬁcance in older pa ents: atrial ﬁbrilla on and hemorrhage. In three randomized studies, the
atrial ﬁbrilla on incidence was 5% to 7.7%, which was higher
than that seen in the control arms (0.5% 2.4%).21,73,74 The
incidence may con nue to increase with me (up to 16%
in longer-term follow-up).75 This adverse eﬀect is noteworthy when ibru nib use is considered in older pa ents, because atrial ﬁbrilla on risk increases in older adults in the
general popula on.76-79 Bleeding risk is increased in ibru nibtreated patients, although most bleeding is grade 1 or 2
mucocutaneous bleeding. In ibru nib-treated pa ents, use
of an coagulants in atrial ﬁbrilla on is complicated by the
known an platelet eﬀects of ibru nib.80,81 In addi on, older,
frail pa ents may be at risk for falling and so may have an
increased risk of bleeding (e.g., subdural hematoma).
Cross-study comparison suggests a markedly longer PFS
with ibrutinib compared with G-Clb or O-Clb.82 Thus, although there are no head-to-head compara ve data, we
would favor ibru nib instead of G-Clb or O-Clb unless comorbidi es or ﬁnancial considera ons precluded the use of
ibru nib. Also, several ongoing studies are comparing novel
regimens with chlorambucil/ obinutuzumab: the ELEVATETN study (NCT02242942) is comparing acalabrutinib or
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acalabru nib/obinutuzumab with chlorambucil/obinutuzumab
in patients age 65 or older or younger than age 65 with
either es mated GFR less than 70 mL/min/1.73m2 or CIRS
greater than 6 (which indicates ineligibility for FCR per GCLLSG
criteria). The CLL14 study (NCT02242942) is comparing
obinutuzumab/chlorambucil with venetoclax/chlorambucil.
These two studies will likely raise the bar for treatment of
pa ents with CLL who are older and less ﬁt.
We now have ac ve regimens capable of achieving durable responses in older pa ents with CLL. Ini al treatment
decisions should be made on the basis of prognos c factors
and pa ent ﬁtness. A general approach to the treatment of
older pa ent is outlined in Figure 1. This ﬁgure considers
only currently approved (by the U.S. Food and Drug Administra on) treatment approaches; all pa ents, if eligible,
should be considered for clinical trials.

OPTIMAL SEQUENCING OF NEW MOLECULES
IN THE TREATMENT OF CHRONIC
LYMPHOCYTIC LEUKEMIA
The therapeu c landscape for pa ents with CLL is in the
midst of an exci ng transforma on: mul ple novel agents
have been approved since 2013. Although this is welcome
news to pa ents, new challenges about how to best sequence these therapies and how to manage pa ents who
experience relapse on these new molecules have emerged.
Sequencing in this contemporary era has not been well
studied. Few prospective studies have compared novel
agents to clinically relevant controls, and follow-up details
a er pa ent data are censored is lacking.83 Data about sequencing novel agents have been extrapolated from retrospec ve cohort studies and observa onal registries.84-86

First-Line Therapy
The most important decision in managing CLL is determining whether therapy is warranted. Up to one-third of paents with CLL will never require treatment. Indica ons for
therapy are deﬁned by the interna onal workshop on CLL.87
When indicated, treatment should be personalized and must
consider pa ent ﬁtness, goals of care, organ func on, and
the molecular-gene c prognos c proﬁle. Standard ﬁrst-line
therapies include CIT combina ons, an -CD20 monoclonal
an bodies, and ibru nib monotherapy. Treatment op ons
for ini al therapy of CLL have already been discussed.

Gaps in Knowledge for the Front Line
Whether ibru nib is superior to FCR or BR in the frontline
se ng remains unknown. This is of par cular importance
in pa ents with mutated IGHV and intact TP53, who beneﬁt
most from CIT. This ques on might be answered in the study
that compares FCR with ibru nib plus rituximab, which recently reached accrual and closed (NCT02048813). Another
study that compares BR with ibrutinib plus rituximab or
ibru nib monotherapy (NCT01886840) will help answer this
ques on in pa ents older than age 65.

Relapsed/Refractory Se ng
Clonal evolu on in CLL is observed in up to 50% of pa ents
with relapsed disease. Thus, understanding the risk proﬁle
at relapse is cri cal for treatment selec on.86,88-91
CIT-naïve, ibru nib-treated pa ents. A large propor on of
pa ents are treated with ibru nib in the frontline se ng.92
Data about sequencing a er frontline ibru nib comes mostly
from a mul center retrospec ve study of 391 pa ents.93 In
this series, 24% (94 pa ents) discon nued ibru nib. A er

FIGURE 1. One Suggested Schema c for Treatment of Older Pa ents With Chronic Lymphocy c
Leukemia According to Currently Available Therapies

*Fit is deﬁned as CIRS score of 6 or less and an eGFR of 70mL/min/1.73m2 or greater.
§
FCR is preferred instead of BR in pa ents with favorable genomic risk who are predicted to tolerate FCR, given the proven poten al to achieve very-long-term remissions in this pa ent popula on.
¶
Ibru nib is preferred instead of G-Clb or O-Clb for this popula on on the basis of cross-study compara ve data, unless comorbidi es or ﬁnancial considera ons preclude its use.
Abbrevia ons: BR, bendamus ne and rituximab; G-Cl, obinutuzumab + chlorambucil; FCR, ﬂoudarabine, cyclophosphamide, rituximab; FISH, ﬂuorescence in situ hybridiza on; O-Clb, ofatumumab + chlorambucil.
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discon nua on, venetoclax-treated pa ents had the highest
response rate (ORR, 89%) compared with that seen in pa ents
receiving monoclonal an body–based combina ons (ORR,
58%) or an alternate kinase inhibitor (ORR, 40%). Prospecve sequencing data are needed in this se ng.
CIT-treated patients. Robust evidence exists that novel
agents are the best approach for CIT-treated pa ents. Given
the poten al risks and limited beneﬁts of retreatment with
the same or alternate CIT regimen, re-challenging with CIT is
rarely advised.94 Ibru nib, idelalisib plus rituximab, or venetoclax are reasonable op ons a er CIT.
In the RESONATE study, ibru nib was compared with
ofatumumab, and ibru nib resulted in signiﬁcant improvements in ORR (42.6% vs. 4.1%; p < .001), PFS (not reached vs.
8.1 months; HR 0.22; p < .001), and OS (90% at 12 months
vs. 81%; HR 0.43; p = .005).73 Ibru nib also has been studied in 144 pa ents with del(17p) relapsed CLL (39% received
three or more prior therapies) and resulted in 24-month PFS
and OS rates of 63% and 75%, respec vely.23
In relapsed disease, idelalisib and rituximab had superior
ORR (81% vs. 13%; p < .001), PFS (median, not reached vs. 5.5
months; 93% vs. 46%; HR 0.15; p < .001), and OS (92% vs. 80%
at 12 months; HR 0.28; p = .02) compared with rituximab. Paents were heavily pretreated (median of three prior therapies), had high risks [42% del(17p) or TP53 mutated], and had
important medical comorbidi es (median CIRS score, 8).
Four studies have shown the ac vity of venetoclax in relapsed disease. They all conﬁrmed the ability of this agent
to induce durable responses, including MRD nega vity. In a
phase I dose-escala on study in 116 pa ents with relapsed
CLL who were treated with venetoclax, the ORR was 79%,
the 15-month PFS was 69%, and the 2-year OS was 84%.95
Venetoclax was eﬀec ve in all risk categories, including
del(17p) CLL (ORR, 71%), heavily pretreated (at least four
prior therapies; ORR, 73%), bulky disease (ORR, 78%), unmutated IGHV (ORR, 76%), and ﬂudarabine-resistant disease (ORR, 79%). In a phase II study with 107 pa ents who
had relapsed del(17p) CLL, venetoclax demonstrated a 79%
ORR and es mated 12-month PFS and OS rates of 72% and
86.7%, respec vely.24 Moreover, venetoclax is ac ve in paents whose disease has failed to respond to ibru nib and/
or idelalisib.96,97 Most recently, the combina on of venetoclax and rituximab demonstrated a superior PFS response
compared with that seen with BR in the relapsed se ng
(MURANO trial; es mated 24-month PFS, 84.9% vs. 36.3%).1
No compara ve prospec ve studies have been conducted
to conﬁrm which small molecules are best in pa ents who
experience disease progression or relapse after CIT. In an
a empt to answer this ques on, results of a retrospec ve
analysis suggested that ibrutinib is superior to idelalisibbased therapy in relapsed disease, even in pa ents with
del(17p) and complex karyotype.84 Although these data are
retrospec ve, they support the use of ibru nib as the ﬁrst
B-cell receptor inhibitor across mul ple treatment se ngs.84
Data on the best approach upon second relapse are limited.
A research group from The Ohio State University showed
that up to 51% of 308 pa ents enrolled in clinical trials may
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discon nue ibru nib within the ﬁrst 4 years a er treatment
ini a on.98 In a real-world series of 621 ibru nib-treated
pa ents, (median follow-up, 14.5 months) the ibru nib discon nua on rate was 42% (median me to discon nua on,
7 months). Current evidence suggests that venetoclax is the
best approach in pa ents whose disease fails to respond to
a B-cell receptor inhibitor (par cularly in the se ng of CLL
progression).96

Proposed Sequencing Recommenda ons in Relapsed
Disease
• B-cell receptor inhibitor–naïve pa ents with or without
del(17p): Ibru nib, idelalisib/rituximab, or venetoclax
all are viable choices, with the caveat that venetoclax
is approved in the United States only for pa ents with
del(17p).24,96,99 Recently reported clinical trial data and
two real-world evidence series demonstrated the ac vity of venetoclax in pa ents who experienced progression during or a er treatment with a B-cell receptor
inhibitor.84,85,96,97 Data to support a sequence in which
venetoclax precedes ibru nib are promising but minimal and are limited to two retrospec ve series.100,101
• B-cell receptor inhibitor–treated pa ents/those who
discon nued treatment because of progression: We
suggest venetoclax as the next line of therapy. However,
we note that, in patients without del(17p), this is an
off-label recommendation. Venetoclax monotherapy
has been studied prospec vely in pa ents who experience relapse during treatment with a B-cell receptor
inhibitor and has demonstrated an ORR of 65% to 67%
as well as median PFS mes of 24.7 months (in the cohort with prior ibru nib treatment) and not reached (in
the cohort with prior idelalisib treatment).96,97 Three reported real-world evidence series also conﬁrm durable
responses to venetoclax a er B-cell receptor inhibitor
exposure.84,85,100
• B-cell receptor inhibitor–treated pa ents/those who
discon nued treatment because of toxicity: Recent data
demonstrate that adverse events are a major reason
for discon nua on of B-cell receptor inhibitors.98,102,103
Although prospec ve studies in pa ents intolerant to
B-cell receptor inhibitors are ongoing (NCT02717611,
NCT02742090), preliminary data suggest that the durability of responses are maintained when treatment
is switching between B-cell receptor inhibitors in the
se ng of intolerance.84,85,104,105 Venetoclax also is ac ve
and can be considered. Figure 2 proposes an algorithm
to best sequence current therapies in CLL.

CONCLUSION
Chemotherapy s ll has a viable role in the treatment of CLL.
Small molecules generally have an advantage in pa ents with
relapsed disease; however, data in the frontline se ng suggest a poten al cure in the subset of pa ents with a mutated
IGHV gene who receive FCR. The oral inhibitors appear to
be the treatment of choice for older pa ents who are less
likely to be able to tolerate the more eﬀec ve chemotherapy

NOVEL AGENTS IN CLL

FIGURE 2. Proposed Sequencing Approach: Combined Frontline and Relapsed/Refractory Se ngs
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regimens (e.g., FCR or BR). Realis cally, use may be limited
in the United States because of high copays and in Europe by
the ability to prescribe these agents as ini al therapy (also
related to cost). Finally, in the se ng of treatment disconnua on because of toxici es, outcomes a er switching to
an alternate B-cell receptor inhibitor or to a BCL2 inhibitor
appear favorable. However, in the se ng of resistance to a
B-cell receptor inhibitor; switching to a BCL2 inhibitor is a better strategy. Lacking at this point in me are data for what will
be eﬀec ve in the se ng of resistance to venetoclax. This in-

complete data partly reﬂects the poorly deﬁned mechanisms
of resistance. In addi on, because venetoclax was rela vely
recently approved, li le data about post-venetoclax therapy exist. Mul ple small molecules are being inves gated in
clinical trials; these include SYK, Bruton’s tyrosine kinase, and
PI3K inhibitors. Thus, the expecta on is that next-genera on
small molecules will become available soon; we welcome
these advances in the treatment of CLL and at the same me
strive to develop logical algorithms for the incorpora on and
sequencing of oral inhibitors.
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Beyond Chemotherapy: Checkpoint Inhibi on and
Cell-Based Therapy in Non-Hodgkin Lymphoma
Paolo Stra , MD, Shabnum Patel, PhD, Lore a Nastoupil, MD, Michelle A. Fanale, MD, Catherine M.
Bollard, MD, Adam Y. Lin, MD, PhD, and Leo I. Gordon, MD
OVERVIEW
Immune-based treatment strategies, such as checkpoint inhibi on and chimeric an gen receptor (CAR) T cells, have started
a new fron er for treatment in non-Hodgkin lymphoma (NHL). Checkpoint inhibi on has been most successful in Hodgkin
lymphoma, where higher expression of PD-L1 is correlated with be er overall response rate. Combina ons of checkpoint
inhibi on with various chemotherapy or biologics are in clinical trials, with ini ally promising results and manageable
safety proﬁles. CAR T-cell therapies that target CD19 are a promising and a rac ve therapy for B-cell NHLs, with a product approved by the US Food and Drug Administra on in 2017. Changes in the target, hinge, or cos mulatory domain can
drama cally alter the persistence and eﬃcacy of the CAR T cells. The ZUMA trials from Kite used CD19-(CD28z) CAR T cells,
whereas the TRANSCEND studies from Juno and the JULIET studies from Novar s used CD19-(4-1BBz) CARs. Despite the
recent successes with CAR T-cell clinical trials, major concerns associated with this therapy include cytokine release syndrome, poten al neurotoxici es, B-cell aplasia, loss of tumor an gen leading to relapse, and cost and accessibility of
the treatment. Although ﬁrst-genera on CAR T-cell therapies have failed in solid malignancies, newer second- and
third-genera on CAR T cells that target an gens other than CD19 (such as mesothelin or B-cell matura on an gen) are being studied in clinical trials for treatment of lung cancer or mul ple myeloma. Overall, immune-based treatment strategies
have given oncologists and pa ents hope when there used to be none, as well as a new basket of tools yet to come with
further research and development.

N

ivolumab and pembrolizumab are the ﬁrst two U.S.
Food and Drug Administra on (FDA)–approved monoclonal an bodies targe ng PD-1. The engagement of the
PD-1 receptor to its ligand (PD-L1) on tumoral cells and
tumor-driven an gen-presen ng cells blocks T-cell receptor
signaling and T-cell response, leading to T-cell exhaus on.
Nivolumab and pembrolizumab block the interac on between PD-1 and PD-L1, releasing the brake on an tumoral
T cells (Fig. 1).1 These drugs have earned a series of FDA
approvals across all solid tumors, frequently based on PD-1
expression, rather than cancer site.2

CHECKPOINT INHIBITORS IN LYMPHOMA:
WHEN AND HOW
The ac vity of nivolumab and pembrolizumab has also
been inves gated in pa ents aﬀected by diﬀerent types
of lymphoma, with discrepant results between Hodgkin
lymphoma (HL) and non-Hodgkin lymphoma (NHL) in the
ini al phase I studies. The CheckMate 039 trial enrolled
23 pa ents with extensively pretreated relapsed refrac-

tory classic HL (cHL), including 78% who had received
prior autologous stem cell transplantation and/or brentuximab vedo n (BV). Nivolumab was given at a dose of 3
mg/kg every 2 weeks, resul ng in an overall response rate
(ORR) of 87%, a complete response (CR) rate of 19%, and
1-year progression-free survival (PFS) rate of 46%; grade
3 adverse events (AEs) were reported in 22% of pa ents
(mostly immune-mediated), but no grade 4 AEs were observed.3 The Keynote 013 trial included 31 pa ents with
heavily pretreated cHL; BV had failed in all pa ents, and
disease had relapsed in 71% a er autologous stem cell
transplanta on. Pembrolizumab was given at a dose of
10 mg/kg every 2 weeks and resulted in an ORR of 65%
and a CR rate of 16%. Grade 3 AEs were reported in 16%
(mostly immune-mediated), and no grade 4 AEs were observed.4 The results of a phase I study of nivolumab (but
not pembrolizumab) for the treatment of pa ents with relapsed NHL (including B- and T-cell lymphomas) have been
reported, and ORR was far more modest, ranging between
15% and 40%.5
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FIGURE 1. Mechanism of Ac on of PD-1 Inhibitors

Inhibi on of the interac on between PD-1 and PD-L1 results in increased an tumoral ac vity exterted by T cells.
Abbrevia ons: APC, an gen-presen ng cell; PD-1-i, PD-1 inhibitor.

Given the promising ac vity of these immune therapy
agents in cHL, conﬁrmatory studies have been performed.
The CheckMate 205 study is the phase II registra on study
inves ga ng the eﬃcacy of nivolumab in pa ents with relapsed HL, and results have been reported for one of the
four arms, including 80 pa ents who had progressed a er
both BV and autologous stem cell transplanta on; the study
used the same regimen as in the original phase I trial. The
ORR was 66%, the CR rate was 9%, and median PFS was not
reached at 15 months.6 Keynote 087 is the phase II registraon study of pembrolizumab for the treatment of pa ents
with relapsed HL. The design was similar to that of CheckMate 205, including three arms based on previous exposure

PRACTICAL APPLICATIONS
• Checkpoint inhibitors, such as nivolumab,
pembrolizumab, and atezolizumab, have increased
eﬃcacy when used in combina on with other agents,
such as rituximab (overall response rate, 67%) or
obinutuzumab and bendamus ne (overall response rate,
85%) in follicular lymphoma.
• Pseudoprogression can be seen with checkpoint
inhibitors, which requires conﬁrma on of progression on
two consecu ve observa ons at least 4 weeks apart.
• CAR T-cell therapies targe ng CD19 have promising
results, as seen in the ZUMA, TRANSCEND, and JULIET
trials, but vary in CAR design, dosage, lymphodeple ng
strategies, and tumor burdens of pa ents.
• Despite the recent successes with CAR T-cell clinical
trials, major concerns associated with this therapy
include cytokine release syndrome, poten al
neurotoxici es, B-cell aplasia, loss of tumor an gen
leading to relapse, and cost and accessibility of the
treatment.
• Newer second- and third-genera on CAR T cells that
target an gens other than CD19 (such as mesothelin
or B-cell matura on an gen) are being studied in
clinical trials and are o en used in mul ple histologic
types.

to BV and/or autologous stem cell transplanta on, and results from all 32 cohorts have been reported. With use of
a diﬀerent dosing strategy (200 mg intravenously every 3
weeks) than in the original phase I study, the ORR was 69%,
the CR rate was 22%, and median PFS had not yet been
reached. Of interest, similar response rates were observed
among primary refractory and relapsed disease.7
A small por on of pa ents enrolled in the abovemen oned studies have experienced an ini al increase in tumor
size or appearance of new lesions but subsequent decrease
in overall tumor burden. These ﬁndings of “pseudoprogression,” likely secondary to the expansion of an an tumoral
inﬂammatory inﬁltrate, would be classiﬁed as progressive
disease by the Revised Response Criteria for malignant lymphomas, but not by the Immune-Related Response Criteria,
which requires a conﬁrma on of progression on two consecu ve observa ons at least 4 weeks apart.8 Relevant to
this, 70 pa ents in CheckMate 205 study were treated with
nivolumab beyond progression (deﬁned by radiographic response criteria), and 30% have an ongoing response, with a
median me to next treatment of 17 months; these ﬁndings
highlight the need for the use of revised response criteria
for lymphomas in the era of immunotherapy.9,10
Because high levels of PD-L1 have been associated with
poor outcomes in pa ents with cHL treated with chemotherapy, the combina on of the la er with PD-1 inhibitors has
been inves gated.11 Cohort D of the CheckMate 205 study
included pa ents with newly diagnosed advanced-stage cHL
who, a er frontline treatment with four cycles of nivolumab
(at 240 mg as ﬁxed dose every 2 weeks), received six cycles
of the combina on of nivolumab and doxorubicin, vinblasne, and dacarbazine; this regimen resulted in an ORR of
86% and a CR rate of 80% and was well tolerated.12
In addi on, chemotherapy-free combina ons of immunotherapy have been inves gated for the treatment of
pa ents with cHL. A phase I trial of nivolumab and BV in
pa ents with relapsed refractory cHL resulted in an ORR of
82% and a CR rate of 61%.13 Given this eﬃcacy and manageable safety proﬁle, a phase I trial evalua ng nivolumab
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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and BV as frontline treatment of elderly pa ents with HL
not eligible for chemotherapy (NCT02758) is underway.
The combina on of nivolumab, ipilimumab (an an –CTLA-4
monoclonal an body), and BV has resulted in an impressive
ORR of 100% and CR rate of 63% in a similar popula on,
with a manageable toxicity proﬁle.14
In cHL, 9p24.1 ampliﬁca on is a frequent gene c abnormality, leading to increased expression of PD-L1 on lymphoma cells, both directly and as a consequence of JAK2
pathway ac va on, likely explaining the eﬃcacy of PD-L1
inhibitors in these pa ents.11,15 As opposed to cHL, PD-L1 expression is variable in NHL, likely resul ng in the more modest results achieved thus far with the use of immunotherapy
in these pa ents. PD-L1 overexpression has been reported
in only 10% to 20% of aggressive B-cell NHL, mostly nongerminal center subtype.16 However, abnormali es in chromosome 9p, leading to PD-L1 overexpression through a
mechanism similar to that described in cHL, are observed in
more than 50% of pa ents with primary medias nal B-cell
lymphoma and medias nal gray zone lymphomas, making
these two NHL subtypes op mal candidates for immunotherapy-based clinical trials.15,17 Nonetheless, immune escape pathways may play a cri cal role in the pathogenesis,
especially in MYC-driven tumors.18 In addi on, the accuracy
of PD-L1 expression as a predictor of response to immunotherapy remains debated both in c-HL and NHL, and alternave biomarkers, such as gene expression proﬁle and tumor
immune inﬁltrate composi on, are being inves gated.4,19

To date, the most promising results with PD-L1 blockade
in NHL have been observed in NHL subtypes with higher
expression of PD-L1. A phase I trial of pembrolizumab for
the treatment of pa ents with relapsed refractory primary medias nal B-cell lymphoma has shown an ORR of
41%, with prolonged response dura on in most pa ents.20
Four of nine treated pa ents with Richter syndrome have
shown response to pembrolizumab, with a median PFS of
5 months21; all four treated pa ents with primary central
nervous system lymphoma have achieved response with
nivolumab, with responses ongoing in three pa ents.22 Trials of combina ons of pembrolizumab with chemotherapy
(NCT02541565) or vorinostat (NCT03150329) are under
evalua on. Nivolumab and pembrolizumab have also been
inves gated for the treatment of pa ents with aggressive
T-cell lymphomas, with ORRs ranging between 15% and 40%
and the highest responses observed in natural killer/T-cell
subtypes.5,23,24 A trial of the combina on of pembrolizumab
with romidepsin (NCT03278782) is now ac vely recrui ng
(Table 1).
Results have been less impressive in indolent NHL, with
only four of 20 pa ents responding to nivolumab in the
ini al phase I study.5 However, when combined with rituximab in pa ents with relapsed follicular lymphoma (FL), the
ORR was 67% and CR rate was 50%.25 A trial inves ga ng
the combina on of nivolumab with ibru nib or idelalisib
(NCT02332980) is ongoing. In indolent NHL, combina on
studies are likely to overcome the modest ac vity observed

TABLE 1. Ac vely Recrui ng Trials of Immunotherapy in Lymphoma
Clinical Trial Number

Pa ent Popula on

Study Phase

Regimen

Mul ple Lymphoma Subtypes
NCT03035331

Relapsed NHL

Phase II

Pembrolizumab + dendri c cell therapy

NCT02650999

Relapsed B-NHL

Phase I/II

Pembrolizumab + an -CD19 CAR T-cell therapy

NCT03150329

Relapsed or refractory HL, DLBCL, and FL

Phase I

Pembrolizumab + vorinostat

NCT02706405

Relapsed or refractory B-NHL

Phase I

Durvalumab + an -CD19 CAR T-cell therapy

NCT02758

Treatment-naive HL

Phase I

Nivolumab + BV

NCT02603419

Relapsed or refractory HL

Phase I

Avelumab

HL

Aggressive B-Cell NHL
NCT02541565

Treatment-naive DLBCL and FL grade 3B

Phase I

Pembrolizumab + chemotherapy

NCT03003520

Treatment-naive DLBCL

Phase II

Durvalumab + R-CHOP or lenalidomide + R-CHOP

Treatment-naive or relapsed FL

Phase II

Pembrolizumab + intranodal immunotherapy

Indolent B-Cell NHL
NCT02677155
NCT02332980

Relapsed or refractory indolent B-NHL

Phase II

Pembrolizumab alone or + ibru nib or + idelalisib

NCT03369964

Relapsed or refractory FL

Phase I

Atezolizumab + emactuzumab with or without
obinituzumab

NCT03278782

Relapsed or refractory PTCL

Phase I-II

Pembrolizumab + romidepsin

NCT03046953

Relapsed or refractory PTCL

Phase II

Avelumab

T-Cell NHL

Abbrevia ons: NHL, non-Hodgkin lymphoma; CAR, chimeric an gen receptor; DLBCL, diﬀuse large B-cell lymphoma; FL, follicular lymphoma; HL, Hodgkin lymphoma; BV, brentuximab vedo n; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincris ne, prednisone; PTCL, peripheral T-cell lymphoma.
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with single-agent PD-1 blockade. Given the mechanism of
ac on, PD-L1 inhibitors may also improve the eﬃcacy of
cellular therapy, and their combina ons with intratumoral
immunotherapy (NCT02677155), dendri c cell therapy
(NCT03035331), and chimeric an gen receptor (CAR)–
modiﬁed T-cell therapy (NCT02650999) are being inves gated.
Checkpoint inhibitors other than nivolumab and pembrolizumab are also being inves gated in lymphoid malignancies. As outlined above, the addi on of the CTLA-4
inhibitor ipilimumab resulted in improvement in response
rates when combined with nivolumab, sugges ng that
combined checkpoint inhibitors may result in enhanced
eﬃcacy.26,27 The combina on of atezolizumab, a PD-L1 inhibitor, with obinutuzumab and bendamus ne has resulted
in an ORR of 85% and a CR rate of 75% in a popula on of
pa ents with heavily pretreated FL.28 Atezolizumab in combina on with emactuzumab, a colony-s mula ng factor 1
receptor inhibitor targe ng tumor-associated macrophages
(NCT03369964), is ongoing. Recrui ng trials with other PD-L1
inhibitors include durvalumab plus chemotherapy with or
without lenalidomide (NCT03003520) or with CAR T-cell
therapy (NCT02706405), and single-agent avelumab for the
treatment of relapsed refractory HL (NCT02603419) or T-cell
lymphoma (NCT03046953).
Immunotherapy is associated with a manageable safety proﬁle and is an eﬀec ve treatment in pa ents with relapsed HL.
Combina on studies with chemotherapy, other biologic agents,
and cellular therapy, as well as use in untreated pa ents, appear promising. More modest ac vity has been observed with
single-agent PD-L1 an bodies in most NHL subtypes. Ongoing
studies aimed at improving eﬃcacy with combina on strategies, designed to enhance synergism, will be required for
further development of immune therapy in NHL.

CD19 CAR T CELLS FOR NON HODGKIN
LYMPHOMA
CAR-modiﬁed T cells have demonstrated eﬃcacy as an
adop ve cell therapy for relapsed disease and hematologic
malignancies in high-risk pa ents a er hematopoie c stem
cell transplant. Major advantages of CAR T cells include
their recogni on of both protein and nonprotein targets,
their ability to migrate to tumor sites, demonstra on of in
vivo expansion and persistence, high speciﬁcity to prevent
oﬀ-target adverse eﬀects, and the capacity to overcome tumor escape from low an gen presenta on or HLA expression, through HLA-independent recogni on.29,30 CARs possess two cri cal main components. First, the extracellular
recogni on domain, typically derived from an body-variable
regions, recognizes the desired target to provide signal 1.31
Second, the extracellular domain is coupled to an intracellular signaling domain to provide signal 2, o en mul ple cos mulatory domains to generate T-cell ac va on.
The clinical applications of CAR-modified T cells have
been demonstrated with the remarkable success of CD19modiﬁed CAR T cells for pa ents primarily with common
CD19+ B-cell malignancies, including acute lymphoblasc leukemia (ALL) and NHL.32-34 NHL includes malignancies

that arise from T-cell, B-cell, and natural killer cell lineages,
allowing common proteins expressed on these cell types to
be used as targets of immunotherapy. For example, CD19 is
expressed throughout all stages of B-cell diﬀeren a on and
is overexpressed in B-cell malignancies.35 As such, CD19 CAR
T-cell therapy is an a rac ve treatment strategy for B-cell
NHL, with several clinical trials in progress and one product receiving licensure for the NHL indica on. Despite the
recent successes with CAR T-cell clinical trials, major concerns associated with this therapy include cytokine release
syndrome (CRS), poten al neurotoxicity, B-cell aplasia, and
loss of tumor an gen leading to relapse. These adverse effects must be weighed against the advantages of CAR T-cell
therapy to determine the op mal course of treatment of
pa ents with cancer, with the ul mate goal of preven ng
relapse and resistance.36
CD19 CAR T cells for B-cell malignancies such as NHL have
progressively improved as CAR constructs have evolved
through mul ple genera ons to improve signal 2, intracellular cos mulatory signaling. First-genera on CD19 CAR T
cells for CD19+ B cell malignancies were met with limited
eﬃcacy in preliminary trials because of sole inclusion of a
single intracellular signaling domain, TCR zeta chain, without a cos mulatory domain.37 These ini al therapies by City
of Hope Medical Center demonstrated limited persistence
in circula on (1–7 days), with poor clinical eﬃcacy.
Subsequent studies with second-genera on CARs included addi onal cos mulatory domains, CD28 or 4-1BB, in
an a empt to improve persistence in vivo and enhance antumor eﬃcacy. To demonstrate the advantages provided
by cos mulatory domains in CAR design, Savoldo and colleagues at Baylor College of Medicine infused pa ents with
NHL or chronic lymphocy c leukemia with a ﬁrst-genera on
CD19 CAR lacking a cos mulatory domain or a secondgenera on CD19 CAR with a CD28 cos mulatory domain
(CD28z).38 Pa ents infused with the second-genera on
CD19-(CD28z) CAR had enhanced in vivo expansion and persistence of CAR T cells compared with those infused with
CD19 CAR lacking a cos mulatory domain. In tandem, a
group at the Na onal Cancer Ins tute (NCI) infused CD19(CD28z) CAR T cells constructed with the scFv FMC63 into
a pa ent with FL. The pa ent received 7 days of condi oning with cyclophosphamide (Cy; 60 mg/kg) and ﬂudarabine (Flu; 25 mg/m2) to achieve adequate lymphodeple on
to eliminate compe ng endogenous lymphocytes.39 A er
T-cell infusion, the pa ent achieved a par al response, with
drama c regression of the lymphoma a er CD19 CAR T-cell
infusion with an absence of B cells in the circula on for 39
weeks and low serum immunoglobulin levels, reﬂec ng
eradica on of the B-cell lineage.39
This group then went on to treat nine pa ents with aggressive NHLs (primary medias nal B-cell lymphoma and
diﬀuse large B-cell lymphoma [DLBCL]); ﬁve of nine pa ents
achieved a CR (6–35+ months' dura on).40 However, grade 3
or greater toxici es occurred in 100% of pa ents, including
grade 5 toxici es. Therefore, in their subsequent trial, paents received only 3 days condi oning with Flu/Cy, which
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drama cally reduced the toxicity rate; grade 3 to 4 neurotoxicity developed in 55% of pa ents and grade 3 to 4 hypotension developed in only 18%. There were no deaths and
all toxici es resolved within 2 weeks. Furthermore, despite
the reduc on in severe adverse events, of the 19 pa ents
treated, the CR rate was maintained at 55%. In addi on to
pa ents with DLBCL who achieved a CR rate of 47%, this
study also included one pa ent with mantle cell lymphoma
and two pa ents with FL, all of whom achieved a CR.41
The Fred Hutchinson Cancer Research Center subsequently conducted a trial to treat pa ents with NHL by using CD19-(4-1BB) CAR T cells in a 1:1 ra o of CD4+:CD8+
T cells.42 Thirty-two adults with relapsed and/or refractory
NHL underwent lymphodeple on with cyclophosphamide
with or without combina on with ﬂudarabine, followed by
CD19-(4-1BB) CAR T-cell infusion. The researchers found
that pa ents who received Cy/Flu-combined lymphodeple on had improved response rates (50% CR; 75% ORR)
compared with pa ents who received Cy alone (8% CR; 50%
ORR).42 The Cy/Flu combina on minimized the immune
response to the murine scFv on the CD19-(4-1BB) CAR, allowing for improved CAR T-cell expansion and subsequent
PFS compared with the Cy-alone pa ents. Similar to the NCI
trial, severe CRS and neurotoxicity were observed in 28% of
all pa ents, emblema c of the challenges with CD19 CAR
T-cell therapies for B-cell malignancies.
The group from the University of Pennsylvania also used
the CD19 CAR, which included 4-1BB instead of CD28 as
the cos mulatory domain, to treat pa ents with DLBCL.43
Moreover, all pa ents had “double hit” DLBCL, deﬁned by
speciﬁc chromosomal breaks from FL transforma on in the
following loci: MYC/8q24, BCL2/18q21, and/or BCL6/3q27.
A total of 12 pa ents received varying “dealer's choice” lymphodeple ng condi oning regimens followed by infusion of
CD19-(4-1BBz) CAR T cells. The ORR was 52% (7/13) for all
pa ents in this double-hit lymphoma trial, with a CR rate of
46% (6 of 13).43
Several mul center industry-sponsored trials (Table 2)
have been developed from these key studies conducted in
the academic se ng (Fig. 2). ZUMA-1 (NCT02348216)44 was
a Kite-sponsored phase I trial in which autologous CD19(CD28z) CAR T cells (developed by the NCI group) were infused into seven pa ents with refractory DLBCL a er Cy/Flu
condi oning chemotherapy. The ORR was 71% (5 of 7), with
a CR of 57% (4 of 7); three pa ents had ongoing CR at 12+
months, and CD19 CAR T cells were s ll detectable at 12+
months. One of seven pa ents experienced CRS and neurotoxicity developed in four. The phase II ZUMA-1 trial enrolled
101 pa ents with DLBCL, transformed FL, or primary medias nal B-cell lymphoma. Pa ents received lymphodeple ng
chemotherapy followed by a single CD19-CAR-(CD28z) T-cell
infusion. The best ORR was 82%, with a CR rate of 54%. At
6 months the ORR was 41% and the CR rate was 36%.45,46
The Juno-sponsored study (TRANSCEND) used the T-cell
product (JCAR017) developed at the Fred Hutchinson Cancer Center; in this study, CD19-(4-1BBz) CAR–transduced
CD8+ and CD4+ T cells were infused at a 1:1 ra o. Sixty-eight
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pa ents with DLBCL and transformed FL received JCAR017
a er lymphodeple ng Flu/Cy chemotherapy. The best ORR
was 75%, with a CR rate of 56% (68 patients). At 6 months
(35 patients), the ORR was 40% and the CR rate was 37%;
1% of pa ents had grade 3 or higher CRS and 14% had grade
3 or higher neurotoxicity.47
Finally, the Novar s-sponsored phase II trial, JULIET
(NCT02445248), was conducted with CD19-(4-1BBz) CAR
T cells (ﬁrst evaluated at the University of Pennsylvania) in
adult pa ents with relapsed or refractory DLBCL.48 A total of
147 pa ents were enrolled, and 99 received a single-dose
infusion of CD19 CAR T cells a er lymphodeple ng chemotherapy with Cy/Flu or bendamus ne. The best ORR was
53.1%, with a CR rate of 39.5% (81 pa ents). Par cipants
evaluated at 6 months (46 pa ents) showed 37% ORR, 30%
CR, and 7% par al response, as well as detec on of CD19(4-1BB) CAR T cells for up to 367 days.48 CRS occurred in 58%
of pa ents, with 86% repor ng grade 3 or 4 AEs, including
neurotoxicity. No deaths were a ributed to CD19 CAR T-cell
infusion, CRS, or neurotoxicity, despite the high AE rate,
which may in part be due to diﬀerences in the grading systems used in the studies.48
In summary, these promising phase I and II studies demonstrate that CD19 CAR T cells for NHL are a promising strategy
to achieve tumor regression. However, the best strategy to
develop the op mal therapy for pa ents remains unclear
as studies vary in CAR design and dosage, lymphodeple ng
strategies, and tumor burdens of par cipants.

CHALLENGES WITH CD19 CAR T CELL
THERAPIES
Overcoming Toxicity
CRS, neurotoxicity, macrophage ac va on syndrome, B-cell
aplasia, and autoimmune toxicity (on-target, oﬀ-tumor effects on healthy ssues) remain challenges with CD19 CAR
T-cell therapy. B-cell aplasia results from autoimmune toxicity, or deple on of normal B cells expressing CD19, in addion to malignant cells. However, immunoglobulin infusions
can mi gate the eﬀects of B-cell aplasia.49 More serious AEs,
such as CRS, occur from overac va on of the immune system, resul ng in the unnatural release of large quan es of
inﬂammatory cytokines.50,51 CRS results in a range of symptoms from fevers to the more serious respiratory distress,
cardiac dysfunc on, and even neurologic complica ons and
can take days to weeks to appear a er CAR T-cell infusion.
The manifesta on of these symptoms o en coincides with
in vivo CAR T-cell expansion.50 Current op ons to treat CRS
include humanized monoclonal an bodies against interleukin (IL)-6, such as tocilizumab and siltuximab, which have
demonstrated success in caring for pa ents with CRS.50,51
Signs of neurotoxicity and macrophage ac va on syndrome
are generally self-limi ng a er infusion but are monitored
closely in pa ents for severity. In addressing possible oﬀtarget eﬀects from CAR T-cell therapies, several groups are
looking at the inclusion of inducible suicide genes to enable
controlled deple on of CAR T cells,52-54 (the EGFR tracking
and suicide gene was used in the Juno TRANSCEND study),
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which has succeeded in controlling gra -versus-host disease
in pa ents a er allogeneic bone marrow transplanta on.55

Overcoming Tumor Immune Evasion
Tumor escape and immune edi ng are common methods of
immune evasion. Tumors avoid recogni on by the immune
system through downregula on of the major histocompatibility complex and epigene c downregula on of tumorassociated an gens, resul ng in loss of expression. One of
the problems associated with CD19 CAR T-cell therapy is tumor an gen loss, leading to relapse with a CD19-nega ve
tumor.56,57 One approach to overcome tumor an gen loss is
to use CARs targe ng other extracellular an gens expressed
by NHLs, such as CD20 and CD30.58,59 Another approach is to
develop an gen-speciﬁc T-cell products targe ng mul ple
tumor-associated an gens, including tumor-associated viral
an gens and cancer tes s an gens.60-63 Clinical trials using
mul –an gen-speciﬁc T cells for NHLs posi ve and nega ve
for Epstein-Barr virus (beyond post-transplant lymphoprolifera ve disorder) have demonstrated similar CR rates of
approximately 50% but without the severe toxici es observed with CD19-CAR T cells.64,65 Addi onally, tumors secrete immunosuppressive cytokines, such as transforming
growth factor-β (TGF-β), which recruit T regulatory cells and

myeloid-derived suppressive cells to prevent immune ac va on and may lead to T-cell exhaus on.18,66,67 To overcome
the immunosuppressive tumor microenvironment, T cells
can be gene cally engineered to be rendered resistant to,
for example, the an prolifera ve eﬀects of TGF-β using a
dominant nega ve TGF-β type II receptor that is nonfunconal. This creates a sink, binding TGF-β but with a blockade
of the downstream signal transduc on pathway.68-70

PRACTICAL APPLICATIONS AND NEW
TARGETS
The many variables in the design of CAR T cells include an gen target, cos mulatory domains, and transfec on agents.
Many groups are also working on novel designs to improve
eﬃcacy of CAR T-cell therapy. CAR T cells able to release
inﬂammatory cytokines, such as IL-18, help to induce a
Th1 acute phase immune response with M1 macrophages
and natural killer cells to augment an tumor immunotherapy.71,72 Combina on of IL-12 and doxorubicin improved CAR
T-cell penetra on and overall survival in murine models for
lung and breast cancer.73 Genera ng CAR T cells that secrete
an –PD-1 checkpoint inhibitors improved T-cell survival and
resulted in complete elimina on of tumors in a lung murine
model. Further, Foster and colleagues were able to control

TABLE 2. Industry-Sponsored CD19 CAR-Modiﬁed T-Cell Therapies
Trial Name/Trial ID

Methods

Par cipants

Outcomes

Adverse Eﬀects

ZUMA-1 (NCT02348216)

CD19-(CD28z) CAR
T cells + lymphodeple ng Flu/Cy
chemotherapy

7 pa ents with
refractory DLBCL

71% ORR (5/7)
57% CR (4/7)
3 pa ents: ongoing CR at
12+ mo; CD19 CAR T
cells s ll detectable to
12+ mo

1/7 CRS
4/7 neurotoxicity

ZUMA-1 Phase II

Single CD19-CAR(CD28z) T-cell
infusion + lymphodeple ng Flu/Cy
chemotherapy

Enrolled 101
pa ents with
DLBCL, tFL, or
primary medias nal B-cell
lymphoma

82% best ORR (n = 101)
54% CR
6-mo follow-up: 41%
ORR, 36% CR

13% grade ≥ 3 CRS
28% grade ≥ 3 neurotoxicity

CD19-(4-1BBz) CAR
transduced CD8+
and CD4+ T cells
were infused with
JCAR017 at a 1:1
ra o + lymphodeple ng Flu/Cy
chemotherapy

68 pa ents with
DLBCL and tFL

75% best ORR
56% CR (n = 68)
6-mo follow-up (n = 35):
40% ORR, 37% CR

1% grade ≥ 3 CRS
14% grade ≥ 3 neurotoxicity

CD19-(4-1BBz) CAR T
cells: 99 par cipants received
single-dose infusion
of CD19 CAR T cells
+ lymphodeple ng
chemotherapy with
Cy/Flu or bendamus ne

147 pa ents
enrolled with
relapsed or refractory DLBCL

53.1% best ORR
39.5% CR (n = 81)
6-mo follow-up:
(n = 46) 37% ORR,
30% CR, 7% PR
Detec on of CD19(4-1BB) CAR T cells for
up to 367 d

23% grade ≥ 3 CRS
13% grade ≥ 3 neurotoxicity

KITE; KTE-C19

JUNO; JCAR017
TRANSCEND 1:1
CD8+:CD4+
NCT03331198 (TRANSCEND-CCL-004)
NCT02631044 (TRANSCEND-NHL-001)

NOVARTIS; CT019
CTL019; Kymriah,
NCT02445248; DLBCL
(JULIET)

Abbrevia ons: CAR, chimeric an gen receptor; Flu, ﬂudarabine; Cy, cyclophosphamide; DLBCL, diﬀuse large B-cell lymphoma; ORR, overall response rate; CR, complete response; CRS, cytokine release
syndrome; tFL, transformed follicular lymphoma; PR, par al response.
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the regula on of CAR T-cell expansion and survival by using rimiducid, a synthe c dimerizing ligand, to ac vate IL-2
produc on through MyD88/CD40.74 In addi on, instead of
using svFC domains, adnec n, a class of aﬃnity molecules
from ﬁbronec n, is being evaluated as the an gen-binding
mo f of CAR T cells, with similar eﬃcacies toward lung cancer cell lines.75
Clinical trials with CAR T-cell therapy have been promising
in other hematologic malignancies. CD19 homing CAR T cells
have been tested in pa ents with chronic lymphocy c leukemia at the University of Pennsylvania and Fred Hutchinson Cancer Research Center, with good response rates (ORR
ranging from 39% to 71%).76 Garfall and colleagues at the
University of Pennsylvania also tested their CD19-targeted
CAR T cells for mul ple myeloma (MM) in a pilot study; 10
pa ents showed peak bone marrow inﬁltra on correlated
with favorable PFS.77
A major a rac ve property of CAR T cells is that the svFC
domain can be changed to target various surface an gens.
For example, B-cell mature an gen as the target for mulple myeloma has been tested by several groups, with a
high response rate. Berdeja and colleagues showed that

for the six evaluable pa ents with refractory/relapsed MM,
the ORR was 100%, including two CRs and two minimal residual disease–nega ve responses.78 The LEGEND-2 trial in
China using LCAR-B38M CAR T cells, which also target B-cell
mature an gen, showed similar results; 22 pa ents with
refractory/relapsed MM pa ents had a 100% ORR and 27%
had minimal residual disease–nega ve CR.79 However, a
similar clinical trial at NCI/Na onal Ins tutes of Health using
a diﬀerent B-cell mature an gen–targeted CAR T cell (with a
CD28 cos mulatory domain) showed an ORR of only 30%.80
Newer targets are s ll being inves gated for MM, such as
ac ve conforma on of β7 integrin.81 Ramos and colleagues
reported that nine pa ents (mainly younger 20- to 50-yearolds) treated with an -CD30 CAR T cells for HL had a 33%
CR, 33% had stable disease, and 33% had no response. The
longest-responding pa ent has had no evidence of disease
for more than 3 years.59
Unlike the success of CAR T-cell therapy in ALL and NHL,
its use (with ﬁrst-genera on T cells) for solid tumors has
not been eﬀec ve thus far. In contrast to the experience
with hematologic malignancies, CAR T-cell therapy for solid
tumors exposes two major diﬃcul es. First is the rela ve

FIGURE 2. Industry-Sponsored CD19 CAR Constructs

Abbrevia ons: 3ʹLTR, 3ʹ-long terminal repeat; 5ʹLTR, 5ʹ-long terminal repeat; ALL, acute lymphocy c leukemia; CHOP, Children's Hospital of Philadelphia; DLBCL, diﬀuse large B-cell lymphoma; FHCRC, Fred
Hutchinson Cancer Research Center; MSKCC, Memorial Sloan Ke ering Cancer Center; NHL, non-Hodgkin lymphoma.
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inability of CAR T cells to penetrate a solid tumor, which often has a specialized extracellular matrix that can limit T-cell
inﬁltra on and has developed an immune-tolerant tumor
microenvironment. Second, unlike pa ents with ALL or NHL,
who are o en heavily treated with chemotherapy regimens
that deplete lymphocytes, providing a favorable milieu for
CAR T-cell therapy, pa ents with solid tumor are o en receiving lymphodeple ng chemotherapies for the ﬁrst me
when enrolled in a CAR T-cell trial. However, as CAR T-cell
designs have improved, clinical trials targe ng solid tumors
are s ll ongoing. Several of these trials are tumor agnos c,
meaning that as long as the targeted an gen is expressed on
the cancer cells, the origin of the cancer cells (gastrointes nal or breast) is not a speciﬁc criterion for the trials.
Mesothelin is a cell surface glycoprotein and is overexpressed in many thoracic malignancies, including 80% to 90%
of mesotheliomas, 40% to 60% of lung adenocarcinomas,
40% of esophageal cancers, and 79% of thymic cancers.82
Mesothelin is also expressed on triple-nega ve breast, pancrea c, ovarian, and cervical cancer.83 Inves gators at the
University of Pennsylvania built a phase I clinical trial with
preclinical studies using messenger RNA electropora on to
allow transient an mesothelin CAR T-cell therapy. Zeltsman
and colleagues at Memorial Sloan Ke ering Cancer Center
showed in preclinical studies that local or intrapleural delivery of CAR T cells had a more potent and long-las ng response, leading to a phase I clinical trial.84 Many ongoing trials
(NCT01355965, NCT01583686, NCT02159716, NCT02414269,
NCT02580747, NCT02930933, NCT03054298) are using
mesothelin-targeted CAR T cells; these trials are summarized in Table 3.
HER2 is a well-known breast cancer tumor marker and
target for therapy. HER2 is also expressed in gastrointes nal stromal tumors, non–small cell lung cancer, and several
other cancer types. Preclinical studies of trastuzumab-based
CAR T cells were successful by producing cytotoxicity in various breast, ovarian, and pancrea c cancer cell lines and
animal models.85 There was a case report of a pa ent receiving an -ERBB2 CAR T-cell therapy and had acute respiratory distress syndrome; the pa ent died 5 days a er the
infusion.86 Ahmed and colleagues reported a phase I an –
HER2-speciﬁc CAR T-cell trial with one pa ent who had a
par al response persis ng for longer than 9 months, seven
pa ents with stable disease for 8 to 29 months, and eight
pa ents who progressed despite CAR T-cell therapy.87 More
clinical trials for an -HER2 CAR T cells are mainly phase I
(NCT01935843, NCT01022138, NCT02713984).
GD2 is a disialoganglioside that can be expressed on tumors of neuroectodermal origin, such as neuroblastoma,
sarcoma, and melanoma. Louis and colleagues at Baylor
College of Medicine found that three of 11 pa ents with
neuroblastoma achieved a CR with an -GD2 CAR T cells.88
They also noted that persistence of CAR T cells over 6 weeks
had a favorable clinical outcome.88 Other clinical trials are
using an -GD2 CAR T cells for sarcoma, osteosarcoma, neuroblastoma, and melanoma (NCT02765243, NCT03373097,
NCT02107963).

Carcinoembryonic an gen (CEA) is commonly associated
with colon cancer but can be seen with other malignancies,
including lung, pancrea c, gastric, and breast carcinomas.
A phase I study (NCT02349724) for an -CEA CAR T cells for
lung, colorectal, gastric, breast, and pancrea c cancers is
con nuing, and other phase I trials are focused on colorectal cancer.83,84 First-genera on an –CEACAM5-speciﬁc CAR T
cells were found have limited eﬃcacy because of poor persistence and transient precondi oning respiratory toxicity.89
EGFR muta on can be seen in 10% to 15% of lung adenocarcinomas. Two Chinese studies are evalua ng the
toxici es of an -EGFR CAR T cells in mul ple cancer types
(NCT01869166, NCT02862028). An -VEGFR CAR T cells are
also being evaluated in a phase I trial for metasta c melanoma and renal cancer (NCT01218867).
Other targets include ROR1 (NCT02706392) for NSCLC,
breast cancer, and leukemias; MUC1 (NCT02587689) for
triple-nega ve breast cancer, hepatocellular carcinoma,
non–small cell lung cancer, and pancrea c cancer; GPC3
(NCT02876978) for non–small cell lung cancer (squamous
cell carcinoma type); ﬁbroblast ac va on protein for malignant pleural mesothelioma (NCT01722149); epithelial cell
adhesion molecule for esophageal, pancrea c, and colon
cancers (NCT03013712); and CD171, a cell adhesion molecule, for neuroblastoma (NCT02311621).

FEASIBILITY AND COST BURDEN OF CAR
T CELL THERAPY
A er 2 decades and $200 million in government-supported
research, the FDA approved tisagenlecleucel (Kymriah;
Novar s) in August 2017 for ALL. This move has generated
shock waves through the oncology community as we now
have a new category of treatment op ons for an unfortunate disease that o en aﬀects children and young adults.
More importantly, the poten al does not end there. As
men oned previously, more CAR T-cell therapy research has
s mulated interest in trea ng not only other hematologic
malignancies but also solid tumors.
Novar s listed the price of the Kymriah to be $475,000.
This cost does not include the cell collec on, the lymphodeple on, the hospitaliza on, the other medica ons, or further clinic visits. The overall cost of the treatment can exceed
$1 million. However, when the price is compared with that
of the alterna ve treatment op ons, such as hematopoie c
stem cell transplant (es mated to be $350,000–$800,000 by
the American Cancer Society), Kymriah seemed less expensive, especially because that cost does not include economic
impacts of stem cell banks, future hospitaliza ons for gra versus-host disease complica ons, immune-suppression
medica ons, or transfusions for cytopenias.
Soon a er the approval of Kymriah, the FDA approved axicabtagene ciloeucel (Yescarta, Kite/Gilead) for adults with
relapsed and/or refractory DLBCL. The price was listed at
$373,00, which is almost $100,000 less than that of Kymriah.
The American College of Cardiology and the American Heart
Associa on a empt to standardize value for u liza on. High
value is considered less than $50,000 per quality-adjusted
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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life year (QALY) added, and low value would be greater than
$150,000.90 The Ins tute for Clinical and Economic Review
released a report no ng that Kymriah, in comparison with the
control clofarabine, had an incremental cost-eﬀec veness
ra o of approximately $46,000 per QALY gained.91 Yescarta
had an incremental cost-eﬀec veness ra o of approximately
$136,000 per QALY gained compared with standard chemotherapy. Both therapies were under $150,000 and thus was
reported to be within reasonable pricing range.
The issue of cost not only causes a ripple eﬀect on private
insurers; in addi on, the main burden would fall on Medicare and Medicaid reimbursement strategies, which link to
taxes and government funding. Novar s oﬀered to refund
pa ents who relapse within 30 days, although almost 50%

of pa ents in the trial relapse by 1 year. Novar s and Kite
a empted to provide more supplementa on and reimbursements in an a empt to alleviate the ﬁnancial burdens, but
the price is s ll steep. On top of the cost, accessibility is also
an issue because these new therapies require special cellular Good Manufacturing Prac ces facili es, trained staﬀ,
and physicians who are comfortable managing a new set of
side eﬀects, such as CRS and neurotoxicity.

CONCLUSION
Overall, immunotherapy with checkpoint inhibitors and cellular therapy has given oncologists and pa ents hope where
there used to be none, along with new toolboxes yet to
come with further research and development. Checkpoint

TABLE 3. Solid and Liquid Malignancies With More Than Two Target An gen CAR T Cells in Clinical Trials
(Other Than CD19, CD20, and CD22)
Solid Malignancy
Breast

Lung

Gastric

Colorectal

HCC

Pancrea c

CD133

CD80/86

CEA

CD133

CD133

CD133

CD70

MUC1

EpCAM

CEA*

EpCAM

CD70

CEA

PDL1

HER2

EGFR

GP3*

CEA

cMET

PSCA

EpCAM

MG7

CLD18

HER2*

CEA

HER2

MUC1

EGFRvIII

MSLN

EGFR

EpCAM

MUC1

EpCAM

HER2

ROR1

FAP

MSLN*

GPC3

MUC1

HER2

PSCA

MSLN*
ROR1
Melanoma

Ovarian

Cervical

Prostate

Sarcoma

CNS

CD70

CD133

GD2

EpCAM

GD2

CD171*

cMET

CD70

MSLN

PSMA

HER2

CD133

GD2

HER2

MUC1

EGFRvIII

MSLN

PSNA

EphA2
GD2
HER2
IL13Ra2

Liquid Malignancy
AML

ALL

MDS

MM

CD123

CD133

LewisY

BCMA*

CD133

ROR1

NKG2D

CD138

CD33

NKG2D

LewisY
NKG2D
Corresponding clinical trials can be found by searching the target, cancer type, and “chimeric an gen.”
*Major target an gen for that cancer type with mul ple clinical trials.
Abbrevia ons: ALL, acute lymphoblas c leukemia; AML, acute myelogenous leukemia; BCMA, B-cell maturatoon an gen; CAR, chimeric an gen receptor; CEA, carcinoembryonic an gen; CNS, central nervous
system; EpCAM, epithelial cell adhesion molecule; FAP, ﬁbroblast ac va on protein; GD2, disialoganglioside; GP3, glycoprotein 3; HCC, hepatocellular carcinoma; IL, interleukin; MDS, myelodysplas c syndrome; MM, mul ple myeloma; MUC1, mucin 1; MSLN, mesothelin; PSCA, prostate stem cell an gen; PSMA, prostate-speciﬁc membrane an gen; ROR, receptor tyrosine kinase-like orphan receptor.
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inhibitors are eﬀec ve in relapsed cHL, with manageable
safety proﬁles. Clinical trials using combina on studies with
chemotherapy, other biologic agents, and cellular therapy,
as well as use in untreated pa ents, are s ll in progress.
CD19 CAR T cells have demonstrated tremendous success
for the treatment of NHL. Despite these successes, several
limita ons remain, including broadening applicability for a
pa ent-speciﬁc product, toxici es, an gen loss, and cost.
Future direc ons are focusing on extending the CAR an gen
repertoire for NHL to include not only CD20 and CD30 but
also ROR1 (tyrosine-protein kinase receptor), BAFF (B-cell

ac va ng factor), and other surface markers, including T-cell
NHL markers such as CD5 and CD7.54,92-94 Future clinical trials
will build on the success of CD19 CAR T cells, with aims to not
only evaluate other CAR T-cell products (beyond CD19) but
also to reduce the cost and me necessary for manufacturing
pa ent-speciﬁc products and decrease the incidence of severe
AEs, all in an eﬀort to improve outcomes for pa ents with NHL.
Although these developments are exci ng, the cost and accessibili es of these therapies should be considered when they
are oﬀered to pa ents. Referral to specialized treatment centers is recommended to provide safe and eﬃcient treatments.
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Treatment of Primary Central Nervous System Lymphoma:
From Chemotherapy to Small Molecules
Joe S. Mendez, MD, and Chris an Grommes, MD
OVERVIEW
Primary central nervous system lymphoma (PCNSL) is a rare form of extranodal non-Hodgkin lymphoma that is typically
conﬁned to the brain, eyes, and cerebrospinal ﬂuid (CSF) without evidence of systemic spread. PCNSL is an uncommon
tumor, and only four randomized trials and one phase III trial have been completed so far, all in the ﬁrst-line se ng. The
prognosis of pa ents with PCNSL has improved during the past few decades with the introduc on of high-dose methotrexate (HD-MTX), which now serves as the backbone of all ﬁrst-line treatment regimens. Despite recent progress, results
a er treatment are durable in half of pa ents, and therapy can be associated with late neurotoxicity. Novel insights into
the pathophysiology of PCNSL have iden ﬁed the B-cell receptor (BCR) pathway as a key mechanism in the pathogenesis
of PCNSL. The use of novel agents targe ng components of the BCR pathway, namely the Bruton tyrosine kinase (BTK)
inhibitor ibru nib, and immunomodulatory drugs (IMIDs) like lenalidomide and pomalidomide, has so far been limited
to pa ents who have recurrent/refractory PCNSL with promising high response rates. Within the past 5 years, there has
been a peak in clinical trials inves ga ng small molecules and novel reagents in the recurrent/refractory se ng, including
immune checkpoint inhibitors, IMIDs, and BTK and PI3K/AKT/mTOR inhibitors.

P

CNSL is a highly aggressive non-Hodgkin lymphoma
conﬁned to the central nervous system (CNS), including
the brain, spine, CSF, and eyes. Unlike other primary brain
tumors, it o en has a favorable response to both chemotherapy and radia on therapy; however, compared with lymphomas outside the CNS, survival is usually inferior. Moreover,
the prognosis for PCNSL that fails to respond to firstline therapy remains poor. Even though new chemotherapybased therapeu c approaches have improved survival, the
management of this disease s ll poses a challenge in neurooncology.

EPIDEMIOLOGY
PCNSL can develop in pa ents who are immunosuppressed
(HIV/AIDS, organ transplanta on, immunosuppressive agents)
or immunocompetent. In this review, we will focus on the
la er. PCNSL in the immunocompetent pa ent is rare and
represents only 4% of all intracranial neoplasms and 4%
to 6% of all extranodal lymphomas.1 Approximately 1,500
new pa ents are diagnosed each year in the United States.
In recent years, an increasing incidence has been recognized
in pa ents older than age 60, in whom the annual incidence
rate is 0.5 per 100,000.2
The overall incidence rate of PCNSL has remained stable
since the mid-1980s,3 other than a sharp spike in PCNSL inci-

dence in the early 1990s that most likely was due to the HIV
epidemic. The overall increase in PCNSL seen in the 1980s
is a reﬂec on of a growing elderly popula on with a longer
life expectancy. The highest incidence rates are observed in
pa ents age 60 and older, and the highest rates are in those
age 70 to 79 (4.3 per 100,000 per year).3

CLINICAL PRESENTATION
Diagnosis of PCNSL requires a high level of suspicion, because clinical presenta ons vary according to the involved
compartments. Focal neurologic deﬁcits, which result from
involvement of the parenchyma or leptomeninges, lead to
prompt imaging but are only seen in 70% of pa ents.4 Up
to 43% of individuals have behavioral or neuropsychiatric
changes that are nonspeciﬁc, which can lead to a delay in
medical evalua on. Signs of elevated intracranial pressure,
such as headache, nausea, and vomi ng, are also common
(33%). Because the cortex is rela vely spared, few pa ents
(14%) present with seizures. Pa ents with ocular involvement may complain of blurred vision, decreased acuity,
or ﬂoaters, but visual symptoms at presenta on are rare
(4%)4 despite the frequency of ocular involvement (20%
to 25%).5,6 However, these symptoms are o en subtle, and
asymptoma c ocular involvement is common. Ocular lymphoma resembles uvei s and may be misdiagnosed if visual
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HOW NOVEL INSIGHTS TRANSFORM TREATMENT IN PRIMARY CNS LYMPHOMA

FIGURE 1. Primary Central Nervous System Lymphoma Imaging Pa ern on MRI

Characteris c primary central nervous system lymphoma imaging pa ern on MRI. (A) T1 sequence with gadolinium contrast demonstrates a single, frontal homogenously enhancing brain lesion.
(B) Fluid-a enuated inversion recovery sequence reveals a compara vely small amount of edema surrounding the mass lesion. (C) Diﬀusion-weighted imaging demonstrates restricted diﬀusion within
the tumor.

complaints are the only clinical manifesta on. The classic B
symptoms seen in pa ents with non-CNS lymphoma are uncommon in PCNSL.

DIAGNOSIS AND STAGING
Pa ents with symptoms concerning for PCNSL should undergo brain imaging. Contrast enhanced MRI is the modality
of choice. PCNSL can appear as a solitary lesion or mul focal disease. Lesions are o en periventricular and involve the
deep white ma er, basal ganglia, or corpus callosum. Classically, the lesions are isointense to hyperintense on T2 MRI
sequencing (Fig. 1). Lesions are homogeneously enhancing
with a mild amount of edema and are o en associated with
diﬀusion-weighted imaging restric on.7 Less frequently, the
eyes (15% to 25%),8 CSF (7% to 42%),9-12 and—only rarely—
spinal cord are involved. To assess the extent of disease,
the Interna onal PCNSL Collabora ve Group recommends
baseline staging of the neuroaxis with an MRI brain, MRI
spine (if spinal symptoms are present), and ophthalmologic
and CSF evalua on.13 Deﬁni ve diagnosis requires pathologic conﬁrma on, which o en necessitates brain biopsy.
The diagnos c procedure of choice to establish the diagnosis
of PCNSL is a stereotac c biopsy; if ocular or CSF involvement is evident, vitrectomy or CSF cytology may be suﬃcient. Cor costeroids should always be deferred un l ssue

PRACTICAL APPLICATIONS
• The majority of PCNSLs are DLBCLs of the nongerminal
center subtype.
• Methotrexate forms the backbone of ﬁrst-line
chemotherapy regimens.
• Targeted agents have not been included in ﬁrst-line
treatment of PCNSL.
• BCR signaling is frequently aﬀected by muta ons in
PCNSL.
• Targe ng of the BCR signaling axis has promising clinical
ac vity in recurrent/refractory PCNSL.

is obtained, except in cases of life-threatening mass eﬀect
and edema, because cor costeroids are lymphotoxic and
can obscure pathology results.14,15 To detect the presence
of non-CNS disease, a body PET/CT scan and bone marrow
biopsy should be performed.

PROGNOSIS
To predict outcome and be er stra fy pa ents in clinical
trials, two major scoring systems have been established
and are widely applied: the Interna onal Extranodal Lymphoma Study Group score16 and the Memorial Sloan Ke ering
Cancer Center prognostic score.17 The International Extranodal Lymphoma Study Group score uses age, Eastern
Cooperative Oncology Group performance score, lactate
dehydrogenase level, CSF protein concentra on, and deep
brain involvement to determine prognosis. The presence of
0 to 1, 2 to 3, or 4 to 5 adverse risk factors correlates with
2-year survival rates of 80%, 48%, or 15%, respec vely. The
Memorial Sloan Ke ering Cancer Center prognos c score
dis nguishes three groups on the basis of age and Karnofsky performance status (KPS): (1) age 50 or younger; (2) age
older than 50 plus KPS of 70 or greater; and (3) age older
than 50 plus KPS less than 70. These groups correlate with
a median overall survival (OS) of 8.5, 3.2, and 1.1 years in
the Memorial Sloan Ke ering Cancer Center popula on and
5.2, 2.1, and 0.9 years in a valida on cohort.
The median OS of pa ents with PCNSL in the United
States (according to the Surveillance, Epidemiology, and End
Results database) doubled from 12.5 months in the 1970s
to 26 months in the 2010s. Unfortunately, this survival
beneﬁt was limited to pa ents younger than age 70. More
importantly, the survival of the elderly popula on has not
changed in 40 years and remains poor at 6 months.3
Disease recurrence is commonly observed in pa ents
with PCNSL and rarely occurs outside the CNS. Despite advances in ini al treatment, up to half of pa ents experience
relapse, and 10% to 15% have primary refractory disease.18
Pa ents with primary refractory or relapsed PCNSL have a
poor prognosis and a median survival of 2 months without
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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FIGURE 2. Primary Central Nervous System Lymphoma Is Highly Chemotherapy Sensi ve

(A) MRI (T1 + gadolinium) demonstrates a large, frontal-enhancing brain lesion. (B) Follow-up MRI demonstrates resolu on of the large lesion 2 months a er treatment ini a on with a high-dose
methotrexate–based regimen.

addi onal treatment.19 Median me to relapse is 10 to 18
months, and most relapses occur within the ﬁrst 2 years of
ini al diagnosis.18 However, relapsed disease has been observed more than 5 years a er ini al diagnosis.20

EVOLUTION OF STANDARD THERAPY
First-Line Therapy
Treatment of PCNSL has evolved during the past few decades, but no uniform consensus on the op mal treatment
regimen currently exists. PCNSL has been found to be highly
sensi ve to chemotherapy (Fig. 2). The role of surgery has
generally been restricted to stereotac c biopsy, because tumor growth is diﬀusely inﬁltra ve, and no survival beneﬁt
has been obtained from subtotal or gross total resec on in
retrospec ve studies.4,21,22
In the early 1980s, treatment with whole brain radiotherapy (WBRT) was established for pa ents with newly diagnosed PCNSL, because increased relapses in regions outside
the radia on port were seen with focal radia on.23 WBRT
resulted in overall response rates (ORRs) of 90%, but OS
was limited to only 12 to 18 months.24,25 To improve clinical outcome more, chemotherapy was added to WBRT in
the 1980s and 1990s. Regimens used in non-CNS disease,
such as cyclophosphamide, doxorubicin, vincris ne, and
prednisone, were ineﬀec ve,26-28 partly because of inadequate penetra on of the blood-brain barrier. A breakthrough was reached with the introduc on of HD-MTX in
combina on with WBRT, which improved median OS to 30
to 60 months and had 5-year survival rates of 30% to 0%.29-35
Although survival was prolonged, patients treated with
chemoradia on developed neurotoxicity that manifested
as psychomotor slowing, memory dysfunc on, behavioral
changes, gait ataxia, and incon nence, which all resulted
in great func onal decline. Pa ents older than age 60 are
par cularly aﬀected by neurotoxicity.36 Moreover, the only
phase III randomized study conducted in PCNSL examined
whether omission of WBRT aﬀected survival. In this study,
all pa ents received HD-MTX with or without ifosfamide,
and those whose disease achieved a complete response
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were randomly assigned to receive 45 Gy of WBRT or observa on. Those pa ents whose disease failed to achieve
a complete response were randomly assigned to 45 Gy of
WBRT or high-dose cytarabine.12 The study demonstrated
that pa ents who received WBRT had a signiﬁcantly longer progression-free survival (PFS) of 18 months compared
with those who did not receive WBRT (12 months), but no
diﬀerence in OS was appreciated. On the basis of this data
and the high risk of neurotoxicity, most clinicians eliminate
WBRT as part of rou ne care of pa ents with PCNSL.
In an eﬀort to reduce neurotoxicity, chemotherapy-only
trials were conducted with single-agent HD-MTX.10,37 Polychemotherapy regimens (including rituximab, a monoclonal an body–directed against the B-cell surface an gen
CD20)38-40 demonstrated an ORR of 35% to 74% and a median OS of 25 to 50 months, which were comparable to
chemoradia on trials.
Diﬀerent polychemotherapy regimens that consisted of
induc on and consolida on phases have been used with
comparable response rates and OS (Table 1). Currently,
HD-MTX (at doses greater than 3 g/m2 every 2 weeks) and
rituximab should be part of any ﬁrst-line induc on treatment. Regimens currently used are as follows: rituximab/
methotrexate/vincristine/procarbazine,34,41,42 rituximab/
methotrexate/temozolomide,40,43 rituximab/methotrexate/
thiotepa/cytarabine,39 and rituximab/methotrexate/teniposide/carmus ne/prednisone. Because no comparison studies have been conducted, the regimen used is dependent
on geographic region and physician preference. The only
comparison study evaluated HD-MTX with temozolomide
compared with HD-MTX, vincris ne, and procarbazine in an
elderly popula on (age ≥ 60) in a mul center phase II trial.
Toxicity proﬁles were similar between the groups. The ORR
was 82% in the HD-MTX, vincris ne, and procarbazine group
and was 71% in the HD-MTX with temozolomide group; the
median OS mes were 31 and 14 months, respec vely. Although these trends were not sta s cally signiﬁcant, the
results favored the HD-MTX, vincris ne, and procarbazine
regimen.44 One major obstacle for pa ents with PCNSL
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receiving MTX is the drug's nephrotoxicity. MTX can precipitate in renal tubules, par cularly with acidic urine, volume
deple on, and sustained high MTX plasma levels. Therefore, most pa ents with PCNSL are admi ed to the hospital for MTX treatment, placing a higher burden on pa ents
and their families compared with the outpa ent treatment
regimen.
For consolida on, the following treatments have been
used and are all valid op ons: radia on therapy41 (23.4 or
45 Gy), conven onal high-dose chemotherapy (cytarabine
or etoposide/cytarabine),40 myeloabla ve chemotherapy
with autologous stem-cell rescue46-49 (in younger pa ents
and pa ents with adequate organ func on), or observaon. Observa on typically is reserved for elderly pa ents or
those unable to tolerate addi onal treatment. In addi on,
age and response to induction therapy guide the choice
of consolidation strategy. Ongoing trials that randomly
assign patients to different consolidation treatments will,
we hope, shed more light on the optimal consolidation
regimen.

Salvage Therapy
Numerous small retrospec ve studies have been conducted
(Table 2). WBRT and HD-MTX rechallenge seem eﬀec ve.
Rechallenge in pa ents with methotrexate led to an ORR of
85% to 91%50,51 and a median OS of 41 to 62 months. WBRT
was associated with an ORR of 74% to 79% and a median
OS of 10 to 16 months52,53 and might be considered in paents who have not received it as a part of ini al therapy.
The eﬃcacy of HD-MTX rechallenge or WBRT has not been
evaluated in prospec ve studies so far. However, HD-MTX
rechallenge can be considered as the most frequently used
treatment regimen in pa ents with recurrent PCNSL, especially when there is a long period of remission a er ini al
HD-MTX therapy and the pa ent has experienced a disease
response to HD-MTX before.
Prospective trials that use single agents, such as pemetrexed,68 topotecan,64 temozolomide,65 or rituximab,67,69 have
demonstrated modest ORRs of 31% to 55% and limited median PFS mes of 1.6 to 5.7 months (Table 2). The op mal
salvage regimen for pa ents with recurrent or refractory
PCNSL has not been established. As with the ﬁrst-line regimens, age, performance status, previous therapies, and
dura on of prior response are factors that inﬂuence the
choice of salvage treatment un l data from randomized clinical trials iden fy the op mal treatment regimen for pa ents
with recurrent disease.
No randomized trials have been conducted so far in this
pa ent popula on. This gap occurs in part because of (1)
limited insights into the pathophysiology of this disease to
point to speciﬁc drug targets and (2) the heterogeneous sites
of recurrence (brain, CSF, eyes, or combina on thereof),
number of recurrences, and age at recurrence.

NOVEL INSIGHTS
Most PCNSLs (90%) are diﬀuse large B-cell lymphoma (DLBCL) and, rarely, Burki , low-grade, or T-cell lymphoma.72

Pathologic review of PCNSL samples reveals highly prolifera ve tumor cells in a typical angiocentric growth pa ern
that diﬀusely inﬁltrate the CNS (Fig. 3A). Gene expression
proﬁling has iden ﬁed three molecular subgroups of nonCNS DLBCL: the germinal center B-cell–like, ac vated B-cell–
like/nongerminal center, and type-3 subgroups.73 Staining of
PCNSL biopsies with an bodies that dis nguish these DLBCL
subgroups74 (CD10, BCL6, MUM-1/IRF4; Fig. 3B-D) showed
that the vast majority (> 80%) of PCNSLs were the nongerminal center subtype.71,75 Outside the CNS, this DLBCL subgroup is associated with inferior outcomes and muta ons in
the BCR pathway.76
In PCNSL cohorts71,77-83 the BCR signaling axis with its
downstream target, nuclear factor-kappa B (NFκB), is affected by frequent recurrent muta ons, mainly in MYD88
and CD79B and less frequently in CARD11 and TNFAIP3
(Fig. 4A). MYD88 and CD79B muta ons are enriched in acvated B-cell–like /nongerminal center PCNSLs and are more
o en observed in PCNSLs than in ac vated B-cell–like DLBCL
outside the CNS.84 MYD88 and CD79B muta ons are also frequently found in lymphoma in other immune-privileged
sites, like the testis. 85,86 Interestingly, in PCNSLs MYD88
and/or CD79B muta ons also are found in germinal center
B-cell–like samples.71,87 The majority of these muta ons
are missense muta ons with hotspot muta ons in MYD88
(L265P) and CD79B (Y196). Immunohistochemical staining
of MUM1, a transcrip onal target of NFκB, is posi ve in
70% to 95%71,72,88 of PCNSLs, which suggests that the BCR
signaling axis is an important driving event in PCNSL. The
BCR signaling pathway may be targeted at diﬀerent signaling nodules (Fig. 4B): (1) upstream: spleen tyrosine kinase, phospha dylinositol-4,5-bisphosphate 3-kinase, BTK
inhibitors, and interleukin-1 receptor–associated kinase
inhibitors; and (2) downstream: the IMID thalidomide and
its analogs lenalidomide and pomalidomide, which inhibit
IRF4, mucosa-associated lymphoid ssue lymphoma transloca on protein 1 inhibitors, or proteasome inhibitors like
bortezomib.
In cohorts of up to 22 pa ents, copy number altera ons,
mainly loss of 6q, gain of 12q, gain of 18q, gain of 19q, and
gain of 22q,89-93 were observed. TNFAIP3, a regulator of NFκB
signaling, is located on chromosome 6q, another indicator
that BCR signaling is frequently aﬀected by genomic altera ons. Recently, copy number gains at chromosome 9p24.1,
the PD-L1/PD-L2 locus, have been described, which suggests
that immune evasion might play a role in PCNSL.94 In addion, aberrant soma c hypermuta on, a prominent feature
of systemic DLBCL, also has been iden ﬁed in PCNSL77,95,96
and is characterized by muta ons that are (1) within 20,00
base pairs of the transcrip on start site, (2) within a WGYR
mo f, (3) have transi on compared with transversion muta ons, and (4) have C/T versus A/G muta ons. Aberrant
soma c hypermuta on o en aﬀects PIM1, BTG2, PRDM1,
TOX, and IRF4 in PCNSL.71,87 Ampliﬁca on of chromosome
9p24.1 and frequent aberrant soma c hypermuta on might
increase suscep bility to immune checkpoint inhibitors like
nivolumab or pembrolizumab.
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TABLE 1. Prospec ve Up-Front Treatment Trials in Primary Central Nervous System Lymphoma
Study by Treatment
Type

Agent

No. of Pa ents

ORR (PR + CR), No./Total
No. (%)

Median OS,
Months

Radiotherapy 40 Gy + 20-Gy boost

41

21/26 (80)

12.2

CHOP + radiotherapy 41.4 Gy + 18-Gy boost

52

10/52 (19)

16.1

O’Neill et al

CHOP + radiotherapy 50.4 Gy + cytarabine

55

32/53 (60)

9.7

Mead et al28

Radiotherapy 40 Gy + 14-Gy boost ± CHOP

53

NR

NR

2

31

27/31 (87)

42.5

Radia on only
Nelson et al24
Chemoradia on
Schultz et al27
26

29

DeAngelis et al

Methotrexate 1 g/m + radiotherapy 40 Gy + 14-Gy
boost + cytarabine 3 g/m2

Glass et al30

Methotrexate 3.5 g/m2 + radiotherapy 30–40 Gy

25

23/25 (90)

33

O’Brien et al

Methotrexate 1 g/m2 + radiotherapy 45 Gy + 5.4-Gy boost

46

44/46 (96)

33

Abrey et al32

Methotrexate 3.5 g/m2 + prednisone 100 mg + vincris ne
1.4 mg/m2 + cytarabine 3 g/m2 + IT methotrexate + IT
cytarabine + radiotherapy 45 Gy

52

49/52 (94)

60

Ferreri et al33

Methotrexate 3 g/m2 + prednisone 100 mg + vincris ne
1.4 mg/m2 + cytarabine 3 g/m2 + radiotherapy 45 Gy

13

12/13 (92)

≥ 25

DeAngelis et al29

Methotrexate 2.5 g/m2 + vincris ne 1.4 mg/m2 + prednisone 100 mg + cytarabine 3 g/m2 + IT methotrexate +
radiotherapy 45 Gy

102 (98 treated)

47/50 (94)

37

Poortmans et al35

Methotrexate 3 g/m2 + teniposide 100 mg/m2 + carmus ne 100 mg/m2 + methylprednisolone 60 mg + IT
methotrexate + IT cytarabine + radiotherapy 40 Gy

52

42/52(81)

46

Ferreri et al45

Methotrexate 3.5 g/m2 ± cytarabine 2 g/m2 +
radiotherapy 45 Gy

79

27/39 (69) vs. 16/40 (40)

NR

Thiel et al12

Methotrexate 3 g/m2 + ifosfamide ± radiotherapy 45 Gy

526 (all)/318 (PPP)

283/526 (53)

32.4 vs.
37.1

Morris et al41

Rituximab 500 mg/m2 + methotrexate 3.5 g/m2 + vincrisne 1.4 mg/m2 + prednisone 100 mg + radiotherapy
23.4 Gy

52

41/52 (78)

NR

Glass et al43

Rituximab 375 mg/m2 + methotrexate 3.5 g/m2 +
temozolomide 100 mg/m2 + radiotherapy 36 Gy

66

30/35 (86)

90

Herlinger et al37

Methotrexate 8 g/m2

37

13/37 (35)

25

10

2

31

Chemotherapy only
Batchelor et al

Methotrexate 8 g/m

25

17/23 (74)

22.8+

Pels et al38

Methotrexate 5 g/m2 + cytarabine 3 g/m2 + vincris ne
2 mg/m2 + ifosfamide 800g/m2 + dexamethasone
10 mg + cyclophosphamide 200 mg/m2 + IT methotrexate, IT cytarabine, and IT prednisone

65

43/61 (71)

50

Rubinstein et al40

Rituximab 375 mg/m2 + methotrexate 8 g/m2 + temozolomide 150 mg/m2 + cytarabine 2 g/m2 vs. etoposide
40 mg/m2

44

34/47 (72)

NR

Ferreri et al39

Methotrexate 3.5 g/m2 + cytarabine 2 g/m2; ± rituximab
375 mg/m2 ± thiotepa 30 mg/m2

227

40/75 (53); 51/69 (73);
65/75 (86)

12/30/NR

Omuro et al44

Methotrexate 3.5 g/m2 + vincris ne 1.4 mg/m2 + prednisone 100 mg + cytarabine 3 g/m2 vs. methotrexate
3.5 g/m2 + temozolomide 150 mg/m2

95

37/45 (82) vs. 34/42 (74)

31 vs. 14

Chemotherapy only with SCT
Abrey et al46

Methotrexate 3.5 g/m2 + cytarabine 3 g/m2; BEAM

28 (14 underwent
transplanta on)

Induc on: 16/24 (57), SCT
11/14 (77)

NR

Colombat et al47

Methotrexate 3 g/m2 + carmus ne 100 mg/m2 +
etoposide 100 mg/m2 + prednisone 60 mg; BEAM +
radiotherapy 30 Gy

25 (17 underwent
transplanta on)

Induc on: 21/25 (84), SCT
16/16 (100)

NR

Con nued
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TABLE 1. Prospec ve Up-Front Treatment Trials in Primary Central Nervous System Lymphoma (Cont'd)
Study by Treatment
Type

Agent

No. of Pa ents

ORR (PR + CR), No./Total
No. (%)

Median OS,
Months

Omuro et al42

Rituximab 500 mg/m2 + methotrexate 3.5 g/m2 + vincrisne 1.4 mg/m2 + prednisone 100 mg; thiotepa 250 mg +
cyclophosphamide 60 mg/m2 + busulfan 3.2 mg/kg

32 (26 underwent
transplanta on)

Induc on: 31/32 (97), SCT
24/26 (92)

NR

Illerhaus et al48

Rituximab 375 mg/m2 + methotrexate 8 g/m2 + cytarabine 3 g/m2 + thiotepa 40 mg/m2; rituximab
375 mg/m2 + BCNU 400 mg/m2 + rituximab 375 mg/m2 +
thiotepa 5 mg/kg

79 (73 underwent
transplanta on)

Induc on: 73/79 (92), SCT:
72/79 (91)

NR

Abbrevia ons: BEAM, carmus ne, etoposide, cytarabine, and melphalan; CHOP, cyclophosphamide, doxorubicin, vincris ne, and prednisone; CR, complete response; IT, intrathecal; NR, not reported; ORR,
overall response rate; OS, overall survival; PPP, per-protocol popula on; PR, par al response; SCT, stem-cell transplanta on.

SMALL MOLECULES APPLIED IN PCNSL

Frequent inac va on of CDKN2A through muta ons or
dele on has been described in PCNSL81,82,97 and could be
exploited therapeu cally through cyclin-dependent kinase
inhibitors. Moreover, venetoclax, a BCL2 inhibitor, might
present an addi onal small molecule with ac vity in PCNSL;
56% to 93% of PCNSL tumors express BCL2.72,88

On the basis of these new, exci ng insights in PCNSL, small
molecules have found their way in clinical trials for recurrent/refractory PCNSL. The ﬁrst targeted agent reported was
the mTOR inhibitor temsirolimus in a German mul center
phase II trial.98 Treatment was associated with an ORR of

TABLE 2. Salvage Regimens in Primary Central Nervous System Lymphoma
Study Study by
Design

Agent

No. of Pa ents

ORR (PR + CR),
No./Total No. (%)

Median PFS,
Months

Median OS,
Months

Herrlinger et al54

Procarbazine

7

6/7 (86)

NR

39

Arellano-Rodrigo
et al55

Etoposide/ifosfamide/cytarabine

16

6/16 (37)

4.5

6

Wong et al56

Rituximab/temozolomide

7

7/7 (100)

6

8

Rituximab/temozolomide

15

8/15 (53)

2.2

13.6

High-dose methotrexate

22

20/22 (91)

25.8

61.9

Nguyen et al

WBRT

27

20/27 (74)

9.7

10.9

Ho nger et al52

WBRT

48

38/48 (79)

10

16

Temozolomide

17

8/17 (47)

1.9

6.7

Temozolomide

7

1/7 (14)

2

4

Pemetrexed

30 (18 PCNSL)

18/30 (60)

4.1

22.6

Pentsova et al

High-dose methotrexate

39

33/39 (85)

16

41

Chamberlain61

Bendamus ne

12

6/12 (50)

3.5

5

Retrospec ve

En ng et al

57

Plotkin et al50
53

Makino et al

58

Wong et al59
60

Zhang et al

51

Houillier et al

62

Chamberlain63

Lenalidomide

6

3/6 (50)

1.5

2.5

Cytarabine

14

5/14 (36)

3

12

Topotecan

27

9/27 (33)

2

8.4

Prospec ve
Fischer et al64
Reni et al

65

Temozolomide

36

11/36 (31)

2.8

3.9

Soussain et al66

CYVE + SCT

43

20/40 (50)

11.6

18.3

Batchelor et al67

Rituximab

12

5/12 (42)

1.9 (57 days)

20.9

Raizer et al68

Pemetrexed

11

6/11 (55)

5.7

10.1

Rubenstein et al

40

IT rituximab/IT methotrexate

14 (6 PCNSL)

6/14 (43)

1.2

NR

Rituximag/temozolomide/ methylprednisone

16

5/14 (36)

1.6 (7 weeks)

NR

Korfel et al

Temsirolimus

37

20/37 (54)

2.1

3.7

Grommes et al71

Ibru nib

20 (13 PCNSL)

10/13 (77)

4.6

15 (PCNSL)

Nayak et al69
70

Abbrevia ons: CR, complete response; CYVE, cytarabine/etoposide; IT, intrathecal; NR, not reported; ORR, overall response rate; OS, overall survival; PCNSL, primary central nervous system lymphoma; PFS,
progression-free survival; PR, par al response; SCT, stem-cell transplanta on; WBRT, whole-brain radia on.
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FIGURE 3. Histologic Features of Primary Central Nervous System Lymphoma

(A) Hematoxylin and eosin staining of a PCNSL biopsy sample demonstra ng the angiocentric growth pa ern of PCNSL. (B–D) Diﬀuse large B-cell lymphoma subgroup determina on using three
immunohistochemical markers (CD10, BCL-6, MUM-1) according to the Hans algorithm.74 The majority of PCNSLs are of the nongerminal center/ac vated B-cell subtype and display a similar staining pa ern:
CD10 nega ve (B), BCL-6 posi ve (C), and MUM-1 posi ve (D).
Abbrevia on: PCNSL, primary central nervous system lymphoma.

54%, but median PFS was only 2.1 months. Another trial
targe ng the PI3K/mTOR axis used the pan-PI3K inhibitor
buparlisib and showed an ORR of 25%.99 The study included
blood and CSF pharmacokine c assessments. Although
plasma concentra ons were similar to reported data, the
CSF drug concentra ons were less than the 50% inhibitory
concentra on required to induce cell death in vitro, which
poten ally led to a lack of clinical response. The concept of
PI3K inhibi on is s ll under inves ga on in a mul center
phase I/II trial that is tes ng use of the dual pan–PI3K/mTOR
inhibitor PQR309 (NCT02669511).

Targeting the BCR pathway at the central signaling
nodule, BTK, has produced more promising results. Two
studies used the BTK inhibitor, ibrutinib, at 560 and 840
mg daily. In the 560-mg trial (NCT02542514), 52 patients
with recurrent PCNSL or ocular lymphoma were enrolled
in a French study, and the ORR was 50% after the first two
cycles of ibrutinib.100 In the 840-mg trial (NCT02315326),
20 patients with recurrent PCNSL and secondary CNS
lymphoma achieved an ORR of 75% (77% in PCNSL;13 patients) and 71% in secondary CNS lymphoma;7 patients),
and the PCNSL group had a median PFS of 4.6 months.71

FIGURE 4. Genomic Landscape of Primary Central Nervous System Lymphoma

(A) The graph shows the frequency of mutated genes in diﬀerent PCNSL sequencing projects. This analysis only includes single nucleo de variants and no copy number altera ons. The y axis shows the
percentage of aﬀected pa ent cases in each study (range, 9 to 177 pa ents). Members of the BCR signaling axis (asterisks) are frequently aﬀected. (B) Cartoon of the BCR/nuclear factor-kappa B signaling axis.
Genes harboring muta ons in PCNSL are highlighted (asterisks). Signaling nodes that can be inhibited with targeted agents are highlighted.
Abbrevia ons: PCNSL, primary central nervous system lymphoma; BCR, B-cell receptor.
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Last, a study at the National Institutes of Health showed
that 15 (83%) of 18 patients with PCNSL experienced a
radiographic response after 2 weeks of ibrutinib treatment.101 The results of this study are more difficult to interpret, because newly diagnosed patients with PCNSL (5
of 18) were included, multiple other drugs were added
after the initial 2-week ibrutinib monotherapy window,
and a much higher frequency of infectious complications
occurred (e.g., 39% Aspergillus infection rate) compared
with single-agent ibrutinib studies (e.g., 2 [3.8%] of 52
patients with this infection in the 560-mg study and 1
[5%] of 20 patients in the 840-mg study). The clinical efficacy of single-agent ibrutinib is remarkable: response
rates are high, and PFS is longer than that observed
with conventional chemotherapy in this patient population.102 Moreover, the response observed in the CNS is
substan ally higher than in pa ents with non-CNS DLBCL
who are treated with ibrutinib 71 (e.g., 25% ORR with
single-agent ibrutinib and a PFS of only 2 months103),
which is not often seen in neuro-oncology. Even patients
without genomic alteration in the BCR pathway experienced a response to ibrutinib.71 The mechanisms of
ibrutinib resistance that limit PFS must be investigated
more.
The IMIDs lenalidomide and pomalidomide have been
used in PCNSL alone or in combina on with rituximab.
IMIDs not only inhibit NF-κB ac vity104 but also inhibit the
PI3K/AKT105 pathway, so they represent promising agents.
Indeed, a phase I/II trial of single-agent pomalidomide in
recurrent/refractory PCNSL demonstrated an ORR of 50%
at the maximally tolerated dose.106 Similarly, ORRs of 62%107
and 67%108 were seen with the combina on of lenalidomide
and rituximab.
Another promising approach might be the use of immune
checkpoint inhibitors. Nayak et al109 reported a 100% response
rate in a small retrospec ve study of ﬁve pa ents who experienced durable responses. This observa on sparked a mulcenter trial to inves gate single-agent nivolumab in PCNSL
and testicular lymphoma (NCT02857426). In parallel, a
single-ins tu on trial with pembrolizumab (NCT02779101)
is ongoing to inves gate the concept of PD-1 blockade in
PCNSL.

FUTURE DIRECTIONS
Although targe ng molecular abnormali es iden ﬁed in
archival PCNSL ssue samples has made a great impact in
the recurrent/refractory se ng and has had impressive response rates, PFS is s ll limited, and pa ents are far from
a cure. Moving forward, combinations of different targeted inhibitors for be er complete pathway inhibi on and
inhibi on of parallel pathways must be evaluated. In addition, targeted inhibitors must be combined with conven onal and active agents used in the first-line setting
(e.g., HD-MTX, rituximab). The TEDDi-R101 regimen was the
ﬁrst approach to combine a novel agent with chemotherapy
in PCNSL; it provided an impressive clinical response but also
unexpected devasta ng adverse events. The combina on
of ibru nib with HD-MTX, as well as ibru nib with HD-MTX
and rituximab, has been tested and found to be safe110; the
aim is to move combina on therapies with targeted agents
to the ﬁrst-line se ng. It will be interes ng to see how, and
if, small molecules will be combined with new exci ng treatment approaches, such as chimeric an gen receptor T cells.

CONCLUSION
Great progress has been made in the treatment of PCNSL
during the past few decades. Targeted agents have found
their way into the recurrent/refractory se ng and, because of promising clinical responses, addi onal agents will
follow. Over the next years, we will likely see small molecules beeing integrated into ﬁrst-line treatments to reduce
the number of pa ents with refractory disease, to prolong
remission, and to increase treatment op ons for pa ents
with recurrent disease that has a par cularly poor outcome.
Moreover, small molecules might help improve outcomes
in the elderly popula on by reducing treatment-associated
comorbidi es seen more o en with conven onal therapies.

ACKNOWLEDGMENT
This research was supported by grants from the Na onal
Ins tutes of Health (No. P30-CA008748), the Lymphoma
Research Founda on Career Development Award, Memorial Sloan Ke ering Brain Tumor Center, the Susan and Peter
Solomon Divisional Fund, Geoﬀrey Beene Cancer Research
Center, and the Cycle for Survival Equinox Innova on Award.

References
1.

Villano JL, Koshy M, Shaikh H, et al. Age, gender, and racial diﬀerences
in incidence and survival in primary CNS lymphoma. Br J Cancer.
2011;105:1414-1418.

2.

O’Neill BP, Decker PA, Tieu C, et al. The changing incidence of primary
central nervous system lymphoma is driven primarily by the changing
incidence in young and middle-aged men and diﬀers from me
trends in systemic diﬀuse large B-cell non-Hodgkin’s lymphoma. Am J
Hematol. 2013;88:997-1000.

3.

Mendez JS, Ostrom QT, Gi leman H, et al. The elderly le behind:
changes in survival trends of primary central nervous system
lymphoma over the past four decades. Neuro Oncol. Epub 2017 Oct 3.

4.

Bataille B, Delwail V, Menet E, et al. Primary intracerebral malignant
lymphoma: report of 248 cases. J Neurosurg. 2000;92:261-266.

5.

Hong JT, Chae JB, Lee JY, et al. Ocular involvement in pa ents with
primary CNS lymphoma. J Neurooncol. 2011;102:139-145.

6.

DeAngelis LM, Yahalom J, Heinemann MH, et al. Primary CNS
lymphoma: combined treatment with chemotherapy and radiotherapy. Neurology. 1990;40:80-86.

7.

Coulon A, Laﬁ e F, Hoang-Xuan K, et al. Radiographic ﬁndings in 37
cases of primary CNS lymphoma in immunocompetent pa ents. Eur
Radiol. 2002;12:329-340.

asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

611

MENDEZ AND GROMMES

8.

Grimm SA, Pulido JS, Jahnke K, et al. Primary intraocular lymphoma:
an Interna onal Primary Central Nervous System Lymphoma
Collabora ve Group Report. Ann Oncol. 2007;18:1851-1855.

25. Shibamoto Y, Ogino H, Hasegawa M, et al. Results of radia on
monotherapy for primary central nervous system lymphoma in the
1990s. Int J Radiat Oncol Biol Phys. 2005;62:809-813.

9.

Korfel A, Weller M, Martus P, et al. Prognos c impact of meningeal
dissemina on in primary CNS lymphoma (PCNSL): experience from
the G-PCNSL-SG1 trial. Ann Oncol. 2012;23:2374-2380.

26. O’Neill BP, Wang CH, O'Fallon JR, et al. Primary central nervous
system non-Hodgkin’s lymphoma (PCNSL): survival advantages with
combined ini al therapy? A ﬁnal report of the North Central Cancer
Treatment Group (NCCTG) Study 86-72-52. Int J Radiat Oncol Biol
Phys. 1999;43:559-563.

10. Batchelor T, Carson K, O’Neill A, et al. Treatment of primary CNS
lymphoma with methotrexate and deferred radiotherapy: a report of
NABTT 96-07. J Clin Oncol. 2003;21:1044-1049.
11. Kiewe P, Fischer L, Martus P, et al. Meningeal dissemina on in
primary CNS lymphoma: diagnosis, treatment, and survival in a large
monocenter cohort. Neuro Oncol. 2010;12:409-417.
12. Thiel E, Korfel A, Martus P, et al. High-dose methotrexate with
or without whole brain radiotherapy for primary CNS lymphoma
(G-PCNSL-SG-1): a phase 3, randomised, non-inferiority trial. Lancet
Oncol. 2010;11:1036-1047.
13. Abrey LE, Batchelor TT, Ferreri AJ, et al; Interna onal Primary CNS
Lymphoma Collabora ve Group. Report of an interna onal workshop
to standardize baseline evalua on and response criteria for primary
CNS lymphoma. J Clin Oncol. 2005;23:5034-5043.
14. Gametchu B. Glucocor coid receptor-like an gen in lymphoma cell
membranes: correla on to cell lysis. Science. 1987;236:456-461.
15. Weller M. Glucocor coid treatment of primary CNS lymphoma. J
Neurooncol. 1999;43:237-239.
16. Ferreri AJ, Blay JY, Reni M, et al. Prognos c scoring system for primary
CNS lymphomas: the Interna onal Extranodal Lymphoma Study
Group experience. J Clin Oncol. 2003;21:266-272.
17. Abrey LE, Ben-Porat L, Panageas KS, et al. Primary central nervous
system lymphoma: the Memorial Sloan Ke ering Cancer Center
prognos c model. J Clin Oncol. 2006;24:5711-5715.
18. Jahnke K, Thiel E, Martus P, et al; German Primary Central Nervous
System Lymphoma Study Group. Relapse of primary central nervous
system lymphoma: clinical features, outcome and prognos c factors. J
Neurooncol. 2006;80:159-165.
19. Reni M, Ferreri AJM, Villa E. Second-line treatment for primary central
nervous system lymphoma. Br J Cancer. 1999;79:530-534.
20. Nayak L, Hedvat C, Rosenblum MK, et al. Late relapse in primary
central nervous system lymphoma: clonal persistence. Neuro Oncol.
2011;13:525-529.
21. Reni M, Ferreri AJ, Garancini MP, et al. Therapeu c management of
primary central nervous system lymphoma in immunocompetent
pa ents: results of a cri cal review of the literature. Ann Oncol.
1997;8:227-234.
22. Bellinzona M, Roser F, Ostertag H, et al. Surgical removal of primary
central nervous system lymphomas (PCNSL) presen ng as space
occupying lesions: a series of 33 cases. Eur J Surg Oncol. 2005;31:100105.
23. Shibamoto Y, Hayabuchi N, Hiratsuka J, et al. Is whole-brain irradia on
necessary for primary central nervous system lymphoma? Pa erns of
recurrence a er par al-brain irradia on. Cancer. 2003;97:128-133.
24. Nelson DF, Martz KL, Bonner H, et al. Non-Hodgkin’s lymphoma of the
brain: can high dose, large volume radia on therapy improve survival?
Report on a prospec ve trial by the Radia on Therapy Oncology
Group (RTOG): RTOG 8315. Int J Radiat Oncol Biol Phys. 1992;23:
9-17.

612

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

27. Schultz C, Sco C, Sherman W, et al. Preirradia on chemotherapy with
cyclophosphamide, doxorubicin, vincris ne, and dexamethasone for
primary CNS lymphomas: ini al report of radia on therapy oncology
group protocol 88-06. J Clin Oncol. 1996;14:556-564.
28. Mead GM, Bleehen NM, Gregor A, et al. A medical research council
randomized trial in pa ents with primary cerebral non-Hodgkin
lymphoma: cerebral radiotherapy with and without cyclophosphamide,
doxorubicin, vincris ne, and prednisone chemotherapy. Cancer.
2000;89:1359-1370.
29. DeAngelis LM, Seiferheld W, Schold SC, et al. Combina on
chemotherapy and radiotherapy for primary central nervous system
lymphoma: Radia on Therapy Oncology Group Study 93-10. J Clin
Oncol. 2002;20:4643-4648.
30. Glass J, Gruber ML, Cher L, et al. Preirradia on methotrexate
chemotherapy of primary central nervous system lymphoma: longterm outcome. J Neurosurg. 1994;81:188-195.
31. O’Brien P, Roos D, Pra G, et al. Phase II mul center study of brief
single-agent methotrexate followed by irradia on in primary CNS
lymphoma. J Clin Oncol. 2000;18:519-526.
32. Abrey LE, Yahalom J, DeAngelis LM. Treatment for primary CNS
lymphoma: the next step. J Clin Oncol. 2000;18:3144-3150.
33. Ferreri AJ, Reni M, Dell’Oro S, et al. Combined treatment with highdose methotrexate, vincris ne and procarbazine, without intrathecal
chemotherapy, followed by consolida on radiotherapy for primary
central nervous system lymphoma in immunocompetent pa ents.
Oncology. 2001;60:134-140.
34. DeAngelis LM, Seiferheld W, Schold SC, et al; Radia on Therapy
Oncology Group Study 93-10. Combina on chemotherapy and
radiotherapy for primary central nervous system lymphoma: Radia on
Therapy Oncology Group Study 93-10. J Clin Oncol. 2002;20:46434648.
35. Poortmans PM, Kluin-Nelemans HC, Haaxma-Reiche H, et al; European
Organization for Research and Treatment of Cancer Lymphoma
Group. High-dose methotrexate-based chemotherapy followed by
consolida ng radiotherapy in non-AIDS-related primary central nervous
system lymphoma: European Organiza on for Research and Treatment
of Cancer Lymphoma Group Phase II Trial 20962. J Clin Oncol. 2003;
21:4483-4488.
36. Gavrilovic IT, Hormigo A, Yahalom J, et al. Long-term follow-up of
high-dose methotrexate-based therapy with and without whole-brain
irradia on for newly diagnosed primary CNS lymphoma. J Clin Oncol.
2006;24:4570-4574.
37. Herrlinger U, Küker W, Uhl M, et al; Neuro-Oncology Working Group
of the German Society. NOA-03 trial of high-dose methotrexate in
primary central nervous system lymphoma: ﬁnal report. Ann Neurol.
2005;57:843-847.
38. Pels H, Schmidt-Wolf IG, Glasmacher A, et al. Primary central nervous
system lymphoma: results of a pilot and phase II study of systemic

HOW NOVEL INSIGHTS TRANSFORM TREATMENT IN PRIMARY CNS LYMPHOMA

and intraventricular chemotherapy with deferred radiotherapy. J Clin
Oncol. 2003;21:4489-4495.
39. Ferreri AJ, Cwynarski K, Pulczynski E, et al; Interna onal Extranodal
Lymphoma Study Group (IELSG). Chemoimmunotherapy with
methotrexate, cytarabine, thiotepa, and rituximab (MATRix regimen) in
pa ents with primary CNS lymphoma: results of the ﬁrst randomisa on
of the Interna onal Extranodal Lymphoma Study Group-32 (IELSG32)
phase 2 trial. Lancet Haematol. 2016;3:e217-e227.
40. Rubenstein JL, Hsi ED, Johnson JL, et al. Intensive chemotherapy
and immunotherapy in pa ents with newly diagnosed primary CNS
lymphoma: CALGB 50202 (Alliance 50202). J Clin Oncol. 2013;31:30613068.
41. Morris PG, Correa DD, Yahalom J, et al. Rituximab, methotrexate,
procarbazine, and vincris ne followed by consolida on reduced-dose
whole-brain radiotherapy and cytarabine in newly diagnosed primary
CNS lymphoma: ﬁnal results and long-term outcome. J Clin Oncol.
2013;31:3971-3979.
42. Omuro A, Correa DD, DeAngelis LM, et al. R-MPV followed by highdose chemotherapy with TBC and autologous stem-cell transplant for
newly diagnosed primary CNS lymphoma. Blood. 2015;125:1403-1410.
43. Glass J, Won M, Schultz CJ, et al. Phase I and II study of induc on
chemotherapy with methotrexate, rituximab, and temozolomide,
followed by whole-brain radiotherapy and pos rradia on temozolomide
for primary CNS lymphoma: NRG Oncology RTOG 0227. J Clin Oncol.
2016;34:1620-1625.
44. Omuro A, Chinot O, Taillandier L, et al. Methotrexate and
temozolomide versus methotrexate, procarbazine, vincris ne, and
cytarabine for primary CNS lymphoma in an elderly popula on: an
intergroup ANOCEF-GOELAMS randomised phase 2 trial. Lancet
Haematol. 2015;2:e251-e259.
45. Ferreri AJ, Reni M, Foppoli M, et al. High-dose cytarabine plus highdose methotrexate versus high-dose methotrexate alone in pa ents
with primary CNS lymphoma: a randomised phase 2 trial. Lancet.
2009;374:1512-1520.
46. Abrey LE, Moskowitz CH, Mason WP, et al. Intensive methotrexate
and cytarabine followed by high-dose chemotherapy with autologous
stem-cell rescue in pa ents with newly diagnosed primary CNS
lymphoma: an intent-to-treat analysis. J Clin Oncol. 2003;21:41514156.
47. Colombat P, Lemevel A, Bertrand P, et al. High-dose chemotherapy
with autologous stem cell transplanta on as ﬁrst-line therapy
for primary CNS lymphoma in pa ents younger than 60 years: a
mul center phase II study of the GOELAMS group. Bone Marrow
Transplant. 2006;38:417-420.
48. Illerhaus G, Kasenda B, Ihorst G, et al. High-dose chemotherapy
with autologous haemopoie c stem cell transplanta on for newly
diagnosed primary CNS lymphoma: a prospec ve, single-arm, phase
2 trial. Lancet Hematol. 2016;3:e388-e397.
49. Montemurro M, Kiefer T, Schüler F, et al. Primary central nervous
system lymphoma treated with high-dose methotrexate, highdose busulfan/thiotepa, autologous stem-cell transplanta on
and response-adapted whole-brain radiotherapy: results of the
mul center Ostdeutsche Studiengruppe Hamato-Onkologie OSHO-53
phase II study. Ann Oncol. 2007;18:665-671.
50. Plotkin SR, Betensky RA, Hochberg FH, et al. Treatment of relapsed
central nervous system lymphoma with high-dose methotrexate. Clin
Cancer Res. 2004;10:5643-5646.

51. Pentsova E, Deangelis LM, Omuro A. Methotrexate re-challenge for
recurrent primary central nervous system lymphoma. J Neurooncol.
2014;117:161-165.
52. Ho nger AF, DeAngelis LM, Yahalom J, et al. Salvage whole-brain
radiotherapy for recurrent or refractory primary CNS lymphoma.
Neurology. 2007;69:1178-1182.
53. Nguyen PL, Chakravar A, Finkelstein DM, et al. Results of whole-brain
radia on as salvage of methotrexate failure for immunocompetent
pa ents with primary CNS lymphoma. J Clin Oncol. 2005;23:15071513.
54. Herrlinger U, Brugger W, Bamberg M, et al. PCV salvage chemotherapy
for recurrent primary CNS lymphoma. Neurology. 2000;54:1707-1708.
55. Arellano-Rodrigo E, Lopez-Guillermo A, Bessell EM, et al. Salvage
treatment with etoposide (VP-16), ifosfamide and cytarabine (Ara-C)
for pa ents with recurrent primary central nervous system lymphoma.
Eur J Haematol. 2003;70:219-224.
56. Wong ET, Tishler R, Barron L, et al. Immunochemotherapy with
rituximab and temozolomide for central nervous system lymphomas.
Cancer. 2004;101:139-145.
57. En ng RH, Demopoulos A, DeAngelis LM, et al. Salvage therapy
for primary CNS lymphoma with a combina on of rituximab and
temozolomide. Neurology. 2004;63:901-903.
58. Makino K, Nakamura H, Hide T, et al. Salvage treatment with
temozolomide in refractory or relapsed primary central nervous
system lymphoma and assessment of the MGMT status. J Neurooncol.
2012;106:155-160.
59. Wong SF, Gan HK, Cher L. A single centre study of the treatment of
relapsed primary central nervous system lymphoma (PCNSL) with
single agent temozolomide. J Clin Neurosci. 2012;19:1501-1505.
60. Zhang JP, Lee EQ, Nayak L, et al. Retrospec ve study of pemetrexed as
salvage therapy for central nervous system lymphoma. J Neurooncol.
2013;115:71-77.
61. Chamberlain MC. Salvage therapy with bendamus ne for methotrexate
refractory recurrent primary CNS lymphoma: a retrospec ve case
series. J Neurooncol. 2014;118:155-162.
62. Houillier C, Choquet S, Touitou V, et al. Lenalidomide monotherapy as
salvage treatment for recurrent primary CNS lymphoma. Neurology.
2015;84:325-326.
63. Chamberlain MC: High-dose cytarabine salvage therapy for recurrent
primary CNS lymphoma. J Neurooncol. 2016;126:545-550.
64. Fischer L, Thiel E, Klasen HA, et al. Prospec ve trial on topotecan salvage
therapy in primary CNS lymphoma. Ann Oncol. 2006;17:1141-1145.
65. Reni M, Zaja F, Mason W, et al. Temozolomide as salvage treatment in
primary brain lymphomas. Br J Cancer. 2007;96:864-867.
66. Soussain C, Hoang-Xuan K, Taillandier L, et al. Intensive chemotherapy
followed by hematopoie c stem-cell rescue for refractory and
recurrent primary CNS and intraocular lymphoma: Societe Française
de Greﬀe de Moelle Osseuse-Therapie Cellulaire. J Clin Oncol.
2008;26:2512-2518.
67. Batchelor TT, Grossman SA, Mikkelsen T, et al. Rituximab monotherapy
for pa ents with recurrent primary CNS lymphoma. Neurology.
2011;76:929-930.
68. Raizer JJ, Rademaker A, Evens AM, et al. Pemetrexed in the treatment
of relapsed/refractory primary central nervous system lymphoma.
Cancer. 2012;118:3743-3748.

asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

613

MENDEZ AND GROMMES

69. Nayak L, Abrey LE, Drappatz J, et al; North American Brain Tumor
Consor um. Mul center phase II study of rituximab and temozolomide
in recurrent primary central nervous system lymphoma. Leuk
Lymphoma. 2013;54:58-61.
70. Korfel A, Schlegel U, Herrlinger U, et al. Phase II trial of temsirolimus
for relapsed/refractoryprimary CNS lymphoma. J Clin Oncol.
2016;34:1757-1763.
71. Grommes C, Pastore A, Palaskas N, et al. Ibru nib unmasks cri cal role
of bruton tyrosine kinase in primary CNS lymphoma. Cancer Discov.
2017;7:1018-1029.
72. Camilleri-Broët S, Mar n A, Moreau A, et al. Primary central nervous
system lymphomas in 72 immunocompetent pa ents: pathologic
ﬁndings and clinical correla ons. Groupe Ouest Est d’étude des
Leucénies et Autres Maladies du Sang (GOELAMS). Am J Clin Pathol.
1998;110:607-612.

lymphomas presen ng at immune-privileged sites. Blood Cancer J.
2013;3:e139.
86. Booman M, Szuhai K, Rosenwald A, et al. Genomic altera ons and
gene expression in primary diﬀuse large B-cell lymphomas of immuneprivileged sites: the importance of apoptosis and immunomodulatory
pathways. J Pathol. 2008;216:209-217.
87. Fukumura K, Kawazu M, Kojima S, et al. Genomic characteriza on
of primary central nervous system lymphoma. Acta Neuropathol.
2016;131:865-875.
88. Braaten KM, Betensky RA, de Leval L, et al. BCL-6 expression predicts
improved survival in pa ents with primary central nervous system
lymphoma. Clin Cancer Res. 2003;9:1063-1069.
89. Rickert CH, Dockhorn-Dworniczak B, Simon R, et al. Chromosomal
imbalances in primary lymphomas of the central nervous system. Am
J Pathol. 1999;155:1445-1451.

73. Alizadeh AA, Eisen MB, Davis RE, et al. Dis nct types of diﬀuse large
B-cell lymphoma iden ﬁed by gene expression proﬁling. Nature.
2000;403:503-511.

90. Schwindt H, Vater I, Kreuz M, et al. Chromosomal imbalances and
par al uniparental disomies in primary central nervous system
lymphoma. Leukemia. 2009;23:1875-1884.

74. Hans CP, Weisenburger DD, Greiner TC, et al. Conﬁrma on of
the molecular classiﬁca on of diﬀuse large B-cell lymphoma by
immunohistochemistry using a ssue microarray. Blood. 2004;103:
275-282.

91. Weber T, Weber RG, Kaulich K, et al. Characteris c chromosomal
imbalances in primary central nervous system lymphomas of the
diﬀuse large B-cell type. Brain Pathol. 2000;10:73-84.

75. Camilleri-Broët S, Crinière E, Broët P, et al. A uniform ac vated B-celllike immunophenotype might explain the poor prognosis of primary
central nervous system lymphomas: analysis of 83 cases. Blood.
2006;107:190-196.

92. Boonstra R, Koning A, Mas k M, et al. Analysis of chromosomal copy
number changes and oncoprotein expression in primary central
nervous system lymphomas: frequent loss of chromosome arm 6q.
Virchows Arch. 2003;443:164-169.

76. Pasqualucci L, Dalla-Favera R. The gene c landscape of diﬀuse large
B-cell lymphoma. Semin Hematol. 2015;52:67-76.

93. Harada K, Nishizaki T, Kubota H, et al. Dis nct primary central nervous
system lymphoma deﬁned by compara ve genomic hybridiza on and
laser scanning cytometry. Cancer Genet Cytogenet. 2001;125:147-150.

77. Vater I, Montesinos-Rongen M, Schlesner M, et al. The muta onal
pa ern of primary lymphoma of the central nervous system
determined by whole-exome sequencing. Leukemia. 2015;29:677685.

94. Chapuy B, Roemer MG, Stewart C, et al. Targetable gene c features
of primary tes cular and primary central nervous system lymphomas.
Blood. 2016;127:869-881.

78. Braggio E, Van Wier S, Ojha J, et al. Genome-wide analysis uncovers
novel recurrent altera ons in primary central nervous system
lymphomas. Clin Cancer Res. 2015;21:3986-3994.
79. Montesinos-Rongen M, Godlewska E, Brunn A, et al. Ac va ng L265P
muta ons of the MYD88 gene are common in primary central nervous
system lymphoma. Acta Neuropathol. 2011;122:791-792.
80. Montesinos-Rongen M, Schäfer E, Siebert R, et al. Genes regula ng
the B-cell receptor pathway are recurrently mutated in primary
central nervous system lymphoma. Acta Neuropathol. 2012;124:
905-906.
81. Gonzalez-Aguilar A, Idbaih A, Boisselier B, et al. Recurrent muta ons of
MYD88 and TBL1XR1 in primary central nervous system lymphomas.
Clin Cancer Res. 2012;18:5203-5211.
82. Bruno A, Boisselier B, Labreche K, et al. Muta onal analysis of primary
central nervous system lymphoma. Oncotarget. 2014;5:5065-5075.

95. Montesinos-Rongen M, Schmitz R, Courts C, et al. Absence of
immunoglobulin class switch in primary lymphomas of the central
nervous system. Am J Pathol. 2005;166:1773-1779.
96. Montesinos-Rongen M, Van Roost D, Schaller C, et al. Primary diffuse
large B-cell lymphomas of the central nervous system are targeted
by aberrant somatic hypermutation. Blood. 2004;103:1869-1875.
97. Cobbers JM, Wolter M, Reifenberger J, et al. Frequent inac va on
of CDKN2A and rare muta on of TP53 in PCNSL. Brain Pathol.
1998;8:263-276.
98. Korfel A, Schlegel U, Herrlinger U, et al. Phase II trial of temsirolimus
for relapsed/refractory primary CNS lymphoma. J Clin Oncol.
2016;34:1757-1763.
99. Grommes C, Pentsova E, Nolan C, et al. Phase II study of single agent
buparlisib in recurrent/refractory primary (PCNSL) and secondary CNS
lymphoma (SCNSL). Ann Oncol. 2016;27:335P.

83. Nakamura T, Tateishi K, Niwa T, et al. Recurrent muta ons of CD79B
and MYD88 are the hallmark of primary central nervous system
lymphomas. Neuropathol Appl Neurobiol. 2016;42:279-290.

100. Choquet S, Houillier C, Bijou F, et al. Ibru nib monotherapy in relapse
or refractory primary CNS lymphoma (PCNSL) and primary vitreo-re nal
lymphoma (PVRL): result of the interim analysis of the iLOC phase II
study from the Lysa and the French LOC network. Blood. 2016;128:784.

84. Khodabakhshi AH, Morin RD, Fejes AP, et al. Recurrent targets
of aberrant soma c hypermuta on in lymphoma. Oncotarget.
2012;3:1308-1319.

101. Lionakis MS, Dunleavy K, Roschewski M, et al. Inhibi on of B-cell
receptor signaling by ibru nib in primary CNS lymphoma. Cancer Cell.
2017;31:833-843.e5.

85. Kraan W, Horlings HM, van Keimpema M, et al. High prevalence
of oncogenic MYD88 and CD79B muta ons in diﬀuse large B-cell

102. Grommes C, DeAngelis LM. Primary CNS lymphoma. J Clin Oncol.
2017;35:2410-2418.

614

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

HOW NOVEL INSIGHTS TRANSFORM TREATMENT IN PRIMARY CNS LYMPHOMA

103. Wilson WH, Young RM, Schmitz R, et al. Targe ng B-cell receptor
signaling with ibru nib in diﬀuse large B-cell lymphoma. Nat Med.
2015;21:922-926.

107. Rubenstein JL, Li J, Chen L, et al. Mul center phase 1 trial of
intraventricular immunochemotherapy in recurrent CNS lymphoma.
Blood. 2013;121:745-751.

104. Oliva EN, Cuzzola M, Aloe Spiri MA, et al. Biological ac vity of
lenalidomide in myelodysplas c syndromes with del5q: results of
gene expression proﬁling from a mul center phase II study. Ann
Hematol. 2013;92:25-32.

108. Ghesquieres H, Houillier C, Chinot O, et al. Rituximab-Lenalidomide
(REVRI) in relapse or refractory primary central nervous system
(PCNSL) or vitreo retinal lymphoma (PVRL): results of a “proof of
concept” phase II study of the French LOC network. Blood. 2016;
128:785.

105. Dredge K, Horsfall R, Robinson SP, et al. Orally administered lenalidomide
(CC-5013) is an -angiogenic in vivo and inhibits endothelial cell migra on
and Akt phosphoryla on in vitro. Microvasc Res. 2005;69:56-63.
106. Tun HW, Johnston PB, Grommes C, et al. Phase I clinical trial on
pomalidomide and dexamethasone in trea ng pa ents with relapsed/
refractory primary central nervous system lymphoma (PCNSL) or primary
vitreore nal lymphoma (PVRL). J Clin Oncol. 2017;35 (suppl; abstr 7516).

109. Nayak L, Iwamoto FM, LaCasce A, et al. PD-1 blockade with nivolumab
in relapsed/refractory primary central nervous system and tes cular
lymphoma. Blood. 2017;129:3071-3073.
110. Grommes C, Stone J, Nolan C, et al. Phase 1B of ibru nib and highdose methotrexate for recurrent/refractory CNS lymphoma. J Clin
Oncol. 2017;7533-7533.

asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

615

MOIGNET AND LAMY

Latest Advances in the Diagnosis and Treatment of Large
Granular Lymphocy c Leukemia
Aline Moignet, MD, and Thierry Lamy, MD, PhD
OVERVIEW
Large granular lymphocyte (LGL) leukemia has been recognized in the World Health Organiza on classiﬁca ons among
mature T cell and natural killer cell neoplasms and is divided into three categories. Chronic T cell leukemia and natural
killer cell lymphocytosis can be considered as a similar spectrum of an indolent disease characterized by cytopenias and
autoimmune condi ons. The last category, aggressive natural killer cell LGL leukemia is very rare, related to Epstein-Barr
virus, and seen mainly in young Asian people. Clonal LGL expansion arises from chronic an genic s mula on sustained by
interleukin-15 and platelet-derived growth factor cytokine signal. Those leukemic cells are resistant to apoptosis, mainly
because of cons tu ve ac va on of survival pathways including Jak/Stat, MapK, Pi3k-Akt, RasRaf-1, MEK1/ERK, sphingolipid, and NFκB. Stat3 cons tu ve ac va on is the hallmark of this lymphoprolifera ve disorder. Socs3 is downregulated,
but no muta on could be found to explain this status. However, several soma c muta ons, including Stat3, Stat5b, and tumor necrosis factor alpha–induced protein 3, have been demonstrated recently in LGL leukemia; they are iden ﬁed in half
of pa ents and cannot explain by themselves LGL leukemogenesis. Recurrent infec ons as a result of chronic neutropenia,
anemia, and autoimmune disorders are the main complica ons related to LGL leukemia. Despite an indolent presenta on,
10% of pa ents die, mainly because of infec ous complica ons. Current treatments are based on immunosuppressive therapies. A be er mechanis c understanding of LGL leukemia will allow future considera on of a personalized therapeu c
approach perhaps based on Jak/Stat inhibitors, which may oﬀer be er results than current immunosuppressive therapy.

L

arge granular lymphocyte (LGL) leukemia is an indolent
lymphoprolifera ve disorder that belongs to mature T
and natural killer (NK) cell neoplasms and is recognized as
cytotoxic T and NK cell lymphomas and leukemia in the
2016 World Health Organiza on classiﬁca on.1 Two subtypes of chronic LGL prolifera on are described, T-LGL and
NK-LGL, which account for more than 85% and 10% of cases,
respec vely. They share the same clinical and biologic pattern, and the recent discovery of the same gene c muta on
hallmark (STAT3) uniﬁes those en es. Another rare kind of
LGL proliferation is described, called aggressive NK-LGL
leukemia. It represents 5% of LGL prolifera on and is associated with Epstein-Barr virus infection. Seen mainly in
Asia, it aﬀects young pa ents, and its prognosis is very poor
because of its refractoriness to chemotherapy.2,3 Despite its
indolent course, LGL leukemia is associated with a median
overall survival of 9 to 10 years, according to one series.4
Disease-related deaths are mainly due to severe infec ons
that occur in 10% of the pa ent popula on.
LGL leukemia represents 2% to 5% of chronic lymphoprolifera ve disorders in North America and Europe and 5%
to 6% in Asia. Recently, the incidence of LGL leukemia has

been published from two registries. The ﬁrst paper, from a
Dutch registry, reported 0.72 cases per 1 million individuals
per year,5 and the second, based on an American registry,
found 0.2 cases per 1 million individuals per year.4
LGL leukemia is characterized by a clonal expansion of
cytotoxic T or NK lymphocytes. Pathogenesis is s ll incompletely understood, but recent molecular discoveries involving
the Stat3 ac va on pathway have improved comprehension of the disease.6 Currently, treatment is based on immunosuppressive therapies, which produce an unsa sfactory
long-term response, making targeted therapies the next step
to a cura ve approach.

CLINICAL AND BIOLOGIC PRESENTATION
LGL leukemias are commonly diagnosed in elderly pa ents,
with a median age of 66.5 at diagnosis. Only 15% of pa ents
are younger than age 50. The incidence is the same in men
and women, but in women, diagnosis is often made at a
younger age.4 Data from the two biggest retrospec ve series are presented in Table 1.7,8
Clinicobiologic manifestations are mainly cytopenias
and autoimmune disorders, although one-third of pa ents
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TABLE 1. Clinical and Biologic Presenta on: Data
From the Two Largest Retrospec ve Series
Bareau et al7

Sanikommu et al8

Number of pa ents

229

204

Median Age (y)

59

63

Sex Ra o (male/female)

104/124

110/94

T-LGL (%)

201 (87)

183 (90)

NK-LGL (%)

28 (13)

21 (10)

Symptoma c (%)

186 (81)

118 (53)

Splenomegaly (%)

55 (24)

49 (24)

Median LGL G/L

1.71

1.74 (0.8–3.3)

ANC < 1.5 G/L (%)

135 (59)

93 (46)

ANC < 0.5 G/L (%)

56 (24)

36 (17)

Anemia (< 11 g/dL; %)

56 (24)

79 (40)

Hb < 8 g/dL (%)

15 (6)

45 (22)

Thrombocytopenia (%)

40 (17)

59 (30)

MGUS (%)

13/124 (10)

41 (20)

Rheumatoid Arthri s (%)

38 (16)

31 (15)

Abbrevia ons: ANC, absolute neutrophil count; Hb, hemoglobin; LGL, large granular lymphocyte;
MGUS, monoclonal gammopathy of undetermined signiﬁcance; NK, natural killer.

remain asymptoma c at the me of diagnosis. Ini al presenta on is dominated by recurrent infec ons related to
chronic neutropenia. A quarter of pa ents harbor splenomegaly, although hepatomegaly or lymphadenopathy is
rarely observed. As LGL leukemia is an indolent disease, B
symptoms are rare, with fa gue and B symptoms observed
in only 20% to 30% of the cases.
Less than half of pa ents present with lymphocyte counts
of 4 × 109/L to 10 × 109/L. The two biggest series reported
an average LGL count of about 1.7 × 109/L. A lower LGL count
(0.5 × 109/L to 1 × 109/L) may be observed in 7% to 36% of
cases. Fi y percent of pa ents are neutropenic, and about
20% of them have severe neutropenia. Recurrent oral aphthous ulcera ons are frequently observed, although some
neutropenic patients remained asymptomatic. Infections
secondary to chronic neutropenia involve primarily skin,

oropharynx, and the perirectal area and aﬀect 15% to 39%
of pa ents. Severe sep c complica ons may occur and represent the primary cause of related death, aﬀec ng about
5% to 10% of pa ents. Transfusion-dependent anemia affects between 6% and 22% of pa ents according to series,
and pure red cell aplasia occurs in 8% to 19% of cases.
Thrombocytopenia is less severe and described in fewer
than 20% of cases.
Posi vity of rheumatoid factor (40%–60%), an nuclear
an bodies (40%), an neutrophil an bodies (20%–60%),
or direct Coombs underlines the immune context of this
lymphoprolifera ve disorder.9 Indeed, LGL leukemia is commonly associated with autoimmune diseases (15%–40%
according to the series).10 Rheumatoid arthri s is present in
about 15% of the cases. Autoimmune cytopenias are reported
among 5% to 10% of pa ents. Systemic lupus erythematosus, Sjögren’s syndrome, autoimmune thyroid disorders,
coagulopathy, and inclusion body myosi s have occasionally
been reported. Vasculi s with cryoglobulinemia was also
reported. Moreover, cases of pulmonary artery hypertension considered as a vasculopathy with endothelial dysfuncon were reported to be associated with LGL leukemia. LGL
leukemia–associated diseases are listed in Table 2.

TABLE 2. Diseases Associated With LGL Leukemia
Associated Disease

15%–40%

Rheumatoid arthri s

11%–36%

Vasculi s
Chronic inﬂammatory bowel disease
Gougerot-Sjögren’s syndrome

• LGL leukemia harbors an indolent presenta on,
cytopenia and autoimmune-associated condi ons being
the main manifesta ons.
• Stat3 cons tu ve ac va on is the hallmark of LGL
leukemia, with Stat3 muta on found in 40% to 70% of
pa ents.
• Diagnosis is based on expanded clonal LGL cells
harboring a cons tu ve mature post-thymic phenotype.
• Treatment is required in 60% of pa ents at diagnosis
and is based on immunosuppressive therapies:
methotrexate, cyclophosphamide, and cyclosporine A.
• New speciﬁc targeted therapies based on Jak/Stat
inhibitors or cytokine inhibitor are being tested, with
promising results.

3%
4%
Rare

Polymyosi s

Rare

Rhizomelic pseudopolyarthri s

Rare

Poly/mul nevri s

Rare

Endocrinopathy

Rare

Celiac disease

Rare

Autoimmune cytopenia
Pure red cell aplasia

PRACTICAL APPLICATIONS

Frequency

Autoimmune disease

Autoimmune hemoly c anemia
Idiopathic thrombocytopenic purpura
Evans’ syndrome
Solid or hematopoie c neoplasms
Solid neoplasms
B-cell lymphoid neoplasms

5%–10%
5%
3%
Rare
Rare
< 10%
< 4%
5%–7%

Myelodysplasia

< 4%

Acute leukemia

Rare

Chronic lymphoid leukemia

Rare

Viral infec on (HIV, HCV, CMV, EBV)

Rare

Post-transplanta on

Rare

Pulmonary arterial hypertension

Rare

Abbrevia ons: CMV, cytomegalovirus; EBV, Epstein-Barr virus; HCV, hepa
immunodeﬁciency virus; LGL, large granular lymphocyte.

s C virus; HIV, human
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Serum protein electrophoresis usually shows polyclonal
hypergammaglobulinemia as a result of increased immunoglobulin G and/or immunoglobulin A subclasses. Hypogammaglobulinemia is seen in 5% to 10% of pa ents. Defects in
downregula on of immunoglobulin secre on in LGL leukemia
could partly explain the development of autoan bodies and
clonal B-cell malignancies observed in this disease, monoclonal gammopathy of undetermined signiﬁcance being the
most frequent (10%–20%). Chronic lymphoid leukemia,
follicular lymphoma, and mantle cell lymphoma are also
reported.11 Finally, solid cancers are also associated with LGL
leukemia.

HOW IS LGL LEUKEMIA DIAGNOSED?
A deﬁnite diagnosis of LGL leukemia requires evidence of a
chronic expanded clonal T- or NK-cell LGL popula on associated with an appropriate clinical context. It is based on (1)
cytology, (2) immunophenotype analysis, and (3) evidence
of monoclonality.

Cytology: What Do LGLs Look Like?
Large granular lymphocyte are cytotoxic cells deﬁned as:
large size (15–18 μm), an abundant cytoplasm containing
typical azurophilic granules, and a reniform or round nucleus
with mature chroma n (Fig. 1). In physiologic condi ons,
such cells represent 5% to 10% of total lymphocytes, do not
exceed 0.25 G/L, and are mainly NK type. They contain cytotoxic equipment in their granula ons (perforin, granzyme)
and express apoptosis signal through their death receptor
(Fas and TRAIL).
The ﬁrst step of diagnosis is based on the iden ﬁca on
of increased numbers of circula ng LGLs. Historically, the
threshold of 2 × 109/L was mandatory. However, numerous
pa ents present lower clonal expansion of LGLs, typically
associated with cytopenias or autoimmune condi ons. A
threshold of 0.5 × 109/L is now generally accepted. As menoned above, only 40% to 50% of pa ents presents with
hyperlymphocytosis at diagnosis. Clinicians and cytologists

FIGURE 1. Large Granular Lymphocyte
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should pay attention to blood smear in case of compatible clinical presenta on and LGL excess. No visual dis ncon can be made between a clonal LGL cell and its normal
counterpart.

Immunophenotypic Analysis of LGL Leukemia
LGL leukemia is typically characterized by a post-thymic
mature eﬀector memory cell phenotype, the T-LGL subtype
being predominant. Brieﬂy, T-LGL presents CD3+, CD8+, and
CD57+ expression, and NK-LGL express CD3−, CD8+, CD16+,
and CD56+12 (Fig. 2).
Typical LGL leukemic cells harbor a T CD3+ phenotype with
an αβ+ T-cell receptor (TCR), CD4−, CD5dim, and CD8+. They
express cytotoxic NK cell markers including CD16 (80% of
cases) and CD57 (100% of cases) and NK receptors, namely,
killer immunoglobulin–like receptor and CD94/NKG2. The
terminal eﬀector memory phenotype is established on
CD62Ldim, CD45RA+, CD122+, CD27−, and CD28− expression.
CD122 corresponds to the common chain of interleukin
(IL)–2 and IL-15 receptors. CD3+/CD56+ T-LGL leukemias may
have a more aggressive behavior associated with Stat5b
muta ons.13,14 A rare subset of LGL leukemia is CD4+ with
or without coexpression of CD8, and such pa ents remain
mostly asymptoma c. This clonal LGL prolifera on seems
to be driven by cytomegalovirus15-17 and associated with
STAT5b muta on.18 A few cases are TCRγδ+, CD3+, CD4−, CD8+,
CD16+/−, and CD57+ phenotype and harbor very similar clinicobiologic behavior as their TCRαβ counterpart.19,20
NK-LGL leukemia is characterized by the following phenotype: CD2+/sCD3−/CD3ε+/TCRab−/CD4−/CD8+/CD16+/CD56+.21

Monoclonality Assessment
Diagnosis is conﬁrmed by the detec on of clonality, making
it possible to dis nguish reac ve LGL prolifera on from real
LGL leukemic prolifera on.
T-LGL can easily be tested for clonality on the basis of
TCR rearrangement analysis. TCR γ-polymerase chain reacon analyze is rou nely used. The γ chain is the ﬁrst one

CLINICAL REVIEW OF LGL LEUKEMIA

FIGURE 2. Illustra on of Immunophenotyping of T-LGL and NK-LGL Leukemia

Abbrevia ons: LGL, large granular lymphocyte; NK, natural killer.

rearranged in T αβ and γδ lymphocytes. The variable part
of CDR3 is ampliﬁed using PCR, and its size distribu on is
then analyzed. In case of monoclonal prolifera on, the size
distribu on is not homogenous.22 Deep sequencing of TCR
has demonstrated a restricted diversity of the TCR repertoire. Moreover, it provides a more quan ta ve assessment of clonal size, poten ally useful for monitoring therapy response and evalua ng minimal residual disease. Vβ
TCR gene repertoire analysis can also be studied using ﬂow
cytometry.23,24 The current Vb monoclonal an body panel
covers 75% of the Vb spectrum, with a high correla on between Vb ﬂow cytometry and TCRg–polymerase chain reacon results.
It is diﬃcult to assess the clonality of NK-LGL, because these
cells do not express TCR. Restricted expression of ac va ng
isoforms of killer immunoglobulin–like receptor has been
used as a surrogate marker for monoclonal expansion.25-28
When a diagnosis cannot easily be made in the case of
pancytopenia, low LGL count, or absence of proven clonality,

histologic bone marrow analysis with immunohistochemistry
is mandatory. The majority of pa ents present with medullary inﬁltra on composed of individual or small clusters
of LGLs localized primarily in sinusoids. They are diﬃcult to
iden fy because they mimic granulocy c or monocy c precursors, and immunohistochemistry is needed.9,29 Clusters
of eight CD81+/TiA-1 cells or six granzyme B1+ lymphocytes are considered as characteris c histopathologic ﬁndings of LGL leukemia30-32 (Fig. 3).

Diﬀeren al Diagnosis
Reac ve LGL prolifera on. Many condi ons can lead to the
development of reactive LGL proliferation, including splenectomy, solid organ or bone marrow gra , viral infec ons
(human immunodeﬁciency virus, Epstein-Barr virus, cytomegalovirus), solid tumor, and non-Hodgkin lymphoma.
LGL prolifera ons are typically poly- or oligoclonal, last only
several months, and are not responsible for cytopenias.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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In diﬃcult cases, bone marrow biopsy could help because
in reac ve LGL prolifera on, bone marrow inﬁltra on is
absent.9
Bone marrow failure syndromes. Bone marrow failure
syndromes (aplas c anemia, paroxysmal nocturnal hemoglobinuria, and myelodysplas c syndrome [MDS]) are occasionally associated with LGL leukemia.33 STAT3 muta on was
found in few pa ents with aplas c anemia and MDS with
concomitant LGL leukemia, sugges ng similar pathogenesis.
In this series, STAT-3-mutated pa ents with aplas c anemia
were more sensi ve to immunosuppressive therapies, and
STAT-3-mutated pa ents with MDS harbored a lower degree
of bone marrow cellularity. Eﬃcacy of immunosuppressive
treatments directed against T lymphocyte–mediated immune response is a strong argument for a common role of
autoreac ve T cells in all of these diseases.33 Moreover, concurrent STAT3, DNMT3A, and TET2 muta ons were found in

a pa ent with T-LGL without MDS morphologic abnormali es, and those muta ons were restricted to CD3+ T cells.
The two la er muta ons are recurrent muta ons usually
found in MDS.34
A recent study revealed several cases of unexplained cytopenia in which STAT3 muta on status could a er all correct
the diagnosis. Those cases were classiﬁed as MDS without
typical bone marrow dysplasia nor MDS typical muta on
using next-genera on sequencing analysis. This review suggests that it could be useful to add Stat3 SH2 domain to the
myeloid next-genera on sequencing panel.35

PATHOGENESIS
The terminal eﬀector memory phenotype of LGL leukemic
cells suggests an ini al chronic immune s mula on. Chronic
viral infection and more precisely chronic human T-cell
lymphotropic virus infec on have been suspected. IL-15 pro

FIGURE 3. Bone Marrow Features in a Case of T-LGL Leukemia

Abbrevia ons: LGL, large granular lymphocyte.
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inﬂammatory cytokine and platelet-derived growth factor
play a crucial role in LGL leukemia expansion by promo ng
NK-cell or leukemic LGL survival.
The hallmark of LGL prolifera on is the cons tu ve ac va on of Stat3, ini ally described by Epling-Burne e et al27
in 2001. This activated form of Stat3 translocates into
nucleus and ac vates prosurvival genes such as Bcl2-family
protein or Mcl-1 (myeloid cell leukemia–1).36 This ac va on
is explained by common soma c gain-of-func on Stat3 muta ons in 28% to 75% of pa ents with T-LGL and 30% to 48%
of NK-LGL lymphocytosis.37 Those diﬀerences may be related
to sequencing technique and pa ent selec on. Muta ons
driving the dimeriza on and ac va on of Stat3 protein are
located primarily in exons 20 and 21 encoding the Src
homology 2 domain. The most common muta on hotspots
are localized at amino acids D661 and Y640, accoun ng for
two-thirds of detected muta ons.38 Ac va ng muta ons
outside the Src homology 2 domain are rarely detected and
are located in the DNA-binding and coiled-coil domain of
Stat3.39 The use of deep sequencing has demonstrated that
a substan al propor on of pa ents with LGL leukemia have
mul ple Stat3-mutated lymphocyte clones mimicking the
clonal diversity observed in pa ents with acute leukemia.40
Stat3 mutation cannot fully explain the activation of
Jak/Stat3 pathway in all LGL leukemia cases. IL-6 is a proinﬂammatory cytokine capable of ac va ng the Jak/Stat3
pathway. Increased levels of this cytokine have been found
in the sera of pa ents with LGL leukemia. When the ac on
of this cytokine is blocked, LGL cell apoptosis is restored.
Suppressor of cytokine signaling 3 (Socs3) induces nega ve
feedback on Stat3 and was found to be down-expressed
in pa ents with LGL. However, no Socs3 muta on could
be found in patients with LGL leukemia.41 Whole-exome
sequencing was undertaken in a 19-pa ent series, and several muta ons leading to JAK/Stat pathway ac va on were
found, including Stat3 wild-type pa ents.42,43
Whether Stat3 muta ons are correlated with speciﬁc
clinicobiologic features remains uncertain, and results are
o en contradictory. Recently, Teramo et al44 published a correla on between LGL phenotype and Stat3 status: pa ents
with CD8+/CD16+/CD56– T-LGL leukemia frequently have
more Stat3 muta ons and neutropenia, whereas those with
CD4+/CD8± T-LGL leukemia are devoid of Stat3 muta ons
but characterized by Stat5b muta ons. A par cular Stat3
muta on, Y640F, was found to be predic ve of responses
to ini al therapy with methotrexate (MTX) in a prospec ve
clinical study.45 Muta ons in tumor necrosis factor alpha–
induced protein 3, coding for A20, a nega ve regulator of
nuclear factor κB signaling, appears to be another recurrent
muta ons in LGL leukemia, described in 3 of 39 pa ents in
one series.46 More recently, soma c muta ons in common
“myeloid” genes were found in pa ents with LGL leukemia
without morphologic presence of MDS. Aberrant myeloid
clones may promote LGL development in some elderly
pa ents.47
Leukemic LGLs are known to be resistant to Fasmediated apoptosis. Apoptosis is restored using IL-2 signaling,

sugges ng an inhibi on mechanism instead of a defect of
this pathway.48 More recently, a correla on was found between Stat3 ac va on and the presence of Fas ligand, mainly
in CD8+/CD16+/CD56− pa ents(Fig. 4).44

TREATMENT FOR LGL LEUKEMIA
Immunosuppressive therapy is the backbone of the treatment
for LGL leukemia. Sixty percent of pa ents requiring therapy
are treated as soon as the diagnosis is made. T-LGL leukemia
and NK-LGL leukemia share the same treatment op ons.49
Indica ons for treatment include severe neutropenia (absolute neutrophil count < 0.5 × 109/L), moderate neutropenia
(absolute neutrophil count 0.5 × 109/L to 1 × 109/L) associated with recurrent infec ons, symptoma c or transfusiondependent anemia, and associated autoimmune condi ons
requiring therapy.50

First-Line Therapy
First-line therapy relies on single immunosuppressive oral
agents: MTX (10 mg/m2 per week), cyclophosphamide
(100 mg/d), or ciclosporin A (3 mg/kg per day). Before
assessing response, pa ents should be treated for at least
4 months. Treatment eﬃciency is related in several retrospec ve series, but only a few prospec ve trials are available. First-line therapy results are detailed in Table 3 (only
series including more than 10 pa ents are reported). MTX
and cyclophosphamide are the main immunosuppressive
agents used in trea ng pa ents with LGL leukemia. Overall response rates do not exceed 35%. Deep sequencing
analyses of residuals LGL clones reveals that cyclophosphamide may eradicate LGL clones, providing durable response,
whereas MTX and ciclosporin A treatment are associated
with the persistence of leukemic clones.40 Those results
remain to be validated in prospec ve trials. An important
randomized trial (NCT01976182) inves ga ng ﬁrst-line MTX
versus cyclophosphamide is ongoing in France and will hopefully determine the best choice of ini al therapy in this disease. In case of anemia, ciclosporin A may be preferen ally
proposed as ﬁrst- or second-line therapy,51 especially for paents with pure red cell aplasia. Overall, clinical responses
occur with these three drugs, but relapses frequently occur,
due to the persistence of leukemic LGL clone.

Second-Line Therapy
Purine analogs (ﬂudarabine, cladribine, deoxycoformycin,
and bendamus ne) may be proposed for disease refractory
to ﬁrst-line therapies. These molecules were reported to
give promising results (overall response rate, 79%), though
in only a few pa ents.57
Polychemotherapy based on CHOP-like (cyclophosphamide, doxorubicin, vincris ne, and prednisone) or cytosine
arabinoside–containing regimens is ineﬃcient and toxic in
pa ents with chronic LGL leukemia. Those intensive therapies should be proposed in aggressive LGL leukemia cases.
In some pa ents with refractory disease, stem cell therapy
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 3. First-Line Therapy Results
Therapy

Type of Study

Number of Pa ents

ORR, % (No. of Pa ents)

CR (No. of Pa ents)

Retrospec ve

34

44% (15)

Bareau et al (2010)

Retrospec ve

36

44% (16)

14% (5)

Loughran et al (1994)52

Prospec ve

10

60% (6)

50% (5)

45

Prospec ve

54

38% (21)

5% (3)

Sanikommu et al (2018)8

Retrospec ve

22

47% (10)

Moignet et al (2014)53

Retrospec ve

45

72% (32)

47% (21)

Retrospec ve

13

69% (9)

46% (6)

Retrospec ve

16

63% (10)

38% (6)

Retrospec ve

44

45% (20)

Retrospec ve

14

92% (13)

Methotrexate
Sanikommu et al (2018)8
7

Loughran et al (2015)
Cyclophosphamide

Poullot et al (2014)

54

Dhodapkar et al (1994)55
Cyclosporine
Sanikommu et al (2018)8
Osuji et al (2006)

56

Abbrevia ons: CR, complete responses; ORR, overall response rate.
Only series including more than 10 pa ents are reported.

may be considered. In a series of 15 patients receiving
autogeneic or allogeneic stem cell therapy for LGL leukemia,
6 pa ents remained disease free a er transplanta on.58
Alemtuzumab has been proposed for refractory disease in very limited series, with an overall response rate

of 60%, but the toxicity and availability of this drug limit
its use.59 Rituximab, a specific anti-CD20 monoclonal antibody, has been paradoxically used in patients with both
rheumatoid arthritis and LGL leukemia with apparent
responses.

FIGURE 4. Pathogenesis of LGL Leukemia

The ﬁrst step of large granular lymphocyte (LGL) leukemia prolifera on is related to chronic an gen s mula on leading to a polyclonal expansion. Clonal prolifera on is sustained by interleukin (IL)–15
proinﬂammatory cytokine and platelet-derived growth factor (PDGF) promo ng natural killer (NK) cell or leukemic LGL survival. The hallmark of LGL prolifera on is the cons tu ve ac va on of Stat3. This
ac va on is explained by common soma c gain-of-func on Stat3 muta ons in about 40% of pa ents with LGL leukemia. Moreover, LGL leukemia cells are resistant to Fas-mediated apoptosis. Soluble Fas acts
as a decoy receptor able to inhibit Fas-dependent apoptosis. A recurrent nonsynonymous muta on in the gene encoding a nuclear factor κB (NF-kB) signaling inhibitor, tumor necrosis factor alpha–induced
protein 3 (TNFAIP3), is found in 8% of pa ents with LGL leukemia and STAT5b muta on in about 2% of pa ents.
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Splenectomy may be proposed in case of symptoma c splenomegaly associated or not with cytopenias, with an overall response rate of 56%, but sustained responses are frequent. 60

Emerging Therapies
Considering the pathogenesis of LGL leukemia, diﬀerent speciﬁc inhibitors were tested in pa ents with LGL leukemia. Inhibi on of IL-15 trans presenta on in CD122+ cells by HuMikb1
was tested in a clinical trial (NCT00076180), without clinical
eﬃciency. Targe ng Ras ac va on, a farnesyltransferase
inhibitor ( pifarnib) was also tested in an eight-pa ent series but without clinically convincing results. A phase I study
with an anti-CD2 monoclonal antibody (siplizumab) was
conducted in 2005 in pa ents with relapsed or refractory
CD21 T-cell lymphoma or leukemia, including T-LGL leukemia (NCT00123942). To our knowledge, the results of this
trial have not been published.

Jak/Stat3 inhibi on could be a good therapeu c op on in
pa ents with LGL leukemia. Tofaci nib citrate (CP690550), a
Jak3-speciﬁc inhibitor, has demonstrated impressive ac vity
in refractory rheumatoid arthri s.61 This speciﬁc inhibitor
has been tested in nine pa ents with refractory LGL leukemia and rheumatoid arthri s, and hematologic response
was observed in six pa ents, with improvement in neutropenia observed in ﬁve of seven pa ents.62
The novel mul cytokine inhibitor BNZ-1 could be promising for pa ents with LGL leukemia. It selec vely inhibits
IL-2 and IL-15 and to a lesser degree IL-9 signaling without
aﬀec ng IL-4, IL-7, or IL-21.63 In a phase I dose escala on
trial, it presented as a highly ac ve, selec ve immunomodulator that safely decreases T regulatory cells, NK cells, and
memory T cells, while leaving the major leukocyte populaons unaﬀected, and it will be tested in pa ents with LGL
leukemia in a phase I/II trial (NCT03239392).
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New Treatment Algorithms in Hodgkin Lymphoma: Too
Much or Too Li le?
Michael A. Spinner, MD, Ranjana H. Advani, MD, Joseph M. Connors, MD, Jacques Azzi, MD, and
Catherine Diefenbach, MD
OVERVIEW
Hodgkin lymphoma treatment con nues to evolve as new means of assessing response to treatment, new apprecia on of
important risk factors, and more eﬀec ve therapeu c agents become available. Treatment algorithms integra ng func onal
imaging now provide the opportunity to modify therapy during its delivery, allowing adjustment of dura on and intensity
of chemotherapy and ra onale iden ﬁca on of pa ents who may beneﬁt from the addi on of therapeu c irradia on.
Novel agents, including the an body drug conjugate brentuximab vedo n and checkpoint inhibitors such as nivolumab and
pembrolizumab can improve the eﬀec veness of treatment while keeping toxicity within acceptable limits. Carefully designed clinical trials permit the iden ﬁca on of superior approaches in which eﬃcacy is enhanced and toxicity minimized.
Clinicians trea ng pa ents with Hodgkin lymphoma now have access to novel treatment approaches, which will require
detailed assessment of each pa ent and careful discussion of the goals and risks of treatment at the me of planning primary treatment, again during delivery of that treatment as data indica ng ongoing eﬀec veness become available, at the
conclusion of ini al interven on, and, when the need arises, at the me of recurrence of disease.

P

a ents with early-stage Hodgkin lymphoma (Ann Arbor
stage I or II; ESHL) have excellent outcomes with contemporary therapy. Recogni on of late eﬀects of extended
ﬁeld radiotherapy and excellent outcomes with involved
ﬁeld radiotherapy (IFRT) in combina on with chemotherapy established combined modality therapy (CMT) with
4× doxorubicin, bleomycin, vinblastine, and dacarbazine
(ABVD) plus 30 Gy IFRT as a gold standard with a 12-year
progression-free survival (PFS) and overall survival (OS) of
94%.1-5 Outcomes vary based on the frequency of absence
(favorable) or presence (unfavorable) of clinical risk factors,
which diﬀers among study groups (Table 1).6,7 Within the caveats of retrospec ve analyses, a recent Cochrane review,
meta-analysis, and registry data suggest superior PFS and
OS with CMT for ESHL compared with either radiotherapy
or chemotherapy alone.8-12 Observa onal data suggest that
IFRT may reduce the risk of secondary breast cancer.13,14 In
this review, we summarize studies in the CT and PET eras,
which have focused on ﬁne-tuning standard CMT to avoid
giving too much therapy for favorable pa ents or too li le
therapy for unfavorable pa ents.

COMBINED MODALITY THERAPY IN THE CT ERA
Randomized trials in the CT era are summarized in Table 2.15-20
For favorable risk disease, eﬀorts by the German Hodgkin

Study Group (GHSG) HD10 trial to avoid giving too much
treatment established 2× ABVD plus 20 Gy IFRT as an eﬀecve regimen, with equivalent eﬃcacy and reduced toxicity
compared with 4× ABVD plus 30 Gy IFRT.17 In a recent update, results were durable with a 10-year PFS of 87% and OS
of 94% and no diﬀerence in the risk of second cancers.19
Interes ngly, late relapse (> 5 years) was more frequent in
pa ents with favorable disease (15-year cumula ve incidence 5.3% vs. 3.9%; p = .01) and underscores the importance of long-term follow-up.21 A empts to reduce chemotherapy intensity by omi ng bleomycin or dacarbazine
from ABVD in the HD13 trial resulted in impairment of disease control, with a 4% and 12% reduc on in 5-year PFS,
respec vely.15
The therapeu c priority for unfavorable disease has
been to increase treatment eﬃcacy, and several trials inves gated incorpora ng escalated bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincris ne, procarbazine,
and prednisone (BEACOPP). The GHSG HD11 and European
Organiza on for Research and Treatment of Cancer (EORTC) H9U trials compared 4× escalated BEACOPP plus 30
Gy IFRT to 4× ABVD plus 30 Gy IFRT and failed to show a
marked diﬀerence in PFS or OS.16,18 At 10 years, results were
durable, with a PFS of 83% and OS of 91% in both arms.19
The subsequent HD14 trial compared a hybrid 2 + 2 regimen
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TABLE 1. Unfavorable Risk Factors in Early-Stage Hodgkin Lymphoma by Study Group
Risk Factor

NCCN

EORTC

GHSG

Age

—

≥ 50 years

—

ESR, B symptoms

> 50 mm/hour or any B symptoms

> 50 if A, > 30 if B

> 50 if A, > 30 if B

Bulky disease

MMR > 0.33 or any site ≥ 10 cm

MTR > 0.35

MMR > 0.33

Nodal sites

>3

>3

>2

Extranodal disease

—

—

Any extranodal lesion

Abbrevia ons: NCCN, Na onal Comprehensive Cancer Network; EORTC, European Organiza on for Research and Treatment of Cancer; GHSG, German Hodgkin Study Group; ESR, erythrocyte sedimenta on
rate; MMR, medias nal mass ra o; MTR, medias nal thoracic ra o.

(2× escalated BEACOPP plus 2× ABVD plus 30 Gy IFRT) to 4×
ABVD plus 30 Gy IFRT and demonstrated a 6.2% improvement in 5-year PFS with the 2 + 2 regimen, no diﬀerence in
OS, and greater toxicity.20
Pa ents who present with a bulky mass 10 cm or larger
on CT or medias nal mass ra o greater than 0.33 represent
a speciﬁc group with unfavorable disease. A subset analysis
of the U.S. intergroup E2496 study reported a 5-year PFS
of 85% and OS of 96% with ABVD followed by 36 Gy IFRT.22
Within Europe, this subgroup is treated variably either on
protocols for unfavorable or advanced-stage disease, making outcomes speciﬁc to this subset diﬃcult to interpret. Recently, Memorial Sloan Ke ering Cancer Center reported on
the prognos c signiﬁcance of a diﬀerent deﬁni on of bulk
using transverse and coronal plane measurements on CT imaging.23 Using more than 7 cm in either plane as an op mal
cutoﬀ, the 4-year PFS for bulky versus nonbulky disease was
80.5% versus 94.4%, respec vely (p = .004).
Concerns over late eﬀects led to eﬀorts to omit radiotherapy for ESHL. Only one randomized trial has compared CMT

PRACTICAL APPLICATIONS
• ESHL can be quite successfully treated with brief
mul agent chemotherapy (ABVD for two cycles)
followed by involved site radiotherapy.
• For ESHL, an acceptable alterna ve to brief
chemotherapy plus planned involved site radiotherapy
is brief chemotherapy (ABVD for 3–4 cycles), a er which
involved site radiotherapy is reserved solely for pa ents
with persistent postchemotherapy PET scan–posi ve
disease.
• For advanced-stage classic (CD30-posi ve) Hodgkin
lymphoma, the combina on of doxorubicin, vinblas ne,
dacarbazine, and brentuximab vedo n has emerged as
a more eﬀec ve primary chemotherapy than ABVD that
can be delivered with acceptable toxicity.
• Pa ents with recurrent Hodgkin lymphoma despite
op mal primary chemotherapy should be oﬀered
treatment with high-dose chemotherapy followed by
ASCT unless they have a speciﬁc contraindica on.
• Hodgkin lymphoma that recurs a er ASCT usually cannot
be cured but can be very usefully palliated with new
agents such as brentuximab vedo n and the checkpoint
inhibitors nivolumab and pembrolizumab.

to ABVD alone in the CT era. The HD6 trial compared 4 to
6× ABVD to subtotal nodal irradia on alone (favorable) or
in combina on with 2× ABVD (unfavorable).24 At 12 years,
PFS was greater in the CMT arm (92% vs. 87%; p = .05);
however, OS favored the use of ABVD alone due to fewer
cardiac events and second cancers. Although this study is
instruc ve and illustrates that PFS is not a reliable surrogate
for OS in early-stage disease, the results have to be interpreted cau ously, as subtotal nodal irradia on is obsolete.
Addi onally, several deaths in the radiotherapy arm were
due to reasons other than relapsed lymphoma or poten al
radiotherapy-related eﬀects. A pooled retrospec ve analysis compared pa ents with nonbulky early-stage disease
treated with ABVD alone in the H6 trial to pa ents with
a similar risk proﬁle treated in the GHSG HD10 and HD11
trials.25 Results suggested that CMT provided be er disease control than ABVD alone, especially among those not
achieving a complete remission on CT imaging, and OS was
similar. A subgroup analysis suggested that pa ents achieving a complete remission on CT a er 2× ABVD might not
need consolida ve IFRT.

INTERIM PET RESPONSE ADAPTED THERAPY
Efforts over the last decade have focused on tailoring
therapy according to risk using an interim PET scan.26 A
major objec ve of these trials has been to assess if radiotherapy can be omi ed in interim PET-nega ve pa ents
and whether intensifying therapy will improve outcomes
for PET-positive patients. Key prospective trials evaluating PET response-adapted approaches are summarized in
Table 3.27-29
In the U.K. RAPID trial, pa ents with stage I/IIA nonbulky disease received 3× ABVD followed by a PET scan.28
PET-nega ve pa ents (Deauville 1 to 2) were randomized
to 30 Gy IFRT or no further therapy, whereas PET-posi ve
pa ents received an addi onal cycle of ABVD followed by
30 Gy IFRT. In the inten on-to-treat/per-protocol analyses
for CMT versus chemotherapy alone, PET-nega ve pa ents
had a 3-year PFS of 94.6% versus 90.8% (HR 1.75; 95% CI,
0.84–2.97; p = .16)/97.1% versus 90.8% (HR 2.36; 95% CI,
1.13–4.95; p = .02), respec vely, with no diﬀerence in OS.
Although these results suggest that outcomes with chemotherapy alone are excellent in approximately 90% of paents, noninferiority of chemotherapy alone could not be
established.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 2. Trials Evalua ng Combined Modality Therapy for Early-Stage Hodgkin Lymphoma in the CT Era

Trial

Disease Risk

Pa ent
Number

GHSG
HD1015,16

Favorable

1,190

GHSG
HD1116,17

Unfavorable

1,395

GHSG
HD1318

GHSG
HD1419

EORTC H9U20

Favorable

Unfavorable

Unfavorable

1,502

1,528

808

Chemotherapy
Regimen

Radiotherapy Field
and Dose
OS, %

PFS, %

PFS HR (95% CI)

Median
Follow-up,
Months

4 ABVD

IFRT 30 Gy

94

87

1.0 (0.6–1.5)

98

2 ABVD

IFRT 20 Gy

94

87

4 ABVD

IFRT 30 Gy

91

83

4 ABVD

IFRT 20 Gy

90

75

1.5 (1.1–2.2)

4 Esc BEACOPP

IFRT 30 Gy

91

83

1.1 (0.7–1.6)

4 Esc BEACOPP

IFRT 20 Gy

91

82

1.2 (0.8–1.7)

2 ABVD

IFRT 30 Gy

94

98

2 ABV

IFRT 30 Gy

82

94

2.0 (1.2–3.4)

2 AVD

IFRT 30 Gy

90

98

1.5 (1.0–2.3)

2 AV

IFRT 30 Gy

79

98

2.3 (1.3–4.0)

4 ABVD

IFRT 30 Gy

97

89

0.5 (0.3–0.7)

2 Esc BEACOPP + 2
ABVD

IFRT 30 Gy

97

95

4 ABVD

IFRT 30 Gy

94

86

4 Esc BEACOPP

IFRT 30 Gy

93

89

NR

6 ABVD

IFRT 30 Gy

93

90

NR

106

60

43

90

Abbrevia ons: Esc, escalated; NR, not reported.

The EORTC/Lymphoma Study Associa on/Fondazione
Italiana Linfomi H10 trial evaluated a response-adapted
strategy a er 2× ABVD.29 Notably, the trial used contemporary involved node radiotherapy (INRT), which requires
a prechemotherapy PET scan for radia on planning and is
associated with more precise contouring of involved nodes
and reduced ﬁeld size compared with IFRT.30 In the standard
arm, pa ents received 30 Gy INRT a er one to two addional cycles of ABVD depending on risk. In the experimental arm, pa ents with a nega ve PET scan (Deauville 1 to 2)
received two to four addi onal cycles of ABVD depending
on risk without consolida ve radiotherapy. In PET-posi ve
pa ents, chemotherapy was intensiﬁed to 2× escalated
BEACOPP followed by 30 Gy INRT. For PET-nega ve pa ents,
the ﬁnal analysis conﬁrmed that CMT resulted in a substanal improvement in 5-year PFS by 12% in favorable risk paents (HR 15.8; 95% CI, 3.79–66.07) and 3% for unfavorable
risk pa ents (HR 1.45; 95% CI, 0.84–2.50).27 For PET-posi ve
pa ents, 5-year PFS was 13% greater with intensiﬁed therapy compared with standard therapy with ABVD (HR 0.42;
95% CI, 0.23–0.74; p = .002).
The Cancer and Leukemia Group B-50604 trial also evaluated an adap ve design in pa ents with early-stage nonbulky disease.31 In contrast to the la er trials, PET nega vity
was deﬁned as Deauville 1 to 3. A er 2× ABVD, PET-nega ve
pa ents received two addi onal cycles of ABVD without
consolida ve radiotherapy, whereas PET-posi ve pa ents
received 2× escalated BEACOPP plus 30 Gy IFRT. At interim
628
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analysis, 3-year PFS was 92% and 66% in PET-nega ve and
-posi ve pa ents, respec vely, sugges ng that intensifying
therapy to escalated BEACOPP is insuﬃcient to rescue paents with Deauville 4 to 5.
Cumula vely, the two randomized PET-adapted trials do
not seem to iden fy a group of pa ents for whom radiotherapy can be omi ed without some reduc on in PFS. OS
is excellent, but follow-up of both studies is too short to
inform long-term outcomes. Recently, radiotherapy ﬁelds
have further evolved from IFRT to involved site radiotherapy
(ISRT), in which the ﬁeld size is restricted to the pretreatment volume of involved nodal sites.30 A retrospec ve study
evaluated outcomes in pa ents with early-stage favorable
disease treated with 2× ABVD followed by a PET scan and
20 Gy ISRT in pa ents with a Deauville score of 1 to 2.32 At a
median follow-up of 45 months, outcomes were excellent,
with a 4-year PFS of 93% and OS of 100%, sugges ng that
ISRT can replace IFRT without impac ng outcomes.
The ongoing GHSG HD16 trial in favorable pa ents is
evalua ng 2× ABVD plus 20 Gy IFRT (standard arm) to a PETguided experimental arm of 2× ABVD followed by observaon (PET-nega ve) or 20 Gy IFRT (PET-posi ve). The GHSG
HD17 trial is inves ga ng the poten al equivalence of IFRT
and INRT. Results of these two trials are awaited.
The challenge is how does one apply these various results
in day-to-day prac ce? Clearly all studies suggest that CMT
is associated with a small but noteworthy improvement in
PFS in the 3% to 12% range. Radiotherapy is appropriate

NEW TREATMENT ALGORITHMS IN HODGKIN LYMPHOMA

TABLE 3. Prospec ve Trials Evalua ng PET-Adapted Approaches for Early-Stage Hodgkin Lymphoma

Trial
U.K. RAPID27
(602 pa ents)

Timing of
PET A er
ABVD

PETNega ve
Deauville
Score

Percent
PETNega ve

3 cycles

1–2

75

Treatment Regimens

PFS, %

3 ABVD + 30 Gy IFRT
(standard)

94.6 (ITT), 97.1 (PP)

3 ABVD (PET−)

90.8 (ITT), 90.8 (PP)

4 ABVD + 30 Gy IFRT (PET+) 87.6
EORTC H10F28,29
(754 pa ents)

EORTC H10U28,29
(1,196 pa ents)

CALGB-5060430
(164 pa ents)

2 cycles

2 cycles

2 cycles

1–2

1–2

1–3

87

78

91

HR (95% CI)

Median
Follow-up,
Years
5

ITT: 1.57 (0.84–2.97)
PP: 2.36 (1.13–4.95)

3 ABVD + 30 Gy INRT
(standard)

99.0

5

4 ABVD (PET−)

87.1

15.8 (3.8–66.1)

2 ABVD + 2 EB + 30 Gy
INRT (PET+)

90.6*

0.42 (0.23–0.74)

4 ABVD + 30 Gy INRT
(standard)

92.1

6 ABVD (PET−)

89.6

1.45 (0.8–2.5)

2 ABVD + 2 EB + 30 Gy
INRT (PET+)

90.6*

0.42 (0.23–0.74)

4 ABVD (PET−)

92

2 ABVD + 2 EB + 30 Gy IFRT
(PET+)

66

5

2
6.0 (1.8–20.1)

*Includes both favorable and unfavorable risk pa ents with a posi ve interim PET scan.
Abbrevia ons: ITT, inten on to treat; PP, per protocol; EB, escalated bleomycin, etoposide, doxorubicin, cyclophosphamide, vincris ne, procarbazine, prednisone; CALGB, Cancer and Leukemia Group B.

for pa ents with bulky disease and those with a posi ve
interim or end-of-therapy PET scan. To help individualize
therapy, a though ul discussion is required in which other
factors also must be considered to assess risk from primary
therapy (i.e., the anatomic extent of disease and resultant
normal ssue exposure to radiotherapy, cumula ve toxicity
of addi onal cycles of chemotherapy if radiotherapy is to be
avoided, and added toxicity from salvage therapy). Therefore, chemotherapy alone may be preferred over CMT for
a young woman younger than age 35 with medias nal or
axillary disease to avoid the risk of breast cancer. In contrast,
for a young pa ent with bilateral neck disease, 2× ABVD plus
20 Gy ISRT would be a very eﬀec ve approach.

CONCLUSIONS AND FUTURE DIRECTIONS
In summary, CMT remains the current standard of care for
the majority of pa ents with ESHL. Ongoing studies connue to focus on reducing toxicity while maintaining or improving long-term cure rates. Radiotherapy doses and ﬁeld
size have evolved signiﬁcantly over the past several decades
and are expected to have a lower risk of cardiovascular
disease and second cancers.30,33 Recent studies incorporating brentuximab vedo n (BV)34,35 and the PD-1 inhibitors
nivolumab and pembrolizumab are summarized in Table
4. Pretreatment risk assessment with metabolic tumor
volume, total lesion glycolysis, and serum thymus and
activation-regulated chemokine levels may help define

TABLE 4. Trials Incorpora ng Novel Agents Into Frontline Therapy for Early-Stage Hodgkin Lymphoma
Trial

Pa ent Popula on

Treatment

NCT01868451

Unfavorable risk

BV-AVD + CVRT (30 Gy)

NCT03004833

Unfavorable risk

Nivolumab-AVD + IFRT (30 Gy)

NCT03226249

Favorable or unfavorable

Pembrolizumab-AVD

NCT03233347

Stage I to II nonbulky

BV-AVD + nivolumab consolida on

NCT02758717

Age > 60

BV + nivolumab

NCT01716806

Age > 60

BV + nivolumab, bendamus ne, or dacarbazine

NCT02191930

Age > 60, stage II bulky

BV + cyclophosphamide, doxorubicin, and prednisone

NCT02298283

PET-posi ve a er 2 ABVD

BEACOPP + IFRT (30 Gy) + BV consolida on

Abbrevia on: CVRT, conforma onal volume radiotherapy.
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higher-risk pa ents at diagnosis in whom alterna ve approaches can be considered.36,37 Long-term follow-up is
needed to determine the impact of these novel approaches.

NEW RISK ADAPTED TREATMENT STRATEGIES
IN ADVANCED STAGE HODGKIN LYMPHOMA
The success that has been achieved in trea ng HL has provided a paradigm on which much of modern systemic oncologic
treatment is based. It is impera ve to achieve the greatest
possible eﬃcacy while minimizing toxicity, both during and
a er primary treatment. Randomized prospec ve clinical
trials have proven pivotal to support evidence-based treatment planning complemented by the popula on-based
evalua ons needed to demonstrate eﬀec ve transla on
into real-world se ngs.

STAGING, PROGNOSTIC FACTORS, AND RISK
ASSESSMENT
Staging of HL is based on the Ann Arbor system, with
the addition of a definition of bulky disease often referred
to as the Cotswold modification.38 PET employing 18Ffluorodeoxyglucose has become essen al not only to establish stage at diagnosis but also to provide a running assessment
of treatment eﬀec veness both during and at the conclusion of primary treatment. Especially in the treatment of
pa ents with advanced-stage disease, prognos c factor
scoring systems can be helpful both in assessing and comparing clinical trial results and iden fying pa ents at high
risk of relapse. A robust prognos c model that iden ﬁes
pa ents with diﬀering risks of primary treatment failure
was ini ally based on outcomes in approximately 5,000
pa ents with advanced-stage HL, most of whom had been
treated with ABVD.39 Seven independent predictors of decreased likelihood of freedom from progression—sex, age,
stage, hemoglobin level, white blood cell count, lymphocyte
count, and serum albumin—can be combined in an Interna onal Prognos c Factors Score (IPS)40 to iden fy subgroups of pa ents with varying likelihood of freedom from
progression based on the number of factors present at diagnosis (Table 5). Improvements in accuracy of diagnosis,
staging based on PET, suppor ve care, and widespread use
of high-dose chemotherapy and autologous hematopoie c
stem cell transplanta on (ASCT) for relapsed disease have
lessened the discriminatory power of the IPS, as evidenced
in the results we have seen at the BC Cancer Agency with 675
consecu ve pa ents treated with ABVD or equivalent chemotherapy through 2009.41 The spread in 5-year freedom
from progression has narrowed to 17% spread, ranging from
83% to 66%, and for the 94% of pa ents with advanced-stage
HL who present with IPS of 0 to 4, the 5-year OS has improved to approximately 90%. This change demonstrates
that as overall treatment strategies improve, the impact of
clinical prognos c scoring systems diminishes.
A large number of biologic characteris cs of HL (biomarkers) with possible impact on risk have been iden ﬁed, including a variety of biomarkers: an gens expressed on the HL
Reed-Sternberg (HRS) cells; an gens expressed on circulat630
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ing lymphocytes; an gens expressed on microenvironmental cells within the tumor; circula ng biomarkers detectable
in the serum; gene expression proﬁles of biopsied tumors;
and speciﬁc germline polymorphisms.42 All are of interest;
however, turning these interes ng biologic observa ons
into clinically relevant biomarkers for purposes of treatment
planning has proven diﬃcult, and, at present, they do not
appear ready for integra on into standard management.
A diﬀerent set of risk factors relevant to HL are those
that become evident during treatment. Treatment of
advanced-stage HL is typically takes at least 6 to 8 months
to complete. Poor quality of response during the delivery of
mul ple cycles of chemotherapy or absence of a complete
response (CR) at the end of planned chemotherapy may
iden fy pa ents with higher risk of relapse. The wide availability of PET imaging provides the opportunity to determine
its usefulness in the management of both limited-stage HL
and advanced-stage disease.

POSITIVE INTERIM PET SCAN AS A RISK
FACTOR FOR ADVANCED STAGE HODGKIN
LYMPHOMA
ABVD is the only mul agent chemotherapy program for
which interim PET has been evaluated extensively.26,43-49
Table 6 shows the outcome for pa ents treated with ABVD
for advanced-stage HL, comparing results for those with a
posi ve versus nega ve interim PET during ABVD chemotherapy. A nega ve interim PET is found in approximately
80% of pa ents, appears to be strongly predic ve for a favorable outcome, and may largely override the prognos c
impact of the IPS. However, for the approximately 20% of
pa ents with a posi ve interim PET, the impact of a growing body of evidence suggests that the nega ve prognosc impact of a posi ve interim PET can be at least par ally
overcome by switching to intensiﬁed treatment such as escalated BEACOPP a er a posi ve interim PET. This switch to
intensiﬁed treatment may as much as double 2- to 3-year
failure-free survival (Table 7). This substan al improvement
in freedom from treatment failure is obtained at the cost of
much higher toxicity using the alterna ve regimen, making
the strategy of interim PET-guided intensiﬁca on of treat-

TABLE 5. Prognos c Factors Indica ng Decreased
Probability of Freedom From Progression in
Advanced Hodgkin Lymphoma Treated With ABVD
or an Equivalent Regimen
Factor

Adverse Criteria

Gender male

Age > 45

Stage

IV

Hemoglobin

< 105 g/L

White blood cell count

> 15 × 109/L

Lymphocyte count

< 0.6 × 109/L or < 8% of the white cell
diﬀeren al

Serum albumin

< 40 g/L
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TABLE 6. Prognos c Impact of Interim PET Scan for
Pa ents With Advanced-Stage Hodgkin Lymphoma
Treated With ABVD
Treatment
Failed, n
(%)

Interim
PET

N (%)

3-Year FFS,
%

Nega ve

215 (83)

95

Posi ve

45 (17)

28

Nega ve

210 (81)

11 (5)

Posi ve

50 (19)

43 (86)

Nega ve

61 (79)

3 (5)

Posi ve

16 (21)

11 (18)

Reference
Biggi et al46
Gallamini et al49
Hutchings et al26

ment one that must be compared with a strategy of reserving intensiﬁca on, with high-dose chemotherapy and ASCT,
un l deﬁnite progression occurs following comple on of
standard-dose chemotherapy.
An alterna ve use of interim PET scan is to jus fy deescala on of treatment intensity when PET nega vity has
been achieved. In such a strategy, treatment starts with intensiﬁed chemotherapy, such as escalated BEACOPP, and
switches to lower intensiﬁca on, perhaps ABVD, a er an interim PET scan documents a high-quality response. The poten al pros and cons of such a strategy are discussed below
in the sec on on new approaches.

POSITIVE END OF CHEMOTHERAPY PET SCAN
AS A RISK FACTOR FOR ADVANCED STAGE
HODGKIN LYMPHOMA
Persistence of viable tumor despite comple on of planned
chemotherapy for advanced HL is an obvious indicator of
treatment failure and risk factor for recurrence. Although
adding irradia on a er the achievement of complete remission using mul agent chemotherapy for advanced-stage HL
does not improve long-term outcome,50 the apparent ability
of PET to iden fy pa ents with persistent ac ve lymphoma
has led to the advocacy of postchemotherapy irradia on

TABLE 7. Impact of Chemotherapy Escala on Based
on Interim PET Scan for Pa ents With AdvancedStage Hodgkin Lymphoma Treated Ini ally With
ABVD: Phase II and Retrospec ve Trial Results

when persistent disease is strongly suggested by a posi ve
PET scan. Adding involved ﬁeld radia on to a postchemotherapy residual PET-posi ve mass appears to improve a paent’s outcome to the same level as is achieved by pa ents
who have a complete remission with either no residual mass
or a PET-nega ve mass.51,52

NEW APPROACHES
Over the past 2 decades, two diﬀerent approaches to overcoming treatment resistance in advanced-stage HL have
emerged. The GHSG ini ally developed and reﬁned a doseescalated and accelerated chemotherapy program, escalated
BEACOPP.53,54 Through a series of logical, well-designed clinical trials, this group demonstrated the superiority of escalated BEACOPP over regimens such as ABVD in terms of PFS,
but documenta on of superior OS has proven elusive,55 and
many clinicians consider the increased short- and long-term
toxicity of escalated BEACOPP too great to jus fy its use.
More recently, however, a PET-adapted strategy in which a
nega ve interim PET scan is used to prompt de-escala on to
a reduced number of cycles of escalated BEACOPP has shown
substan al promise.56 In the GHSG HD18 trial, 70% of pa ents
with advanced-stage HL reached a PET-nega ve response after two cycles of escalated BEACOPP.56 Those then randomly
assigned to complete treatment with two more cycles of escalated BEACOPP had a 5-year PFS of 92%, which was just as
good as those randomized to complete treatment with four
more cycles of escalated BEACOPP. Other inves gators have
evaluated de-escala on to regimens such as ABVD and in
smaller, nonrandomized experiences have also shown excellent outcomes for pa ents with nega ve interim PET scans.48
An alterna ve approach to improving results for pa ents
with advanced-stage HL has inves gated the usefulness of
adding a new therapeu c agent to the standard backbone
of ABVD. The ECHELON-1 trial randomized pa ents to standard ABVD versus doxorubicin, vinblas ne, and dacarbazine
(AVD) plus BV, an an body drug conjugate directed against
the CD30 an gen.57 The novel combina on induced a superior freedom from treatment failure of 82% compared with
77% for those treated with standard ABVD. Of note, in the
ECHELON-1 trial, treatment was not guided by interim PET.
All pa ents received their randomly assigned chemotherapy
regimen. The novel regimen, AVD plus BV, appeared equally
superior across mul ple subgroups of pa ents, including
those with high IPS scores, stage IV disease, and those with
bone marrow or mul ple extranodal sites of disease.

Interim PET

N (%)

2-Year PFS, %

Reference

Nega ve

271 (82)

82

Press et al43

Posi ve

60 (18)*

64

OVERALL TREATMENT STRATEGY AND
FUTURE DIRECTIONS

Nega ve

41 (84)

82

Ganesan et al45

Posi ve

8 (16)

50

Nega ve

Approximately
80%

95

Posi ve

Approximately
20%

62

The treatment of advanced-stage HL con nues to evolve.
Currently, the two best strategies that have emerged from
clinical trials are either interim PET-guided escala on or
de-escala on approaches or integra on of the novel agent
BV into primary chemotherapy. In the absence of a headto-head comparison of these strategies, the ﬁnal choice
will appropriately remain with the trea ng specialist and
should reﬂect careful discussion of the pros and cons of

Gallamini et al47

*Eleven pa ents did not receive the randomly assigned escala on of chemotherapy due to pa ent
refusal.
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the diﬀerent strategies. This ﬁnal choice should be based
on a full assessment of how to achieve the greatest eﬃcacy
while minimizing both short- and long-term toxicity. Future
improvements in these already excellent results will likely
involve further integra on of novel agents, among which the
checkpoint inhibitors appear to have the greatest poten al.

BEYOND TRANSPLANT: NOVEL THERAPIES IN
RELAPSED AND REFRACTORY HL
Prior to 2011, treatment op ons for pa ents with relapsed/
refractory refractory classic HL were limited to salvage chemotherapy and ASCT. With the approval of the an body drug
conjugate BV in 2011 and the immune checkpoint inhibitors
nivolumab and pembrolizumab in 2016 and 2017, respecvely, a new fron er has arrived. These new treatment modali es are changing the standard of care for pa ents with
relapsed/refractory HL whose op ons were previously limited to cytotoxic chemotherapy. S ll, many challenges remain as we study how to op mize the implementa on of
these therapies, including: how to determine which pa ents
will beneﬁt the most from which treatments, how to combine these agents with other novel agents or with standard
chemotherapy, and whether these therapies can be incorporated into earlier lines of treatment. Given the curability
of ASCT in up to 50% of relapsed/refractory HL, how should
these therapies be sequenced with autologous and allogeneic SCT? As other novel therapies and novel combina ons
currently under inves ga on obtain approval, how will these
be priori zed, sequenced, or combined with exis ng agents?
Although this is an extremely exci ng me for relapsed/refractory HL, the answers to these ques ons will hopefully
advance s ll further the goals of increasing cure and minimizing toxicity for pa ents with relapsed/refractory HL.

BV
BV is an an -CD30 monoclonal an body a ached to a cytotoxic an microtubule agent monomethyl aurista n. BV was
U.S. Food and Drug Administra on approved for pa ents with
relapsed/refractory HL who have failed either ASCT or at least
two chemotherapy regimens, based on the pivotal phase II
trial, which treated 102 pa ents with relapsed/refractory HL
post-ASCT and demonstrated an overall response rate (ORR) of
75% with a CR rate of 34% and a median PFS of 5.6 months.58
In a follow-up study a er a median observa on period of 3
years, overall median PFS was 9.5 months, and OS was 40.5
months; an even greater PFS was seen in the 34 pa ents who
achieved CR, with an es mated 3-year PFS of 58%; 16 of these
pa ents (47%) remained progression-free a er 53.3 months,
with 6 receiving consolida ve allogeneic SCT.59 These results
suggest that a small subset of pa ents who achieve CR a er
treatment with BV may obtain long-term disease control. A
longer follow-up period is needed to conﬁrm these ﬁndings
as well as improved methods to iden fy and characterize the
mechanisms underlying these excep onal responses.
BV is also approved for consolida on post-ASCT based on
the phase III AETHERA trial that compared 16 cycles of BV
to placebo in 329 pa ents with relapsed/refractory HL who
632
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had undergone ASCT.60 An improvement in PFS was seen in
the BV group (42.9 months) compared with placebo (24.1
months).60 Overall, therapy was well tolerated, with 47% of
pa ents comple ng the full course of BV treatment; however,
peripheral sensory neuropathy was the most common side
eﬀect in the BV group in 56% of pa ents receiving BV compared with 16% of placebo; 33% of pa ents receiving BV discon nued therapy due to adverse events compared with 6%
of pa ents receiving placebo.60 No diﬀerence in OS between
the two groups has been demonstrated in interim analysis.
The applicability of these data to pa ents with relapsed/refractory HL with low-risk features who are in PET-nega ve CR
prior to ASCT or in pa ents treated with BV prior to ASCT (as
all pa ents in this study were BV naive) remains uncertain. It
is also unclear how pa ents treated with up to 16 cycles of BV
will respond to subsequent BV at me of relapse compared
with pa ents who are not treated with maintenance therapy
or who have been exposed to signiﬁcantly less BV. Further
analysis may delineate a subgroup of pa ents that will beneﬁt most from consolida ve therapy with BV post-ASCT.

CHECKPOINT INHIBITORS
HRS tumor cells comprise a small frac on (0.1%) of the cells
in the HL microenvironment. Driven mainly by soma cally
acquired altera ons of chromosome 9p24.1/CD274(PD-L1)/
PDCD1LG2(PD-L2), HRS cells overexpress PD-L1 and PD-L2,
which interact with PD-1 on peritumoral lymphocytes in the
HL microenvironment and induce chronic ac va on and
exhaus on.61-64 PD-L1 overexpression is not limited to HRS
cells, but has also been reported in nonmalignant tumorassociated macrophages that are localized around PD-L1+ HRS
cells.65 PD-L1+ tumor-associated macrophages are thought
to promote tumor survival by protec ng HRS cells from the
cytotoxic eﬀects of natural killer cells and tumor-speciﬁc
cytotoxic T lymphocytes.66,67 Epstein-Barr virus latent membrane protein 1 has been shown to augment PD-L1 expression in Epstein-Barr virus–posi ve HL tumors mainly via
AP-1 and JAK2/STAT signaling.67 Thus, there is a strong biologic ra onale for targe ng the PD-1 pathway in HL.
Nivolumab and pembrolizumab are immunoglobulin G4
monoclonal an –PD-1 an bodies approved by the U.S. Food
and Drug Administra on for the treatment of relapsed/refractory HL. In the ini al CheckMate 039 trial, 23 pa ents
with HL who progressed post-ASCT (78%) or BV (78%) were
treated with nivolumab; a high ORR of 87% and PFS of 86%
at 24 weeks was demonstrated.68 Nivolumab was approved
based on the CheckMate 205 trial, in which 243 pa ents
with relapsed/refractory HL who had failed ASCT were
treated with nivolumab monotherapy, with an ORR of 69%,
a CR of 16%, and overall median PFS of 15 months. These
heavily pretreated pa ents were divided into three cohorts
according to their BV status, with a slightly higher CR rate
for the pa ents not previously treated with BV as compared
with pa ents who received BV before or a er ASCT (29% vs.
12% and 13%, respec vely).69 Pembrolizumab was approved
based on the KEYNOTE-87 trial that divided 210 pa ents
with relapsed/refractory HL into three cohorts according to
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previous treatment with ASCT and/or BV, with all three cohorts showing an ORR of 69% and a CR of 22%.70
Both PD-1 inhibitors represent a noteworthy advance in the
treatment of relapsed/refractory HL. However, the CR rate
with monotherapy to both agents is modest, and relapses to
these agents are seen even beyond 2 years. Ideally, ra onal
combina ons combining these with other agents may both
deepen response and improve durability for more pa ents.

COMBINATION THERAPIES
Combina on therapies are developed with the goal of choosing agents with a strong scien ﬁc ra onale or complementary
mechanisms of ac on and with toxici es that do not overlap.
Bendamus ne was combined with BV as pretransplant salvage
therapy for relapsed/refractory HL in a phase I/II trial of 55
pa ents and demonstrated high ac vity, with an ORR of 93%
and CR of 74%.71 Fi y-six percent of pa ents experienced infusion-related reac ons, which caused premature termina on
of treatment in 24% of pa ents, although premedica on with
an histamines and cor costeroids appeared eﬀec ve in controlling these symptoms in those who were able to con nue
therapy.71 These results are comparable to the standard of care
for ﬁrst-line salvage of relapsed/refractory HL—high-dose chemotherapy with ifosfamide, carbopla n, etoposide—and may
oﬀer an alterna ve out-of-hospital salvage treatment op on.72
In addi on to the PD-1 pathway, the CTLA-4 pathway is a
key target for checkpoint blockade therapy. Neoplas c HL
cells are surrounded by a microenvironment of ineﬀec ve
immune cells, ﬁbroblasts, mesenchymal cells, and microvasculature that interact with the tumor cells, promo ng cell
growth and crea ng a favorable environment for immune
evasion.66,73 Both PD-1 and CTLA-4 are nega ve regulators of
T-cell immune func on. In an eﬀort to target these nonmalignant components and alter the permissive microenvironment
from protec ve to cytotoxic, BV has been combined with
the checkpoint inhibitors ipilimumab, a fully humanized immunoglobulin G1 monoclonal an body targe ng the CTLA-4
pathway, and the PD-1 inhibitor nivolumab. Preliminary results from 21 pa ents treated with BV and ipilimumab on the
protocol E4412 (NCT01896999) demonstrated an ORR of 71%
with a CR of 48% and a median PFS of 1.02 years with a median follow-up of 0.48 years; the median OS was not reached
with a median follow-up of 1.16 years.74,75 The combina on
of BV plus nivolumab has been explored in both E4412 and
in the trial NCT02572167 in the pretransplant ﬁrst salvage
se ng.75,76 Interim results from both studies demonstrated
a high ORR and CR rate: the E4412 trial showed an ORR of
89%, a CR of 50%, and a 6-month PFS of 91% for 18 pa ents,
whereas the NCT02572167 trial had an ORR of 82% and a CR
of 61%, with the majority of non-CR pa ents able to undergo
further therapy and con nue on to ASCT.75,76 Adverse events
and immune-related toxici es occurred in both studies but
were limited mainly to grades 1 and 2, with nausea, fa gue,
and infusion-related reac ons most common. Premedica on
was required for infusion reac ons, but once treated, pa ents
were able to con nue on treatment in both studies. One grade
5 pneumoni s was reported in E4412.

Results from these studies have been promising, but clinical experience with these combina ons remains limited at
present. Further inves ga ons are needed and ongoing to
determine long-term tolerability and disease control before
these combina ons can be integrated into standard prac ce.

OTHER NOVEL THERAPIES
Beyond BV and checkpoint blockade, there are many other
promising therapies currently under explora on in earlyphase clinical trials. AFM13 is a bispeciﬁc an -CD16A, an CD30 an body that binds CD16A on natural killer cells and
CD30 on HL tumor cells, resul ng in natural killer cell ac vaon and tumor cell lysis. In phase I as a single agent, the response to AFM13 monotherapy was 11.5%; however, there
is a scien ﬁc ra onale for combining AFM13 with checkpoint
blockade, and a phase I study of this combina on is currently
underway in relapsed/refractory HL (NCT02665650).77 Chimeric an gen receptor (CAR) T cells are autologous T cells
primed to target malignant cells and have shown encouraging
an tumor ac vity in leukemia and non-HL.78,79 In data extrapolated from mice models, a CD123 an gen was iden ﬁed for
use as a target for CAR T cells and showed high therapeu c
ac vity in a preclinical in vivo model of HL.80 In a separate
study, 18 heavily pretreated pa ents with relapsed/refractory
HL received CD30-speciﬁc CAR T cells; the ORR was 39% with
no CRs.78 Although HRS cells are considered CD19 nega ve,
an ongoing pilot study evaluated CD19 CAR T cells for the
treatment of relapsed/refractory HL based on the ra onale
that HRS precursors and other suppor ve immune cells promo ng cancerous cell survival may harbor the CD19 an gens.
Four pa ents received CD19 CAR T cells and showed an ORR
of 50% at day 28 with acceptable toxici es; however, only one
pa ent achieved CR and progressed a er 3 months.81 Lenalidomide is an immunomodulatory drug that was studied in
36 pa ents with relapsed/refractory HL who received a median of four prior therapies; the ORR was 19%, and 1 pa ent
achieved CR.82 An ongoing trial is evalua ng lenalidomide as
maintenance therapy for pa ents with relapsed HL a er ASCT
(NCT01207921). The mTOR inhibitor everolimus demonstrated ac vity in a phase II study of heavily pretreated paents with relapsed/refractory HL with an ORR of 47%, with
eight out of 19 pa ents achieving a par al response and a
median PFS of 6.2 months.83 Histone deacetylase inhibitors
have also been inves gated; modest single-agent ac vity has
been seen, and they are primarily under inves ga on as combina on strategies with other novel agents. Panobinostat, a
pan-deacetylase inhibitor, was evaluated in a phase I/II study
in combina on with the mTOR inhibitor everolimus, and the
ORR for 13 pa ents with relapsed/refractory HL was 46%.84

CONCLUSION
Recent advances in HL biology have culminated in the development of many promising immunologic and targeted
therapies for the treatment of relapsed/refractory HL. Despite these innova ons, cura ve treatment of pa ents under
the age of 75 with relapsed/refractory HL with good performance status remains high-dose chemotherapy followed by
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ASCT.85,86 In the future, as we reﬁne our prognos c tools and
our ability to target therapy to biology, these agents or novel
combina ons will be integrated into earlier lines of therapy
and may provide a bridge to successful SCT for greater numbers of pa ents, increase survival for pa ents relapsed postSCT, or poten ally replace SCT as a second-line salvage approach. Yet as these drugs move into earlier lines of therapy,
many important ques ons remain unanswered with respect
to both durability and long-term toxicity. What are the shortand long-term toxici es with immunotherapy, and will they

be diﬀerent in earlier lines of therapy for pa ents with more
intact immune systems? If these agents are integrated into
earlier lines of therapy, how will this change the op ons available for pa ents who subsequently relapse? Will checkpoint
blockade combina ons result in durable remission and at any
point supplant SCT as second-line salvage? Ongoing and future inves ga ons will hopefully answer these ques ons and,
as more exci ng therapies move from bench to bedside, oﬀer
a promise of increased cure with reduced toxicity for all paents with relapsed/refractory HL.
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OVERVIEW
Bone disease is the most frequent disease-defining clinical feature of multiple myeloma (MM), with 90% of patients developing bone lesions over the course of their disease. For this reason, imaging plays a major role in the management of
disease in patients with MM. Although conventional radiography has traditionally been the standard of care, its low sensitivity in detecting osteolytic lesions has called for more advanced imaging modalities. In this review, we discuss the advantages, indications, and applications of whole-body low-dose CT (WBLDCT), 18F-fluorodeoxyglucose (FDG)-PET/CT, MRI, and
other novel imaging modalities in the management of disease in patients with plasma cell dyscrasias. We also review the
state of the art in treatment of MM bone disease (MMBD) and the role of bisphosphonates and denosumab, a monoclonal
antibody that binds and blocks the activity of receptor activator of nuclear factor-kappa B ligand (RANKL), which was recently approved by the U.S. Food and Drug Administration for MMBD.

B

one disease is the most frequent feature of MM, occurring in approximately two-thirds of the patients at diagnosis and in nearly all of the patients during the course of
their disease.1 Despite remarkable advances in MM therapy
over the last decade, the consequences of skeletal involvement still remain clinically relevant.

IS SKELETAL SURVEY DEAD IN MYELOMA:
WHAT IMAGING TO USE AND WHEN?

Importance of Imaging in Multiple Myeloma

Bone disease impairs patients’ quality of life and represents
a major cause of morbidity and mortality. For this reason,
imaging plays a very important role in the management
of patients with MM.2 First of all, it is necessary for the
precise identification of bone disease as a sign of myelomarelated end-organ damage, which requires the immediate start of therapy. It helps predict the risk of early progression from smoldering MM (SMM) to active disease.
Additionally, imaging could identify sites of extramedullary
disease, which is an unfavorable prognostic feature. Moreover, it is required to accurately differentiate between
solitary plasmacytoma and MM. During the course of MM,
imaging is essential to identify painful bone lesions or sites
of bone disease at potential risk of pathologic fractures
or neurologic complications. Lastly, imaging allows a more
careful assessment of the depth of response after treatment
and follow-up treatment response, in particular in patients
with nonsecretory MM.2

Moving Beyond the Skeletal Survey
Although conventional radiography has historically been
the standard of care for many years, it has several limitations. For a lytic lesion to become apparent, it requires losing more than 30% of trabecular bone. Other limitations
include the prolonged study time, the difficulty to assess
certain areas, such as the pelvis and the spine, the difficulty to distinguish benign osteoporosis from MM-related
lesions, and the limitation in the assessment of response
to antimyeloma treatment as a result of the lack of bone
healing after therapy. Recently, two retrospective trials on
a large number of patients with suspected SMM studied
with skeletal survey and either PET/CT3 or WBLDCT4 demonstrated that the use of conventional radiography would
have underestimated the presence of an active disease in
approximately 25% to 40% of the cases. These limitations
warrant investigating more advanced imaging modalities.

Whole-Body Low-Dose CT
The development of novel imaging methods has led to the
substitution of whole-body x-ray (WBXR) by more advanced
techniques for the identification of lytic bone lesions. WBLDCT
was introduced to allow the detection of osteolytic lesions
in the whole skeleton with high accuracy, no need for contrast agents, and low radiation dose (two- to threefold lower radiation dose vs. conventional CT).5,6 In several studies,
WBLDCT was found to be superior to WBXR for the detection
of osteolytic lesions, as evidenced by higher sensitivity and
increased detection rate, resulting in greater accuracy.3-7
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PET/CT
PET/CT, usually with FDG as radiopharmaceutical, can be
used for staging or restaging of the disease. Several studies
have reported a sensitivity and specificity between 80% and
100% for the detection of bone lesions.8-12 The combination
of functional imaging with PET and the morphologic assessment with CT makes this technique the most accurate imaging
modality in identifying sites of extramedullary disease,13
which has been associated with shorter progression-free
survival and overall survival (OS).14 In addition, the number
and metabolism of focal lesions (FLs) prior to treatment
have been validated as independent prognostic factors in
several prospective and retrospective studies in patients eligible for autologous stem cell transplantation (ASCT) or allogeneic stem cell transplantation.8,12,15 The presence of more
than three FDG-avid FLs is known to be an independent
variable associated with inferior OS and event-free survival.8
Additional prognostic information provided by PET/CT
includes the level of FDG uptake quantified as maximum
standardized uptake value.
Considering the ability of FDG-PET/CT to distinguish between active and inactive (e.g., fibrotic) disease, it is an
excellent imaging tool to assess tumor metabolic activity
and monitor response to treatment. Several studies have
demonstrated a negative prognostic role for PET-positive lesions after the completion of therapy.8,9,12 Regarding minimal
residual disease (MRD) evaluation, FDG-PET/CT negativity
after ASCT predicted a lower risk of progression or death
in patients with conventionally defined complete remission
compared with patients with metabolically active sites of
the disease.14 The coupling of PET/CT with different methods of MRD testing in bone marrow allows defining a more

PRACTICAL APPLICATIONS
• The low sensitivity of skeletal survey in identifying lytic
bone lesions in patients with MM has necessitated the
use of more sophisticated imaging modalities, such as
WBLDCT, WBMRI, and FDG-PET/CT.
• In 2014, the IMWG updated the definition of MM, by
incorporating novel criteria in the definition of MMdefining bone lesions, including the presence of at least
one lytic lesion detected by skeletal radiography, CT,
or FDG-PET/CT or the presence of more than one focal
lesion on MRI studies.
• The European Myeloma Network and the European
Society for Medical Oncology guidelines have
recommended WBLDCT as the imaging modality of
choice for the initial assessment of MM-related lytic
bone lesions.
• MRI is the gold-standard imaging modality for detection
of bone marrow involvement and the preferred imaging
technique to rule out spinal cord compression in patients
with MM, whereas PET/CT provides valuable prognostic
data and aids in assessment of response to therapy.
• Bisphosphonates and denosumab, a monoclonal
antibody that binds and blocks the activity of RANKL, are
approved for the management of MMBD.

accurate (e.g., more or less) depth of response to therapy,16
which could be complementary to MRD detection tools in
the bone marrow. Based on these results, FDG-PET/CT is
actually considered the preferred imaging technique for
evaluating and monitoring metabolic response to therapy.17
However, it is important to emphasize that both falsenegative and false-positive results may occur with the use
of FDG-PET/CT. In particular, false-negative scans can be
related to hyperglycemia or recent administration of highdose steroids, leading to a transient metabolic suppression.
Moreover, it has been reported that in a variable rate of
patients, ranging from 10% to 15%, plasma cells may not be
18
F-FDG avid.18

MRI
MRI has been established as a valuable technique for the
diagnosis of bone involvement in MM. MRI detects bone
marrow infiltration by myeloma cells, whereas WBXR and
CT detect osseous destruction. Conventional MRI protocols
for MM include T1-weighted, T2-weighted with fat suppression in opposed-phase imaging, and contrast-enhanced
T1-weighted sequences. Five MRI patterns of marrow involvement have been recognized in MM: normal, focal,
diffuse, combined focal and diffuse, and variegated or “salt
and pepper.”19,20 The field of view can be axial (spine and
pelvis) or whole body. Several studies have shown that
MRI, both axial or whole body, is more sensitive compared
with WBXR for the detection of bone involvement in MM,
with higher diagnostic precision.21,22 Studies that have compared MRI with PET/CT have shown that the two techniques
are equally effective in detecting FLs.9 Studies that have
compared MRI with WBLDCT have indicated an excellent
agreement in terms of lesion detection, pattern, and bone
marrow involvement.23 Because of its high sensitivity in
revealing bone marrow involvement, MRI is now used for
the discrimination between SMM and active MM. Several
studies have shown that approximately 40% to 50% of
patients with normal WBXR had abnormal findings on MRI
examinations. Two studies showed that patients with SMM
with more than one FL on MRI had a median time to progression to symptomatic disease of 13 to 15 months and a
2-year probability of progression of approximately 70% to
80%.24,25 In both studies, the presence of more than one FL
on MRI was an independent adverse prognostic factor for
progression to active disease. Regardless of MRI findings at
initial diagnosis, the progression of FLs on MRI during the follow-up of patients has been associated with progression of
SMM to MM.26 FLs detected on MRI correlate with standard
prognostic factors, in particular cytogenetics and clinical
outcomes.22,27,28 On the contrary, the prognostic meaning of
the diffuse pattern is less clear; in this regard, the addition
of the diffusion-weighted imaging (DWI) technique, which
derives its contrast mainly from differences in the diffusivity
of water molecules in the tissue environment, may be an
adjunct tool to clarify this issue.29
Changes in MRI patterns may be associated with response
to therapy and used to gauge the effects of antimyeloma
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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treatment.22,30 However, standard protocols for MRI are not
allowing a clear definition of response and may often lead to
false-negative results.

Future Steps and Open Issues
Despite major advances in imaging modalities used in MM,
a wide range of issues must be further investigated. The
standardization of PET/CT is currently ongoing.31 In addition
to 18F-FDG, new PET/CT tracers targeting different metabolic pathways or receptors expressed by MM cells, acting as
potentially more sensitive molecular imaging biomarkers,
have been preliminarily investigated in limited series of
patients with MM. However, their lower availability, the lack
of direct comparisons with 18F-FDG, and the interpatient
tumor heterogeneity regarding specific targets preclude any
definitive conclusion.32-35
MRI functional approaches—such as dynamic contrast
enhanced, which quantifies perfusion, and DWI, which enables quantitative assessment of disease burden through
measuring the apparent diffusion coefficient, influenced
by tissue microarchitecture and marrow cellularity—seem
promising tools to evaluate the disease after therapy.36-38
Initial experience with DWI whole-body MRI (WBMRI) on
several independent small series of patients have shown
a high sensitivity associated with this technique. DWI
WBMRI is a particularly powerful imaging tool in detecting
diffuse marrow disease, and evaluating early response to
therapy through noteworthy changes in apparent diffusion
coefficient in patients on therapy39,40 and in remission after
the end of treatment.41-43 However, published studies were
mainly based on retrospective analyses of heterogeneous
patients, and no standardization in the interpretation of
the results is currently available. Prospective comparison of
DWI MRI with PET/CT, both prior to and after treatment, are
needed to optimize the use of imaging for prognosis and for
evaluation of metabolic response to therapy.44 Moreover, it
is important to establish the relationship between complete
metabolic response and MRD negativity at the bone marrow level, as well as to define the impact of MRD assessment on treatment strategies. Upcoming prospective trials,
extensively applying novel techniques evaluating MRD both
inside and outside the bone marrow, will help address these
issues and define the role of these promising tools in clinical
practice.

PRACTICAL USE OF IMAGING FROM
MONOCLONAL GAMMOPATHY OF
UNDETERMINED SIGNIFICANCE TO MULTIPLE
MYELOMA

Multiple Myeloma

There is considerable heterogeneity in clinical practice regarding the incorporation of the different imaging modalities in the management of disease in patients with plasma
cell dyscrasias. The International Myeloma Working Group
(IMWG) has published consensus statements on the use
of MRI and FDG-PET/CT in the management of disease in
patients with MM17,19 (Sidebar 1; Tables 1 and 2). The European
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SIDEBAR 1. Levels of Evidence and Grades of
Recommendation19
I: Evidence obtained from meta-analysis of well-designed
controlled trials or strong, large, randomized controlled trials
II: Evidence obtained from small randomized trials with
ambivalent results
III: Evidence obtained from quasi-experimental studies (i.e., nonrandomized, single groups, or matched
case-control studies)
IV: E vidence obtained from nonrandomized nonexperimental studies (i.e., historical cohort comparisons)
V: Evidence obtained from case reports and case series
A: S upported by level I evidence or multiple level II, III,
or IV studies presenting consistent results
B: Supported by level II, III, or IV studies presenting
generally consistent results
C: S upported by level II, III, or IV studies presenting inconsistent results
D: Supported by insufficient or no systematic evidence

Myeloma Network and the European Society for Medical
Oncology have also published guidelines on the use of imaging in patients with MM.45,46
Use of imaging at diagnosis. MM has historically been
defined as clonal bone marrow plasma cells 10% or more
or biopsy-proven bone or extramedullary plasmacytoma
along with meeting one or more MM-defining clinical features, referred to as CRAB criteria (hypercalcemia, renal
insufficiency, anemia, and bone lytic lesions).47 The European Myeloma Network guidelines46 and European Society for Medical Oncology guidelines45 have recommended
WBLDCT as the imaging modality of choice for the initial
assessment of MM-related lytic bone lesions. If the physician has access to WBLDCT scanning and is reimbursed
by insurance, WBLDCT would be our preferred imaging
modality for initial screening to evaluate presence or absence of lytic lesions. If WBLDCT scanning is not available,
performing a skeletal survey (WBXR) for the initial evaluation of all patients with newly diagnosed MM (NDMM) is
recommended.
In 2014, the IMWG updated the definition of MM, refining
the role of imaging in the identification of bone lesions as a
MM-defining event.48 The novel criteria include in the definition of bone lesions: (1) the presence of at least one lytic
lesion detected not only by conventional radiography but
also by one of the novel morphologic imaging techniques,
such as CT, WBLDCT, or PET/CT; and (2) the presence of more
than one FL on MRI. This update was introduced after the
clear demonstration that the novel imaging techniques have
a higher detection rate as compared with skeletal survey.49
According to the IMWG consensus statement, PET/CT
scan at the time of diagnosis provides helpful prognostic
data that can inform treatment decisions (grade A).17 Several
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experts now recommend routine use of PET/CT in place of
skeletal surveys because of the additional prognostic value
it provides at diagnosis.17 However, this practice has not yet
been universally endorsed. In our own practice, if a skeletal
survey indicates the presence of osteolytic lesions, we do
not routinely perform a PET/CT scan, but would proceed
with a PET/CT in patients with no lesions visible on skeletal
survey or in patients who have nonsecretory or oligosecretory disease.
Use of imaging in assessing response to therapy. Conventional radiography cannot be used for therapy monitoring because even in the presence of response to therapy, osteolytic
lesions rarely show radiographically identifiable changes.50
However, multiple retrospective and prospective studies
have established the importance of PET/CT to evaluate response to treatment of patients with MM.8,12,51 Changes in
FDG uptake on PET/CT provide an earlier evaluation of response compared with MRI.
The IMWG consensus statement endorses PET/CT as the
preferred imaging modality to evaluate and monitor metabolic response to therapy in patients with MM (grade A).17,19
PET/CT negativity before ASCT is associated with favorable
post-ASCT outcomes (grade B).17 For patients with conven-

TABLE 1. Summary of IMWG Consensus
Statements Regarding the Use of MRI in Plasma Cell
Dyscrasias19
Disease

Recommendation

MGUS

MRI is not recommended as part of initial evaluation in patients with MGUS unless there are clinical symptoms, physical examination findings, or
laboratory abnormalities that increase suspicion
for active disease.

Solitary plasmacytoma

MRI should be included in initial evaluation of patients with solitary bone plasmacytoma to better
examine the extent of the disease and exclude
other possible lesions (grade A).

SMM

Patients with one definitive FL should be classified
as symptomatic MM that requires therapy (grade
B).
Patients with unclear FLs should undergo a repeat
MRI within 3–6 months of the initial MRI and, in
case of radiographic progression, should be classified as symptomatic MM that requires therapy
(grade C).

MM

MRI is the gold-standard imaging modality for
detection of bone marrow involvement in MM
(grade A).
In the absence of WBMRI, MRI of spine and pelvis
can be used to rule out bone marrow involvement (grade B).
MRI is the preferred imaging technique to rule out
spinal cord compression (grade A).
MRI can be used to detect soft tissue involvement
and extramedullary disease (grade A).
MRI is not recommended for treatment follow-up.

Abbreviations: IMWG, International Myeloma Working Group; MGUS, monoclonal gammopathy of
undetermined significance; SMM, smoldering multiple myeloma; MM, multiple myeloma; FL, focal
lesion; WBMRI, whole-body MRI; EMD, extramedullary disease.

tionally defined complete response after treatment, particularly after ASCT, persistent PET/CT positivity after 3 to
6 months indicates worse outcomes (grade B). MRI is not
recommended for treatment follow-up.19
However, what is not known is whether patients who do
not achieve a radiographic complete remission based on
PET/CT scan after a defined period of therapy would benefit
from additional treatment or a change in therapy. For this
reason, we still do not use PET/CT scans routinely to monitor response to therapy, except in patients with oligosecretory or nonsecretory disease.
Use of imaging at disease progression. In patients with
new bony pain or clinical suspicion for a new lytic lesion, a
skeletal survey would be warranted. There are no established
guidelines for the use of PET/CT scan at the time of disease

TABLE 2. A Summary of IMWG Consensus
Statements Regarding the Use of PET/CT in Plasma
Cell Dyscrasias17
Disease

Recommendation

MGUS

No consensus statement has been issued.

Solitary
plasmacytoma

If MRI is unavailable, PET/CT is recommended as part
of the initial workup of patients with a suspicion of
extramedullary plasmacytoma or solitary bone plasmacytoma to rule out the presence of additional sites
of disease (grade A).

SMM

If WBXR is negative, and MRI is unavailable, PET/CT
is recommended to distinguish between SMM and
active MM (grade A).
Patients who meet the criteria for SMM but have ≥ 1
FL with osteolytic changes with increased uptake on
PET/CT should be reclassified as having MM rather
than SMM (grade A).

MM

At diagnosis:
Considering the higher sensitivity in detecting lytic
bone lesions, the incorporation of new imaging modalities (WBLDCT and PET/CT) for accurate diagnostic
purposes is recommended (grade A).
For prognosis:
PET/CT at the time of diagnosis will provide invaluable prognostic data that can inform treatment
decisions (grade A).
Although more studies for ASCT-ineligible and patients
with RRMM must be designed, independent studies
have designated a negative prognostic value for the
presence of EMD and the presence of more than
three FLs, specifically following upfront ASCT. The
prognostic value of SUVmax should be further investigated (grade C).
Assessment of response to therapy:
PET/CT should be considered the preferred imaging
modality to assess metabolic response to therapy
(grade A).
Given patchy bone marrow involvement by MM, molecular diagnostic assays for detection of MRD in bone
marrow should be coupled with PET/CT to confirm
eradication of MM cells both inside and outside the
bone marrow (grade B).

Abbreviations: IMWG, International Myeloma Working Group; RRMM, relapsed and/or refractory
MM; EMD, extramedullary disease; SUVmax, maximum standardized uptake value.
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progression after first-line therapy. However, if patients who
are on maintenance therapy or are being observed expectantly after frontline therapy develop biochemical evidence
of disease progression (defined as 25% or more increase in
the serum or urine M-protein or 25% or more difference between involved and uninvolved serum free light chains from
its baseline or the development of new plasmacytomas or
hypercalcemia52-54) but have no new lesions on skeletal survey, we perform a PET/CT scan to assess the disease status.
In patients who have FDG-avid lesions, we are inclined to
change (or reinitiate) therapy with a three-drug regimen
employing either daratumumab or carfilzomib. In patients
who do not have FDG-avid lesions, we often adjust the
dose of the drugs being used in maintenance or treat patients with an elotuzumab-based three-drug regimen. For
patients with new CRAB criteria (hypercalcemia, renal insufficiency, anemia, and bone lytic lesions) or symptomatic
progression, we are more likely to use a daratumumab- or
carfilzomib-based three-drug regimen.
With continued improvement in the OS of patients with
MM, a growing number of patients with a serum M-protein
of elevated serum free light chain level at diagnosis develop a nonsecretory or oligosecretory phenotype at time
of subsequent disease progressions. In these patients, the
serum M-protein of elevated serum free light chain level
no longer serves as a reliable surrogate marker for disease
activity, and we commonly find PET scan a useful tool to
provide an objective marker of disease activity in this situation.55

Smoldering Multiple Myeloma
As in MM, all patients with a diagnosis of SMM should initially be evaluated by WBXR. Based on the IMWG consensus statement, if WBXR is negative, and MRI is available,
patients with SMM should undergo WBMRI (or MRI of the
spine and pelvis if WBMRI is not available). Patients with one
unequivocal FL on MRI (diameter of 5 mm) should be considered to have symptomatic MM requiring therapy (grade
B). Patients with equivocal FLs should undergo a repeat MRI
within 3 to 6 months and, in cases of radiographic progression, should be considered as symptomatic patients who
need therapy (grade C).19 If WBXR is negative, and WBMRI
is unavailable, PET/CT scan is recommended to differentiate
between active MM and SMM (grade A).17 The presence of
one or more FLs with lytic changes and increased uptake on
PET/CT scan indicates active MM and calls for initiation of
treatment.17
Multiple studies have shown that the risk of progression
to MM is higher in patients with high-risk SMM,24,56,57 and
these patients are candidates for clinical trials. Based on the
current guidelines, from a radiographic imaging standpoint,
the definition of high-risk MM includes bone marrow plasma cells 10% or more in addition to either:
• MRI with diffuse abnormalities or one FL and/or
• PET/CT with FL with increased uptake without underlying osteolytic bone destruction.58
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Solitary Plasmacytoma
Plasmacytoma is a plasma cell dyscrasia containing abnormal
plasma cell clones within soft tissue (extramedullary plasmacytoma) or bone. In patients who are initially diagnosed
with solitary bone plasmacytoma based on WBXR, it is important to examine the bone marrow and other sites to rule
out the presence of cytologically undetectable plasma cell
clones elsewhere. WBMRI should be considered as part of
the initial evaluation in patients with solitary plasmacytoma
to better determine the extent of the disease and exclude
other occult lesions (grade A).19 If WBMRI is not available,
MRI of the spine and pelvis should be considered to rule out
bone marrow infiltration. PET/CT scan, as well, is a practical
imaging technique to exclude additional sites of proliferating
clonal plasma cells (grade A).17

Monoclonal Gammopathy of Undetermined
Significance
Monoclonal gammopathy of undetermined significance
(MGUS) is characterized by the absence of osteolytic lesions.48 In patients with a diagnosis of low-risk MGUS (defined as serum M-protein 1.5 g/dL or less, immunoglobulin
G isotype, and normal free light chain ratio59), a skeletal survey can be deferred. Patients with MGUS with high-risk features should undergo WBXR to rule out the presence of lytic
lesions. To date, MRI or PET/CT scan has not been deemed
necessary as part of the routine initial workup of patients
with MGUS,17,60 unless there are clinical symptoms, physical
examination findings, or laboratory abnormalities that increase suspicion for active disease.

OPTIMAL USE OF BISPHOSPHONATES
AND OTHER AGENTS IN BONE DISEASE IN
MULTIPLE MYELOMA
MM is the most frequent cancer that involves the skeleton,
with 90% of patients developing bone lesions over the
course of their disease.61 Bone involvement is responsible
for the most devastating consequences of MM, including
pathologic fractures that can occur in 50% to 60% of patients,
debilitating pain,62 and increased mortality risk by up to
20% in patients with MM.63 In addition, MMBD can cause hypercalcemia (15%)64 and spinal cord compression syndromes
(5%),65 impacting both quality of life and survival of patients.
MMBD is characterized by purely lytic bone lesions due to increased local osteoclast activity adjacent to MM cells that is
accompanied by severely suppressed osteoblast activity.66 This
uncoupling of the normal bone remodeling process, by which
increased osteoclast activity is coupled to new bone formation
at the sites of previous bone removal, results in little or no new
bone formation despite increased bone resorption.67 Moreover, the majority of bone lesions induced by MM do not heal,
even when the patients are in complete remission, as a result
of the persistent suppression of osteoblast activity.68

Bisphosphonates
Treatment of MMBD requires control of tumor proliferation, increased bone destruction, and, if possible, reversal
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of the persistent suppression of bone formation. Current
bone-targeted therapies focus on blocking osteoclast activity because safe, effective bone anabolic agents are still
not available clinically. Bisphosphonates69 and denosumab
(discussed below) are approved for the management of
MMBD. Pamidronate, zoledronic acid, and clodronate are
the most commonly used bisphosphonates. Bisphosphonates approved for treating myeloma in the United States
are zoledronic acid given at 4 mg intravenously over 15 to
30 minutes and pamidronate given at 90 mg intravenously
over 120 minutes every 3 to 4 weeks. Zoledronate and
pamidronate are equally efficacious for treating MMBD. All
of these agents decrease osteoclast activity and reduce development of new osteolytic lesions, pathologic fractures,
and hypercalcemia in patients with MM.70,71 Bisphosphonate treatment also improves bone pain through inhibition
of osteoclast-mediated proton release.72 However, bisphosphonate treatment only decreases skeletal-related events
(SREs; pathologic fractures, spinal cord compression, or the
necessity for surgery or radiation to bone) by 50%. Further,
uncommon but major complications associated with bisphosphonate therapy occur and include renal insufficiency
and osteonecrosis of the jaw (ONJ).73 Because of these complications, serum creatinine should be monitored before each
dose. If patients have mild to moderate renal impairment (estimated creatinine clearance of 30 to 60 mL/min), the dosage
of zoledronate should be decreased according to the package
insert. Zoledronate should not be used in patients with severe renal impairment. If the creatinine clearance is less than
30 mL/min, 90 mg of pamidronate can be infused over 4 to 6
hours. All patients receiving bisphosphonate therapy should
have a comprehensive dental examination and necessary
dental treatments prior to starting bisphosphonate therapy
and maintain excellent oral hygiene, have regular dental evaluations, and avoid invasive dental procedures.74
Although bisphosphonates are very effective for preventing SREs, major questions about bisphosphonate therapy
have centered on when to initiate treatment in patients
with MM, how frequently to treat patients, and the duration of treatment. Prior to the MRC IX trial, only patients
with active myeloma and lytic bone disease on imaging
studies were treated with bisphosphonates. The MRC IX trial compared the effects of the addition of zoledronate or
clodronate (a less potent oral bisphosphonate not approved
in the United States) to two treatment regimens in 1,960
newly diagnosed patients with MM. All patients received bisphosphonates, regardless if bone lesions were detectable
on skeletal surveys. Results from the MRC IX trial showed
a noteworthy increase in progression-free survival and OS
for all patients receiving zoledronate compared with clodronate, with an increase in OS of 5.5 months, regardless if they
had detectable bone lesions. Importantly, patients without
detectable bone lesions also had reduced occurrence of
SREs at relapse. These findings resulted in the ASCO guidelines recommendation for starting bisphosphonate therapy
in any newly diagnosed patient who is on treatment for
active myeloma.

Because the incidence of ONJ is related to duration of
bisphosphonate treatment more than 2 years, tooth extraction, and surgery to the jaw and is more frequent
with zoledronate-based regimens,75 several studies have
assessed if the dosing interval for zoledronate could be
extended from monthly to every 3 months and still maintain its efficacy. The Z-Mark study examined the efficacy of
3-month zoledronate therapy in patients who had received
1 to 2 years of monthly zoledronate therapy and had urinary
N-telopeptide of type I collagen levels of less than 50 nmol/
mmol creatinine. Urinary N-telopeptide of type I collagen is
a bone resorption biomarker. Patients with urinary N-telopeptide of type I collagen levels greater than 50 nmol/mmol
creatinine, developed an SRE on the study, or had disease
progression were treated with monthly zoledronate. Seventy-nine of the 121 patients received the 3-month schedule,
with only 12 patients developing an SRE over the 2 years of
the study. This low SRE rate (8.9%) supported less frequent
dosing of zoledronate in patients who have received 1 to 2
years of monthly treatment and have stable disease. It also is
consistent with recent results that showed very low rates of
SREs in patients receiving more effective modern therapies.76
A more recent second larger randomized trial compared
every 12-week to 4-week zoledronate therapy in a group of
patients that comprised 1,544 patients with bone metastasis and 278 patients with myeloma.77 This study found no
differences in SREs, incidence of ONJ, or renal dysfunction
between the treatment groups. However, only 795 of the
1,822 patients randomly assigned initially completed the
study, with a similar high dropout rate for the patients with
MM and those with bone metastasis. Taken together, these
studies are not definitive, but suggest that less frequent
zoledronate dosing may be feasible in patients with MM
with very stable disease. However, extending the dosing
interval for zoledronate must still be based on the treating
physician’s discretion.
Because bisphosphonates accumulate and remain in bone
for years, the question remains how long patients with MM
should be treated with bisphosphonates. Randomized trials
of bisphosphonates in patients with cancer have only examined the effects of bisphosphonate treatment of up to 2
years. The MRC IX trial did report the results from a small
number of patients who continued bisphosphonate therapy
for up to 5 years. These patients showed continued benefit
from prolonged bisphosphonate treatment intent on preventing SREs. However, incidence of ONJ continued to increase
in these patients over the same time period. Thus, current
guidelines recommend treating patients with bisphosphonates for up to 2 years and then consider stopping bisphosphonate treatment until relapse.78

Denosumab
Denosumab, a monoclonal antibody that binds and blocks
the activity of RANKL, was recently approved by the Food
and Drug Administration for MMBD. The approval was
based on the results of a large phase III trial of denosumab
versus zoledronate for MMBD.79 The RANK/RANKL signaling
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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pathway is a major regulator of both normal and pathologic
bone remodeling. RANKL is expressed by stromal cells, osteoblasts, and osteocytes in bone and is also secreted by
activated T lymphocytes and MM cells.80-82 Multiple cytokines and hormones known to stimulate bone resorption
(e.g., parathyroid hormone, 1,25-OH2VitD3, prostaglandins,
interleukin-1β, and tumor necrosis factor-α) increase RANKL
expression by osteoblasts.83-87 RANKL binds its receptor
RANK on the surface of osteoclast precursors and mature
osteoclasts and stimulates a number of signaling cascades
vital for osteoclast differentiation, survival, and activity.88,89
In the recently completed trial, denosumab was found to
be noninferior in delaying first on study SRE compared with
zoledronic acid, and OS was similar between the two treatment groups. Importantly, an exploratory endpoint, median
progression-free survival, showed that progression-free sur-

vival was increased by 10.7 months for patients receiving
denosumab compared with those receiving zoledronate.
Hypocalcemia occurred more frequently in the denosumab arm, consistent with its known safety profile, but ONJ
rates were similar. Thus, denosumab represents a newly approved antiresorptive therapy for patients with MM. Similar
dental monitoring and vitamin D and calcium supplementation must be used for patients receiving denosumab as for
patients receiving bisphosphonates.
As noted above, current treatments for MMBD, bisphosphonates and denosumab, primarily target bone destruction
by osteoclasts and do not increase bone formation. Several
potential bone anabolic agents are in preclinical or clinical
trial for MMBD that may be available in the near future to
repair or prevent bone lesions and their terrible sequelae in
patients with MM.
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NOVEL EXPENSIVE DRUGS HAVE IMPROVED OUTCOMES OF PATIENTS WITH MYELOMA

Value and Cost of Myeloma Therapy—We Can Aﬀord It
Rafael Fonseca, MD, and Jennifer Hinkel, MS
OVERVIEW
A na onal conversa on regarding the price and aﬀordability of drugs exists, where concern for value and beneﬁts of medica ons is challenged by the increasing price of both injectable and oral medica ons, including the cost of care of myeloma.
At the same me, we have seen unprecedented improvements in the overall survival of pa ents with myeloma, mostly
because of the availability of these new drugs. Here, we present data to assert that these medica ons and associated expenses are of direct beneﬁt to pa ents and society. The entrepreneurial reward for drug development in the United States
has fueled vigorous drug development eﬀorts that have culminated in the approval of 11 new drugs for the treatment of
myeloma by the U.S. Food and Drug Administra on (FDA) since 1999. These patented drugs are available to pa ents in the
United States usually at a higher price than in the rest of the world. Nevertheless, the majority of pa ents, via direct copay
assistance or through indirect support via third par es, have access to these drugs irrespec ve of their socioeconomic
status. One of the major regulatory hurdles that prevents access to these drugs is the legal impossibility that pharmaceucal companies have in directly suppor ng copay assistance for pa ents with government-funded health care. Moreover,
assessments of value should include formal pharmacoeconomic analyses performed by experts. Interference with market
forces and coercive ac on, such as price controls, or exercising eminent domain in the quest for cheaper medica ons will
stymie innova on and rob us of the cures of the future.

T

he prognosis for pa ents with myeloma has improved
over the last 15 years, primarily because of the advent
of novel therapeu cs.1 Myeloma is a disease model for
drug development, where an array of collabora ve eﬀorts
between academic centers and the pharmaceu cal companies have led to the approval of 11 new medica ons since
1998 (Fig. 1). Before these approvals, myeloma was treated
with melphalan, cor costeroids, and older chemotherapy
agents.2 In 1993, the median survival of pa ents with myeloma was approximately 2 years (29 months), with rare
long-term survivors (Fig. 1).2 Today, it is es mated that the
average pa ent with myeloma will live over 8 years from the
me of diagnosis (perhaps longer), and a measurable fracon of pa ents can be cured.1 The pace of progress is so fast
that increments in these survival changes can be documented
over short periods of me.1 However, the ﬁght against this
disease is not complete. Treatments can be lengthy, be associated with toxicity, and have the cost associated with
chronicity of therapy, and most pa ents ul mately succumb
to their disease. The search for be er, faster, less toxic, and
aﬀordable treatments must con nue.3
Much progress has occurred over the last 100 years in the
quest for medical improvements. Through a combina on of
scien ﬁc advances, public health ini a ves, the economic be erment of popula ons, and serendipity, the average
lifespan of humans has increased by about 30 years over that

same period. The scourges of the past are no more; vaccina ons have eradicated polio, an microbials have greatly
reduced the risk of infec ous diseases, and improvements
in the preven on and management of cardiovascular health
have greatly improved the human experience. Among others,
two major threats s ll must be overcome: cancer and neurodegenera ve disorders. The challenge in ﬁnding solu ons for
diseases, like Alzheimer disease, is daun ng, so much so that
various pharmaceu cal companies (e.g., Pﬁzer) have explicitly stated that they will no longer engage in research eﬀorts
for that terrible disease.3 That is not the case in cancer. Progress is being made on a constant basis: some mes incrementally and some mes exponen ally. It is not inconceivable to
envision a future where the majority of cancer cases can be
controlled or cured. We hope for a future that looks back at
2018 and sees with incredulity the existence of cancer centers (as we do for tuberculosis sanatoriums). Moreover, myeloma is a prime example of how progress has happened, but
the totality of answers is not there yet.
In this ar cle and its accompanying session presented
at the 2018 ASCO Annual Mee ng, we intend to discuss
whether this progress comes forward as a reasonable value proposi on for pa ents and society. This paper will primarily address value associated with patented and branded
medica on. Although most prescrip on medica ons are
generic (more than 90%), the key elements in the treatment
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of myeloma s ll have patent exclusivity. In the case of generic
(and perhaps biosimilar medica ons?) medica ons, competi ve forces should quickly drive prices down, an important
step in the lifecycle of drugs. However, market distor ons
have allowed lack of compe on to prevent downward pricing, and even in some cases, we have seen drama c increases
(e.g., daraprim). Medica ons central to the treatment of
myeloma, such as melphalan and cyclophosphamide, have
greatly increased in price. Recent ac ons by the U.S. Food
and Drug Administra on have focused on the rapid approval of
generic medica ons, and hopefully, this, in me, will allow
a more compe ve landscape that will make these medicaons be er priced.

BACKGROUND FOR THE CURRENT CONCERN
OF DRUG PRICES
“Skyrocke ng” Prices
The rapid rise in the price of medica ons is a commonly cited
concern; this argument goes hand in hand with discussing
increasing health care costs in general and the financial
pressures exerted on the health care system and individual
pa ents. However, is it truly the case that drug costs are
“skyrocke ng”? Drugs compose only a small frac on of the
total costs of health care: 10% at large and 20% by some esmates for cancer care. Cancer drugs cons tute only about
1% of total health care costs. Two recent analyses show that
the actual increase in prices, a er discounts and rebates are
applied, is much lower than what intui vely would be an cipated. Popovian4 shows that “in December 2017, the Centers for Medicaid and Medicare Services released Na onal
Health Expenditure data for 2016. The drug expenditure
growth for outpa ent prescrip ons was a meager 1.3%,
well below the growth rate of overall na onal health care
spending and in line with the overall inﬂa on rate in the
United States of 1.28% for that year. In comparison, hospital and healthcare professional spending increased by 4.7%
and 5.2% respectively, whereas overall, National Health

PRACTICAL APPLICATIONS
• Novel therapeu cs have greatly improved the outcomes
of pa ents with myeloma and provide value.
• Absent formal pharmacoeconomic analysis, it is
impossible to gauge economic value of drugs to both
individual pa ents and society at large.
• Although there are legi mate concerns about the
cost of drugs and par cularly, the impact of pa ent
out-of-pocket costs, the dialogue can only advance in
the se ng of rigorous academic objec vity and with an
eye to pragma c solu ons that beneﬁt pa ents ﬁrst and
foremost.
• The future of myeloma is bright and mostly so because
of the availability of new therapeu cs.
• Aspira ons of societal responsibility in terms of
achieving lower health care costs via price controls
or similar mechanisms are at odds with the primary
responsibility of the physician: the pa ent.
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Expenditure’s increased by 4.3%.”4 Express Scripts, one of the
na on’s largest Pharmacy Beneﬁt Managers, just reported
that, in 2017, drug spending rose by only 1.5%, and that
same year, the rise in specialty drugs was the lowest that
they had recently recorded.5 Overall, drug spending is not
skyrocke ng.

Do We Get the Value for These Drugs?
There is no mutually agreed on way to es mate value for
medica ons. Health economics experts have used metrics,
such as the cost per quality-adjusted life-year, to es mate
a value of medical interven ons. Such metrics are fraught
with problems in that they likely underes mate the value of
a person’s life a er a cancer diagnosis; the cost per qualityadjusted life-year metric has met cri cism from health
economists, bioethicists, pa ent advocates, and physicians,
poin ng out methodologic and ethical ﬂaws.6 In some cases, pa ents and physicians advoca ng against this metric
state that me becomes more valuable for pa ents a er
the stark reminder of human mortality that accompanies
a cancer diagnosis.7 Other metrics of value have no direct
economic evalua on, such as reaching a landmark life event
(“value of landmark survival”; e.g., a wedding), improving
quality of life, lessening of toxicity, or other imponderable
beneﬁts. One recent addi on to this list includes what has
been called the “value of op ons”; this term refers to the
capacity that a pa ent has to live long enough to be able to
realize the beneﬁt of future therapy, a therapy s ll in development. Myeloma is a shining example of how clinical trials
bring forward new op ons for pa ents. Pa ents with myeloma who have now lived long enough to see the possibility of
par cipa ng in a chimeric an gen receptor (CAR) T cell trial
can do so because of the extended survival oﬀered to them
by these novel treatments.

Cost-Eﬀec veness Studies
Numerous studies have evaluated the cost-eﬀec veness of
myeloma treatments. Table 1 provides a summary of recent
pharmacoeconomic studies that include novel myeloma
agents.8-15 Although numerous studies exist (searched via the
combina on of “cost-eﬀec veness” and “real world” alongside “myeloma"), many have done comparisons of older drugs
and regimens no longer relevant in the clinic. Although some
of the studies go beyond the willingness to pay of $150,000
per quality-adjusted life year (QALY) threshold, several studies show favorable results, even for daratumumab combinaons.12 Other studies have looked at monotherapy drugs with
cost-eﬀec veness ra os that are similar for pomalidomide,
daratumumab, and carﬁlzomib.16 These analyses have been
conducted in partnership with experts in the ﬁeld of myeloma who can a est to the clinical soundness of the regimens
being tested. Importantly, these analyses have been done in
partnerships with health economists who can professionally
establish parameters and framework for these studies, a set
of skills not commonly possessed by physicians.
Aguiar et al reported on the quality of pharmacoeconomic
studies for myeloma using the Consolidated Health Economic

NOVEL EXPENSIVE DRUGS HAVE IMPROVED OUTCOMES OF PATIENTS WITH MYELOMA

FIGURE 1. Survival Es mates of Matched Pa ents With Mul ple Myeloma and Controls by Year of
Diagnosis
A

B

C

D

By linking to the Social Security Administra on Master Death File, survival was measured as me from diagnosis date to the date of death obtained from the Social Security Administra on, me from
diagnosis date to the date of inpa ent death, or me from diagnosis date to September 30, 2015. (A) Survival es mates were presented for pa ents with mul ple myeloma (MM) diagnosed and treated
from 2006 to 2012 (9,521 pa ents). (B) Overall survival in MM according to the Myeloma Trialists collabora ve eﬀorts. A paper published in 1998 with over 6,000 pa ents showed a median overall survival
of 29 months. (C) Costs on a per pa ent per month basis for the care of pa ents with myeloma over the recent years. The dashed line represents the combina on of the cost of drugs plus the costs of
administra on. (D) Food and Drug Administra on–approved drugs for the treatment of myeloma since 1998.
Abbrevia ons: CCT, conven onal chemotherapy; MP, melphalan and prednisone; NS, not signiﬁcant; SD, standard devia on.
Adapted from Fonseca et al.1
* Year ranges represent the year of diagnosis.

Evalua on Repor ng Standards (CHEERS) and iden ﬁed 132
poten ally relevant studies, eight of which met their inclusion criteria.18 They concluded that although be er quality
repor ng is needed, the majority of included studies reported favorable cost-eﬀec veness ra os. Although there
are challenges associated with comparing U.S.-based and
European cost-eﬀec veness studies, many studies conducted in Europe have also shown that novel myeloma agents
are cost-eﬀec ve. For example, Borg et al19 es mated ICER
of €62,000 for pomalidomide as an add-on to best supportive care in Sweden. Blommestein et al20 showed that most
novel agents are cost-eﬀec ve at incremental cost levels of

€24,000 to €34,000. One recent study a empted to use value-based frameworks and found that they are not yet developed in such way that they can help guide therapy, and
a more recent analysis has shown that value-based frameworks suﬀer from the lack of considera on of pa ent heterogeneity, for instance in myeloma risk stra ﬁca on.21,22

Limita ons of Cost-Eﬀec veness Studies
It is cri cal to recognize that cost-eﬀec veness modeling
depends on assump ons and input variables such that modiﬁca ons in the parameters used can have a signiﬁcant impact on the results (e.g., survival hazard ra os, treatment
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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dura on, me horizon, heterogeneity considera ons, real
drug costs that are diﬃcult to obtain). For example, prior
published analyses have not included manufacturer rebates,
which can be substan al.23 Another major considera on is
whether using a QALY discount in these models is ethical
and fair; why not use life years alone? One current problem is that modeling studies omit inclusion of measurable
value associated with cost. To this eﬀect, Lakdawalla et al
proposed a quality-adjusted cost of care, a new metric that
incorporates both health care spending and health improvement. They found that novel myeloma therapies increased
the treatment cost from $36,607 in 2004 to $109,544 in 2009.
However, this was oﬀset by $67,900 in health beneﬁts.24

Real-World Data
We have recently reported that the cost of caring for myeloma has increased over the last several years, but several other factors contribute to this increase, par cularly
nondrug outpa ent expenses.15 In 2000, the total all-cause
health care cost of myeloma was $3,263 per pa ent per

month (PPPM; $346 PPPM or 10.6% for myeloma treatment–
related drug costs), and increased to $14,656 PPPM in 2014
($4,176 PPPM or 28.5% for myeloma treatment–related drug
costs).15 When only looking at pa ents with newly diagnosed
myeloma who received treatment within a year of diagnosis, the total all-cause health care cost increased to $18,424
PPPM in 2014. The es mated $4,176 PPPM is the average
cost of drugs divided by the length of follow-up for pa ents,
including months when they are not on therapy. Arikian et
al25 reported similar es mates also using claims data including 2,843 newly diagnosed and 1,361 relapsing myeloma paents. In ﬁrst-line therapy, the total monthly cost for pa ents
with newly diagnosed myeloma declined from $15,734 inially to $5,082 at 18 months, whereas second-line therapy
monthly costs rose to $13,876 in the ﬁrst 3 months but declined to $6,446 at 18 months a er treatment ini a on.

Myeloma Considera ons
Two very important considera ons are worth no ng when
discussing the cost of care of myeloma. First, myeloma is an

TABLE 1. Recent Representa ve Cost-Eﬀec veness Analysis and Real-World Data on Cost per Pa ent per Month
ICER Studies

Control

Regimen

Line

LY Time

Cost ($)

QALY Time

Cost

Incremental Cost ($)

Jakubowiak et al9

Vd

KRd

1–3 prior

1.66

110,060

1.50

114,793

182,699

Usmani et al8

Rd

VMP

Relapsed

2.22

39,687

1.47

53,826

78,977

Jakubowiak et al14

Rd

KRd

1–3 prior

1.99

90,147

1.67

107,520

179,393

Carlson et al13

Rd

Daratumumab-Rd

Second

7.38

5.44

187,728

535,530

Third

6.97

4.38

216,360

507,448

Vd
Rd
Rd

Rd

Raje et al11

Daratumumab-Vd
Carﬁlzomib-Rd
Ixazomib-Rd

Elotuzumab-Rd

Vd

Panobinostat-Vd

ZA

Denosumab

Second

7.11

5.29

50,704

257,825

Third

6.71

4.38

60,359

247,804

Second

4.71

3.45

211,458

182,875

Third

4.37

2.74

252,293

178,114

Second

4.46

3.27

454,684

312,381

Third

4.14

2.60

508,021

284,758

Second

4.66

3.27

454,684

312,381

Third

4.32

2.71

484,168

326,897

Third

5.27

3.46

62,038

18,362

107,939

26,329

PPPM Studies

PPPM by
line (%
drugs)

Fonseca et al15

NA

NA

All (29); First

14,656;
18,424

MacEwan et al12

All costs

NA

First (22)

22,527

Second (29)

35,266

Chen et al17

NA

Third (29)

47,417

Pd

All

18,298

102,000

Kd

All

24,734

127,000

Note: MacEwan et al: PPPM costs are only for the months under ac ve treatment and do not include rebates. Fonseca et al: PPPM costs are over the life me of the pa ent. Arikian et al: PPPM costs are for
the dura on of therapy and un l the next line.
Abbrevia ons: ZA, zoledronic acid; Rd, lenalidomide plus dexamethasone; LY, life years; QALY, quality-adjusted life-year; ICER, incremental cost-eﬀec veness ra o; K, carﬁlzomib; VMP, bortezomib, melphalan
and prednisone; NA, not applicable; Kd, carﬁlzomib plus dexamethasone; Pd, pomalidomide plus dexamethasone; Vd, bortezomib plus dexamethasone; PPPM, per pa ent per month.
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outlier as a disease where we have been very fortunate to
have a large number of FDA approvals, and, although new
treatment allows for be er disease control, they also stress
payers’ budgets. This is not the case for all malignancies. We
should not penalize success. The second considera on is
that treatments are not always given in op mal ways (e.g.,
fewer pa ents receive the best treatment than they should)
and o en treatment is only given for a short period. Qian et
al showed that among 9,617 myeloma pa ents, only 3,735
(38.8%) used bone-protec ng agents, a standard of care for
myeloma.26 MacEwan et al showed that the average duraon of treatment by line of therapy was 7 months for the
ﬁrst line, 6 months for the second line, and 5 months for the
third line.12 There is also a very high level of a ri on among
the various lines of therapy, because of some reasons, including the inability to control the disease or death, leading
to total decreased u liza on of drugs. The realized cost of
the care of myeloma is less than what it would be if op mal
therapy were employed.
What about other analyses that ﬁnd a low or ques onable
value to myeloma medica ons? Three examples will help to
quickly expose their limita ons. Most notable among these
is the analysis done by the Ins tute for Clinical and Economic
Research.27 The Ins tute for Clinical and Economic Research
convened a panel to evaluate and grade value of myeloma
drugs but reached clinically illogical conclusions given the
lack of input from clinician experts in their modeling.28 The
Ins tute for Clinical and Economic Research concluded that
panobinostat was the best value drug for myeloma. Another academic analysis of the three immunomodulatory drugs
concluded that thalidomide is probably equivalent to lenalidomide for the treatment of myeloma, with the excep on
of a reduced rate of peripheral neuropathy.29 Lastly, a study
done at MD Anderson ques ons whether novel agents are
cost-eﬀec ve as opposed to old chemotherapy as induc on
therapy for myeloma, regimens that are no longer in use in
clinical prac ce.10
What about the macroeconomic analysis of the beneﬁt of
cancer therapy? One study by Murphy and Tope30 showed
that a 1% reduc on in cancer mortality has a present value
to current and future genera ons of Americans of nearly
$500 billion, and this value for a cure would be approximately
$50 trillion. An economic valua on of the war on cancer
was published in 2010 by Lakdawalla et al,31 and they found
that the improvements in cancer survival have resulted
in millions of addi onal life-years and trillions in social value
for Americans. Speciﬁcally, the research investments during
a 12-year period (from 1988 to 2000) bought 23 million addi onal life-years with an es mated value of $1.9 trillion.31
The total cost of care for pa ents during this period was
es mated between $98 and $393 billion, meaning that paents realized between 82% to 95% of the total beneﬁt.31
An important considera on for myeloma is that some cancers that aﬀect more the elderly and thus living longer may
not result in work-associated economic beneﬁt, as much but
there is s ll value in the domains above. Also, it should be
noted that a prolonged life will result in addi onal health

care expenditures. However, this does not diminish the value
of current therapies.

Copayments and Medical Bankruptcy
How do drug prices aﬀect individual pa ents? They do so in
two ways—ﬁrst by contribu ng to calcula ons that determine the cost of insurance premiums and second through
cost-sharing mechanisms that are imposed by insurers at
the me of purchase (copayments or coinsurance). Determina ons of the insurance premium are more of an abstract
considera on when pa ents consider coverage plans in the
case of catastrophic illness, usually without the prior knowledge of speciﬁc needs.
Pa ents are most directly aﬀected by out-of-pocket
costs, such as copays. Because of this and the conversaon surrounding drug prices, the lay media has conﬂated
the legi mate concern of medical bankruptcy with the cost
of prescrip on drugs. A clariﬁca on is needed. Being sick
(more so with cancer) is expensive. It is expensive not only
because of the cost of drugs but also because of loss of
revenues (pa ents and caregivers cannot work in many instances) and expenses, such as travel, hospital, and doctor
bills. The risk of bankruptcy doubles a er a cancer diagnosis, but the net risk is quite low. In one study, Ramsey
et al32 noted that the risk of bankruptcy increased from
0.7% (baseline) to 1.7% in the 5 years that follow a cancer
diagnosis. Also, no study has conclusively linked the cost of
drugs (copays) directly to the risk of medical bankruptcy—
it is the total cost of care that ma ers combined with other
factors, such as loss of income.32 This is not to say that
funding cancer treatment is easy; in fact, a diagnosis of
myeloma poses a very substan al ﬁnancial challenge to
pa ents and their families, but an objec ve analysis of this
hardship is rarely done. Furthermore, even in countries,
such as Canada, that have both a na onal health system
and bankruptcy protec on laws (most countries do not
have them), the risk of cancer and medical bankruptcy is
high.33,34 The conjecture that the price of drugs and associated copays causes most medical bankruptcy fails the most
basic scru ny.
Copays exist to create a more discriminant purchaser (in
this case, the pa ent) and indirectly aim to incen vize use
of drugs with lower cost-sharing as well as reduce insurers’
liability for expenditures (dual aims that health economists
have long cri cized as not only ﬂawed but also, incen ves
at cross purposes).35 Many problems exist with the current
framework of copays. How a copay’s consumeris c pressure
can be of help when there are no equivalent op ons (e.g.,
for drugs with market exclusivity and no therapeu c equivalents) is unclear.36 Drug copays have been proven, in economic analysis, to be a bad idea that fails to create value.35
To overcome this hurdle, manufacturers of drugs have created copay assistance programs for those with commercial
insurance.37 As a result, a substan al majority of individuals
only pay a nominal monthly fee as a copay. For instance,
the current programs dispense a monthly supply of lenalidomide for as maximum copay of $25 to all commercially
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insured patients who qualify, excepting those in a highincome bracket. Cri cs of this system fail to recognize that
copay assistance programs func on akin to a rebate given directly to pa ents. The same rebates have been implemented
for other patented drugs used for the treatment of myeloma.
A study by one specialty pharmacy, Diplomat, showed in a
study of close to 80,000 prescrip ons ﬁlled that the average
copay for patients was $80 after financial assistance,
and 86.2% of pa ents had a direct cost of less than $50.38 A
total of 91% of pa ents pay less than $100 per month to access lenalidomide.38 For some families, this amount may s ll
create a hardship but hardly what most news headlines claim.
The greatest problem with pa ent liability for cost-sharing
is among the Medicare popula on, par cularly those facing
substan al out-of-pocket spending for Part D medica ons or
those without supplemental insurance for Part B coverage,
which leaves the beneﬁciary responsible for 20% coinsurance.
Stark laws prevent direct copay assistance from pharmaceu cal companies for Medicare, Medicaid, other federally
insured beneﬁciaries, and some individuals insured by state
government programs, and thus, ﬁnancial assistance to these
popula ons is only available when it can be obtained via a
third party (usually a pa ent founda on or an organiza on,
such as the Leukemia and Lymphoma Society). These nonproﬁt organiza ons administer funds granted by donors,
which o en include pharmaceu cal companies and their
founda ons, to provide assistance for pa ent copays. Absent
this system, many elderly and lower-income pa ents would
not be able to aﬀord prescribed drugs. Among industry cri cs,
there is a visceral nega ve reac on to this method of pa ent
ﬁnancial assistance, and federal authori es have engaged in
the inves ga on of these schemes as somewhat nefarious,
par cularly when a manufacturer’s funding supports pa ents
in narrowly speciﬁc disease areas.37,39-41 It is remarkable that
medical bioethicists have failed to call out the unnecessary
ﬁnancial distress introduced on a vulnerable popula on of
pa ents with cancer facing life-limi ng illnesses, o en with
limited economic means, who access founda on support for
these purposes. In fact, these pa ents only have to access
this ﬁnancial support because of insurance beneﬁt designs
that fail to fully insulate them from ﬁnancial hardship, which
is the true purpose of health insurance.
Although the use of specialty drugs has greatly increased,
they s ll are only a small frac on of all prescrip ons, although most of the net cost increase in medica ons is associated with this group of medicines. A recent study by
Dusetzina42 reports that, in 2014, the average copay for
pa ents for specialty medica ons was $35. There is a disconnect between the rhetoric about hardship to pa ents
and reality. As should be obvious now, the vast majority of
manuscripts addressing hardship associated with copays
focus on Medicare beneﬁciaries, o en those without supplemental insurance to Part B coverage, which leaves the
beneﬁciary with a 20% coinsurance on all claims, or those in
the Part D “donut hole.”42,43 Using the same database used
by Dusetzina,42 we found that the cost of care for myeloma
increased over me from 2000 to 2014.1 In 2000, myeloma
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treatment–related drug costs accounted for 10.6% of total
health care costs, increasing to 20.3% in 2007 and 28.5% in
2014 ($4,179 per pa ent per month).1 However, drug costs
did not outpace the cost for hospitaliza ons and other outpa ent interven ons.1

“DANGER ZONES” PITFALLS OF PROPOSED
SOLUTIONS
Formularies, Pathways, and Other Usage Restric ons
One proposed way to control prices is the introduc on of
boundaries in the form of pathways, formularies, or other
administra ve strategies that would aim to curtail the use of
expensive medica ons. These can be in the form of guidelines (such as those of the Na onal Comprehensive Cancer
Network) or mandates (such as pathways in closed systems).
The more restric ve versions include formularies that either
deny coverage or make it only accessible at a steep price
for pa ents. Some insurer programs reward physicians for
prescribing from a narrowed formulary, o en without transparency to the pa ent being treated that the prescriber
may be gaining a bonus for restric ng treatment op ons.
For instance, a review of drugs available in the formulary
of the Veterans Administra on system shows that some of
the newest and by corollary, most expensive drugs were not
available to beneﬁciaries, whereas they were covered under formularies of other payers.36,44 Outside of the United
States and undoubtedly, as a cost-containment strategy,
many cancer drugs are either approved at a much later date
or approved but not provided coverage for funding. This
delay is observed even in advanced economies with a per
capita gross domes c product similar to that of the United
States, such as those in the European Union. Based on conclusive clinical trial data, lenalidomide was approved in the
United States for the treatment of relapsed and refractory
myeloma in December of 2005. Many years later, the drug
was either not approved or not funded in many European
countries. In countries with strong emergent economies, it
has taken more than a decade for these drugs to become
available. Lenalidomide was just recently approved in Brazil.
In the past, any pa ent wishing to receive lenalidomide had
to sue the government to gain access.

Price Controls and Medicare Nego a on
Price and wage controls have been shown, extensively
and empirically, not be a good solu on to set ideal prices.
One strategy that has been proposed to decrease the
cost of drugs has been to “allow Medicare to nego ate
prices.”36,44-46 This strategy is more of an abstract aspira on of
ar ﬁcial se ng of prices rather than nego a on. For Part D,
Medicare delegates the nego a on func ons to plans that
administer drug beneﬁts to its beneﬁciaries.47 Similar direct
nego a ons have been conducted in the past and have
failed.47 Given that private insurance companies already nego ate prices on behalf of their beneﬁciaries, it is unclear
how Medicare can further improve on these nego a ons,
salvo two excep ons: create exclusionary formularies (like
the Na onal Ins tute for Health and Care Excellence in the
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United Kingdom) with a willingness to decisively not cover
therapies that do not meet certain cost criteria or set prices
ar ﬁcially (price controls).47 No ma er how sophis cated a
proposed hypothesis is for a correct price, history has repeatedly shown that ar ﬁcial interference with the market
will only lead to scarcity.48 Market distor ons have recently
lead to shortages in cancer essen al medica ons, all of
them generic and mostly injectable. We have yet to witness
a shortage of lenalidomide, bortezomib, carﬁlzomib, daratumumab, ixazomib, denosumab, or one of the many drugs
available for the treatment of myeloma. Meddle with prices,
and this may very well happen.

Eminent Domain and Compulsory Licensing
Some have proposed to exercise eminent domain rights and
set the prices of medica ons to be er perceived value.49
Others have stated that, at the interna onal level, compulsory licensing is necessary to overcome the economic
burden of the high cost of these drugs for poor countries.
Although debatable, a clear argument can be presented
against the obvious moral implica ons of coercively obtaining something (intellectual property). Ethically, this could
be countered with an argument that it is morally wrong
not to extend the beneﬁt of current therapies to those in
need, and thus, there is the need for these ac ons, par cularly in situa ons of public health crisis. Drug development
happens in the Western world, predominantly in the United
States, and exists in a system that rewards innova on and
investment with a period of exclusivity granted by the patent system. This patent system does not imply monopolis c
forces, because parallel drug development is always possible (e.g., isatuximab and daratumumab). If the current
drug development system was to be challenged by eminent
domain or compulsory licensing, there would likely be a
deeply nega ve eﬀect on further investment in innova on,
par cularly if risk exists for parallel reimporta on of drugs
manufactured in low-income countries under a compulsory
license.49 The economic literature shows conclusively that
limita ons of possible economic reward will stymie innovaon and investment.50-52 Ironically, we are fortunate in that
successful investments in cancer drug development have attracted further investment from others. Although undoubtedly, this “bullish” environment is of beneﬁt to the investors,
it is also ul mately beneﬁcial to those aﬀected with cancer
who reap the rewards of more treatment op ons and shorter
intervals between new discoveries. Unfortunately, this is
not currently the case in Alzheimer disease and other neurodegenera ve diseases, where there is worry about return
on further investment in clinical trials because of a number
of recent setbacks in clinical development. Moreover, if we
were to interfere with the current system, investment may
migrate to other more lucra ve aspects of the economy and
stymie growth in biomedical innova on.

INTERNATIONAL CONSIDERATIONS
Pa ents in the United States pay a higher price for drugs
than people in the rest of the world: both generics and

those protected by patents. Arguably, a global approach
that allows access to cheap generics is desirable and only
must be substan ated by the necessary quality control metrics to establish conﬁdence in the products. Such a system
should not be hard to accomplish (by allowing free market
forces to operate) and could reduce prices for medica ons
on the U.S. market as long as manufacturing prac ces are
able to meet FDA standards. Furthermore, a rapid transi on
from a patented status to generic is essen al in a holis c
model, where respect for intellectual property protects patented products, and yet, widespread access to cheaper generics is a future reality. There are some legi mate concerns
about the quality of generics manufactured abroad given
that some studies suggest a lack of an ac ve agent in up to
10% of agents or wide varia ons of potency or purity; however, these barriers can be overcome with oversight.
In contrast, importa on of patented medica ons is intellectually dishonest and inconsistent with the current
model of protec on of intellectual proper es. Moreover,
parallel import is a poten al channel for the introduc on
of counterfeit or fraudulent drug product into the U.S. supply chain. Although some have insinuated that other countries are be er nego ators than American purchasers, the
reality is that the current system of drug development
makes the U.S. popula on subsidize drugs for the rest of
the world.53 The majority of proﬁt generated with patented
medica ons is realized in the United States. In return, U.S.
pa ents have earlier access to medica ons in most instances. Willingness outside of the United States to pay for
drugs at similar prices to those in the United States would
no doubt result in simultaneous access elsewhere. It is
possible, not assured, that similar pricing in high-income
countries could result in lowering of prices, with resul ng
beneﬁts to payers. If this scheme was not successful and
prices became elevated abroad, this would further accelerate investment in drug development given the greater
reward, even if the frac onal sales abroad dropped. Future
economic analysis could easily conclude that the transfer
of wealth and opportuni es created by the ar ﬁcially low
prices paid by advanced economies for newer medica ons
saved lives and represented a great act of benevolence by
the United States.
Selec ng unique situa ons or corpora ons that have exceeded the ﬁnancial success of the market is unfair in that it
omits men on of the failure of the many other commercial
endeavors in drug development; sadly, most compounds
fail.

CONCLUSION
Oncologists and cancer researchers ﬁnd the strength to persist in their quest because of the op mism for a be er future. The cost of care for myeloma is high and growing. The
economic challenges faced by someone with myeloma are
daun ng, but their prospects for a be er future con nue to
improve. Despite the growing cost of drugs, pa ents with
myeloma can have access to these medica ons in the United
States. These authors have not encountered a situation
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where we could not dispense one of the myeloma drugs
to our pa ents. Moreover, in providing medica ons to paents, we can improve their outlook. The advent of immunotherapies, such as CAR T cells, will only increase the cost
of care, but it will also increase the possibility of pa ents
being long-term survivors, and perhaps, a sizable number
could be cured. Those of us caring for pa ents with myeloma know that we are a “new drug away” or a “combina on
away” from having a regimen equivalent to what R-CHOP

is for lymphoma. Long-term studies have shown that, even
with transplant, a small minority of pa ents can be cured.
Perhaps an op mal induc on (e.g., daratumumab1 plus
carfilzomib, lenalidomide and dexamethasone) followed
(or not) by consolida on (with stem cells transplant or
CART) will cure more pa ents. If so, the future will not
only be brighter, but it will also be more economical. We
cannot aﬀord to lose momentum, and we can aﬀord these
drugs.
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Global Approaches in Myeloma: Cri cal Trials That May
Change Prac ce
Philippe Moreau, MD, and Cyrille Touzeau, MD, PhD
OVERVIEW
The treatment of mul ple myeloma (MM) has changed drama cally in the past decade with the introduc on of new drugs
into therapeu c strategies both in the frontline and relapse se ngs. With the availability of at least six diﬀerent classes
of agents that can be combined in doublet, triplet, or even quadruplet regimens and used together with high-dose therapy and autologous stem cell transplanta on, the choice of the op mal strategy at diagnosis and at relapse represents a
challenge for physicians. Also problema c is the lack of trials addressing ques ons, such as sequencing or the dura on of
maintenance. This review will focus on the results of recent clinical trials both in the frontline and relapse se ngs that have
induced changes in clinical prac ce and will discuss the impact of important ongoing trials. A speciﬁc sec on will discuss
therapeu c strategies when new drugs are not available.

T

he treatment of MM has changed drama cally in the
past decade with the introduc on of new drugs into
therapeu c strategies both in the frontline and relapse
se ngs. These drugs have been incorporated into na onal
and interna onal clinical guidelines and transformed our
approach to the treatment of pa ents with MM.1,2 As a result, median overall survival (OS) has improved signiﬁcantly
and now approaches 6 to 10 years depending on the age at
diagnosis.1-4
With the availability of at least six diﬀerent classes of
agents (i.e., alkylators, steroids, proteasome inhibitors
[PIs], immunomodulatory agents, histone deacetylase inhibitors, and monoclonal an bodies) that can be combined
in doublet, triplet, or even quadruplet regimens and used
together with high-dose therapy and autologous stem cell
transplanta on (ASCT), the choice of the op mal strategy at
diagnosis and relapse represents a challenge for physicians.
Also problema c is the lack of trials addressing ques ons,
such as sequencing or the dura on of maintenance.5 Moreover, as a result of the development of reliable techniques,
such as next-genera on sequencing, next-genera on ﬂow
(NGF) cytometry, or PET-CT, minimal residual disease (MRD)
assessment is becoming widely available and might aﬀect
therapeu c algorithms in the near future.6
Symptoma c MM is preceded by an indolent phase.4 Trials addressing the ques on of whether the progression of
smoldering MM to MM can be prevented or whether highrisk smoldering MM can even be cured are ongoing, and
their results are eagerly awaited.

Cost and drug access are crucial issues.7 Drugs recently approved by regulatory agencies in Europe, the United States,
or Japan are not available in South America, Africa, or parts
of the Asia Paciﬁc region and European Union. Therefore,
guidelines developed by the European Society for Medical
Oncology and the Na onal Comprehensive Cancer Network
are not universally applicable, and alterna ve, cost-eﬀec ve
strategies should be proposed.5,7
This review will focus on the results of recent clinical trials
both in the frontline and relapse se ngs that have induced
changes in clinical prac ce and discuss the impact of important ongoing trials. A speciﬁc sec on will discuss therapeu c strategies when new drugs are not available.

FRONTLINE THERAPY IN PATIENTS NOT
ELIGIBLE FOR ASCT
Recent Important Phase III Clinical Trials
Three important studies have been reported in the past
2 years to establish new standards of care.
The FIRST trial prospec vely examined outcomes in pa ents
treated with lenalidomide and low-dose dexamethasone
un l disease progression (Rd con nuous; 535 pa ents),
Rd for 72 weeks (18 cycles [Rd18]; 541 pa ents), or melphalan, prednisone, and thalidomide (MPT; 72 weeks; 547
pa ents).8 At a median follow-up of 67 months, progressionfree survival (PFS) was signiﬁcantly longer with Rd con nuous versus MPT (hazard ra o [HR], 0.69; p < .00001). Rd
con nuous also reduced the risk of progression or death
compared with Rd18 (HR 0.70). The median PFS was 26.0

From the University Hospital Hôtel-Dieu, Nantes, France.
Disclosures of poten al conﬂicts of interest provided by the authors are available with the online ar cle at asco.org/edbook.
Corresponding author: Philippe Moreau, MD, Hematology Department, University Hospital Hôtel-Dieu, Place Ricordeau, 44093 Nantes, France; email: philippe.moreau@chunantes.fr.
© 2018 American Society of Clinical Oncology

656

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

CLINICAL TRIALS IN MULTIPLE MYELOMA

months with Rd con nuous, 21.0 months with Rd18, and
21.9 months with MPT. Median OS was 10 months longer
with Rd con nuous versus MPT (59.1 vs. 49.1 months; HR
0.78; p = .0144) and similar with Rd18 (62.3 months). This
study clearly demonstrates the superiority of Rd over MPT
and supports Rd as a standard of care for pa ents with
transplant-ineligible newly diagnosed MM. The lack of OS
diﬀerence in the two Rd arms also suggests that Rd may be
stopped a er 18 cycles in case of toxicity or poor tolerance.
Rd has also been prospec vely compared with the triplet
combina on Rd plus bortezomib (VRd) in symptoma c paents with previously untreated MM who were not planned
for immediate ASCT.9 Upon comple on of induc on, consisting either of VRd (eight 21-day cycles; 264 pa ents) or Rd
(six 28-day cycles; 261 pa ents), all pa ents received lenalidomide maintenance un l progression or toxicity. Median
PFS and median OS were signiﬁcantly improved in the VRd
group (PFS 43 vs. 30 months: HR 0.712, p = .0018; OS 75 vs.
64 months: HR 0.709, p = .025). These results suggest that
the combina on of a PI and an immunomodulatory agent
is a potent frontline op on and might be proposed in ﬁt elderly pa ents. Of note, only 43% of the pa ents were aged
65 or older, but a er restric ng the analysis to elderly paents (65 years or older), the eﬀect of the treatment group
remained noteworthy for both PFS and OS.
Finally, the combina on of bortezomib, melphalan, and
prednisone (VMP; nine cycles; 356 pa ents) has been prospec vely compared with VMP (nine cycles) plus daratumumab given un l progression or unacceptable toxicity
(350 pa ents; ALCYONE trial).10 At a median follow-up of
16.5 months, the 18-month PFS rate was 71.6% in the daratumumab group and 50.2% in the control group (HR 0.50;
p < .001). OS data are not yet mature. This study shows that
the addi on of daratumumab to VMP results in a lower

PRACTICAL APPLICATIONS
• Based on the results of recent phase III trials,
four regimens (i.e., Rd, VRd, VMP, and VMP plus
daratumumab) may be considered as backbone regimens
in the frontline therapy of elderly pa ents.
• For pa ents in good clinical condi on, induc on
followed by high-dose therapy with ASCT followed by
maintenance is the standard treatment according to the
Na onal Comprehensive Cancer Network and European
Society for Medical Oncology guidelines.
• For pa ents with relapsed myeloma, two carﬁlzomibcontaining regimens (i.e., KRd and carﬁlzomib in
combina on with dexamethasone) showed recently
overall survival beneﬁt over current standard therapies.
Addi onally, two trials tested daratumumab in
combina on with either Vd or Rd in a randomized
fashion and showed unprecedented hazard ra os for
progression-free survival.
• For pa ents with high-risk smoldering myeloma, clinical
trials aimed at preven ng the progression to MM are
underway, with some trials even aiming for cure.

risk of disease progression or death compared with VMP.
This quadruplet combina on is not yet approved, but, once
available, might become another standard of care for paents with newly diagnosed MM not eligible for ASCT.
Overall, based on the results of recent phase III trials, four
regimens (i.e., Rd, VRd, VMP, and VMP plus daratumumab)
may be considered as backbone regimens in the frontline
therapy of elderly pa ents.

Ongoing Trials That May Change the Therapeu c
Landscape
Three trials have been completed, and their results, awaited
in the next months, might change future guidelines. In these
trials, Rd con nuous was compared with Rd plus daratumumab, elotuzumab, or ixazomib. These trials might establish triplet Rd-based combina ons as standards of care.

Open Issues and Challenges in the Management of
Disease in Nontransplant-Eligible Newly Diagnosed
Pa ents With Mul ple Myeloma
In pa ents older than age 65 to 70, the majority of newly
diagnosed symptomatic cases, newer regimens have increased overall response, PFS, and OS rates. Nevertheless,
there is no plateau in the survival curves, and the probability of cure is low. In this se ng, the issue of the dura on of
frontline therapy, ﬁxed versus con nuous un l progression,
is crucial. As discussed previously, in the FIRST trial, there
was no OS diﬀerence between the two Rd arms (Rd con nuous and Rd18).8 The concept of drug holidays with a ﬁxed
dura on of therapy in responding pa ents, aiming to avoid
toxicity, improving quality of life, and saving costs, should be
evaluated in future trials.
Moreover, elderly pa ents represent a highly heterogeneous group that is not able to tolerate one universal strategy. Several geriatric scores, evalua ng factors—such as
comorbidities, performance status, mental status, activities of daily living, instrumental activities of daily living,
polypharmacy, and renal and lung functions, etc.—have
been proposed.11 To recommend an adequate strategy
to a speciﬁc pa ent, we need a simple and me-eﬃcient
tool to evaluate pa ent status, including comorbidi es and
physical, cogni ve, and social condi ons. We also need trials focusing on subgroups of pa ents with diﬀerent frailty
scores.
The management of disease in pa ents with high-risk cytogene cs remains an important challenge. Un l now, no
speciﬁc large trials have been conducted in this popula on.
In the FIRST study, the subgroup of pa ents with high-risk
cytogene cs did not experience an OS beneﬁt with Rd connuous versus MPT.8 In the ALCYONE trial, the PFS of paents with high-risk cytogene cs at diagnosis was improved
with the addi on of daratumumab to VMP; however, the
number of pa ents was small.10 Cytogene c data were not
available in the trial comparing Rd versus VRd,9 but data
from the large phase II study conducted by the Spanish
group, which evaluated Rd plus VMP as frontline therapy,
suggest that the prolonged combination of a PI and an
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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immunomodulatory agent might overcome the poor prognosis of high-risk cytogene cs in elderly pa ents.12
Finally, preliminary results from ALCYONE indicate that
the achievement of MRD nega vity ma ers in elderly paents.10 A nega ve MRD status was associated with a longer
PFS than MRD-posi ve status, irrespec ve of the treatment
arm. With the availability of more potent combina ons,
studies focusing on the achievement of MRD nega vity
should be designed in the future.

FRONTLINE THERAPY IN PATIENTS ELIGIBLE
FOR ASCT
Guidelines
For pa ents in good clinical condi on, induc on followed
by high-dose therapy with ASCT followed by maintenance
is the standard treatment according to the Na onal Comprehensive Cancer Network and European Society for Medical Oncology guidelines.1,2 Triplet combina ons including
at least bortezomib and dexamethasone present the backbone of induc on. Lenalidomide, bortezomib, and dexamethasone are the standard of care in the United States
and some non-U.S. countries. Bortezomib, thalidomide, and
dexamethasone are widely used in Europe, and bortezomib,
cyclophosphamide, and dexamethasone (VCD), which are
generally available, may also be used prior to ASCT. Four to
six courses of induc on are recommended before proceeding to stem cell collec on, with melphalan 200 mg/m2 as
a condi oning regimen. A er ASCT, lenalidomide maintenance treatment is recommended.1,2

Open Issues and Challenges in the Management
of Disease in Transplant-Eligible Newly Diagnosed
Pa ents With Mul ple Myeloma
One of the most challenging ques ons is: can we reserve
ASCT un l the me of the ﬁrst relapse? Two recent phase
III trials comparing frontline ASCT versus ASCT at the me
of ﬁrst relapse showed that PFS was improved in the frontline ASCT arm. In the IFM2009 trial, the median PFS was 50
months in the RDV plus ASCT arm versus 36 months in the
arm receiving lenalidomide, bortezomib, and dexamethasone alone (HR 0.65; p < .001).13 Transplanta on was associated with increased MRD nega vity, but OS was similar in
the two arms (4-year survival of 81% in the transplant group
vs. 82% in the lenalidomide, bortezomib, and dexamethasone group). In the EMN02 trial, PFS was superior in the VCD
plus ASCT arm (median not reached, 64% at 3 years) versus a median of 44 months in the VCD/VMP arm (HR 0.76;
p < .002), without an OS diﬀerence (86% at 3 years in both
arms).14 Despite a diﬀerence in PFS, the absence of an OS
beneﬁt in both trials allows for a considera on of pa ent
preference regarding the ming of the ASCT procedure. The
clear correla on between MRD nega vity and OS in the
IFM2009 trial13 strongly supports the rou ne implementaon of MRD assessment in future trials to guide treatment
decisions.
The second issue is the role of consolida on a er ASCT.
Consolida on may include short-term novel agent-based
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combina ons, a second ASCT procedure, or the combinaon of tandem ASCT plus a novel agent-based combina on.
The prospec ve StaMINA study conducted in the United
States evaluated no consolida on (257 pa ents) versus four
cycles of VRD (254 pa ents) versus a second ASCT (247 paents) a er frontline ASCT.15 All pa ents subsequently received lenalidomide maintenance. At 38 months follow-up,
there was no diﬀerence in PFS or OS among the three arms.
The preliminary results of the StaMINA trial suggest that
consolida on consis ng either of novel agents or tandem
ASCT has no beneﬁt. In contrast, in the prospec ve EMN02
trial conducted in Europe, tandem ASCT (207 pa ents) was
associated with a superior PFS compared with single ASCT
(208 pa ents; 72.5% vs. 64% at 3 years [HR 0.71; p = .04]) at
a median follow- up of 3 years.16 This PFS beneﬁt translated
into an OS beneﬁt: 88.9% at 3 years in the tandem ASCT
arm versus 81.5% for single ASCT (HR 0.51; p = .01). The
survival beneﬁt was also considerable in pa ents with highrisk cytogene cs (HR 0.48). The same study incorporated a
second randomiza on step a er induc on with or without
ASCT, which consisted of VRD given for two cycles (450 paents) versus no VRD consolida on (435 pa ents).17 With
a median follow-up of 25 months, the PFS was signiﬁcantly
improved in the VRD arm (HR 0.78), without a diﬀerence
in OS. Overall, the EMN02 data suggest that tandem ASCT
may be important, especially for pa ents with high-risk cytogene cs.16 The divergent results of the U.S. and European
trials indicate that longer follow-up is needed before ﬁnal
conclusions can be drawn.
How to improve now on the results of frontline ASCT?
In the induc on phase, studies are underway inves ga ng
the use of carﬁlzomib instead of bortezomib in combina on
with Rd or the addi on of daratumumab to the standard
bortezomib, thalidomide, and dexamethasone regimen, as
in the prospec ve CASSIOPEIA study. Another study comparing VRD with or without daratumumab followed by ASCT
will start soon. To examine whether the condi oning phase
can be improved, the Spanish group is currently conduc ng
a prospec ve study comparing melphalan 200 mg/m2 versus
melphalan plus busulfan (GEM12). The maintenance phase
is also under ac ve inves ga on. The Italian group is conduc ng a study to prospec vely compare lenalidomide to
lenalidomide plus carﬁlzomib, whereas the Spanish group is
inves ga ng the combina on of lenalidomide plus ixazomib
compared with lenalidomide alone. The op mal dura on
of maintenance is a frequent ques on raised by pa ents
and physicians. A comparison of the results of the IFM2009
trial13 (lenalidomide maintenance for 1 year) and those of
the Dana-Farber Cancer Ins tute trial (lenalidomide maintenance un l progression)18 will help in solving this issue.
The implementa on of an op mal strategy, consis ng of
novel agent-based induc on, high-dose therapy followed by
ASCT, and the use of novel agents in consolida on and/or
maintenance, already result in a 5-year survival rate of 80%,
and cure might be considered in a subset of pa ents, who
present with standard-risk features at the me of diagnosis. The achievement of cure will require sustained MRD

CLINICAL TRIALS IN MULTIPLE MYELOMA

nega vity, assessed at several me points during therapy.
In an ongoing study, the Spanish group is evalua ng MRD
by NGF a er induc on, a er ASCT, a er consolida on, and
at several me points during maintenance to validate this
concept. Of note, data from the IFM2009 trial show that
MRD should be assessed not only within the bone marrow
using either next-genera on sequencing or NGF, but also
using an imaging technique, such as PET-CT.18 Pa ents with
MRD-nega ve disease both by ﬂow and PET-CT had a signiﬁcantly be er PFS as compared with those pa ents with
either PET-CT and/or ﬂow posi vity.

RELAPSED MULTIPLE MYELOMA
Recent Important Phase III Trials
Un l recently, bortezomib plus dexamethasone (Vd) or Rd
were the typical regimens at ﬁrst or second relapse. In the
last 3 to 4 years, several phase III randomized trials have
shown improvements in PFS and/or OS with the use of carﬁlzomib (K), ixazomib (I), daratumumab (D), elotuzumab, or
panobinostat. We now have a long and varied list of op ons
at our disposal, including Vd, Vd plus panobinostat, daratumumab with bortezomib plus dexamethasone (DVd), carﬁlzomib in combina on with dexamethasone, Rd, Rd plus
elotuzumab, carﬁlzomib with lenalidomide and dexamethasone (KRd), ixazomib with lenalidomide plus dexamethasone,
and daratumumab with lenalidomide plus dexamethasone
(DRd), all approved by the U.S. Food and Drug Administraon and the European Medicines Agency.19
Among those options, two have shown an OS benefit
versus control therapy in phase III trials, and two have
achieved unprecedented HRs. The ENDEAVOR trial, which
prospec vely compared carﬁlzomib in combina on with
dexamethasone (464 pa ents) versus Vd (465 pa ents) in
pa ents with one to three prior lines of therapy, showed
that pa ents treated with carﬁlzomib (56 mg/m2) and dexamethasone had a sta s cally signiﬁcant improvement in OS
over pa ents treated with Vd (median 47.6 vs. 40.0 months;
HR 0.791; p = .01).20 The OS beneﬁt was consistent, regardless of prior bortezomib therapy, number of prior regimens,
age, and cytogene c risk group. Moreover, the ASPIRE trial,
which prospec vely compared KRd (396 pa ents) versus
Rd (396 pa ents) in pa ents with one to three prior lines
of therapy, showed that pa ents treated with carﬁlzomib
(27 mg/m2) plus Rd had a sta s cally signiﬁcant improvement in OS compared with pa ents treated with Rd (median
OS 48.3 months for KRd vs. 40.4 months for Rd; HR 0.79; p =
.0045).21 The advantage in eﬃcacy demonstrated by KRd is
most pronounced at ﬁrst relapse (among those pa ents, the
median OS was 11.4 months longer for KRd vs. Rd, whereas
it was 6.5 months longer for KRd vs. Rd among pa ents
having received more than two prior lines of therapy). The
OS beneﬁt observed for a carﬁlzomib-containing regimen
over current standard therapies represents an important
ﬁnding. More recently, two trials tested daratumumab in
combina on with either Vd or Rd in a randomized fashion and showed unprecedented HRs for PFS. The CASTOR
study prospec vely compared Vd (247 pa ents) versus DVd

(251 pa ents).22 The 12-month PFS rate was 60.7% in the
daratumumab group versus 26.9% in the control group. After a median follow-up period of 7.4 months, the median
PFS was not reached in the daratumumab group and was
7.2 months in the control group (HR 0.39; p < .001). OS data
are not yet mature, but DVd is already approved by the Food
and Drug Administra on and European Medicines Agency,
and this triplet combina on will become a standard in the
relapse se ng, when available and reimbursed. Furthermore, the POLLUX study prospec vely compared Rd (283
pa ents) versus DRd (286 pa ents).23 PFS at 12 months
was 83.2% in the daratumumab group, as compared with
60.1% in the control group (HR 0.37; p < .001). In the daratumumab group, 22.4% of the pa ents had results below
the threshold for the detec on of MRD (1 tumor cell per
105 white cells) versus 4.6% of those in the control group
(p < .001). Of note, results below the threshold for the detec on of MRD were associated with improved outcomes.
DRd is also approved by the Food and Drug Administra on
and European Medicines Agency and will soon play a key
role in relapsed MM.

Open Issues and Challenges in the Management of
Relapsed Mul ple Myeloma
Drug access and reimbursement of carﬁlzomib in combina on with dexamethasone, DVd, DRd, or KRd, the most
ac ve regimens in the relapse se ng, will be important issues. The same is true for ixazomib with lenalidomide plus
dexamethasone or elotuzumab plus Rd. One way to reduce
cost could be the use of a ﬁxed dura on of therapy, instead
of the applica on of treatment un l progression. All recent
phase III trials have followed the same design: PFS as a primary endpoint and treatment un l progression. We should
recommend trials asking strategic ques ons, such as: can
combina on regimens be developed that are given for a
ﬁxed dura on and that are as eﬀec ve as con nuous therapy? Or, what is the most cost-eﬀec ve triplet regimen to be
used at relapse?5
Treatment at relapse is selected according to the ﬁrst-line
treatment and the dura on of the ﬁrst response, among
other criteria. Following the recent approval of Rd un l progression (in elderly pa ents) and lenalidomide maintenance
a er ASCT un l progression, many pa ents will progress
while receiving lenalidomide. In this situa on, the switch
to a PI-based combina on as salvage therapy will be a logical approach. We must develop trials integra ng the ﬁrst
salvage regimen into the assessment of frontline therapies
to deﬁne the op mal sequencing strategies and evalua ng
me to second-objec ve disease progression as an important endpoint.
The impressive HRs of POLLUX23 and CASTOR22 present a
challenge for the development of new agents in relapsed
MM. Despite the promising ac vity of venetoclax24 or selinexor,25 for example, one cannot an cipate that an experimental arm including these two agents will be superior
to DRd or DVd in a phase III trial. New agents are typically
ini ally examined in pa ents with end-stage, refractory
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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disease. Their evalua on earlier in the disease course in paents who progress a er one line of therapy will require innova ve study designs or the restric on to speciﬁc gene c
subtypes or to a pa ent popula on selected via a speciﬁc
biomarker predic ng eﬃcacy and response to therapy.

High-Risk Smoldering Myeloma
For pa ents with smoldering MM, the current standard of
care is “watch and wait.”4 Nevertheless, the en ty is heterogeneous, with a subgroup of pa ents who have a short
me of progression to MM. For these pa ents with high-risk
smoldering MM, clinical trials aimed at preven ng the progression to MM are underway, with some trials even aiming
for cure.

Ongoing or Future Important Clinical Trials
One of the trials aimed at delaying the progression of highrisk smoldering MM to symptoma c MM was reported at
the 2017 mee ng of the American Society of Hematology. In
the phase II CENTAURUS study, three diﬀerent dosing schedules of daratumumab were evaluated in 123 pa ents (41 in
each arm): a long regimen (weekly daratumumab in cycle 1,
every other week in cycles 2 and 3, every 4 weeks in cycles
4 through 7, and every 8 weeks up to cycle 20); an intermediate schedule (weekly daratumumab in cycle 1 and every
8 weeks up to cycle 20); and a short, intense dosing schedule
(weekly daratumumab for 1 cycle).26 The 12-month PFS rates
were 95% with the long schedule, 88% with the intermediatedosing schedule, and 81% with the short intense schedule. More than half (54%) of the pa ents in the long arm
and 49% in the intermediate arm had a par al response or
be er. In the short arm, 38% of pa ents had a par al response or be er. The complete response rate was less than
15% in each arm, missing the complete response coprimary
endpoint. The progression/death rate surpassed the goal of
24 months or more in all three arms. It is unlikely that daratumumab single-agent will cure high-risk smoldering MM,
but it may delay the progression of the disease. The long
dosing schedule is being inves gated in the ongoing phase
III AQUILA study. Also at the 2017 mee ng of the American
Society of Hematology, the Spanish group reported the preliminary results of the CESAR trial, which is aimed at curing
selected pa ents with high-risk smoldering MM.27 In this
phase II single-arm trial, 90 pa ents younger than age 70
and eligible for transplanta on were included. Induc on
therapy consisted of six 4-week cycles of KRd. Pa ents received melphalan (200 mg/m2) followed by ASCT and two
cycles of KRd consolida on 3 months later, followed by
lenalidomide maintenance for up to 2 years. Early results
showed a response rate of 100% a er ASCT and a 58%
rate of MRD nega vity by NGF. A er a median follow-up of
13 months, 98% of pa ents remained free of progression
and alive. The preliminary results of this cura ve strategy
for high-risk smoldering MM are encouraging. Another
trial with the aim of curing pa ents with high-risk smoldering MM is inves ga ng KRD plus daratumumab with
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or without ASCT (ASCENT) and is due to start in the United
States soon.

THERAPEUTIC STRATEGIES WHEN NEW
DRUGS ARE NOT AVAILABLE
Frontline Therapy
In many countries, lenalidomide is not available as part of
frontline treatment. In elderly pa ents not eligible for ASCT,
VMP is the preferred op on. Bortezomib may also be combined with cyclophosphamide and dexamethasone (known
as VCD) or prednisone. When bortezomib is not available,
an alkylator may be combined with thalidomide in the MPT
or cyclophosphamide and dexamethasone regimen. Six to
nine cycles of induc on therapy are recommended. When
high-dose therapy is available, younger ﬁt pa ents up to age
70 may receive four to six cycles of VCD or bortezomib,
thalidomide, and dexamethasone followed by melphalan
(200 mg/m2) condi oning and ASCT. Thalidomide maintenance may be proposed a er ASCT.

Therapy in the Relapse Se ng
Diﬀerent scenarios may be discussed according to lenalidomide and bortezomib availability.
When bortezomib is available as an op on for frontline
treatment, and lenalidomide is available only at relapse,
Rd (or Rd plus cyclophosphamide) presents the best choice
at relapse. Otherwise, retreatment with the frontline regimen is an op on, if the dura on of the ﬁrst response was
at least 1 year. If ASCT is available and was not used as part
of frontline therapy, pa ents may receive ASCT at relapse.
ASCT may also be proposed as salvage therapy a er frontline high-dose treatment, if PFS was longer than 2 years.
In case lenalidomide is not available at all, whereas bortezomib is available at relapse only, Vd or VCD are the recommended op ons at relapse. Retreatment with the frontline
regimen is an op on if the dura on of the ﬁrst response was
at least 1 year.

Open Issues and Challenges in Countries With
Limited Access to New Agents
Drug access is mostly related to drug coverage and cost.
A triplet combina on, such as VRD, can cost more than
$150,000 per person per year (in U.S. dollars).5 Triplet regimens that incorporate drugs such as carﬁlzomib or daratumumab even exceed these costs. Future regimens are
likely to be even more expensive. Given these high costs,
how many pa ents worldwide have access to such regimens? This is especially challenging when drugs or combina ons are intended to be administered un l progression.
All of those involved in the process of drug development
and drug access should make a concerted eﬀort to tackle
the high cost of cancer drugs and deliver the most costeffective therapy. The research community should exert
their inﬂuence to pressure pharmaceu cal companies into
reducing cost and needs to support the development of
eﬀec ve generic drugs.5

CLINICAL TRIALS IN MULTIPLE MYELOMA
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Value and Cost of Myeloma Therapy
S. Vincent Rajkumar, MD
OVERVIEW
Major advances have occurred in the treatment of mul ple myeloma, including several new drugs that typically cost more
than $100,000 per year. Although the gains in myeloma therapy improve overall survival considerably, they are available to
only a frac on of the popula on of pa ents with myeloma in the world because of regulatory barriers and cost. Myeloma is
an example of what is happening in cancer on a much larger scale. Many of the problems discussed call for a wider discussion across all cancers, but they are ampliﬁed in myeloma because of the need for mul drug regimens that combine three
or more expensive new drugs for prolonged periods of me. In this ar cle, the reasons for the high cost of cancer drugs
and possible solu ons are examined. The lack of correla on of value and price, the remarkable rise in prices of exis ng old
medica ons over me, and the lack of access to lifesaving drugs across various countries are also discussed.

T

he treatment of mul ple myeloma has improved signiﬁcantly over the past 10 to 15 years, more than doubling
the overall survival of the disease.1,2 In the recent IFM trial,
the 4-year survival rate of pa ents with myeloma was 82%
using standard therapy with bortezomib, lenalidomide, and
dexamethasone, autologous stem cell transplanta on, and
lenalidomide maintenance.3 In fact, even these results underes mate what is possible today, as they do not take into
account the arrival of the monoclonal an bodies daratumumab and elotuzumab.4 However, modern treatments are
useful only if pa ents in the real world have access to them.
The standard ini al therapy available to well-insured paents in the United States (bortezomib, lenalidomide, and
dexamethasone) is not available to most newly diagnosed
pa ents in most countries. Regulatory barriers aside, an important factor that prevents access is the prohibi ve cost
of most myeloma drugs.5 Even when access is not a problem, and when out-of-pocket costs are almost completely
covered by private insurance or the public health system,
the high costs are not sustainable for any country.6-8 Table
1 lists the annual cost of myeloma therapy for each ac ve
drug. Because myeloma therapy is mostly administered as a
combina on of three or more drugs, the costs of common
combina ons are also provided. The informa on presented
needs no explana on or jus ﬁca on: it speaks for itself. Paents with myeloma are treated for years in a con nuous
manner. With median survival in excess of 7 to 10 years,
one can do the math in terms of cost. Myeloma is a great
example of a problem that plagues all cancers.5 Almost every approved new cancer drug costs more than $100,000
per year in the United States.9,10 Although this ar cle is
focused on the cost of myeloma drugs, clearly there are
other issues that must be addressed, including the cost of

laboratory workup and imaging, physician visits, chemotherapy administra on, hospital charges, and so on.

WHY ARE CANCER DRUGS SO EXPENSIVE?
The high cost of cancer drugs is related to mul ple factors,
and they are to some extent similar in most countries.11-13
However, there are special problems that are unique to the
United States: prolonged monopoly protec on, inability
of Medicare to nego ate price of drugs directly with pharmaceu cal companies, a ban on the importa on of drugs
for personal or public use, among others. The major factors that contribute to the high cost of cancer drugs in the
United States are listed in Sidebar 1.

Cost of Drug Development
Drug development is costly and carries substan al risk. Many
drugs must be inves gated in preclinical and clinical studies to
ﬁnd one winner. The cost of transla ng ﬁndings from bench
to bedside, performing regulatory studies needed to gain
approval, conduc ng subsequent conﬁrmatory studies, and
postapproval safety monitoring are all high.14 Pharmaceu cal
companies therefore try to regain investment by adding costs
of development of both successful and unsuccessful products
to the newly approved drug. Prasad and Mailankody15 es mated that the cost to develop a cancer drug is $648 million.
This is much lower than other es mates but is nevertheless
illustra ve of the high cost that needs to be recovered when
a new successful drug is marketed.

Virtual Monopoly
When a new drug is approved, there is a lengthy period of
patent protec on that grants a company monopoly over
the drug. In cancer, the drug in ques on is lifesaving, not a
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TABLE 1. Cost of Myeloma Drugs and Regimens
Approximate Drug
Cost per Year* (in U.S.
Dollars)

Comment

Drugs
Thalidomide

60,000

Lenalidomide

168,000

Pomalidomide

192,000

Bortezomib

50,000

Ixazomib

111,000

Carﬁlzomib

130,000

Daratumumab

120,000

Elotuzumab

120,000

Panobinostat

96,000

Cyclophosphamide

5800

Melphalan IV

10,000

Dexamethasone

3,400

260,000 (at 56 mg/
m2)

Per transplant

Regimens
VRd

220,000

KRd

300,000

VCd

60,000

DRd

290,000

D-VRd

340,000

D-KRd

590,000

*Source for calcula ng costs: parenteral drug prices: h ps://www.cms.gov/Medicare/MedicareFee-for-Service-Part-B-Drugs/McrPartBDrugAvgSalesPrice/2017ASPFiles.html (accessed Feb 12,
2018); oral drug prices: GoodRx.com (accessed February 12, 2018).
Abbrevia ons: VRd, bortezomib, lenalidomide, and dexamethasone; KRd, carﬁlzomib, lenalidomide, and dexamethasone; VCd, bortezomib, cyclophosphamide, and dexamethasone; DRd, daratumumab, lenalidomide, and dexamethasone; D-VRd, daratumumab, bortezomib, lenalidomide,
dexamethasone; D-KRd, daratumumab, carﬁlzomib, lenalidomide, dexamethasone.

luxury op on that one can live without. Even when a new
drug is one of many op ons for a given cancer, it does not
limit the monopoly. Myeloma and most other cancers are

not curable, and pa ents receive each approved new drug
in sequence or in combina on. Thus, although there are several ac ve myeloma drugs, almost all pa ents with myeloma
must try the new ones, making each new drug a virtual monopoly.11 As me passes, and the patent life nears an end,
companies usually resort to a variety of proven strategies
that extend the virtual monopoly. This includes “new and
improved” versions to take the place of older, more toxic or
inconvenient drugs, deals with generic pharmaceu cal companies to delay the arrival of generics, legal challenges to
generic entry, and so on. With poorly designed trials, it is possible to create the sense that the older drug is inferior.

Seriousness of Cancer
Cancer carries serious consequences. Families are vulnerable and are willing to do anything to make it go away, even
when drugs are very expensive and provide only marginal
improvements in outcomes. They o en do not want to give
up un l all op ons are exhausted.

Third-Party Payers
In most developed countries, including the United States,
pa ents are not the primary payers for drugs. This makes
high prices easier to sustain in the pharmaceu cal sector
compared with other economic sectors in which the “client”
must make a choice to buy or not on the basis of aﬀordability.13

Financial Incen ves
In the United States, the system of reimbursement provides
an incen ve to administer more expensive chemotherapy
and to keep prices high.16 Current Medicare reimbursement
policies for Part B drugs provide higher reimbursement
when more expensive drugs are administered. A empts to
change these policies have been met with resistance from
pharmaceu cal companies, as well as professional and paent support organiza ons. There are few allies in the ﬁght
to lower drug prices.

Legal Barriers
PRACTICAL APPLICATIONS
• The high cost of myeloma drugs can be a ributed to
the high cost of drug development, the existence of a
virtual monopoly for many drugs, the seriousness of the
diagnosis, ﬁnancial incen ves favoring more expensive
therapy, laws that prevent Medicare from being able to
nego ate the prices of new drugs, and the prohibi on of
importa on of drugs for personal use.
• Solu ons require major systemic changes, including
value-based pricing, improved na onal guidelines,
authoriza on for Medicare to nego ate prescrip on
drug prices, increased market compe on through
generics and biosimilars, and lower cost of drug
development.
• The consequences of high prices are the high personal
and societal costs and lack of access to eﬀec ve
medica ons.

Legal barriers prevent the U.S. Food and Drug Administra on
from taking economic and cost-eﬀec veness considera ons
into account when approving new drugs. Laws prevent the
Centers for Medicare & Medicaid Services from being able to
nego ate the prices of new drugs. There is also a prohibi on
on the importa on of drugs for personal use.12,17,18 Organizaons such as the Pa ent-Centered Outcomes Research Ins tute, created by the Pa ent Protec on and Aﬀordable Care Act
of 2010, are speciﬁcally prohibited from using cost-eﬀec veness
measures in funding compara ve eﬀec veness studies or in
their recommenda ons.19,20 All of these ensure that there are
no free-market economic checks to out-of-control prices.9

HOW CAN WE REDUCE THE COST OF CANCER
DRUGS?
The solu on to the high cost of myeloma (and cancer) therapy requires bold ini a ves and changes to exis ng law,
par cularly in the United States (Sidebar 1).
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Value-Based Pricing
When we talk value-based pricing, we are not a emp ng
to set a monetary value on a person’s life. Rather we are
a emp ng to place a monetary value on a product to which
we are gran ng monopoly protec on. In a monopolis c situa on without this step, the usual free-market principles
based on quality, demand, and supply do not exist. Without some form of reasonable safeguard, there is nothing
preven ng prices from increasing year a er year for no
plausible reason, as they have for many years in mul ple
myeloma. In most European countries, Canada, and Australia, regulatory approval is only the ﬁrst step. The price
of the drug is then subject to nego a on on the basis of
the value it provides.21,22 The value is es mated by assessing the clinical added value compared with exis ng drugs
and a value es mate determined by calcula ng the number of quality-adjusted life-years gained with the new treatment and the incremental cost-eﬀec veness ra o.11 The
World Health Organiza on has arbitrarily deﬁned three
mes the gross domes c product per capita as a reason-

able incremental cost-eﬀec veness ra o.23 At the prices
proposed by pharmaceu cal companies, the incremental costeﬀec veness ra os of all new myeloma treatments are far
beyond this level. Absent value-based pricing, drugs that
improve survival by only a few days or weeks can be priced
at the same level as ones that provide a much larger degree
of beneﬁt.
The current system in the United States that allows a new
drug to be marketed at a very high cost regardless of the
value it provides is a disincen ve for innova on. It is safer
to develop a “me-too” drug than to engage in the risk taking
needed to develop a truly innova ve product.

Improved Na onal Guidelines
Current cancer guidelines present a list of all possible or acceptable treatment op ons and serve primarily to ensure
access or insurance coverage. Many guidelines include authors who have substan al ﬁnancial conﬂicts of interest.24
These guidelines seldom provide recommenda ons on how
to provide the most cost-eﬀec ve care. Even when guidelines

SIDEBAR 1. Reasons for High Cost of Cancer Drugs and Possible Solu ons
Why are cancer drugs so expensive?
• High cost of drug development
• Existence of virtual monopoly; lack of free-market compe on
• Sustaining monopoly with “new and improved” versions of a drug as patents expire
• Willingness of pa ents to pay high costs even for marginal improvements in outcome because of the seriousness of
the diagnosis
• Higher reimbursement to providers when more expensive drugs are administered
• Legal barriers that prevent the FDA from taking economic and cost-eﬀec veness considera ons into account when
approving new drugs
• Laws that prevent CMS from being able to nego ate the price of new drugs
• Prohibi on of importa on of drugs for personal use
• Resistance to change in policies from pharmaceu cal companies and from professional and pa ent support organiza ons that receive ﬁnancial support from pharmaceu cal companies
What can we do about it?
• Value-based reimbursement and pricing
◦ FDA, CMS, or other agencies should be able to nego ate the sale price on the basis of the incremental value provided by the drug, as is done by health authori es in Canada and Europe
◦ PCORI should be authorized to allow cost-eﬀec veness as a metric to compare rela ve value of treatments
◦ Support organiza ons such as the Ins tute for Clinical and Economic Review that evaluate the cost-eﬀec veness
and aﬀordability of new treatments
• Nego a on of prices and formulary control
◦ CMS should be authorized to nego ate cost and have formulary control
◦ Strong advocacy and a pa ent-driven grassroots movement for the requires changes in federal law
• Increase market compe on
◦ Allow importa on of drugs for personal use
◦ Facilitate easier approval of generics
◦ Selec vely invoke compulsory licensing provisions
• New modali es for drug development
Reproduced from Rajkumar and Harousseau.5
Abbrevia ons: CMS, Centers for Medicare & Medicaid Services; FDA, U.S. Food and Drug Administra on; PCORI, Pa ent-Centered Outcomes Research Ins tute.
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appear to be balanced, they can be easily used to advocate for the more expensive op on, because rather than
clearly sta ng a preference, they o en present two drugs
with vastly diﬀerent prices as reasonable alterna ves. We
need evidence-based guidelines that critically examine
the available data and not only provide clear recommenda ons which regimens are preferred but also iden fy
regimens that should be avoided in a given se ng if they
lack adequate data on superiority compared with less expensive alterna ves.25 The Na onal Comprehensive Cancer
Network (NCCN) has now ini ated an eﬀort to incorporate
value-based recommenda ons into their guidelines, which
represents a step in the right direc on.

Medicare Nego a on of Drug Prices
Currently the Centers for Medicare & Medicaid Services
are prevented by law from negotiating directly for the cost
of cancer drugs administered through the Medicare Part D
program.26,27 This, as expected, creates a situa on ripe for
annual price increases. As a result, pharmaceutical companies can set prices high and increase them periodically
as well.18,28 We must authorize the Centers for Medicare &
Medicaid Services to negotiate cost directly and make
the system similar to those in Europe and Canada. However, this requires a change in existing law and will not
be possible without strong advocacy and a patient-driven
grassroots movement.9 We also must support recent efforts by the Centers for Medicare & Medicaid Services to
test indication-based pricing and fixed reimbursement
amounts for closely related drugs in a given class.16,29

Increase Market Compe

on

Several measures can be adopted to increase market compe on. First is to allow the importa on of drugs from
other countries for personal use.9 Second, we must make
the approval of generics and biosimilars easier and prevent major pharmaceu cal companies from engaging in a
“pay-for-delay” strategy to delay the launch of a generic
drug. Recent eﬀorts by large health care organiza ons and
other online retailers to enter the prescrip on drug industry will also foster more market compe on. Finally, we
must re-examine the length of patent protec on and the
a empts to further prolong patent protec on by legal and
other challenges.

Lower Drug Development Costs
Current drug approval requires randomized phase III trials.
In the United States, a par cularly promising drug can gain
accelerated approved through phase II trials. In any case,
the costs of these trials are exorbitant. Most of these costs
are unnecessary and relate to an extraordinary amount of
data collec on, monitoring, and analysis. Given the risks
involved, companies also play it safe by launching mul ple
trials, in the hope that one will succeed and lead to drug
approval. If there is clear guidance on what is important, we
can easily reduce these costs so that a new drug will not cost
hundreds of millions of dollars to bring to market.

CONSEQUENCES OF THE HIGH COST OF
MYELOMA DRUGS
Many of us working at major academic medical centers see
a skewed popula on of pa ents who are well insured. For
these pa ents, the personal costs are high, but not anywhere near how much an uninsured or interna onal pa ent
would pay for the same treatment. There is s ll a societal
consequence. The high cost of myeloma therapy is passed
on to the premiums of people without myeloma. Myeloma
accounts for only 1% of all cancers, and it is not the only
problem. All cancer drugs are expensive, and cancer is all
too common. It is the dominant killer of our mes. Thus,
even if the selected pa ents we see pay only $50 or $100
copays for a $14,000 drug, the costs are being passed on to
someone else through higher insurance premiums, higher
taxes, and cutbacks to other important programs. Unless we
have a scenario of inﬁnite resources, this is not sustainable
from a societal standpoint.
For uninsured or underinsured pa ents, the consequences are more personal. They may cut back on dose
or schedule. They may lack access to the newest op ons.
Sadly, they may not know that these op ons exist. Many
countries whose pa ents par cipated in phase III trials
that helped us obtain rapid approval of myeloma drugs do
not have these drugs available for their own ci zens. Some
of this is related to regulatory barriers. But o en these regulatory barriers are erected because of cost and budgetary
constraints.
More problems loom on the horizon. Carfilzomib/
lenalidomide/dexamethasone as ini al therapy will cost
approximately 1.5 to 2 mes as much as bortezomib, lenalidomide, and dexamethasone. The likely addi on of daratumumab, a highly ac ve monoclonal an body, to various
triplet regimens currently in use for the treatment of myeloma will create quadruplets that could cost in excess of
$300,000 to $500,000 per year (Table 1).25 Several other
promising agents have shown single-agent ac vity in myeloma and will likely be approved for the treatment of the
disease in the future.30 Once approved, these new drugs will
greatly increase the number of ra onal combina ons that
are possible, as well as the inevitable associated costs.

CONCLUSIONS
It is thrilling to be part of the advances that have occurred
in myeloma. We should celebrate them. Pharmaceu cal
companies working in collabora on with researchers have
made these advances possible. But, currently, many of the
advances are a reality to only a small proportion of wellinsured, aﬄuent pa ents with the disease.18,25 What need
to changeare the system and the legal framework so that
myeloma drugs and other cancer drugs are more aﬀordable
and accessible.
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ANTIBODIES IN MYELOMA

Prac cal Considera ons for An bodies in Myeloma
Jacob P. Laubach, MD, Niels van de Donk, MD, PhD, Faith E. Davies, MD, MRCP, MRCPATH, FRCPath, and
Joseph Mikhael, MD, MEd, FRCPC, FACP
OVERVIEW
The development of the monoclonal an bodies daratumumab and elotuzumab has expanded treatment op ons for mulple myeloma and led to great improvement in pa ent outcomes. These agents have favorable safety proﬁles and synergize eﬀec vely with established agents used in the management of myeloma, namely immunomodulatory drugs and
proteasome inhibitors. This ar cle reviews the ra onale for use of monoclonal an bodies in myeloma, current approved
indica ons for daratumumab and elotuzumab, the manner in which these agents are used in the overall management of
myeloma, and speciﬁc challenges associated with their use in the clinic. It also highlights other, emerging drug combinaons that incorporate daratumumab or elotuzumab and proﬁles new therapeu c an bodies currently under development.

T

he monoclonal an bodies daratumumab and elotuzumab currently play a prominent role in the management of mul ple myeloma (MM). Both have proven to be
eﬀec ve in combina on regimens that incorporate other
agents with established ac vity in this disease, and daratumumab monotherapy also has demonstrated great an tumor ac vity. With the rapid expansion of treatment op ons
for MM in recent years, it is important to understand how
best to use daratumumab and elotuzumab in the care of
pa ents with MM. This ar cle aims to provide perspec ve
on this important aspect of MM management through a
succinct review of the preclinical and clinical development
of daratumumab and elotuzumab, general approaches to
management of transplant-eligible and transplant-ineligible
pa ents with MM, determinants of choice of therapy, challenges associated with use of monoclonal an bodies in
myeloma, and future direc ons with monoclonal an bodies
in MM.

TARGETS OF DARATUMUMAB AND
ELOTUZUMAB: CD38 AND SLAMF7
CD38
CD38 is highly and uniformly expressed on MM cells; at
rela vely low levels on normal lymphoid and myeloid cells;
and in some ssues of nonhematopoie c origin, such as
prosta c epithelial cells, pancrea c islet cells, and airwaystriated muscle.1 CD38 has ectoenzymac c ac vi es and
also receptor func ons.1 Together, these quali es formed
the ra onale for the development of CD38 an bodies in MM.
The ﬁrst CD38 an bodies were developed in the early 1990s,
but, although these agents had marked an -MM ac vity,

they were not evaluated in pa ents with MM.2 The ﬁrstin-class therapeu c an body directed at CD38, daratumumab
(fully human immunoglobulin [Ig] G1-kappa), was developed approximately 20 years later.3
Daratumumab was selected from a panel of 42 an bodies because of its marked ac vity against MM cells via
complement-dependent cytotoxicity (CDC). Addi onal Fcdependent immune eﬀector mechanisms of daratumumab
include an body-dependent cellular cytotoxicity (ADCC)4
and an body-dependent cellular phagocytosis (ADCP).5 Furthermore, daratumumab induces programmed cell death
via Fc-gamma receptor-mediated cross-linking.6 In addi on,
modula on of CD38 enzyma c ac vi es may contribute to
its an -MM ac vity.7 These classic mechanisms of ac on
are partly CD38 dependent,4,8 which explains why pa ents
who achieve par al response or be er with daratumumab
monotherapy have higher CD38 expression on their tumor
cells compared with pa ents who achieve less than par al
response.4 However, CD38 expression on the cell surface is
reduced rapidly a er ini a on of daratumumab treatment
as a result of preferen al killing of MM cells with high CD38
levels and also transfer of CD38-daratumumab complexes
from tumor cells to immune eﬀector cells in a process called
trogocytosis.8 Because CD38 is uniformly reduced in paents with deep and durable remissions, CD38 reduc on is
not necessarily associated with escape from daratumumab
treatment.
These observa ons also pointed to other modes of acon of this an body. Indeed, daratumumab also eliminates
CD38+ regulatory T cells, regulatory B cells, and myeloidderived suppressor cells.9 Importantly, the subset of CD38+
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regulatory T cells are more immunosuppressive in vitro than
their CD38− counterparts.9 These changes in frequencies of
immune suppressor cells result in CD4+ and CD8+ T-cell expansion with increased T-cell clonality and, poten ally, a
be er host-an tumor immune response.9
On the basis of the high ac vity of daratumumab, several other an -CD38 an bodies have been developed, including isatuximab (chimeric, IgG1-κ). Besides killing MM
cells by CDC, ADCC, and ADCP, this antibody also has
strong pro-apopto c ac vity independent of cross-linking
agents.7,10 Furthermore, isatuximab induces MM cell death
via the lysosomal-associated pathway.11 In vitro experiments
showed that isatuximab also kills CD38+ regulatory T cells,
leading to improved immune eﬀector func on against MM
cells,12 but it remains unknown whether isatuximab also has
immunomodulatory ac vity in pa ents with MM. MOR202
(fully human IgG1-lambda) and TAK-079 (fully human IgG1)
also target CD38. These an bodies kill CD38+ tumor cells via
CDC, ADCC, and ADCP.7,13,14 Poten al immunomodulatory
ac vi es of these agents are unknown.

SLAMF7
SLAMF7 is a glycoprotein that is highly expressed on the surface of MM cells irrespec ve of cytogene c abnormali es
or disease stage. It is also expressed on subsets of immune
cells, including natural killer (NK) cells, where it func ons as
an ac va ng receptor. Elotuzumab (humanized IgG1-κ) is a
ﬁrst-in-class SLAMF7-targe ng an body. Elotuzumab exerts
an -MM ac vity by inducing NK cell–mediated ADCC.15,16
Furthermore, SLAMF7 liga on by elotuzumab results in direct NK cell ac va on.17

ANTIBODY BASED COMBINATIONS
Pa ents with MM most o en are treated with combinaons of an -MM agents to improve depth and dura on of
response and to prevent the outgrowth of drug resistant
clones. Preclinical studies have produced valuable insights
into synergis c an body-based combina ons and thereby
formed the ra onale for several clinical trials.

PRACTICAL APPLICATIONS
• The development of the monoclonal an bodies
daratumumab and elotuzumab has expanded treatment
op ons for MM and led to great improvement in pa ent
outcomes
• The killing of MM cells by CD38 or SLAMF7 an bodies
can be improved by adding conven onal an -MM
agents or new immunotherapy drugs. On the basis of
these preclinical results, numerous an body-based
combina ons are in diﬀerent phases of clinical tes ng
• Treatment choice for relapsed MM has become a rather
complex decision-making process that must be based on
mul ple factors.
• Data on the use of checkpoint inhibitors in MM are
contradictory.
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In vitro studies and mouse models demonstrated that
proteasome inhibitors markedly enhance the eﬀects of anbodies directed to CD38 or SLAMF7.16,18-22 Immunomodulatory drugs, such as lenalidomide and pomalidomide, have
direct an -MM ac vity but also have immunos mulatory
eﬀects that include NK cell ac va on and s mula on of T-cell
proliferation.23 In vitro experiments demonstrated that
IMiDs markedly improve the ADCC ac vity of both CD38- and
SLAMF7-targe ng an bodies via enhancing eﬀector cell acvity, whereas eﬃcacy of an bodies to induce CDC remained
unchanged.11,16,20,21,24,25 In addi on, Immunomodulatory drugs
enhance the direct apopto c ac vity of isatuximab.11 NK cell
ac vity also can be enhanced by blocking their inhibitory
killer cell immunoglobulin–like receptor (or KIR), which results in improved daratumumab-mediated ADCC.26 PD-1 is
another inhibitory receptor expressed on both NK cells and T
cells. Binding of PD-1 to PD-L1 or PD-L2 leads to an impaired
an tumor immune response. It was shown recently that the
eﬃcacy of tumor-targeted an bodies, such as elotuzumab,
can be improved by inhibi on of the PD-1/PD-L1 pathway.27
Laboratory experiments showed synergy between daratumumab and low-dose cyclophosphamide, which was
partly explained by low-dose cyclophosphamide–induced
improvement of ADCP mediated by monocytes and macrophages.28 ADCP also can be enhanced by inhibi on of the
CD47-SIRPα “don't eat me” signaling pathway.29 Finally, alltrans re noic acid or histone deacetylase inhibitors increase
CD38 expression levels, which explains their synergy with
CD38-targe ng an bodies.30,31
In summary, killing of MM cells by CD38 or SLAMF7 anbodies can be improved by adding conven onal an -MM
agents or new immunotherapy drugs. On the basis of these
preclinical results, numerous an body-based combina ons
are in diﬀerent phases of clinical tes ng.

CURRENT CLINICAL INDICATIONS:
ELOTUZUMAB AND DARATUMUMAB
Elotuzumab Plus Lenalidomide and Dexamethasone
Elotuzumab is approved for use in combina on with lenalidomide and dexamethasone for pa ents with relapsed
MM who have received at least one prior line of therapy.
The approval was based on the phase III ELOQUENT 2 trial,
in which 646 pa ents who had received one to three prior
lines of therapy received lenalidomide and dexamethasone
with or without elotuzumab.32 The addi on of elotuzumab
to lenalidomide and dexamethasone improved the rate of
overall response (79% vs. 66%; p < .001) and extended median progression-free survival, the primary endpoint of the
study, by 4.5 months (19.4 vs. 14.9 months; hazard ra o, 0.7;
p < .001). There was a modest increase in severe adverse
events associated with the three-drug regimen (65% vs. 57%).
Infusion reac ons occurred in 10% of pa ents who received
elotuzumab and were typically low grade in terms of severity.

Daratumumab Monotherapy
Daratumumab ini ally received accelerated approval as
monotherapy for pa ents with three or more prior lines of
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treatment on the basis of data from the phase I GEN501 trial
and the phase II SIRIUS trial.33,34 The GEN501 trial included
a 32-pa ent dose escala on component and a 72-pa ent
dose expansion component.33 Among pa ents treated in
the dose-expansion component at doses of 16 mg/kg, who
had received a median of four prior lines of therapy, the
overall response rate was 36% and the progression-free survival was 5.6 months.
In the SIRIUS trial, 106 pa ents whose disease was refractory to both an immunomodulatory agent and proteasome
inhibitor received 16 mg/kg of daratumumab.32 The overall
response rate was 29%; 34% of pa ents experienced clinical beneﬁt, deﬁned as a minimal response or be er. The
median progression-free survival was 3.7 months, and the
overall survival rate at 12 months was 64.8%.
The most frequent high-grade toxici es in these two studies were anemia, neutropenia, and thrombocytopenia. Infusion reac ons were noted in 71% of pa ents in GEN501 and
in 42% of pa ents in SIRIUS, the majority of which occurred
during the first two infusions and were grade 1 or 2 in
severity.

Daratumumab Combina on Regimens
As discussed previously, preclinical models suggested that
daratumumab enhanced the an tumor eﬀects of immunomodulatory agents and proteasome inhibi on. Indeed,
this observa on was conﬁrmed in the phase III CASTOR and
POLLUX trials.35,36
In CASTOR, 498 pa ents previously treated with at least
one line of therapy received either bortezomib and dexamethasone or daratumumab plus bortezomib and dexamethasone.35 The addi on of daratumumab led to substan al
improvement in rates of overall response (82.9% vs. 63.2%;
p < .001), very good par al response or be er (59.2% vs.
29.1%; p < .001), and complete response (19.2% vs. 9.0%;
p = .001). The use of daratumumab was associated with
signiﬁcant beneﬁt in terms of progression-free survival,
the primary endpoint of the study (median not reached vs.
7.2 months; hazard ra o, 0.39; p < .001). Anemia, neutropenia, and thrombocytopenia were more common among
patients who received daratumumab, as were diarrhea,
upper respiratory infection, cough, dyspnea, and peripheral edema. Infusion reac ons occurred in 45% of pa ents
who received daratumumab. The results of CASTOR led to
approval of daratumumab plus bortezomib and dexamethasone in pa ents who have received at least one prior line
of therapy.
In POLLUX, 569 pa ents who had previously received at
least one line of therapy were treated with lenalidomide
and dexamethasone with or without daratumumab.36 The
addi on of daratumumab to lenalidomide and dexamethasone led to striking improvement in rates of overall response (93% vs. 76%; p < .0001) and complete response or
be er (43% vs. 19%; p < .0001). The rate of minimal residual disease nega vity at a level of tumor cell detec on of
1 × 10−5 white cells also was substan ally higher in pa ents
who received daratumumab (22.4% vs. 4.6%). These higher

rates of response translated in turn to superior 12-month
progression-free survival (83.2% vs. 60.1%) and a hazard rao for disease progression or death of 0.37. Diarrhea, neutropenia, upper respiratory infec on, and cough were more
common in pa ents who received daratumumab. The results of POLLUX led to approval of daratumumab plus lenalidomide and dexamethasone in pa ents who have received
at least one prior line of therapy.
Daratumumab was recently approved for use in combinaon with pomalidomide and dexamethasone for pa ents
who have received at least two prior therapies, including
lenalidomide and a proteasome inhibitor, on the basis of
results of the phase I EQUULEUS trial.37 Among 103 paents who had median of four prior lines of therapy, 71%
of whom with disease refractory to proteasome inhibitor
and immunomodulatory drug, the rate of overall response
was 60%, that of very good par al response or be er was
42%, and that of complete response or be er was 17%. The
median progression-free survival was 8.8 months, and the
12-month progression-free survival rate was 42%. Infusion
reac ons occurred almost exclusively during the ﬁrst infusion and aﬀected 50% of pa ents. The most common grades
3 and 4 treatment-related adverse events were hematologic: anemia (28%), leukopenia (24%), neutropenia (77%),
and thrombocytopenia (19%).

MONOCLONAL ANTIBODIES IN THE OVERALL
MANAGEMENT OF MULTIPLE MYELOMA
Ini al Management of Mul ple Myeloma
After the diagnosis of multiple myeloma is made, most
pa ents will be treated, according to the new SLiMCRAB
criteria,38 with both a proteasome inhibitor and an immunomodulatory drug along with cor costeroids. This approach
has been established on the basis of mul ple phase III trials that have validated the combina on of these two novel
classes of drugs.39,40 In two of these trials, the response rate
was augmented by approximately 10% when a proteasome
inhibitor and immunomodulatory drug were combined,
which translated into a large diﬀerence in progression-free
survival. Importantly, the second trial, SWOG777, was conducted in pa ents who were eligible and ineligible for transplanta on, which thus uniﬁed treatment strategies for both
groups, independent of transplanta on status. In more frail
pa ents, however, the combina on of lenalidomide and
dexamethasone is used more o en, on the basis of results
of the FIRST trial.41
The role of autologous stem transplanta on in pa ents
was reinforced recently in a large phase III trial that compared bortezomib, lenalidomide, and dexamethasone followed by lenalidomide maintenance to this combina on
plus immediate stem cell transplanta on followed by lenalidomide maintenance. The group that underwent transplanta on had a higher response rate and improved progression-free survival, but there was no diﬀerence in overall
survival.42
Maintenance therapy o en is used among pa ents who
undergo transplanta on and among those who do not.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Post-transplanta on maintenance therapy with lenalidomide
has been approved by the U.S. Food and Drug Administration on the basis of two randomized, placebo-controlled
phase III trials that demonstrated great beneﬁt in progressionfree survival and—in one trial—an overall survival advantage.43

DETERMINANTS OF CHOICE OF THERAPY IN
RELAPSED MYELOMA
As previously noted, the choice of induc on therapy for paents with newly diagnosed MM has been streamlined by
recent clinical trial data that highlight the beneﬁt of threedrug combina ons that incorporate a proteasome inhibitor
and immunomodulatory agent. In contrast, there is a large
and growing number of treatment op ons for pa ents with
relapsed disease. With mul ple op ons now available, including the an body-based triplets discussed in the previous
sec on, it is becoming increasingly diﬃcult for the clinician
to select the best relapse therapy for a pa ent. Treatment
choice has become a rather complex decision-making process that must be based on mul ple factors.44 It is no longer
a simple sequen al algorithm but is dependent on several
pa ent-, disease-, and treatment-related factors. These include the following:
1. Considera on of previous therapies: for an incurable
illness, re-treatment can help control the disease. If
a previous therapy has worked (usually deﬁned by a
par al response that lasts at least 6 months), it can be
reconsidered.
2. Current maintenance therapy: With the proliﬁc use
of maintenance therapy, especially lenalidomide,
relapsed disease usually would be treated with a
regimen that does not contain the maintenance
therapy agent.
3. The rate of relapse: Pa ents with aggressively relapsing
disease, who o en are at high risk and have rapidly
growing disease, should be treated with more aggressive
combinations. Conversely, patients with slow and
indolent disease may be able to have their disease
controlled with milder combina on therapy
4. Frailty and comorbidi es: These are underappreciated
factors in myeloma and are cri cal, especially because
most pa ents with relapsed disease are older than age
70. These factor in to both the choice of agents and
dosage used. Indeed, nearly all agents in myeloma,
especially cor costeroids, can have doses adjusted for
frailty and comorbidity.
5. Drug availability and convenience: With complex
insurance arrangements and costly drugs, the impact
of drug cost, or what has been referred to has "ﬁnancial
toxicity," on the pa ent should be considered and
discussed.
6. Clonal evolu on: There is increasing evidence that, in
high-risk pa ents in par cular, the disease may evolve
over me with emergence of a dominant tumor clone.
This may inﬂuence therapy to poten ally re-use prior
therapies to which the pa ent may now be sensi zed
or to be more aggressive in prolifera ng disease.
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CLINICAL CHALLENGES ASSOCIATED WITH
USE OF MONOCLONAL ANTIBODIES IN
MULTIPLE MYELOMA
A number of speciﬁc clinical challenges are associated with
the administra on of monoclonal an bodies in MM. Understanding when and how these may occur, and how best to
address them when they do, is cri cal to the eﬀec ve use of
regimens that incorporate daratumumab and elotuzumab.

Infusion Reac ons
As noted previously, infusion reac ons are frequent with
daratumumab (40%–50%) but are less common with elotuzumab (10%). They occur most o en during or a er the
ﬁrst two infusions and are uncommon therea er. The symptoms are variable and can include chills, headache, nasal
conges on and rhinorrhea, throat irrita on, cough, wheezing, dyspnea, nausea, vomi ng, and rash. They are typically
low grade in severity and resolve when the infusion is held
and appropriate interven ons are taken. A er symptoms
resolve, the infusion can resume with the inten on of comple ng the en re infusion on the same day.
With respect to daratumumab, premedications should
include a glucocor coid, such as methylprednisolone or dexamethasone; an an histamine; and acetaminophen. Montelukast o en is given as a premedica on during the ini al
cycle of therapy to reduce the risk of respiratory symptoms,
par cularly among pa ents with underlying lung disease.
An oral cor costeroid is administered for 2 days a er each
dose of daratumumab in the ini al cycle of treatment to
prevent delayed infusion reac ons.
With regard to elotuzumab, it is standard to administer
oral dexamethasone 3 to 24 hours before the infusion at
home and an intravenous dose of dexamethasone along
with an an histamine and acetaminophen immediately before elotuzumab administra on.

Blood Typing Interference by Daratumumab
Daratumumab interferes with blood typing by binding to
CD38 on reagent blood cells and causing a posi ve indirect
Coombs test.45 Thus, it is important to no fy the blood bank
at treatment sites about new pa ents who will receive daratumumab and obtain a type and cross before the ﬁrst dose.
A technique to mi gate daratumumab interference with a
reproducible dithiothreitol-based method has been developed46 and may be broadly available to treatment sites.
Fortunately, transfusion reac ons such as hemolysis in
daratumumab-treated pa ents have been rare despite the
great need for transfusion support in pa ents with relapsed
myeloma in par cular. This was underscored by the experience of pa ents in the SIRIUS trial: despite the red blood
cell transfusion rate of 38% and platelet transfusion rate of
14%, there was only one transfusion-related event, a platelet transfusion reac on.47

Infec on Risk
As demonstrated in the GEN501, SIRIUS, and subsequent
trials, daratumumab causes a moderate degree of bone
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marrow suppression, including leukopenia, neutropenia, and
thrombocytopenia. As a result of this and other eﬀects of the
agent on immunity, use of daratumumab is associated with
increased risk of infec on. The concomitant use of cor costeroid premedica on undoubtedly increases this risk as well.
The impact of this infec on risk was demonstrated by toxicity data from the CASTOR and POLLUX trials, which showed
a higher rate of all-grade upper respiratory infec ons in paents treated with daratumumab compared with those in
the control group (24.7% vs. 18% in CASTOR and 31.8% vs.
20.6% in POLLUX).35,36 However, longer treatment exposure
in the daratumumab arms also may have contributed to the
increased infec on frequency.
Elotuzumab is less marrow suppressive than daratumumab, and, in the ELOQUENT 2 trial, the rates of anemia,
thrombocytopenia, and neutropenia were similar in the inves ga on and control groups.32 There was, however, a signiﬁcantly higher rate of grades 3 and 4 lymphocytopenia in
the inves ga onal group (77% vs. 49%). Moreover, pa ents
who received elotuzumab, like those who received daratumumab, also received substan al doses of cor costeroid;
the need for coadministra on of a cor costeroid thus implies an increased risk of infec ous events associated with
the use of elotuzumab as well.
Use of prophylac c an bio cs is recommended for paents who receive either daratumumab or elotuzumab. This
prophylaxis should include an an viral drug, such as acyclovir or valacyclovir, and an agent to prevent Pneumocys s
carinii pneumonia, such as sulfamethoxazole/trimethoprim
or dapsone.

Single-Agent Versus Combina on Therapy
As trials con nue to demonstrate the superiority of combina ons versus single agents in myeloma, it may be unclear
to the clinician when daratumumab may be used as a single
agent. Although it is more likely to be used in combina ons
with lenalidomide, bortezomib, pomalidomide, and—soon—
carﬁlzomib, the single-agent ac vity and tolerability of the
drug also allows its use alone. This type of use is most likely
for frail pa ents who may not tolerate drug combina ons,
for more indolent disease that requires less-aggressive therapy, or for mul -refractory disease in which no other op ons
exist. The role of single-agent daratumumab in maintenance
therapy is a rac ve by virtue of its long half-life, single-agent
ac vity, and experience with monoclonal an body therapy
maintenance in other diseases; however, single-agent use
must be validated in prospec ve trials. Also, increasing evidence suggests synergy with daratumumab when used in
combina on with immunomodulatory drugs that could overcome resistance to both drugs.48 This possibility may have
implica ons toward the re-use of daratumumab in pa ents
whose disease was previously resistant to the drug.

OTHER COMBINATIONS OF DARATUMUMAB
AND ELOTUZUMAB
On the basis of the promising data presented here, a number
of ongoing studies are exploring the role of daratumumab

and elotuzumab either as single agents or in combina on
outside of the se ng of relapsed disease. Examples include
use as induc on therapy for newly diagnosed pa ents (e.g.,
daratumumab-VRD, daratumumab-MPV, elotuzumab-VRD),
as maintenance treatment (either as single agent or in combina on) a er autologous transplanta on, or in combinaons with other agents in the relapsed se ng. Early reports
suggest no major addi ve adverse eﬀects or toxici es, and
outcome data are eagerly awaited.49-53 Because of the success of the an bodies in MM, an bodies now are being explored in other plasma cell dyscrasias, also; daratumumab
has shown promising results in pa ents with amyloid.54

OTHER CD38 AND SLAMF7 TARGETING
ANTIBODIES
Besides daratumumab and elotuzumab, other CD38- and
SLAMF7-targe ng molecules are in clinical development.
Importantly, in vitro studies show that these molecules
rely on diﬀerent mechanisms of ac on (e.g., ADCC, ADPC,
CDC) and so may play a role in MM therapy. Examples include isatuximab (SAR650984) and MOR202, which target
CD38,55-57 and ABBV-838, which targets SLAMF7.58

OTHER MYELOMA TARGETING ANTIBODIES
Data on the use of checkpoint inhibitors in MM are contradictory. Ini al studies suggested that an –PD-1 and an –
PD-L1 agents were highly eﬀec ve in combina on with
tradi onal therapy in the relapsed se ng (e.g., lenalidomide, pomalidomide, bortezomib).59-61 Recently, however,
the phase III studies were placed on a temporary hold as
a toxicity signal was inves gated. These studies have been
modiﬁed and reopened; results are awaited.
Clinical studies are underway to inves gate a number of
an bodies to other MM surface targets, both alone (naked)
or with the addi on of an immunotoxin. An bodies (e.g.,
GSK2857916) to target the B-cell matura on an gen, which
is highly expressed on MM cells, show promise.62 Others include the an -CD40 lucatumumab; the an -CD138 immunotoxin indatuximab ravtansine; the an -CD56 immunotoxin
lorvotuzumab mertansine; and PAT-SM6, which targets the
heat shock protein glucose-regulated protein 78.63-66

CHIMERIC ANTIGEN RECEPTOR T CELL AND
BISPECIFIC ANTIBODY APPROACHES
In addi on to an body-based therapies, a number of other
approaches to harness the pa ent’s own immune system
are being explored. The most advanced approaches include
T cells that are redirected to targe ng tumor surface an gens by chimeric an gen receptors (CAR) and bispeciﬁc anbody constructs that target both the tumor and T cell.
A er the incredible responses to CAR T-cell therapy in
pa ents with acute leukemia and lymphoma, similar approaches are being explored in mul ple myeloma. Although
responses to CD19+-directed CAR T cells have been reported
in myeloma,67 the experience with B-cell matura on an gen–
directed CAR T cells is impressive.68,69 Despite the infrastructure requirements for such an approach (i.e., cell apheresis,
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in vitro transfec on and expansion, shipping, and—ﬁnally—
reinfusion of the CAR T-cell product), studies to date show
that products can be made for pa ents and can induce high
response rates, including complete responses. As with other
CAR T-cell therapies, the management of adverse eﬀects,
especially cytokine release syndrome, which is unpredictable both in severity and ming, is important.70 Other CAR
T-cell targets under investigation include κ light chain,71
CD38, and SLAMF7.72,73
An alternate approach to redirec ng T cells to tumors
is achieved with bispeciﬁc an bodies. As one fragment
binds to the tumor surface an gen, another simultaneously engages T cells via CD3. In contrast to CAR T cells,
the products are not pa ent speciﬁc and so may be considered oﬀ the shelf. Again, such an approach has shown
great promise in CD19+ acute lymphoblas c leukemia, for
which blinatumumab is approved. In myeloma, ongoing
phase I studies are looking at CD3/B-cell matura on an gen/CD374 and other targets (e.g., CD38 and CD138). As

with CAR T cell approaches, cytokine release syndrome
can occur.

CONCLUSION
The past 5 years have seen a revolu on in MM therapy as
monoclonal an bodies have been incorporated into standard treatment approaches. Clinical studies demonstrate
their eﬀec veness as single agents (daratumumab) and in
combina on (daratumumab or elotuzumab in combina on
with proteasome inhibitors and immunomodulatory drugs),
and ongoing studies are exploring their use in all stages of
disease and in other related plasma cell dyscrasias. Other
monoclonal an bodies (both naked and with immunotoxins), as well as bispeciﬁc an bodies and CAR T cells, are being explored as the search for the best MM immunotherapy
approach con nues. Importantly, these approaches exert
their tumor control in a way that diﬀers from standard MM
treatment; thus, in many cases, the approaches are complementary to the approved standard therapies.
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RISK STRATIFICATION AND TARGETS IN MM: FROM GENOMICS TO BEDSIDE

Risk Stra ﬁca on and Targets in Mul ple Myeloma: From
Genomics to the Bedside
Aurore Perrot, MD, PhD, Jill Corre, PharmD, PhD, and Hervé Avet-Loiseau, MD, PhD
OVERVIEW
In the past 15 years, signiﬁcant improvements in overall survival have been observed in mul ple myeloma (MM), mainly
due to the availability of novel drugs with variable mechanisms of ac on. However, these improvements do not beneﬁt all
pa ents, and some of them, deﬁned as high risk, s ll display short survival. The most important risk factors are the gene c
abnormali es present in the malignant plasma cells. The most important high-risk features are the del(17p), the del(1p32),
the t(4;14), and 1q gains. Assessing these markers is mandatory at diagnosis and at least at ﬁrst relapse, since it has been
clearly shown that the lenalidomide-dexamethasone combina on is not eﬃcient in these high-risk pa ents. In contrast,
a triplet combina on adding a proteasome inhibitor or a monoclonal an body to the lenalidomide-dexamethasone backbone clearly improves the survival. Another way to improve the outcome would be to speciﬁcally target gene c abnormali es with speciﬁc inhibitors. The sequencing of more than 1,000 MM exomes revealed again a huge heterogeneity. The
most frequent muta ons involve the KRAS and NRAS genes (20%–25% each). However, to date, no good RAS-inhibitors
are clinically available, preven ng targeted therapy. The only drugable target is the V600E BRAF muta on. Unfortunately,
this speciﬁc muta on is present in only 3% of the pa ents. Finally, it has been recently reported a speciﬁc eﬃciency of the
BCL2-inhibitor venetoclax in pa ents with the t(11;14) transloca on, which is found in 20% of the pa ents.

M

ul ple myeloma is a heterogeneous disease. From a
clinical point of view, pa ents have a highly variable
outcome, with survival ranging from a few weeks to more
than 15 years, or even cure, especially in transplant-eligible
pa ents.1 For a long me, treatment strategies did not take
into account this survival heterogeneity, which could be predicted on the basis of several prognos c parameters. The
main reason was the availability of drugs. However, recently,
the demonstra on that some combina ons may lead to different outcomes, both in high-risk and standard-risk pa ents,
is changing this paradigm.2-4
What are the most important prognos c factors in MM,
and how do they predict outcome? MM is probably the
cancer for which the most prognos c parameters have
been described. They can be categorized into three groups:
(1) related to pa ents, (2) related to disease burden, and
(3) related to the malignant clone itself. In the ﬁrst category,
age is probably the most important; it deﬁnes the treatment
strategy available for these pa ents, mostly the feasibility
of transplant.1 The age cutoﬀ is usually ﬁxed between ages
65 to 70, depending on the pa ent’s ﬁtness. Another important
factor in this category is the presence or lack of comorbidi es,
which could prevent the use of some drugs. In the second
category (tumor burden), several parameters have been

described, such as β2-microglobulin level,5 serum lactate
dehydrogenase level,6 anemia,7 thrombocytopenia,7 and
several circula ng factors (such as CD138 and GDF15).8 The
Interna onal Staging System9 is based on β2-microglobulin
and albumin; the la er reﬂects several parameters related
to the pa ent’s condi ons. Finally, the third category concerns several factors related to the clone biology, such as
gene c abnormali es, prolifera on index,10 and the monoclonal protein structure that could lead to renal precipita on
or amyloidosis deposit.

GENETIC ABNORMALITIES
If age, comorbidi es, renal failure, or amyloidosis will lead
to treatment adaptation, the most powerful prognostic
factor is related to gene c abnormali es present in the
malignant plasma cells. Several abnormali es have been
related to prognosis, and all of them are actually predic ve
of short-term outcome; no abnormali es predic ng longterm survival have yet been identified (Table 1). Among
these high-risk chromosomal changes, the most powerful
is undoubtedly dele on 17p [del(17p)].7,11,12 Even though
this abnormality is recognized as a high-risk factor by all
the inves gators, some debates are s ll ongoing. The ﬁrst
one addresses the ques on of the molecular target of this
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dele on. Most inves gators focus their analysis on TP53. If
this gene is obviously within the minimal deleted region on
17p, several pieces of knowledge are disturbing. The most
important one is related to the tumor suppressor func on
of TP53. In about half of solid tumors, this gene is mutated,
leading to dominant nega ve altera on of its tumor suppressor role. In MM, sequencing analyses showed that the
remaining TP53 allele is mutated in only 30% to 40% of the
pa ents.13,14 In these pa ents, TP53 is clearly the target.
However, in the remaining 60% to 70% of pa ents lacking
the muta on, it is rather unlikely that this gene is the target,
the deletion leading only to a small decrease in TP53
messenger RNA expression (personal data). A recent study
in mouse models for acute leukemias or lymphomas did
iden fy other genes in the TP53 vicinity whose dele on was
associated with higher aggressiveness.15 Their poten al role
in MM has to be demonstrated. Some (but not all) studies
suggested that the “double hit” TP53 inac va on was associated with a poorer outcome. With the development of
next-genera on sequencing (NGS) approaches in the risk
assessment, this issue should be resolved in the near future.
The second ongoing debate is related on the clone size importance in the prognos c value. The Intergroupe Francophone du Myélome (IFM) did publish more than 10 years
ago that the prognos c value of the del(17p) was observed
only if the deleted clone size were greater than 60%.7 No
other group addressed this issue, leading to confusing data
on the role of novel therapies in overcoming this prognos c
impact; some inves gators deﬁned del(17p) if it was detected
in even 1% of the plasma cells.3 To deﬁni vely resolve this
ques on, we performed a pa ent-level meta-analysis of
European data including more than 1,000 patients with
del(17p) at all the levels. This study conﬁrmed the IFM data,
with a cutoﬀ at the 55% to 60% level (manuscript in prepara on). With this cutoﬀ, the frequency of del(17p) is 7% to
8% of pa ents.
The second chromosomal change iden ﬁed to predict
poor outcome is the t(4;14) transloca on.7,16,17 Observed
in 12% to 15% of the pa ents, this transloca on is unique
within the 14q32 transloca ons observed in B-cell malignancies. First, it is MM speciﬁc. Second, it is the only one
shown to deregulate two genes located at 4p16: FGFR3 and

PRACTICAL APPLICATIONS
• Pa ents with mul ple myeloma present a highly variable
survival, mainly driven by gene c abnormali es.
• The del(17p), del(1p32), t(4;14), and 1q gains are the
most important high-risk abnormali es.
• In these high-risk pa ents, a triplet combina on of drugs
is the most appropriate choice.
• Except the V600E BRAF muta on (present in 3% of
pa ents), no other currently druggable muta on is
present in myeloma.
• The BCL2-inhibitor venetoclax seems to be very eﬃcient
in pa ents with the t(11;14) transloca on (20% of the
pa ents).
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MMSET. Third, it is the only case showing a fusion gene,
Eμ-MMSET. Even though upregulation of FGFR3 leads to
oncogenesis in several tumor models, it is probably not the
primary oncogene c target in MM. The main reason for this
assessment is the observa on that FGFR3 is lost in about
one third of pa ents with t(4;14) because of an unbalanced
transloca on.18 MMSET has methyl-transferase proper es,
leading to changes in chroma n conforma on and deregula on of chroma n accessibility. However, the detailed phenotypic changes of its ac va on are not yet iden ﬁed. Even
though t(4;14) has been associated with a poor outcome in
several studies, its prognos c value has been challenged in
several other publica ons. The ﬁrst studies arguing for this
prognos c value were the demonstra on of the ac vity of
proteasome inhibitors in these pa ents.19,20 Second, the
IFM did demonstrate that the prognos c value of t(4;14)
must be interpreted more globally in the context of other
chromosomal abnormali es, some of which overcome the
poor prognos c value (trisomy 5) and others worsening its
impact [1q gains, del(1p32)].21 Thus, t(4;14) by itself should
not longer be considered a high-risk feature; its interpretaon should be with other abnormali es.
The third abnormality associated with a poor outcome is
the dele on of the 1p32 region, targe ng two genes: FAF1
and/or CDKN2C. Which one of these two genes is the primary
target of the dele on is unknown. Few studies have analyzed the prognos c value of this abnormality. In the ﬁrst
IFM publica on,22 del(1p32) was observed in 7% to 8%
of the pa ents and presented almost the same prognos c
value as did del(17p). On the basis of these data, we do believe that this abnormality should be included in the prognos c panel assessed in rou ne prac ce.
The fourth abnormality associated with high risk is the 1q
gain. This abnormality, observed in one third of the pa ents,
is not MM speciﬁc but rather is observed in many cancers.
Its molecular targets are unknown, even though many inves gators have focused their analyses on the CKS1B gene
at 1q21, based on a single old publica on.23 More recent
studies iden ﬁed other puta ve targets, but no clear demonstra on of a single target has been convincingly proposed,
probably because 1q is a large chromosomal region, rich
in genes. The real prognos c value of these 1q gains is a
subject of debate. Because of the frequency of this chromosomal abnormality, it cannot be a strong prognos c parameter.24 Some inves gators are sugges ng that the number
of 1q copies may have a role, and that high-risk pa ents are

TABLE 1. Prognos c Value of the Most Frequent
Chromosomal Abnormali es
Gene c Abnormali es

Prognos c Value

Del(17p)

High risk

Del(1p32)

High risk

t(4;14)

Intermediate risk

1g gain

Intermediate risk

t(11;14)

Neutral
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those with more than three copies. This must be conﬁrmed
in prospec ve series.
Finally, other rare abnormali es have been reported
to worsen the outcome, such as the t(14;16) and t(14;20)
transloca ons, targe ng MAF oncogene family members.
However, these transloca ons are rare (3% and < 1%, respecvely); this makes their prognos c value diﬃcult to establish,
even though the t(14;16) is part of the revised Interna onal
Staging System prognos c model published by the Internaonal Myeloma Working Group.25
We believe that the prognos c assessment should be interpreted on a mul parametric basis. To address this issue,
we conducted a mul variate analysis of a large cohort of
pa ents (> 1,200) analyzed by single-nucleo de polymorphism arrays, which can iden fy all copy number changes
(manuscript submi ed). On the basis of this analysis, we idenﬁed ﬁve abnormali es associated with a shorter survival—
del(17p), del(1p32), 1q gain, t(4;14), and trisomy 21—and
only one protective abnormality, trisomy 5. On the basis
of mul variate sta s cal analyses, we described a model
in which each variable was associated with a speciﬁc prognos c value (manuscript in prepara on). Of note, this prognos c model has been established according to a series of
pa ents treated 12 to 15 years ago in order to have suﬃciently long follow-up to iden fy poten al good-risk factors. With this algorithm, we iden ﬁed a group of 15% of
pa ents with a median overall survival of 2 years. These
data were then conﬁrmed in two independent large series of
patients treated during the same period. However, note
that prognos c models are valid only with a speciﬁc therapeu c approach. For instance, our model was mainly built
on transplant-eligible pa ents treated with a vincris ne/
doxorubicin/dexamethasone or bortezomib/dexamethasone
induc on, without any consolida on or maintenance phases.
To test the stability of our model for pa ents treated with
more modern approaches, we applied it in the IFM2009
trial. These pa ents received a bortezomib/lenalidomide/
dexamethasone induc on, high-dose melphalan (for half of
them), consolidation, and lenalidomide maintenance. We
conﬁrmed its ability to detect three groups of pa ents, with
a signiﬁcant improvement in the overall survival curves in all
three groups.

RISK ADAPTED THERAPY
In the era of risk-adapted therapy, high-risk pa ents must be
iden ﬁed so that they are not missed and so that they may
receive the most powerful therapeu c combina ons. Un l
recently, all pa ents were treated with the same approaches,
independent of their individual risk. Several phase III trials
enrolling relapse/refractory pa ents addressed the issue of
the outcome (mostly progression-free survival) of high-risk
pa ents.2-4 Most of these trials had a common control arm
(lenalidomide/dexamethasone), with a lenalidomide-based
experimental arm. All these trials, tes ng novel secondgenera on proteasome inhibitors (carﬁlzomib, ixazomib) or
monoclonal an bodies (elotuzumab, daratumumab), showed
signiﬁcant improvements in the progression-free survival of

high-risk pa ents. However, all these trials had some caveats,
mainly in the deﬁni on of the high-risk group. This group
was uniformly deﬁned by the presence of del(17p), t(4;14),
and/or t(14;16), according to the Interna onal Myeloma
Working Group recommenda ons. However, some cau on
should be taken with the interpreta on. For instance, a
huge heterogeneity in the deﬁni on of del(17p) was observed. Del(17p) was deﬁned by the presence of only one
ﬂuorescence in situ hybridiza on signal in more than 1% of
the plasma cells in the elotuzumab trial,3 to 20% in the ixazomib trial,4 to 60% in the carﬁlzomib trial.2 In the daratumumab trials,26,27 del(17p) was iden ﬁed by NGS, with no speciﬁc
cutoﬀ. The second caveat for these data is the deﬁni on of
high risk. As discussed previously, all these trials took an
old monoparametric deﬁni on. Because some of these trials
evaluated other gene c changes, such as 1q gains, retrospec ve analyses are feasible to test a mul parametric evalua on of risk.
On the basis of these (imperfect) data, we believe that
it is me to recommend speciﬁc drug combina ons for
high-risk pa ents. Because all these trials were dedicated
for relapsed/refractory pa ents (mostly at ﬁrst relapse), a
triplet combina on combining lenalidomide/dexamethasone plus a proteasome inhibitor or a monoclonal an body
is recommended for this high-risk group. This means that
risk should be re-evaluated at the me of relapse because
the risk category some mes changes. The next ques on is
whether these results (and thus recommenda ons) can be
extrapolated to the frontline se ng. Formally, the answer
is no. However, we believe that before the release of frontline studies using the same combina ons in the next 12 to
24 months, the same approach should be applied for pa ents
at diagnosis.

TARGETED THERAPY
In the past 3 years, several publica ons reported on the use
of NGS in MM.14,28-30 Most of these studies sequenced the
exome of pa ents in both the diagnos c and the relapsed
se ng. Once again, these studies conﬁrmed the huge molecular heterogeneity of MM. No single gene muta on was
observed. The most frequently mutated genes are the KRAS
and NRAS genes (approximately 25% and 20% of pa ents,
respec vely), followed by the DIS3 and FAM46C genes
(10%–12% each; Table 2). All the other genes are mutated
in less than 10% of pa ents. A few studies addressed the
ques on of the prognos c value of these muta ons. Among
the genes observed to be mutated in more than 3% of paents, only TP53 muta ons (observed in 6%–8% of pa ents)
showed a detrimental prognos c value. All the other mutaons were neutral for prognosis. These data suggest that
muta ons do not play a major role in the aggressiveness of
MM. Some rarer muta ons (present in < 3% of the pa ents)
may aﬀect the outcome, posi vely or nega vely, and only
much larger prospec ve studies may answer this ques on.
Another ques on resolved by these studies was the mutaon load of MM. It has been shown that MM is in the middle
range of the human cancers for the muta on load, far from
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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lowly mutated leukemias but also far from highly mutated
carcinogen-induced tumors, such as melanoma and lung
cancer.31 Because a highly signiﬁcant correla on has been
demonstrated between the muta on load and response
to immune checkpoint inhibitors (through a probable neoan gen forma on),32 it is unlikely that this approach will be
successful in MM; this hypothesis has been conﬁrmed by
preliminary studies.
Among the many muta ons observed in MM, are some of
them targeted by speciﬁc inhibitors? This approach is widespread in solid tumors but has never been widely used in hematologic malignancies. In MM, few muta ons appear to be
druggable. The most evident ones are the BRAF muta ons.
A single paper,33 repor ng a single pa ent, addressed this
issue. Inves gators treated a pa ent with advanced disease
(including extramedullary localiza on) with vemurafenib, a
BRAF inhibitor. A er 1 month of single-agent treatment, the
pa ent presented a drama c response, with normaliza on
of the monoclonal component and substan al shrinkage
of the extramedullary localiza on. This pa ent harbored a
clonal BRAF V600E muta on, known to cons tu vely ac vate BRAF kinase ac vity. No other report or trial tes ng this
approach has been published.
Several reasons may explain this lack of data. First, even
though BRAF muta ons are among the most frequently observed in MM, they are found in only 5% to 8% of pa ents.
Second, these muta ons have to ac vate BRAF. The V600E
muta on represents only a subset of these muta ons, probably about half of them. Third, to be really druggable, these
muta ons have to be fully clonal. The analysis of the published exome data reveals that it is not the case in a large
number of pa ents, many of them displaying the muta on
only in subclones. The use of a BRAF inhibitor in such paents would lead to only a par al response at best. These
data are surprising because BRAF is supposed to be a driver
in oncogenesis. However, at least in MM, it has been shown
that mitogen-ac vated protein kinase pathway ac va on
may be due to subclonal muta ons of NRAS, KRAS, and/or
BRAF but or to muta ons of two of these genes.
The second muta ons that can be targeted are the RAS
muta ons, either KRAS or NRAS. These muta ons usually lead
to ac va on of the MAP kinase-ERK kinase (MEK) pathway.

TABLE 2. Frequency and Clinical Value of the Muta ons
Most Frequently Observed in Mul ple Myeloma
Muta ons

Frequency (%)

Prognos c/
Therapeu c Value

KRAS

20–25

MEK inhibitors

NRAS

20

MEK inhibitors

DIS3

10–12

FAM46C

10–12

TP53

6–10

Poor prognosis

BRAF

3–6

BRAF or MEK inhibitors

Abbrevia ons: MEK, MAP kinase-ERK kinase; BRAF, B-Raf proto-oncogene.
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Again, few papers reported on the use of MEK inhibitors in
such pa ents, with disappoin ng results.34-37 Thus, it is unlikely
that targeted treatment based on muta ons will have real
promise in MM.
Finally, a recent publica on reported on the high ac vity
of a B-cell lymphoma 2 inhibitor, venetoclax, in pa ents harboring the t(11;14) transloca on (40% objec ve responses
in a single-agent trial).38 The reasons for this high eﬃciency
are not clear. The authors did propose that a high B-cell
lymphoma 2/myeloid cell leukemia 1 messenger RNA ra o
correlated with response. However, in our pa ents, pa ents
with t(11;14) did not present a high ra o (unpublished data).

MINIMAL RESIDUAL DISEASE
If NGS data gave rela vely disappoin ng results on the role
of muta ons in risk stra ﬁca on or for targeted therapy,
they show that the muta ons may have another applica on
in the assessment of minimal residual disease (MRD). As in
several hematologic malignancies, MRD accurately predicted
outcome in MM. Use of NGS targe ng the immunoglobulin
gene rearrangements showed that MRD could be quan ﬁed with a high sensi vity (one plasma cell in 1 million bone
marrow cells, or 10−6).39 A recent mee ng report showed
that MRD nega vity established with use of this cutoﬀ predicted signiﬁcantly diﬀerent progression-free survival and
overall survival. It also showed that the type of treatment
does not really ma er if pa ents have chemotherapy-sensive disease and achieve MRD nega vity. Finally, it showed
that chemotherapy sensi vity leading to MRD nega vity
overcame the cytogene c risk, at least for progression-free
survival. MRD will probably become the primary endpoint
for prospec ve trials in the future. Another probable use of
MRD in the near future will be the adapta on of treatment
based on MRD results. Of course, this a tude will require
prospec ve trials, but it is likely that maintenance or maintenance dura on could be adapted on the basis of these
results.
Another way (complementary to molecular or cellular
assessment) to evaluate MRD is the use of imaging techniques, the most powerful being PET in tandem with tomodensitometry or PET-MRI.40 This technique can detect
residual metabolically ac ve focal lesions. Depending on the
number and localiza on of these residual lesions, targeted
therapy, such as focal external radiotherapy or tomotherapy,
could be used to sterilize these lesions. Currently, detec on
is based on the tumor cell avidity for glucose, but several
other, more speciﬁc compounds are being evaluated. Thus,
more speciﬁc and, moreover, more sensi ve techniques will
probably lead to be er detec on of MRD.

CONCLUSION
In the past 3 years, many pa ent samples have been sequenced, leading to a clear picture of the muta onal landscape in MM. Once again, these studies showed a huge
heterogeneity at the molecular level, failing to iden fy
clear pathophysiologic suben es and important molecular
druggable targets. This does not mean that sequencing
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should be abandoned; it s ll has clear rou ne applica ons,
such as risk assessment in a single technique (evalua ng at
the same me copy number changes, 14q32 transloca ons,

and TP53 muta ons) or MRD evalua on. Clearly, risk evalua on is mandatory, both at diagnosis and relapse, to select
the most appropriate combina ons of therapy.
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CAR T Cells and Other Cellular Therapies for Mul ple
Myeloma: 2018 Update
Adam D. Cohen, MD
OVERVIEW
Cellular therapies are a rapidly evolving approach to myeloma treatment, which bring a unique mechanism of ac on with
the poten al to overcome drug resistance and induce long-term remissions. Two primary approaches are being studied:
non–gene-modiﬁed strategies, which rely on the endogenous an -myeloma T-cell repertoire, and gene-modiﬁed strategies, which introduce a new T-cell receptor (TCR) or a chimeric an gen receptor (CAR) to confer novel an gen speciﬁcity.
CAR T cells show the greatest ac vity to date. Mul ple an gen targets, including B-cell matura on an gen (BCMA), CD19,
CD38, CD138, and SLAMF7, are being explored for myeloma, and BCMA has emerged as the most promising. Preliminary
data from four phase I studies of BCMA CAR T cells, each using a diﬀerent CAR construct, that involved 90 evaluable paents with relapsed/refractory disease have been reported. These data show response rates of 60% to 100%, including
minimal residual disease (MRD)-nega ve complete remissions, at eﬀec ve doses (> 108 CAR-posi ve cells) a er lymphodeple ng condi oning. Response durability has been more variable, likely related to diﬀerences in CAR T-cell products,
lymphodeple ng regimens, pa ent selec on criteria, and/or underlying biology/prognos c factors. In the two most recent
studies, however, most pa ents remained progression free with median follow-up me of 6 to 10 months; some ongoing
remissions lasted more than 1 year. Toxici es are similar to those from CD19 CAR T cells and include cytokine release
syndrome and neurotoxicity that is reversible but can be severe. Mul ple BCMA CAR T-cell studies are ongoing. Future
direc ons include combina ons with immunomodulatory drugs, checkpoint inhibitors, or other CAR T cells, as well as use
of gene-edited cellular products to enhance the safety and eﬃcacy of this approach.

D

espite advances in therapy, myeloma remains incurable
in most pa ents. Outcomes remain par cularly poor for
those with adverse cytogene cs or disease that has become
resistant to mul ple lines of therapy.1 Novel approaches
are needed for these popula ons. Immunologic-based therapies, such as vaccines, immunomodula ng an bodies, and
cellular therapies, have a unique mechanism of ac on that
may overcome drug resistance and, par cularly for cellular
therapies, poten ally provide long-term tumor surveillance
and durable disease control.2 However, widespread clinical
applica on of immune-based approaches for myeloma has
been limited either by toxicity (e.g., for allogeneic stem cell
transplanta on [SCT], PD-1 inhibitors)3,4 or poor/inconsistent
eﬃcacy (e.g., for tumor vaccines).5,6 In 2018, that narra ve
may be changing because of cellular therapies. Cellular therapies fall into two broad categories: (1) non–gene-modiﬁed
therapies, which rely on the endogenous/na ve T-cell (or
in some cases natural killer cell) repertoire to recognize
tumor cells, or (2) gene-modiﬁed therapies, in which cells
are engineered to express a novel receptor with tumor angen speciﬁcity. The most promising results so far are with

gene-modified T cells that express a CAR, and this review
will focus primarily on clinical outcomes reported to date
with CAR T cells for myeloma, as well as on CAR T cell–
related toxici es, outstanding ques ons, and where the
ﬁeld may be heading next.

NON GENE MODIFIED T CELL THERAPIES
Allogeneic SCT was the ﬁrst cellular therapy for myeloma
and remains an op on in selected pa ents; durable longterm remission rates range from 20% to 40% across various studies (all reviewed by Bashir and Qazilbash3). Donor
lymphocyte infusion also can induce objec ve responses,
par cularly when used for early relapses or residual disease
a er allogeneic SCT.7,8 Greater adop on of these approaches
has been limited by persistent treatment-related mortality
rates of 10% to 20% (even with nonmyeloabla ve condioning), high rates of chronic gra -versus-host-disease, and
inconsistent results in randomized trials compared with autologous SCT approaches.3,9,10 Recent eﬀorts have focused
on trying to improve the therapeu c index of this approach
via novel graft-versus-host-disease prevention strategies
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(e.g., T cell–depleted stem cell gra s, post-transplanta on
cyclophosphamide),11,12 an gen-speciﬁc donor lymphocyte
infusions,13 and/or novel condi oning and maintenance regimens (e.g., incorpora on of proteasome inhibitors).14
Another non–gene-modiﬁed approach has been the use
of autologous lymphocyte infusions (ALIs) as an adjunct to
high-dose melphalan and autologous SCT, o en in conjuncon with a tumor vaccine. The ra onale for this approach is
to take advantage of the recons tu ng immune milieu a er
autologous SCT to facilitate induc on of an an myeloma
immune response.15 A priming dose of the vaccine is given
before collec on of autologous peripheral blood lymphocytes;
collected cells then are reinfused within the ﬁrst 2 weeks
a er autologous SCT, either as an unmanipulated autologous lymphocyte infusion product or a er ex vivo expansion
and ac va on of T cells by using an –CD3/CD28 beads. This
is then followed by several booster doses of vaccine. Several studies have demonstrated the feasibility, safety, and
immunogenicity of this approach, with induc on of humoral
and cellular immunity against both infec ous an gens (e.g.,
inﬂuenza) and myeloma tumor an gens (e.g., hTERT [telomerase reverse transcriptase], survivin, MAGE-A3).5,6,16,17
However, the clinical impact of the autologous lymphocyte
infusion and vaccine combina on approach has been diﬃcult to discern because of the concomitant administra on of
high-dose melphalan, and durability of responses in these
studies has been disappoin ng. A specialized form of autologous lymphocyte infusion that uses ac vated lymphocytes
derived from bone marrow, called marrow-inﬁltra ng lymphocytes (MIL), recently showed promising outcomes in a
small study that combined MIL with autologous SCT without
the use of a tumor vaccine. Marrow-inﬁltra ng lymphocytes
were shown to harbor a broader and more eﬀec ve myeloma-speciﬁc T-cell repertoire compared with peripheralblood lymphocytes, and deeper remissions were noted in the
pa ents with the greatest an myeloma T-cell responses.18
A larger follow-up study to explore this approach is underway
(NCT01858558).

PRACTICAL APPLICATIONS
• Despite improved outcomes with novel agents, most
pa ents with myeloma eventually develop drug
resistance and succumb to their disease.
• Cellular therapies provide the poten al to overcome
drug resistance and induce durable remissions with a
single treatment.
• BCMA-speciﬁc CAR T cells have shown promising
clinical ac vity, including a high propor on of complete
responses, in pa ents with highly refractory myeloma.
• BCMA CAR T cells can cause cytokine release syndrome
and neurotoxicity, similar to CD19 CAR T cells, without
unexpected oﬀ-target or oﬀ-tumor toxici es noted to
date.
• Many CAR T and other cellular therapy trials for
myeloma are opening in 2018, which will allow for
greater availability of these approaches to pa ents.

GENE MODIFIED T CELL THERAPIES
Gene-modiﬁed T-cell therapies generally fall into two categories: (1) T cells that express a transgenic T-cell receptor
(TCR Tg) that recognizes a tradi onal an genic pep de-MHC
complex; and (2) T cells that express a CAR that typically
uses a single-chain variable fragment (scFv)–based an genrecogni on domain coupled to a T-cell signaling domain
(e.g., CD3ζ).19 In both cases, autologous (or in some studies,
allogeneic) T cells are collected via leukapheresis, transduced with the new receptor, expanded ex vivo during a 2- to
3-week period, and then re-infused into the pa ent. The
primary advantage of the TCR Tg T-cell approach is that any
tumor an gen can be targeted, including unique neoan gens or shared an gens that may be expressed only intracellularly, whereas CAR T cells can recognize an gens only
on the cell surface. This approach may be especially useful
in solid tumors,20,21 for which there is a dearth of tumorspeciﬁc surface an gens amenable to the CAR approach.
The TCR Tg T-cell approach has several disadvantages, however, which include a requirement for a speciﬁc HLA type,
which limits the applicable pa ent popula on; the theore cal poten al for recombina on with endogenous TCR α
or β chains, which leads to unwanted speciﬁcity; and the
poten al for oﬀ-tumor toxicity via recogni on of an unexpected pep de–MHC complex with homology with the tumor pep de. This homology concern was demonstrated in
a trial of autologous T cells that expressed a Tg TCR speciﬁc
for a MAGE-A3 class I pep de. In the trial, two pa ents developed fatal cardiotoxicity shortly a er T-cell infusion. There
was diﬀuse T-cell inﬁltra on within the myocardium, and it
was subsequently shown that the Tg TCR also recognized a
pep de derived from the myocardial protein n.22
In myeloma, TCR Tg T cells restricted to HLA-A0201 and
speciﬁc for a pep de derived from NY-ESO1 (and its homolog LAGE) are being explored. These cancer-tes s an gens
are expressed in up to 50% of pa ents with myeloma, and
there is higher expression in relapsed disease.23 Clinical
ac vity of these cells has been demonstrated in early-phase
studies in sarcoma and melanoma.21 Rapoport et al24 conducted a pilot study in pa ents with myeloma who were
undergoing upfront or salvage autologous SCT. Of 70 pa ents
screened, 20 were HLA-A0201 posi ve, had tumors that
expressed either NY-ESO1 or LAGE, and were eligible. Pa ents
received a median dose of 2.4 × 109 TCR Tg T cells on day
2 a er high-dose melphalan and autologous SCT. Infusions
were well tolerated; self-limited autologous gra -versus-host
disease occurred in three patients, and there were no
oﬀ-target toxici es. Cells expanded in all pa ents and could
be detectable more than a year a er infusion in some. Complete or near complete responses were seen in 70%, and
the median PFS was 19.1 months. Relapse was associated
with either loss of T cells or loss of NY-ESO1/LAGE expression in myeloma cells.24 Although this study demonstrated
the safety and biologic ac vity of this approach, it is diﬃcult
to interpret the clinical impact of the T cells in this heterogeneous popula on that also underwent autologous SCT.
An ongoing follow-up study in relapsed/refractory myeloma
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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is exploring the use of these cells without concomitant SCT
(NCT03168438) and should provide more informa on about
the eﬃcacy of this approach.
The use of CARs to induce T-cell ac va on and eﬀector
func on were ﬁrst described more than 25 years ago,25 but
the successful transla on of this approach to the clinic in
the past decade is due to several key advances, namely
(1) the incorporation of costimulatory domains, such as
CD28 and 4-1BB, into CAR design, to enhance prolifera on
and survival26,27; (2) the use of modiﬁed len viral and retroviral vectors to transduce T cells and obtain stable CAR expression28; (3) advances in cellular manufacturing and expansion
techniques29; and (4) the addi on of lymphodeple ng chemotherapy condi oning before CAR T cell infusion to enhance expansion and persistence.30-32 The greatest success
to date has been with CD19-directed CAR T cells, with which
great activity has been seen in patients with relapsed/
refractory acute lymphoblas c leukemia, chronic lymphocy c leukemia, and B-cell non-Hodgkin lymphoma,32-35 and
which led to the ﬁrst approvals of CAR T-cell products by the
U.S. Food and Drug Administra on in 2017.

CAR T-Cell Toxici es
The toxici es of CAR T cells include target-speciﬁc eﬀects
(e.g., deple on of normal B cells with CD19 CAR T cells) as
well as nonspeciﬁc eﬀects of immune ac va on, especially
cytokine release syndrome (CRS) and neurotoxicity.36 CRS
is associated with rapid expansion and ac va on of CAR T
cells, which leads to highly elevated serum levels of interleukin 6,
interferon gamma, and other inﬂammatory cytokines. This
typically occurs in the ﬁrst 2 weeks, and o en in the ﬁrst
few days, a er CAR T-cell administra on. CRS can have a
spectrum of clinical manifesta ons, which range from mild
fevers, malaise, and ﬂu-like symptoms—generally managed
just with suppor ve care—to severe sepsis-like physiology
that requires intensive care unit-level care because of persistent high-grade fevers, hypotension, hypoxemia, organ
dysfunc on, coagulopathy, and pancytopenia. In some cases,
CRS is associated with hemophagocy c lymphohis ocytosis/
macrophage ac va on syndrome.36-38 CRS can respond to
cor costeroids, but this may aﬀect the eﬃcacy of infused
CAR T cells. The mainstay of treatment of CRS is interleukin
6 blockade, typically with tocilizumab, an an –interleukin
6-receptor monoclonal an body. Treatment of severe CRS
with tocilizumab can rapidly abrogate fevers and normalize
hemodynamic instability, and tocilizumab does not seem
to have a major impact on CAR T-cell expansion and eﬃcacy.36,38 A study is underway to explore whether earlier interven on with tocilizumab (e.g., at ﬁrst sign of fever) may
prevent development of severe CRS without compromising
eﬃcacy (NCT02906371).
Neurotoxicity also is a common adverse effect of CAR
T cells that occurs in 25% to 50% of pa ents who receive CD19
CAR T cells and generally is concurrent with or shortly a er
onset of CRS.31,33,39 In most cases, neurotoxicity is self-limi ng
and low grade and consists of a few days of mild confusion,
somnolence, and/or word-ﬁnding diﬃcul es; however, it
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can progress to a CAR T cell–related encephalopathy syndrome,38 in which severe manifesta ons include obtunda on,
focal deﬁcits, seizures, and (rarely) fatal cerebral edema.40,41
The e ology is not as well understood as that of CRS but
may involve elevated levels of inﬂammatory cytokines within the central nervous system, which leads to increased
endothelial cell activation and vascular permeability.
Pa ents with higher tumor burden, those with more rapid
and severe CRS, and those with underlying neurologic disease may be at higher risk.40 Management includes treatment of CRS with interleukin 6–directed therapy along with
cor costeroids.38

CAR T Cells for Myeloma
In myeloma, the largest clinical experience to date has
been with CAR T cells that target B-cell matura on an gen
(BCMA). However, several other an gen targets, including
CD19, kappa light chain, CD38, CD138, and SLAMF7, are being
explored also (Table 1).

BCMA
BCMA is a cell surface receptor with expression largely limited to late-stage B lineage cells, especially plasma cells. Its
ligands are BAFF and APRIL, and its normal func on is to
maintain long-lived plasma cell homeostasis.58 BCMA is expressed consistently on mul ple myeloma cell lines as well
as in primary pa ent samples, though intensity of expression
can vary from pa ent to pa ent.59-63 BCMA also circulates in
the serum in a soluble form (i.e., soluble BCMA), and higher
concentra ons are associated with immune suppression and
poorer clinical outcomes.64,65 Liga on of BCMA promotes
myeloma cell prolifera on, survival, and drug resistance,66,67
and an body-based blockade of BCMA signaling has an myeloma ac vity in preclinical models.60,67,68 Thus, BCMA is a
ra onal target for an myeloma therapy.
Kochenderfer et al61 at the National Cancer Institute
were the ﬁrst to demonstrate that T cells that express a
BCMA-speciﬁc CAR could recognize and kill human myeloma cell lines as well as primary myeloma cells from pa ents.
This CAR was derived from a murine an -BCMA an body
and contained a CD28 cos mulatory domain packaged in a
gamma-retroviral vector. In vivo studies conﬁrmed ac vity
of BCMA CAR T cells in murine myeloma xenogra studies,
which led to a ﬁrst-in-human study of these cells in pa ents
with relapsed/refractory myeloma.42 Initially, 12 patients
who had a median of seven prior therapies were treated
with a single infusion of BCMA CAR T cells at doses that
ranged from 0.3 to 9.0 × 106 CAR-posi ve cells/kg, a er condi oning with 30 mg/m2/day of ﬂudarabine and 300 mg/m2/
day of cyclophosphamide for 3 days. Limited activity was
seen at the ﬁrst two dose levels, but three of six pa ents
treated at the highest two dose levels achieved objec ve responses that lasted from 8 to more than 26 weeks. Responses were associated with CAR T-cell expansion and with typical
CAR T-cell toxici es, including CRS, delirium, and pancytopenia, which were most severe at the highest dose level. Of
note, to be eligible, pa ents had to have posi ve staining for
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TABLE 1. Selected CAR T-Cell Targets and Trials for Myeloma*
An gen
BCMA

Trial Site, Company

Accrual

Iden ﬁer/Reference
42,43

Comments

Na onal Cancer Ins tute

Completed (26 pa ents)

NCT02215967

First-in-human, CD28 domain, Cy/Flu condi oning; 13 of 16 (81%) ORR at highest
dose

University of Pennsylvania,
Novar s

Completed (24 pa ents'
data reported)

NCT0254616744

4-1BB domain; 6 of 10 (60%) ORR at high
dose with Cy condi oning

Mul site phase I, Bluebird

Ongoing (21 pa ents’
data reported)

NCT0265892945

bb2121 construct, 4-1BB domain, Cy/Flu; 17
of 18 (94%) ORR at higher doses

Mul site phase II, Bluebird

Ongoing

NCT03361748

bb2121 registra on study, 94 pa ents

Mul site phase I, Bluebird

Ongoing

NCT03274219

bb21217 product (same as bb2121 but
enriched for memory T cells)

Mul site phase I/II, Nanjing
Legend

Ongoing (19 pa ents’
data reported)

NCT0309065946

Binds two BCMA epitopes; Cy condi oning;
less-treated popula on; 19 of 19 (100%)
ORR

Memorial Sloan Ke ering/Juno

Ongoing (6 pa ents’
data reported)

NCT0307032747

2 of 2 responded at higher dose with Cy/Flu;
includes cohort with lenalidomide

Fred Hutchinson, Juno

Ongoing

NCT03338972

Deﬁned CD4/CD8 ra o in ﬁnal CAR T product

Mul site phase I/II, Juno

Ongoing

NCT03430011

JCARH125 construct, Flu/Cy

Mul site phase I, Poseida

Ongoing

NCT03288493

Transposon-based construct48

Mul site phase I, Kite

Ongoing

NCT03318861

KITE-585 construct, Flu/Cy

Mul ple hospital sites in China

Ongoing

NCT03322735
NCT03093168
NCT03380039
NCT02954445
NCT03302403

Small phase I/pilot studies

Mul site phase I/II, Autolus
Limited

Ongoing

NCT03287804

Novel CAR expressing APRIL to target BCMA
and TACI

Virginia Cancer Specialists,
Cartesian Therapeu cs

Ongoing

NCT03448978

Product contains CD8+ cells only

University of Pennsylvania,
Novar s

Completed (10 pa ents)

NCT0213540649,50

CD19 CAR T + salvage autoSCT. Targe ng
CD19+ myeloma precursor cells.

Soochow University, China

Ongoing (10 pa ents
reported)

NCT0319641451

CD19 CAR T + BCMA CAR T

NCT03455972

Includes pilot of upfront CAR T cells + autoSCT for high-risk MM

General Hospital of PLA, China

Completed (5 pa ents)

NCT01886976

4 of 5 with stable disease for 3–7 months;
no reported GI toxicity

Soochow University, China

Ongoing

NCT03196414

Combina on of CD138 CAR T + BCMA CAR
T cells

Kappa LC

Baylor University

Completed (7 pa ents
with MM)

NCT0088192052

No objec ve responses

CD38

Mul site phase I, Sorrento
Therapeu cs

Ongoing

NCT03464916

To open in 2018

Shenzhen Geno-Immune Medical Ins tute, China

Ongoing

NCT03271632

Pilot study tes ng CAR T cells against mul ple an gens

NA

Preclinical

NA53,54

Aﬃnity op miza on to limit binding of CAR
to CD38 on nonplasma cells

NA

Preclinical

NA55-57

Concern for fratricide; can overcome with
gene edi ng to knock out SLAMF7 in CAR
T cells

CD19

SLAMF7/
CS1

*Current as of March 2018.
Abbrevia ons: AutoSCT, autologous stem cell transplanta on; BCMA, B-cell matura on an gen; CAR, chimeric an gen receptor; Cy, cyclophosphamide; Flu, ﬂudarabine; GI, gastrointes nal; LC, light chain;
MM, mul ple myeloma; NA, not available; ORR, overall response rate.

BCMA expression in myeloma cells by an in-house immunohistochemistry assay; the authors reported that 62% of
bone marrows (52 of 85) screened for the study met these
criteria.42 An updated report about this trial was presented

at the 2017 American Society of Hematology mee ng and
described 16 total pa ents treated at the highest dose
level of 9.0 × 106 CAR-positive cells/kg.43 Patients had a
median of 10 prior lines of therapy; 38% had high-risk
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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cytogene cs. The last 14 pa ents enrolled had to have plasma
cells lower than 30% on bone marrow biopsy in an eﬀort
to decrease risk of toxici es. The overall response rate was
81% (13 of 16 pa ents) in this cohort; 10 pa ents achieved
very good par al response or complete response. The
median event-free survival me was roughly 7.5 months;
six pa ents remained free from progression at 11 to
51 weeks a er treatment. Despite selec on of pa ents with
lower tumor burden, severe (grade 3 or 4) CRS was seen
in six pa ents (38%) and severe neurotoxicity, in three
pa ents (19%); CRS and neurotoxicity were reversible in
all pa ents.43
Cohen et al44 also reported updated data at the 2017
American Society of Hematology mee ng about a phase I
trial at the University of Pennsylvania to explore BCMA CAR
T cells in relapsed/refractory myeloma.44 This study used
a diﬀerent CAR, developed in collabora on with Novar s,
that consisted of a fully human an -BCMA scFv with a
4-1BB cos mulatory domain that was packaged in a len viral vector. Three cohorts were enrolled sequen ally, and
the objec ve was to collect preliminary data about safety,
eﬃcacy, and kine cs of expansion both with and without
lymphodeple ng chemotherapy and at the following higher
and lower cell doses: (1) CAR T cells alone at a dose of 1 to
5 × 108 cells; (2) 1.5 g/m2 of cyclophosphamide with 1 to
5 × 107 CAR T cells; and (3) 1.5 g/m2 of cyclophosphamide with
1 to 5 × 108 CAR T cells. CAR T cells were given as split-dose
infusions: 10% of the dose was given on day 0, 30%, on day 1;
and 60%, on day 2. No prespeciﬁed level of BCMA expression on myeloma cells was required for eligibility. As of
November 2017, 24 pa ents (median of seven prior lines
of therapy) were evaluable; 96% had high-risk cytogene cs,
including 71% with del17p or TP53 muta on, and a median
of 70% plasma cells on bone marrow biopsy. In cohort 1
(nine pa ents), four pa ents (44%) achieved par al response or be er to BCMA CAR T cells alone. In cohort 2,
which added cyclophosphamide to a 10-fold lower dose
of CAR T cells, only one (20%) of ﬁve pa ents experienced
a response, and this cohort was closed early. In cohort 3,
incorpora on of cyclophosphamide with the higher dose
(i.e., 1 to 5 × 108) of CAR T cells led to a disease response in
six (60%) of 10 pa ents. The median dura on of response
was 4 months, and there were ongoing responses in four
pa ents (range, 3 to 24 months). Cyclophosphamide condi oning was not absolutely required for robust expansion
and response, but it did increase the frequency of pa ents
who had strong and durable expansion. Toxici es were similar to those in earlier studies with CAR T cells and included
severe CRS in 33% (8 of 24 pa ents) and severe neurotoxicity in 12.5% (3 of 24 pa ents). One of these pa ents had
a PRES (posterior reversible encephalopathy syndrome)-like
syndrome that resolved a er treatment with cor costeroids
and cyclophosphamide.44
Berdeja et al45 reported updated data at the 2017 American Society of Hematology meeting about the doseescala on por on of a third BCMA CAR T-cell trial. This was
a mul center study sponsored by Bluebird Bio, which used
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a second-genera on CAR called bb2121 that contained a
murine an -BCMA scFv (the same one used in the Na onal
Cancer Ins tute trial), a 4-1BB cos mulatory domain, and
a len viral vector. BCMA expression on more than 50% of
myeloma cells by immunohistochemistry was required for
eligibility. Four dose levels (50, 150, 450, and 800 × 106 CAR
T cells) were explored in 21 pa ents with relapsed/refractory
disease (median of seven prior lines of therapy); 43% had
high-risk cytogene cs, and 57% had at least 50% plasma
cells on bone marrow biopsy. All received ﬂudarabine and
cyclophosphamide condi oning before a single CAR T-cell
infusion. Responses were seen in 17 (81%) of 21 pa ents,
including 17 (94%) of 18 pa ents treated at doses of 150 × 106
CAR T cells or higher. Ten patients achieved complete response (seven were conﬁrmed). With a median follow-up
time of 40 weeks, only four patients who experienced a
response had subsequent progression, and the median
progression-free survival was not reached; ﬁve pa ents had
ongoing responses for more than 1 year. Toxicity seemed
decreased in this study compared with the ﬁrst two BCMA
CAR T cell trials reported: severe CRS occurred in 10%, and
no grade 3 or 4 neurotoxicity occurred during dose escala on
(though reversible grade 4 encephalopathy and cerebral
edema were observed in one of the ﬁrst pa ents treated in
the ongoing dose-expansion cohort).45
A fourth BCMA CAR T-cell trial, conducted by Nanjing Legend Biotech in China, reported preliminary results at the
2017 ASCO Annual Mee ng.46 This CAR, called LCAR-B38M,
uses a novel an gen-binding domain that binds BCMA at
two separate epitopes. The cos mulatory domain and viral
vector used for transduction were not described. BCMA
CAR T cells ranging across doses of 0.6 to 7.1 × 106 cells/kg
were infused over 3 days a er cyclophosphamide condi oning. Pa ents in this trial were not as heavily pretreated and
had a median of three to four prior lines of therapy; specifics of prior therapy and cytogene cs were not described.
BCMA expression on myeloma cells by ﬂow cytometry was
required for eligibility. At the me of presenta on, 35 paents had been treated, and 19 were evaluable for response;
100% of pa ents experienced a response, including 74% with
a complete response. During a median follow-up me of 6
months, no pa ent with CR had experienced relapse. Toxicity was modest: 83% developed CRS, but only 6% had grade
3 CRS. Tocilizumab was given to 40% of pa ents, which suggests that earlier administra on of this agent during mild
CRS may have prevented more severe toxicity. No grade 3 or
4 neurotoxicity was seen.46
In addi on to the trials described here, at least 15 other trials of BCMA CAR T cells, including three in combina on with
other CAR T cells, had opened as of March 2018 (Table 1).
Ini al data are expected by late 2018 or early 2019.

CD19
Garfall et al49,50 conducted a pilot study to explore the use
of CD19 CAR T cells a er high-dose melphalan and salvage
autologous SCT in relapsed/refractory myeloma on the
basis of the hypothesis that the CAR T cells may target a
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CD19-positive precursor population with stem cell–like
proper es that are responsible for drug resistance and
relapse.69 Ten pa ents who had experienced progression
within a year a er their ini al autologous SCT and had received intervening therapy received a single infusion of 1 to
5 × 107 CD19 CAR T cells 12 to 14 days a er their second
autologous SCT. Infusions were well tolerated, and no
notable CRS or neurotoxicity occurred. Two of 10 pa ents
experienced clinical beneﬁt; their remission dura ons were
longer a er the second autologous SCT than a er their
ﬁrst autologous SCT despite lower doses of melphalan.50
The low dose of CAR T cells used and the 2-week delay
in administra on a er high-dose melphalan may have limited expansion and clinical impact in this study. Addi onal
studies are inves ga ng the combina on of CD19-speciﬁc
and BCMA-speciﬁc CAR T cells; in one small pilot study, no
notable increase in toxicity was noted to date.51 Addi onal
correla ve analyses are ongoing and will be important to
determine which pa ents may be likely to beneﬁt from
this approach.

Kappa Light Chain
Ramos et al52 explored the use of CAR T cells to target immunoglobulin kappa light chain in pa ents with B-cell malignancies, including seven pa ents with kappa-restricted myeloma.
Patients received 0.9 to 1.9 × 108 CAR-positive cells/m2,
either alone (if they had received chemotherapy in the past
4 weeks) or a er cyclophosphamide lymphodeple on. No
objec ve responses were seen; four pa ents who had nonprogressing but measurable disease a er prior autologous
SCT or chemotherapy had ongoing stable disease a er CAR
T-cell infusion las ng 6 weeks to 24 months.52

CD138
CD138 (syndecan-1) is a cell surface marker expressed on
normal and malignant plasma cells. However, it also is expressed to a lesser degree on normal and malignant epithelial cells,70 which raises concerns about poten al oﬀ-tumor
toxici es from CAR T cells that target this an gen. One study
has reported results a er treatment with CD138-speciﬁc CAR
T cells in ﬁve pa ents with relapsed/refractory myeloma.
The CAR used an an -CD138 scFv with 4-1BB cos mulatory
domain and len viral vector packaging. A mean of 0.76 ×
107 total cells/kg were infused per pa ent a er a variety of
condi oning regimens. Cells expanded in all pa ents, and
there were no objec ve responses, but stable disease las ng
3 to 6 months was seen in four patients. Low-grade CRS
was seen, but—interes ngly—no severe epithelial toxici es
were noted.71

Other CAR Targets in Myeloma
CAR T cells against several other cell surface an gens have
demonstrated preclinical eﬃcacy against myeloma, but
clinical data are not yet available. CD38 and SLAMF7/CS1
are both logical targets given their near universal expression on plasma cells and the established clinical eﬃcacy

of monoclonal an bodies against these an gens in myeloma.72,73 However, both of these are expressed at lower
levels on other hematopoie c cell types, including subsets
of T cells, B cells, monocytes, natural killer cells, and hematopoie c progenitors,74,75 which raises concern about the
poten al for widespread immune suppression a er CAR
T-cell treatment. Another concern is that both CD38 and
SLAMF7 are upregulated on ac vated T cells; thus, during
in vitro expansion, the CD38-posi ve or SLAMF7-posi ve
CAR T cells may be eliminated by fratricide, which potenally limits eﬀec ve manufacturing.76 Despite these concerns, several groups have demonstrated the ability to
generate CAR T cells that target CD38 and SLAMF7, and
these CAR T cells do show relevant preclinical eﬃcacy
against myeloma cell lines and primary myeloma samples
from pa ents.53,55,56,75,76 In addi on, to overcome some of
these barriers, Drent et al54 have used an aﬃnity op miza on approach to carefully select scFvs that bind to CD38
on myeloma cells but not on normal hematopoie c cells,
which may improve the manufacturing poten al and therapeu c index of this approach.
Other an gens under inves ga on as CAR targets in myeloma
include CD44v6,77 Lewis Y,78 NKG2D ligands,79 CD229,80 and
integrin beta7.81

Outstanding Ques ons About CAR T Cells in
Myeloma
These ini al clinical studies with BCMA CAR T cells show
promising ac vity in a group of pa ents with highly refractory disease, including several pa ents across trials with ongoing durable remissions las ng more than 1 year. However,
the number of pa ents reported to date (< 25 per trial) remains small, and the heterogeneity among the trials with
regard to pa ent selec on, baseline prognos c risk factors,
lymphodeple ng condi oning, and dosing makes it diﬃcult
to draw ﬁrm conclusions about rela ve eﬃcacy among CAR
constructs. Larger trials of more uniformly treated pa ents
are required to validate the safety and eﬃcacy proﬁles seen
so far. In addi on, mul ple ques ons remain unanswered as
this approach moves forward. For example, whether a parcular level of BCMA expression on myeloma cells should
be required for eligibility in BCMA CAR T cell trials, and the
best method to assess that expression (e.g., immunohistochemistry vs. ﬂow cytometry) remain unknown. In addion, BCMA expression may be dynamic, and two studies
have iden ﬁed pa ents with much lower expression on
residual myeloma cells a er BCMA CAR T-cell therapy,43,44
which may serve a means of tumor escape. BCMA expression subsequently increases in most patients upon progression, which means that acquired muta ons that confer
a true antigen-negative variant, as seen with CD19 CAR
T cells,82 are unlikely. The exact mechanism of this phenomenon is under investigation, but one possibility is increased shedding of BCMA via cleavage at the cell surface
by gamma secretase83 or other means. Another ques on
centers around the role of soluble BCMA and whether this
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

e11

ADAM D. COHEN

can act as a sink for the infused CAR T cells and hamper efﬁcacy. At least so far, this does not seem to be the case;
data from three trials do not demonstrate a correla on between baseline soluble BCMA concentra ons and depth of
response.43-45
Although lymphodeple ng chemotherapy may be associated with more consistent BCMA CAR T-cell expansion,44 the
op mal condi oning regimen has not yet been determined.
Emerging data from CD19 CAR T cell trials, however, suggest
added beneﬁt when ﬂudarabine is added to cyclophosphamide, especially when more immunogenic CAR constructs
are used.31,39 Thus, cyclophosphamide/ﬂudarabine is likely
to become the most commonly used regimen going forward. Also, although ini al expansion of BCMA CAR T cells
clearly is associated with ini al response, the correlates of
CAR T-cell persistence, as well as of depth and dura on of
response, have not yet been determined. In the BCMA CAR
T-cell studies reported to date, detectable CAR T cells in the
blood were seen for 3 to 6 months in most cases; some paents experienced progression shortly therea er, and others maintained durable remissions even in the absence of
detectable CAR cells.43-46 Detailed phenotypic and genotypic
analyses of the pheresis product premanufacturing, the
pre-infusion CAR product, the CAR T-cells pos nfusion, and
the bone marrow microenvironment are needed to understand the features that best correlate with and predict for
sustained CAR T-cell persistence and durable remissions.
This ul mately may lead to adjustments in CAR T-cell manufacturing to try to a ain a ﬁnal product with the most favorable biologic proper es. Finally, a big unanswered ques on
about CAR T-cell therapies in general is their cost-eﬀec veness
and specifically whether the large price tags attached to
these treatments so far84 ul mately will be jus ﬁed by their
clinical impact.

FUTURE DIRECTIONS
A number of new approaches are being explored to be er
op mize cellular therapies in myeloma. Upcoming studies
will inves gate current BCMA CAR constructs in less heavily
pretreated pa ents, including as consolida on of upfront
therapy in high-risk disease, which may allow for collec on

of less exhausted, more ﬁt T cells and therefore more eﬀecve ﬁnal CAR T-cell products. The design of CAR constructs
continues to improve by incorporating novel costimulaon,85 more eﬃcient transduc on,48 dual-an gen targe ng
to minimize tumor escape,86 and suicide genes that allow
for rapid CAR T-cell elimina on for severe toxicity.87 Combina ons with immunomodulatory drugs and checkpoint
inhibitors may con nue to enhance CAR T-cell ac vity,57,88,89
and clinical trials of these combinations are underway.
Finally, novel gene edi ng technologies, such as TALEN or
CRISPR/Cas9, can be used now to generate allogeneic CAR
T cells that lack major histocompa bility complex molecules
and endogenous T-cell receptors to create off-the-shelf
cellular therapies with less immunogenicity and lower risk
of gra -versus-host disease.90,91 This technology also can reduce CAR T-cell expression of checkpoint molecules, such as
PD-1, and poten ally increase func onality of transferred
T cells.92,93 A pilot study of this approach using gene-edited
autologous NY-ESO1 TCR Tg T cells in myeloma, sarcoma,
and melanoma has opened recently (NCT03399448).

CONCLUSIONS
The field of cellular therapy for myeloma continues to
evolve rapidly. Gene-modified T cells, particularly BCMA
CAR T cells, are showing promising response rates in early
studies with pa ents who have highly refractory disease,
and have the poten al to be paradigm shi ing if results are
conﬁrmed. The durability of these responses, however, has
been more variable from trial to trial, so larger studies with
longer follow-up mes, as well as correla ve analyses to understand predictors of response and relapse, are needed.
Toxici es, such as cytokine release syndrome and neurotoxicity, remain challenging but are reversible in almost all
pa ents and perhaps may be mi gated by earlier use of tocilizumab. Several addi onal cell therapy targets con nue to
be explored, including NY-ESO1, CD19, CD38, and SLAMF7,
which may provide alterna ves for pa ents whose myeloma
cells are or become BCMA low or nega ve. Future studies
may incorporate novel CAR constructs with enhanced safety
and eﬃcacy features and may treat pa ents earlier in their
disease course.
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OVERVIEW
Immune checkpoint inhibitors, speciﬁcally PD-1–directed agents, have changed the treatment paradigm of non–small cell
lung cancer (NSCLC) and are being ac vely evaluated in pa ents with small cell lung cancer. A er ini al studies demonstrated
survival advantage with these agents in pa ents with recurrent NSCLC, these agents now have demonstrated survival
advantage in some pa ents with early-stage NSCLC. Further evalua on of these agents in combina on with chemotherapy
regimens and other checkpoint inhibitors is ongoing. Recent data suggest that addi on of these agents to chemotherapy
may improve survival compared with chemotherapy alone. Promising results have also been observed in pa ents with recurrent small cell lung cancer. Ongoing studies will deﬁne the role of these agents in the management of pa ents with small
cell lung cancer. Tumor PD-L1 assessment has become standard of care since use of frontline pembrolizumab in pa ents
with advanced NSCLC is based on tumor PD-L1 expression. Other biomarkers are being ac vely evaluated to iden fy the
pa ents most likely to beneﬁt from these agents. Unique adverse eﬀects are observed with the use of immune checkpoint
inhibitors. Knowledge of the adverse eﬀects and their management is crucial in trea ng pa ents with lung cancer using
immune checkpoint inhibitors.

O

ver the last several years, immunotherapy, speciﬁcally
immune checkpoint inhibitors, has altered the treatment paradigm for several tumor types, including non–
small cell lung cancer (NSCLC), and they are being ac vely
evaluated in pa ents with small cell lung cancer (SCLC). In
addi on, there is recogni on that these agents have unique
adverse events (AEs), and awareness of these toxici es and
their management is crucial in delivering this therapy to paents. In this review we provide an overview of the current
data regarding immune checkpoint inhibitors in the management of pa ents with NSCLC and SCLC.

PD 1/PD L1 INHIBITORS IN THE SECOND
AND LATER LINES OF THERAPY: DATA FROM
RANDOMIZED TRIALS
Nine years a er the publica on of the ﬁrst phase I trial
of the an –PD-1 monoclonal an body nivolumab,1 three
an –PD-1 or an –PD-L1 monoclonal an bodies, nivolumab,
pembrolizumab, and atezolizumab, are currently approved by
the U.S. Food and Drug Administra on (FDA) for therapy for
advanced pretreated NSCLC. Furthermore, pembrolizumab
is FDA-approved as single-agent therapy for the frontline
treatment of advanced NSCLC exhibi ng high expression of
PD-L1 on tumor cells. All three agents have demonstrated

their beneﬁt in terms of overall survival (OS) compared with
docetaxel in the second-line se ng in randomized phase
III trials, with OS as a primary endpoint. These trials are
summarized in Tables 1 and 2.1-4 Of note, these trials were
able to consistently show improvements in pa ents’ related
outcomes and quality of life compared with docetaxel.
Op mal dura on of such treatments has not bene formally
evaluated in a well-conducted randomized trials to date and
remains to be deﬁned. CheckMate 153 (NCT02066636),5 an
ongoing phase IIIB/IV study conducted primarily in the community se ng, randomized pa ents s ll on nivolumab a er
1 year of therapy to con nuous treatment versus interruption, demonstrating an improvement in progression-free
survival (PFS; HR 0.43; 95% CI, 0.25–0.76) in the con nuously treated arm, with a trend toward improved OS as
well. As a new paradigm in this very severe disease, longterm benefit of immunotherapy has also been reported,
with 5-year survival of 16% with nivolumab in the phase I
CA209-003 trial6; 3-year OS was 26.4% in ﬁrst-line pa ents
and 19% in previously treated pa ents with pembrolizumab
in KEYNOTE 001.7
Interes ngly, a recent press release announced that the
phase III JAVELIN Lung 200 trial comparing an –PD-L1 avelumab with docetaxel in second-line NSCLC did not meet its
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prespeciﬁed endpoint of improving OS in pa ents with PDL1 of 1% or higher (HR 0.90; 95% CI, 0.72–1.12; one-sided
p = .1627). Of note, the propor on of pa ents in the chemotherapy arm crossing over to immune checkpoint inhibitors
outside the study might have confounded this trial outcome.

THE QUEST FOR A PREDICTIVE BIOMARKER:
HOW PD 1/PD L1 INHIBITORS MOVED TO
FRONTLINE THERAPY
The fact that high expression of PD-L1 enriches the pa ent
popula on with responders has led to two frontline phase III
randomized trials of an –PD-1 an bodies versus standard-ofcare pla num-based doublet chemotherapy. Pembrolizumab
was compared with four to six cycles of one of ﬁve standard
pla num-based chemotherapy regimens in the KEYNOTE
024 trial, which enrolled pa ents with stage IV NSCLC with
a tumor propor on score of 50% or higher.9 The primary
endpoint, median PFS, was increased in the pembrolizumab
group (HR 0.50; 95% CI, 0.37–0.68). OS was also improved
(HR 0.60; 95% CI, 0.41–0.89), as was overall response rate
(ORR; 44.8% vs. 27.8%). Grade 3, 4, or 5 treatment-related
AEs were less frequent in the pembrolizumab arm (26.6%
vs. 53.3%). While KEYNOTE 024 established single-agent
pembrolizumab in ﬁrst-line therapy for advanced NSCLC
with high PD-L1 expression, a second randomized trial with
a similar design failed to conﬁrm these ﬁndings. The CheckMate 026 trial randomly assigned pa ents with untreated
stage IV or recurrent NSCLC and a PD-L1 tumor expression
level of 1% or greater to receive nivolumab or up to six cycles
of pla num-based chemotherapy.10 The primary endpoint,
PFS, among pa ents with PD-L1 expression of 5% or greater
was not improved (HR 1.15; 95% CI, 0.91–1.45), nor was
OS (HR 1.02; 95% CI, 0.80–1.30).8 A key diﬀerence between
these two trials lies in the cutoﬀ value of PD-L1 expression
to deﬁne posi vity: 50% in KEYNOTE 024, amoun ng to a

PRACTICAL APPLICATIONS
• PD-1–directed agents have demonstrated survival
advantage in pa ents with recurrent NSCLC and as
frontline therapy in pa ents with tumors that express
PD-L1 at high levels.
• Ini al results of trials evalua ng the addi on of PD-1–
directed agents to chemotherapy have demonstrated
survival advantage. Ongoing studies are also evalua ng
the combina on of these agents with an –CTLA-4
an bodies.
• PD-1–directed agents alone or in combina on with
an –CTLA-4 an bodies may provide clinically meaningful
beneﬁt in pa ents with SCLC.
• There is a need to deﬁne biomarkers that can iden fy
pa ents with lung cancer most likely to beneﬁt from
these agents.
• PD-1–directed agents may cause irAEs. Knowledge of
these AEs and their management is crucial in trea ng
pa ents with lung cancer with immune checkpoint
inhibitors.

popula on prevalence of approximately 30%, and 5% in
CheckMate 026, amoun ng to a popula on prevalence of
approximately 50%. This raises the ques on whether the
diﬀerence in enrichment could account for discrepant results; post hoc subgroup analyses unfortunately cannot reliably answer this ques on in the absence of stra ﬁca on for
PD-L1 expression ranges.
Herein lies the controversy of PD-L1 expression as a biomarker: PD-L1 expression in pretreatment tumor specimens
portends a greater likelihood of response yet is neither
suﬃcient nor necessary, with ﬁnite albeit lower ORR in PD-L1nega ve tumors. Despite this, PD-L1 expression level by immunohistochemistry on tumor cells, and to some extent on
tumor-inﬁltra ng immune cells, is currently the only predicve biomarker of immunotherapy response of clinical relevance and the only biomarker to have been prospec vely
validated in at least one randomized trial. Yet this biomarker
suﬀers some serious shortcomings. Because of parallel development of the PD-1/PD-L1 inhibitors, several diagnos c
an bodies (28-8, 22C3, SP142, and SP263) using various
pla orms (Dako, Ventana, Laica), methodologies, tumor
material (archival vs. fresh), scoring methods, and PD-L1
thresholds are currently in use, with no robust overall consensus. The Blueprint PD-L1 IHC Assay Comparison Project,
an industry-academy collabora on, compared the four assays used in clinical trials.10,11 Despite the observa on of an
iden cal performance of some assays on tumor cells (28-8,
22C3, SP263, and 73-10) but not SP142, it also demonstrated
that interchanging the assay can lead to pa ent misclassiﬁca on. Further compara ve studies have since reached similar conclusions.12,13 These pi alls are best highlighted when
tumor samples from pa ents included in the phase III OAK
trial were restained using the 22C3 an body, showing markedly discrepant expression categories.14 In addi on, biologic
limita ons of this assay must be highlighted, including temporal and treatment-related ﬂuctua ons as well as considerable intratumoral heterogeneity.15,16
Although the ul mate goal of an –PD-1/PD-L1 inhibi on is
to unleash a preexis ng an tumor T-cell immune response,
for which PD-L1 expression can be considered a surrogate,
determinants of this immune response are being inves gated as predic ve biomarkers. Foremost among them is
tumor muta onal burden (TMB), a surrogate for the presence of immunogenic neoan gens. Muta ons, gene c rearrangements, inser ons, and dele ons have the capacity
to encode tumor-speciﬁc pep des that are presented by
host major histocompa bility complex molecules.17 This
topic is extensively reviewed in.18,19 Speciﬁcally, frameshi
inser ons or dele ons, in par cular generate highly immunogenic tumor neoan gens,20 and consequently the overall
nonsynonymous muta onal load may be correlated with
the probability of an underlying immune response. Accordingly, cancers with the highest median muta onal burden
exhibit the highest ORR to PD-1/PD-L1 inhibitors.21,22 Within
dis nct cancer types, a wide range of muta onal burden can
be observed, resul ng in the fact that, from a biomarker perspec ve, no standard cutoﬀ can be deﬁned across tumors
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types. Despite these caveats, it has now been demonstrated retrospec vely that TMB derived from whole-exome
sequencing iden ﬁes a subgroup beneﬁ ng from frontline
nivolumab compared with chemotherapy.23 Furthermore,
the total-exome muta on rate correlated well with the rate
derived from an in silico analysis ﬁltering on a panel of 315
genes in the Founda onOne comprehensive genomic proﬁle, and correla on was shown between tow analysis in a
subset of samples.24 Of note, clonality of the neoan gen
seems instrumental in achieving durable beneﬁt from PD-1/
PD-L1 inhibi on, while subclonal neoan gens are enriched
in poor responders.25 Tumors with preexis ng immunity,
represented by abundance of tumor-inﬁltra ng cells, dense
func onal CD8+ T-cell inﬁltra on reﬂected by increased interferon-gamma signaling, expression of checkpoint markers including PD-L1, and high muta onal burden, so-called
inﬂamed tumors, are likely to respond to single-agent an –
PD-1/PD-L1 inhibitors; conversely, tumors with the excluded
inﬁltrate or stromal T-cell phenotype (T cells are unable to
inﬁltrate the tumor), as well as immunologically ignorant tumors that contain very low inﬁltra on of T cells, are mostly
resistant.26,27
Other immune biomarkers28-33 are under ac ve inves gaon, including immune gene signatures, gut microbiome
characteris cs, and host HLA characteris cs. These independent factors will probably need to be prioritized and
possibly assembled in an immunotherapy-dedicated predic ve signature in the future but with poten al need for
adjustments with the emergence of new immunotherapy
combina ons under inves ga ons.

IMPROVING FRONTLINE STRATEGY
On the basis of preclinical evidence sugges ng that the antumor ac vity of chemotherapy is also mediated through
immunologic eﬀects, including a reduc on of T-regulatory
cell ac vity and immunogenic cell death with enhanced
tumor-an gen presenta on, many trials are exploring combinations of immune checkpoint blockade with chemotherapy. A randomized phase II trial demonstrated that the
addi on of pembrolizumab to standard-of-care carbopla n
and pemetrexed in pa ents with advanced nonsquamous
NSCLC yielded a significantly superior response rate (primary endpoint 55% vs. 29%) compared with chemotherapy
alone and a shorter me to response (1.5 vs. 2.7 months).
Updated results showed an improvement in median PFS
(19.0 vs. 8.9 months; HR for progression or death, 0.54), as
well as an improvement in median OS (not reached vs. 20.9
months; HR for death, 0.59).34 A phase III trial (KEYNOTE 189)
with similar design has completed accrual, and recently it
was announced that the dual primary endpoints of OS and
PFS were met, on the basis of an interim analysis conducted
by the independent data monitoring commi ee.

Overall Survival and Progression-Free Survival
In this trial, subgroup analysis by PD-L1 expression, in par cular in the group with less than 50% of PD-L1, and TMB will
be of paramount importance.

Recently, ﬁrst results of the phase III IMpower150 study
showed that atezolizumab and bevacizumab plus paclitaxel/
carbopla n signiﬁcantly improved PFS (median PFS 8.3 vs.
6.8 months; HR 0.62; p < .0001) compared with chemotherapy/bevacizumab. Of note, there is a strong scien ﬁc
ra onale to support this four-drug combina on, notably a
very well described role of VEGF in the immunotolerance
mechanisms, aﬀec ng T-cell traﬃcking, an gen presentaon, prolifera on of regulatory T cells, and accumula on
of myeloid-derived suppressor cells. PFS beneﬁt was seen
regardless of PD-L1 immunohistochemistry status, including
PD-L1-nega ve pa ents (TC0/IC0; HR 0.77). On the basis of
the whole inten on-to-treat popula on, IMpower150 is the
ﬁrst immunotherapy trial signiﬁcantly beneﬁcial in pa ents
with altera ons in EGFR and ALK (n = 108; HR 0.59). An immune gene signature, the T-eﬀ signature (deﬁned by messenger RNA expression of three genes (PDL1, CXCL9, and
IFNG) was shown to oﬀer similar predic ve ability to PD-L1
expression, with a beneﬁt of the strategy across all related
categories as well.35 Comparison of atezolizumab/chemotherapy with bevacizumab/chemotherapy, as well as OS and
matura on of subgroups outcomes, is awaited for this trial.
Also recently, the phase III CheckMate 227 study met
its coprimary endpoint of PFS with nivolumab/ipilimumab
combina on versus chemotherapy in pa ents with ﬁrst-line
advanced NSCLC whose tumors have high (≥ 10 muta ons/
megabase) TMB regardless of PD-L1 expression. In the study,
TMB was evaluated using Founda on Medicine’s analy cally
validated panel. Data may be presented before the next ASCO
Annual Mee ng for CheckMate 227 and KEYNOTE 189.
On the other hand, AstraZeneca had previously announced
in 2017 that the combina on of durvalumab and tremelimumab did not meet the primary endpoint of improving PFS
compared with standard of care in pa ents whose tumors
express PD-L1 on 25% or more of their cancer cells in the
phase III MYSTIC trial. As a secondary endpoint, although
not formally tested, durvalumab monotherapy had not met
a prespeciﬁed threshold of PFS beneﬁt over standard of care
either. The trial con nues to assess coprimary endpoints of
OS, and results are expected in 2018.
For the vast majority of pa ents, answers to these open
ques ons will be key in suppor ng a ra onal immunotherapeu c approach. Next trials will have to contribute to deﬁne
be er predic ve tumor biomarkers, reﬁned pa ent selec on,
op mal personalized mul modal combina ons, resistance
mechanisms, and adequate dura on, intervals, and dosage
of an cancer immunotherapy drugs.

IMMUNE CHECKPOINT INHIBITORS IN
PATIENTS WITH SCLC
Systemic therapy for SCLC is associated with a generally poor
prognosis, with median OS of approximately 10 months
for pa ents with SCLC who present with extensive stage of
the disease.36-39 A empts to extend the beneﬁt of chemotherapy with consolida ve thoracic radia on showed some
incremental beneﬁt, but only 10% of pa ents are alive at
2 years.40,41 Pa ents with limited-stage SCLC appear to do
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somewhat be er, with median OS of approximately 2 years
with current standard treatment of chemoradiation.42-44
The beneﬁt of systemic therapy in the relapsed disease setng is quite limited and indeed negligible in pa ents with
pla num-refractory disease.45-47 Similar to the experience
with other solid malignancies, immune checkpoint inhibitors are being ac vely evaluated in SCLC, and early results
are encouraging.

IMMUNOTHERAPY TARGETING CTLA 4
Ipilimumab, an an –CTLA-4 monoclonal an body, was studied in SCLC in combina on with chemotherapy. Treatmentnaive patients with end-stage SCLC were randomized to
doublet chemotherapy (carbopla n/paclitaxel) alone or in
combina on with ipilimumab. There was a modest signal of
improved eﬃcacy with the phased sequen al combina on
regimen: immune-related PFS was 5.7 versus 6.4 versus
5.3 months (HR 0.64; p = .03) for the phased combina on
compared with control (Table 1).48 A conﬁrmatory phase III
evalua on of phased combina on ipilimumab along with
pla num/etoposide followed by maintenance ipilimumab
failed to improve OS over chemotherapy alone; median OS
was 11 versus 10.9 months (HR 0.94; 95% CI, 0.81–1.09).49 In
addi on, there was also no signiﬁcant improvement in median PFS (4.6 vs. 4.4 months; HR 0.85; 95% CI, 0.75–0.97),
and ORR was iden cal at 62% in each arm. Immune-related
toxicity, including diarrhea, rash, and coli s, resulted in higher
rates of treatment discon nua on (18% vs. 2%) and death
(5% vs. 2%). Because of the nega ve result of this conﬁrmatory phase III, there is currently no role for the use of ipilimumab plus chemotherapy in the management of pa ents
with SCLC. However, other strategies of chemoimmunotherapy combina on targe ng PD-1 are under evalua on and may
result in posi ve outcomes.

PD 1 TARGETED IMMUNOTHERAPY
Treatment-Naive SCLC
There are no mature clinical trial data for PD-1–targeted
agents in the frontline management of SCLC, but studies are
currently under way in previously untreated pa ents with
both limited-stage and extensive-stage SCLC trials (Table 1).
The KEYNOTE 604 and REACTION clinical trials are currently
evalua ng the combina on of pembrolizumab along with
platinum/etoposide in patients with treatment-naive
extensive-stage SCLC. Similarly, atezolizumab is being studied
in combina on with pla num/etoposide, while the regimen of
durvalumab, tremelimumab, and pla num doublet chemotherapy is being compared against pla num doublet alone.

Maintenance Immunotherapy
Although maintenance therapy is not a standard treatment
approach for SCLC, temsirolimus and suni nib both showed
signal of beneﬁt in small phase II studies.50 Immune checkpoint inhibitors are now being tested in this se ng. Pembrolizumab failed to show any signal of eﬃcacy in a mul center phase II trial that enrolled 45 pa ents; median PFS
was 1.4 months (95% CI, 1.3–4 months) and median OS was
688
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9.4 months (95% CI, 6.1–15.2) and 30% at 1 year.51 Subset
analysis suggested possible beneﬁt in pa ent with PDL1posi ve tumors (5.5 vs. 1.3 months). A more deﬁni ve evalua on of maintenance nivolumab alone or in combina on with
ipilimumab is ongoing both in limited-stage SCLC (STIMULI
trial) and extensive-stage SCLC (CheckMate 451 trial).

Relapsed SCLC
The strategy of targe ng the PD-1 pathway alone or along
with an –CTLA-4 agents has shown promising results in
pa ents with relapsed SCLC. The phase I/II CheckMate 032
trial (Table 1) explored the eﬃcacy of nivolumab alone or
in combina on with ipilimumab in pa ents who progressed
following prior systemic chemotherapy.52 The ORR was 10%
with nivolumab alone and between 19% and 33% for the
combina on depending on the diﬀerent schedules and doses
of ipilimumab. One-year OS was 33% for nivolumab and up
to 43% with the combina on. Higher doses of ipilimumab
were associated with increased frequency of grade 3 or 4
AEs, at 30% versus 13%. Updated results of the CheckMate
032 study with approximately 400 pa ents conﬁrmed the
increased ORR with the combina on at 22% versus 9%.53
On the basis of the overall benefit demonstrated in the
study, both single-agent nivolumab and the combina on
have been endorsed by professional bodies and included in
management guidelines for oncologists. The results of the
CheckMate 331 study, which compared topotecan or amrubicin with nivolumab as second-line treatment of SCLC, are
awaited as a conﬁrmatory study of this ini al result from
the CheckMate 032 study. The KEYNOTE 028 study inves gated the clinical eﬃcacy of pembrolizumab in 24 pa ents
with relapsed SCLC whose tumors showed 1% or higher
PD-L1 staining. The ORR was 33%, with a median response
dura on of 19.4 months and a 1-year OS rate of 37.7%.54
Another approach to incorporate immunotherapy into SCLC
management is through combination with radiation. Radia on has been shown to be immunogenic and can theore cally prime cancer cells for immunotherapy. Radia on
causes cellular apoptosis and exposes the immune system
to addi onal an gens.55 Major histocompa bility complex I
protein, which is poorly expressed in SCLC, can be induced
along with other neoan gens following ionizing radia on
treatment.56,57 Ongoing studies of immunotherapy in combina on with radia on in various se ngs as well as other
immunotherapy studies in previously treated pa ents with
end-stage SCLC are detailed in Table 1.

PREDICTIVE BIOMARKERS
Available results of immunotherapy studies in SCLC showed
beneﬁt in only a limited subset of pa ents. It is therefore important to establish a reliable predic ve biomarker to be er
select pa ents who are most likely to beneﬁt. The expression of PD-L1 is generally low in SCLC and has not shown a
strong associa on with clinical eﬃcacy, unlike in NSCLC, in
which high PD-L1 expression correlates with higher ORR and
longer dura on of beneﬁt.2,15,58,59 A post hoc analysis correla ng PD-L1 status and clinical outcome in the CheckMate
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032 study showed poor correla on of clinical beneﬁt with
PDL1 expression.52 However, TMB appeared very promising and is strongly associated with benefit of both singleagent nivolumab and the combination of nivolumab and
ipilimumab.60 Prospec ve valida on of TMB as a predic ve
biomarker in SCLC will help op mize the use of immunotherapy and poten ally deﬁne a new subset of pa ents.

The incidence of irAEs is higher with the combination of
PD-1–directed agents and an –CTLA-4 an bodies, and the
onset of these toxici es can be earlier compared with the
onset of the same toxici es with single-agent PD-1–directed
drugs.

CONCLUSION

In each of the randomized trials of PD-1–directed agents
in pa ents with NSCLC, AEs were less frequent with these
agents compared with AEs observed with chemotherapy.2-4
The median dura on of therapy in these studies ranged
from 5 to 10 cycles, and approximately 5% to 8% of pa ents
discon nued therapy because of AEs.
Fa gue was the most common AE, followed by nausea, in
pa ents treated with these agents (Table 4). The causality of
these two AEs in most pa ents is unclear. Hypothyroidism
was the most common irAE observed in these studies, occurring in approximately 8% of pa ents. Some of the other
irAEs observed in these trials were hyperthyroidism, hepa s, adrenal insuﬃciency, myosi s, myocardi s, and type
I diabetes. The incidence of these irAEs was generally less
than 3%. Pneumoni s has been observed with each of the
PD-1–directed agents in 1% to 5% of pa ents, with grade 3
or higher pneumoni s occurring in about 1% of the pa ents.

There is posi ve and encouraging signal of eﬃcacy of immunotherapy in SCLC. In par cular, agents targe ng the PD-1
pathway have shown reproducible eﬃcacy in relapsed SCLC.
Results of prospec ve conﬁrmatory studies are now awaited
to guide regulatory approval (Table 3). Other strategies such
as chemoimmunotherapy in the frontline and maintenance
immunotherapy following deﬁni ve chemoradia on are under ac ve inves ga on and likely to change the treatment
paradigm for this disease.

TOXICITIES OF CHECKPOINT INHIBITORS
There is a recogni on that immune checkpoint inhibitors
have unique AEs, and awareness of these toxici es and
their management is crucial in delivering this therapy to
pa ents.61 Though the precise e ology of each immunerelated AE (irAE) is not known, these AEs result from immune
system–induced ssue damage in the aﬀected organ. This
ssue damage involves T cells in many instances, but certain toxici es may result from ac va on of the humoral
immunity as well release of cytokines.62,63 Because these
toxici es occur only in a subset of pa ents, there is specula on that host factors such as gene c variability may determine the occurrence of these toxici es. However, at least
in one study, no connec on between gene c markers and
risk of irAEs was found.64 More studies are needed to deﬁne factors that may predict for irAEs. It is possible that the
factors inﬂuencing the development of diﬀerent toxici es
may vary.
In general, irAEs are more commonly observed with an –
CTLA-4 agents than PD-1–directed agents, possibly because
the former aﬀects an early step of immune ac va on,
whereas PD-1–directed agents are ac ve much more in the
peripheral ssues. However, the organs aﬀected can vary
with an –CTLA-4 and an –PD-1. Coli s and hypophysi s are
more common with an –CTLA-4 drugs, whereas hypothyroidism is more common with PD-1–directed agents.

ONSET OF IRAES
irAEs tend to occur within 3 months of star ng therapy,
though late toxici es are well recognized, including toxicies occurring a er cessa on of checkpoint inhibitors.65 Certain toxici es tend to occur earlier, such as skin and liver
toxici es, whereas gastrointes nal toxici es and endocrinopathies tend to occur a er the ini al weeks of therapy. It
is extremely uncommon to observe pneumoni s with PD-1–
directed agents beyond the ﬁrst 3 to 6 months. The knowledge of melines of these irAEs may guide in evalua ng
new symptoms in pa ents on immune checkpoint inhibitors.

COMMON TOXICITIES
PD-1–Directed Agents

Toxici es of Combina on Regimens
Several studies have evaluated PD-1–directed agents in
combina on with chemotherapy drugs and other immunotherapy drugs, primarily an –CTLA-4 drugs.34,35,66
The KEYNOTE 21 trial evaluated the addi on of pembrolizumab to several diﬀerent chemotherapy regimens and
found that it was safe to add pembrolizumab at full dose
with standard doses of chemotherapy drugs. KEYNOTE 21G
randomized pa ents with nonsquamous NSCLC to carboplan and pemetrexed with or without pembrolizumab.34 The
median dura on of therapy in pa ents who received pembrolizumab with chemotherapy was 8 months, and it was
4.9 months in pa ents who received chemotherapy alone.
The AE-related treatment discon nua on rate was similar in
the two groups of pa ents. In this trial, fa gue, nausea, diarrhea, rash, and alopecia occurred at least 10% more o en in
pa ents who received pembrolizumab in combina on with
chemotherapy. The incidence of grade 3 and 4 toxici es was
not much diﬀerent with the addi on of pembrolizumab.
Other studies that have evaluated the addi on of PD-1–
directed agents with chemotherapy have not found any
diﬀerent toxici es than what is expected with these agents
when administered independently.66
PD-1–directed agents have also been combined with an –
CTLA-4 agents.67,68 These studies found that it can be challenging to combine these agents at full dose, administered
at the standard schedule of each of the agents. In a phase
Ib study, durvalumab was combined with tremelimumab at
diﬀerent doses and schedules.67 The dose-limi ng toxici es
observed in this study were elevated liver enzymes and elevated lipase. Durvalumab administered at 20 mg/kg every
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I/II

Carbopla n/etoposide ± atezolizumab

Pla num/etoposide+ durvalumab ± tremelimumab
vs.
Chemotherapy alone

Pla num/etoposide followed by thoracic radia on ± Nivolumab + ipilimumab

Pla num/etoposide followed by thoracic radia on ± pembrolizumab

IMpower133

Caspian

MCC-18914

NCT02402920

Nivolumab, nivolumab + ipilimumab, placebo

CheckMate 451

Nivolumab
vs.
Nivolumab 1 mg/kg, ipilimumab 3 mg/kg
vs.
Nivolumab 3 mg/kg, ipilimumab 1 mg/kg

Pembrolizumab

Pembrolizumab vs. topotecan

Nivolumab vs. topotecan or amrubicin

Atezolizumab vs. topotecan or carbopla n/etoposide

Pembrolizumab + paclitaxel

Pembrolizumab + irinotecan

BMS-986012 ± nivolumab

Pembrolizumab

I/II

IB

AFT17

CheckMate 331

IFCT-1603

MISP-MK3475

PembroPlus

CA001-030

KEYNOTE-158

Relapsed SCLC

Pembrolizumab

II

Maintenance

III

Pla num/etoposide ± pembrolizumab

KEYNOTE-604

II

I/II

I/II

II

II

III

II

II

I/II

III

II

I

III

III

pla num/etoposide ± pembrolizumab

II

I

II

REACTION

Extensive-stage SCLC

Nivolumab + ipilimumab maintenance vs. observa on

III

Ipilimumab + pla num/VP16 (cycle 3) vs. placebo + pla num/VP16

NCT02402920

II

Phase of Trial

Ipilimumab + carbopla n/paclitaxel vs. ipilimumab + carbopla n/paclitaxel
(cycle 3) vs. carbopla n/paclitaxel

Treatment Arms

STIMULI

Treatment-naïve SCLC

Study

TABLE 3. Immunotherapy Trials in ES-SCLC

II

–

–

–

–

–

–

20

216

–

45

–

–

–

–

–

–

I

II

1,132

130

No. of
Pa ents

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

1.9

1.4
vs.
2.6
vs.
1.4

4.7a

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

Ongoing

4.6 vs. 4.4 (HR 0.85)

5.7 vs. 6.4 vs. 5.3 (HR 0.75,
0.64)a

PFS (Months)

9.7

4.4
vs.
7.7
vs.
6

9.4

11 vs. 10.9 (HR 0.94)

9.1 vs. 12.5 vs. 10.5
(HR 0.89, 0.76)

OS (Months)

Con nued
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Durvalumab + tremelimumab
vs.
AZD1775 + carbopla n

Tremelimumab + durvalumab ± radia on

Nivolumab + rovalpituzumab ± ipilimumab

SGI-110 followed by durvalumab + tremelimumab

NCT02937818

Winship 3112-15

M16-300

AAAQ8257

Phase of Trial

aImmune-related PFS.
Abbrevia ons: ES, end-stage; HR, hazard ra o; OS, overall survival; PFS, progression-free survival; SCLC, small cell lung cancer; VP16, etoposide.

Treatment Arms

Study

TABLE 3. Immunotherapy Trials in ES-SCLC (Cont'd)

I

I

II

II

No. of
Pa ents

Ongoing

Ongoing

Ongoing

Ongoing

PFS (Months)

OS (Months)
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TABLE 4. Adverse Events With PD-1–Directed Agents
in Pa ents With NSCLC

TABLE 5. Principles of Management of ImmuneRelated AEs With PD-1–Directed Agents

Toxicity

Any Grade (%)

Grades 3 and 4 (%)

Grade of Toxicity* (Severity)

Management

Fa gue

16–20

1

1 (mild)

Decreased appete

10–14

1

Symptoma c management. Can
con nue therapy. Immune suppression not needed.

Nausea

12

1

2 (mild to moderate)

Rash

9–13

1

Diarrhea

8

1

Hypothyroidism

8

1

Symptoma c management. Considera on for discon nua on
of therapy un l toxicity resolves
to grade 1. Consider immune
suppression if toxicity intolerable
or persistent.

Pneumoni s

2–5

2

Summary of adverse events from CheckMate 057,2 KEYNOTE-10,3 and OAK.4
Abbrevia ons: NSCLC, non–small cell lung cancer.

4 weeks combined with tremelimumab at 1 mg/kg every
4 weeks, with discon nua on of tremelimumab a er four
cycles, was found to have an acceptable toxicity proﬁle and
demonstrated clinical ac vity. The most common toxici es
observed among the 18 pa ents treated in this cohort were
pruritus, skin rash, diarrhea, hypothyroidism, and elevated
liver enzymes. Three pa ents (17%) discon nued therapy
because of AEs.
CheckMate 12 evaluated the combina on of nivolumab
and ipilimumab as frontline therapy for pa ents with advanced NSCLC.68 Several schedules of administering both
agents every 3 weeks were evaluated but found not to be
tolerable because of high rates of grade 3 and 4 AEs. The
schedules iden ﬁed as tolerable and suitable for further development in pa ents with NSCLC were nivolumab 3 mg/kg
every 2 weeks and ipilimumab 1 mg/kg given every 6 or
12 weeks. Skin toxicity, gastrointes nal toxici es and endocrine abnormali es were the common AEs. The incidence
of these toxici es was higher with the combina on than
what is expected with single-agent nivolumab. Five pa ents
(13%) in the ipilimumab every 6 weeks cohort and four
pa ents (10%) in the ipilimumab every 12 weeks cohort discon nued therapy because of AEs.
Finally, in CheckMate 032, pa ents with recurrent SCLC
were randomized to nivolumab alone or combined with ipilimumab .52 In this study, treatment-related AEs occurred in
73% of the pa ents treated with the combina on compared
with 55% in pa ents treated with nivolumab. Treatment
discon nua on due to AEs occurred in 13% and 3%, respecvely. Also skin, gastrointes nal, hepa c, and endocrinerelated toxici es were more common in pa ents who received
the combina on. There were four treatment-related deaths
(myasthenia gravis, encephali s, pneumoni s, and hepa s)
among the patients who received the combination compared with one pneumoni s-related death among pa ents
treated with nivolumab alone.

GENERAL PRINCIPLES OF MANAGEMENT
Several recent guidelines have addressed management of
individual irAEs observed with PD-1–directed agents.65,69
Broad guidelines for management of irAEs are listed in Table 5.
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Involve consultants as needed.
3 or 4 (severe)

Discon nue therapy. Start immune
suppression. Involve consultants.
A er resolu on of toxicity taper
immune suppression gradually.

*CTC criteria version 4.03.
Abbrevia on: AE, adverse event.

Certain steps should be considered when managing pa ents
treated with these agents:
1. A detailed history (including history of autoimmune
diseases), physical examina on, and laboratory tests
(including thyroid tests) should be performed.
2. Pa ents should be educated about the toxici es (“Call
if you no ce any increase in frequency or change in
consistency of your bowel movements”).
3. Assessments should be conducted at least once a cycle
for the ﬁrst 3 months, including physical examina on
and laboratory tests. Thyroid func on tests should be
repeated every cycle for the ﬁrst 3 months and then at
least every two or three cycles.
4. Physicians and trainees, who may also manage your
pa ents, should be educated about irAEs.
5. If irAE is a concern, the threshold to start steroids or
other immunosuppressants should be low.
6. Immune suppression should be tapered gradually
a er resolu on of irAEs.
7. Consultants should be involved early and promptly.
8. Long-term effects of immunosuppressants (e.g.,
Pneumocystis pneumonia prophylaxis) should be
addressed.
Restar ng PD-1–directed agents in pa ents who have experienced irAEs can be challenging. The toxicity generally
must resolve to grade 1 before considera on for restar ng
can be made. Usually these drugs are not restarted if a paent experiences grade 3 or 4 toxicity. There may not be a
need to restart the drug if the pa ent’s cancer is well controlled.

USE OF CHECKPOINT INHIBITORS IN SPECIAL
POPULATIONS
Most clinical trials excluded pa ents with histories of autoimmune disorders. Several factors must be considered before making a decision to use immune checkpoint inhibitors
in these pa ents. These include severity of the autoimmune
disorder, need for immune suppression, and status of the
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cancer. Case reports and retrospec ve analyses suggest that
these pa ents could be treated with checkpoint inhibitors.70
Although these pa ents may experience worsening of their
autoimmune disorders, in most pa ents this can be managed safely. It is very important to engage other consultants
involved in the management of a pa ent’s autoimmune disorder if immune checkpoint inhibitors are being considered.
Another group of pa ents not included in clinical trials
of checkpoint inhibitors are those with histories of organ
transplanta on. Because gra rejec on has been reported
with the use of these agents, the general recommenda on
is to avoid these agents in these pa ents. If these agents
are considered, judicious decision making is warranted, and
inclusion of pa ent’s transplanta on physicians in the decision making process is very crucial.71

IRAES AND TUMOR RESPONSE
Data regarding the development of irAEs and pa ent outcomes are mixed. In a retrospec ve analysis of 90 pa ents
with NSCLC by Owen et al,72 survival was longer in pa ents
who developed irAEs (13 vs. 5.8 months). In a separate analysis of 134 pa ents with NSCLC, survival was also longer in

pa ents who developed irAEs.73 In a study of pa ents with
melanoma treated with ipilimumab, there was no diﬀerence
in outcomes among pa ents who did or did not develop
irAEs.74 It is possible that certain irAEs and not all irAEs correlate with outcomes. Studies have shown that pa ents
with melanoma who develop vi ligo have higher response
with PD-1–directed agents.75

SUMMARY OF IRAES
Randomized phase III trials have shown that toxici es with
PD-1–directed agents are less than with docetaxel in paents with recurrent NSCLC. irAEs are not common, with
the most common events being hypothyroidism, hyperthyroidism, skin rash, pneumonitis, and hepatitis. PD-1–
directed agents can be combined safely with pla num-based
combina on chemotherapy. No addi onal toxici es were
observed. However, combina ons of PD-1–directed agents
and an –CTLA-4 agents required modiﬁca on of the dose
and schedule to limit AEs. Ins tu on of immune-suppressive
therapy to manage irAEs should be prompt and should not
be withheld out of concern for limi ng eﬃcacy of the checkpoint inhibitors.
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“My Pa ent Was Diagnosed With Nontargetable Advanced
Non–Small Cell Lung Cancer. What Now?” Diagnosis and
Ini al Treatment Op ons for Newly Diagnosed Pa ents With
Advanced NSCLC
Melissa Johnson, MD, Nathan A. Pennell, MD, PhD, and Hossein Borghaei, MS, DO
OVERVIEW
Although lung cancer remains the leading cause of cancer-related mortality in the United States and worldwide, the rate at
which Americans are dying from lung cancer is declining. Improving survival can be explained, in large part, by a growing
understanding of the heterogeneous biology of non–small cell lung cancer (NSCLC) as well as recent successes of novel
therapeu c strategies more eﬀec ve and tolerable than pla num-based chemotherapy. We now recognize dis nct subtypes of NSCLC, deﬁned by molecular proﬁling and immunohistochemistry, with diﬀerent treatment algorithms, including
targeted small molecular inhibitors and immunotherapy for each. Both biomarker selec on and preferred frontline strategies con nue to evolve rapidly, making it diﬃcult for many prac oners to keep up. In this review, we will ﬁrst describe the
recommended ini al workup for a pa ent with advanced or metasta c NSCLC in 2018; next, we present an algorithm to aid
oncologists in the selec on of the most appropriate therapy for treatment-naive pa ents with NSCLC, and ﬁnally, we oﬀer
a look into future treatment op ons through a discussion of ongoing clinical trials.

A

lthough lung cancer remains the leading cause of
cancer-related mortality in the United States and worldwide, the rate at which Americans are dying from lung cancer con nues a decline that started in the 1990s. The primary reasons behind this improvement are reduced rates of
tobacco use and the early impact of screening as well as a
growing understanding of the underlying biology of NSCLC.
Instead of one disease with one modestly eﬀec ve treatment (pla num doublet chemotherapy), we now think of
mul ple dis nct subtypes deﬁned by a variety of biomarkers with diﬀerent treatment algorithms.1
There have now been 13 new drugs approved for NSCLC
in the last 5 years.2 The recommended roles of these drugs
as well as the biomarker tes ng to guide their use con nues
to evolve, making it diﬃcult for many prac oners to keep
up.3,4 For the ﬁrst me, phase III trials for biomarker-deﬁned
subsets of newly diagnosed pa ents with advanced NSCLC
are showing unprecedented survival mes (for example, in
pa ents whose tumors harbor EGFR muta ons treated with
osimer nib or pa ents whose tumors express PD-L1 at high
levels [ ssue propor on score (TPS) more than 50%] treated
with pembrolizumab).1,5 However, these pa ents are ﬁrst
iden ﬁed for novel therapy through appropriate and mely
diagnosis and biomarker analysis. In this review, we will ﬁrst

describe the recommended ini al workup for a pa ent with
advanced or metasta c NSCLC in 2018; next, we present an
algorithm to aid oncologists in the selec on of the most appropriate therapy for treatment-naive pa ents with NSCLC,
and, ﬁnally, we oﬀer a look into future treatment op ons
through a discussion of ongoing clinical trials.

DIAGNOSTIC APPROACH FOR PATIENTS WITH
SUSPECTED LUNG CANCER
Staging Studies
As the treatment algorithm for patients with advanced
NSCLC becomes more complex, ensuring a comprehensive
ini al workup is increasingly important to ensure that newly
diagnosed pa ents are receiving the most appropriate lifeextending therapies (Table 1). The American College of Chest
Physicians revised guidelines in 2013 on rou ne workup
and diagnosis of pa ents with suspected or conﬁrmed lung
cancer.6
All pa ents with a pathologic diagnosis of NSCLC require
a basic set of imaging studies to determine the clinical stage
as well as blood counts and chemistries, including serum
calcium, kidney func on, and liver func on tes ng. Pa ents
with early stage or locally advanced disease are beyond the
scope of this review focused solely on advanced disease,
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TABLE 1. Recommended Tes ng for Ini al Workup
of Newly Diagnosed NSCLC
Modality

Recommended Tes ng

Imaging

CT scan of chest, abdomen; PET/CT scan
if no distant metastases on ini al imaging or if directed by symptoms; MRI or
CT brain scan with contrast

Pathologic tes ng to
determine subtype

TTF-1 and Napsin-A (adenocarcinoma);
CK5/6, P63, and p40 (squamous cell
carcinoma)

Biomarkers
All

PD-L1 IHC

Required in nonsquamous

EGFR muta ons, ALK gene fusions, ROS1
gene fusions, BRAF muta ons

Op onal but
recommended if NGS
tes ng is used

RET gene fusions, MET exon 14 skipping
muta ons, MET ampliﬁca on (high
level), HER2 muta ons

Abbrevia on: NSCLC, non–small cell lung cancer IHC, immunohistochemistry NGS, next-genera on
sequencing.

but in general, they should have a diagnos c CT scan of the
chest and abdomen, which must include the liver and adrenal glands. Those with obvious metasta c disease but no
symptoms or signs sugges ve of bony metastases do not
need further rou ne imaging, such as PET/CT or radionucleo de bone scan. However, because pa ents live longer
and because treatments for brain metastases have become
less invasive (e.g., stereotac c radia on), the u lity of idenfying asymptoma c brain metastases has become increasingly important, and MRI (preferred) or CT brain scan with
intravenous contrast is recommended for all pa ents with
stage IV NSCLC, even in the absence of symptoms.7

Tissue Biopsy: Does the Type of Biopsy Ma er?
When approaching the pa ent with suspected lung cancer
on imaging, the most important steps are to obtain a biopsy

PRACTICAL APPLICATIONS
• Advanced NSCLC is a disease composed of mul ple dis nct
subtypes deﬁned by a variety of biomarkers, including
EGFR, ALK, ROS1, MET, HER2, and BRAF as well as PD-L1.
• Over 50% of pa ents with NSCLC will have either an
ac onable genomic target or high levels of PD-L1
expression within their tumors, which will dictate ﬁrstline treatment selec ons.
• Pa ents with tumors having high levels of PD-L1
expression should receive ﬁrst-line pembrolizumab,
irrespec ve of histology.
• Pa ents with tumors with low or no PD-L1 expression
and squamous histology should receive chemotherapy as
their ﬁrst therapy, whereas pa ents with nonsquamous
histology may receive chemotherapy alone or in
combina on with immunotherapy.
• PD-1/CTLA-4 inhibitors represent the ﬁrst novel
combina on of checkpoint inhibitors to be evaluated
in the ﬁrst-line se ng for pa ents with NSCLC. PD-1/
IDO inhibi on represents a second combina on strategy
being inves gated in phase III trials.

to make the ssue diagnosis and obtain enough ssue for
histologic subtyping and biomarker tes ng. The American
College of Chest Physicians guidelines recommend tailoring
the biopsy target and method to the suspected cancer type
and stage to minimize both risk and the number of procedures needed, while giving the greatest yield.6 A simple rule
of thumb is to biopsy the most advanced site of disease. For
pa ents with suspected lung cancer and clear medias nal
involvement (for example, bronchoscopy with transbronchial
needle aspiration or endobronchial ultrasound), guided
biopsy of the nodes can yield both diagnos c and nodal
staging informa on. For pa ents with evidence of solitary
or limited metasta c disease, it is recommended to biopsy
the metasta c lesion, which both gives diagnos c material and confirms the stage. For patients with suspected
malignant eﬀusion, it is recommended to sample the ﬂuid
and if nega ve, proceed to pleural biopsy. For pa ents with
mul ple metasta c lesions, the most easily accessible and
lowest risk lesion should be biopsied, which may include the
primary tumor. It is not necessary to biopsy both the primary
and metasta c lesions to help guide treatment, because
biomarker tes ng is likely to yield similar results in both
lesions.4
Although most of the biomarker analyses used to guide
therapy in NSCLC were originally developed on surgical or
core needle specimens, almost all necessary tes ng can be
performed on both cytology and core specimens as long as
they contain suﬃcient malignant cells.4,6,8 There are guidelines in place for op mizing samples obtained by endobronchial ultrasound for molecular analysis, and rapid onsite
cytology evalua on is very helpful to make sure that there
is enough material.9 Regardless of the technique used, the
goal is to obtain enough material for both diagnosis and biomarker tes ng, while preven ng the need for repeat biopsy.
Bone biopsies, if decalciﬁed, are not appropriate for molecular tes ng.

Pathology Review to Determine Histologic Subtype
Historically, pathologists focused primarily on dis nguishing
small cell carcinoma from non–small cell carcinoma, and
systemic treatments were based exclusively on this simple
dis nc on. With the introduc on of histology-restricted
treatments, such as bevacizumab and pemetrexed, however, there was a clinical necessity to dis nguish histologic
subtypes of NSCLC.10,11
In cases where the subclassiﬁca on of squamous and adenocarcinoma is possible using histology or cytomorphology,
no addi onal immunohistochemistry (IHC) tes ng is needed.
However, when diﬀeren a on between subtypes is not possible using these tools, a panel of IHC assays should be used
to help classify the subtype. Generally, TTF-1 and Napsin A
are present in a majority of adenocarcinomas, whereas CK
5/6, P63, and p40 are present in most squamous cell carcinomas. To save as much ssue as possible for molecular
tes ng, a simpler panel of TTF-1 and p40 has been suggested
as suﬃcient for most samples, and it can be used on both
pathology and cytology cell blocks.12
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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PD-L1 Immunohistochemistry
Immune checkpoint inhibitors have become a rou ne part of
ini al and subsequent treatment of pa ents with advanced
NSCLC, and this informa on is covered in a separate sec on
of this review. A empts to iden fy predic ve biomarkers to
be er deﬁne pa ents who are more likely to beneﬁt from
immune checkpoint inhibitors have led to the use of PD-L1.
This is the best studied biomarker so far, and it has a proven
role as a predic ve biomarker to decide between ini al
treatment with single-agent pembrolizumab or pla num
doublet chemotherapy for pa ents with advanced NSCLC,
which is discussed in detail below.5 In the KEYNOTE 024 trial,
a randomized phase III trial of pembrolizumab versus pla num doublet chemotherapy, tumor samples were tested using the Dako 22C3 an –PD-L1 an body and classiﬁed based
on the percentage of tumor cells that were posi ve (TPS).
Only pa ents with TPS greater than or equal to 50% were
enrolled on the trial. Pembrolizumab was approved for this
popula on based on this assay, which was also approved by
the U.S. Food and Drug Administra on (FDA) as a companion diagnos c.3
In addi on to the 22C3 an body, there are a number of
other an bodies in use for tes ng for PD-L1 expression,
each developed as either a companion or a complementary
diagnos c tool for a diﬀerent immune checkpoint inhibitor
drug. They have diﬀerent cutoﬀ points for what is considered posi ve and which cell compartments (e.g., tumor or
stroma) are evaluated. However, it is imprac cal for laboratories to incorporate every FDA-approved PD-L1 assay, and
therefore, eﬀorts have been made to compare the common
PD-L1 assays with one another. The largest eﬀort is the Blueprint project by the Interna onal Associa on for the Study
of Lung Cancer, which compared four commercial an –PDL1 an bodies with one another on the same tumor ssue.13
The results suggest that most commercial an bodies have
similar eﬃcacy in detec on of PD-L1 levels, with the excepon of the SP142 an body used as a complementary diagnos c for atezolizumab. These results were corroborated in
a separate valida on project by Rimm et al.14 Although the
Dako 22C3 an body is the FDA-approved companion diagnos c for pembrolizumab in the ﬁrst-line treatment of PDL1, these results suggest that any of the commercially available assays (except SP142) may be adequate for assessing
PD-L1 expression.
It is recommended that every newly diagnosed pa ent
with advanced NSCLC have PD-L1 tes ng done using the
Dako 22C3 an body or a validated alterna ve, with the goal
of iden fying pa ents with a TPS of greater than or equal
to 50% expression. For pa ents who have already received
ﬁrst-line chemotherapy and are planning to proceed to
second-line immune checkpoint inhibitor treatment or for
pa ents with stage III disease who may be candidates for
durvalumab, there is no clear indica on that PD-L1 tes ng
is helpful.
Other biomarkers, such as tumor muta on burden (TMB),
which quan ﬁes the number of muta ons in genomic DNA
and may serve as a surrogate marker for neoan genicity, are
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under inves ga on.15 Although TMB has been shown to be
associated with immune checkpoint inhibitor eﬃcacy and
seems to be independent of PD-L1 staining, it remains experimental and is not rou nely recommended outside of a
clinical trial.

Molecular Tes ng: What Is Standard of Care in 2018?
The realiza on that there are gene cally deﬁned subgroups
of NSCLC harboring targetable altera ons began in 2004
with the discovery of ac va ng muta ons in the tyrosine
kinase domain of the EGFR gene in 10% to 15% of lung adenocarcinoma cases.16 This led to clinical trials showing the
superiority of targeted therapies, such as geﬁ nib and erlo nib, in this popula on compared with chemotherapy,
which in turn, led to recommenda ons in 2011 that pa ents
with adenocarcinoma of the lung be rou nely tested for
EGFR muta ons.17-19 The tes ng was tradi onally performed
by Sanger sequencing, although allele-speciﬁc polymerase
chain reac on–based assays eventually became more common because of increased speed and sensi vity.20
The second validated target is ALK gene fusions, present in about 4% of adenocarcinomas. Targeted therapies
against ALK ﬁrst reached FDA approval in 2011 along with
the companion diagnos c break-apart ﬂuorescent in situ
hybridiza on assay.21 In 2013, a partnership of pathology
organiza ons (the College of American Pathologists and the
Associate of Molecular Pathology) and the Interna onal Associa on for the Study of Lung Cancer released the ﬁrst consensus guidelines on rou ne tes ng for EGFR muta ons and
ALK fusions in all pa ents with lung adenocarcinoma, regardless of smoking status or other clinical characteris cs.22
A number of other gene c altera ons have now been idenﬁed in all pa ents with adenocarcinoma subtype. In 2016,
the FDA approved crizo nib for ROS1 gene fusion-posi ve
NSCLC, and the 2017 College of American Pathologists/
International Association for the Study of Lung Cancer/
Associate of Molecular Pathology guidelines were updated
to include rou ne tes ng for ROS1.4,23 However, these guidelines are already outdated, because in 2017, dabrafenib
and trame nib were approved for BRAF V600E muta on–
positive NSCLC, which should now be included in routine
tes ng.24 In 2018, the minimum standard for molecular testing must include these four targets (EGFR, ALK, ROS1, and
BRAF) in all pa ents with nonsquamous NSCLC, regardless
of clinical characteris cs, such as smoking history.
Although a combina on of individual gene tests is adequate, the requirements for tes ng these targets plus PD-L1
means that many pa ents may have insuﬃcient biopsy material to perform all of these assays. This will only become
more diﬃcult, because other poten al targets, such as MET,
ERBB2/HER2, and RET, may become standard of care. A single mul plexed assay, such as next-genera on sequencing
(NGS), either in combina on with ﬂuorescent in situ hybridiza on or using technology that also recognizes abnormal
fusion gene products would be much more reasonable from
a resource perspec ve. For centers using NGS-based assays,
guidelines recommend including other molecular targets,
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because there is no addi onal material needed to obtain
this informa on.4
There are also blood-based assays to detect circulating tumor DNA available for molecular tes ng in pa ents
with NSCLC.20,25 However, these assays generally are less
sensitive for detection of targetable genetic derangements than ssue-based assays, and therefore, nega ve
results must be veriﬁed by ssue tes ng.26 For this reason,
rou ne use of blood-based tes ng is not recommended,
except in cases where ssue tes ng is not feasible or exhausted and with the caveat that a nega ve test may be
inaccurate.

Timing Ma ers: Organiza on and Coordina on
Reduce Unnecessary Delays
Consults, biopsies, imaging, and pathologic and molecular
testing all take time, during which the newly diagnosed
pa ent experiences anxiety and uncertainty. Pa ents with
lung cancer also experience the highest symptom burden
among all cancer types, making the ini a on of pallia ve
treatment me sensi ve.27,28 There is growing evidence
that treatment delays may even impact pa ent survival, although the evidence is strongest in early-stage NSCLC.29,30
In recogni on of the importance of meliness in workup
of pa ents with lung cancer, the Ins tute of Medicine31 and
the American College of Chest Physicians have made recommenda ons for steps that providers should take to ensure
mely care.32 In recogni on of the mul disciplinary nature
of lung cancer care, including surgeons, pulmonologists,
medical and radia on oncologists, and pallia ve medicine
physicians, coordina on of the pa ent’s care should ideally use
a mul disciplinary team approach to ensure be er quality
of care and reduce delays in treatment.33 The “ideal” me
to complete workup is unknown, and every ins tu on is
unique; therefore, programs should make every a empt to
track and improve their me to treatment rather than meet
an arbitrary goal.
As much as possible of the workup, staging, and tes ng
should be done in parallel rather than sequen ally. For example, the College of American Pathologists/Interna onal
Associa on for the Study of Lung Cancer/Associate of Molecular Pathology guidelines recommend that molecular
tes ng be completed within 10 working days of ordering to
be fast enough to guide ini al therapy.4 However, if tes ng is
not ordered before the oncology consult, it could introduce
a delay that pa ents and physicians are uncomfortable with,
leading to ini a on of chemotherapy or other poten ally
less eﬀec ve treatment. If molecular tes ng or PD-L1 IHC is
ordered reﬂexively by the pathologist at the me of NSCLC
diagnosis, the results will be available in me to inﬂuence
the ini al treatment discussion.

A Step Forward for Precision Medicine: FDA
Approvals and Centers for Medicare & Medicaid
Services Coverage
The FDA has approved the Oncomine Dx Target Test, an NGS
test to detect BRAF, ROS1, and EGFR—the ﬁrst NGS panel

approved for the detec on of mul ple companion diagnos c
indica ons. Late in 2017, the FDA approved two more proﬁling tests—MSK Integrated Muta on Proﬁling of Ac onable
Cancer Targets and Founda on One CDx—as broad NGSbased in vitro diagnos c tests capable of iden fying several
speciﬁc ac onable muta ons across mul ple tumor indicaons. Founda on Medicine’s Founda on One CDx NGS platform can also use this genomic informa on to determine
microsatellite instability and TMB, which have both been
associated with response to immunotherapy. At the same
me, the Centers for Medicare & Medicaid Services (CMS)
proposed insurance coverage of Founda on One CDx and
other similar NGS in vitro diagnos cs for Medicare beneﬁciaries. Concurrent review by the FDA and CMS under the
Parallel Review Program aims to reduce the me of FDA
approval of an in vitro diagnos c and its coverage determina on by CMS, providing faster access to innova ve diagnos cs used to guide personalized cancer care. The recent
proposed na onal coverage determina on by CMS of Founda on One CDx and other similar NGS in vitro diagnos cs
may help overcome the barriers associated with the use of
NGS-based diagnos cs and lead to the increased adop on
of molecular tes ng in a clinical se ng.34

STANDARD TREATMENT OPTIONS FOR FIRST
LINE NSCLC
New First-line Therapy Op ons for ALK, EGFR, and
BRAF
Approximately 30% of NSCLC will have an ac onable genomic target iden ﬁed when molecular proﬁling is performed before treatment.35,36 Several randomized phase III
trials have shown favorable outcomes for pa ents with ALK
altera ons and EGFR muta ons receiving targeted molecular inhibitors rather than chemotherapy.17,18,37,38 Although
pa ents with oncogene-driven cancers and their treatment
opinions are outside the scope this review for “nontargetable” NSCLC, we have included, for completeness, the three
new ﬁrst-line treatment op ons available in 2018 for these
pa ents.
The results from the global randomized phase III trial ALEX
revealed a 53% decreased risk of progression or death with
600 mg of alec nib twice a day compared with 250 mg of
crizo nib twice a day in treatment-naïve pa ents with stage
IIIB or stage IV NSCLC.39 Based on these data, the FDA approved alec nib for newly diagnosed ALK-posi ve NSCLC on
November 17, 2017. The results from the global randomized
phase III FLAURA trial also became available in 2017, comparing osimer nib, a third genera on EGFR mutant–speciﬁc
tyrosine kinase inhibitor (TKI), with erlo nib or geﬁ nib for
pa ents with NSCLC with untreated EGFR mutant, with improved progression-free survival (PFS) and tolerability versus erlo nib and geﬁ nb.1 As a result of these data, osimer nib was included to the Na onal Comprehensive Cancer
Network (NCCN) compendium for ﬁrst-line treatment of
metasta c EGFR-posi ve NSCLC, with FDA approval expected
in 2018. Finally, in 2017, the FDA approved the use of
dabrafenib in combination with trametinib for patients
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with NSCLC with tumors that express the BRAF V600E muta on, making BRAF V600E the fourth ac onable biomarker
to gain an approved therapy.40

First-Line Therapy for Pa ents With EGFR Mutant
and PD-L1 Greater Than 50%: Targeted Therapy
Trumps Immunotherapy
Small numbers of pa ents’ tumors will show both high levels of PD-L1 as well as a targetable oncogene, such as EGFR
or ALK, after initial biomarker testing. Increasing data
inform our recommenda on to select a targeted inhibitor
for these pa ents. Although small numbers of EGFR-posi ve
pa ents were included in the three pivotal second-line trials comparing immunotherapy with chemotherapy that
enrolled pa ents with nonsquamous histology, in all studies, these oncogene-driven cancers showed less benefit
with immune checkpoint inhibitors compared with the
pa ents with wild-type NSCLC studied.41-43 A recent metaanalysis compiled the results of these randomized trials
and more definitively showed a lack of survival benefit
for EGFR-posi ve pa ents treated with a checkpoint inhibitor, despite the well-established improvement in overall
survival (OS) for wild-type NSCLC.44,45 A similar retrospecve analysis, which included ALK-rearranged NSCLC, also
suggests little or no benefit for oncogene drive cancers
treated with immune checkpoint inhibitors.45 Thus, ensuring that all biomarker results have returned before making
treatment op ons rather than just the ﬁrst posi ve result is
recommended.

Pa ents With NSCLC Are Eligible for Pembrolizumab
Based on High PD-L1 Expression (PD-L1 Greater Than
or Equal to 50%)
In late 2016, KEYNOTE 024 established the superiority of
pembrolizumab versus pla num-based chemotherapy (median PFS: 10.3 vs. 6 months; HR 0.50; 95% CI, 0.37–0.68;
p < .001) in select pa ents with NSCLC whose tumors expressed PD-L1 of greater than or equal to 50% deﬁned
by the IHC Dako 22C3 assay.46 Updated OS results in 2017
showed a 37% reduc on in risk of death for pa ents treated
with pembrolizumab (median OS of 30.2 months vs. 14.2
months; HR 0.63; 95% CI, 0.47–0.86; p = .002) over pla numbased chemotherapy and improvement in health-related
quality of life.47,48 Based on these findings, PD-L1 testing
became a requisite part of pretreatment tes ng to iden fy
eligible pa ents with tumors expressing PD-L1 greater than
or equal to 50%. Priori zing tumor ssue for PD-L1 tes ng
has popularized alterna ve methods of molecular tes ng,
such as plasma-based tes ng, to obtain complete ﬁrst-line
diagnos c informa on when ssue is unavailable or has
been exhausted.

Considera on of Chemotherapy With or Without
Immunotherapy
At least 40% of pa ents with NSCLC lack an ac onable driver
muta on or a high level of PD-L1 expression, and for these,
pa ents the treatment landscape is s ll evolving. Although
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KEYNOTE 024 convincingly established an –PD-1 monotherapy as the standard for pa ents with NSCLC with a TPS
greater than or equal to 50%, results of CheckMate 026,
a second first-line trial of almost identical design, made
first-line immunotherapy more complicated for patients
with lower levels of PD-L1 expression.49 Pa ents enrolled in
CheckMate 026 had tumors expressing any level of PD-L1
expression (PD-L1 ≥ 1) and were randomly selected to receive the PD-1 inhibitor nivolumab or pla num-based chemotherapy. In the primary analysis of PFS, there was no difference between the two treatment arms (4.2 months with
nivolumab vs. 5.9 months with chemotherapy; HR 1.15;
95% CI, 0.91–1.45; p = .25). The median OS was similarly
nega ve (14.4 vs. 13.2 months; HR 1.02; 95% CI, 0.90–1.30).
Although there were some imbalances in pa ent selec on
that may explain these results, even the PD-L1 high expression subset analysis showed no beneﬁt for pa ents treated
with nivolumab (PD-L1 ≥ 50%; HR for progression or death,
1.07; 95% CI, 0.77–1.49; overall response rate (ORR), 34%
for pa ents with nivolumab and 39% for pa ents who received chemotherapy).49 Thus, it ini ally seemed that paents with tumors expressing PD-L1 levels 0% to 49% were
s ll best treated ﬁrst line with standard chemotherapy.
A retrospec ve, exploratory analysis of CheckMate 026
using whole-exome sequencing of pa ent tumor and blood
samples (58% of the pa ents who were randomly selected
had adequate specimens for whole-exome sequencing)
measured the TMB, deﬁned as the total number of soma c
missense mutations present in a baseline tumor sample.
Pa ents were grouped in thirds according to low TMB (1 to
< 100 muta ons), medium TMB (100–242 muta ons), and
high TMB (≥ 243 muta ons). Pa ents whose tumors had
high TMB exhibited both a higher response rate (47% vs.
27%) and an extended PFS (9.7 vs. 5.8 months) when treated
with nivolumab compared with chemotherapy. There was
no associa on between TMB and PD-L1 expression. These
data suggest that TMB status may also be predictive for
favorable response to frontline immunotherapy and therefore, a complementary biomarker to help iden fy pa ents
who may beneﬁt from monotherapy immunotherapy, and it
is currently being evaluated prospec vely in frontline clinical trials.50

Pa ents With Squamous NSCLC and TPS Less Than
50%: Chemotherapy Remains the Gold Standard
Histology-directed chemotherapy with or without maintenance therapy remains the gold standard for pa ents with
tumors expressing PD-L1 0% to 49%. Pa ents with squamous NSCLC receive pla num paired with taxane or gemcitabine.11,51 For cispla n-eligible pa ents, necitumumab
might be considered as well, and it may be con nued as
maintenance beyond the four to six cycles of platinumgemcitabine doublet.52 Carbopla n with nab-paclitaxel is an
alterna ve regimen that was made popular by its lack of steroid premedica ons and weekly dosing schedule, which has
higher response rates for squamous NSCLC with improved
outcomes, especially for pa ents older than age 70.53,54
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Pa ents With Nonsquamous NSCLC and TPS
Less Than 50%: Chemotherapy With or Without
Immunotherapy
For nonsquamous NSCLC, standard op ons con nue to
evolve. Pa ents may receive one of the standard regimens:
pla num doublet with pemetrexed or pla num doublet
with paclitaxel and bevacizumab.10,11 Building on the carbopla n and pemetrexed regimen, chemotherapy-naïve paents with nonsquamous NSCLC in the randomized phase II
KEYNOTE 021G trial received chemotherapy with or without
pembrolizumab, irrespec ve of PD-L1 expression. Pa ents
treated with carbopla n, pemetrexed, and pembrolizumab
showed improved ORR and PFS compared with patients
treated with carbopla n and pemetrexed alone, although
no diﬀerence was ini ally observed in OS (HR 0.90; 95%
CI, 0.42–1.91).55 Based on these results, the FDA approved
the carbopla n, pemetrexed, and pembrolizumab triplet in
May 2017. Although this decision was cri cized by many
for the fact that it was made based only one small phase II
study (120 pa ents) and equivalent OS results, an updated
OS analysis did suggest a diﬀerence had begun to emerge
between the two arms (HR 0.59; 95% CI, 0.34–1.05; p =
.0344).56
Because of the controversy generated by these results
and the ﬁnancial implica ons for its widespread adop on in
the front line, many have opted to wait for the conﬁrmatory
phase III KEYNOTE 189 results to become available before
deciding whether to implement this newest “sea change.”
Early in 2018, a press release from Merck announced that
the conﬁrmatory phase III KEYNOTE 189 met both PFS and
OS coprimary endpoints.57 Final data and subgroup analyses
by PD-L1 from KEYNOTE 189 are an cipated in the ﬁrst half
of 2019.
In late 2017, the results of IMpower150, a second large
phase III trial evalua ng pa ents with any PD-L1 expression
level, were reported. The IMpower150 trial randomly selected pa ents (1,202 pa ents) to one of three treatment
arms: atezolizumab and bevacizumab plus carbopla n and
paclitaxel, atezolizumab plus carbopla n and paclitaxel, or
bevacizumab plus carbopla n and paclitaxel. In contrast to
all other ﬁrst-line NSCLC trials to date, pa ents with EGFR
or ALK were eligible for par cipa on. Pa ents were assessed for the T-eﬀector gene signature, which is used as
a surrogate for PD-L1 expression and pre-exis ng immunity
and deﬁned by messenger RNA expression of PD-L1, CXCL9,
and interferon gamma (IFN-γ).58,59 Pa ents treated with the
quadruplet treatment arm had improved PFS over chemotherapy with bevacizumab (8.3 vs. 6.8 months; HR 0.617;
p < .0001).60 A PFS beneﬁt persisted in all subsets analyzed,
including EGFR and ALK altera ons, T-eﬀector low tumors,
and PD-L1–nega ve tumors. A trend toward an OS beneﬁt
was observed in the IMpower150 trial; however, current
data analysis is immature, and further results are an cipated
in the ﬁrst half of 2018.
There are pa ents for whom ﬁrst-line immunotherapy,
with or without chemotherapy, may not be clinically appropriate (i.e., pa ents with autoimmune condi ons receiving

concurrent treatment with immunosuppressive agents,
such as cor costeroids or disease-modifying an rheuma c
drugs). Given the mechanism of action and immunerelated adverse events associated with immune checkpoint inhibitors, pa ents with autoimmune diseases have
been ineligible for immunotherapy clinical trials, and
thus, our experience is quite limited. Retrospec ve data
in pa ents with melanoma treated with ipilimumab and
a pre-exis ng autoimmune condi on suggest that these
pa ents may be safely treated with immune checkpoint
inhibitors.61 Furthermore, a retrospec ve analysis of Surveillance, Epidemiology, and End Results (SEER) data in
pa ents with lung cancer and pre-exis ng autoimmune
condi ons suggests no inﬂuence on treatment pa erns or
increase in mortality.62 However, other studies suggest that
these pa ents are at risk for higher rates of immune-related
adverse events.63

IMMUNOTHERAPY COMBINATION OPTIONS
Dual Immunotherapy Combina ons as Frontline
Treatment Op ons
With the success of single-agent immune checkpoint inhibitors, there is heightened interest to combine PD-1/PD-L1
inhibitors with other cos mulatory or coinhibitory molecules in an eﬀort to augment immune ac va on or reverse
immune evasion.41,64 The majority of these trials are acvely ongoing, with mature results an cipated in 2018 and
beyond.
Ipilimumab and tremelimumab are two an –CTLA-4 anbodies extensively studied either alone or in combina on
with other checkpoint inhibitors or with chemotherapy in
NSCLC.65,66 Based on complimentary mechanisms of ac on
at dis nct immune checkpoints, combining an an –CTLA-4
and an an –PD-1/PD-L1 an body is an a rac ve op on for
synergism. Moreover, clinical successes in melanoma have
provided an enhanced appe te for immuno-oncology combina ons in NSCLC.67,68

Nivolumab Plus Ipilimumab
Treatment with monotherapy nivolumab results in durable
response rates of approximately 15% to 20% in unselected
previously treated pa ents with NSCLC.41,66 Ipilimumab combined with nivolumab has shown substan al ac vity in paents with metasta c melanoma, and it has been approved
in the United States and Europe for this indica on. This
combina on was inves gated in a large mul cohort phase
I trial (CheckMate 012) in pa ents with treatment-naïve
metasta c NSCLC.69 Although a number of earlier cohorts
iden ﬁed doses and schedules of this combina on that
are too toxic for addi onal development, the two cohorts
showing the best outcomes and tolerability were 3 mg/kg
of nivolumab (N3) every 2 weeks and 1 mg/kg of ipilimumab
(Ipi 1) every 6 or 12 weeks. Eligible pa ents were treatment
naïve with metasta c or advanced-stage disease. Pa ents
with prior treatment with oral tyrosine kinase inhibitors
and evidence of disease progression were also eligible to
par cipate. PD-L1 assessment was performed retrospec vely
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Yes

Yes

Yes

Yes

No

No

Yes; tremelimumab
(an –CTLA-4)

Yes; ipilimumab
(an –CTLA-4)

Yes; tremelimumab
(an –CTLA-4)

No

No

No

Yes; bevacizumab

Other IO Agents

IMpower132

JAVELIN Lung 100

NEPTUNE

CheckMate 227

MYSTIC

IMpower110

IMpower130

IMpower131

IMpower150

Trial Name

A phase III, open label, randomized study of atezolizumab (MPDL3280A, an –PD-L1 an body) in combina on with carbopla n
or cispla n plus pemetrexed compared with carbopla n or
cispla n plus pemetrexed in pa ents who are chemotherapy
naive and have stage IV nonsquamous NSCLC

A phase III, open label, mul center trial of avelumab (MSB0010718C) vs. pla num-based doublet as a ﬁrst-line treatment
of recurrent or stage IV PD-L1–posi ve NSCLC

A phase III, randomized, open label, mul center, global study
of MEDI4736 in combina on with tremelimumab therapy vs.
standard of care pla num-based chemotherapy in ﬁrst-line
treatment of pa ents with advanced or metasta c NSCLC

An open label, randomized, phase III trial of nivolumab, nivolumab
plus ipilimumab, or nivolumab plus pla num doublet chemotherapy vs. pla num doublet chemotherapy in subjects with
chemotherapy-naïve stage IV or recurrent NSCLC

A phase III, randomized, open label, mul center, global study
of MEDI4736 in combina on with tremelimumab therapy or
MEDI4736 monotherapy vs. standard of care pla num-based
chemotherapy in ﬁrst-line treatment of pa ents with advanced
or metasta c NSCLC

A phase III, open label, randomized study of atezolizumab (an –
PD-L1 an body) compared with a pla num agent (cispla n or
carbopla n) in combina on with either pemetrexed or gemcitabine for PD-L1–selected, chemotherapy-naive pa ents with
stage IV nonsquamous or squamous NSCLC

Atezolizumab (MPDL3280A, an –PD-L1 an body) in combina on
with carbopla n plus nab-paclitaxel for chemotherapy-naive
pa ents with stage IV nonsquamous NSCLC

A phase III, open label, mul center, randomized study evalua ng
the eﬃcacy and safety of atezolizumab (MPDL3280A, an –PDL1 an body) in combina on with carbopla n plus paclitaxel or
atezolizumab in combina on with carbopla n plus nabpaclitaxel vs. carbopla n plus nab-paclitaxel in chemotherapynaive pa ents with stage IV squamous NSCLC

A phase III, open label, randomized study of atezolizumab (MPDL3280A, an –PD-L1 an body) in combina on with carbopla n
plus paclitaxel with or without bevacizumab compared with
carbopla n plus paclitaxel plus bevacizumab in chemotherapynaïve pa ents with stage IV nonsquamous NSCLC

Trial Title

TABLE 2. First-Line NSCLC Trials With Immunotherapy Combina ons With and Without Chemotherapy

PD-L1 all comers; stra ﬁed by sex, ECOG PS,
chemotherapy type,
and smoking status.

Stra ﬁed by PD-L1
status and histology

Stra ﬁed by PD-L1
status, histology, and
smoking history

Stra ﬁed by PD-L1
status (≥ 1% or < 1%)
and histology

Stra ﬁed by PD-L1 status and histology

PD-L1 TC1/2/3 or
IC1/2/3; stra ﬁed
by sex, ECOG status,
histology, and PD-L1
expression

Stra ﬁed by PD-L1
expression, sex,
liver metastases at
baseline

Stra ﬁed by PD-L1
expression, sex (male
or female), liver metastases at baseline

Stra ﬁed by PD-L1
expression, sex (male
or female), liver metastases at baseline

Biomarker

OS and
PFS

OS and
PFS

OS

OS and
PFS

PFS and
OS

PFS and
OS

PFS and
OS

PFS and
OS

PFS and
OS

Primary
Endpoint

Con nued

November 30, 2019

July 25, 2019

October 4, 2018

January 1, 2018

June 1, 2017 (PFS);
mid-2018 (OS)

January 17, 2019

December 1, 2017

January 1, 2018

November 30, 2017

Primary Endpoint
Reported
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Yes

No

Yes; epacadostat
(IDO inhibitor)

Yes; ipilimumab
(an –CTLA-4)

Yes; ipilimumab
(an –CTLA-4)

No

Yes; tremelimumab
(an –CTLA-4)

No

Yes; epacadostat
(IDO inhibitor)

No

No

Other IO Agents

CheckMate 654

KEYNOTE 598

CheckMate 9LA

NCT03191786

POSEIDON

EMPOWER LUNG
1

ECHO-306

PEARL

KEYNOTE 407

Trial Name

A phase III, randomized, double-blind study of pembrolizumab
(MK-3475) plus epacadostat (INCB024360) vs. pembrolizumab
plus placebo as ﬁrst-line treatment in pa ents with metasta c
NSCLC expressing high levels of PD-L1

A phase III, randomized study of nivolumab plus ipilimumab in
combina on with chemotherapy vs. chemotherapy alone as
ﬁrst-line therapy in stage IV NSCLC

A phase III, randomized study of nivolumab plus ipilimumab in
combina on with chemotherapy vs. chemotherapy alone as
ﬁrst-line therapy in stage IV NSCLC

A phase III, open label, mul center, randomized study to invesgate the eﬃcacy and safety of atezolizumab compared with
chemotherapy in pa ents with treatment-naive advanced, recurrent (stage IIIB not amenable for mul modality treatment),
or metasta c (stage IV) NSCLC who are deemed unsuitable for
pla num-containing therapy

A phase III, randomized, mul center, open label, compara ve
global study to determine the eﬃcacy of durvalumab or
durvalumab and tremelimumab in combina on with pla numbased chemotherapy for ﬁrst-line treatment in pa ents with
metasta c NSCLC (POSEIDON)

A global, randomized, phase III, open label study of REGN2810
(an –PD-L1 an body) vs. pla num based chemotherapy in
ﬁrst-line treatment of pa ents with advanced or metasta c
PD-L1–posi ve NSCLC

A randomized, phase III study of the combina on of pembrolizumab (MK-3475) plus epacadostat (INCB024360) alone or with
pla num-based chemotherapy vs. pembrolizumab plus pla numbased chemotherapy plus placebo as ﬁrst-line treatment in
pa ents with metasta c NSCLC

A phase III, randomized, open label, mul center study of
durvalumab (MEDI4736) vs. standard of care pla num-based
chemotherapy as ﬁrst-line treatment in pa ents with PD-L1
high-expression advanced NSCLC

A randomized, double-blind, phase III study of carbopla npaclitaxel/nab-paclitaxel chemotherapy with or without
pembrolizumab (MK-3475) in pa ents with ﬁrst-line metasta c
squamous NSCLC (KEYNOTE 407)

Trial Title

Abbrevia ons: ECOG, Eastern Coopera ve Oncology Group; IO, immunotherapy; NSCLC, non–small cell lung cancer; OS, overall survival; PFS, progression-free survival; PS, performance score.

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

PD-1/PD-L1
Inhibitor

Chemotherapy

PD-L1 ≥ 50%; stra ﬁed
by ECOG status, geographic region, and
histology

PD-L1 ≥ 50%; stra ﬁed
by ECOG status, geographic region, and
histology

—

—

PD-L1 all comers;
stra ﬁed by PD-L1
expression, disease
stage, and histology

—

Stra ﬁed by PD-L1 expression, geographic
region, histology, and
smoking status

PD-L1 ≥ 25%; stra ﬁed
by PD-L1 expression,
histology, and smoking status

Stra ﬁed by paclitaxel
vs. nab-paclitaxel, PDL1 status, geographic
region of enrolling
site

Biomarker

TABLE 2. First-Line NSCLC Trials With Immunotherapy Combina ons With and Without Chemotherapy (Cont'd)

PFS

PFS and
OS

OS

OS

PFS

PFS

PFS and
OS

PFS

OS and
PFS

Primary
Endpoint

June 17, 2022

February 28, 2023

August 25, 2019

January 20, 2021

July 31, 2019

November 1, 2021

October 26, 2022

October 22, 2018

March 15, 2018

Primary Endpoint
Reported
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and was not used for randomiza on. As reported by Hellmann
et al,69 78 eligible pa ents were treated: 77 were considered
evaluable, and one pa ent never received treatment a er
randomiza on.
The primary endpoint of this phase I study was safety
as deﬁned by the frequency of adverse events. Secondary
endpoints included clinical eﬃcacy, median dura on of response, and PFS at 24 weeks according to RECIST version
1.1. Median dura on of follow-up was about 12 months in
the N3/Ipi 1 every 6 weeks group and about 13 months for
the N3/Ipi 1 every 12 weeks group. Objec ve response rate
was 47% in the every 12 weeks group and 38% in the every
6 weeks group. There were no complete responses. In addion, 32% in the N3/Ipi 1 every 12 weeks arm and 18% in the
N3/Ipi 1 every 6 weeks arm had stable disease. The median
dura on of response was not reached in either group, and
at the me of repor ng, the 24-week PFS rates were 68%
and 47% in the every 12 weeks and every 6 weeks groups,
respec vely.
Treatment-related adverse events of any grade occurred
in 82% of the N3/Ipi 1 every 12 weeks cohort and 72%
of the N3/Ipi 1 every 6 weeks group. The rates of grades
3 or 4 treatment-related adverse events were 37% and
33% in the every 12 weeks and every 6 weeks cohorts,
respec vely. As expected, these events included skin,
gastrointes nal, endocrine, and pulmonary events. Overall, the most frequent grade 3 or 4 adverse event was lipase eleva on, which was seen with a frequency of 8% in
the every 12 weeks group. Pneumoni s was reported in
two pa ents (5%) in the every 12 weeks group and only
one pa ent (3%) in the every 6 weeks cohort. Serious
adverse events were seen in 32% and 28% of the 12
and 6 weeks groups, respec vely. The extent of clinical
beneﬁt correlated with PD-L1 expression. Pa ents with
greater than or equal to 50% tumor PD-L1 expression
had a response rate of 92%, although this sample size is
very small (13 pa ents). Responses were also reported
in both smoker and nonsmoker groups, although higher
rates were seen in the current of former smokers (46%
vs. 27%).
The mul arm phase III two-part study, CheckMate 227,
con nued to explore the use of nivolumab in the frontline
se ng for pa ents with advanced NSCLC. In part 1, pa ents
with PD-L1 expression greater than or equal to 1% were randomized to N3 every 2 weeks plus Ipi 1 every 6 weeks, 240
mg of nivolumab as a ﬂat dose every 2 weeks, or chemotherapy. Pa ents with PD-L1 expression less than 1% were
randomly selected to receive N3 every 2 weeks plus 1 mg/kg
of Ipi every 6 weeks, 360 mg of nivolumab as a ﬂat dose
every 3 weeks plus chemotherapy, or chemotherapy alone.
In part 2, previously untreated pa ents, irrespec ve of PDL1 expression, were randomly selected 1:1 to receive histology-directed pla num doublet chemotherapy alone or
in combina on with 360 mg of nivolumab every 3 weeks.
Part 2 is currently ongoing; however, part 1 has completed
accrual. A recent press release by BMS reported that the
combina on of nivolumab and ipilimumab showed superior
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PFS over chemotherapy in pa ents with a high TMB (≥ 10
mut/mb).

Durvalumab Plus Tremelimumab
Following a similar ra onale, durvalumab plus tremelimumab is another immuno-oncology combina on being extensively studied. Also part of a phase I clinical trial, pa ents
with locally advanced or metasta c NSCLC were treated
with durvalumab, an an –PD-L1 an body, in doses of 3, 5,
10, 15, and 20 mg/kg every 4 weeks or 10 mg/kg every
2 weeks and tremelimumab, a CTLA-4 blocker, at 1, 3, and
10 mg/kg every 4 weeks for six doses followed by three addi onal doses every 12 weeks. The primary endpoint of this
trial was safety and tolerability.70
As reported by Antonia et al,70 102 eligible pa ents were
enrolled in this trial with PD-L1 expression assessed using
the validated SP263 an body. Samples were deemed posive if 25% or more of the tumor cells showed membranous
staining for PD-L1. Pa ents in this study had to be immunotherapy naïve but could have had any number of prior
therapies. Measurable disease by RECIST 1.1 was required
at enrollment. The dose escala on followed a standard 3 + 3
design, with treatment given for 12 months or un l disease
progression.
Dose-limi ng toxicity was observed in the group receiving
durvalumab at 20 mg/kg every 4 weeks and tremelimumab at 3 mg/kg (one grade 3 elevated aspartate aminotransferase and alanine aminotransferase and one grade 4
increased lipase). The most common treatment-related adverse event as reported by the inves gators were diarrhea
(32%), fa gue (24%), and pruritus (21%). The most common
grade 3 or 4 adverse events were diarrhea (11%), coli s
(9%), and increased lipase (8%). In general, these adverse
events were manageable. Based on the safety and eﬃcacy
data, 20 mg/kg of durvalumab every 4 weeks and 1 mg/kg
of tremelimumab were chosen for the dose expansion
phase of the trial. Three treatment-related death were reported in various cohorts: one each caused by myasthenia
gravis, pericardial eﬀusion, and a neuromuscular disorder.
Response data were reported in 63 evaluable pa ents who
had completed at least 24 weeks of follow-up. An objec ve
response rate was reported in 17% of pa ents, and a disease control rate was reported in 29%. In the group with
a conﬁrmed objec ve response rate, the median me to
response was 7.1 weeks. Median dura on of response was
not reached. In a post hoc analysis, of 58 pa ents enrolled
in this trial with wild-type EGFR or ALK status, the objec ve
response rate was 19%.
A mul arm phase III trial (MYSTIC) that includes this combina on (20 mg/kg of durvalumab with 1 mg/mg of tremelimumab) every 4 weeks versus single-agent durvalumab
every 4 weeks versus inves gator choice pla num doublet
chemotherapy has completed accrual. A press release in
July 2017 indicated that this combina on failed to show improvement in PFS compared with the control arm of the trial
in patients with tumors expressing PD-L1 greater than
or equal to 25%. Details of this analysis have not yet been
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reported, and reports of coprimary endpoint OS in the combina on and monotherapy popula ons are expected in 2018.

Pembrolizumab Plus Epacadostat
Indoleamine 2,3 dioxygenase (or IDO) is an enzyme in the
tryptophan catabolic pathway that seems to play a central
role in tumor progression. IDO ac va on can suppress T and
natural killer (NK) cells and generate and ac vate T regulatory
cells in addi on to myeloid-derived suppressor cells. Epacadostat is an IDO inhibitor that has been combined with a
number of an –PD-1 an bodies in an a empt to increase
tumor response rates. The combina on of this agent at a
variety of doses plus a ﬂat dose of 200 mg/kg of pembrolizumab was evaluated in a phase I/II trial in pa ents with advanced malignancies (ECHO-202/KEYNOTE 037).71 A dose of
100 mg of epacadostat twice a day and 200 mg of pembrolizumab every 3 weeks was selected for the phase II por on of
the trial, in which pa ents with NSCLC (40 pa ents) with no
to two prior lines of therapies and evidence of progression
were treated on this protocol. A response rate of 35% and
a disease control rate of 63% were reported in 25 pa ents
included in the eﬃcacy analysis. Most of these responses
were durable, with a median dura on of 26.9 weeks as of
the cutoﬀ date for this analysis. Responses were higher in
pa ents with PD-L1 TPS greater than or equal to 50%.
The most frequent treatment-related adverse events reported were fa gue (28%), arthralgia (17%), nausea (14%),
decreased appe te (10%), pruritus (10%), and rash (10%).
Grades 3 and 4 treatment-related adverse events were eleva ons in lipase (three pa ents), fa gue (two pa ents), and
rash (two pa ents). Phase III trials of this combina on are
now ongoing.
The intense interest and excitement that immunotherapy has generated have led to a prolifera on of mul ple
clinical trials with various drugs capable of modula ng

diﬀerent aspects of the immune system (Table 2). The cos mulatory and coinhibitory pathways targeted carry their
own poten al risks and poten al promise of ac vity. Ra onally designed trials that take advantage of the addi ve or
synergis c poten al of new combina ons are essen al in
determining which approach has the best clinical eﬃcacy
with the lowest toxicity proﬁle. Given the complexity of the
immune system, these approaches must selec vely target
any number of immune escape mechanisms used by the tumors. These include ways to alter the tumor microenvironment to allow be er T-cell inﬁltra on; downregula on of T
regulatory cells, myeloid-derived suppressor cells, or other
inhibitory cells; and ac va on of any number of cos mulatory pathways or inhibi on of others. As inves gators, we
also must avoid the mistakes that we have made in the past
by simply combining an ac ve drug with anything that we
feel might be eﬀec ve without a careful examina on of the
ra onale or adequate preclinical data. An area that has not
been explored to date is the simple ques on of sequencing
of treatments. This concept of determining if there is a sequence of treatment that could be most beneﬁcial can be
explored in trials with simple designs and over a rela vely
short period of me (Tables 1 and 2).

CONCLUSIONS
Biomarker discovery has fueled an ever-expanding apprecia on of NSCLC as many diseases with dis nct natural histories and clinical phenotypes. In parallel, an explosion of
new therapeu c strategies have aﬀorded unprecedented
treatment choices for clinicians and their pa ents. It has
never been more complicated to assign frontline treatment
of NSCLC. We hope that oncologists will use this review as
an algorithm to help select the most appropriate tes ng and
poten ally life-altering therapies for their newly diagnosed
pa ents with NSCLC.
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Precision Medicine in Non–Small Cell Lung Cancer: Current
Standards in Pathology and Biomarker Interpreta on
Noah A. Brown, MD, Dara L. Aisner, MD, PhD, and Geoﬀrey R. Oxnard, MD
OVERVIEW
Non–small cell lung cancer (NSCLC) has become a prominent example of precision medicine among solid tumor malignancies. Clinical management of NSCLC now depends on surgical, chemotherapeu c, and radia on treatment regimens based
on pathologic ﬁndings and clinical staging as well as targeted therapies based on molecular proﬁling. As molecular tes ng
becomes increasingly important, preserving ssue for this purpose while rendering an accurate histologic diagnosis becomes a key considera on, par cularly in advanced-stage NSCLC, in which small biopsy samples or aspirates are o en the
only specimen available. Next-genera on sequencing panels are a powerful method of providing informa on relevant for
both standard-of-care and inves ga onal treatment op ons. However, taking advantage of the abundance of informa on
gleaned from these panels requires careful annota on, priori za on, and repor ng of molecular ﬁndings and their clinical
signiﬁcance. Although molecular proﬁling has tradi onally relied on direct sampling of neoplas c ssue, blood-based diagnos cs now oﬀer the poten al to provide some clinically useful informa on noninvasively.

A

lthough ssue biopsies play a key role in NSCLC care and
have a range of purposes, blood-based diagnos cs in
some instances oﬀer the poten al to noninvasively provide
similar, clinically useful informa on. Lung cancer accounts
for more cancer-related deaths in the United States than
any other type of cancer.1 The management of lung cancer,
par cularly NSCLC, has evolved tremendously over the last
15 years. Among solid tumor cancers, NSCLC management
has become a prominent example of precision medicine.
Clinical management of NSCLC now depends on pathologic
ﬁndings, clinical staging, and molecular proﬁling.2-4 Although
early-stage disease is largely treated surgically (with or without adjuvant chemotherapy and/or radiation), targeted
therapy based on molecular ﬁndings is the preferred treatment op on for metasta c NSCLC when a targetable altera on is present. Molecular proﬁling has tradi onally relied
on direct sampling of neoplas c ssue. However, bloodbased diagnos cs may provide similar informa on by using
noninvasive tes ng.

PATHOLOGY AND STAGING
Pathologic evalua on of clinically iden ﬁed lesions remains
the gold standard for diagnosing malignancy. When tumors
are excised, assessing pathologic stage is cri cal. In NSCLC,
pathologic stage persists as the single best prognos c considera on, and the components of pathologic stage are the
building blocks of determining clinical stage. Most patho-

logic assessment is performed on the basis of microscopic
review of hematoxylin and eosin–stained slides, with specific criteria used to assess the tumor type, subtypes (as
appropriate), pathologic stage, and any other key ﬁndings. Immunohistochemistry (IHC) is frequently used as an adjunct to
hematoxylin and eosin review and can help to further characterize a lesion and reﬁne the diagnosis. In some cases, IHC is
necessary to determine the proper classiﬁca on of a tumor.
Increasingly, pathologists view the approach to classiﬁcaon of pulmonary lesions as dis nct according to the type
of sampling procured. The approach to small samplings,
such as ﬁne-needle aspira on, bronchoscopic biopsy, and
endobronchial ultrasonography–guided ﬁne-needle aspiraon, is markedly diﬀerent from how a pathologist begins
to assess a resected specimen.5 For example, the ﬁnding of
squamous carcinoma on a small biopsy sample does not exclude the possibility that this represents a par al sampling
of an adenosquamous carcinoma, which has a probability
of targetable altera ons similar to that of adenocarcinoma.6
This is of par cular and growing importance: Small samplings are o en the only ssue specimens procured from
pa ents with advanced-stage NSCLC because they will likely
not proceed to surgical resec on. Importantly, balancing
the needs to fully classify the lesion with the need to preserve material for molecular and other biomarker tes ng
has become a paramount considera on in the daily workﬂow
for pathologists who manage these small specimens.
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Tumor Classiﬁca on
Pulmonary tumors are best classiﬁed by using the World
Health Organiza on (WHO) system, which was revised in
2015.4,7 The approach indicated by the new WHO classiﬁcaon system places increased importance on the use of IHC,
including for complete characteriza on of resected lesions.
This classiﬁca on also codiﬁed some of the diﬀerences in
approach and nomenclature for the considera on of small
samplings versus resec on samples.
The overriding goal of pathologists should be to deﬁne,
whenever possible, the histologic type of tumor present in
a sample deemed to be malignant. In resec on samples,
the availability of abundant materials can make this more
straightforward; however, in small samplings, extensive
characteriza on by IHC or other modali es can interfere
with preserving ssue for molecular characteriza on for
therapeu c decision-making. The WHO classiﬁca on divides epithelial tumors ﬁrst and foremost into NSCLC and
small cell lung cancer.4,7 This is largely a historically derived
nomenclature; in 1926 Barnard published ﬁndings suggesting that "oat cell carcinoma," as it was then known, should
be considered a bronchogenic carcinoma rather than a lymphomatous or sarcomatous lesion as had been previously
thought.8,9 As the study of lung tumors advanced, it became
clear that this type of tumor was dis nct from other lung
tumors, leading to this classiﬁca on of "small cell carcinoma"
and "non–small cell carcinoma," which remains in use today.
Further discussion of small cell lung cancer is beyond the
scope of this ar cle.
NSCLC collec vely describes numerous epithelial-derived
tumors, of which the two most common histologic types are
adenocarcinoma and squamous cell carcinoma. Other histologic types are varied and typically rare, such as large cell
carcinoma, pleomorphic carcinoma, and salivary gland–like
tumors of the lung. Proper iden ﬁca on of the appropriate
histologic type is important because it aﬀects prognosis and,
in many cases, therapy selec on as well as considera ons
for molecular tes ng.10,11 For example, the role of tumor genotyping in pure squamous carcinoma is debated, whereas
genotyping is recommended for all advanced nonsquamous
NSCLC. In numerous circumstances, IHC is paramount in

PRACTICAL APPLICATIONS
• Clinical management of NSCLC depends on pathologic
ﬁndings and clinical staging as well as targeted therapy–
based molecular proﬁling.
• Tissue preserva on for molecular proﬁling is an
important considera on, par cularly in advanced NSCLC
for which surgical treatment is not indicated.
• Next-genera on sequencing panels are a powerful
method of providing informa on relevant for both
standard-of-care and inves ga onal treatment op ons.
• Taking advantage of the abundance of informa on
gleaned from sequencing panels requires annota on
and priori za on of molecular ﬁndings and their clinical
signiﬁcance.

determining the correct histologic type. In par cular, the
solid variant of adenocarcinoma has substan al morphologic
overlap with nonkera nizing squamous cell carcinoma, and
IHC can be crucial in making the dis nc on.12 This can typically be achieved by using a minimal set of IHC markers,
consis ng of a single adenocarcinoma and squamous marker,
such as TTF-1 and p40.2,13 The diagnosis of squamous cell
carcinomas that do not have kera niza on should be conﬁrmed with squamous IHC markers.7
An important change in the repor ng of invasive adenocarcinoma is the recommenda on to include characterizaon of the histologic subtypes, which include lepidic, acinar,
papillary, solid, and micropapillary and may correlate with
histologic grade.14 The recommenda on has been made to
characterize lesions according to the predominant subtype
and es mate the percentage of various subtypes in 5% increments. There is some evidence that the tumor subtype may
be associated with prognosis in pa ents with early-stage
resected disease, with the presence of higher-grade histologic types (micropapillary and solid) being associated with
a higher incidence of occult lymph node metastases.15,16 In
clinical prac ce, however, the predominant subtype of adenocarcinoma does not currently aﬀect therapy decisions,
and the clinical applica on of determining subtype has not
been established in advanced-stage disease.

Staging
In 2017, the American Joint Commission on Cancer published the eighth edi on of the Cancer Staging Manual,
which included several updates to the criteria used for staging of NSCLC.17,18 Key diﬀerences between the two versions
include an addi onal er of early-stage disease (T1c), reclassiﬁca on of lesions greater than 5 cm but 7 cm or less in
greatest dimension as T3 (instead of T2), and reclassiﬁca on
of tumors greater than 7 cm in greatest dimension as T4 (instead of T3). These and other revised staging criteria have
become incorporated into rou ne prac ce, but some of the
changes, par cularly in synop c repor ng, may be unfamiliar to prac cing oncologists. For example, spread through
air spaces is now an op onal component of the pathologic
staging synop c report, and its presence portends a higher
risk for recurrence in tumors treated with limited resecon.19-21 Another substan al change in the staging system
includes separate measurements of invasive and lepidic
components in adenocarcinoma. An addi onal area addressed directly in the new staging approach is classiﬁcaon of mul focal disease for the considera on of separate
primary tumors versus intrapulmonary metastases, using
a predominantly histologic-based approach.17,18,22 Growing
evidence suggests that molecular tes ng can be a useful
approach to determining the clonal rela onship between
mul ple tumor nodules.23,24

Specimen Management
Numerous logis cal issues are also of note when the multiple priorities assigned to diagnostic small samplings of
NSCLC are being considered. As noted, the need to balance
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IHC characteriza on (including considera on of metastases
from nonlung sites) with preserva on of material for molecular tes ng can be challenging, and numerous approaches
can aid in the preserva on of ssue.25 Given the clinical urgency in tumor classiﬁca on and molecular tes ng in cases
of advanced NSCLC, an understanding of the melines for
the technical and interpre ve processes in pathology can
aid in planning for individual pa ents. Histologic processing
of biopsy samples is typically accomplished in 1 business
day, allowing for a preliminary assessment of a sample on
the following day. IHC staining can add 1 to 3 days or more
to total assessment me, par cularly if staining is done in
stages to minimize ssue use for classiﬁca on. O en, molecular tes ng is not ini ated un l the histologic assessment
is complete, in case material is needed for addi onal IHC.
Of par cular note in the recently updated guidelines for the
tes ng of NSCLC is the op on to use cytopathology specimens other than cell blocks, such as smear prepara ons or
touch prepara ons.3 Increasingly, molecular laboratories
are valida ng this specimen type to increase pa ent access,
shorten turnaround me, and reduce the need for repeat
biopsies to successfully perform molecular studies in paents with NSCLC.26

MOLECULAR PROFILING
Standard-of-Care Molecular Biomarkers in NSCLC
The current guidelines from the College of American Pathologists, Interna onal Associa on for the Study of Lung
Cancer, and Associa on for Molecular Pathology recommend evalua on of EGFR, ALK, and ROS1 on all pa ents
with lung cancer pa ents who have metasta c nonsquamous disease, irrespec ve of clinical characteris cs.3 These
guidelines do not recommend other genes, including BRAF,
KRAS, RET, ERBB2 (HER2), and MET, as rou ne stand-alone
assays outside the context of a clinical trial; however, in the
United States a combina on therapy is approved for paents with NSCLC who have BRAF p.V600E muta on, which
may raise the impetus to consider a stand-alone assay for
this target. Of note, mul plexed gene c sequencing panels are preferred over mul ple single-gene tests to iden fy
other treatment options beyond EGFR, ALK, and ROS1.
For laboratories performing next-generation sequencing
(NGS), it is recommended that BRAF, KRAS, RET, ERBB2,
and MET be included. The Na onal Comprehensive Cancer Network (NCCN) guidelines have one or more speciﬁc
treatment recommenda ons for all of the genes except
KRAS.2 These targeted therapies are indicated for pa ents
with NSCLC who have metasta c disease with sensi zing
molecular altera ons. Tyrosine kinase inhibitors (TKIs) erlo nib, geﬁ nib, afa nib, and osimer nib are all U.S. Food
and Drug Administra on (FDA)–approved for the treatment
of both EGFR exon 19 dele ons and EGFR L858R muta ons,
whereas osimer nib is the only TKI approved for the treatment of commonly acquired resistance muta on p.T790M,
and afa nib is the only TKI approved for uncommon EGFR
driver muta ons (e.g., G719X, L861Q). Crizo nib is FDAapproved for the treatment of NSCLC with an ALK or ROS1
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rearrangement. Alec nib, ceri nib, and briga nib are also
approved for ALK-rearranged NSCLC. The combina on of
BRAF inhibitor dabrafenib and MEK inhibitor trame nib
was recently approved for NSCLC with BRAF p.V600E. The
an –programmed cell death ligand 1 (PD-L1) an body pembrolizumab is FDA-approved for NSCLC as a ﬁrst-line therapy
for high PD-L1 expression (tumor propor on score ≥ 50%)
in the absence of an EGFR muta on or ALK rearrangement.
This drug is also approved for pa ents who have progressed
while receiving pla num-based chemotherapy or pa ents
with EGFR or ALK altera ons who have progressed while
receiving an FDA-approved targeted therapy, with a tumor
propor on score of 1% or greater. The NCCN guidelines also
recommend considera on of emerging targeted therapeuc op ons, including crizo nib for MET exon14 skipping
muta ons or high-level MET ampliﬁca on, cabozan nib or
vandetanib for RET rearrangements, and ado-trastuzumab
emtansine for ERBB2 muta ons. The NCCN guidelines also
point out that KRAS is associated with poorer prognosis and
reduced responsiveness to EGFR tyrosine kinase inhibitor
therapy, and that the presence of a KRAS mutation may
iden fy pa ents who will not beneﬁt from further molecular tes ng (owing to the low probability of overlapping
targetable variants). Variants aﬀec ng many other potenally targetable genes are being evaluated in various clinical
trials, including FGFR1 ampliﬁca on, FGFR3 fusions, NTRK1
fusions, and PIK3CA and AKT1 muta ons. NGS tes ng is
increasingly enabling rou ne evalua on of those genes, as
recommended by na onal guidelines, as well as many that
are being evaluated in these trials.

Next-Genera on Sequencing Panels
NGS is a powerful tool that enables the simultaneous interroga on of many regions of human genome. In evalua ng NSCLC samples, a wide array of informa on can be collected in
a single test. This informa on may be relevant for standardof-care treatment with FDA-approved drugs; oﬀ-label use of
FDA-approved drugs based on clinical prac ce guidelines,
clinical studies, and/or preclinical data; or considera on for
enrollment in a clinical trial. Other informa on will have no
immediate clinical u lity, but panels o en include targets
without immediate clinical u lity based on the possibility
that such informa on may be useful in the future. As the
volume of data from NGS tes ng grows, so does the challenge of separa ng ﬁndings that are clinically meaningful
and priori zing their clinical u lity. Molecular pathologists—
in collabora on with their oncology colleagues—are tasked
with evalua ng this abundance of data, dis lling down to what
is clinically relevant, and communica ng this informa on in the
most cogent and manageable manner possible. A general algorithm for NGS data analysis can be illustrated as in Fig. 1.

Filtering Variants of No Clinical U lity
A great deal of informa on generated from NGS data is of no
clinical u lity and should not be reported because doing so
would only make extrac ng clinically useful informa on that
much more diﬃcult for all prac oners. These unreportable
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FIGURE 1. General Approach for Cura ng Variants Detected by Using Next-Genera on Sequencing

Abbrevia ons: COSMIC, Catalog of Soma c Muta ons in Cancer; FDA, U.S. Food and Drug Administra on; NCCN, Na onal Comprehensive Care Network.

ﬁndings include ar facts, synonymous variants, most intronic
variants (other than splice site muta ons and func onal gene
rearrangements), and benign germline polymorphisms.
The dis nc on between germline and soma c variants is not
always clear (unless nonneoplas c ssue is also evaluated),
and some germline variants can be clinically relevant, including
those associated with cancer predisposi on syndromes. Without a tumor-normal comparison, dis nguishing soma c from
germline variants relies largely on cons tu onal databases (such
as 1000 Genomes Project, ExAC, dbSNP, ClinVar) and cancerspeciﬁc databases (Catalog of Soma c Muta ons in Cancer
[COSMIC], cBioPortal). However, informa on from these databases must be interpreted with cau on because some soma c
variants (e.g., JAK2 V617F) are included in germline databases
and both deleterious and benign (e.g., KIT M541L) are included
in cancer-speciﬁc databases. Primary literature may also
be helpful in some instances. For example, even the acquired
resistance muta on EGFR p.T790M can be seen rarely as a germline event, and this must be considered when iden ﬁed at
cancer diagnosis.27 Ul mately, tumor-only tes ng should not
be used to infer germline status of an altera on, even when
highly suspicious and germline tes ng and gene c counseling
may be indicated in selected clinical situa ons.
Soma c variants are frequently inferred to represent driver
or passenger muta ons.28 A driver muta on is one that
confers a selec ve growth advantage for the mutated cell,
whereas a passenger muta on has no growth advantage and
is observed within a tumor because of its co-occurrence with
a driver. Because passenger muta ons are random events
that are not selected for during oncogenesis, they generally
are not recurrent, whereas driver muta ons are. Therefore,
the frequency of a par cular variant within soma c mutaons databases such as COSMIC and cBioPortal and the large
cancer-speciﬁc studies (e.g., TCGA) are eminently useful in
evalua ng the poten al oncogenesis of a muta on. Func onal

studies provide the most deﬁni ve evidence of oncogenesis;
however, they are rarely available for unusual altera ons,
and iden ﬁca on of func onal studies in the literature can
be laborious. Although driver muta ons are generally the
most clinically relevant, passenger muta ons may also be informa ve. For example, several studies have demonstrated a
correla on between tumor muta on burden and response to
immune checkpoint inhibitor therapies.29-31

Classiﬁca on of Variants
Whole-genome studies have demonstrated a median of 888
and 15,659 muta ons in NSCLC samples from nonsmokers and smokers, respec vely.32 As described above, only a
subset of these muta ons represent driver muta ons and
only a ny subset of these muta ons oﬀer poten al clinical
u lity. Most molecular laboratories perform panel-based
NGS that restricts evalua on to those genes or gene regions
with recurrent driver muta ons and poten al clinical significance. However, even smaller, targeted panels can iden fy
several muta ons in a single sample. Classiﬁca on of variants based on clinical signiﬁcance based on availability of
relevant therapies, na onal guidelines, and clinical/preclinical studies facilitates priori za on of molecular ﬁndings and
appropriate clinical management.
Several classiﬁca on schemas are used by various ins tu ons
performing clinical sequencing. MD Anderson Cancer Center’s
Knowledge Base for Precision Oncology classiﬁes therapies on
the basis of the level of clinical or preclinical evidence supporting its eﬃcacy for a par cular tumor type and a par cular type
of variant.33 Other groups also incorporate clinical trial eligibility criteria.34 Guidelines for the interpreta on and repor ng
of sequence variants in cancer were recently published in a
joint consensus recommenda on from the Associa on for
Molecular Pathology, ASCO, and College of American Pathologists.35 These guidelines recommend grouping clinical and
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experimental evidence into four levels based on therapeu c,
diagnos c, and/or prognos c signiﬁcance.

Other Variant-Speciﬁc Informa on
Most clinical NGS reports describe each clinically signiﬁcant
variant. Descrip ons o en include the following:
• A precise, unambiguous descrip on of each clinically
signiﬁcant variant. This is essen al. A single variant can
be designated in many diﬀerent ways depending on variant nomenclature, the reference transcript being used,
and other factors. The College of American Pathologists
requires repor ng of sequence variants by using Human
Genome Varia on Society nomenclature to include the
gene name based on the HUGO Gene Nomenclature
Commi ee, a standard versioned reference iden ﬁer to
the transcript/protein, the reference genome assembly
and version number, and chromosomal posi on.
• The expected func onal eﬀect of the variant (predicted
or based on func onal studies) illustra ng that the variant is truly a driver muta on. For example, EGFR L858R
muta ons result in cons tu ve ac va on of EGFR and
downstream growth signaling.
• A statement indica ng whether the variant (or similar
variants) has been described in the tumor type being
evaluated, possibly with an estimate of the relative
frequency.
• Prognos c signiﬁcance (if any). For example, KRAS muta ons have been associated with an inferior prognosis
in NSCLC.36
• Pa erns of mutual exclusivity. For example, KRAS mutaons are generally mutually exclusive with many other
targetable molecular altera ons. As a result, a KRAS muta on may indicate pa ents who will not beneﬁt from
further molecular tes ng.2
• Therapeu c implica ons, including FDA-approved indica ons, oﬀ-label therapeu c op ons, and therapies being inves gated in clinical trials. The available evidence
suppor ng or refu ng the observed variant (or similar
variants) being predic ve of drug response should be
summarized and appropriately cited.
• The eﬀect of other variants also iden ﬁed. For example,
although an EGFR exon 19 dele on is associated with
responsiveness to ﬁrst-genera on EGFR inhibitors, such
as geﬁ nib, a co-occurring EGFR T790M muta ons is
associated with resistance.37

Informa on About the Test
Basic informa on about the test being performed is also
generally included in reports and is essential for understanding the limita ons of the test:
• Limit of detec on of the test. The limit of detec on may
diﬀer between diﬀerent types of variants, such as single nucleo de variant, inser on/dele on, copy number
variant, and gene fusion.
• Genes and gene regions evaluated. Many reports list or
reference a list of genes and possibly gene regions covered by the test.
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• The types of variants detected including single nucleode variants, inser on/dele on muta ons, copy number variants, gene fusions, and gene expression. This is
an important considera on a report is being interpreted.
For example, a panel that includes MET sequencing
for muta ons may not provide informa on about MET
ampliﬁca on (copy number variants).
• Types of variants that may not be detected. For example, an ampliﬁca on-based NGS that relies on primers
targe ng known gene fusions may fail to detect fusions
involving novel or poorly described fusion partners or
unusual fusion transcripts.

BIOPSY VERSUS LIQUID BIOPSY
The Role of Biopsies and Liquid Biopsies
The fundamental role of pathology in lung cancer care is
inherently ed to a fundamental role for ssue biopsies.
However, the invasive nature of ssue biopsies has led to
interest in noninvasive ways of obtaining the same informaon. Such noninvasive blood-based diagnos cs are somemes termed “liquid biopsies.” Although a range of bloodbased diagnos cs are being studied, the best-established
and most widely used technologies study free-ﬂoa ng DNA
within the plasma (cell-free DNA [cfDNA]).38 This represents
an intui ve extension of tumor analysis wherein DNA-based
biomarkers represent some of the most transforma ve diagnos cs in the care of NSCLC. Here we review the various
roles that biopsies play in lung cancer care and the poten al
for plasma cfDNA genotyping to serve as an alterna ve.

The Diagnos c Biopsy
The ini al diagnos c biopsy is essen al in that it establishes
the diagnosis of malignancy and allows for histologic typing,
as discussed previously. Pa ents and oncologists both rely
on the certainty of a pathologic diagnosis when planning
cancer care and are reluctant to ini ate cancer treatment
without it; thus, it is a type of biopsy that noninvasive methods may never come to replace. It must be acknowledged,
however, that there are instances where comorbidi es preclude biopsy and treatment must be considered based upon
a presumed diagnosis of lung cancer. For example, radiotherapy is at mes performed on early-stage lung cancer in the
absence of pathologic proof, an approach that comes with
some risk for overtreatment.39 One could similarly envision
scenarios where a pa ent presents with a lung mass and
metastases to bone, brain, or liver and the pa ent is too ill
for a diagnos c biopsy. If plasma genotyping in that instance
detected a muta on that is largely pathognomonic for lung
cancer (e.g., an EGFR muta on or ALK fusion), one could consider empirical targeted therapy for presumed lung cancer.
But in such a case, pathologic conﬁrma on should s ll be
pursued should the pa ent’s condi on improve.

The Staging Biopsy
In planning cura ve therapy for lung cancer, staging biopsies,
such as medias nal lymph node biopsies or biopsies of suspected metasta c sites, are rou ne. Because staging imaging
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studies (PET, MRI) are imperfect, biopsies are a common supplement.40 For example, in a pa ent with an isolated rib lesion
on PET, ﬁne-needle aspira on of the bone lesion can conﬁrm
metasta c disease and inform prognosis. Plasma genotyping
could eventually play a similar orthogonal role in evalua ng
for the presence of disease spread. Across several data sets,
it is apparent that detec on in cfDNA of a previously idenﬁed tumor genotype (a marker of cancers that shed DNA
into the plasma) is a marker of a rela vely poor prognosis.41,42
One could envision that detec on of tumor DNA within the
plasma cfDNA could similarly be a marker of poor prognosis in early-stage lung cancer, informing the chance of cure
and contribu ng to cancer staging. This is a ques on that deserves further study in prospec ve data sets.

The Biopsy to Assess for Residual Disease
Neoadjuvant therapy is one of several standard management
strategies in planning multimodality therapy for locally
advanced NSCLC. One reason neoadjuvant therapy is a racve is that it permits the tes ng of the resec on specimen
for degree of pathologic response.43 Many studies have now
shown that a major pathologic response, deﬁned as at least
10% residual viable tumor in resected lung and lymph node
ssue, portends a much be er postopera ve prognosis,
whereas the presence of greater than 10% residual tumor
confers a higher risk for recurrence. Plasma cfDNA genotyping may also oﬀer an opportunity for detec on of residual
ac ve cancer, as ini ally shown in a prospec ve cohort of 230
pa ents with resected stage II colon cancer, where the 8%
of pa ents with detectable tumor muta ons in plasma cfDNA
postopera vely had a drama cally worse recurrence-free
survival (hazard ra o, 18).44 This was also studied in a mixed
cohort of stage I to III NSCLC and small cell lung cancer receiving cura ve therapy.45 Of 32 pa ents with plasma available within 4 months of comple ng therapy, 17 (53%) had
detectable tumor muta ons in plasma cfDNA, and these paents had a drama cally higher rate of recurrence. Although
currently available clinical assays for plasma genotyping are
unlikely to be suitable for detec on of residual disease, this is
a future applica on that deserves prospec ve study.

The Recurrence Biopsy
Cancer recurrence a er a empted cura ve therapy is a drama c moment for a pa ent with lung cancer because recurrence o en indicates that their cancer is no longer curable.
Given the seriousness of lung cancer recurrence, biopsy to
pathologically conﬁrm recurrence is standard for pa ents
more than 6 to 12 months out from cura ve therapy. As discussed above for diagnos c biopsies, a noninvasive assay in
some cases might serve as an alterna ve in pa ents with
lung cancer too sick to undergo a recurrence biopsy. This
would make the most sense in pa ents whose deﬁni vely
treated lung cancer was known to harbor a pathognomonic
lung cancer genotype (e.g., an EGFR muta on or ALK fusion). If this variant were detected in plasma at me of suspected recurrence, a trial of targeted therapy could serve as
an alterna ve to biopsy, conﬁrming recurrence. Similarly, if

the pretreatment genotype is known, the presence of those
markers could serve a similar purpose, although cau on is
warranted if the altera on is common to mul ple malignancies (such as KRAS or TP53 muta ons).

The Biopsy for Genotyping
It is well established that diagnos c lung cancer biopsies are
frequently inadequate for the range of molecular studies now
needed for treatment decisions,46,47 such as PD-L1 IHC and
NGS. The diagnos c specimen may be small and much of the
ssue could be exhausted during the performance of necessary studies to determine the diagnosis and histologic subtype. For this reason, a repeat biopsy is commonly required
to permit complete molecular tes ng. Plasma cfDNA genotyping is an intui ve noninvasive op on for such pa ents who
are planning an addi onal biopsy. In 2016 the FDA approved
the ﬁrst plasma cfDNA genotyping assay for detec on of
EGFR muta ons in pa ents with NSCLC who did not have tumor ssue available for genotyping.48 Furthermore, broader
genotyping of a range of oncogenic drivers in cfDNA is now
possible with commercially available plasma NGS technologies.49,50 S ll, the sensi vity of plasma genotyping for driver
muta ons present within the tumor is only in the range of
60% to 80%.51 This means that nega ve plasma genotyping
results must reﬂex to a biopsy for tumor genotyping. In some
cases, it may be worth concurrently scheduling a biopsy procedure while wai ng for plasma genotyping results because
this shortens the me interval to molecular tes ng in the
event of a nega ve plasma genotyping report.

The Response Biopsy
Biopsy at me of treatment response is not part of rou ne
clinical prac ce but is increasingly used in some clinical trials
to assess treatment eﬀect. The aim is usually to assess a pharmacodynamic marker, such as adequate inhibi on of a target,
although tumor analysis is not always possible when a drama c
treatment eﬀect results in li le residual tumor for analysis.52
Plasma genotyping on therapy also can permit a noninvasive
measurement of treatment effect.51 Many highly active
targeted therapies can induce a rapid clearance of driver mutaons from the plasma cfDNA, which is associated with a more
favorable outcome.53 The clinical and scien ﬁc implica ons of
such a plasma response s ll require further inves ga on.

The Resistance Biopsy
Biopsies for genotyping of lung cancer drug resistance have
more recently emerged as a standard of care since the FDA
approval of osimer nib for EGFR-mutant lung cancer and
acquired drug resistance mediated by a speciﬁc resistance
muta on, EGFR p.T790M.54 And yet, such resistance genotyping has long been used for clinical trial enrollment given
the range of poten ally targetable resistance mechanisms
in EGFR-mutant lung cancer.55 Furthermore, such resistance
biopsies are increasingly common as targetable resistance
mechanisms can be seen with other targeted therapies, such
as ALK and MET inhibitors.56,57 The convenience of plasma
cfDNA genotyping makes it an ideal technology for tes ng for
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many of these resistance mechanisms, such that it is now an
established standard for EGFR p.T790M tes ng in pa ents
reluctant to pursue a resistance biopsy.48,58 However, as with
ini al genotyping, sensi vity is imperfect and a nega ve
plasma result must reﬂex to a biopsy for tumor genotyping.

CONCLUSION
Precision medicine is exempliﬁed by NSCLC in which management is tailored based on pathologic ﬁndings, clinical
staging, and molecular proﬁling. Next-genera on sequenc-

ing panels enable molecular proﬁling that includes informaon relevant for both standard of care and inves ga onal
treatment op ons. Taking full advantage of this abundance
of informa on requires careful annota on, priori za on,
and repor ng of molecular data. Preserving ssue for molecular tes ng while rendering an accurate histologic diagnosis has also become a key considera on for pathologists
and oncologists. Blood-based diagnos cs now oﬀer the poten al to also provide clinically useful informa on noninvasively.
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OVERVIEW
Driven by a discipline-wide impera ve to maximize pa ent centeredness and value, suppor ve care services have experienced remarkable growth and acceptance in oncology care. Two such services with a growing evidence base and examples
of rou ne integra on into usual oncology care are pallia ve care and integra ve medicine. Both focus on the pa ent experience with cancer during and a er cancer-directed treatments occur, from diagnosis through survivorship or end-of-life
care. With a frame of increasing value for all in the oncology care ecosystem, we highlight the evidence for how these two
disciplines can improve the experience of pa ents with cancer and their loved ones. We further highlight how addi onal
focus in pallia ve care and integra ve medicine can con nue to build toward a shared vision of high-value, high-quality
cancer care.

D

edicated a en on to the pallia ve and suppor ve care
needs of pa ents with lung cancer is now the standard
of care as reflected in national and international guidelines, including those of ASCO,1 the European Society for
Medical Oncology,2 and the Na onal Comprehensive Cancer Network.3 Pallia ve and suppor ve care is deﬁned as
pa ent- and family-centered care that op mizes quality of
life (QOL) by an cipa ng, preven ng, and trea ng suﬀering.
Pallia ve care throughout the con nuum of illness involves
addressing physical, intellectual, emotional, social, and
spiritual needs and facilitates pa ent autonomy, access to
informa on, and choice.4 Resultant to prolifera on of guidelines, pallia ve care specialty services are now increasingly
available and have become more rou nely integrated into
multidisciplinary cancer care teams, tumor board discussions, and as part of evalua ons for clinical trials.
As thoracic oncology experiences a rapid growth of its disease treatment armamentarium, the regular use of palliave, suppor ve, and complementary therapies has become
more vital. The shi ing survival curve for thoracic malignancies has rendered engagement with pa ents to address
physical, social, emo onal, and spiritual issues only more
pressing, including op mizing symptom control, emo onal
coping, and uncertainty management. Hence, together with
forging novel treatments like immunotherapeu cs, there
should be a paralleled emphasis on pa ent-centered care,
par cularly around aligning care with pa ent goals, such

as through advance care planning and goal se ng, and improving pa ent QOL and sa sfac on with care through the
standard integra on of pallia ve and suppor ve care services. Herein we review the evolving role of pallia ve and
suppor ve care in an era of new therapies, the role of complementary therapies, and the value proposi on for pallia ve and suppor ve care in the management of thoracic
malignancies.

EVOLVING ROLE OF SUPPORTIVE CARE
IN THE ERA OF NOVEL THERAPIES AND
PROLONGED LIFE SPAN
A growing body of evidence has emerged demonstra ng
improved pa ent-centered outcomes with the integra on
of pallia ve and suppor ve care into oncologic care. In light
of this evidence, in 2012 ASCO prepared a provisional clinical opinion5 suppor ng the integra on of pallia ve care into
standard oncologic care. Given the growing strength and
consistency of the evidence, ASCO more recently convened
an expert panel in pallia ve care in oncology to perform a
systema c review of this evidence and update of the 2012
provisional clinical opinion. This work resulted in the ASCO
clinical prac ce guideline update published in 2017.6 The
recommenda ons resul ng from this prac ce guideline are
summarized in Table 1.
This evidence is of particular importance to thoracic
malignancies because the pa ent popula ons studied had
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TABLE 1. Summary of the 2017 ASCO Clinical Prac ce Guideline for Integra on of Pallia ve Care Into Standard
Oncology Care
Speciﬁc Recommenda on

Evidence Quality

Strength of Recommenda on

(1) Pa ents with advanced cancer should receive dedicated pallia ve care services,
early in the disease course concurrent with ac ve treatment

Evidence based: intermediate

Strong

(2) Pallia ve care services should be provided by interdisciplinary teams with consultaon available in both the inpa ent and outpa ent se ngs

Evidence based: intermediate

Moderate

(3) For newly diagnosed pa ents with an advanced cancer, early referrals to pallia ve
care should occur, with the suggested meframe being within 8 weeks of diagnosis

Evidence based: intermediate

Moderate

(4) Among pa ents with cancer with high symptom burden and/or unmet physical or
psychosocial needs, outpa ent cancer care programs should provide and use palliave care services as a complement to their care

Evidence based: intermediate

Moderate

(5) For caregivers of pa ents with cancer, caregiver-tailored pallia ve care support
should be considered, such as educa on or support oﬀered remotely or in person

Evidence based: low

Weak

notable propor ons of pa ents with lung cancer. A comprehensive overview of the research is provided in the ASCO
clinical prac ce guideline6; herein we will address two quesons: (1) What is the evolving evidence informing expected
outcomes when pallia ve care is concurrently provided to
pa ent popula ons with lung cancer? (2) How can pallia ve
and suppor ve care be integrated into the care of thoracic
oncology pa ent popula ons?

What Is the Evolving Evidence Informing Expected
Outcomes of Pallia ve Care in Pa ents With Lung
Cancer?
In 2009, Bakitas et al7 reported the ﬁndings of the ENABLE II
(Educate, Nurture, Advise, Before Life Ends) randomized
controlled trial (RCT) involving 312 pa ents with advanced
cancer (35% had lung cancer) recruited from Na onal Cancer
Institute–designated rural cancer centers and Veterans
Aﬀairs–aﬃliated outreach clinics. A psychoeduca onal interven on was conducted by advanced prac ce nurses and
consisted of four weekly educa onal sessions and monthly
follow-up sessions. The primary outcomes were measures
of QOL, including Func onal Assessment of Cancer Therapy
(FACT)–Pallia ve Care scale scores, symptom intensity, and

PRACTICAL APPLICATIONS
• There is a compelling and growing body of evidence for
rou ne integra on of pallia ve care into lung cancer
care with outcomes related to quality of life, depression,
anxiety, health care u liza on, and poten ally survival.
• Pallia ve care integra on into lung cancer care includes
both founda onal delivery of services from oncology
teams and more specialized services from pallia ve care
teams when needs dictate.
• There is a guiding framework from the American College
of Chest Physicians for integra on of complementary
therapies into the care of pa ents with lung cancer.
• Pallia ve brings pa ent-centered and ﬁnancial value to
pa ents and oncology prac ces alike through six main,
evidence-based drivers.
• Regular provision of pallia ve care services is a common
theme found among high value oncology prac ces.

resource use. The study showed that pa ents had improved
QOL (p = .02), reduc on in depressed mood (p = .02), and a
trend toward lower symptom intensity (p = .06).
In 2010, Temel et al4 reported ﬁndings of a single-ins tu on
RCT of early referrals to pallia ve care with standard oncology care versus standard oncology care alone among 151
patients with newly diagnosed metastatic non–small cell
lung cancer (NSCLC). The primary endpoint was change
in the score on the Trial Outcome Index from baseline to
12 weeks, which was composed of a sum of physical, funconal well-being, and lung cancer subscales of the FACTLung scale. Pa ents in the early pallia ve care group were
to receive a pallia ve care visit within 3 weeks of random
assignment and at least once per month a er the ini al
visit. Pa ents in the early pallia ve care group had be er
Trial Outcome Index scores (59 vs. 53; p = .009) and be er
FACT-Lung scores (98 vs. 91.5; p = .03) than the standard
oncology care group at 12 weeks. Furthermore, there were
also fewer depressive symptoms in the pallia ve care group
versus the standard care group (6% vs. 38%, respec vely;
p = .01). Notably, despite fewer pa ents in the early palliave care group receiving aggressive end-of-life care (deﬁned
as chemotherapy within 14 days before death, no hospice
care, or admission to hospice within 3 days of death) compared with the standard care group (33% vs. 54%, respecvely; p = .05), median survival was longer among pa ents
receiving pallia ve care (11.6 vs. 8.9 months; p = .02).
In 2014, Zimmermann et al8 reported on a cluster RCT in
which they compared early pallia ve care versus standard
care among 461 pa ents with stage III or IV solid tumors
with a poor prognosis (22% had lung cancer). Twenty-four
medical oncology clinics were randomly assigned as to
whether they would provide the pallia ve care interven on,
which included palliative care consultation and monthly
follow-up in the oncology pallia ve care clinic by a palliave care clinician and nurse. Telephone contacts were also
provided, both at 1 week a er the consulta on and with
a 24-hour call-in service for management of urgent issues.
The primary outcome was change in QOL at 3 months as
measured by the Func onal Assessment of Chronic Illness
Therapy–Spiritual Well-Being. There was only a trend in improvement in the assessment score (p = .07), although there
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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was signiﬁcant improvement in secondary outcomes including
the Quality of Life at the End of Life scale (p = .05) and in the
measure of pa ent sa sfac on with care (p = .003).
In 2015, Ferrell et al9 published ﬁndings of their quasiexperimental study of 491 pa ents with all stages of NSCLC,
in which they compared usual care versus an interdisciplinary pallia ve care interven on. The usual care group was recruited ﬁrst, followed by the interven on group. Pa ents in
the interven on group received an ini al nurse-completed
comprehensive baseline assessment, including QOL, symptoms, and psychological distress, with presenta on at an
interdisciplinary mee ng for crea on of a personalized pallia ve care plan and recommenda ons for suppor ve care
referrals. Pa ents in the interven on group also received
four educational sessions organized around the physical,
psychological, social, and spiritual domains of QOL. QOL
endpoints were assessed at 12 weeks and included QOL and
symptom burden (assessed by the FACT-Lung scale), spiritual well-being (assessed by the Func onal Assessment of
Chronic Illness Therapy–Spiritual Well-Being scale), and psychological distress (as measured by the distress thermometer). Pa ents in the interven on group had be er QOL
(p < .001), improved symptoms (p < .001), greater spiritual
well-being (p = .001), and lower psychological distress (p < .001)
at 12 weeks, a er controlling for baseline scores. Pa ents
in the interven on group also had signiﬁcantly higher numbers of completed advance care direc ves (44% vs. 9%;
p < .001) and overall suppor ve care referrals (61% vs. 28%;
p < .001). Notably, QOL beneﬁts were seen largely in the
pa ents with early-stage disease versus those with stage IV
disease.
Finally, in 2017, Temel et al10 published results of their
RCT of early pallia ve care among 350 pa ents with lung
(55%) and gastrointes nal (45%) malignancies. The palliave care interven on was composed of visits with a pallia ve care clinician once a month un l death, and those in
the usual care group would receive pallia ve care upon request or referral. The primary study endpoint was change
in QOL (FACT-General scale), and secondary endpoints included change in QOL from baseline to week 24, change in
depression, and diﬀerences in end-of-life communica on.
This study found improvement in QOL at week 24 (p = .01)
but not at week 12 (p = .39). Pa ents receiving the intervenon had less depression at week 24 (p = .048) and also were
more likely to discuss their care wishes with their oncologist
if they were dying (30.2% vs. 13.5%; p = .004). Interes ngly,
the interven on eﬀects varied by cancer type, with pa ents
with lung cancer having improvements in measures of QOL
and depression at weeks 12 and 24 (all p < .05).
These studies, as part of a larger body of evidence,6 point
to the value of suppor ve care in lung cancer popula ons
in improving pa ent outcomes. The bulk of these data are
composed of pa ents with advanced lung cancers, although
it is notable that the study by Ferrell et al9 included pa ents
with all stages of lung cancer and the greatest beneﬁts in
outcomes were among those with earlier-stage disease. In
summary, as reﬂected in the 2017 ASCO clinical guidelines,6
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integra on of pallia ve care into standard oncology care is
supported by a body of evidence poin ng to its beneﬁcial
impacts on QOL, symptom control, and psychosocial-spiritual
well-being, together with improved end-of-life planning outcomes, for pa ents with lung cancer.

How Can Pallia ve and Suppor ve Care Be
Integrated Into the Care of Pa ents With Lung
Cancer?
Based on the aforemen oned research ﬁndings and guidelines, pallia ve care should be standardly integrated into the
care of pa ents with advanced lung cancers at the me of
ini al diagnosis and approximately monthly therea er. This
presents a ques on regarding pallia ve care capacity, both
because of the fact that outpa ent pallia ve care resources
are frequently limited and because pa ents with advanced
lung cancer are living longer, yielding a greater popula on
requiring care in pallia ve care clinics. Furthermore, although
there is some evidence to support concurrent pallia ve care
among pa ents with earlier-stage lung cancer,9 expanding
to this popula on poses further need for pallia ve care resources to accommodate these pa ents.
In light of these prac cal challenges, three poten al models for integra ng pallia ve care into standard oncology care
can be considered. All three models are based on an overarching generalist/specialist approach to pallia ve care delivery, as described by Quill and Abernathy11 and supported
within the 2017 ASCO guidelines.6 In this model, basic management of symptoms, depression/anxiety, and pa ent/
family communica on regarding prognosis, goals of care,
and advance care planning are expected roles and competencies on the part of the oncology clinical care team. In addi on, all models assume inclusion of regular assessments
of pa ent-reported outcomes metrics to ensure regular
review of pa ent symptoms and other issues, with prompt
interven ons where needed. The use of pa ent-reported
outcomes metric–based interven ons in oncology is supported by a recent RCT by Basch et al,12 which demonstrated
a survival beneﬁt with their implementa on.
Undergirded by generalist/specialist pallia ve care model
and standard assessment of symptoms and other concerns
via pa ent-reported outcomes metrics, poten al models of
integrated care delivery are as follows.
Concurrent care model. This model is most consistent with
the evidence and is characterized by concurrent care—an
ini al consulta on within 8 weeks of diagnosis followed
by monthly pa ent visits—by an interdisciplinary pallia ve
care team for all pa ents with advanced lung cancer and
for pa ents with other disease stages who are iden ﬁed
through screening as having specialty pallia ve care needs.
Although further research of appropriate triggers for specialty pallia ve care is required, the 2017 ASCO guidelines
propose poten al triggers based on extant evidence.6
Triggered integra on model. This model is implemented
when there are insuﬃcient resources to meet outpa ent pallia ve care needs required in the concurrent care model. In
the triggered integration model, the oncology care team
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establishes dedicated resources within the oncology staﬀ (e.g.,
an advance prac ce nurse) backed by interdisciplinary resources to provide concurrent pallia ve care within the oncology clinic. Key components of pallia ve care provided within
the randomized trials have been summarized by the acronym
TEAM.13 TEAM is characterized as follows. T represents me
with the pa ent of at least 1 extra hour per month at regular
intervals dedicated to pallia ve care issues. E denotes educa on and includes ongoing, structured discussions about
managing symptoms, goals, preferences for care, prognos c
understanding, advanced care planning, and communica on
of these discussions with the health care team. A represents
assessments that systema cally (e.g., electronically available
pa ent-reported outcomes metrics) query pa ents about
symptoms (e.g., Edmonton Symptom Assessment System),
psychosocial well-being (e.g., Pa ent Health Ques onnaire-2),
spirituality (e.g., the FICA Spiritual Assessment Tool, which
assesses faith and belief, importance, community, and areas
to address in care14), distress (e.g., distress thermometer),
and caregiver issues. Finally, M refers to management and
includes referrals to interdisciplinary services that are triggered when assessments identify specific palliative care
needs. Established protocols should provide clear pathways for
when to involve interdisciplinary services (e.g., psychosocial
needs resul ng in a mental health provider referral).
Concurrent and triggered integra on model. A third poten al model is a hybrid of the aforemen oned models, in
which pallia ve care services are concurrently provided to
all pa ents with advanced cancer but in addi on, there is a
dedicated generalist pallia ve care provider integrated into
the oncology clinic. This provider regularly assesses pa ents
receiving pallia ve care services who, as high-risk pa ents,
may have issues arise between their pallia ve care visits and
provides ongoing assessments of all pa ents with lung cancer who may not be receiving pallia ve care services. This
service can expedi ously iden fy pallia ve care issues for
immediate interven on and/or for specialty referrals. This
third model may also func on well where outpa ent pallia ve care services are present but may be insuﬃcient in
capacity to provide all ongoing pallia ve care follow-up.
In summary, there is strong evidence to support concurrent pallia ve care services in the care of pa ents with advanced lung cancer. This added layer of support should also
be considered for pa ents of earlier-stage lung cancers, parcularly where assessments indicate pallia ve care needs.
Models of pallia ve care delivery should be established in
oncology clinics, with the concurrent care model being most
consistent with the evidence. In light of insuﬃcient pallia ve
care resources to meet the needs of a growing popula on
of pa ents living with advanced lung cancers, adapta ons
such as the triggered integra on model and the hybrid concurrent/triggered model can also be considered.

VALUE AND COST OF PALLIATIVE AND
SUPPORTIVE CARE
Over the last decade, the evidence base suppor ng improvement in patient and caregiver outcomes through rou ne

integra on of pallia ve care into oncology care has transioned from nascent to robust. In response, pallia ve care
consulta on teams across the United States have grown by
leaps and bounds, with a more than threefold increase in
availability in less than 2 decades.15 Paralleling the growth
of palliative care, oncologists have experienced wholesale changes in how cancer care is delivered, including an
impera ve to demonstrate robust links between services
rendered and value.16 This shi toward pay-for-value has
led to though ul searches across the ﬁeld to maximize
the delivery of high-value services while roo ng out and
reducing those services that do not improve outcomes of
importance.17

The Value Impera ve for Pallia ve Care
A consistent characteris c of high-value oncology care is regular and normalized delivery of pallia ve care. This has been
observed in both qualita ve reviews of high-value prac ces
alongside large prospec ve studies. For example, Blayney
et al18 studied seven high-value prac ces, ﬁnding a common
theme among them related to early and rou ne pallia ve
care integrated into usual oncology care. Furthermore, they
found regular deployment of care prac ces that focus on
goal se ng and suppor ng the pa ent journey through
cancer,18 indicating a culture that embraces the delivery
of pallia ve care philosophies both by the oncology team
and pallia ve care specialists. In fact, the expert oncologist
panel judged rou ne integra on of pallia ve care as one
of the top three a ributes to carry the highest immediate
poten al for lowering spending without compromising the
quality of care. Addi onally, we performed our own analyses of preferred care prac ces that meet quality measures
in reimbursement arrangements that stress high value, such
as the oncology care model. To no surprise, there can be
clear rela onships drawn between most quality measures
in the oncology care model and proven ways pallia ve care
can improve those measures.19
Yet the value proposi on for pallia ve care integra on
into oncology care also requires quan ta ve, prospec vely
collected data with real-world implementa on. The “value
proposi on,” a term o en used in the business world to denote the diﬀeren a ng value brought on by a new product or
service, of pallia ve care integra on centers around two key
arguments. First, pallia ve care increases indirect sources
of revenue for health care organiza ons. Second, pallia ve
care maximizes cost savings related to decreased provisions of low-value care. The former can include bonuses
and payments related to improvements in pa ent sa sfacon and hospital readmission scores, whereas the la er is
achieved through lesser delivery of unreimbursed care (e.g.,
that exceeds the allotted Disease-Related Group code),
and low-value care near the end of life (e.g., chemotherapy in
the last days, transfers to intensive care units with no goals).
Importantly, the value proposition is not rooted in the increasingly outdated fee-for-service model; specialty pallia ve
care services are generally cost centers, not contribution
margin drivers.
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Moving along the accoun ng ledger, in addi on to building assets associated with cost savings to pa ents, clinical
organiza ons, and payers, pallia ve care naturally has costs
of its own. Because of their mul disciplinary nature, services
can be associated with high ﬁxed costs related to clinician
salaries. Furthermore, with the bimodal age and experience
distribu on in the specialty pallia ve care workforce and
with many clinicians entering the ﬁeld as a second career,20
clinician salaries can be high. Addi onally, because many
programs are star ng from scratch, recruitment, onboarding, and administra ve costs related to necessary startup
ac vi es are o en substan al. Thus, the value proposi on
is truly a balance between the direct costs related to starting and running a team, the indirect costs (e.g., opportunity
costs when resources are taken away from other areas to
support pallia ve care), and the poten al value realized by
pa ents, caregivers, health systems, and payers.

A Building and Compelling Evidence Base for
Pallia ve Care Maximizing Value
To address all components of the value proposi on argument for greater pallia ve care integra on, outcomes important to pa ents, health systems, and payers have been
seamlessly weaved into study designs from even the earliest of studies. For example, one of the earliest homebased pallia ve care trials 15 years ago by Brumley et al21
demonstrated among 500 pa ents in an integrated health
system profound beneﬁts from the “extra layer of support”
that pallia ve care adds. These beneﬁts included increased
sa sfac on with services at 60 days a er enrollment and
signiﬁcantly fewer emergency department visits, hospital
days, skilled nursing facility days, and physician visits than
those in the comparison group. Those enrolled in palliave care averaged a 45% decrease in costs compared with
pa ents that received usual care. In 2011, Morrison et al22
ﬁrst demonstrated sizable ﬁxed and variable costs savings
for hospitalized pa ents evaluated by pallia ve care. They
showed that there was an adjusted net savings of $1,696 in
direct costs per admission and $279 in direct costs per day
for pallia ve care pa ents who were discharged alive compared with controls. Greater costs savings were seen among
those pa ents who died during the inpa ent admission;
there was an adjusted net savings of $4,908 in direct costs
per admission and $374 in direct costs per day, including
substan al reduc ons in intensive care unit costs, for palliave care pa ents who died compared with controls. Similar
analyses demonstrated cost savings up to $6,900 for Medicaid pa ents, including reduc ons of $4,098 in hospital costs
per admission for pa ents discharged alive and $7,563 for
pa ents who died in the hospital. Demonstra ng drama c
cost reduc ons when considering pallia ve care as a popula on health strategy, the authors es mated that the reducons in Medicaid hospital spending in New York State alone
could be as high as $252 million annually.23
As pa ent and caregiver outcomes from prospec ve trials
started to emerge, outcomes related to value and health care
u liza on were reported. For example, the aforemen oned
720
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RCT by Temel et al,4 demonstra ng a poten al survival beneﬁt
with pallia ve care compared with usual care, also reported
no cost increases with the addi on of pallia ve and hospice
services while also demonstrating lower chemotherapyrelated costs.24,25 This is remarkable, considering that pa ents
did not overall receive less chemotherapy in the pallia ve
care interven on arm, just less near the end of life. Further
reviews of studies have con nued to conﬁrm the concept of
predictable cost savings associated with pallia ve care integra on, across both outpa ent and inpa ent delivery.26,27
Table 2 summarizes key studies that demonstrate outcomes
related to health care value improved by pallia ve care integra on into oncology.

The Road Ahead: Value and Pallia ve Care Hand
in Hand
Oncology will always remain one of the most resourceintensive medical disciplines. Caring for those with substan al
morbidity, using methods that are o en costly because of
their cu ng-edge characteris cs, while using a mul disciplinary team to address needs from all angles comes at a
cost. Yet we are learning that rou ne integra on of pallia ve
care into oncology care can curb costs that are unnecessary
and can prevent health care u liza on that is not wanted,
all while suppor ng pa ent preferences and values. This
counters any myth that cost savings as a result of palliave care involvement originate from anything other than
suppor ng pa ent wishes. It turns out that doing the right
thing, as deﬁned by pa ents and their caregivers, leads to
appropriate resource u liza on when warranted and savings
for all when not.

INTEGRATIVE HEALTH APPROACHES IN THE
CARE OF PATIENTS WITH LUNG CANCER
Having explored evidence undergirding the integra on of
pallia ve care services into the care of pa ents with lung
cancer, including its evidence-based role in care and resultant value associated with integra on, we now turn to
examining the role of integra ve oncology in the care of
pa ents with lung cancer. Integra ve oncology is now recognized as a suppor ve and adjunc ve model of care for
pa ents with lung cancer; in 2013, the American College of
Chest Physicians published evidence-based prac ce guidelines to facilitate implementation of integrative health
approaches in lung cancer care.34,35
Recently, a consensus group deﬁned integra ve oncology
as “a pa ent-centered, evidence-informed ﬁeld of cancer
care that u lizes mind and body prac ces, natural products,
and/or lifestyle modiﬁca ons from diﬀerent tradi ons alongside conven onal cancer treatments. Integra ve oncology
aims to op mize health, quality of life, and clinical outcomes
across the cancer care con nuum and to empower people
to prevent cancer and become ac ve par cipants before,
during, and beyond cancer treatment.”35
The core purpose of integra ve oncology converges with
a holis c, biosocial, personalized approach to the pa ent
and moves away from the reduc onist model of disease
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TABLE 2. How Pallia ve Care Promotes Value
Value Driver

Mechanism of Pallia ve Care Ac on

References*

Greater pa ent sa sfac on

Facilita on of shared decision-making conversa ons,
focus on values and preferences of pa ents and
caregivers

El-Jawahri et al28
Zimmermann et al8
Rabow et al26

Lower hospital admission costs

Early and frequent goals of care conversa ons, reduced
length of stay

Morrison et al22
May et al4

Decrease in hospital readmissions

Timely and comprehensive symptom management,
early goals of care conversa ons, increased referrals
to hospice

Adelson et al29
Enguidanos et al30
O’Connor et al31

Less costs from chemotherapy

Less prescribing of chemotherapy in the ﬁnal days of life

Greer et al25

High adherence to end-of-life quality
measures

Focus on higher value care near the end of life

Ziegler et al32

Decrease in emergency department visits
and hospital days

Timely assessment of distress and oﬀering of nonacute
care services to address needs

Brumley et al21
Lustbader et al33

*Representa ve references, not exhaus ve.

described by Greene and Loscalzo.36 Integra ve oncology
serves to “put the pa ent back together” by introducing
evidence-based complementary therapies to address the
physical, emo onal, and spiritual impact from cancer and
its sequelae.
Complementary therapies are increasingly supported by
the literature to address many of the unique problems faced
by the pa ent with lung cancer. With lung cancer as the leading cause of cancer death, it is not surprising that pa ents
o en experience a high burden of symptoms, poorer prognoses, and social s gma za on related to their smoking
history. Taken together, these factors, in addi on to the
complexi es related to treatment, all lead to increased psychosocial and physical distress.37
In Table 3, we have summarized the 2013 American College
of Chest Physicians evidence-based prac ce guidelines for
complementary therapies in integra ve medicine and lung
cancer.34 In this sec on, we have also included some updated
evidence since its publica on.
In these guidelines, the authors note that the commonly
used term CAM (complementary and alterna ve medicine) is o en used to describe adjunc ve therapies and
includes both complementary strategies, which are evidence based, and alterna ve therapies, which are largely
unproven methods. The guidelines review only complementary modali es and are based on a large systema c
literature review of meta-analyses, systema c reviews,
RCTs, and prospec ve cohort studies in accordance with
the American College of Chest Physicians evidence-based
clinical prac ce guidelines development methodology.
Because pa ents with lung cancer experience symptoms
such as anxiety, nausea, vomi ng, and pain, which are
associated with treatment of all pa ents with cancer, another guideline (“2017 Clinical Prac ce Guidelines on the
Evidence-Based Use of Integra ve Therapies During and
A er Breast Cancer Treatment”) may provide addi onal

guidance in the use of complementary therapies for paents with lung cancer.38
Some of the common modali es used in lung cancer
treatment with reasonable evidence include mind-body
modali es, massage, exercise, acupuncture, and nutri on.
In China, Chinese herbal medicines are used extensively in
the diﬀerent stages of the pa ent’s cancer journey. However, in the West, Chinese herbal medicine is rarely studied adequately to provide suﬃcient evidence to guide its
use for pa ents with cancer. Prac ce guidelines have been
developed by Chinese oncology experts to enhance the efﬁcacy of targeted treatments, prolong survival, decrease
treatment side eﬀects, and improve QOL. These guidelines
are based on several decades of research ranging from case
series to RCTs and are of varying quality.39,40 For example,
Chinese herbal medicines demonstrated beneﬁcial eﬀects
when used concomitantly with ico nib by pa ents with advanced NSCLC in a recent study.41

Mind-Body Modali es
Mind-body modali es refer to healing techniques administered by professionals that enhance health by focusing on
brain, mind, body, and behavioral interac ons, as well as
the impact of emo onal, mental, social, spiritual, experienal, and behavioral factors on overall well-being.41-44 Deng
et al34 speciﬁcally addressed the modali es of yoga, tai chi/
qigong, hypnosis, music therapy, psychosocial/relaxation
techniques, as well as media on and mindfulness-based
stress reduc on. The ﬁrst three modali es (tai chi, qigong,
and yoga) all involve integra on of breathing, medita on,
and aerobic movements. In tradi onal Chinese medicine, tai
chi and qigong are used to balance the vital life energy (qi),
resul ng in improved immune and cardiovascular func on
and stress reduction. A small study of 32 patients with
NSCLC who had undergone a thoracotomy showed no increase in cor sol level in the tai chi group compared with
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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the control group.45 Another meta-analysis of 13 trials and
592 subjects found that qigong/tai chi posi vely aﬀected
QOL, fa gue, immune func on, and cor sol levels of paents with cancer. The authors noted that there was a high
risk of bias included in the trials and that further, more rigorous studies are needed.46 Well-controlled trials have conﬁrmed that yoga may improve mood, stress, QOL, and sleep,
as well as chemotherapy-induced nausea/an cipatory nausea, pain, fa gue, and appe te.34

rate, nausea, sleep disturbance, and pain. A more recent review by Lehto et al37 looked at psychosocial interven ons in
lung cancer therapies, including cogni ve-behavioral therapies, psychoeduca on, mind-body exercise, and suppor ve/
palliative care strategies. Further well-designed studies
are needed to provide addi onal guidance in using these
therapies.

Acupuncture
Psychosocial Interven ons
Deng et al34 evaluated six systema c reviews and one metaanalysis involving 178 studies and more than 20,000 pa ents
with lung cancer. The authors were not able to demonstrate a survival beneﬁt for psychosocial interven ons, but
they determined that (1) cogni ve-behavioral therapy was
beneﬁcial in improving QOL, depression, anxiety, pain, fa gue,
and distress; (2) behavioral methods reduced nausea, vomi ng, an cipatory nausea and vomi ng, anxiety, and depression; and (3) relaxa on training ameliorated tension, anxiety,
mood and hostility, while reducing blood pressure/heart

Acupuncture has been used clinically in tradi onal Chinese
medicine for more than 2,500 years. A recent ar cle from
the Na onal Cancer Ins tute conference on acupuncture
for symptom management in oncology reviewed the state
of the science, evidence, and research gaps.47 Some mechanis c studies show that acupuncture point s mula on has
modulatory eﬀects on the central and peripheral nervous
systems, including the autonomic nervous system. Deep
ssue sensory aﬀerent nerves are s mulated and ac vate
central nervous system pathways that control sensory modula on and autonomic regula on. Prolonged s mula on

TABLE 3. Complementary Therapies in Lung Cancer as Part of a Suggested Mul disciplinary Approach
Approach

Grade

Ini a on of complementary therapies
Ask all pa ents with lung cancer about their interest in using complementary therapies, and counsel on risks and beneﬁts

2C

Mind-body modali es interven ons
Use mind-body modali es to reduce anxiety, mood disturbance, and sleep disturbance in symptoma c pa ents and to improve QOL

2B

Use mind-body modali es to reduce acute or chronic pain in symptoma c pa ents

2B

Use mind-body modali es to reduce an cipatory chemotherapy-induced nausea and vomi ng

2B

Use yoga (a movement-based mind-body modality) to reduce fa gue and sleep disturbance and improve mood and QOL in symptoma c
pa ents

2B

Massage
Add massage therapy by trained professionals for anxiety and pain, not adequately controlled by usual care

2B

Exercise-based pulmonary rehabilita on interven ons
Provide supervised exercise-based pulmonary rehabilita on to improve cardiorespiratory ﬁtness and func onal capacity in pa ents with
compromised lung func on awai ng pulmonary resec on for suspected lung cancer

2C

Provide supervised exercise-based pulmonary rehabilita on to improve postsurgical cardiorespiratory ﬁtness and func onal capacity in
pa ents with lung cancer

2C

Provide supervised exercise-based pulmonary rehabilita on to improve cardiorespiratory ﬁtness and func onal capacity in pa ents with
lung cancer with compromised lung func on receiving pallia ve an cancer therapy

2C

Acupuncture
Use acupuncture for pa ents with chemotherapy or radia on-associated nausea or vomi ng

2B

Use acupuncture for pa ents with inadequately controlled cancer-related pain and peripheral neuropathy

2C

Diet interven ons
Recommend a diet rich in nonstarchy vegetables and fruits to reduce the risk of cancer in pa ents who may develop lung cancer

2C

Limit consump on of a large amount of red meat and processed meat in pa ents who may develop lung cancer, because lower red
meat intake may reduce the risk of lung cancer

2C

Add high-calorie and high-protein supplements (1.5 kcal/mL) to the diets of pa ents with weight loss undergoing treatment of lung
cancer to achieve weight stabiliza on

2C

Use oral supplementa on with n-3 fa y acids to improve nutri onal status in pa ents with sarcopenia

2C

Abbrevia on: QOL, quality of life.
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ac vates brainstem descending diﬀuse noxious inhibitory
pathways to produce analgesia. Furthermore, func onal
MRI studies demonstrate that acupuncture inﬂuences the
ac vity of the insula and limbic system related to aﬀec ve
responses and pain modula on, as well as the ac vity of
somatosensory areas S1 and S2. There is also evidence of
peripheral nerve sensory modula on mediated by adenosine. Finally, some of the long-term eﬀects of acupuncture
may be explained by cor cal plas city and eﬀects on opioid
binding. Given the substantial unmet symptom management needs and accumula ng research evidence, use of acupuncture is recommended for pain, cancer-related fa gue,
chemotherapy-related nausea and vomi ng, likely xerostomia, as well as pallia ve care and cancer survivorship.47

Massage Therapy
Massage therapy uses the hands or mechanical devices to
manipulate the muscles and reduce muscle tension and
pain. In a small meta-analysis, Lee et al48 found that massage therapy compared with no massage or conven onal
care signiﬁcantly reduced short-term cancer pain. However,
the study was limited by inclusion of RCTs and case-controlled
trials with possible selec on bias.49 Deng et al34 concluded
that there is moderate-strength evidence from RCTs that
supports the use of massage to decrease anxiety and pain
for pa ents with cancer.

Nutri on
Nutri onal care appears to be beneﬁcial in all phases of
lung cancer from preven on to treatment to survivorship.
Evidence suggests a decreased risk of lung cancer with increased intake of fruits and nonstarchy vegetables, cruciferous vegetables, and carotenoid intake from foods (not
supplements). Notably, some data show an inverse correla on between vegetable consump on and lung cancer
incidence in smokers. During lung cancer treatment, calorieand protein-dense supplementa on is suggested based
on studies of other pa ents with cancer with weight loss,
anorexia, and cachexia. Finally, pa ents with cancer and sarcopenia have depleted omega-3 fa y acids, and preliminary
results from RCTs of pa ents with NSCLC with sarcopenia
demonstrate that the beneﬁts of omega-3 fa y acid supplementa on (known for its an cache c eﬀects), both during
and a er treatment, outweigh the risks.34

Exercise
Finally, supervised exercise-based pulmonary rehabilita on
was suggested in the 2013 American College of Chest Physicians guidelines,34 not only for pa ents with suspected lung
cancer awai ng pulmonary resec on but also for pa ents
with postopera ve and inoperable lung cancer. The recommenda ons are based on a few studies that demonstrate notable improvement in cardiovascular ﬁtness and func onal
capacity before surgery and modest improvement in exercise
capacity and QOL a er surgery. For pa ents with inoperable

disease, there are preliminary data showing modest improvements in exercise tolerance and func onal capacity among
pa ents able to follow the regimen. RCTs are needed to
increase the strength of this recommenda on.

Clinical Considera ons
By establishing the evidence-based guidelines that we have
reviewed, the American College of Chest Physicians has
provided a framework for clinicians and health systems
to disseminate and implement complementary methods
(mind-body modali es, massage, exercise, acupuncture, and
nutri on) in the care of the pa ent with lung cancer.
Based on our center’s experience at the University of
California, Los Angeles, for close to 25 years, we have developed a person-centered, healing-oriented model to help
pa ents with serious refractory problems, including those
at various stages of their cancer journey. Using an integra ve
oncological approach, we help pa ents manage their stress
at the me of their diagnosis, support them through the rigors of treatment to minimize both short- and long-term side
eﬀects, and work with them to maintain remission or to slow
the progression of disease. This model emphasizes pallia on at
all stages of the disease process, focusing on enhancing QOL.
Addi onal clinical considera ons include the following: (1) the
pa ent and his or her family’s right to select a treatment plan
based on individual values, beliefs, and available evidence; (2)
access to resources, including accessibility to and availability of
competent providers; and (3) insurance coverage. The hope is
that integra ve health/pallia ve care, appropriate for people at
any age and any stage of a serious illness, would become more
available to address the clinical, emo onal, psychosocial, and
spiritual concerns of the pa ent and family—a biopsychosocialecological-spiritual model of care.49-51

CONCLUSION
Suppor ve care has experienced remarkable growth and
acceptance in oncology care, par cularly as the evidence
base has grown, demonstra ng improvements in notable
pa ent outcomes associated with these services. In light of
that body of evidence, the standard integra on of pallia ve
and suppor ve care services is now recommended for all
patients with advanced cancer. This body of evidence has
par cular relevance to lung cancer, as many of the populations studied included, or solely represented, patients
with lung cancer. The value of the standard integration of
suppor ve care services has also been well demonstrated,
further underscoring the ra onale for integra on. Finally,
the evidence base suppor ng the inclusion of an integra ve
health care approach within suppor ve care services is also
growing, and guidelines highlight how integra ve modali es
serve as part of a holis c approach to the care of pa ents
with lung cancer. The modern era of lung cancer therapies
includes an integrated emphasis on pa ent-centered care
through the standard integra on of suppor ve care services to improve value and pa ent well-being throughout
the cancer care con nuum, from diagnosis to survivorship
or end-of-life care.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Sequencing Therapy for Gene cally Deﬁned Subgroups of
Non–Small Cell Lung Cancer
Helena A. Yu, MD, David Planchard, MD, PhD, and Chris ne M. Lovly, MD, PhD
OVERVIEW
The prac ce of precision medicine for pa ents with metasta c non–small cell lung cancer (NSCLC), par cularly those paents with adenocarcinoma histology (the predominant subtype of NSCLC), has become the accepted standard of care
worldwide. Implementa on of prospec ve tumor molecular proﬁling and ra onal therapeu c decision-making based on
the presence of recurrently detected oncogenic “driver” altera ons in the tumor genome has revolu onized the way that
lung cancer is diagnosed and treated in the clinic. Over the past two decades, there has been a deluge of therapeu cally
ac onable driver altera ons and accompanying small molecule inhibitors to target these drivers. Herein, we synthesize a
large and rapidly growing body of literature regarding therapeu c inhibi on of driver muta ons. We focus on established
targets, including EGFR, anaplas c lymphoma kinase (ALK), ROS1, BRAF, RET, MET, HER2, and neurotrophic tyrosine kinase
receptor (NTRK), with a par cular emphasis on the sequencing of small molecule inhibitors in these gene cally deﬁned
cohorts of pa ents with lung cancer.

SEQUENCING AGENTS IN THE TREATMENT
OF PATIENTS WITH EGFR MUTANT LUNG
CANCER
EGFR-mutant lung cancers represent 12% to 17% of all lung
adenocarcinomas.1,2 EGFR muta ons—most commonly
small deletions in exon 19 (19del) or point mutations
in exon 21 (L858R)—iden fy a subset of pa ents who are
most appropriately treated with ﬁrst-line EGFR TKIs. Many
prospec ve studies have compared ﬁrst-line EGFR TKIs
with standard cytotoxic platinum doublet chemotherapy and have conﬁrmed the superior response rates and
progression-free survival with EGFR TKIs compared with chemotherapy in pa ents with EGFR-mutant lung cancers.3-5
First-genera on (erlo nib, geﬁ nib) and second-genera on
(afa nib) EGFR TKIs have mul ple global approvals for ﬁrstline treatment of pa ents with metasta c EGFR-mutant
lung cancers (Table 1). Dacomi nib (a second-genera on
EGFR TKI) has recently been compared head to head with
geﬁ nib, revealing an increase in median progression-free
survival (mPFS; 14.7 vs. 9.2 months, respec vely).6 The results on overall survival are expected this year and could
lead to a new regulatory approval.

Established Treatments
These ﬁrst- and second-genera on EGFR TKIs are eﬀec ve
therapies, but the majority of pa ents develop disease
progression on these agents a er 8 to 10 months.3-5,7 It has

become standard of care to rebiopsy pa ents at the me of
clinical progression, and the acquired molecular altera ons
iden ﬁed serve as the molecular mechanisms of resistance
to EGFR TKI treatment.7,8 Another emerging op on is liquid
biopsy where tumor cfDNA within plasma is u lized for muta on tes ng. This has emerged as a viable alterna ve to
tumor rebiopsy. The most common acquired muta on is
EGFR T790M, but other acquired altera ons include MET
ampliﬁca on, HER2 ampliﬁca on, PIK3CA muta ons, small
cell histologic transforma on, and epithelial to mesenchymal transi on.7,8 To address these resistance mechanisms to
EGFR TKIs, mul ple combina on treatments using ﬁrst- and
second-genera on EGFR TKIs have been assessed. EGFR
TKIs have been combined with EGFR an bodies,9,10 mTOR
inhibitors,11 HDAC inhibitors,12 HSP90 inhibitors,13 MET inhibitors,14 dasa nib,15 cabozan nib,16 and other agents with
limited eﬃcacy seen with the combina ons.

Osimer nib
Osimer nib is a third-genera on, mutant-selec ve, covalent
EGFR inhibitor (Table 1) that targets both the sensi zing
EGFR muta ons as well as EGFR T790M. Its ini al approval
in many countries is for patients with EGFR-mutant lung
cancers who were previously treated with an EGFR TKI and
have acquired EGFR T790M. This approval was based on
the phase I AURA study17 and conﬁrmed by a randomized
study of osimer nib versus pla num doublet chemotherapy
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in this clinical se ng.18 Pa ents treated with osimer nib as
second-line EGFR TKI had an overall response rate (ORR)
of 71% and an mPFS of 10.1 months. Based on the eﬃcacy
in the later-line se ng, osimer nib was subsequently assessed prospectively in a randomized phase III study of
osimer nib or standard of care EGFR TKI (erlo nib or geﬁnib) as ﬁrst-line treatment of pa ents with metasta c lung
adenocarcinoma in the FLAURA study.19 In the ﬁrst-line setng, the mPFS on osimer nib was 18.9 months compared
with 10.2 months with standard EGFR TKIs. Based on these
data, osimertinib is expected to receive global approval
as a ﬁrst-line treatment op on for pa ents with metasta c
EGFR-mutant lung cancers.

Resistance to Osimer nib and New Combina on
Therapies
Pa ents treated with osimer nib also develop resistance attributable to acquired molecular altera ons. There are less
robust data to suggest which mechanisms of acquired resistance occur frequently and are clinically meaningful, and
we do not yet have any data on mechanisms of resistance
to first-line treatment with osimertinib. Resistance mech-

PRACTICAL APPLICATIONS
• Prospec ve tumor molecular proﬁling is now the
standard of care for the treatment of pa ents with
metasta c NSCLC. Molecular subtyping can be used to
select pa ents for speciﬁc targeted therapeu c op ons.
• Many such molecular subtypes have been described in
NSCLC—including EGFR, ALK, BRAF, ROS1, RET, MET,
HER2, and NTRK—and small molecule inhibitors have
been developed against each of these targets.
• The mutant-selec ve, third-genera on EGFR TKI—
osimer nib—has recently emerged as the new
standard ﬁrst-line therapy for metasta c EGFRmutant NSCLC; however, it is unclear what the next
best therapeu c op on will be on development of
osimer nib resistance. Several ongoing clinical trials
are addressing combina on therapies to forestall or
overcome osimer nib resistance.
• “Second-genera on” ALK TKIs, including alec nib and
ceri nib, have shown superior clinical outcomes for
the treatment of pa ents with metasta c ALK+ NSCLC
compared with the ﬁrst-genera on ALK TKI, crizo nib.
These more potent inhibitors are emerging as the new
standard ﬁrst-line therapy for pa ents with metasta c
ALK+ NSCLC. However, it is not clear how best to
sequence ALK TKI therapy or how to overcome acquired
resistance that is not mediated by an ALK kinase domain
muta on.
• Crizo nib has received regulatory approval for
the management of ROS1+ NSCLCs, whereas the
combina on of a BRAF inhibitor (dabrafenib) and an
MEK inhibitor (trame nib) has received regulatory
approval for the management of BRAFV600E-mutant
NSCLC.

anisms identified to third-generation EGFR TKIs include
acquired EGFR C797S muta on (C797 is the site at which
osimertinib binds to the EGFR kinase domain), 20,21 loss
of EGFR T790M,22 MET and HER2 amplification,23,24 YES1
ampliﬁca on,25,26 and acquired muta ons, including KRAS,
PIK3CA, and HER2.24,27
New combina ons will presumably be assessed both in
the ﬁrst-line se ng and a er progression on osimer nib to
a empt to prevent and reverse resistance to osimer nib,
respec vely. The combina on of osimer nib and savolinib, an MET inhibitor, has shown ac vity in pa ents with
MET ampliﬁca on a er EGFR TKI therapy with erlo nib, afa nib, geﬁ nib, or osimer nib.28 Other combina ons that
are being assessed include osimer nib and bevacizumab
(NCT02803203, NCT03133546, and NCT02971501), osimer nib and selume nib (NCT03392246), osimer nib and
dasa nib (NCT02954523), osimer nib and the JAK inhibitor
INCB039110 (NCT02917993), osimertinib and navitoclax
(NCT02520778), and osimertinib and an mTOR inhibitor
MLN0128 (NCT02503722) among others. With the milder toxicity proﬁle of osimer nib compared with earlier-genera on
EGFR inhibitors, combina on studies may prove to be more
eﬃcacious by reaching op mal doses of both drugs before
being limited by toxicity.

Sequencing of EGFR Inhibitors
As a general prac ce, our most eﬀec ve treatments should
be used ﬁrst, because there is a clear minority of pa ents
who progress quickly with declining func onal status and
do not receive second-line therapy—as high as 50% in historical data sets.29 Other factors that should be considered
when choosing a ﬁrst-line treatment of this popula on
include toxicity proﬁle and central nervous system (CNS)
eﬃcacy. In the FLAURA study, there were fewer pa ents
with greater than or equal to grade 3 toxici es, fewer fatal
adverse events, and a lower rate of adverse events leading
to permanent discon nua on with osimer nib compared
with standard EGFR TKI.19 In addi on, there were fewer
events of CNS progression with osimertinib compared
with standard EGFR TKI (6% vs. 15%). Osimer nib is well
posi oned to be the new ﬁrst-line treatment of choice because of a marked improvement in eﬃcacy and superior
CNS penetra on/eﬃcacy while also being be er tolerated
by pa ents.
One potential criticism of first-line osimertinib is that
there are no approved EGFR-directed treatments after
progression on osimertinib. However, only 50% of patients on standard EGFR TKI acquire EGFR T790M and are
eligible for second-line osimertinib, and the additive time
on treatment with a standard EGFR TKI followed by osimertinib is essentially equivalent to the time on first-line
osimertinib. After clinical progression on first-line osimertinib in the setting of C797S and the absence of EGFR
T790M, there are preclinical data to suggest efficacy of
a standard EGFR TKI, such as gefitinib, in that setting.30
We await clinical data that such sequencing is a viable
option.
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TABLE 1. Targeted Therapies Currently Approved and Under Development for Lung Cancer
Approval Status
Muta on and Drug

Category/Descrip on

United States

European Union

Erlo nib (OSI744)

First-genera on EGFR TKI

X

X

Geﬁ nib (ZD1839)

First-genera on EGFR TKI

X

X

Afa nib (BIBW2992)

Second-genera on pan-HER TKI

X

X

Dacomi nib (PF299804)

Second-genera on pan-HER TKI
X

X

EGFR muta ons

Osimer nib (AZD9291)

Third-genera on EGFR TKI

Nazar nib (EGF816)

Third-genera on EGFR TKI

ALK fusion
Crizo nib (PF2341066)

First-genera on ALK, MET, ROS1, mul kinase inhibitor

X

X

Ceri nib (LDK378)

First-genera on ALK, ROS1, mul kinase inhibitor

X

X

Alec nib (CH5424802)

Second-genera on ALK TKI

X

X

X

Briga nib (AP26113)

Second-genera on ALK, mutant EGFR, ROS1, mul kinase inhibitor

Ensar nib (X396)

Second-genera on ALK TKI

Lorla nib (PF6463922)

Third-genera on ALK, ROS1, mul kinase inhibitor

ROS1 fusion
Crizo nib

ROS1, ALK, MET, mul kinase inhibitor

Ceri nib

ROS1, ALK, mul kinase inhibitor

Briga nib

ROS1, ALK, mutant EGFR, mul kinase inhibitor

Lorla nib

ROS1, ALK, mul kinase inhibitor

Entrec nib

ROS1, ALK, TrkA/B/C (NTRK1,2,3), mul kinase inhibitor

DS-6051b

ROS1, TrkA/B/C (NTRK1,2,3), mul kinase inhibitor

X

X

BRAF V600E muta on
Vemurafenib

BRAF V600E selec ve inhibitor (serine/threonine protein kinase inhibitor)

Dabrafenib

BRAF V600E selec ve inhibitor (serine/threonine protein kinase inhibitor)

X

X

Trame nib

MEK1-2 inhibitor

X

X

RET fusion
Cabozan nib

RET, MET, VEGFR2, AXL, c-KIT, FLT3, mul kinase inhibitor

Vandetanib

RET, EGFR, VEGFR mul kinase inhibitor

Suni nib

RET, PDGFR, VEGFR1-3, c-KIT, FLT3 mul kinase inhibitor TKI

Sorafenib

RET, VEGFR1-3, PDGFR, RAF, c-KIT, FLT3 mul kinase inhibitor

Alec nib

RET, ALK, FLT3 mul kinase inhibitor

Lenva nib

RET, VEGFR1-3, FGFR1-4, PDGFR mul kinase inhibitor

Nintedanib

RET, VEGFR, FGFR, PDGFR, Flt3, mul kinase inhibitor

Pona nib

BCR-ABL+, FLT3, SRC, c-KIT, FGFR, VEGFR, RET mul kinase inhibitor

Regorafenib

RET, VEGFR, PDGFR, FGFR, KIT, RAF mul kinase inhibitor

MET ampliﬁca on
Crizo nib

MET, ALK, ROS1 mul kinase inhibitor

Onartuzumab

An -MET monoclonal an body

Tivan nib

MET selec ve inhibitor

Savoli nib

MET selec ve inhibitor

Glesa nib

MET, AXL, mul kinase inhibitor

Capma nib

MET selec ve inhibitor

Cabozan nib

MET, VEGFR2, AXL, c-KIT, FLT3, RET mul kinase inhibitor
Con nued
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TABLE 1. Targeted Therapies Currently Approved and Under Development for Lung Cancer (Cont'd)
Approval Status
Muta on and Drug

Category/Descrip on

United States

European Union

MET exon 14 skipping muta on
Crizo nib

MET, ALK, ROS1 mul kinase inhibitor

Capma nib

MET selec ve inhibitor

NTRK fusion
Entrec nib

TrkA/B/C (NTRK1/2/3), ALK, ROS1 mul kinase inhibitor

Loxo-101

TrkA/B/C (NTRK1/2/3) TKI

DS-6051b

TrkA/B/C (NTRK1/2/3), ROS1 mul kinase inhibitor

HER2 ampliﬁca on
Trastuzumab

HER2 monoclonal an body

Ado-trastuzumab emtansine

HER2 monoclonal an body

HER muta on
Afa nib

Pan-HER TKI

Dacomi nib

EGFR, HER2 TKI

Lapa nib

EGFR, HER2 TKI

Nera nib

EGFR, HER2 TKI

Trastuzumab

HER2 monoclonal an body

Ado-trastuzumab emtansine

HER2 monoclonal an body

Other Strategies to Improve Outcomes for Pa ents
With EGFR-Mutant Lung Cancers
There is substan al heterogeneity in the clinical course of
pa ents with EGFR-mutant lung cancers. As next-genera on
sequencing of tumors becomes the standard of clinical care,
we will be able to discern the impact of concurrent gene c
altera ons in addi on to ac va ng EGFR muta ons within
lung cancers. Several reports have shown concurrent TP53
altera ons to be a nega ve prognos c factor31,32 associated
with shorter overall survival. In addi on, several pretreatment concurrent altera ons, including HER2 ampliﬁca on,
MET ampliﬁca on, and TP53 muta ons, seem to be associated with shorter me to progression on EGFR TKIs.33 Highligh ng concurrent altera ons that may have prognos c
signiﬁcance is important, because it iden ﬁes a subset of
pa ents with poorer outcomes on whom new therapeu c
op ons should be focused.
Data from the ASPIRATION study and others have shown
the u lity of treatment with EGFR TKIs beyond radiographic
progression in the se ng of more indolent disease and in
the absence of symptoms.34 Treatment beyond progression
allows for addi onal clinical beneﬁt and delays the me before new treatments are required. Cancers can be heterogeneous in their response and resistance to therapy, such as a
scenario where the majority of the target lesions con nue
to respond to treatment while one lesion has begun to
grow. In this situa on, local therapy to the oligoprogressive
metastasis followed by con nuing previous systemic therapy is another means to prolong me on treatment that is
largely con nuing to beneﬁt a pa ent.35

SEQUENCING AGENTS IN THE TREATMENT
OF PATIENTS WITH ALK REARRANGED LUNG
CANCER
ALK-Rearranged Lung Cancer
Rearrangements in the gene encoding the ALK on chromosome 2p were ﬁrst discovered as oncogenic driver altera ons
in NSCLC in 2007.36 These chromosomal rearrangements result in the produc on of a chimeric fusion protein—most
commonly EML4-ALK, although several other ALK fusions
have been described. ALK rearrangements are detected in
approximately 4% to 8% of NSCLCs2,37 and can be detected
in tumor samples by several diagnos c measures, including
immunohistochemistry, ﬂuorescence in situ hybridiza on,
and next-genera on sequencing.

Overview of ALK TKIs in Clinical Use
Now, approximately 10 years a er the ini al discovery of
ALK as a lung cancer driver, there have already been numerous large, interna onal, prospec ve clinical trials tes ng the
eﬃcacy of ALK TKIs in this pa ent popula on. Remarkably,
ﬁve ALK TKIs have already gained regulatory approval (Table
1). These ALK TKIs can be broken down into three “genera ons” of inhibitors deﬁned by increasing “on-target” eﬃcacy toward ALK. Crizo nib was the ﬁrst ALK TKI developed
in the clinic and the ﬁrst ALK TKI to obtain regulatory approval. Crizo nib also targets MET and ROS1 (described below). Therefore, the development of more potent and more
speciﬁc second- and third-genera on inhibitors was needed
(Table 1). Below, we summarize a large amount of clinical
trial data discussing the sequencing of ALK TKI therapies.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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First-line Therapy for ALK-Rearranged Lung Cancer
Crizo nib was the ﬁrst ALK TKI to be approved for ﬁrst-line
treatment of ALK+ lung cancer based on the PROFILE 1014
study.38 This phase III trial enrolled 343 pa ents who were
treatment naïve and randomized them to crizo nib or chemotherapy (pla num/pemetrexed). Cross over to crizo nib
treatment a er disease progression was permi ed for paents receiving chemotherapy. The ORR was 74%, mPFS
was 10.9 months, and hazard ra o (HR) for progression or
death in the crizo nib group was 0.45 (95% CI, 0.35–0.60).
Crizo nib is approved by the U.S. Food and Drug Administraon (FDA) and the European Medicines Agency for ﬁrst-line
therapy of ALK+ NSCLC.
More recently, ceri nib, a second-genera on ALK TKI, has
also been approved for ﬁrst-line treatment of ALK+ lung
cancer based on the ASCEND-4 study.39 This study enrolled
pa ents with metasta c ALK+ NSCLC who were treatment
naïve and had asymptomatic, neurologically stable brain
metastases; 189 pa ents were randomly selected to receive
ceri nib (750 mg orally once a day), and 187 pa ents were
randomly selected to receive pla num/pemetrexed for four
cycles (maintenance pemetrexed was allowed). Crossover
to ceritinib was permitted after disease progression for
pa ents receiving chemotherapy. mPFS was 16.6 months
(95% CI, 12.6–27.2) in the ceri nib group and 8.1 months
(95% CI, 5.8–11.1) in the chemotherapy group (HR 0.55;
95% CI, 0.42–0.73]; p < .00001).
In pa ents with measurable CNS lesions at baseline, the
conﬁrmed overall intracranial response rate was 57% (95%
CI, 37%–76%) in the ceri nib arm and 22% (95% CI, 9%–
42%) in the chemotherapy arm. The most common adverse
events in the ceri nib arm were diarrhea (85% all grades,
5% grade 3/4), nausea (69% all grades, 3% grade 3/4), vomi ng (66% all grades, 5% grade 3/4), and an increase in liver
func on enzymes. The ASCEND-8 trial40 evaluated a lower
dose of ceri nib (450 mg) in pa ents and found it to be similarly eﬃcacious; the mPFS in the 450-mg dose arm was 17.6
months compared with 10.9 months in the 750-mg dose
arm. There were also improvements with the 450- versus
750-mg dose arm for grade 3/4 diarrhea (1.1% vs. 7.8%),
nausea (0% vs. 5.6%), and vomi ng (0% vs. 4.4%).
Alec nib, another second-genera on ALK TKI, has also
been tested in the ﬁrst-line se ng. In the global phase III
ALEX study, 286 pa ents with advanced/metasta c ALK+
NSCLC who were treatment naïve were enrolled and randomized to receive alec nib (600 mg orally twice a day;
152 pa ents) or crizo nib (250 mg orally twice a day; 151
pa ents).41 Pla num-based chemotherapy was not the
comparator in the ALEX study. Asymptoma c brain metastases were allowed. mPFS (inves gator assessment) was not
reached (17.7 months to not reached) for alec nib and 11.1
months (9.1–13.1) for crizo nib, with an HR of 0.47 (95% CI,
0.34–0.65; p < .0001). For pa ents with baseline CNS metastases, mPFS was not reached (9.2 months to not reached)
for alec nib and 7.4 months (6.6–9.6) for crizo nib, with an
HR of 0.40 (95% CI, 0.25–0.64). For pa ents without baseline CNS metastases, mPFS was not reached for alec nib
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and 14.8 months (10.8–20.3) for crizo nib, with an HR of
0.51 (95% CI, 0.33–0.80). Compared with the crizo nib arm,
pa ents in the alec nib arm experienced more myalgias
(16% all grades), weight gain (10% all grades), and laboratory abnormalities, including elevated bilirubin (15% all
grades) and anemia (20% all grades). Alec nib is approved
by the FDA and the European Medicines Agency for ﬁrst-line
therapy of advanced/metasta c ALK+ NSCLC.
Several other ALK TKIs are being tested in the ﬁrst-line
se ng. The ALTA-1L study (NCT02737501) comparing the
eﬃcacy of briga nib versus crizo nib has completed accrual. Ensartinib (eXalt3; NCT02767804) and lorlatinib
(NCT03052608) are also being tested against crizo nib in
pa ents with treatment-naïve ALK+ lung cancer. The issue
with many of these studies is that they began enrollment
before the global ALEX trial was reported.

Second-Line ALK Inhibitor Therapy and Beyond
Since crizo nib was the ﬁrst ALK TKI studied and approved,
most of the available data to date focus on the eﬃcacy of
second- and third-genera on ALK inhibitors (Table 1) in paents with acquired resistance to crizo nib. This topic has
been reviewed extensively in the literature42,43 and for sake
of space constraints and also relevance (with the emergence
of ﬁrst-line ceri nib and alec nib), will only be reviewed
brieﬂy here. In general, the factors that are important for
selec on of a second-line ALK TKI for a pa ent with acquired resistance to crizo nib are systemic ac vity, CNS acvity, safety/adverse events proﬁle, and resistance proﬁles.
At present, ceri nib,44-46 alec nib,47 and briga nib48,49 are
all FDA approved for pa ents who are intolerant of or have
experienced disease progression with crizo nib. Response
rates range from approximately 40% to 60% across the studies, with mPFS of approximately 5 to 15 months depending
on the study. Each of these inhibitors has documented CNS
ac vity as well.
With the emergence of second-genera on inhibitors,
such as ceri nib and alec nib, in the ﬁrst-line se ng of
metasta c ALK+ NSCLC, it is not precisely clear what standard of care will emerge for second-line treatment a er
acquired resistance to one of these more potent ALK TKIs.
It is beneﬁcial to understand acquired resistance to these
inhibitors to develop ra onal therapeu c strategies at the
time of disease progression. As seen with other TKIs in
clinical use, resistance mechanisms encompass two broad
categories—“on-target” mechanisms (such as kinase domain
muta ons and genomic ampliﬁca on of the ALK fusion) and
“oﬀ-target” mechanisms (predominantly “bypass” signaling
pathways). Here, we will focus on overcoming “on-target”
resistance mechanisms (“oﬀ-target” resistance mechanisms
will be explored in greater detail below). Although current
data sets are limited, at the me of acquired resistance to
second-genera on ALK TKIs, ALK kinase domain muta ons
will be detected in approximately 50% of drug-resistant tumors. In contrast to the experience with EGFR-mutant lung
cancer, where T790M is the dominant (more than 60%) resistance muta on,7,8 many diﬀerent ALK resistance muta ons
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(such as C1156Y, I1171T/N/S, F1174L/C, V1180L, R1192P,
L1196M, G1202R, D1203N, S1206Y/C, E1210K, A1280V,
G1269A, and others) have been described.50,51 Of these muta ons, the G1202R solvent front muta on is thought to be
the most recalcitrant muta on, with increasing frequency of
this muta on detected with increased “on-target” potency
of the ALK inhibitor.
Lorla nib is a third-genera on ALK TKI, which was designed to be increasingly selec ve/potent against ALK and
have increased brain penetra on (lorla nib is also an ROS1
inhibitor as described in below). Lorla nib has ac vity
against most known ALK kinase domain muta ons, including G1202R.52 Ini al reports from the ongoing interna onal
phase I trial of lorla nib (NCT01970865) have recently been
published.53 Forty-one pa ents with ALK+ NSCLC received
at least one dose of lorla nib, 52% of whom had received
two or more prior TKIs and 72% had documented CNS
metastases. The ORR was 46% (95% CI, 31%–63%) for all
pa ents who were ALK+ and 42% for those pa ents who
had received two or more prior ALK TKIs. Adverse eﬀects
of lorla nib included hypercholesterolemia (72% across the
en re study), hypertriglyceridemia (39%), peripheral edema
(39%), and peripheral neuropathy (39%). Neurocogni ve
adverse events (slowed speech, slowed menta on, and
word-ﬁnding diﬃculty) were also observed, although the
precise frequency was not deﬁned.
More recently, the results from the phase II lorla nib
study were presented.54 This trial included ﬁve cohorts of
pa ents with ALK+ NSCLC (and a sixth cohort for ROS1). In
cohort 1 (30 pa ents who were ALK+ treatment naïve), the
ORR was 90%, and the intracranial ORR was 75%. In cohorts
2 (27 pa ents) and 3A (32 pa ents; cohorts 2 and 3 included
pa ents who were ALK+ and had previously received crizonib only [cohort 2] or crizo nib with or without chemotherapy [cohort 3A]), the ORR was 69%, and the intracranial
ORR was 68%. In cohort 3B (28 pa ents who were ALK+ and
had previously received a noncrizo nib ALK inhibitor with
or without chemotherapy), the ORR was 33%, and the intracranial ORR was 42%. In cohorts 4 (65 pa ents) and 5
(46 pa ents; cohorts 4 and 5 included pa ents who were
ALK+ and had previously received two prior TKIs [cohort 4]
or three prior TKIs [cohort 5] with/without chemotherapy),
the ORR was 39%, and the intracranial ORR was 48%. These
studied led the FDA to give lorla nib breakthrough therapy
designa on for the treatment of pa ents with ALK+ metastatic NSCLC previously treated with one or more ALK
inhibitors.

Ra onal Combina on Strategies to Improve
Outcomes for Pa ents With ALK-Rearranged Lung
Cancers
Resistance to ALK TKI therapy also can be mediated by numerous ALK-independent mechanisms, most commonly
thought to be ac va on of “bypass” signaling pathways
that circumvent the inhibited ALK fusion protein. Bypass
signaling pathways that have been shown to occur clinically
include EGFR pathway ac va on,55 IGF-1R pathway ac va-

on,56 SRC signaling,57 cKIT ampliﬁca on,55 and MAPK pathway ac va on (via KRAS copy number gain or loss of the
phosphatase DUSP658). Histologic changes, such as epithelial to mesenchymal transi on50 and transi on to small cell
lung cancer ,59 have also been described. Several ongoing
clinical trials hope to address the proper sequence of ALK
TKIs and the role of ra onal combina on therapies to maximize beneﬁt and outcomes for pa ents with ALK+ NSCLC.
For example, the combina on of ceri nib and the allosteric
MEK inhibitor, trame nib, is being tested in an ongoing
phase I/II trial (NCT03087448). Ceri nib is also being evaluated in combina on with the CDK4/6 inhibitor ribociclib/
LEE011 (NCT02292550).60 Finally, ALK TKIs are being tested
in combina on with immune checkpoint inhibitors; however, retrospec ve data suggest that the magnitude of beneﬁt seen in this cohort of pa ents with ALK+ NSCLC treated
with checkpoint inhibitors is small.61 Additional rational
study designs to forestall or overcome ALK TKI resistance are
urgently needed.

OTHER TARGETABLE GENOMIC ALTERATIONS
IN PATIENTS WITH LUNG CANCER
ROS1 Rearrangements
Approximately 1% of lung adenocarcinomas are driven by
oncogenic ROS1 rearrangements.62 The ROS1 and ALK kinase domains show considerable homology, explaining
crizo nib’s high aﬃnity for both.63 In the phase I PROFILE
1001 study, among 50 pa ents with ROS1-rearranged NSCLC,
the ORR was 72% with a disease control rate of 90%,
and mPFS reached 19.2 months.63 In a prospec ve phase II
study and a retrospec ve EUROS1 study, mPFS mes were
10 and 9.1 months respec vely, with ORRs of 72% and 80%,
respec vely.64,65 In a larger Asian phase II study, mPFS in
127 pa ents was 13.4 months.66 These studies led to crizonib approval by the FDA (March 2016) and the European
Medicines Agency (August 2016) for treatment of advanced
ROS1-rearranged NSCLC.
Ceri nib is a second-genera on ALK TKI that also has efﬁcacy against ROS1. In a Korean phase II study, among 32
pa ents with ROS1 rearrangement (all crizo nib naïve except for two pa ents), the ORR was 67%, and mPFS reached
19.3 months; however, clinical response was not observed
in the two pa ents who had received crizo nib.67 Other
ALK TKIs—including briga nib and lorla nib—have shown
poten al an -ROS1 ac vity in early development studies.68
Among three pa ents treated with briga nib, the pa ent
who was crizo nib naive had a par al response (ongoing
at 21.6 months), and in 12 pa ents treated with lorla nib
(seven were crizo nib pretreated), the ORR was 50% with
an mPFS of 7.0 months.48,53
Other poten al ROS1 inhibitors include entrec nib (a
potent inhibitor of ALK, ROS1 kinase, and TRK), which was
evaluated in 14 pa ents who were crizo nib naive (13 with
NSCLC and one with melanoma) in two phase I studies, giving an ORR of 86% (no responses in six pa ents who were
pretreated with crizo nib) and an mPFS of 19 months.69 Preliminary results from a Japanese phase I study of DS-6051b
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(a ROS1/TRK inhibitor) gave an ORR of 62.5% among 13 paents with NSCLC (no responses in three pa ents who were
pretreated with crizo nib).70
The most common mechanism of resistance to crizo nib
in ROS1+ NSCLC is mediated by the ROS1 Gly2032Arg muta on, analogous to ALK Gly1202Arg.50 Second-genera on
ALK TKIs with ROS1 ac vity (ceri nib, briga nib, and entrecnib) are ineﬀec ve against ROS1 Gly2032Arg. Lorla nib
retains potent ac vity against ROS1 Gly2032Arg in vitro and
in vivo.52 Research is needed to assess its eﬃcacy in ROS1+
pa ents who have relapsed a er treatment with available
TKIs.

BRAF Muta ons
The most common BRAF muta on, V600E (Val600Glu), is
observed in 1% to 2% of lung adenocarcinomas.1,71 In the
phase II VE-BASKET trial with vemurafenib including paents with various BRAFV600-mutant tumors, the ORR
and the mPFS in an NSCLC cohort of 19 pa ents were 42%
and 7.3 months, respec vely.72 In a recent phase II study
of dabrafenib as monotherapy or combined with tramenib in pa ents with BRAFV600-mutant metasta c NSCLC
(BRF113928), dabrafenib monotherapy gave a 33% ORR in
78 pretreated pa ents with a median dura on of response
of 9.6 months and an mPFS of 5.5 months.73,74 The BRAFMEK TKI inhibitor combina on doubled the clinical beneﬁt
in 57 pretreated pa ents, with an ORR of 63% and an mPFS
of 10.2 months.75 The combina on showed similar beneﬁts
in 36 nonpretreated pa ents with BRAFV600E, with an ORR
of 64% and an mPFS of 10.8 months. Median overall survival
was prolonged in the two combina on cohorts (18.2 and
24.6 months in pretreated and nonpretreated cohorts, respec vely).76 The European Medicines Agency (April 2017)
and the FDA (June 2017) have approved dabrafenib in combina on with trame nib for treatment of BRAFV600E-mutant
advanced NSCLC.
For non–BRAFV600-mutant NSCLC, six pa ents received
BRAF inhibitors in the retrospec ve study.77 All tumors
with non-BRAFV600 mutant located outside the ac va on
segment of the BRAF kinase domain (codons 596–600) were
refractory to BRAF inhibitors. However, one pa ent with a
G596V muta on achieved a par al response to vemurafenib.
Addi onal studies are needed to assess the beneﬁt of immune checkpoint inhibitors in pa ents with BRAFV600E mutants and also assess if pa ents with non–BRAFV600-mutant
tumors can beneﬁt from targeted therapies and/or immune
checkpoint inhibitors. The current recommenda on is to
treat pa ents with BRAFV600E mutant with a BRAF-MEK
inhibitor combina on.

RET Rearrangements
RET fusions are found in 1% to 2% of NSCLCs and tend to
be mutually exclusive with other oncogenic drivers.78 KIF5BRET is the most common, with at least 10 fusion variants.
Although RET-selec ve TKIs have not yet been developed,
several mul target agents with an -RET ac vity have been
evaluated that might be restricted in their ability to inhibit
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RET rela ve to their other kinase targets. The ac vity of
mul kinase inhibitors (cabozan nib, vandetanib, suni nib,
sorafenib, alec nib, lenva nib, nintedanib, pona nib, and
regorafenib) in RET-rearranged NSCLC (ORR = 16%–47%
and mPFS = 2.3–7.3 months) is clearly inferior to that seen
with selec ve TKIs in other oncogene-addicted NSCLC models.79-81 The ac vity of cabozan nib in a phase II trial in
RET-rearranged tumors was comparable with monotherapy
BRAF TKIs in BRAFV600E mutant, with an ORR of 28% and
an mPFS of 5.5 months, but clearly inferior to combina on
BRAF plus MEK TKIs.81 Other RET-speciﬁc TKIs are under development, and evalua on of alterna ve signaling pathways
is needed for combina on therapies to overcome RET resistance and determine the best strategies in this popula on.

MET Altera ons
Dysregula on of the MET pathway occurs through protein
overexpression, gene ampliﬁca on, muta on, and rearrangement. Several agents (TKIs or monoclonal an bodies)
have been developed to target MET or its ligand, hepatocyte
growth factor. Early trials focused on targe ng MET overexpression (15%–70% in unselected NSCLC) but without a
consensus on the deﬁni on of MET posi vity. MET overexpression has been par cularly associated with blocking the
EGFR pathway, leading to phase II/III combina ons. Two
randomized phase III trials failed to show any clinical beneﬁt
in OS of onartuzumab or van nib in associa on with erlonib in unselected pa ents or MET protein–overexpressing
NSCLC.82,83 Soma c MET muta ons are diverse and include
exon 14 skipping. The resul ng mutant receptor shows increased MET signaling (truncated MET receptor leading to
decreased ubiqui na on and degrada on of the MET protein). The diversity of MET exon 14 altera ons presents challenges for diagnos c tes ng. MET exon 14 altera ons are
detected in 3% to 4% of NSCLCs, more frequently in adenocarcinoma and sarcomatoid histologic subtypes.84 Approximately 20% to 30% of sarcomatoid carcinomas harbor MET
exon 14 altera ons. Case reports and cohorts have shown
drama c and durable par al responses with MET-targe ng
TKIs including crizo nib, capma nib, and cabozan nib in paents with MET exon 14. Preliminary data from the phase
I trial of crizo nib (PROFILE 1001) evalua ng pa ents with
advanced lung cancer with MET exon 14 altera ons showed
an ORR of 44%, and global retrospec ve series showed an
mPFS of 7 months.85 A small series has shown few responses
to immunotherapy, even in pa ents with PD-L1 greater than
or equal to 50%.86
MET ampliﬁca on causes protein overexpression and
cons tu ve kinase ac va on. MET copy number gains arise
from two dis nct processes: polysomy and ampliﬁca on.
They are iden ﬁed by ﬂuorescence in situ hybridiza on,
showing an increase in the MET to CEP7 ra o, although no
clear consensus on the deﬁni on of MET posi vity based on
gene copy number has been reached. MET ampliﬁca on occurs via acquired EGFR TKI resistance, represen ng bypass
track signaling (5%–20% of cases) or de novo (1%–5%).87
Crizo nib and capma nib (INC280) have shown a poten al
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clinical beneﬁt in small phase I/II trials on MET ampliﬁca on
(MET/CEP7 greater than or equal to 5), with ORRs of 67%
and 47%, respec vely, that must be conﬁrmed.88,89
Clinical trials focusing on combined MET and EGFR TKIs for
pa ents with acquired resistance to EGFR TKIs are ongoing.
Encouraging an tumor ac vity has been seen with combined osimer nib and savoli nib (a selec ve MET TKI) in
EGFR-mutated and MET-ampliﬁed pa ents (conﬁrmed centrally by ﬂuorescence in situ hybridiza on; MET gene copy
greater than or equal to ﬁve or MET to CEP7 ra o greater
than or equal to two; the TATTON trial).28 The ORR in paents who are T790M− was 53%, and dura on of response
was not reached.

ERBB2/HER2 Altera ons
The ERBB2 gene encoding HER2 is a major proliferative
driver ac va ng downstream signaling via the PI3K-AKT and
MEK-ERK pathways. Aberra ons in HER2 have emerged as
oncogenic drivers and therapeu c targets in lung cancers,
with HER2 muta ons (exon 20) in 1% to 5% and HER2 ampliﬁca ons in 2% to 5% of lung adenocarcinomas. Kinase domain muta ons, mainly exon 20 inser ons and point mutaons, lead to cons tu ve HER2 kinase ac va on.90 Although
the clinical relevance in NSCLC is ques onable given the lack
of deﬁni on of HER2 posi vity in this indica on, several case
reports have shown responses with HER2 TKIs in pa ents
with an HER2 muta on, including afa nib, lapa nib, neranib, and nera nib plus temsirolimus.91-93 Clinical beneﬁt is
generally low: for example, only three of 26 pa ents with
HER2 mutant had a response (ORR of 12%) with dacomi nib
(pan-HER TKI), 21% had a response with combined nera nib
(pan-HER TKI) and temsirolimus (mTOR inhibitor), 0% had
a response with nera nib alone in phase II trials, and in a
recent basket trial with nera nib (SUMMIT trial), only one
objec ve response was observed among 26 pa ents with
lung cancer.93-95 A par al response was reported in a pa ent
harboring both an HER2 exon 20 muta on and an HER2 ampliﬁca on with combined trastuzumab and paclitaxel.96 In
a retrospec ve cohort study, ORRs of 50% and 18.2% were
reported in pa ents with HER2 exon 20 inser ons treated
with combined trastuzumab-chemotherapy or afa nib, respec vely, although a randomized phase II trial did not show
ac vity with the addi on of trastuzumab to chemotherapy
in HER2-overexpressing lung cancer.97,98 Targe ng HER2 muta ons with ado-trastuzumab emtansine-1 seems promising
in mutant tumors with no copy number change, with a 44%
ORR, although response was low in HER2-overexpressing
pa ents (0% ORR in IHC2+ and 20% ORR in IHC3+).99 Rarer
HER2 variants include transmembrane domain muta ons
(e.g., V659 and G660) with sensi vity to afa nib and trastuzumab emtansine-1.99,100

NTRK Rearrangements
Among recently discovered dominant oncogenic muta ons,
NTRK chromosome rearrangements (less than 1%) have
been identified in several solid malignancies, including
NSCLC. Similar to ALK and ROS1 rearrangements, recurrent

gene fusions involving NTRK1, NTRK2, and NTRK3 are aconable drivers. The rarity of these fusions across diﬀering cancer types has resulted in basket trial design for drug
development with LOXO-101 (larotrec nib) and RXDX-101
(entrec nib).69,101,102 Entrec nib is a highly potent oral ATPcompetitive TKI with efficacy against TrKA (encoded by
NTRK1), TrKB (encoded by NTRK2), TrKC (encoded by
NTRK3), ROS1, and ALK. All three NTRK1/2/3-rearranged
advanced solid tumors responded (including in one pa ent
with NSCLC whose tumor harbored an SQSTM1–NTRK1 fusion).69 Entrec nib seems to be ac ve in intracranial lesions
and ROS1- and ALK-rearranged tumors. A phase II basket
study (STARTRK-2; NCT02568267) is currently accruing paents with NTRK-, ROS1-, and ALK-rearranged cancers with
the intent of conﬁrming the results. Promising clinical benefit has also been shown with larotrectinib, a selective
pan-TRK inhibitor with an ORR of 76% (95% CI, 62%–87%)
in 50 pa ents (7% lung cancer), regardless of type of tumor
and NTRK rearrangement (NTRK1/2/3).101

DISCUSSION
The rapid development of genomic biomarkers that deﬁne
various molecular subtypes of NSCLC (Fig. 1) and the spectrum of currently available targeted therapies against these
targets (Table 1) have completely reshaped the treatment
paradigm for oncogene-addicted cancers. Nonetheless, several major challenges s ll remain in this ﬁeld.
A major challenge is making molecular tes ng available
to the maximum number of pa ents. Successful implementa on of personalized medicine requires widely accessible
tumor molecular proﬁling in rou ne prac ce se ngs worldwide along with molecular centers for high-quality tes ng.
Promising examples of large-scale rou ne molecular proﬁling on a na onal level have been reported as part of large
coopera ve networks in France and the United States, and
they have included thousands of pa ents with NSCLC1,2 (Fig.
1B). It was encouraging to see that survival was improved
for pa ents treated with biomarker-directed targeted therapies, showing the beneﬁt of this treatment approach.
Targeted gene sequencing or whole-exome sequencing by
next-genera on sequencing assays is gradually being integrated into clinical prac ce. Their success depends on them
being made broadly available to prac cing clinicians, applicable to small tumor biopsies, and aﬀordable to pa ents
and/or the health care system with a turnaround me to
obtain results that is short.
An emerging op on is the use of plasma genotyping with
sequencing circula ng tumor DNA (including the detec on
of high tumor muta onal burden as a poten al biomarker
for immunotherapy), which has the logis cal advantage of
being rapid, noninvasive, cheap, and nononerous for the
pa ent.104,105 It is expected to become a new standard in
daily clinical prac ce in the near future but s ll needs standardiza on, especially for the use of a large panel of genes.
By carrying out increasingly extensive molecular analyses,
many uncommon or rare altera ons are detected for which
clinical signiﬁcance assessment cons tutes a real challenge.
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Nevertheless, the genera on of massive volumes of data
highlights that tools to support the medical interpreta on
and interac on between clinicians and scien sts must be
developed to ensure a thorough and rapid outcome. The implementa on of molecular tumor boards both within hospitals and as na onal networks is increasingly widespread,
oﬀering an environment for discussion of all of these elements and dissemina on of standardized prac ces and
shared knowledge.
Another means of promo ng wide access to gene c proﬁling is via innova ve protocol designs, including molecular

screening and both targeted therapy and immunotherapy arms
for a single disease (umbrella trials) or a single targeted therapy
for mul ple diseases (basket trials). Examples of umbrella trials in advance NSCLC include the Lung-MAP (NCT02154490)
for squamous cell carcinoma and the phase II trials Lung
Matrix trial (NCT02664935), NCI-MATCH coopera ve group
trial (NCT01306045), and SAFIR02 lung trial (NCT02117167) for
squamous and nonsquamous NSCLCs. In the SAFIR02 lung trial,
high-throughput molecular analyses (compara ve genomic
hybridization array and next-generation sequencing) are
used to evaluate whether treatment with guided targeted

FIGURE 1. Molecular Cohorts of Lung Cancer

(A) In a large academic center, these are the ac onable muta ons prospec vely iden ﬁed on a next-genera on sequencing muta on pla orm (430 genes) over a set me period.103 (B) In a na onal molecular
tes ng eﬀort, these are the ac onable muta ons (six-gene panel) prospec vely iden ﬁed over a set me period.1
Abbrevia on: WT, wild-type.
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agents or immune checkpoint inhibitors improves clinical
beneﬁt compared with standard maintenance therapy in paents with metasta c NSCLC. For the basket trials, examples
include the vemurafenib trial for BRAFV600-mutant pa ents,
the French na onal AcSé trial (biomarker-driven access to
crizo nib in ALK+, MET+, or ROS1+ malignancies in adults and
children), the Larotrec nib (Loxo-101; a selec ve TRK inhibitor in pa ents with NTRK fusion cancer), and the recently
published trial in HER2- and HER3-mutated pa ents.64,72,94,101
Another major challenge is that—despite the high response rates—all targeted therapies remain eﬀec ve for a
ﬁnite period of me. Improvements in outcomes for our
pa ents will build on what we understand about how cancers escape targeted therapies (Fig. 2). One strategy is to
improve on target inhibi on. As has been seen in ALK+ lung
cancers and EGFR-mutant lung cancers, be er inhibitors
can and have been developed. We have seen marked improvements in progression-free survival when we compared
ﬁrst-line treatment with newer agents, such as alec nib and
osimer nib compared with crizo nib and erlo nib/geﬁnib.19,106 Alterna ve dosing schedules, such as pulse dosing of targeted therapy, can be explored, especially in the
se ng of trying to improve CNS penetra on and eﬃcacy.107
Dual target inhibi on, such as the use of afa nib and cetuximab (an EGFR TKI and an EGFR an body, respec vely), can
be used for maximum on target inhibi on.9,10
Ra onal combina on treatments that address known mechanisms of resistance should be assessed at the me of disease
progression or at ini al treatment to a empt to reverse or prevent acquired resistance. Many combina ons are being studied

in each of the molecular subsets of lung cancer. To truly personalize medical care, it is essen al to sample the tumor at the
me of acquired resistance by either tumor biopsy or analysis of
plasma-derived sequencing circula ng tumor DNA to iden fy
the relevant resistance mechanisms for a par cular pa ent.
Finally, we must understand how alterna ve treatments, such
as standard cytotoxic chemotherapy and immunotherapy, ﬁt
in when sequencing treatments for pa ents. There are some
data to suggest that some of the oncogene-driven lung cancers are less responsive to immunotherapies,61 which makes
it even more important to iden fy in whom and when to use
immunotherapy. We also can use informa on regarding concurrent molecular altera ons to provide both prognos c and
predic ve informa on. Although the majority of pa ents appropriately selected have excellent responses to targeted therapies, there are clearly outliers who have primary progression
or shorter limited responses to targeted therapies. If certain
concurrent altera ons can iden fy these poor responders, we
can focus eﬀorts on developing new strategies to improve outcomes for these pa ents.
Overall, the prospec ve iden ﬁca on and ra onal therapeu c targe ng of oncogenic “driver” muta ons have paved
the way for implemen ng precision treatment strategies in
NSCLC and are now the standard of care worldwide. Despite
much success in this area, a large amount of work is s ll
needed to op mize the eﬀec veness of these therapies for
pa ents with lung cancer and understand how to best sequence our available treatments. Collabora ve eﬀorts and
integra on of muta onal data with mul omic, func onal,
and clinic-pathologic data are cri cal steps for the future to

FIGURE 2. Mechanisms of Acquired Resistance to Targeted Therapies
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advance our understanding of lung oncogenesis and hopefully, turn oncogene-driven lung cancer into a chronic manageable disease state.
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MELANOMA/SKIN CANCERS

MANAGEMENT OF MELANOMA BRAIN METASTASES

New Era in the Management of Melanoma Brain Metastases
Hussein A. Tawbi, MD, PhD, Celine Boutros, MD, David Kok, MBBS, Caroline Robert, MD, PhD, and Grant
McArthur, MBBS, PhD
OVERVIEW
The remarkable advances in the systemic therapy of metasta c melanoma have now extended the 1-year overall survival
rate from 25% to nearing 85%. Systemic treatment in the form of BRAF-targeted therapy and immunotherapy is slowly but
surely proving its eﬃcacy in the treatment of metatsta c brain metastases (MBM). Single-agent BRAF inhibitors provide
an intracranial response rate of 25% to 40%, whereas the combina on of BRAFi/MEKi leads to responses in up to 58%.
However, the durability of responses induced by BRAFi/MEKi seems to be even shorter than in extracranial disease. On the
other hand, single-agent ipilimumab provides comparable clinical beneﬁt in MBMs as it does in extracranial metastases.
Single-agent PD-1 anitbodies induce response rates of approximately 20%, and those responses appear durable. Similarly
the combina on of CTLA-4+ PD-1 an bodies induces durable responses at an impressive rate of 55% and is safe to administer. Although the local treatment approaches with radia on and surgery remain important and are cri cally needed in
the management of MBM, systemic therapy oﬀers a new dimension that can augment the impact of those therapies and
come at a poten ally lower cost of neurocogni ve impairment. Considera ons for combining those modali es are direly
needed, in addi on to considering novel systemic combina ons that target mechanisms speciﬁc to MBM. In this report,
we will discuss the underlying biology of melanoma brain metastases, the clinical outcomes from recent clinical trials of
targeted and immunotherapy, and their impact on clinical prac ce in the context of exis ng local therapeu c modali es.

C

utaneous melanoma is an aggressive skin malignancy
with an increasing incidence worldwide.1,2 In the United
States alone, an es mated 1.1 million people were living
with melanoma of the skin in 2014.3 Although melanoma
brain metastases (MBM) are the third-most-common origin
of metastases to the brain a er lung and breast cancers,
melanomas exhibit the highest level of cerebral tropism
of all cancer types; 40% to 50% of pa ents with stage IV
disease develop brain metastases.4,5 Historically, pa ents
with MBM had uniformly dismal outcomes, especially fatal complica ons of a disease for which the median overall survival was 7 to 9 months. The remarkable advances
in the systemic therapy of melanoma have extended the
1-year overall survival rate of metasta c melanoma from
25% historically to almost 85% now. Systemic treatment
in the form of BRAF-targeted therapy and immunotherapy
is slowly but surely proving its eﬃcacy in the treatment of
MBM and leading to median overall survival mes of 14 to
23 months.6,7 Although the local treatment approaches with
radia on and surgery remain important and are cri cally
needed in the management of MBM, systemic therapy offers a new dimension that can augment the impact of those
therapies and come at a poten ally lower cost of neurocogni ve impairment.

Here, we discuss the underlying biology of MBM, the
clinical outcomes from recent clinical trials of targeted
and immunotherapy, and the impact of trial outcomes on
clinical prac ce in the context of exis ng local therapeu c
modali es.

THE BIOLOGY OF BRAIN METASTASES
Melanoma shares with other cancers the fundamental
steps in the metasta c cascade that lead to the establishment of distant metastases; namely, emboliza on of tumor
cells through the systemic circula on, arrest in the cerebral
microvasculature, extravasa on, and coloniza on of the parenchyma. However, melanomas possess numerous intrinsic genomic mechanisms that speciﬁcally facilitate each of
these steps in cerebral ssue and thus predispose to the
establishment of brain metastases. In addi on, the unique
cerebral microenvironment presents both opportuni es
and challenges to the establishment and treatment of MBM.

Localiza on and Extravasa on of Melanoma Cells
Into the Brain
Forma on of MBM begins with the arrival of melanoma
cells in the brain vasculature. This can occur passively—
through simple physical impac on at microvasculature
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branch points8—or ac vely, when melanoma cells preferenally adhere to the cerebral endothelium.9,10
The molecular mechanisms that promote this adherence
are only just becoming understood, but the eﬀector molecules are increasingly being iden ﬁed. One such group is the
chemokine proteins and their membrane-bound receptors.
These normally play a key role in the regula on of physiologic cell migra on and homing.11,12 In par cular, chemokine
receptor type 4 (CCR4) is a seven-transmembrane receptor
that is overexpressed in melanoma cells that metastasize to
the brain, and it is strongly predic ve for MBM forma on
in mouse models.13,14 Ac va on of CCR4 phosphorylates
protein kinase B (AKT), which then ac vates the phosphoinosi de 3-kinase (PI3K) pathway.14 Other cell adhesion
molecules, including tetraspanins and integrins, have been
implicated in the localiza on process.15-17
A er melanoma cells have arrested in the brain microvasculature, they are faced with the unique protec ve interface known as the blood-brain barrier (BBB). The BBB is
composed of two func onal layers: ﬁrst, endothelial cells
aﬃxed together by ght junc ons, and, second, an underlying basement membrane composed of extracellular matrix.
This eﬀec vely restricts the passage of most compounds between the vasculature and the brain parenchyma.18
Melanomas have mechanisms to overcome both protecve layers. The secre on of serine proteases breaks down
endothelial ght junc ons. These proteases disrupt the
transmembrane proteins occludin and claudin-5 as well as
the cytoplasmic plaque protein ZO-1.10 Melanoma cells then
release the extracellular matrix degrading enzymes MMP-2
and heparanase to degrade the basement membrane.19
MMP-2 is seen in many cancer pathologies, but the neurotrophin-heparanase pathway is both brain and melanoma
speciﬁc. Neurotrophin receptor p75NTR is highly expressed on
the surface of melanoma cells.20,21 Ac va on of this receptor
by neurotrophins present in the intracranial compartment,
such as nerve growth factor and brain-derived neurotrophic
growth factor, s mulates the release of heparanase.22

PRACTICAL APPLICATIONS
• Brain metastases are a common clinical problem in
pa ents with melanoma.
• Local therapeu c modali es oﬀer control of
oligometasta c disease but have no impact on brain
metastases–free survival or extracranial disease.
• Systemic therapy with BRAFi and BRAFi/MEKi oﬀers high
response rates but with curtailed durability compared to
extracranial disease
• Immunotherapy is safe and oﬀers durable responses
in MBM; response rates are higher with combina on
therapy (an –CTLA-4+, an –PD-1) than either agent
alone.
• Combina on approaches of immunotherapy with
radia on therapy have the poten al for synergy but will
need to be studied further to characterize the op mal
sequence and ming.
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Melanotransferrin also plays an important role in melanoma cell extravasa on. It is a glycoprotein highly expressed
in melanoma cells and has both a secreted and a membranebound form.23 Mouse models have shown that the ability
of melanoma cells to cross the BBB was directly correlated
with cell-surface expression of melanotransferrin.24 The
molecular mechanism for this is not known, but melanotransferrin also is found in high concentrations in brain
capillary endothelium,25 which suggests a possible crosssignaling mechanism.

Intraparenchymal Migra on and Growth
A er the BBB has been successfully breached, melanoma
cells transmigrate into the brain parenchyma in a paracellular manner.10 Ini ally, they con nue to access the necessary nutrients for growth and survival from the pre-exis ng
microvasculature. Hence, growth and prolifera on occur
alongside the inner surface of the cerebral vessels in a process known as vessel co-op on.8,26
As metastases con nue to grow in size, neoangiogenesis
is required to sustain them. One of the mechanisms of MBM
neoangiogenesis is via the janus kinase/signal transducer
and ac vator of transcrip on (JAK/STAT) pathway. Ac vaon of STAT3 is signiﬁcantly increased in melanoma brain
metastasis compared with primary ssues. It in turn upregulates interleukin (IL)-23, which s mulates melanoma cells
to secrete MMP-2, VEGF, and basic ﬁbroblast growth factor
(bFGF)—all of which play a role in parenchymal invasion and
neoangiogenesis.27 The S100A4 protein, (a member of the
S100 protein family commonly used in immunohistochemical stains) also is a promoter of parenchymal invasion by
melanoma cells28 and has been shown to synergis cally
s mulate neovasculariza on with VEGF.29 Numerous other
angiogenic genes, including CEACAM1, PECAM1, HSPG2 and
CXCL10, have been noted to be highly upregulated in nonmelanoma brain metastases,30 although whether they are
speciﬁcally involved in MBM is s ll undetermined.

Role of the PI3K/AKT and Mitogen-Ac vated Protein
Kinase Pathways in Brain Metastases
The PI3K/AKT and mitogen-ac vated protein kinase (MAPK)
pathways are two parallel pathways that regulate cell survival
and prolifera on. Ac va on of the PI3K/AKT pathway has
been heavily implicated in the promo on of MBM: mul ple
studies reported signiﬁcantly higher levels of phosphorylated
AKT (pAKT) and lower levels of PTEN (an inhibitor of AKT) in
MBM compared with extracranial metastases.31,32
The PI3K/AKT pathway facilitates mul ple steps in the forma on of MBM via cross-signaling and upregula on of the
previously men oned molecules CCR4, heparanase, VEGF,
and STAT3.14,33,34 AKT also phosphorylates Cx43 that in turn
promotes melanoma cell extravasa on and co-op on of
blood vessels.35
The MAPK pathway also may be associated with brain
metastases. In a study that prospec vely observed pa ents
with primary melanoma, there appeared to be some associa on of BRAF muta ons with the development of brain
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metastases.36 There are no known molecular mechanisms
that biologically link BRAF/MAPK pathway upregula on to
speciﬁcally increase MBM forma on although crosstalk to
the PI3K pathway is possible.37 Interes ngly, downregulaon of the MAPK pathway by BRAF and MEK inhibi on may
lead to resistance by upregula on of the parallel PI3K/AKT
pathway.38-40 Hence, melanomas that acquire resistance may
be par cularly selected for intracranial progression, which
may explain in a recent clinical study why the dura on of
clinical response to BRAF and MEK inhibi on was half that
of extracranial sites41 and why the brain is a dominant site of
treatment failure a er BRAF inhibi on.41,42

Role of the Brain Microenvironment
The brain microenvironment aﬀects the forma on and
growth of MBM through mul ple bidirec onal mechanisms.
These tumor-microenvironment interactions mean that
both partners are to some extent responsible for regula ng
and shaping the phenotype of the other.
Astrocytes in cerebral ssue produce numerous regulatory
signaling molecules as part of their normal homeosta c regula on of the intracranial environment. When these come
into contact with MBM cells, they can have prometasta c
effects. For example, astrocytes secrete a base level of
neurotrophins that can bind to and ac vate neurotrophin
receptors on MBM (as previously discussed).20 In addi on,
astrocytes secrete microRNAs that epigene cally downregulate PTEN and so upregulate the PI3K/AKT pathway.43
Upon invasion of the brain parenchyma by malignant
cells, there is an ac ve release of prometasta c molecules
into the brain microenvironment. This is because invading
MBM are seen as a trauma c brain insult by astrocytes,
which then coordinate a neural regenera on response44
that releases heparanase, chemokines, and IL-2319 and
increases concentra ons of neurotrophins.45 Conversely,
ac vated astrocytes release an neoplas c agents, including plasmin, that ul mately trigger apoptosis in the invading metasta c cells via the release of Fas ligand.46 Thus,
there is a delicate push-and-pull balance of astrocytemediated factors that ul mately determines the success of
MBM coloniza on.
Adding to this complexity are the immunoregulatory
systems at play in the brain. In most healthy adults, an
intact BBB restricts the entry of T cells into the brain parenchyma. However, T cells enter the brain when there is
pathologic breakdown of the BBB by MBM. In fact, in one
study, MBM were correlated with the highest concentraon of tumor CD3+, CD8+, and PD-1–posi ve T cells compared with all other brain metastasis pathologies.47 These
eﬀects likely are counterbalanced by immunosuppressive
molecules, such as indoleamine-pyrrole 2,3-dioxygenase
(IDO), PD-L1, and tumor growth factor beta, present in
primary and/or metasta c brain tumors.48,49 The only one
of these that has been explored in detail in MBM is PD-L1
expression, which was present in approximately 50% of
MBM but, interes ngly, was not correlated with CD3 or
CD8 inﬁltra on.47,50

Biologic Implica ons on Current and Future
Treatment Strategies
The unique biology of MBM necessitates an organ-speciﬁc
approach when thinking of current and future treatment
strategies. In the ﬁrst instance, the poten al for the physical
restric on of the BBB to prevent drug and T-cell access to intraparenchymal lesions must be addressed, because this in
theory could limit the eﬀec veness of both targeted agents
and checkpoint inhibitors. Although pathologic breakdown
of the BBB undoubtedly occurs with brain macrometastases,
studies have demonstrated there is s ll intralesional and interlesional varia on in drug concentra ons a er systemic
administra on.51,52 In addi on, it is unclear if currently available therapies inﬂuence clinically undetectable micrometastases that may not be associated with BBB breakdown.53
Thus, development of speciﬁc BBB-permeable agents, or
the addi on of local therapies that compromise the BBB,
are poten al treatment strategies worthy of more research
to poten ally improve response rates.
Our ever-improving understanding of the molecular biology of MBM brings with it an increasing array of poten al
treatment targets. As a result of the vital role of STAT3 and
s100A4 in MBM forma on, inhibitors of STAT3 and s100A4
have promising early preclinical results.29,54 The neurotrophinheparanase pathway also may present a worthwhile novel
inhibitory target to reduce MBM. In vitro tests have demonstrated that introduc on of microRNAs that target heparanase has reduced the adhesion, migra on, and invasion of
melanoma cells.55
Finally, although we are only just star ng to understand
the immunoregulatory systems in the brain microenvironment, it is clear that immunomodula on has a key role to
play in the management of MBM. Checkpoint inhibitors,
including various combina ons of an –PD-1, an –CTLA-4,
and IDO inhibitors, present promising therapeu c opportuni es for pa ents with MBM.

SYSTEMIC THERAPY OF MELANOMA BRAIN
METASTASES
In the past decades, local therapies such as surgery, wholebrain radia on therapy, and stereotac c radiosurgery were
considered the pillars of MBM management. Advances in
understanding the biology and molecular pathways implicated
in melanoma followed by the arrival of eﬀec ve systemic
therapies in extracerebral metasta c melanoma have generated considerable interest in evalua ons of these novel
systemic strategies, including targeted therapies and immunotherapy, in pa ents with brain involvement (Table 1).

Targeted Therapies
In the phase II BREAK-MB study, the BRAF inhibitor dabrafenib showed clinical ac vity and an acceptable safety proﬁle in pa ents with BRAF V600E–mutant MBM.56 Among the
172 pa ents enrolled in the study, 74 pa ents had not received previous local treatment (cohort A) whereas 65 paents had (cohort B). The overall intracranial response was
lower than that observed in extracranial disease but was
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TABLE 1. Review of Clinical Studies That Evaluate Systemic Therapies for Melanoma Brain Metastases
Reference

56

Long et al

Davies
et al41

Study Type

Study Popula on

Cohort A: no previous
local treatment
BREAK-MB
(phase II) Cohort B: previous local
treatment

Treatment

Cohort A: 39
Dabrafenib
Cohort B: 31

Median FollowUp (Months)

Longer than 31
weeks

Longer than 16
weeks

Not available

Cohort A: 10.8.

Cohort A: 5.6

Cohort B: BRAFV600-E,
asymptoma c, with
previous local
treatment

Cohort B: 56

Cohort B: 24.3

Cohort B: 7.2

Cohort C: 44

Cohort C: 10.1

Cohort C: 4.2

Cohort D: 59

Cohort D: 11.5

Cohort D: 5.5

Cohort A: 16

Cohort A: 7.0

Cohort A: 2.7

COMBI-MB Cohort C: BRAF
V600D/K/R,
(phase III)
asymptoma c, with or
without previous local
brain therapy

Dabrafenib +
trame nib

Ipilimumab

Di Giacomo
et al58

NIBIT-M1
Asymptoma c
(phase II)

Goldberg
et al59

Small
phase II

Tawbi et al61

Median PFS
(Months)

Cohort A: 58

Cohort A: asymptoma c,
without cor costeroids
BMS-734016
(phase II) Cohort B: symptoma c,
with stable doses of
cor costeroids

Long et al60

Median OS

Cohort A: BRAFV600-E,
asymptoma c, no previous local treatment.

Cohort D: BRAF V600D/
E/K/R, symptoma c,
with or without
previous local brain
therapy

Margolin
et al57

Intracranial
Response (%)

8.5

Not available
Cohort B: 3.7.

Cohort B: 1.3

Ipilimumab +
40
fotemus ne

12.7

3.0

39.9

Asymptoma c, untreated

Pembrolizumab 22

Not available

Not available

Not available

Cohorts A and B: asymptoma c, no previous
local treatment

Cohort A:
ipilimumab + Cohort A: 44
nivolumab

6-month data

6-month data

ABC
(phase II) Cohort C: disease failure
a er local therapy, or
symptoma c

Cohort B:
nivolumab

Cohort B: 20

Cohort A: 76%

Cohort A: 50%

Cohort C:
nivolumab

Cohort C: 6

Cohort B: 59%

Cohort B: 29%

Cohort C: 44%

Cohort C: 0

CheckMate
204
phase II

Ipilimumab
and
nivolumab

55

Not available

Not reached

Asymptoma c

Cohort B: 5

Not available

6.3

Abbrevia ons: OS, overall survival; PFS, progression-free survival.

independent of previous local treatment of brain metastases
(in 39% and 31% of pa ents, respec vely). In both cohorts,
the median progression-free survival (PFS) was approximately 16 weeks, and the overall survival (OS) was approximately 31 weeks. Response rates seemed lower in the
presence of BRAF V600K muta on compared with BRAF
V600E (7% and 22% in cohorts A and B, respec vely). Adverse
events (AEs) were not diﬀerent from those reported for extracranial disease; notably, intracranial AEs were very uncommon. Overall, 26% of pa ents had pyrexia of any grade and
6% had cutaneous squamous cell carcinoma. A phase II study
of the BRAF inhibitor vemurafenib reported lower response
rates, but similar PFS, in similarly deﬁned pa ent cohorts.62
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The combina on of dabrafenib and the MEK inhibitor
trame nib improved OS when compared with dabrafenib
monotherapy in advanced melanoma without brain metastases.63,64 Similarly, this combina on was evaluated in
pa ents with BRAF V600–mutant MBM in the phase II
COMBI-MB study.41 Among the 125 pa ents enrolled,
76 pa ents had BRAF V600E–posi ve asymptoma c MBM,
no previous local brain therapy, and an Eastern Coopera ve
Oncology Group (ECOG) performance status of 0 or 1 (cohort A); 16 pa ents had BRAF V600E–posi ve asymptoma c MBM, previous local brain therapy, and an ECOG of 0
or 1 (cohort B); 16 pa ents had BRAF V600D/K/R–posi ve
asymptoma c MBM with or without previous local brain
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therapy and had an ECOG of 0 or 1 (cohort C); and 17 paents had BRAF V600D/E/K/R–posi ve symptoma c MBM
with or without previous local brain therapy and had an
ECOG of 0, 1, or 2 (cohort D). The primary endpoint was
intracranial response in cohort A. An intracranial response
was achieved in 58%, 56%, 44%, and 59% of pa ents in
cohort A, B, C, and D respec vely. In cohort A, the median
PFS was 5.6 months, and the median OS was 10.8 months.
AEs of any grade were observed in 98% of pa ents, and
48% reported one or more grade 3 or 4 AE. Altogether, the
response rates were lower than those observed with the
same treatment regimen in pa ents with extracranial disease (58% vs. 67%); remarkably, the median PFS was almost
half (5.6 months vs. 10.1 months), which suggests an earlier
treatment failure in the brain, as conﬁrmed by a high rate of
intracranial progression in more than two-thirds of pa ents
who experienced disease progression.

Immunotherapy
Phase II and III studies have shown that ipilimumab is acve in advanced melanoma and improves OS.65,66 A phase
II study was conducted to evaluate ipilimumab in pa ents
with MBM.57 Among the 72 pa ents enrolled in this study,
51 pa ents were neurologically asymptoma c and were not
receiving cor costeroid treatment at enrollment (cohort
A), whereas 21 were symptoma c and on a stable dose of
cor costeroids (cohort B). The intracranial response was
achieved in 16% and 5% of pa ents in cohort A and B, respecvely. The median OS was 7.0 months in cohort A and was 3.7
months in cohort B. The most frequent grade 3 AEs were diarrhea, fa gue, dehydra on, hyperglycemia, and increased
concentra ons of serum aspartate aminotransferase. This
study conﬁrmed the safety and intracranial eﬃcacy of ipilimumab and highlighted the need for pa ents to be oﬀ of
cor costeroids at the me of ini a on of ipilimumab.
The combina on of ipilimumab and fotemus ne was evaluated in the phase II NIBIT-M1 study. Fotemus ne, a chemotherapy historically used in Europe, where it is registered
to treat pa ents with metasta c melanoma, is known to
cross the BBB. Although fotemus ne monotherapy is only
poorly eﬀec ve in metasta c melanoma (like other cytotoxic chemotherapies), a poten al synergy with ipilimumab
was hypothesized and evaluated in this clinical trial.58
Among the 86 pa ents included in the study, 20 pa ents
had MBM; 40% of pa ents with asymptoma c brain metastases at baseline achieved an immune-related objec ve response. With a median follow-up me of 39.9 months, the
median OS and the 3-year survival rates were 12.9 months
and 28.5%, respec vely, for the whole study popula on and
were 12.7 months and 27.8%, respec vely, for pa ents with
brain metastases.67 Overall, 87% of the whole study populaon had all-grade AEs, whereas 55% had grade 3 or 4 AEs,
and the most frequent was myelosuppression. Grade 3 or 4
eleva on of alanine aminotransferase or aspartate aminotransferase was observed in 24% pa ents.
The follow-up phase III NIBIT-M2 study was ini ated to
evaluate fotemus ne versus the combina on of fotemus ne

and ipilimumab versus the combina on of ipilimumab and
nivolumab in pa ents with untreated, asymptoma c MBM
(NCT02460068). Results of this study are pending.
The ac vity of pembrolizumab was evaluated in a small,
phase II study, in which pa ents with melanoma or non–
small cell lung cancer and untreated brain metastases were
included.59 Among the 18 pa ents with melanoma who
were treated with pembrolizumab, 22% achieved durable
intracranial responses. The safety proﬁle of pembrolizumab
was acceptable, and AEs were primarily grade 1 or 2. Six
percent of pa ents in the melanoma cohort had a grade 3
eleva on of aminotransferases; 17% had clinically relevant
neurologic AEs, which included transient grade 3 cogni ve
dysfunc on and grade 1 or 2 seizures.
The ac vity of ipilimumab in combina on with nivolumab
versus nivolumab monotherapy in MBM was evaluated
in the randomized phase II ABC study, which was based on
the improved response rates and PFS rates associated with
these drugs in clinical studies.60 Among the 76 pa ents enrolled in the study, 60 pa ents were asymptoma c and had
not received previous local treatment of brain metastases,
35 received the combina on of nivolumab and ipilimumab
(cohort A), and 25 received nivolumab monotherapy (cohort B). Sixteen pa ents whose disease had failed to respond to local therapy or who were neurologically symptoma c and/or who had leptomeningeal disease received
nivolumab monotherapy (cohort C). Intracranial responses
were achieved in 44%, 20%, and 6% of pa ents in cohorts A,
B, and C respec vely. The 6-month OS rates were 76%, 59%,
and 44% in cohorts A, B, and C respec vely. The intracranial response rate in cohort A was 53% for treatment-naive
pa ents, but it was 16% in pa ents previously treated with
BRAF inhibitors. Rates of grade 3 or 4 AEs in cohorts A, B,
and C were 68%, 40%, and 56%, respec vely.
The safety and eﬃcacy of the combina on of nivolumab
and ipilimumab were evaluated in a larger popula on of paents in the phase II CheckMate 204 study.61 Here, 75 paents with asymptoma c MBM received the combina on.
With a median follow-up me of 6.3 months, the intracranial
objec ve response rate was 56%. Overall, 19% of pa ents
had a complete response, 37% had a par al response, and
8% had a stable disease for more than 6 months. Intracranial
and extracranial responses were largely concordant. The
median me to intracranial response was 2.8 months. With
a median follow-up me of 9.2 months, the intracranial response rate was 55%, and this included a 21% complete response rate. The median PFS was not reached. The 6-month
PFS was greater than 60%. AEs of any grade occurred in 96%
of pa ents, and grade 3 or 4 AEs occurred in 52% of paents. No new or unusual central nervous system AEs were
observed. Headache was the most frequent AE (in 25%), and
it reached grade 3 or 4 in only 4% of pa ents. Results are
pending a er the enrollment of 119 pa ents, which included
a small cohort (20 pa ents in cohort B) of pa ents who required cor costeroids at the me of ini a on of therapy.
CheckMate-204 and ABC independently conﬁrmed that the
combina on of ipilimumab with nivolumab is safe and has a
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high rate of durable intracranial responses in pa ents with
asymptoma c MBM.

Novel Combina ons
Novel combina ons are being explored to increase the intracranial eﬃcacy of systemic treatments with fewer AEs. The
ac vity and safety of pembrolizumab combined with bevacizumab is being evaluated in a phase II study in pa ents
with untreated brain metastases from melanoma or non–
small cell lung cancer (NCT02681549). Similarly, the ac vity
of atezolizumab combined with bevacizumab is being evaluated in pa ents with untreated MBM (BEAT-MBM study;
NCT03175432); this study includes a cohort of pa ents who
are symptoma c or who require cor costeroids. Moreover,
the intracranial eﬃcacy of BMS-986205, an IDO inhibitor,
combined with nivolumab is being evaluated in a mul center phase II study in pa ents with untreated brain metastases from melanoma or lung cancer. Triplet therapy for
BRAF V600–mutant advanced melanoma is being explored
and may be a poten al therapeu c approach when combined with nivolumab in brain metastases (NCT02910700).

Endpoints in Melanoma Brain Metastases Clinical
Trials
Immunotherapy may result in unusual responses manifested
by an ini al transient increase in tumor burden before response or by the appearance of new lesions in pa ents with
responding baseline lesions. RECIST version 1.1, primarily
developed to evaluate the responses to chemotherapies
and targeted therapies, may not fully es mate the beneﬁt of immunotherapy. Therefore, the immune-related response criteria were developed and include the bidimensional tumor measurement and the measurements of new
target lesions into evalua on.68 Recently, immune-based
therapeu cs criteria (i.e., iRECIST) have been developed to
provide consistency in design and data collec on in immunotherapy studies and, ul mately, to validate guidelines.69
Unconfirmed progression requires confirmation, which
includes an increase in the size or number of new lesions.
This approach allows delayed responses that occur a er
pseudoprogression to be iden ﬁed. Addi onal eﬀorts have
been made with the development of the immune-modiﬁed
RECIST (i.e., imRECIST) that are based on data from atezolizumab studies.70 The imRECIST included unidimensional tumor
measurement with up to ﬁve target lesions (two per organ,
as per RECIST version 1.1). New lesions are added to the total tumor burden when measurable. Moreover, progression
in nontarget lesions does not deﬁne progressive disease.
The measurement of intracranial responses adds another
layer of complexity and requires special a en on. A prac cal method that was used ini ally in BREAK-MB and subsequently used in COMBI-MB, CheckMate-204, and ABC, is to
use a modiﬁed version of RECIST version 1.1 in which the
brain is treated as a separate compartment; up to ﬁve lesions are measured (smallest > 5 mm on MRI) in addi on
to ﬁve extracranial lesions. In addi on, recommenda ons
for the evalua on of response and progression criteria of
746
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brain metastases in clinical trials have been developed by
the Response Assessment in Neuro-Oncology Brain Metastases (RANO-BM) working group.71 Two to ﬁve target lesions
were allowed, provided that they had two perpendicular diameters greater than 10 mm. Complete response required
the disappearance of all lesions for at least 4 weeks without
cor costeroids. Par al response required a 30% or more decrease in the sum of the longest diameter of target lesions
deﬁned at baseline, sustained for at least 4 weeks, with
stable or decreased doses of cor costeroids. Progressive
disease was deﬁned as 20% or more increase in the sum
of the longest diameter of target lesions and at least one
lesion that increased in size by 5 mm or more. An increase
in cor costeroid doses without clinical deteriora on did not
indicate progression.72 These new radiologic criteria allow a
uniform evalua on of immunotherapy responses and may
facilitate study designs as well as data analysis of objec ve
response rates and PFS.

RADIATION THERAPY MODALITIES AND
MELANOMA BRAIN METASTASES
Whole-Brain Radia on Therapy Versus Stereotac c
Radiosurgery
Radia on therapy with or without surgery has been the
mainstay of treatment of pa ents with brain metastases
of solid tumors. Whole-brain radia on therapy (WBRT)
con nues to be an important modality, but no randomized
controlled trials have examined WBRT compared with best
suppor ve care in melanoma. However, the QUARTZ study
in non–small cell lung cancer did not show any beneﬁt from
WBRT,73 so the true impact of WBRT on brain metastases
from melanoma is likely to be limited, which is not surprisingly given the DNA repair capacity of melanoma cells and
the rela ve resistance to radia on.74 Although the eﬃcacy
of WBRT remains in ques on, its toxicity is well documented
in the form of neurocogni ve decline manifested by memory loss and impaired execu ve func on.75,76 WBRT has
been shown to impair cogni on and induce an irreversible
demen a-like state in some pa ents.77 This eﬀect is becoming increasingly ominous as survival increases from central
nervous system cancers in general and MBM in par cular.
Mul ple interven ons to mi gate the risk of WBRT-induced
cogni ve decline have been evaluated.78 The delivery of
WBRT with conformal avoidance of the hippocampus was
evaluated in a mul -ins tu onal phase II study (RTOG 0933)
and was indeed associated with preserva on of memory
and quality of life compared with historical controls (p <
.001).79 Similarly, the addi on of the N-methyl-d-aspartate
receptor antagonist meman ne to WBRT resulted in be er
cogni ve func on and a signiﬁcantly longer me to cognive decline.78
The rapid uptake of stereotac c radiosurgery (SRS) in the
1990s revolu onized the care of pa ents with brain metastases and largely supplanted surgery for smaller asymptoma c lesions. In the case of melanoma, the lethal dose of
radia on delivered with SRS appears suﬃcient to kill melanoma cells. In addi on, SRS can spare speciﬁc regions, such
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as the op c nerves and hippocampus, and poten ally mi gate
nega ve cogni ve eﬀects of WBRT and/or conformal-ﬁeld
WBRT while producing 12-month local control rates of up
to 75%.80-82 SRS can eﬀec vely lead to local control of established brain metastases, but its use is limited by the number
of metastases present.83 Although many centers are trea ng
mul ple lesions now, the accepted standard and published
literature supports the use of SRS for up to only three lesions. Therefore, SRS is preferred instead of WBRT as ini al
therapy for pa ents with MBM and oligometasta c disease;
WBRT is reserved for recurrence a er SRS, a large number
of metastases, or leptomeningeal disease.

Immunotherapy Combined With Radia on
The poten al synergy of radia on therapy with immunotherapy has been suspected for decades but has become
an exci ng arena for inves ga on a er reports of the socalled abscopal eﬀect and the advent of checkpoint inhibitors.84 This is even more likely to be relevant in the brain,
when radia on is clinically indicated, and could improve the
permeability of the BBB, increase an gen release and presenta on, and increase the expression of inﬂammatory cytokines such as IL-1α, IL-6, and tumor necrosis factor alpha or
VEGF.85 Knisely et al86 reported a retrospec ve MBM series
in which pa ents treated with ipilimumab plus WBRT, compared with those treated with radiotherapy alone, achieved
a longer median survival (21.3 vs. 4.9 months, respec vely)
and a greater 2-year survival rate (47.2% vs. 19.7%, respecvely). Similarly, ipilimumab plus SRS increased the median
OS from 5.3 to 18.3 months (p = .002), but not in pa ents
who received ipilimumab plus WBRT (HR 0.56; p = .15) in
a series of 70 pa ents with MBM treated at the University
of Michigan. However, the addition of ipilimumab to SRS
improved survival compared with SRS alone (median, 19.9
vs. 4.0 months; p = .009) and had no increase in central
nervous system toxicity.87 Ahmed et al88 reported data from
26 pa ents who received nivolumab with SRS for MBM,
which demonstrated safety and high rates of local (91%)
and distant (53%) brain control at a median follow-up of
15 months. Although prospec ve studies to evaluate combina ons of SRS and immunotherapy are ongoing, the op mal ming for the introduc on of systemic therapy (before
or a er SRS) remains unclear, given the current established
prac ce pa erns in which SRS is pursued early in the management of MBM. Also, measures of changes of neurocogni ve func on with such combina ons are impera ve to
clearly delineate the poten al delayed addi ve toxicity as
well as the poten al increase in the rate of radia on necrosis.

therapy with SRS, like the combina on with immunotherapy,
appears to improve overall outcome.89 An ongoing, phase
II, open-label, prospec ve study (NCT01721603) is evaluating the eﬀect of dabrafenib in combina on with SRS on the
6-month distant brain metastasis–free survival rate compared with historical control (SRS alone).

Radia on Necrosis
Radia on necrosis (RN) is a poten al delayed complica on
of radia on therapy that occurs in 11% to 19% of pa ents
with brain metastases, and it appears more likely with
SRS.90,91 RN typically develops 7 to 12 months a er therapy
and can be associated with great morbidity, including seizures, language impairment, psychomotor slowing, and
sensorimotor deﬁcits.92 With the increasing use of immunotherapy to treat cancers other than melanoma, there is
a large need to be er deﬁne RN, its true incidence, and its
poten al exacerba on, because its e ology appears highly
rooted in the modula on of the immune response.
All currently available data to describe RN are retrospecve case series that provide conﬂic ng informa on. A retrospec ve review of 54 pa ents who received SRS showed
no diﬀerence in the incidence of RN between pa ents who
received or did not receive ipilimumab within 4 months of
SRS.93 Conversely, among 180 consecu vely treated pa ents
who received SRS plus systemic therapy, with a median
follow-up me of 11.7 months, RN incidence was signiﬁcantly
greater in pa ents who received immunotherapy compared
with chemotherapy or targeted therapy (odds ra o, 2.40;
95% CI, 1.06 to 5.44; p = .03). Conversely, chemotherapy
was associated with a lower risk of RN rela ve to other
treatments (odds ra o, 0.38; 95% CI, 0.18 to 0.78; p = .01).94
Conﬂic ng results were reported in 137 pa ents with MBM
who were treated with SRS and systemic therapy at the MD
Anderson Cancer Center. This study found that concurrent
treatment with chemotherapy, larger size of lesions, and
greater number of lesions treated were predic ve of RN;
however, immunotherapy and ming proximity to SRS were
not associated with increased RN risk.95
Increased RN incidence also may be associated with the
combina on of BRAF inhibitors and SRS.96 Among 15 paents treated with targeted therapy before, a er, or concurrent with SRS, eﬃcacy endpoints were similar, but there
was an increased incidence with BRAF inhibitors and SRS
versus SRS alone of RN (22.2% vs. 11.0% at 1 year; p < .001)
and of symptoma c RN (28.2% vs. 11.1% at 1 year; p < .001).
These results highlight the need for a prospec ve evalua on
of this morbid condi on associated with SRS in the context
of ongoing clinical trials of systemic agents in MBM.

Targeted Therapy Combined With Stereotac c
Radiosurgery

CONCLUSION

Targeted therapy can decrease the size and number of MBM
and therefore could render SRS more feasible and eﬀec ve.
However, there is no strong biologic ra onale for poten al
synergy like there is with immunotherapy, beyond the immunologic impact of BRAF-directed therapy. Nonetheless,
modern series indicate that the combina on of targeted

Brain metastases are a common clinical occurrence in paents with metasta c melanoma and pose a unique set of
challenges that range from a higher rate of mortality to devasta ng neurologic sequelae of the disease itself or the AEs of
available therapies. Surgery and radia on therapy con nue
to be needed to treat large or symptoma c lesions, and
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systemic targeted and immunotherapy agents are oﬀering
renewed hope for prolonged intracranial disease control
that could decrease or delay the onset of neurocogni ve
decline and/or death.
Although BRAF-targeted therapy and combina on immunotherapy with nivolumab and ipilimumab appear to have
similar response rates, the higher rate of durable intracranial
responses to combina on immunotherapy suggests that
this modality should be considered for ﬁrst-line therapy,

poten ally along with radia on. BRAF-targeted therapy can
be reserved for treatment failure or for pa ents who are
either dependent on cor costeroids or unlikely to tolerate
combina on immunotherapy.
Prospec ve randomized clinical trials are needed to be er
delineate the op mal combina ons of systemic agents with
SRS. Those studies should include the me culous collec on
of imaging data and neurocogni ve assessments to fully
characterize the impact of novel therapeu cs.
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EMERGING STRATEGIES IN SYSTEMIC THERAPY FOR MELANOMA

Emerging Strategies in Systemic Therapy for the Treatment
of Melanoma
Paolo A. Ascierto, MD, Keith Flaherty, MD, and Stephanie Goﬀ, MD
OVERVIEW
Recent years have seen major improvements in survival of pa ents with advanced melanoma with the advent of various
novel systemic immunotherapies and targeted therapies. As our understanding of these agents and their various mechanisms of ac on improves, even more impressive outcomes are being achieved through use of various combina on strategies, including the combining of diﬀerent immunotherapies with one another as well as with other modali es. However,
despite the improved outcomes that have been achieved in advanced melanoma, responses to treatment are heterogeneous and may not always be durable. Addi onal advances in therapy are required, and several emerging strategies are a
focus of interest. These include the inves ga on of several new immunotherapy and/or targeted therapy combina ons,
such as checkpoint inhibitors (an –PD-1/an –CTLA-4) with other immunotherapies (e.g., indoleamine 2,3 dioxygenase
[IDO] inhibitors, an lymphocyte ac va on 3 [an –LAG-3], histone deacetylase [HDAC] inhibitors, Toll-like receptor 9 [TLR-9]
agonists, an glucocor coid-induced tumor necrosis factor receptor [an -GITR], pegylated interleukin-2 [IL-2]), combined targeted therapies (e.g., MEK and CDK4/6 coinhibi on), and combined immunotherapy and targeted therapy (e.g.,
the triplet combina on of BRAF/MEK inhibi on with an –PD-1s). The iden ﬁca on of novel therapeu c targets in the
MAP kinase pathway also oﬀers opportuni es to improve outcomes by overcoming de novo and acquired resistance to
BRAF/MEK inhibi on (e.g., the development of ERK inhibitors). In addi on, adop ve cell transfer, the infusion of large
numbers of ac vated autologous lymphocytes, may have a poten al role in pa ents whose disease has progressed a er
immunotherapy. Taken together, these new approaches oﬀer further poten al to increase systemic treatment op ons and
improve long-term outcomes for pa ents with advanced melanoma.

R

ecent years have seen clinically important advances in
the treatment of melanoma with the advent of various
systemic immunotherapies and targeted therapies. Since
2011, several of these new agents have been approved and
have resulted in improvements in the survival of pa ents
with advanced melanoma. Even more impressive, outcomes are now being observed through the use of various
combina on strategies, including diﬀerent immunotherapies being combined with one another as well as with other
modali es. However, despite the major advances that have
clearly been achieved in improving outcomes for pa ents
with melanoma, responses to treatment are heterogeneous
and may not always be durable.
As our understanding of these novel treatment approaches
evolves, a empts to further improve outcomes for more
pa ents are ongoing. This includes inves ga on of a wide
range of novel treatment combina ons together with the
iden ﬁca on of new targets for therapy. Another approach,
adop ve cell transfer (the infusion of large numbers of
ac vated autologous lymphocytes), also oﬀers poten al,

primarily as a treatment op on for pa ents with disease
progression a er immunotherapy. Recent advances in
these ﬁelds are reviewed and discussed here.

NOVEL COMBINATION THERAPIES
The development of novel treatments, in par cular the
immunomodula ng monoclonal an bodies (an –CTLA-4,
an –PD-1/PD-L1) and small molecule–targeted therapies
(BRAF and MEK inhibitors), has revolu onized the prognosis
for pa ents with advanced melanoma. However, although
monotherapy with many of these agents has been shown to
improve survival compared with previously available treatment op ons, even greater improvements are being seen
with the use of various combina on approaches. Improved
outcomes have been observed with combined CTLA-4 and
PD-1 versus monotherapy,1,2 with an overall 3-year survival
rate of 58% with ipilimumab plus nivolumab,3 as well as
with combined BRAF and MEK inhibitors.4,5 Now, several
new doublet as well as triplet combinations are being
inves gated.
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Immunotherapies
An –PD-1 plus IDO inhibitor. IDO1 is an interferon-gamma
(IFN-γ)–induced intracellular enzyme that catalyzes the ﬁrst
and rate-limi ng step of tryptophan degrada on in the kynurenine pathway.6 In tumors, deple on of tryptophan and
produc on of kynurenine and other metabolites shi the
local tumor microenvironment to an immunosuppressive
state that helps tumor cells evade immunosurveillance. Epacadostat is a potent and speciﬁc oral inhibitor of the IDO-1
enzyme7 that is being evaluated in combina on with both
pembrolizumab and nivolumab. In an open-label phase I/II
study in mul ple tumor types (ECHO-202/KEYNOTE-037),
epacadostat plus pembrolizumab showed promising an tumor ac vity in pa ents with advanced melanoma.8 In 63
evaluable pa ents with melanoma, the overall response
rate (ORR) was 56% (complete response [CR], 14%), and the
disease control rate was 71%. Median progression-free survival (PFS) was 12.4 months, and 18-month PFS was 49%.
Among treatment-naïve pa ents with advanced disease
treated with 100 mg of epacadostat (38 pa ents), ORR was
58% (CR, 8%), and the disease control rate was 74%. Epacadostat plus pembrolizumab showed a favorable safety proﬁle, with an incidence of related grade 3/4 toxicity of 20%.
This combina on is being further evaluated versus pembrolizumab monotherapy in a phase III study of 706 pa ents
with advanced melanoma (ECHO-301/KEYNOTE-252). Similarly, in the open-label phase I/II ECHO-204 study of pa ents

PRACTICAL APPLICATIONS
• Despite improved outcomes in advanced melanoma with
the advent of several novel eﬀec ve and well-tolerated
immunotherapies and targeted therapies, responses
to treatment are heterogeneous and may not always
be durable, and addi onal advances in therapy are
required, with several emerging strategies a focus of
interest.
• Novel combina ons, such as an –PD-1s/an –CTLA-4s
combined with other immunotherapies (e.g., IDO
inhibitors, an –LAG-3, HDAC inhibitors, TLR-9 agonists,
an -GITR, pegylated IL-2), combined targeted therapies
(e.g., MEK and CDK4/6 coinhibi on), and combined
immunotherapy and targeted therapy (e.g., the triplet
combina on of BRAF/MEK inhibi on with an –PD-1s),
are being inves gated with promising results.
• The iden ﬁca on of novel therapeu c targets in
the MAP kinase pathway also oﬀers the poten al
to improve outcomes by overcoming de novo and
acquired resistance to BRAF/MEK inhibi on (e.g., the
development of ERK inhibitors).
• Adop ve cell transfer, the infusion of large numbers
of ac vated autologous lymphocytes, may have a
poten al therapeu c role in pa ents whose disease has
progressed a er immunotherapy.
• Taken together, these new approaches oﬀer further
poten al to increase systemic treatment op ons and
improve long-term outcomes for pa ents with advanced
melanoma.
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with advanced solid tumors, epacadostat plus nivolumab
was generally well tolerated and showed promising ac vity.9 In 40 pa ents with advanced melanoma not previously
treated with IDO inhibitors or checkpoint inhibitors, except
for an –CTLA-4 as ﬁrst-line therapy, ORR was 63% (CR,
5%), and the disease control rate was 88%. Response was
observed regardless of PD-L1 expression. Across all tumor
types, toxicity was manageable, although treatment-related
grade 3 rash and treatment-related adverse events (TRAEs)
leading to discon nua on were increased with a higher
dose of twice daily epacadostat (300 vs. 100 mg). Another
IDO-1 inhibitor, BMS-986205, is also being tested in combina on with nivolumab. In a phase I/IIA trial in pa ents with
cervical, bladder, or other advanced cancers (CA017-003),
BMS-986205 plus nivolumab showed an tumor ac vity and
had a favorable safety profile in 289 heavily pretreated
pa ents, with grade 3/4 TRAEs in 11% of pa ents and no
treatment-related deaths.10 A phase III randomized, doubleblind study of BMS-986205 plus nivolumab versus nivolumab
monotherapy in pa ents with advanced melanoma has been
ini ated (NCT03329846).
An –PD-1 plusan –LAG-3. As a poten ally synergis c immune pathway to PD-1/PD-L1, the an –LAG-3 gene has
emerged as an immune checkpoint receptor that regulates
T-cell func on. The an –LAG-3 therapy BMS-986016 is being inves gated in combina on with nivolumab. In an ongoing expansion study of 48 heavily pretreated pa ents with
advanced melanoma whose disease was refractory to or
relapsed on an –PD-1/PD-L1 therapy, the ORR was 12.5%.11
Pa ents with LAG-3 tumor expression greater than or equal
to 1% (25 pa ents) had a nearly threefold improvement in
ORR compared with pa ents with less than 1% lLAG-3 expression (14 pa ents; 20% vs. 7.1%). The safety proﬁle was
similar to nivolumab monotherapy.
An –PD-1/an –CTLA-4 plus HDAC inhibitor. En nostat is a
selec ve HDAC inhibitor shown to enhance immune checkpoint inhibitor ac vity in preclinical studies. In preliminary
data, en nostat plus pembrolizumab showed promising acvity in pa ents (13 pa ents) whose diease was refractory
to previous treatment with checkpoint inhibitors. Of note,
one pa ent with a conﬁrmed par al resonse was converted
from PD-L1 negative in a pretreatment tumor biopsy to
PD-L1 posi ve post-treatment12 However, in another phase
I trial, another HDAC inhibitor, panobinostat, did not seem
to increase response when added to standard ipilimumab
therapy in pa ents with advanced melanoma.13
An –PD-1/an –CTLA-4 plus TLF-9 agonist. TLR-9 induces
IFN-α and an gen-presen ng cell matura on, resul ng in
the ac va on and prolifera on of tumor-inﬁltra ng lymphocytes (TILs). Combining intratumoral dendri c cell ac va on to enhance T-cell priming with checkpoint blockade
may be key in patients who are refractory to immunotherapy. In a phase I/II trial, the TLR-9 agonist IMO-2125
was administered intratumorally to patients with PD-1/
PD-L1–refractory melanoma in combina on with ipilimumab (18 patients) or pembrolizumab (four patients).14
Dose-limiting toxicities have not been reported. Clinical
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beneﬁt has been observed, with biopsies showing matura on of the mDC1 subset (CD1c+, CD303−), upregula on
of PD-L1 by malignant cells, and an IFN-α response gene
signature. Biopsies of uninjected tumors showed evidence
of an abscopal eﬀect, with expression of CD56+ and Ki67+
eﬀector CD8+ T cells in responding pa ents. A phase II trial
is ongoing.
An –PD-1 plus an -GITR. GIRTR is a cos mulatory ac va ng receptor that is upregulated on ac vated T cells
and expressed at higher levels in regulatory T cells than
eﬀector T cells. BMS-986156 is a fully human IgG1 agonist monoclonal an body that binds GITR and promotes
eﬀector T cell ac va on with the possible reduc on and
inac va on of regulatory T cells. In a phase I/IIA study in
pa ents with advanced solid tumors, the combina on of
BMS-986156 plus nivolumab was well tolerated, with no
dose-limi ng toxici es and low immunogenicity, whereas
an tumor ac vity was observed at doses expected to be biologically ac ve.15 Addi onal evalua on of this combina on
is ongoing.
An –PD-1 plus pegylated IL-2 (NKTR-214). NKTR-314 is a
CD122-biased immune-s mulatory cytokine that selecvely binds to the IL-2 receptor-β. Biased signaling preferen ally ac vates and expands eﬀector T cells and natural
killer cells over regulatory T cells and increases prolifera on
of TILs and PD-1 expression on eﬀector T cells in the tumor microenvironment. In the ongoing phase I/II PIVOT-02
study of NKTR-214 plus nivolumab in pa ents with selected
solid tumors, the ORR was 64% and the disease control
rate was 91% in 11 treatment-naïve patients with advanced melanoma.16 The combina on was well tolerated,
with no study discon nua ons because of TRAEs and no
treatment-related deaths. In addi on, NKTR-214 did not increase the risk for immune-related TRAEs associated with
nivolumab.

Targeted Therapies
Inhibi on of both MEK and CDK4/6 may suppress MAP kinase pathway ac va on and cell cycle checkpoint dysregula on in NRAS-mutant melanoma, resul ng in enhanced
an tumor ac vity. The MEK inhibitor binime nib plus the
CDK4/6 inhibitor ribociclib in combina on exhibited favorable eﬃcacy and a manageable safety proﬁle in a phase
IB trial of 16 pa ents with metasta c NRAS-mutant melanoma.17 In a phase IB/II dose-escala on study evalua ng triple combina on therapy with a BRAF inhibitor (encorafenib)
plus binime nib and ribociclib in pa ents with high tumor
burden, BRAF V600-mutant solid tumors, and melanoma,
more than one-half of pa ents had reduc ons in tumor
size.18 However, the median PFS with triple combina on
therapy was less than that previously observed with the
dual combina on of encorafenib plus binime nib (9.2 vs.
11.3 months). Moreover, the addi on of ribociclib seemed
to increase toxicity compared with the dual combina on,
with elevated transaminases the most frequent reason for
discon nua on, consistent with the known tolerability proﬁle of ribociclib.

Targeted Therapy Plus Immunotherapy
Clinical trials to assess the combina on of targeted BRAF/
MEK inhibitors with immunotherapy are also being conducted. A phase I study (NCT02027961) showed that 3 or
10 mg/kg of the PD-L1 inhibitor intravenous durvalumab
every 2 weeks in combina on with a BRAF inhibitor (dabrafenib) and MEK inhibitor (trame nib) had a manageable
safety proﬁle and evidence of clinical ac vity in pa ents
with stage IIIC/IV melanoma.19 Pa ents with a BRAF muta on
treated with a combination of BRAF and MEK inhibition
exhibited the greatest immune ac va on as well as the greatest clinical ac vity.
Another ongoing phase I study is KEYNOTE-022, which
is inves ga ng the safety and eﬃcacy of pembrolizumab
combined with dabrafenib and trame nib in pa ents with
advanced BRAF-mutant melanoma. Fi een pa ents were
treated with pembrolizumab at 2 mg/kg every 3 weeks and
150 mg of dabrafenib twice daily with 2 mg of trame nib
daily.20 Dose-limi ng toxici es were reported in three paents; one pa ent had grade 4 neutropenia, a second had
grade 4 increased alanine aminotransferase, and a third had
grade 3 increased aspartate transaminase (AST), alanine
aminotransferase (ALT), and γ-glutamyltransferase (γGT);
all discontinued treatment. All events resolved, and no
treatment-related deaths were observed. Eleven pa ents
(73%) had grade 3 to 4 TRAEs, and four (27%) discon nued triplet combina on treatment. No late or unexpected
toxici es occurred with longer follow-up. Conﬁrmed ORR was
67% (10 of 15 pa ents) with 13% of CR (2 of 10 pa ents).
Seven of 11 pa ents with a response have not progressed
with median follow-up of approximately 20 months. Part 3
of KEYNOTE-022 is a double-blind study of pembrolizumab
plus dabrafenib plus trame nib versus placebo plus dabrafenib
plus trame nib. In another phase III trial, dabrafenib plus
trame nib is being evaluated in metasta c BRAF-mutant
melanoma in combina on with and without the PD-1 inhibitor, PDR001 (NCT02967692).
Another triplet combina on being assessed in pa ents
with metasta c BRAF-mutant melanoma is the an –PD-L1
inhibitor atezolizumab in combina on with the BRAF inhibitor vemurafenib plus the MEK inhibitor cobime nib. In a phase
IB dose escala on and expansion cohort study, pa ents
received a 28-day lead in of cobime nib plus vemurafenib
followed by triple combina on of 720 mg of vemurafenib,
60 mg of cobime nib, and 800 mg of atezolizumab. Preliminary data from 34 pa ents suggest that this triple combinaon has a manageable safety proﬁle, with adverse events
similar to those observed with atezolizumab plus vemurafenib, and promising an tumor ac vity in pa ents with
BRAF V600–mutant metasta c melanoma.21 The phase III
TRILOGY trial (NCT02908672) evalua ng atezolizumab plus
cobime nib plus vemurafenib versus placebo plus cobime nib plus vemurafenib in untreated BRAFv600-mutant
metastatic or unresectable locally advanced melanoma is
underway.
The combina on of atezolizumab and cobime nib has
also been inves gated in pa ents with BRAF wild type. A
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phase IB study in solid tumors included 20 pa ents with
metasta c melanoma, 10 of whom had BRAF wild-type tumors.22 A clinical beneﬁt of the combina on was observed
regardless of BRAF status (BRAF-mutant: ORR, 40%; median PFS, 11.9 months; BRAF wild type: ORR, 50%; median
PFS, 15.7 months). Atezolizumab and cobime nib also had
a manageable safety proﬁle, similar to that observed with
atezolizumab alone or cobime nib plus vemurafenib. A
phase III trial of atezolizumab plus cobime nib versus pembroliozumab is underway in pa ents with treatment-naïve,
BRAF-mutant, or BRAF wild-type metasta c melanoma
(NCT03273153).

NOVEL TARGETS
In the years since large-scale genomic analyses have been
conducted in melanoma, MAP kinase pathway ac va on
via BRAF, NRAS, and NF1 muta ons has become considered
a hallmark of this disease.23 Approximately 85% of advance
melanomas harbor at least one of these gene c altera ons.
Beyond CKIT and GNAQ/GNA11 muta ons in 1% subpopula ons, it remains unclear what ac vated oncogenes drive
the remaining frac on of melanomas, although it is known
that many of these tumors harbor few soma c altera ons
and that some are associated with gene fusions that may
cons tute their driver oncogenes. By far, the greatest therapeu c inroads with molecularly targeted therapy in melanoma have been made in the BRAF-mutant popula on and
speciﬁcally, those that harbor BRAF V600 muta ons. BRAF/
MEK combina on therapy induces tumor regression and decreased ﬂuorodeoxyglucose uptake in nearly all pa ents.24
De novo and acquired resistance to BRAF/MEK therapy has
been the focus of extensive research over the past several
years, yielding insights into poten al new therapeu c targets. The currently available BRAF inhibitors are unable to
block MAP kinase pathway signaling in cells that harbor
non-V600 BRAF muta ons, BRAF fusions, or NRAS or NF1
muta ons. In fact, these agents have an MAP kinase pathway s mulatory eﬀect.25,26 MEK inhibitors are able to block
the MAP kinase pathway in preclinical models of these gene c subtypes. However, in clinical trials, the therapeu c
index of MEK inhibitor monotherapy is limited by MAP kinase pathway inhibi on in normal ssue, able to achieve
objec ve responses in approximately 15% of pa ents and
tumor regression of any degree in 60%.27 Although many of
the new therapeu c targets being considered to overcome
BRAF/MEK inhibitor therapy also seem relevant for melanomas harboring non-V600 BRAF muta ons, BRAF fusions,
or NRAS or NF1 muta ons, the reality is that MEK inhibitor
monotherapy places far less selec ve pressure on these tumors than BRAF/MEK inhibi on does in BRAF V600–mutant
melanoma.
In preclinical models, there is no clear plateau in the
dose-response rela onship between MAP kinase pathway
inhibi on and induc on of cell death.28 In pa ents, BRAF/
MEK inhibitor combina on therapy and MEK inhibitor
monotherapy are given very close to their maximum tolerated doses and therefore, leave li le room for further op754
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mizing pathway inhibi on. It has been hypothesized that
inhibitors of downstream components in the MAP kinase
pathway might render more complete pathway inhibi on
and improved eﬃcacy compared with MEK inhibitors. Most
a en on has been focused on ERK inhibitors, of which several have entered clinical trials. Preclinically, ERK inhibitors
have broader eﬃcacy in melanoma cell line panels than
MEK inhibitors.29 Phase I/II evidence is now available for one
ERK inhibitor, ulixer nib (BVD-523).30 Although a rela vely
small number of pa ents with melanoma have been treated
to date, this agent has produced objec ve responses in paents with BRAF/MEK inhibitor–refractory and –targeted
therapy-naïve NRAS mutant. This encouraging ac vity supports addi onal development, with the BRAF/ERK combinaon being perhaps the most relevant strategy for the BRAF
V600–mutant popula on and ERK-based combina on strategies for the other MAP kinase pathway–ac vated subsets.
RSK is directly ac vated by ERK and has also emerged as a
poten al therapeu c target based on recent studies indicating that selec ve RSK inhibi on can overcome BRAF/MEK
resistance in preclinical models.31,32 Clinically relevant RSK
inhibitors have not yet been developed.
An extensive literature supports the role of PI3 kinase
pathway signaling in both de novo and acquired resistance
to MAP kinase pathway inhibi on in melanoma. However,
as has been true in other cancer contexts, it has proven
challenging to iden fy the exact components within the
pathway that are cri cal for media ng therapeu c resistance and can be safely targeted in normal ssue. Many
inhibitors of class I PI3 kinases, Akt, and mTOR have been
introduced into clinical trials and in combina on with BRAF
and MEK inhibitors. None of these combina ons have produced clinical beneﬁt that matches the promise suggested
by preclinical studies. Although there are some melanomas
that ac vate PI3 kinase pathway signaling through intrinsic
altera ons in the pathway (PTEN loss in about 20% of melanomas and rare PI3K-ac va ng muta ons), ac va on of the
pathway in most cases seems to be a consequence of upregulated expression of several receptor tyrosine kinases or
RAS ac va on.33,34 It seems that coordinated upregula on
of mul ple receptor tyrosine kinases in individual tumor
cells is more common than selec ve upregula on, making
direct targe ng of any one receptor unlikely to overcome
MAP kinase pathway inhibitor resistance.35 Nonetheless,
among the most consistently upregulated receptor tyrosine
kinases is AXL. Small molecule and monoclonal an body
inhibitors of AXL have been proposed for development in
melanoma, but again, they will likely have limited impact if
compensatory signaling can be mediated by other receptor
tyrosine kinases. An intriguing approach that is currently being pursued is the development of an body-drug conjugates
to deliver a chemotherapy payload with an AXL-directed anbody (NCT02988817). Given the historical refractoriness to
conven onal cytotoxic chemotherapy in melanoma and the
stem cell–like proper es that have been ascribed to MITFlow/AXL-high MAP kinase pathway–resistant melanomas,
the clinical beneﬁts of this approach may be somewhat limited.
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Signaling molecules downstream of PI3K, Akt, and mTOR
have recently been the subject of preclinical inves ga on
and may yield new promising therapeu c targets. S6 kinase,
which is regulated by mTOR, has been shown to be inhibited
by BRAF inhibi on in cells that undergo apoptosis, whereas
its ac va on persists in resistant cells.36 Gene silencing approaches and now rela vely selec ve inhibitors seem to
overcome resistance. S6K inhibitors have not yet been introduced clinically, and therefore, their safety alone or in
combina on is not yet known. S6K regulates the expression
of transla onal elonga on factors in preclinical evidence
that has suggested eIF4F and eIF4E as being par cularly critical in mee ng the S6 kinase–dependent resistance mechanism.37,38 This evidence has also been generated using
gene silencing approaches and preclinical tool compounds,
making it diﬃcult to ascertain the poten al safety of this
approach.
The PI3K pathway is also well known to regulate cellular
metabolism, leading to interest in directly targe ng those
processes. Several preclinical studies and analyses of BRAF/
MEK-resistant tumor samples have iden ﬁed the switch
from glycolysis to oxida ve phosphoryla on early a er ini a on of these inhibitors.39-41 The cancer metabolism ﬁeld is
s ll rela vely immature with regard to enumera on of speciﬁc therapeu c targets that would have preferen al toxicity for cancer cells over the many normal cells that similarly
rely on oxida ve phosphoryla on. Nonetheless, preclinical
studies with the AMP kinase ac vator and mitochondrial
respira on complex chain complex I protein, phenformin,
show synergy in vitro and in vivo without overt evidence of
toxicity in mouse models.42 The fact that phenformin was
a widely used drug for diabetes before its removal from
the market because of a 1% rate of lac c acidosis would
seem to indicate that this agent could be redeployed as a
cancer therapeu c. An ongoing phase I trial in combina on
with BRAF/MEK inhibi on (NCT03026517) must determine
whether similar doses used in the management of diabetes are suﬃcient to render the desired metabolic eﬀect to
overcome therapeu c resistance. An intriguing new metabolism target has emerged from other studies that have centered on the HSP90 isoform that is selec vely expressed in
mitochondria. Gamitrinib is an inhibitor of this heat shock
protein and shows broad ability to overcome BRAF inhibitor
resistance in cell lines as well as a small number of in vivo
models evaluated to date.43
An increasing body of evidence indicates that the surviving cell popula on a er the ini al weeks of BRAF/MEK
inhibitor therapy undergoes an epigene c-mediated state
change. This is reﬂected by altered expression of transcripon factors cri cal to the melanocyte lineage, and it is most
commonly referred to as the MITF low state.44,45 In melanoma cell lines exposed to BRAF inhibitors, altered gene
transcrip on associated with this state is reversible on drug
withdrawal. It is hypothesized that the emerging class of
novel inhibitors of key epigene c regulators may impede
the transi on of MITF high cells to the MITF ﬂow state.
In the published literature, only BRD4 inhibi on has been

described as an approach capable of overcoming this form
of therapeu c resistance.46 However, with many new agents
in this class emerging, there is broad interest in exploring
the ability of these agents to block this process and maintain
cells in the MAP kinase pathway–sensi ve state.

ADOPTIVE CELL THERAPY
Before the development of monoclonal an bodies inhibi ng
checkpoint blockade, the ini al evidence that manipula on
of the host immune system could result in tumor regression
was provided by successful trials of IL-2, a T-cell growth factor, in trea ng pa ents with metasta c melanoma and renal
cell cancer.47 This nonspeciﬁc s mula on of the en re lymphocyte repertoire produced rare but durable results, with
a CR rate of 4% in pa ents with metasta c melanoma.48 At
a me when the only U.S. Food and Drug Administra on–
approved medica on for metasta c melanoma was dacarbazine, a rela vely ineﬀec ve chemotherapy, a high-dose
regimen of IL-2 was approved in 1998. However, the toxici es associated with administra on, such as capillary leak
syndrome, necessitated inpa ent treatment, and the therapy was never widely adopted.
To better understand the mechanism of this immunemediated phenomenon, early murine research suggested
that natural killer cells and lymphokine-ac vated killer cells
could mediate tumor regression, but a randomized human
clinical trial of IL-2 with and without lymphokine ac vated
killer cells showed no diﬀerence in response rate.49 However,
lymphocytes cultured from fragments of resected tumors
(TILs) were more potent than lymphokine-ac vated killer
cells in murine models of melanoma metastasis.50
TILs are generated by the sterile processing of a freshly resected tumor deposit.51 Although techniques vary from ins tu on to ins tu on, usually small fragments (approximately
2–3 mm3) are placed in culture with media supplemented
with high-dose IL-2. Common varia ons include combining
mul ple fragments in culture, crea ng an enzyma c tumor
digest rather than sharp dissec on into fragments, or supplemen ng media with diﬀerent cytokine cocktails. TILs are
nonadherent and harvested from media over the course of
2to 3 weeks.
The ﬁrst human experience of adop ve cell therapy with
TILs was performed in the Surgery Branch of the Na onal
Cancer Ins tute and included 20 pa ents with metasta c
melanoma.52 The regimen consisted of a single dose of cyclophosphamide, intravenous infusion of autologous TILs,
and high-dose IL-2; objec ve responses were seen in 11 of
20 (55%) pa ents, including one CR. Toxici es were transient, similar to IL-2 administra on alone, and did not result
in treatment-related mortali es. The responses, however,
were largely of short dura on.
Sequen al changes were made in an a empt to improve the response rate. Most importantly, the prepara ve
chemotherapy regimen was enhanced to provide deeper
lymphodeple on without myeloabla on. The combina on
of cyclophosphamide and ﬂudarabine condi oned each
pa ent’s immune milieu, providing the administered cells
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an IL-7– and IL-15–rich cytokine environment to promote
lymphocyte expansion. When this nonmyeloabla ve regimen was added, the CR rate rose to 12%.53 Addi onal trials
added diﬀerent doses of total body irradia on (2 or 12 Gy),
similar to transplant-style condi oning, to strengthen the
lymphodeple on, and although sequen al single-arm studies were promising, a randomized trial showed no improvement in CR rates over nonmyeloabla ve condi oning alone,
with a 24% CR rate in each arm.54,55
Other groups have made valuable contribu ons to the
development of autologous TIL transfer for metasta c melanoma, showing that tumor regression is possible using
diﬀerent growth condi ons,56 with diﬀerent culture selecon criteria,57 using diﬀerent T-cell subsets,58 and with administra on of low-dose IL-2 a er cell transfer.59 However,
the complexity of this strategy compared with checkpoint
blockade inhibi on has called into ques on its viability as a
poten al treatment of pa ents with metasta c melanoma.
One remarkable aspect of adop ve cell transfer to consider is the depth and durability of response. In 194 pa ents
treated in four diﬀerent trials at the Surgery Branch, there
have been 46 pa ents with CRs. Only two have recurred,
with median poten al follow-up of over 6 years. The median survival of the en re cohort is just over 2 years (24.5
months), with 5- and 10-year survival rates greater than
30% (S. Rosenberg, unpublished data). In those who have
progressed a er par al responses, surgical resec on of
progressing lesions in carefully selected pa ents can also
provide secondary long-term disease control, with a 5-year
postopera ve survival rate of 57%.60 These data together
suggest that the strategy may be capable of elimina ng micrometasta c disease, even when unable to eradicate radiologically evident tumors.
Because checkpoint blockade inhibi on has become the
standard ﬁrst-line therapy for pa ents with metasta c melanoma, the clinical equipoise no longer exists to test the
strategies head to head in a randomized fashion, and any
poten al future role for adop ve cell transfer likely exists
a er monoclonal an body therapy has failed to control disease. Ques ons then arise as to the eﬀec veness of adopve cell transfer in a popula on of pa ents whose immune
systems have already been challenged to engage tumor in a
nonspeciﬁc fashion.
The historical studies of adop ve cell transfer with autologous TIL were performed before the U.S. Food and Drug Administra on approval of the checkpoint blockade inhibitors.
The most recently published adop ve cell transfer trial accrued pa ents from 2011 to 2013, bridging the introduc on
of these an bodies to the wider oncology community.55 Approximately 40% of pa ents had progressed through an –
CTLA-4 therapy, and compared with the cohort as a whole,
Objec ve response rates were nearly iden cal (ORR, 55%;
CR, 26%). There were too few pa ents to provide meaningful analysis on response rates a er progression to an –
PD-1/PD-L1 agents.
It is reasonable to predict that response rates a er unsuccessful manipula on of the PD-1/PD-L1 axis may be lower.
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Unlike CTLA-4, the role of PD-1/PD-L1 is to modulate immune responses in peripheral ssues, minimizing inﬂamma on a er an gen recogni on by eﬀector T cells.61 TILs
generated from tumors that have not responded to checkpoint blockade inhibi on may be qualita vely or quan tavely diﬀerent. In a small sample of pa ents undergoing
serial biopsy, pa ents who were not responsive had lower
CD8+ T-cell density at all me points.62 It is possible that
intratumoral T-cell diversity is also aﬀected by an –PD-1
treatment but by diﬀerent parameters in pa ents with and
without exposure to an –CTLA-4.63
In currently accruing trials of adop ve cell transfer with
TIL in pa ents a er PD-1 progression, preliminary data
suggest an ORR of less than 25%. Although lower than responses in pa ents who are PD-1 naïve, the ability to mediate tumor regression in this pa ent popula on suggests
that a component of the adop ve transfer strategy can
overcome a tumor’s resistance to immunotherapy: lymphodeple on may alter the tumor microenvironment, the
process of genera ng TILs may expand rare tumor-reac ve
clonotypes in vitro, or the bolus delivery of ac vated T cells
may engage diﬀerent cytoly c mechanisms than checkpoint
inhibi on.
Future development of adop ve cell transfer with TILs for
melanoma will likely focus on its poten al role as a postcheckpoint salvage therapy. The single-treatment strategy
can mediate durable regression in pa ents whose tumors
are refractory to approved medica ons. Ongoing research
may include a empts to generate TILs from pa ents before
the start of an –PD-1/PD-L1 an bodies, combining adopve cell transfer with checkpoint blockade (NCT02621021),
using gene-edi ng techniques to manipulate T-cell diﬀeren a on, or inves ga ng TIL cultures for reac vity to potential neoantigens to enable selection of an enhanced
tumor-reac ve infusion product.

CONCLUSION
Major advances in the systemic therapy of melanoma have
been achieved over recent years. However, addi onal improvements are s ll required, and several emerging strategies are becoming apparent. Combined immunotherapies
(ipilimumab with nivolumab) and combined BRAF and MEK
inhibi on (dabrafenib with trame nib and vemurafenib
with cobime nib) were the ﬁrst combina ons of the recent
wave of new agents to show addi onal beneﬁt in overall
survival in melanoma beyond what has been achieved with
monotherapy. The next step will be the further inves gaon of several new immunotherapy and/or targeted therapy combina ons. The iden ﬁca on of novel therapeu c
targets in the MAP kinase pathway also oﬀers opportuni es
to improve outcomes by overcoming de novo and acquired
resistance to BRAF/MEK inhibi on. Finally, adop ve cell
transfer may have a poten al role in pa ents whose disease
has progressed a er treatment with checkpoint inhibitors.
Overall, these new approaches oﬀer further poten al to
improve long-term outcomes for pa ents with advanced
melanoma.

EMERGING STRATEGIES IN SYSTEMIC THERAPY FOR MELANOMA
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SURGERY AND ADJUVANT THERAPY FOR STAGE III MELANOMA

Prac ce-Changing Developments in Stage III Melanoma:
Surgery, Adjuvant Targeted Therapy, and Immunotherapy
Ragini R. Kudchadkar, MD, Olivier Michielin, MD, PhD, and Alexander C. J. van Akkooi, MD, PhD
OVERVIEW
In this ar cle, we will focus on the prac ce-changing developments for stage III melanoma, from the use of the sen nel
node (SN) biopsy to complete lymph node dissec on (CLND) and upcoming adjuvant therapies. MSLT-1 (Mul center Selecve Lymphadenectomy Trial-1) was the ﬁrst and only prospec ve randomized controlled trial to examine whether the SN
biopsy has any notable melanoma-speciﬁc survival beneﬁt (primary endpoint). MSLT-1 randomly assigned 2,001 pa ents
to undergo either wide local excision (WLE) and an SN biopsy or WLE and nodal observa on. Two prospec ve randomized
controlled trials have examined the poten al beneﬁt for immediate CLND versus delayed CLND a er sequen al observaon. Both the DECOG-SLT and MSLT-2 trials failed to demonstrate a notable beneﬁt for immediate CLND; therefore, sequenal follow-up with ultrasonography and a delayed CLND in the case of relapse should be considered the new standard of
care. The CheckMate 238 study demonstrated a notable beneﬁt for adjuvant nivolumab in terms of 18-month relapse-free
survival (RFS) rates compared with high-dose adjuvant ipilimumab. Single-agent adjuvant BRAF inhibi on has been examined and failed to improve RFS. However, the COMBI-AD study did demonstrate a substan al beneﬁt for combina on BRAF
and MEK inhibi on for pa ents with BRAF-mutated resected stage IIIA to IIIC melanoma.

A

djuvant nivolumab is superior to adjuvant high-dose
ipilimumab in terms of a poten al reduc on in relapses
and is also much be er tolerated because of a notably better toxicity proﬁle.Treatment of regional lymph node metastases has undergone substan al changes since the ﬁrst
prospec ve randomized controlled trials (RCTs) examining
elec ve lymph node dissec on were reported in the 1970s.
Four RCTs were nega ve for the en re popula on with respect to a survival beneﬁt for elec ve lymph node dissecon,1-4 but two studies indicated a poten al beneﬁt for the
node-posi ve subgroup and for intermediate-thickness
melanomas.3,4

SURGERY
Simultaneous to these RCTs, Morton et al5 developed lympha c mapping as a technique for the SN biopsy in melanoma. This led to the hypothesis that with the use of the
SN biopsy, the correct subgroup of node-posi ve pa ents
with intermediate-thickness melanoma could be targeted
for early lymph node dissec on and thereby poten ally improve their survival.
MSLT-1 was the ﬁrst and only prospec ve RCT to examine
whether the SN biopsy has any notable melanoma-speciﬁc
survival beneﬁt (primary endpoint). MSLT-1 randomly assigned 2,001 pa ents to undergo either WLE and an SN

biopsy or WLE and nodal observa on. Both the interim and
ﬁnal results were nega ve, with 10-year melanoma-specific
survival rates of 81.4% for the SN biopsy group versus 78.3%
for the nodal observa on group (p = .18).6,7
Despite these ﬁndings, the authors concluded that biopsybased management of intermediate-thickness melanomas improves melanoma-speciﬁc survival for pa ents with
nodal metastases.7 This was based on a subgroup analysis,
which did not take into account any false-nega ve and/or
posi ve SN biopsy results.8,9 Moreover, the authors used an
unconven onal new sta s cal technique, the acceleratedfailure- me latent subgroup analysis.10,11 There was inherent bias in this method, because it was developed by the
same MSLT-1 sta s cian on the interim data of the same
study and was not validated outside of MSLT-1. Therefore,
we must conclude that there is no unequivocally proven
survival beneﬁt for undergoing an SN biopsy.
Despite the absence of survival beneﬁt, the SN biopsy
should s ll be considered as standard of care staging for
intermediate-thickness/thick melanomas, because it has
important consequences for adjuvant therapy decisions.
Moreover, SN tumor burden measured as the diameter of the
largest lesion is the most reproducible prognos c factor and
can be used to further reﬁne which subgroups need adjuvant
therapy and which do not.12-16
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Immediate CLND for a posi ve SN biopsy has been studied in two prospec ve RCTs. First, the DECOG-SLT study by
Leiter et al17 reported no distant metastasis-free survival
diﬀerence for CLND compared with sequen al ultrasound
follow-up at 3 years (77% vs. 74.9%, respec vely). Second,
the larger MSLT-2 study showed the same results with respect to 3-year melanoma-speciﬁc survival (86% vs. 86%;
p = .42).18 CLND does (ini ally) give a slightly be er “in-ﬁeld”
control and the addi onal pathology staging might provide
more informa on to adequately stage pa ents for adjuvant
therapy (studies). However, Madu et al19 demonstrated
that, based on the primary and SN tumor burden informaon alone, the addi onal staging informa on of a CLND was
only 6%. Given the small amount of addi onal informa on
from the CLND along with the lack of survival beneﬁt and
the poten al complica ons of CLND, the authors concluded
that the risk did not out way the beneﬁts. Therefore, rou ne
immediate CLND should not be rou nely used,as suggested
by Coit20 and a delayed CLND should be used in the case of
an isolated regional recurrence in due me. However, the
risks and beneﬁts of a CLND should be carefully reviewed
with all patients who have a positive SLN. However, all
pa ents who have macroscopic (palpable) disease in the
lymph node should s ll undergo an immediate complete
lymph node dissec on.

FORMER ADJUVANT THERAPY
Pa ents with stage IIB/C and stage III melanoma, despite
radical surgery, have a high risk for relapse within 5 years of
their ini al treatment. Historically, interferon-alpha-2B has
been inves gated in diﬀerent schedules as a poten al adjuvant therapy for melanoma. A meta-analysis of 14 RCTs with
more than 8,000 pa ents demonstrated a notable eﬀect of
interferon-alpha-2B on RFS but not or only very limitedly
in speciﬁc subgroups on overall survival.21 Based on these
data and factoring in the toxicity of interferon-alpha-2B, this
therapeu c op on has not been accepted as standard of
care worldwide and is now rendered obsolete with the new
adjuvant treatment op ons.
Because recent advances in systemic treatments (both
with targeted therapies for the mitogen-ac vated protein
kinase pathway, as an immune checkpoint blockade) for
stage IV melanomas have been so successful,22-33 it was a

PRACTICAL APPLICATIONS
• There is no unequivocal evidence for survival beneﬁt of
an SN procedure; nevertheless, it should be considered
as standard of care staging.
• Immediate CLND does not improve survival compared
with delayed CLND a er sequen al ultrasound
observa on for a posi ve SN biopsy.
• Single-agent adjuvant BRAF inhibi on is not suﬃciently
eﬀec ve in reducing the risk for relapse in stage III
melanoma.
• Combined adjuvant BRAF and MEK inhibi on does
reduce the risk of relapse in stage III melanoma.
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ma er of me before the ﬁrst results of the ﬁrst studies on
these new therapies were available for adjuvant treatment
of stage III melanoma.

ADJUVANT TARGETED THERAPY
BRIM-8 and COMBI-AD are the ﬁrst two studies on adjuvant
targeted therapy for BRAF-mutated melanoma. The BRIM-8
study compared adjuvant vemurafenib versus placebo and
failed to show a substan al improvement in the primary
endpoint of RFS.34 However, this may have been a result of
the selected study popula on because it included pa ents
with disease stages ranging from lower-risk stage II through
stage IIIC. In stage II, the numbers needed to treat to rescue one relapse from occurring are much higher than in
stage IIIC because the risk of relapse is much lower in stage
II, thus requiring a much larger sample size to demonstrate
any poten al notable beneﬁt. In addi on, the study used
single-agent BRAF inhibi on and did not use what is now
the standard of care in stage IV disease, which is a combina on of BRAF/MEK inhibitors. This is especially true for paents with high-risk stage IIIC disease, who actually mimic
the survival curves of stage IV disease, but with a delay of a
few months (i.e., very o en, these pa ents already have microscopically undetectable stage IV disease at the me they
receive treatment for stage IIIC disease).
The COMBI-AD study compared adjuvant combina on
dabrafenib/trame nib with a double placebo in stage IIIA
(> 1 mm SN tumor burden12-15), stage IIIB, and stage IIIC
melanoma.35 A er a median follow-up of 2.8 years, the es mated 3-year RFS rates were 58% in the combina on therapy
group versus 39% in the placebo groups (p < .001).35 The ﬁrst
exploratory interim analysis of overall survival also showed
a survival benefit for the combination therapy group at
3 years (86% vs. 77%), although it was not sta s cally significant.35 Adjuvant combina on dabrafenib/trame nib should
therefore be considered as a viable adjuvant therapy op on
for pa ents with stage III melanoma harboring the BRAF
V600 muta on.

ADJUVANT IMMUNOTHERAPY
EORTC 18071 was the ﬁrst adjuvant study with immune
checkpoint blockade, which examined adjuvant high-dose
ipilimumab (10 mg/kg) versus placebo in resected stage
IIIA (> 1 mm SN tumor burden12-15), stage IIIB, and stage IIIC
melanoma. EORTC 18071 is the most mature study with the
current treatments and showed a clear beneﬁt in terms of
5-year RFS, distant metastasis-free survival, and improvement in overall survival.36 However, because of the high
rate of severe (grade 3/4 and even 1% grade 5) toxicity, this
treatment will likely not be considered as a viable adjuvant
therapy option considering other developments of more
eﬀec ve and less toxic adjuvant treatments.
Inves gators recently reported the ﬁrst primary endpoint
analysis of the CheckMate 238 study. This study examined
adjuvant nivolumab versus adjuvant high-dose ipilimumab
in resected stage IIIB, stage IIIC, and stage IV disease. At a
minimum follow-up of 18 months, 1-year RFS rates were
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70.5% for nivolumab versus 60.8% for high-dose ipilimumab (p < .001).37 Moreover, nivolumab was much be er
tolerated, with 14.4% grade 3/4 adverse events compared
with 45.9% in the high-dose ipilimumab group.37 A recent
press release reported that adjuvant pembrolizumab compared with placebo for resected stage IIIA (> 1 mm SN tumor
burden12-15), stage IIIB, and stage IIIC melanoma also leads
to a notable improvement in RFS (data to be presented at
the American Associa on for Cancer Research 2018 Annual
Mee ng).
Thus, adjuvant an –PD-1 should be considered the new
standard of care for pa ents with BRAF wild-type melanoma.
For BRAF-mutated melanoma, both adjuvant an –PD-1 and
dabrafenib/trame nib should currently be considered as
poten al op ons, although there is currently no comparator study.
How to treat pa ents with stage IIB, stage IIC, and stage
IIIA melanoma in the adjuvant se ng is an area of controversy. Although there are some albeit limited data on this

group in the BRAF/MEK inhibitor trials, pa ents with stage
II disease were not included in the immunotherapy trials. In
addi on, the CheckMate 238 study did not include pa ents
with stage IIIA disease, whereas the EORTC 1325/KEYNOTE
054 trial did. A study requirement was that there should be
suﬃcient material to allow for PD-L1 tes ng, which can be
problema c for pa ents with stage IIIA disease a er diagnos c pathology of their SN; there might be limited residual
material, which would exclude the pa ent from the study.
Given the likely limited number of pa ents with stage IIIA
disease on this study, it is diﬃcult to determine the beneﬁt
of immunotherapy in this popula on.
More data on whether the risk of immunotherapy or targeted therapy is worth the poten al beneﬁt in this popula on of pa ents are necessary, because surgery alone
already cures the majority of pa ents with lower-stage disease. Addi onal studies are also needed to explore whether
these therapies oﬀer an advantage in the adjuvant se ng
versus treatment upon relapse.
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Cardiac Toxici es in the Era of Precision Medicine:
Underlying Risk Factors, Targeted Therapies, and Cardiac
Biomarkers
Anne H. Blaes, MD, MS, Paaladinesh Thavendiranathan, MD, and Javid Moslehi, MD
OVERVIEW
Cancer therapies can cause a variety of cardiac toxici es, including ischemia, cardiomyopathy, heart failure, myocardi s, arrhythmias, vascular disease, hypertension, and hyperlipidemia. Addressing cardiovascular risk at baseline, before ini a ng
therapy, during cancer treatment, and in the survivorship period is impera ve. It may be useful to risk stra fy individuals
with cardiovascular risk factors using biomarkers or imaging before they receive poten ally cardiotoxic therapies. Addionally, new guidelines recommend cardiac imaging with echocardiography in the survivorship period 6 to 12 months a er
comple ng cancer therapy for these high-risk individuals. Close collabora on between cardiology and oncology in both
clinical prac ce and future research is essen al.

C

ardiac imaging with echocardiography should be considered in the follow-up period in all survivors at high
risk for cardiomyopathy. For the last 4 decades, oncologists
have been aware that some cancer treatments, par cular
chemotherapeu c agents and radia on, can result in cardiovascular complica ons, such as ischemic cardiovascular
disease, cardiomyopathy, clinical heart failure, and arrhythmias. Although treatments op ons for pa ents with cancer
have evolved with the introduc on of new targeted therapies, there con nues to be a growing apprecia on of the
cardiac toxici es of cancer therapies—thus the emergence
of a new ﬁeld of “cardio-oncology.”1-3 In parallel, there has
been a rapid growth in the biologic understanding of cancer, molecular pathways, gene c suscep bility to cancer,
and cancer syndromes as well as the toxici es of these therapies.4 Here, we present an overview of the development
of cardio-oncology, the cardiac toxicity of new an cancer
agents, and newer techniques, such as imaging and biomarkers, that can be used for the monitoring and prevenon of cardiac complica ons of an cancer therapies.

CARDIAC TOXICITIES IN THE ERA OF
PRECISION MEDICINE
Overview of Cardiovascular Toxici es of Current
An cancer Therapies
A number of chemotherapeu c agents can cause cardiomyopathy and heart failure (Table 1). Perhaps best studied are
the anthracyclines. First described in the 1970s by Lefrak and

colleagues,5 the incidence of anthryacycline-induced conges ve heart failure is dose dependent, with an es mated
2% at 200 mg/m2, 5% at 400 mg/m2, 16% at 500 mg/m2, and
26% at 550 mg/m2.5 Other risk factors include female sex
and extremes of age (aﬀec ng both younger and older paents).6 For those over the age of 65, there is a twofold increased risk of doxorubicin-induced conges ve heart failure
compared with in those younger than 65 when adjus ng for
a history of low/normal ejec on frac on, gender, history of
cardiac disease, and performance status.7 Similarly, in the
Children’s Oncology Group, the young seem par cularly at
risk for cardiac toxicity; childhood cancer survivors are at a
15-fold higher risk of cardiomyopathy compared with agematched controls.8-10 The dose-dependent rela onship of
anthracyclines and heart failure in this pa ent popula on
has also been well established, with an addi onal rising increase in those who also received chest radia on.9 Some
literature suggest that liposomal formula on may result in
less cardiac toxicity. Skubitz et al11 documented a case series
in which individuals received more than 800 mg/m2 without any evidence of cardiac dysfunc on. In ovarian cancer
trials, it also seems that doses up to 550 mg/m2 are safe
from a cardiac perspec ve.12 When administered at modiﬁed doses of 45 mg/m2 every 4 weeks, no cardiac toxicity
has been observed.13
More recently, researchers have tried to iden fy par cular gene c variants that could modify cardiomyopathy risk.14-17
Genome-wide associa on studies have been conducted in

From the Division of Hematology/Oncology, University of Minnesota, Minneapolis, MN; Peter Munk Cardiac Center, Toronto General Hospital, University Health Network, Division
of Cardiology, University of Toronto, Toronto, ON, Canada; Division of Cardiology, Vanderbilt University, Nashville, TN.
Disclosures of poten al conﬂicts of interest provided by the authors are available with the online ar cle at asco.org/edbook.
Corresponding author: Anne H. Blaes, MD, MS, Division of Hematology/Oncology, University of Minnesota, 420 Delaware St. S.E., Minneapolis, MN 55455; email: blaes004@umn.
edu.
© 2018 American Society of Clinical Oncology

764

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

CARDIO-ONCOLOGY IN THE ERA OF TARGETED THERAPIES

childhood cancer survivors with and without cardiomyopathy (cases and controls, respec vely) to iden fy whether individuals with single-nucleo de polymorphism in carni ne,
remodeling, and alcohol reduc on pathways are predisposed to developing anthracycline cardiac toxicity. For those
exposed to a high dose of anthracycline, the rs1786814 GG
genotype (on the CELF4 gene) conferred a 10.2-fold risk
of cardiomyopathy compared with a GA/AA genotype.16
The re2232228 AA genotype in the hyaluronan synthase 3
gene conferred an 8.9-fold increased risk in cardiomyopathy
compared with the GG genotype.15 Subsequent models also
suggest that par cular single-nucleo de polymorphisms are
associated with cardiomyopathy, even in the se ng of lowdose anthracyclines. Carbonyl reductases catalyze reduc on
of anthracyclines to cardiotoxic alcohol metabolites. For
those with a polymorphism having the CBR3 V244M homozygous G genotype, exposure to low-dose anthracyclines at
doses of 101–150 mg/m2 had increased rates of anthracycline cardiomyopathy.14 In one study of hematopoie c stem
cell transplant recipients, a combined clinical and gene c
heart failure model was be er at predic ng cardiomyopathy events compared with a purely clinical model.18

Cardiac Toxici es in Cancer Survivors
Although many pa ents are at risk for developing acute cardiac toxici es during cancer therapies, it has become clear
that both childhood cancer survivors and survivors of hematopoie c stem cell transplanta on have long-term cardiac risk.19-21 Although o en related to anthracyclines and
radia on, many survivors have an increase in the number of
cardiac risk factors (diabetes, hypertension, hyperlipidemia,
and overweight/obesity) compared with their age-matched
controls. Recently, Armenian and colleagues22 conducted a
retrospec ve cohort study examining cardiac risk factors in
adult cancer survivors (treated at older than 40) through the
Kaiser Permanente system. With a median follow-up of 4.4
years of over 3.6 million individuals, cancer survivors had an
increase in rates of hypertension, diabetes, hyperlipidemia,
obesity, and tobacco use history compared with controls.
Through mul variate regression, greater cardiovascular disease was seen in survivors of mul ple myeloma (incident rate

PRACTICAL APPLICATIONS
• There is an increasing amount of evidence of overlapping
risk factors between cancer and cardiovascular disease.
• Cardiac risk factors should be assessed in all pa ents
with cancer before star ng cancer therapies, during
cancer treatment, and in the follow-up survivorship
period.
• Cancer therapies can cause a variety of cardiovascular
and cardiometabolic complica ons, including ischemia,
cardiomyopathy, heart failure, QT prolonga on, vascular
disease, and hypertension.
• Cardiac biomarkers may be useful in risk stra fying
pa ents at high risk for cardiac toxicity from cancer
therapies.

ra o [IRR] of 1.70), lung cancer (IRR of 1.58), non-Hodgkin
lymphoma (IRR of 1.41), ovarian cancer (IRR of 1.41), kidney
cancer (IRR of 1.24), and breast cancer (IRR of 1.13) compared with noncancer controls. Addi onally, controls and
cancer survivors with a history of cardiovascular disease had
worsening overall 5- and 8-year survival.22

Overlapping Risk Factors in Cancer and Cardiac
Disease
There is a growing body of evidence that suggests that
cancer and cardiovascular disease share common risk factors,23,24 including tobacco use,25 hypertension,26 hyperlipidemia,27 diabetes,28 obesity,29,30 and sedentary behavior.31,32
Medica ons to help control diabetes and in turn, improve
cardiovascular risk are currently in clinical trials as an cancer therapies33 (NCT02360618, -02115464, and -02285855).
Inﬂamma on also served as a risk factor for cardiovascular
disease as well as malignancy. Although infec ons, like Helicobacter pylori and Epstein Barr virus, are associated with
the development of lymphomas and leukemias,34,35 chronic
inﬂammatory condi ons, such as celiac sprue and systemic
sclerosis, have higher rates of malignancy.36,37 Similarly, atherosclero c disease is characterized by inﬂamma on with
endothelial cell adhesion, leukocyte recruitment, and accumula on of lipoproteins in the subendothelial space leading to an increase in monocytes and macrophages.38,39 In the
results of the CANTOS trial, an inhibitor of interleukin-1B
(IL-1B), a proinﬂammatory, showed reduc ons in cardiac
events but also, a reduc on in new lung cancers (although
the la er was not a predeﬁned endpoint).40,41
More recently, another risk factor, clonal hematopoiesis,
has emerged as a risk factor for hematologic malignancies
and atherosclerosis.42-45 Human aging, known to be a risk factor for both cancer and cardiovascular disease, is associated
with an increase in the frequency of soma c muta ons in hematopoie c cells,45 including the epigene c modiﬁer enzyme
Tet methylcytosine dioxygenase-2 (TET2),43 an enzyme known
to remove methyl groups from the DNA base cytosine. These
soma c muta ons and TET2 deﬁciency have a strong associa on with the development of blood cancers; they, however, are also associated with an increase in heart a acks and
strokes. Fuster and colleagues43 used a mouse model to study
TET2 deﬁciency in atherosclerosis-prone mice. Recons tu on
with TET2-deﬁcient cells resulted in a marked increase in atherosclero c plaque size, sugges ng that TET2 muta ons in
blood cells play a causal role in atherosclerosis.

New Emerging Therapies and Associated
Cardiotoxicity
Be er delinea on of the molecular pathways responsible
for tumorigenesis has led to targe ng these pathways for
more eﬀec ve treatment. For example, the observa on
that kinases can become inappropriately ac ve in many
cancer types has led to the development of kinases inhibitors for cancer treatment.46 For example, about 20% to
30% of breast cancers overexpress HER2, a kinase receptor;
trastuzumab, an an body targe ng HER2, has been eﬀec ve
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 1. Cancer Therapies and Their Associated Cardiovascular Toxici es
Class and Representa ve

Cellular Target

Common Cardiovascular Toxici es

Tradi onal Cancer Therapies
Radia on
N/A

N/A

Myocardial ischemia
Pericardi s
Myocardi s
Valvular heart disease
Arrhythmia

Anthracyclines
Doxorubicin

Topoisomerase II

Daunorubicin

DNA and RNA synthesis

Cardiomyopathy (chronic) arrhythmia, cardiomyopathy, myocardi s/pericardi s (acute)

Idarubicin
Epirubicin
Mitoxantrone
Pla num
Cispla n

DNA (cross-link DNA)

Carbopla n

Hypertension
Myocardial ischemia

Oxalipla n
An metabolites
5-ﬂuorouracil

Thymidylate synthase

Myocardial ischemia

Capecitabine

Thymidylate synthase

Myocardial ischemia
Arrhythmias

Alkyla ng agents
Cyclophosphamide

DNA (cross-link DNA)

Conges ve heart failure
Myocardi s
Pericardi s

An microtubule agents
Paclitaxel

Microtubule

Arrhythmias (including bradycardia, heart block,
premature ventricular contrac ons, and ventricular tachycardia)

Vinca alkaloids

Microtubule

Myocardial ischemia

Thrombosis
Coronary spasm
Novel Targeted Cancer Therapies
HER2 inhibitors
HER2 mAb
Trastuzumab

erbB2/HER2

Decline in LVEF, conges ve heart failure

erbB2/HER2

Decline in LVEF, conges ve heart failure

Newer HER2 inhibitors
Pertuzumab
Trastuzumab emtansine (TDM1)
Lapa nib
Nera nib
Con nued
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TABLE 1. Cancer Therapies and Their Associated Cardiovascular Toxici es (Cont'd)
Class and Representa ve
VSP (VEGF signaling pathway)
inhibitors

Cellular Target

Common Cardiovascular Toxici es

VEGF-A

Hypertension

VEGF-A mAb
Bevacizumab

VTE and ATE

VEGF trap
Aﬂibercept

Proteinuria

VEGFR2 mAb
Ramucirumab

Cardiomyopathy

TKI with an -VEGF ac vity
Suni nib, sorafenib, pazopanib,
axi nib, vandetanib, regoraﬁnib,
cabozan nib, lenva nib

VEGF receptors (mainly VEGFR2); also other kinases:
PDGFR, other kinase targets depending on the drug

Mul targeted TKIs
Dasa nib

ABL, ABL mutants (except T315I), also other kinases: Pulmonary hypertension
SRC, KIT, PDGFR, EGFR, BRAF, DDR1, DDR2, ephrin
Vascular events
receptors
QTc prolonga on

Nilo nib

ABL, ABL mutants (except T315I), also other kinases: Vascular events (including coronary, cerebral,
ARG, KIT, DDR1, NQO2
peripheral)
Hyperglycemia
QTc prolonga on

Pona nib

ABL, ABL mutants (including T315I), also mul ple other Vascular events (including coronary, cerebral,
kinases, including FGFR, VEGFR, PDGFR, ephrin
peripheral)
receptor, SRC, KIT, RET
TIE2, FLT3

Other mul targeted tyrosine kinase
inhibitors
ALK inhibitors
Crizo nib

ALK

Bradycardia

Ceri nib

QTc prolonga on

PI3K/Akt/mTOR inhibitors
Everolimus (mTORC1 inhibitor)*

PI3K/Akt/mTOR signaling pathway

Cardiometabolic toxici es, including hypercholesterolemia, hypertriglyceridemia, hyperglycemia

BTK

Atrial ﬁbrilla on

Temsirolimus (mTORC1 inhibitor)*
BTK inhibitors
Ibru nib

Ventricular arrhythmias
MEK inhibitors
Trame nib

MEK1/MEK2

Cardiomyopathy

Lymphoid transcrip on factors, IKZF1 and IZKF3

VTE

Immunomodulatory drugs
Thalidomide
Lenalidomide

ATE

Pomalidomide
Proteasome inhibitors
Con nued
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TABLE 1. Cancer Therapies and Their Associated Cardiovascular Toxici es (Cont'd)
Class and Representa ve
Bortezomib, Ixazomib

Cellular Target
Ubiqui n-proteasome system

Carﬁlzomib

Common Cardiovascular Toxici es
Cardiomyopathy (rare)
Hypertension
Cardiomyopathy
VTE, ATE
Arrhythmia

Immune checkpoint inhibitors
Pembrolizumab

PD-1

Myocardi s, other CV toxicity?

Ipilimumab

CTLA-4

Myocardi s, other CV toxicity?

Atezolizumab

PD-L1

Myocardi s, other CV toxicity?

Nivolumab

Avelumab
Durvalumab
*Only two drugs targe ng the PI3K/AKT/mTOR signaling pathway, everolimus and temsirolimus, which are mTORC1 inhibitors, were approved by the Food and Drug Administra on. Many other inhibitors
targe ng this signaling pathway are currently in clinical trials.
Abbrevia ons: N/A, not applicable; mAb, monoan body; VSP, VEGF signaling pathway; VTE, venous thromboembolic event; ATE, arterial thromboembolic event; TKI, tyrosine kinase inhibitor; PDGFR, plateletderived growth factor receptor; FGFR, ﬁbroblast growth factor receptor; ALK, anaplas c lymphoma kinase; mTORC, mTOR complex; BTK, bruton kinase inhibitor; MEK, mitogen-ac vated protein kinase; CV,
cardiovascular.
Adapted from Moslehi.4

for treatment of HER2-posi ve breast cancer.47 However,
in chronic myelogenous leukemia, the kinase ABL1 can
become overac ve via a chromosomal transloca on (so-called
“Philadelphia chromosome”). Small molecule inhibitors targe ng ABL1 kinase (the ﬁrst example being ima nib) have
revolu onized treatment of chronic myelogenous leukemia.48
In many cases, the kinases being targeted also play vital
roles in cardiovascular homeostasis.49 Therefore, targe ng
these kinases can lead to cardiovascular sequalae resul ng
in “on-target” toxicity. Small molecular inhibitors can also
target mul ple kinases. In some cases, “oﬀ-target” ac vity
of the kinase inhibitor can result in toxicity. Because kinases
play diverse roles in cardiovascular biology, associated complica ons with the kinase inhibitor can result in heterogeneous toxici es, causing cardiomyopathy, arrhythmias, and
vascular and metabolic dysregula on.4
The ﬁrst example of cardiovascular toxicity with targeted
therapies occurred with the use of trastuzumab for breast
cancer. In the ﬁrst clinical trial, where trastuzumab was
combined with standard chemotherapy regimen (including
anthracyclines) for metasta c HER2-posi ve breast cancer,
27% of pa ents had evidence of cardiomyopathy, including
both le ventricular dysfunc on and clinical heart failure
(with 16% having grade 3 or higher events).47 This prompted
several strategies by the medical community, including
tangen al treatment (where anthracyclines were given
before trastuzumab) and cardiac monitoring during trastuzumab therapy, both of which signiﬁcantly lowered the rate
of toxicity.50 However, small molecular inhibitors approved
for chronic myelogenous leukemia were associated with a
number of diﬀerent toxici es, including pulmonary hypertension (with dasa nib), hyperglycemia and atherosclerosis
(with nilo nib), and hypertension and vascular events (with
pona nib).51,52
768

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

Another rapidly expanding class of kinase inhibitors that
can lead to cardiovascular toxici es includes therapies that
target VEGF, drugs that include bevacizumab (a monoclonal
an body targe ng circula ng VEGF), or any number of small
molecular inhibitors that target the VEGF receptors (examples include suni nib or pazopanib).52 As a class, VEGF inhibitors are associated with hypertension, proteinuria, and
(less frequently) cardiomyopathy and vascular events. Of
these, hypertension is most common and seems to be an
“on-target” toxicity that can occur in 25% to 87% of treated
pa ents depending on the individual drugs.52 Blood pressure increases o en occur early (within days of star ng
the kinase inhibitor) and can decrease when treatment is
withheld. There have been mul ple proposed mechanisms
for how hypertension may occur. VEGF inhibi on may lead
to impairment of nitric oxide bioavailability, increased
endothelin-1 expression, and loss of capillaries (“capillary rarefac on”), leading to increased resistance across remaining
vessels and renovascular hypertension.53 More transla onal
studies are needed to elucidate the speciﬁc contribu ons
of each for individual therapy. The concomitant occurrence
of proteinuria with hypertension in many VEGF inhibitor–
treated pa ents is reminiscent of pre-eclampsia and has
implica ons for clinical care of these pa ents, of whom
urine studies should be done along with blood pressure
monitoring.54 It is unclear which an hypertensive therapies
are most effective for the treatment of VEGF inhibitor–
associated hypertension; several groups have recommended
the use of angiotensin-conver ng enzyme inhibitors and
calcium channel blockers (such as amlodipine) as reasonable
ini al regimen.55
Given the rapid explosion of new kinase inhibitors approved for mul ple cancer types, new cardiovascular and
metabolic complica ons can be seen. Ibru nib, a selec ve
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kinase inhibitor targe ng Bruton tyrosine kinase, has been
approved for a number of B-cell malignancies but is associated with cardiac arrhythmias, including both atrial ﬁbrilla on and ventricular arrhythmias.56,57 Ribociclib is a new
CDK4/6 inhibitor that is approved for hormone-posi ve
breast cancer that can lead to QT prolonga on and possible
arrhythmias, thus requiring electrocardiographic monitoring on drug ini a on.58 Mitogen-ac vated protein kinase
inhibitors (such as trame nib), eﬀec ve for treatment of
a subset of melanomas, are associated with cardiomyopathy, requiring monitoring of cardiac func on. PI3K and
mTOR inhibitors can lead to metabolic dysfunc on, such as
hyperglycemia and hypertriglyceremia, which also require
monitoring.4,52 Table 1 provides a list of a number of kinases
inhibitors and observed eﬀects on the cardiovascular system. Given the dearth of data, the precise preven ve and
treatment strategies for each therapy are currently lacking.
In the case of “on-target” therapy, what is known regarding
biologic ac vity of the speciﬁc kinase in the cardiovascular
ac vity can help predict toxici es. Most commonly, however,
cardiovascular sequalae of new therapies can introduce new
biologic paradigms. For example, cardiomyopathy that can
result with HER2 inhibitors has helped uncover a cri cal role
for HER2 in cardiac homeostasis.59 Basic studies suggest that
HER2 is expressed in the heart and serves an important role in
cardiac adapta on to stress.60 The cardiovascular toxici es associated with VEGF inhibitors have helped uncover an important role for VEGF dysregula on in not only the cardio-oncology
popula on but also, other pa ents.49 VEGF dysregula on, for
example, plays an important role in cardiovascular complicaons that occur during pregnancy, including pre-eclampsia
and peripartum cardiomyopathy.61,62 In this regard, cardiooncology is o en regarded not merely as a new clinical fron er
in medicine but also, as a new pla orm for basic and clinical
inves ga on.49
Cardiovascular toxici es with novel therapies extend beyond kinase inhibitors. The treatment of mul ple myeloma,
for example, has been transformed by the introduc on of
immunomodulatory drugs (such as thalidomide or lenalidomide) and proteasome inhibitors (such as bortezomib and
carﬁlzomib).63 Both therapies represent new paradigms in
cancer therapy, because the cellular protein degrada on
machinery is targeted. Immunomodulatory drugs, for example, bind cereblon, a component of an E3 ubiqui n ligase,
and promote ubiqui na on and proteasome-mediated
degrada on of two key B-cell transcrip on factors.64,65 Immunomodulatory drugs have been associated with a number of cardiovascular toxic eﬀects (Table 1). Ini al clinical
trials involving two immunomodulatory drugs, thalidomide
and lenalidomide, showed a high risk of venous thromboembolic disease, especially in combina on with high-dose
dexamethasone. Therefore, thromboprophylaxis with aspirin or an coagula on is recommended for most pa ents
treated with immunomodulatory drugs, because they are
also associated with an increased risk of arterial events,
leading to a black box warning for increased risk of myocardial infarction and stroke.66 However, carfilzomib, an

irreversible proteasome inhibitor, has been associated with
increased risk for various cardiovascular complica ons, including both arterial and venous thromboembolic events
and hypertension.67 These complica ons come in the backdrop of pa ents with mul ple myeloma who o en have cardiovascular comorbidi es and cardiovascular risk factors.66
Finally, cancer immunotherapies have been transformave for the care of many pa ents with cancer and are rapidly being tested in new popula ons of pa ents with cancer.
However, new cardiovascular sequalae are being seen with
these therapies. Immune checkpoint inhibitors, for example,
include both ipilimumab, an an –CTLA-4 an body, and anbodies targe ng the an –PD-1 or PD-L1. Examples of the
la er include nivolumab and pembrolizumab. When used
individually or in combina on therapy, these therapies have
significantly enhanced antitumor activity and survival in
cancer types (such as melanoma) that previously had few
treatment op ons. These therapies can cause a mul tude of
cardiovascular toxici es.68 Speciﬁcally, rare cases of fulminant
myocardi s have been reported soon a er ini al exposure
to the therapies.69,70 Clinically, immune checkpoint inhibitor–
associated myocardi s is characterized by early progressive
and refractory cardiac electrical instability, myocardi s characterized by robust presence of T-cell and macrophage inﬁltrates, and development of other autoimmune complica ons,
such as myosi s and rhabdomyolysis.69 Current data suggest
that, although the incidence of myocardi s is infrequent (less
than 1% with checkpoint inhibitor combina on therapy), it
has high fatality rates when diagnosed (about 50% mortality). In addi on, the only risk factor that has been established
is treatment with combina on therapy (for example, ipilimumab and nivolumab).69 In the future, be er iden ﬁca on of
pa ents at risk for this severe drug side eﬀect will be cri cal
to ensure con nuous and successful use of the therapies.

Imaging Guidelines and Techniques for Monitoring
and Preven ng Cardiac Toxicity
Cardiac imaging can have an important role in pretreatment
risk assessment, early detec on of cardiac injury, and iden ﬁca on of cardiac complica ons in pa ents receiving potenally cardiotoxic cancer treatment.
Pretreatment risk assessment. Given that cardiomyopathy is
a common toxicity of many of the current and emerging cancer therapies, there is a growing focus on iden fying pa ents
at risk. Unfortunately, there are no established risk predic on
models. Most clinicians use the presence of pre-exis ng cardiovascular disease or cardiovascular risk factors as markers
of heightened risk for cardiotoxicity.2 However, these factors
individually have poor discrimina ve value. Pretreatment
le ventricular size and cardiac func on also seem to iden fy
pa ents at risk for treatment-related heart failure.71 It is
es mated that approximately 7.0% of the popula on has
asymptoma c cardiac dysfunc on on screening.72 Therefore,
many cancer treatment clinical trials have required normal
pretreatment cardiac func on as an inclusion criterion.
Assessment of cardiac func on can be performed using
mul gated acquisi on scans, echocardiography, or cardiac
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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MRI. Echocardiography is the preferred method because of
the ability to provide comprehensive assessment of cardiac
func on beyond le ventricular ejec on frac on (LVEF). The
recent ASCO guidelines recommend pretreatment cardiac
func on assessment with an echocardiogram along with a
comprehensive clinical history and physical examina on in
all pa ents before ini a on of poten ally cardiotoxic therapies.73 This recommenda on is consistent with that of the
American Society of Echocardiography and the European
Society of Cardiovascular Imaging.74
There has also been emerging interest in the use of more
advanced cardiac imaging techniques, such as myocardial
strain, for pretreatment risk assessment. Myocardial strain is a
measure that could be obtained through echocardiography or
cardiac MRI, and it is a measure of heart muscle deforma on.
It can be considered to be a surrogate measure of myocardial
contrac lity. Although strain can be measured in various direcons, the two measures that are closer to rou ne clinical applica on are global longitudinal strain (GLS) and global circumferen al strain (GCS). In the general cardiology literature, there is
now a large body of evidence suppor ng the ability of myocardial strain to iden fy subclinical heart muscle abnormality that
is not readily evident based on assessment of LVEF. Speciﬁcally
in pa ents receiving anthracycline and/or trastuzumab therapy, pretreatment measure of GLS or GCS seems to diﬀeren ate pa ents who are more likely to develop cardiotoxicity.75-77
In one study, GLS greater than −17.5% (e.g., −16.0% or −12.5%)
before anthracycline therapy was associated with a sixfold
greater risk of heart failure or cardiac death in pa ents with
hematologic malignancies.77 Another study has suggested
that GLS greater than −16.0% in anthracycline-treated paents with LVEF between 50% and 59% by echocardiography was associated with a 4.7-fold higher risk of major
adverse cardiac events.76 No such thresholds are currently
available for GCS. Whether interven ons based on baseline
strain or LVEF abnormali es alter overall outcomes remains
to be determined. However, in pa ents who are felt to be
at elevated risk for cardiac toxicity based on abnormal or
low-normal cardiac function, multiple cardiovascular risk
factors, or prior cardiac history, cardiology assessment and
risk factor op miza on may be appropriate.
Detection of cardiotoxicity during treatment. Because
iden fying pa ents at risk for cardiotoxicity before cancer
treatment is challenging, there is a necessity to screen for
cardiotoxicity during cancer treatment. Clinical assessment
itself is inadequate, because most pa ents develop asymptoma c cardiac dysfunc on. Much of the literature on idenfying asymptoma c cardiac dysfunc on has focused on
toxici es related to anthracyclines and trastuzumab. Echocardiography provides the unique ability to iden fy both systolic
and diastolic dysfunc on during treatment in a rapid fashion.
The primary measure of cardiotoxicity used in clinical trials
and prac ce is a threshold reduc on in LVEF during treatment. Although this threshold has not been inconsistent in
the literature, the most common deﬁni on is a greater than
10% reduc on in LVEF to a value below the lower limit of
normal for the laboratory and the imaging modality.2,74
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Among cardiac imaging techniques, three-dimensional
echocardiography provides a reproducible measurement of
changes in LVEF and has been endorsed in societal expert
consensus statements.2,73,74 However, LVEF as a sole marker
of cardiotoxicity, especially with anthracyclines, seems to
be insuﬃcient. Large prospec ve studies have shown that,
a er a reduc on in LVEF occurs, only approximately 20% of
pa ents will have complete recovery of cardiac func on, despite appropriate heart failure treatment.78 Therefore, there
is a growing interest in more precise and earlier detec on
of myocardial changes with cancer treatment. Myocardial
strain imaging and serum biomarkers have been the forerunners for this role.
The strength of strain imaging is in its robust reproducibility
when using vendor-speciﬁc analy c algorithms.79 With sequenal strain analysis, changes in myocardial GLS and GCS seem to
precede threshold changes in LVEF used to deﬁne cardiotoxicity. The American Society of Echocardiography and European
Associa on of Cardiovascular Imaging (ASE/EACVI) posi on
statement has suggested using a rela ve reduc on in GLS by
more than 15% to deﬁne subclinical cardiotoxicity (i.e., without
a substan al reduc on in LVEF).80 Such a change should prompt
considera on of cardiology consulta on. It should be noted
that the clinical signiﬁcance of reduc on in GLS is not clear. In
addi on, whether cardiac interven ons for isolated reduc on
in GLS improve long-term cardiovascular outcomes in pa ents
receiving cancer therapy is not known. This ques on is, however, the subject of an ongoing randomized, controlled trial
(the SUCCOUR trial, ACTRN 12614000341628). Other echocardiographic measures, such as mitral annular systolic and diastolic veloci es and diastolic func on, have been assessed as
early markers of myocardial injury but have not shown robust
associa on with cardiotoxicity.74
Screening of cancer survivors. A greater spectrum of cardiovascular disease is seen in survivors, such as cardiomyopathy,
cerebrovascular disease, arrhythmias, and radia on-related
changes, like pericardial constric on, valvular stenosis and
regurgita on, and coronary artery disease. In pediatric cancer
survivors, clear guidelines for the ming of cardiac screening
have been established based on anthracycline dose, radia on
exposure, and age at treatment81 (www.survivorshipguidelines.
org). However, such guidelines do not exist for adult cancer
survivors. The recent ASCO guidelines suggest follow-up imaging 6–12 months a er comple on of cancer therapy in
pa ents considered to be at elevated risk for heart failure
(e.g., age older than 60, doxorubicin dose greater than or
equal to 250 mg/m2, radia on therapy greater than or equal
to 30 Gy with heart in the treatment ﬁeld, and mul ple cardiovascular risk factors). Similarly, the Na onal Cancer Center
Network survivorship guidelines recommend an echocardiogram in pa ents with at least one cardiac risk factor.82
The best method to iden fy subclinical cardiac dysfunc on
in these adult survivors is not clear. In pediatric cancer survivors, cardiac MRI has been shown to be the most robust
technique to identify reduced LVEF followed by threedimensional echocardiography. However, GLS and GCS measurements have been shown to iden fy a greater propor on
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of pa ents with myocardial abnormali es. The clinical signiﬁcance of these ﬁndings and whether interven ons can
alter the natural course of cardiac disease have not been
established.
In pa ents receiving radia on therapy that may involve
the heart in the treatment ﬁeld, the ASE/EACVI consensus
statement recommends screening echocardiography and/or
func onal tes ng for coronary artery disease 5 to 10 years
a er exposure, regardless of symptoms.83 Other imaging
modali es, including cardiac CT and cardiac MRI, can have
complementary roles in the diagnosis of pericardial disease
when echocardiography is nondiagnos c. The use of coronary CT is an alternate method for detec on of coronary
artery disease (CAD) with high sensi vity; however, its roune use in assessment of cancer therapy–related CAD is not
established. Despite the enthusiasm for detec on, there is
very li le in the way of reversing radia on-induced cardiovascular changes other than applica on of general principles of atherosclerosis management.
Given the growing body of literature of overlapping risk
factors in cardiovascular disease and cancer (previously
described) as well as the cardiac toxicity of many cancer
therapies, all cancer survivors should have risk reduc on
and lifestyle modiﬁca ons addressed. Recently, an ABCDE
approach has been proposed for cardiovascular health in
pa ents with breast cancer and pa ents with prostate cancer84,85 (Sidebar 1).

Serum Biomarkers for Detec on and Preven on of
Cardiotoxicity
Troponin I. Use of serum biomarkers to detect myocardial
injury from cancer therapy is extremely a rac ve given that
it is minimally invasive, is rela vely cheap, is easily interpretable, can be readily repeated, and has low measurement
variability. Speciﬁcally in pa ents receiving anthracyclines
with or without trastuzumab, mul ple serum biomarkers
have been examined. Among these, marker-only eleva ons
in Troponin I during anthracycline therapy have been consistently associated with subsequent cardiotoxicity86,87 In the
older studies of pa ents receiving high-dose anthracycline
therapy, eleva on in troponin with mul ple repeated measurements around the me of treatment was associated with
subsequent cardiotoxicity.87 However, single measurements
also seem to have prognos c value.86 Troponin I eleva ons
have also been reported in pa ents receiving sequen al
therapy with anthracyclines and trastuzumab. Eleva on in
any one troponin measure when measured before and
after every trastuzumab cycle was associated with subsequent trastuzumab-associated cardiotoxicity, lower propensity
to recover with heart failure therapy, and adverse cardiac
outcomes in follow-up.88 Perhaps the most a rac ve use of
troponins is to guide heart failure therapy. Although there
are impressive data from a single study showing complete
eradica on of cardiotoxicity in pa ents who were treated
with angiotensin-conver ng enzyme inhibitor with early eleva on in troponin I during high-dose chemotherapy, this
has not translated into rou ne prac ce.89 Other studies

have shown elevated troponin I in pa ents receiving small
molecule tyrosine kinase inhibitors and an -VEGF therapy,
but the overall data are limited.90,91 Addi onal research and
data in this area are needed before adapta on of this testing in all pa ents is recommended.
Other serum biomarkers. Other biomarkers that have been
examined to identify early cardiac injury include B-type
natriure c pep des (BNP), high-sensi vity C-reac ve protective, and myeloperoxidase to name a few. Similar to
troponin eleva on, early eleva on in myeloperoxidase in
pa ents receiving sequen al anthracycline and trastuzumab
therapy was found to be predic ve of cardiotoxicity.86 However, this biomarker has not been examined in other studies.
BNP and NT-pro-BNP are other interesting biomarkers.
Although eleva ons have been reported during anthracycline
therapy, the predic ve value for cardiotoxicity or subsequent
adverse cardiac outcomes has been inconsistent.
Serum biomarkers may have a role in other emerging therapies; however, studies with these other therapies are lacking. Case reports of cardiotoxicity, for example, with immune
checkpoint inhibitors have not shown consistent associa on
with eleva on troponin, even at the diagnosis of myocardi s.
Despite the enthusiasm and interest in the use of biomarkers for early detec on and interven ons to prevent heart

SIDEBAR 1. ABCDE Steps for Cardiovascular Health in
Cancer Survivors
•A

◦

•

•

•

•

Awareness of increased risk and symptoms of
cardiovascular disease
◦ Assessment of cardiovascular risk (using established cardiovascular risk calculators)
◦ Aspirin: in select individuals
B
◦ Blood pressure: goal of blood pressure less than
140/90 in most pa ents with cancer
C
◦ Cholesterol: cholesterol measurement and treatment (if indicated)
◦ Cigare es: smoking cessa on in all pa ents
D
◦ Diet and weight management
◦ Diabetes: fas ng glucose measurement and
treatment (if indicated)
◦ Dose of chemotherapy and radia on; pa ents
and physicians should be aware of the total
dose of certain chemotherapies (for example,
anthracyclines) and radia on
E
◦ Exercise
◦ Echocardiogram: per 2015 Na onal Comprehensive Cancer Network guidelines, consider
echocardiogram in select pa ents within 1 year
of comple on of anthracycline therapy
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failure, their use is limited by the inconsistent data on the
types of assay to use, the ming of measurement, and the
thresholds to deﬁne toxicity or ini ate cardiac interven ons.
However, the ASE/EACVI and the ASCO guidelines2,73,74 do include troponin measurements as a method to follow for paents during cancer therapy; however, addi onal guidance
on how this should be measured on acted on is not provided.
Cardiac imaging and biomarkers in the era of precision
medicine. Advanced cardiac imaging techniques and serum
biomarkers are a rac ve methods to iden fy pa ents at risk
for cardiotoxicity, which is deﬁned as reduc on in LVEF or development of heart failure. Much of the enthusiasm in the
ﬁeld has focused on iden ﬁca on of early injury, with li le
work on the use of these markers to oﬀer interven ons that
alter meaningful outcomes for pa ents with cancer. However,
some such studies are currently ongoing. Ul mately, to move
toward a precision medicine approach, clinical and genomics
informa on along with imaging and serum biomarker data
must be combined in a clinical risk predic on model that

would provide the ﬂexibility to incorporate temporal changes
in these measurements. This must be followed by studies
that show that targeted interven ons can prevent the development of cardiovascular toxicity without altering cancer
outcomes. Such work is eagerly awaited.

CONCLUSION
With rapidly growing understanding of the cardiac toxici es of cancer therapies, it is important to have a growing collabora on between cardiology and oncology. There
seem to be related underlying mechanisms between these
two diseases. Given the plethora of cardiac toxici es from
new emerging targeted therapies, a general awareness of
the cardiac risks of these medica ons is necessary. Finally,
addi onal work con nues to be needed on the incorporaon of both imaging and blood biomarkers into oncology
clinical trials to determine who would beneﬁt from these
biomarkers and what interven ons should be performed in
this se ng.
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GERMLINE GENETICS IN SURVIVOR RISK ASSESSMENT

Role of Germline Gene cs in Iden fying Survivors at Risk for
Adverse Eﬀects of Cancer Treatment
Lindsay M. Morton, PhD, Sarah L. Kerns, PhD, MPH, and M. Eileen Dolan, PhD
OVERVIEW
The growing popula on of cancer survivors o en faces adverse eﬀects of treatment, which have a substan al impact on
morbidity and mortality. Although certain adverse eﬀects are thought to have a signiﬁcant heritable component, much
work remains to be done to understand the role of germline gene c factors in the development of treatment-related
toxici es. In this ar cle, we review current understanding of gene c suscep bility to a range of adverse outcomes among
cancer survivors (e.g., ﬁbrosis, urinary and rectal toxici es, ototoxicity, chemotherapy-induced peripheral neuropathy, subsequent malignancies). Most previous research has been narrowly focused, inves ga ng varia on in candidate genes and
pathways such as drug metabolism, DNA damage and repair, and inﬂamma on. Few of the ﬁndings from these earlier
candidate gene studies have been replicated in independent popula ons. Advances in understanding of the genome,
improvements in technology, and reduc on in laboratory costs have led to recent genome-wide studies, which agnos cally interrogate common and/or rare variants across the en re genome. Larger cohorts of pa ents with homogeneous treatment
exposures and systema c ascertainment of well-deﬁned outcomes as well as replica on in independent study popula ons
are essen al aspects of the study design and are increasingly leading to the discovery of variants associated with each of
the adverse outcomes considered in this review. In the long-term, validated germline gene c associa ons hold tremendous
promise for more precisely iden fying pa ents at highest risk for developing adverse treatment eﬀects, with implica ons
for frontline therapy decision-making, personaliza on of long-term follow-up guidelines, and poten al iden ﬁca on of
targets for preven on or treatment of the toxicity.

T

he popula on of cancer survivors has increased dramatically in many countries over the last several decades as
a result of major advances in treatment, improvements in
early detection, and population growth and aging. In the
United States, the number of cancer survivors has grown
from fewer than 3 million in 1975 to over 15 million today
and is expected to reach 20 million by 2026.1
As a result of the substan al growth in the cancer survivor
population, understanding factors that influence both
short- and long-term health of survivors has gained importance from the public health as well as clinical perspec ve.
Although many general popula on health guidelines for
screening and prevention can reasonably be applied to
cancer survivors, the morbidity and mortality associated
with treatment-related adverse eﬀects—that can impact
nearly any organ system (Fig. 1)—strikingly diﬀeren ate
survivors from others in the general popula on. Severe
toxicities are dose limiting for both chemotherapy and
radiotherapy.2 Despite such constraints, a substan al percentage of cancer survivors develop mild and moderate
adverse eﬀects that may cause substan al morbidity and

even mortality; incur costs for diagnosis, monitoring, medica on, and other interven ons; and nega vely impact quality
of life. For example, progressive, and permanent bilateral
hearing loss occurs in as many as 56% of children3 and 80%
of adults4 treated with cispla n; the life me costs/pa ent
associated with hearing loss is $300,000 for adults and over
$1,000,000 for a child.5 A recent systema c review found
that concerns about the discomfort of treatment and fear
of side eﬀects are important factors for declining cancer treatment among older pa ents with cancer.6
Rapid advances in genomics hold tremendous promise for
iden fying inherited gene c factors that may inﬂuence risk
for treatment-related adverse eﬀects. Discovery of such factors provides insight into the biologic processes leading to
the development of adverse eﬀects. Addi onally, such discoveries have poten al for clinical applica on by more precisely quan fying risks and beneﬁts of diﬀerent therapeu c
op ons at the treatment planning stage, tailoring long-term
follow-up guidelines for individual survivors, and iden fying
poten al targets for preven on or treatment of the adverse
event. In this ar cle, we review the current landscape of
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germline genomics research in rela on to nonmalignant
and malignant adverse eﬀects of therapy. We then provide
a roadmap for future research that is needed to realize the
promise of employing germline gene cs to bring precision
medicine into survivorship.

PERSPECTIVES ON GENOMICS RESEARCH
AND HUMAN HEALTH
Inherited predisposi on to cancer has been recognized for
well over a century based on the iden ﬁca on of families
with strikingly elevated risk for breast cancer. Over the last
several decades, speciﬁc genes that underlie many rare
inherited disease predisposi on syndromes have been systema cally iden ﬁed.7,8 More recently, studies increasingly
have a empted to iden fy common gene c variants that
could be associated with cancer risk in the general population9 as well as variants that could be associated with
response to cancer treatment.10 Those studies generally
inves gated known variants in candidate genes, selected
based on hypotheses of the key genes and pathways relevant
for the outcome of interest.
Major advances in genotyping and sequencing technology
and large ini a ves, such as the Interna onal HapMap,11,12
ENCODE (ENCyclopedia Of DNA Elements),13,14 and 1000
Genomes15 projects, have resulted in major changes in research on germline genomics and cancer in recent years.
Cri cally, a reduc on in costs of genotyping and sequencing
has enabled a drama c expansion in the sample sizes for genomics studies. These expansions have led to the unfortunate
realiza on that very few of the results from candidate gene

PRACTICAL APPLICATIONS
• Certain adverse eﬀects of cancer therapy are thought to
have a signiﬁcant heritable component.
• Most previous research on germline gene c
suscep bility to adverse eﬀects has narrowly focused
on varia on in candidate genes and pathways, and few
of the ﬁndings have been replicated in independent
popula ons.
• Advances in understanding of the genome,
improvements in technology, and reduc on in laboratory
costs have led to recent genome-wide studies, which
agnos cally interrogate common and/or rare variants
across the en re genome, enabling iden ﬁca on
of novel genes and pathways that may impact the
development of adverse eﬀects.
• Large-scale collabora ve eﬀorts are essen al for
replica ng results from genomics studies of adverse
treatment eﬀects to translate the ﬁndings into clinical
prac ce.
• In the long-term, validated germline gene c associa ons
hold tremendous promise for more precisely iden fying
pa ents at highest risk for developing adverse treatment
eﬀects, with implica ons for frontline therapy decisionmaking, personaliza on of long-term follow-up
guidelines, and poten al iden ﬁca on of targets for
preven on or treatment of the toxicity.
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studies are consistently replicated in independent study
popula ons.9 Addi onally, advances in understanding of the
genome and technological advances have enabled agnos c,
genome-wide study designs, including genome-wide associa on studies (GWAS), which leverage linkage disequilibrium
to assess common genetic variation across the genome
through direct genotyping and imputation of millions of
single nucleotide polymorphisms (SNPs), and or wholegenome sequencing, which can iden fy rare gene c variants.
A major strength of genome-wide approaches is that they
do not require a priori assump ons about the genes or pathways involved in the outcome, and so they are a powerful tool
for uncovering novel biologic mechanisms. Indeed, the shi
to genome-wide study designs has demonstrated that the
early candidate gene studies were too narrowly focused and
instead discovered novel genes not previously suspected to
be involved in many diseases.
Research on genomics of treatment-related adverse eﬀects
generally has followed the path described above, albeit at a
slower pace, with fewer studies completed thus far. As with
other complex diseases, much of the ini al research has
focused on candidate genes, the results of which typically
either have not been inves gated or have failed to replicate
in independent popula ons. Only more recently has the
ﬁeld begun to include agnos c, genome-wide study designs
(Table 1). The good news is that pharmacogenomic and
radiogenomic studies tend to have larger eﬀect sizes than
complex disease susceptibility studies primarily because
the relevant environmental factors (drug and radia on exposure, respec vely) are known.16 The challenge, however,
is implementing large, well-powered studies with homogeneous treatment exposures and consistent measures of
adverse eﬀects, with replica on of results in independent
popula ons.

NONMALIGNANT ADVERSE EFFECTS OF
CANCER TREATMENT
Radiotherapy
Toxicities following radiotherapy vary depending on the
tumor site and surrounding normal tissues exposed. For
example, common toxici es following radiotherapy for head
and neck tumors include oral mucosi s, dysphasia, and xerostomia resul ng from damage to the oral epithelium and
salivary glands, development of ﬁbrosis in the pharynx, as
well as inﬂamma on.35-37 Pelvic radiotherapy used for treatment of prostate, cervical, bladder, and rectal cancers can
cause intes nal, bowel, and bladder damage that can result in adverse gastrointes nal and urinary eﬀects including
bleeding, pain, frequency, and urgency.38,39 Local radia on
damage can also lead to subsequent systemic eﬀects. For
example, damage to the oral cavity can lead to poor dental
hygiene, increased suscep bility to oral infec ons, oral pain,
and diﬃculty chewing and swallowing that can in turn result
in sleep disturbances, nutri onal deﬁciencies, and overall
decrease in quality of life. Similarly, damage to the gastrointes nal tract can lead to chronic dysfunc on resul ng in
altered intes nal transit and nutri onal malabsorp on.40
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It has long been recognized that substan al varia on
exists among patients in the incidence and severity of
normal ssue reac ons to radiotherapy. Individual varia on
of normal ssue response for a given radia on dose was ﬁrst
described in the scien ﬁc literature in 1936, with the publica on of a sigmoid dose response curve for the development of skin telangiectasia.41,42 The hypothesis that radia on
sensi vity may be heritable is supported by the existence of
rare gene c syndromes associated with hypersensi vity to
radia on, where rare muta ons in genes involved in DNA
double-strand break repair, such as ATM (ataxia telangiectasia
mutated), NBS1 (Nijmegen breakage syndrome), MRE11
(ataxia telangiectasia-like disorder), and LIG4 (DNA ligase IV
deﬁciency), result in syndromes characterized by extreme
radiosensi vity and increased risk for developing cancer.43-45
The variable responses to radiotherapy observed in pa ents

who are treated with protocols involving similar dosimetric
characteris cs but are not aﬀected by one of these rare syndromes suggest the importance of common gene c factors.
In vitro studies of apopto c response or chromosome damage
following irradiation have estimated the heritability of
radiosensi vity to range from 58% to 82%.46-50 Similar es mates have been made for related clinical outcomes, such
as skin telangiectasia.51
The biologic mechanisms underlying development of
radiotherapy adverse effects involve general processes
common to mul ple normal ssues, such as ﬁbrosis, necrosis,
inﬂamma on, and vascular damage. However, the rela ve
importance of specific genes and pathways may vary
depending on the speciﬁc normal ssues involved and the
endpoints of interest.52 For example, pathways involved in
repair of muscle damage may be more important in the

FIGURE 1. Examples of Radiotherapy and Systemic Therapy–Related Adverse Eﬀects on a Range of
Organ Systems

Both nonmalignant (blue font) and malignant (red font) adverse sequelae can result from systemic therapy, radia on, or the combina on. Studies increasingly are iden fying germline gene c variants that
aﬀect individual pa ents’ suscep bility to developing adverse eﬀects a er speciﬁc cancer therapies.
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TABLE 1. List of Genome-Wide Associa on Studies of Selected Treatment-Related Adverse Eﬀects
Adverse Eﬀect

Study Popula on, by Ancestry
(ndiscovery){nby popula on}[nreplica on]*

Radiotherapy17

Erec le dysfunc on

African American (79)

18

Radiotherapy

Rectal incon nence

European (579)[516]

Radiotherapy19

Overall late toxicity

European and European American (741)[633
and 368]

Radiotherapy20

Increased urinary frequency

European and European American/Canadian
(1,564; meta-analysis of four studies: 597, 527,
290, 151)

Radiotherapy20

Decreased urinary stream

European and European American/Canadian
(1,564; meta-analysis of four studies: 597, 527,
290, 151)

Paclitaxel21

Neuropathy

European (144)

22

Paclitaxel

Neuropathy

European American (855)[154 European
American; 117 African American]

Paclitaxel/docetaxel**23

Neuropathy

Diverse (1,570){1,357 European American; 213
African American}[789 European American; 90
African Amercan; 56 other]

Docetaxel24

Neuropathy

European American (623)

Vincris ne

Neuropathy

Diverse (321){209 European American; 43 African
American; 2 Asian; 44 Hispanic; 23 other}

Pla na ng (combina on)26

Neuropathy

Korean (96)[247]

Bortezomib27

Neuropathy

European (469)[114]

28

Neuropathy

European (646)

Neuropathy

European American (680)

30

Ototoxicity

European American (511)

Cispla n31

Ototoxicity

Diverse (238){European American, African
American, and other}[68]

Any subsequent neoplasm

European American (178)[227]

Treatment, Study Reference
Nonmalignant Outcomes

25

Bortezomib
Cispla n29
Cispla n

Subsequent Neoplasms
Radiotherapy32
Radiotherapy

33

Radiotherapy, chemotherapy34

Breast cancer

European American (2378)[603]

MDS/AML

European American (230)[165]

*Replica on refers to any study that performs a second associa on study in another cohort within the same publica on.
**Received addi onal chemotherapeu c drugs; however, study was intended to evaluate taxane-induced neuropathy.
Abbrevia on: MDS/AML, myelodysplas c syndrome/acute myeloid leukemia.

context of bladder func on following pelvic radiotherapy,
whereas pathways regula ng the development of collagen
deposi on and ﬁbrosis may be more important in development of lung damage. There are also diﬀerences in the
biologic pathways underlying early versus late effects of
radia on for most adverse eﬀects. Thus, studies aiming to
iden fy gene c risk factors must take ssue speciﬁcity and
endpoint speciﬁcity into considera on at the design stage.
Early studies of SNP-toxicity associa ons focused on candidate genes known to be important in cellular radia on
response from in vitro radiobiologic studies. These include
genes involved in DNA damage response, cellular survival,
free radical metabolism, wound healing, and inﬂamma on.
While those early studies were limited by high genotyping
costs, incomplete understanding of the gene c architecture
of the human genome, and lack of a en on to the confounding eﬀects of ancestry, some associa ons were successfully
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replicated. For example, the missense SNP rs1139793 in
TXNRD2 was signiﬁcantly associated with radia on-induced
ﬁbrosis a er breast cancer in a study of candidate genes
involved in reac ve oxygen species metabolism.53 Furthermore, rs1139793 was signiﬁcantly associated with TXNRD2
mRNA expression in blood, sugges ng a func onal impact
of the SNP. In another candidate gene study, rs1800629 in
the inﬂammatory cytokine TNF showed a replicated associa on with skin toxicity in breast cancer survivors.54 A study
of pa ents with non–small cell lung cancer found that the
func onal promoter variant rs2868371 in HSPB1 was signiﬁcantly associated with pneumoni s following chemoradia on,55 and this same variant was subsequently shown to
be associated with radiotherapy-induced esophagi s, sugges ng it may play a broad role in radiosensi vity across different ssue types.56 Although early studies of the common
SNP rs1801516 in ATM showed inconclusive results, a recent
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meta-analysis of individual pa ent data provides convincing
evidence that the minor allele of this SNP is associated with
an increased risk of overall radiotherapy-induced acute
and late toxicity,57 conﬁrming that both common and rare
ATM variants contribute to general radiosensi vity. In contrast, a replicated associa on has been reported between
rs1800469 in TGFB1 and esophagi s,58,59 whereas a large
meta-analysis of individual pa ent data (2,782 pa ents, 11
independent studies) reported no associa on of this SNP
with radiotherapy-induced ﬁbrosis,60 indica ng that some
SNPs show ssue speciﬁcity.
GWAS have begun to iden fy addi onal, novel radiosensivity loci within genes not previously known to be involved
in cellular or ssue response to radia on. The ﬁrst radiogenomics GWAS, though underpowered, was able to detect
a risk locus within the FSHR gene associated with erec le
dysfunc on following radiotherapy for prostate cancer
based on 79 cases.17 A much larger (> 1,500 pa ents) threestage GWAS of overall late toxicity including urinary and
rectal eﬀects in pa ents with prostate cancer iden ﬁed a
locus in TANC1,19 which is expressed in myoblasts and plays
a central role in regenera on of damaged muscle. A recent
individual pa ent data meta-analysis of four GWAS of late
toxicity in prostate cancer radiotherapy patients identiﬁed two more risk SNPs: rs17599026 in KDM3B associated
with increased urinary frequency and rs7720298 in DNAH5
associated with decreased urinary stream.20 Notably, these
SNPs lie within genes that are expressed in ssues likely
underlying these symptoms, including the bladder, which is
exposed to radia on during treatment of prostate cancer.
Indeed, the genes identified via GWAS of radiotherapy
toxicity have not previously been implicated in cellular radia on response, but ini al laboratory data suggest they may
be involved in key radio-response pathways such as muscle
cell regenera on a er radia on induced damage (TANC1)
and DNA double-strand break repair following irradia on
(KDM3B; unpublished data). Ongoing func onal studies are
underway to further characterize these genes. Expanded
efforts currently underway through the Radiogenomics
Consor um61 and the REQUITE study62 are expected to uncover addi onal risk SNPs and will allow for inves ga on of
gene-environment interac on, inves ga on of eﬀect modiﬁers, and valida on of prior SNP-toxicity associa ons.

Systemic Therapy
Toxici es related to systemic therapy, such as peripheral
neuropathy, myelosuppression, hepatotoxicity, ototoxicity,
pancrea s, cardiotoxicity, and osteonecrosis, could be lifelong
and o en have debilita ng eﬀects on a survivor’s physical and
psychological well-being. Below, we focus on chemotherapyinduced peripheral neuropathy and ototoxicity to exemplify
current understanding of the genomics of nonmalignant
adverse eﬀects of systemic therapy.
Chemotherapy-induced peripheral neuropathy. Chemotherapyinduced peripheral neuropathy is one of the most common
adverse eﬀects of chemotherapy63,64 and may arise as a result of mechanis cally diﬀerent chemotherapeu cs.65 In part

because of a paucity of gene cally diverse human models of
chemotherapy-induced peripheral neuropathy, there are no
preven ve measures or eﬀec ve treatments for this devasta ng adverse drug eﬀect.66 Pa ent demographics (i.e., race
and history of neuropathy) and treatment (i.e., cumula ve
dose and drug exposure) factors have been associated with
chemotherapy-induced peripheral neuropathy.67-69 Race was
also a major predictor of paclitaxel induced neuropathy, with
pa ents of African descent experiencing increased risk of
grade 2 to 4 as well as grade 3 to 4 peripheral neuropathy
compared with others.23 In addi on, peripheral neuropathy
resul ng from cispla n treatment has been shown to be
nega vely associated with self-reported health and physical
ac vity level and posi vely correlated with weight gain a er
treatment, sugges ng a less ac ve lifestyle due to complicaons of neuropathy.29
Early studies exploring the genetic contribution to chemotherapeu c toxici es relied heavily upon candidate gene
approaches, associa ng SNPs in genes encoding known drug
metabolizing enzymes, DNA repair pathways, receptors,
and transporters. For example, SNPs in GSTP1,70,71 ABCG2,72
XPC,72 and ERCC173 were associated with cispla n-induced
neuropathy when evaluated singly, but the ﬁndings did not
replicate in a subsequent GWAS.29 SNPs in candidate genes
also were reported to be associated with paclitaxel-74-78 and
docetaxel-79 induced neuropathy.
There have been a number of GWAS of chemotherapyinduced peripheral neuropathy associated with vincris ne,25
paclitaxel,21-23 docetaxel,24 bortezomib,27,28 oxalipla n,80 and
cispla n.29 GWAS of paclitaxel-induced peripheral neuropathy in a large coopera ve trial iden ﬁed a signal in EPHA5
(rs7349683)22 that was replicated by others,21,81 but interestingly also met replica on signiﬁcance (p < .05) in a study of
cispla n-induced neuropathy.29 A common polymorphism
in FGD4 (rs10771973), a congenital peripheral neuropathy
gene, also was associated with paclitaxel-induced neuropathy and was replicated in an African American cohort.22
More recent work has iden ﬁed a panel of SNPs associated
with increased risk of grade 3 to 4 paclitaxel-induced peripheral neuropathy in pa ents of European descent,23 but they
were not in agreement with a previous GWAS of paclitaxelinduced neuropathy.22 However, both studies implicated the
importance of the Wnt pathway (Wntless [WLS]23 and frizzled
[FZD3]22) in paclitaxel-induced peripheral neuropathy. The
most compelling study focused on vincris ne-induced peripheral neuropathy in a pediatric popula on, iden fying a
genome-wide signiﬁcant SNP in CEP72, with accompanying
functional studies showing that knockdown of the gene
resulted in greater sensitivity to vincristine25 and subsequent replica on in adult pa ents with acute lymphoblas c
leukemia.82
A recent large-scale GWAS of tes cular cancer survivors
es mated that cispla n-induced peripheral neuropathy was
signiﬁcantly heritable (h2 = 0.74; p = .03).29 A transcriptomewide associa on study implicated lower (gene cally determined) expression of RPRD1B in cispla n-induced peripheral
neuropathy, which was replicated in an independent cohort
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of pa ents who developed drug-induced polyneuropathy.29
Importantly, RPRD1B func ons in DNA repair, transcription, and cell cycle control and may be a target for drug
development.83
Ototoxicity. Ototoxicity (including both hearing loss and
nnitus) is another notable side eﬀect of systemic therapy that can create functional limitations, ranging from
impairment of speech development and academic achievement in children to detrimental eﬀects on quality of life,
socialization, and cognition in adults.84 In contrast to
chemotherapy-induced peripheral neuropathy, ototoxicity
results primarily from the use of pla na ng agents, speciﬁcally cispla n.85,86 Cispla n is used in the treatment of
many adult-onset (cervical, endometrial, head/neck, lung,
ovarian, and tes cular) and pediatric (germ cell tumors,
medulloblastoma, neuroblastoma, osteosarcoma, and
re noblastoma) malignancies, making it one of the most
commonly applied chemotherapeu c agents worldwide.
The incidence of hearing loss following cispla n treatment
is high and dependent on the cumula ve dose and regimen. For example, in tes cular cancer survivors receiving cispla n, 80% had some degree of hearing loss and
18% had severe to profound hearing loss as measured by
audiometry.4
Un l recently, gene c studies of cispla n-associated ototoxicity have been almost exclusively conducted in small
pediatric cohorts (130–254 pa ents) that predominantly
involved candidate gene inves ga ons87-90 with conﬂic ng
results.91,92 In adults, previous candidate gene studies were
confounded by agents known to induce ototoxicity, including vincris ne93-95 and cranial radiotherapy.96-99
The ﬁrst GWAS of cispla n-induced ototoxicity iden ﬁed
an associa on with a gene c variant (rs1872328) in ACYP2
in pediatric pa ents with brain tumors, with replica on of
results in a second cohort of pediatric pa ents31 as well as
three addi onal studies.100-102 Another GWAS of cispla ninduced ototoxicity was performed in tes cular cancer survivors and iden ﬁed a signiﬁcant SNP (rs62283056) in the
ﬁrst intron of Mendelian deafness gene WFS1 (wolframin
ER transmembrane glycoprotein) associated with cispla ninduced hearing loss30 that was replicated in an independent population of patients with testicular cancer when
evalua ng the same phenotype (geometric mean).102 That
SNP is an expression quan ta ve trait locus (eQTL) for the
WFS1 gene, with the risk (and minor) allele being associated
with lower expression of the gene. Deleterious muta ons
in WFS1 cause Wolfram syndrome, a Mendelian disorder
characterized by deafness and other neurodevelopmental
condi ons. The shared gene c architecture between cispla ninduced ototoxicity with Mendelian forms of deafness could
poten ally impact those who live with disabling deafness.
Notably, both variants iden ﬁed through GWAS are extremely
rare in the East Asian popula on (0.011 for rs1872328 in
ACYP2 and 0.003 for rs62283056 in WFS1) poin ng to the
importance of inclusion of diverse cohorts in future pharmacogenomics studies to ensure that the beneﬁts of genomic
medicine are realized for all.103
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MALIGNANT ADVERSE EFFECTS OF
RADIOTHERAPY AND SYSTEMIC THERAPY
Radiotherapy
The development of a subsequent malignancy substan ally
impacts morbidity and mortality and is thus one of the most
serious treatment-related adverse eﬀects. Detailed studies
of cancer survivors and other popula ons exposed to ionizing radia on demonstrate increased risk for a wide range
of malignancy types.104-108 The highest risks (> ﬁvefold) have
been reported for malignancies of the skin (basal cell carcinoma), so
ssue, central nervous system, bone, thyroid,
and breast, whereas more modest but s ll signiﬁcantly elevated risks have been reported for malignancies of the lung,
gastrointes nal tract, pancreas, bladder, and salivary gland.
Risks generally increase linearly with increasing radia on
dose, with the excep on of thyroid cancer, for which a downturn in risk is evident above doses of approximately 20 Gy.
Most radia on-associated subsequent malignancies do not
appear for at least 5 to 10 years following exposure, and
the elevated risks persist for decades. Several factors have
been iden ﬁed to modify radiotherapy-related risks for subsequent malignancies, including certain systemic therapies
as well as age at exposure, with generally higher risks for
younger ages at exposure.
Candidate gene studies of radiotherapy-related subsequent
malignancies generally have focused on gene c variants in
DNA damage detec on and repair mechanisms, as reviewed
in 2015.109 For example, the Women’s Environmental Cancer
and Radia on Epidemiology (WECARE) Study is a mul center
U.S.-based case-control study of contralateral breast cancer
among breast cancer survivors.110 In that study, sequencing
of ATM for 708 cases and 1,397 controls revealed a stronger
radia on dose-response rela on among women who carried deleterious missense variants (excess rela ve risk /
Gy = 2.6; 95% CI, 0.0–10.6) than among those without deleterious (i.e., “tolerated”) missense ATM variants (ERR/Gy =
0.8; 95% CI, 0.1–3.6) or without any missense ATM variants
(ERR/Gy = 0.0; 95% CI, < 0–0.3).111 Intriguingly, the ﬁndings
were more pronounced among women diagnosed with
breast cancer at a younger age or whose contralateral breast
cancer occurred 5 years or more a er ﬁrst primary breast
cancer. In contrast to those results, a similar pa ern was
not found for women who carry deleterious BRCA1/2 muta ons.112 In an expanded study (1,459 contralateral breast
cancer cases, 2,126 unilateral breast cancer controls), common gene c variants known to be associated with breast
cancer also were associated with risk of contralateral breast
cancer, but the risk pa erns did not diﬀer signiﬁcantly by
prior treatment exposures.113 A candidate gene study of
central nervous system tumors also has been conducted
among childhood cancer survivors, including 82 cases and
228 matched controls in the ini al study set and an addional 25 cases and 54 controls in a replica on set.114 That
study found marginal associa ons with a number of SNPs
known to be associated with central nervous system tumors
in adults, but, similar to the WECARE study, did not clearly
demonstrate differences by prior treatment exposures.
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Overall, the candidate gene studies generally have not
had sufficient sample size to conduct analyses stratified
by homogenous treatment exposures with speciﬁc phenotypes and/or have not replicated results in independent
popula ons.
More recently, several GWAS of subsequent malignancies
a er radiotherapy have been conducted. A two-stage GWAS
inves gated risk of any subsequent malignancy a er childhood Hodgkin lymphoma, using a discovery set of 96 cases
(61% breast cancer) and 82 controls (followed for ≥ 27 years
with no subsequent malignancy reported) from the Childhood Cancer Survivor Study and a replica on set of 119
cases (89% breast cancer) and 108 controls from high-risk
cancer predisposi on clinics.32 That study found a signiﬁcant
associa on with several variants at chromosome 6q21 that
were correlated with expression of PRDM1, a zinc ﬁnger
transcrip onal repressor, and radia on-induced MYC repression. Notably, in the replica on set, the associa on was
restricted to younger cases and controls.
Another GWAS inves gated risk of breast cancer among
survivors of any childhood malignancy,33 leveraging data
from two large-scale cohort studies of childhood cancer
survivors that both have available DNA, detailed treatment
data, and long-term, systema c follow-up: the Childhood
Cancer Survivor Study115 and the St. Jude Life me Cohort.116
Comparing 207 female survivors of European descent who
developed breast cancer with 2,774 survivors who had not
developed any subsequent malignancy as of the date of last
follow-up, the GWAS iden ﬁed a rela vely common locus on
1q41 as well as a rare variant at 11q23 that both appeared
to be associated with breast cancer risk, but only among survivors who had received at least 10 Gy radia on exposure
to the breast (1q41: rs4342822, nearest gene PROX1, risk
allele frequency in controls = 0.46; HR 1.92; 95% CI, 1.49–2.44;
p = 7.09 × 10−9; 11q23: rs74949440, TAGLN, risk allele frequency in controls = 0.02; HR 2.59; 95% CI, 1.62–4.16;
p = 5.84 × 10−8).33 Because genotyping was conducted in the
full cohorts for both the Childhood Cancer Survivor Study
and the St. Jude Lifetime Cohort, additional analyses of
other speciﬁc subsequent malignancies are expected to be
published in coming years.

Systemic Therapy
Certain cytotoxic agents, particularly alkylating agents,
platinum-based compounds, and topoisomerase II inhibitors, are well-established very strong risk factors
for chemotherapy-related myelodysplas c syndrome/
acute myeloid leukemia (MDS/AML).117 Numerous studies
have inves gated the genomics of chemotherapy-related
MDS/AML, but most have been candidate gene studies
related to drug metabolism, DNA damage detec on, and
DNA repair, as reviewed recently.109,118 Unfortunately,
as with other candidate gene studies, few of these results have been investigated or replicated in independent
popula ons.
A single GWAS of chemotherapy-related MDS/AML used
a two-stage design (discovery: 80 cases, 150 cancer-free

controls; replica on: 70 cases, 95 controls).34 Three SNPs
were iden ﬁed as top associa ons, including rs1394384,
which is intronic to ACCN1, encoding an amiloride-sensi ve
sodium channel; rs1199098, which is in linkage disequilibrium with IPMK, in the inositol phosphokinase family; and
rs1381392, which is not near any known genes. Intriguingly,
the results were stronger when the cases were restricted
to those with chromosome 5 and/or 7 abnormali es, which
are typically associated with prior exposure to alkyla ng
agents, but detailed chemotherapy exposure data were
not available.
Systemic therapy is also increasingly understood to play
a role in risk for solid tumors.106 Elevated risks have been
reported for certain alkyla ng agent–containing regimens
with lung cancer and gastrointes nal tract malignancies,
for example, whereas gonadotoxic chemotherapy has been
associated with decreased risk of developing subsequent
breast cancer. In the WECARE study, SNPs in genes associated
with metabolism of breast cancer chemotherapeu c agents
did not appear to alter the protec ve eﬀect of chemotherapy
on contralateral breast cancer risk.119 Beyond that study, the
genomics of chemotherapy-related risks of solid tumors has
not been inves gated.

FUTURE DIRECTIONS
A major goal in cancer survivorship research is to improve
the understanding of factors that contribute to treatmentrelated toxici es. The establishment of long-term cancer
survivorship studies in children and young adults is especially important because pa ents are o en cured and thus
remain at lifelong risk for the emergence of either the late
eﬀects of cancer therapy or the long-term persistence of
acute-onset toxicity.120 The focus of precision cancer medicine in recent years has been on iden fying soma c altera ons in individual pa ent tumors and a emp ng to match
those muta ons with speciﬁc therapeu c strategies.121 To
bring precision medicine into survivorship, a be er understanding of the impact of germline genetic variation on
incidence of treatment-related adverse eﬀects is cri cal.
However, much work remains to realize the promise of precision medicine in cancer survivorship. Above, we reviewed
the current state of knowledge surrounding the genomics
of both nonmalignant and malignant treatment-related
adverse eﬀects. In general, advances in our understanding
have been hampered by a number of key methodologic
limita ons that must be addressed in future studies, and
large-scale collabora ve eﬀorts are essen al.
The difficulty and expense associated with large, prospective pharmacogenomics and radiogenomics studies
is the primary challenge facing studies of the genomics of
treatment-related adverse eﬀects, which require the collection of DNA, detailed treatment data, and long-term
systematic follow-up for well-defined outcomes in large
numbers of pa ents. Increasingly, inves gators are therefore
leveraging clinic-based cohorts and clinical trials to conduct
such studies. For example, the Interna onal Radiogenomics
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Consor um formed with the goal of fostering collaborative
efforts to pool data from existing cohorts and clinical trials
to increase sample sizes for gene c studies of radiotherapy
adverse eﬀects.61 Although these populations may not be
wholly representative of all cancer survivors in the general
population, they have tremendous potential for advancing
the field. In studies of late adverse effects, particularly
subsequent malignancies, the need for very long-term follow-up is an added challenge par cularly in prospec vely
designed studies. A number of ongoing cohort studies of
cancer survivors, such as the Childhood Cancer Survivor
Study, have both detailed treatment data and systema c
long-term follow-up. Recently collected DNA make these
studies an invaluable contribu on to the genomics of survivorship, although biases in sample collec on due to either
nonresponse or survival bias must be considered in the design of studies and interpreta on of results.
A further challenge in the ﬁeld derives from poten al
heterogeneity in treatment eﬀects and phenotypes. Studies of the genomics of survivorship would op mally be
designed with very well-deﬁned outcomes ascertained in
pa ent popula ons that are homogeneous with respect
to treatment exposures and other key factors that may
modify risk for adverse eﬀects, such as age at exposure.
An example of this is the Pla num Study, an interna onal
consor um of cancer centers that studies cispla n-treated
testicular cancer survivors. The study includes detailed
collection of dose information for all drugs, systematic
evalua on of human hearing using state of the art audiometric methods, and collec on of extensive health informa on related to other toxici es.122 The REQUITE study
aims to achieve a similar goal in radiogenomics, by using
standardized data collec on and pa ent reported outcome forms to prospec vely assess late radia on toxicity
in pa ents with breast, lung, and prostate cancer.62 With
the exception of some cancers, the last several decades
have seen dramatic changes in treatment approaches,
including changes in doses or intensity of therapy, development of novel radiotherapy techniques, and introduction of new systemic therapies, but the impacts of
these changes on risk for adverse effects is often poorly
understood, and the joint eﬀects with gene c variants
are unknown. For example, advances in radia on delivery
technology and treatment planning have allowed clinicians
to op mize radiotherapy, but newer delivery methods can
result in more variable dose distribu on in surrounding normal ssues, with larger volumes receiving low doses.123 The
eﬀect of gene c factors on toxicity risk may diﬀer depending
on the radiation dose and volume of tissue exposed. Radiation and systemic cancer therapies can interact and
synergistically impact adverse effects, and this interplay
is becoming increasingly complex with the introduction
of targeted biologics and immunotherapies. The studies described above for chemotherapy-induced peripheral
neuropathy and ototoxicity emphasize the importance of

782

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

conduc ng studies in pa ents with homogeneous treatment
exposures, since diﬀerent variants have been iden ﬁed for
the same chemotherapeu c-induced toxicity. Addi onally,
diﬀerences in the variants iden ﬁed for speciﬁc phenotypes
(e.g., speciﬁc types of subsequent malignancies) highlights
the importance of studying well-deﬁned outcomes.
The lack of available data and potential heterogeneity
in treatment effect impact the likelihood of discovering
genetic factors that influence treatment-related adverse
effects. An important determinant of statistical power is
the estimated effect size. Currently, complex human traits
and diseases are generally thought to be polygenic, with
heritable components arising from a combination of rare
variants with relatively strong effects and many common
variants, each of which has a weak effect.124 The extent
to which this paradigm is applicable to the genomics of
treatment-related adverse effects is as yet unknown but
has important implications for statistical power because
it is difficult to imagine large-scale survivorship studies of
more than 10,000 patients with a specific adverse effect.
However, to date, some of the GWAS of treatment-related
adverse effects have identified common variants with
relatively high risk estimates (> twofold risk per allele,
compared with 1.1- to 1.2-fold for most adult sporadic
diseases) consistent with studies demonstra ng pharmacogenomic studies tend to have larger eﬀect sizes, as described
above.16
Once genetic variants associated with specific adverse
events have been identified, risk prediction models constructed in independent patient populations are needed,
combining gene c informa on with current models based
primarily on treatment exposures. Evidence is beginning to
emerge from modeling and experimental approaches that
supports the hypothesis that incorpora on of gene c or
other biologic data into toxicity risk predic on models can
result in improvements in sensi vity and speciﬁcity. For example, a data simula on study showed that incorpora on
of SNPs can improve the area under the receiver operating characteris c curve of a radia on dose-based model,
and the same concept would apply to a model of systemic
therapy.125 As expected, the magnitude of improvement increased with increasing number of SNPs and was aﬀected
by assump ons about minor allele frequency, eﬀect size,
and toxicity prevalence. If the majority of risk SNPs has very
modest eﬀects sizes (< 1.2), hundreds of SNPs are needed
to substan ally improve models; in contrast, if some risk
SNPs have larger risk es mates (1.2–2.0), fewer than 100
may be suﬃcient to improve models to an extent that is
clinically meaningful. With large-scale collabora on for variant discovery, valida on, and transla on into risk predic on
models, a substan al number of pa ents have the potenal to beneﬁt from precision medicine not only in selecting the op mal therapeu c strategy to shrink or eradicate
their tumor, but also to es mate their acute and long-term
treatment-related risks.
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COMMUNICATING PROGNOSIS IN THE ERA OF EXCEPTIONAL RESPONDERS

“How Much Time Do I Have?”: Communica ng Prognosis in
the Era of Excep onal Responders
Thomas W. LeBlanc, MD, MA, MHS, FAAHPM, Jennifer S. Temel, MD, and Paul R. Hel , MD
OVERVIEW
Prognos ca on is the science by which clinicians es mate a pa ent’s expected outcome. A robust literature shows that
many pa ents with advanced cancer have inaccurate percep ons of their prognosis, thus raising ques ons about whether
pa ents are truly making informed decisions. Clinicians’ ability to communicate prognos c informa on is further complicated today by the availability of novel, eﬃcacious immunotherapies and genome-guided treatments. Currently, clinicians
lack tools to predict which pa ents with advanced disease will achieve an excep onal response to these new therapies.
This increased prognos c uncertainty on the part of clinicians further complicates prognos c communica on with pa ents.
Evidence also suggests that many oncologists avoid or rarely engage in prognosis-related communica on and/or lack skills
in this area. Although communica on skills training interven ons can have a posi ve impact on complex communica on
skills for some clinicians, there is no one-size-ﬁts-all approach to improving pa ent-clinician communica on about prognosis. Yet improving pa ent understanding of prognosis is cri cal, because pa ent understanding of prognosis is linked with
end-of-life care outcomes. Solu ons to this problem will likely require a combina on of interven ons beyond communicaon skills training programs, including enhanced use of other cancer clinicians, such as oncology nurses and social workers,
increased use of pallia ve care specialists, and organiza onal support to facilitate advance care planning.

P

rognos ca on is the science by which clinicians es mate the expected outcome for a par cular pa ent, in
a par cular clinical scenario. In some cases, prognos ca on
refers to clinicians’ es ma on of the overall possibility of
cure, wherein the prognos c es mate is binary (as in, “yes,
cure is possible,” or “no, it is not”). In other cases, prognosca on involves the clinician es ma ng the likelihood of
cancer recurrence a er receiving poten ally cura ve therapy, such as surgery, or the chance of survival 5 years a er
cancer diagnoses. Whichever way the clinician formulates
prognosis, by rendering one, the clinician aims to convey
cri cally important informa on to pa ents and their family
about what the future holds. Although the bioethical principle of autonomy suggests that knowing one’s prognosis is
essen al (as in, “I have a right to know”), prognos ca on
is also instrumental in the decision-making process about
cancer treatments. Indeed, prognos c informa on must be
shared and understood as one essen al part of the process
of “shared decision-making,” a topic of growing importance
in modern cancer care.

WHY IS PROGNOSTICATION IMPORTANT?
Shared decision-making is deﬁned as the process by which
“clinicians and pa ents share the best available evidence

when faced with the task of making decisions, and where
pa ents are supported to consider op ons, to achieve
informed preferences.”1 For more than a decade, the National Academy of Medicine has recommended shared
decision-making as the gold-standard process by which medical decision-making should occur2; others uphold shared
decision-making as the pinnacle of person-centered care.3
Essen al components of shared decision-making include:
(1) discussion of the choice at hand, (2) a detailed review of
poten al risks, beneﬁts, and tradeoﬀs for each treatment
op on, and (3) the solicita on and discussion of individual
values, goals, and preferences important to that par cular
pa ent.
Regardless of the decisional framework used, understanding one’s prognosis is fundamental to making an informed
treatment decision. Imagine, for example, a patient with
acute myeloid leukemia who is facing a choice about whether
to pursue high-dose induction chemotherapy, low-dose
chemotherapy, or suppor ve care alone. The possibility of
achieving a complete remission might be as high as 50%
to 85% with high-dose chemotherapy, and this treatment
might also confer a long-term chance of cure, yet this treatment also inherently involves some risk of early death. On
the other hand, remission and cure are far less likely with
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low-dose chemotherapy, and they are not possible with
suppor ve care alone. Although low-dose treatment poses
very li le to no risk of early death from toxicity, this reducon in risk comes at great cost if one priori zes a chance at
cure or highly values prolonged survival.
How a pa ent approaches these important tradeoﬀs is
inﬂuenced by their understanding about the possible (and
most likely) outcomes. For example, if a pa ent does not
understand that their disease is poten ally curable, that
pa ent may make fundamentally diﬀerent decisions about
the tradeoﬀs inherent in receiving chemotherapy, par cularly regarding side eﬀects and risks. On the other hand, a
pa ent who understands that their disease is incurable may
priori ze these factors diﬀerently, perhaps favoring lessaggressive interven ons in an eﬀort to priori ze overall quality
of life and symptom control, with less emphasis on prolonging life. A growing evidence base supports the connec on
between pa ent understanding of prognosis and treatment
preferences, as we discuss further below.

HOW WELL DO PATIENTS WITH CANCER
UNDERSTAND THEIR ILLNESS?
Several studies suggest that pa ents with advanced solid
tumors and hematologic cancers alike harbor inaccurate
percep ons of their prognosis.4 In a study of nearly 1,200
pa ents who received chemotherapy for metasta c lung
or colorectal cancer, inves gators used surveys to assess
pa ents’ understanding of the intent of their chemotherapy.
In this study, 69% of those with lung cancer and 81% of
those with colorectal cancer did not understand that their
chemotherapy was unlikely to yield a cure, and that it was
largely being prescribed with pallia ve intent.5 Similarly, an
interna onal study showed that 55% of 1,390 pa ents with
cancer who were receiving pallia ve care inaccurately reported their cancer as being curable.6 In a study of 50 paents with advanced gastrointes nal cancers, inves gators
assessed pa ents’ informa on preferences, understanding

PRACTICAL APPLICATIONS
• Ensuring that pa ents have an accurate understanding of
their prognosis is necessary to ensure informed decisionmaking in cancer care.
• Evidence shows that many people with advanced cancer
report an inaccurate percep on of their prognosis.
• Pa ents’ prognos c understanding has a great impact
on their treatment choices, par cularly regarding care at
the end of life.
• Novel immunotherapies and genome-targeted
treatments, which yield excep onal responses in a
small propor on of pa ents, are further complica ng
oncologists’ ability to formulate and communicate
prognoses to pa ents with advanced disease.
• Exis ng approaches to improving pa ent-clinician
communica on in oncology are inadequate to
accommodate diﬀerent levels of skill and ap tude
among prac cing oncologists.
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of prognosis and treatment goals, and overall quality of life
and mood.7 Although most pa ents (75%) wanted to know
as much as possible about their cancer, 50% thought the
goal of their pallia ve treatment was to “cure the cancer.”
In a study of 43 pa ents age 60 or older with acute myeloid leukemia or high-risk myelodysplas c syndrome, invesgators assessed prognos c understanding and treatment
preferences about intensive or nonintensive approaches.8
Ul mately, 74% of pa ents es mated their chance of cure
at 50% or greater, whereas 89% of the me their physicians
es mated it at 10% or less. Most pa ents (63%) also reported
not being offered other treatment options, despite evidence of such conversa ons being universally documented
in the clinical record. Similarly, in a prospec ve na onal cohort study of pa ents undergoing stem cell transplanta on,
inves gators found that although pa ents and physicians
were both relatively accurate at predicting mortality in
low-risk scenarios, there were marked discrepancies in
intermediate- or high-risk scenarios. In these cases, paents tended to be overly op mis c and harbored similar
expecta ons to the lower-risk scenarios, whereas their physicians were more appropriately guarded about the likely
outcome.9 Evidence also suggests, however, that most paents are unaware that their expecta ons about prognosis
o en vary from that of their oncologists.10

HOW DOES PROGNOSTIC UNDERSTANDING
IMPACT DECISION MAKING?
Pa ents’ prognos c understanding plays an important role
in their medical decision-making. Pa ents who overes mate their likelihood of survival or cure are also more likely
to pursue aggressive interven ons at the end of life.11,12 Other
evidence suggests that pa ents’ understanding of prognosis is associated with their willingness to undergo chemotherapy. For example, in a study of 56 pa ents with lung or
prostate cancer compared with a control group consis ng of
20 clinic nurses and radia on technologists, inves gators
used interviews to explore the associa on between treatment toxici es, associated outcome improvements, and willingness to undergo treatment. There was much variability
in willingness to undergo diﬃcult treatments to prolong
survival, with pa ents being much more willing to do so than
clinic staﬀ. In addi on, there was a clear rela onship between expected outcome improvements and willingness to
tolerate diﬃcult side eﬀects.13
Another study used a hypothe cal treatment scenario to
demonstrate this rela onship. Inves gators asked 73 paents with lung cancer and 120 pa ents without cancer to
rate their willingness to undergo various intensi es of treatment. Pa ents were also asked to state the minimum beneﬁt that would make a treatment acceptable. When cure was
oﬀered as a possibility, many more respondents expressed
willingness to undergo treatment.14 Similarly, evidence from
an interview study suggests that many pa ents with a history
of lung cancer did not actually receive the treatment they
would have chosen had they fully understood their prognosis and the beneﬁts and risks conferred by pallia ve-intent
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chemotherapies.15 Other evidence shows that pa ents who
report a more accurate understanding of their prognosis are
less likely to receive aggressive therapies at the end of life.16
This brief review of published evidence highlights the
need for improvements in pa ents’ overall understanding
of their illness, and it suggests that informed decision-making
may not actually be occurring frequently. One approach to
this problem is for clinicians to discuss prognosis more often and openly. Indeed, evidence suggests that many oncologists simply do not communicate a prognosis, or instead
provide an op mis c prognos c es mate to their pa ents.17
Although some clinicians report concern that a more accurate disclosure may be upse ng to pa ents with a poor
prognosis, evidence suggests that even those who are upset
by learning about their poor prognosis are no less likely to
want to know this informa on.18 Other evidence demonstrates that when clinicians disclose a prognosis, their paents are more likely to have an accurate understanding of
their life expectancy, with no harm to the pa ents’ emo onal
well-being or the pa ent-doctor rela onship.19 However, evidence is mixed regarding the impact of honest prognos c
disclosure on pa ents’ percep on of their oncologist; one
study links inaccurate pa ent understanding of prognosis with be er pa ent ra ngs of clinician communica on,5
however, another shows no relationship between prognos c discussion and pa ents’ percep ons of the pa entphysician rela onship.20 Further research is needed in this
area, as a recent analysis points to a slight decrement in
pa ents’ quality of life and mood among those who fully
understand their illness. This eﬀect appears to be buﬀered
among pa ents who adopt ac ve coping strategies.21 Regardless, these concerns are not suﬃcient jus ﬁca on for withholding prognos c informa on from pa ents and families.
In the sec ons that follow, we review and discuss emerging issues in prognosis-related communication, including
those related to the growing prognos c uncertainty associated with novel therapies and the minority of pa ents who
will achieve an excep onal response to these treatments.
Therea er, we highlight evidence that oncologist-speciﬁc
factors may contribute to pa ents’ inaccurate prognos c
understanding and thus receipt of overly intensive treatments at the end of life, and suggest poten al approaches
to improve pa ent-clinician communica on.

EXCEPTIONAL RESPONDERS, HOPE, AND
PROGNOSTICATION: MAKING A TOUGH
PROBLEM EVEN TOUGHER
The availability of novel, eﬃcacious treatments is changing the landscape of cancer therapeu cs and drama cally
improving prognosis in a subset of pa ents with advanced
disease. As oncologists, it is gra fying and exci ng to administer therapies such as immune checkpoint inhibitors to
pa ents who previously had a prognosis of less than 1 year,
and occasionally to see their cancer remain quiescent for
many years.22 Although it is exci ng to read manuscripts describing prolonged responses and the tail-at-the-end-of-the
curve with immune checkpoint inhibitors, this excitement

pales in comparison with the experience of actually witnessing these incredible outcomes when they occur.
A recent case highlights the immense sa sfac on and remarkable outcomes some mes associated with these novel
therapies. Karen is a 46-year-old woman with metasta c
non–small cell lung cancer whose health was deteriora ng
rapidly a er failure of mul ple lines of chemotherapy. We
started preparing her to communicate her death with her
7-year-old son when, a er months of wai ng for insurance
approval, we were able to administer nivolumab. Karen had
a rapid and complete response, with resolu on of her cancerrelated symptoms and no immune-related side eﬀects. She
is alive and well, and off cancer-directed therapy 3 years
later. It is truly exhilara ng to witness the sudden improvement of a young person who is dying, with high quality years
added to life that simply would not have been a ained prior
to the availability of this therapy.
Although this case illustrates an excep onal responder,
unfortunately, many pa ents do not respond to immune
checkpoint inhibitors, or have underlying health condi ons,
or experience toxici es that prohibit administra on of immune checkpoint inhibitors. Thus, although oncologists who
witness cases like Karen’s appropriately feel quite hopeful
about the role these therapies can play for pa ents with
advanced cancer, we must balance this op mism with the
reality that most pa ents will not be so excep onal. As oncologists, we have always been responsible for communica ng diﬃcult informa on to pa ents about their illness,
prognosis, and the possible outcomes with therapy. However,
the availability of novel therapies and the percep on of a
more uncertain prognosis that they may create, is making
the diﬃcult task of discussing prognosis with pa ents even
more challenging.
There are several reasons why the availability of these
novel therapies is making the already tough problem of communica ng prognosis more complex. In the case of immune
checkpoint inhibitors, there is s ll a great deal of uncertainty about who will respond to and, indeed, who should
receive these agents. In contrast to the use of targeted therapy in pa ents with deﬁned gene c muta ons, such as the
use of ﬁrst-line alec nib in pa ents with ALK transloca ons
in which the response rate is over 80%, response to immune
checkpoint inhibitors is much more unpredictable, even in
pa ents who express the PD-L1 biomarker.23,24 For example,
in the randomized trial that led to the U.S. Food and Drug
Administra on (FDA) approval of ﬁrst-line pembrolizumab
for patients with metastatic non–small cell lung cancer,
only 30% of poten ally eligible pa ents had suﬃcient PDL1 expression to qualify for the study.25 Even in this populaon, less than half of the par cipants achieved a response
to pembrolizumab.25 Although be er described in pa ents
with melanoma, a subset of patients who do respond to
immune checkpoint inhibitors experience prolonged responses, leading to much discussion about the tails on the
survival curves and the possibility of cure.22,26 Though these
therapies can be eﬀec ve in pa ents with low or no PD-L1
expression, the majority of pa ents who do not express this
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biomarker will not respond to immune checkpoint inhibitors, although this varies depending on the tumor type.27,28
Thus, although pa ents may have a cancer type that is eligible to be treated with an immune checkpoint inhibitors
(if FDA-approved), it remains unclear which pa ents will
respond, and, of those who do respond, it remains unclear
which responses will be excep onal.
There is also a lack of consensus about which pa ents with
comorbid disease are eligible to receive immune checkpoint
inhibitors. The toxici es associated with checkpoint inhibitors lead to substan al concerns about administering these
treatments to pa ents, especially to those with underlying
autoimmune diseases. Data demonstrate that autoimmune
diseases, such as rheumatoid arthri s, may be exacerbated
during therapy with checkpoint inhibitors.29 Yet, no clear
recommenda ons exist regarding which pa ents with autoimmune diseases are at risk, or the degree of severity
which contraindicates these treatments. Our anecdotal
experience is that great varia on exists among clinicians in
their comfort and willingness to administer immune checkpoint inhibitors to pa ents with underlying autoimmune
disease. In addi on to comorbid disease, there are few
available data to guide clinicians on administering therapies
in pa ents with poor func onal and performance status.30
Although oncologists generally modify their treatment of
older pa ents with marked comorbid disease and refrain
from administering chemotherapy to pa ents with a poor
performance status, ques ons remain about whether they
should administer checkpoint inhibitors to very elderly or ill
pa ents. A recent medical record review of pa ents treated
with PD-1 inhibitors demonstrated low response rates and
survival in pa ents with a poor performance status.31 This
uncertainty about which pa ents are truly good candidates
for immune checkpoint inhibitors further complicates communica on about these treatments with pa ents and their
families.
Another challenging situa on that occurs more commonly
with immune checkpoint inhibitors is when exceptional
responders experience toxici es that limit further administra on.32,33 A recent case highlights the diﬃculty of this
scenario. John was an 82-year-old man whose wife had recently died from pancrea c cancer when he was diagnosed
with metasta c non–small cell lung cancer. His percep on
of chemotherapy was quite nega ve based upon his wife’s
experience, so he was elated when his PD-L1 tes ng came
back at 80%. A er two cycles of pembrolizumab, his cancer
shrank by approximately 75%, and he experienced marked
clinical beneﬁt. Unfortunately, when he arrived in clinic for
his planned third cycle of treatment, he had grade 4 elevaons in his transaminases. His transaminases improved with
prolonged high-dose steroids, and, 5 months a er receiving
his last dose of pembrolizumab, his cancer remains stable
without growth. Although data suggest that he may have a
prolonged response despite discon nuing pembrolizumab
a er only two cycles, he has experienced a great deal of distress about his treatment plan a er his cancer grows in the
future.33 Oncologists occasionally must discon nue targeted
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therapy or chemotherapy because of toxicity in pa ents
who are having excellent responses, however, this may be a
more frequent occurrence with immune checkpoint inhibitors. Thus, oncologists may more o en be in the posi on of
suppor ng pa ents who must discon nue an eﬀec ve and
life-prolonging therapy because of toxicity.
This greater uncertainty about who will respond to immune checkpoint inhibitors and for how long, as well as
which pa ents can safely receive treatment, makes communica ng with pa ents and their families about prognosis
even more diﬃcult and complex. In contrast to alec nib,
which is known to work quite well in most pa ent with metasta c non–small cell lung cancer harboring an ALK transloca on, or dacarbazine, which is known to work quite poorly
in most pa ents with metasta c melanoma, at this me we
do not have reliable means to predict who will respond to
immune checkpoint inhibitors and how well they will work
in a given pa ent.34 Physicians are most comfortable when
they can provide guidance to pa ents based upon accurate
es mates of beneﬁt and risk. The struggle to communicate
eﬀec vely with pa ents and their families is magniﬁed by
greater degrees of uncertainty when they must interject
the conversa ons with frequent qualiﬁca ons of “maybe”
or “possibly.”35,36 Importantly, the strategies that we must
use to communicate with pa ents and families about the
risks, beneﬁts, and possible outcomes of treatment have
not changed. These techniques are well outlined in a recent
ASCO consensus guideline on pa ent-clinician communicaon, and include techniques like “mixed framing,” such as
best/worse/most likely outcome.37-39 However, it is essen al
that oncologists do not simply remember and refer to the
excep onal responders, like Karen, when engaging in conversa ons with their pa ents about prognosis with immune
checkpoint inhibitors, and instead express hope balanced
with all of the possible outcomes of treatment. In the next
sec on, we discuss oncologists’ communica on of prognosis in greater detail, including poten al approaches to improving pa ents’ prognos c understanding to enable them
to make goal-concordant decisions about their cancer and
end of life care.

PROGNOSIS RELATED COMMUNICATION
WITH PATIENTS WITH ADVANCED CANCER
Evidence shows that a substan al propor on of the nearly
600,000 pa ents who die of cancer each year in the United
States experience inadequate or low-quality communica on
from clinicians. Such poor-quality pa ent-clinician communica on contributes to lower-quality end-of-life experiences,
including late receipt of chemotherapy, late referral to hospice, and a lower likelihood of dying at home, the preferred
place of death for most Americans. ASCO and the Na onal
Quality Forum both advocate for less-intensive medical interven ons in the last month of life for pa ents with cancer.40-42
Despite these recommenda ons, care intensity remains high
at the end of life for many pa ents with advanced cancer43
and, in the last 4 weeks of life, health care use and associated
expenses o en rise.44,45
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Although the underlying causes of over-treatment of paents with cancer at the end of life are both complex and
mul farious, we contend that the principal modiﬁable factor is
the quality of pa ent-clinician communica on experienced
by pa ents with incurable cancer. Although communica on
is an issue throughout the trajectory of their illness, most
important is the transi onal period between the ambulatory phase and the terminal phase of cancer.46-49 Mul ple
studies highlight the persistence of inadequate patientclinician communica on with pa ents with advanced cancer.50,51 Another important body of research shows a strong
associa on between pa ent-clinician communica on and
pa ents’ prognos c understanding and decision-making, sugges ng that the quality or eﬀec veness of communica on can
have a real impact on the care pa ents receive at the end of
life.11 We have already highlighted that pa ents do indeed
want to know about their prognoses, even when the news
is not good, and that they want to know about op ons for
care at the end of life.19,52 Such communica on is associated
with pa ents’ receipt of higher-quality care near death.51,53 In
addi on, evidence shows a link between greater prognos c
understanding and decreased preferences for more intensive treatment at the end of life.11

WHAT ONCOLOGISTS TEND TO DO AND WHY
Several studies examine the underlying reasons why oncologists avoid communica on about prognosis and end-of-life
care. Some oncologists worry that, by sharing prognos c
informa on, they will make pa ents needlessly hopeless
or upset, and/or that pa ents will view them less favorably
as a result.5,51 However, studies show that pa ents with
serious illness do not lose hope, suﬀer, or die sooner as a
result of end-of-life discussions.54-56 Other factors which
may contribute to lower engagement in prognosis-related
communica on include the complexity of balancing hope
and accurate informa on, variable informa on preferences
among pa ents (and over me within individual pa ents),
and prognos c inaccuracy or uncertainty. One qualita ve
study examining the barriers to high-quality prognosis-related
communica on grouped the barriers into: (1) oncologistrelated barriers (personal bond, emotional discomfort),
(2) patient-related barriers (patient characteristics, diversity, language barriers), and (3) family-related barriers
(diﬀeren al belief in or acceptance of provided prognos c
informa on).57
Because a full review of all of the complex factors that
contribute to lower-quality prognosis-related communicaon is beyond the scope of this ar cle, we choose to focus
on oncologist-speciﬁc factors. We suggest that oncologists’
experience and comfort with managing pa ents’ reac ons
to nega ve informa on is a centrally important barrier that
contributes substan ally to the lack of prognosis-related
communica on described in the literature.
A large body of evidence suggests that roughly one-quarter
to one-third of oncologists avoid or engage rarely in prognosis related communica on, or lack skills/ap tude in this
area. For example, in the largest study done to date among

pa ents with cancer receiving pallia ve chemotherapy,
pa ents reported that prognosis was discussed by medical
oncologists in only 39% of cases.47 In a longitudinal study of
hospitalized pa ents for whom death was believed imminent, 62% of families reported that the a ending physician
never discussed the possibility of death with them, and that
no one discussed the possibility of death with the pa ent in
39% of cases.48 In a review of 37 studies about prognos c
awareness, 75% of pa ents were found to be unaware of
their poor prognosis.4 Similarly, when nurses were surveyed
about their observa ons of the oncologists with whom
they worked, 26% of oncology nurses disagreed or strongly
disagreed that their physicians were skilled at prognosisrelated communica on; 30% of nurses felt that oncologists
rarely/never addressed end-of-life issues early in the course
of their illness, and 33% of nurses agreed that, when paents did not appear to understand their prognosis, it was
because oncologists had not fully discussed it.58
Some of the barriers that contribute to this omission
of prognosis-related communica on are generalizable to
all interpersonal interac ons. For instance, Maynard describes social norms that make the delivery of bad news a
“dis-preferred” social ac on. These social interac on norms
bias physicians to avoid or delay bad news, or to a empt
to qualify or mi gate the news. Lamont found that, even
when pa ents speciﬁcally requested informa on regarding
prognosis, physicians only provided frank es mates 37% of
the me.17 Observa onal studies suggest that doctors avoid
discussion of the emo onal and social impact of pa ents’
problems because of their own distress or because of a percep on that they did not have the me to do so adequately.
This nega ve emo onal reac on to pa ents’ distress has
been found to nega vely aﬀect doctors themselves and,
in turn, tended to increase pa ents' distress.59 Fear of not
being able to handle pa ents’ distress adequately, or that
disclosure of nega ve news will have a detrimental eﬀect on
their pa ents, are major factors in physicians’ reluctance to
discuss emo onal func oning with pa ents.60

POTENTIAL SOLUTIONS
Could communica on skills training help oncologists who
are reluctant to engage in prognosis-related communicaon? A systema c review of communica on skills training
for cancer care professionals concluded that communicaon skills training programs are useful for health professionals working in cancer care.61 Such programs are associated
with improvements in communica on skills, knowledge and
conﬁdence, changes in a tudes, and sa sfac on among
health care professionals. Importantly, however, the authors
found no evidence of a change in physicians’ abili es to detect pa ent distress. Evidence is mixed regarding whether
physicians who may lack ap tude for complex interpersonal
communica on can improve with skills training intervenons.62-65 For example, one study found that physicians with
low “iden ﬁca on indices” somehow suppress expression
of verbal and vocal cues by pa ents.66 It is unclear whether
this can be remedied with skills-based training. In another
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recent study, oncologists who participated in a 1-hour
didac c training on depressive disorders in pa ents with
cancer were be er able to iden fy depressive symptoms
therea er.64
Perhaps we must admit that oncologists are not all equally
skilled at complex communica on. Despite this deﬁcit, highquality communica on may be the single most important
determinant of appropriate and values-concordant end-oflife care for pa ents with advanced cancer. If we were to
think of oncologists as roughly ﬁ ng into three equal communica on groups (highly skilled, moderately skilled, and
lower skilled), it is clear that each of these groups requires
a diﬀerent approach for interven on. Highly skilled oncologists need organiza onal support to con nue their excellent
prac ce. Examples of organiza onal support might include
prac ce models that encourage and reward me spent engaging in end-of-life care planning and establishing goals of
care at the end of life. In addi on, such highly skilled oncologists might serve as mentors or role models within their own
spheres of inﬂuence, training and assis ng their colleagues.
Moderately skilled oncologists may comprise the group most
likely to beneﬁt from targeted skills training programs, of
which several high-quality examples have already been developed (e.g., OncoTalk).67 However, lower-skilled oncologists
may be less likely to beneﬁt from skills training.62 For this
group of oncologists, eﬀorts to improve their pa ents’ endof-life care outcomes might produc vely be redirected toward programs that supplement their primary cancer care
of their pa ents, instead of directly a emp ng to improve
their ability to communicate eﬀec vely. Examples of such interven ons include pairing oncologists with skilled oncology

nurses,68 use of palliative care and hospice consultation
teams,69 prehospice and care management programs,70 and
advance direc ves comple on eﬀorts, as well as models
for facilita ng structured end-of-life conversa ons, such as
those found in Respec ng Choices,71-74 and advanced illness
coordinated care programs.75

CONCLUSION
In summary, high-quality pa ent-clinician communica on
about prognosis is an essen al component of eﬀec ve
cancer care, and is a necessary condi on for ensuring that
pa ents make informed decisions about their cancer and
end-of-life care. Evidence shows that many pa ents with
advanced cancer fundamentally misunderstand or overesmate their prognosis. These mispercep ons adversely impact pa ents’ decision-making and increase the likelihood
that they will receive end-of-life care that is not concordant
with their wishes and values. Unfortunately, novel therapies
are complica ng this already complex problem by making
it more diﬃcult for clinicians to es mate and communicate prognosis, as we currently lack reliable tools to predict
which pa ents will achieve excep onal responses. Evidence
shows that a substan al minority of oncologists avoids discussions about prognosis, or communicate overly op misc es mates, a problem which warrants further a en on.
Although communica on skills training interven ons have
shown some promise in improving oncologists’ communicaon about prognosis, these programs are only one part of
a more comprehensive approach that is needed to meaningfully improve pa ent-clinician communica on, informed
decision-making, and care delivery at the end of life.
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Cogni ve Changes in Cancer Survivors
Sara J. Hardy, MD, Kevin R. Krull, PhD, Jeﬀrey S. Wefel, PhD, and Michelle Janelsins, PhD, MPH
OVERVIEW
Advances in cancer treatments have led to substan ally improved survival for pa ents with cancer. However, many paents experience changes in cogni on as a side eﬀect of both cancer and cancer treatment. This occurs with both central
nervous system (CNS) tumors and non-CNS tumors and in both children and adults. Studies of pa ents with non-CNS cancer
have shown that cancer-related cogni ve impairment (CRCI), which can include changes in memory, execu ve func on,
a en on, and processing speed, occurs in up to 30% of pa ents prior to any treatment and in up to 75% of pa ents during
treatment. A subset of pa ents with non-CNS and CNS cancer appear to be at higher risk for CRCI, so much research has
gone into iden fying who is vulnerable. Risk factors for CRCI in adults include cogni ve reserve, age, gene c factors, and
ethnicity; risk factors for children include gene c factors, female sex, younger age at diagnosis, chemotherapy dose, and
both dose and ﬁeld size for radia on. Although the ﬁeld has made substan al strides in understanding and trea ng CRCI,
more research is s ll needed to improve outcomes for both pediatric and adult cancer survivors.

A

dvances in cancer treatments have led to considerably
improved survival for pa ents with cancer. These treatments include surgery, chemotherapy, targeted agents,
immunotherapy, and radia on therapy. Although new therapies and combina ons of therapies have improved survival,
many pa ents with cancer experience side eﬀects of treatments that linger even a er treatment ends and nega vely
impact quality of life. Cogni ve decline is one of the most
frequently described symptoms during cancer treatment,
and CRCI has been increasingly recognized as a side eﬀect
from both cancer and cancer treatment.1 The Interna onal
Cogni on and Cancer Task Force has published guidelines
to harmonize research2,3 and updates as the ﬁeld evolves.4,5
CRCI can occur in both adult and pediatric pa ents with
tumors both in and outside the CNS. Systema c research in
all of these areas is ongoing; however, the evidence provided
herein represents the current state of the science.

ADULTS WITH NON CENTRAL NERVOUS
SYSTEM TUMORS
Surgery and Prechemotherapy-Related Cogni ve
Change
Although there has been substan al interest in cogni ve
decline a er cancer treatment, cogni ve impairment has
been found in pa ents with cancers outside the CNS following
surgery and prior to receipt of any systemic treatment.
Wefel et al6 demonstrated that prior to receiving systemic
therapy, 33% of women in a breast cancer cohort exhibited
cogni ve impairment. In 2008, Ahles et al7 found that prior

to receipt of adjuvant therapy, pa ents with stage I to III
breast cancers performed signiﬁcantly worse on reac on
me tests compared with healthy controls (p = .005). Addi onally, pa ents with stage I to III breast cancers were
notably more likely to have lower than expected cogni ve
performance scores, compared with pa ents with stage 0
breast cancer and healthy controls.7 This has been shown
in other types of cancer as well. Vardy et al8 demonstrated
that 43% of pa ents with colorectal cancer had impairment
on neurocogni ve tes ng prior to receipt of adjuvant therapy compared with 15% of healthy controls. Yao et al9 also
showed evidence of execu ve dysfunc on in pa ents with
breast cancer prior to receipt of either surgery or chemotherapy. The evidence that there are changes in cogni on
prior to receipt of any treatment con nues to increase, although
the mechanism is s ll under inves ga on.

Longitudinal Impact of Chemotherapy Exposure on
Cogni ve Func on
Most of the studies to date on CRCI among pa ents with
non-CNS disease have focused on the cogni ve impact of
chemotherapy, and many studies have been performed
with the breast cancer popula on. The reported frequency
of post-treatment cognitive changes varies substantially
with the popula on evaluated, speciﬁc measurement tools
used, and deﬁni ons of impairment or cogni ve change.
The majority of trials do show cogni ve decline from pre- to
postchemotherapy,6,10-23 although some have not shown any
eﬀect.24-28 Findings have shown that pa ents present with
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subtle cogni ve deﬁcits across mul ple domains, including
several aspects of memory, execu ve func on, concentra on,
a en on, and processing speed rather than frank demena.6,10-23 A meta-analysis showed that when data from 17
trials were combined, there was a notable decline of moderate magnitude in cogni ve func oning at 6 months or
greater me since comple on of chemotherapy compared
with healthy controls or from prechemotherapy baseline.
In the studies examined in the meta-analysis, the majority
of the deﬁcits were in verbal and visuospa al ability.29 In
2013, Collins et al30 performed a study that noted a doseresponse rela onship between chemotherapy exposure
and cogni ve decline. There is o en a lack of correla on between pa ent-reported cogni ve complaints and deﬁcits on
neuropsychological tes ng.21,31,32 Pa ent-reported cogni ve
complaints are associated with aﬀec ve distress and other
reported symptoms, and patient-reported cognitive dysfunc on may be a manifesta on of these symptoms rather
than an indicator of cognitive decline.33 Alternatively, paents who are aware of their cogni ve decline may be more
prone to experience distress. Clinicians must fully evaluate
all poten al contribu ng and media ng factors of cogni ve
decline. It is also possible that standard neuropsychological
tes ng may not capture the real-world problems noted by
pa ents. One of the largest longitudinal studies of perceived
CRCI to date from Janelsins et al34 showed that 45.2% of
pa ents with breast cancer complained of cogni ve decline
a er receipt of chemotherapy compared with 10.4% of
healthy age-matched controls. This decline persisted 6 months
a er receipt of chemotherapy for 36.5% of pa ents with
breast cancer and 13.6% of healthy controls.34

Long-term Postchemotherapy-Related Cogni ve
Changes
Cogni ve decline a er chemotherapy can persist long term.
Koppelmans et al35 evaluated 196 pa ents with breast cancer

PRACTICAL APPLICATIONS
• CRCI is an important clinical issue for pa ents and
survivors with up to 80% of pa ents complaining of
cogni ve problems during treatments.
• Factors such as age, cogni ve reserve, depression, and
anxiety are all known to increase risk for CRCI.
• For pa ents with non-CNS tumors, CRCI mechanisms
may be most related to tumor type, stage and therapy
modali es, inﬂamma on and other related pathways,
and host factors.
• For pa ents with CNS tumors, CRCI mechanisms may
be most related to tumor size/neuroanatomic loca on
and local therapy, neuroinﬂamma on and other related
pathways, and host factors.
• Although no standard of care for clinical management
for CRCI exists, posi ve research studies suggest that
cogni ve behavioral approaches, cogni ve training
strategies, physical ac vity, and pharmacologic
approaches may help.
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treated with cyclophosphamide/methotrexate/ﬂuorouracil
at more than 20 years a er treatment. Compared with a
control popula on, cancer survivors performed worse in
verbal memory, processing speed, execu ve func on, and
psychomotor speed.35 Wefel et al23 also showed progressive
cogni ve decline for pa ents with breast cancer evaluated
7.7 months a er chemotherapy. In their study, 71% of paents showed acute and late cogni ve decline, and 61% of
pa ents performed worse on the late evalua on compared
with evalua on during or right a er chemotherapy.23 However,
some studies have suggested that changes can be reversible.
Collins et al13 showed that cognitive effects from chemotherapy largely resolved a er 1 year; however, their control
group consisted of pa ents receiving endocrine therapy,
which can also adversely aﬀect cogni on. Addi onally, in the
study by Ahles et al,10 the nega ve impact of chemotherapy on
verbal ability resolved over me, although this was not true
of decrease in processing speed. Jansen et al17 also noted
substan al improvement in domains aﬀected by chemotherapy 6 months a er comple on of treatment.

Studies of Cancer-Related Cogni ve Impairment
With Exposure to Endocrine Therapy
Mul ple studies suggest that hormonal therapy for both men
with prostate cancer and women with breast cancer can
have an impact on cogni on.36-38 A meta-analysis of pa ents
with prostate cancer treated with androgen-deprivation
therapy showed that pa ents performed worse on visuomotor
tasks compared with either their pre–androgen-depriva on
therapy baseline or healthy controls.38 Several trials have
shown cogni ve eﬀects for women receiving hormonal
therapy as well. Schilder et al39 performed a trial comparing
performance on neuropsychological tes ng for postmenopausal pa ents with breast cancer receiving tamoxifen and
exemestane to that of healthy controls. They found that
pa ents who received tamoxifen for 1 year performed signiﬁcantly worse on verbal (p < .01) and execu ve func on
(p = .01) tests compared with healthy controls, although
this was not true for pa ents who received exemestane.39
Ahles et al10 compared pa ents with breast cancer receiving
tamoxifen but no chemotherapy to pa ents receiving neither treatment. Pa ents treated with tamoxifen performed
worse than healthy controls on processing speed and verbal
memory, whereas pa ents not treated with tamoxifen did
not diﬀer from healthy controls.10 Castellon et al31 evaluated
neurocogni ve outcomes for pa ents who received adjuvant chemotherapy and tamoxifen. Pa ents who received
chemotherapy performed worse in several neurocogni ve
domains, but pa ents receiving both tamoxifen and chemotherapy performed the worst.31 Bender et al11 evaluated
cogni ve impairment in pa ents with breast cancer who
received adjuvant therapy. They found that pa ents who
received chemotherapy alone had deteriora on in verbal
working memory, whereas pa ents who received chemotherapy and tamoxifen had deﬁcits in visual memory and
verbal working memory.11 Similar deﬁcits were shown by
Palmer et al.40 Finally, Hurria et al41 evaluated pa ents with
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breast cancer older than age 60 who received aromatase
inhibitor therapy; they found that although there were few
changes in neuropsychiatric performance during the me
of the study, there were changes in metabolic ac vity seen
on PET most notably in the medial temporal lobes.41 Several
negative studies have also been published. Paganini-Hill
et al42 found that there was li le diﬀerence on cogni ve
tests between women who had used tamoxifen for 5 years
and never users, but more women who had used tamoxifen
reported seeing their physician for memory problems.42
Addi onally, Hermelink et al43 did not show a nega ve impact
from use of tamoxifen or aromatase inhibitors.

Demographic and Medical Risk Factors
Given that only a subset of pa ents experience persistent
cogni ve decline, there has been inves ga on into factors which make pa ents vulnerable to CRCI. Age is a wellvalidated risk factor for many cogni ve disorders and may
also be important in CRCI.44 Schilder et al39 showed that
tamoxifen use aﬀected more cogni ve domains in women
older than age 65 versus those younger than 65. Medical
condi ons that can aﬀect the vasculature, such as diabetes
and hypertension, may also play a role.4 Addi onally, cogni ve reserve, deﬁned as innate and developed cogni ve
capacity, can limit the vulnerability of a pa ent to brain
insults. Ahles et al44 studied the interac on between chemotherapy exposure, cogni ve reserve, and age in pa ents
with breast cancer. They found that pa ents who were
older, had lower pretreatment cogni ve reserve, and were
exposed to chemotherapy performed worse on tests of processing speed.44 Other host factors that could inﬂuence CRCI
include educa on, race, and ethnicity.34,45
It is also possible that psychological factors play a role.
Several psychological and symptom clusters may be related
to CRCI, including anxiety, depression, sleep disturbances,
and fa gue. These factors are o en highly correlated with
subjec ve cogni ve measures32; however, the trajectories
of changes in symptoms with changes in subjective and
objec ve cogni ve outcomes are s ll not well understood.
Addi onally, other factors, including post-trauma c stress
disorder, may be involved in CRCI,46 but more research is
needed.47

Possible Gene c Risk Factors
Gene c factors that may aﬀect vulnerability to CRCI include
apolipoprotein E (APOE), catechol-O-methyltransferase
(COMT), and brain-derived neurotrophic factor (BDNF).
APOE is involved in neural plas city and repair a er injury.44
Ahles et al48 studied long-term survivors of breast cancer
and lymphoma treated with standard-dose chemotherapy
and found that patients with at least one E4 allele performed worse on cogni ve tes ng, indica ng that pa ents
with this allele may be more vulnerable to CRCI related to
chemotherapy treatment.48 This eﬀect may be modulated
by smoking.49 COMT inﬂuences the metabolic breakdown
of catecholamines, impac ng dopamine levels in the prefrontal cortex. Small et al50 evaluated pa ents with the COMT

Val158Met single-nucleo de polymorphism (Val allele), a
variant that is related to higher enzyma c ac vity leading to
more degrada on of dopamine. They found that individuals
who are homozygous for the Val allele have lower amounts
of dopamine in the frontal cortex compared with those who
have the Met allele. They also found that pa ents with the
Val allele had worse performance on cogni ve tes ng a er
chemotherapy compared with those homozygous for Met.50
BDNF is a gene involved in neuron growth and repair and is
found primarily in the prefrontal cortex and hippocampus.51
Ng et al52 evaluated the BDNF Val66Met polymorphism,
which has been linked to aberrant sor ng of BDNF into secretory vesicles and decreased ac vity-dependent BDNF
secre on, and development of cogni ve impairment a er
chemotherapy. CRCI was measured using pa ent-reported
outcomes. It was found that the BDNF Val66Met polymorphism was associated with signiﬁcantly lower odds of developing self-perceived cogni ve impairment (p = .036).52
More gene c factors con nue to be under inves ga on.

Mechanisms
The mechanism for CRCI is likely mul factorial, and many
poten al mechanisms have been explored.53 As in other
disease pathologies, mouse models have provided an important avenue for investigation. Potential mechanisms
suggested by animal models include (1) inhibi on of hippocampal neurogenesis, (2) oxidative damage, (3) white
ma er damage, (4) decreased hypothalamic-pituitary adrenal axis ac vity, and (5) reduced brain vasculariza on and
blood ﬂow.54 Other possibili es include direct neurotoxicity
with damage to neurons or nerve cells from chemotherapy
(par cularly ﬂuorouracil and methotrexate, which are more
likely to cross the blood-brain barrier) or induced hormonal changes from chemotherapy that lead to cogni ve
change.55,56 Chemotherapy is also associated with increased
levels of proinﬂammatory cytokines in pa ents treated with
chemotherapy for breast cancer,57,58 although inﬂammatory
responses vary by chemotherapy regimen.59 Mul ple studies
have linked serum inﬂammatory markers with cogni ve
performance. In pa ents with breast cancer receiving chemotherapy, Williams et al57 found an associa on between
increasing concentra ons of soluble tumor necrosis factor
receptors I and II and decline in short-term visual memory.
In chemotherapy-treated breast cancer survivors, Kesler
et al60 found that interleukin (IL)-6 and tumor necrosis
factor-alpha concentra ons were elevated in pa ents with
cancer compared with controls. The breast cancer group
also had signiﬁcantly reduced le hippocampal volumes
(p = .01) and deﬁcits in verbal memory as measured by the
Hopkins Verbal Learning Test (p = .03).60 Correla ons between inﬂammatory markers and deﬁcits in cogni on have
also been found in pa ents with cancer prior to any treatment. In pa ents with acute myelogenous leukemia and
myelodysplas c syndrome, Meyers et al61 found that increased levels of IL-6 were associated with worse execu ve
func on; increased levels of IL-6, IL-1 receptor antagonist,
and tumor necrosis factor-alpha were associated with fa gue;
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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and higher levels of IL-8 were associated with be er memory
performance. Other mechanisms have also been proposed,
and causes of CRCI remain an area of ac ve inves ga on.

seen in pa ents with CRCI in non-CNS tumors. Liu et al72 also
reported associa ons between DNA repair pathway genes
and neurocogni ve func on in pa ents with brain tumors.

ADULTS WITH CENTRAL NERVOUS SYSTEM
TUMORS

Cancer-Related Cogni ve Impairment With Central
Nervous System Surgical Resec on

Tumors of the CNS include primary brain tumors as well
as secondary metastases from malignancy elsewhere in
the body. Primary brain tumors are rela vely rare (1.4% of
all cancers) but are generally associated with substan al
mortality and morbidity including cogni ve dysfunc on.
Primary brain tumors vary widely in their biologic ac vity
and aggressiveness, with grade I pilocy c astrocytomas represen ng a surgically curable lesion in contrast to grade IV
glioblastoma with a median overall survival me of up to
20.9 months when treated with surgical resec on, cranial
radia on, chemotherapy, and tumor-trea ng ﬁelds.62 Treatment approaches for both primary brain and metastatic
brain tumors vary based on a number of features, including
histology, tumor molecular features, size, loca on, pa ent
symptoms, and performance status.63

In general, cogni ve deﬁcits associated with the tumor and
surgical resec on correspond to known brain-behavior rela onships, with greater deﬁcits on verbally mediated tasks
when the dominant hemisphere is involved and greater
deﬁcits on visual-spa al tasks when the nondominant hemisphere is involved.73 Surgery may either improve or worsen
cogni ve func on74,75; however, predic ng these outcomes
is clinically challenging. For example, 60% of pa ents with
le temporal lobe glioma and 40% with right temporal lobe
glioma exhibited substan al worsening a er surgical resecon most commonly in the domains of verbal memory and
execu ve func on.

Cancer-Related Cogni ve Impairment With Brain
Tumors Prior to Treatment
Both brain tumors and treatments can cause cognitive
decline.64,65 Anderson et al65 reported frequent cognitive
dysfunc on in pa ents with brain tumors but further showed a
more diﬀuse and subtle proﬁle of cogni ve deﬁcits compared
with matched pa ents with stroke. Cogni ve dysfunc on is
associated with reduced health-related quality of life and
func onal independence.66,67

Risk Factors for Cancer-Related Cogni ve
Impairment With Brain Tumors Prior to Treatment
There are many clinical factors that can aﬀect the degree of
neurocogni ve impairment in pa ents with brain tumors.
These factors include lesion size and loca on,68 tumor histology,69 cogni ve reserve, and ability to func on prior to
illness.70 Pa ents with more malignant disease show evidence of greater cogni ve dysfunc on and lower neural
network eﬃciency.65,69 In pa ents with brain metastases,
cogni ve dysfunc on is more strongly associated with the
volume of tumor burden than the number of metastases.71
In an eﬀort to iden fy gene c risk factors for cogni ve
impairment for pa ents with brain tumors, Liu et al72 studied 10,967 single-nucleo de polymorphisms (SNPs) among
580 genes involving inﬂammatory, metabolism, and DNA
repair pathways in 233 pa ents with newly diagnosed glioma. They evaluated associa ons between SNPs in each of
these pathways with processing speed and execu ve funcon domains. They reported a linear rela onship between
neurocogni ve impairment and the number of at-risk SNPs
in these pathways. The strongest associa ons were between processing speed and the insulin receptor substrate-1
rs6725330 SNP and between execu ve func on and nitrous
oxide synthase 1 rs11611788 and IL-6 rs1912124 SNPs. This
is consistent with the link between inﬂammatory markers
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Cancer-Related Cogni ve Impairment With Central
Nervous System Brain Radia on
Brain radia on is correlated with changes in cogni on at doses
signiﬁcantly lower than those required to cause necrosis.
Chang et al76 showed that pa ents with brain metastases
who received whole brain radia on therapy along with radiosurgery were notably more likely to have a decline in verbal
learning and memory as shown by scores on the Hopkins
Verbal Learning Test compared with those receiving radiosurgery alone. Armstrong et al77 compared pa ents with lowgrade brain tumors who underwent par al brain radia on
to those receiving no radia on. They found that seman c
memory was speciﬁcally aﬀected in pa ents who underwent
radia on, which would indicate parahippocampal and hippocampal involvement, perhaps indica ng that these areas are
more sensi ve to radia on and involved in radia on-induced
cogni ve decline.77 Douw et al78 evaluated pa ents with lowgrade glioma at a mean of 12 years a er ini al diagnosis.
They evaluated a en on, execu ve func on, verbal memory,
working memory, psychomotor func on, and informa on
processing speed. Seventeen pa ents (53%) treated with
brain radiotherapy developed cogni ve deﬁcits in at least
ﬁve of 18 neuropsychological test parameters compared with
four pa ents (27%) who were radiotherapy naive. White matter hyperintensi es and global cor cal atrophy were associated with worse cogni ve func oning in several domains.78
Some studies have shown no cogni ve decline; for example,
Torres et al79 found that pa ents with low-grade brain tumors
treated with radia on therapy who did not have tumor progression did not have evidence of cogni ve decline. However,
the totality of published data strongly support a link between
radia on and cogni ve impairment.

Impact of Treatment Modality and Risk Factors for
Cancer-Related Cogni ve Impairment A er Cranial
Radia on
The volume of brain treated has been shown to be correlated
with the degree of neurocogni ve decline, so treatment
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modali es such as intensity-modulated radia on therapy,
stereotac c radia on therapy, and proton radia on therapy
have been developed to help minimize dose to the normal
brain. Stereotac c radia on therapy and stereotac c radiosurgery imply the use of technologies to improve targe ng
accuracy and allow radia on to be given in larger doses per
frac on, thus allowing radia on to be given in fewer fracons. Stereotac c radia on allows a reduc on in the radiaon dose to the normal brain, so it is commonly used for both
metastases and benign tumors.80 Chang et al76 evaluated
neurocogni on in pa ents treated with stereotac c radiosurgery versus whole brain radia on therapy along with
stereotac c radiosurgery. They found that pa ents treated
with whole brain radia on therapy plus stereotac c radiosurgery were at greater risk of notable decline in learning and
memory at 4 months a er treatment.76 Intensity-modulated
radia on therapy using conven onal frac ona on u lizes
computer-based planning and image guidance to decrease
the radiation dose to normal structures and can improve
radia on side eﬀects. It is commonly used in par al brain
radiation. Proton radiotherapy, which has a minimal exit
dose compared with photon radiotherapy, can also potenally improve the conformality of radia on plans and reduce
dose to normal ssue.81
The brain is very sensi ve to the dose of radia on per
frac on, with larger doses causing greater damage to normal ssue.82 Given the larger doses per frac on used in
stereotac c radiosurgery, radia on necrosis is a commonly
reported complica on and is commonly surrounded by
edema, which can be either symptoma c or asymptoma c.
Edema can also occur in the absence of necrosis.80 The risk
of complica ons increases with the target size in stereotac c
radia on.83 With either stereotac c or conven onal radiaon therapy, neurologic deﬁcits can occur as a result of either
direct radia on damage to a cri cal structure or compression
from edema.
Many of the studies inves ga ng the eﬀect of radia on
therapy on cogni on do not speciﬁcally look at dose-volume
exposure of neuroanatomic targets within the brain, but
more studies are now being done in this area. Peiﬀer et al84
retrospec vely evaluated neuroanatomic structures that received 10, 40, and 60 Gy in pa ents who were treated with
par al brain radia on and found that dose to speciﬁc neuroanatomic structures predicted global cogni ve outcome
at doses greater than 60 Gy. The hippocampus has been of
par cular interest, and radiotherapy dose to bilateral hippocampi is associated with verbal memory decline.85 Further,
for pa ents treated with whole brain radia on therapy, hippocampal avoidance showed verbal memory preserva on in a
recent phase II trial.86 More studies are needed to evaluate
whether dose to speciﬁc neuroanatomic structures inﬂuences
cogni ve outcomes.

Mechanisms of Cancer-Related Cogni ve
Impairment A er Cranial Radia on
Classic radiation biology categorized the CNS as lateresponding ssue, meaning that the dose per frac on would

have a notable impact on radia on injury and the injury
would be seen at a delayed me. Recovery of neural ssue
was predicted to be very limited by this model. However,
animal studies have shown that there is substan al repair of
neural ssue occurring up to 3 years a er radia on.83
Clinically, radiation toxicity can be divided into acute,
early delayed, and late phases. In the acute phase, there is
acute inﬂamma on with produc on of cytokines and bloodbrain barrier disrup on. In the early delayed phase, there
is thought to be transient demyelina on. Late neurotoxicity occurs at least 3 months a er radia on exposure, and
the results can be highly variable. There may be radia on
necrosis, which can occur in areas that received high doses
of greater than 60 Gy. One consistent manifesta on of late
radia on damage is white ma er damage.83 Cogni ve deﬁcits can occur as a result of either direct radia on damage to
a cri cal structure or compression from edema. There may
also be chronic inflammatory changes. Radiation biology
studies have shown that damage from radia on is a complex process, involving changes in the microenvironment
and inﬁltra on of immune cells. Mouse models have shown
a mul phasic response to radia on with delayed immune
cell inﬁltra on into the brain.87

Treatment of Cancer-Related Cogni ve Impairment
in Adults
Regardless of whether it is related to the cancer or the treatment, CRCI can decrease quality of life, interfere with a paent’s ability to work and contribute to society, and lead to
poor compliance with treatment and clinical follow-up.88,89
Eighty percent of pa ents with chronic illness including
cancer said they would not have chosen a treatment if they
had known it would aﬀect their cogni ve ability,90 and cancer survivors who self-report cogni ve diﬃcul es indicate
a nega ve impact on their quality of life.91 Thus, concerns
about cogni ve problems should be evaluated and addressed
by the trea ng physician and psychologists. Measures recommended by the Interna onal Cancer and Cogni on Task
Force for assessment of adults include the Hopkins Verbal
Learning and Memory Test–Revised, the Controlled Oral
Word Associa on, and the Trail Making Test. These can be
used by clinicians and researchers to assess individual me
points or evaluate changes over me from prior to treatment into survivorship. Referrals to social workers and neuropsychologists may also be needed.
Interven ons focus on cogni ve training, cogni ve rehabilita on, physical ac vity, and pharmaceu cals. Cogni ve
training is a behavioral method of training based on models
of neuroplas city (cogni ve skills can be improved using
drills to exercise the brain).92 Cogni ve rehabilita on involves
learning compensatory strategies to minimize the impact
from acquired cogni ve deﬁcits with the goal of improving
func on with everyday tasks.92 New and innova ve ways of
providing cogni ve rehabilita on are under inves ga on.
Recently, Bray et al93 published a study using a web-based
cogni ve rehabilita on program for cancer survivors repor ng
CRCI a er chemotherapy. The program was compared with
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standard care. The results were promising, showing less
perceived cognitive impairment in the treated group immediately a er interven on and 6 months later.93 Physical
ac vity is another op on for treatment of CRCI. The general
recommenda on for breast cancer survivors is 150 minutes
per week of moderate to vigorous physical ac vity, given
evidence from clinical trials that exercise can improve persistent symptoms such as fa gue and pain and can enhance
quality of life and body image.94 Pharmacologic intervenons include methylphenidate and modaﬁnil, both of which
combat fa gue and promote wakefulness to improve cogni ve performance. For methylphenidate, the results have
been mixed, with some trials showing improvement in cogni on and others showing no improvement.95-97 Results of a
meta-analysis of ﬁve trials showed overall improvement in
cancer-related fa gue, although they showed no impact on
depression or cogni on.98 For modaﬁnil, some early studies have shown promise.99 However, in a mul center, double-blind placebo-controlled crossover trial by Boele et al,100
pa ents with a primary brain tumor showed no improvement
in fa gue, mood, or cogni on compared with placebo.100
Specifically, for patients who receive brain radiation, the
impact of donepezil and meman ne on cogni on has been
studied. The phase III study showed no improvement in a
cogni ve composite score with the use of donepezil for paents who underwent par al or whole brain radia on.101
Brown et al102 studied meman ne for pa ents who received
whole brain radia on. Although the primary endpoint was
not met, it was found that meman ne delayed me to cogni ve decline.102

PEDIATRIC PATIENTS
Research into neurocogni ve late eﬀects of childhood cancer began in the 1980s and ini ally focused on pa ents with
brain tumors and/or exposure to cranial radia on. Although
there is a clear impact on neurocogni ve func on for these
pa ents,103,104 research has also shown that chemotherapy
also affects neurocognitive outcomes but potentially in
more subtle ways.105

Cancer-Related Cogni ve Impairment With Cranial
Radia on for Central Nervous System Tumors
CNS malignancies represent 30% of childhood tumors. The
treatment o en involves mul ple modali es, including surgery, radia on, and systemic therapy. Over the last decade,
drama c improvements in treatments have resulted in improved progression-free survival.106 However, as many as
one-half of pediatric pa ents with brain tumors will develop
progressive neurocogni ve decline,104,107 which means that
many of these pa ents are le with substan al cogni ve side
eﬀects.
For pediatric pa ents, cranial radia on has a role for
treatment of primary brain tumors and, un l recently, was
used for CNS prophylaxis for certain disease. Unfortunately,
there is substan al evidence that cranial radia on leads to
cogni ve deﬁcits. Jankovic et al108 evaluated children who
had received cranial radia on to a dose of 18 Gy and found
800
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that there was a substan al decline in full scale intelligence
quo ent (IQ) scores. Younger age at me of radia on was
associated with lower full scale IQ scores as well as longer
me since ini al diagnosis.108 Krull et al109 evaluated longterm survivors of acute lymphoblastic leukemia who received cranial radia on at either 18 or 24 Gy. Pa ents also
received intrathecal methotrexate. Pa ents were evaluated
initially 1 to 10 years after therapy and then were subsequently re-evaluated in adulthood. On the ini al evalua on, survivors had lower performance IQ but not verbal
IQ scores. On the subsequent tes ng, there was a substanal decline in verbal IQ scores, sugges ng a progressive
eﬀect from treatment even a er 10 years.109 For pa ents
with pediatric CNS tumors, Brinkman et al110 evaluated 224
survivors of CNS tumors a median me from diagnosis of 18
years. Radia on records were reviewed and survivors were
divided into those who received focal radia on, craniospinal
radia on, or no cranial radia on. The inves gators reported
that 11% of survivors who did not receive cranial radia on
had impairment in long-term memory, compared with 25%
of pa ents treated with focal radia on therapy and 36%
of patients treated with craniospinal radiation. Craniospinal radia on was correlated with the greatest risk
of severe neurocogni ve impairment, with a rela ve risk
of 2.7 for intelligence, 3.96 for academics, 1.54 for a enon, and 1.44 for memory. Other factors associated with
cognitive impairment included history of hydrocephalus
with shunt placement, which was associated with risk of
impaired intelligence and memory, as well as seizures, which
were associated with impaired academics, a en on, and
memory.110
Radia on dose, volume and site of brain radiated, and age
at me of radia on can all aﬀect the overall outcome. For
pediatric pa ents, cranial radia on doses of 36 Gy are associated with worse neuropsychological outcomes at 3 years
a er treatment compared with cranial radia on doses of
23.4 Gy.104 Addi onally, radia on therapy to a dose of 35
Gy reduced processing speed more than 25 Gy doses.104
Mabbo et al111 reviewed 36 children treated for posterior
fossa tumors with cranial radia on. They found that younger
age at me of radia on predicted poor reading ability and
lower parent ra ng of academic achievement.111 Jalali et al112
showed that cranial radia on doses greater than or equal to
54 Gy had a signiﬁcantly higher risk of decrease in full scale
IQ by greater than 10%. They also showed that higher volume of the le temporal lobe receiving greater than 43 Gy
was signiﬁcantly associated with a decrease in full scale IQ
(p = .04).112 Female sex is associated with a higher risk of adverse neurocogni ve outcomes.113 Certain areas of the brain
are known to be more sensi ve to radia on. The developing
hippocampus is very sensi ve to both chemotherapy and
cranial radia on therapy in pediatric cancers. Both chemotherapy and cranial radia on are linked to altered hippocampal func on and smaller hippocampal volumes.114,115
For pediatric brain tumor survivors, the size of hippocampal
subﬁelds was correlated with performance on verbal memory tes ng.115 In the pediatric popula on, many prac oners
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now use proton radiotherapy to improve conformality of plans
and reduce late side eﬀects as much as possible.116

Cancer-Related Cogni ve Impairment With
Chemotherapy for Non–Central Nervous System
Tumors
Current treatments for childhood cancers have begun to
favor chemotherapy without radia on whenever possible.
Given this, there have been more opportuni es for studies
in the last 10 years to focus on neurocogni ve side eﬀects of
chemotherapy alone. Kanellopoulos et al117 evaluated 112
adult survivors of childhood acute lymphoblas c leukemia
who were treated with chemotherapy only. They found that
survivors performed poorly on tests of processing speed, execu ve func on, and working memory. There was no impairment in general intellectual ability.117 Survivors of childhood
osteosarcoma, typically treated with adjuvant high-dose
intravenous methotrexate, have also been shown to have
cogni ve deﬁcits in reading skills, a en on, memory, and
processing speed.118
The most common deﬁcits seen with chemotherapy alone
are deﬁcits in visual processing,119,120 visual-motor func oning,119,121,122 and a en on and execu ve func oning.123-125
Between 25% and 33% of children show some evidence of
neurocogni ve decline regardless of the speciﬁc chemotherapy protocol.126,127 Girls generally present with worse
deﬁcits than boys,126,128 and children treated at younger
ages generally have worse deﬁcits.129 As in adults, there is a
dose-response rela onship between cogni ve changes and
dose of chemotherapy. In survivors of childhood acute lymphoblas c leukemia treated with high-dose methotrexate,
there was a correla on between higher doses of methotrexate and worsened deﬁcits in a en on,124 as well as execuve func on and processing speed.130

Demographic and Medical Factors
Several studies have been published that help to show
which pediatric cancer survivors are more vulnerable to
CRCI related to chemotherapy. Pa ents who develop acute
leukoencephalopathy during chemotherapy have worse
cogni ve deﬁcits in organiza on and ini a on as well as
reduced white ma er integrity within the frontostriatal
tract.131 Addi onally, pediatric pa ents o en develop
chronic health problems during long-term survival,132 which
can also inﬂuence cogni on. Twenty to thirty percent of
long-term survivors with chronic health condi ons were
noted to complain of decreases in task efficiency and
memory.133

Gene c Factors
As in adults, there is variability in the severity of neurocogni ve changes seen in pediatric pa ents with cancer. In
addi on to the risk factors discussed above, there may be
gene cs that modulate this eﬀect. Barahmani et al134 evaluated the rela onship between the glutathione S-transferase
enzyme genes, responsible for detoxiﬁca on of alkyla ng
and platinum-containing agents as well as oxygen-free

radicals, and neurotoxic eﬀects in children with medulloblastoma. The majority of the pa ents in this study were
treated with craniospinal radia on as well as high-dose platinum chemotherapy. If pa ents had at least one null GSTM1
or GSTT1 genotype, they recorded lower performance on
general, verbal, and nonverbal intelligence.134 In pa ents
with medulloblastoma, the GSTM1 null genotype was also
associated with self-report of anxiety, depression, and global
distress scores.135
The COMT gene has also been found to modulate CRCI in
children treated for brain tumors. In survivors of nonmedulloblastoma brain tumors, pa ents with the Met allele were
found to perform be er on an execu ve func on task.136
Finally, there are reports associa ng speciﬁc methylene tetrahydrofolate reductase variants with both increased risk of
a en on deﬁcit hyperac vity disorder and reduced a enon and execu ve func on in survivors of acute lymphoblas c leukemia.137-139

Treatment for Pediatric Pa ents
For pediatric pa ents, the Children’s Oncology Group140 has
published “Guidelines for Iden ﬁca on of, Advocacy for,
and Interven on in Neurocogni ve Problems in Survivors
of Childhood Cancer.” They recommend that neuropsychological func on be assessed before, during, or shortly a er
the comple on of treatment. This will provide a baseline
should the child’s performance begin to decline. Diﬃculty
with prolonged school absences or trouble at school should
trigger neuropsychological evalua on. Developmental status should be assessed annually by the primary health care
provider. Subtle changes in execu ve func on, reasoning,
and me management may not manifest un l children
transi on into middle and high school. At all mes, ongoing
communica on between parents and teachers is encouraged. The authors report that there is preliminary evidence
that methylphenidate can be used in some survivors with
a en on and learning diﬃcul es, but this requires further
trials.140

CONCLUSION
CRCI in both pediatric and adult cancer survivors is an important issue that is receiving increasing a en on. Cognive impairment is frequent and expected for pa ents with
CNS tumors, but it has also been found in pa ents with nonCNS cancer before treatment and following chemotherapy.
Many cancer therapies have nonspeciﬁc, oﬀ-target toxicies that can adversely aﬀect cogni on. A subset of pa ents
with non-CNS and CNS cancer appear to be at higher risk
for CRCI, so much research has gone into iden fying who is
vulnerable. Risk factors for CRCI in adults include cogni ve
reserve, age, gene c factors, and ethnicity; risk factors for
children include gene c factors, female sex, younger age at
diagnosis, chemotherapy dose, and both dose and ﬁeld size
for radia on. Although substan al strides have been made
in understanding and trea ng CRCI, more research is s ll
needed to improve outcomes for both pediatric and adult
cancer survivors.
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PAIN MANAGEMENT AND THE OPIOID CRISIS

Pain Management in the Era of the Opioid Crisis
Eduardo Bruera, MD, and Egidio Del Fabbro, MD

T

he vast majority of pa ents diagnosed with cancer will
have episodes of acute or chronic pain.1,2 Not all those
episodes require opioid management. However, opioids will
be necessary in almost all pa ents at some point for the
management of acute or chronic pain. Table 1 summarizes
common pain syndromes among pa ents with cancer that
frequently or rarely require systemic opioid treatment.
Opioids are highly eﬀec ve analgesics, and all physicians
involved in the treatment of cancer pa ents should be familiar with the most common types and dosages of opioid
analgesics as well as the management of their most common side eﬀects.3
Figure 1 summarizes the complex eﬀects of opioids on
diﬀerent central nervous system regions. Systemic opioids
bind to mu receptors along the nocicep ve pathway and
reduce neuronal ac vity and pain percep on at the somatosensory cortex. Unfortunately, opioids also bind to mu
receptors anywhere in the body where they are available.
As a result, pa ents experience mu-related side eﬀects
such as cons pa on and somnolence. Mu receptors are located also along the limbic system, and they are therefore
able to produce considerable reward, especially in pa ents
with large concentra ons of mu receptors in those regions.
There is a slow development of tolerance and hyperalgesia
along the nocicep ve pathway and a much faster reduc on
of the reward eﬀect centrally. This rapid loss of the reward
eﬀect is associated with the increased ac vity of dysphoric
pathways that are not mu related. Pa ents who are at higher
risk for the development of substance use disorders will increase opioid intake in an eﬀort to restore the reward, followed by once again rapid loss of such eﬀect.
Approximately 80% of pa ents receiving opioids for the
management of cancer pain will adhere to the opioids as
prescribed and will have no major diﬃcul es with dose reduc on and even discon nua on if the pain syndrome resolves.4 The remaining 20% are at risk for behaviors consistent
with the nonmedical use of the opioid analgesic (also deﬁned
as aberrant behaviors) or will ul mately develop substance
use disorders.
There are risk factors associated with the development of
opioid dependence among pa ents with advanced cancer.
Among these, the most common risk factor is a history of

alcoholism. Posi ve screening results for risk of alcoholism
in the general popula on are approximately 8%, but it is
considerably higher among pa ents with cancer.5-7 Parsons
et al6 found posi ve results of risk screening in 100 of 598
pa ents with advanced cancer (17%). One possible explanaon for this higher frequency of alcoholism is that alcohol is
an e ologic factor for many cancers.
Other risk factors such as a history of dependence on
other drugs are less frequent among pa ents with cancer.5-8
Unfortunately, the majority of pa ents treated with opioids for the management of cancer pain do not undergo
regular screening for the risk of alcoholism or a history of
drug use, therefore, there is considerable underdiagnosis of
these problems. A number of studies for more than 20 years
have documented that extremely simple tools such as the
CAGE-AID ques onnaire (Sidebar 1) can detect high risk for
alcoholism much be er than the regular oncology and even
suppor ve and pallia ve care medical encounter. Tools such
as the CAGE-AID ques onnaire5-8 and the Screener and Opioid Assessment for Pa ents With Pain9 can be very useful in
assis ng in the determina on of risk for nonmedical opioid
use in the rou ne oncology se ng. One challenge is the appropriate documenta on of concerns of nonmedical opioid
use. In a recent study 76 of 432 pa ents were diagnosed as
using opioids nonmedically by a pallia ve medicine specialist
(18%), but only 15 of those pa ents (4%) had documentaon in their medical records.10 Appropriate documenta on
of concerns regarding nonmedical use of opioids will greatly
improve the early diagnosis and early management of this
complica on of cancer pain management. In pa ents in
whom screening tools have not been used, a history of smoking can be helpful. Among 300 consecu ve pa ents with
advanced cancer, the rates of CAGE-posi ve status among
never smokers, former smokers, and current smokers were
3%, 12%, and 42%, respec vely. Similarly, rates of history of
street drug use were 3%, 16%, and 33%, respec vely.8
Pa ents with higher risk for nonmedical opioid use are
more likely to engage in behaviors such as those summarized
in Sidebar 2. When these behaviors are detected, the physician should immediately suspect nonmedical opioid use and
have in place a care plan for the management of this complica on. Among the measures that can be implemented is the
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TABLE 1. Pain Syndromes in Pa ents With Cancer
SIDEBAR 1. CAGE-AID Ques onnaire
• Have you ever felt that you should Cut down on
your drinking (or drugs)?
• Have you ever been Annoyed by people cri cizing
your drinking (or drugs)?
• Have you ever felt bad or Guilty about your drinking or (drugs)?
• Have you ever had a drink ﬁrst thing in the morning
or a drink (or drugs) to get rid of a hangover (Eye
opener)?
Note: Pa ents scoring 2 or higher have approximately
80% risk for alcohol use or drug use disorder.

SIDEBAR 2. Behaviors Sugges ve of Nonmedical
(Aberrant) Opioid Use
• Frequent unscheduled clinic visits or phone calls for
reﬁlls
• Self-escala on of opioid dose
• Frequent emergency room visits for opioids
• Edmonton Symptom Assessment Scale pain intensity 10/10 with all other symptoms 0/10
• Seeking opioids from mul ple physicians (“doctor
shopping”)
• Request for speciﬁc opioid
• Reports of stolen/lost opioids
• Family member expressing concern over the paent’s opioid use
• Obtaining opioids from nonmedical sources, stealing, selling
• Reques ng opioids for insomnia or anxiety
• Abnormal urinary drug screen
• Discrepancy in pill counts

use of urinary drug screening. In a suppor ve and pallia ve
care program, 61 of 1,058 pa ents (6%) underwent urinary
drug screening because of suspected nonmedical opioid use,
and 33 (54%) had abnormal results.11
The majority of pa ents with nonmedical use of opioids obtained the drugs from family and friends. Pa ents with cancer
have limited knowledge of the safe use, storage, and disposal

Opioids Required Frequently

Opioids Required Infrequently

• Chronic pain due to advanced
cancer

• Peripheral neuropathy

• Acute pain due to a cancer
complica on (e.g., pathologic
fracture, bowel obstruc on)

• Chronic nonmalignant pain

• Postopera ve pain

• Minor dental/diagnos c
procedures

• Acute muscular-skeletal pain
syndromes (e.g., low back pain)

• Radia on-chemotherapyinduced mucosi s

of opioids.12 Among 300 pa ents with advanced cancer, 26%
reported unsafe use by sharing or losing opioids, and 19%
stored opioids in plain sight.12 The administra on of a simple
brochure with educa onal material resulted in considerable
improvements in storage, use, and disposal behaviors.13
A er the comple on of cura ve radia on therapy to the
head and neck, 44 of 70 pa ents were s ll receiving opioids
more than 3 months later, and 23 of 70 pa ents (33%) were
on opioids more than 6 months a er the comple on of treatment.14 Forty-four percent of pa ents who were unable to
stop opioids were CAGE posi ve, compared with 12% of paents who were able to stop opioids (p = .014). The median
number of days receiving opioids was 261 for CAGE-posi ve
pa ents and 93 for CAGE-nega ve pa ents (p = .008).
Concerns about the use of opioids have had an impact on
overall opioid use for pa ents with cancer by their medical oncology teams. Between 2010 and 2015, the median
morphine-equivalent opioid dose of pa ents upon the moment of referral to the Suppor ve Care Center at The University of Texas MD Anderson Cancer Center decreased from
78 to 40 mg/day (p = .001).15

WHAT DO ALL THESE FINDINGS MEAN TO
YOUR ONCOLOGY PRACTICE?
Approximately 20% of pa ents with cancer who need opioids
for the management of cancer-related pain are at risk for the
development of nonmedical opioid use or a substance abuse
disorder. The rou ne clinical encounter misses approximately
80% of pa ents who are at this increased risk. Extremely simple and free bedside validated tools allow for eﬀec ve, universal screening for those pa ents who may be at a higher
risk of nonmedical opioid use. Figure 2 proposes an algorithm
for the screening and follow-up of these pa ents.

PRACTICAL APPLICATIONS

THE TREATMENT OF PATIENTS WITH CANCER
RELATED PAIN AND NONMEDICAL OPIOID USE

• Recognize pa ents at higher risk for nonmedical opioid
use.
• Learn about screening for chemical coping risk.
• Diagnose nonmedical opioid use.
• Manage nonmedical opioid use in the clinical oncology
se ng.
• Understand clinical criteria for referral to suppor ve and
pallia ve care teams.

Pa ents who are iden ﬁed as having histories of addic on or
being at risk for nonmedical opioid use may be challenging
for clinicians, especially those patients on high opioid
doses or complex regimens or those exhibi ng nonmedical
opioid-related behavior. These pa ents would beneﬁt from
referral to pallia ve care or pain-specialist teams for structured treatment that includes documenta on of treatment
agreements, intermittent urine drug screening, frequent
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FIGURE 1. Opioid Eﬀects on the Nocicep ve and Non-Nocicep ve Pathways

Abbrevia on: MOR, mu opioid receptor.

visits with shorter intervals, and restricted quantities of
“breakthrough” opioids. These specialist teams encounter
high-risk pa ents more frequently and have more resources
and experience in managing complex clinical issues using an
interdisciplinary approach.16 The concurrent strategies that
may be used by these teams are outlined in the following
discussion.

Interdisciplinary Approach
Because pa ents with aberrant opioid-related behavior may
have mul ple underlying biomedical, psychosocial, ﬁnancial,
and legal issues, the exper se of mul ple providers working
in concert is likely the most eﬀec ve approach. Depending
on resources, specialized interdisciplinary teams may consist of a variable combina on that includes physician, nurse,
psychologist, social worker, and pharmacist. An innova ve
program within the suppor ve care clinic at MD Anderson
implemented a compassionate high-alert team to address
nonmedical opioid-related behavior in pa ents with cancer.
The team has a full complement of mul disciplinary members, plus pa ent advocacy and risk management or security
representa ves if legal or safety concerns seem imminent.
The team rather than any individual provider prepares a
plan before pa ent arrival and then collec vely meets with
the pa ent, providing support in a nonjudgmental manner
with an emphasis on the need for pa ent and family safety.
This specialized team intervention decreased the median number of nonmedical use behaviors from 3 to 0.4 per
month (p < .001) and the morphine-equivalent daily dose
(MEDD) from 165 to 112 mg/day (p = .018), without increasing pain severity compared with a control group.17 Another
Na onal Cancer Ins tute cancer center with an interdisciplinary pallia ve care team found ambulatory pa ents who
have no evidence of disease are less likely to respond with
reduc ons in pain scores compared with those with ac ve
cancer.18

Past studies revealed that pa ents with aberrant behavior and chemical coping are more likely to receive a higher
MEDD for pain control and are more likely to experience opioid side eﬀects.19,20 Besides chemical coping and diversion,
clinicians should be aware of other factors that increase pain
percep on or expression, including soma za on, delirium, hyperalgesia or allodynia, opioid tolerance, drug interac ons,
and neuropathic pain. Most studies related to aberrant behavior or chemical coping are from the outpa ent se ng,
and a very different approach may be required for inpaents. Pain percep on and expression may be altered for a
number of reasons: pa ents may be more ill in the hospital,
they may be more likely to experience cognitive impairment and delirium, and they may be on intravenous pa entcontrolled analgesia. Few studies have reported outcomes
on inpa ents at risk for chemical coping or with a history of
aberrant behavior delivering their own breakthrough doses
by pa ent-controlled analgesia. A couple of case reports
have noted the poten al for harm21 occurring in pa ents
with advanced cancer on pa ent-controlled analgesia, including unnecessary dose escala on and opioid induced
neurotoxic side eﬀects such as delirium.22 Pallia ve care
units with robust interdisciplinary teams23 may be especially
well placed to manage pa ents with histories of aberrant
behavior or chemical coping on intravenous opioids, but
more research is needed in this regard.

Pa ent and Family Educa on Regarding Opioid
Management
From the outset, pa ents and their families should understand that opioids are not the sole focus of therapy and will
be combined with other pharmacological agents as well as
nonpharmacological modali es.24 Standardized documenta on should be provided, including pain treatment agreements along with informed consent detailing informa on
about the poten al risks and beneﬁts associated with opioid
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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FIGURE 2. Screening and Follow-Up of Pa ents Receiving Opioids for Cancer-Related Pain

Abbrevia on: MOR, mu opioid receptor.

therapy, possible adverse eﬀects, and educa on on opioid
safety and disposal strategies.12,13

Comorbid Psychiatric Condi ons and Psychological
Interven ons
Pa ents should be evaluated and treated for any underlying
comorbid psychiatric condi ons, and comanagement with
psychiatry should be considered. A study of pa ents with
co-occurring opioid use disorder and chronic noncancer
pain reported a life me prevalence of more than 90% for
having comorbid psychiatric condi ons, such as anxiety and
mood disorders. Similarly, there is a risk that some oncology
pa ents could use opioids in a maladap ve manner to cope
with the stress of advanced cancer and mental health condi ons that may emerge during their disease.
Several nonpharmacologic interven ons have been shown
to be effective in managing noncancer-related pain and
may be useful in decreasing opioid use. These include
mul disciplinary biopsychosocial rehabilita on,25 cogni ve
behavioral therapy, mindfulness-based therapy,26 relaxa on techniques, biofeedback, and distrac on techniques.27
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2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

Pa ents should receive brief mo va onal interviewing with
an objec ve, nonjudgmental, and empathic style that includes personalized feedback, par cularly about markers
of risk or harm. Although studies are not universally posive, and research in pa ents with cancer is lacking,28 brief
mo va onal interviewing has been successful in managing
pa ents with alcohol misuse.29

Nonopioid and Adjuvant Analgesics
In pa ents at risk for opioid misuse and mild pain, nonopioid
and adjuvant analgesics should be considered. Some pain
syndromes such as chemotherapy-induced peripheral neuropathy are known to be par cularly resistant to opioids.
Pain due to chemotherapy-induced peripheral neuropathy
warrants duloxe ne as a ﬁrst-line therapy and considera on
of other nonopioids, such as gabapen n and nortriptyline,
rather than opioids. Similarly, providing there are no contraindica ons, nonsteroidal an -inﬂammatory drugs30 and acetaminophen should be considered as op ons for bone pain
or their opioid-sparing poten al. Opioids should be considered only in pa ents with moderate to severe pain that is
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unresponsive to nonopioid therapies, because this populaon derived beneﬁt from opioids in randomized trials.31

medica ons such as kappa antagonists that counteract the
aversive eﬀects of opioid withdrawal.39

Opioid Type and Formula on

Selec ve Use of Naloxone

On the basis of studies using administra ve data and
healthy volunteers, immediate-release oral opioids32 or rapidly administered intravenous opioids33 may increase the
risk for opioid misuse.34 A large Veterans Aﬀairs study of 750
overdose deaths found that pa ents with cancer-related
pain were less likely to overdose than those with noncancer
condi ons, but among those pa ents with cancer, the use
of only as-needed immediate-release opioids increased the
risk for overdose death compared with those taking extendedrelease or scheduled immediate-release opioids.35 Reassuringly, preliminary evidence from this study suggested
that pa ents with cancer receiving pallia ve care were less
likely to overdose. Given the poten al risk with rapid-onset
opioids, extended-release formula ons or long-ac ng opioid analgesics such as buprenorphine or methadone should
be considered in those pa ents with established chronic
cancer-related pain and aberrant behavior. Methadone and
buprenorphine are approved for trea ng opioid addic on
and coupled with psychosocial support are the current standard of care for reducing illicit opioid use, relapse risk, and
overdoses, while improving social func on.36 It is unclear
whether they have similar beneﬁts for pa ents with cancer
by mi ga ng or preven ng opioid misuse, although both
medica ons are known to be eﬀec ve for cancer pain.37,38
The goal to manufacture tamper-proof oral formula ons
that cannot be injected or inhaled has merit because these
routes are o en associated with misuse because of their
rewarding eﬀects. However, these formula ons can s ll be
misused orally16 and are expensive, and their overall clinical
impact on decreasing opioid misuse has not yet been determined. The future holds promise for development of nonaddic ve opioids, targe ng nonopioid pain pathways, or using

A nonrandomized observa onal study of pa ents with
chronic pain reported that coprescribing naloxone, a
short-ac ng opioid antagonist, reduced emergency department visits without causing an increase in prescribed
opioid doses.39 Despite the poten al for beneﬁt, there are
s ll many unanswered issues, including demonstra on of
improved outcomes and decreased health care use. Current recommenda ons regarding MEDD and the need
for concomitant naloxone prescrip on vary (e.g., Virginia
recommends considera on of naloxone for pa ents with
MEDD ≥ 120 per day, while the Centers for Disease Control
and Preven on recommend considering oﬀering naloxone
for pa ents with MEDD ≥ 50 per day). Most regula ons are
consistent in excluding cancer-related pain, but for chronic
noncancer pain, there is agreement that a history of drug
overdose, a history of substance use disorder, or concurrent use of benzodiazepines34 warrants a naloxone prescrip on. Most states also allow pharmacists to dispense
or distribute naloxone without a pa ent-speciﬁc prescripon from another health professional. Although excluded
from regula ons, pa ents with cancer and histories of
overdose or addic on should be considered for prescribed
intranasal naloxone with instruc ons for administra on by
rela ves and caregivers.

CONCLUSIONS
The vast majority of pa ents with cancer need opioids for
the management of pain. Oncologists can safely and effec vely manage the majority of these pa ents. Universal
screening for risk factors and careful monitoring for the
emergence of nonmedical opioid use behaviors help decide
on the need to refer pa ents for specialized care.
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BEST PRACTICES IN DISTRESS MANAGEMENT

Best Prac ces in Oncology Distress Management: Beyond
the Screen
Sophia K. Smith, PhD, MSW, Ma hew Loscalzo, LCSW, Carole Mayer, PhD, RSW, and
Donald L. Rosenstein, MD
OVERVIEW
The ﬁeld of psychosocial oncology is a young discipline with a rapidly expanding evidence base. Over the past few decades,
several lines of research have established that psychosocial problems, such as anxiety, depression, post-trauma c stress,
fa gue, sexual dysfunc on, and cogni ve complaints, are common and consequen al in pa ents with cancer. The word
“distress” was chosen deliberately to capture a broad concept; consequently, distress screening is meant to func on as
an ini al step in the more targeted evalua on of the source(s) of the pa ent’s distress. In 2015, the American College of
Surgeons’ Commission on Cancer mandated psychosocial distress screening as part of their accredita on process. Similar
screening requirements are in place interna onally, including in Canada, where screening for distress is endorsed as the
sixth vital sign and a standard of care that must be met by any Canadian health care organiza on providing cancer services
that seeks to be accredited. Over the past few years, cancer centers around the world have been exploring op mum ways
to implement and evaluate distress screening ini a ves. This paper presents three approaches to distress screening implementa on: (1) a model that incorporates the importance of shared values, perceived beneﬁts, and relevant outcomes
in the implementa on of distress management protocols; (2) a Canadian knowledge transla on applica on to distress
screening, including triage considera ons and interven ons; and (3) a novel approach to distress management via the use
of a mobile applica on to manage post-trauma c stress symptoms. In closing, future opportuni es and challenges associated with the emergence of technology will be discussed.

T

he ﬁeld of psychosocial oncology is a young discipline
with a rapidly expanding evidence base. Over the past
few decades, several lines of research have established
that psychosocial problems, such as anxiety, depression,
post-trauma c stress, fa gue, sexual dysfunc on, and cogni ve complaints, are both common and consequen al in
pa ents with cancer. During this same me, dozens of studies have shown the eﬀec veness of various interven ons to
alleviate the psychosocial suﬀering of pa ents with cancer.1
Beginning in the late 1990s, eﬀorts by several professional
and accredi ng organiza ons (e.g., the Na onal Comprehensive Cancer Network, the Interna onal Psychosocial
Oncology Society, the Ins tute of Medicine, and the ASCO)
to establish standards for psychosocial care of pa ents with
cancer led to the promo on of systema c screening for
“psychosocial distress.”1-3
The Na onal Comprehensive Cancer Network deﬁnes
distress as “a mul factorial unpleasant experience of a
psychological (i.e., cogni ve, behavioral, emo onal), social, spiritual and/or physical nature that may interfere
with the ability to cope eﬀec vely with cancer, its physical

symptoms, and its treatment. It extends along a con nuum,
ranging from common, normal feelings of vulnerability, sadness, and fears to problems that can be disabling, such as
depression, anxiety, panic, social isola on, and existen al
and spiritual crisis.”4 The ul mate goal of systema c distress
screening in oncology se ngs is to iden fy and address
otherwise unmet biopsychosocial needs.
In contrast to more narrowly deﬁned constructs, like depression, the word distress was chosen deliberately to capture a broader concept. Consequently, distress screening is
meant to func on as an ini al step in the more targeted
evalua on of the source or sources of the pa ent’s distress. Consider two pa ents who each score above a trigger threshold for distress screening. The ﬁrst pa ent is a
29-year-old woman with breast cancer who had been doing
well un l she developed severe panic a acks during radiaon therapy. The second pa ent is a 55-year-old man with
colon cancer who is moderately troubled by peripheral neuropathy that interferes with his piano playing, ﬁnancial concerns since taking a leave from work, and the fact that he
has to pay for parking at the cancer hospital. Both pa ents
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may have similar scores on a distress screening instrument
but clearly require quite diﬀerent clinical and programma c
responses to their distress.
In 2015, the American College of Surgeons’ Commission on Cancer mandated psychosocial distress screening
as part of their accreditation process.5 Similar screening requirements are in place interna onally.6 In Canada,
Screening for Distress is endorsed as the sixth vital sign,7
and it is a standard of care that must be met by any Canadian health care organiza on providing cancer services
that seeks to be accredited.8 Over the past few years, cancer centers around the world have been exploring op mum ways to implement and evaluate distress screening
ini a ves.9-11
In the United States, neither the Commission on Cancer
nor any other cancer-related organiza ons specify which
screening instrument should be used to iden fy pa ents
who are distressed. Consequently, a wide variety of tools
and screening strategies have been used by clinicians and
researchers. The most frequently used instrument is the
Na onal Comprehensive Cancer Network Distress Thermometer (DT), a 0 to 10 point visual analog scale that is
coupled with a problem checklist of 35 sources of distress.12
The last several years have brought eﬀorts to validate the
DT in diﬀerent oncology se ngs around the world and in
diverse pa ent popula ons.13-15 Other cancer centers use
validated depression scales, such as the Pa ent Health
Ques onnaire (PHQ-9), or customized surveys administered
by paper or as part of an electronic tablet–based screening
system.16-19
Given the overall morbidity and mortality associated with
cancer, the prevalence of psychosocial distress in oncology
se ngs is not par cularly surprising. What has been less
expected is the emerging evidence of increased mortality
associated with at least one expression of psychosocial distress: depression.20
At the 2017 ASCO Annual Mee ng, Basch and colleagues21
reported posi ve results from a trial of 766 pa ents with
cancer undergoing treatment of advanced solid tumors who
were randomly assigned to a web-based system to ask about

PRACTICAL APPLICATIONS
• Distress management requires screening, tailored
educa on, referral, and follow-up.
• Personalized care requires addressing the diverse
psychosocial needs of the cancer community.
• Clinicians must priori ze the value of screening to the
pa ents and families, because those who see beneﬁt
in distress management protocols will be more likely to
par cipate.
• Modifying clinical prac ce is challenging—the best
distress screening programs use knowledge transla on
strategies to support clinicians in their oncology prac ce.
• Technology can facilitate personalized medicine by
providing self-management interven ons, such as
mobile applica ons and web-based programs.
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several pa ent-reported outcomes (symptoms commonly
associated with distress). Pa ents who reported their symptoms online in real me so that they could be addressed
by clinicians beneﬁted from a 5-month survival advantage
compared with pa ents who did not use the web-based system to report their symptoms.21 This compelling study represents the poten al beneﬁts of prospec ve monitoring of
distress (for both quality of life and survival).
Detailed accounts of the history and ra onale for screening have been extensively addressed in other publica ons.
Similarly, issues related to the rela ve advantages and disadvantages of diﬀerent distress screening instruments are
beyond the scope of this ar cle. Instead, we will focus on
more prac cal aspects of implemen ng distress management protocols. For example, how should psychosocial
oncology clinical teams organize themselves to respond to
pa ents who are distressed? What are best prac ces for
matching the pa ent’s source of distress with appropriate
interven ons within or outside of a par cular oncology setng? We also address eﬀec ve strategies for the uptake and
modiﬁca on of distress screening. Speciﬁcally, we will present three approaches to distress screening implementa on:
(1) a model that incorporates the importance of shared
values, perceived beneﬁts, and relevant outcomes in the
implementa on of distress management protocols; (2) a
Canadian distress knowledge transla on applica on to distress
screening; and (3) a novel approach to distress management
via the use of a mobile applica on to manage post-trauma c
stress symptoms and discussion of future opportuni es and
challenges associated with the emergence of technology in
this sphere (Sidebar 1).

SIDEBAR 1. General Principles From a Decade of
Experience With Distress Screening in Oncology
Se ngs
• Screening alone (i.e., without a coherent referral
and/or interven on program) is not helpful.
• The speciﬁc tool ma ers less than how the results
are responded to.
• Timing ma ers (e.g., screening on ﬁrst visit results
in false-posi ve ﬁndings).
• Screening can be used for programma c evalua on (e.g., which clinics are seeing more distress
and what kind of distress is most common in each
clinic).
• Uncovering more distress than the system has capacity for is both a real and perceived problem.
• What happens a er screening is where the real impact is felt within a system.
• A though ul and ins tu on-speciﬁc triage system
is key.
• There are diﬀerent needs based on men and
women, diﬀerent ages, diﬀerent cancer types, different ming, and diﬀerent screening tools used.
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IMPLEMENTATION AND REFERRALS
The drama c increase in and implementa on of distress
screening have not necessarily resulted in eﬀec ve ways
to implement such complex processes. Because distress
screening is inherently a clinical func on, all too o en clinicians may not recognize that that they already possess
the requisite skills to engage key stakeholders in developing
highly successful distress screening programs. In fact, we
have argued that comprehensive distress screening is the
connec ve ssue of the health care system.22
Implementa on in its simplest form can be deﬁned as
strategically applying speciﬁc behaviors that lead to selfreinforcing, sustained, and desired outcomes. For comprehensive distress screening programs, this means sensi zing
pa ents and families to problems endemic to cancer and
its treatment, iden fying speciﬁc problems triaged to individuals and/or services, and providing real- me informa on
tailored to the pa ent’s needs (with documenta on in the
health record). The poten al impact of distress screening is
robust and can, when done correctly, reverberate throughout the en re system.
The introduc on of this kind of systemic change requires
considerable eﬀort. In addi on, programs that a empt
to transform culture also must be relentlessly sustained
over me for implementa on to be integrated as part of
standard of care. Most of all, there needs to be a realisc engagement of key stakeholders: trea ng physicians
(especially), ins tu onal leadership, and related health
care staﬀ (e.g., nurses, social workers, and physician assistants). Although an in-depth discussion of culture change
is beyond the scope of this ar cle, there are a number
of easily accessible resources available to the interested
reader.23
Despite personal insecuri es about program development, many health care professionals do possess the requisite clinical skills to engage colleagues (managing up/across/
down) and quickly show the beneﬁts of distress screening.
Here, we share one straigh orward approach to mul level
engagement that has led to cultural transforma on in a
number of se ngs: shared values, perceived beneﬁts, and
relevant outcomes.24

These obstacles must be addressed to sustain a ﬂedgling
program. Programs are, by prac cal deﬁni on, packages
of people, ideas, and resources aspiring to a common
outcome.
The ﬁrst step in the implementa on process is commonly
a vision of one person or a small group of mo vated (by
desire or direc ve) individuals who see the ini al vision
(desired outcome) as a star ng point for a much wider discussion. Essen al to any new program is the ability to engage and inspire others to perceive the program as directly
relevant to them. One such approach is to make manifest
shared values, perceived beneﬁts, and relevant outcomes.
This is achieved by (1) mee ng with and gaining the perspec ves of key stakeholders and (2) gaining informa on
from other sources who are personally knowledgeable
about the stakeholders who you seek to engage. Shared
values refers to those aspira onal core beliefs that drive behaviors about how one should engage others in the world.
Perceived beneﬁts are much more personal and relate more
to the here and now, answering the ques ons: why should
I care about what you want me to do, and what do I get
out of this? Relevant outcomes are the agreed on desired
measurable results that build on the founda on of the already established values and beneﬁts. This process is easy
to use, prac cal, and readily adapted to other audiences:
physicians, pa ents, family members, colleagues, business
administrators, clinic managers, etc. Figure 1 shows how
one might engage a trea ng physician to ac vely support a
distress screening program.

DISTRESS SCREENING AS THE CONNECTIVE
TISSUE OF THE INSTITUTION: TEAMWORK
AND TRIAGE
Distress screening programs have become much more
than what was originally envisioned. This has occurred in
part because of the emergence of electronic health re-

FIGURE 1. Engaging Trea ng Physicians for
Biopsychosocial Screening Programs

IMPLEMENTATION: SHARED VALUES,
PERCEIVED BENEFITS, AND RELEVANT
OUTCOMES
Unrealis c workloads, lack of me, understaﬃng, ﬁnancial
pressures, and space limita ons are common in cancer setngs. The convergence of and interac ons between these
reali es result in emo onally charged and exhaus ng environments that include pa ents, families, faculty, and
staﬀ (and by extension, their own family members, who
may be aﬀected by proxy). Any dissemina on plan for distress screening must take into account the mindset and
unabridged reali es of those key stakeholders who must
be engaged, mo vated, and whenever possible, inspired.
Harsh judgements about colleagues or delusions about
the se ng usually result in delays or failure to launch.
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cords but also, because of robust pressures from pa ents,
family members, and payers, all demanding real- me, efﬁcient, and eﬀec ve coordina on of cancer care. Screening has also impacted how health care professionals work
together as teams. Real- me iden ﬁca on of physical and
psychological problems, triage to iden ﬁed professionals and resources, tailored educa onal materials, data
for new program development, and research all beneﬁt
from screening programs. One par cular unan cipated
area where screening has had an impact is in the way that
health care providers work together: confron ng siloes,
challenging turf, and being encouraged to have open and
honest communica ons about what is truly in the best interest of pa ents and their families, colleagues, and the
ins tu on. These are all highly emo onally charged subjects that, in too many circumstances, result in avoidance,
superﬁcial conversa ons, insincerity, and poten al for undermining of colleagues and teamwork. The poten al nega ve impact on pa ent care is obvious. As shown in Figure
2, a suppor ve care team can work together to deﬁne and
document areas of clearly deﬁned speciﬁc exper se (based
on license, ins tu onal sanc on, specialized training, and
unique abili es) and other clinical areas where blurring is
encouraged.

FIGURE 2. Team Work and Triage24

Abbrevia ons: AMA, against medical advice; DNR, do not resuscitate.
Adapted with permission from Schnaitmann et al.25

816

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

RESPONDING TO BIOPSYCHOSOCIAL SCORES
The purpose of implemen ng a distress screening program
is to understand the pa ent’s perspec ve in rela on to their
physical, emo onal, psychological, social, prac cal, and/
or spiritual needs. Distress screening can be considered
personalized medicine, because each pa ent has diﬀerent
needs and services tailored to improve quality of life.
Implemen ng distress screening is only successful if
scores are reviewed and acknowledged by a health care professional in an eﬀec ve and mely manner with appropriate interven ons and follow-up. In Canada, the Edmonton
Symptom Assessment System revised scale (ESAS-r) and the
Canadian Problem Checklist (CPC) are endorsed by the Canadian Partnership Against Cancer as two screening tools.26,27
Evidence-based prac ce guides have been developed to
support the clinical prac ce of health care professionals in
addressing symptom scores iden ﬁed on the ESAS-r and the
CPC. The prac ce guides and algorithms are available for
symptoms iden ﬁed on the ESAS-r (pain, redness/cancer
fa gue, drowsiness, nausea, lack of appe te, shortness of
breath, depression, and anxiety).
Many prac ce guides and algorithms support a step care
model approach by recognizing the variability and severity of symptoms experienced by pa ents with cancer. Care
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should be delivered in the least restric ve manner and the
most economical fashion. For the purpose of this ar cle, the
focus is on responding to psychosocial distress.
Fitch’s model (Fig. 3)28 for service provision and propor on
of pa ents requiring assistance for distress underscores the
importance of tailoring services in a way to maximize access
to the most appropriate health care professional. A step care
model has poten al to mi gate the burden placed on psychosocial specialists to address all distress scores (e.g., for
anxiety and depression). Based on the model, all pa ents
should be screened and receive informa on and basic emoonal support. When pa ents are ﬁrst seen by oncology clinicians, communica ng eﬀec vely, showing empathy, and
providing pa ent educa on will ensure that these needs are
addressed and may prevent distress scores from escala ng.
However, if distress scores on a screening report are high,
it may require the health care team to have a conversa on
with the pa ent to consider a referral to a psychosocial specialist who can assess and provide addi onal interven ons.
The same is true for a social worker who may be working
with a patient who identifies shortness of breath on the
ESAS-r in addi on to experiencing anxiety. The social worker
may provide some educa on/interven ons to help manage
the anxiety and may also refer the pa ent to the oncologist
and/or nurse for addi onal assessment and interven on for
the shortness of breath. In essence, a good biopsychosocial
approach to care requires a step care model that supports
good interdisciplinary care by the team.
The Canadian Associa on of Psychosocial Oncology developed a Pan-Canadian Guideline for the screening, assessment, and management of distress, depression, and anxiety
in adults with cancer.29 The algorithms are consistent with
Fitch’s model (Fig. 3)28 of service delivery approach to recognize the importance of rou nely screening pa ents for

distress, depression, and anxiety. The algorithms outline
when pa ents should be screened (e.g., at entry into the
system/ me of diagnosis, cri cal mes in disease and/or
treatment process, points of transi on for survivorship, me
of recurrence, pallia ve care, and end-of-life care). Each
screening program may deﬁne diﬀerent criteria for screening.
For example, when we implemented a distress screening
program in 14 community hospitals where chemotherapy
is delivered closer to home, nurses were asking pa ents to
complete the ESAS-r and the CPC at each cycle of chemotherapy, and some nurses were using their discretion to
screen more o en to determine if scores were improving.30
Good clinical prac ce to support distress screening requires health care professionals to review the distress scores
with the pa ent and ensure that the scores are accurate.
Pa ents may misinterpret how to complete the symptom
report, especially when numerical scales are involved. In
our experience with pa ent sa sfac on surveys, we somemes receive comments from pa ents wondering why they
should complete a report, because it seems that nobody is
looking at it. By acknowledging and reviewing the scores
with pa ents, it lets them know that someone is paying atten on to their scores, and it reinforces pa ents’ par cipaon in the management of their symptoms.
It is also important to ask pa ents what symptom they
would like to address today. In our experience, health care
professionals o en express the concern that pa ents may
have several items iden ﬁed as a need on a symptom report. There is o en limited me in a busy clinic to address
all symptoms. By asking the pa ent what symptom ma ers
most right now, health care professionals can focus their atten on on the most pressing need from the pa ent’s perspec ve. If more than one symptom cannot be addressed
in the clinic appointment, an addi onal appointment or

FIGURE 3. Service Provision Based on Propor on of Pa ents Requiring Assistance: Fitch's Model28
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telephone call may be necessary to address the other concerns based on severity of scores. In the algorithm for
depression,29 this is referred to as a comprehensive assessment that also includes asking ques ons to understand how
distress in interfering with daily life, assessing past history
for depression, and assessing for support and risk factors.
Based on health care professionals’ scope of prac ce and/
or me available, they may feel comfortable to proceed to
a focused assessment or will discuss and recommend to the
pa ent a psychosocial referral to a psychosocial specialist
(e.g., psychiatrist, psychologist, social worker, or other) who
can proceed with a focused assessment.
For example, the focused assessment may entail using
additional patient-reported outcome measures, like the
PHQ-9 scale, to ascertain the level of depression. The health
care professional will assess for Diagnos c and Sta s cal
Manual of Mental Disorders (DSM-5) depressive symptoms
and assess for persistence of symptoms more than 2 weeks
(all day, every day). Based on ESAS-r or PHQ-9 scores, the
severity of scores are color coded, where green indicates
mild distress/depressive symptoms, yellow indicates moderate distress/depressive symptoms plus impairment, and
red indicates severe distress/symptoms of severe or major
depression.29
The step care model can be followed for all green, yellow,
and red scores. For example, measures that can be taken for
all pa ents, regardless of symptom severity, are normalizing
cancer distress and providing educa on (verbal or wri en)
on signs and symptoms of depression and when to seek addi onal support. All pa ents can be provided with informaon about peer-led support groups, self-management tools,
and other strategies for exercise, mindfulness, op mal nutri on, etc. In addi on to the step care model, addi onal
interven ons are recommended for yellow and red scores
and can be oﬀered by a psychosocial specialist. Importantly,
distress screening programs should have a suicide protocol
in place in the event that the pa ent is at risk of harming
oneself and/or other(s).29
The prac ce guides and algorithms are meant to support
the clinical prac ce of health care professionals working
with pa ents with cancer. Scope of prac ce is important, and
responsibili es to respond to biopsychosocial screening
scores may be shared by various members of the interdisciplinary team. It is essen al that the role of each member of
the team be well understood with service referral pathways. If
these are not in place, referrals may not be ini ated to psychosocial specialists. In cases where geography may have various
members of the team separated on diﬀerent sites, innova ve
models of care can be developed, such as telemedicine, to ensure that pa ents have access to the necessary specialist.30
Finally, modifying clinical prac ce is challenging for any
health care professional. A good distress screening program requires knowledge transla on strategies to support
clinicians in their clinical prac ce in an ongoing fashion:
academic detailing, case presenta ons, and didac c presenta ons followed by group discussions are all strategies
that have worked in our experience with distress screening.
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SIDEBAR 2. Implementa on Ma ers: Lessons
Learned From Comprehensive Distress Screening
• Implementa on strategies must be reality based;
they should begin the process by understanding
the shared values, perceived beneﬁts, and desired
relevant outcomes of trea ng physicians and then
consider addi onal stakeholders.
• Plans to manage the reali es of me constraints,
staﬃng levels, and available resources are an essen al part of the implementa on process.
• Conﬂict and resistance are to be expected, and
they are an opportunity for honest and open valuebased conversa ons.
• Programs should encompass the “person in environment” model, and those that focus on only one
aspect of care (i.e., psychological problems) will experience greater resistance to uptake.
• Data from screening programs have great poten al
to inform clinical care, pa ent educa on, program
development, research, grant wri ng, and quality
improvement.
• Clinicians must priori ze value to the pa ents and
families, because those who see beneﬁt in distress
management protocols will be more likely to par cipate.

Supports for professional development are important for
health care professionals to feel conﬁdent that they can
manage the program, such as keeping current and expanding their competencies to address distress scores and
provide evidence-based interven ons (Sidebar 2).

SYMPTOM SELF MANAGEMENT
APPROACHES
Although distress screening and referrals have been shown
to be eﬀec ve for pa ents who visit the oncology se ng
regularly, concern exists for those who may not return to the
oncology clinic but have long-term physical and/or psychosocial issues related to the cancer experience. O en, cancer
survivors live at a distance from the oncology clinic and are
followed up by their general health care professional, who
may be less knowledgeable about cancer-related issues.
Solu ons are cri cally needed to address the needs of these
cancer survivors as well as those who are unable to receive
quality cancer care because of limited resources and the increasing cost of services.
Symptom self-management approaches are receiving
increased a en on because of their scalability and costeﬀec ve pla orms. According to Lorig and Holman,31 there
are ﬁve core skills inherent in self-management interven ons:
problem solving, decision-making, resource use, communica on with health care professionals, and task planning or
goal setting. Although often introduced by the oncology
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clinician, these interven ons shi the responsibility of distress management to the cancer survivor, such that they become “ac ve” rather than “passive” par cipants in their care.
In a recent systema c review, several trials related to
self-management in cancer survivors were iden ﬁed. The
six interven ons targeted exercise, diet, anxiety, depression,
coping, and quality of life outcomes—and all but one study
reported substan al results.32 However, the authors stated
that there is a lack of quality studies and consensus around
the deﬁni on of “self-management.” Therefore, they were
unable to draw deﬁni ve conclusions as to the impact of the
diﬀerent types of self-management programs on cancerrelated outcomes. In addi on, they concluded that there is
a need for personalized solu ons that could be used in the
cancer survivors’ daily lives because of the poor sustainability of the interven ons.

CANCER DISTRESS COACH: A SYMPTOM
SELF MANAGEMENT APPLICATION FOR
POST TRAUMATIC STRESS
Several years ago, a need was iden ﬁed to develop an applica on that would address the ﬁve self-management components described earlier and facilitate the management of
cancer-related post-trauma c stress disorder (PTSD) symptoms. The Na onal Center for PTSD had developed a similar
applica on for their veteran popula on, and a collabora on
was formed with Duke University to revise the applica on
for cancer-speciﬁc PTSD. The Cancer Distress Coach (CaDC)
applica on provides educa on, assessments, resources,
and cogni ve behavioral therapy (CBT)-based ac vi es related to PTSD symptoms (Fig. 4).33
Given our ﬁnding that about one in three cancer survivors
has recurring PTSD symptoms, such as ﬂashbacks or nightmares related to the diagnosis or treatment; avoidance of reminders, including oncology follow-up appointments; and/or
hyperarousal, including sleep diﬃcul es,34 we developed the
CaDC as a tool to be with the survivor in any given moment.
For example, we found in a pilot study among 31 cancer survivors that the highest applica on usage occurred during midnight and 2:00 AM—likely because of the users’ inability to
fall or stay asleep. Overall, the applica on was shown to be
eﬀec ve in reducing PTSD symptoms a er 4 weeks of usage.33

SIDEBAR 3. Self-management Components Within
the CaDC Applica on
1. Problem solving is facilitated through the provision
of feedback within the Insights module related
to their score on the PTSD Checklist instrument.
2. Decision-making is aided by the Learn module, in
which informa on related to their symptoms and
where to get help (i.e., the role of each member
of the mul disciplinary team) is displayed to the
user.
3. Resource use is encouraged through the Find
Support ac vity; in addi on, users are prompted
with immediate, toll-free call-in informa on
should they report a high distress level.
4. Communica on with health care professionals
is enabled by the presenta on of assessment
feedback within the Insights module that is
presented over me in graphical form.
5. Task planning or goal se ng.

Spurred by the promising ﬁnding from our study, the CaDC
was rebuilt using iOS ResearchKit and Android ResearchStack
to facilitate research ac vi es (e.g., consent form and data
collec on are conducted within the applica on) and allow
for an eﬃcient pla orm for future expansion work. The
CaDC applica on is being studied na onally among cancer
survivors and caregivers in a randomized control trial and
available as a free download on the AppStore and GooglePlay (Sidebar 3).

FUTURE DIRECTIONS AND CHALLENGES
Preliminary data from the randomized control trial indicate
that the CaDC is eﬀec ve in helping individuals self-manage
their symptoms of post-trauma c stress. We see a promising interven on eﬀect. The mean change in PTSD Checklist
score for the CaDC treatment group (mean change, −5.7;
standard devia on, 10.0; 17 pa ents) is diﬀerent from the
mean change for the CaDC a en on placebo control group
(mean change, 0.6; standard devia on, 12.0; 28 pa ents)

FIGURE 4. Cancer Distress Coach Applica on: Educa on, Assessment, and Skill Building Tools
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and is approaching signiﬁcance (p = .08). In addi on, we
are seeing a moderate eﬀect size (Cohen’s d = 0.56). Despite these ﬁndings, addi onal work is needed to expand its
reach and eﬀec veness.
To expand popula on reach, the applica on was built to
be compa ble with low socioeconomic status popula ons
(e.g., sixth grade reading level text), and addi onal funding
is being sought to develop a Spanish version. In addi on,
several requests have been received from inves gators and
cancer survivors in other countries (e.g., Mexico, Canada,
and the United Kingdom) to make the applica on available
within their AppStore and GooglePlay. Given the licensing
and research implica ons, this would require the approval
from an Ins tu onal Review Board within each country in
addi on to ﬁnding a sponsor.
There are ini a ves underway to enhance the eﬀec veness of the applica on. First, the applica on is being expanded to focus on a broader array of symptoms in support
of a speciﬁc cancer type. Content will be added to the Learn,
Insights, and Ac vi es modules to support the pallia ve
care needs of this popula on. Second, the research team
plans to study the applica on in a compara ve eﬀec veness
trial that compares the eﬃcacy of the applica on as a standalone interven on versus augmen ng the applica on with
two addi onal interven ons. Third, the research team aims
to work with Duke so ware developers to develop an interface to the electronic health record system a er the technology is available within EpicCare (Epic Systems, Verona, WI).
Mobile health applica ons, such as the CaDC, have the
poten al to enhance reach and facilitate symptom management, thereby transi oning our health care system into

a personalized and value-based cancer care environment.
However, several challenges and considera ons remain: (1)
resistance to change and fear that technology will impede
clinical workﬂow; (2) barriers related to cost and lower uptake of smart devices (e.g., tablets and iPhones) among vulnerable popula ons, such as older survivors and those with
lower incomes; and (3) lack of evidence of eﬃcacy among
most of the health-related applica ons available in the AppStore and GooglePlay. Therefore, future research is needed
to address these barriers and facilitate the integra on of
technology into quality cancer care.

CONCLUSION
Many individuals who were diagnosed and treated with cancer experience symptoms, such as anxiety, depression, pain,
insomnia, post-trauma c stress, fa gue, sexual dysfunc on,
and cogni ve issues, well into survivorship. Comprehensive
biopsychosocial distress screening programs are being implemented interna onally as a means to iden fy survivors
who are experiencing cancer-related issues and refer them
to appropriate clinicians for follow-up and treatment more
and more frequently in real me. Despite the broad implementa on of such programs in the clinic, several barriers
s ll exist, such as diﬃcul es in reaching the cancer survivor who no longer visits the clinic regularly for cancer care.
An increase in the number of electronic pa ent-reported
outcome systems includes mobile technologies as a means
to address some of the barriers. Additional research is
needed, such as compara ve eﬀec veness studies that examine the eﬃcacy of various programs and cancer survivor
popula ons.
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Addressing the Uninten onal Consequences of Cancer
Therapy With Novel Integra ve Therapeu cs
Ting Bao, MD, DABMA, MS, Luke J. Peppone, PhD, and Patricia Robinson, MD
OVERVIEW
There are 15.5 million cancer survivors in the United States because of, in part, improvements in therapy. As a result, there
will be an increased burden of long- and late-term complica ons of cancer care, such as metabolic altera ons. These metabolic changes will include altera ons in bone resorp on, obesity, hypercholesterolemia, and diabetes mellitus. The majority
of cancer treatment–related toxici es have focused on endocrine therapy; however, chemotherapy and suppor ve medica ons, such as steroids, contribute to the development of these disorders. Because of the chronicity of these metabolic
changes and their impact on morbidity, cancer risk, and outcomes as well other nega ve eﬀects, including musculoskeletal
pain and vasomotor symptoms, alterna ve strategies must be developed. These strategies should include nonpharmacologic approaches. Here, we summarize metabolic changes secondary to cancer care and integra ve approaches to help
alleviate therapy-associated toxici es.

C

urrently, there are 15.5 million cancer survivors living in
the United States.1 The number of survivors is expected
to rise to 26.0 million because of improvements in cancer
therapy and an aging popula on.1 As cancer survivor numbers increase, there will be an increased burden of longterm side eﬀects, such as cancer treatment–induced bone
loss, which is a loss of bone mineral density (BMD) that is
strongly associated with fracture risk.2 These resul ng fractures can have serious sequelae, because hip fractures increase mortality by 10% to 20%.3 Hormonal manipula on
resul ng in estrogen or androgen depriva on is a therapeuc interven on for many types of malignancies, including
breast and prostate cancer. Although the majority of the
cancer treatment–induced bone loss literature focuses on
aromatase inhibitors (AIs), there are a number of other
cancer therapies that can increase the risk of bone loss in
pa ents.

ALTERATIONS IN BONE METABOLISM
Normally, endogenous gonadotropin-releasing hormone
is physiologically released in a pulsa le manner from the
hypothalamus and directed to the anterior pituitary gland.4
Subsequently, luteinizing hormone and follicular s mulating hormone are released from the pituitary. This s mulates
testosterone and estrogen produc on. Estrogen prevents
bone loss by inﬂuencing the produc on of numerous proinflammatory cytokines by bone marrow and bone cells.
The main consequences of increased cytokine produc on

in the bone microenvironment are increased osteoclast
forma on, elonga on of their lifespan, increased ac vity
of mature osteoclasts, and increased osteoblas c ac vity.5
Postmenopausal osteoporosis is characterized by a progressive loss of bone ssue that begins a er natural or surgical
menopause. In vitro studies have shown the role that androgens play in bone health, including the prolifera on and
decrease in apoptosis of osteoblasts; mineraliza on, which
is the late diﬀeren a on stage of osteoblast; preven on of
parathyroid-induced osteoclast forma on; and decreased
bone resorp on ac vity of osteoclast.4,6 The rate of bone
loss in males is less than that in females. The BMD reduc on
rate at the lumbar spine in normal men is 0.5% neck versus
1.0% in late menopausal women and 2.0% in early menopausal women.7

ANDROGEN DEPRIVATION THERAPY
Androgen-depriva on therapy (ADT) is the most widely
used therapeu c modality in prostate cancer, and it is associated with complica ons.8-10 ADT is the mainstay of ini al
therapy for systemic disease, whether it is asymptoma c
biochemical recurrence (BCR) and prostate-speciﬁc an gen
rise a er deﬁni ve localized therapy or overt metasta c
disease. Older pa ents with prostate cancer are more likely
to be treated with ADT than other modalities, including
watchful wai ng, and the use of ADT is increasing.11 Even in
men age 80 and older with low to moderate grade tumors
who are asymptoma c from their prostate cancer, ADT use
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increased from 3.7% in 1991 to 30.9% in 1999.12 Because
older pa ents tend to be diagnosed with more indolent
cancers and live with prostate cancer as a chronic disease,
they experience marked complica ons from ADT, which get
worse over me.9 In some cases, pa ents discon nue ADT
because of side eﬀects, which can cause their prostate cancer to progress.
Although ADT increases survival me for localized prostate cancer,13 its use is associated with numerous adverse
events. Pa ents with prostate cancer on ADT incur a ﬁve- to
10-fold greater annual loss of BMD than men of similar age
who are not diagnosed with cancer.14-18 Testosterone deﬁciency caused by ADT results in estrogen deﬁciency, which
contributes to increased bone resorp on and decreased
bone forma on, ul mately leading to decreased BMD.19-21
As a result, men treated with ADT have up to a sevenfold
increase in risk of fracture compared with men of the same
age who were not treated for prostate cancer,22-24 resul ng
in a signiﬁcantly (p < .05) increased mortality rate.25 In addi on, total body fat increases in men on ADT, and there is
also a loss of lean muscle mass (sarcopenia) on the order of
2% to 5% that occurs shortly a er ADT ini a on.26-28 Both
BMD and muscle loss may contribute to declines in physical performance.29 Older men are at increased risk for falls
because of age,30 and the risk of falls may be exacerbated
by ADT. Pa ents with prostate cancer on ADT have up to
a ﬁvefold increase in falls compared with prostate cancer
survivors not on ADT, contribu ng to the increased fracture
rate.31,32
Agents such as AIs, which block the conversion of androgen into estrogen, are used in the preven on, adjuvant, and
metasta c se ngs for breast cancer. Nearly complete suppression of plasma estrogen levels has been shown consistently with all third genera on AIs.33 The es mated lumbar
spine BMD loss at 1 year is 2% in AI therapy for postmenopausal women and 7% in AI therapy plus agonists.34
Bone loss in pa ents with breast cancer as a result of
AIs has been well characterized through a number of large
phase III clinical trials. The ATAC trial, which compared the
eﬃcacy and safety of anastrozole with those of tamoxifen,
showed a fracture rate of 11% versus 7.7%, respec vely after a median follow up of 68 months. The BIG 1-98 trial,
which compared letrozole with tamoxifen, showed a fracture

PRACTICAL APPLICATIONS
• The ar cle highlights the complica ons of endocrine
therapy, not limited to bone loss.
• The ar cle brings light to addi onal metabolic
altera ons other than bone resorp on altera ons from
therapy.
• The ar cle highlights integra ve approaches to address
toxicity that are commonly used by pa ents in the
absence of physician recommenda on.
• The ar cle makes nonpharmacologic recommenda ons
for symptom management based on exis ng clinical
trials.

rate of 8.6% versus 5.8% respec vely at 51 months (p <
.001). The increased fracture rate for letrozole persisted at
5 years with a reported 9.3% versus 6.5% (no p value reported). The Interna onal Exemestane Study compared the
eﬃcacy and safety of either 5 years of tamoxifen or a switch
to exemestane a er 2 to 3 years of tamoxifen treatment for
a total of 5 years. At a median follow-up of 58 months, the
study showed a 7% fracture rate in the exemestane arm and
a 5% fracture rate in the tamoxifen arm (p = .01).7
Studies have shown that AI therapy resulted in increases
from baseline in all bone turnover markers (e.g., bonespeciﬁc alkaline phosphatase, amino terminal propep de
type I, procollagen, and osteocalcin) at all me points.35

HYPOGONADISM IN NONHORMONE
DEPENDENT MALIGNANCIES
Hypogonadism can occur in cancers that are not hormone
dependent and can result from chemotherapeu c agents
and radiotherapy.36,37 Chemotherapy-induced ovarian failure is one of the most common causes of hypogonadism in
females with nonhormone-dependent malignancies. The
eﬀect of chemotherapy on ovarian func on depends on
the types of chemotherapy and age of the pa ent, because
increased age is a risk factor for ovarian failure.38 Although
menstrual func on is retained in the majority of pa ents,
they remain at risk for natural menopause at an early age,
which increases the likelihood of bone loss.39 Alkylating
agents, including cyclophosphamide, are the most likely
to cause premature ovarian failure, whereas other agents,
such as pla num agents, taxanes, and anthracyclines, carry
a lower risk.40,41 Women who experience premature ovarian
failure o en have rapid loss of BMD with substan al eﬀects
observed within 6 months.38 One study of 49 pa ents with
early-stage (stage I/II) premenopausal breast cancer paents receiving chemotherapy found thatwomen with premature ovarian failure lost almost 8% of their BMD in the
ﬁrst 12 months compared to no signiﬁcant (p > .05) decrease
in BMD in women who did not experience ovarian failure.41
Fogelman et al42 examined BMD loss in 96 women treated
with a combina on of cyclophosphamide, methotrexate,
and 5-ﬂuoruracil (CMF) or goserelin and found a 6.5% decrease in spinal BMD and a 4.5% decrease in hip BMD at
2-year follow-up. They also reported a higher percentage
of BMD loss in women with premature ovarian failure compared with women without ovarian failure, and there was
limited recovery of BMD 3 years postdiagnosis. In general,
hypogonadism results in BMD loss that is more severe and
rapid than BMD loss as a result of AIs and ADT.
Premature ovarian failure as a result of chemotherapy is
most common in pa ents with breast cancer, but it can occur with other cancer sites. Cyclophosphamide signiﬁcantly
increases the risk of hypogonadism in both genders and is
used to treat lymphoma, mul ple myeloma, leukemia, and
ovarian cancer.43-45 Combina on chemotherapy regimens
are also associated with hypogonadism; bleomycin, etoposide, doxorubicin, cyclophosphamide, vincris ne, procarbazine, and prednisone results in ovarian failure for more than
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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one-half of female pa ents.46,47 Mechlorethamine, vincris ne,
procarbazine, and prednisone chemotherapy is strongly
associated with hypogonadism in both genders a er treatment of leukemia, with over 50% having irreversible gonadal
toxicity.48,49 Risk of hypogonadism increases with age, because younger pa ents o en regain gonad func on.50
Pa ents with tes cular cancer as a result of their hypogonadal state remain at an increased risk for bone loss.
Ondrusova et al studied the damage of bone metabolism
in tes cular cancer survivors. The study evaluated 1,249 paents who were treated for tes cular cancer with either orchiectomy (OE; median age at diagnosis, 30 years), OE plus
radia on therapy (median age at diagnosis, 34 years), or OE
plus chemotherapy (median age at diagnosis, 29 years). The
authors concluded there was a higher incidence of osteopenia/osteoporosis in pa ents with decreased testosterone levels as compared to those with normal bone mineral
density (p < .01). Consistent with other studies, the authors
concluded that the type of therapy, including chemotherapy
and radia on therapy, did not inﬂuence incidence of osteopenia. The incidence of osteoporosis increased with ageand
was modestly associated with me from surgery, par cularly a er 10 years, sugges ng that declining testosterone
levels are causi ve.51,52

GLUCOCORTICOID INDUCED OSTEOPOROSIS
Glucocor coids are commonly used as a suppor ve agent
for a number of cancers, including mul ple myeloma, prostate, breast, and hematologic cancers.53 Glucocor coids are
also used in an eme c regimens, and the ASCO recommends
using glucocor coids for the preven on of nausea and emesis in highly and moderately emetogenic chemotherapies.54
Long-term glucocor coid use is a known risk factor for bone
loss and can result in osteoporo c fractures for up to 30%
of long-term users.55,56 However, it remains unclear whether
short-term use of glucocor coids signiﬁcantly contributes to
BMD loss in pa ents with cancer. One study of 50 female lymphoma pa ents (26 premenopausal and 24 postmenopausal)
found a signiﬁcant decrease in BMD with glucocor coid use
but only in females with ovarian failure, indica ng that glucocor coids may not signiﬁcantly contribute to BMD loss.57 The
authors believed that it is unlikely that high-dose intermi ent
glucocor coid contributed to the lowering of BMD. Because
glucocor coids are o en administered in conjunc on with
other agents known to cause bone loss (hormonal therapies,
chemotherapies, and gonadotropin-releasing hormone agonist), it is diﬃcult to tease apart the eﬀect of these drugs on
BMD in pa ents with cancer.

METABOLIC SYNDROME AND ENDOCRINE
THERAPY
Other metabolic altera ons remain of concern for pa ents
with cancer. Metabolic syndrome is a disorder composed
of central obesity, hypertension, insulin resistance, and
dyslipidemia.
Body composi on changes secondary to menopause. As a
result of loss of estrogen, there is an accumula on of central
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fat. The accumula on of intra-abdominal fat is a risk factor
for cardiovascular disease and type 2 diabetes mellitus.58
Clinical trials have reported reversible but substan al increases in total cholesterol.59
The prevalence of metabolic syndrome has also been reported in pa ents with prostate cancer on ADT. Men who
are hypogonadal are at increased risk for central obesity
and thus, metabolic altera ons. Rezaei et al60 reported the
incidence of metabolic syndrome in men (190 pa ents) on
ADT, par cularly intermi ent type, at 6 and 12 months after treatment. The incidence rates were 6.8% and 14.7%,
respec vely. The inves gators also found that pa ents had
higher overall incidence of of abdominal obesity (p < .001),
hypertriglyceridemia (p < .001) in their 6- and 12-month
follow-up and hyperglycemia (p < .001) at 12 months.60
Various inves gators have reported an increased risk of
diabetes or higher levels of fas ng serum glucose levels
on ADT. The dura on of ADT was directly related to the
severity of these metabolic abnormali es, because similar
ﬁndings were not reported in pa ents on shorter-dura on
ADT. Basaria et al studied the inﬂuence of ADT and hyperglycemia in men (53 pa ents) with prostate cancer. A er
adjustment for age and BMI, men with prostate cancer who
received ADT for at least 12 months prior to the study had
signiﬁcantly higher fas ng glucose as compared with men
with nonmetastatic prostate cancer not receiving ADT
(p = .01) and age-matched controls (p < .01). Of note, men
in the ADT group had a higher BMI compared with the other
groups. (overall p = .005). It is thought that long-term male
hypogonadism is associated with a decrease in lean body
mass and an increase in fat mass, resul ng in elevated levels
of adiponec ns, which in turn, are responsible for causing
insulin resistance.61
Alibhai et al performed a cohort study on men age 66 or
older with prostate cancer iden ﬁed through the Ontario
Cancer Registry. Men given ADT for at least 6 months or
who underwent bilateral orchiectomy were matched with
men with prostate cancer who have never received ADT.
They reported a higher incidence of DM in ADT usese (7.1%,
1,392 pa ents) versus nonusers (6.0%, 1,181 pa ents). The
adjusted HR was 1.26 (95% CI, 1.16–1.36; p < .0001).62

CONCLUSION
Cancer treatment–induced bone loss and metabolic altera ons are an uninten onal consequence of therapy. AIs and
ADT have shown to cause substan al BMD loss. Single-agent
chemotherapies, speciﬁcally cyclophosphamide, and combinaon chemotherapy regimens increase the risk of hypogonadism in both genders. Long-term glucocor coid use is a known
risk factor for BMD loss in the noncancer popula on, but it
remains unclear if short-term glucocor coid use signiﬁcantly
contributes to bone loss in patients with cancer. It is important to screen pa ents to iden fy metabolic altera ons,
because body mass index classiﬁca ons of overweight and
obesity accounted for about 40% of all cancers diagnosed in
the United States in 2014.63 Studies have reported that having diabetes was associated with an increased cancer risk.64
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Integra ve Approaches to Reduce Endocrine
Therapy–Associated Toxici es
Endocrine therapy is one of the most important adjuvant
treatments to reduce risk of recurrence in endocrineresponsive cancers. The two most common adjuvant endocrine therapy–associated toxici es are joint/muscle pain
and vasomotor symptoms. Integra ve therapies involve the
use of nonpharmacologic approaches, such as acupuncture,
massage, yoga, exercise, and/or herbal supplements, to alleviate cancer symptoms or treatment-induced side eﬀects.
Here, we summarize the latest evidence suppor ng the use
of certain integra ve approaches to help alleviate these endocrine therapy–associated toxici es and how to integrate
them into oncology prac ce.

AI-Induced Musculoskeletal Symptoms
AIs are the recommended first-line adjuvant endocrine
therapy for postmenopausal women with hormone receptor–
posi ve breast cancer either as monotherapy or in sequence
with tamoxifen.65 Aromatase inhibitor–induced musculoskeletal symptoms (AIMSS) are reported in up to 50% of
women, leading to drug discon nua on in approximately
13% of users.66,67 The recommended dura on of treatment
of breast cancer survivors is 5 to 10 years.
There have been four small sample–sized, randomized,
controlled trials (RCTs) comparing the eﬀects of real and
sham acupuncture in reducing AIMSS, with no substan al
adverse reac ons to either treatment.68-71 Although one of
the trials4 indicates that real acupuncture may be signiﬁcantly be er for joint/muscle pain than sham acupuncture,
this ﬁnding was not conﬁrmed by the other three trials. The
study by Mao et al71 is the only study among these with an
added waitlist control arm, and it shows greater pain reducons with real acupuncture compared with waitlist control
but not sham acupuncture. A recently completed three-arm
Southwest Oncology Group study (226 pa ents) showed
that 6 weeks of twice weekly real acupuncture followed
by another 6 weeks of once weekly treatments was signiﬁcantly be er than sham acupuncture (placebo control) and
usual care in reducing AIMSS at both weeks 6 and 12.72 Remarkably, it also showed longer-term beneﬁts that lasted to
the 24-week follow-up, a full 12 weeks post-treatment. Minimal toxici es were associated with the interven on, with
47% of pa ents experiencing grade 1 bruising.
Given these results from a randomized phase III trial, it is
reasonable to suggest that pa ents with breast cancer try
acupuncture for AIMSS. Acupuncture is oﬀered in 90% of oncology centers in the United States, and it is covered by some
health insurances.73 A typical acupuncture session costs
between $70 and $150 and takes about 45 minutes. Addional research in this area could focus on cost-eﬀec veness
analysis and implementa on.
In addi on, exercise may help reduce AIMSS compared
with usual care. In a 2015 study, 121 physically inac ve paents on AIs with scores of at least three on a 10-point scale
for worst joint pain were randomized to 150 minutes of aerobic exercise weekly and supervised twice weekly strength

training or usual care for 12 months.74 Women randomized
to the exercise arm had substan al reduc ons in joint pain,
whereas those who received usual care all had increased
pain. Given the beneﬁts of exercise for cancer survivors in
mul ple areas, including metabolism, cardiovascular health,
bone health, and cancer preven on, as well as minimal side
eﬀects, it is also reasonable to recommend exercise to paents experiencing AIMSS.75
Yoga is a tradi onal Indian prac ce that incorporates
breathing exercises (pranayama) and movement through or
by holding postures (asanas). A study exploring the eﬀect of
yoga on AIMSS showed that a twice weekly yoga program
for 8 weeks improved pa ents’ balance and ﬂexibility and
reduced pain without side eﬀects.76 A secondary analysis of
a mul site RCT also suggests beneﬁts of yoga to improve
AIMSS by reducing pain and physical discomfort.77
There is preliminary evidence that AIMSS may be related
to low serum vitamin D.78 A double-blind RCT in 60 breast
cancer survivors with AIMSS who also had low serum vitamin D levels (less than 30 ng/mL) showed that high-dose
supplementa on signiﬁcantly improved AIMSS pain and
BMD compared with placebo control.79 The beneﬁcial effect was stronger in the stratum with lower vitamin D levels
(10–19 vs. 20–29 ng/ml).
Lastly, a 2015 RCT comparing omega-3 fa y acids with placebo (soybean/corn oil) in 262 breast cancer survivors with
moderate to severe AIMSS showed that both omega-3 fa y
acids and placebo resulted in more than 50% sustained reduc ons in AIMSS but with no substan al between-group
diﬀerences, raising the ques on of whether the placebo was
truly inert.80
Taken together, our recommenda ons as integra ve oncology physicians in the clinic for pa ents suﬀering from
AI-induced joint/muscle pain are to consider exercise, acupuncture, and yoga for symptom management. Pa ents’
25-hydroxyvitamin D levels should be monitored and supplemented with weekly high-dose vitamin D2 if the level is
less than 30 ng/ml. Dietary supplements, such as omega-3
fa y acids, could be tried, but they may most likely work via
placebo eﬀect.

Vasomotor Symptoms
Vasomotor symptoms, such as hot ﬂashes and night sweats,
commonly result from endocrine therapy. Symptom management is challenging, because the most eﬀec ve treatment, estrogen therapy, is associated with increased risk of
recurrence and development of new breast cancers.
Several integra ve approaches have been evaluated to
alleviate endocrine treatment–related vasomotor symptoms, especially hot ﬂashes. Among these approaches, acupuncture has been studied more extensively, with mul ple
RCTs completed.81-84 Results from a systema c review of
acupuncture to control hot ﬂashes in pa ents with cancer
showed signiﬁcant improvements from baseline in all eight
studies evaluated, and they showed that real acupuncture
was signiﬁcantly be er than sham for diﬀerent aspects of
hot ﬂashes in three studies.85
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In addi on, a 2016 pragma c RCT (190 pa ents) that compared individualized acupuncture plus an enhanced selfcare regimen with enhanced self-care alone showed that
the combina on therapy was superior in reducing hot ﬂash
scores at the end of treatment as well as at 3- and 6-month
follow-up visits.86 This study provides solid evidence to
support the use of acupuncture to reduce hot ﬂashes and
improve quality of life in breast cancer survivors. However,
there are no large RCTs comparing real acupuncture with
placebo, raising concerns that acupuncture only works via
the placebo eﬀect to alleviate vasomotor symptoms. As a
result, the Society of Integra ve Oncology and the ASCO
guidelines s ll only provide moderate support for the use of
acupuncture to treat hot ﬂashes in breast cancer survivors.87
In a case series of seven pa ents with prostate cancer who
experienced hot ﬂashes associated with ADT, acupuncture
reduced hot ﬂash severity and frequency.88 In another series of 14 pa ents with prostate cancer, acupuncture treatment also reduced hot ﬂashes at weeks 2 and 6 as well as
8 months follow-up.89 In addi on, several studies of pa ents

with prostate cancer and hot ﬂashes suggest improvements
with various types of acupuncture, warran ng addi onal
study of this popula on.90-92
The current evidence is insuﬃcient for other integra ve
therapy approaches to alleviate endocrine therapy–related
hot ﬂashes, including yoga, medita on, hypnosis, homeopathy, or supplementa on with soy, black cohosh, ﬂaxseed,
peppermint, or vitamin E.87
Collec vely, these ﬁndings guide our recommenda ons as
integra ve oncology physicians in the clinic to recommend
acupuncture to pa ents suﬀering from vasomotor symptoms.
In summary, nonpharmacologic approaches to consider
with patients in addressing endocrine therapy–related
musculoskeletal symptoms should include acupuncture,
exercise, and yoga, and when addressing hot ﬂashes, nonpharmacologic approaches to consider should include acupuncture. Evidence for supplements is lacking, although
monitoring for adequate serum vitamin D levels and encouraging a diet rich in omega-3 fa y acids may help improve AIMSS.
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The Landscape of CAR T Cells Beyond Acute Lymphoblas c
Leukemia for Pediatric Solid Tumors
Christopher DeRenzo, MD, MBA, Giedre Krenciute, PhD, and Stephen Go schalk, MD
OVERVIEW
Adop ve cell therapy with gene cally modiﬁed T cells holds the promise to improve outcomes for children with recurrent/
refractory solid tumors and has the poten al to reduce treatment complica ons for all pa ents. Although T cells that express chimeric an gen receptors (CARs) speciﬁc for CD19 have had remarkable success for B-cell–derived malignancies,
which has led to their approval by the U.S. Food and Drug Administra on, CAR T cells have been less eﬀec ve for solid
tumors and brain tumors. Lack of eﬃcacy is most likely mul factorial, but heterogeneous an gen expression; limited migra on of T cells to tumor sites; and the immunosuppressive, hos le tumor microenvironment have emerged as major
roadblocks that must be addressed. In this review, we summarize the clinical experience with CAR T-cell therapy for pediatric solid tumors, including brain tumors. In addi on, we review strategies that have been and are being developed to
enhance their an tumor ac vity.

I

mmunotherapy for pediatric malignancies holds the promises
of improving outcomes and reducing treatment-related
complica ons. Among diﬀerent forms of immunotherapy that
are ac vely being pursued, the adop ve transfer of T cells
that express chimeric an gen receptors (CARs) has garnered
great excitement because of the success of CAR T-cell therapy for CD19-posi ve malignancies.1-11
CARs are synthe c molecules that combine the speciﬁcity of monoclonal an bodies with the eﬀector func on of
T cells.12-14 The prototypic CAR consists of an an gen binding domain encoded by a single-chain variable fragment
derived from a monoclonal an body, a hinge and transmembrane domain, and signaling domains derived from
the CD3.ζ chain as well as cos mulatory molecules, such
as CD28 and/or 41BB (Fig. 1A). The majority of CAR T-cell
products are generated by viral transduc on that uses replica on incompetent retroviral or len viral vectors (Fig. 1B).
Since the submission of the ﬁrst inves ga onal new drug
applica on for CD19–CAR T cells, the ﬁeld has moved rapidly
and culminated in 2017 with approval by the U.S. Food and
Drug Administra on (FDA) of two CD19–CAR T-cell products.15 The interested reader is referred to recent reviews,
which summarize the clinical results of CD19–CAR T cells
in detail.1,2 Here, we highlight only the key ﬁndings, which
must be considered as we develop and improve current CAR
T-cell therapy approaches for pediatric solid tumors.
First, lymphodeple ng chemotherapy with cyclophosphamide and ﬂudarabine is cri cal to allow engra ment and

expansion of adop vely transferred CD19–CAR T cells. Second, CD19–CAR T cells can eradicate B-cell malignancies regardless of their underlying gene c altera on. Third, CD19–
CAR T cells, can eradicate B-cell malignancies, which are
refractory to chemotherapy and/or radia on, highligh ng
that T cells kill their target cells through diﬀerent cytotoxic
mechanisms than conven onal therapies. Fourth, CD19CARs have to encode a cos mulatory signaling domain
to be eﬀec ve. Although CD19–CAR.CD28.ζ and CD19–
CAR.41BB.ζ T cells have not been compared directly in a single clinical study, results of published studies indicate that
CD19–CAR.41BB.ζ T cells persist longer.1-11 However, it remains unclear whether this translates into improved an tumor ac vity.1-11 Fi h, targe ng a single an gen can result in
an gen loss variants. Last, CD19–CAR T-cell therapy can be
associated with important clinical adverse eﬀects, including
cytokine release syndrome (CRS) and neurotoxicity.1-11
In this educa onal review, results of early-phase clinical
studies with CAR T cells for pediatric solid tumors and brain
tumors are summarized (Table 1). In addi on, strategies to
improve their an tumor ac vity and current challenges are
discussed.

CLINICAL STUDIES WITH CAR T CELLS FOR
PEDIATRIC BRAIN AND SOLID TUMORS
Neuroblastoma
Two clinical studies have been conducted with firstgenera on CAR T cells in pa ents with neuroblastoma. In
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FIGURE 1. Scheme of CAR T-Cell Genera on
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(A) CARs consist of an ectodomain, hinge and transmembrane domain, and endodomain. CARs have been designed with or without cos mulatory (cos m) signaling domains. As examples, ﬁrst- and secondgenera on (Gen) CARs are shown. (B) CAR T cells are produced by ac va ng T cells in the presence of cytokines. When T cells proliferate, they are transduced with viral vectors that encode CARs. CAR T cells
subsequently are expanded with cytokines, and suﬃcient CAR T cells for preclinical or clinical studies are generated within 9 to 10 days of culture ini a on.

the ﬁrst study, pa ents received up to 109/m2 CD8 CD171speciﬁc CAR T-cell clones.16 Adop ve transfer of T cells was
well tolerated, but T cells persisted for only 6 weeks, and
only one of six pa ents had a par al response. One strategy to improve the persistence of adop vely transferred T
cells takes advantage of the speciﬁcity of the endogenous
αβ T-cell receptor expressed by CAR T cells. For example,
virus-speciﬁc T cells receive appropriate s mula on by viral
an gens presented by professional an gen-presen ng cells.
This concept was explored in the second clinical study, in
which inves gators expressed a ﬁrst-genera on disialoganglioside (GD2)-speciﬁc CAR in polyclonal Epstein Barr virus
(EBV)–speciﬁc T cells. The in vivo fate of GD2–CAR EBVspeciﬁc T cells was directly compared with ac vated T cells
that expressed the same CAR in individual patients.17,18
Although GD2–CAR EBV-speciﬁc T cells did not expand, they
persisted longer than GD2–CAR ac vated T cells. Five of 11
patients with active disease showed tumor responses or
necrosis. Three of them had complete responses.

PRACTICAL APPLICATIONS
• CAR T cells for pediatric solid tumors are safe but have
limited an tumor ac vity in early-phase clinical studies.
• Carefully designed correla ve studies will be cri cal to
understand current failures of CAR T-cell therapies and
to devise strategies to improve them.
• Rou ne, noninvasive, clinical imaging of infused CAR
T cells would provide invaluable insight into their
biodistribu on in humans.
• Addi onal gene c modiﬁca ons have improved the
an tumor ac vity of CAR T cells in preclinical models,
but improved CAR T cells have not been tested in the
clinic.
• Costs and regulatory requirements associated with
clinical tes ng of CAR T cells have the poten al to
impede progress.

More recently, ac vated T cells that expressed a thirdgenera on GD2–CAR with a CD28.OX40.ζ endodomain were
evaluated in pa ents with neuroblastoma.19 Three cohorts
of pa ents were infused. The ﬁrst cohort (four pa ents) received only CAR T cells; the second cohort (four pa ents) received lymphodeple ng chemotherapy (cyclophosphamide
and ﬂudarabine) before CAR T-cell infusion; and the third
cohort (three pa ents) received two doses of pembrolizumab in addi on to CAR T-cell infusion: on day −1 and day
21 rela ve to CAR T-cell infusion. Lymphodeple ng chemotherapy induced expansion of CAR T cells for up to 3 logs,
and expansion peaked at 1 to 2 weeks post infusion. Addion of pembrolizumab did not improve T-cell expansion or
persistence further. There was a large increase in the frequency of circula ng myeloid cells in the peripheral blood
with an immunosuppressive M2 phenotype a er CAR T-cell
infusion in all three cohorts. Addi onal studies are needed
to inves gate the signiﬁcance of this ﬁnding.
In addi on to these published studies, several clinical
trials, including one study to evaluate second-genera on
(41BB.ζ) and third-genera on (CD28.41BB.ζ) CAR T cells that
target CD17124 in pa ents with neuroblastoma and ganglioneuroblastoma (NCT02311621), are in progress. In addi on,
studies con nue to explore GD2–CAR T cells for neuroblastoma; these include NCT02107963, NCT02761915, and
NCT03373097.

Sarcoma
T cells that express second-genera on HER2–CARs (CD28.ζ)
have been evaluated in 19 pa ents with refractory HER2posi ve sarcoma (16 with osteosarcoma, one with Ewing
sarcoma, one with primi ve neuroectodermal tumor, and
one with desmoplas c small round cell tumor). HER2–CAR
T-cell infusions were well tolerated and had no dose-limi ng
toxicity.20 HER2–CAR T cells persisted for at least 6 weeks in
pa ents who received greater than 1 × 106/m2 HER2–CAR
T cells and were detected at tumor sites. Of 17 evaluable
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 1. Selected Completed and Future CAR T-Cell Therapy Studies for Pediatric Solid Tumors or Brain
Tumors
Disease

Target

CAR Signaling
Domain

Vector

Cell Type and
Delivery

Lymph
Deple on

Comment, NCT No., or
Reference (if published)

Neuroblastoma

CD171

ζ

Pl

ATC, IV

—

Park et al16

CD171

41BB.ζ or
CD28.41BB.ζ

LV

ATC, IV

+

NCT02311621

GD2

ζ

RV

VST or ATC, IV

—

Pule et al,17 Louis et al18

GD2

CD28.OX40.ζ

RV

ATC, IV

±

Pembrolizumab, Heczey et al19

GD2

ζ, ND

RV

ATC, IV

+

NCT03373097

GD2

ζ, ND

RV

ATC, IV

±

NCT02761915

Neuroblastoma and
sarcoma
Sarcoma

GD2

ζ, ND

RV

iNKT, IV

+

Second transgene: IL-15,
NCT03294954

GD2

CD28.OX40.ζ

RV

ATC, IV

+

NCT02107963

HER2

CD28.ζ

RV

ATC, IV

±

Ahmed et al (2015),20 Hegde
et al21

GD2

CD28.OX40.ζ

RV

VST, IV

±

VZV vaccine, NCT02932956

Hepatoblastoma and
sarcoma

GPC3

41BB.ζ

RV

ATC, IV

+

NCT02932956

Brain tumors

HER2

CD28.ζ

RV

VST, IV

—

Ahmed et al (2017)22

IL-13Rα2

41BB.ζ

LV

ATC, IC

—

NCT02208362, Brown et al23

Abbrevia ons: ATC, ac vated T cells; CAR, chimeric an gen receptor; IC, intracranial; IL, interleukin; IL-13R, IL-13 receptor; iNKT, invariant NK T cells; IV, intravenous; LV, len virus; ND, not disclosed;
Pl, plasmid; RV, retrovirus; VST, virus-speciﬁc T cells.

pa ents, four had stable disease. Three of these had their
tumor removed; one showed 90% or greater necrosis. Subsequently, six pa ents received lymphodeple ng chemotherapy before HER2–CAR T-cell infusion. HER2-CAR T-cell
expansion was observed without apparent toxicity, and
one pa ent with refractory rhabdomyosarcoma, who had
persistent bone marrow disease only, achieved a complete
response for greater than 12 months.21 In addi on to HER2–
CAR T cells, GD2–CAR T cells are ac vely being explored
(NCT01953900, NCT02107963) for sarcoma. In one study, a
third-genera on GD2–CAR with a CD28.OX40.ζ endodomain
is expressed in varicella zoster virus–speciﬁc T cells, and
the inves gators are evalua ng whether GD2–CAR virusspeciﬁc T cells can be boosted with an FDA-approved varicella zoster virus vaccine a er infusion. Another clinical
study (NCT02932956) is approved by the FDA to evaluate
the safety and eﬃcacy of GPC3-CAR T cells25 in pa ents with
pediatric solid tumors, including rhabdomyosarcoma. However, the study currently is not open for accrual.

Brain Tumors
Clinical studies with CAR T cells that target HER2, EGFRvIII,
and interleukin (IL)-13 receptor α2 (IL-13Rα2) have been
conducted in pa ents with high-grade glioma.22,23,26,27 Two
studies infused only adults, whereas 10 of 17 pa ents in the
HER2–CAR T-cell therapy study were children. T cells were
given either intravenously (HER2, EGFRvIII) or directly injected into the tumor and/or ventricle (IL-13Rα2). Like the
CAR T-cell therapy studies for solid tumors, the majority of
pa ents in the brain tumor studies had progressive disease.
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However, responses were observed; these included one
par al response22 and one complete response,23 and several pa ents had stable disease for a prolonged period of
me.22
Detailed correla ve studies performed a er infusion
of EGFRvIII–CAR T cells revealed that T cells were able to
migrate to glioma sites a er intravenous infusion.26 Target
an gen expression was reduced in resected gliomas, which
was indica ve of an on-target CAR T-cell eﬀect. In addi on,
gliomas upregulated the expression of immunosuppressive
molecules, including indoleamine 2,3 dioxygenase and IL10, which highlighted the ability of gliomas to counteract
inﬁltra ng pro-inﬂammatory CAR T cells. Currently, only one
clinical study (NCT02208362) is ac vely recrui ng pa ents,
including children older than age 12 years, with gliomas.
This study is evalua ng the safety and eﬃcacy of intracranial
injec ons of IL-13Rα2–CAR.41BB.ζ T cells.
The ini al foray into the clinic with CAR T cells has demonstrated their safety for pediatric solid tumors and brain
tumors. However, only subsets of pa ents have beneﬁted
from this approach so far. Poten al strategies to increase
the eﬃcacy of CAR T cells are reviewed in the next sec on.

Strategies to Improve CAR T-Cell Therapy for Solid
Tumors
Lack of CAR T-cell eﬃcacy is most likely mul factorial. Major
roadblocks include the availability of targeted an gens and
their heterogeneous expression, the homing of T cells to
tumor cells, and the immunosuppressive tumor microenvironment (Fig. 2).
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Expanding the Repertoire of Targetable An gens
The majority of CARs developed so far recognize cell surface proteins (GD2, HER2, Glypican (GPC)3, and IL-13Rα2),
which originally were discovered as targets for monoclonal
an bodies. Eﬀorts are underway with gene expression array data and proteomics to iden fy new targetable cell surface an gens.28 The recent iden ﬁca on of GPC2, which is
expressed at high levels on neuroblastoma, highlights the
feasibility of this approach.29 However, it might be diﬃcult
to discover an gens that are not expressed at low levels in
normal ssues. Although private neoan gens are present,
albeit at low frequency, in pediatric tumors,30 directly targe ng these with CAR T cells is not feasible with current
technology that uses viral vectors to generate CAR T cells.
In addi on to the large regulatory burden and cost, me is
a barrier: it takes more than 6 months to generate a clinicalgrade viral vector. However, op miza on of CAR T cells to
eﬃciently induce immune responses against nontargeted
an gen (i.e., an gen spreading) would be one approach to
target private neoan gens and could increase the an tumor
ac vity of CAR T cells in a manner similar to that of cancer
vaccines.31
CAR T cells are being developed to recognize an gen
pa erns. Examples include designing CARs that recognize
two an gens or engineering T cells that express mul ple
CARs.32,33 T cells that express these CARs become fully ac vated only in the presence of all targeted an gens. Targeting mul ple an gens also should oﬀset the risk of selec ng
an gen loss variants. In addi on, so-called inhibitory CARs
that block poten al oﬀ-target T-cell responses have been
developed.34 Development of CARs that recognize pep des
in the context of major histocompa bility complex class I
molecules also might increase the poten al repertoire of
targetable an gens, because two-thirds of all expressed
proteins reside within the cell. This can be achieved with a
single-chain variable fragment derived from a T-cell receptor
to mimic a monoclonal an body as a CAR an gen-binding
domain. Examples include CARs specific for an HLA-A2–
restricted pep de derived from intracellular proteins, such
as Wilms tumor 1 protein or proteinase 3.35,36
Inducible expression systems may provide a poten al
solu on to the an gen dilemma. So-called synthe c notch
signaling receptors allow the expression of CARs only after a T cell has migrated to tumor sites, which poten ally

FIGURE 2. Roadblocks of CAR T Cells for Solid
Tumors
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enables the targe ng of an gens that are expressed in normal ssues.37,38

Enhancing Migra on of CAR T-Cells to Tumor Sites
and Within Tumors
Several preclinical studies have highlighted the mismatch
between chemokines secreted by solid tumors and chemokine receptors expressed by CAR T cells. Transgenic expression of chemokine receptors has been shown to overcome
this roadblock.39 For example, neuroblastoma secretes high
levels of CCL2; however, CAR T cells lack expression of the
corresponding chemokine receptor (i.e., CCR2).40 Transgenic expression of CCR2b on GD2–CAR T cells resulted
in enhanced homing and an tumor ac vity in preclinical
neuroblastoma models.40 Besides migra on to tumor sites,
limited migra on within tumors might contribute to the
reduced an tumor ac vity observed in clinical studies. For
example, CAR T cells are limited in their ability to degrade
the extracellular matrix, and this limita on results in poor
tumor penetra on. However, penetra on can be improved
by expressing heparanase.41 Another approach consists of
directly targe ng cancer-associated ﬁbroblasts, the main
producer of collagen within tumors, with CAR T cells.42

Engineering CAR T Cells to Resist the
Immunosuppressive Tumor Environment
Brain and solid tumors create a hos le tumor environment
that favors T-cell exhaus on and/or dysfunc on induced by
immunosuppressive cytokines (e.g., IL-4, IL-10, transforming
growth factor β [TGFβ]); expression of inhibitory molecules
(e.g., ﬁrst apoptosis signal receptor [FAS] ligand, PD-L1); the
metabolic environment; and/or recruitment of immunosuppressive cells, including myeloid-derived suppressor cells,
cancer-associated ﬁbroblasts, and/or regulatory T cells.43-45
Although this sec on is focused on engineering CAR T
cells to improve their an tumor ac vity in the tumor microenvironment, combina on therapies also are a rac ve
approaches. For example, combina on of CAR T-cell therapy
with checkpoint blockade, oncoly c viruses, chemotherapy,
radia on, and/or small molecules is being explored in preclinical studies with encouraging results.46-48 Gene c engineering approaches to enhance the an tumor ac vity of
CAR T cells can be divided into two broad categories: transgenic expression of immune s mulatory molecules and silencing nega ve regulators.
Several preclinical studies have shown that transgenic expression of cytokines (e.g., IL-12, IL-15, IL-18),49-51 cons tuve cytokine receptors,52 41BBL,53 or CD40L54 enhance the
an tumor ac vity of CAR T cells. A recent study also demonstrated that transgenic expression of IL-7 in combina on
with the chemokine CCL19 not only enhances the eﬀector
func on of CAR T cells but also enables the cells to induce
endogenous T-cell responses against the targeted tumor,
which is indica ve of an gen spreading.55
Direct blockade of inhibitory cytokines or conversion of
their signal into a T-cell s mulatory signal are other approaches that are being pursued. For example, expression
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of a dominant nega ve TGFβ receptor renders T cells resistant to TGFβ in preclinical as well as in clinical studies.56
In addi on, dominant nega ve receptors have been developed to provide intrinsic protec on from PD-1/PD-L1
checkpoint blockade.57 Chimeric cytokine or switch receptors not only block an inhibitory signal but also convert it
into a T-cell s mulatory signal. Examples include receptors
that consist of the ectodomain of the IL-4 receptor and
the transmembrane and intracellular signaling domain of
the IL-2 or IL-7 receptor.58,59 Although siRNA approaches
were used ini ally to silence nega ve regulators, more recent studies have focused on gene edi ng technologies,
such as TALENs and CRIPSR/Cas9. Per nent examples include the silencing of FAS ligand or the knockout of PD-1 in
T cells.60,61
As we enhance the eﬀector func on of CAR T cells, it is
advisable to insert safety switches that can be ac vated if
adverse eﬀects develop. Safety switches that have been
tested clinically include HSV thymidine kinase (HSV-tk),
which enables cell killing in the presence of ganciclovir,62 or
an inducible caspase 9,63 which can be ac vated by a chemical inducer of dimeriza on. In addi on, expression of cell
surface molecules (e.g., EGFR, CD20),64,65 which can be targeted with FDA-approved monoclonal an bodies, is another
suicide gene op on that has been evaluated successfully in
preclinical models.

CURRENT CHALLENGES
CAR T-Cell Genera on
The majority of clinical studies have used retroviral or len viral vectors to generate clinical-grade CAR T-cell products.
Genera on of clinical-grade viral vectors is me consuming
and costly, and their use is associated with a large regulatory
burden. In this regard, reducing some of the required testing of CAR T-cell products, as recently advocated,66,67 would
be a step in the right direc on. Required tes ng could also
be reduced with the use of nonviral DNA delivery systems
that have been successfully used to generate CAR T cells.68-70
Closed-cell manufacturing systems71,72 and the use of oﬀthe-shelf CAR T-cell products73 also hold the promise to
streamline CAR T-cell produc on and/or distribu on.

What Is the Op mal T-Cell Subset to Generate CAR T
Cells?
Several studies have highlighted that CAR T cells genera on
from central memory T cells with a deﬁned CD4:CD8 ra o
have superior eﬀector func on compared with CAR T cells
generated from bulk T cells in preclinical models.74,75 Epigene c proﬁling of T cells has provided novel insight76 and holds
the promise to advance our ability to select the most potent
T-cell subset for CAR T-cell genera on. Also, γδ T cells and
invariant natural killer T cells are being explored as T-cell
pla orms for CAR T-cell therapy.77,78 In this regard, a clinical
study with invariant natural killer T cells that express GD2–
CARs and IL-15 for pa ents with neuroblastoma has been
approved by the FDA (NCT03294954) but is not ac vely accruing pa ents.
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Need for Preclinical Tes ng in Range of Animal
Models
The majority of preclinical studies have relied on xenogra
models, which do not reliably recapitulate the complex tumor microenvironment. Immunocompetent animal models have been adapted for CAR T-cell therapies, and these
models will be invaluable as combina on therapies are
developed.79-81 In addi on, pa ent-derived xenogra models should enable preclinical tes ng of CAR T cells against
a panel of human tumors that more closely mimic pa ent
tumors than tumor cell lines that have been propagated in
vitro. Also, large animal models hold promise to evaluate
CAR T cells in spontaneous tumor models.82

Correla ve Studies, In Vivo Tracking of Infused T
Cells, and Clinical Response Criteria
There currently is only one published CAR T-cell therapy
(noted in the Brain Tumor sec on) that has systema cally
studied tumor biopsies a er infusion.26 These types of studies will be cri cal to understand current therapeu c failures
and to devise evidence-based approaches to overcome
them. In addi on, our ability to track infused CAR T cells
in pa ents is limited unless the cells are gene cally modiﬁed with a reporter gene, such HSV thymidine kinase.83 The
ability to rou nely track CAR T cells for 48 to 72 hours a er
infusion would be a major advance that could provide invaluable insight into ini al biodistribu on of CAR T cells and
their ability to migrate to tumor sites. Although diagnos c
imaging immune response criteria have been implemented
for the assessment of immunotherapies for solid tumors
and brain tumors,84,85 these were developed in the cancer
vaccine era and might require addi onal ﬁne tuning for cellbased immunotherapies, including CAR T cells.

CONCLUSIONS
The ini al foray of CAR T cells into the clinic for pediatric
solid tumors and brain tumors demonstrated their safety but
also highlighted their limited an tumor ac vity. Addi onal
gene c modiﬁca on of CAR T cells has greatly enhanced the
an tumor ac vity of these cells in preclinical studies, and
we hope that some of the devised strategies will translate
into improved an tumor ac vity in humans. To advance
the ﬁeld, there is an urgent need to discover novel an gens
that can be targeted with CAR T cells and to improve our
ability to evaluate CAR T-cell therapies in preclinical models. The abili es to track CAR T cells noninvasively and to
perform detailed studies with pa ents enrolled in CAR T-cell
therapy should enable us to advance the ﬁeld. We remain
hopeful that, within the next 5 to 10 years, pa ents with
solid tumors will beneﬁt from CAR T-cell therapies to the
same degree that pa ents with B-cell–derived malignancies
do today.
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Suppor ng Caregivers of Pa ents With Cancer: A Summary
of Technology-Mediated Interven ons and Future Direc ons
Ji Youn Shin, MDes, Tammy I. Kang, MD, MSCE, Robert B. Noll, PhD, and Sung Won Choi, MD, MS
OVERVIEW
This paper aims to review literature published on the support of cancer caregivers with health technology. Eighteen ar cles
were reviewed to be er understand cancer caregiving and categorized into four diﬀerent themes: (1) design guidelines,
(2) informa on facilita on, (3) social support, and (4) mul component interven ons. Analysis of the current ar cles revealed that there are substan al gaps in knowledge regarding a range of health technologies that facilitate family caregiver
support and its distribu on to health ins tu ons. Further research is needed in this area, as family caregivers are primary
providers of essen al elements of care to pa ents. Future studies should unpack exis ng barriers that interfere with the
development of health technology interven ons in cancer care.

A

pproximately 43.5 million caregivers have provided unpaid care to an adult or child in the last 12 months in the
United States.1 Caregiving for pa ents with cancer has been
described as an “intense, episodic, and challenging care
experience.”2 For 2017, an es mated 1,688,780 individuals
received a new cancer diagnosis, and cancer death rates
have been declining since the early 1990s.3 Survivorship has
steadily improved, and the need for caregivers providing
longer dura on of care in the outpa ent or home se ng
has also increased. Moreover, the na on is experiencing
changing demographics with greater ethnic, racial, social,
religious, and geographic diversity. Families are more widely
dispersed, and both men and women of the household are
in the workforce. More than ever, there is an urgent need
to provide innova ve solu ons that account for these new
challenges as well as address caregiving needs throughout
the cancer trajectory.
There is broad agreement that caregiving an individual
with cancer is challenging and can adversely impact quality
of life (QOL),4 and family caregivers are more likely to experience physical, social, and emo onal distress compared
with noncaregivers.5 Par cularly in the cancer se ng, caregivers are providing mul faceted suppor ve medical care
(i.e., medica on administra on, symptom management,
and transporta on), but o en are not equipped with the
necessary informa on, skills, and conﬁdence to perform
these complex tasks. This is especially problema c when
caregivers are feeling overwhelmed.6 It is not surprising
that their own physical and mental health may be negavely impacted,4 which may adversely aﬀect pa ent health

outcomes.7 An extensive literature base supports that caregiver interven ons have the poten al to improve caregiver
QOL and emo onal well-being8,9 for adult pa ents with
cancer and alleviate distress in caregivers of pediatric paents with cancer.10 Nonetheless, it also highlights the gaps
in the ﬁeld. Further, growing evidence supports the need
for mul modal components, such as educa on and medical
skills training, self-care, and coping-skills training.5 However,
the dose and intensity and when along the cancer trajectory this should occur are not well established. Importantly,
even when evidence demonstrates the eﬀec veness of a
caregiver interven on, transla on into clinical prac ce remains a major challenge. An urgent need for ac on to address these issues through research recommenda ons has
recently been made by many researchers, which include:
“(1) improving the assessment of the prevalence and burden of informal cancer caregiving; (2) improving intervenons targeted at [pa ents with cancer], caregivers, and
pa ent-caregiver dyads; (3) facilita ng further integra on
of caregivers into formal health care se ngs; and (4) maximizing a posi ve impact of technology on informal cancer
caregiving.”11 Indeed, rapid advances in technology provide
a unique pla orm for delivery of ﬂexible and scalable caregiving interven ons, par cularly with widespread use of
electronic medical record (EMR) systems across ins tu ons.
With demographic and social changes, such as the aging
popula on, home-based care is becoming increasingly critical to the health care system.12 Although some research
suggests posi ve eﬀects resul ng to caregivers,13,14 being
a primary caregiver is commonly perceived as a chronic
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stressor due to unfamiliar medical situa ons and a sense
of anxiety that permeates through life on the most daily
level.15 Caregivers with li le or no medical training are o en
underprepared, but they are expected to understand, remember, and report the pa ent’s symptoms appropriately
on behalf of their loved one from the moment of the inial diagnosis.16 These burdensome experiences can result
in nega ve physical, emo onal, and social eﬀects on their
daily lives and even aﬀect their physical well-being.15
To improve care delivery and outcomes, recent studies have
discovered possibili es to address family caregiver needs
and provided a variety of suppor ve interven ons.9,17,18
Reported interven ons support that pa ents undergo the
harrowing process of cancer treatment, and their caregivers
must con nuously a end to their physical and emo onal
needs.11
The objec ve in this review is to provide readers with an
overview of cancer-caregiving interven onal trials with a
focus on novel technology-based solu ons for family caregivers. We performed a systema c literature search using
PubMed, the Associa on for Compu ng Machinery Digital
Library, and Cochrane Library. We also include an exemplar
from pediatric oncology highligh ng Bright IDEAS problemsolving skills training for caregivers in the pediatric cancer
se ng. From bench to bedside, we examine how this group
of pediatric psychosocial providers has used a stepwise
approach in studying the acceptability, effectiveness, and
current next steps of transla ng this evidence-based interven on into widespread clinical prac ce through a process
of implementa on and dissemina on research.

PRACTICAL APPLICATIONS
• A majority of reviewed interven ons are weighted
toward informa on facilita on, such as providing
speciﬁc medical informa on to caregivers through
educa onal websites or smartphone applica ons.
Minimal work focused on promo ng ac ve par cipa on
through two-way communica on with providers or
peers.
• The studies iden ﬁed in this review provide valuable
lessons for designers and health care prac oners.
Notably, the study found various educa onal/
informa onal interven ons that have been developed
to assist caregivers and have been widely used by health
care ins tu ons.
• Our review indicates that there are a paucity of data
related to helping caregivers of pa ents with cancer, as
well as a standardized approach to ac ve dissemina on,
implementa on, and adop on of developed
interven ons. One example of dissemina on and
implementa on is provided within the pediatric cancer
se ng: Bright IDEAS.
• Itera ve cycles of user-centered approaches with
standardized measurement scales and research methods
are cri cal prior to implementa on in the clinical
environment to improve usability and avoid unintended
consequences of technology.

BACKGROUND
Cancer is the second leading cause of death in the United
States.12 In most cases, cancer treatment requires long-term
medical care and support. Many pa ents with cancer rely
on family and friends to assist with cancer treatment needs,
and their family members o en take the primary responsibility as the caregiver.11 Family caregivers are deﬁned as
individuals (for example, a parent, spouse, family member,
friend, or neighbor) who provide care that is typically unpaid for, usually takes place at home, and involves considerable amounts of me and energy.2 Due to the harrowing
nature of the illness, being a caregiver for a family member
with cancer requires mul faceted ac vi es that are physically, emo onally, socially, and ﬁnancially demanding.19,20
Caregiving tasks include monitoring symptoms, dealing
with various side eﬀects, tracking medical informa on;, and
providing emo onal and clinical support.16,21 Daily rou nes
are also nega vely aﬀected, and many caregivers become
isolated from their family and friends.22,23 In addi on, the
caregiver’s performance inﬂuences the coping style of the
pa ent with cancer, such as managing depression that can
originate from the ordeal of living with cancer.7,24 Unfortunately, nega ve emo ons (i.e., anxiety, depression, and
symptoms of pos rauma c stress) can be stressful for paents and ul mately impact both pa ents’ and caregivers’
health.15 Despite the signiﬁcance of their role, the manifold
needs of caregivers are easily overlooked by the health care
system; there are inadequate data showing approaches
that are eﬀec ve at easing caregiving burden. It has been
described that be er-supported caregivers feel a sense of
improved self-eﬃcacy and well-being, a change that also
causes a posi ve impact on the health outcomes of paents themselves.15,25 Cancer caregiving could be op mized
through interven ons targeted at enhancing medical informa on delivery, teaching coping skills, social rela onships
with their family or friends, and self-care prac ces.26
As EMR systems have been ac vely adopted within care
ins tu ons, health technology is becoming increasingly
commonplace in the clinical environment. With health technology, pa ents and caregivers can readily receive health
informa on, including laboratory results or changes on
medica ons, and report speciﬁc symptoms to health care
prac oners remotely from home.27 In recogni on of the
unique and cri cal role that caregivers play in the chronic
care context, mul ple technological interven ons have been
designed to assist caregiving tasks.28,29 For example, in caregiving research, a research program called Resources for
Enhancing Alzheimer’s Caregiver Health inves gated the
eﬃcacy of caregiving support interven ons in reducing depressive symptoms among of caregivers of pa ents with
Alzheimer disease.30 The study showed that caregivers in
the combined family therapy and computerized telephone
system experienced a substan al reduc on of depression.
Research evalua ng these interven ons has shown that
e-health technology can empower caregivers by providing
them with a pla orm of useful resources. Recent research in
the cancer treatment context has shown that most caregivers
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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of pa ents with cancer readily use advanced technology,31
and over two-thirds of caregivers want mobile technology
that supports their caregiving eﬀorts.32 In addi on to such
pervasiveness of health technology among cancer caregivers, it has also been shown that cancer caregivers ac vely
use social media such as Facebook or YouTube to share their
cancer-related experiences, acquire informa on, and seek
social support.33,34 Although evidence has shown that health
technology interven ons have the poten al to alleviate current caregiving constraints for caregivers,35 only a limited
amount of literature exists that probes the inﬂuence of mobile health technology on caregivers.36
Previously published reviews inves ga ng interven on
targets for caregivers have broadly focused on the use of
mul media for caregiver educa on,37 the role of the internet in caregiving,38 measurement of caregiver well-being
and distress,39 shared decision-making,40 basic caregiver
needs,20 and help with pain management.34 Most of these
reviews have also focused on the nontechnological interven ons,9 such as educa on programs or informa on delivery. To our knowledge, no such review has been conducted
on the impact of technology-aided interven ons on family
caregiving. This deﬁciency generates a considerable gap in

the cancer caregiving literature, par cularly as a new stream
of suppor ng technological interven ons is successfully allevia ng the caregiving burden.
This paper reviews the ﬁeld of suppor ve health technology interven ons for caregivers and subsequently analyze
and synthesizes the resul ng insights to discover further
possibili es of caregiver engagement and assistance. Invesga ng eﬀec ve technology interven ons could alleviate
caregiver burden, improve pa ent outcomes, and potenally be applied for use in many other caregiver popula ons.

METHODS
This study adopted Preferred Repor ng Items for Systema c
Reviews and Meta-Analysis41 (Fig. 1).
Three literature databases were searched: PubMed, Associa on for Compu ng Machinery Digital Library, and the Cochrane Database of Systema c Reviews. The ini al searches
included terminology that was used to iden fy research that
(1) aimed to improve caregiving (“family caregiver,” “caregiver,” “support caregiver,” or “caregiver engagement”),
(2) was associated with health technology (“technology,”
“interven on,” “e-health,” or “m-health”), and (3) was conducted in the cancer context (“cancer,” “cancer caregiving,”

Records idenƟfied through
database searching
(n =1107)

840

AddiƟonal records idenƟfied
through reviewing references
(n = 5)

Records aŌer duplicates removed
(n = 1112)

Records screened
(n = 1112)

Records excluded with
reasons (see text)
(n =1048)

Full-text arƟcles assessed
for eligibility
(n =64)

Full-text arƟcles excluded
with reasons (see text)
(n =46)

Included

Eligibility

Screening

IdenƟficaƟon

FIGURE 1. Preferred Repor ng Items for Systema c Reviews and Meta-Analysis (PRISMA) Flow Chart
to Iden fy Reviewed Ar cles
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or “cancer pa ent”). The detailed searches for the diﬀerent
databases are available upon request. For example, PubMed
oﬀers exact search func ons to narrow down by speciﬁc
diseases. The ini al database search was limited to ar cles
published in the English language, research involving human
subjects, and publica ons from 2008 to 2017. Because of
rapid technological changes, we limited our search to studies published within the last 10 years. Title and abstract of
ar cles from the search were reviewed by two researchers
and chosen based on inclusion criteria. Addi onal ar cles
were added by reviewing references of the searched ar cles from three databases. Ar cles selected for full review
were followed by in-depth analysis to categorize into four
themes: informa on delivery, communica on facilita on,
social support, and design guidelines. Some of the studies were iden ﬁed holis cally accommoda ng all of four
themes. We summarize the ﬁndings (Table 1).

RESULTS
A total of 1,112 results was found: 747 from PubMed, 353
from the Associa on for Compu ng Machinery Digital
Library, 7 from Cochrane, and 5 ar cles were added by reviewing references of the searched ar cles from three databases. Of the 1,112 results found, 64 qualiﬁed for full review.
Studies were excluded if they mainly targeted other caregiving popula ons (e.g., other disease popula ons) or if there
were no technology interven on/guidelines described. We
also included conference proceedings and journal papers,
but protocols, abstracts, or review papers were excluded.
Of those that are eligible for full review, 18 were included
in the ﬁnal results. Three were randomized controlled trials
(RCTs), and others followed quasi-experimental or qualitave interviews and observa ons from the 18 included studies. Of the results, the following studies were classiﬁed as:
three design guidelines, eight informa on facilita on, three
social support interven ons, and four that were mul component interven ons.

Design Guidelines
Because there are barriers to implemen ng health technology in health care ins tu ons, such as medical informa on
security, cost, and technology literacy, researchers have
strived to understand major needs and challenges.
Kaziunas et al42 conducted ﬁeld observa ons and interviews of pediatric pa ents receiving hematopoie c stem
cell transplanta on (HSCT) and caregivers to iden fy informa onal challenges in an inpa ent se ng. The study
outcomes suggest that participants hoped to navigate
the health system, learn to communicate effectively with
their care team, and manage the daily challenges of caregiving. Unprepared transi ons from inpa ent care to longterm outpatient follow-up were also identified as a major
challenge.
A study by Gage-Bouchard et al33 examined how caregivers
use personal Facebook pages for health-related communica on. Analysis of 12 months of data showed that Facebook
pages oﬀer a pla orm for caregivers to share their experiences,

promote advocacy and awareness, and op mize social support. As Facebook func ons as a tool for communica on,
informa on, and support, researchers argue that providers
must recognize the importance of social media as a vehicle
for support and communica on with family caregivers of
pa ents with cancer. Although some studies focus on general hospitalized pa ents, rather than a speciﬁc popula on,
researchers have conducted studies to deﬁne pa ents’ and
caregivers’ needs during hospitaliza on.
Miller et al43 iden ﬁed key design considera ons for technology to support caregivers during hospitaliza on. Researchers conducted an interview and observa on study of
pa ents and caregivers to understand par cipants’ collabora on in managing their illness. The study demonstrated
how pa ents and caregivers deﬁne their roles and responsibili es throughout a hospital stay. As a result, ﬁve diﬀerent
roles of caregivers emerged: companion, assistant, representa ve, navigator, and planner.

Informa on Facilita on
The majority of included studies examined caregivers’ informa on needs to enhance their experiences. Health literacy
is especially cri cal for caregivers due to the complexity of
the procedure, the amount of informa on they confront
over the course of the illness pertaining to treatment opons and medica ons, and the feasibility of death. Because
low health literacy is shown to associate with low adherence
to medica ons, poor health status, and increased treatment
costs,59 many researchers have focused on providing medical informa on and facilita ng communica on between
caregivers and medical providers at the right mes.
For example, Song et al44 conducted a pilot study to
examine feasibility and acceptability of Prostate Cancer Education and Resources for Couples, a web-based, coupletargeted interven on. Recruitment rates, pre- and postpilot
assessments, and website ac vi es (e.g., number of logins
and me spent on the site) were evaluated quan ta vely.
Postpilot interviews were conducted as qualita ve evaluaons. Both qualita ve and quan ta ve analyses suggested
that Prostate Cancer Educa on and Resources for Couples is
useful for pa ents with prostate cancer and their spouses,
notably improving their knowledge about medical symptoms and how to manage them. Findings suggested that the
interven on is par cularly useful for those who live in rural
areas where access to medical care is more challenging.
Slater et al45 also developed and evaluated the Oncology
Family App with the aim of providing easy access to useful resources, such as management plans for the illness and
individualized health informa on. The collabora ve team
consisted of caregivers and clinicians who worked on the
development of the app and then reﬁnement of the app following interviews with family groups. Par cipants’ opinions
were favorable regarding the app, and the result suggested
that the Oncology Family App was an eﬃcient and convenient way to provide necessary medical informa on.
Similarly, a prototype website called CARES was designed
by Badr et al46 to provide informa on, coping strategies, and
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 1. Summary of Findings in the Literature
First Author
and Reference

Number of
Par cipants

Measured Factors/
Variables

To iden fy informa onal
challenges of HSCT
caregivers and pa ents
in the inpa ent hospital
se ng

17

GageBouchard
et al33

To expand upon previous
research by examining
how cancer caregivers
use personal Facebook
pages for cancer-related
communica on

Miller et al43

Outcomes

Category

Pa ents’ and caregivers’
experience with HSCT,
emo onal challenges
of HSCT, and
informa on that the
caregiver needed about
the HSCT process

Recommenda ons to meet
the informa onal needs: (1)
provide real- me access to
EHR data, (2) provide
informa on about the
clinical trials in which the
pa ent is enrolled, (3)
provide informa on about
the pa ent’s care team, and
(4) proper preparedness
before/at discharge.

Design guidelines

N/A

Themes in cancer-related
exchanges from 18
publically available
Facebook pages hosted
by parents of children
with acute lymphoblas c
leukemia

Six themes emerged: (1) documen ng the cancer journey,
(2) sharing emo onal strain
associated with caregiving,
(3) promo ng awareness
and advocacy about pediatric cancer, (4) fundraising,
(5) mobilizing support, and
(6) expressing gra tude for
support.

Design guidelines

To iden fy key design
considera ons for
technology to support
pa ents and caregivers
during a hospital stay

48

Pa ents’ and caregivers’
experiences in receiving
and communica ng
informa on during the
hospitaliza on/
communica on themes

Sugges ons in key design
considera ons based on
ﬁve deﬁned caregiving
roles: companion, assistant,
representa ve, navigator,
and planner

Design guidelines

Song et al44

To evaluate the feasibility
and acceptability of
prostate cancer
educa on and
resources for couples

26 dyads

General and prostate
cancer-speciﬁc
symptoms, QOL,
psychosocial factors, the
interven on’s ease of
use, and web ac vi es

Improvement in overall QOL
and physical and social
domains of QOL for
pa ents. Web ac vity data
indicated high PERC use.

Informa on facilita on

Slater et al45

To develop and evaluate
the mobile app for
cancer family caregivers

15

Development of a design
interven on/features
and func onality of the
app

Frequent use in Blood Results
Table, When to Call, and
Statewide Hospital Contacts
modules.

Informa on facilita on

Badr et al46

To develop and evaluate
a dyadic, web-based
interven on to
improve survivor
self-management and
survivor/caregiver

25 (phase I) and
11 (phase II)

Needs and poten al design
features: a rac veness,
controllability, eﬃciency,
intui veness, and learnability of the
interven on

High scores in dimensions of
a rac veness, controllability, eﬃciency, intui veness,
and learnability (received
a total usability score of 80
out of 100).

Informa on facilita on

Collinge et al47

To evaluate the outcomes
of a mul media
instruc onal program

97 dyads

Symptom severity, QOL,
perceived stress, and
caregiver a tudes

Considerable reduc ons in all
symptoms occurred for
pa ents a er both ac vi es:
reading vs. massage.

Informa on facilita on

Walsh et al48

To engage stakeholders in
the development of a
home medica on
support interven on
and evaluate the
acceptability and
usefulness of the
interven on

16

Development of a design
interven on/medica on
error rates

High acceptability of the
interven on; no substan al
change in error rates

Informa on facilita on

Modi et al49

To assess barriers to clinic
a endance and the
feasibility of a webbased assessment tool
to promote problem
solving on clinic
appointments.

30 dyads

Module’s user-friendliness,
format, and poten al for
use in clinic

High degree of usefulness and
preference of the program
were received.

Informa on facilita on

Kaziunas et al

42

Aims

Con nued
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TABLE 1. Summary of Findings in the Literature (Cont'd)
First Author
and Reference

Number of
Par cipants

Measured Factors/
Variables

To inves gate experiences
of caregivers and paents with the PHR

23 dyads

Dalal et al51

To evaluate the enrollment strategy, use,
and usability of pa ent
tools and the content
of pa ent-generated
messages

Haldar et al52

Outcomes

Category

Usage and experiences
with the PHR

Favorable assessments
from both caregivers and
pa ents; diﬀerent usages
among caregivers reported

Informa on facilita on

239

The number of enrollees,
the total number of
mes each pa ent visited
the portal page, the
total number of messages
sent to the care team
per individual pa ent,
the number of messages
viewed by no ﬁed, and
the number of provider
responses/usability and
sa sfac on

Favorable evalua on in the
average system usability
and sa sfac on

Informa on facilita on

To explore the opportunies for a hospital-based
peer support system

146 (phase 1)
15 (phase 2)

Pa ents’ and caregivers’
experiences with an
undesirable event/types
of advice hospitalized individuals were
compelled to share with
their peers

Recommenda ons on three
design considera ons:
(1) leveraging the EMR to
match peers, (2) protec ng
privacy and anonymity, and
(3) accommoda ng dynamic
interac ons and needs.

Social support

Northouse
et al53

To examine the feasibility
of transla ng an eﬃcacious nurse-delivered
program

38 dyads

Emo onal distress, QOL,
beneﬁts of illness/caregiving, communica on,
support, and self-eﬃcacy

Marked decrease in emo onal
distress, increase in QOL,
self-eﬃcacy, and perceived
beneﬁts of caregiving;
notable improvement in
self-eﬃcacy; no changes in
communica on.

Social support

Fuentes et al54

To explore how persuasive
mobile technologies
promote the selfreﬂec on and introspecon of communica on
prac ces, emo ons,
and lifestyle

6 (phase I) and 6
(phase II)

Social isola on, emoons, and lifestyle of
caregivers/feasibility
and usefulness of the
interven on

Useful feedback on the
interven ons (nurture
social rela onships, posi ve
impact in social isola on)
and favorable assessment
with visualiza ons

Social support

DuBenske
et al55

To report the impact
on caregiver burden,
disrup veness, and
mood of providing
caregivers access to
the interven on vs.
the internet with a list
of recommended lung
cancer websites.

285

Caregivers’ disrup veness,
burden, and nega ve
mood

Caregivers in the CHESS
reported lower burden and
nega ve mood than those
in the internet group; no
signiﬁcance in the eﬀect on
disrup veness

Mul component
interven on

Chih et al56

To assess the eﬀects of
an online symptomrepor ng system on
caregiver preparedness,
physical burden, and
nega ve mood

235 dyads

Caregiver preparedness,
physical burden, and
nega ve mood

Caregivers’ CHESS + CR group
reported less nega ve
mood than those in the
CHESS-Only group; no
noteworthy diﬀerence in
caregiver preparedness or
physical burden

Mul component
interven on

Mayer et al57

To describe the process
used to create a pediatric transplant-speciﬁc
web-based educa on
and support module

23 (phase I),
161 (phase
II), and 16
(phase III)

Unmet needs of users and
poten al func onality of
the interven ons

Development in HSCT-CHESS
website/favorable feedback
on ini al pilot usability test

Mul component
interven on

Runaas et al58

To assess the impact of
the tablet-based
interven on.

10

Recurring themes regarding caregivers’ uses of
the interven on

Caregivers found the tool useful and easy to use, leading
them to want even greater
access to informa on.

Mul component
interven on

Hong et al

50

Aims

Abbrevia ons: CR, clinician report; EHR, electronic health record; HSCT, hematopoie c stem cell transplanta on; N/A, not applicable; PERC, Prostate Cancer Educa on and Resources for Couples; QOL, quality
of life.
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support services for survivors of oral cancer and their caregivers. Semistructured interviews with pa ents and caregivers were conducted to capture informa on and support
needs as well as preferences on website features. Usability
assessments uncovered issues related to intuitiveness,
naviga on, and design of the website. The website was evaluated favorably on the dimensions of a rac veness, controllability, eﬃciency, intui veness, and learnability.
Another example is an RCT by Collinge et al47 conducted
to evaluate a mul media instruc onal program for family
caregivers with the aim of providing comfort to pa ents
with cancer through simple touch-based techniques at
home. Par cipants were randomized to experimental (mulmedia instruc on in touch and massage methods) or atten on control (reading instruc on) groups. Pa ents with
cancer and their caregivers were asked to report changes in
symptom severity, QOL, perceived stress, and a tudes. The
result shows that mul media instruc on in touch methods
oﬀered family members enhanced self-eﬃcacy and sa sfacon in caregiving, as well as decreased pa ent pain, depression, and related symptoms. When using the interven on,
family members were trained to apply strategies that enhance pa ents’ posi ve moods and reduce distress.
In addi on to providing informa on and educa on, other
researchers focused on mee ng speciﬁc medical needs,
such as medica on management and adherence to clinic
appointments. Walsh et al48 developed a web-based interven on (Home Medica on Support) to provide mul purpose func ons related to medica on management. Home
Medica on Support includes a medica on calendar, a communica on tool, side-eﬀect informa on, and a conversion
chart. A usability test was conducted in the second phase
of the project with medical record reviews, telephone interviews, and a survey to access usefulness of the interven on
and medica on error rates.
A recent pilot study conducted by Modi et al49 examined
the poten al of using web-based technology to provide a
standardized assessment of adherence to clinic appointments for pa ents with sickle cell disease. Although both
studies required more large-scaled assessments to prove a
posi ve impact of interven ons, they introduced novel approaches to suppor ng caregivers.
Hong et al50 conducted a mixed-methods study with adolescent pa ents and their family caregivers to understand
experiences of a personal health record (PHR) system.
Through analyses of usage logs, surveys, and interviews,
researchers found that both caregivers and pa ents valued the PHR system; the study recognized diﬀerent usages
among caregivers (for example, caregivers made more use
of messaging features). Pa ents generally had more conﬁdence in managing their health when using the PHR system.
Dalal et al51 implemented a web-based, pa ent/caregivercentered toolkit that engages pa ents/caregivers with the
plan of facilita ng educa on and pa ent-provider communica on in oncology units and medical intensive care. Usage
of pa ent tools was measured using a System Usability and
Sa sfac on Survey with pa ents and caregivers. As a result,
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the use of educa onal content was highest for medica ons
and test results and lowest for problems. The most common
clinical theme iden ﬁed was health concerns, needs, preferences, or ques ons.

Social Support
In addi on to improving informa on delivery and communica on, there are eﬀorts to assist caregivers using social
support. Because oﬀering care to pa ents with cancer is
commonly perceived as a chronic stressor, several studies
have inves gated interven ons, including peer connec ons
and psychoeduca onal assistance, to provide social support. Research outcomes found that interven ons resulted
in reducing nega ve physical, emo onal, and social eﬀects
on caregivers’ daily lives.
Haldar et al52 explored opportuni es for hospitalized individuals to have a peer support system, such as online health
communi es, support groups, and mentoring systems. Surveys and semistructured interviews were conducted, and
ﬁve beneﬁts of peer support were iden ﬁed: medica on
details, informa on on providers, report and avoid medical
errors, emo onal support, and me management in the
hospital.
Northouse et al53 tested the feasibility of transla ng an interven on, called FOCUS Program, for pa ents with cancer
and their family caregivers into a tailored, web-based format. FOCUS Program contained ﬁve modules that spelled
the acronym FOCUS: family involvement, op mis c outlook,
coping eﬀec veness, uncertainty reduc on, and symptom
management. Measured outcomes included emo onal distress, QOL, and beneﬁt of illness or caregiving. A pre- and
pos nterven on feasibility study was done to understand
the feasibility of using a web-based format to deliver the
FOCUS Program. The results suggested that it is possible to
translate a clinician-delivered program to a web-based format that was easy to use and had posi ve eﬀects on dyadic
outcomes.
To engage users, other researchers ac vely used visual
components of health technology. Fuentes et al54 designed
a mobile system called Emo onMingle, showing an image
tree that maps a caregiver’s social network with the goal of
mi ga ng social isola on. The mobile system also provides
informa on to caregivers as to how their emo ons correlate
with their daily communica on prac ces. The results of a
qualita ve assessment of the study indicated that family
caregivers perceived it as useful tool and its visualiza ons
as appropriate.

Mul component Interven ons
Although most of the interven ons included in this ar cle
had the intent of allevia ng caregiver burden, a few studies
provided a more holis c view encompassing informa onal,
communica onal, and social aspects of caregiving with
prac cal design solu ons.
A web-based tool known as Comprehensive Health Enhancement Support System (CHESS) that provides cancerrelated informa on, communica on, and a coaching system
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has been shown to help alleviate the nega ve moods of
caregivers of pa ents with lung cancer.55 RTCs compared
the impact on caregiver burden, disrup veness, and mood
of providing caregivers with access to CHESS versus a list of
recommenda ons for lung cancer websites. DuBenske et al55
demonstrated that CHESS had lower burden and nega ve
mood a er 6 months than those with access to the websites
only.
Chih et al56 inves gated the eﬀects of an online symptom-repor ng system on caregiver preparedness, physical
burden, and nega ve mood. Pa ents with cancere and their
caregivers at ﬁve outpa ent oncology clinics were randomly
assigned to two groups. Caregivers who used the online
support system with mely communica on with clinicians
reported less nega ve mood than those who used the online support system only. The study found that by using the
online support system, caregivers might experience less
nega ve mood due to the communica on with clinicians to
meet their needs in management of symptoms for pa ents.
The researchers argued that by adop ng useful communica on technologies, providers could oﬀer mely support to
family caregivers in managing cancer symptoms eﬀec vely
at home.
As an extension of the original successes of CHESS in the
context of pa ents with lung cancer, Mayer et al57 developed the HSCT-CHESS for caregivers and pa ents of pediatric HSCT. The study conducted a needs assessment through
focus groups and surveys. Reported ﬁndings guided an interdisciplinary team of family caregivers, providers, engineers,
and design teams to develop the reﬁned interven on, HSCTCHESS.
Similarly, in the HSCT context, BMT Roadmap was developed by Runaas et al58 to integrate the personal health
informa on of pediatric pa ents with HSCT and provide
several domains: laboratory results, medica ons, clinical
trial details, photos of the health care team, trajectory of
transplant process, and discharge checklist. The tool was
provided to caregivers of pa ents undergoing a ﬁrst- me
HSCT. Qualita ve interviews to evaluate the impact of the
tool were conducted throughout the pa ent’s hospitalizaon on a weekly basis, as well as at discharge and day 100.
Study par cipants found the tool helpful and easy to use,
leading them to desire more access to informa on.

DISCUSSION
A major goal of this review was to examine published literature on suppor ng caregivers of pa ents with cancer using
technology-assisted interven ons. The results of our review
suggest that the use of health technology-based intervenon methods in support of caregivers is s ll in its infancy.
We found that only a few interven ons were rigorously and
systema cally tried in the clinical environment. Moreover,
to our knowledge, pre- and post-tests about informa on
facilita on were not conducted. As caregivers represent a
cri cal extension of the clinical environment, it would be
beneﬁcial to iden fy tailored technology interven ons with
standardized measurement scales and research methods

that might be useful. To that end, mul ple itera ons of usercentered approaches are cri cal prior to implementa on
in the clinical environment to improve usability and avoid
unintended consequences of technology.57,60 For example,
involving caregivers and pa ents from the early stage of
the interven on development process would lead to an improved, func onal product.61
As per our analysis, most exis ng interven ons were
weighted toward informa on facilita on (8 of the 18 studies), such as providing specific medical information to
caregivers through educational websites or smartphone
applica ons. In other words, study outcomes focused on
providing medical informa on. Minimal work focused on
promo ng ac ve par cipa on through two-way communica on with providers or peers. However, considering the
complexity and speciﬁcity of symptoms experienced by paents with cancer, generic health informa on would not
eﬀec vely accommodate a large number of pa ents. The
adapta on of EMR systems within health care ins tu ons
and the widespread adop on of health technology would
enable pa ents and caregivers to play an ac ve role in their
care. To provide valuable communica on, it would be cri cal for the caregivers to gain access to necessary informaon as well as provide relevant informa on for clinicians.
Future studies should address addi onal ways to address
caregivers’ needs.
Methodological aspects of the exis ng study would merit
an inves ga on as well. Most of the studies we have introduced in this review included small numbers of par cipants
to conduct semistructured interviews and measured the
success of each interven on. We found very few intervenons guided by a theore cal framework. Further, only three
studies followed a randomized controlled design with large
numbers of par cipants.47,55,56 For example, DuBenske et al55
reported posi ve results of improving the caregiver’s mood
with RCTs. As most of our reported study conducted pilot
feasibility trials, the study result suggested the future possibility of using randomized controlled design to further validate an impact of suggested interven ons.
In addi on, the success level of individual interven ons
was evaluated with various measurement methods. Some
of the studies used widely used ques onnaires, and others
used Likert scales that measure the general QOL as a caregiver, including measures of social support or life sa sfacon.44,53,56 Other studies developed their own instruments
or conducted qualita ve interviews to gain deeper user insights.42,43,50,58 Speciﬁcally, Collinge et al47 used the Func onal
Assessment of Cancer Therapy-General and the Perceived
Stress Scale to evaluate the perceived stress levels of caregivers and overall adjustment of caregivers. DuBenske et al55
reported each interven on’s eﬀect on caregivers’ disrupveness, burden, and nega ve mood with Caregiver Quality of Life Index-Cancer and Proﬁle of Mood States scales.
In contrast, some studies evaluated the usability of a given
interven on through a semistructured interview inves gating the caregiver’s experience with the interven on.45,46,49,54
Also, another group of researchers adopted semistructured
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

845

SHIN ET AL

interviews exploring the caregiver’s experience, emo onal
challenges, and informa on that the caregiver needed.33,42,43
Reported ﬁndings from included studies generally indicate
that caregiving technologies could bring about various posi ve results, including lower stress and nega ve moods,53,55
or improve engagement.58 However, there is no uniﬁed
measurement instrument and standardized observa on period to deﬁne the rela ve success of interven ons. This lack
of consistency prevents researchers from unifying insights
from mul ple diﬀerent studies. Unstandardized methodologies o en beget biased results and create challenges for
researchers who would compare and contrast the results of
various studies. Even though some studies were conducted
to address similar objec ves, comparing the impact of each
interven on is almost impossible with current study results.
Despite such shortcomings, the studies iden ﬁed in this
review provide valuable lessons for designers and health
care prac oners. Notably, we could ﬁnd that a majority of
nontechnological, educa onal/informa onal interven ons
have been developed to assist caregivers and have been
widely used by health care ins tu ons.9 Contents or approaches to the developed interven ons would be turned
into an advanced pla orm with technologies. In addi on,
although there are novel design guidelines that take advanced technology into considera on,62 mul ple obstacles
must be overcome before such interven ons could be effec vely implemented. Interven ons like Bright IDEAS10,63
supply important insights into poten al solu ons to such
persistent issues.
In pediatric oncology, inves gators have completed two
large RCTs with Bright IDEAS, showing that it is eﬀec ve
in improving mood and reducing symptoms of depression
and pos rauma c stress in caregivers of children receiving
a diagnosis of cancer. Signiﬁcantly, the improved problemsolving skills of caregivers mediated changes in mood,
depression, and posttraumatic stress.64,65 Further, Bright
IDEAS is a psychosocial interven on that teaches problemsolving skills to a nonclinical popula on when they are under duress. Thus, problem-solving skills training has had
wide-ranging applicability based on its successful use in pediatric pa ents with cancer for school reintegra on,66 adult
pa ents to enhance overall mood, and caregivers of adult
pa ents with cancer.67
Bright IDEAS was ini ally developed as a skill-based interven on in the early 1990s for caregivers (primarily mothers)
of recently diagnosed pa ents with childhood cancer. The
lightbulb in the logo signiﬁes a sense of op mism (posi ve
orienta on) about solving problems that is essen al for successful implementa on. The le ers I (iden fy the problem),
D (determine the op ons), E (evaluate op ons and choose
the best), A (act), and S (see if it worked) signify the ﬁve
essen al steps of problem-solving.68 It is an exemplary interven on that has been developed over three decades
and received the designa on of one of a select group of
Research-Tested Interven on Programs by the Na onal
Cancer Ins tute of the Na onal Ins tutes of Health (h p://
r ps.cancer.gov/r ps/). Bright IDEAS has been examined
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in four large studies, including three that have been mulsite RCTs, with well over 1,400 caregivers of recently diagnosed pa ents with childhood cancer.10,63,68 Since 2015,
the Bright IDEAS team has been ac vely dissemina ng this
evidence-based interven on as part of an expansive transla onal research project.
Brieﬂy, Bright IDEAS has been studied in the following
sequence: (1) 1995—the ini al study consis ng of eight
1-hour individual sessions, according to a detailed protocol,
at eight sites with four diﬀerent languages. Bright IDEAS was
acceptable to caregivers (n = 92); problem-solving skills improved, and distress was lessened. Subsequent to this pilot feasibility trial, the Bright IDEAS team conducted a large
randomized controlled trial of Bright IDEAS versus usual
psychosocial care. Caregivers were randomly assigned to receive Bright IDEAS or usual psychosocial care at seven sites
in two diﬀerent languages and demonstrated that enhanced
problem-solving skills mediated decreased nega ve aﬀecvity (e.g., mood, depression, and post-trauma c stress) in
the Bright IDEAS arm (n = 430).10 Finally, a second large RCT
of Bright IDEAS versus nondirec ve suppor ve therapy was
reported from seven sites in two diﬀerent languages. This
work demonstrated sustained eﬀects of teaching coping
skills compared with providing general support (n = 301).63
Finally, the Bright IDEAS group has just ini ated another trial
comparing Bright IDEAS (face-to-face) versus eBright IDEAS
(online) at ﬁve sites in two diﬀerent languages that recently
completed accrual (630 enrolled). Analyses are ongoing
with pending results.
Based on these ﬁndings, par cularly in disadvantaged
caregivers (e.g., mothers with low socioeconomic status,
single, and minority),10,69 and the eﬀec veness of teaching
coping skills that have ongoing impact even a er formal
contact ends, the Bright IDEAS group is currently increasing
access by na onal dissemina on of the Bright IDEAS program to more than 90% of the pediatric oncology treatment
centers in the United States, supported by a Na onal Cancer
Ins tute grant (R25 CA183725: co-project directors/principal
inves gators: Noll and Sahler). In eﬀorts to build capacity of
Bright IDEAS, they have trained over 220 professionals to
date (e.g., PhDs, advanced prac ce nurses, and social workers) with a study design that includes careful monitoring of
dissemina on by each trainee in ﬁve ways: (1) number of
professionals trained (Bright IDEAS trainees); (2) number
of pediatric oncology sites with a trained professional; (3)
number of ADVANCED Bright IDEAS trainers that are trained
(train the trainer); (4) number of workshops provided by the
Bright IDEAS trainers; and (5) number of professionals at
the sites or regionally who are trained by the Bright IDEAS
trainers in providing Bright IDEAS (i.e., success of the trainthe-trainer model).
The eﬀec veness of Bright IDEAS is now well established.
However, its adop on into clinical prac ce has been limited
to seven research centers (i.e., less than 5% of all pediatric oncology centers in the United States).10,63,70 Although
caregivers remain central to cancer care, especially in pediatrics, and data support the link of caregiver support to
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pa ent outcomes, very few interven ons have been effec vely translated broadly across cancer care. Thus, the
transla on of well-established interven ons, such as Bright
IDEAS, which remains exemplar in the childhood cancer care
se ng, into clinical prac ce remains a cri cal challenge for
delivering op mal cancer care.
The implementa on and evalua on of the dissemina on
plan for the Bright IDEAS training has been though ully designed with an implementa on science expert using two
frameworks from implementa on science: diﬀusion theory
and Reach, Eﬀec veness, Adop on, Implementa on, and
Maintenance. According to a recent review of disseminaon and implementa on research funded by the Na onal
Ins tutes of Health (2005 to 2012), the frameworks that
have been shown to be most commonly used were Rogers’
Diﬀusion of Innova ons model for designing for disseminaon and the Reach, Eﬀec veness, Adop on, Implementa on,
and Maintenance framework for evalua ng interven on
efforts.71 The dissemination of evidence-based practice
does not occur spontaneously; passive approaches, such as
reliance on scien ﬁc publica ons and websites alone, are
largely ineﬀec ve in changing clinical prac ce. Rather, comprehensive, mul level approaches, incorpora ng interpersonal interac on through training and role modeling, are
more eﬀec ve. The use of behavioral science frameworks
for designing the dissemina on process is highly recommended72 and is currently the strategy being used in the
Bright IDEAS dissemina on plan. A unique feature of pediatric oncology is that treatment is concentrated among
approximately 220 centers within the Children’s Oncology
Group. Pa ents and family caregivers unify to par cipate in
large, mul center Children’s Oncology Group trials, which
has been the backbone and founda on of advancing pediatric cancer care over the years. Based on this model and
the knowledge that family caregivers are central to pa ent
outcomes, especially in pediatrics, expanding standards of
care, including eﬀec ve interven ons, to support caregivers
speciﬁcally through diagnosis, treatment, survivorship, and
end-of-life in clinical prac ce is needed.

Based on the literature review, a key implica on is the
need for transdisciplinary research inves gators partnering
with clinicians, pa ents, and family caregivers at the bedside. Further, it remains cri cal to consider major advances
in self-directed technology and societal changes, such as
distance/demographics of caregivers, ethnic diversity, aging
popula on, cancer care advances, and dual-earning families
(i.e., accoun ng for more male caregivers with working female caregivers) in designing and developing eﬀec ve interven ons for caregivers of pa ents with cancer.

LIMITATIONS
This review was limited to English-language publications
and only included studies published in last 10 years.
There is also a possibility of the exclusion of related studies due to limitation of search engines and terms. The
definition of caregiving with technology is relatively new
and still evolving. Therefore, our definition and approach
may not have covered all relevant studies. Given the increased a en on to suppor ng caregivers of pa ents with
cancer and rapid changes of technology, there may be recent studies currently under development or review that
were not covered. Because 10 of 18 studies in this review
were conducted in last 3 years, we hope future studies
would be enhanced with the inclusion of these undiscovered studies.

CONCLUSION
Our review shows that there is a current paucity of science
(technology-mediated or otherwise) related to helping
caregivers of pa ents with cancer, as well as a standardized approach to improve usability and ac ve adop on of
developed interven ons. With growing popula ons and the
rising costs of advanced cancer therapy, technology-aided
interven ons have the capacity to provide eﬀec ve soluons for families whose lives are aﬀected by cancer. By devising be er ways to implement mobile health technology,
health care ins tu ons would provide both pa ents and
caregivers with a be er-quality health care experience.
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OVERVIEW
Cancer care in the United States faces a perfect storm: an aging popula on and expected increased cancer incidence,
growing numbers of cancer survivors with ongoing care needs, and con nued scien ﬁc advancements, oﬀering extraordinary promise at extraordinary cost. How, then, do we as pediatric oncologists engage in the dialogue about cancer cost
considera ons? The purpose of this ar cle and its accompanying session presented at the 2018 ASCO Annual Mee ng is
to introduce concepts of cost, value, and ﬁnancial hardship. In the ﬁrst sec on, we will provide an overview of principles
of health economics, including components of cost, me horizon considera on, discoun ng, and methods to calculate
incremental cost-eﬀec veness among therapeu c approaches. We will then introduce the value framework being debated
in adult oncology and oﬀer poten al opportuni es for its applica on in pediatric oncology. In the second sec on, we will
describe the integra on of the cost-eﬀec veness paradigm in an ongoing pediatric clinical trial, including design and analy c considera ons. In the third sec on, we will shi away from cost to the health care system to cost to the pa ent, which
is also termed “ﬁnancial toxicity” or “ﬁnancial hardship,” focusing on the ongoing burden of cost on survivors of childhood
cancer. Our goal is to provide our readers with the vocabulary and understanding of this complex and o en thorny debate
so that they can be ac ve par cipants and informed advocates for their pa ents.

H

istorically and in contrast to medical oncology, the cost
of care has not been a dominant theme in pediatric
oncology. Explana ons for this include the rela vely small
number of incident and prevalent cases of cancer in children rela ve to adults, the paucity of emerging new therapies, and the rela vely small propor on of total health care
expenditures a ributable to pediatric oncology. In addi on,
few health insurance plans include suﬃcient numbers of
childhood cancers to study treatment pa erns or the cost
of care.
Although the incidence of pediatric cancer has remained
rela vely stable,1 the aging of the U.S. popula on has resulted in increased incidence of cancer for the popula on
overall; this trend is projected to con nue. By 2030, it is
es mated that nearly 20% of the U.S. popula on will be
at least age 652; the total cancer incidence over that same
me period will increase by 45%.3 Moreover, the number
of cancer survivors con nues to grow. It is es mated that
there are approximately more than 400,000 survivors of
childhood cancer4,5 and, by 2040, a total of 26.1 million
survivors across the en re age con nuum.6 As cancer has
become a chronic disease, many survivors con nue to have
ongoing health issues long a er their ini al treatment is
completed and, as a result, con nue to interact with the
health care system to manage sequelae of their disease and

treatment. Emerging research has described the ﬁnancial
hardship that survivors face and the impact of this burden
on their health-related quality of life (HRQL).7
On the discovery side, the number of new cancer drugs
also con nues to grow. In the last year alone, 57 new drugs
were approved or had expanded indica ons8; several are
ac vely being inves gated in clinical trials, including in pediatric oncology. In August 2017, the U.S. Food and Drug
Administra on approved the ﬁrst gene therapy, known as
CAR-T cell therapy, for the treatment of pediatric acute
lymphoblas c leukemia. Since then, other cell therapies
have also been approved with es mated costs ranging from
$475,0009 to $1.5 million. In addi on to actual cost of the
therapy, a cascade of costs has been described with this
therapy, including suppor ve care, intensive and extensive
hospital care, and poten al downstream cancer care.10 Proponents of these new therapies, par cularly for children,
point to the promise of lifelong cure, whereas cri cs raise
concerns about the unsustainability of treatments at this
price point for pa ents and their families and for society
more broadly.
Although the cell therapies represent the most expensive
class of treatments, the cost of all cancer treatment has increased drama cally,11 and many therapies have price tags
of $100,000 or more annually.12 The unchecked price of
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cancer therapy13 and con nued use of novel therapeu cs
and diagnos cs with li le regard to price have contributed
to a projected increase in na onal cancer expenditures over
the decade from 2010 to 2020. Based only on popula on
changes during this period, cancer expenditures are projected to increase by 27%, and when costs associated with
expensive treatments are considered, cancer expenditures
are projected to rise by 39% to 66% during this 10-year period.14 Concurrently, the excess ﬁnancial burden to pa ents
also has grown; cost concerns are common among adult
survivors of cancer.
In a 2010 survey of members of ASCO, 67% of respondents thought that access to eﬀec ve treatment should not
be inﬂuenced by cost. However, 56% said that drug costs inﬂuenced their treatment decisions. For 84% of respondents,
treatment decisions were also inﬂuenced by pa ents’ outof-pocket expenses.15 Despite these concerns, only 42% of
respondents reported always or frequently discussing costs
with their pa ents.
Increasingly, professional organiza ons, pa ent advocates,
and provider groups have called for greater transparency
about the cost of care, throughout the care con nuum.16,17
Frank discussions about upfront and poten al downstream
costs are needed as pa ents, their families, and providers
make decisions about care. Beginning in 2007, ASCO has
directly addressed the rising cost of cancer care by convening a series of task forces, designed to educate oncologists about cost and s mulate mely discussion between
pa ents and providers about poten al cost implica ons of
treatment. By 2013, ASCO renamed the task force to “Value
in Cancer Care,” which led to the development of a value
framework, focusing on toxicity (safety) and clinical beneﬁt
(eﬃcacy) in addi on to cost (eﬃciency).18 To date, most of
the ASCO focus has been on adult oncology rather than pediatric oncology.

METHODS OF ECONOMIC EVALUATION
The underlying assump on in economic evalua on is that
although demand for services is inﬁnite, societal resources
are limited. Therefore, the goal of economic evalua on is

PRACTICAL APPLICATIONS
• The cost of cancer care is growing faster than can be
explained by shi ing demographics alone.
• With rising costs, greater transparency is called for
between providers and pa ents about cost of care,
although value frameworks, under development and
discussion in adult oncology, have not been applied to
pediatric oncology.
• The formal study of cost associated with pediatric cancer
care has lagged other cancers.
• Cost considera ons can be successfully incorporated into
therapeu c clinical trials in pediatric oncology.
• Survivors of childhood cancer face short-term and las ng
ﬁnancial hardship, which can diminish their healthrelated quality of life.

determine which interven ons have greater value than others. As noted, one of the most widely used methods to compare interven ons is cost-eﬀec veness analysis (CEA). This
method is appropriate when the interven ons aﬀect the
same health outcome, such as survival in life-years or qualityadjusted life-years (QALYs). In CEA, the incremental costs
are divided by the incremental beneﬁts, yielding the incremental cost-eﬀec veness ra o (ICER). Typically, the costs included in CEA are those directly related to the medical care
received (direct costs) or incurred by the pa ent and family
in seeking medical care (e.g., out-of-pocket expenses). Costs
associated with informal caregiving, referred to as spillover
costs, are not routinely included in cost analyses, likely
resul ng in an underes mate of total costs for a given interven on,19,20 especially in a pediatric popula on.21 The perspec ve of the analysis determines what types of costs are
included. Health economists generally recommend that a
societal perspec ve be taken in determining costs under the
assump on that money spent on health care is not available
to be spent on other societal needs. Because of the complexity of the U.S. health care system with regard to both
the purchasing and delivery of health care beyond a single
payer or government interven on, other perspec ves, such
as payer or ins tu on, have also been used.
Costs can be collected directly from the health sector
(e.g., hospital billing and administra ve claims) or imputed
from units of use, obtained from the health record and/or
reported by the pa ent/family. Most administra ve data reﬂect charges (i.e., billed services) rather than true costs and
must be adjusted using available ins tu on-speciﬁc cost-tocharge ra os. Costs incurred by pa ents and families can be
es mated from cost diaries. Produc vity cost can be measured by reduc on in work hours, missed days from work,
or consump on of beneﬁts (e.g., vaca on days and personal
me oﬀ) or reported work interrup on (referred to as presenteeism).22,23 Intangible costs, because of pain and suﬀering, are more challenging to measure and o en excluded
from cost analysis.
When the denominator in CEA is QALYs, the type of analysis is referred to as cost-u lity analysis. QALYs are derived
as the product of survival measured in years mes the quality of life of those years, measured as a value from 0 to 1,
ranging from as bad as death to perfect health. This value or
u lity can be measured directly or indirectly from validated
ques onnaires.24 Costs per QALY for a par cular therapy can
be benchmarked against other therapies or compared with
threshold of $50,000 to $100,00025; the cost/QALY ra o
for cancer therapy is on average higher than for noncancer
therapy.26 In the United States, use of a threshold generates
concerns about ra oning, although CEA thresholds are used
in other countries in decision-making about treatment
coverage.
Although the principles of the dialogue between provider
and pa ent about cost of cancer care are similar, there are
key diﬀerences between the adult and pediatric populaons, the most obvious of which is me horizon. For many
children with cancer, the goal of cancer therapy is to restore
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health and op mize func oning over decades. An expensive upfront therapy that achieves long-term disease control and prevents future relapse and its associated toxicity
may in fact be good value. Similarly, a costly therapy that
achieves be er pallia on and symptoms relief may also be
good value for money.
In general, health improvements lag rela ve to cost, as
illustrated in Fig. 1.27 Modeling approaches are generally
needed to es mate costs and beneﬁts beyond me horizon
of available data. Methodologically, health economists use
discoun ng to adjust the present value of costs and beneﬁts. Outcomes that occur in the near term are more salient than outcomes occurring in the future. This is known
as me preference. Typically, a discoun ng rate of 3% to 5%
is recommended for discoun ng.28
With rising health care costs in cancer care and therapy,
decision-makers, including pa ents, providers, medical systems, and payers, increasingly seek evidence of economic
value to evaluate eﬀec veness of new therapies. In 1996,
the panel on cost-eﬀec veness in health and medicine
published a series of recommenda ons for repor ng CEA,
deﬁning the components included in both the numerator
and denominator of the CEA ra o, the role of me horizon,
and use of discoun ng.29 These recommenda ons were
updated in 2016 to highlight the need for incorpora on of
both the societal perspec ve and the health care sector or
other decision-makers’ perspec ves in analyses, based in
QALYs.28 The Interna onal Society for Pharmacoeconomics
and Outcomes Research developed the ﬁrst Good Prac ces
guideline for CEA alongside clinical trials in 2005, with an
updated report in 2014.30 Although pairing of economic trials to clinical trials has been accomplished in cardiovascular
disease, immuniza on prac ces, and speciﬁc adult cancer
se ngs, there has been no prospec ve CEA evalua on in a
mul center pediatric oncology trial to date.
A retrospec ve es ma on of inpa ent costs by trial arms
in a large Children’s Oncology Group (COG) randomized
controlled trial (RCT) for acute lymphoblas c leukemia
demonstrated the strength of linkage of clinical trial data to
administra ve databases, such as the Pediatric Health Informa on System, but this approach lacked accoun ng for outpa ent health care costs and indirect costs.31 Further, it fails
to be generalizable because of ins tu onal varia ons for
centers not represented in the Pediatric Health Informa on
System. Analyses of hospital discharge data from the Agency
for Healthcare Research and Quality’s Healthcare Cost and
U liza on Project Kids’ Inpa ent Database, drawing on data
from the majority of states, found that the average inpa ent
hospital charge of an admission for pediatric cancer therapy
increased by 36% from 2000 to 2009,32 not accoun ng for
other components of health care, such as outpa ent services and pharmacy. For selected diagnoses and treatments,
costs incurred in the outpa ent se ng or because of therapeu cs or diagnos cs may be substan al, even if the inpaent frac on of cost is rela vely small. A meta-analysis of
economic evalua ons of pediatric cancer treatment noted
that the few studies with CEA focused on comparisons of
852
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FIGURE 1. Time Horizon of Economic Analysis

suppor ve care approaches,33 such as growth factor use or
other suppor ve care, such as serotonin antagonists for emesis control or novel agents to treat tumor lysis syndrome
(e.g., rasburicase).34 Although there has been an increase
in applica on of economic evalua on methods, there has
been no prospec ve incorpora on of CEA into a mul ins tu onal RCT of a standard versus a new oncology therapy in pediatrics.

THE CLINICAL CONTEXT
Interes ngly, despite rapid advances in novel hematologic
therapies,35 no trial has reported on CEA in upfront treatment of Hodgkin lymphoma (HL). Although HL is a very curable in children and adults, long-term sequelae contribute
to chronic disease in survivors.36,37 Cura ve therapy has
evolved from large radia on ﬁelds as a single modality, to
mul agent chemotherapy, to contemporary combined modality therapy. Early success in disease control stunted the
search for new therapies or for considera on of endpoints
beyond disease-free survival with conven onal therapy. In
fact, no new pharmacotherapy class had been applied for HL
for decades un l the advent of the an body drug conjugate
brentuximab vedo n.38 The recogni on of late morbidity
and mortality36 from cura ve therapy has forced considera on of overall survival as a be er measurement of treatment eﬀec veness, whereas disease-free survival remains
the endpoint of eﬃcacy with new therapies. In pediatric
HL, overall survival remains high because of the availability
of eﬀec ve salvage therapy approaches, but this endpoint
fails to capture latent events, late morbidity, the impact of
salvage therapy on HRQL, and premature mortality in survivors. Furthermore, the nature and design of interven onal
clinical trials focus on short-term eﬃcacy of a novel therapy,
but are unable to capture the impact on HRQL, survivorship,
and ﬁnancial health in either those who remain disease-free
or those who require addi onal therapy a er failure of the
ini al treatment.
With rising costs of cancer care, cost endpoints are of importance to the mul ple stakeholders, including pa ents,
caregivers, providers, payers, pharmaceu cal companies, and
policy makers.39 Direct and indirect costs of standard therapy
have never been studied in pediatric HL. As expensive novel
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therapies emerge, understanding the cost consequences in
treatment success or failure is of great importance. Contemporary clinical trials in advanced-stage HL are an ideal opportunity for inclusion of CEA aims as an a priori reportable
study endpoint. The adop on of an body-drug conjugates
(ADC) like brentuximab vedo n that target the biology of
the HL Reed-Sternberg cell has been quickly followed by the
development of immunomodulatory PD-1 inhibitors. Both
promise to minimize the use of conven onal chemotherapy or radia on therapy if eﬃcacious. Their long-term effec veness remains undetermined, however, underscoring
the need for planned follow-up for the risk of late eﬀects
of brentuximab vedo n or immunomodulatory drugs (e.g.,
PD-1 inhibitors), given in the growing child/adolescent. History would tell us that this might take decades to unfold.37,40

OPERATIONALIZING CEA ENDPOINTS IN
PEDIATRIC ONCOLOGY
COG, in an ac vely enrolling phase III RCT (NCT02166463),
is comparing the eﬃcacy of ﬁve cycles of chemotherapy
plus brentuximab vedo n and radia on (experimental arm)
against ﬁve cycles of dose-dense chemotherapy and radia on (standard arm) for children, adolescents, and young
adults (age 2–21) with newly diagnosed advanced-stage HL.
Although the primary endpoint is 3-year event-free survival,
exploratory aims for CEA were designed and embedded.
The endpoint for the CEA aim is determina on of the ICER
between study arms using unit cost and calculated QALYs
for the period from diagnosis un l 3 years from comple on
of therapy. Our a priori hypothesis was that the ICER would
favor the experimental arm, which uses the novel ADC.
Based on the high cost of the ADC ($16,200 per dose and
$81,000 for ﬁve cycles for a 70-kg pa ent) and the previously unstudied cost comparison of hematopoie c stem cell
transplanta on (HSCT) salvage regimens for pa ents with
relapsed or refractory HL,41,42 the trial for advanced-stage
HL is an ideal se ng to establish a paradigm for pediatric CEA studies. Concurrent aims focus on chemotherapyassociated peripheral neuropathy (CIPN), a speciﬁc targeted
toxicity and risk in both trial arms, and HRQL to evaluate
the func onal impact of both and the en rety of the therapy course. Both were captured using pa ent-reported outcomes (PROs). Self-report of health care use and caregiver
burden was also incorporated in this pediatric popula on.
The study aims are independent, yet all part of the a priori
design toward the CEA aim embedded in the RCT in keeping
with Interna onal Society for Pharmacoeconomics and Outcomes Research guidelines.
The trial incorporated mandated comple on of PROs at
baseline and at key therapeu c points throughout the study
for all consen ng pa ents. Although pediatric HL therapy is
delivered over 4 days in an outpa ent se ng by most centers, the dose-dense chemotherapy treatment is associated
with toxicity that may require hospitaliza on for any given
cycle.43 Validated instruments of direct and indirect health
care costs are completed by parents and youth as age appropriate (Table 1): the Stanford Healthcare U liza on

ques onnaire’s four items quan fy outpa ent care (physician’s oﬃce and emergency department visits), hospitalizaons, and length of hospitaliza on44,45; the Health U li es
Index 2/346,47 will yield u lity weights used to calculate
QALYs. Assessments occur at six me points: (1) baseline,
prior to ini a on of cancer therapy, (2) at two points during
scheduled outpa ent therapy visits over the 15 weeks of
therapy, (3) at comple on of therapy, (4) and at 12 and 36
months a er comple on of therapy. Longitudinal assessment will enable tracking of health care use and QALYs anchored to key therapeu c points across the period of acute
treatment and the follow-up period of highest risk for treatment failure in HL.
Clinical trial data of key importance to the CEA include adverse events (AEs) that result in hospitaliza on and ins tu onreported data regarding salvage therapy in cases of failure of primary therapy. The pairing of PROs with captured
trial data are consistent with the International Society for
Pharmacoeconomics and Outcomes Research recommendations for quality CEA studies. Because standard therapy
in advanced-stage HL yields event-free survival rates of
75%, the capture of salvage therapy regimens following
failure of primary treatment is a key component of CEA
in this disease.
Instrument selec on, measurement approaches, and planned
analyses addressed the need for dyadic data in pediatric popula ons, combining input from parent proxies and
age-eligible youth. Minimizing study burden to pa ents and
parents was also of import in instrument selec on. All PROs
and self-assessments were available in Spanish and English
to maximize generalizability to diverse North American popula ons. However, the CEA aim and data collec on were
limited to par cipants at COG ins tu ons in the United
States, because of the diﬀerence in payer systems.
The sample size for the CEA aim was determined to detect
a clinically meaningful diﬀerence of 0.03 u li es between
the experimental arm and standard arm. In fact, the sample size necessary is less than 50% of that needed for the
primary eﬃcacy aim and accounts for a ri on and within-person correla on, given the longitudinal component of
the data.
This earlier comple on of the CEA accrual will facilitate
follow-up me points to be available in a mely fashion rela ve to closure of full accrual and hence ability to unblind
the CEA analysis to study arms.
Feasibility of carrying out the CEA in this trial has included
careful inclusion of the CEA study team with the oncologist
and the sta s cians from the ini a on of protocol development. Key CEA team members include pediatric oncologists
with HL-speciﬁc exper se and exper se in health policy, ﬁnancial toxicity, and trial design. In addi on, a health care economist was a key par cipant in study incep on. Importantly,
as the key contributor outcomes depend on self-report by
parents and/or youth longitudinally, a central study clinical
research associate was engaged to track and ensure return
of study assessments across the mul -ins tu on trial. Early
study design also involved key stakeholders from the pa ent
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 1. Opera onaliza on of Measures Toward a CEA Embedded in a Pediatric RCT
PRO Instrument
Demographics

a

Rater

Construct(s) Measured

P/YA

Family composi on, socioeconomic status

Use in CEA

CIPN aima,b,c,d,e
FACT-GOG-NTX

P/Y

Sensory and motor symptoms, func on

Intangible cost

CHRIs-Global

P/Y

Child HRQL

Convert to u lity
weights

P/Y/YA

Mul a ribute u lity weights (QALY adjustment)

ICER

P/YA

Number of outpa ent/inpa ent/emergency department visits,
length of hospitaliza on

Direct cost

P

Parental absenteeism and presenteesism (caregiver produc vity)

Spillover cost

Rater/Source

Data Elements

Ann Arbor stagea

Ins tu on/
CRF

Baseline disease burden

NCI CTCAE grade ≥3f

Ins tu on/
CRF

Hospitaliza ons, emergency department visit, transfusion support

Direct cost

Balis grading of pediatric CIPNb

Provider/CRF

Provider-rated sensory, motor func on (captures grade 2 or higher
CIPN)

Intangible cost

Receipt of RTd

Ins tu on/
CRF

RT by protocol as part of primary treatment

Direct cost

Therapy at relapseg

Ins tu on/
CRF

Autotransplant vs. chemotherapy vs. RT vs. another novel agent

Incremental cost driver

Study arma

COG/CRF

Randomiza on to ADC or to standard chemotherapy

Direct cost

CEA aim
Health U li es Index 2/3a,b,c,d,e
Stanford HealthCare U liza on
Caregiver Work Limita ons
Ques onnairea,c,d

a,b,c,d,e

Trial data

The footnotes denote the following me points in RCT:
a
Baseline.
b
Cycle 2,5.
c
End therapy.
d
12 months oﬀ therapy.
e
36 months oﬀ therapy.
f
Con nuous during therapy.
g
At relapse.
Abbrevia ons: CHRIs-Global, Child Health Ra ngs Inventories-Global Health Scale; CTCAE, Common Terminology Criteria for Adverse Events; FACT-GOG-NTX, Func onal Assessment of Cancer Therapy/Gynecologic Oncology Group-Neurotoxicity; P, parent; RT, radia on therapy; Y, youth; YA, young adult.

advocate community, the Na onal Cancer Ins tute (NCI)
Division of Cancer Preven on, and the pharmaceu cal partners who manufacture the ADC used in the experimental
arm.
As the NCI coopera ve group mechanism and funding are
focused on the infrastructure, opera ons, and funding for
the parent trial of eﬃcacy, embedded endpoints for good
conduct of CEA o en need support from external sources.
Engagement and funding from stakeholders are key to this
process. In our study, funding was sought for study personnel, rela onal database support, and fees related to use/
access of ques onnaires and administra ve databases (for
mapping of AE and Interna onal Classiﬁca on of Diseases,
Ninth or Tenth Revision) that will generate the unit costs.
Support in part was garnered from NCI’s Division of Cancer
Preven on and Control to provide the support needed for
ins tu ons that manage the extra data gathered. External
funders included the Leukemia & Lymphoma Society, which
has advocacy interests in the HL popula on. A small amount
of funding was proved by Sea le Gene cs as pharmaceu 854
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cal companies to recognize their need for cost-eﬀec veness
endpoints, especially if the primary eﬃcacy margin may not
be superior.

ESTIMATING DIRECT MEDICAL COSTS WITHIN
THE RCT
Direct costs will be derived using a combina on of the
units of health care use reported by parents and the trial
reported AEs that result in hospitaliza on. These events will
be iden ﬁed through the standardized AE repor ng used
COG trials. Hospitaliza on can be corroborated and hospital days es mated from the parent report on the Stanford
Healthcare U liza on ques onnaire. AEs can be mone zed
by combining diagnos c codes (Interna onal Classiﬁca on
of Diseases, Ninth or Tenth Revision) for the AE within the
context of HL in administra ve databases, such as the Kids’
Inpa ent Database, to yield median charges for the AEassociated hospitaliza on. The most common AE-associated
dose-dense chemotherapy regimen used in both arms of
the trial is febrile neutropenia. In addi on to es mates of
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inpa ent costs, the Stanford Healthcare U liza on reports
will also enable es ma on of all outpa ent and emergency
department visits. The an cipated cost drivers of ini al
therapy based on experience with the standard treatment
arm for HL include hospitaliza on for AE and the cost of radia on therapy, which is being delivered based on chemotherapy response regardless of study arm.
At unblinding of the RCT, the cost of brentuximab vedo n can be added to the direct costs; par al doses or dose
dropout could be calculated based on trial data. In contrast
to the case in adult trials, pediatric studies must es mate
whether lower cumula ve pediatric doses because of lower
weights translate to diminished direct costs for the pa ents
with lower body weight.
Another an cipated large driver of direct cost is the salvage therapy used in the case of treatment failure. Our theory is that superior eﬃcacy in disease-free survival in the
experimental arm will translate to lower relapse rate and
hence, less need for salvage therapy in that arm. Given
that the ﬁrst line of salvage therapy for advanced-stage HL
includes autologous HSCT, we expect that this will be the
driver of incremental cost diﬀerence between treatment
arms. Beyond ini al salvage, 50% of pa ents with HL are at
risk for failure a er autologous HSCT and will proceed to allogeneic HSCT,42 and the cost of increased failure on any arm
of the trial will be compounded. Study case report forms
(CRFs) were constructed to capture the type of relapse therapy given to all par cipants, hence receipt of HSCT of any
type, other chemotherapy or novel agents, or nonprotocol
radiotherapy will be captured and mone zed.
Currently, the average cost of an autologous transplant
is approximately $80,000, whereas the cost of allogeneic
HSCT is about $400,000.48 In addi on to these published
es mates, costs of salvage therapy, including HSCT, can be derived from administra ve databases, such as the Massachuse s All-Payer Claims database. Addi onally, based on the
favorable results of the AETHERA trial in adult pa ents with
HL, it is possible that pa ents can receive up to 16 doses
of the brentuximab a er autologous HSCT as part of the
salvage approach.49 This would add an addi onal $259,200
a er autologous HSCT, if similar salvage were adopted in
pediatrics.
Addi onal outcomes of interest include the impact of AEs
that are not severe enough to cause hospitaliza on or medical a en on but aﬀect pa ent HRQL, such as CIPN.50 CIPN
will be measured both by clinician grading and PRO and correlated to PROs of HRQL. Diﬀeren al rates of CIPN or of impaired HRQL may be reﬂected in lower u lity scores, as has
been reported with CIPN in pa ents with breast cancer,42
and thereby may yield insight into any diﬀerence in QALYs
between the treatment arms.
Lastly, we examine one dimension of caregiver burden in
this pediatric popula on. The Caregiver Work Limita ons
Ques onnaire measures self-reported limita ons of job
tasks in working parents. These scores can be translated to
costs, which are important from the caregiver and societal
perspec ve.

The incorpora on and study of incremental cost in pediatric cancer has lagged other cancers because of delay in
the novel drug pipeline to children. In addi on, the societal
perspec ve has not mandated such analyses, as the relavely low caseload of pediatric cancer translates to a low
por on of the health care bill and because the emo onal
response to childhood cancer has allowed “excep onalism”
for the discipline. However, with rising costs and the known
tradeoﬀs in the long-term morbidity of cura ve therapy,
CEA and compara ve eﬀec veness are of increasing value
to many. The COG trial for advanced-stage HL serves as a
proof of paradigm for studying the value of new intervenons using PROs to generate QALYs and linked to costs.
Successful incorpora on and quality execu on of CEA
methodology in pediatric trials of novel therapies involves
stakeholder investment. Dedicated resources contribute to
high comple on rates of embedded PROs in an RCT and will
minimize risk of respondent bias and op mize generalizability of results.
In the aforemen oned COG study, we did not a empt
to capture out-of-pocket costs or translate the elements
of ﬁnancial hardship in pa ents with cancer. Nevertheless,
pa ents with cancer and their families in the United States
increasingly bear the burden of higher cancer-related costs.
For those with health insurance coverage, pa ent costsharing is increasing with higher premiums, deduc bles,
copayments, and coinsurance rates.51 Oral cancer therapies
are usually included in the specialty er on prescrip on
drug formularies, in which coinsurance rates of 30% of the
drug price are common.51 Pa ents and their families without health insurance are responsible for the en re cost of
treatment. In addi on, the nonmedical costs of cancer care,
such as transporta on to and from cancer centers, housing,
as well as changes to employment and work schedules to
accommodate treatment, can be substan al for pa ents
with pediatric cancer and their families.
Elevated costs of medical care can con nue long a er the
comple on of cancer treatment, reﬂec ng late and las ng
eﬀects of treatment and increased risk of developing other
condi ons. A number of studies have shown that adult survivors of cancer have higher out-of-pocket spending than
individuals without a cancer history, even many years after diagnosis or the comple on of treatment.52-54 Similarly,
adult survivors of cancer are more likely than adults without a cancer history to report produc vity losses, including
the inability to work or pursue usual ac vi es, more days
lost from work, reduc on in work hours, or days spent in
bed.52,54 Produc vity losses are also common for adult survivors of childhood cancers.55-57 Compared with those without
a cancer history, adult survivors of childhood cancers were
less likely to be employed (54.3% vs. 69.6%), more likely to
be unable to work because of health (18.7% vs. 7.1%), and
have spent more days in bed because of health in the past
12 months (14.6 days vs. 4.1 days), a er adjus ng for the
eﬀects of sociodemographic characteris cs and comorbidity burden. The excess annual per capita produc vity loss
was es mated to be $5,086 for adult survivors of childhood
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cancer. Survivors of childhood cancers also face short-term
and las ng ﬁnancial hardship.58

WHAT IS FINANCIAL HARDSHIP?
Research addressing ﬁnancial hardship in adult survivors of
cancer has increased drama cally in the past decade.59-61
These studies frequently use diﬀerent terminology, including ﬁnancial toxicity, ﬁnancial burden, ﬁnancial distress, and
economic hardship, but generally reﬂect the same underlying concepts, including material, psychological, and behavioral domains (Fig. 2). Material condi ons are typically
measured as out-of-pocket expenses for medical costs, produc vity losses, reduc on in income, deple on of assets,
medical debt, trouble paying medical bills and other necessi es, and bankruptcy.59,62 The majority of studies of ﬁnancial hardship in adult survivors of cancer measure material
measures and show that as many as half of adult survivors
of cancer report some form of material ﬁnancial hardship.59
Psychological response is typically measured as stress, distress, and worry about paying bills for cancer, its treatment,
and las ng eﬀects of treatment or concerns about wages
and wage loss associated with cancer. As many as 64% of
adult survivors of cancer report some form of psychological
ﬁnancial hardship.59 Coping behaviors that survivors adopt
in the face of increased household expenditures and related
distress are typically manifested by delaying or forgoing
medical care and nonadherence to prescrip on medicaons for cancer and other condi ons. Up to 45% of adult
survivors of cancer report some form of behavioral ﬁnancial
hardship.59
Substan ally fewer studies address ﬁnancial hardship in
adult survivors of pediatric cancers and their families. In
one of the few studies of adult survivors of childhood cancers par cipa ng in the Childhood Cancer Survivor Study,
spending a higher propor on of income on out-of-pocket
health care costs was signiﬁcantly associated with problems

FIGURE 2. Factors at Mul ple Levels Associated
With Financial Hardship

paying medical bills (material hardship), worry about aﬀording health insurance (psychological hardship), and deferring care, skipping tests, treatment, or follow-up or taking
a smaller dose of medica on than prescribed (behavioral
hardship).58 Mean me since diagnosis in the sample was
greater than 30 years, sugges ng the las ng eﬀects of ﬁnancial hardship for survivors of childhood cancers.
Es mates of the prevalence of diﬀerent aspects of ﬁnancial hardship in survivors of cancer vary widely depending
on diﬀerences in popula ons studied, including age distribu on, cancer type(s), stage of disease at diagnosis, number and types of treatment(s), me since diagnosis, me
since last treatment, comorbidity burden, socioeconomic
characteris cs, and health insurance coverage. Measures of
ﬁnancial hardship, including domain of hardship, whether
measures are speciﬁc to cancer care or medical care more
generally, also vary, as do whether es mates considered or
adjusted for survivor sociodemographic and clinical characteris cs. As a result, comparisons of es mates of prevalence
of ﬁnancial hardship between studies of adult and pediatric
survivors of cancer cannot be easily made, but health consequences of hardship and risk factors for hardship are likely
to be similar.

WHAT ARE THE HEALTH CONSEQUENCES OF
FINANCIAL HARDSHIP?
In the few studies that have evaluated the adverse health
consequences of ﬁnancial hardship, survivors of cancer
with hardship have poorer HRQL than those without hardship.63-65 They are also more likely to report increased symptom burden and pain,63 worse mental and physical health
and sa sfac on with social ac vi es and rela onships,64
and increased depression and cancer-related worries when
compared with survivors of cancer without ﬁnancial hardship.65 In a study that linked cancer registry data to bankruptcy ﬁlings, survivors who ﬁled for bankruptcy had greater
risk of mortality than those who did not ﬁle for bankruptcy,
even a er considering key pa ent characteris cs, such as
stage, age, race, marital status, ini al treatment, and arealevel income.66 Findings were robust in sensi vity analyses,
including those that restricted the sample to an early stage
of disease at diagnosis.

WHAT ARE RISK FACTORS FOR FINANCIAL
HARDSHIP AND HOW CAN THEY BE
ADDRESSED?
In the following sec on, we describe a framework that can
be used to iden fy risk factors associated with ﬁnancial
hardship and approaches for developing and tailoring interven ons to mi gate its impact (Fig. 3).59 The framework
has mul ple hierarchical levels, star ng with survivors of
cancer and their families/caregivers in the center and then
surrounded by provider and provider teams, organiza onal,
local community, and state and na onal policy levels. At the
pa ent and family level, ﬁnancial hardship in adult survivors of cancer varies by cancer site,67,68 type(s) of treatment,
me since last treatment, and/or me since diagnosis.59,60,69
856
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Socioeconomic factors are associated with greater risk of
ﬁnancial hardship including lower household income and/
or educa onal a ainment, minority race/ethnicity, and lack
of health insurance.68-71 Because the late eﬀects of cancer
treatment can limit employment, lost wages and loss of
employment-based health insurance can increase the risk of
ﬁnancial hardship.69,71 The uninsured, who are responsible
for all costs of medical care, may have even higher barriers
to receipt of recommended care and report greater levels
of ﬁnancial hardship.69 Thus, with higher risk of ﬁnancial
hardship among racial/ethnic minori es, the poor, and the
uninsured and increasing costs of cancer care, historical dispari es in outcomes for these popula ons may widen in the
future. Evalua ng the role of ﬁnancial hardship in health
dispari es will be important for future descrip ve research
and informing interven on development.
Informal caregivers, including spouses and partners, siblings, parents, and children, also experience produc vity
losses and ﬁnancial hardship.72 This is an especially important topic for survivors of pediatric cancer, who may require
care for late eﬀects of their therapy and may be accompanied by mul ple caregivers, par cularly during ac ve treatment in their childhood years.
At the provider level, professional organiza ons such as
ASCO have highlighted the important role of oncologists in
discussions about the out-of-pocket costs of cancer care.18
Oncologists generally agree about their responsibility for
this discussion; however, these discussions are rare, and
many oncologists feel uncomfortable engaging in these discussions.73 Several studies are exploring the role of other
members of the health care team for discussing cost of care
and risk of ﬁnancial hardship and the role of ﬁnancial navigators in minimizing ﬁnancial hardship.74 This will be an important area for addi onal research.
Li le research on risk factors for ﬁnancial hardship has
been conducted at the organiza onal levels of health care
systems and prac ces or community, but more evidence
is available at the state and na onal levels. These levels
are especially relevant because health insurance policies
are generally enacted in states or na onally. Components
of the Aﬀordable Care Act (ACA), including introduc on
of the Marketplace coverage and Essen al Health Beneﬁt
standards, elimina on of pre-exis ng condi on exclusions
and life me and annual coverage limits, and expansion of
Medicaid eligibility in some states and dependent coverage
expansion, allowing young adults to remain covered under
a parent’s health insurance un l age 26 have the poten al
to minimize the impact of ﬁnancial hardship for survivors of
cancer.
Several studies have demonstrated posi ve eﬀects of
the ACA on insurance coverage, access to care, and earlier
stage of disease at diagnosis75-78; however, few studies have
explored the of the ACA on ﬁnancial hardship in survivors
of cancer. Survivors of pediatric cancer may be especially
vulnerable to changes in health insurance coverage policies; a na onally representa ve survey reported that survivors were more likely to have Medicaid coverage than

FIGURE 3. Financial Hardship Framework

their counterparts without a cancer history (27% vs. 15%).55
Addi onally, adult survivors of childhood cancer are more
likely to report health insurance coverage denials than their
siblings without a cancer history.79 Evalua on of the eﬀects
of diﬀerent aspects of insurance coverage and the ACA speciﬁcally is ongoing.
The ACA also enhanced health insurance coverage for clinical trial par cipants—health plans or insurers cannot keep
pa ents from joining a clinical trial, limit or deny coverage of
rou ne care, or increase costs because pa ents join a trial.
Limited research has addressed the eﬀects of these clinical
trial provisions, and evidence is mixed. One study reported
higher insurance clearance rates for early-phase oncology
trials in a single ins tu on following of implementa on of
the ACA compared with before implementa on,80 whereas
the other study reported insurance coverage denials and
delays in trial enrollment following implementa on of the
ACA.81 Future research evalua ng the eﬀects of the ACA in
pediatric cancer trial enrollment will be important.
The formal study of cost associated with pediatric cancer
care has lagged other cancers because of delay in the novel
drug pipeline to children and the rela vely small number of
pa ents with childhood cancer within the same health care
system. In addi on, the societal perspec ve has not mandated such analyses as the rela vely low caseload of pediatric
cancer translates to a low por on of the health care bill and
because the emo onal response to childhood cancer has
allowed “excep onalism” for the discipline. However, with
rising costs and the known tradeoﬀs in the long-term morbidity of cura ve therapy, CEA and compara ve eﬀec veness
may be used to more fully understand the poten al tradeoﬀs
of care decisions. Going forward, it will also be important to
understand how pa ent and disease characteris cs, disease
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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response, toxicity, and preferences inﬂuence CEA results
and inform value-based decision-making.82
Rising costs of cancer care and increasing pa ent cost
sharing make the study of ﬁnancial hardship in survivors
of childhood cancers increasingly important. Be er measurement of the prevalence of ﬁnancial hardship, including
material, psychological, and behavioral domains, and risk
factors in adult survivors of childhood cancers will inform
the development of eﬀec ve interven ons to minimize its
eﬀects. Although li le is known about the long-term ad-

verse health consequences of ﬁnancial hardship, research
in adults suggests that it will be a cri cal area for future research in children. Simultaneous considera on of the mul ple hierarchical levels that inﬂuence hardship—pa ent and
family, provider and provider teams, organiza onal, local
community, and state and na onal policy levels—will inform
this work. As described in this review, these key concepts of
cost, value, and ﬁnancial hardship are cri cal to the ongoing
dialogue about the cost and consequences of pediatric cancer in the United States.
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From Burnout to Resilience: An Update for Oncologists
Krithika Murali, MBBS, Vicky Makker, MD, James Lynch, MD, and Susana Banerjee, MBBS, PhD, FRCP
OVERVIEW
Physician burnout remains a highly complex and topical issue. The nega ve impact of burnout on physicians, pa ents, and
ins tu ons has become increasingly apparent. Globally, a mul tude of professional bodies and organiza onal leaders are
giving this important subject much-deserved a en on. In this review, we provide a summary of the latest evidence, with a
focus on solu ons and future strategies, while incorpora ng our own perspec ves as prac cing oncologists.

B

urnout is a work-related stress syndrome that is par cularly prominent in human services occupa ons such
as health care.1,2 The onset of burnout can be insidious,
thwar ng early recogni on, but it is not an irreversible
event. In contrast to depression, symptoms of burnout tend
to resolve with an improvement in the work environment
consistent with its close occupa onal alignment.2,3 Although
burnout is not formally diagnosed as a clinical disorder, it
was included in the 10th revision of the Interna onal Sta scal Classiﬁca on of Diseases and Related Health Problems
as a result of its substan al personal health impact.4

DEFINITION AND MEASUREMENT OF
BURNOUT
The 22-item Maslach Burnout Inventory–Health Services
Score was developed in the United States in the 1980s and
is the most widely used and validated assessment tool for
self-reported symptoms of burnout.2,5,6 The Maslach Burnout Inventory consists of three domains. High emo onal
exhaus on and depersonaliza on correlate with higher degrees of experienced burnout, as does diminished personal
accomplishment.2,5 This triad is currently the most commonly
cited deﬁni on of burnout. Maslach recommends analyzing
the individual domain scores as con nuous data where possible or as categorical data with deﬁned cut-oﬀ scores (low,
moderate, or high burnout) being an alterna ve.2,7 In addi on, single-item measures of emo onal exhaus on and
depersonaliza on from the full Maslach Burnout Inventory
have been validated as accurate proxy measures of burnout
in larger surveys.8-13
The more recently developed Copenhagen Burnout Inventory is another occupa onal burnout measure that is being
increasingly used.14,15 It is composed of three scales assessing personal burnout, work-related burnout, and clientrelated burnout15 (Sidebar 1). The Copenhagen Burnout

Inventory was ini ally validated in the PUMA study (Project
on Burnout, Mo va on and Job Sa sfac on), a Danish longitudinal study of burnout in human service sector employees.15 The Copenhagen Burnout Inventory was developed to
create an alterna ve ques onnaire that was more applicable to a broader range of occupa ons, was more acceptable
within the Danish sociocultural context, and remained in
the public domain instead of requiring commercial distribu on.15 The development of alterna ve measures to the
Maslach Burnout Inventory should be welcomed because it
encourages more accurate assessment of burnout in diﬀerent sociocultural contexts.16

PREVALENCE
Rather than the absolute prevalence rates alone, it is the
assessment of longitudinal trends and explora on of associated factors that is o en of greater value, as comparison
of burnout rates between diﬀerent eras and sociocultural contexts is diﬃcult.16 Furthermore, there is substan al
variability in the way researchers have assessed physician
burnout,17-19 which contributes to considerable varia on in
its measured prevalence.7 Nonetheless, burnout is a consistent problem across a range of medical and surgical special es.20-27 Physicians report signiﬁcantly higher rates of
burnout than professionals in other ﬁelds, and this begins
while in medical school.28 Caring predominantly for pa ents
with terminal illness in a rapidly evolving scien ﬁc ﬁeld is
challenging. Although physicians provide cancer care as
part of a mul disciplinary team, evidence suggests that
cancer physicians experience higher rates of burnout than
other nonphysician members of the team.29 A recent systema c review and meta-analysis of burnout prevalence in
oncologists found that of 4,876 pooled par cipants from 17
published studies, 32% had high burnout.30 Recent na onal
U.S. surveys have found a 45% burnout prevalence rate
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SIDEBAR 1. Burnout Inventory Domains
Three Domains of the Maslach Burnout Inventory
• Emo onal exhaus on
• Depersonaliza on
• Personal accomplishment
Three Domains of the Copenhagen Burnout Inventory
• Personal burnout
• Work-related burnout
• Client-related burnout

among oncologists.31 This is comparable with the average
rate among U.S. physicians.10 There is some sugges on that
burnout rates among oncologists may even be lower than
more frontline medical special es such as general internal
medicine, family medicine, and emergency medicine.10,28,32,33
Other studies conducted globally have shown burnout
prevalence in oncologists ranging from 20% to 70%.34-44 A
recent burnout study of oncologists in Europe who were
age 40 and younger showed a higher than average burnout
rate of 71%.34 The higher rates shown in the European Society for Medical Oncology Young Oncologists Commi ee
Burnout Survey may be a ributable in part to its focus on
a high-risk popula on,34 greater openness toward reporting burnout, as well as rising rates of burnout both within
medicine20,34-36, and on a popula on level.20,34, We provide a
summary of key burnout prevalence studies in oncologists
in Table 1.

CONSEQUENCES
The personal and professional consequences of burnout
are profound.3,46 Physician burnout has a nega ve impact
on pa ent care,47,48 including increased medical error,47,49-51
diminished empathy and altruism,13 and reduced pa ent
sa sfac on52,53 and conﬁdence.54 As demand for oncologists
con nues to grow, burnout has the poten al to exacerbate

PRACTICAL APPLICATIONS
• Burnout in oncologists is a serious issue that can have
signiﬁcant personal and professional consequences.
• Risk factors iden ﬁed include early career stage,
increased workload, and poor work/life balance.
• Resilience is poten ally a protec ve factor against
burnout.
• Individual-focused, organiza onal, and mixed
interven ons have been introduced as measures to
reduce burnout. Strategies included mindfulness-based
interven ons, introduc on of health care assistants,
and the inclusion of physician well-being as a key
organiza onal performance indicator.
• Further eﬀorts to prevent and reduce burnout are
needed.

projected workforce shortages55,56 through a concerted reduc on in me dedicated to pa ent care57 and overall work
hours or through early re rement.31,51,58 This perpetuates
a vicious cycle because increasing demands in the context
of decreasing resources will perpetuate workplace strain,
as highlighted by the job demands-resources theory.59 The
annual produc vity loss in the United States a ributable to
burnout is substan al,60-62 as is the cost of replacing a physician who re res early or leaves the profession.28,63 Burnout
also has notable mental and physical health consequences.
The risk of alcohol misuse, suicidal idea on, and depressive
symptoms signiﬁcantly increases in surgeons and physicians
when burnout is present.11,64,65 In addi on, burnout is associated with mul ple chronic health condi ons,3,66 an increased risk of motor vehicle accidents,67 and lower physical
quality of life.68

RISK FACTORS
Diverse personal, professional, and organiza onal factors
have been associated with physician burnout. These have
predominantly been iden ﬁed through observa onal or
cross-sec onal studies. Although causality cannot be inferred, we have dis lled these ﬁndings into three key
themes (Table 2).

Workplace Factors
Oncologists in the United States work more hours annually
than a number of other medical special es.69 Increased
work hours are signiﬁcantly associated with burnout.26,66
Addi onal professional risk factors that have been associated with burnout include increased administra ve workload,36,48,70,71 increased number of hours in direct pa ent
care31,36,70 (with one study showing a 20%–40% higher risk
of burnout with each addi onal 10 hours spent seeing paents31), higher pa ent caseload,36,44,70 and a reduc on in
me in meaningful professional ac vi es26,66 such as research68 and educa onal tasks.36,70
The percep on of me pressure is associated with burnout irrespec ve of quan ta ve workload or type of work
ac vity.43,71-73 The substan al erosion of physician autonomy
in the modern medical era,48,74 with clerical burden o en
outweighing me spent in direct pa ent care,75,76 has been
associated with higher burnout. Lack of control over work
hours in an interna onal cohort of pediatric oncologists39
or over the delivery of medical care for transplant surgeons
was associated with higher rates of burnout irrespec ve of
workload.77,78 Medical oncologists have a higher than average risk of medical malprac ce li ga on.79 Stressful professional experiences such as malprac ce li ga on80 and medical
errors47 can increase the risk of burnout. In addi on, delivering bad news to pa ents can contribute to burnout among
oncologists who feel inadequately trained in communica on
skills.81

Impaired Work-Life Balance
Increased work hours, increased administra ve tasks, and
lack of autonomy can impair work-life balance. A study of
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 1. Summary of Key Oncology Burnout Prevalence Studies
Author

Region

Period

Sample Size

Popula on

Burnout Measure

Overall Burnout (%)

Whippen and
Canellos35

United States

1990

598

Oncologists

Survey speciﬁc

56

United States

2003

1,740

Oncologists

Survey speciﬁc

61.7

Glasberg et al

Brazil

2004–2005

102

Medical oncologists

MBI

68.6

Blanchard et al38

France

2009

204

Oncology/hematology residents

MBI

44

Interna onal

2010

410

Pediatric oncologists

MBI

38

Europe

2010

404

Surgical oncology trainees

Survey speciﬁc

25

Allegra et al36
37

Roth et al

39

Mordant et al40
41

Rath et al

United States

2013

436

Gynecology oncologists

MBI

32

Shanafelt et al31

United States

2012–2013

1,490

Oncologists

MBI

44.7

42

Shanafelt et al

United States

2013

1,345

Oncology fellows

MBI

34.1

Leung et al43

Australasia

2013

220

Radia on oncologists

MBI

37.1

Banerjee et al34

Europe

2013–2014

737

Oncologists age 40 or younger

MBI

71

Mampuya et al44

Japan

2015–2016

87

Radia on oncologists

MBI

20.6

Abbrevia on: MBI, Maslach Burnout Inventory.
Adapted from Murali and Banerjee.45

U.S. oncologists suggests that satisfaction with work-life
balance is among the lowest of all medical specialists.57
Having inadequate quality me away from work can independently contribute to burnout and stress,21,34,57,78 including inadequate vaca on me34,37 or insuﬃcient me for
hobbies.37 Each addi onal hour per week spent on workrelated tasks while at home increases the risk of burnout.31
Similarly, accessing work-related emails and electronic
medical records a er hours is also associated with higher
rates of burnout.82,83 Poor work-life balance is also associated with conﬂicts at home,84,85 which dispropor onately
impacts women.84

Demographic Factors
Younger age and being an early career oncologist has consistently been associated with higher rates of burnout in a
number of studies.24,26,31,39,42,68,81,86,87 A mismatch between
the career expecta ons of oncology fellows and professional
reality has the poten al to exacerbate the situa on.42 Living
alone has been iden ﬁed as a risk factor for burnout34,37 as
well as a sense of loneliness,14 highligh ng the importance
of support from one’s friends, family, spouse, and colleagues
in burnout preven on.88 Lack of access to support services

in the workplace has also been associated with burnout
among oncologists.34,39
In the European Society for Medical Oncology Young Oncologists Commi ee Burnout Survey, region of prac ce had
a notable impact on burnout risk. The highest burnout prevalence (84%) was seen in Central Europe (including Hungary,
Romania, and Poland) and the lowest rate (52%) was seen
in Northern Europe/Bri sh Isles (including Scandinavian naons and the United Kingdom).34 These regional divisions
were based on United Na ons categoriza on. Because each
na on in Europe is composed of diverse health, sociocultural, and economic systems, this is a ﬁnding that warrants
further study.
A number of studies have also iden ﬁed female sex as
a risk factor for burnout in oncologists, although this associa on has not been maintained on mul variate analysis.38,39,41,68 These ﬁndings should encourage us to inves gate
other confounding factors that may dispropor onately affect women. For instance, the Stanford “ me bank” intervenon rewarded usually unrecognized ac vi es, such as serving
on commi ees, with in-home support services (e.g., meal
delivery and cleaning services). This program was predominantly used by female faculty members. Although the pilot

TABLE 2. Risk Factors for Burnout
Workplace Factors

Impaired Work-Life Balance

Demographic Factors

Increased work hours

Comple on of work tasks at home

Younger age

Increased pa ent contact

Inadequate quality me oﬀ (e.g., vaca on,
hobbies)

Early career

Increased clerical burden

Work-home conﬂict

Social isola on

Time pressure
Decreased autonomy
Stressful professional event
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program was successful in improving staﬀ support, it also
starkly highlights diﬀerent social pressures rela ng to gender.28

PROTECTIVE FACTORS: RESILIENCE,
MINDFULNESS, AND MEANING
A number of individual-focused interven ons to reduce
burnout revolve around the principles of resilience, mindfulness, and promo on of meaning. It is worth reﬂecting on each of these concepts more deeply. Resilience is
poten ally a protec ve factor against burnout. The psychobiological founda ons for individual resilience were
extensively discussed by Hlubocky et al46 in 2016. Although
deﬁni ons and ways of measuring resilience can vary,
posi ve adapta on in the face of adversity demonstrates
resilience.46,89-91 Resilience is associated with lower burnout levels92,93 and can mediate the rela onship between
burnout and mental health.94 Nonetheless, it is diﬃcult to
translate the promo on of a rela vely intrinsic trait such
as resilience into an interven on.64 However, it has been
noted that self-compassion and mindfulness is o en a core
tenet of resilience95,96 and can poten ally be taught.64 Finding meaning in work, as well as intrinsic mo va ng factors such as having a sense of calling, also appears to protect from burnout.26,97-99 However, the same research that
showed a career and life sa sfac on increase as meaningful work hours increased did so only up to a certain point
(7.5 hours per day) beyond which it declined, likely as a result of overwork.97,98 There is evidence to suggest that doctors derive tremendous sa sfac on from their career100
and have higher resilience than the general popula on.101
Discussion of intrinsic traits is not an opportunity to apporon individual blame. Rather, it serves as a reminder that
erosive systemic factors can result in resilient and committed physicians feeling burned out.

SOLUTIONS
Key publica ons have reviewed the solu ons that have already been implemented to reduce burnout.102,103 These interven ons have been individual-focused, organiza onal, or
mixed strategies. Structural or organiza onal interven ons
have generally been more eﬀec ve at reducing overall burnout than physician-focused strategies, although the la er
were s ll found to be beneﬁcial.102,103 We summarize below
key organiza onal and individual interven onal strategies.

Individual-Focused Strategies
Mul ple studies have evaluated the beneﬁt of facilitated
and nonfacilitated small group curricula,104-110 stress management training,111,112 exercise/self-care programs,113,114
counseling/reﬂec ve prac ce,109,115,116 and Balint group
training, demonstra ng varied results (Sidebar 2).102,103
Mindfulness prac ce and mindfulness-based stress reducon has been shown to have mul ple beneﬁts,117-119 including some evidence of reduc on in overall burnout.120,121 A
2014 systema c review and meta-analysis of interven ons
to reduce burnout in physicians showed promise for cogni ve, behavioral, and mindfulness-based interven ons.122
West et al105 conducted a randomized controlled trial of 74
internal medicine physician volunteer par cipants in a U.S.
hospital between 2010 and 2012, which involved par cipa on in 19 fortnightly, facilitated small-group discussion
groups over 9 months conducted during employer-provided
protected me. These groups incorporated elements of
mindfulness, reﬂec on, and experience sharing as well as
structured learning modules that covered topics such as
medical error. Par cipants in the study interven on arm
showed signiﬁcantly reduced rates of depersonaliza on
compared with par cipants in the trial control arm, but
overall burnout rate diﬀerences were small.105

SIDEBAR 2. Vicky Makker, MD, Memorial Sloan Ke ering Cancer Center, Discusses ASCO's Pilot to Build Primary
Resiliency
In 2016, ASCO partnered with pallia ve care physicians to address burnout and develop methods to help build primary
resiliency in medical oncology fellows. From this collabora on arose a pilot training program based on cogni ve behavioral therapy approaches. The goal of this training was to deﬁne how individual resilience skills can be learned, how
workplace engagement can be maximized, feasibility of the curriculum, and assessment of fellow recep vity. Baseline
and post-training data were gathered on burnout and resilience using standard surveys. First-year fellows were targeted
in four ins tu ons. The pilot program consisted of eight, 1-hour, module-based training sessions. Each module addressed
a speciﬁc resilience skill, including ﬁnding the resilience zone; recognizing cogni ve distor ons, mindfulness, and selfcompassion; ﬁnding healthy boundaries; and keeping purpose in view. Sessions occurred weekly, biweekly, or monthly
and were led by a myriad of professionals including program directors, social workers, psychologists, and pallia ve and
integra ve medicine specialists. Data from the pilot program are being reviewed, but based on posi ve ini al feedback,
ASCO is preparing to launch year 2 of this program in 2018. The program will be expanded to include up 16 ins tu ons.
Addi onal data on burnout and the program impact will be collected. Given that the incidence of burnout is alarmingly
on the rise, such endeavors are cri cal to promo ng a change in culture, lessening the s gma associated with burnout,
ins lling skills that foster primary resiliency, and teaching fellows how to recognize signs of burnout throughout their
career. But, clearly, much work remains, and comba ng this epidemic will necessitate both individual-directed and also
organiza on-based strategies.
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SIDEBAR 3. James Lynch, MD, University of Florida, on Developing an Organiza onal Strategy
My interest in burnout has certainly been fueled by the posi ons in which I have served, including program director,
sec on chief, and now as the assistant dean for medical school admissions. Perhaps more importantly, I have struggled
through these things myself and therefore this is very personal to me. For those interested I have described my experiences elsewhere.132,133 In this sec on, we will discuss the ins tu onal responsibili es and possible ini a ves to mi gate
the parts of the work environment likely contribu ng to the epidemic.
American Medical Associa on STEPS Forward Program: The American Medical Associa on has done a great deal of
work intended to equip individual physicians and leaders with strategies to address burnout and enhance the wellbeing and health of the medical staﬀ. These have been called STEPS Forward and include modules like “Crea ng
the Organiza onal Founda on for Joy in Medicine” and “Preven ng Physician Distress and Suicide,” with several
modules directed toward burnout and resiliency. In Table 3, we oﬀer a list of the kinds of strategies described in more
detail within the modules. Each has been implemented with success within a wide range of ins tu ons and se ngs. Because the needs of each organiza on will be somewhat unique, we believe the most prudent way forward for those wishing to address burnout and physician well-being is to develop a strategy beﬁ ng one’s own organiza on (see Table 3).
Nine Strategies Toward Reducing Physician Burnout: Dr. Tait Shanafelt (Chief Wellness Oﬃcer, Stanford Medicine, Stanford, CA) and Dr. John Noseworthy (Chief Execu ve Oﬃcer, Mayo Clinic, Rochester, MN) recently proposed nine strategies
as a path toward reducing physician burnout that can be adapted for speciﬁc organiza ons.134
1. Acknowledge and assess the problem—to determine the well-being of the medical staﬀ, one can begin by assessing
any number of domains including professional sa sfac on, burnout, engagement, stress, quality of life, and worklife balance. These can be used to determine a star ng point and then tracked to evaluate progress.
2. Harness the power of leadership—it is clear that leaders who eﬀec vely engage their staﬀ have a major impact on
both the risk of burnout and professional sa sfac on.
3. Develop and implement targeted interven ons—although many drivers of burnout are known, each
organiza on and unit within an organiza on will have its own culture and issues. It might be wise to start in a
unit with the highest rate of burnout from an ins tu onal assessment or one that is the greatest outlier from
na onal benchmarks
4. Cul vate community at work—this can be done by restoring formal space for physicians to gather and by providing
resources and me for professional bonding and friendship. The crea on of COMPASS groups (Colleagues Mee ng
to Promote and Sustain Sa sfac on) in which six to seven colleagues at Mayo shared a meal together in the
evening, paid for by the ins tu on on a biweekly schedule, improved both belief in the meaning of work as well as
symptoms of burnout.108
5. Use rewards and incen ves wisely—compensa on plans that are structured to increase revenue only can have a
profound nega ve eﬀect by leading physicians to decrease me with pa ents or work longer hours. Flexibility of
schedules and protected me may be a great carrot rather than monetary rewards.
6. Align values and strengthen culture—mission statements are typically altruis c but it is important to evaluate
honestly whether ins tu onal choices genuinely reﬂect the professed values and be willing to address deviant
prac ces.
7. Promote ﬂexibility and work-life integra on—allowing physicians to adjust their schedules for seasons of life will
go a long way toward helping address this driver of burnout.
8. Provide resources to promote resilience and self-care—this will only be well received as part of a larger strategy,
but it is important in its own right.
9. Facilitate and fund organiza onal science—study changes made and try to determine those that eﬀec ve and
those that are not.

Although communica on skills training is now a rou ne
part of the oncology training curriculum in many countries, an important Cochrane systema c review and metaanalysis of communica on skills training for health care
professionals working with pa ents with cancer123 showed
no notable beneﬁt with regard to health care professional
burnout, pa ent sa sfac on, pa ent mental or physical
health, or perception of the health care professionals’
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communica on skills.123 Of note, studies included in this
Cochrane review were not restricted to physician par cipants alone.

Organiza onal Strategies
Despite the preponderance of studies on individual-focused
interven ons, strategies that involve work unit or wider
organiza onal change have demonstrated greater success
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TABLE 3. Eﬀec ve Approaches Reported Through the American Medical Associa on STEPS Forward Program
Organiza onal Strategies

Physician Support

Opera ons

Chief wellness oﬃcer with wellness commi ee

Compensa on plans including wellness

Address chao c workplace
See the STEPS Forward toolkits

Culture of wellness rather than dealing with
burnout

Dinners with colleagues paid by organiza on

More scheduling control given to clinicians

Annual wellness surveys

Mindfulness-based stress reduc on

Flexible schedules for dealing with family
responsibili es

Shared accountability for workplace wellness

Ensure at least 20% of me spent in meaningful
work

Improve workﬂow eﬃciency

Regular engagement with responsive leadership

Provide conﬁden al peer or professional counseling

Support team-based care with appropriate staﬀ

Leadership evaluated based on wellness
indicators

Recognize compassionate prac

Data entry by medical assistants whenever
possible

Track business case for wellness

Collabora ve for healing and renewal in medicine
(charm)

Reduce clerical burden of electronic health
records

Decentralize and allow ﬂexibility at unit levels

Provide onsite exercise, showers, healthy food,
and coﬀee

Empower small units to evaluate and improve

Empower and encourage rather than design
and deploy

Create space for collabora on and collegiality

Establish eﬃcient communica on pla orm

Physician health program as part of health care
package

Resource a wellness infrastructure and support

Finding meaning in medicine groups

Wellness as quality indicator

in reducing overall burnout (Sidebar 3).103 In a review by
West et al,103 six cohort studies assessed the impact of
work hour restric ons on overall burnout a er the Accredita on Council for Graduate Medical Educa on–mandated
80-hour week restric ons were introduced in the United
States in July 2003.124-129 Although a range of results were
noted, these six cohort studies showed a notable pooled
overall burnout reduc on from 62% to 50% among residents.103 Innovative programs such as the APEX (ambulatory process excellence) program at the University of
Colorado, which trained health care assistants to allow
clinicians to focus on the most skilled aspects of pa ent
consulta on in a distrac on-free environment, reduced
clinician burnout rates from 53% to 13%. The introducon of APEX in the Department of Family Medicine also
improved outcomes such as vaccina on coverage and cancer screening tests because health care assistants were
able to comprehensively complete preventa ve tasks.28
Another innova ve primary health care–based ini a ve
in Portland, Oregon, involved the inclusion of physician
well-being as a key organiza onal performance indicator,
regular objec ve survey-based monitoring of well-being,
and responsive workplace quality improvement projects
and resulted in a notable reduc on in burnout.130 Workplace and organiza onal culture has a substan al impact
on burnout,22 as do the leadership quali es of physician
supervisors.63,131

CONCLUSION
In 2016, chief execu ve oﬃcers from major health organiza ons in the United States pledged support for the

oners

promo on of physician well-being through construcve steps including a robust process for measuring outcomes.28,131 Because only a minority of wellness programs
currently evaluate the eﬀec veness of their intervenons,135 such transparency and accountability may herald
a new wave of bolder ini a ves that eschew tokenism.
Structural change is also being ins gated by powerful
ins tu onal bodies. In January 2017, the U.S. Na onal
Academy of Medicine, in collabora on with the Associaon of American Medical Colleges and the Accredita on
Council for Graduate Medical Educa on, launched the
ambi ous na onal Ac on Collabora ve on Clinician WellBeing and Resilience. This ini a ve has received overwhelming support and four clear collabora ve streams
have been delineated to promote evidence-based recommenda ons and key stakeholder engagement.62 The
academy has also provided a comprehensive model for
understanding the complex nature of physician burnout in
which the pa ent sits ﬁrmly at its center (Fig. 1), reminding us of our primary ﬁduciary responsibility. By highlighting the importance of the physician-pa ent rela onship,
this model underscores the reality that when physicians
are in distress, it is not only prac oners but also pa ents
who suﬀer. The incorpora on of physician wellness into
the recently revised Declara on of Geneva136 marks a new
global consensus. Physician burnout needs to remain on
the agenda and requires ongoing, collec ve ac on. In this
regard, the importance of the visibility and conversa onal
pla orm provided by professional bodies, such as ASCO
and European Society for Medical Oncology, can never be
underes mated.
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FIGURE 1. Factors Aﬀec ng Clinician Well-being and Resilience137
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NGS PLATFORMS, TESTS RESULTS, AND IMPLEMENTATION

Iden ﬁca on, Priori za on, and Treatment of Muta ons
Iden ﬁed by Next-Genera on Sequencing
Aaron S. Mansﬁeld, MD, Ben Ho Park, MD, PhD, and Michael P. Mullane, MD
OVERVIEW
Many targeted therapies—and, more recently, immunotherapies—have been approved by the U.S. Food and Drug Administra on (FDA) with companion diagnos c tests. Next-genera on sequencing (NGS) pla orms are now approved to screen
for many of these abnormali es, and they are increasingly being applied to guide therapeu c decision-making outside of
these intended uses. The results provided by NGS tes ng can vary signiﬁcantly based on the exact test performed and the
analysis of the sequencing data. Given the complexi es associated with interpre ng NGS test results and ac ng on them,
academic and community molecular tumor boards have been developed to provide mul disciplinary exper se for this
endeavor. NGS test results may iden fy FDA-approved therapies, guide clinical trial recommenda ons, or prompt considera on of expanded access to inves ga onal agents or oﬀ-label use of therapies approved for other indica ons. Many clinical
trials now include NGS tes ng to assign treatments to pa ents based on the molecular proﬁles of their tumors. Although
NGS tes ng may eventually help realize the development of individualized treatment regimens based on combina ons of
targeted therapies, the use of unproven and nonapproved combina ons can be toxic and expensive. Given the increasing
reliance on gene c biomarkers to guide therapeu c recommenda ons for FDA-approved therapies or enrollment into clinical trials, NGS will remain an integral part of the evolving medical oncology prac ce.

GENETIC TESTING FOR CANCER
Cancer is essen ally a gene c disease, in that altera ons
to DNA, including muta ons, ampliﬁca ons, dele ons, and
transloca ons, change a gene’s normal func on to promote
growth, survival, and metastasis. All cancers harbor mul ple DNA altera ons that can now be readily iden ﬁed using newer technologies. Although this approach has yielded
an unprecedented amount of informa on regarding the gene c makeup of an individual’s tumor, it has also created
many new areas of uncertainty and unmet needs. In this
sec on, we shall review various DNA sequencing technologies and tes ng pla orms, and how they can poten ally be
used for clinical u lity and pa ent beneﬁt.

Germline Versus Soma c DNA Altera ons in Cancer
To understand the nature of DNA sequencing of tumors,
one must ﬁrst understand the diﬀerences between DNA altera ons that are heritable, which can lead to an increased
predisposi on toward cancer forma on, compared with
DNA altera ons that are present only in cancer cells. Inside most cells of the body, there are generally two copies
(diploid) of the human genome. Gametes (ova and sperm)
contain a haploid genome (one copy), thus allowing for the
zygote to inherit half of its DNA from each parent. DNA

obtained from normal cells is o en referred to as cons tuonal or “germline,” as it is derived from parental ova and
sperm, also known as germ cells. Therefore, germline DNA
is heritable and can be passed down to progeny. If there is a
muta on present in one haploid genome (e.g., BRCA1 muta on), then it logically follows that there is a 50/50 chance
of each oﬀspring inheri ng the mutant versus wild-type
copy of the gene.
Even in cases of heritable muta ons (e.g., BRCA1), cancer forma on s ll requires addi onal gene c altera ons
or “hits” that will occur only in the cancer cells. Such altera ons are termed “soma c” and it is thought that generally
three or more altera ons are minimally needed for a cell
to transform into a cancer,1 though progression and metasta c
lesions will generally acquire addi onal DNA altera ons.
Regardless, in clinical oncology both germline tes ng using
normal cells (e.g., saliva/cheek swabs, peripheral lymphocytes from blood) and tumor tes ng are being performed
rou nely, but only a limited number of tests incorporate
both germline and tumor tes ng. As described below, this
can inﬂuence the interpreta on of DNA test results. Thus,
physicians and health care providers should be aware of
these caveats when ordering and receiving these gene c
tests.
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DNA Detec on Technologies
Although several research and commercial tests are now
available for detecting mutations and other DNA altera ons, most tumor tes ng is currently performed with NGS.
Although “ﬁrst-genera on” Sanger sequencing was the gold
standard for years in both research and clinical laboratory
tes ng, NGS has largely supplanted Sanger sequencing for
cancer research and companion diagnostic use in clinical
oncology.
NGS involves shearing of DNA into small (200 base pairs)
fragments that are then used to create DNA libraries. Each library generally represents one pa ent sample, either tumor
ssue or normal DNA, and contains millions to billions of
individual DNA fragments. Each of these DNA fragments is
then sequenced individually, but also simultaneously, such
that this massively and in parallel approach yields terabytes
or more of DNA sequencing data. Repe ve or redundant
sequencing is generally needed to ensure that each nucleode of a given DNA posi on is sequenced enough mes to
dis nguish true muta ons from NGS ar facts that can occur
during the crea on of libraries and the sequencing process
itself. The advent of modern computers and electronic public databases then allow for each sequenced DNA molecule
to be aligned against a reference genome to determine the
presence or absence of muta ons rela ve to the reference
sequence.
Because reference genomes are derived from a variety of
pooled individuals, it is not always possible to dis nguish a
muta on from a normal variant that could exist within the
popula on. This is true for both germline and tumor-only
sequencing where the term “variant of unknown signiﬁcance” is o en applied. As such, germline sequencing and
ﬁltering is becoming more commonplace for sequencing of
tumors. This entails procurement of a normal DNA sample
(peripheral lymphocytes, cheek swab, etc.) from the same
pa ent whose tumor is being sequenced. The DNA is then
processed for NGS, and, a er sequencing and alignment,
the germline DNA is electronically subtracted from the tumor DNA to reveal only soma c muta ons. Although this
process can drama cally reduce the number of false posive muta ons,2 it also can poten ally ﬁlter out important
germline muta ons that may have therapeu c relevance
for a given cancer (e.g., BRCA1, BRCA2, MLH1 and MSH2)

PRACTICAL APPLICATIONS
• NGS pla orms are FDA-approved to screen for gene c
abnormali es in cancer.
• NGS results can vary based on sample input, the design
of the pla orm, and the bioinforma cs analysis.
• Molecular tumor boards may provide valuable guidance
on interpre ng and applying test results to pa ent care.
• Many treatment opportuni es are available based on
NGS tes ng through clinical trials.
• Oﬀ-label use of targeted therapies alone or in
combina on may not be covered by insurance and may
be toxic.
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since the electronically ﬁltering of data occurs prior to any
analysis of data by the user. As such, newer bioinforma c
tools have been developed such that ﬁltering of key germline muta ons does not electronically occur, as well as new
bioinforma c and sta s cal algorithms that can iden fy the
likelihood of a given muta on being germline versus soma c.
However, a cau onary note is that rela vely few, if any, currently available tumor NGS tests will report muta ons as
germline due to regulatory and consent issues (even if germline NGS was performed). Rather, most NGS test reports
will suggest such a variant could be either soma c or germline, and appropriate gene c counseling and possibly formal
germline tes ng should be pursued if clinically indicated.

Hotspot Muta ons, Gene Panels, Whole-Exome and
Whole-Genome Sequencing
The need for the aforemen oned germline ﬁltering has arisen
only recently as greater amounts of tumor DNA sequencing can be performed in a rela vely cost- and me-eﬃcient
manner. Tradi onally with Sanger sequencing, “hotspot”
muta ons, deﬁned as muta ons occurring at high frequency
in human cancers, are so common that germline controls
to verify that they are soma c were not needed. Examples
of such muta ons are abundant, but include E545K and
H1047R muta ons in the PIK3CA gene, and G12 and G13
codon muta ons in KRAS. With the advent of NGS, wholegenome sequencing became a reality, though the cost and
turnaround me precluded its ini al widespread use with
the original NGS pla orms. As such, various methods were
developed that allowed for selec ng and sequencing of only
certain hotspot muta ons using NGS, greatly facilita ng tumor sequencing in terms of cost and me. With me and
further matura on of NGS technology, this was expanded
to include mul ple cancer genes, some of which capture
the whole gene of interest, whereas for other genes only
hotspot regions of the gene were included in the test.
Therefore, care providers should be wary of poten al false
nega ve results in that the sensi vity of a test for a given
gene muta on is predicated on which regions of the gene
are being queried. Moreover, dis nct NGS pla orms and differences in variant calling may aﬀect concordance between
commercial NGS tests.3 As such, there has been increased
interest in the use of gold standards for internal references
across ins tu ons and the varied pla orms used for tumor
NGS tes ng.4
As NGS technology and compu ng power have steadily
evolved, the ability to sequence greater amounts of DNA
with faster throughput at lower cost has made whole-exome
sequencing and now even whole-genome sequencing a reality. Most whole-exome sequencing pla orms incorporate
all coding regions of the human genome and some noncoding regulatory regions such as the hTERT promoter region
that contains a mutational hot spot. Given the roughly
50 million and 6 billion base pairs of DNA in a whole exome
and whole genome, respec vely, iden fying true muta ons/
altera ons from normal variants becomes almost untenable
without germline ﬁltering when performing whole-exome
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or whole-genome sequencing. Newer public databases of
greater than 60,000 whole exomes5 has enabled the crea on of bioinforma c tools that allow successful ﬁltering of
germline variants when corresponding germline DNA cannot be obtained,6 however, paired germline DNA is s ll preferable when obtainable.

Cell-Free DNA and Liquid Biopsies
The use of NGS has also brought forth the concept of a liquid biopsy for cancer diagnos c tes ng. Liquid biopsies originally implied tes ng for the presence of circula ng tumor
cells, but more recently, this term has been used to describe
assaying for circula ng cell-free DNA (cfDNA; reviewed in7).
It is well-known that all cells, cancerous and normal, shed
DNA into the circula on. This cfDNA can be isolated and
analyzed by NGS for a variety of purposes including iden fying circula ng tumor DNA. Many studies have now been
published showing the ability to detect cfDNA using various
substrates such as plasma, serum, urine, saliva, and others.
NGS along with its predecessor digital polymerase chain reac on8 and other technologies have now become rou ne
for detec ng soma c altera ons in cfDNA. There is now an
FDA-approved liquid biopsy test for pa ents with lung cancer to determine eligibility for mutant EGFR–targeted therapies.9 Addi onally, cfDNA is also being studied as a marker
for residual cancer burden, response to therapies, and prognosis.10 If successful, these studies have poten al to change
prac ce, allowing for a true precision oncology approach
by determining whether therapies are eﬀec ve in real me
and/or monitoring for cfDNA muta ons that are markers of
resistant or sensi vity to a targeted therapy.

INTERPRETATION OF RESULTS
The Role of a Community-based Molecular Tumor
Board
The results from NGS tes ng can be very diﬃcult to interpret. Technical diﬀerences and unique variant classiﬁca on
strategies used by available commercial tests can further
complicate interpreta on of results. There may or may not
be subtrac on of germline variants. Some mes an unrelated muta on may masquerade as an oncogenic driver.11
These complexi es have led to diﬃcul es in understanding
the results of soma c tumor tes ng, priori zing variants
iden ﬁed, iden fying appropriate targeted therapy op ons,
and communica ng the ﬁndings to pa ents. These diﬃcules have led many academic ins tu ons to establish molecular tumor boards (MTB).12,13
Many smaller community-based oncology programs do
not have the mul disciplinary personnel or experience to
support a MTB. Oncology precision medicine (OPM) op ons
for pa ents in those programs are referral to an academic
center that has an OPM/MTB program, partnering with an
academic center to create a virtual MTB or targeted treatment recommenda ons based primarily on the soma c tumor tes ng report. This la er approach is subject to many
of the diﬃcul es described above. These include variability
in the understanding of soma c tumor tes ng results and

technical factors among oncology providers, lack of awareness of variant-based clinical trials, lack of awareness of
preclinical and clinical data regarding preliminary results
of proposed targeted therapy, and not recognizing potenal germline variants. It is not prac cal for all pa ents who
are poten al candidates for OPM therapy to be referred to
an academic center that has an OPM/MTB. It is possible for
larger community-based oncology programs to develop an
OPM program with an MTB comprised of clinical oncology
personnel typically found in a large community-based program. The Aurora Health Care OPM program (AOPM) is an
example of an OPM/MTB in a community-based oncology
program.14
The AOPM MTB is comprised of three general medical
oncologists who have dedicated a por on of their prac ce
to OPM. There is a dedicated pharmacist who assists in the
research of poten al targeted therapy op ons, classiﬁca on
and communica on of MTB recommenda ons, and obtainment of authoriza on for oﬀ-label targeted drug use. A research coordinator helps iden fy variant-based clinical trial
op ons both within and outside Aurora Health Care. An OCN
cer ﬁed nurse func ons as the program coordinator and
helps arrange biopsies, authoriza on for comprehensive soma c tumor tes ng, and helps manage the clinic. A gene c
counselor reviews all reported pathogenic/likely pathogenic
variants as well as variants of uncertain signiﬁcance. Variant allele frequency results are obtained from the vendor if
not included within the report. The results of the vendorspeciﬁc algorithm for classiﬁca on of soma c versus germline variants are reviewed. A family pedigree is reviewed.
A recommenda on for or against addi onal gene c counseling/germline gene c tes ng is then given. A pathologist
with a molecular pathology background reviews pathology
results and assists with understanding the molecular biology of an iden ﬁed variant or variants. All comprehensive
soma c tumor tes ng is arranged through the AOPM clinic.
This helps insure that the appropriate test is being performed on an appropriate pa ent at the appropriate me.
All tests are then reviewed at the AOPM MTB, and results
are communicated to the primary oncologist. If desired by
the pa ent or primary oncologist, pa ent evalua on can occur in-person at the AOPM clinic. Once a recommenda on is
made, the pa ent is referred back to the primary oncologist
for ongoing care.
The treatment goals of the AOPM program are first
to iden fy standard-of-care treatment op ons, including
FDA-approved targeted therapy for a pa ent’s par cular tumor type and FDA-approved tumor-agnos c immunotherapy treatment op ons. Most o en, these treatments have
already been exhausted by the me a pa ent is evaluated
at the AOPM clinic. When there are no standard-of-care
targeted therapy op ons, the priority is for variant-based
clinical trial op ons, targeted treatment approaches supported by well-powered studies, or consensus statements
or FDA-approved targeted treatment approaches in another
tumor type. Finally, options for targeted treatment approaches based on preclinical data or case reports are
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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considered. In addi on, the comprehensive evalua on of
the soma c tumor test result by our genomic medicine
group minimizes the risk of missing a germline muta on
that could have signiﬁcant impact on the treatment of the
pa ent and case iden ﬁca on within the pa ent’s family.
The administra ve goals of the AOPM program are to obtain the most value OPM has to oﬀer. There are some that
ques on the value of precision medicine–based targeted
therapy approaches in pa ents who have exhausted standardof-care treatment.15 By centralizing the ordering of comprehensive soma c tumor tes ng, the AOPM maximizes
the likelihood of obtaining the most appropriate tumor
sample and soma c tumor test. In addi on, it aﬀords the
opportunity to identify patients who are not appropriate
for OPM evalua on because they are near end-of-life or
there are standard-of-care treatment op ons that are more
appropriate.
Recommenda ons from the AOPM MTB are summarized
in a formal template document that is sent to the referring
primary oncologist. In addi on, the primary oncologist is
encouraged to par cipate in the MTB by video conferencing when their pa ent is presented. For pa ents evaluated
in person at the AOPM clinic, these recommenda ons are
also communicated to the pa ent. The format of the recommenda ons is a modiﬁca on of published guidelines.16 Level
A recommenda ons are FDA-approved therapies. Level B
recommenda ons are based on well-powered studies with
support from expert panel guidelines. Level C recommendaons are based on FDA-approved targeted therapy in another
tumor type or variant-speciﬁc inves ga onal trials. Level D
recommenda ons are based on preclinical data or case reports. There is also a review of PD-L1 immunohistochemical
test results, microsatellite instability tes ng, and muta onal
burden that may impact the role of immunotherapy. Lastly,
if indicated, recommenda ons for gene c counseling and
germline gene c tes ng are given.

TREATMENT SELECTION BASED ON NGS
Iden ﬁca on of Biomarkers for FDA-Approved
Therapy
The results of NGS tes ng may iden fy a muta on that predicts beneﬁt with a speciﬁc treatment in accordance with
FDA-approved product labeling. Various assays may fail to
detect an ac onable muta on due to low tumor percentage or other technical issues. Accordingly, tes ng with NGS
may iden fy the presence of a sensi zing muta on that was
previously missed. In other cases, previous tes ng may not
have been performed or may not have included assessment
of FDA-approved indica ons. For example, the FDA recently
granted accelerated approval of pembrolizumab for the
treatment of any adult or pediatric solid tumor that is unresectable or metasta c with microsatellite instability–high
(MSI-H) or mismatch repair deficiency. Prior testing, if
performed, may not have included assessment of microsatellite instability–high or mismatch repair deﬁciency. Addi onally, the temporal evolu on of a tumor may beneﬁt
from repeat assessment. For example, in some pa ents with
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EGFR-mutant non–small cell lung cancer repeat tes ng at
the me of tumor progression may detect the EGFR T790M
resistance mutation that may be treated with the FDAapproved therapy osimer nib.17

Clinical Trial Selec on
The development of NGS and targeted therapies has dramatically changed the design, scope, endpoints, and assump ons of clinical trials in oncology.18 Many clinical trials
now incorporate NGS tes ng or consider the results of external NGS tes ng for pa ent selec on. These clinical trials range in scope from phase I, single-agent trials to large
mul -ins tu onal pla orm studies that test many agents
based on molecular proﬁles in a histology-agnos c fashion.
Although it is beyond the scope of this review to cover all of
the poten al clinical trial opportuni es for pa ents based
on the results NGS tes ng, we strongly encourage that the
results of NGS tes ng, if performed, be used to iden fy clinical trial opportunities when FDA-approved therapies are
not available.
There are many examples of clinical trials that assign
treatments based on the molecular proﬁle of a tumor in a
histology-agnos c fashion. In other words, regardless of the
tumor type, as long as it is one of the many allowed, pa ents
may be considered for treatment with a targeted agent if
the right molecular proﬁle is iden ﬁed, so called “basket
trials.” Examples of molecular-based studies include ASCO’s
Target Agent and Proﬁling U liza on Registry Study (TAPUR;
NCT02693535), the Na onal Cancer Ins tute’s Molecular
Analysis for Therapy Choice (NCT02465060) and Molecular
Proﬁling-Based Targeted Therapy (MPACT; NCT01827384),
and Genentech’s “My Pathway” (NCT02091141). Other
clinical trial opportuni es are speciﬁc to a tumor type or
subtype, but select pa ents for treatment based on common molecular proﬁles for that malignancy, so called “umbrella trials.” Examples of these tumor-speciﬁc trials with
mul ple treatment arms include BEAT AML (NCT02927106)
for patients with acute myeloid leukemia, ALCHEMIST
(NCT0219438) for patients with resected non–small cell
lung cancer, and Lung-MAP (NCT02154490) for pa ents
with metasta c squamous non–small cell lung cancer who
are being considered for second-line therapy. Many of these
clinical trials are dynamic, with an expanding number of poten al treatments and eligibility modiﬁca ons that allow
an increasing number of screening assays. Accordingly, we
have not covered the methods of screening and poten al
treatment op ons in detail here, but we recommend considera on of these clinical trials or others like them given
their broad coverage of tumor types and poten al therapeu c opportuni es.
In other applica ons of NGS, early-stage cancer therapeucs programs may use the results of such tes ng to guide
recommenda ons for phase I clinical trials of targeted therapies. Some of these clinical trials may require external
valida on of the molecular abnormality in ques on prior
to treatment, such as MET exon 14 skipping muta ons for
treatment with the oral cMET inhibitor capma nib (INC280)
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in pa ents with non–small cell lung cancer (NCT02414139).
Other clinical trials allow valida on of the molecular abnormality a er enrollment such as the study of entrec nib
for pa ents with NTRK1/2/3, ROS1, or ALK rearrangements
(NCT02568267). Regardless, there are early reports that this
approach is increasingly being used at academic centers to
facilitate genotype-based assignment to clinical trials.19,20
Although NGS can identify many mutations, some biomarker-driven clinical trials are based on the expression of
a biomarker detected with a proprietary assay. Some examples of these basket studies include tes ng for mesothelin or
DLL3 in solid tumors for selec on of pa ents to receive the
an mesothelin an body-drug conjugate anetumab ravtansine (NCT03102320) or the an -DLL3 an body-drug conjugate rovalpituzumab tesirine (NCT02709889), respec vely.
For basket studies like these, oncologists may screen all of
their pa ents who are seeking clinical trial opportuni es
a er failure of standard-of-care treatments. They may also
use pretest probabili es based on published data of expression pa erns to decide whom to screen for various studies, or
they may use NGS transcriptome analysis to guide screening
decisions. These basket trials allow explora on of clinical acvity across a broader range of tumor types than for which
an inves ga onal agent may have ini ally been designed.

Expanded Access
Expanded access (or compassionate use) provides pa ents
with life-threatening diseases without therapeu c alternaves access to inves ga onal drugs. Expanded access to
inves ga onal products is regulated by diﬀerent agencies
with authority in their respec ve countries. Some mes deﬁni ons used by one agency are not used by another, and
these varying uses have led to confusion.21 Herein, we focus
on the expanded access program within the United States
as regulated by the FDA, and we refer readers to other reviews22 and policies such as the European Medicines Agency
statements on the compassionate use program and named
pa ent program if relevant to their needs.23
Following a successful clinical trial, pharmaceu cal companies may design expanded access clinical trials to provide
access to an eﬀec ve therapy during regulatory review.
These clinical trials may provide a treatment targeted to
the molecular proﬁle of pa ents’ tumors and are very reasonable to consider when available. On the other hand, the
majority of expanded access requests to the FDA are for the
treatment of individual pa ents. The Center of Drug Evalua on and Research at the FDA receives over 1,000 applicaons a year for expanded access, and the majority of these
are for oncologic or hematologic products.24 Most of these
single-pa ent requests are approved and seldom result in
drug development delays due to adverse events.24 Despite
eﬀorts to minimize the administra ve burden of expanded
access requests, there are many steps a physician must
take to sponsor expanded access for a single pa ent. The
me commitment required for physicians to sponsor singlepa ent expanded access simply limits the number of requests
that a physician can make. The FDA requires that many

condi ons be met to approve expanded access for pa ents
(Sidebar 1). Situations where physicians might want to
consider reques ng expanded access for a pa ent include
when there is a strong biologic ra onale to suggest beneﬁt
from an inves ga onal agent or when a pa ent is not a candidate for a clinical trial with the inves ga onal agent because of overly restric ve eligibility criteria25 that would not
likely worsen the pa ent’s risk or safety proﬁle of the agent
(e.g., alkaline phosphatase is higher than permi ed due to
bone metastases) or reduce the poten al eﬃcacy of the inves ga onal agent (e.g., gastrointes nal disease that limits
absorp on of oral agent). This approach can some mes be
very successful,26 but li le is known about the overall eﬃcacy
of single-pa ent expanded access.

Oﬀ-Label Prescribing
Oﬀ-label use refers to any prescribed use that is not consistent with the FDA-approval for an agent. There are many
types of oﬀ-label use including the prescrip on of an agent

SIDEBAR 1. U.S. Food and Drug Administra on
Requirements for Expanded Access
• The pa ent and a licensed physician are both willing to par cipate.
• The pa ent's physician determines that there is no
comparable or sa sfactory therapy available to diagnose, monitor, or treat the pa ent’s disease or
condi on.
• That the probable risk to the person from the inves ga onal product is not greater than the probable risk from the disease or condi on.
• FDA determines that there is suﬃcient evidence
of the safety and eﬀec veness of the inves gaonal product to support its use in the par cular
circumstance.
• FDA determines that providing the inves ga onal
product will not interfere with the ini a on, conduct, or comple on of clinical inves ga ons to
support marke ng approval.
• The sponsor (generally the company developing
the inves ga onal product for commercial use) or
the clinical inves gator (or the pa ent’s physician
in the case of a single-pa ent expanded access request) submits a clinical protocol (a document that
describes the treatment plan for the pa ent) that
is consistent with FDA’s statute and applicable regula ons for INDs or IDEs, describing the use of the
inves ga onal product.
• The pa ent is unable to obtain the inves ga onal
drug under another IND or to par cipate in a clinical trial.
Abbrevia ons: FDA, U.S. Food and Drug Administra on; IND, inves ga onal new drug; IDE, inves ga onal device exemp on applica on.
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for a diﬀerent indica on (e.g., breast cancer instead of lung
cancer; pa ents with earlier stages of disease), route of administra on (e.g., subcutaneous rather than intravenous),
or dosing (prescribed dose not speciﬁed in the label or prescribed in nonapproved combina ons) than what is on the
label. Oﬀ-label use of cancer therapeu cs is not always done
without evidence or support of professional guidelines. For
example, in a randomized, controlled phase III clinical trial,
bevacizumab was found to improve survival when added to
cispla n and pemetrexed compared with the combina on of
cispla n and pemetrexed in pa ents with mesothelioma.27
The Na onal Comprehensive Cancer Network guidelines
now recommend bevacizumab in this se ng,28 even though
it does not have FDA approval and is unlikely to receive
such.29 Other examples of oﬀ-label use occur a er the successful comple on of a clinical trial before regulatory FDA
approval. We would cau on that successful clinical trials do
not always lead to FDA approvals given issues that may arise
during regulatory review such as the lack of conﬁrma on of
responses.30 Although these oﬀ-label uses are reasonable,
extensive use of oﬀ-label cancer treatments without proven
safety or eﬃcacy is a public concern. It seems that oﬀ-label
use of cancer treatments supported by evidence or not, is
rampant in oncology. Although one review of intravenous
chemotherapy use published in 2013 reported that 70% of
use was on-label and met FDA-approved indica ons,31 others have suggested that oﬀ-label use is as high as 75%.32
NGS and other techniques have revolu onized our understanding of tumor biology, molecular heterogeneity,
and clonal evolu on. These techniques have been applied
to the design of clinical trials and ins tu onal prac ces using levels of evidence ranging from preclinical data with cell
lines to various phases of clinical trials to assign pa ents to
targeted therapies. As our understanding of tumor biology
is con nually reﬁned, many inves gators now suggest that
the redundancy of signaling pathways and resistance mechanisms that develop to targeted therapy favor combina ons
of therapeu cs for greater clinical eﬃcacy.33 Although we
fully support the development and inves ga ons of therapeu c combina on strategies based on molecular insights
gained from proﬁling with NGS or other techniques, we cauon against the use of unproven treatment combina ons
outside of clinical trials given their poten al toxicity. For
example, the combina on of vemurafenib and ipilimumab
for the treatment of melanoma had a high rate of unan cipated hepatotoxicity,34 and the combina on of osimer nib
and durvalumab for the treatment of EGFR-mutant NSCLC
had higher rates of pulmonary toxicity than predicted with
either agent alone.35 Along these lines, and given the frequent use of oﬀ-label targeted therapies, others have argued
that the safety, eﬃcacy, and cost of oﬀ-label medica ons
or combina ons must be considered when deciding to prescribe such.36 Under this proposed framework, if the safety
of a combina on has not been established or a trial suggests
that a combina on is not eﬀec ve, insurers should not necessarily be responsible for covering the costs of such offlabel use.
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Registries
As per above, we strongly recommend that FDA-approved
treatments, clinical trials, or expanded access be pursued
for pa ents in the appropriate clinical scenarios. When other
means of treatments are pursued based on NGS proﬁling,
it may inform future development to provide clinical annota ons to the detected molecular proﬁles in one of many
available prospec ve registries. Most of these registries
have a similar goal of advancing OPM by tracking pa ent
outcomes and responses to treatments in rela on to the
profiles of their tumors. Examples of these include the
American Associa on for Cancer Research’s Genomics Evidence Neoplasia Informa on Exchange (GENIE), CureOne,
the Mul ple Myeloma Research Founda on’s COMMPASS,
the Bladder Cancer Advocacy Network’s Bladder Cancer
Genomic Consortium, and the Pancreatic Cancer Action
Network’s Know Your Tumor.

Expanded Access, Right-to-Try, and Oﬀ-Label
Controversies
Formal product approval by the FDA requires review of the
safety and eﬃcacy of an inves ga onal treatment. The me
this takes may delay access following the comple on of a
successful clinical trial, but is necessary to ensure that paents are not exposed to ineﬀec ve or harmful treatments.
As per above, expanded access is allowed when situa ons
met certain criteria (Sidebar 1) and helps reconcile access to
poten ally eﬀec ve therapies with protec on of the public
from harmful agents by full review. The availability of expanded access and oﬀ-label use may unfortunately deter or
compete for enrollment into clinical trials that are necessary
to gain regulatory approval of an agent. Expanded access
may also compete with the limited supply of an inves gaonal agent needed for conﬁrmatory clinical trials. Manufacturers are not required to provide inves ga onal agents
for expanded access and are allowed to charge for direct
costs related to the manufacturing, shipping, and monitoring of the agent. As others have men oned, the best
pathway to make inves ga onal products available to most
pa ents in need is to demonstrate their safety and eﬃcacy
for full and prompt FDA approval.37 Thus, it is only in limited
circumstances that we recommend expanded access be
pursued as per above.
“Right-to-Try” legisla on has been enacted in many states
but not at a federal level. This legisla on is largely modeled
a er a proposal from the Goldwater Founda on in Arizona
that was designed to subvert and bypass the FDA.38 Rightto-try legisla on varies by state but typically allows paents to access inves ga onal agents that have successfully
passed phase I clinical trials, are the subject of FDA clinical
trials, and are not yet available to the public, as is the case in
Minnesota.39 Similar to FDA expanded access, manufacturers are not mandated to make these inves ga onal agents
available under “Right-to-Try” laws. Similarly, physicians
cannot be forced to prescribe these medica ons and may
have protec ons at the state level from prescribing these
agents. Many physicians believe that these “Right-to-Try”
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laws will have nega ve, unintended consequences for paents through the removal of safeguards, jeopardiza on of
insurance coverage, and circumven on of the government’s
responsibility to monitor inves ga onal products.40 Professional socie es including ASCO have opposed these laws.41
The an regulatory sen ment directed toward the FDA is
o en unfounded given that the FDA approves more than
99% of expanded access requests,24 typically within 1 day
of receipt,42 and has streamlined its approval process with
breakthrough designa ons and accelerated approvals.43
Given that state approvals of “Right-to-Try” laws conﬂict
with federal law, it has been recommended that physicians
con nue to comply with federal prescribing laws.39

False Op mism
Although there are examples of tremendous successes with
OPM, NGS screening may provide false op mism to some
pa ents with poor performance status who are unlikely to
receive addi onal lines of therapy. In these situa ons, referral to pallia ve care, if not made already, and considera on
of hospice may be most appropriate.

CONCLUSION
Molecular proﬁling has revolu onized oncology. Many targeted therapies and, more recently, immunotherapies have
been approved by the FDA with companion diagnos c tests.
NGS pla orms are now approved to screen for many of
these abnormali es. In some malignancies like non–small
cell lung cancer, it might be cheaper to screen for all of the
recommended biomarkers with an NGS-based cancer panel
rather than tes ng for each biomarker individually. In other
uses, NGS may be used to guide treatment assignment in
clinical trials or guide clinical trial recommenda ons. Given
the developing interest in combina on therapies that are
tailored to the unique molecular proﬁles of individual tumors, others have noted the irony that “while cancer treatments themselves are becoming more precisely targeted,
the evidence upon what clinical decisions will be made is
becoming much less precise.”18 Along these lines, we strongly
encourage that use of NGS in clinic be used to guide selec on of FDA-approved therapies or to direct pa ents to
clinical trial opportuni es to facilitate the most expedi ous
approval of inves ga onal agents.
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CAREER PLANNING AND CAREER TRANSITIONS

No Decision Is Final: Career Planning and Career Transi ons
Brian Boulmay, MD, Ta ana Prowell, MD, Marcelo Blaya, MD, and Maria Catherine Pietanza, MD
OVERVIEW
Several factors play a role in job selec on a er comple on of a hematology/oncology training program, such as a fellows’
overall career goals, expected income poten al, and limita ons imposed by visa status, among many others. Training
programs play an integral role in mentoring trainees in career selec on. For many, the ﬁrst job is o en not career-long. In
addi on to considera ons for a fellow considering a ﬁrst job out of fellowship, physicians will consider a change because
of dissa sfac on at one’s current posi on, desire for advancement opportuni es, or a desire to work in a diﬀerent sector.
Other factors include non-occupa onal issues such as career opportuni es for a spouse or desire for a diﬀerent geographic
loca on. Frequent employment changes are common with crossover between academia, clinical prac ce, industry, or government service. Possessing the skills needed to recognize one’s strengths, weaknesses, and goal priori za on can allow
for more op mal job selec on should a career transi on into a diﬀerent discipline occur. Recognizing opportuni es that
present themselves and poten ally taking advantage of them can lead to professional and personal growth.

T

here are many factors that a fellow and program director should consider when discussing career paths most
suitable for a trainee. Fundamentally, the main ques on
should be what do we an cipate will be the most appropriate for the fellow for the long term? Trainees will consider best matches for personality type, income goals, and
geographic preferences. O en, not every factor the fellow
desires can be op mally matched, and some compromises
will likely be made in ﬁnal job selec on. Addi onally, limitaons are o en present for those with certain training visas.
Laying the founda on for future employment should begin
as early as the ﬁrst year of fellowship. This will be especially
important if a fellow is interested in pursuing a successful,
immediately produc ve academic career.

PREPARING TRAINEES FOR THE REAL WORLD:
EXPLORING OPTIONS WITHIN ONCOLOGY
Tradi onal academic-based fellowships have focused on
preparing trainees for success in three general areas: competency in clinical prac ce and demonstra on of academic
productivity and medical knowledge, primarily by ensuring board passage. These components are the basis upon
which the core competencies of the Accredita on Council
for Graduate Medical Educa on expecta ons are built. Although the requirements for graduate medical educa on
for hematology/oncology programs emphasize the training
of a successful fellow for competent clinical prac ce, the
program directors’ speciﬁc responsibili es in preparing a
trainee for a pos ellowship career are not emphasized.1

Even though the primary role of the program director
in an academic program is as a teacher, mentoring plays a
large part of fellow interac on, especially as it relates to career selec on. For example, one study showed that 90% of
fellows interested in academic prac ce viewed mentorship
as an important factor when selec ng a career.2 Fellows inﬂuenced by posi ve role modeling are more likely to follow
the mentor’s career path. Trainees are also strongly inﬂuenced by their percep on of the mentor’s own job sa sfacon and lifestyle to help inform their job choice.3
Of the 146 hematology/oncology programs currently accredited in the United States, the majority are associated
with a medical school. It is a fair assump on that many of
the directors of these programs have a focus on training academic clinicians. However, based on the most recent ASCO
survey data, only 39% of hematology/oncology fellowship
graduates are in an academic prac ce. The remaining 56%
have a clinical prac ce, with a smaller percentage going into
government service (3%) or industry occupa ons (1%).4
Current workforce data from the American Medical Associa on for 2013 to 2014, show that 61% of oncologists work
in a clinical group prac ce, with a small percentage working
directly for a medical school se ng (2.5%).5
The milieu in which a fellow trains may inﬂuence career
choice. For example, at NCI/NCCN-designated cancer centers in 2008, 59% of gradua ng fellows entered academic
prac ce, 38% entered nonacademic prac ce, and 3% took a
posi on in the pharmaceu cal industry.2 The diﬀerences in career des na on for fellows from these more research-based
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programs compared with the total gradua ng fellow cohort
are diﬃcult to establish. Data from the ASCO In-Training
Examina on (ITE) post-test ques onnaire are instruc ve.
Third-year fellows taking the ITE were asked to indicate
what their employment expecta ons were upon gradua on.
In 2014, based on 420 responses, 48.1% were planning to
work in academic prac ce and 46% in community/private
prac ce. Survey data from 2017 (513 respondents) showed
an even higher percentage planning to enter university-based
prac ce upon gradua on (57%; unpublished data from ASCO
Center for Research and Analy cs, January 29, 2018). Although an NCI/NCCN-designated cancer center may more
favorably foster an environment for training academicians, it
appears that there is a fair alignment of career des na ons
independent of training site as the ASCO ITE reﬂects fellows
from both NCCN/NCI-designated and nondesignated centers.
Income poten al at gradua on is a cri cal considera on
for new employment. Na onally, the mean indebtedness of
medical school graduates in 2014 was $176,384, with 10% of
graduates having educa onal debt of more than $300,000.6
Salary informa on can be opaque, but na onal self-reported
data are increasingly available on physician networking
sites. The mean salary of a community oncologist is dependent on region, but is es mated to be approximately
$330,000, with academicians reported to make 13% less.7,8
How much debt inﬂuences fellows’ individual career choice
is also unclear. Data would suggest that income poten al
does inﬂuence career choice at the medical school and fellowship levels.9,10 With a trend toward private oncologists
being hospital employed or hospital-based, the ﬁnancial
risks associated with private prac ce has decreased, along
with income poten al. The compensa on arrangement of
many academic prac ces has also evolved to match more
closely the private models’ RVU-based compensation and
incen ve structure. Over me, pay diﬀeren al between private prac ce and academics may become less of a factor in
a fellow’s career choice.

PRACTICAL APPLICATIONS
• Training for hematology/oncology fellows should include
career planning mentorship.
• Fellows should consider a variety of factors when
deciding on career goals and should consider best
matches for personality type, income goals, and
geographic preferences.
• Crossover between academia, industry, private prac ce,
and government service are common during a life me
career.
• A good career opportunity will exploit an individual’s
personal strengths and limit the nega ve impact of
personal weaknesses.
• Career success requires mastery of a general skillset
no ma er what ﬁeld a physician ul mately pursues: a
strong clinical background, a strong comprehension of
the ﬁeld of work, an ability to communicate eﬀec vely,
and honest self-reﬂec on.
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Forty percent of hematologist/oncologists are internaonal medical graduates. As a result of a fellow’s training
visa, their ﬁrst choice of employment may not be feasible.
For example, fellows holding a J1 visa who wish to con nue
working in the United States upon gradua on must apply for
a waiver allowing them to remain in the United States. The
so-called Conrad-30 program is the most common mechanism for doing so and was designed primarily to address
a shortage of physicians in medically underserved areas.
The waiver allows the visa holder to remain in the United
States for a 3-year term, a er which he or she can apply
for permanent resident status. Thirty waivers are provided
to each state every year, with states giving highest preference to primary care special es such as internal medicine
or pediatrics. Consequently, large popula on states, such as
California, frequently ﬁll their waiver slots with primary care
physicians, although some smaller states do not ﬁll all of
their slots. In addi on, many employers choose not to hire
candidates with a Conrad-30 waiver because of the rela vely
prolonged and costly process associated with the waiver,
further limi ng employment opportuni es. As a result of
the compe ve nature of the waiver program, fellows are
advised to secure employment as early in their third year
of fellowship as possible to ensure a Conrad-30 waiver can
be obtained.

SEEKING NEW OPPORTUNITIES AND WHAT
TO LOOK FOR
Any eﬃcient job search begins with asking why a new job
is being contemplated at all. There are a few broad reasons
that lead people to consider changing jobs: unhappiness
at one’s current job, desire for advancement opportunies that do not exist in the current organiza on, interest in
working in a completely diﬀerent sector or ﬁeld, and nonoccupa onal issues such as career opportuni es for a spouse
or desire to live closer to family. These are not mutually exclusive, and there are o en mul ple reasons for seeking a
change. Nonetheless, it is impossible to generate a speciﬁc
wish list of desirable aspects for a new position without
pausing to reﬂect on the posi ve and nega ve a ributes
of one’s current job and what is promp ng a job search in
the ﬁrst place. This process facilitates asking whether one’s
current ins tu on is willing and able to make changes that
would address the sources of dissa sfac on. It is far less
expensive in terms of cost, morale, and produc vity to retain exis ng talent than to recruit and hire new employees.
Therefore, although employers may not spontaneously oﬀer
certain perks such as more protected me for research, a
ﬂexible work schedule, or an addi onal administra ve assistant, they may nonetheless be willing to consider changes
if approached by someone they are mo vated to retain.11
In some cases, the changes needed to achieve job sa sfac on will not be feasible and a move to a new ins tu on
or company will be essen al. The ﬁrst step is to cri cally
assess one’s own personality, strengths, and weaknesses to
iden fy opportuni es that will be the best ﬁt for a given individual. This can be done formally via any number of online
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assessment tools such as Cli on Strengths, which characterizes an individual’s unique mix of talents, or DiSC, which
iden ﬁes pa erns of behavior in four domains (dominance,
inﬂuence, steadiness, and conscien ousness).12,13 Alternavely, an individual may be able to informally characterize
his or her own personality, strengths, and weaknesses using
a simple process of honest self-reﬂec on and insight from
trusted rela ves, friends, or colleagues.
A good career opportunity will exploit an individual’s personal strengths and limit the nega ve impact of personal
weaknesses. For example, a physician who values rou ne
and tolerates unpredictability poorly may experience rapid
burnout in an academic role that consists of an erra c schedule of inpa ent a ending, grant wri ng, research projects,
and professional travel, but be a very valuable and sa sﬁed
partner in a private prac ce. Indeed, the best career opportuni es for an individual may even render personal “weaknesses” advantageous. A physician who is easily bored and
impa ent may be a problema c colleague in private pracce or basic science research, but extremely successful and
happy working in a start-up biotechnology company. A thorough and honest self-assessment is the founda on of every
good job match.
A er reﬂec on, it is worth asking which aspects of one’s
current job bring joy. A simple way to approach this is by
keeping a daily journal for a period of weeks to months in
which one notes par cularly sa sfying workdays and how
me was spent that day.14 This process of mindful journaling will help answer one of the most cri cal ques ons when
considering a new job: what do you actually want to be doing all day? Do you ﬁnd days spent working alone isola ng,
or do such days enable you to be focused and at your most
produc ve? Do you leave a day-long scien ﬁc mee ng with
colleagues energized by the exchange of ideas and potenal for new collabora on, or do you consider mee ngs to
be an ineﬃcient use of me? Do you gravitate toward work
with more immediate impact, such as direct pa ent care,
or would you prefer conduc ng clinical research that may
have far-reaching impact but requires tolerance for delayed
gra ﬁca on? These sorts of ques ons will help to iden fy
whether the most appropriate move is a new role within
the same organiza on, a change of employer, a change of
sector, or something else, and journaling is a concrete way
to iden fy personal pa erns in what ac vi es bring joy. For
example, if the best days include staﬃng the fellows’ clinic
or precep ng medical students once a month, one might
conclude that an academic posi on with greater educa onal
responsibilities, potentially even at the same institution,
would be ideal. If the most sa sfying days involve a ending
scien ﬁc conferences or par cipa ng in a mul disciplinary
tumor board, one might conclude that generous support for
con nuing medical educa on and frequent opportuni es
for exchange of ideas with peers are must-have features for
a future posi on, regardless of the chosen sector. If workdays during which one can manage to a end a child’s school
event or make it home in me for dinner with the family are
perceived most positively, an applicant should prioritize

posi ons or sectors with greater inherent ﬂexibility, emphasis on work-life balance, or openness to job sharing, partme, and telework arrangements. As men oned previously,
there is no one-size-ﬁts-all dream career opportunity.
Steve Jobs, the cofounder of Apple, famously said, “I have
looked in the mirror every morning and asked myself: ‘If today were the last day of my life, would I want to do what I
am about to do today?’ And whenever the answer has been
‘no’ for too many days in a row, I know I must change something.” It is also cri cal to document days in which one felt
unsa sﬁed at work and what tasks occupied those days. If
the mo va on for seeking a new posi on is frustra on with
a current job, one might begin by asking whether the sources
of dissatisfaction could be adequately addressed without
changing jobs and if a new job can remedy the issue. For
example, if an oncologist in a private prac ce enjoys clinical
medicine, is sa sﬁed with her pa ent volume, and has great
camaraderie with her partners, but dislikes the amount of
me spent documen ng in the electronic medical record,
would it be possible to hire a scribe to help with this task
in her current prac ce? If not, in her job search, she should
priori ze prac ces that have embraced the use of scribes
or midlevel providers to assist with documenta on. Simply
moving to another private prac ce without these features
is unlikely to address the true source of her dissa sfac on
given the na onal trend toward increasing me spent on
documenta on in the electronic medical record.15 Likewise,
oncologists in academic medicine who enjoy conduc ng
transla onal research but have insuﬃcient me to devote
to it because of clinical demands in their current posi on
might be happy in the same ins tu on if given more protected
time for research. If this is not possible, a new research
posi on in industry or government with fewer or no clinical
responsibili es may be a perfect ﬁt.
Although there is no one ideal job for every candidate,
there are nonetheless some universal features of good career opportuni es. The ﬁrst is a commitment to employee
well-being. In the simplest terms, it is an ins tu on-wide
recogni on that employees have a life outside of work, and
that this is not an inconvenience to be managed, but rather
vital to the long-term health of the individual and the
ins tu on. This may manifest in a variety of ways, such as
aﬀordable onsite childcare, free ﬁtness facili es, poten al
for telework, or mindfulness medita on classes during the
workday that employees are encouraged to a end. If the
exis ng employees have me for hobbies or their families
and discuss them without apology, this is a good sign. The
second is the poten al for con nued professional development and growth within the organiza on. Although it is
certainly possible to ascend the career ladder by moving to
a new company or ins tu on every 2 to 3 years, the need
for recurrent moves may be undesirable for personal or
family reasons, such as concerns for geographic stability
or a spouse’s career. An ideal job opportunity will therefore include both a general blueprint and some an cipated
openings for career advancement within the organization. Another aspect is a clear sense that an organiza on’s
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employees have personal agency. Ins tu ons that ac vely
seek employee feedback and demonstrate willingness and
ability to evolve to address the concerns of their employees will result in a happier work environment. Ideal posions will also include adequate administra ve and ancillary
support. A common complaint across many sectors is that
highly educated and trained individuals waste me doing
tasks that could be performed by someone lacking their professional exper se. The best organiza ons recognize that
physicians and scien sts who are able to use their skillset to
its full poten al will be happier, more loyal, and more produc ve and will hire suﬃcient administra ve, research, or
other assistants to facilitate that. Lastly, a culture of fairness
and meritocracy is important. This includes, among other
things, transparency with regards to salary and criteria for
promo on that seek to address gender, racial, and other societal inequali es.
As a cau onary note, we would remind readers of the
phenomenon of hedonic adapta on, also known as the
hedonic treadmill. In 1978, Brickman and colleagues published a classic study in which 22 major winners of the Illinois State lo ery were interviewed and compared with 29
vic ms of accidents that had resulted in paraplegia or quadriplegia. This study revealed two important insights. The
ﬁrst is that the ra ngs of everyday happiness were strikingly
similar between the two groups despite what one might
consider drama cally diﬀerent degrees of good fortune: on
a scale of 0-5, lo ery winners rated their everyday happiness as 3.33 compared with 3.48 for the paralyzed accident
vic ms. The second was that the accident vic ms derived
more happiness from small, rela vely mundane pleasures,
such as hearing a good joke or ea ng breakfast, than the
lo ery winners.16 Subsequent studies have reported similar
ﬁndings. Hedonic adapta on therefore refers to the theory
that we have a thermostat-like se ng for our long-term happiness that returns to a rela vely constant range over me
despite external circumstances. When contempla ng a job
change because of “unhappiness” with no speciﬁc complaints
about one’s current posi on, par cularly when an individual
has changed jobs repeatedly because of unhappiness, the
idea that the next job may oﬀer a higher salary or more presgious tle and short-term happiness should be weighed
against a negligible long-term impact on day to day happiness
or career enjoyment. This may lead one to weight rela vely
underemphasized job features, such as length of me spent
commu ng or the nature of the surrounding community,
more heavily in ranking poten al job opportuni es.
A personal reﬂec on from an author of this paper (M. C. P.)
is instruc ve regarding the challenges and possibili es inherent in a career transi on.

TRANSITIONING FROM ACADEMIC
MEDICINE: REFLECTIONS ON A CAREER
MOVE
Upon comple on of my medical oncology fellowship in 2007,
the most obvious career choice for me was one in academic
medicine. Years of training and observing my mentors and
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their accomplishments crystallized what I wanted for my
professional life: pa ent prac ce coupled with the opportunity to par cipate in clinical research, develop trials, and
collaborate with laboratory scien sts to study new therapies and be er understand cancer biology. The next 8 years
of my career unfolded as I had an cipated: my prac ce grew
and my pa ents—even if aﬄicted with terminal illness—
brought me great sa sfac on. I enjoyed teaching and training residents and fellows the oncologic principles in pa ent
care. Simultaneously, I became more deeply engaged in
clinical research, strengthening my rela onships within and
outside my ins tu on, including with the pharmaceu cal
industry, which yielded early ﬁndings. My role as a clinician
scien st allowed me to see the posi ve results of clinical
research ﬁrst-hand, which led to improved outcomes in my
pa ents. Throughout this me, one thing was clear to me
as an oncologist, I wanted to improve cancer care, whether
through my one-on-one interac on with pa ents and their
families or clinical research.
On a busy clinic day in the summer of 2015, an email
reached my inbox aler ng me of an open posi on in industry. Previously, this email would have been ignored: a job
in industry was not of interest to me, which was likely a result of inaccurate percep ons and the unfamiliarity with the
“other side” of medicine notwithstanding my growing interac ons with physicians in the pharmaceu cal industry as a
principal inves gator on clinical trials. As a medical student
and trainee, I never had been exposed to an industry job
as an op on. Yet, I proceeded to read this par cular email,
which was diﬀerent from numerous others I had received
in the past. Not only did the sender have clear knowledge
of my work, she ar culated the uniqueness of the posi on
as the Global Director of Scientific Affairs in Oncology. I
decided to reply, and soon I embarked on a full interview
schedule, mee ng mul ple scien sts and physicians who
had either recently entered industry or had been in the
pharmaceu cal industry for years developing drugs. During
my interviews, although I ini ally held onto to my preconceived no ons, I quickly recognized that industry is another
venue to be “academic” and oﬀered the opportunity to advance cancer care on a much larger scale. My interviewees
impressed me by their obvious commitment to scien ﬁc
innova on and desire to improve the lives of pa ents. The
global role would enable me to use my ﬁrst-hand knowledge
of pa ent care and therapeu c approaches in oncology to
engage world-renowned physicians and seek addi onal advice in how the company could conduct research, whereas
maintaining the scien ﬁc integrity of the program.
I was oﬀered the job, and for weeks, I struggled with the
decision to either (a) con nue along my current path in my
“dream job” or (b) completely change course, where I would
leave my comfort zone and my pa ents, learn new skills, and
par cipate in clinical research in a diﬀerent way. I sought
the advice of many of my former colleagues and mentors
who had made the transi on; each noted that the resources
available in industry, as well as the necessary pace, were
unparalleled, which inevitably would lead to contribu ons.17
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Notably, I had not interviewed with any other company, nor
had I explored other roles in industry, and, as such, I was
unfamiliar with other jobs that could be available to me as
a medical oncologist. Ul mately, I decided to accept the posi on as I recognized it as an experience that would only
enhance my career as an oncologist.
The ﬁrst several months were challenging. I sorely missed
my pa ents and noted major diﬀerences between my academic career and my global posi on in the pharmaceu cal
industry. I have had to adapt to a new corporate culture,
which is unlike any hospital bureaucracy I had experienced.
The days are constructed diﬀerently, with back-to-back
meetings, leaving no or few business hours to work on
and deliver assignments prior to the hard deadlines. Ideas
in academia poten ally can materialize into preclinical research and clinical trials if funding and drugs are available,
with subsequent publica ons and presenta ons to inform
colleagues of results (whether posi ve or nega ve). In the
industry, ideas are not suﬃcient—projects undergo full review to determine that, in fact, a drug can be brought to paents and markets successfully. In industry, these projects
are to be executed in extremely limited meframes so as
to remain compe ve. This necessitates working eﬀec vely
within teams that include sta s cians, opera ons, and commercial and regulatory colleagues, none of whom I had ever
worked with previously. In academia, the milestones that
must be met for promo on are more tangible, such as publishing in peer-reviewed journals, teaching, and seeing paents. In industry, these milestones can seem less evident.
In spite of the diﬀerences between academics and the
pharmaceutical industry, there are striking similarities. I
have quickly learned that my training led me here. The rigorous hours spent in training prepared me in a way that only
a handful of my colleagues also understand, as the days in
industry are long. As noted earlier, the skills taught in training and honed in academia s ll are crucial: competency in
clinical prac ce, produc vity, and, most importantly, medical knowledge, which is essen al as we make decisions in
clinical trial design, interpret and integrate data, and disseminate informa on to others.
Success in industry requires many of the same principles
as in academics: a strong clinical background, a comprehension of the ﬁeld of work, an understanding of the fundamentals of research, and an ability to communicate eﬀec vely.
It is important to have an apprecia on of the pa ent population and the complexity of the disease, as these help
determine what the unmet medical needs are and how to
develop clinical trials. As oncologists in industry, we must
appreciate the intricacies of the approaches to treatment,
be knowledgeable of therapies available, and interpret and
apply ﬁndings from preclinical data and early-phase studies.
To conduct meaningful studies, it is cri cal to understand
hypothesis tes ng and sta s cs to develop a protocol; to
implement the outlined plan whereas maintaining the safety
of the popula on; and to perform an analysis of the ﬁndings. Finally, our ﬁndings must be communicated to regulatory
agencies, inves gators, physicians, and pa ents.

Notably, the roles in industry are vast and include, among
others, early discovery, transla onal medicine, biomarker
experts, sta s cians, clinical development, clinical operaons, regulatory aﬀairs, safety, epidemiology, scien ﬁc and
medical aﬀairs, and commercial development. Experts in
all of these areas must collaborate and work eﬀec vely in
teams for a company to successfully bring a drug to market.
In addi on, close collabora ons between regulatory agencies and academics are essen al for this to occur. Before
transi oning to industry, I did not fully appreciate the details necessary to enable a new therapy to reach a pa ent.
These numerous roles provide physicians with opportuni es to change func ons and responsibili es within the
same organiza on, which o en is favored to retain talent.
Within 12 months of being in the role for which I had been
recruited, I recognized that I needed to be more directly involved in clinical research at the company and transi oned
to a posi on in development. My mentors equally noted
that this is where I would ﬂourish and allowed the move to
occur.
I do not know what my future will bring, and, although
I s ll have a lot to learn in my current role, my experience
in industry has made me a be er oncologist. I be er understand the global environment and can more easily communicate with physicians worldwide. I be er recognize the
regulatory hurdles to drug approval and have a be er apprecia on of how a drug reaches the pa ent in clinic. Finally,
I continue to pursue my goal of improving cancer care,
although now at a global scale, which I would not have the
opportunity to do previously.
In training future oncologists, we owe them exposure to
industry early in training, which may be accomplished by
holding seminars with representa ves from pharmaceu cal companies. Trainees could use this opportunity to learn
how drugs are brought to market. Addi onally, elec ve opportuni es could be developed to allow industry physicians
to highlight how they impact clinical research. Such ac vies may oﬀer trainees and young oncologists an improved
understanding of the roles available and allow industry to
be considered as a career op on.

CONCLUSION
Iden fying and selec ng an employment opportunity upon
gradua on is an important step in a fellow’s working life.
However, for many the ﬁrst job is likely not going to be a
career-long posi on. Frequent employment changes are common with crossover between academia, clinical practice,
industry, or government service. It is unknown what percentage of fellows change jobs within 5 years of gradua on,
however, anecdotal data would suggest that a decade a er
comple ng fellowship, up to 50% of graduates will change
jobs at least once (N. Vander Velde, B. Boulmay, and J. Cole,
email communica on, November 2017). A systemic data
collec on program determine what factors lead fellows to
choose par cular jobs or lead to oncologists changing jobs
may allow for be er matches in the future. For now, in preparing trainees for the “real world,” a founda on should be
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

885

BOULMAY ET AL

established for ensuring adaptability when job changes do
occur. For those who have already completed training and

now are seeking other opportuni es, there is hope that a
more ideal ﬁt can be found.
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ASH AND ASCO CURRICULAR MILESTONES 2.0

The American Society of Hematology and ASCO Curricular
Milestones for Assessment of Fellows in Hematology/
Oncology: Development, Reﬂec on, and Next Steps
Frances Collichio, MD, and Elaine A. Muchmore, MD
OVERVIEW
The American Society of Hematology (ASH)/ASCO Curricular Milestones is a tool for assessment and teaching for fellows in
hematology/oncology. The expecta ons of the Next Accredita on System of the Accredita on Council of Graduate Medical Educa on (ACGME) was developed over years from the crea on of the six core competencies in 1999 to the current
data-driven outcomes-based system. The current internal medicine subspecialty milestones (ACGME repor ng milestones)
follow the general rubric of the general internal medicine milestones. The ASH/ASCO curricular milestones were developed
from the founda onal elements of the specialty, and they are interwoven with the ACGME repor ng milestones. The 2017
ACGME Milestones Report shows that the milestones display progression in performance through clear anchors. Educaonal outcomes are available in many special es. The internal medicine subspecial es have been given the opportunity to
update the ACGME repor ng milestones. The ACGME has acknowledged that these milestones may be diﬀerent for each
of the special es. The program commi ees of ASH and ASCO agree that revision of the ACGME repor ng milestones would
decrease the overlap of domains, lack of clarity, and nega ve language that is present in version 1.0. ASH and ASCO are
working with the ACGME and American Board of Internal Medicine (ABIM) to develop Curricular Milestones, version 2.0.

T

he goal of our fellowship educa on is to train the next
genera on of hematologists/oncologists to be compassionate, engaged, and knowledgeable physicians with
a lifelong desire to learn and thrive in our ﬁeld. In today’s
complex training environment, our fellows are in many different loca ons, with many diﬀerent mentors, and engaged
in mul ple ac vi es. It is necessary to have a straigh orward
system to measure their progress. The ACGME monitors
the training programs with nine annual metrics—program
leadership changes, documenta on of scholarly ac vity,
program a ri on, board pass rate, clinical experience, resident survey, faculty survey, comple on of milestone evalua ons, and clinical learning environment review.1 Programs
complete one of the metrics, the milestone evalua ons
for each trainee, twice a year on the ACGME website. The
speciﬁc repor ng milestones vary between special es,
but the overall goal of measuring the skills, knowledge,
and behaviors that trainees achieve during training is
the same.
ASH and ASCO convened their training program committees and guest experts in 2013 to develop the ASH/ASCO
Curricular Milestones.2,3 The intent of this ac vity was to
develop a document that would cover all of the ac vi es

that are important to our profession and could serve as a
tool to monitor progress and develop curriculum.4 Now,
a er 4 years of using the ASH/ASCO Curricular Milestones,
we are reﬂec ng on how it has been used and have proposed modiﬁca ons for the future.

BACKGROUND
Next Accredita on System
To enable the reader to understand how the curricular
milestones were developed, it is important to see how they
ﬁt into the educa on system and to review the educa on
terms (Sidebar 1).5,6 The Next Accredita on System (NAS)
of the ACGME started in July 2013, and it is more appropriately called the “Now Accredita on System.”7 Developed
out of a series of steps (Fig. 1), the NAS shows outcomes of
educa on using modern, eﬃcient tools that are data driven.
The milestone evalua ons are submi ed twice a year and
the other metrics are submi ed annually, with the intent
of limi ng accredita on visits to every 10 years. The reporting milestones are based on the six core competencies of
medicine, which include pa ent care, medical knowledge,
prac ce-based improvement and learning, systems-based
prac ce, communica on, and professionalism.
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COLLICHIO AND MUCHMORE

General Internal Medicine Milestones
Like the milestones of all of the special es, the general internal medicine milestones have the six core competencies
as the framework.9 Within each core competence, there are
subcompetencies, which provide more detail on the ac vity,
knowledge, or behavior that is important to that subcompetency. For internal medicine there are total of 22 subcompetencies. The milestones show the skills required to
demonstrate growth from novice to expert on a ﬁve-column
scale in each subcompetency. There is an overall performance appraisal for each core competency. The goal is that
the trainee will be “ready for unsupervised prac ce,” or
achievement of skills in column 4 by the me they are ready
to leave the training program (Fig. 2). The clinical competency commi ee for each program is required to meet
twice a year to review the evalua ons and make forma ve
recommenda ons regarding trainee performance. These
are shared with the trainee and uploaded to the ACGME.
A summa ve recommenda on based on the aggregate of
work and milestones that the resident has achieved is made
when the resident completes training. The internal medicine
milestones that the resident has achieved during residency
can be reviewed by the fellowship program director a er
the resident has started training in the fellowship program.

Subspecialty Milestones
In February 2013, representa ves from the ACGME, Alliance
of Academic Internal Medicine, ACGME, and sponsoring socie es of accredited fellowship programs began the process
of deﬁning the repor ng subcompetencies for fellows.10
This process was accelerated compared with what had
occurred for general internal medicine, but the commi ee

PRACTICAL APPLICATIONS
• The Next Accredita on System was developed by
the ACGME to align training with 21st century care
and develop tools that would help streamline the
accountability of assessment and training outcomes.
• The milestones are tools that describe the knowledge,
behaviors, and a tudes of trainees in the six core
competencies of medicine along a trajectory so that
trainees and mentors can monitor development as a
physician.
• The required ACGME biannual repor ng milestones
in internal medicine consist of 22 subcompetencies
in general medicine and 23 subcompetencies in the
subspecial es of medicine.
• In 2013, ASH and ASCO developed the ASH/ASCO
Curricular Milestones as a document to serve as the
curriculum for the specialty and provided a guide to
link these curricular milestones to the ACGME required
repor ng milestones.
• ASH and ASCO have taken the opportunity oﬀered by
the ACGME to reﬂect on the milestones project and
to develop a revised set of milestones that will serve
as both the ASH/ASCO Curricular Milestones and the
ACGME Repor ng Milestones.
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demonstrated substan al solidarity and consensus. There
were three mee ngs, homework, and mul ple conference
calls. All of the par cipants agreed that it was important to start all of the fellowships with the same repor ng
subcompetencies as the general internal medicine milestones. Of the six core competencies, medical knowledge
and pa ent care required most of the changes within the
subspecialties. Systems-based practice, practice-based
improvement and learning, communica on skills, and professionalism are similar for both internal medicine residency
and subspecialty fellowship. The number of subcompetency
streams was not decreased from general internal medicine
in the subspecialty document because of concern that dropping a subcompetency stream early in the process would
limit the ability to see diﬀerences across the con nuum of
training. There was discussion about dropping professionalism considering that physicians should have mastered these
skills by the me they complete internal medicine, but, in
the end, it was maintained because trainees face diﬀerent
stressors in diﬀerent phases of training. The concept of
conﬂicts of interest, not emphasized in the general internal
medicine milestone, was imbedded into professionalism. An
addi onal subcompetency stream called “scholarship” was
added. Procedures were divided into two parts: invasive
and noninvasive. At the me of publica on in 2014, there
were 22 subcompetencies milestones for general internal
medicine and 23 for the subspecial es. The document for
the special es was labeled the “Internal Medicine Subspecialty Milestones.”

Curricular Milestones
Concurrent to the development of the internal medicine
subspecialty milestones (“repor ng milestones”), several
subspecial es developed curricular milestones. Curricular
milestones are granular descrip ons of the knowledge, skills,
and a tudes or behaviors that deﬁne the content of the
six general competencies. Curricular milestones can provide specialty speciﬁc content that is unique to that specialty.
They can func on as the program’s curriculum and they can
be modiﬁed to meet an individual program’s structure and
needs. Because curricular milestones are tailored to the specialty, they can be easier for faculty to use to describe speciﬁc
skills than the general language in the repor ng milestones.
The ASH/ASCO Curricular Milestones were developed
collabora vely, with a group that included members of the
training program commi ees from each of the socie es
and invited guest experts including expert educators from
Canada.2,3 The curricular milestones were developed to
have a context-speciﬁc document that could be linked to
the internal medicine subspecialty milestones. The idea was
to have content that could be readily recognized by faculty
in hematology/oncology. The commi ee members started
with deﬁning the fundamental elements of the specialty,
the “entrustable professional ac vi es” that make up the
specialty.4,8 They looked at what was required by the ACGME
and the ABIM and included elements from these areas
if they were missing. As the list of entrustable professional

ASH AND ASCO CURRICULAR MILESTONES 2.0

SIDEBAR 1. Educa onal Terms1,5,6,8
ACGME: Accredita on Council for Graduate Medical Educa on
Clinical Competency Commi ee: Appointed by the program director to review fellows’ evalua on, prepare and assure
the repor ng of Milestones, and advise the program director regarding fellow progress, including promo on, remediaon, and dismissal
Competency: An observable ability of a health professional related to a speciﬁc ac vity that integrates knowledge, skills,
values, and a tudes. Competencies are observable, measurable, and can be assembled like building blocks to facilitate
progressive development.
Context Free: Standards that are independent of the se ng in which they are applied.
Core Competencies: The ACGME expects fellows to obtain competency to the level of a new prac oner in pa ent care,
medical knowledge, interpersonal and communica on skills, professionalism, prac ce-based learning and improvement,
and systems-based prac ce.
Cri cal Deﬁciency: A deﬁciency that has produced or leads to a signiﬁcant risk of producing harm. With regard to Milestones, a cri cal deﬁciency is a failure to engage at the novice stage of learning in any given milestones stream.
Curriculum: The aggregate course of study and ac vi es for the fellowship.
Curricular Milestone: Milestones that are speciﬁc to the specialty.
Entrustable Professional Ac vity: Observable, work-based ac vi es that can serve as meaningful and manageable
points of assessment.
Forma ve Evalua on: Assessment of a resident/fellow with the primary purpose of providing feedback for improvement as
well as to reinforce skills and behaviors that meet established criteria and standards without passing a judgment in the form of
a permanently recorded grade or score.
Summa ve Evalua on: Assessment with the primary purpose of establishing whether performance measured at a single
deﬁned point in me meets established performance standards; permanently recorded in the form of a grade or score.
Harmonized Milestones: A systemwide project by the ACGME to revise the nonpa ent care, nonmedical knowledge
milestones for all accredited special es.
Internal Medicine Repor ng Milestones: The document that provides a framework for the assessment of the development of the resident physician in key dimensions of the elements of physician competency in Internal Medicine.
Internal Medicine Subspecialty Milestones: The document that provides a framework for the assessment of the development of the fellow in key dimensions of the elements of physician competency in the subspecialty.
NAS: Next Accredita on System. The term that describes the overall system to monitor the progress of trainees and programs in graduate medicine in the United States, launched in 2013.
Performance Level: A speciﬁc level within a hierarchy (e.g., novice to master) deﬁned by measurable behaviors (performance criteria) related to a speciﬁc task or competency. The level of performance refers to an individual and generally
determines the level of supervision required. Levels are ordinal data, that is, there is an order to the performance levels
of a competency.
Subcompetencies: The domains under the core competencies that further deﬁne the ac vi es, behaviors, or knowledge
that is part of that core.

ac vi es grew, similar elements were combined whenever
possible. Subcompetencies that were unique to hematology
or oncology required much discussion because most training programs are combined hematology/oncology training programs. These include apheresis, geriatric oncology,
pallia ve care, wellness, and survivorship. The entrustable
professional ac vi es were made to “ﬁt” in the ACGME
subcompetencies. Most of the entrustable professional acvi es were placed in the competence of pa ent care. To
dis nguish them from the ACGME subspecialty milestones
in pa ent care, a le er subscript was added. For example,
in the ACGME repor ng subcompetency, PC2, “Develops
and achieves comprehensive management plan for each
pa ent,” the ASH/ASCO Curricular Milestones has le ers A
to M to deﬁne the element in the specialty. Once a dra
of the ASH/ASCO Curricular Milestones was completed, it

was reviewed by program directors in both socie es before
being ﬁnalized and made available on the respec ve websites. Webinars took place for faculty development, and the
document was discussed at annual mee ngs and retreats.

LESSONS TO DATE FOR INTERNAL
MEDICINE MILESTONES AND SUBSPECIALTY
MILESTONES
In December 2017, the ACGME met with representa ves of
the subspecialty programs to reﬂect on the internal medicine subspecialty milestones. ACGME staﬀ reviewed data,
available in annual reports on the ACGME website, for each
subspecialty of the Internal medicine subcompetencies.11
In academic year 2016 (June 2017 data), “straight lining”
shows the percent of programs for which all subcompetencies were assigned the same score, implying a problem with
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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FIGURE 1. Development of the Internal Medicine Subspecialty Milestones Document as Part of the
Next Accredita on System

the assessment scale. This occurred approximately 10% of
the me in general internal medicine and in the internal
medicine subspecialty programs. For hematology/oncology
programs, it occurred 20.7% of the me for the F3 year.11

At the mee ng, representa ves agreed that the milestones have achieved many of the goals that they set
out to achieve. The internal medicine subspecialty milestones include behavioral descrip ons with clear anchors,

FIGURE 2. The Titles and Meanings in a Subcompetency

A sample format for a subcompetency, showing the format for submission of this informa on to the ACGME. This is one subcompetency in Pa ent Care.
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demonstrate progression of skills achievement, and promote forma ve feedback. Most representa ves felt that
there are areas that needed improvement. These included
overlapping domains, lack of clarity in many of the paragraphs, and challenges with assessing prac ce-based improvement and systems-based prac ce. Column 1, labeled
“cri cal deﬁciency” (Fig. 2), has variable use. Among the
general internal medicine programs, the cri cal deﬁciency
assessment was used in 100 of 472 programs (21%), but,
among the subspecialty programs of internal medicine, it
was used in 0% to 6% of the programs.
There are na onal or mul -ins tu onal validity studies
for milestones in internal medicine, emergency medicine,
pediatrics, family medicine, and neurosurgery. Data from
all U.S. medicine programs for 2013 to 2014 showed that
the milestones could provide developmental progression
over the training years.12 Feedback on the milestone process for pa ent care and systems-based prac ce from 34
par cipants of clinical competency commi ees in internal medicine showed that the milestones were useful in
forma ve and summa ve feedback. The par cipants also
raised concerns about the length and complexity of some
milestones and suggested speciﬁc changes.13 The focus
groups also iden ﬁed a need for more faculty development. Most par cipants agreed that the pa ent care and
systems-based prac ce milestones would help competency
commi ees assess trainee progress toward independent
prac ce. A cross-sec onal study of United States internal
medicine residency programs compared assessments prior
to 2015 and a er 2015 (when milestones were introduced).
Milestones ra ngs were be er at detec ng problems with
professionalism than the pre-2015 system. Medical knowledge ra ngs by program directors using both systems correlated with cer ﬁca on scores, but the milestones ra ngs
were be er at detec ng residents who failed the cer fying
examina on and those who chose not to take the examina on. Internal medicine medical knowledge milestones
had a ghter correla on with ﬁrst a empt at licensure examinant than the old ABIM-required summary skill score of
knowledge.14
A small study in hematology/oncology fellowship program
showed that the SBP2 subcompetence stream ("recognizes
system error and advocates for system improvement") could
be used as an assessment tool for systems-based prac ce.15
New research is examining the eﬀects of gender on milestones ra ngs, stringency and leniency, trajectories, programlevel eﬀects, and correla on with future prac ce. The
ACGME has faculty development sessions on the milestones
in Chicago, Nashville (Vanderbilt University), Los Angeles
(the University of California at Los Angeles), and Cleveland.
There are now two more sites (Philadelphia and Michigan
State University).

SUBSPECIALTY MILESTONES 2.0
The ACGME has suggested the possibility of revision of the
internal medicine subspecialty milestones. At the mee ng
in December 2017, the subspecialty representa ves of inter-

nal medicine fellowships agreed that developing specialtyspeciﬁc milestones would be helpful to improve clarity and
to reduce redundancy.

ASH/ASCO CURRICULAR MILESTONES 2.0
In the past year, the training program commi ees of ASH
and ASCO also looked at the content of their curricular

SIDEBAR 2. Highlights of ASH/ASCO Curricular
Milestones 2.0
1. Curricular Milestones 2.0 was prepared with the
intent that it would serve as both the curricular
milestones as well as the repor ng milestones
for hematology/oncology.
2. PC1 (gathers and synthesizes essen al and accurate informa on to deﬁne each pa ent's clinical
problems), was kept because hematology/
oncology specialty disorders have unique
presenta ons.
3. Patient care activities that stand out or are
unique to the profession were kept as important
subcompetency streams such as care of the
geriatric patient, ability to manage patients
receiving a stem cell transplant, ability to manage
transfusions, ability to manage side eﬀects of
therapy, comfort and skill in integra ng clinical
trial research, facility with hospice and pallia ve
care, and care that considers survivorship and
cancer preven on.
4. The important skill of recognizing opioid addicon was added.
5. Documen ng medical decision-making to include
concepts of high value was added.
6. The level of skill a fellow displays as a team leader
was emphasized.
7. PC4 (procedural-based skills) was reworked based
on the changes to 2018 ABIM procedural
requirements.
8. Redundant competencies were merged (SBP1
and ICS2; PBL1 and PBL2; PROF1 and PROF4).
9. Redundant or unnecessary paragraphs were
omi ed, leaving the document much easier to
read.
10. The subcompetency of PROF2 (accountability to
pa ents and the profession) was changed to focus
on development of personal and team wellness.
11. Scholarship can be performed in quality and process improvement, educa onal research, clinical
research, and basic research, but the aspira onal
goal remains publishing in the chosen ﬁeld.
12. A subcompetency was added to Interpersonal
Communica on Skills to emphasize communica on of plans for systemic therapy and achievement of informed consent for that therapy.
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milestones and reexamined the process of linking the data
from the curricular milestones to the internal medicine
subspecialty milestones. Both groups thought that the
presence of two documents was awkward, and the dual
documents may have contributed to confusion by program
directors and trainees. Meanwhile, the ACGME milestones
group had developed dra -harmonized milestones for nonpa ent care, nonmedical knowledge milestones for all ACGME specialty programs. The program commi ees for ASH
and ASCO revised the subspecialty curricular milestones
using the template provided by the ACGME for the nonpaent care, nonmedical knowledge milestones, and labeled
this new document the “Hematology/Oncology Curricular
Milestones 2.0.” The new milestones document revised
the language to be as posi ve as possible, decreased redundancy, and focused the language for each of the skills.
The training commi ees at ASH and ASCO have requested
considera on to use the ASH/ASCO Curricular Milestones
version 2.0 as both the curricular and required repor ng
subspecialty milestones. The groups believe that this will
result in a more streamlined evalua on process that may
clarify assessments for both program directors and trainees,
and the change in language will encourage the use of all ﬁve
columns of the evalua on scale.
Because ASH and ASCO are working with the ACGME and
ABIM on revisions, the ﬁnalized document will not be available for several months. The major changes that the ASH
and ASCO commi ees have recommended are highlighted in
Sidebar 2. To summarize, the group changed the procedural
skills subcompetency to match the changes made by the
ABIM Boards of Hematology and Oncology to those requirements that will be eﬀec ve in July 2018. For consistency,
the competency regarding demonstra on of knowledge of
principles of, indica ons for, and complica ons from stem
cell transplanta on and eﬀec ve clinical management was
moved from “pa ent care” to “medical knowledge.” Regarding the nonpa ent care, nonmedical knowledge milestones,
the group used most of the recommenda ons made by the
ACGME for harmonized milestones. However, one change

was to modify the language of “PROF2” (accountability to
pa ents and the profession) to focus on development of
personal and team wellness, because this is considered vital for our specialty. Addi onally, a milestone was added to
interpersonal communica on skills on the skill of communica on of risks and poten al beneﬁts of specialty-speciﬁc
systemic therapy to pa ents and caregivers, including obtaining informed consent from pa ents and their families in
complex circumstances. Finally, we recommended that the
tle of column 1 (“Cri cal Deﬁciency“) be changed, because
of reluctance of faculty to rate a fellow with skills achievement in a column with that tle.

FINAL THOUGHTS
Our goal is to train our fellows to be compassionate leaders
in hematology/oncology. The tools that the milestones provide can help toward that goal. The breadth of the material
included can be added to a didac c curriculum and can be
a template to use for programma c assessment and for faculty development topics of ASH and ASCO.16,17 By pulling out
all of the knowledge, behaviors, and a tudes that we see
in our trainees and showing this in the subcompetencies,
we hope to help them see their individual strengths and
weakness, and use the data to improve as physicians and
leaders in our ﬁeld. Aristotle said, “The whole is the sum of
its parts.” We can make that analogy here because the new
framework enhances clarity of required knowledge, skills,
and behaviors for fellows, faculty, and program directors.
Thus, the new genera on of leaders in our ﬁeld will be in a
be er posi on to understand all aspects and perspec ves.
We look forward to con nuing this dialogue with our community and improving the outcomes of training and pa ent
care.
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Integra ng Social Media in Modern Oncology Prac ce
and Research
Mina S. Sedrak, MD, MS, Deanna J. A ai, MD, Kevin George, Ma hew S. Katz, MD,
and Merry Jennifer Markham, MD, FACP
OVERVIEW
The widespread adop on and diﬀusion of social media provides oncology professionals with a unique and unprecedented opportunity to engage with the public. However, there remains a paucity of literature examining how clinicians and researchers can eﬀec vely use social media to complement modern oncology prac ce and research. In this review, we dissect the
beneﬁts and risks of professional social media use in oncology and oﬀer several best prac ces for clinicians and researchers
to achieve eﬀec ve engagement. We also describe how to par cipate construc vely in Twi er conversa ons at the me
of medical or scien ﬁc conferences. Addi onally, we demonstrate how to communicate appropriately and safely with paents and families online. Finally, we explore the exci ng and nascent ﬁeld of social media research and highlight the need
to inves gate its poten al value in personalized cancer medicine.

T

he rapid diﬀusion and adop on of social media has created a new fron er in cancer communica on.1 In contrast to the more tradi onal communica on modes (e.g.,
newspapers, radios, sta c websites) where users passively
consume content, social media sites (e.g., Facebook, Twitter, Instagram) enable users to interact and collaborate to
generate content.2 This mul direc onal, par cipa ve discourse has created a host of new opportuni es and challenges in oncology. However, there remains a paucity of
literature examining how clinicians and researchers can
eﬀec vely use social media to complement modern oncology prac ce and research.3,4 In this ar cle, we dissect the
beneﬁts and risks of professional social media use in oncology and oﬀer several best prac ces to adopt when engaging
online. We also describe how to par cipate construc vely
in Twi er conversa ons at the me of medical or scien ﬁc
conferences. Addi onally, we discuss how to appropriately
and safely communicate with pa ents and families online.
Finally, we explore the role of social media in cancer research and highlight the need to investigate its potential
value in personalized cancer medicine.

BENEFITS, RISKS, AND BEST PRACTICES OF
PROFESSIONAL SOCIAL MEDIA USE
In general, clinicians and researchers can use social media
professionally for two purposes. First, social media serves
as an informa on aggregator, helping users stay current

on relevant advances in the medical ﬁeld.5,6 Second, social
media serves as an engagement tool, helping users to
connect with others who have similar interests, to foster
collabora on, and to gain support for personal and professional growth.5 Both of these purposes pose unique risks
and beneﬁts that clinicians and researchers must be aware
of as they enter the online space.
As an informa on aggregator, eﬀec ve use of social media
can help oncology professionals obtain reliable, real- me,
and relevant medical literature more eﬃciently than tradi onal methods (e.g., digging through stacks of journal
prints or emails). Among the major social media pla orms,
Twi er, a microblogging site, provides a way for busy praccing clinicians to keep up on medical research. Similarly,
researchers can leverage Twi er to keep up with both updates in their speciﬁc ﬁeld and new research that might not
fall within their specialty. Although informed comments
and discussions regarding key journal ar cles can o en be
extremely educa onal, clinicians and researchers must be
judicious in evalua ng medical informa on that is discussed
online. Health informa on found on social media may be
limited in quality and reliability.7 Medical informa on is also
o en promoted by authors who are unknown or poorly
iden ﬁed.8 Furthermore, the prolifera on of social media
has made it easier for users to solely follow content that
agrees with their established viewpoints, commonly known
as the “echo-chamber” eﬀect.9 To avoid these poten al pi alls,
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we recommend that oncology professionals carefully consider the sources of their informa on when se ng up social media accounts (e.g., who are they following and the
content of their posts). We recommend that clinicians and
researchers follow a diverse set of reputable health organiza ons, established scien sts, or journal clubs to stay current
on reliable research and par cipate in scheduled live-chats
(“tweet chats”), where users discuss health-related topics.10,11
In addi on to using social media as an informa on source,
oncology professionals can use social networking sites to
par cipate in online communi es, listen to experts, and
network and communicate with colleagues.12 In this way,
clinicians and researchers can make themselves digitally
accessible to the public, allowing them to connect with
other professionals for networking, new job opportunies, and collabora ons. Virtual and live professional relaonships, collabora ons, and friendships have come out
of social media engagement.13-15 Addi onally, social media
can help break down tradi onal barriers to interac on between health care professionals (e.g., professors, residents,
medical students, nurses) as well as between providers, scien sts, pa ents, and caregivers. Formal or informal “tweet
ups” (the actual face-to-face mee ng of Twi er users to solidify the rela onships formed online) may lead to mentoring and collabora on opportuni es.13,15,16
Although social media can be a powerful information
aggregator and engagement tool, there are some unique
challenges and drawbacks for oncology professionals to

PRACTICAL APPLICATIONS
• Cancer clinicians and researchers can eﬀec vely use
social media to stay current with the literature, network
and foster collabora on, and gain support for personal
and professional growth.
• Twi er engagement at academic conferences can be a
valuable way to nurture ac ve learning, disseminate
informa on, and connect physical and virtual a endees,
bringing diverse perspec ves together and facilita ng
rich discussions.
• Understanding how to appropriately and prudently
communicate with pa ents and caregivers online is
essen al. Social media oﬀers the poten al for clinicians
and researchers to demonstrate compassion, passion for
healing, and an apprecia on of the pa ent experience,
while concurrently providing credible, peer-reviewed
informa on resources.
• Social media represents an extremely promising fron er
for cancer research. It can poten ally serve as a data
source that may complement informa on from the
health record to help us be er understand popula on
health, and may inﬂuence health behavior or outcome
as an interven on tool. However, currently it is in early
proof-of-concept stages.
• Further research, collabora on, and funding are needed
to improve the evidence base for how social media can
be eﬀec vely leveraged to improve health knowledge,
behaviors, and outcomes.

consider. First, clinicians must be vigilant of the clinician-pa ent
boundaries online; we recommend that public acknowledgment of these rela onships be avoided. Second, clinicians
must respect pa ent privacy in online discussions or posts,
recognizing that the Health Insurance Portability and Accountability Act (HIPAA) and Health Informa on Technology
for Economic and Clinical Health (HITECH) regula ons apply
to online environments the same way they apply inside the
medical center.17 Even when informa on is de-iden ﬁed,
there have been instances of a health care professional
losing their job or licensure due to pos ng online content
that had the poten al to iden fy a speciﬁc pa ent.18 Finally,
clinicians and researchers must be aware that their online
proﬁle signiﬁcantly aﬀects their professional reputa on;
what you tweet, blog, or post publicly represents you.19 Online content is discoverable and may be used in malprac ce
cases. People expect clinicians to be composed, calm, and
reliable; we recommend a professional and measured tone
in all your public online content.20 Table 1 summarizes some
of the beneﬁts, risks, and best prac ces for clinicians and
researchers who wish to use social media professionally.

STRIKING THE RIGHT TONE: OPTIMIZING
THE USE OF SOCIAL MEDIA DURING
CONFERENCES
Twi er engagement at medical conferences marks a new era
in dissemina on and implementa on of research in oncology. The prac ce of live sharing conference informa on using
Twi er has been increasing in popularity. At the ASCO annual
mee ngs, for example, the number of mee ng-related tweets
increased ninefold from 7,746 to 72,698 over 5 years (2011–
2016).21 Similarly, an increase in mee ng tweets has also
been seen at hematology, breast surgery, emergency medicine, urology, radiology, and other medical mee ngs.4,13-15,22
The number of unique health care conference hashtags registered by Symplur, a healthcare social media analy cs company, has increased from 1,428 in 2014 to 2,282 in 2016.23
There are several reasons why cancer clinicians and researchers should consider engaging on Twi er at the me
of medical mee ngs. Annual mee ngs serve as a forum for
the exchange of ideas and dissemina on of new research
ﬁndings.13 Social media can be a low-cost, widespread, and
eﬀec ve way to share informa on with the organiza on’s
members, as well as anyone else interested in the content
such as providers in overlapping special es, pa ent advocates,
and the media. Twi er brings together physical a endees
with virtual ones, ac ng as a channel to deliver informa on
from the conference podium to thousands of interested
par cipants who wish to learn, dissect, and provide cri cal
analysis remotely. These interested par es have the ability
to “a end” in real- me and contribute to rich discussions at
the mee ng without delays in informa on acquisi on.
Another beneﬁt of using social media at mee ngs is that
it can provide clinicians and researchers with a more eﬀecve learning tool, enabling richer conversa ons about the
research being presented. Conferences are tradi onally
held in a “classroom-style” format. However, studies have
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 1. Beneﬁts, Risks, and Best Prac ces of Professional Social Media Use
Beneﬁts

Social Media as an Informa on Source

Social Media as an Engagement Tool

• Keep current on medical research that is genera ng interest

• Promote work and ideas that you consider important

• See the same medical news that appear in pa ent news feeds

• Comment on or reduce misinforma on

• Learn from online discussions about key studies and research

• Build professional connec ons for networking and collaboraon
• Enhance and control professional image and reputa on

Risks

• “Echo-chamber” eﬀect

• Breaching clinician-pa ent boundaries

• Click-bait ar cles

• Viola ng HIPAA/HITECH regula ons (e.g., pa ent privacy
concerns)

• Increased poten al for the spread of misinforma on

• Diﬃcult to separate signal from noise

• Time management
Best Prac ces

• Join live-chat hours and/or journal clubs on Twi er

• Avoid impor ng contacts from external sources

• Follow reputable accounts that demonstrate extensive experience in your topic of interest

• Proﬁle and bio should mirror professional role
• Maintain a composed, calm, and objec ve tone

• Avoid only following individuals and accounts that you tend to
agree with

• Respect copyright

• Vet informa on you redistribute or promote

• Establish personal ownership of ac vity and views
• Always remember what you tweet, blog, or post publicly
represents you

shown that “push learning” is not the most eﬀec ve method
of adult learning.24 The rapid pace and microblogging characteristics of Twitter are conducive to a learner-initiated
style of educa on.15,25 In u lizing a designated conference
hashtag (e.g., #ASCO18), an ongoing Twi er conversa on
allows for a real- me “backchannel” discussion among
a endees, presenters, and others interested in the content.26 Tweets or “li le gems” of informa on being shared
can also help one focus on the key learning objec ves from
each session.26 Diverse points of view can be brought into
the discussion, thereby expanding the knowledge base of
the par cipants. Clinical relevance or possible limita ons of
new research studies can also be discussed and debated,
and mee ng faculty can join the conversa on, taking their
presenta on beyond the podium. With a suﬃcient number
of engaged tweeters, misinforma on and misinterpreta on
of podium presenta ons can be corrected quickly, in real
me.14 Furthermore, use of conference hashtags allows online mee ng discussions to be archived for later search and
review. Oncology professionals can also gain insights from
sessions that they were unable to a end. Some a endees
use their tweets as their notes,15 a form of “microlearning.”
Focusing on small bits of content in such a way helps users digest ﬁndings of new research. Reviewing conference
tweets at a more leisurely pace can serve as a prompt for
the user to seek out more informa on about a par cular
topic of interest, and this may be a more eﬀec ve way of
learning than relying on the “push” technique of educa on
exhibited in most conferences.27,28
Although there are many beneﬁts for clinicians and researchers to engage on social media at the me of medical
mee ngs, concerns have been raised about the poten al
for widespread dissemina on of informa on that may not
be peer reviewed (such as unpublished abstracts), copyright
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infringement and intellectual property viola on, as well
distrac on of mee ng a endees by slide photography and
digital ac vity.15,29,30 It may be diﬃcult to convey scien ﬁc
informa on in a short tweet which may lead to “incomplete and/or incomprehensible” tweets.29 It has also been
demonstrated that with increasing conference tweet volume, there is an increase in activity from “low quality”
accounts (such as automated spam or “bot” accounts). In
addi on, retweets may be purchased from third party enes. These ac vi es can have a nega ve impact on the
quality of the online conversa on, decreasing the op mal
“signal to noise” ra o, and raises addi onal concerns about
spreading false and inaccurate informa on.21,31
Despite some of these concerns and cau ons, however,
social media engagement at the me of medical mee ngs
can be a valuable way for cancer clinicians and researchers to share informa on and develop new rela onships.
In Table 2, we outline some of our recommenda ons on
how a endees, presenters, and organizers can par cipate construc vely in Twi er conversa ons during these
events.6,13,15,16,32-36 Dissemina on of informa on at medical
and scien ﬁc conferences can be enhanced by robust Twitter discussions. It remains unknown how best to evaluate
and ensure the quality of conversa ons taking place; future
research is needed to develop metrics that measure the value
of these online conversa ons.6,37

WHEN YOUR PATIENT “FRIENDS” YOU:
APPROPRIATE COMMUNICATION WITH
PATIENTS AND FAMILIES ONLINE
As social networking sites such as Facebook and Twi er
grow in numbers of ac ve users, and as more online pa ent
communi es (e.g., Inspire.com, Smart Pa ents, Pa entslike-Me, and Cancer Support Community) become available,
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TABLE 2. Twi er E que e and Best Prac ces at
Medical Mee ngs
Stakeholder

Best Prac ces

A endee

• Create a professional Twi er proﬁle
• Include a photograph, brief biography, and aﬃlia on
• Use the conference hashtag (e.g., #ASCO18)
• Use disease-speciﬁc hashtags (e.g., #BCSM)
• Include appropriate credit and cita on in tweets
• Dis nguish one’s own opinion from that of the
speaker
• Tweet to share informa on, not to recreate the
conference

Speakers/Presenters

• Include twi er handle on presenta on slides
• Consider use of PIGLETS (presenter-ini ated
and -generated live educa onal tweets) to amplify
message
• Engage in postpresenta on dialogue online

Conference
Organizers

• Develop, register, and promote hashtags prior to the
mee ng
• Post social media policies online and in printed
mee ng materials
• Include Twi er names on faculty biographies and
mee ng badges
• Iden fy key mee ng a endees with an ac ve
Twi er presence to serve as leaders in the online
discussion (e.g., ASCO’s Featured Voices)
• Proac vely iden fy and tweet key slides from
presenta ons
• Organize an in-person “tweet up” social event to
help those who have been interac ng online get to
know one another in person

more opportuni es exist for clinicians to connect and communicate with pa ents outside of the clinic.38 Engaging
through social media creates opportuni es for clinicians to
publicly demonstrate their compassion, medical exper se,
and passion for healing. This may also serve to enhance
trust in the medical profession.39 However, the limits of appropriate health professional interac ons with pa ents and
caregivers online may some mes be unclear.
Some professional socie es have issued guidelines that
aim to provide direc on for physician communica on with
pa ents in the online space.40,41 The American Medical Associa on, for example, advises that physicians be aware
of standards of pa ent privacy and conﬁden ality, refrain
from pos ng iden ﬁable pa ent informa on online, and if
interac ng with pa ents online, physicians must maintain
appropriate boundaries of the pa ent-physician rela onship. The American Medical Associa on further guides that
to maintain appropriate boundaries, physicians should consider separa ng personal and professional content online.40
The American College of Physicians (ACP) and Federa on
of State Medical Boards (FSMB) issued a joint policy statement that, while acknowledging that there are beneﬁts to
social media in health care, advised against engaging with
pa ents in social interac ons online. They recommended

that physicians not “friend” or contact pa ents through
personal social media.41 Similarly, the American Congress
of Obstetricians and Gynecologists guidelines, published in
2015, recognized that physicians should use discre on in
accep ng friend requests through social media rather than
issuing a blanket statement opposed to it.42 Furthermore,
ASCO has a “Ten Tips for Use of Social Media” and encourages physicians to get involved and to be engaged, but it
also guides physicians to maintain professionalism in the
online se ng by protec ng pa ent privacy and avoiding
impropriety.43 Similar to the ACP-FSMB guidelines, ASCO
also advises that a professional distance is maintained between the health care professional and the pa ent, both in
person and online.
Despite the clear-cut nature of professional society guidelines, uncertainty arises in real-world clinician-pa ent rela onships (Table 3). Friend requests from pa ents on Facebook
create a unique dilemma for physicians. In a survey of
187 Australian physicians, 19% reported receiving a friend
request from a pa ent.44 One of the poten al risks of communicating and connecting with patients through social
media, including accep ng friend requests from pa ents
on Facebook, is the blurring of the boundaries of the clinicianpa ent rela onship, poten ally jeopardizing the therapeu c
rela onship.45
As professional guidelines recommend, clinicians should
maintain appropriate boundaries for the clinician-pa ent
rela onship and should not share informa on that could
jeopardize pa ent privacy. Health care ins tu ons may have
their own social media policies or guidelines for their clinical
employees; it is advisable to be aware of these.46 Clinicians
and researchers should consider establishing professional
social media proﬁles, such as on Twi er or Facebook, to
interact and communicate with the general public. Many
health professionals, like much of the general popula on,
have personal Facebook proﬁles,44 and privacy se ngs on
proﬁles can be modiﬁed to increase user privacy. For example, privacy settings can be set to show only a limited
amount of informa on to speciﬁc groups of people, to limit
who sees the profile in a Facebook search, and to limit
friend requests or messages to only those with whom a mutual
friendship is shared.
It is advisable for cancer clinicians and researchers to have
a plan in place for how to handle friend requests from paents or caregivers. One poten al solu on is to decline the
friend request and to consider advising the pa ent, “I have
a personal policy not to connect with pa ents or their family through Facebook.” If a pa ent asks an oncology professional for medical guidance on an online social networking
pla orm (e.g., Twi er, Facebook, blog), it is reasonable to
provide the pa ent with credible online resources (e.g.,
peer-reviewed cancer-related informa on such as Cancer.
Net). It is also reasonable to decline to give speciﬁc medical
advice and refer the pa ent to speak with his or her own
physician directly.
Studies and anecdotal reports of what physicians and paents believe to be appropriate when a pa ent friends a
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 3. Scenarios and Recommenda ons on Handling Online Clinician-Pa ent Boundaries
Scenario

Recommenda on

Example Response

Ac ve Pa ent

You have a personal Facebook page and you
receive a friend request from a woman
you are currently trea ng for cancer.

Recognize that accep ng the friend request
may blur the pa ent-physician boundary.
Consider declining the request.

“I have a personal policy not to connect with pa ents or their family
through Facebook.”

Former Pa ent,
Not in Your
Prac ce

You receive a friend request from a pa ent If no formal pa ent-physician rela onship
you treated for cancer more eight years
exists, it may be acceptable to accept the
ago and discharged to primary care at the
friend request. Clinicians can use their
comple on of 5 years postjudgment whether to accept or decline.
treatment.

Accept
OR
Decline: “I have a personal policy not
to connect with pa ents through
Facebook.”

Facebook Friend
and Ac ve
Pa ent

One of your current Facebook friends is
Since a formal pa ent-physician rela onship “I’d prefer to discuss your medical care
diagnosed with cancer and he is now
now exists, consider direc ng the pa ent
oﬀ of Facebook. Because it is imporunder your care as a pa ent. He sends
to oﬃcial, established channels for proper
tant to document your symptoms
you a Facebook message to ask you about
communica on, such as calling the oﬃce
in your medical record, I’d like for
some side eﬀects he is having from his
or use of the hospital or clinic’s electronic
you to contact my oﬃce so we can
treatment.
pa ent portal.
set up a me to reconnect in person
and discuss these further.”

Pa ent, Not in
Your Prac ce

A person on Twi er who follows your profes- Avoid giving speciﬁc medical advice but feel “There is great informa on on BRCA
sional Twi er proﬁle sends a tweet to you
free to share reputable online informa on
in the hereditary breast and ovarian
asking what screening tests you would rec- resources (e.g., peer-reviewed websites
cancer page on ASCO’s Cancer.Net.
ommend for her since she carries a BRCA
and other credible pa ent educa on
Also, I recommend that you speak
with your physician about the best
muta on. You both have public accounts,
sites). It is also reasonable to decline to
screening tests for you.”
so this tweet is visible the public.
give speciﬁc medical advice and refer
the pa ent to speak with his or her own
physician directly.

clinician have been conducted, and the general consensus
appears to be that accep ng friend requests is not recommended. In 2011, Chre en and colleagues found that 81%
(65 of 80 respondents) of surveyed physicians felt it was
never or rarely appropriate to become social networking
friends with current pa ents.47 Anecdotally, this seems to be
true in 2018 as well. One of the authors of this manuscript
(M. J. M.) solicited responses to the ques on of whether
physicians and pa ents should become Facebook friends
through her professional Twi er proﬁle and in a closed
Facebook group for women cancer physicians (Hematology &
Oncology Women Physician Group). The majority of people
who responded (including pa ents and physicians) in this
unscien ﬁc, crowd-sourced poll agreed that it was generally
not a good idea but that occasionally, in the right situa on,
it may be okay.
Understanding how to appropriately and prudently communicate with pa ents and caregivers online is essen al
and oﬀers the poten al for clinicians and researchers to
demonstrate compassion, passion for healing, and apprecia on of the pa ent experience. In a narra ve essay, Amy
Caruso Brown, a pediatric oncologist, describes her personal experience in naviga ng the clinician-pa ent interac ons through social media.48 During her story of caring
for a teenage girl with leukemia, she describes several poignant moments in the care of her pa ent, referred to as K,
including the discussion of a shi in goals of care from cura ve to pallia ve and the pa ent’s death in the intensive
care unit. Over 18 months later, Dr. Caruso Brown accepted
a friend request from K’s mother. Through this connec on,
she was able to read K’s mother’s account of her daughter’s illness and death. Reading her pa ent’s story through
898

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

the eyes of K’s mother caused her to realize the potenal value in connec ng with pa ents or family caregivers
through social media. She writes, “Facebook served as a
safe space for K’s mother. It represented an environment
detached from the hospital in a way that my ins tu onal
email address was not, and it served to empower her
voice and validate her story.... Following my pa ents and
their families on social media is an opportunity and a privilege, not unlike visi ng pa ents in their homes. It opens
a window into the digital community where so many of
our pa ents and families spend at least part of their lives.”
Finally, she writes, “Boundaries, although important, are
porous, and naviga ng them in prac ce is quite diﬀerent
from invoking them in the black-and-white world of the
lecture hall.”48

THE ROLE AND VALUE OF SOCIAL MEDIA IN
CANCER RESEARCH
Social media represents an extremely promising fron er for
cancer research. Although there is a drama c growth in the
popularity of social media among health care stakeholders,
there remains a paucity of literature to suggest that these
new, par cipa ve communica on channels are improving
health outcomes. Thus, there is a gap in knowledge about
the value and direct applica on of social media pla orms
in oncology.
Social media has opened new areas of research with poten al applica ons in oncology. First, social media may be
used as a data source to study cancer communica on to
improve precision medicine. Similar to mining the genome
to discover the links to a pa ent’s phenotypes and iden fy
targetable drugs that can alter the disease course, mining
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FIGURE 1. Integra ng Big Data to Achieve Personalized Cancer Care

social media data may be a new fron er for personalized
or precision medicine (Fig. 1). Although much of the traﬃc
online might seem superﬁcial or lacking the gravitas of our
genome, mining the social media data for exposures and
behaviors might radically personalize the delivery of health
care. Several public health researchers have recently described the poten al of using social media data sources to
evaluate public communica on about health.49 Sinnenburg
and colleagues, for example, were able to computa onally
aggregate and analyze 4.9 million tweets related to cardiovascular disease, characterizing tone, style, and perspec ve
of these tweets, as well as some basic demographics of the
users pos ng them.50 They concluded that Twi er has the
poten al to reﬂect real- me discussion about cardiovascular disease, and that characterizing these conversa ons
may help diﬀeren ate between signal and noise. Numerous
other observa onal studies have been done to examine the
content on pla orms like Facebook and Twi er related to
cancer.51 In this way, social media may be used as a “data
set” to track and iden fy communica on inequali es and
examine modes of communica on used by individuals, communi es, and popula on subgroups. It can also be used to
monitor public beliefs, a tudes, and social norms; capture
reported behaviors related to cancer; and evaluate media
eﬀects on individual or popula on health.
Second, social media may poten ally be leveraged as an
interven on (or part of an interven on) to change behavior
or outcomes. Several studies have examined social media
interven ons for smoking cessa on,52 mental health disorders,53 HIV preven on and treatments,54 and recruitment
for medical research.55 Although many have speculated
about the poten al u lity of social media for cancer clinical trial recruitment, the Metasta c Breast Cancer Project is
one of the ﬁrst na onwide studies that used social media as
a recruitment tool, demonstra ng that social media can rapidly iden fy and enroll large numbers of pa ents willing to

share tumor, saliva, and medical records.56 Further research,
however, is needed to measure the inﬂuence of social media interven ons (e.g., online support groups, video sharing
and educa onal communi es, trial recruitment eﬀorts) on
health, behavioral, or clinical outcomes.57-64
There are important ethical and legal challenges that clinicians and researchers must be mindful of when conducting social media research. Currently, there is a lack of clear
guidelines for health research with regards on how best to
engage pa ents using social media interven ons in a way
that is ethical and genera ve. Mining of social media data
needs to occur in a way that is transparent to pa ents’ and
consistent with their preferences for privacy. For example,
informed consent is diﬃcult to obtain from individuals who
contribute content to large, public data streams such as
Twi er or Facebook. The sharing and analysis of social media data may thus make poten al pa ent privacy viola ons
more likely. Furthermore, social media pla orms o en have
demographic pa erns that are not consistent with the general popula on, which may compromise the principle of
fairness in research subject selec on and generalizability in
terms of research ﬁndings.65 To mi gate the risk to pa ent
autonomy, respect, and conﬁden ally, research-related acvi es on these pla orms require careful review by the ins tu onal review board.3,66,67
Another major challenge in social media health care research is securing adequate funding. The use of mobile
technology and social media tools in research has increased
384% in the past decade, but this ﬁeld s ll reﬂects only
about 1% of Na onal Ins tutes of Health expenditures.68
Although funding for this type of research has increased in
both quan ty and scope from 2005 to 2015,68 we believe
that further funding opportuni es are needed to encourage
inves gators to focus on this emerging ﬁeld.
Social media represents an extremely promising frontier for cancer research, however, currently it is in early
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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proof-of-concept stages. We must enhance our ability to collect and interpret informa on from social media pla orms,
link the informa on available with validated clinical data, develop interven ons that impact behavior and outcomes,
and operate consistently with patients’ preferences for
privacy. We must learn how to decipher the signal from
the noise, understand the limita on with generalizability of
ﬁndings from social media research, and develop standard
methods that promote ethical, accurate, and relevant work
in this field. As described by Dunseath and colleagues, we
are embarking on a period where research can be designed
to enroll 10,000 to 1 million par cipants (e.g., Na onal Ins tutes of Health's All of Us Research Program, Google’s
Baseline, Apple’s ResearchKit).68 This may lead to signiﬁcant
ﬁndings that directly change how we treat and communicate
with our pa ents. Recently, several oncology professionals
with these interests have established the Collabora on for
Outcomes of Social Media on Oncology (COSMO) that aims
to assess and study the ongoing impact of social media in
cancer care.3,4 We encourage cancer clinicians and researchers

to par cipate in the rapidly evolving ﬁeld of social media
research and to take an ac ve role in shaping its future.

CONCLUSION
In this ar cle, we describe how clinicians and researchers
can eﬀec vely use social media to complement modern oncology prac ce and research. This includes building a professional social media presence to engage with other users
and stay current with the literature, leveraging social media at academic conferences to generate richer and more
educa onal discussions, naviga ng social media to appropriately and safely communicate with pa ents online, and
examining social media as the subject of popula on health
research. Further research, collabora on, and funding are
needed to improve the evidence base for how we can eﬀecvely leverage social media to engage pa ents, providers,
and communi es to improve health behavior and outcomes.
We encourage oncology professionals to take the ﬁrst steps
in exploring this new fron er of oncology.
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Caring for Colleagues and Loved Ones With Cancer
John W. Cook, Melissa Dillmon, MD, Stephanie L. Graﬀ, MD, Rebecca D. Pentz, PhD, Ranjana Srivastava,
MBBS, FRACP, and Julia L. Close, MD
OVERVIEW
Throughout the arc of a career in medicine, physicians are universally faced with the diﬃcult decision of when to provide
care for a colleague and when to refer to another physician. Gauging the magnitude of your rela onship, both professionally
and personally, and then weighing how to add the roles of physician and pa ent to your preexis ng rela onship is complex.
We review and discuss care of family and colleagues, address ethical boundaries both ﬁrm and ﬂexible, and explore the
emo onal weight of those rela onships.

“I want you to be my doctor,” said the voice on the
phone. It was an unexpected call from my therapist,
Lisa (a pseudonym). I had been seeing her for several
months to cope with peripartum depression a er the
birth of my third child. We had made a lot of progress,
and I felt back to my old self. She didn’t usually call me.
“I’m in the hospital. I’ve got lung cancer. That’s your
specialty, right?”
She was tes ng me, right? She and I spent a lot
of me on boundaries, and certainly trea ng your
therapist for cancer crossed one. How could I have a
pa ent-doctor rela onship with someone who knew so
much about me? How could I ever be objec ve in caring
for her? How could we switch places in the trea ng
rela onship? I let her know I needed to think it over.
Shortly a er, the fellow on the consult team called
me, asking me to overbook Lisa into my clinic a er
visi ng her in the hospital. “I told her what a great
doctor you are, and she said she deﬁnitely wants to
see you.” “Did she men on she knows me?” “No. She
knows you?”
At that point, my mind raced a li le. How could I let
Lisa down? She had go en me through so much. On
top of le ng Lisa down, could I just tell the fellow to
book Lisa with someone else? Should I just be open
and talk about my recent depression?
Later that evening, I visited Lisa in the hospital. I sat
down and explained that I could not take her on as a

pa ent. She said, “I’m proud of you. You’re right and
I was scared. I should never have asked.” We had a
very social visit, and I answered some vague ques ons
about cancer, le ng her know I had not reviewed her
chart and had no plans to. I contacted the a ending
physician of record and asked him to have her follow
up with another thoracic oncologist.
With hindsight, the decision to refer to a colleague
seems straigh orward. At the me, it was a
considerable challenge driven by the desire to help
someone who was so close to me. I work in a large
health care system in which there are many other
providers to oﬀer care. Had I been in a diﬀerent
se ng, there may not have been that op on. (Julia
Close, MD)

T

here are many scenarios we face as oncologists when
we must consider whether it is appropriate to care for
someone. The American Medicine Associa on’s Code of
Medical Ethics clearly states that physicians should not treat
themselves or members of immediate families.1 Outside of
this clear guideline, we must each make a decision on the
basis of our ability to provide appropriate care to the individual. In the case of a colleague, friend, or “VIP,” we must
consider our ability to be remain objec ve in care.
If I agree to care for my colleague, my best friend, or my
child’s teacher, will I oﬀer that individual something diﬀerent than I would oﬀer a pa ent I do not know well? Will I
be more aggressive? Less aggressive? Will I fail to see my
own bias in the rela onship? Will I be able to transi on care
when appropriate, or will my own grief get in the way? Will
the pa ent be able to be open with me to provide personal
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informa on needed for care? Can our current rela onship
transi on to a doctor-pa ent one?
To successfully navigate these scenarios, there are not
only ethical considera ons but prac cal ones. How do we
lay ground rules to ensure success in this new aspect of the
rela onship? Although the American Medical Associa on’s
Code of Ethics states that physicians “generally should not
treat themselves or members of their immediate family,”1
it does recognize that there are minor care or emergency
situa ons for which another physician is not available, and
in these cases acute care is appropriate. An example of this
is a rural physician whose family member needs an emergency surgery, and no other physician is present to perform
it.2 Under these circumstances, it would be ethical for the
physician to treat his family member because of the urgency
of the situa on. When it comes to prescribing drugs, physicians should never prescribe controlled substances to family
and friends.
Physicians in small towns or rural se ngs may ﬁnd it difﬁcult to diﬀeren ate whether a person is a friend or a paent ﬁrst, as they are more likely to interact with the same
people for whom they provide care.2 However, there is a
dis nc on between a close friend, with whom a physician
has a personal rela onship, and a neighbor or friend with
whom the physician interacts only in social se ngs. The
main ethical concern centers on the prac ce of informal
and undocumented care outside of the clinical se ng for
friends with whom there are close personal rela onships.2
Although one should rarely treat friends and families, it is
ethically permi ed to treat colleagues, with whom you have
professional rela onships. If you feel that the rela onship is
more personal than professional, follow the guidelines for
friends and family. Special considera ons when caring for
colleagues are detailed in Sidebar 1.
When trea ng a colleague, it is impera ve, prior to beginning treatment, that you be comfortable accep ng such a
role and can provide care in an objec ve and professional
way.4 If you feel uncomfortable accep ng such a role or you
ﬁnd yourself unable to maintain clinical objec vity, suggest
another physician with whom you and your colleague both
feel comfortable assuming care.5 When examining a colleague, it must take place in a formal clinical se ng and
should not be done as a “curbside consulta on.”6 Farrell
et al3 suggests that physician-pa ents o en do not reveal
their complete medical histories, speciﬁcally substance
abuse, or psychological disorders, in a curbside se ng. So
once you have agreed to treat a colleague, the examinaon should take place during a formal oﬃce visit at which
a complete physical examina on can be completed and a
complete medical history can be obtained.3 Although pa ent

PRACTICAL APPLICATIONS
• This ar cle will oﬀer prac cal guidance to oncologists
when considering caring for a colleague or loved one
with cancer.
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autonomy is of the utmost importance in pa ent care,
it is crucial to present your own formal treatment recommenda on, because the colleague may not have as much
exper se in the relevant ﬁeld of medicine as you.3 It is
impera ve, when trea ng a colleague, that you treat his or
her medical informa on with the utmost conﬁden ality.
You should not discuss the information with any other
colleagues, unless you have been given permission by the
pa ent.
In the following case study, Dr. Melissa Dillmon provides
a ﬁrst-hand account of a successful case of trea ng a colleague.
Countless books and papers have been wri en about
the doctor-pa ent rela onship, but there are very few
resources for physicians to turn to when they are faced
with the diﬃcult situa on of caring for one of their
colleagues or partners. Although some physicians may
choose to refer their friends and partners to clinics
nearby, a small-town practitioner often does not
have that op on. During our careers, it is likely that
a colleague will approach you and ask you that very
scary ques on, “Will you be my doctor?” Why does
that ques on ﬁll us with immediate trepida on? It
is important for physicians to contemplate how they
would respond before that day occurs. As a physician,
one should ask oneself, what is it that I fear in taking
care of a colleague, what are the real dangers to
taking care of a partner, why did they choose you,
what are their expecta ons of you and what are your
expecta ons of yourself, and what can you gain or
learn from this experience?
Ten years ago, I was a new partner in my
mul specialty group. I had been in prac ce a li le
more than 2 years when a colleague approached
me and asked me to be his physician. Tony was a
pulmonologist whom I had go en to know in those
ﬁrst 2 years as a ﬁerce advocate for his pa ents. He

SIDEBAR 1. Special Considera ons When Caring for
Colleagues
• Consider whether care can be provided objec vely
• Maintain conﬁden ality
• State that poten ally embarrassing aspects of
medical may need to be addressed for op mal care
• Do not allow loca on of care to compromise quality
• Clarify the role of the colleague as the pa ent.
• Clarify the cost of care at the beginning of treatment
• Document all encounters, as even informal consulta ons can result in malprac ce claims
• Be aware some states prohibit caring for colleagues
Adapted from Table 1 in Farrell et al.3
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had been a physician champion for pa ents with
lung cancer and insisted that we could improve their
outcomes by working together as a team. He was the
driving force behind the crea on of a tumor board that
met every Monday night to prospec vely discuss and
debate case a er case. We came to this conference for
our pa ents but also out of respect and fear of Tony.
He came to me prior to sharing his diagnosis with the
rest of his colleagues and asked me to be his physician
a er he was diagnosed with stage IV lung cancer.
“What is the irony?” he asked.
I asked why he chose me. He told me he that he
chose me not because of my superior knowledge, my
recent training, or my personality but because I had
known him the least amount of me, and it would be
easier when he died on me than my partners. He was
wrong in this one thing. Tony had been through cancer
before. When he was a medical student, he was
diagnosed with Hodgkin lymphoma, and the radia on
he had received then was likely the cause of his lung
cancer. I was scared to be Tony’s physician. I was
fearful of caring for a man whose intellect I admired
and who was held as a pillar within our clinic. He was
a physician’s physician. I also feared that he might try
to manage his own care or dictate his treatments. I
worried I would be in the spotlight and blamed when
things inevitably went bad. I had realis c expecta ons
of what I could do for him, and thankfully he did as
well.
Tony proved to be an easy pa ent. He never
ques oned my clinical decisions or challenged my
recommenda ons except when I recommended that
he receive radia on to his central nervous system
metastases. He would never go down that path again.
He asked me to get him to his daughter’s law school
gradua on, and that was all he expected. I think
the fact that he was able to go to her gradua on
was due more to his determina on than to my
treatment.
Toward the end of Tony’s life, his keen intellect began
to fade, and this was very hard for him to accept, but
he did it with grace. I saw his partners in our clinic who
had known him for decades put their prac ces aside
and take me to spend with their colleague. I saw a
small-town community that loved their doctor weep as
if they were his family. I learned more in those 2 years
caring for Tony about the prac ce of medicine and
the art of medicine than I did in all my years of formal
training. Since Tony’s death I have cared for countless
physicians, physicians’ spouses, and partners. I have
learned to treat people as people. They take oﬀ
their white coats at the door. I have learned that
the prac ce of medicine is fulﬁlling but that it is not
everything. I have learned that because they are my

friends and colleagues, I will experience more pain as
we walk together through their journey. Five years ago
we dedicated our new cancer center, and it is righ ully
named a er Tony. He gave an enduring legacy to this
community, and I hope in exchange that I was able to
give him the best care I could provide, the respect he
deserved, and the graceful death he was due. (Melissa
Dillmon, MD)
An issue that is rarely discussed is what special privileges
one can ethically oﬀer colleagues or pa ents who are considered “VIPs.” Farrell et al3 suggested that one avoid oﬀering special privileges to colleagues such as bypassing oﬃce
staﬀ members. Yet this kind of special privileging is common. You tell your colleague, “Just text me, and I will work
you in for an appointment.” Or your colleague emails you
directly with a ques on, and you answer promptly. Or the
ins tu on has an employee appointment phone number so
that all employees get privileged access to appointments. I
suggest that as long as these behaviors do not disadvantage
other pa ents in a meaningful way, they can be ethically
supported.
Common-sense morality holds that we have special obliga ons to people with whom we are in rela onships, though
the exact moral framework that grounds special obliga ons
is debated.7 The argument is simple enough: inherent in being in any rela onship are certain obliga ons that are beyond those we owe all humans. Parents have obliga ons to
care for and nurture their own children in ways not required
of them for other children. I have argued elsewhere that
siblings have obliga ons to donate stem cells to siblings,
whereas strangers do not.8 The list of those with whom we
have rela onships that spawn obliga ons typically includes
friends and colleagues, and some mes compatriots. Surely
the special obligations to colleagues are moderate compared with the obliga ons of parents to their children, but
they are extensive enough to include taking a text from a
colleague and ﬁ ng him or her into your schedule, if other
pa ents’ care is not jeopardized. Rela onships are built on
trust, mutual respect, and honesty, but they also involve
shared experiences, such as sharing a workplace and its responsibili es. They also involve special obliga ons, which
can include some special treatment when one is trea ng a
colleague, as long as other pa ents are not jeopardized, and
the guidelines outlined above are followed.
The daily grind of making tough decision in clinic and having the somber conversa ons with pa ents and their families can lead to even the best clinicians’ burning out. This
burnout can also lead to a slip in the ethical integrity that
must always be prac ced. There have been many diﬀerent
ways clinicians have coped with these feelings. Some of
these methods are very simple, others elaborate, but somemes it is the simplest that can lead can be the most therapeu c. In the following story, Dr. Ranjana Srivastava oﬀers a
simple method that has allowed her to con nue her excellent work in an area and popula on that needs dedicated
clinicians.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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At the sight of a new pa ent in clinic, I react with
a familiar feeling, trepida on. My public hospital is
located in a region that has become a hub for migrants
and refugees. It boasts delicious food, diverse culture,
and the generosity of strangers. It is also a place
of poverty, extreme disadvantage, poor literacy, and
unrelen ng need. Here, early cancer may be curable,
but the personal devasta on wrecks lives in ways one
can hardly imagine.
My pa ent listens quietly as we discuss her locally
advanced breast cancer, the need for downstaging,
the toxici es of chemotherapy, and the logis cs of
travel. In hal ng English, she asks sensible ques ons
and shows the resilience that is so o en the trademark
of people who have ﬂed war and persecu on. They
were both professionals back home. Her husband, in
more ﬂuent English, wis ully asks what would have
happened if she had had the ultrasound 6 months ago
when it had been recommended. It’s hard to say, I
say, as regret washes over me at the feel of her lumpy
axilla. But you are here now, and we will look a er
you. They nod gratefully. Genera ng a chemotherapy
order is the easiest part and the part that I can
control, but holis c care of pa ents requires more
than a chemotherapy script. She needs a social worker
urgently if her husband has to reduce his hours to care
for the children. Depending on his work schedule, she
will need pa ent transport. And an interpreter. An
occasional counselor would be useful, especially in
the ﬁrst few weeks. She would dearly like her mother
to come over, but the visa process will be long and
painful. Fa gue will limit her ability to do housework
and childcare; she may need community volunteer
support and help from the children’s primary school.
I talk her through all of this and am impressed by her
calmness. An hour later, there is one more thing le .
“We will have to ﬁnd a way of giving an injec on into
the skin, called GCSF.”
“I know how,” she oﬀers.
“You do?” I say, relieved.
Suddenly, the tears start, and as I wait politely, and
uncomfortably, they become a torrent.
“My eldest child is diabe c and I do all her insulin.
I don’t care if I die but what will happen to her? Who
will manage her diabetes? Who will remind her to
eat? How will she cope?”
I listen in dismay. Racking my brains, I tell her that
once she begins treatment, I can reach out to the
school, but by this point, all I really want to do is to make
it all be er. All of it. Her refugee status, her serious
906
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diagnosis, the fraught journey ahead, her husband’s
meager income, her children’s bewilderment, her
daughter’s diabetes. A er all, how much misfortune
can one person bear?
Finally, my pa ent leaves, bestowing far more
gra tude on me than I deserve. I am glad I was able to
reassure her, but I have been here before with hundreds
of pa ents, and I know that even in ideal condi ons,
this journey is fraught, physically and emo onally.
That whole week, her story plays on my mind. Did she
sleep that night? What did she say to her children?
Did she call her parents or spare them the trauma for
now? How does a trauma zed refugee deal with the
trauma of cancer: be er or worse? Somewhere along
the line, her story merges with mine. She is my age,
her kids are like my kids, her busy household stumbles
along like mine: where is the room in life for sudden
and major shi s?
And yet, ironically, I remind myself, she is not even
the worst oﬀ in the cohort of vulnerable pa ents.
There is the man whose wife couldn’t cope in a
new country and went back to her war-torn village,
leaving behind young children and a custody ba le.
The woman whose husband abandoned her to the
mercy of strangers as soon as they reached safety.
The dying man who had to choose which child should
ﬂy to visit him, but the visa was denied anyway. The
lonely student who refuses to hear that her recurrence
is incurable and clings to the hope of medicine in a
ﬁrst-world country instead of going home to die. Some
days, I have to convince myself that success stories
ever existed in this patch of human suﬀering.
The ancient Roman orator Cicero observed that
“a tear is quickly dried, especially when shed for the
misfortunes of others.” Perhaps this is true for the
person who rarely encounters misfortune, but the very
job of an oncologist is to sit with many simultaneous
misfortunes and carry undried and unshed tears.
Over me, the weight of such tears and fears grows
so heavy that the enthusiasm and joy of prac cing
medicine curdles to dread.
Like many oncologists, I struggle to keep up with
the reams of data emerging about cancer treatment,
especially in the era of a seeming breakthrough a
day. But the challenge of being an oncologist is not so
much in keeping up with the science of oncology but in
honoring its art. The science ﬁx comes rela vely easily
from keeping up with journals, talks, and conferences,
but the art of oncology lies in le ng oneself feel
the fears, an cipa on, happiness, grief, hope, and
disappointment of pa ents, some mes all in the
course of a day, and s ll having the strength to return
to work day a er day, year a er year.
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Some me ago, following an emo onally demanding
run at work, I took the Maslach Burnout Inventory,
a psychological self-assessment tool, on which my
score reﬂected a high level of burnout. I responded
as any sensible person would. I became a serial testtaker, and churned through the Copenhagen Burnout
Inventory, the Oldenburg Burnout Inventory, and
many other ques onnaires before concluding that
perhaps the tests weren’t lying. It took me another
few weeks to see someone. Physicians are fortunate
to have access to professional help; I found my visit
therapeu c and valida ng. Like many oncologists, my
risk of burnout remains high, but I have developed
a greater awareness of my emo ons and a greater
preparedness to protect myself.
Caring deeply for pa ents is hard work, but it’s
also what sustains us. The good physician will never
abandon empathy but must ﬁnd a way to navigate
a career that is full of requests, demands, dilemmas,
and decisions, all of which can add up to a great
emo onal toll. My coauthors in this ar cle have
suggested valuable ways of nego a ng this toll. I
would like to add my thoughts about the important
role that wri ng a journal has played in my life.
I have always believed in the importance of debrieﬁng
but discovered quite early how diﬃcult it can be. It
requires making me, demonstra ng vulnerability,
and ﬁnding a good listener who is not stumped or
saddened by the types of emo ons that oncology elicits.
Meanwhile, I realized that self-reﬂec on was private,
readily available, and could be prac ced regularly.
There is no “best” way to reﬂect, but what has
worked for me is con nuing a daily journal that I
started wri ng in middle school. Along the way there
have been tempta ons to give up, including medical
training, having children, and the calls of a busy
household. But I have always returned to the powerful
pull of wri ng for the calm and equanimity it induces.
Wri ng is a cheap and ever-ready way of helping me
make sense of my world and o en does away with
the need to debrief with someone else. It helps me si
through emo ons and understand my reac ons and
mo va ons. Wri ng a journal doesn’t have to be a
big deal; neither does it have to be a daily job if you
don’t want it to be. Consider keeping a journal by your
bedside so it’s within easy reach when you do feel the
urge to unload your emo ons. I type much faster than
I write; while for essays, columns, and books, I turn
to my laptop, I have always used nicely bound books
and a good pen for my journals. There is something
medita ve about wri ng by hand.
I had never really thought that wri ng would be
anything more than a tool for personal growth, so it has

been a wonderful adventure to have gone on to write
several books and, for the past few years, a fortnightly
column in the Guardian on medicine and society. This
column is published in Australia and featured on the
Guardian’s interna onal sites in the United Kingdom,
United States, and other media outlets. Having a
public pla orm is great, but the responsibility is real.
I have used the pla orm to raise public awareness of
health issues, ponder ethical dilemmas, and highlight
important research. But I have inten onally and o en
wri en about the emo onal toll of medicine on the
provider because I think it’s only through highligh ng
these issues that we learn to deal with them. This is
not to diminish the experience of pa ents but rather
to explain why a career widely regarded as impressive,
honorable, and pres gious can s ll hurt. I have wri en
about being dumped by pa ents, being the subject of a
lawsuit, and the awfulness of knowing I have wronged
someone. I have also talked about depression and
suicide, misuse of power, arrogance, bullying, and
harassment. In medicine, one seems to trip over
stories. Wri ng sensi vely about these events informs
others but also succeeds in debrieﬁng the self. The
act of wri ng is good for suspending judgment and
aiding perspec ve. I have found this to be par cularly
true of wri ng essays for the New England Journal of
Medicine, where expert editorial remarks have really
helped me clarify my thoughts. For me, wri ng has also
been an opportunity to help others debrief and reﬂect.
I am always gra ﬁed to receive notes and emails from
physicians to say that my wri ng resonated with their
own experience; in a small way, it’s nice to be a part of
the healing of others.
But although I enjoy wri ng for the public, what I
am most grateful for is the habit of wri ng itself. In
addi on to loved ones and colleagues, wri ng has
helped me celebrate, reﬂect, challenge, debate, muse
and mourn. It has helped me understand myself and
others. The writer Anaïs Nin described words as a lens
to focus one’s mind. I would agree that wri ng has
helped me focus my mind on the job I most cherish:
being a doctor to my pa ents. (Ranjana Srivastava,
MD)
The ethical gray area that surrounds the decision of whom
to take on as a pa ent, and how to treat that person, can
be simpliﬁed into three basic guidelines. First, physicians
should not treat or prescribe medica on for family or close
friends and may treat them only in case of an emergency.
Second, when deciding if treatment of a colleague is appropriate, you must decide whether the rela onship is personal
or professional; if it is professional, you may treat the individual, but if it is personal, you should follow the guidelines for family and friends. If professional, you must decide
whether you can be objec ve, and if there is any hint of
worry in that regard, refer to someone else. Third, one must
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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never provide informal and undocumented care outside of
the clinical se ng to friends, family or colleagues. You must
provide the same level of care you would provide for any
pa ent, not omi ng any sensi ve test or ques on. Last, the

mental clarity of a physician is most important to helping
a physician make ethical decisions in the prac ce se ng.
Following the advice of Dr. Srivastava is one of many ways
mental clarity can be accomplished.
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Neoadjuvant Chemotherapy, Concurrent Chemoradia on,
and Adjuvant Chemotherapy for High-Risk Extremity So
Tissue Sarcoma
Elizabeth H. Baldini, MD, MPH, Axel Le Cesne, MD, and Jonathan C. Trent, MD, PhD
OVERVIEW
Standard treatment of large intermediate- and high-grade extremity so
ssue sarcoma (ESTS) typically includes wide
excision and radia on therapy. Many pa ents do well with this approach, but for those with unfavorable features, risk for
distant recurrence and, ul mately, mortality can exceed 50%. Unfortunately, universally accepted data elucida ng eﬀec ve
treatments to prevent recurrences and improve survival for such high-risk pa ents are lacking. Accordingly, opinions about
the appropriate role of systemic therapy for pa ents with high-risk localized ESTS vary. This ar cle reviews the current
literature pertaining to neoadjuvant chemotherapy, concurrent chemoradia on, and adjuvant chemotherapy for high-risk
ESTS. All of these approaches are feasible and reasonable to consider. Ul mately, the decision to incorporate chemotherapy into the treatment regimen is best reached by discussion among an experienced mul disciplinary sarcoma team and
should be tailored to the individual pa ent risk proﬁle.

S

tandard treatment of intermediate and high-grade extremity so ssue sarcoma (ESTS) includes wide excision and
radia on therapy (RT).1,2 Randomized trials have conﬁrmed
the role of these two treatment modali es.3-5 Many pa ents
do well with this approach, but for those with unfavorable
features, risk for distant recurrence (DR) and ul mately, mortality, is approximately 50%.6 Thus, it is important to iden fy
(1) which pa ents are at high risk for recurrence and (2) eﬀecve strategies to prevent such recurrences. Predictors for DR
and mortality for ESTS have been consistently demonstrated
to include high grade, large tumor size, and certain histologic
subtypes.7-10 For instance, a report of 1,091 pa ents showed
5-year overall survival (OS) rates of 52% for tumors larger
than 15 cm.10 Callegaro and colleagues published nomograms to predict OS and disease-free survival (DFS) for ESTS;
in addi on to grade, size, and older age, adverse survival was
demonstrated for vascular tumors, leiomyosarcoma, synovial
sarcoma, and malignant peripheral nerve sheath tumor compared with all liposarcoma subtypes, myxoﬁbrosarcoma, and
undiﬀeren ated pleomorphic sarcoma.9 Local control a er
wide excision and RT for ESTS is typically excellent (less than
15%), but reliable predictors for local recurrence (LR) include
posi ve resec on margins, presenta on with locally recurrent disease, and older age.7,11
Unfortunately, deﬁni ve data from small single-arm or randomized trials elucida ng eﬀec ve treatments to prevent

recurrences and improve survival for such high-risk pa ents
are lacking. Although a meta-analysis by Pervaiz and colleagues that included individual pa ents from 18 randomized studies found a beneﬁt in DFS and OS, these data have
not been suﬃcient to result in a universal consensus.12 This
is due in large part to the fact that ESTS is rare and consists
of several diseases with diﬀerent histologic subtypes, behaviors, and sensi vi es to chemotherapy and RT. Accordingly,
opinions about the appropriate role of systemic therapy for
high-risk localized ESTS vary. This state is reﬂected in the
National Comprehensive Cancer Network and European
Society for Medical Oncology guidelines for ESTS, which both
aﬃrm that the data for systemic therapy are inconclusive and
that its use for high-risk pa ents should be chosen on an individual basis.1,2 The lack of agreement on the poten al role
of systemic therapy for high-risk ESTS is further highlighted
by the results of a recent survey performed among members
of the European Organiza on for Research and Treatment
of Cancer So Tissue and Bone Sarcoma Group.13 Sarcoma
experts from 12 centers and seven countries were polled regarding their prac ce pa erns, and there was considerable
heterogeneity in the use of pre- and postopera ve chemotherapy, including the selec on of agents administered.
This ar cle reviews the current literature pertaining to
neoadjuvant chemotherapy, concurrent chemoradiation
(CRT), and adjuvant chemotherapy for high-risk ESTS.
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NEOADJUVANT CHEMOTHERAPY, CONCURRENT CHEMORADIATION, AND ADJUVANT CHEMOTHERAPY FOR EXTREMITY SARCOMA

NEOADJUVANT CHEMOTHERAPY
Although the data are limited, there is clinical ra onale for
neoadjuvant (preopera ve or induc on) chemotherapy.
First, there is a long history of successful use of preopera ve chemotherapy to induce tumor regression and facilitate limb- or organ-sparing surgery. Second, the use of
preopera ve chemotherapy allows earlier administra on of
chemotherapy to accelerate treatment of micrometasta c
disease in pa ents at risk for metastases for whom adjuvant chemotherapy is possibly required. Third, neoadjuvant
chemotherapy should be considered rather than adjuvant
chemotherapy in situa ons where subsequent resec on or
radia on therapy may decrease tolerability of chemotherapy
(e.g., nephrectomy, hepatectomy, wound healing). Last, the
use of preopera ve chemotherapy (two cycles over 6 weeks)
in pa ents who have ESTS at high risk for metasta c progression allows iden ﬁca on of pa ents with chemotherapy-sensi ve tumors (who radiographically respond to and
stand to beneﬁt from chemotherapy) from those whose
tumors that harbor inherent primary chemotherapy resistance. Pa ents who develop metasta c disease while receiving preopera ve chemotherapy are unlikely to beneﬁt
from an aggressive, poten ally morbid, expensive surgery
that, in the se ng of widespread disease, could be viewed
as unnecessary.
As indicated, mul agent chemotherapy anthracyclines
plus ifosfamide at an adequate dose is the generally accepted treatment of choice in the neoadjuvant situa on because
higher response rates were observed in most randomized
trials.14 Several single-center and mul center phase II trials
evaluated neoadjuvant chemotherapy combined with RT in
series of up to 80 pa ents. These trials demonstrated the
feasibility of this approach in studies performed at experienced
sarcoma centers.15 However, in the absence of a control

PRACTICAL APPLICATIONS
• For some pa ents with high-risk extremity so ssue
sarcoma, the risk for distant recurrence and, ul mately,
mortality can exceed 50%.
• Universally accepted data demonstra ng the eﬃcacy of
systemic therapy to improve survival for these pa ents
are lacking.
• Several reports of neoadjuvant chemotherapy,
concurrent chemoradia on, and adjuvant chemotherapy
have shown that incorpora on of chemotherapy into the
treatment regimen for high-risk pa ents with extremity
so ssue sarcoma is feasible.
• There is a strong ra onale to consider using
chemotherapy for such high-risk pa ents, but given the
absence of universally accepted data, such decisions are
best made on an individual basis and by experienced
mul modality sarcoma treatment teams.
• Ongoing and future clinical trials will help iden fy
the appropriate roles for chemotherapy in ini al
management of high-risk localized extremity so ssue
sarcoma.

arm, the precise incremental eﬀect of this strategy on limb
salvage, progression-free survival (PFS) or OS could not be
assessed. A randomized trial comparing low-dose neoadjuvant chemotherapy (doxorubicin at 50 mg/m2 plus ifosfamide at 5 g/m2) followed by surgery compared with surgery
alone included pa ents with grade I tumors as well as small
tumors (< 5 cm). Although this study showed a trend in survival favoring chemotherapy (56% vs. 50%) it was not sta scally signiﬁcant.16
A large, prospec ve trial compared three cycles of a conven onal full-dose anthracycline (epirubicin at 120 mg/m2)
plus ifosfamide (9 g/m2) combina on (EI) to a histologytailored chemotherapy in localized high-grade adult sarcoma
of an extremity and trunk wall.17 This study included a homogeneous group of pa ents for whom adjuvant chemotherapy is generally administered: intermediate or high grade,
tumor size greater than or equal to 5 cm, and ESTS or trunk
wall so ssue sarcoma (STS).18,19 The objec ve of this randomized trial was to reduce the risk for relapse with a histology-tailored chemotherapy regimen by 30% (high-grade
myxoid liposarcoma with trabectedin at 1.3 mg/m2; leiomyosarcoma with gemcitabine at 1,800 mg/m2 plus dacarbazine at 500 mg/m2; synovial sarcoma with high-dose ifosfamide at 14 g/m2; malignant peripheral nerve sheath tumor
with etoposide at 150 mg/m2 on days 1 to 3 plus ifosfamide
at 9 g/m2; and undiﬀeren ated pleomorphic sarcoma with
gemcitabine at 900 mg/m2 on days 1 and 8 plus docetaxel at
75 mg/m2 on day 8). The histology-tailored regimens tested in the experimental arm were selected on the basis of
the results observed when these regimens were used in the
advanced se ng over last two decades.2 A er a median followup greater than 1 year, patients receiving neoadjuvant
full-dose EI experienced a be er DFS than pa ents treated
with histology-tailored therapy. The projected DFS at nearly
4 years was 62% with the EI regimen versus 38% in the
experimental arm (p = .004). Importantly, OS at 46 months
was 89% in the standard chemotherapy arm and 64% in the
histology-tailored chemotherapy group (p = .034). Adverse
events were balanced between the two arms, with 114 adverse events in the histology-tailored arm and 125 events
in the standard EI chemotherapy arm. A er 70 events, the
third interim analysis preplanned by the protocol led to suspended inclusion of new pa ents because of the favorable
results of standard chemotherapy.
This study raises several ques ons. Are three cycles of
histology-tailored chemotherapy suﬃcient (perhaps six to
eight cycles would be more eﬀec ve)? Are these histologytailored agents less eﬀec ve against microscopic disease
or less cytotoxic than conven onal chemotherapy? Are
the histologic types chosen for histology-tailored therapy
more prone to early recurrence? Should olaratumab be
added to doxorubicin plus ifosfamide neoadjuvant therapy?
Is there a role for “maintenance” adjuvant histology-tailored
therapy a er doxorubicin plus ifosfamide neoadjuvant therapy? Thus, three cycles of the histology-tailored therapy
chosen in this study appear inadequate for the ﬁve histologic
subtypes of localized STS.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Achieving an R0 resection is the primary endpoint for
sarcoma surgeons opera ng on a pa ent with a localized
poten ally curable STS. The R0 resec on rate of 90% and the
4 year-PFS of 62% with EI chemotherapy compares favorably
to the outcome of pa ents operated upfront and receiving
ﬁve cycles of adjuvant EI.20 In most published adjuvant series,
the rate of R0 resec on is approximately 50% with adjuvant chemotherapy never intended to rescue inadequate
surgery. Therefore, increasing the rate of R0 resec on with
neoadjuvant chemotherapy could posi vely aﬀect outcome
in localized operable high-grade ESTS and trunk wall STS.
The decision to use preopera ve chemotherapy is generally reached at a mul disciplinary tumor board. Pa ents
discussed in tumor boards before surgery in referral centers
have signiﬁcantly more adequate radiologic tumor assessments, more tumor biopsies, and a be er adherence with
clinical recommenda ons regarding the ini al quality of
surgery compared with pa ents who were not discussed at
a mul disciplinary sarcoma tumor board.21 Par cipants in
these tumor boards should discuss the decision to manage
a high-risk STS with preopera ve chemotherapy with an anthracycline plus ifosfamide in order to determine whether
the pa ent would beneﬁt from a smaller tumor, limb- or organ-sparing surgery, treatment of poten al micrometasta c
disease, and to determine the inherent chemosensi vity of
an individual pa ent’s tumor. Ul mately, surgery remains
the pillar of local control for localized STS.

NEOADJUVANT CHEMORADIATION
Neoadjuvant CRT is not standard of care, but na onal guidelines indicate it may be considered for high-risk pa ents
with ESTS.1,2 The poten al goals of concurrent or interdigita ng chemotherapy and RT delivered before surgery could
include (1) intensifying treatment to decrease LR for marginally resectable tumors or those felt to be at high risk for
LR, (2) intensifying treatment to decrease DR and mortality,
(3) deintensifying RT to minimize wound complica ons, and
(4) as a means of assessing treatment response to provide
prognosis for outcome and help guide adjuvant treatments.
Conclusive data on achievement of these goals are lacking,
but several reports show that neoadjuvant CRT is feasible.

Interdigitated CRT (Conven onal Dose, 50 Gy;
Frac on Size, 2 Gy)
There are two experiences with an interdigitated CRT approach. The pilot study was conducted at Massachuse s
General Hospital and consisted of three cycles of mesna,
doxorubicin, iphosphamide, and dacarbazine (MAID) with
44 Gy given as two split courses of 22 Gy (in 2-Gy frac ons)
in between chemotherapy cycles, followed by surgery and
three cycles of postopera ve chemotherapy with or without an addi onal 22 Gy.22 Results showed improved survival
compared with historical controls. The Radia on Therapy
Oncology Group (RTOG) subsequently enrolled 66 pa ents
in RTOG 9514, a phase II trial with a very similar treatment
approach, although the ifosfamide dose was higher.23 Eﬃcacy was somewhat similar to that of the Massachuse s
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General study, but toxici es were greater, with 5% treatment-related deaths and 83% grade 4 toxici es rendering
the scheme unacceptable. Longer-term follow-up showed a
high 5-year LR rate of 22.2% but an encouraging 5-year survival es mate of 71.2%.24 A subsequent series from Massachuse s General of a more recent cohort of pa ents treated
with the ini al MAID regimen was associated with similarly
favorable results.25 Although reported OS rates for these
studies are promising, without well-matched comparison
arms treated with RT alone, it is not possible to assess the
eﬃcacy of interdigitated CRT.

Concurrent CRT (Conven onal Dose, 50 Gy; Frac on
Size, 2 Gy)
The Mayo Clinic reported a preliminary experience for 39
pa ents treated with two cycles of ifosfamide, mitomycin,
doxorubicin, and cispla n (IMAP) followed by 45-Gy (1.8-Gy
frac ons) preopera ve irradia on with concurrent reduced
doses of MAP. An addi onal 10 to 20 Gy was delivered by
intraopera ve electrons, brachytherapy, or postopera ve
external-beam RT. The rate of grade 3 or greater hematologic toxicity was at least 77% and es mated 5-year OS was
80%.26 The Mayo Clinic in Arizona published a retrospec ve
series of pa ents with stage II and III ESTS treated with surgery alone, neoadjuvant RT, or neoadjuvant CRT.27 Median
RT dose was 50 Gy delivered with conven onal 1.8- or 2-Gy
frac ons. The researchers found no diﬀerence between CRT
and RT alone with respect to R0 resec on rate, LR, DR, or
OS. Toxicity was greater for CRT compared with RT. A more
recent report from Palassini and colleagues describes the
feasibility of neoadjuvant concurrent CRT in the se ng of
the combined Italian Sarcoma Group and Spanish Sarcoma
Group randomized trial to compare full-dose epirubicin and
ifosfamide for ﬁve cycles versus three cycles for high-risk
localized STS of extremity and trunk.18 At the discre on of
the trea ng physician, RT was delivered concurrently with
cycles 2 and 3 to a dose of 44 to 50 Gy by using 2-Gy fracon sizes. The regimen of CRT was feasible and safe; delivered dose intensity was greater than 90%; however, grade
3 or 4 hematologic toxicity was common (61%), and there
appeared to be an increase in wound complica ons with
CRT (17%). Lastly, phase I studies have iden ﬁed maximum
tolerated doses of doxorubicin and gemcitabine delivered
concurrently with 50 Gy of conven onally frac onated preopera ve RT.28,29

Concurrent CRT (Hypofrac ona on With Frac on
Sizes of 3 to 3.5 Gy)
The most widely accepted neoadjuvant RT regimens use
2-Gy frac ons sizes (to approximately 50 Gy); however, several inves gators have explored CRT using larger frac on
sizes of 3 or 3.5 Gy. Eilber and colleagues at the University
of California,Los Angeles have a long track record of successfully trea ng ESTS with hypofrac onated RT regimens using
3.5 Gy frac on sizes and concurrent chemotherapy. Since
the 1970s, they have used ﬁve sequen al concurrent CRT
approaches, including, in chronologic order, the following:

NEOADJUVANT CHEMOTHERAPY, CONCURRENT CHEMORADIATION, AND ADJUVANT CHEMOTHERAPY FOR EXTREMITY SARCOMA

3.5 Gy × 10 (35 Gy), 3.5 Gy × 5 (17.5 Gy), and 3.5 Gy × 8 (28
Gy), all with intra-arterial doxorubicin; 3.5 Gy × 8 (28 Gy) with
intravenous doxorubicin and cispla n; and the la er regimen with the addi on of ifosfamide. These regimens have
been well tolerated, and local control rates are similar to
those reported for pa ents treated with conven onal 50-Gy
dosing.30 A report of 496 pa ents treated at University of
California Los Angeles from 1975 to 1988 demonstrated
15% LR and 66% OS at 10 years.31 Furthermore, this analysis
showed that 14% of pa ents achieved greater than or equal
to 95% pathologic necrosis, and the presence of this factor was associated with superior local control and survival.
Importantly, these data should be interpreted with cau on
because other reports have shown no correla on between
necrosis and outcome.32,33 Ryan and colleagues reported
on a series of 25 pa ents treated with the University of
California Los Angeles hypofrac onated RT regimen (3.5
Gy × 8) and dose-intense epirubicin and ifosfamide for three
preopera ve and three postopera ve cycles.34 RT was delivered concurrently with the second preopera ve cycle. They
showed that 40% of pa ents had a pathologic necrosis rate
of at least 95% and that the 2-year OS rate was 84%; however, the regimen was too toxic, with 84% predominantly
hematologic grade 4 toxici es. Inves gators from the University of Calgary in Alberta, Canada, have published their
experience with a “modiﬁed Eilber” protocol consis ng of
sequen al intravenous doxorubicin for 3 days with 3 Gy × 10
(30 Gy) star ng on the last day of chemotherapy. They
showed a 13.5% major wound complica on rate and very
good func onal outcomes.35 The appeals of these hypofraconated regimens delivered in eight to 10 frac ons compared with conven onal RT delivered in 25 frac ons are the
pa ent convenience of fewer treatments and associated
reduced treatment cost. Furthermore, although not yet
proven, there are the poten al appeals of increased treatment eﬃcacy and/or decreased wound complica on rates.

ADJUVANT CHEMOTHERAPY
In contrast to osteosarcoma and Ewing sarcoma, for which
periopera ve chemotherapy is a required component of the
standard of care, the use of adjuvant chemotherapy in the
heterogeneous group of ESTS is not implemented universally. The combina on of surgery and RT remains the cornerstone of local control for localized, resectable ESTS. Nevertheless, the strikingly high rate of local or distant relapse
and ul mate mortality (approximately 50% for high-grade
tumors) even a er adequate local treatment of STS has
inevitably sustained the clinical interest in using adjuvant
chemotherapy to improve DFS and OS.36
The most rigorous and important a empt to systema cally analyze data on adjuvant chemotherapy for STS in the
direc on of overcoming the problem of inadequate power of small trials and minimizing poten al biases was the
Sarcoma Meta-Analysis Collabora on (SMAC) publica on
in 1997.37 This landmark report analyzing the outcome of
more than 1,600 pa ents has become the reference publica on on the subject and was the ﬁrst meta-analysis of

adjuvant chemotherapy for pa ents with sarcoma to date
to be based on individual-pa ent data as opposed to small,
single trials and retrospec ve analyses. The results of this
meta-analysis provided sta s cally robust evidence that adjuvant chemotherapy signiﬁcantly improved LR- and DR-free
intervals. Moreover, the use of adjuvant chemotherapy
deﬁned a trend toward improvement in OS, although it was
not sta s cally signiﬁcant (hazard ra o, 0.89; p = .12). Importantly, the subset of extremity sarcomas (886) showed not
only an absolute beneﬁt in DFS but also an OS beneﬁt of 7%
at 10 years (hazard ra o, 0.80; p = .029).
A er the publica on of the SMAC meta-analysis, subsequent randomized trials were published in the ﬁeld of
adjuvant chemotherapy, all containing ifosfamide, larger average number of pa ents, and a greater propor on of STS
with high risk for relapse. One of the largest posi ve trials
was the Italian Randomized Coopera ve Trial.20 The study
involved a homogeneous cohort of 104 pa ents with highgrade extremity and girdle STS, with six cycles of adjuvant
120 mg/m2 of epirubicin plus 9 g/m2 of ifosfamide. At a
median follow-up of 59 months, the study showed a sta s cally signiﬁcant improvement in median relapse-free survival
and OS, but it was not sustained at longer follow-up.
The most recent adjuvant chemotherapy trial, coordinated by the European Organiza on for Research and Treatment of Cancer So Tissue and Bone Sarcoma Group, is the
largest conducted single study to date.19 This study involving 351 pa ents randomly assigned to no chemotherapy or
adjuvant chemotherapy (ﬁve cycles of standard-dose doxorubicin at 75 mg/m2 plus low-dose ifosfamide at 5 g/m2).
The study demonstrated similar 5-year OS rates of 66.5%
(chemotherapy) and 67.8% (control) between the two arms,
perhaps due to the low dose of ifosfamide, 20% chemotherapy discon nua on rate, or the use of ﬁve instead of six
cycles. Because of these diﬀerences, it is diﬃcult to compare with other studies using standard, ac ve doses of ifosfamide. Interes ngly, the pa ents in whom R1 resec on was
performed were found to beneﬁt from adjuvant chemotherapy with a 10-year OS of 44.7% compared with pa ents who
did not receive chemotherapy, in whom survival was only
27.6%. It is important to stress that these subgroup and retrospec ve studies can be used only to generate hypothesis
for future trials and cannot be used as evidence to propose
recommenda ons for clinical prac ce in these selected subgroups.38
In 2008, four addi onal trials were added to the individual-pa ent data from the meta-analysis performed in 1997.12
The addi on of these trials increased the number of trials to
18, represen ng 1,953 pa ents to be included in the analysis.
The odds ra o (OR) for local recurrence was 0.73 (95% CI,
0.56–0.94; p = .02) in favor of chemotherapy. Distant and
overall recurrence were found to have an OR of 0.67 (95%
CI, 0.56–0.82; p = .0001) in favor of chemotherapy. In terms
of survival, single-agent doxorubicin had an OR of 0.84 (95%
CI, 0.68–1.03; p = .09), which was not sta s cally signiﬁcant.
However, the OR for doxorubicin combined with ifosfamide
was 0.56 (95% CI, 0.36–0.85; p = .01), strongly in favor of the
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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addi on of chemotherapy to surgery and radia on in pa ents
with localized STS. The updated meta-analysis underscores
the eﬃcacy of adjuvant chemotherapy in localized, resectable STS with respect to LR, DR, overall recurrence, and even
OS. These beneﬁts are enhanced with the addi on of ifosfamide to doxorubicin-based regimens. However, the use of
chemotherapy must always be weighed against side eﬀects.
Therefore, there is an urgent need to determine whether
a small subpopula on of pa ents absolutely do not beneﬁt from adjuvant chemotherapy, such that these pa ents
may be spared from the expense, side eﬀects, and inconvenience of chemotherapy. Today, adjuvant chemotherapy
may be proposed in speciﬁc situa ons a er discussion at a
mul disciplinary sarcoma tumor board. Adjuvant chemotherapy is generally proposed as an op on to the high-risk
individual pa ent for shared decision-making.35
Our evidence-based insight into the eﬀec veness of systemic treatments for ESTS indicates that the decision should
be individualized and treatment algorithms should incorporate available evidence regarding the use of adjuvant chemotherapy. The design of future adjuvant chemotherapy
trials should incorporate novel agents with known ac vity
in the metasta c se ng.
New drugs, including novel molecularly driven agents,
have been introduced in the treatment arena of mesenchymal tumors. Treatment decisions should be formulated
according to the iden ﬁca on of pa ent subpopula ons
likely to beneﬁt from adjuvant systemic chemotherapy, with
considera on of speciﬁc tailored therapy for each histologic subgroup. Ul mately, and ideally, treatment planning
should be based on LR and metasta c risk indices that incor-

porate such factors as quality of surgery, histologic features,
molecular altera ons or signatures, and other prognos c
biomarkers yet to be iden ﬁed and validated.
Future trials that could be considered include a randomized trial in selected groups of histologic subtypes with histology-tailored agents. Whether this would deliver results
superior to those of the neoadjuvant study is unclear. Alterna vely, one could use conven onal chemotherapy (anthracycline plus ifosfamide) preopera vely for speciﬁc STS
types, followed by postopera ve histology-tailored therapy.
Future ambi ous adjuvant trials could be implemented in
histologic subtypes of sarcoma in which a proof-of-concept
eﬃcacy has been observed in advanced diseases.39 Moreover, molecular proﬁling of tumors from pa ents with STS
could lead to new ac onable targets and poten al adjuvant
therapies even in the context of localized diseases.40 In this
direc on, the collec on of fresh/frozen ssue and tumor
imprints is encouraged because new molecular pathology
assessments could be made at a later stage, in the pa ent’s
interest.
Take-home messages for the use of adjuvant chemotherapy include the following: (1) adjuvant chemotherapy is reasonable for pa ents with a 5 cm or larger, intermediate- or
high-grade STS, (2) adjuvant chemotherapy cannot rescue an
inadequate ini al surgery, (3) chemotherapy should contain
adequate doses of an anthracycline (≥75 mg/m2 of doxorubicin) and ifosfamide (≥9 g/m2 per cycle) when possible, (4)
clinical trials should con nue to evaluate histology-tailored
regimens, and (5) prognosis of pa ents with a localized STS
starts at diagnosis and depends on quality management by
an experienced mul disciplinary sarcoma team.
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Global Health Perspec ve in Sarcomas and Other Rare
Cancers
Vaia Florou, MD, Antonio G. Nascimento, MD, Ashish Gulia, MBBS, and
Gilberto de Lima Lopes Jr., MD, MBA, FAMS
OVERVIEW
Sarcomas, rare and heterogenous malignancies that comprise less than 1% of all cancers, have poor outcomes in the metasta c and refractory se ng. Their management requires a mul disciplinary approach that consists of medical and surgical oncologists, radia on oncologists, and pathologists as well as ancillary support. In addi on to systemic treatments,
most pa ents will require surgical resec on and radia on therapy, which mandates the use of the latest technologies and
specialized exper se. Management guidelines have been developed in high-income countries, but their applicability in
low-income countries, where resources may be limited, remains a challenge. In this ar cle, we propose the best possible
evidence-based prac ces speciﬁcally for income-constrained se ngs to overcome this challenge. In addi on, we review
the diﬀerent methods that can be used in low-income countries to access new and expensive treatments, which o en
mes carry prohibi ve costs for these areas.

S

arcomas are rare and heterogeneous tumors of mesenchymal origin, with a dis nct age distribu on, site of
presenta on, biologic behavior, and prognosis. There are
more than 100 unique sarcoma subtypes, which arise from
either the so ssues or bones. Sarcomas account for 1% of
adult and 15% of pediatric tumors, and they predominantly
(80%) aﬀect so ssues, whereas only one-ﬁ h aﬀect the
bones.1 Mul disciplinary approaches in the care of pa ents
with sarcoma have led to great improvement in oncologic
and func onal outcomes. The prognoses of metasta c and
refractory sarcomas, however, remain dismal: median survival is only 12 to 18 months.2
Despite their rarity and heterogeneity, guidelines for
the management of sarcomas have been developed in
the United States (by the Na onal Comprehensive Cancer
Network) and Europe (by the European Society of Medical
Oncology).3,4 Although these guidelines have been adapted
broadly in the high-income countries, their applicability in
lower-income countries remains limited, mainly because of
resource constraints. Hence, there is an unmet need for recommenda ons speciﬁcally for these low-income areas that
will be in accordance with the local availability of resources.
More than two-thirds of the world’s popula on live in
low-income countries, which grapple with limited resources,
ﬁscal deﬁciencies, and limited infrastructure, medical exper se, and technology. These geographic areas have seen
a surge in cancer burden from a mere 15% in 1970 to 56%
in 2008; by 2020, the es mated total number of new cancer

occurrences will increase by 73% in low-income countries
compared with a 29% increase in high-income countries.5
Another striking diﬀerence is the cancer mortality to incidence ra o, which is 0.66 in low-income areas and almost
double than the ra o in high-income countries (0.38).6
This discrepancy is probably caused by inequitable distribu on as well as lack of health care access and exper se.
Inadequately integrated or lack of established public health
policies, cultural misbelief, and illiteracy lead to delayed presenta on to medical a en on, which adversely aﬀects the
rate of limb salvage and overall survival of pa ents with sarcoma. A mul pronged approach is required to tackle these
complex issues. Such enormous changes require a herculean
eﬀort, star ng by accurate es ma ons of the sarcoma incidence; me culous planning; formula on of strategies with
short-, mid-, and long-term goals; and precise execu on
and follow-up. One approach will be to modify the best
clinical prac ces to best possible evidence-based prac ces
to suit the local needs. This ar cle highlights modiﬁca ons
in the treatment and overall management of sarcomas in
low-income countries.

THE CHALLENGE OF DIAGNOSING SARCOMAS
AND OTHER RARE CANCERS IN LOW INCOME
COUNTRIES
Biopsy and Tissue Processing
Biopsy is the most important step to establish an accurate
diagnosis in sarcomas. With rare excep ons, histologic
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TABLE 1. The Minimum List of Immunostains That Should Be Used in Income-Constrained Se ngs
Immunostain

Diﬀeren a on

Neoplasm

AE1/AE3, CAM5.2, EMA

Epithelial

Carcinomas, myoepithelioma, synovial sarcoma, epithelioid sarcoma

S-100 protein

Melanocy c, neural

Melanomas, peripheral nerve sheath tumors, clear cell
sarcoma

HMB-45, Melan-A

Melanocy c, perivascular epithelioid cytology

Melanomas, clear cell sarcoma, pecomas

Smooth muscle ac n

Smooth muscle, myoﬁbroblas c

Smooth muscle and myoﬁbroblas c neoplasms

Desmin

Smooth and skeletal muscle

Smooth muscle and skeletal muscle neoplasms

Myogenin, MyoD1

Rhabdomyoblas c

Rhabdomyosarcomas

CD34

A few ﬁbroblas c lesions

Solitary ﬁbrous tumors, dermatoﬁbrosarcoma protuberans

CD31

Endothelial

Benign and malignant vascular neoplasms

CD99

Poor speciﬁcity

Ewing sarcoma/PNET

CD45, CD20, CD3

Lymphoid

Lymphoprolifera ve lesions

Abbrevia on: PNET, primi ve neuroectodermal tumor.

conﬁrma on is essen al before any treatment begins. Unplanned excision not only compromises the possibility for
limb salvage procedures but also may adversely aﬀect overall clinical outcomes.7 Ideally, biopsy should be performed
at sarcoma treatment centers by the trea ng surgeon. In
low-income countries, biopsies can be performed by a general surgeon or by an interven onal radiologist in consultaon with the trea ng surgeon.
An open incisional biopsy or a core needle biopsy can provide adequate ssue for diagnosis. A core needle biopsy is
generally preferred, because it has the advantages of being an outpa ent and cost-eﬀec ve procedure, with a low
complica on rate and high accuracy in determina on of
the diagnosis.8 Usually, three to ﬁve cores are suﬃcient to
provide adequate ssue for histopathologic diagnosis and
addi onal molecular studies. An intra-opera ve image intensiﬁer or ultrasound may be used in core needle biopsies
to increase the diagnos c yield in challenging tumor locaons. Unplanned open incisional biopsy is fraught with complica on risks, such as higher infec on rates, tumor seeding,
and ﬁeld contamina on, and may compromise subsequent
limb-sparing surgical op ons.9 Open biopsies require general

PRACTICAL APPLICATIONS
• Challenges and poten al solu ons to diagnosis sarcomas
and other rare cancers in low-income countries exist.
• The op mal treatment of pa ents with sarcoma in
low-income countries involves evidence-based and costeﬀec ve prac ces.
• Surveillance strategies and the implementa on of newer
radia on delivery methods should depend on current
evidence on survival impact.
• Physicians need a global perspec ve on access to old and
novel high-cost medica ons.
• An integrated approach including physicians, industry,
and policy makers is required for eﬀec ve management
of sarcomas in low-income countries.

anesthesia and hospitaliza on, which increase the overall
cost. Fine-needle aspira on cytology is not recommended
for ini al diagnosis of sarcoma but can be done for conﬁrma on of local recurrences or metasta c disease.10
The most remarkable diﬀerence for the sarcoma pathologists who work in high-income medical ins tu ons compared with low-income ins tu ons resides in the limitless
use of important ancillary tools, such as immunohistochemistry and molecular gene cs. The state-of-the-art diagnosis
of a sarcomatous growth, either so ssue or bone, requires
the appropriate and careful use of immunohistochemistry
and molecular gene c techniques.
The use of immunohistochemistry is sine qua non for a
correct and unques onable diagnosis of most mesenchymal
neoplasms. The appropriate use of immunohistochemical
markers, although necessary, relies on careful interpreta on
in context with the morphologic aspects of the neoplasm
in ques on. The sensi vity and speciﬁcity of the an bodies
used, should always be taken into account. Probably the best
example of this divergence between sensi vity and speciﬁcity is observed with CD99, an an body that is extremely
sensi ve but not as speciﬁc for Ewing sarcoma/primi ve neuroectodermal tumor (PNET),11 which is expressed in a variety
neoplas c cell types, such as poorly diﬀeren ated roundcell type synovial sarcoma, alveolar rhabdomyosarcoma,
T-cell lymphoma, and mesenchymal chondrosarcoma. This
divergence between sensi vity and speciﬁcity obliges the
use of a panel of an bodies to overcome this challenge and
to reach the most precise diagnosis. A recommended list
of the minimum immunostains that should be used in lowincome se ngs is listed in Table 1.
The use of molecular gene c techniques, such as ﬂuorescence in-situ hybridiza on or reverse transcriptase polymerase
chain reac on, is applied frequently in the diagnos c workup of
sarcomas. The introduc on of gene cs in the daily diagnosc prac ce of sarcomas aﬀected the pathogenesis studies of
sarcomas, the development of newer classiﬁca on systems,
and the prognos ca on of some sarcomatous en es.12
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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TABLE 2. Main Growth Pa erns Presented by Sarcomatous Growth
Growth Pa ern

Type of Neoplasm

Diﬀuse

Lymphomas, Ewing sarcoma/PNET, mesenchymal chondrosarcoma

Cord-like with ﬁbrosis

Ewing sarcoma/PNET

Nes ng

Neuroblastoma, DSRCT

Staghorn

Synovial sarcoma, mesenchymal chondrosarcoma

Alveolar

Alveolar rhabdomyosarcoma, alveolar so part sarcoma

Spindle/fascicular

Synovial sarcoma, mesenchymal chondrosarcoma, embryonal rhabdomyosarcoma

Biphasic

Synovial sarcoma, malignant peripheral nerve sheath tumor, mesenchymal chondrosarcoma

Abbrevia ons: DSRCT, desmoplas c small round cell tumor; PNET, primi ve neuroectodermal tumor.

Molecular gene cs have been extremely useful in the
daily rou ne prac ce of resourceful pathology laboratories,
and ﬂuorescence in-situ hybridiza on has been more eﬀecve than reverse transcriptase polymerase chain reac on–
based techniques. Like the results from immunohistochemistry, the results derived from molecular gene c techniques
should be interpreted carefully in the context of the morphologic features of a given neoplas c en ty.

Pathologist Exper se
Bone and so ssue pathology is perhaps the subspecialty
that has the greatest overlap with other pathology subspecial es. Mesenchymal non-neoplas c and neoplas c
growths can occur primarily in soma c, retroperitoneal, and
medias nal so
ssues; inside mesothelial-lined cavi es;
and in visceral parenchyma. Like nonmesenchymal neoplasms, such as carcinomas, melanocy c lesions, lymphoprolifera ve growths, and germ cell neoplasms, sarcomas can
primarily or secondarily involve soma c so
ssues. Bone
and so ssue sarcoma pathologists should also be experts
in general surgical pathology to recognize the occurrence
of such nonmesenchymal lesions that involve soma c so
ssues.
In addi on, any pathologist who works in a low-income
se ng must be familiar with the latest literature in diagnosc pathology of bone and so ssue neoplasms and should
display good judgment when more sophis cated ancillary
techniques are necessary to exclude an important diﬀerenal diagnosis. Coopera on with ter ary and more equipped
medical ins tu ons should be sought when limita ons in
pathology resources exist and prohibit conclusive diagnosis. Country-speciﬁc databases of physicians specialized in
sarcomas and other rare tumors can also be created and
become publicly available in an eﬀort to facilitate second
opinion referrals from low-income countries.

Gross and Histologic Examina on
Although most specimens currently submi ed for diagnosis
of possible sarcomas are small fragments of ssue, pathology laboratories occasionally receive large specimens and
whole organs for examina on. When whole organs are delivered, a careful gross examina on of the specimen is necessary to conﬁrm the diagnosis of sarcoma.
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A er the gross examina on, a careful histologic examina on, star ng with the determina on of the neoplas c
growth pa ern, should take place. Table 2 shows the main
growth pa erns of sarcomatous growth and the associaons between growth pa erns and histologic types of neoplasms. Other histologic features to be considered during
the histologic examina on of a sarcoma are the presence
and type of necrosis, the presence of calcifications, and
the degree and type of intercellular stroma and matrix
forma on.

Diagnos c Approach
The diagnos c workup in low-income countries should be
well supported by accurate clinical informa on as well as by
laboratory and imaging tests. Sarcomas tend to follow speciﬁc pa erns of age and sex distribu on. Although excepons occur, tumors such as neuroblastomas and botryoid
and spindle cell variants of embryonal rhabdomyosarcomas
aﬀect infants and toddlers more frequently, whereas Ewing
sarcoma/PNET, alveolar rhabdomyosarcoma, synovial sarcoma, mesenchymal chondrosarcoma, and epithelioid sarcoma tend to aﬀect older children, adolescents, and young
adults.13 Mesenchymal growths frequently aﬀect both sexes;
however, a tendency of leiomyosarcomas to aﬀect women
and a tendency of desmoplas c small round cell tumors
(DSRCTs) to occur most frequently in young men are well
demonstrated in the literature.14,15
Another important feature of sarcomas that can assist in
diagnosis is the loca on of the primary lesion. For example,
synovial sarcoma, mesenchymal chondrosarcoma, and alveolar rhabdomyosarcoma occur more o en in deep so ssues of extremi es.14,16 In contrast, DSRCTs involve serosal
surfaces, mainly the peritoneum, and well-diﬀeren ated
and dediﬀeren ated liposarcomas are predominantly seen
in retroperitoneum.17,18 The breast parenchyma is a frequent location as well, either for primary or metastatic
involvement, of alveolar rhabdomyosarcoma that affects
young women.19
Although hematogenous spread is the most common
pa ern of sarcoma metasta c spread, other more unusual
pa erns of distant metastasis can assist in the iden ﬁcaon of some mesenchymal neoplasms. Lympha c spread
sometimes can be observed in Ewing sarcoma/PNET,
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rhabdomyosarcomas, and neuroblastoma.20 Neuroblastoma
is responsible for widespread metasta c disease that involves
bone marrow, lymph nodes, liver, orbital area, and bone.21
A leukemic picture can be associated with alveolar rhabdomyosarcoma in instances of occult clinical presenta on with
early metasta c involvement of bone marrow.22 Metasta c
deposits in lung and brain parenchyma can be the ﬁrst clinical presenta on of an occult alveolar so part sarcoma.23,24
Imaging studies are invaluable in the diagnos c workup
of malignant bone and so ssue neoplasms. Conven onal
radiography (in two perpendicular planes) should be the
ﬁrst inves ga on, because it allows assessment of size, locaon, margina on, internal matrix, periosteal reac on, and
presence of pathologic fracture.25 Cross-sec onal imaging
of the primary site (by CT/MRI) should include the en re
anatomic area to detect any regional metastases or satellite
lesions. MRI is the inves ga on of choice for local staging
in extremity sarcomas,26 whereas CT scan is more helpful in
retroperitoneal sarcomas.27 These inves ga ons should be
performed before ssue biopsy for histopathologic conﬁrma on. Lung is the most common site of metastasis; therefore, baseline imaging of the chest (CT scan or chest x-ray) is
required in most cases. CT scan of the chest is recommended
by most of the guidelines on the basis of its high sensi vity
(100%) and speciﬁcity (99.6%).28 Chest x-ray alone is suﬃcient for staging workup of superﬁcial and low-grade so
tissue sarcomas such as liposarcoma, leiomyo sarcoma,
myxoﬁbrosarcoma, dermatoﬁbrosarcoma protuberans, epithelioid sarcoma and others.28,29
Radionuclide bone scan with techne um should be obtained at baseline to assess skeletal disease in bone sarcomas.3,30 The role of PET/CT in bone sarcomas and so ssue
sarcomas is evolving, but PET/CT has not been proven superior to bone scan and chest CT scan in the detec on of bone
or lung metastasis, respec vely.31,32 Discovery of an addional site of metastasis with PET scan may not change the
clinical course or eventual outcome. Because it is not widely
available in low-income countries and is quite costly, PET/CT
is not recommended in low-income se ngs. A non-contrast
CT scan of the chest with contrast MRI of the primary anatomic loca on of high-grade so
ssue sarcoma and an
addi onal bone scan in bone sarcomas can be the recommended ini al staging protocol in low-income countries.

TREATING SARCOMAS AND OTHER RARE
CANCERS IN RESOURCE CONSTRAINED
SETTINGS
Management of sarcomas has changed drama cally during
the past ﬁve decades, as evidenced by improvement in
outcomes: 5-year survival has increased from 20% to 70%,
and the feasibility of limb salvage procedures has increased
in 90% of pa ents with sarcoma.33 These advances were
achieved because of mul agent chemotherapy regimens,
development of imaging and diagnos c modali es, and reﬁnements of surgical training and equipment.
Ideally, sarcomas should be treated in established sarcoma
treatment centers that have experience with at least

50 pa ent cases of sarcoma per year. These centers usually
have mul disciplinary teams that comprise a variety of experts (oncologic surgery, medical oncology, radia on oncology, sarcoma pathology, and musculoskeletal radiology) and
that are supported by rehabilita on, pallia ve care services,
and adequate infrastructure to execute complex treatment
regimens.34
A clinician with basic oncology training can guide evalua on, radiologic inves ga ons, and biopsy in low-income
countries. The fundamental requirement to ini ate treatment must include the availability of adequately trained
surgeon, medical oncologist, and radia on oncologist. A
team must discuss pa ent cases to ﬁnalize the treatment
plan, because mul disciplinary teams have been shown
to improve pa ent outcomes.35 Medical centers should either provide in-house adequate infrastructure in terms of
well-equipped opera ng rooms, intensive care units, blood
banks, and radiotherapy units (cobalt units or linear accelerator) or should have these services available in the vicinity.
Addi onal support may be sought from regional and ter ary
referral centers.

Surgery
Complete surgical resec on remains the gold standard for
local control of sarcomas. Surgery aims to achieve complete
tumor removal and provide a durable, cosme cally and
func onally reconstruc on with the least short- and longterm complica ons. The barrier concept of surgical margins
was introduced by Kawaguchi et al,36 who emphasized the
quality of surgical resec on margins. Barrier referred to any
ssue with resistance to tumor invasion and was converted
to thickness of normal ssue. Thick barrier was deﬁned as 3
cm thickness of normal ssue, thin barrier as 2 cm, and join
car lage as 5 cm. Thus, the extent of resec on has moved
away from amputa ons or overly morbid opera ons toward
limb-sparing procedures and increasingly has become histology speciﬁc.
General surgeons can perform superficial soft tissue
sarcoma excisions and amputa ons, and trained orthopedic oncologists are required to perform a bone sarcoma
resec on and reconstruc on.37 Complex sarcoma surgeries
require special exper se and addi onal support from other
subspecial es, like plas c, vascular, colorectal, and urology
surgeries. If adequate exper se or infrastructure are not
available, amputa on may be considered, because complete
disease removal is essen al for long-term survival.
Reconstruc on of post-tumor resec on defects remains
a challenge. Mega-prosthesis is one of the most commonly
used modali es to reconstruct these defects.38,39 The cost
may be a hindering factor, so development of locally manufactured mega-prosthesis should be the focus in low-income
settings. If a mega-prosthesis is unavailable, arthrodesis
with nail cement spacers can provide an alternate op on.40-42
The structural defects in a growing skeleton are best reconstructed with an expendable prosthesis, but the high cost
of these implants may not permit their use in the majority
of pa ents in low-income countries.43 In such situa ons,
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rota onplasty, which essen ally converts an above-knee
amputa on to a below-knee func onal equivalent, may be
an alterna ve. This one- me procedure has fewer complica ons, like phantom pain syndrome, and results in excellent func onal and psychological outcomes, especially in
the pediatric popula on with high func onal demands.44
An adolescent pa ent (nearing skeletal maturity) can be
treated with an intraopera ve limb lengthening procedure
on the aﬀected side, which gets compensated as the
pa ent grows, so it may circumvent the need for an expandable mega-prosthesis. Cost-eﬀec ve reconstruc ons like
nail cement spacers or plate spacers, used speciﬁcally in
proximal humeral and intercalary resec ons, have funconal outcomes equivalent to more expensive prosthe c
reconstruc ons.45
Biologic reconstruc ons are ﬁnancially feasible and durable op ons for limb salvage procedures. The buddy bone
reconstruc ons, like an ulna transloca on for distal radius
tumors and the bia-proﬁbula procedure for bial diaphyseal and distal bial tumors, are examples of reconstruc on
by an adjacent pedicle bone. These procedures do not require addi onal plas c and microvascular surgeries, so they
are well suited for low-income countries.46,47
Reconstruc on of intercalary defects can be done with
various nonbiologic (e.g., prosthesis, nail cement spacers)
or biologic (e.g., allogra , autogra s, or sterilized tumor
autogra bone) methods. Steriliza on of tumor-bearing
bone can be done by numerous methods (e.g., radia on,
pasteuriza on, autoclaving, liquid nitrogen), but extracorporeal irradia on and re-implanta on is the most common
method used. This method is cost-eﬀec ve, averts the need
of expensive custom-made implants, and can be performed
at centers with limited resources. Long-term results have repeatedly shown good func onal and radiographic outcomes
of this technique.48-52
Another challenge in sarcoma surgery is the variety of
sacro-pelvic resec ons, which are complex surgeries and
which should only be performed at specialized centers.
These procedures are associated with high rates of intraopera ve (i.e., massive blood loss, vascular, nerve and visceral
injuries, posi ve surgical margins) and postopera ve (i.e.,
wound dehiscence, ﬂap necrosis, and infec on) complicaons.53-55 Prosthe c reconstruc on of pelvic defects requires
an expensive prosthesis and is associated with high rates of
complica ons and revision surgeries.55 In low-income countries, pelvic defects should be treated with minimal or no reconstruc ons. Mesh-plasty for par al acetabular defects or
complete hemipelvic resec ons provides reasonable funconal outcomes with fewer complica ons and low rates of
re-resec ons.56

Chemotherapy
Systemic chemotherapy is used for the treatment of sarcomas in both pallia ve and cura ve se ngs. Most pa ents
with sarcoma will die as a result of metasta c disease, so
the iden ﬁca on of a high-risk group of pa ents—in which
tumor sizes typically are more than 5 cm, are high-grade
920
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tumors, are deep to fascia loca on, and have speciﬁc histologies and sensi vity to chemotherapy–has led to incorpora on of adjuvant therapy to eradicate micrometastasis
early.57 Anthracycline-based regimens have been the standard of care for the past four decades for most histologic
subtypes of sarcomas. Most of the chemotherapy agents
used in sarcomas either in ﬁrst or subsequent lines, such
as doxorubicin, ifosfamide, gemcitabine, vincris ne, cisplan, etoposide, and docetaxel, were recently included in the
20th edi on of WHO Essen al Medicines List published in
2017.58 Most of these were added a er the Union for Interna onal Cancer Control experts proposed the addi on of 22
new medica ons a er cost and survival beneﬁt analyses.59
More than 100 countries, including low-income countries,
have created their own na onal lists of essen al medicines
that are based on the WHO Essen al Medicines List.

Radiotherapy
Amputa on was the standard of care in the management
of sarcomas un l the landmark study by Memorial Sloan
Ke ering Cancer Center showed comparable disease-free
survival and overall survival in pa ents who underwent
amputa on or limb-sparing surgery followed by adjuvant
radia on, despite an increase in local recurrence in the
limb-sparing surgery group.60 Two subsequent prospecve trials also highlighted the beneﬁt of adjuvant radia on
(external-beam radiotherapy and brachytherapy) in so ssue sarcomas for local control but failed to demonstrate a
survival beneﬁt.61,62
Radia on therapy can be administered in the adjuvant or
neoadjuvant se ng, and the risks and beneﬁts in both setngs were compared in a randomized trial.63 The two study
groups had equivalent rates of local recurrence at 3.3 years
of follow-up. Wound complica ons were more frequent in
preopera ve radiotherapy arm, whereas joint ﬁbrosis and
edema were signiﬁcantly higher in the postopera ve radiotherapy arm. Adjuvant radiotherapy may be preferred in
low-income countries, because it obviates or reduces the
need for addi onal plas c surgery procedures. Cobalt units
or linear accelerators can deliver radiotherapy. Linear accelerator is preferred for dosimetric reasons, but cobalt units
are preferable because of their low cost, ease of use, and
low delivery requirements.64 To aid pa ent selec on for adjuvant radia on therapy, a predic ve nomogram is available
to assess the risk of local recurrence in individual pa ents
treated with surgery alone on the basis of ﬁve factors: age
older than 50 years, high-grade histology, tumor size greater
than 5 cm, close or posi ve margins, and speciﬁc histology.65
Also, radia on therapy helps provide reasonable local control in Ewing sarcoma as a deﬁni ve therapy in lieu of surgery in select pa ents in whom wide surgical resec on is
not feasible or leads to high morbidity (e.g., axial tumors).66
Newer methods of radiotherapy delivery by image guidance (i.e., intensity-modulated radia on therapy) or protonbeam therapy are associated with reduced toxici es and
with similar oncologic outcomes compared with convenonal radiotherapy. However, these newer methods lead to
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high treatment costs and so are not advocated for low-income countries.67

Rehabilita on
Rehabilita on plays a key role in improvement of the funconal outcomes and quality of life of pa ents with sarcoma
a er extremity tumor resec on (limb salvage/amputa on).
Protocols must be individualized on the basis of the type of
surgery and reconstruc on methods with an aim to achieve
early independent mobiliza on. The requirement of addional orthosis or external prosthesis must be addressed
during recovery. A set of instruc ons with pictorial diagrams
can serve as a reference for local therapists and can be used
to con nue rehabilita on in remote areas.68 These pa ents
can be consulted by telephone and should be assessed periodically during their oncologic follow-up visits, or earlier if
deemed necessary.

Surveillance
Upon comple on of mul modal treatment, surveillance to
detect local recurrence or metastasis begins by monitoring
and analyzing func onal and oncologic outcomes as well
as treatment-related toxici es. In the ini al post-treatment
se ng, most of the current prac ces follow a more frequent (every 3 months) imaging schedule, which, however,
lacks robust clinical evidence.69,70 A less intense surveillance
protocol is associated with fear of late diagnosis of relapses,
and a more intensive one is associated with high cost and
increased anxiety for the pa ent and family. A phase III
noninferiority, randomized, controlled trial showed that a
cost-eﬀec ve (chest radiograph and clinical examina on)
every-6-months protocol is not inferior to an imagingintensive every-3-months protocol in terms of overall survival in high-grade sarcomas. Un l more evidence emerges,
this less intense surveillance protocol may be adapted, especially in low-income se ngs.71

ACCESS TO NEW AND EXPENSIVE
MEDICATIONS IN LOW INCOME COUNTRIES
The development of newer treatments in sarcomas compared with other solid tumors had been limited in the past
2 decades, with the exception perhaps of imatinib and
other tyrosine kinase inhibitors in GI stromal tumors. During
the past 3 years, three new medica ons were approved in
the United States for metasta c sarcomas: pazopanib, trabectedin, and olaratumab. However, the cost of innova on
drives the high medica on prices worldwide, which o en
prohibits their use in low-income countries. There have been
es mates that the cost of research and development of a
new drug can range from $320.0 million to as high as $2.7
billion.72,73 A more recent analysis es mated that the cost
to develop a cancer drug was $648.0 million, with a median
development me of 7.3 years.74 A er a drug is approved,
the revenue it generates also can range widely, from $204.1
million to $22 billion. With a mean length of market exclusivity of 14 years,75 it is likely that these revenues will connue to increase. As such, the cost of cancer medica ons,

especially for new therapies, ranges from $6,000 to $13,000
per month of treatment in the United States.76 In addi on to
high medica on prices, the costs associated with the administra on of intravenous chemotherapy and the suppor ve
care they require also are contribu ng factors to the lack of
access to cancer medica ons in low-income countries. In a
retrospec ve study of pa ents with metasta c sarcoma, the
costs associated with the administra on of chemotherapy
accounted for up to 16.5% of the costs per treatment visit in
the United States.77 In view of the unmet needs for eﬀec ve
sarcoma treatments, however, newer medica ons, albeit at
high cost, are used in most high-income countries with varia ons mainly in the sequence that they are oﬀered to the
pa ents: a er or before the most common chemotherapy
doublet, doxorubicin and ifosfamide.
Low-income countries o en manage to circumvent patents and manufacture medica ons locally, through compulsory license for treatments on the grounds of public interest, which lowers the costs and, ul mately, prices compared
with those in the high-income countries. This concept of
mandatory licensing, though, does not come short of controversy. From public and global health standpoints, subs tu on of patented drugs with generics is cost-eﬀec ve and
can increase access to essen al and life-prolonging medica ons in low-income countries. The counter argument
expressed by cri cs, although not necessarily supported by
evidence, is that this failure to protect intellectual property
worldwide can eventually lead to a lack of incen ves for innova on and fewer new medica ons.78
Even in patented drugs though, there is a wide price
varia on globally. Prices are more aﬀordable prices in the
low-income countries, but this aﬀordability is not translated
to greater pa ent access in these countries.79 When aﬀordability is measured by the percentage of per capita gross domes c product (GDP) required to pay for a month’s supply
of medica on, pa ents in the United States or Australia, for
example, are more likely to obtain those medica ons despite the higher prices. In contrast, pa ents in countries like
India, where the medica ons have lower prices, are s ll not
able to aﬀord them because of a much lower GDP and a
higher price-to-GDP ra o.79
What can be done to improve access in low-income countries, where cost is the main factor that hinders medica on
access? Despite controversy, compulsory licensing does offer an alterna ve to the high costs of developing a drug in
low-income countries. In addi on, direct nego a ons with
pharmaceu cal companies can lead to successful results,
because more companies now fund interna onal prescripon assistance programs. Tiered pricing, in which medicaons can be sold at lower prices in emerging economies as
long as the cost of produc on is covered, is an alterna ve
that is supported by economics principles and industry. Although less applicable in the treatment of sarcoma, at least
at the present me, biosimilars are an alterna ve to biologic
agents at a lower cost. A number of biosimilars have already
been approved in the United States, in Europe, and in many
other countries. Approvals notwithstanding, development
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of and applica ons for biosimilars remain challenging, because biosimilars are not generics of branded drugs, so their
eﬃcacy must be shown in clinical trials before marke ng.80
If health policies and systems are established, adop on
of universal insurance coverage in low-income countries
also can ensure adequate access to health care and new
medica ons. Nonetheless, the majority of the low-income
world s ll struggles to apply basic health insurance coverage, let alone coverage of the comprehensive care required
by pa ents with cancer.81 Other ways to improve access can
include the promo on of drug development in emerging
markets and more involvement in clinical trials in the lowincome se ng, as long as challenges such as ethical ma ers
of informed consent process, poten al conﬂict of interests,
and par cipant ﬁnancial compensa on are addressed via
regulatory agencies.81

FUTURE PERSPECTIVES
Modiﬁca on of treatment guidelines may not be adequate
to achieve the desired goals in the treatment of pa ents
with sarcoma. We must follow an integrated approach that
involves physicians, educa onal bodies, industry, and government policy makers.
Na onal and state registries can give an exact account of
the number of sarcoma patient cases and will help plan

equitable distribu on of health care services. Public educaon and awareness for seeking early and correct medical
care should be advocated, too. Pa ents whose cases that require more exper se should be referred to a sarcoma treatment center for be er outcomes. This can be emphasized
by a well-structured medical educa on program or by legal
enforcements.
Na onal sarcoma educa on socie es can help propagate educa on. Formula on of sarcoma management
guidelines (modiﬁed for each low-income se ng) can act
as the reference and benchmark for all sarcoma-trea ng
physicians and can help improve the overall standards of
sarcoma care.
In low-income countries, the majority of treatment costs
are bared by pa ents rather than by insurance or public
health care ini a ves. Technology can be used to provide
solu ons customized to local needs, to cra an aﬀordable
and accessible sarcoma health care system.
Na onal and interna onal collabora ons will not only
provide the opportunity for enhancement of medical educa on and training but also help share current informa on,
technologies, and ideas to bridge the gap between bench to
bedside. Comprehensive clinical and cancer ssue databases
from these centers can be the nidus of major clinical and
basic science research.
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HISTOLOGY-DRIVEN TREATMENTS FOR SOFT TISSUE SARCOMA

More Than 50 Subtypes of So Tissue Sarcoma: Paving the
Path for Histology-Driven Treatments
Daniela Katz, MD, Emanuela Palmerini, MD, PhD, and Seth M. Pollack, MD
OVERVIEW
Sarcomas are a diverse group of cancers with mesenchymal origin. Although sarcomas comprise less than 1% of cancers,
there are more than 50 diﬀerent subtypes that are quite diﬀerent from one another in terms of both their biology and
clinical behavior. Historically, the need for adequate pa ent numbers in clinical trials has pushed sarcoma researchers to
lump these very diﬀerent malignancies together and treat the pa ents using a “one-size-ﬁts-all” approach. However, with
improvements in our scien ﬁc understanding, we are ﬁnally ready for a histology-tailored therapeu c approach to these
complex diseases. In this review, we discuss key advances in our understanding of the biology underlying selected sarcoma
subtypes and how targe ng these subtypes is relevant therapeu cally with respect to both molecularly targeted agents as
well as immunotherapy.

S

o
ssue sarcoma (STS) cons tutes a group of more
than 50 diﬀerent subtypes of rare mesenchymal tumors comprising less than 1% of adult cancers.1 Despite
the heterogenous nature of the STS family of tumors, the
“one-size-fits-all” approach dominated STS therapy for
more than 30 years. It originated from the need to lump
together pa ents with STS for the sake of rapid accrual in
clinical trials.2,3 Those trials were underpowered to detect
any advantage for one par cular subgroup over the other
(as such, an advantage would have been diluted within the
en re popula on). Addi onally, uncommon sarcoma subtypes were under-represented in those trials, rendering it
almost impossible to draw conclusions on a possible beneﬁt
in a rare histologic subtype. The one-size-ﬁts-all approach
led to the use of anthracyclines alone (e.g., doxorubicin)
or in combina on with alkyla ng agents (e.g., ifosfamide)
as the dominant form of STS treatment for the past 3 decades, with other more contemporary regimens such as
gemcitabine in combina on with docetaxel or dacarbazine
to follow.4,5 Although these regimens have been broadly
used, the beneﬁt from treatment in diﬀerent STS subtypes
varies. For example, the combina on of doxorubicin with
ifosfamide is shown to be highly ac ve in myxoid liposarcoma (MLPS),6 whereas it is inac ve in clear cell sarcomas.7
The combina on of gemcitabine with docetaxel is ac ve in
leiomyosarcoma with no beneﬁt in MLPS.8
On the same note, angiogenesis, through ac va on
of VEGF receptors VEGFR-1 to VEGFR-3, platelet-derived
growth factor receptors PDGFRA and PDGFRB, and other

targets, is a common pathway of disease progression in certain STS subtypes. An angiogenic drugs such as pazopanib
or suni nib have shown ac vity in many common subtypes,
such as leiomyosarcoma and synovial sarcoma, but not in
lipomatous tumors.9,10 Interes ngly, they have ac vity in
a number of rare STS subtypes with rela ve resistance to
chemotherapy, such as alveolar so -part sarcoma (ASPS) or
solitary ﬁbrous tumors (SFTs).11-13
Clearly some STS subtypes are more responsive to certain
therapies than others. The diﬀeren al response to cytotoxic agents stems from mechanisms of oncogenesis and
progression diverse for each histotype. Currently, much of
our knowledge regarding the responsiveness to therapy
of individual STS subytpes is a ma er of long-standing acquired clinical experience rather than a mechanis c biologic
understanding, although this is changing as we con nue to
learn more.
One problem with subtype-speciﬁc therapy is that historically there has been disagreement among pathologists
regarding diagnoses. Here again, a better understanding of the oncogene c pathways provides an opportunity
of reaching a clear, objec ve, and universally agreed-upon
diagnosis of an STS subtype for a given pa ent. Although
morphology and immunohistochemistry are s ll the ﬁrst
step toward any diagnosis, ancillary molecular diagnos cs,
such as molecular cytogene cs and reverse transcrip on–
polymerase chain reac on, are becoming more cri cal.12
Molecular diagnos cs have enriched our understanding of the complex gene c landscape of STS and laid the
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infrastructure for a precision approach to therapy. Currently,
driver muta ons that poten ally induce oncogenesis have
been iden ﬁed in almost one-third of STS subtypes; for example, well-diﬀeren ated liposarcoma (WDLPS) and dedifferen ated (DDLPS) are characterized by ampliﬁca on of
MDM2 and CDK4 genes.13,14 There is overexpression of the
hepatocyte growth factor receptor (MET) in clear cell sarcoma.7 Anaplas c lymphoma kinase (ALK) gene rearrangement with mul ple partners can be found in 50% of cases
of inﬂammatory myoﬁbroblas c tumors (IMTs),15 whereas
disrup on of the mTOR signaling pathway o en as a result
of muta ons in the TSC1 and TSC2 genes is evident in perivascular epithelioid cell tumors (PEComas).16 Furthermore,
these eﬀorts have also revealed promising targets that, although not related to oncogenesis, may be useful therapeucally; for example, high expression of NY-ESO-1 in synovial
sarcoma and MLPS has been used as an immunotarget of
immunotherapy.17,18
In this overview, we use a histology-driven approach to describe the u lity and ac vity of chemotherapeu cs, targeted
agents, and immunotherapies based on the mechanism of
ac on and target expression in selected STS subtypes. For
convenience purposes, this ar cle is divided into two parts:
the ﬁrst part focuses on conven onal treatments including
chemotherapy and targeted therapies, and the second part
focuses on immunotherapy.

PRACTICAL APPLICATIONS
• Clinical experience has taught us that not all so ssue
sarcomas are the same. Some sarcomas are more
sensi ve to chemotherapy than others.
• The mainstay of a histology-tailored therapeu c
approach is a reliable pathology.
• Molecular diagnos cs originally used as a tool to
an accordant diagnosis, following morphology
and immunohistochemistry, have enriched our
understanding of the complex gene c landscape of so
ssue sarcoma and laid the infrastructure for a precision
approach to therapy.
• Today, we understand that some so ssue sarcoma
subtypes are mostly sensi ve to chemotherapy,
others are sensi ve to chemotherapy as well as to
an angiogenic agents, and a small subgroup is resistant
to chemotherapy and sensi ve to targeted therapies or
an angiogenic agents. Immunotherapy in the form of
checkpoint inhibitors is emerging as a poten al ac ve
therapy in undiﬀeren ated pleomorphic sarcoma and
dediﬀeren ated liposarcoma and is being evaluated
in combina on with chemotherapy in many sarcoma
subtypes.
• NY-ESO-1 is being targeted through a number of
strategies including vaccine-based approaches and
adop ve T-cell–type strategies in myxoid liposarcoma
and synovial sarcoma with promising results.
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HISTOLOGY DRIVEN TREATMENTS: SUBTYPES
WHERE CHEMOTHERAPY IS MOST ACTIVE
Synovial Sarcoma
Synovial sarcoma is an STS of uncertain diﬀeren a on.
The karyotypic hallmark of synovial sarcoma is the t(X;18)
(p11.2;q11.2) transloca on, involving the SS18 gene and
one of several SSX genes (usually SSX1 or SSX2).1
Conven onal chemotherapy with anthracyclines and/or
ifosfamide, trabectedin, or pazopanib can be quite eﬀecve temporarily for pa ents with synovial sarcoma9,19-21 and
is considered the standard of care. Several other targeted
treatments have been used, with par al response reported
with sorafenib,22 cediranib,23 and cixutumumab24 monotherapy (Table 1), but none have been approved for synovial sarcoma treatment to date.
Increased understanding of the oncogenic role of SS18:SSX
transloca on in the process of synovial sarcoma progression
led to advances in the development of biology-driven therapies. For example, the SS18:SSX transloca on translates into
a fusion protein that alters chroma n remodeling by altering switch (SWI)/sucrose nonfermentable (SNF) also known
as BAF (BRG1- or HBRM-associated factors). The na ve SS18
protein is one of many protein components of the mul protein SWI/SNF complex, located adjacent to the SMARCB1/
INI1 protein. Altera on in SWI/SNF complex func on has
been suggested to induce tumorigenesis through altered epigene c regula on of gene transcrip on.31 The fusion protein
dislocates both the native SS18 and SMARCB1/INI1 from
their natural positions, induces degradation of SMARCB1/
INI1 protein, and disrupts the complex function, redirecting it to target the promotor region of sex-determining
region Y-box 2 (Sox2). The binding of the altered SWI/SNF
complex to the Sox2 promotor displaces the enhancer of
zeste homolog 2 (EZH2) and induces Sox2 ac va on, a stage
necessary for synovial sarcoma prolifera on.32 In vitro, the
oncogenic Sox2 overexpression induced by the altered SWI/
SNF complex is not aﬀected by EZH2 inhibi on by tazemetostat.31 The incomplete suppression of tumorigenesis in synovial sarcoma cells may in part explain why treatment with
tazemetostat, a potent and selec ve EZH2 inhibitor, has
been limited. Tazemetostat was tested in a phase II mul arm
study that included 33 pa ents with SS18 rearrangementposi ve pretreated synovial sarcoma. Despite the robust
ra onale for using an EZH2 inhibitor in SS18-posi ve synovial sarcoma, no objec ve responses were detected. Stable
disease as the best response was observed for 11 pa ents
(33%), and ﬁve pa ents (15%) had stable disease that lasted
for 16 weeks or longer.33 The role of immunotherapy in
synovial sarcoma is discussed in detail in the section on
immunotherapy.

Myxoid/Round Cell Liposarcoma
MLPS is an adipocy c tumor composed of round-shaped
primi ve mesenchymal cells and lipoblasts within a myxoid
stroma with predilec on in the deep so ssues of the extremi es.1 Compared with other STS subtypes, MLPS has a
strong predisposi on to metastasize to nonpulmonary sites

HISTOLOGY-DRIVEN TREATMENTS FOR SOFT TISSUE SARCOMA

TABLE 1. Clinical Trials of Emerging Therapeu c Targets in the Treatment of Synovial Sarcoma
Pa ents With
SS, n

Agent

Targets

Study Design

SS Results

Sorafenib

Raf-1, PDGFR-b,
VEGFR-2/3, FLT3, KIT

Phase II; 122 pa ents with
recurrent or metasta c
sarcoma received 400 mg of
sorafenib twice daily

6 pa ents with SD; 3-month
PFS, 42%

12

Maki et al
(2009)25

Sorafenib

Raf-1, PDGFR-b,
VEGFR-2/3, FLT3, KIT

Phase II; 100 pa ents with
advanced STS pretreated with
doxorubicin received 400 mg
of sorafenib twice daily

2 pa ents with a PR

7

Santoro et al
(2013)22

Pazopanib

VEGFR-1–3, PDGFR-a/b,
c-KIT

Phase II; 142 pa ents with
intermediate, high-grade
advanced STS, second or
third line, received 800 mg
of pazopanib daily; pa ents
were stra ﬁed to adipocy c
STS, leiomyosarcoma, SS, and
all others

18 pa ents with SS (49%)
achieved the primary
endpoint of PFS rate at 12
weeks; 5 had a PR, 4 of
which had responses that
lasted 415 to 812 days

37

Sleijfer et al
(2009)9

Pazopanib

VEGFR-1–3, PDGFR-a/b,
c-KIT

Phase III; 369 pa ents with
metasta c STS (no adipocy c
included) in second line and
beyond were randomly
assigned to placebo or 800 mg
of pazopanib daily (PALETTE)

Pa ents with SS showed a
PFS rate not sta s cally
diﬀerent from the other
histotypes (HR 0.82 for
SS vs. other sarcoma;
0.51–1.32)

NA

van der
Graaf et al
(2012)10

Suni nib

VEGFR-1–3, PDGFR-a/b,
KIT, FLT3, RET, and
CSF-1

Phase II; 53 pa ents with
advanced non-GIST STS received 37.5 mg of suni nib daily

1 pa ent with SD at 16
weeks

4

George et al
(2009)26

Cediranib

VEGFR-1–3, c-KIT

Phase I; 16 pa ents (age 8–18)
with refractory solid tumors,
including STS

1 PR with 67% tumor
reduc on

2

Fox et al
(2010)23

Geﬁ nib

EGFR

Phase I/II; 46 pa ents with
SS resistant to doxorubicin
were assigned to 500 mg of
geﬁ nib.

10 pa ents with SD;
6-month PFS, 6%

46, EGFR
IHC +; no
ampliﬁca on/
muta on

Ray-Coquard
et al
(2008)27

Cixutumumab

IGF1R

Phase II; 113 pa ents with
pretreated advanced and
metasta c STS and Ewing
family tumors received
10 mg/kg of cituxumab every
other week

3-month PFS, 18%; 1 pa ent
with a PR, 6 pa ents with
SD (2 las ng more than
12 weeks)

13, IGF1R NA

Schöﬀski et al
(2013)24

Ridaforolimus

mTOR

Phase III; randomly assigned to
placebo, maintenance study
of pa ents with advanced
STS, responding to
chemotherapy a er four
cycles; 40 mg of ridaforolimus
daily (SUCCEED)

23 pa ents with SS in the
ridaforolimus arm and 37
in placebo arm; PFS: 28%
response rate reduc on
associated with
ridaforolimus (HR 0.72;
p= .001)

60

Demetri et al
(2013)28

Temsirolimus/cituxumab

mTOR, IGF1R

Phase II; 388 pa ents with
metasta c STS and bone
sarcoma, ﬁrst line; weekly
treatment with cixutumumab
(6 mg/kg intravenously) and
temsirolimus (25 mg,
intravenous ﬂat dose) in
6-week cycles

ORR: 0%; 3 with tumor
shrinkage

18, 78% IGF1R+

Schwartz et al
(2013)29

Tazemetostat

EZH2

Phase II; metasta c SS with
evidence of SS18
rearrangement; 800 mg of
tazemetostat orally twice daily

ORR: 0%; 11 pa ents with
SD (33%; 5 pa ents with
SD las ng 16 weeks or
longer)

33

Schöﬀski et al
(2017)7

Abbrevia ons: SS, synovial sarcoma; PDGFR, platelet-derived growth factor receptor; VEGFR, VEGF receptor; SD, stable disease; PFS, progression-free survival; STS, so
NA, applicable; HR, hazard ra o; GIST, gastrointes nal stromal tumor; IHC, immunohistochemistry; ORR, overall response rate.
Adapted from Palmerini et al30 with permission from the publisher.

Reference

ssue sarcoma; PR, par al response;
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(“ring”) and giant elongated chromosomes that contain
ampliﬁca on of the 12q14-15 region, including the MDM2
gene and CDK4, o en hundreds of copies are present.39
Doxorubicin-based treatment40 is ﬁrst-line standard of care
for nonoperable DDLPS high-grade liposarcoma, whereas
trabectedin is used in second-line treatment.41 Eribulin also
has regulatory approval for use in advanced liposarcoma
and is perhaps most ac ve in DDLPS.42
Other targeted compounds used to treat WDLPS/DDLPS
include the CDK4/CDK6 inhibitor palbociclib, which was
ﬁrst given to pa ents with a proven CDK4 ampliﬁca on
and later amended as a result of its almost inherent presence in DDLPS.14 Among 60 treated pa ents with WDLPS/
DDLPS whose disease progressed over the past 6 months,
one complete response was reported, with PFS of 57% at
12 months and median PFS reaching 17.9 months. Therefore,
from a prac cal perspec ve, CDK4/6 inhibitors like palbociclib should mainly be regarded as a disease stabilizer of
limited use when dimensional response is desirable. In pracce, they may serve as a strategy to delay surgery.
The first-in-class MDM2 inhibitor nutlin-3A prevents
MDM2 association with p53 but its poor bioavailability
and high toxicity limited its development. RG7112 is the
most developed in this class of compounds.43 With a short
3-month neoadjuvant course, there was one partial response and there were 14 patients with stable disease
with mainly hematologic grade 3 to 4 toxicity.13 RG7112 in
combina on with doxorubicin was evaluated in a phase I
study of pa ents with STS and results are eagerly awaited
(NCT01605526).
A novel way to impact p53 is through inhibi ng the chromosome region maintenance 1 protein (CRM1). CRM1, a
major export factor between the nucleus and cytoplasm,
exports proteins with tumor suppressor ac vity such as p53,

such as the intraperitoneum, the retroperitoneum, or the
paraspinal fat.1 MLPS can be accurately diagnosed because
of a characteris c transloca on t(12;16)(q13;p11) involving
the DDIT3 and FUS genes, with smaller numbers harboring
EWSR1-DDIT3 fusions. Beyond its radiosensi vity, the hallmark of MLPS is chemosensi vity to anthracyclines in combina on with ifosfamide or dacarbazine and to single-agent
trabectedin.6,34-37 In a small retrospec ve study that included
27 pa ents treated with doxorubicin and ifosfamide, par al
response reached 43% and 86% per RECIST and Choi criteria,
respec vely.6 A similar response per RECIST was seen with
dacarbazine in another small retrospec ve study.35 Of note,
in MPLS, the high response rate to trabectedin (50%) also
translated into a median progression-free survival (PFS) of
17 months; this suggests that trabectedin exerts a targeted,
rather than a general, cytotoxic eﬀect.34,36 It has been proposed that in MPLS trabectedin has the ability to displace
the FUS-DDIT3 fusion protein from its target allowing for fat
matura on on imaging and conﬁrmed by increased peroxisome proliferator–ac vated receptor γ levels.36,38
Importantly, the ac vity of trabectedin and epirubicin in
combina on with ifosfamide in MLPS has been conﬁrmed
in the adjuvant/neoadjuvant se ng as well, with similar
disease-free survival a er epirubicin combined with ifosfamide and trabectedin for a subgroup of 64 pa ents with
MPLS treated within this histology-driven neoadjuvant randomized trial.37 Immunotherapy in MLPS is discussed in the
sec on below.

Well-Diﬀeren ated Liposarcoma/Dediﬀeren ated
Liposarcoma
Liposarcomas account for approximately 15% of STS.
WDLPS/DDLPS represents about one-half of all liposarcomas. WDLPS/DDLPS harbors a supernumerary circular

TABLE 2. Treatment Eﬃcacy in Solitary Fibrous Tumors (RECIST)
Eﬃcacy, %
Treatment Type,
Reference

Study Type

Pa ents, n

Par al
Response

Stable
Disease

Progressive
Disease

Median PFS, Months

Remarks

Pazopanib57

Phase II

13

9

73

18

4.7

Median PFS, 13.3
months

Suni nib11

Retrospec ve

31

6

51

42

6 (1–22)

Median PFS, 6
months

Sorafenib58

Phase II

5

0

40

60

Median treatment duraon, 6.3

Median overall
survival, 19.7
months

Dacarbazine60

Retrospec ve

8

37

50

12

7 (2–12)

Trabectedin61

Retrospec ve

11

9

73

18

11.6

Median overall
survival, 22.3
months

Doxorubicin/dacarbazine62

Retrospec ve

12

50

8

42

6.3 (2–32)

Median overall
survival, 19
months

Temozolomide/bevacizumab63

Retrospec ve

14

79

14

7

9.7

Assessed by Choi

Abbrevia on: PFS, progression-free survival.
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FIGURE 1. Signaling Schema c for ASPS Tumors and Novel Therapeu c Targets

Overexpression of the MET tyrosine receptor kinase is induced by the ASPSCR1-TFE3 fusion protein. This leads to intracellular ac va on of the promito c growth kinases Akt and MEK1/2; these in turn lead to
unchecked cellular prolifera on.
Abbrevia on: ASPS, alveolar so -part sarcoma.
Adapted from Mi on and Federman69 with permission from the publisher.

p21, BRCA1/2, pRB, and FOXO. Selinexor (KPT-330), a ﬁrstin-class CRM1 antagonist, was evaluated in a phase I study
that included 16 pa ents with progressive WDLPS/DDLPS.
Although no responses were reported, disease stabiliza on
was achieved for 87% of pa ents, of which almost onehalf showed disease stabiliza on for at least 4 months.44
A randomized phase II/III study of pa ents diagnosed with
advanced unresectable dediﬀeren ated liposarcoma is currently recrui ng par cipants (NCT02606461).
Although pazopanib was not ac ve in liposarcoma, preclinical studies have demonstrated that several receptor
tyrosine kinases are constitutively activated in WDLPS/
DDLPS.45 As a result, phase II studies inves ga ng novel
kinase inhibitors like sitrava nib (MGCD516), which inhibits
a broad panel of related receptor tyrosine kinases including
insulin growth factor-1, MET, and PDGFRB, are ongoing for
pa ents with WDLPS/DDLPS (NCT02978859).

Angiosarcoma
Angiosarcoma accounts for less than 2% of all STS46 and may
present in a variety of ways. Angiosarcoma o en arises as a
primary cutaneous or so ssue tumor (e.g., angiosarcomas
of the liver and scalp). It may also develop as secondary to
radia on therapy (e.g., radia on-associated angiosarcoma ;
commonly aﬀec ng the breast or chest wall a er adjuvant
irradia on for breast cancer or ductal carcinoma in situ)
or secondary to chronic lymphedema (e.g., Stewart-Treves
syndrome). The outcome of angiosarcoma is poor whether
the tumor presents as metasta c or localized disease, with
more than 40% of pa ents experiencing a disease relapse
a er surgery for primary resectable disease. Doxorubicinbased chemotherapy, weekly paclitaxel, and gemcitabine
are regarded as the preferred therapeu c op ons for advanced angiosarcoma.47-50 Administra on of weekly paclitaxel was assessed for 30 pa ents within a phase II trial:
the median PFS and the median overall survival were 3.8
and 8.3 months, respec vely, with a nonprogression rate of
24% at 6 months.48 A European Organiza on for Research

and Treatment of Cancer review reported a response rate
of 62% for 32 pa ents treated with weekly paclitaxel.49 In
a retrospective series of 25 patients with advanced angiosarcoma, gemcitabine showed an impressive overall
response rate of 68% with a median overall survival of
17 months.50
Unsurprisingly, angiogenic signaling pathways play a role
in angiosarcoma prolifera on. Angiosarcoma overexpresses
VEGFs, VEGF-A, and mul ple VEGFRs, including the major
proangiogenic VEGFR-1 and VEGFR-2.51 Some studies have
reported recurrent ac va ng muta ons in angiogenesis
signaling genes, especially VEGFRs.52 In addi on to pazopanib,10,25,53 sorafenib was examined prospec vely among
pretreated pa ents with angiosarcoma and showed limited
an tumor ac vity,49,54 with a 23% response rate and a median PFS of only 3.8 months in a subgroup of pa ents with
visceral angiosarcoma.53 Finally, an open-label, randomized
phase II trial explored the ac vity of bevacizumab administered concurrently with weekly paclitaxel and con nued
as maintenance un l progression and compared it with single-agent weekly paclitaxel. No PFS beneﬁt was seen with
the addi on of bevacizumab (6-month PFS rates of 54%
in the paclitaxel-control arm and 57% in the bevacizumab
arm) and median overall survival was 4 months shorter in
the bevacizumab arm (19.5 months in the paclitaxel-control
arm and 15.9 months in the bevacizumab arm).53
The poor outcome of these patients and the limited
activity of antiangiogenetic drugs, particularly in vascular cancer, suggest multiple redundant survival pathways.
One of these escape pathways is through endoglin, which
allows con nued angiogenesis despite VEGF inhibi on.
A recent report on a drug that targets endoglin, carotuximab (TRC105), demonstrated clinical improvement when
combined with pazopanib in pretreated pa ents with angiosarcoma; durable and complete responses were parcularly seen for pa ents with cutaneous angiosarcoma.55
A multicenter phase III trial of these agents is ongoing
(NCT02979899).
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HISTOLOGY DRIVEN TREATMENTS:
SUBTYPES WHERE CHEMOTHERAPY AND
ANTIANGIOGENIC AGENTS ARE ACTIVE
Solitary Fibrous Tumors
SFTs, some mes s ll termed hemangiopericytoma in some
anatomic sites, are ﬁbroblas c tumors origina ng in adults
age 20 and older. Although most SFTs treated surgically do
not recur, at least 10% to 20% have more aggressive features,
including hypercellularity, inﬁltra ve margins, necrosis, and
four or more mitoses per high-power ﬁeld.1 An NAB2-STAT6
gene fusion was established as the deﬁning gene c altera on and the diagnos c marker of SFTs.56 In normal cells,
NAB2 and STAT6 are adjacent genes on chromosome 12q13.
In the context of SFTs, the NAB2 fusion protein acquires
an ac va on domain from the signaling molecule STAT6,
conver ng a transcrip onal repressor (NAB2) into a potent
transcrip onal ac vator of the early growth response family of genes. Early growth response target genes including
NAB2, NAB1, IGF2, FGF2, and PDGFD and receptor tyrosine
kinases like FGFR1 and NTRK1 promote tumor progression.
Interes ngly, IGF2 overexpression is responsible for the
paraneoplas c hypoglycemia experienced by some pa ents
with SFTs (Doege-Po er syndrome). Posi ve nuclear STAT6
immunoreac vity is highly sensi ve and speciﬁc for the diagnosis of SFTs because of its exceeding abundance in the
nucleus of these cells.1 This suggests that Janus kinase inhibitors inhibi ng STAT6 phosphoryla on could be an a rac ve
targeted therapeu c op on. However, STAT6 accumulates
in the nonphosphorylated form in the nucleus of SFT cells,
rendering Janus kinase inhibi on ac vity redundant.56
Ac vity with an angiogenic agents or chemotherapy has
been demonstrated in SFTs. Although the mechanism of acon of an angiogenic agents in SFTs is s ll to be deﬁned, anangiogene c agents such as pazopanib,57 suni nib,11 and
sorafenib58 are shown to be ac ve in this en ty, with PFS
of approximately 6 months (Table 2). In addi on, although
doxorubicin alone has been disappoin ng in this en ty,59
be er results were reported with dacarbazine,60 trabectedin,61 and dacarbazine in combina on with doxorubicin.62 A
prospec ve trial comparing dacarbazine/doxorubicin with
trabectedin is ongoing (NCT03023124). Currently, the highest clinical beneﬁt rate based on Choi criteria (93%) was
seen in a retrospec ve series from The University of Texas
MD Anderson Cancer Center, in which an an angiogenic
agent, bevacizumab, was combined with temozolomide.

HISTOLOGY DRIVEN TREATMENTS: SUBTYPES
RESISTANT TO CHEMOTHERAPY AND
SENSITIVE TO TARGETED THERAPY AND/OR
ANTIANGIOGENIC AGENTS
Perivascular Epithelioid Cell Neoplasms
PEComas are a group of related tumors, the members of
which include angiomyolipoma of the kidney, clear cell
sugar tumor of the lung, and lymphangioleiomyomatosis.
This family of tumors is composed of perivascular epithelioid cells, with coexpression1 of melanocy c markers (e.g.,
HMB45, Melan-A, and tyrosinase) and muscle markers (e.g.,
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myomelanocytic immunophenotype). PEComas include
neoplasms harboring TFE3 gene rearrangements and those
with TSC1 and TSC2 muta ons, indica ng alterna ve tumorigenic pathways.64
Muta ons in TSC1 and TSC2 disrup ng the mTOR signaling pathway led to explora on of mTOR inhibitors in
PEComas.16,65 Small case series with sirolimus65,66 or temsirolimus67 were reported. Wagner et al reported signiﬁcant
clinical responses among three pa ents treated with sirolimus, and Batereau et al describe prolonged radiological
complete remission (52 months) in a pa ent with advanced
PEComa following treatment with sirolimus. Ten pa ents
were included in the retrospec ve study from the Royal
Marsden Hospital. Among the seven evaluable pa ents for
respone, 70% acheived par al response (one with temsirolimus and six with sirolimus).67 Of note, two out of the three
nonevaluable pa ents in the study progressed within the
ﬁrst 16 days of sirolimus, too quickly for evalua on. Results
of a prospec ve phase II trial of ABI-009 (nab-rapamycin)
for pa ents with advanced malignant PEComas are awaited
(NCT02494570). PEComas are considered less responsive
to chemotherapy, with one abstract reporting a shortlived (PFS of 2.8 months) 25% par al response following
gemcitabine-based chemotherapy.68

Alveolar So -Part Sarcoma
ASPS is a rare, slowly growing sarcoma that has a propensity to metastasize to the brain in addi on to the lungs.1 A
characteris c unbalanced transloca on t(X;17)(p11:q25),
which fuses ASPSCR1 to TFE3, leads to an increase in MET
transcrip on that, upon extracellular hepatocyte growth
factor binding, ac vates pro-oncogenic intracellular signaling pathways such as mTOR/AKT and RAS/RAF/MEK1/2.69
Despite the indolent nature of the ASPS, eventually progression occurs and therapy is required. Chemotherapy has
been disappoin ng and is not currently a standard part of
management in the clinic. A recent retrospec ve report by
Stacchio et al demonstrated limited beneﬁt with trabectedin: 4% acheved par al response, 56% had disease stabiliza on, and 39% progressed.70 Median PFS was 3.7 months,
with only 13% remaining progression-free at 1 year.
Consistent beneﬁt from diﬀerent tyrosine kinase inhibitors (suni nib, cediranib, and anlo nib and pazopanib)
was reported in several studies.70-74 For example, in a retrospec ve study evalua ng pazopanib, among the 29 evaluable pa ents (13 of whom were previously treated with
an an angiogenic), 3% had a complete response, 24% had a
par al response, and 58% had disease stabiliza on. Median
PFS was 13.6 months (range, 1.6–32.2+) and 59% remained
progression-free at 1 year.70
The inherent overexpression of MET in ASPS led to a study
assessing va nib, a selec ve MET inhibitor, for pa ents
with ASPS. The reported disease control rate was 78% with
a median dura on of response of 6 months (range, 2–30;
Fig. 1).75
Current clinical trials are recrui ng pa ents to studies that
compare two diﬀerent tyrosine kinase inhibitors, cediranib
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FIGURE 2. CMB305 Consists of NY-ESO-1 RNA Injected Into the Pa ent’s Skin Through a DC-Targe ng
Len viral Vector and a Boost With an NY-ESO-1 Recombinant Protein Plus GLA-SE (G305), a TLR-4
Agonist

In the phase II study, CMB305 was administered with or without atezolizumab.
Abbrevia ons: DC, dendri c cell; GLA-SE, glucopyranosyl lipid adjuvant-stable emulsion ; TLR, Toll-like receptor.

and suni nib (NCT01391962), or combine a tyrosine kinase
inhibitor with an an –PD-1 agent, axi nib and pembrolizumab (NCT02636725), and evaluate a single an –PD-L1
agent, atezolizumab (NCT03141684). The results of these
trials are awaited.

Inﬂammatory Myoﬁbroblas c Tumors
IMTs are a heterogenous group of tumors with a propensity
to develop in so ssue and viscera.1 Because the morphologic hallmark of IMT is the coexistence of myoﬁbroblas c
spindle cells and an inﬁltrate of immune cells, it is of interest that human herpesvirus-8 DNA sequences accompanied
by overexpression of human interleukin (IL)-6 and cyclin-D1
were reported in these tumors.
The unique genetic background of IMTs includes ALK,
c-ros oncogene 1, receptor tyrosine kinase (ROS), and
kinesin family member 5B (KIF5B)-ret proto-oncogene (RET)
gene rearrangements in approximately 50% of cases. Interes ngly, these fusions are more prevalent among children and young adults, whereas 90% of older patients
have fusion-negative IMTs associated with a more aggressive course and a higher frequency of metastases.15,76
IMTs with ALK genomic rearrangements show cons tu ve
ac va on and overexpression of the ALK kinase domain,
which induces tumorigenesis cell prolifera on and survival
through downstream activation of intracellular signaling
pathways.

Crizo nib ac vity was ini ally documented in a case report of an adult pa ent with an IMT harboring an ALK transloca on77 and conﬁrmed in a phase I/II trial of pediatric
pa ents, with complete and par al response rates of 36%
and 50%, respec vely, for a median dura on of treatment
of more than 1.5 years.78 More recently, ceri nib was reported to extend the disease-free interval for a pa ent with
acquired resistance to crizo nib.79

Clear Cell Sarcoma
Clear cell sarcoma (CCS) belongs to the family of microphthalmia transcrip on factor–associated tumors. These tumors are characterized by the ac va on of microphthalmia
transcrip on factor, which ac vates transcrip on of c-Met,
an oncogenic tyrosine kinase receptor.1 In CCS, increased
c-MET expression (and in some instances, increased expression of its ligand hepatocyte growth factor) results from the
typical chimeric protein of t(12;22)(q13;q12) (EWSR1-ATF1)
transloca on, which increases transcrip on of the microphthalmia transcrip on factor.80 CCS oncogenesis is dependent on hepatocyte growth factor/c-Met signaling. Previous
studies showed that inhibi on of Met signaling reduced CCS
cell growth in vitro and in vivo.
The fact that CCS is notorious for being chemotherapy and
radiotherapy resistant and the ﬁnding that CCS survival is
dependent on Met signaling were the ra onale for exploring
Met tyrosine kinase receptor inhibitors. Tiva nib (ARQ197)
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was studied in a phase II trial with 11 pa ents with CCS.
The disease control rate reached 36% (one pa ent achieved
a par al response), whereas the median response lasted
3 months.75 Ac vity of crizo nib, another small molecule
that has Met receptor inhibitory ac vity among its targets, was recently assessed in a phase II basket trial (EORTC
90101) that included a cohort of 26 pa ents with CCS. Although the primary endpoint of the study (response rate)
was not met (3.8%; 1 of 26 had a par al response), disease
control was achieved for 69% of pa ents (18 of 26) with ﬂuorescent in situ hybridiza on–conﬁrmed EWSR1 rearrangement for a median of 131 days.7
Although disease stabiliza on is the main outcome in this
case, further studies combining inhibitors of signaling pathways downstream to the Met receptor (e.g., mTOR or MEK)
may improve and extend ac vity.

HISTOLOGY DRIVEN TREATMENTS:
IMMUNOTHERAPY
The Diversity of the Sarcoma Immune
Microenvironment
Sarcoma subtypes diﬀer markedly with respect to inﬂammatory gene expression, immune cell inﬁltra on, and their
T-cell repertoires.81 This diversity in the sarcoma tumor
microenvironment necessitates the development of a subtype-speciﬁc targeted approach for immunotherapy. Undifferen ated pleomorphic sarcoma (UPS) has a rela vely high
muta on burden. Like other highly mutated cancers with
an inﬂammatory tumor microenvironment,82 these tumors
have high levels of PD-1 and PD-L1 expression and a high
T-cell fraction based on T-cell receptor (TCR) sequencing
of the TCR Vβ region. TCR sequencing data have also
demonstrated a high clonality in UPS tumors, suggesting
a “focused” T-cell response with expansion of high-aﬃnity
clones targe ng immunogenic mutated proteins. This T-cell–
driven inﬂammatory response contrasts markedly with the
transloca on-associated sarcoma subtypes synovial sarcoma
and MLPS, which have a far less inﬂammatory microenvironment with much less T-cell inﬁltra on or PD-1 or PD-L1
expression and markedly lower levels of genes related to
an gen presenta on.81

Immunotherapy for Undiﬀeren ated Pleomorphic
Sarcoma and Dediﬀeren ated Liposarcoma:
Responses to Checkpoint Inhibitors
Although experience using checkpoint inhibitors in sarcoma
is small rela ve to other cancers, this work is expanding
rapidly. The SARC28 trial of single-agent pembrolizumab
provides the largest published data set currently available
regarding subtype-speciﬁc responses to PD-1–targeted
therapy.83 The trial treated four separate STS cohorts with
10 pa ents each, including UPS, leiomyosarcoma, DDLPS,
and synovial sarcoma. The trial saw par al responses in
four of 10 pa ents with UPS and two par al responses in
pa ents with DDLPS. A very temporary response was also
seen in a pa ent with synovial sarcoma. Responses seem to
be PD-L1 independent, because PD-L1 was posi ve in only
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two of six responders. The combina on of an –CTLA-4 and
PD-1 blockade can create drama c synergy, albeit with considerably increased toxicity in some tumor types.84,85 Preliminary results of the Alliance trial combining nivolumab and
ipilimumab (at a 1-mg/kg dose of ipilimumab) appeared to
also show promising results with considerably less toxicity than similar studies using higher doses of ipilimumab.86
An ongoing trial at MD Anderson Cancer Center is tes ng
a similar approach using durvalumab and tremelimumab
(NCT02815995).
Combina ons with chemotherapy are being tested and
may further poten ate this response. Sarcomas tend to lack
inﬁltra ng regulatory T cells; however, this may be diﬀerent
following checkpoint blockade. Because low-dose cyclophosphamide can kill regulatory T cells and can be an eﬀec ve
agent in sarcoma treatment, metronomic cyclophosphamide was tested in combina on with pembolizumab.87
The trial did not meet its endpoints with respect to response
rate.
Other combina on studies of chemotherapy with checkpoint blockade are currently ongoing. Doxorubicin can result in immunogenic tumor cell death with the release of
damage-associated molecular pa erns that can be highly
inﬂammatory. Furthermore, although doxorubicin is highly
myelosuppressive, its lymphodeple ng eﬀect is less profound, which may be ideal in combina on with a T-cell–
targeted checkpoint blockade. Doxorubicin is currently being
tested for sarcoma in combination with pembrolizumab
(NCT02888665). Gemcitabine may eliminate monocytederived suppressor cells and may also similarly lead to immunogenic cell death (NCT03123276). An ongoing mul arm
study is tes ng pembrolizumab with diﬀerent chemotherapies: gemcitabine, gemcitabine and docetaxel, gemcitabine
and vinorelbine, and liposomal doxorubicin (PembroPlus,
NCT02331251).
Single-agent pembrolizumab will soon be tested in the
neoadjuvant se ng along with standard radia on in the
mul center, randomized SARC032 study for pa ents with
UPS and DDLPS and a similar open-label, single-arm study
is trea ng all STS subtypes at the Fred Hutchinson Cancer
Research Center (NCT03338959).
A combina on checkpoint inhibi on in the neoadjuvant
se ng with durvalumab and tremelimumab plus radia on
is being tested in a pilot trial with the University of Maryland
(NEXIS, NCT03116529).

Alveolar So -Part Sarcoma and Mismatch Repair
Studies in colon cancer ﬁrst demonstrated that microsatellite instability leads to a highly mutated, inﬂammatory
microenvironment richly infiltrated with cancer-specific
T cells.88 A study of 12 tumor types demonstrated that, regardless of a tumor’s site of origin, pa ents with mismatch
repair deﬁciency had a much higher response rate to PD-1
blockade compared with other tumors, leading the U.S.
Food and Drug Administra on to approve pembrolizumab
for tumors driven by microsatellite instability.89 Although
the rate of microsatellite instability in sarcomas is extremely
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low,90 one excep on is ASPS.91 In an oral presenta on at the
2017 Connec ve Tissue Oncology Society Annual Mee ng,
Dr. Breelyn Wilky92 presented data regarding the combinaon of pembrolizumab with the tyrosine kinase inhibitor axi nib to encourage T-cell traﬃcking into the tumor immune
microenvironment (NCT02636725). The study included nine
pa ents with ASPS; par al responses were observed for
four pa ents, and an addi onal three pa ents had stable
disease. These data strongly support further development
of PD-1–targeted approaches in ASPS, and results of the
Spanish Group for Research on Sarcomas and Italian Sarcoma Groups trial assessing suni nib in combina on with
nivolumab are awaited (NCT03277924).

Leiomyosarcoma and Other STS Tumors With
Macrophage-Driven Immune Evasion
Based on the characteristics of the tumor microenvironment, leiomyosarcoma should be an ideal target for immunotherapy.93 These tumors have T-cell infiltration and
frequently express high levels of PD-L1 on tumor cells, with
high levels of PD-1–expressing T cells. However, SARC28
study inves gators did not see responses in leiomyosarcoma,
and a study of nivolumab for the treatment of advanced
leiomyosarcoma had only a single responding pa ent who
ul mately developed a PTEN muta on that led to treatment
resistance.94,95
Some inves gators have suggested that the general failure of leiomyosarcoma tumors to respond to PD-1 blockade
may be a result of heavy tumor inﬁltra on by tumorassociated macrophages (TAMs). Interes ngly, PD-1 and
PD-L1 expression has also been correlated with macrophage
inﬁltra on.96 TAMs may be completely or incompletely polarized to classic macrophages (M1), which can directly kill
tumors and aid inﬁltra ng T cells, or alterna ve macrophages (M2), ac vated TAMs that inhibit the T-cell response
through secre on of IL-10 and transforming growth factor
β.97 Although TAMs likely play a major part in immune resistance for many sarcoma types, the M2-type TAM-associated
gene signatures are found frequently in leiomyosarcoma tumors and high levels have been correlated with worse clinical outcomes among pa ents with leiomyosarcoma.98-100
Because TAMs appear to play a key role in suppor ng the
STS microenvironment, there has been interest in applying
therapies that can either deplete M2 TAMs or transfer TAMs
from a M2 to M1 phenotype. To this end, a Toll-like receptor
4 agonist, glycourosyl lipid A, was directly injected into STS
tumors, a majority of which were leiomyosarcoma. As presented at the 2016 ASCO Annual Mee ng,101 many pa ents
who received the intratumor injec on of this agonist were
found to have conversion of M2-type macrophages to
M1-type macrophages, resul ng in a high degree of local
tumor control. CD47 is an an gen expressed by tumor cells
that binds to signal-regulatory protein alpha on macrophages
and inhibits macrophage-mediated tumor cell phagocytosis.102
Trials targe ng an -CD47 with a monoclonal an body (Hu5F9G4), such as NCT02216409, are open for all solid tumors and
may be well suited for pa ents with leiomyosarcoma.103

M2 TAMs frequently expresses the CSF1R kinase, c-Fms
(CD115), which has been targeted using PLX3397 in models
of malignant peripheral nerve sheath tumors, where TAMs
also appear to play a key role.104 This compound is being examined in a phase I study of the combina on of PLX3397
and sirolimus for pa ents with STS (NCT02584647).
Based on the an macrophage ac vity that has been seen
with the U.S. Food and Drug Administration–approved
drug, trabectedin,105,106 a trial combining trabectedin and
anti–PD-L1 inhibition for patients with liposarcoma and
leiomyosarcoma is currently underway (NCT03074318).
The combina on of trabectedin with both ipilimumab and
nivolumab is being tested at the Sarcoma Oncology Center
in Santa Monica, California (NCT03138161).

Targe ng NY-ESO-1: Synovial Sarcoma and Myxoid/
Round Cell Liposarcoma
SS and MLPS are both immunologically quiet tumor types
with low expression levels of inﬂammatory genes, low levels of major histocompa bility complex, and few inﬁltra ng
T cells. However, these tumors are thought to be excellent
candidates for antigen-specific immunotherapy because
they typically express high levels of the immunogenic cancertestis antigens NY-ESO-1.17,18 Cancer-testis antigens are
heterogeneously expressed in approximately 20% to 30%
of many tumor types, including ovarian cancer, lung cancer, and melanoma. However, synovial sarcoma and MLPS
may be par cularly well suited to these types of approaches
because an gen is homogenously expressed in more than
80% of synovial sarcoma and MLPS tumors. NY-ESO-1 is
being targeted through a number of strategies including
vaccine-based approaches and adoptive T-cell–type
strategies.107-109
Mul ple groups have tried to use vaccina on to induce
NY-ESO-1–speciﬁc T cells in malignancies such as ovarian
cancer and melanoma.110,111 However, expression of an gen
in the cytoplasm of the an gen-presen ng cell can lead to a
far more potent CD8+ T-cell response.112 LV305, a novel hybrid viral vector that encodes NY-ESO-1, is designed to target dendri c cells in vivo and s mulate CD8 T cells against
NY-ESO-1. The vector genomic backbone is a len viral vector modiﬁed to be replica on incompetent and integra on
deﬁcient. The vector selec vely targets DC-SIGN (CD209) on
human dendri c cells via its envelope, a glycoprotein derived from Sindbis virus.113-115 The ﬁrst pa ent treated with
LV305 had a drama c and durable response.109 The early encouraging results with this vector led to the ﬁrst combined
vector along with a potent Toll-like receptor 4 agonist and
an NY-ESO-1 protein vaccine in a “prime-boost” regimen
known as CMB305. This regimen was then further combined with atezolizumab, an an –PD-L1 inhibitor, in a randomized phase II study (Fig. 2). An interim analysis indicated
that the addi on of CMB305 to atezolizumab resulted in improved clinical eﬃcacy over atezolizumab alone for pa ents
with NY-ESO-1+ STS with low PD-L1. There were three of 45
par al responses in synovial sarcoma for pa ents treated
with the combina on versus none in the group treated with
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atezolizumab alone.116 A phase III trial is planned to test the
CMB305 regimen in the maintenance se ng a er frontline
chemotherapy in the metasta c se ng for pa ents with synovial sarcoma. Another promising NY-ESO-1 vaccine linked
to a monoclonal an body directed to CD205, which is expressed on dendri c cells, has also been tested in solid tumors including a small group of pa ents with sarcoma with
some early signs of immunogenicity.117
Adop ve cellular transfer of tumor-speciﬁc T cells has the
poten al to eliminate solid tumor malignancies.118,119 In a pilot study tes ng a high-aﬃnity, NY-ESO-1–speciﬁc Toll-like
receptor, pa ents with pretreated advanced melanoma and
synovial sarcoma received engineered T cells following lymphodeple on with cyclophosphamide and ﬂudarabine as
well as post-treatment high-dose IL-2.120 Objec ve clinical
responses were seen for 45% (5 of 11) and 67% (4 of 6) of
pa ents, respec vely, without any incidences of toxicity at-

tributable to the cells. This study included six pa ents with
synovial sarcoma as well as some with melanoma. Updated
results were reported in 2015, with respec ve overall response rates for 55% (11 of 20) and 61% (11 of 18) of paents with melanoma and synovial sarcoma, respec vely.107
Adap mmune Therapeu cs con nues to study this Toll-like
receptor and trials are ongoing (NCT01343043).
Finally, engineered Toll-like receptor have emerged as a
powerful and poten ally cura ve therapy for pa ents with
HLA-A*02+ with synovial sarcoma121 and MLPS122 expressing NY-ESO1. Two studies were presented at the ASCO and
Connec ve Tissue Oncology Society annual mee ngs.123,124
The overall response rate was high in both subtypes, but
this approach has the limita on of being human leukocyte
an gen restricted. The ongoing Adap mmune study is using
pep de-enhanced aﬃnity (SPEAR) NY-ESO1 T cells that are
centrally made and shipped to mul ple sites.
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MULTIDISCIPLINARY MANAGEMENT OF OLIGOMETASTATIC SOFT TISSUE SARCOMA

Mul disciplinary Management of Oligometasta c So
Tissue Sarcoma
Juneko E. Grilley-Olson, MD, Nicholas P. Webber, MD, David S. Demos, MD, Jared D. Christensen, MD,
and David G. Kirsch, MD, PhD
OVERVIEW
So ssue sarcomas (STS) encompass a group of rare but heterogeneous diseases. Nevertheless, many pa ents, par cularly those with oligometasta c disease can beneﬁt from though ul mul modality evalua on and treatment regardless
of the STS subtype. Here, we review surgical, interven onal radiology, radia on, and chemotherapy approaches to maximize disease pallia on and improve survival, including occasionally long-term disease-free survival. Surgical resec on can
include lung or other visceral, so
ssue and bone metastases with a goal of rendering the pa ent disease free. Staged
resec ons can be appropriate, and serial resec on of oligometasta c recurrent disease can be appropriate. Retrospec ve
series suggest survival beneﬁt from this approach, although selec on bias may contribute. Interven onal radiology techniques such as percutaneous thermal abla on (PTA) and arterial emboliza on can present nonopera ve local approaches
in pa ents who are not medically ﬁt for surgery, surgery is too morbid, or pa ents who decline surgery. Similarly, radia on
therapy can be delivered safely to areas that are inaccessible surgically or would result in excessive morbidity. Currently no
randomized trials exist comparing interven onal radiologic approaches or radia on therapy to surgery but retrospec ve
reviews show rela vely similar magnitude of beneﬁt in terms of disease pallia on and survival, although it is felt unlikely
that these procedures will render a pa ent to long-term disease-free status. Chemotherapy has evolved recently with the
addi on of several new treatment op ons, brieﬂy reviewed here. Importantly, if a pa ent sustains a good response to
chemotherapy resul ng in true oligometasta c disease, considera on of mul modality local therapy approaches can be
considered in the appropriate pa ent.

S

o ssue sarcomas (STS) are a heterogeneous group of
mesenchymal malignancies diagnosed in approximately
13,000 pa ents and resul ng in 5,000 deaths in the United
States annually.1 With over 50 histologic subtypes,2 each
harboring unique molecular drivers and biologic behavior,
the Na onal Comprehensive Cancer Network guidelines
recommend a mul disciplinary team experienced in caring for these rare cancers.3 Approximately 90% of pa ents
with STS present with localized disease, although many will
develop metasta c disease, which is typically the cause of
death. Most STS show a predilec on for metastasizing to
the lungs, but certain histologies spread to the lymph nodes
(rhabdomyosarcoma and synovial sarcoma), bone (myxoid
liposarcoma), and abdomen (myxoid round cell liposarcoma).
When pa ents develop recurrent metasta c disease after successful treatment of the primary sarcoma, factors
impac ng prognosis and the modality of therapy include

loca on, number, and me to development of metastasis.
It is cri cal to rule out other benign or malignant e ologies (e.g., primary lung cancer), par cularly when there is
a longer disease-free survival (DFS) interval. Tissue diagnosis may occur at the me of a therapeu c procedure, such
as surgical resec on or RFA, or from an image-guided core
needle biopsy. Mul ple new lung masses within 6 months of
therapy for a primary sarcoma indicate that the tumor has
metastasized, and systemic therapy should be considered.
Because treatment of sarcoma metastasis can be tailored to
speciﬁc sarcoma histology, pa ern, and number of metastases and the DFS interval preceding developing metastasis,
such pa ents should be managed by an experienced mul disciplinary team to best assess how surgery, interven onal
radiology, radia on, and chemotherapy can be integrated
into the treatment to improve survival, palliate symptoms,
and occasionally render oligometasta c sarcoma a chronic
disease.
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SURGERY IN METASTATIC SARCOMA
Although the role of surgery applies most commonly to lung
metastases, similar principles can be extrapolated to limited
visceral, so
ssue, and bone metastases.4 Complete pulmonary metastasectomy is feasible in about 30% of pa ents
with oligometasta c STS5 corresponding with long-term survival advantage.

Pa ent Selec on
The general principles for pulmonary metastasectomy include the following6-9:
• Complete resec on of metastases is possible
• Limited extrathoracic disease that is also completely resectable
• Absence of mul visceral metasta c disease
• Primary tumor controlled/controllable
• Medical ﬁtness for lung resec on
• Medically ﬁt surgical candidate
This informa on is obtained in the preopera ve evaluaon, which typically includes CT and/or PET/CT scan. Nodal
and extrathoracic disease should be aggressively diagnosed
and managed. Occult lymph node involvement is rare, and
systema c lymph node assessment is not generally performed.

Techniques
For a pa ent determined to be a good candidate for metastasectomy, the choice of surgical technique is dictated by
surgeon preference and experience. Regarding pulmonary
metastases, a thoracotomy allows the surgeon to palpate
the en re lung for addi onal nodules. However, with current
high-deﬁni on imaging techniques, the overall likelihood of
iden fying radiographically occult disease intraopera vely
is low, and surgeons experienced with video-assisted thoracoscopy can also use instruments to palpate the lung.

PRACTICAL APPLICATIONS
• Oligometasta c STS is best approached as a
mul modality disease, beneﬁ ng from evalua on
and possible treatment with surgery, interven onal
radiology, radia on therapy, and chemotherapy.
• If the pa ent is expected to be able to be rendered
disease free, surgical resec on of oligometasta c
STS remains an appropriate standard op on for the
medically ﬁt and resectable pa ent.
• Interven onal radiology techniques including
radiofrequency abla on (RFA) and arterial emboliza on
provide nonopera ve local modality alterna ves that
can provide good disease control.
• The role of radia on with local therapy of primary STS is
well established and discussed elsewhere. Radia on can
also provide a nonopera ve local modality alterna ve
for oligometasta c disease that can achieve durable and
noninvasive disease control.
• Chemotherapy remains an appropriate choice in this
se ng as well.
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Addi onally, ini ally unresected metastases may be subsequently resected when they become detectable on CT scan
without reducing survival.8 Subsequent thoracic opera ons
are less diﬃcult following prior video-assisted thoracoscopy
than following a thoracotomy. Choice of wedge resec on,
segmentectomy, lobectomy, or rarely a pneumonectomy is
dictated by that necessary to achieve complete metasta c
clearance and the pa ent’s medical suitability for resec on.
Especially for extrapulmonary disease, given the advances
in PTA and stereotac c body radia on therapy (SBRT) techniques, the value of metastasectomy should be weighed
against the poten al morbidity with regard to infec on, local vital structures, and recovery.

Outcomes
Evidence of the eﬀec veness of pulmonary metastasectomy
is based on registry data and retrospec ve studies, which often include epithelial carcinomas such as colorectal cancer.
The Interna onal Registry of Lung Metastases found similar
survival rates a er pulmonary metastasectomy in pa ents
with epithelial carcinomas and in those with sarcomas.10
The European Organiza on for Research and Treatment of
Cancer So Tissue and Bone Sarcoma Group conducted a
retrospec ve mul -ins tu onal study of 255 pa ents with
STS who underwent pulmonary metastasectomy. Threeand 5-year overall survival (OS) rates were 54% and 38%,
respec vely, whereas corresponding DFS rates were 42%
and 35%, respec vely.11
Prognos c factors associated with improved survival after pulmonary metastasectomy are fairly consistent across
studies.5,10-14 These include the following:
• Ability to achieve complete resec on
• Limited number of nodules (< 3)
• Long interval (> 12 to 18 months) between primary tumor resec on and development of metasta c recurrence
• Small tumor size (< 2 cm)
• Low-grade histology
One single-ins tu onal series of 214 pa ents who underwent pulmonary metastasectomy iden ﬁed three unfavorable risk factors: tumor size more than 2 cm, more than
one metastasis, and metastasis-free interval of less than 18
months. Pa ents with none of these risk factors had a 5-year
survival of 60%, whereas those with one, two, or three of
these had 30%, 20%, and 0% 5-year survival, respec vely.11
Most pa ents undergoing pulmonary metastasectomy for
STS will ul mately develop recurrence, although this does not
negate the value of resec on. In another single-ins tu on
series, 539 patients underwent 760 pulmonary metastasectomies for metasta c STS. The OS was 33 months, and
5-year survival was 34%. A er R0 resec on, 74% developed
disease recurrence at any site, 63% developed lung recurrence, and 34% developed isolated lung recurrence.12
Pa ents who develop recurrence following ini al cura ve
metastasectomy should be considered for repeat resec on.
In a series of 43 pa ents who underwent second thoracotomy for pulmonary metastasectomy, the OS was 25 months
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for the 72% undergoing cura ve complete resec on versus
10 months for those not completely resectable.15 A study
from the Interna onal Registry of Lung Metastases (including epithelial carcinomas) found that 53% of the 5,206
pa ents undergoing resec on of pulmonary metastases
relapsed in the lung. Among the 1,042 pa ents who underwent repeat metastasectomy, the 5- and 10-year OS were
44% and 29%, respec vely.10 Demonstra ng the nega ve
impact of disease burden, the median survival among paents who were not resected following relapse in one series was 8 months.16 In a second series, in 39 pa ents who
underwent repeat metastasectomy, OS for the 19 pa ents
with single-site disease was 65 months, compared with 14
months for the 15 pa ents with two or more sites of recurrence.10 Although clearly demonstra ng beneﬁt, these
retrospec ve series are subject to pa ent selec on bias favoring pa ents who are ﬁt and eligible for metastasectomy.

INTERVENTIONAL RADIOLOGY IN
METASTATIC SARCOMA
The role of the interven onal radiologist in the treatment
of metasta c sarcoma is expanding. Image-guided therapies
for metasta c sarcoma, such as PTA and arterial embolizaon, may be alterna ves or adjuncts to surgery or radia on
therapy in pa ents with solitary or oligometasta c disease.

Pa ent Selec on
Poten al candidates should be reviewed with an intervenonal radiologist to determine feasibility and appropriateness of therapy. PTA is currently reserved for pa ents who
are not surgical candidates, have elec vely refused surgery,
or have failed other treatment op ons. PTA is minimally invasive and can be performed in an outpa ent se ng with
fewer complica ons, decreased morbidity, and reduced
recovery me compared with surgery. With abla on, there
is no treatment-speciﬁc toxicity. PTA may be performed for
new or growing lesions and can be repeated in the se ng
of local failure, an op on o en not available for surgical or
radia on therapies.
The precise size and number of lesions appropriate for
image-guided interven onal therapies for metasta c sarcoma
have yet to be deﬁned. Op mal lesion characteris cs for
successful treatment have been derived from nonsarcoma
primaries and vary based upon the site of metastasis. For
example, in the lung, best results are achieved in pa ents
with four or fewer metastases and target lesion size less
than 3 cm, whereas similar local control rates may be obtained in the liver with larger lesions.17-19 Lesion proximity to
cri cal structures, such as the heart, diaphragm, or bowel,
is an important considera on for safety and may preclude
abla ve op ons.

Techniques
Abla ve therapies. Several techniques for PTA are available
and can be categorized as either burning (radiofrequency,
microwave, laser, and high-intensity focused ultrasound)
or freezing (cryoabla on). With burning modali es, tem-

peratures greater than 50°C produce denaturing of cellular
proteins and damage to cell membranes, resul ng in coagula on necrosis and tumor cell death.20 Cryoabla on incites
cytotoxicity by freezing rather than hea ng ssues, with cell
death occurring at −40°C secondary to ice forma on within
the extracellular matrix and lysis during thawing.21
Published studies involving PTA are highly variable in design, with diﬀering pa ent selec on criteria, primary tumor,
treatment algorithms, and follow-up intervals. Furthermore, direct comparison of outcomes to other local treatment strategies are diﬃcult, as pa ents who had PTA typically have a higher risk proﬁle than candidates for surgery
or radia on, hence a strong selec on bias aﬀects outcomes
interpreta on. Notwithstanding, even within these limitaons, the available data for PTA therapies are encouraging.
Radiofrequency abla on (RFA; Fig. 1) is the most widely
reported abla ve technique for treatment of metasta c sarcoma, with the majority of data pertaining to lung metastases. Reported local recurrence rates for RFA, microwave
abla on, and cryoabla on are variable at 0% to 15%, 2%,
and 24%, respec vely.22-24 Long-term eﬃcacy of RFA for sarcoma metastases documented a 1- and 3-year survival of
92.2% and 65.2%, with a median DFS of 7 months.25 A European mul center retrospec ve study found a substan al
treatment beneﬁt of PTA in pa ents with sarcoma oligometasta c disease; median survival for those treated with ablaon was 45.3 months compared with only 12.6 months for
those who did not have PTA.26 At least one series found the
OS for RFA to be similar to surgical treatment of sarcoma
metastases to the lung.27
PTA has also emerged as an eﬀec ve treatment of liver
malignancies. Although published eﬃcacy data for sarcomas are limited, hepa c abla on has a low-risk proﬁle with
good results, though local control is less than that of surgical resec on.28,29 A small series evalua ng PTA for hepa c
gastrointes nal stromal tumor (GIST) metastases demonstrated up to 100% local control and 2-year progression-free
survival (PFS) of 75% when combined with tyrosine kinase
inhibitor therapy.30 Similar ﬁndings have been reported with
RFA and cryoabla on for liver metastases from other sarcoma histologies including leiomyosarcoma, ﬁbrosarcoma,
and synovial sarcoma.28,31,32
High-intensity focused ultrasound is another form of
thermal abla on that uses sound wave to generate heat
through fric on to achieve tumor necrosis. For sarcomas,
high-intensity focused ultrasound has been evaluated for the
treatment of both primary lesions and bone metastases.
One of the largest series showed excellent local tumor control of 86.3% with overall 1-, 3-, and 5-year survival of 93%,
75%, and 64%, respec vely.33
Emboliza on. Arteries feeding metastases may be selecvely embolized with micropar cles, resul ng in ischemia
and tumor death. Image-guided arterial emboliza on therapies are primarily indicated for patients with unresectable sarcoma and isolated hepa c metastases or minimal
extrahepa c disease. Techniques consist of bland embolizaon (occlusion of the vascular supply), chemoemboliza on
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(deposi on of chemotherapeu c agents within the tumor),
and radioemboliza on (deposi on of a radia on source
within the tumor).
Transcatheter arterial chemoemboliza on restricts the
vascular supply to hepa c metastases by deploying embolic
par cles treated with chemotherapeu c agents. Minimal
eﬃcacy data are available; however, a small series of hepa c sarcoma metastasis treated with transcatheter arterial
chemoemboliza on demonstrated excellent local control
with 2- and 3-year survival rates of 54% and 50%, respecvely.34
Radioemboliza on is a similar technique that deploys emboliza on par cles coupled with a radia on source, commonly 90Y, to deliver sustained radiotherapeu c doses; it is
most o en performed in conjunc on with hepa c resec on
or other therapies, including PTA. Although experience with
sarcomas is limited, early results are promising, with paral or complete response found in 73% and 82% at 3 and
6 months, respec vely.35

RADIATION THERAPY IN METASTATIC
SARCOMA
Although sarcomas are some mes mistakenly termed “radioresistant,” radia on therapy is a standard component of
localized extremity STS treatment.36-38 When pa ents with
sarcomas develop symptoma c metastases, radia on can
palliate painful bony metastasis, hemoptysis from lung metastases, and neurologic symptoms that result from spinal
cord compression. For pa ents with oligometasta c disease, image-guided radia on therapy is an alterna ve to
surgery or PTA to eliminate sarcoma metastases.

The same technology used to deliver SBRT for safe and
eﬀec ve treatment of early-stage lung cancer39 can be applied to treat pulmonary metastases from sarcomas (Fig. 2).
A retrospec ve review of 30 consecu ve pa ents with sarcoma with 39 pulmonary metastases treated with SBRT with
a median dose of 50 Gy given in four to ﬁve frac ons found
SBRT to be safe and eﬀec ve.40 At 12 and 24 months, local
control was 94% and 86%, respec vely. In this heavily pretreated pa ent cohort (77% received prior chemotherapy,
70% had one to three prior pulmonary resec ons, and 26%
had received prior thoracic radiotherapy), OS at 12 and 24
months was 76% and 43%, respec vely. Three pa ents developed grade 2 chest wall toxicity, but there were no other
grade 2 or greater toxici es. Similar results were obtained
from an independent cohort of 28 pa ents with sarcoma
with 51 lung metastases treated with SBRT.41 The actuarial
5-year rate of local control and 2-year OS were both 96%. No
grade 3 or higher toxici es were observed. Taken together,
these studies indicate that SBRT can be used to eﬀec vely
treat oligometasta c sarcoma in the lungs. SBRT has also
been applied to treat oligometasta c sarcoma metastases
to the spine. A total of 88 consecu ve pa ents with sarcoma were treated with SBRT for 120 spinal lesions.42 The
12-month actuarial rate of local DFS was 85.9%.
One advantage of using SBRT to treat oligometasta c metastases from sarcoma over surgery and PTA is that SBRT
is noninvasive, although typically it requires a core needle
biopsy to conﬁrm diagnosis. In contrast, with surgical resecon or PTA, the therapeu c procedure can be diagnos c.
Nevertheless, because SBRT is noninvasive, compared with
surgical resec on, it causes less pa ent discomfort and

FIGURE 1. A 58-Year-Old Man With So Tissue Sarcoma Metastases to the Lung

This pa ent was status post prior right lower and le upper lobe metastatectomies and was no longer an appropriate surgical candidate. (A) Chest CT demonstrates an enlarging le lower lobe nodule (circle).
CT-guided biopsy conﬁrmed sarcoma. (B) Percutaneous microwave abla on probe in place (arrow). (C) Immediate postprocedure imaging demonstrates the abla on zone (asterisk). Three-month (D), 6-month
(E), and 12-month (F) postabla on imaging demonstrate complete local control with evolving abla on zone scar (arrowheads).
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also has a lower 30- and 90-day postprocedure mortality.43
SBRT can also be delivered to anatomic sites that may not
be amenable to surgery or PTA. Normal ssue radia on tolerance of the lungs and other organs must be respected,
thus limi ng the role of SBRT to treat a large number of lung
metastases. If delivering SBRT would exceed normal ssue
radia on tolerance because of the extent of metasta c disease, then systemic therapy should be considered.

CHEMOTHERAPY IN METASTATIC SARCOMA
Although most local therapy principles of oligometasta c
disease apply across histologic subtypes, eventually many
pa ents ul mately will progress such that they or their disease are not amenable or appropriate to local therapy. STS
are rare and are composed of a heterogenous group of diseases2 and in part because of the rela ve paucity of molecular targets, eﬀec ve systemic therapies remain a challenge.
Despite this, recent progress has been made in iden fying
systemic agents in the treatment of STS. The goals of systemic therapy are o en pallia ve in intent with a focus on
improvements in symptoms related to the disease, PFS,
and OS. Except for pa ent-speciﬁc need for tumor shrinkage for symptom improvement, overall response rate (ORR)
predicts poorly for the therapeu c eﬃcacy in STS.44 Importantly, most low-grade STS are chemotherapy resistant and
generally excluded from chemotherapy trials.

HISTOLOGY AGNOSTIC CHEMOTHERAPY
Doxorubicin-Based Approaches
For over 40 years, doxorubicin has been the backbone of
many sarcoma regimens.45 Doxorubicin combina ons including dacarbazine and ifosfamide show improvement in
ORR but lack PFS and OS beneﬁt. Recently, the fully humanized monoclonal an body platelet-derived growth factor

FIGURE 2. SBRT Plan for a Le Lower Lobe Lung
Metastasis From an Upper Extremity So Tissue
Sarcoma

receptor α inhibitor olaratumab received accelerated U.S.
Food and Drug Administra on (FDA) approval based on an
open-label phase IB/randomized II trial of 133 pa ents with
advanced STS who received doxorubicin with or without
olaratumab.46 This study achieved its primary endpoint of
PFS 6.6 versus 4.1 months and an impressive improvement
in OS of 25 versus 10.7 months for the combina on versus
monotherapy, respec vely. Of note, pa ents in the combina on arm received a higher cumula ve doxorubicin dose,
possibly explaining some of the improvement. Pending results of the conﬁrmatory phase III trial, doxorubicin plus
olaratumab should represent one histology-agnos c ﬁrstline treatment.

Elderly/Frail Pa ents
Elderly and frail patients may be poor candidates for
doxorubicin therapy. Pegylated liposomal formula ons of
doxorubicin typically demonstrate a be er toxicity proﬁle
compared with unencapsulated doxorubicin. No phase III data
exist comparing eﬃcacy equivalency; however, a randomized phase II showed similar outcomes and improved tolerance with liposomal doxorubicin (50 mg/m2 every 4 weeks)
over standard doxorubicin.47 Gemcitabine and pazopanib
represent viable alterna ves.

SELECT HISTOLOGY CONSIDERATIONS
Gemcitabine/Docetaxel
In 2002, gemcitabine/docetaxel demonstrated ac vity in
metasta c leiomyosarcomas, par cularly uterine leiomyosarcomas (uLMS).48 The follow-up SARC00249 study supported
these ﬁndings, but the phase III TAXOGEM study50 failed
to conﬁrm beneﬁt. Nevertheless, gemcitabine/docetaxel
emerged as a ﬁrst-line therapy op on for leiomyosarcoma.
Recently, the phase III GeDDis trial comparing frontline
doxorubicin to gemcitabine/docetaxel in leiomyosarcoma,
including uLMS, demonstrated comparable PFS and OS but
improved tolerability for doxorubicin.51 Thus, doxorubicin
remains a ﬁrst-line therapy choice for leiomyosarcoma.

Pazopanib
In 2012, pazopanib, an inhibitor of VEGF receptor and plateletderived growth factor receptor α and β, became the first
and only FDA–approved oral therapy in STS.52 Anthracyclinepretreated pa ents (excluding liposarcoma and GIST) randomly assigned to pazopanib versus placebo had a PFS of
4.6 versus 1.6 months, respec vely, with beneﬁt across histologies. The ORR and OS were not significantly different
between the experimental and control groups.

Trabectedin

An axial CT scan was acquired under deep inspiratory breath hold to minimize respiratory mo on
of the lung metastasis. A radia on therapy plan was devised to deliver 50 Gy over the course of
ﬁve treatments (i.e., 10 Gy per frac on) to the yellow isodose line. The orange isodose line shows
the 45-Gy line, and the green isodose line shows the 25-Gy line.

Based on several phase II trials, trabectedin was approved
in Europe in 2007.53-56 FDA approval came in 2015 on the
basis of a randomized phase III trial of trabectedin versus
dacarbazine in “l-type” sarcomas (lipo- and leiomyosarcoma).57 PFS improved (4.2 vs. 1.5 months, respec vely)
across histologies, despite the fact that neither ORR nor the
primary endpoint of OS were sta s cally diﬀerent. However,
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trabectedin demonstrated a noteworthy clinical beneﬁt rate
(ORR plus stable disease) over dacarbazine (34% vs. 19%),
underscoring the importance of disease stabiliza on as a
meaningful endpoint for STS.

Eribulin
Eribulin is a unique microtubule inhibitor that achieved its
primary endpoint with a modest OS over dacarbazine (13.5
vs. 11.5 months, respec vely), but failed to demonstrate a
marked PFS improvement in a study of l-type sarcomas.58
A preplanned subgroup analysis found beneﬁt in liposarcomas but not leiomyosarcomas (median OS: 15.6 vs. 8.4
months, respec vely).59 Eribulin, the ﬁrst drug to demonstrate liposarcoma-speciﬁc OS beneﬁt, was approved in 2016.

Select Other Histologic Considera ons
Pa ents with myxoid/round cell liposarcomas typically
demonstrate sensi vity to doxorubicin,60 whereas those
with synovial sarcomas are par cularly sensi ve to ifosfamide.61,62 Women with indolent or low-volume uLMS expressing estrogen or progesterone receptor may beneﬁt
modestly from aromatase inhibitors,63 although the magnitude of beneﬁt is uncertain because hormonal expression
in uLMS is also prognos c.64 Unlike virtually all other STS,
taxanes are active in angiosarcoma.65,66 In contrast, VEGF
inhibition via sorafenib and bevacizumab failed to show
benefit in these vascular cancers.67,68 Recently, cediranib
demonstrated PFS beneﬁt over placebo in pa ents with
alveolar so parts sarcoma.69 Ima nib has modest ac vity
against pigmented villonodular synovi s/tenosynovial giant
cell tumor and metasta c dermatoﬁbrosarcoma protuberans. Perivascular epithelioid cell diﬀeren a on is characterized by dysregulated mTOR signaling that responds well to
sirolimus.70 In contrast, clear cell, GIST, and ﬁbromyxoid sarcoma tend to be refractory to most chemotherapy.

TARGETED THERAPIES
Although some sarcomas harbor characteris c translocaons, with notable excep ons such as perivascular epithelioid cell diﬀeren a on and GIST (not further discussed),
there are few targetable opportuni es. Based on MDM2
and CDK4 coampliﬁca on in well-diﬀeren ated/dediﬀeren ated liposarcoma, MDM2 and CDK4/6 inhibitors have
been tested with modest eﬃcacy.71-77 Molecularly selecve, histology agnos c “basket” trials such as Na onal
Cancer Ins tute MATCH (NCT02465060) and ASCO TAPUR
(NCT02693535) are ongoing and may yield relevant informa on for select diseases. Inhibitors of NTRK fusions, which
occur at low rates across cancers, have shown great promise
in that unique molecular subset, with 10 out of 11 pa ents
with sarcomas reported responding to NTRK inhibi on.78

IMMUNOTHERAPY
Although foreshadowing the promise of immuno-oncology
with Coley toxin, responses to current immunotherapy
agents have been mixed across STS. Immune checkpoint
blockade has been explored most notably in SARC028 and
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ALLIANCE A091401. SARC028 was an open-label phase II study
of pembrolizumab in recurrent/metastatic STS, stratified
into four STS cohorts of 10 patients each: undifferentiated pleomorphic sarcoma (UPS), dedifferentiated liposarcoma, synovial sarcoma, and leiomyosarcoma, as well as
a separate bone sarcoma cohort.79 The trial failed to meet
the primary response endpoint with an ORR of 18%, but
responses were seen in both the STS and bone cohorts. In
the STS arm, one pa ent with UPS experienced a complete
response, whereas six pa ents had par al responses (three
UPS, two liposarcoma, and one synovial sarcoma). Thus,
the UPS ORR was 40%. Median response lasted 33 weeks,
with median PFS and OS of 18 and 49 weeks, respec vely.
Pembrolizumab was well tolerated with an expected rate of
adverse events. PD-L1 expression was low (4% of pretreatment samples) but corresponded with UPS histology and responders. Comparing paired samples, responders trended
toward increased cytotoxic T-cell inﬁltra on following treatment.
ALLIANCE A091401 was an 85-pa ent phase II trial of
nivolumab with or without ipilimumab.80 The ORR of the
combina on was 16% compared with 5% for nivolumab
alone. PFS and OS were improved in the combina on arm,
with a median PFS of 4.4 versus 2.1 months and OS of 14.3
versus 10.7 months, respec vely. Although the combinaon arm experienced a doubling of grade 3 to 4 treatmentrelated adverse events (14% vs. 7%), inves gators concluded
the overall toxicity of each arm was acceptable. Responses
across both groups were seen in leiomyosarcoma, myxoﬁbrosarcoma, UPS, and angiosarcoma; expansions in liposarcoma
and UPS are planned. The ALLIANCE results underperformed
compared with SARC028, likely due to diﬀerences in study
design that enriched for UPS in the la er: UPS demonstrates
the highest tumor muta onal burden, whereas synovial sarcoma has the lowest.81 Some STS subgroups warrant immediate further inves ga on, whereas other subgroups will
likely require complementary approaches integra ng novel
immunotherapy.
Cellular therapy trials involving NY-ESO-1, a cancer germline an gen expressed by synovial sarcoma, have shown encouraging responses in ongoing CMB305 study for pa ents
(NCT01343043 and NCT02387125).82

CONCLUSION
Oligometasta c STS encompasses a complex and heterogeneous collec on of disease and requires a mul disciplinary
approach. Pa ents with poten ally resectable disease and
acceptable performance status should be considered for
metastasectomy. Although data on metasta c nonpulmonary disease are sparse, extrapola ng data from pulmonary
literature, there is at least some sugges on for the beneﬁcial role of surgery. Choice of surgical technique is surgeon
speciﬁc, and minimally invasive techniques such as VATS
can achieve results equivalent to tradi onal thoracotomy.
Pa ents with recurrent pulmonary metasta c disease following ini al cura ve metastasectomy can be considered
for repeat surgical resec on.
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PTA and emboliza on therapies are minimally invasive,
safe, eﬀec ve, and repeatable treatment op ons. Imageguided interven onal therapies may be performed in conjunc on with or as an alterna ve to other local therapies,
including surgery or radia on. Despite limited compara ve
studies at present, there are convincing data that mul modality treatment of metasta c sarcoma that includes interven onal radiology therapies results in improved outcomes
and survival.83 Future studies and clinical trials are necessary to reﬁne the role of interven onal radiology therapies
into the mul disciplinary care of pa ents with metasta c
sarcoma.
Radiotherapy can be safely and eﬀec vely delivered to
both pulmonary and extrapulmonary metastases. Techniques can include both tradi onal external beam and SBRT
and can result in disease control and pallia on. SBRT tends
to be well tolerated and poten ally equally eﬀec ve to metastasectomy. Regardless of local modality, careful surveillance is paramount, because the vast majority of pa ents
with oligometasta c disease inevitably will recur. Comparave trials assessing surgery versus interven onal radiology
versus radiotherapy op ons are ul mately needed to determine equivalency or superiority of one or another technique; however, such trials are unlikely due to the inherent
challenge of randomiza on to major interven ons. More-

over, anatomic and pa ent selec on require individualized,
mul disciplinary care plans.
Likely due to the absence of a clear role for adjuvant chemotherapy, STS is o en considered chemotherapy resistant,
even for intermediate- and high-grade STS. Hopefully, therapeu c nihilism is waning given the mul ple new chemotherapies and inﬂux of ongoing clinical trials.84 The rapid accrual
of the ALLIANCE A091401 demonstrates that although sarcoma is a rare disease, trials can be completed eﬃciently.
However, it also highlights the need for increased breadth
and depth of systemic op ons. A recent systema c review
and meta-analysis of salvage therapy trials (second-line and
beyond) in metasta c STS demonstrated a survival beneﬁt to
salvage chemotherapy over best suppor ve care.85 Pa ents
with extensive metasta c STS typically succumb to their disease, but perhaps more than for epithelial cancers, treatment of metasta c STS o en remains a mul disciplinary
eﬀort, with select pa ents beneﬁ ng from a piecemeal
approach that includes local therapy following excellent response to chemotherapy. Ul mately, the op mal approach
depends on collabora ve management by a team of surgical, orthopedic, radia on, and medical oncologists together
with interven onal radiologists, all experienced in the management of metasta c STS, balanced against the pa ent’s
disease burden, performance status, and comorbidi es.
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Ul mate Precision: Targe ng Cancer but Not Normal
Self-replica on
Vamsidhar Velche , MD, David Schrump, MD, MBA, and Yogen Saunthararajah, MD
OVERVIEW
Self-replica on is the engine that drives all biologic evolu on, including neoplas c evolu on. A key oncotherapy challenge
is to target this, the heart of malignancy, while sparing the normal self-replica on mandatory for health and life. Selfreplica on can be demys ﬁed: it is ac va on of replica on, the most ancient of cell programs, uncoupled from ac va on
of lineage-diﬀeren a on, metazoan programs more recent in origin. The uncoupling can be physiologic, as in normal ssue
stem cells, or pathologic, as in cancer. Neoplas c evolu on selects to disengage replica on from forward-diﬀeren a on
where intrinsic replica on rates are the highest, in commi ed progenitors that have division mes measured in hours versus weeks for ssue stem cells, via par al loss of func on in master transcrip on factors that ac vate terminal-diﬀeren a on
programs (e.g., GATA4) or in the coac vators they use for this purpose (e.g., ARID1A). These loss-of-func on muta ons
bias master transcrip on factor circuits, which normally regulate corepressor versus coac vator recruitment, toward corepressors (e.g., DNMT1) that repress rather than ac vate terminal-diﬀeren a on genes. Pharmacologic inhibi on of the
corepressors rebalances to coac vator func on, ac va ng lineage-diﬀeren a on genes that dominantly antagonize MYC
(the master transcrip on factor coordinator of replica on) to terminate malignant self-replica on. Physiologic self-replica on
con nues, because the master transcrip on factors in ssue stem cells ac vate stem cell, not terminal-diﬀeren a on,
programs. Druggable corepressor proteins are thus the barriers between self-replica ng cancer cells and the terminaldiﬀeren a on fates intended by their master transcrip on factor content. This ﬁnal common pathway to oncogenic
self-replica on, being separate and dis nct from the normal, oﬀers the favorable therapeu c indices needed for clinical
progress.

R

eproduc on/self-replica on propels all biologic evoluon, including neoplas c evolu on. Mul billion-dollar
public and private eﬀorts have accordingly focused on inves ga ng and targe ng cancer self-replica on as the heart
of malignancy.1 For meaningful clinical transla on, however,
normal tissue stem cell self-replication, necessary for a
healthy natural lifespan, should be simultaneously spared.
The quest can therefore be framed as a search for diﬀerences between malignant and normal self-replica on that
can be used for therapy. Fortunately, such diﬀerences have
been found, although as a ma er of course development of
drugs and clinical evalua on have lagged.

REPLICATION AND LINEAGE
DIFFERENTIATION ARE LINKED
Cellular replica on, the orchestrated duplica on and par oning of cellular components in all their forms and quan ty,
is a staggeringly complex process coordinated for millennia
by the ancient transcrip on factor MYC.2,3 That is, MYC is
a master transcrip on factor—only a few of the approximately 100 transcription factors expressed in cells are
masters—collabora ng in combina ons to powerfully regulate

the expression of other transcrip on factors and hundreds
to thousands of genes. Master transcrip on factors thereby govern cell fates and func ons, illustrated by their remarkable capacity to reverse cells to earlier stages of their
ontogeny in a lineage,4 even into embryonic stem cells5 or
to convert cells of one lineage into another.6-10 As canonical a master transcrip on factor as MYC is, it is nevertheless subordinate to other master transcrip on factors that
ac vate programs emblema c of metazoan (mul cellular)
physiology: apoptosis (cell suicide), ac vated by p53 and
its key cofactor p16/CDKN2A, and lineage-diﬀeren a on
programs (cell specializa on), ac vated by various master
transcrip on factor combina ons. Apoptosis dominantly
antagonizes MYC to temporarily or permanently prevent
cell replica on. Lineage-diﬀeren a on programs, however,
regulate MYC in drama cally diﬀerent ways depending on
the phases of advance of cells along lineage-diﬀeren a on
axes (Fig. 1).

Tissue Stem Cells
Underpinning ssue homeostasis are stem cells, the cells
in normal adult physiology inherently capable of both
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self-replica on and mul potency. The self-replica on is,
however, severely restricted in its rate, certainly as documented for hematopoie c stem cells: upregula on of MYC
is limited, intervals between cell divisions extend to weeks
or months, and overall prolifera on kine cs are quiescent
or linear6,7,11 (reviewed in12). In fact, the master transcrip on
factor HLF simultaneously produces hematopoie c stem
cells and imposes quiescence—knockout of HLF, both
increased replica on and released forward-diﬀeren a on,
eventually elimina ng the hematopoie c stem cell pool.13
Transcrip on factors ac va ng stem cell programs in other
ssues have also been shown to concurrently dampen replica on: SOX9 in the case of intes nal stem cells14; RBPJ for
muscle stem cells15,16; Notch in neural stem cells17; and LHX1
and hair follicle stem cells.18
Why do stem cell programs go with restricted replica on?
Stem cells must preserve the integrity of their genomes if
they are to replenish ssues through the lifespan of an organism. Although quiescence does not provide complete
protec on to the genome, replica on carries with it addional risks, from mistakes by DNA polymerase, breakage
of elonga ng strands, and from errors in the repair of such
damage.19 The reality and danger of replica on errors to
physiology is highlighted by inherited defects in repair capacity: DNA double-strand breaks are a form of replica on
error, es mated at approximately 10 DNA double-strand
breaks per cell cycle.20 The ataxia telangiectasia–mutated
(ATM) gene, which par cipates in DNA double-strand break
repair, is mutated in the germline in ataxia telangiectasia
syndrome, producing phenotypes of increased risk for cancers and of premature aging in skin, bones, the small intesne, blood, and the central nervous system.21-23 Similarly,

PRACTICAL APPLICATIONS
• The corepressors that are the barriers between selfreplica ng cancer cells and the terminal-diﬀeren a on
fates intended by their master transcrip on factor
content contain druggable enzyme modules—these are
ra onal, prac cal targets for drug development aiming
to terminate malignant self-replica on.
• Since cell cycle exits by diﬀeren a on do not require
p53/p16 that regulate apoptosis, corepressor targe ng
can be ra onally applied even to chemotherapy- and
radia on-refractory p53/p16-null cancers.
• Since MYC is subservient to terminal-diﬀeren a on,
corepressor targe ng is ra onal for applica on even if
MYC is ampliﬁed or stabilized by RAS or other signaling
pathway muta ons in cancers.
• The same corepressor targe ng increases self-renewal of
normal ssue stem cells since these express high levels
of master stem cell transcrip on factors, not lineagediﬀeren a on master transcrip on factors.
• In short, eﬀec ng corepressor/coac vator exchange in
lineage master transcrip on factor hubs is sound for
applica on in the overall gene c and clinical context of
cancer.

germline muta ons in Fanconi anemia genes that par cipate in repair of DNA double-strand breaks also produce
bone marrow failure, developmental abnormali es, and
higher risks for cancers.
If not in ssue stem cells, where then does the volume
of replica on needed to withstand daily entropy and attri on, es mated at more than 100 billion cells per day,
occur?

Lineage-Commi ed Progenitors
Tissue stem cell daughters that commit to diﬀeren ate
toward speciﬁc lineage fates (lineage-commi ed progenitors, transit-amplifying cells) ac vate and stabilize MYC
to high levels, producing intervals between cell divisions
measured in hours6,7,11 and exponen al growth kine cs
(reviewed in12).24-28 The biochemical basis for this augmenta on of MYC has been shown for myeloid diﬀeren a on:
master transcrip on factor drivers of granulomonocy c lineage fates, PU.1, CEBPA, RUNX1, localize at enhancers for
MYC29 and colocalize with MYC at prolifera on genes.30 This
partnership produces replica ons that are rapid in rate but
restricted in number because of the eventual ac va on of
terminal-diﬀeren a on programs that antagonize MYC and
force cell cycle exits (Fig. 1).31-38

Terminally-Diﬀeren ated Cells
These do not ac vely divide but focus instead on performing the specialized func ons needed by the overall mul cellular aggregate (Fig. 1).

DISENGAGING REPLICATION FROM
ADVANCES ALONG A LINEAGE
Hence, oncogenesis necessarily uncouples replica on from
forward-diﬀeren a on, which would otherwise eventually
terminate replica on. Accordingly, Hansemann, upon the
ﬁrst histologic examina ons of cancer in 1890, remarked
on “anaplasia” (loss of differentiation) and “dedifferentiation”39, and, today, clinical pathologists routinely use
diﬀeren a on-failure to dis nguish malignant from benign
tumors (e.g., adenocarcinoma from adenoma) and more from
less-aggressive transforma on (e.g., acute myeloid leukemia [AML]) from myelodysplas c syndromes. Even when
loss of diﬀeren a on is not obvious by light microscopy, it is
evident by gene expression analyses. For example, grade 1
hepatocellular carcinomas, although well-diﬀeren ated by
light microscopy, demonstrate suppression of hundreds of
hepatocyte epithelial-diﬀeren a on genes rela ve to normal liver cells.40
At which phase of lineage-diﬀeren a on, and how, does
oncogenic disengagement of replication from forwarddiﬀeren a on occur?

Gain of Func on in Tissue Stem Cells (Cancer “Stem”
Cell Model)41
Since normal ssue stem cells naturally permit replica on
without forward-diﬀeren a on, gain-of-func on events, noonally, RAS muta ons that stabilize MYC, or copy number
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FIGURE 1. Diﬀeren a on-Mediated Regula on of Replica on Varies With Diﬀeren a on Stage

Diﬀeren a on dominantly regulates replica on, but in diﬀerent ways, depending on the stage of advance of cells along lineage-diﬀeren a on axes. Neoplas c evolu on selects to uncouple replica on from
forward-diﬀeren a on where intrinsic replica on rates are highest, in lineage-commi ed progenitors. Apoptosis also dominantly regulates replica on.

gains of MYC,42,43 might upregulate replica on without triggering forward-diﬀeren a on. The caveats are that the
gain-of-func on muta ons must originate in the stem cell
compartment, which has been found not to be the case
for RAS muta ons in AML, since they were detected only
in downstream lineage-committed progenitors but not
hematopoie c stem cells.44-46 Also, this model assumes that
high-grade MYC upregula on does not promote forwarddiﬀeren a on, but, experimentally, MYC introduc on into
epidermal or hematopoie c stem cells promoted diﬀeren a on into epidermal/sebaceous and myeloid lineages,
respec vely.24,28,47
A varia on of this model, proposed for leukemia fusion
proteins containing truncated MLL (KMT2A), is that key
genes linked with ssue stem cells, e.g., HOXA9, are aberrantly ac vated in lineage-progenitors, for stem cell–like
delinking of replica on from forward-diﬀeren a on.48 We
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have found, however, that key HOX genes including HOXA9
are dominantly regulated by lineage-diﬀeren a on ac va ng master transcrip on factors, not vice-versa (HOXA9
does not regulate master transcrip on factors but is regulated by them).30

Loss of Func on in Lineage-Commi ed Progenitors
(Cancer-Ini a ng Cell Model)
Loss-of-func on altera ons, such as dele on of coac vators that lineage master transcription factors used to
ac vate terminal-differentiation, might allow replication
without forward-diﬀeren a on (self-replica on) to emerge
(Fig. 1).8,9 The guilty genetic alterations may originate,
however, in compartments preceding lineage-commi ed
progenitors, e.g., in ssue stem cells or germline, discussed in the “Cell of Origin Versus Cell of Transforma on”
sec on.

PRECISION MEDICINE AND SELF-REPLICATION

THE IMPORTANCE OF RECONCILING THESE
DIFFERENT MODELS
Conceptual frameworks can profoundly influence selecon of hypotheses. As an example, the gain-of-func on
model, when applied to potently oncogenic MLL (KMT2A)
fusion proteins, emphasizes their interac ons with coactivators (DOT1L) that might delink replica on from forwarddiﬀeren a on by ac va ng stem cell genes (HOXA9),48 and,
therefore, seeks to inhibit DOT1L.10 The loss-of-func on
model looks for ways in which MLL leukemia fusion proteins
might, via dele on of the MLL SET domain (the SET domain
generates an epigene c ac va on mark, H3K4me3), repress
terminal-diﬀeren a on (Fig. 2), and seeks to inhibit this aberrant repression, e.g., by inhibi ng DNA methyltransferase
1 (DNMT1).49,50 Star ng from the same empirical observaons, therefore, diﬀerent models drive to drugs aiming at
quite diﬀerent molecular targets and goals: inhibi ng coactivators to turn genes “oﬀ ” versus inhibi ng corepressors to
turn genes “on.”

CELL OF ORIGIN VERSUS CELL OF
TRANSFORMATION
To reconcile or choose between these models, examinaon for the cell-of-origin, the cell in which founding mutaons originate (“ﬁrst hits” in mul -hit oncogenesis) does
not provide an automa c answer. RUNX1 loss-of-func on
muta ons in the germline are the most frequent iden ﬁed
cause of familial AML. Cellular expansion and transformaon, however, is several commitment decisions removed
from the germline cell of origin: in lineage-commi ed myeloid progenitors via disrup on to the PU.1/RUNX1 master
transcrip on factor circuit that normally ac vates terminal
granulomonocy c lineage fates, shown both in vitro and in

vivo.50,53-56 Another illustra ve example is the recurrent AML
muta on DNMT3A-R882H, detected in hematopoie c stem
cells in pa ents’ bone marrows.44-46 Despite the muta on,
these cells yield normal mul lineage hematopoiesis upon
engra ment in immune-compromised mice.44-46 On the other
hand, lineage-progenitors from the same pa ents’ bone
marrows, to which the DNMT3A muta ons are propagated,
addi onally acquire muta ons in NPM1 and FLT3 (the most
highly recurrent muta ons in human AML) and produce
leukemic hematopoiesis, wherein the cells replicate without forward-diﬀeren a on.44-46 As would be expected from
these observa ons, bone marrow replacement in pa ents
with AML is by cells that phenocopy granulocyte-monocyte
progenitors.57 Similarly, germline DNMT3A haploinsuﬃcient
and DNMT3A hematopoiesis condi onal knockout mice
(Mx1-CRE crossed with DNMT3Aﬂ/ﬂ) demonstrate bone marrow and spleen replacement by lineage-commi ed myeloid
progenitors (e.g., granulocyte-monocyte progenitors), accumula ng at the expense of hematopoie c stem cells and
mature cells.58,59 In short, several studies of AML, previously
reviewed by us in detail,41 have indicated that malignant transforma on—the emergence of uncontrolled selfreplication—occurs in lineage-committed progenitors,
remote from germline or stem cell of origin of founder
muta ons. Is this true of cancer more broadly?

MASTER TRANSCRIPTION FACTOR
ALTERATIONS IN CANCER CELLS
Cancers of the same histology, despite profound diversity
in genomic alterations, consistently have hundreds of
genes similarly suppressed, and similarly upregulated, versus their normal ssue counterparts.40,50,60-62 Among suppressed genes, there is consistently high representa on

FIGURE 2. In Ontogeny, Chroma n Remodeling for Ac va on Is Required at Terminal-Diﬀeren a on
Genes in Par cular

Acquisi on of the H3K4me3 epigene c ac va on (“on”) mark is needed at monocyte terminal-diﬀeren a on genes in par cular during monocyte ontogeny. Replica on genes are “on” to begin with in the
earliest ssue precursors of embryonic stem cells (ESC), whereas commitment genes acquire the H3K27me3 repression (“oﬀ ”) mark during monocyte ontogeny. Notably, potently leukemogenic MLL leukemia
fusion proteins invariably lose the SET domain that creates the H3K4me3 “on” mark. Compara ve Marker Selec on (Morpheus, Broad) iden ﬁed approximately 200 myeloid commitment and approximately
300 terminal monocy c diﬀeren a on genes by analysis of gene expression in hematopoie c stem cells (HSC), common myeloid progenitors (CMP), granulocyte-monocyte progenitors (GMP), colony-forming
unit monocytes (CFUM), and monocytes from GSE24759. We then validated these gene sets in a separate gene expression database of normal hematopoiesis as we describe in a manuscript in press, that
includes the gene lists51 and GEO database numbers for the ChIP-Seq values analyzed. MYC target genes were iden ﬁed by others using ChIP-Seq.52 Rows denote genes centered on transcrip on start sites
(TSS) in ESC, HSC, and CD14+ monocytes.
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FIGURE 3. Lineage Master Transcrip on Factors Expressed in Cancers Are That of TerminallyDiﬀeren ated Noncancerous Counterparts

Master transcrip on factors highly expressed in cancers are that of the corresponding normal diﬀeren ated lineage. TCGA Pan-Cancer RNA sequencing. Fi y cases randomly selected for each cancer, and up
to 25 of available normals (total 412 cases).
Abbrevia ons: n, normal ssue; t, tumor ssue.

of terminal-diﬀeren a on genes,40,50,60,61 whereas among
upregulated genes, there is consistently high representa on
of replica on genes (MYC-target genes).52,62 Such broad and
consistent programma c changes suggest altered func on
of the master transcrip on factor circuits that regulate the
expression of these hundreds of genes. What are the patterns of expression and gene c altera on of these master
transcrip on factors and their key cofactors in cancer?

Master Transcrip on Factors Expressed by
Self-replica ng Cancer Cells
Cancer cell lines self-replicate indeﬁnitely ex vivo in plas c
bo les and plates, so long as media and condi ons meet
basic metabolic needs. In cancer cell lines represen ng
the diﬀerent cancer histologies aﬄic ng humankind, the
master transcrip on factor MYC, or its paralogue MYCN,
are consistently highly expressed.62 Also highly expressed
are master transcription factors known to drive tissue
lineage-diﬀeren a on.62 This is also true of primary cancer
ssues: the master transcrip on factors expressed resemble those in their normally terminally-diﬀeren ated ssue
counterparts (Fig. 3).62 Thus, malignant melanoma cells
express high levels of the melanocyte diﬀeren a on drivers MITF and SOX10,63,64 rhabdomyosarcomas express high
levels of the muscle-specifying transcrip on factor MYOD,65
clear cell renal cell cancers (RCCs) express very high levels
of the renal epithelial-fate driving transcrip on factors PAX2
and PAX8, hepatocellular carcinomas express very high levels
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of hepatocyte fate transcrip on factors FOXA1, FOXA3, and
to some extent, GATA4, and AML cells, including AML cells
that can overcome interspecies barriers to ini ate leukemia in immune-compromised mice (called leukemia “stem”
cells or leukemia-ini a ng cells), express PU.1, CEBPA, and
RUNX1 at levels similar to or exceeding those observed in
normal terminally-diﬀeren ated granulocytes and monocytes, with miniscule levels of hematopoie c stem cell
master transcrip on factors (reviewed in9,41). Underscoring
that such expression is not epi-phenomena, suppression
by RNA interference of expressed lineage-diﬀeren a on–
driving master transcrip on factors is lethal; cancer cells,
being commi ed to lineage, depend on lineage master transcrip on factors for their existence.53,66-73

Master Transcrip on Factor Altera ons in
Cancer Cells
Yet, by gene expression analyses, hundreds of target terminaldiﬀeren a on genes of these lineage master transcrip on
factors are suppressed, not ac vated62 (reviewed in9), sugges ng at a minimum, par al loss of func on. Accordingly,
GATA4 and GATA3, master transcrip on factors essen al
for producing several ssue lineages, are haploinsuﬃcient
in approximately 50% of all cancers (Fig. 4). RUNX1, CEBPA,
RARA, IKZF1, EBF1, and PAX5, necessary for several hematopoietic lineages, are recurrently mutated, deleted,
or translocated (reviewed in41,74) or aberrantly dislocated
into cytoplasm51 in hematopoie c malignancies. It is worth

PRECISION MEDICINE AND SELF-REPLICATION

FIGURE 4. The Master Transcrip on Factor Regulators of Major Metazoan Programs, and/or Their Key
Cofactors, Are Recurrently Altered in Cancer

Master transcrip on that ac vates major metazoan programs, or their key cofactors, are recurrently altered in cancer. p53 (TP53) and its cofactor p16 (CDKN2A) that ac vate apoptosis are frequently
biallelically inac vated. MYC that coordinates replica on is frequently ampliﬁed. Lineage master transcrip on factors with “pioneer” func on (able to access closed chroma n to ini ate the remodeling
needed for subsequent ac va on, or the key coac vators they use for this purpose are recurrently inac vated by dele on or muta on, whereas the corepressors they recruit are frequently ampliﬁed.
Apoptosis and prolifera on are ac vated by the same master transcrip on factors across histologies and species (p53 and MYC respec vely), whereas lineage-diﬀeren a on has various master transcrip on
factors/preferred coac vators. Percentages are the frequency of muta ons or dele ons (copy number ≤ -1) or gains (copy number ≥ +1); gains for MYC and corepressors; TCGA pan-cancer; 10,845 cases, data
from Xena browser).

emphasizing, however, that the loss of func on is necessarily par al, since diﬀeren a on is a con nuum along which
all cells exist. Suppression or inac va on of surviving alleles
of an expressed lineage master transcrip on factor circuit
is incompa ble with cancer cell existence, shown for both
liquid53,66-71,75-77 and solid tumor malignancies (Fig. 4).40,72,73
This par al loss of func on in diﬀeren a on circuits
contrasts with biallelic inac va on in approximately 80%
of cancers, of TP53 and/or p16/CDKN2A that regulate
apoptosis—in common with terminal-diﬀeren a on, apoptosis dominantly suppresses MYC-coordinated replica on,
requiring p53-system inac va on, even as MYC may be simultaneously ampliﬁed and stabilized by copy number gains,
RAS muta ons, PI3K/AKT pathway altera ons, etc. (Fig. 4).

The Epigene c Gradient to Ac va on of TerminalDiﬀeren a on Genes
Why does par al loss of func on in lineage master transcripon factor circuits repress terminal-diﬀeren a on but spare
ac va on of commitment and replica on genes? Using the
example of monocyte ontogeny, replica on genes (MYC target genes) are already “poised” or “on,” that is, DNA CpG
hypomethylated and H3K4me3 enriched, in the earliest ssue precursors, embryonic stem cells to hematopoie c stem

cells (Fig. 2). Myeloid commitment genes, although less
poised to begin with, interes ngly acquire the H3K27me3
repression (“oﬀ ”) mark rather than the ac va on mark
during monocyte ontogeny (Fig. 2). By contrast, monocyte
terminal-diﬀeren a on genes undergo substan al chroman remodeling, to lose CpG methyla on marks and increase
H3K4me3 marks, during ontogeny, and AML is characterized
by a failure of this remodeling (Fig. 2).9,40 Thus, terminaldiﬀeren a on genes are par cularly vulnerable to loss of
chroma n-remodeling func on.40,50

Genomic Altera ons in the Coac vators Needed to
Ac vate Terminal-Diﬀeren a on
Several lineage master transcription factors have been
shown to be “pioneers”: they enter chroma n closed to
lessor transcrip on factors, e.g., at terminal-diﬀeren a on
genes (Fig. 2), and ini ate the remodeling needed for access
by the basal transcrip on factor machinery.78 The remodeling work is executed by coac vators (e.g., SWI/SNF) recruited by the transcrip on factors that use the energy from
ATP hydrolysis to move obstruc ng nucleosomes away from
transcrip on start sites.79 These coac vators are inac vated
by dele on and/or muta on in more than 60% of cancers
(Fig. 4). Lineage master transcrip on factors are par cular
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in the coac vators they use,80,81 and, accordingly, diﬀerent
SWI/SNF coac vators are inac vated in diﬀerent cancers
(Fig. 4).82 For example, PBRM1 coac vates for the PAX2/
PAX8 master transcrip on factor circuit (our observa ons
in review) that ac vates the kidney epithelial-diﬀeren a on
program. PBRM1 is universally at least haploinsuﬃcient in
clear cell RCCs, with biallelic inac va on in approximately
40% of cases. Addi onally, ARID1A coac vates for the
GATA4/FOXA1 master transcrip on factor hub that ac vates
hepatocyte epithelial-diﬀeren a on, and ARID1A is deleted
or mutated (inac va ng muta ons) in approximately 40%
of HCCs.40 Recurrently inactivated coactivators include
members of the mediator, splicing, cohesion, and trithorax
families (Fig. 5).55
Coac vators can also be inac vated indirectly, e.g., gainof-func on muta ons in isocitrate dehydrogenases in gliomas and AMLs produce an oncometabolite (R-enan omer
of 2-hydroxyglutarate) that inhibits coac vator components
TET2, KDM4A, and KDM4C that use α-ketoglutarate as a cofactor,83 and phosphoryla on of master transcrip on factors
belonging to the CEBP family, by the RAS and FLT3 pathways
that are cons tu vely ac vated by oncogenic muta ons, has
been shown to decrease their coac vator recruitment and
repress rather than ac vate target diﬀeren a on genes.84,85

Mathema cs
The ssue compartments in which muta ons originate,
and the order in which they occur, has been documented
for leukemogenesis. The picture painted is that ssue stem
cells are crucial for neoplas c evolu on since their natural
self-replica on confers the long lives, high total number of
cell divisions, and high volume of progeny (via commi ed
daughter cells) necessary for random, mul -hit neoplas c
evolu on. For all this, these cells are s ll only preleukemic.
Transforma on occurs in lineage-commi ed daughters to
which founding muta ons are propagated, shown by (1)
master transcrip on factor expression of cancer cells, (2)
the programs consistently suppressed and upregulated
versus normal ssue counterparts, (3) surface and gene
expression phenotypes of demonstrably self-replicating
cells, (4) surface and gene expression phenotypes of cells
that accumulate, (5) inac va ng muta on and/or haploinsuﬃciency of lineage master transcrip on factors and their
key coac vators, (6) origin of key transforming muta ons
(e.g., RAS, NPM1, FLT3 muta ons) in lineage-commi ed
progenitors, and (7) the epigene c gradient to ac va on of
terminal-diﬀeren a on but not commitment genes.9,41 With
intrinsic replica on rates naturally so skewed in favor of
lineage-progenitors versus ssue stem cells, even small

FIGURE 5. Corepressor/Coac vator Imbalance in Lineage Master Transcrip on Factor Hubs Stalls
Forward-Diﬀeren a on of Inherently Replica ve Lineage-Progenitors

An empirically observable property of cancers is high expression of lineage master transcrip on factors, yet anomalously, suppression of terminal-diﬀeren a on target genes of these commanders.
Transcrip on factors integrate signaling inputs via dynamic interchange of opposing coac vators and corepressors. Coac vators create the chroma n modiﬁca ons that facilitate gene ac va on, whereas
corepressors execute the opposite func on. A common ﬁnal pathway of oncogenesis is a shi in coac vator/corepressor stoichiometry at lineage master transcrip on factor hubs toward corepressors and
away from coac vators. Oncogene cally-induced corepressor/coac vator imbalance can be corrected pharmacologically.
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advantages here can be ampliﬁed tremendously.86 The corollary is that any advantage accrued to stem cells would
have to be massive to compete with normally maximally
replica ve lineage-progenitors.86 By way of analogy, commi ed progenitors are already speeding down the highway
and only need to disable the brakes, whereas ssue stem
cells sit in the garage with the engine oﬀ.

inhibi ng the coac vator components TET2, KDM4A, and
KDM4C.102 We have found that low concentra ons of nuclear export inhibitors, suﬃcient to inhibit mutant-NPM1–
mediated nuclear export of the master transcrip on factor
PU.1, restore terminal-diﬀeren a on in NPM1-mutated
AML cells. These are observa ons we hope to translate into
clinical therapy for chemorefractory disease.51

TARGETING CANCER, BUT NOT NORMAL,
SELF REPLICATION

Inhibi ng Corepressors Directly (Mul ple Clinical
Indica ons)

Thus, cancer cells are des ned for terminal-diﬀeren a on
by overall master transcrip on factor content and rely on
speciﬁc corepressors to forestall these fates and thereby
create malignant self-replica on (Fig. 5). Inhibi ng these
corepressors relinks replica on to forward-diﬀeren a on,
ac vates terminal-diﬀeren a on programs, and terminates
malignant self-replica on (Fig. 5).32,49,50,54,55,60,87,88 Since MYC
is subservient to terminal-differentiation, replication is
terminated even if MYC is stabilized and/or ampliﬁed by
other gene c altera ons typical of cancer including RAS
muta ons and MYC ampliﬁca ons.32,49,50,54,55,60,87,88 Since this
pathway of cell cycle exits does not require p53/p16, it can
cytoreduce even p53/p16-null cancers that are resistant
to standard apoptosis-intending (cytotoxic) chemotherapy
and radia on.9,32,49,50,60 Normal commi ed progenitors, like
the lineage-commi ed cancer and leukemia cells (including
leukemia/cancer “stem” cells), also diﬀeren ate.50,87,89 The
same treatments increase self-renewal of normal ssue
stem cells since these express high levels of master stem
cell transcrip on factors, not diﬀeren a on-drivers.50,87,89-96
In short, eﬀec ng corepressor/coac vator exchange in lineage master transcrip on factor hubs is sound in the overall
gene c and clinical context of cancer.

The methods of eﬀec ng corepressor/coac vator exchange
discussed above are for very speciﬁc oncogene c contexts.
An alterna ve is to inhibit corepressors directly, an approach
that has been scien ﬁcally validated for broad applica on
(Fig. 5). The challenge is to develop speciﬁc and potent small
molecule inhibitors that do not have oﬀ-target an metabolite eﬀects that undermine therapeu c indices.
DNMT1. The maintenance methyltransferase and corepressor component DNMT1 is enriched in highly expressed
master transcrip on factor hubs of mul ple cancer types
and has been scien ﬁcally validated as a pan-cancer target
for diﬀeren a on-restoring therapy32,49,50,54,55,60,88,103-129 (reviewed in8; Figs. 4 and 5). The clinical drug decitabine can
be administered by dosages and schedules that deplete
DNMT1 without cytotoxicity.49,50,60,61,88 Noncytotoxic treatments are especially needed to treat myeloid malignancies
in elderly pa ents since the cause of morbidity and death is
low blood counts. We therefore treated such pa ents with a
decitabine regimen documented to deplete DNMT1 without
cytotoxicity130,131: 0.1 to 0.2 mg/kg per day compared with
the U.S. Food and Drug Administra on (FDA)–approved 20
to 45 mg/m2 per day (a 75%–90% reduc on), administered
1 to 3 days/week nonstop to increase probabili es that
cancer S-phase entries coincide with drug presence in cells,
which is required because DNMT1-deple on by decitabine
is S-phase dependent. The treated pa ents were mostly elderly, and many had disease that was relapsed/refractory to
ini al treatments. Responses mee ng Interna onal Working
Group criteria occurred in 44% of subjects and were highly
durable, with treatment-induced freedom from transfusion
las ng a median of 1,025 days. Twenty percent of the subjects were treated for more than 3 years, including several
patients older than age 80.88 Consistent with DNMT1deple on targe ng a ﬁnal common pathway of transformaon, hematologic and cytogene c responses occurred across
the diverse gene c spectrum of disease, including in cases
with complex chromosome abnormali es and TP53 mutations.88,128,132,133 Noncytotoxic DNMT1-depletion was conﬁrmed by serial bone marrow γ-H2AX and DNMT1 analyses.
MYC master oncoprotein levels were markedly decreased
by treatment.88
This therapy could not be simply extended to pa ents with
solid tumor malignancies, since decitabine is rapidly deaminated (inac vated) by the enzyme cy dine deaminase (CDA)
that is highly expressed in solid ssues (this is why decitabine and other cy dine analogs have severely limited oral
bioavailability).103,134,135 CDA upregula on within cancer cells

Eﬀec ng Corepressor/Coac vator Exchange (Speciﬁc
Clinical Indica ons)
The re noic acid receptor (RARA) exchanges corepressors
for coac vators upon binding of its cognate ligand re noic
acid (ATRA), to hence activate granulocyte terminaldifferentiation genes. In acute promyelocytic leukemia
(APL), the PML gene is fused with RARA to create the fusion
protein PML-RARA: physiologic concentra ons of ATRA cannot trigger corepressor/coac vator exchange at PML-RARA,
and, thus, granulocyte terminal-diﬀeren a on genes are
repressed instead of ac vated. Treatment of pa ents with
APL with pharmacologic doses of ATRA, however, forces the
corepressor/coac vator exchange and ac vates granulocyte
terminal-diﬀeren a on. Arsenic that degrades PML-RARA, via
an interac on with PML, also corrects corepressor/coac vator
imbalance to ac vate granulocy c fates.97 The combina on
of just these two drugs produces greater than 95% 2-year
survival in APL, compared with less than 30% 2-year survival
with conven onal cytotoxic chemotherapy.98-100
Inhibi on of kinases that phosphorylate master transcrip on
factors is another indirect method of actua ng corepressor/
coac vator exchange and terminal-diﬀeren a on,85,101 as is
inhibi on of mutant IDH2 that generates an oncometabolite
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is moreover a well-documented mechanism of resistance to
cy dine analogs (reviewed in136). We have thus combined
decitabine with a CDA-inhibitor (tetrahydrouridine) for
orally administered, noncytotoxic, DNMT1-deple ng treatment of TP53-mutated solid and liquid cancers. These trials
that are ongoing at the me of this wri ng (NCT02664181,
NCT02847000, and NCT02846935).135
Histone deacetylases. Histone deacetylases (HDACs) are key
components of several mul protein corepressor complexes.
They are also enriched in lineage master transcrip on factor hubs in cancer cells40,54,137 and have been preclinically
validated repeatedly as molecular targets for the induc on
of terminal-diﬀeren a on of liquid and solid tumor cancer
cells,138-148 with several HDAC inhibitors FDA-approved to
treat peripheral T-cell malignancies. Clinical applica on of
HDAC inhibitors has been limited unfortunately by pleiotropic roles of HDACs outside of chroma n, rendering it diﬃcult to separate an metabolite/cytotoxicity from epigene c
eﬀects149-153: the unintended eﬀects limit achievement of
intended epigene c eﬀect in vivo. Since the side eﬀects reﬂect the widespread roles of HDAC in normal physiology, it
is not immediately clear if this problem will be solved with
newer HDAC inhibitors.
Lysine demethylase 1 (KDM1A). KDM1A, a ﬂavine adenine
dinucleo de (FAD)–dependent monoamine oxidase, is another corepressor component highly enriched in lineage
master transcrip on factor hubs in cancer cells. Gene c or
pharmacologic inhibi on of KDM1A has been shown to induce terminal matura on in a number of liquid and solid
cancer models.154-158 Several KDM1A inhibitors are in clinical trials for cancer indica ons (EudraCT number: 2013002447-29; ClinicalTrials.gov iden ﬁers: NCT02177812,
NCT02034123, NCT01344707). At least two of the compounds in trials (ORY-1001, GSK2879552) are built around
a tranylcypromine warhead that inhibits brain monoamine
oxidases that metabolize catecholamine neurotransmi ers,
a poten al source of side eﬀects that might limit realiza on
of intended epigene c eﬀects.
CHD4 and SMARCA5. Nucleosomes (histone octamers)
proximal to gene transcrip on start sites are physical barriers to gene ac va on. Reposi oning these obstruc ons is
energe cally expensive work executed by SWI/SNF or ISWI
family chroma n remodeling proteins containing the HELICcDExx ATP-ase domain.80,159,160 We have noted enrichment

for CHD4 and SMARCA5 HELICc-DExx–containing corepressors in the master transcrip on factor protein hubs of both
liquid and solid cancers,40,137 and, therefore, we screened
for and iden ﬁed a drug-like compound series that inhibits
the HELICc-DExx domains of SMARCA5 and CHD4 to ac vate
terminal-diﬀeren a on in liquid and solid cancer cell lines
(unpublished data). Since nucleosome posi oning is the
crux of the obstruc on to gene ac va on, inhibi on of this
ac on could in principle oﬀer corresponding potency.
In sum, validated targets for inhibi on have been idenﬁed, but there are few drugs for their inhibi on, all with
limita ons (as to be expected). This is a target space crying
for new noncytotoxic drugs.

Resistance
Targe ng malignant self-replica on is not expected to
be cura ve per se, since all drugs are metabolized, must
distribute into all target cells, and successfully engage
molecular targets to produce intended molecular pharmacodynamic eﬀects, providing several opportuni es for
evasion. In other words, resistance must be addressed,
perhaps using ra onal combina ons of corepressor targeting drugs, for the worthy aspira on of broadly extending
the extraordinary results seen with just two noncytotoxic
drugs in APL.

CONCLUSION
Consistent with corepressor/coac vator imbalance being
at the heart of malignant, but not normal, self-replica on,
eﬀec ng corepressor/coac vator exchange indirectly or directly is clinically proven therapy for some indica ons. In fact,
the best overall survival for any disseminated malignancy
is for APL treated by this noncytotoxic modality (approximately 95%).88,98-100,128,132,133 Unleashing the ac vity of lineage master transcrip on factors already highly expressed
contrasts with the intent of most conven onal oncotherapy, which applies stress upstream of p53 in the hope of
upregula ng it for apoptosis, a toxic and fu le intent when
p53 is absent/nonfunc onal (reviewed in9). In short, actua ng corepressor/coac vator exchange releases terminaldiﬀeren a on fates intended by the master transcrip on
factors most abundantly contained in self-replica ng cancer
cells, per the Hippocra c dictum: “Natural forces within us
are the true healers of disease.”
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Next-Genera on Novel Noninvasive Cancer Molecular
Diagnos cs Pla orms Beyond Tissues
Xiaoliang Wu, MD, PhD, Lin Zhu, MD, and Patrick C. Ma, MD, MSc
OVERVIEW
In recent years, there has been a revolu onary expansion in technologic advances and therapeu c innova ons in cancer
medicine. Cancer diagnos cs has begun to move away from a sole dependence on direct tumor ssue biopsy for cancer
detec on, diagnosis, and treatment monitoring. The need for improvement in molecular cancer diagnos cs has never
been more important, with not only the advent of cancer genomics and genomics-guided precision medicine but also the
recent arrival of cancer immunotherapies. Owing to the prac cal limita ons and risks associated with ssue-based biopsy
diagnos cs, novel noninvasive cancer diagnos cs pla orms have con nued to evolve and expand in recent years. Examples of these pla orms include the liquid biopsy, which is used to interrogate ctDNA or circula ng tumor cells, proteomics,
metabolomics, and exosomes; the urine biopsy, which is used to assay ctDNAs; saliva and stool biopsies, which are used
for molecular genomics assays; and the breath biopsy, which measures vola le organic compounds. These next-genera on
noninvasive molecular diagnostics assays beyond tissues fundamentally transform the potential utilities of cancer
diagnos cs to enable repeat, prospec ve, and serial longitudinal “biopsies” to monitor disease response resistance and
progression on therapies. Moreover, they allow con nual interroga on and molecular in-depth analysis of the evolving
tumor’s pan-canceromics under therapeu c stress. These technological and diagnos c advances have already brought about
paradigm-changing next-genera on cancer therapeu c strategies to enhance overall treatment eﬃcacies. This ar cle
reviews the key noninvasive next-genera on molecular diagnos cs pla orms beyond ssues, with emphasis on clinical
u li es and applica ons.

I

n recent years, there has been a revolu onary expansion
in technologic advances in cancer medicine. For decades,
cancer diagnos cs has been predominantly dependent on
direct tumor ssue biopsy for histologic and pathologic
analysis. Modern state-of-the-art next-genera on DNA
sequencing and genomics bioinforma cs analysis have
brought forth a new paradigm shi in recent years from
microscopic levels of histologic diagnos cs to molecular genomics levels of cancer molecular diagnos cs. Coupled with
the revolu on in remarkable drug development innova on
and eﬃciency in the new era of small molecule chemistry
and therapeu cs, these exci ng new trends engendered
the birth of genomics-guided personalized cancer therapy,
with examples of inhibitors adopted in the treatment of
EGFR-mutant,1 and ALK-fusion lung cancer,2 and BRAFmutant melanoma,3 among others. Nonetheless, with the current widespread clinical applica ons of genomics-matching
personalized cancer therapy, it has also become increasingly
evident that the need to obtain a large amount of tumor
ssue through invasive tumor-needle or surgical biopsy
procedures is self-defea ng. The risks and inconvenience

of such invasive procedures limit the scope of moleculargenomic proﬁling achievable in the ssues. This problem is
substan ally compounded by the arrival of cancer immunotherapies in the last few years, for which the need for diagnos cs and predic ve biomarkers is paramount. As a result,
many research studies have been emphasized in achieving
next-genera on novel cancer diagnos cs beyond the use of
tumor ssues obtained from primary or metasta c tumor
sites. These include the innova ve u lity of various body
ﬂuids or substrates from diﬀerent body compartments that
allow more noninvasive and low-risk access. In this ar cle, we provide a broad overview of the emerging or welldeveloped technologic pla orms (Fig. 1) for these novel
cancer diagnos c applica ons.

LIQUID BIOPSY
Cellular Compartment
Circula ng tumor cells. Circula ng tumor cells (CTCs) are
cells that have disseminated away from the primary tumor
or secondarily from metasta c sites and further deposited into the circulatory bloodstream.4-6 Previous studies
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FIGURE 1. Novel Noninvasive Cancer Molecular Diagnos cs Pla orms Beyond Tissues

Abbrevia ons: CTC, circula ng tumor cell; cfDNA, cell-free DNA; VOC, vola le organic compound; CSF, cerebral spinal ﬂuid.

suggested that epithelial-to-mesenchymal transi on (EMT)
may be involved in this ac ve mobiliza on and dissemina on of tumor cells, increasing their plas city and transmigratory poten al.7,8 EMT is thought to assist tumor cells in
their ac ve intravasa on mechanisms into the vasculature.
During this process of dissemina on, epithelial tumor cells
lose their cell-cell contact and apical-basal polarity to gain a
more elongated cell phenotype associated with enhanced
cell mo lity and invasiveness.9,10 Interes ngly, recent evidence also suggests that platelets adhering to CTCs in the
circula on could induce EMT itself.11 The EMT ac va on process leading to a more mo le and invasive phenotype is also
induced by the milieu of the tumoral microenvironmental

PRACTICAL APPLICATIONS
• Non ssue-based next-genera on novel noninvasive
molecular diagnos cs pla orms have been emerging and
expanding in clinical applica ons to match the revolu on
in cancer precision medicine and immunotherapies.
• Novel noninvasive molecular diagnos cs pla orms have
increasingly been applied to serial longitudinal biopsies
to be er monitor and interrogate tumor progression and
evolu on under therapies.
• Next-genera on novel noninvasive molecular diagnos cs
pla orms include liquid biopsies, salivary biopsies, stool
and urine biopsies, and breath biopsies.
• The emergence of the cancer immunotherapy revolu on
poses unprecedented promise in cancer treatments but
also extraordinary challenges in the need for novel and
validated cancer diagnos cs and biomarkers to op mize
the therapeu c impact.
• A number of novel noninvasive molecular diagnos cs
need large-scale prospec ve valida on studies to
ascertain their role in bedside molecular diagnos cs
applica ons.

make-up.12 EMT-triggering signals include transforming
growth factor β secreted by the activating platelets,11
integrin-macrophage interac ons through epidermal growth
factor supply,13 and proinﬂammatory cytokines secreted by
ﬁbroblasts.4,14
Circula ng tumor cell enrichment and detec on. Because
CTCs clearly represent the tumor cell popula ons responsible for and involved in the process of metastasis, which is
the leading cause of cancer morbidity and mortality, there
has been intense interest in enhancing the ability to enrich,
capture, detect, isolate, and characterize CTCs. Nonetheless,
there are numerous intrinsic challenges in this approach.
The size dimension of CTCs varies depending on the diﬀerent cancer types of origin; for example, small cell lung cancer (SCLC) cells are only approximately 10 μm in diameter,
but prostate CTCs can be larger than 100 μm.15 Moreover,
CTCs are extremely rare, and the sensi vity of CTC detec on
in pa ent blood is highly dependent on detec on methods.
No validated formula is available to es mate the true number of CTCs for each pa ent with cancer, or even for any
cancer type. Importantly, how to deﬁne what cons tutes a
CTC and whether even the detected CTCs are func onally
important is also quite controversial and challenging. It was
recently suggested that even EMT in the CTCs belongs to a
con nuum rather than a binary phenotype.
CellSearch (Menarini Silicon Biosystems Inc., San Diego,
CA) is currently the only U.S. Food and Drug Administra on–
approved detec on system for enrichment, detec on, and
enumera on of CTCs, based on the epithelium-speciﬁc cell
adhesion molecule (EpCAM) expressed on the surfaces of
epithelium-derived CTCs. Allard et al16 reported average recovery sensi vity of 85% or greater. Beyond enumera on,
which obviously has limita ons in the underlying biologic
informa on and applica ons to induce wide clinical adopon, newer approaches to achieve CTC capture have been
developed, including microﬂuidic pla orms such as the
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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CTC-Chip, in which CTCs interact with EpCAM-coated microposts under laminar ﬂow condi ons.17 However, despite a
more streamlined workﬂow, this posi ve-selec on capture
pla orm and other similar available pla orms s ll depend
on EpCAM detec on, which may not best deﬁne a bona ﬁde
CTC.18-21
To overcome the challenge of CTCs possessing the EMT
phenotype and poten ally having low to nega ve EpCAM
expression, a number of studies have pioneered the use of
EpCAM-independent enrichment strategies. Examples include using CD45-conjugated magne c beads to enrich CTCs
through leukocyte deple on by the EasySepR bi-an body
leukocyte deple on kit (STEMCELL Technologies, Vancouver,
BC, Canada) in an nega ve electromagne c separa on.22
Another novel pla orm that has emerged recently is the
VTX-1 liquid biopsy system (Vortex Biosciences, Menlo Park,
CA), which is capable of capturing and isola ng CTCs that
may remain viable and requires no preprocessing or labeling
of blood samples. Sollier et al23 reported using this system
to extract and enumerate CTCs from the blood of pa ents
with lung cancer (23–317 CTCs/7.5 mL) and breast cancer
(25–51 CTCs/7.5 mL) and lung cancer.
By using these new technologies to fully interrogate CTCs
molecularly or genomically, one could further unleash the
power of the molecular diagnos cs pla orm with mul tudes
of possible clinical applica ons. Fan et al24 demonstrated
high sensi vity and speciﬁcity in hepatocellular cancer diagnosis using CTCs and could apply them as a real- me parameter for risk predic on and treatment monitoring, enabling
early decision making to tailor eﬀec ve an tumor strategies. Miyamoto et al25 used microﬂuidic cell enrichment
to establish a sensi ve and high-throughput strategy for
analyzing prostate CTCs and reported its poten al u lity in
guiding treatment selec on in both metasta c and localized
prostate cancer. Wang et al26 combined a postsurgical quanty of small triploid CTCs (ﬁve or more cells per 6 mL blood)
and mul ploid (pentasomy of eight or greater) circula ng
tumor stem cells (CTSCs) or circula ng tumor microembolis
(CTMs; either one or more than one), which correlated with
poor prognosis for pa ents with hepatocellular carcinoma
and helped predict recurrence. Ilié et al27 collected peripheral blood samples with CTCs and circula ng white blood
cells from 106 pa ents with advanced non–small cell lung
cancer (NSCLC). The authors demonstrated that PD-L1 status in CTCs and circula ng white blood cells correlates with
PD-L1 status in tumor ssue, revealing the poten al of CTC
assessment as a noninvasive real- me biopsy to evaluate
PD-L1 expression for pa ents with advanced-stage NSCLC.27
A recent prospec ve study to evaluate CTC proﬁles in
NSCLC molecular subgroups enrolled 125 pa ents with
stage IIIB to IV NSCLC without treatment.28 Of these paents, 51 (40.8%) were found to betotal CTC-posi ve and
26 (20.8%) were vimen n CTC-posi ve at baseline. Mul variate analysis showed that pa ents with ﬁve or more total
CTCs had reduced overall survival compared with pa ents
with fewer than ﬁve total CTCs. The baseline presence of
ﬁve or more total CTCs was validated to be correlated with
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a poor prognosis. CTCs from pa ents with EGFR-mutant
NSCLC expressed EMT characteris cs not seen in CTCs from
pa ents with KRAS-mutant adenocarcinoma.
Ilie et al29 adopted the CellSearch and ISET (Rarecells, Paris,
France) technologies to enrich pa ents with advanced
stage III/IV NSCLC and to interrogate MET biomarker expression. With CellSearch, CTCs were found for 83 of
256 patients (32%). With ISET, CTCs were found for 80 of
106 patients (75%). MET expression was found on ISET
CTCs in 72% of cases, whereas MET expression on matchedpa ent ssue was posi ve for 65% of pa ents (93% concordance). Quan ta ve MET expression analysis using H-scores
revealed a strong correla on of MET expression between
ssue and CTCs (Spearman correla on, 0.93). The study results iden ﬁed CTCs as a poten al method for noninvasive,
real- me biopsy to determine the MET status of pa ents
entering clinical trials.29
Real- me prospec ve CTC measurement is an a rac ve
pla orm to monitor disease treatment response and progression. In a recent study, Pailler et al30 collected blood
samples at baseline pretreatment and 2 months a er crizonib treatment from 39 pa ents with ALK-fusion NSCLC
undergoing crizo nib therapy. The results suggested that
the dynamic change in CTC numbers with ALK-copy number
gain may be a predic ve biomarker for crizo nib eﬃcacy,
lending further support for serial molecular analysis of CTCs
as a promising method for real- me therapy monitoring and
clinical outcome predic on for these pa ent popula ons.30

Soluble Compartment
ctDNA. Both cell-free DNA (cfDNA) and ctDNA origina ng
from normal and cancer cells can be iden ﬁed and isolated
in the peripheral blood.4,31 The major fragment size of cfDNA
is approximately 170 base pairs, which corresponds well to
the nucleosomal fragments resul ng from the process of
cellular apoptosis.32 ctDNA is a frac on of cfDNA that originates from primary, metasta c tumors in the body or from
CTCs themselves. As a result, ctDNA fragments are found
to contain tumor-speciﬁc soma c altera ons and epigene c
aberra ons in the blood. The es mated half-life of free DNA
in the circula on is reported to be between 16 minutes and
2.5 hours.31,33 Nonmutant cfDNA molecules are longer than
ctDNA in plasma.34,35
The detec on of ctDNA for molecular diagnos cs is fundamentally challenged by the large excess of background wildtype DNA present in the circula on. Tumor-speciﬁc markers
that allow the dis nc on of tumor-derived cfDNA as ctDNA
from the wild-type DNA frac on can include muta ons, indels, gene copy number changes, chromosomal rearrangements, or aberrant methyla on.36 Levels of wild-type DNA
can be released during serum prepara on; hence, plasma is
preferred as the biologic material for molecular extrac on
and assays. Chromosomal rearrangements can be detected
with high sensi vity using polymerase chain reac on (PCR)
but require genome-wide sequencing of the primary tumor
to ﬁnd poten al target aberra ons.37 Copy number changes
detected by low-coverage genome sequencing have been
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applied to detect ctDNA without knowledge about the primary tumor genome, but this approach requires rela vely
high ctDNA concentra ons for a successful detec on.38 Point
muta ons and indels (short inser ons and dele ons) are
the most frequently used diagnos c ctDNA markers.31 Studies have shown reasonably good concordance of tumoral
genomic altera ons in ctDNA compared with that detected
from tumor ssue genomic assays.39 However, there are
also studies that highlight the high speciﬁcity of ctDNA
mutation detection but low sensitivity compared with
tumor tissue mutation assays, suggesting that negative
ctDNA assays might need to be conﬁrmed with tumor ssue
DNA muta on detec on, as in the case of the EGFR-T790M
assay.40-43
Liquid biopsy techniques for assaying ctDNAs for gene c/
genomic marker altera ons have been increasingly applied
in recent years to longitudinally monitor pa ents with cancer,44-48 especially those with ini al ac onable genomic
muta ons/altera ons who are receiving speciﬁc cancer
therapies. To detect ALK fusions and ALK muta ons and
track the evolu on of drug resistance during treatment,
Dagogo-Jack et al45 procured blood plasma from 22 pa ents
who had ALK-posi ve disease with acquired resistance to
ALK tyrosine kinase inhibitors (TKIs). The correla on between plasma ALK muta ons and response to dis nct ALK
precision inhibitors brought a en on to the poten al for
liquid ctDNA biopsy analysis to guide ALK precision therapy
decisions.45 In another recent study, Guibert et al46 collected
168 specimens from a total of 46 pa ents with NSCLC and
adopted enhanced tagged amplicon sequencing of hotspots
and coding regions from 36 genes, as well as intronic coverage for detec on of ALK/ROS1 fusions in plasma cfDNA
assays to detect driver and resistance mutations, compared with plasma droplet digital PCR and tumor genotype for diagnos c accuracy. Blinded analysis in this study
demonstrated the capacity of amplicon-based plasma nextgenera on sequencing (NGS) to detect a full range of targetable genotypes in NSCLC with high accuracy.46 Almdovar
et al48 recently reported a longitudinal plasma cfDNA genotyping analysis of pa ents with SCLC, in which they aimed
to gain dynamic insights into treatment eﬃcacy and disease
relapse with 140 plasma samples from 27 pa ents over a
26-month blood sample collec on period. The assay detects
single nucleo de variants, copy number varia on, and indels
in 14 genes that are frequently mutated in SCLC, including
TP53, RB1, BRAF, KIT, NOTCH1/2/3/4, PIK3CA, PTEN, FGFR1,
MYC, MYCL1, and MYCN. Results showed that diseaseassociated muta ons were detected in 85% of cases, with
TP53 (70%) and RB1 (52%) being the most common, which
is consistent with previous data from ssue analysis. Hence,
the study demonstrated that cfDNA genotyping analysis using targeted sequencing in SCLC is feasible, with the results
matching rela vely well with those obtained from ssue
analysis. It also appears that genotypic altera ons detected
by longitudinal cfDNA analysis might be predic ve of clinical
or radiographic progression. cfDNA genotyping analysis may
also be useful in detec ng minimal residual disease a er

treatments. That said, in this par cular aggressive disease
category of SCLC, the u lity of longitudinal cfDNA analysis
in clinical prac ce can be considered debatable. It is doubtful, at least for now, whether chemoresistance detec on
can meaningfully impact clinical outcomes, given the very
limited salvage treatment op ons available, especially in extensive disease.
Exci ng reports highligh ng the promising poten al of
ctDNA proﬁling in liquid biopsy as a tool for early cancer detec on have appeared in the last few years. Abbosh et al49
used a tumor-speciﬁc phylogene c approach to proﬁle the
ctDNA of the ﬁrst 100 par cipants enrolled in the TRACERx
(Tracking Non–Small-Cell Lung Cancer Evolu on Through
Therapy [Rx]) study. They showed that a phylogenetic
ctDNA proﬁling method tracked the subclonal nature of lung
cancer relapse and metastasis, providing a new approach
for ctDNA-driven therapeu c studies.49 Most recently, a new
liquid biopsy assay pla orm, CancerSEEK, sought to detect
eight common types of cancer (i.e., esophagus, breast, lung,
stomach, liver, pancreas, colorectum, and ovary) through assessment of the levels of circula ng proteins and muta ons
in cfDNA.50,51 The authors reported a posi ve result of about
70% (median) across the eight common cancer types among
more than 1,000 pa ents. The speciﬁcity was greater than
99%, and only 7 of 812 healthy controls had a posi ve score
on the CancerSEEK test. Currently, there are numerous acve ongoing clinical studies inves ga ng the u li es of CTCs
and cfDNA/ctDNA in human cancers (Table 1).
Blood proteomics. Beyond DNA in the blood compartment,
soluble protein and pep des represent other biomolecular
analytes that can be measured for clinical diagnos cs purposes. Technologically, it is more diﬃcult to iden fy and
measure individual protein pep des beyond proteomics
proﬁling for pep de signatures, compared with the genomics pla orms. As a result, advances in liquid proteomics biopsies trail behind liquid genomics, especially the ctDNA
biopsy for clinical/transla onal applica ons. Nonetheless,
steady progress has been made in this area over the past 1
to 2 decades.
Blood-based proteomic biomarker assays have recently
met with notable milestones in bedside adop on. A bloodbased proteomics biomarker signature test, VeriStrat (Biodesix, Boulder, CO), was developed using matrix-assisted
laser desorp on ioniza on me-of-ﬂight mass spectrometry (MS)52-54 for pa ents with wild-type EGFR lung cancer to
stra fy them into a “good signature” group and a “poor signature” group. Pa ents with a good signature are predicted
to poten ally derive beneﬁts from pla num-based chemotherapy, single-agent chemotherapy, or EGFR-TKI therapy.
Conversely, pa ents with a poor signature are predicted
to be less likely to respond to pla num-based therapy and
single-agent chemotherapy and not likely to respond to
EGFR-TKI. A phase III study to test the predic ve power
of the VeriStrat test in the second-line therapy of pa ents
with advanced NSCLC was published in 2014.54 The invesgators analyzed 129 pa ents (91%) randomly assigned
to the chemotherapy treatment group and 134 pa ents
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TABLE 1. Ongoing ctDNA and CTC Clinical Trials From 2017
ClinicalTrials.gov Iden ﬁer

Content

Sponsor

NCT03337711

Explore intratumor heterogeneity and prognos c value of postoperave blood ctDNA of stage IIA to IIIA nonsquamous NSCLC based on
the capture-based sequencing and UMI technology of burning rock

Sun Yat-sen University, China

NCT03172156

ctDNA dynamic monitoring and its role of prognosis in stage I NSCLC
by NGS

Sun Yat-sen University, China

NCT03090815

ctDNA as a prognos c tool for pa ents with advanced lung adenocarcinoma

University of Hong Kong, Hong
Kong

NCT03317080

Dynamic monitoring of ctDNA of surgical pa ents with lung cancer

West China Hospital, China

NCT03017183

Detec on of heterogeneity in central lung cancer; EBUS-TBNA and
ctDNA analysis vs. endobronchial forceps biopsy

Wissenscha liches Ins tut
Bethanien e.V., Germany

NCT03081741

A prospec ve study of ctDNA detec on in surveillance for pa ents with
lung cancer

Shenzhen Gene Health Bio Tech
Co. Ltd., China

NCT03235765

Compare concordance rate between ssue-based and blood-based
cancer panel analysis for pa ents with lung cancer

Seoul Na onal University Hospital, Korea

NCT03373955

Using NGS to construct an immune repertoire to detect varia on in
pa ents’ immune state and to monitor therapeu c eﬀects in NSCLC

Sichuan University, China

NCT03079011

Palbociclib and ctDNA for ESR1 muta on detec on in metasta c breast
cancer

UNICANCER, France

NCT03145961

Using blood ctDNA to detect cancer cells a er standard treatment to
trigger addi onal treatment for pa ents with early-stage triple-nega ve breast cancer

Ins tute of Cancer Research,
United Kingdom

NCT03260192

ctDNA to monitor response to neoadjuvant chemotherapy in breast
cancer

Sun Yat-Sen University, China

NCT03318263

Monitoring of ESR1, PIK3CA, and AKT ctDNA muta ons during real-life
follow-up of pa ents with metasta c breast cancer treated with
aromatase inhibitors

Ins tut de Cancérologie de
Lorraine, France

NCT03182634

Plasma ctDNA screening for advanced breast cancer with targetable
muta ons

Ins tute of Cancer Research,
United Kingdom

NCT03357120

Assessing the prognos c value of ctDNA muta ons for invasive breast
cancer treated with neoadjuvant chemotherapy

Ins tut Bergonié, France

NCT03416478

The implica on of ctDNA in the recurrence surveillance of stage II and
III colorectal cancer

Sun Yat-sen University, China

NCT03312374

ctDNA as a prognos c marker for postopera ve relapse in early- and
intermediate-stage colorectal cancer

Sun Yat-sen University, China

NCT03302325

ctDNA as a liquid biopsy for pa ents with stage IV solid tumors

Medical University of South
Carolina, United States

NCT03115138

Evalua on of ctDNA as a theranos c marker in the management of
glioblastomas

Centre Hospitalier Universitaire,
Amiens, France

NCT03214991

Usefulness of ctDNA as a prognos c factor in pancrea c cancer

Ji Kon Ryu, Korea

NCT03050866

Phase II mul center study determining the response to cabazitaxel for
pa ents with metasta c prostate cancer with AR-V7+ CTCs

Erasmus Medical Center, Netherlands

NCT03089099

Development of a prognos c model for pa ents with metasta c
castra on-resistant prostate cancer by sequen ally analyzing the
expression of molecular markers in CTCs

Fudan University, China

ctDNA
Lung cancer

Breast cancer

Colorectal cancer

Other tumors

CTC
Prostate cancer

Con nued
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TABLE 1. Ongoing ctDNA and CTC Clinical Trials From 2017 (Cont'd)
ClinicalTrials.gov Iden ﬁer

Content

Sponsor

U lizing CTC counts to op mize systemic therapy of metasta c prostate cancer

Ins tute of Cancer Research,
United Kingdom

NCT03070002

Phase II study to evaluate denosumab in ER- and/or PR-posi ve,
HER2-nega ve metasta c breast cancer with bone metastases and
detectable CTCs

Northwestern University, United States

NCT03213041

Phase II study to evaluate the impact on PFS with combina on carbopla n/pembrolizumab for pa ents with CTC-posi ve, HER2-nega ve
metasta c breast cancer previously treated with anthracyclines and
taxanes

Northwestern University, United States

NCT03032913

Diagnos c accuracy of CTCs and onco-exosome quan ﬁca on in the
diagnosis of pancrea c cancer

University Hospital, Bordeaux,
France

NCT03033927

CTC and tumor ssue models for predic ng eﬀec ve pancrea c cancer
response

Memorial Sloan Ke ering Cancer Center, United States

NCT03295591

CTC enumera on and clinical factors in metasta c colorectal cancer for
liver resec on

University of Hong Kong, Hong
Kong

NCT03162198

Frequency of CTCs and amount of cfDNA for pa ents with cirrhosis
with hepatocellular carcinoma

Ins tute of Liver and Biliary
Sciences, India

NCT03327662
Breast cancer

Pancrea c cancer

Other tumors

Abbrevia ons: CTC, circula ng tumor cell; NSCLC, non–small cell lung cancer; UMI, unique molecular iden ﬁer; NGS, next-genera on sequencing; EBUS-TBNA, endobronchial ultrasound-guided transbronchial
needle aspira on; ER, estrogen receptor; PR, progesterone receptor; PFS, progression-free survival.

(94%) randomly assigned to the erlo nib treatment group.
A signiﬁcant interac on between treatment and proteomic
classiﬁca on was found. Pa ents with a poor VeriStrat
proteomic test classification had worse survival with
erlo nib than chemotherapy (HR 1.72; 95% CI, 1.08–2.74;
p = .022). There was no overall survival diﬀerence between treatments for pa ents with a good proteomic test
classiﬁca on. The authors concluded that VeriStrat serum
protein test status is predic ve of diﬀeren al beneﬁt in
overall survival for erlo nib versus chemotherapy in the
second-line se ng. Pa ents classiﬁed as likely to have a
poor signature had be er outcomes with chemotherapy
than erlo nib.
More recently, the VeriStrat serum protein test was evaluated among pa ents with advanced squamous cell NSCLC
treated with second-line afa nib or erlo nib in the phase III
LUX-Lung 8 study of 795 pa ents.55 Pretreatment VeriStrat
status was correlated with overall survival, progression-free
survival, and other endpoints. The inves gators found that
a good VeriStrat classiﬁca on was strongly associated with
favorable outcomes with either afa nib or erlo nib compared with a poor VeriStrat classiﬁca on. Mul variate analysis showed that VeriStrat was an independent predictor of
overall survival for afa nib-treated pa ents, regardless of
Eastern Coopera ve Oncology Group performance status
or best response to ﬁrst-line chemotherapy. For pa ents
with a good VeriStrat classiﬁca on, survival outcomes were
found to be be er with afa nib treatment (HR 0.79; 95%
CI, 0.63–0.98) than with erlo nib treatment. A recent quesonnaire study reported that the serum-based proteomic
test impacted treatment recommenda ons among physicians ordering the VeriStrat test.56

Blood metabolomics. Although the development of molecular cancer diagnos cs has been emphasized in the ﬁelds of
genomics, transcriptomics, and proteomics in the past decade, there is renewed recogni on and dedicated research
eﬀort in the area of cancer metabolism and metabolomics.
With advances in and wider adop on of MS-based proﬁling
technology, blood serum or plasma-based metabolite measurements can now be readily achieved, both in targeted
individual metabolite measurement and in global metabolomics proﬁling. A number of studies focusing on blood-based
metabolite assays for lung cancer diagnos cs have been
published over the past decade.57-63 Nonetheless, the platforms studied primarily remain inves ga ve in nature and
are not yet ready for clinical applica ons. Prospec ve valida on studies are mostly s ll lacking. Various studies have
also produced diﬀering and some mes conﬂic ng metabolite iden es and/or quan es, probably at least partly as
a result of methodologic and instrumenta on diﬀerences,
making it diﬃcult to draw more sound conclusions on the
pla orm’s u lity. A deeper understanding of and insight into
the interrela onship between normal and cancer metabolic
pathways and the correla ons with metabolites produced
would certainly help the interpreta on of future cancer
metabolites/metabolomics biomarker research.
With the advances in MS instrumenta on and computa onal bioinforma cs methods, there has been a steep
increase in literature reports in recent years on the use of
blood-based global metabolomics proﬁling in various human cancers, ranging from cancer risk evalua on,64 diagnoscs for genotype-phenotype (e.g., BRCA1-mutated breast
cancer),65 early cancer detec on,66,67 and surveillance of
cancer recurrence/progression.68
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SALIVA BIOPSY
The utility of DNA extracted from saliva samples for
genome-wide molecular research pla orms has been studied and found to be feasible,69 especially compared with
blood DNA.70 A recent pilot study showed that a salivary
DNA tumor-suppressor methyla on gene panel could have
the poten al to detect early-stage tumors for pa ents with
HPV-nega ve head and neck squamous cell carcinoma.
Methyla on levels of pa ents with HPV-posi ve head and
neck squamous cell carcinoma were deregulated by HPV
infec on.71
In 2014, a novel pla orm of electric ﬁeld–induced release
and measurement was developed to detect EGFR muta ons
directly in body ﬂuids with a mul plexable electrochemical
sensor. The inves gators demonstrated that EGFR mutaons could be detected in the saliva of pa ents with NSCLC,
with an area under the curve of 0.94 for Del19 and 0.90 for
L858R.72 In 2016, Pu et al73 used electric ﬁeld–induced release and measurement and detected the classic oncogenic
EGFR muta ons in the saliva plasma ctDNA samples of 17
pa ents with lung adenocarcinoma. They reported complete concordance of the assay results, with an area under
the curve of 1.0.

CEREBROSPINAL FLUID BIOPSY
The brain and the central nervous system (CNS) represent
a sanctuary where tumor cells residing there could be protected from systemic therapy due to the blood-brain barrier
as a therapeu c obstacle. Similarly, ctDNA from primary CNS
tumors is rarely detected in the systemic blood circula on,
unlike in other visceral primary solid tumors. Hence, the
cerebrospinal ﬂuid (CSF) compartment represents a unique
and poten ally highly informa ve space for molecular diagnos cs development.
In 2006, Choong et al74 iden ﬁed CTCs in the CSF of a paent with lung cancer with advanced EGFR-mutant disease
and symptoma c leptomeningeal metastases that had progressed during therapy. They further demonstrated the feasibility of detec ng a unique EGFR gene muta on (E884K) in
the laser-capture microdissected CSF CTCs responsible for
drug resistance against erlo nib but hypersensi za on to
geﬁ nib.75 In addi on, CSF cfDNA from pa ents with cancer
was adopted for quan ta ve detec on of cancer gene muta ons using digital PCR and targeted amplicon sequencing
methods, compared with collected plasma, for seven paents with solid brain tumors. The authors iden ﬁed seven
soma c muta ons from the CSF of a pa ent with leptomeningeal disease through the use of cancer panel sequencing,
which was also in concordance with genotype tes ng on the
corresponding primary tumor biopsy.76
More recently, Pentsova et al77 used NGS of 341 cancerassociated genes in the CSF of 53 pa ents with known or
suspected CNS metasta c disease from solid malignancies.
They reported detec on of soma c genomic altera ons for
63% (20 of 32) of pa ents with solid tumor CNS metastases,
50% (6 of 12) of pa ents with primary brain tumors, and 0%
(0 of 9) of pa ents without CNS involvement by cancer. CSF
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tumor-associated cfDNA was also detected from primary
CNS tumors (medulloblastomas, ependymomas, and highgrade gliomas) abu ng a CSF space or cor cal surface.78
A recent study showed that the sensi vity of comprehensive NGS for soma c muta on detec on of the CNS ctDNA
was higher than that using plasma ctDNA for pa ents with
CNS tumors (58% vs. 0%). For pa ents with abundant visceral
disease, the sensi vity of CNS DNA and plasma DNA was
comparable (60.5% vs. 55.5%). Moreover, the results also
showed that the CSF ctDNA derived from CNS tumors was
more abundant than that in the plasma. Importantly, the
authors further demonstrated that CSF ctDNA levels ﬂuctuated longitudinally in a me-dependent and in parallel
fashion mirroring the changes in brain tumor burden.79 In another recent study, Li et al80 detected CSF-associated ctDNA
using droplet digital PCR for a pa ent with BRAF-V600Eposi ve melanoma to monitor the response of metasta c
leptomeningeal disease treated with whole brain radiotherapy and BRAF-speciﬁc inhibitors. Using nine CSF samples over 6 months, the mutant CSF ctDNA frac ons were
found to match well with the disease burden and clinical
course under treatment, and they corresponded well with
the treatment response. Whole-exome sequencing (WES)
revealed a canonical cancer gene muta on, PTEN-R130*, in
CSF ctDNA of a pa ent with leptomeningeal disease both
before treatment response and a er disease relapse.80 In
addi on, similar muta onal proﬁles were found in the cellular and ctDNA (cfDNA), suppor ng the no on that the
ctDNA is a deriva ve and representa ve of leptomeningeal
disease cells. Hence, CSF ctDNA represents a novel molecular diagnos cs pla orm for use as (1) a method for genomic
biomarkers and ac onable muta on detec on, (2) a complementary tool to diagnose CNS tumors and leptomeningeal carcinomatosis, and (3) a monitoring tool for disease
burden and treatment progress in CNS malignancies.

URINE BIOPSY
Urine is an a rac ve body ﬂuid compartment for cfDNA
molecular assays for cancer diagnos cs. The urine biopsy
is truly noninvasive, without even the need for a needle
phlebotomy as in the case of a blood biopsy. Pa ents can
collect their own urine samples at home or in the hospital
or clinic. Furthermore, serial sample collec on is not difﬁcult or risky for pa ents and is usually not restricted by
pa ent performance status or disease condi ons. A empts
to achieve molecular diagnos cs in urine samples for genitourinary cancers date back decades. In 1991, p53 gene
muta ons were ﬁrst iden ﬁed in the urine sediment of
pa ents with bladder cancer.81 Subsequently, a number of
reports followed that demonstrated various gene muta ons
(e.g., FGFR muta ons) iden ﬁed in the urinary ctDNA extracted from pa ents with genitourinary cancer.82,83 Besides
gene muta ons, urine can be used as a source for epigene c
altera on assays. In 1989, a three-marker DNA hyper- and
hypomethyla on panel (IRAK3, L1-MET, and SOX1) in urine
sediment was reported to accurately predict bladder cancer recurrence among 80% of pa ents, which compared
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favorably to urine cytology (35%) and cystoscopy (15%).84
Today, it is understood that there are two diﬀerent frac ons
of ctDNA in the urine. First, ctDNA can be derived from the
urinary tract and associated endothelial cells as high molecular weight DNA. Second, ctDNA can be originated as low
molecular weight DNA from ctDNA fragments that were
excreted into urine during the process of renal glomerular
ﬁltra on. Studies recently reported that urinary ctDNA can
be detected in nonurothelial cancers as well, such as in liver
cancer with TP53 mutations85 and in NSCLC with EGFR
muta ons.86,87
One of the challenges in urinary ctDNA molecular detec on
and diagnos c assays is related to the fact that not only is
urinary ctDNA highly fragmented but it is also present with
a very low abundance (< 0.01%) among the background of
wild-type cfDNA. This is similar to the technical challenges experienced in the ﬁeld of plasma-based blood biopsy molecular assays. Despite these technical diﬃcul es, a sensi ve and
quan ta ve detec on of EGFR, BRAF, and KRAS muta ons
in urine was reported to be achievable using short-footprint
muta on enrichment PCR coupled with an NGS approach.87-89
Using this pla orm, reported limits of detec on for EGFR
muta ons L858R, Del19, and T790M in urine or plasma were
0.006%, 0.006%, and 0.01%, respec vely, which compare
favorably with the U.S. Food and Drug Administration–
approved Cobas EGFR Muta on Test (limit of detec on ≥ 0.2%;
Roche Molecular Diagnos cs, Pleasanton, CA).87,90,91
Chen et al86 reported dynamic tracking of EGFR muta ons
among pa ents with NSCLC using urinary ctDNA detec on
in a serial monitoring trial of pa ents receiving precision
TKIs. Their results showed a concordance in the quan ty of
urinary cfDNA and plasma cfDNA at baseline as well as in
ctDNA decline during treatment.86 Using the short-footprint
muta on enrichment NGS assay, Reckamp et al87 reported
detec on of oncogenic EGFR muta ons and T790M resistance muta on in the urine and plasma of pa ents with
NSCLC with comparable sensi vity. The group retrospecvely analyzed samples from 63 pa ents with advanced
NSCLC enrolled in TIGER-X, a phase I/II study of rocile nib (a
third-genera on EGFR-TKI) focusing on the most common,
recurrent EGFR hotspot muta ons, using the muta on enrichment PCR/NGS pla orm. The sensi vity of EGFR mutaon detec on in urine was up to 80% to 93% in samples
that met recommended urine volumes (90–100 mL). A high
speciﬁcity of 94% to 100% was a ained with the EGFR urine
tes ng assay, as determined using samples from healthy
volunteers. Further evalua on of the concordance between
urine and ssue EGFR T790M results in an expanded data
set yielded a somewhat improved posi ve percentage
agreement of 81% and equivalence in the rate of detec on
compared with plasma. The nega ve percentage agreement
was 31%, raising the issue of discrepancies between ssue
and liquid biopsy results likely as a result of tumor sampling
errors and intratumoral heterogeneity. Recently, some inves gators proposed a pa ent treatment paradigm in EGFRmutant NSCLC, in which plasma genotyping serves as the
reﬂex test upon progression on ﬁrst-genera on EGFR-TKIs

to ameliorate the challenges associated with repeat tumor
ssue biopsies. A nega ve ctDNA assay result would prompt
tumor ssue rebiopsy and genotyping. Most recent data on
the clinical relevance and validity of urine ctDNA molecular
tes ng suggest that it could be included in the molecular
diagnos cs model to combine urine- and plasma-based genotyping assays to precede tumor ssue biopsies.

STOOL BIOPSY
Poten al use of stool samples for molecular detec on of colorectal cancers has long been sought as a means to achieve
early detec on of malignancies. Reports of detec ng oncogenes in pa ent stool samples date back to 1992, when
Sidransky et al92 iden ﬁed RAS oncogene muta ons in the
stool of pa ents with curable-stage colorectal cancer. KRAS
represents one of the most well-known and well-characterized
oncogenes in human cancers, which can be soma cally mutated within several hotspots (codons 12, 13, and 61) in a
variety of cancer types. As such, much eﬀort has centered
on achieving early cancer detec on by assaying for the presence of KRAS muta ons in human tumors such as those in
the colon, rectum, lung, and pancreas.93 Besides stool samples, molecular diagnos cs tests using mutated KRAS detecon have been reported in pancrea c and duodenal lavage
ﬂuid, sputum, and lavage samples from pa ents with colorectal and lung cancers. In addi on to KRAS, early studies
have also detected adenomatous polyposis coli muta ons
in stool DNA from pa ents with colorectal tumors, raising
the promise for noninvasive early detec on of the disease.94
Both proximal and distal colorectal cancers can be well detected similarly using stool DNA molecular assays.
Although colonoscopy screening is proven to be eﬀec ve
in the early detec on of colorectal cancer and to impact
survival rates, target popula on compliance remains low,
partly because of the invasive and unpleasant nature of the
procedure. Stool DNA detec on has been found to notably
improve sensi vity compared with fecal occult blood tests.
Compared with colonoscopy screening, stool DNA detec on
is quite a rac ve because of its noninvasive and convenient
nature. In 2014, the U.S. Food and Drug Administra on
approved Cologuard (Exact Sciences Corp., Madison, WI),
a mul target stool DNA test for colorectal cancer screening for average-risk adults age 50 and older.95 The interval
tes ng frequency was determined to be every 3 years with
adequate Medicare coverage. Eﬀec ve July 1, 2017, United
Healthcare began covering Cologuard as a colon cancer
screening test. Cologuard incorporates molecular assays for
aberrantly methylated BMP3 and NDRG4 gene promoter regions, mutant KRAS, and β-ac n as well as an immunochemical assay for human hemoglobin. Cologuard is based on a
study by Imperiale et al,96 which demonstrated notably improved sensi vity for colorectal cancer detec on compared
with the fecal immunochemical test. Although Cologuard is
a one- me screening stool DNA test that detects 92% of cases
of colorectal cancer among asymptoma c average-risk persons compared with 74% with the fecal immunochemical
test, Cologuard was able to detect less than one-half of
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advanced precancerous lesions (42% sensi vity) and produced a substan al number of false-posi ve results.
Further molecular tes ng methods are in development
to improve the detec on of epigene c changes (e.g., DNA
methyla on in plasma and stool DNA samples).97 Li et al97
developed a methyl-BEAMing (Beads, Emulsion, Ampliﬁca on,
Magne cs-ing) technology to enable absolute quan ﬁca on
of the number of methylated molecules in a biologic sample,
achieving highly sensi ve enumera on of as few as 1 methylated molecule in approximately 5,000 unmethylated molecules
in DNA from plasma or stool samples. Digital quan ﬁca on
of rare methyla on events in clinical samples could have
transla onal applica ons in cancer diagnos c and prognos c
uses as well as in preclinical evalua on of novel epigene c
biomarkers.

EMERGING NEW PLATFORMS
Liquid Biopsy
Exosome proﬁling. Peripheral blood exosome (microvesicle) proﬁling is an area of exci ng and poten ally impac ul liquid biopsy research that has emerged in recent
years. Exosomes were ﬁrst described in 1983 by Pan and
Johnstone98 as a subclass of extracellular nonvesicles with a
40- to 150-nm diameter membrane with an endocy c origin
that contain biomolecules of nucleic acids (including DNA,
mRNAs, and microRNAs), proteins, and lipids and nucleic acids that are released by all cell types, including cancer cells.
Exosomes are believed in be involved in intercellular communica on in physiologic and malignant condi ons. Cancerous
exosomes carry a cargo load of malignant bioinforma on
in the form of nucleic acids, proteins, and lipids that are
capable of reprogramming the recipient cells. Recently,
exosomes have been highlighted as puta ve transforming
agents in malignancies, having a poten ally causa ve role
in major steps or processes of tumor progression, including
immune response modula on, tumor microenvironment
reprogramming, invasion, and metastasis.99-103
Of interest, recent studies suggested that exosomal microRNAs may be involved in disease progression, poten ally
via s mula ng angiogenesis and promo ng metastasis.104
Most recently, another new study demonstrated for the
ﬁrst me that before tumor cells acquire metasta c capacity, the tumors alert the host immune system con nuously
by genera ng exosomes, which carry triggers of innate immune responses such as the reported pigment epitheliumderived factor.105 Another recent study106 demonstrated
that certain microRNAs (e.g., miR-196a and miR-1246) are
speciﬁcally enriched in pancrea c cancer cell–derived exosomes and are present in the plasma exosome at elevated
levels among pa ents with localized pancrea c cancer. Fang
et al107 recently reported that tumor-derived exosomal miR1247-3p showed posi ve correla on with lung metastasis
for pa ents with hepatocellular carcinoma and could convert ﬁbroblasts to cancer-associated ﬁbroblasts by decreasing B4GALT3, which would then ac vate the β1-integrin/
nuclear factor-κB signaling pathway in the lung premetasta c
niche from hepatocellular cancer. Furthermore, cancer972
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associated fibroblasts displayed increased secretion of
interleukin-6 and interleukin-8, resul ng in the promo on of
cancer stemness, EMT, chemoresistance, and tumorigenicity
of tumor cells. Most recently, a novel liquid biopsy pla orm
that can achieve immense coverage of system-wide, na ve
biomolecules was developed for plasma exome proﬁling for
pa ents with cancer using a next-genera on systems biology
approach.108 Domenyuk et al108 used this novel approach
(named adap ve dynamic ar ﬁcial poly-ligand targe ng,
which embodies an enriched library of single-stranded oligodeoxynucleo des to proﬁle complex biologic samples) as
a highly speciﬁc proﬁling tool to dis nguish women with or
without breast cancer based on circula ng blood exosomes.
The study achieved an area under the curve of 0.73 when
healthy donors were compared with pa ents with biopsyposi ve breast cancer.
Cancer immunotherapy. Clinically relevant and ac onable
predic ve biomarkers for cancer immunotherapy remain an
area of huge unmet need. Since the arrival of an –CTLA-4
and an –PD-1/PD-L1 cancer immunotherapy and its clinical
frui on with various U.S. Food and Drug Administra on approvals granted for its use as standard-of-care cancer treatment in mul ple cancer types, a few genomic and ssue
biomarkers have been validated and approved for cancer
immunotherapeu cs. These include tumoral PD-L1 expression levels (as companion diagnos cs for pembrolizumab
and as complementary diagnostics for nivolumab and
atezolizumab)109,110 and, more recently, microsatellite instability status (with high microsatellite instability as a tumor
type agnos c biomarker for pembrolizumab).111 Furthermore,
strong evidence of tumor muta onal load (or muta onal
burden) has been found to support its use as a predic ve
immuno-oncology biomarker.112-114 Nonetheless, alternave means of achieving immunotherapy biomarkers have
been keenly sought in recent years, at least in part because
of the prac cal issues surrounding invasive tumor ssue
biopsies, poten al sampling errors in needle biopsies especially in the se ng of tumor heterogeneity, and limita ons
in a emp ng repeat ssue biopsies during therapies. Again,
liquid biopsy represents one of the top priori es in the quest
for op mal noninvasive immuno-oncology biomarkers.115
Again, ctDNA in liquid biopsy serves as a source for a more
comprehensive representa on of the tumor genomic status
in immuno-oncology therapy and thus contributes as a
poten al substrate for immuno-oncology treatment biomarkers. Koeppel et al116 reported a study in which tumor
muta on load was assayed from cfDNA (i.e., ctDNA) using
WES, rather than in tumor ssue DNA. They performed WES
on cfDNA from 32 pa ents with diﬀerent types of metastatic cancer in the MOSCATO 01 and/or MATCHR molecular
triage trials (NCT01566019 and NCT02517892, respec vely).
WES muta on detec on sensi vity was 92% in cfDNAs
compared with targeted sequencing, whereas muta on
detec on sensi vity was 53% when cfDNA-WES was compared with ssue DNA-WES. For samples in which the presence of tumor DNA was conﬁrmed in cfDNA, the tumor
muta on load from the liquid biopsy was correlated with
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the tumor biopsy. In another study, Goldberg et al117 enrolled 28 patients with metastatic NSCLC undergoing
immunotherapy treatment and compared ctDNA level changes with radiographic tumor size and survival outcomes.
They found that the median me to ini al response was
24.5 days by ctDNA versus 72.5 days by imaging evalua on.
ctDNA response was associated with superior progressionfree survival (HR 0.29; 95% CI, 0.09–0.89; p = .03) and
superior overall survival (HR 0.17; 95% CI, 0.05–0.62;
p = .007). A decline in ctDNA levels is therefore considered
to be an early marker of therapeu c eﬃcacy, predic ng
greater prolonged survival for pa ents with NSCLC treated
with immune checkpoint inhibitors.
Khagi et al118 interrogated for hypermutated ctDNA as
muta onal burden to correlate with the response to checkpoint immunotherapy in a diverse group of cancers. Significant improvement in PFS and overall survival was found
to be associated with high versus low altera on number
in variants of unknown signiﬁcance (VUS > 3 altera ons
vs. VUS ≤ 3 altera ons). These results provide support for
further inves ga ons into the ctDNA genomic landscape as
immunotherapy predic ve biomarkers. Besides ctDNA, isolated CTCs from patients undergoing immuno-oncology
therapy were also used for biomarker interroga on. Boﬀa
et al119 studied the cellular expression of PD-L1 in the peripheral blood circula ng cells and associated with poorer
survival. In a Cox model analysis adjus ng for stage, high PDL1(+) cell burden was a signiﬁcant predictor of mortality (HR
3.85; 95% CI, 1.64–9.09; p = .002).
Finally, novel emerging technology pla orms such as serum proteomics and immune repertoire NGS also enable
promising research to be conducted among pa ents undergoing immuno-oncology therapy for biomarker analysis.120,121
Although these novel assay pla orms are promising, more
valida on studies and larger prospec ve analyses are needed before they could be translated to clinical use.

Breath Biopsy/Vola le Organic Compound Proﬁling
Exhaled human breath is known to contain at least a few
thousand vola le organic compounds (VOCs) and can potenally be exploited as a VOC biomarker in breath biopsies for
human disease diagnos cs, including cancers.122-124 In general, VOCs are organic chemicals that possess a high vapor
pressure at ordinary room temperature, resul ng in a low
boiling point. Thus, large numbers of the molecules would
evaporate from the liquid or solid phases of the compound
as “vola le” substances entering into the surrounding air
space. In fact, VOCs are ubiquitous, numerous, and varied,
including both naturally occurring as well as human-made
chemical compounds. In the human body, VOCs are thought
to be mainly blood borne and thus could enable the monitoring or diagnosis of disease processes in the body beyond
just the oropharyngeal cavi es and lungs.123 Recent advances
in MS-based assay pla orms have brought about more
modern studies in cancer diagnos cs using nonvola le
metabolomics proﬁling, evalua ng the spectral landscapes
of metabolites in pa ent ssues or blood as biomarkers.

Beyond these nonvola le metabolites, VOCs can now also
be iden ﬁed and measured in various headspace gas phases
of human ssues, blood, and urine and even in exhaled
breath. An emerging body of literature over the past decades has suggested that the feasibility and promise of VOC
proﬁling or ﬁngerprin ng could be an a rac ve noninvasive
cancer diagnos c in the future.125
Pilot and proof-of-concept studies in the lung cancer ﬁeld
have increasingly been published in recent years using VOC
proﬁling with gas chromatography/MS and various chemical
sensor matrices including microﬂuidic chip sensors. Hence,
the spectrum and concentra ons of VOCs in breath samples
can be captured with the sensors as correlates of the broad
chemical cons tu on of the biospecimen without the absolute need for the iden es of the speciﬁc VOC components.
Cancer is now more regularly classiﬁed through the prism of
the genomic lens with genomic altera ons guiding precision
therapeu cs. This is par cularly true as seen in genomic
discoveries in recent years in lung adenocarcinoma. Peled
et al126 previously reported a proof-of-concept in vitro pilot
study using tumor cell VOC detec on with nanomaterialbased sensors to proﬁle gene c muta ons of lung cancer
cells (namely, EGFR muta ons, KRAS muta ons, and EML4ALK fusion). Breath analysis has also been adopted for
the study of pulmonary nodules and for iden ﬁca on and
characteriza on of lung cancer. Mazzone et al127 reported
iden ﬁca on of exhaled breath VOC biosignatures of lung
cancer using a colorimetric VOC sensor array in a study cohort with 229 par cipants (92 pa ents with lung cancer and
137 controls). The authors suggested op mizing the breath
biosignature accuracy by incorpora ng clinical parameters
(e.g., risk factors and histology). Peled et al128 reported the
use of VOC proﬁling breath analysis to discriminate benign
from malignant pulmonary nodules in a high-risk cohort
of 19 pa ents with benign disease and 53 with malignant
disease with similar smoking histories and comorbidi es.
More recently, Nardi-Agmon et al129 further reported the
use of noninvasive breath biosignatures, as determined by
gas chromatography/MS and a nanomaterial-based sensor
array, to correlate with and monitor treatment response in
advanced lung cancer in a small study of 39 pa ents and 143
collected breath samples. These applica ons could potenally have a notable impact on clinical decision making and
therapeu cs determina on.
Various devices and technologies designed to detect VOCs
for cancer diagnos cs using not only exhaled breath but also
other noninvasive body substrates such as urine are currently available. In addi on to the more rou ne applica on
of gas chromatography/MS used in electronic nose technology (eNose, Zutphen, Netherlands) with arrays of nonselec ve chemical sensors, other compe ng technologies are
emerging such as the ﬁeld asymmetric ion mobility spectrometry microchip.130 This microchip pla orm is a variant
of ion mobility spectrometry,130 a method of dis nguishing
charged gaseous molecules according to diﬀerences in the
speed at which they move through a buﬀer gas under the
inﬂuence of an oscilla ng electric ﬁeld. It is claimed to have
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improved advantages in overcoming sample stability and
sensi vity issues and in data analysis. VOC detec on at low
parts per billion (and in some cases, parts per trillion) levels
is feasible in the ﬁeld asymmetric ion mobility spectrometry
microchip pla orm, enabling it to be well suited not only for
clinical sample assaying but also for use as a poten al future
point-of-care measurement in a portable and convenient
fashion. Another new exci ng technology in development
is the Nanobeak Sensor (Nanobeak Inc., New York, NY),
which converges nanoelectronics, bioinforma cs, and wireless technology to achieve a mobile point-of-care screening
applica on based on chemical VOC sensing within a small
Bluetooth device. The Nanobeak technology uses carbon
nanotubes to detect VOCs with the inven on originated
from the Na onal Aeronau cs and Space Administra on
when it launched the nanosensor into orbit in 2007 to test
and determine that it works well in outer space. Currently,
a number of pilot clinical studies using these new breath
biopsy technologies for cancer diagnostics are ongoing or are being planned (NCT02888366, NCT02781857,
NCT02123030, NCT03275688, NCT01292369, NCT01386203,
and NCT02612532).

CONCLUSION
In recent years, we have witnessed a revolu onary advancement in cancer medicine among the whole spectrum

of cancer genomics, molecular genomics diagnos cs, technological pla orm innova ons, and cancer therapeu cs. As
a result, we have seen an unprecedented pace of progress
in the expansion of cancer diagnos cs on tumor ssues as
well as beyond ssues in novel noninvasive molecular assays, in parallel with the ever-growing list of cancer therapeu cs such as precision therapies and immunotherapeu c
agents. Noninvasive molecular diagnos cs beyond ssues
have already found clinical u lity and applica on par cularly in the area of cfDNA/ctDNA genotyping/genomic proﬁling as a blood biopsy (liquid biopsy) technique. They have
also been increasingly applied in longitudinal monitoring
of therapy for early disease detec on and in therapeu c
response-resistance monitoring. Various other promising
noninvasive cancer diagnos cs assay pla orms also include
saliva biopsy, urine biopsy, stool biopsy, CSF biopsy, other
forms of blood biopsy beyond cfDNA/ctDNA (e.g., proteomics and metabolomics), and even breath biopsy for VOC
measurement. It is important to emphasize the crucial signiﬁcance of commi ng appropriate resources and applying
rigorous study designs for valida ng these promising assay
pla orms in large-scale prospec ve clinical studies to bring
them to frui on. Moreover, rigorous scien ﬁc scru ny of
the various assay pla orms remains indispensable to discern between hype and reality when assessing each novel
molecular diagnos cs pla orm that emerges.
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Liquid Biopsy to Iden fy Ac onable Genomic Altera ons
Sai-Hong Igna us Ou, MD, PhD, Misako Nagasaka, MD, and Viola W. Zhu, MD, PhD
OVERVIEW
Liquid biopsy has been used extensively in solid malignancies to detect ac onable driver muta ons, to monitor treatment
response, to detect recurrence, to iden fy resistance mechanisms, and to prognos cate outcome. Although many liquid
biopsy sequencing pla orms are being used, only ﬁve test kits have received government approval. We review representave literature on these government-approved liquid biopsy kits, which are primarily used to detect EGFR muta on in lung
cancer and RAS (KRAS, NRAS, BRAF) muta ons in colorectal carcinoma. Another emerging use of single-gene liquid biopsy
is to detect PIK3CA muta ons and to understand resistance to hormonal blockade in breast and prostate cancers. The two
most commonly used next-genera on sequencing (NGS) liquid biopsy tests (Guardant 360, Guardant Health; Founda onACT, Founda on Medicine Inc.) are discussed. The ability and the applicability of NGS pla orm to detect tumor muta on
burden are also addressed. Finally, the use of circula ng tumor DNA (ctDNA) to detect minimal residual disease may be the
most important use of ctDNA in the se ng of tumor heterogeneity. The ability to iden fy “shedders” and “nonshedders”
of ctDNA may provide important insight into the clinicopathologic characteris cs of the tumor and portend important
prognos c signiﬁcance regarding survival.

T

he use of liquid biopsy (primarily from blood) in solid
malignancy provides a convenient and safe way to detect
the presence of ac onable driver muta ons, to assess the
resistance mechanisms to ac onable driver muta ons, to
monitor treatment response, to detect early recurrence, to
serve as an adjuvant to radiologic imaging as post-treatment
surveillance, and to prognos cate the outcome of cancer
treatment. Cell-free DNA, including ctDNA, circula ng tumor cells, and exosomes containing tumor microRNAs
can all be detected by liquid biopsy. The biologic nature of
ctDNA, the various sequencing platforms used in liquid
biopsy, and the various u li es of liquid biopsy have recently been expertly and comprehensively reviewed by
Wan and colleagues.1 The many sequencing pla orms used
in liquid biopsy can be broadly summarized as nondigital,
digital, and NGS. The performances of these individual
platform have been reviewed extensively.2-10 However, only
ﬁve liquid biopsy test kits are approved by government
agencies.

DETECTION OF SPECIFIC ACTIONABLE
GENOMIC ALTERATIONS BY LIQUID BIOPSY
Detec on of Ac va ng EGFR Muta ons in Lung
Cancer
Cobas EGFR muta ons test version 2 (EGFR del 19, L858R,
T790M). The Cobas test (Roche Molecular Diagnos cs, Pleasonton, CA) is the only U.S. Food and Drug Administra on

(FDA)–approved liquid biopsy to detect the two most common ac va ng epidermal growth factor receptor (EGFR)
muta ons (EGFR del19 and EGFR L858R) for the selec on
of EGFR tyrosine kinase inhibitor. It was subsequently approved for the detection of the most common acquired
resistance muta on, EGFR T790M, a er progression with
first- or second-generation EGFR tyrosine kinase inhibitors for selec on of osimer nib to treat pa ents with
EGFR T790M–posi ve non–small cell lung cancer (NSCLC;
Table 1).11-14 ENSURE, a randomized phase III trial comparing erlo nib to pla num/gemcitabine chemotherapy as
ﬁrst-line treatment of EGFR-posi ve NSCLC provided the
basis for the approval of detec on of EGFR del19 and EGFR
L858R.15 Addi onal large-scale real-life prospec ve trials
(ASSESS, Europe and Japan; and IGNITE, Russia and China/
South Korea/Taiwan) studying the feasibility and tes ng
the concordance of using Cobas liquid biopsy versus tumor
have been completed.16,17 In the IGNITE study, the concordance between 2,561 matched tissue/cytology and
plasma samples was 80.5%, sensi vity was 46.9%, and
speciﬁcity was 95.6%.17 In the ASSESS study, the concordance of muta on status in 1,162 matched samples was
89%, sensi vity was 46%, speciﬁcity was 97%, posi ve predic ve value was 78%, and nega ve predic ve value was
90%. Two combined single-arm phase II studies of osimertinib provided the basis for the approval for the detec on
of EGFR T790M.18 A European study (APPLE) inves ga ng
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the use of liquid biopsy to detect EGFR T790M mutation
is ongoing.19
Therascreen EGFR plasma RGQ PCR kit. The Therascreen
EGFR Plasma RGQ PCR test (Qiagen Inc., Venlo, the Netherlands) is approved in the European Union (E.U.; Conformité Européene-In Vitro Diagnos cs) for detec on of
the two most common EGFR muta ons (EGFR del19 and
EGFR L858R) but not T790M (Table 1).20-23 The IFUM study
provided the basis for adop on of this test in European
Union.24,25
AmoyDx Super-ARMS EGFR muta on test kit. The newest government-approved liquid biopsy, the AmoyDx
Super-ARMS EGFR muta on test kit (AmoyDx, Xiamen,
China), was approved on January 22, 2018, by the Chinese
Food and Drug Administra on to detect EGFR del19, EGFR
L858R, and EGFR T790M muta ons (Table 1).26-28 AURA17
is a single-arm study of osimer nib in China that provided
the suppor ng evidence for the approval of this test kit.28
Role in diagnosis. Although all three tests can detect the
three “uncommon” EGFR muta ons (L861Q, G719X, and

PRACTICAL APPLICATIONS
• Despite the widespread use of liquid biopsy in solid
malignancy, only ﬁve dis nct test kits have government
approval: Cobas EGFR Muta ons Test v2 (Roche
Molecular Diagnos cs; FDA approval for detec on
of EGFR del19, EGFR L858R, and EGFR T790M in lung
cancer), Therascreen EGFR RGQ Plasma PCR kit (Qiagen
Inc; E.U. approval for detec on of EGFR del19 and
EGFR L858R in lung cancer); AmoyDx Super-ARMS
EGFR muta on test (AmoyDx; Chinese Food and Drug
Administra on approval for detec on of EGFR del19,
EGFR 858R, and EGFR T790M in lung cancer); OncoBEAM
RAS CRC Kit (Sysmex Inos cs; E.U. approval for detec on
of KRAS and NRAS muta ons in colorectal cancer); and
Idylla ctKRAS Muta on Test and Idylla ctNRAS-BRAF
Muta on Test (Biocar s, Inc.; E.U. approval for detec on
of KRAS, NRAS, and BRAF muta ons in colorectal
cancer).
• Currently, liquid biopsy is most commonly used to detect
ac onable EGFR, RAS (KRAS, NRAS), and BRAF V600E
muta ons, with poten ally in the future for detec on of
PIK3CA muta ons.
• Liquid biopsy based on NGS can detect mul ple
genomic altera ons (muta ons, indel, ampliﬁca on,
rearrangement) in mul ple ac onable genes and also
determine tumor muta on burden used to poten ally
select for immune checkpoint inhibitors. Eventually,
liquid biopsy using NGS will supersede use of single/
oligo gene liquid biopsy detec on kits.
• Liquid biopsy to detect nonspeciﬁc ctDNA in tumors
without clear driver muta ons may be most useful
in detec ng minimal residual disease, which can
account for tumor heterogeneity in the adjuvant
se ng.
• Dis nguishing “shedders” and “nonshedders” of ctDNA
may provide insight into tumor biology and prognos c
signiﬁcance.

S768I)—for which afa nib was approved for use in the United States on January 16, 2018—none of them is oﬃcially
approved to detect them.29 Table 1 shows that across all
three test kits, the sensi vity for detec ng T790M seems
to be lower than that for detec ng the two common ac va on muta ons. The higher the prevalence of EGFR mutaons (e.g., approximately 40%–50% in Asian popula ons),
the lower the nega ve predic ve value of the liquid biopsy
(Table 1); this is based on the Cobas EGFR version 2 calcula ons. Thus, a nega ve EGFR plasma test result in a highendemic region for EGFR muta ons should be followed by a
tumor ssue biopsy.
In addition, the National Institute of Health and Care
Excellence in the United Kingdom recently published
their technology summary of evidence of seven different liquid biopsy platforms.30 The four additional tests
reviewed, in addition to the three government-approved
tests, were the AmoyDx EGFR 29 mutation detection kit,
AmoyDx Super-ARMS EGFR T790M muta on detec on kit,
Droplet Digital PCR (ddPCR) Dx system (Bio-Rad, Hercules,
CA), and PANA Mutyper R EGFR kit (Panagene, Daejeon,
Korea). The major summary finding is that plasma EGFR
detection has specificity similar to but sensitivity lower
than those of tumor biopsy. The resource impact to the
health care system is similar to that for standard of care,
but plasma testing could be cost-effective if this led to
fewer tissue biopsies30
Going forward, increasing evidence suggests that the ability to iden fy detectable circula ng EGFR muta ons from
liquid biopsy (“shedders” compared with “nonshedders”)
has prognos c implica ons. In the FLAURA and AURA3
phase III trials (Table 2), although both shedders and nonshedders beneﬁted from osimer nib, progression-free survival (PFS) in the osimer nib arm was numerically be er
for nonshedders than for shedders; this ﬁnding indicates
that shedders in general have a higher tumor burden
(Table 2).14,31 Addi onally, among pa ents treated at Na onal
Taiwan University Hospital who progressed while receiving
osimertinib, a retrospective genomic analysis that used
plasma BEAMing technology (Sysmex Inostics, Hamburg,
Germany) to detect EGFR muta ons showed that, again,
shedders had significantly shorter median PFS while receiving osimer nib, shorter PFS a er progression on osimer nib, and shorter overall survival (OS) a er osimer nib
treatment (Table 2).32 Furthermore, 42.5% (17/40) of the
shedders compared with only 7.7% (1/13) of nonshedders
had brain metastases in this study, again indica ng that
shedders had more extensive/poor-prognosis disease than
nonshedders. Finally, the “disappearance” of EGFR T790M
at the me of progression during osimer nib treatment was
associated with signiﬁcantly shorter PFS a er osimer nib
therapy (Table 2), indica ng more recalcitrant non–EGFRmediated resistance mechanisms.32 Shedders of EGFR T790M
usually have higher tumor burden with late-stage disease.
Similarly, shorter PFS has been reported in shedders with
EGFR L858R muta on than in nonshedders from a retrospec ve analysis of the EURTAC trial.33,34
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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European Union 98/79,
Conformité Européene-In Vitro Diagnos cs
direc ve

January 12, 2015

Qiagen

Scorpion Ampliﬁca on Refractory Muta on
System

Analog (real- me PCR)

Semiquan ta ve

29

EGFR del 19 (19 diﬀerent muta ons)
EGFR L858R
EGFR T790M
EGFR G719X (3 diﬀerent muta ons)
EGFR S761I
EGFR L861Q
EGFR exon 20 inser ons (3 inser ons)

EGFR del 19,
EGFR L858R
EGFR Del 19 and EGFR L858R

IFUM

Therascreen EGFR test ( ssue use)

859 with tumors successfully screened
652 with successfully paired tumor/plasma
analyzed

Approving Agency/Region

Date of Approval

Manufacturer

Sequencing Pla orm

Detectable Technology*

MAF Quan ﬁca on

No. of EGFR Muta ons Detected

Major EGFR Muta ons Detected

Indica on

Study(ies) Suppor ng Approval

Comparator Tissue Test

No. of Pa ents

PCR Kit

Therascreen EGFR
Plasma RGQ PCR Kit
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601 with tumors successfully screened
431 with successfully paired tumor/plasma analyzed and
validated
217 enrolled

Cobas EGFR muta on test v2 ( ssue test)
NGS on an Illumina MiSeq

ENSURE (YO25121)

EGFR del 19
EGFR L858R
EGFR T790M

EGFR del 19 (29 diﬀerent muta ons)
EGFR L858R (2 diﬀerent muta ons)
EGFR T790M
EGFR G719X (3 diﬀerent muta ons)
EGFR S761I
EGFR L861Q
EGFR exon 20 inser ons (5 inser ons)

42

Semiquan ta ve

Analog (real- me PCR)

Scorpion Ampliﬁca on Refractory Muta on System

Roche

June 1, 2016 (EGFR del 19, EGFR L858R)
September 28, 2016 (EGFR T790M)

U.S. FDA

Cobas EGFR
Muta on Test v2

109 screened
61 with ssue posi ve for all EGFR muta ons
50 with plasma posi ve for all EGFR muta ons

AmoyDx EGFR 29 muta on detec on kit ( ssue)

Con nued

Single-center, single-arm study (First Aﬃliated Hospital of
Wenzhou Medical University, Wenzhou, Zhejiang, China)

EGFR del 19
EGFR L858R
EGFR T790M

EGFR del 19 (29 diﬀerent muta ons)
EGFR L858R
EGFR T790M
EGFR G719X (3 diﬀerent muta ons)
EGFR S761I
EGFR L861Q
EGFR exon 20 inser ons (5 inser ons)

41

Semiquan ta ve

Analog (real- me PCR)

Scorpion Ampliﬁca on Refractory Muta on system

AmoyDx

January 22, 2018 (EGFR del 19, EGFR L858R, EGFR T790M)

Chinese FDA

AmoyDX Super-ARMS
EGFR Muta on
Detec on Kit

TABLE 1. Approved Liquid Biopsy Test Kits for Detec on of Ac va ng and Resistance EGFR Muta ons in Non–Small Cell Lung Cancer
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T790M

ORR (EGFR del 19 + L858R)
Tumor+/plasma+: 72.5% (95% CI, 61.0%–
81.6%); tumor+/plasma−: 63.6% (95% CI,
46.6%–77.8%)
ORR (EGFR del 19)
Tumor+/plasma+: 82.2% (95% CI, 68.7%–
90.7%); tumor+/plasma−: 65.0% (95% CI,
43.5%–73.7%)
ORR (EGFR L858R)
Median PFS (all enrolled pa ents)
All enrolled pa ents: 9.7 mo (95% CI,
8.5–11.0 mo)
Tumor+/plasma+: 10.2 mo (95% CI,
8.5–12.5 mo)
EGFR del 19
All: 9.6 mo (95% CI, 8.0–11.0 mo)
Tumor+/plasma+: 10.3 mo (95% CI,
8.5–12.4 mo)

Sensi vity: 65.7% (95% CI, 55.8%–74.7%)
Speciﬁcity: 99.8% (95% CI, 99%–100%)
Concordance: 94.3% (95% CI, 92.3%–96.0%)
PPV: 98.6% (95% CI, 92.3%–100%)
NPV: 93.8% (95% CI, 91.5%–95.6%)

Performance Characteris cs**

Clinical Outcome Data

Screening for all pa ents:
Of 105 pa ents posi ve for EGFR muta ons
from tumor, 69 (65.7%) were detected by
plasma
Of 547 pa ents nega ve for EGFR mutaons from tumor, 546 (99.8%) were negave for EGFR muta on by plasma

Primary Data

Therascreen EGFR
Plasma RGQ PCR Kit

PFS beneﬁt of erlo nib over chemotherapy (ITT popula on,
n = 217)
HR, 0.33 (95% CI, 0.23–0.47); log-rank test p < .0001
PFS beneﬁt of erlo nib over chemotherapy (tumor+/
plasma+; n = 137)
HR, 0.29 (95% CI, 0.19–0.45); log-rank test p < .0001
PFS beneﬁt of erlo nib over chemo (tumor+/plasma−;
n = 42)
HR, 0.37 (95% CI, 0.50–0.90)

Prevalence: 15%
PPV: 88.6% (95% CI, 79.7%–96.6%)
NPV: 96.0% (95% CI, 94.3%– 97.6%)
Prevalence: 40%
PPV: 96.8% (95% CI, 93.0%–99.4%)
NPV: 86.4% (95% CI, 83.3%–89.4%)
Prevalence: 50%
PPV: 97.8% (95% CI, 95.0%–100%)
NPV: 80.8% (95% CI, 77.4%–84.8%)

Screening for all pa ents
Of 210 pa ents posi ve for EGFR muta ons from tumor,
161 (76.7%) were detected by plasma
Of 221 pa ents nega ve for EGFR muta ons from tumor,
217 (98.2%) were nega ve for EGFR muta on by plasma
Screening for EGFR del 19 pa ents
Of 120 pa ents posi ve for EGFR del 19 muta on from
tumor, 97 (80.8%) were detected by plasma
Of 311 pa ents nega ve for EGFR del 19 muta on from
tumor, 307 (98.7%) were nega ve for EGFR muta on by
plasma
Screening for EGFR L858R muta on
Sensi vity: Of 90 pa ents posi ve for EGFR L858R from
tumor, 61 (67.8%) were detected by plasma
Speciﬁcity: Of 341 pa ents nega ve for EGFR L858R from
tumor, 338 (99.1%) were nega ve for EGFR L858R by
plasma

Cobas EGFR
Muta on Test v2

Con nued

ORR
All pa ents: 64.3% (95% CI, 48%–78%; n = 42)
Tumor+/plasma+: 65.7% (95% CI, 48%–81%; n = 35)
Tumor+/plasma−: 57.15% (95% CI, 18%–90%)

Concordance: 89.9% (95% CI, 84.3%–95.6%)

Sensi vity: 82% (95% CI, 72.3%–91.6%)
Speciﬁcity: 100%
PPV: 81.4% (95% CI, 71.4%–91.3%)
NPV: 100%

Of 61 pa ents posi ve for EGFR muta ons from tumor, 50
were also detected by plasma
Of 48 pa ents nega ve for EGFR muta ons from tumor, 48
were also nega ve for EGFR muta ons by plasma

AmoyDX Super-ARMS
EGFR Muta on
Detec on Kit

TABLE 1. Approved Liquid Biopsy Test Kits for Detec on of Ac va ng and Resistance Muta ons in Non–Small Cell Lung Cancer (Cont'd)
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ORR
T790M tumor+/plasma+: 64% (95% CI, 57%–70%;
n = 235)
T790M tumor+/plasma-: 70% (95% CI, 62%–77%;
n = 155)
11-13,18,23

NA

20-25

Clinical Outcome

26-28

AmoyDx Super-ARMS EGFR T790M muta on detec on kit
only
EGFR T790M
Sensi vity: 49% (95% CI, 41%–57%)
Speciﬁcity: 78% (95% CI, 67%–86%)

Cobas EGFR muta on test v2 ( ssue test)

240 pa ents

AURA17

AmoyDX Super-ARMS
EGFR Muta on
Detec on Kit

*Analog detec on (also known as real- me PCR) uses ﬂuorescent markers that a ach to speciﬁc muta on sites, making them detectable; ﬂuorescence in the sample is detected as a whole. In digital PCR, the sample is separated into many par ons, each tested individually, providing a lower threshold of detec on.
**Can detect the level of ctDNA at or above threshold limit, fully quan ta ve can measure the level ctDNA in a sample.
Abbrevia ons: FDA, U.S. Food and Drug Administra on; PCR, polymerase chain reac on; MAF, mutant allele frequency; IFUM, Iressa Follow up Measure Study; NGS, next-genera on sequencing; ORR, overall response rate; NPV, nega ve predic ve value; PPV, posi ve predic ve
value; ITT, inten on-to-treat; HR, hazard ra o; PFS, progression-free survival; NA, not applicable.

References

EGFR T790M
Sensi vity: 61% (95% CI, 57%–66%)
Speciﬁcity: 79% (95% CI, 70%–85%)
Concordance: 65% (95%: 61%–69%)
EGFR del 19
Sensi vity: 85% (95% CI, 81%–89%)
Speciﬁcity: 98% (95% CI, 95%–100%)
Concordance: 90% (95% CI, 87%–92%)
EGFR L858R
Sensi vity: 76% (95% CI, 69%–82%)
Speciﬁcity: 98% (95% CI, 96%–99%)
Concordance: 91% (95% CI, 88%–93%)

NA

Performance Parameters

551 of 710 (78%) pa ents enrolled in both trials had paired
ssue and plasma samples
416 of 551 (75.5%) pa ents were plasma posi ve for
T790M, 127 (23.0%) were plasma nega ve for T790M,
and 8 pa ents had invalid plasma tests
Cobas EGFR muta on test v2 ( ssue test)

NA

Primary Data

Combined AURA extension study and AURA2 (EGFR T790M)

Cobas EGFR
Muta on Test v2

Comparator Tissue Test

NA

Valida on Study

Therascreen EGFR
Plasma RGQ PCR Kit

TABLE 1. Approved Liquid Biopsy Test Kits for Detec on of Ac va ng and Resistance Muta ons in Non–Small Cell Lung Cancer (Cont'd)
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9.4 (7.1–13.8)
mo

13.5 (9.7–
21.7) mo

38

5.0 (3.8–9.0)
mo

Median PFS (during
osimer nib
treatment)

Median OS (during
osimer nib
treatment)

Pa ents, n

Median survival
a er osimer nib
progression

14.5 (7.2–NR)
mo

9

36.5 (33.3–NS)
mo

15.4 (9.6–NR)
mo

13

Nonshedder

.008

.0157

.055

p Value

8.2 (6.8–97) mo

116

Osimer nib

15.2 (13.7–20.7) mo

183

Osimer nib

4.2 (41.–5.1) mo

56

Chemotherapy

Shedders (n = 272)

AURA3

9.7 (8.4–11.1) mo

176

Geﬁ nib/ Erlo nib

Shedders (n = 359)

0.42 (0.29–0.61)

HR (95% CI);
p Value

0.44 (0.34–0.57);
p < .0001

HR (95%CI);
p Value

NR

NR

Osimer nib

7.7 (5.0–NR) mo

21

19.8 (11.7–NR) mo

12.4 (8.4–20.9) mo

23

Shedder Without
Brain Metastases

17.8 (12.2–NR) mo

8

36.5 (28.4–NR) mo

15.4 (11.1–NR) mo

12

Nonshedder Without
Brain Metastases

.031

.089

.26

p Value

5.0 (3.0–NA) mo

11

9.3 (5.3–NA) mo

2.6 (1.3–NR) mo

11

T790M “Drop Out”
at Osimer nib
Progression

10.8 (7.2–NA) mo

12

22.4 (15.6–NA) mo

11.1 (9.4–NR) mo

12

Nonshedders
at Osimer nib
Progression

NR

NR

Chemotherapy

Nonshedders

15.0 (9.7–18.3) mo

64

Geﬁ nib/
Erlo nib

Nonshedders (n = 124)

23.5 (17.8–24.3) mo

60

Osimer nib

AURA Phase I and AURA Extension Study (Na onal Taiwan University Hospital study)32

0.30 (0.23–
0.41); p <
0.0001

HR (95% CI);
p Value

0.46 (0.37–
0.57); p <
.0001

HR (95% CI);
p Value

Abbrevia ons: HR, hazard ra o; PFS, progression-free survival; NR, not reached; NA, not available; OS, overall survival.

40

Pa ents, n

Shedder

140

4.4 (4.2–5.6) mo

279

10.1 (8.3–
12.3) mo

Pa ents, n

Overall (n = 419)

10.2 (9.6–11.1)
mo

Median PFS (95%
CI)

18.9 (15.2–
21.4) mo

Median PFS (95%
CI)

277

Chemotherapy

279

Pa ents, n

Geﬁ nib/
Erlo nib

Osimer nib

Osiemr nib

EGFR Variable

Overall (n = 556)

FLAURA 31

5.0 (3.1–16.5) mo

17

15.4 (11.7–36.5)
mo

12.6 (8.4–13.9)
mo

17

Shedders (New
or Con nual)
at Osimer nib
Progression

NR

HR (95% CI); p
Value

0.48 (0.28–0.80);
p = .0047

HR (95% CI);
p Value

TABLE 2. Survival Outcome (Progression-Free Survival, Overall Survival, and Survival A er Osimer nib Progression) of EGFR T790M Shedders Versus
Nonshedders

LIQUID BIOPSY TO IDENTIFY ACTIONABLE GENOMIC ALTERATIONS

asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

983

OU, NAGASAKA, AND ZHU

Detec on of RAS and BRAF Muta ons in Colorectal
Cancer
Retrospec ve analysis of two randomized phase III trials in
metasta c colorectal cancer (mCRC; PRIME, CRYSTAL) comparing the addi on of an -EGFR an body to chemotherapy
versus chemotherapy alone indicated that mul ple KRAS,
NRAS, and BRAF muta ons modulate the clinical response
to an -EGFR an bodies.35,36 In par cular, an addi onal
14.7% (CRYSTAL) to 17% (PRIME) of non–exon 2 KRAS mutaons were detected, which also did not beneﬁt from EGFR
monoclonal treatment, hence the detec on of KRAS muta on should be extended to non–exon 2 KRAS muta ons.
The E.U. has approved three sets of liquid biopsy kits from
two diﬀerent companies that detect an extended spectrum
of RAS muta ons to select for pa ents with mCRC who will
poten ally beneﬁt from an -EGFR therapy and avoid the
unnecessary expense and additional side effects of antiEGFR an body treatment.
OncoBEAM RAS CRC kit (KRAS and NRAS). Several studies
using diﬀerent ssue comparator tests provided the evidence for approval of OncoBEAM RAS detec on kit (Sysmex
Inos cs; Table 3) for the detec on of KRAS and NRAS muta ons in mCRC.37-42 Not surprisingly, when a much more
sensi ve ssue comparator test, such as NGS, is used, the
sensi vity and speciﬁcity of BEAMing technology are not as
high (e.g., with the Sanger sequencing method as the comparator; Table 3).43 The addi onal use of BEAMing to detect
KRAS muta ons includes real- me monitoring of treatment,
detec on of resistance mechanisms, and early detec on of
relapse and/or residual disease; these have been concisely
reviewed by an expert task force panel.44
Idylla ctKRAS muta on test and Idylla ctNRAS-BRAF muta on
test. The RASANC study provided the suppor ng evidence
for the approval of the Idylla tests (Biocar s, Inc., Jersey City,
NJ) for the detec on of KRAS, NRAS, and BRAF in mCRC.45,46
Primary tumor removal, metachronous status, absence of
liver metastases, and peritoneal carcinomatosis were signiﬁcantly associated with mutant RAS tumor and nega ve
plasma status, indica ng the diﬀerence between shedders
and nonshedders.45
In head and neck cancer, addi onal use of liquid biopsy
to detect RAS muta ons has been reported to iden fy resistance to cetuximab (an -EGFR an body)-based therapy.47
However, the resistance to an -EGFR an body therapy is
not limited to RAS muta ons based on liquid biopsy.48-50

BRAF V600E
BRAF V600E muta on is a validated and ac onable driver
muta on in melanoma and NSCLC.51,52 Surprisingly, to date
there is li le published literature on the clinical use of liquid
biopsy to detect BRAF V600E muta on in melanoma and NSCLC.53 Most of the literature on liquid biopsy for BRAF V600E
is in mCRC, especially when used in extended-spectrum
RAS mutational analysis to select patients for anti-EGFR
treatment (Table 3). Not surprisingly, a greater amount of
BRAF V600E detected at liquid biopsy was associated with
worse prognosis for survival in mCRC (hazard ratio [HR],
984
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7.33; 95% CI, 1.04–2.89; p = .002) in a mul variate analysis
that included age, tumor loca on, carcinoembryonic an gen (CEA), KRAS muta onal status, and amount of circulating cell-free DNA.54

PIK3CA Muta ons
Although no approved drug speciﬁcally targets PIK3CA
muta ons, and PIK3CA muta ons have not been conclusively shown to be a driver muta on, PIK3CA muta ons
may confer sensitivity to PIK3CA inhibitors. Two randomized phase III trials have inves gated the poten al clinical
benefit of the addition of buparlisib (BKM210), a class 1
pan-PIK3CA inhibitor, to fulvestrant in hormone receptor–
positive, HER2-negative patients whose disease is refractory to aromatase inhibitors (AIs; BELLE-2) and addi onally
refractory to mTOR inhibition (BELLE-3). 55,56 Both trials
inves gated the presence of plasma PIK3CA muta ons,
established by using BEAMing technology, and its implica on for clinical outcome. Overall, the most common
PIK3CA muta ons iden ﬁed from ctDNA from BELLE-3
were H1047R (39.7%), E545K (36.8%), E542K (18.4%), and
H1047L (5.1%).
The sensi vity of the plasma PIK3CA muta ons compared with ssue PIK3CA muta ons in BELLE-2 was 71.2%
(99/139), speciﬁcity was 79.2% (244/307), and overall concordance was 76.7% (342/446). Similarly, for BELLE-3, sensi vity was 80% (70/87), speciﬁcity was 87% (142/163), and
concordance was 84.8% (212/250). The lower concordance
in BELLE-2 probably results from the fact that detec on of
PIK3CA muta on in tumor is performed by using Sanger sequencing, which is not as sensi ve as BEAMing technology.
The presence of PIK3CA muta ons in plasma corresponded
to improved PFS in patients who received buparlisib in
addition to fulvestrant compared with patients who received only fulvestrant in both BELLE-2 and BELLE-3 trials
(Table 4).55,56 However, neither trial analyzed the prognosc signiﬁcance of shedders versus nonshedders of PIK3CA
muta ons.
The role of PIK3CA muta on in breast cancer is being further evaluated in two phase III trials: SOLAR-1
(NCT02437318) is comparing alpelisib (a PI3KA inhibitor)
and fulvestrant versus fulvestrant alone, with a prospecve analysis of PIK3CA muta ons in ctDNA, and SANDPIPER (NCT02340221) is comparing taselisib (GDC-0032)
and fulvestrant versus fulvestrant alone in PIK3CA-mutant
breast cancer as determined by Cobas testing. Otherwise, the eligibility criteria for both trials are similar to
those of BELLE-2 (disease that is refractory to AI). If these
trials will lead to the eventual approval of PIK3CA inhibitors, then PIK3CA muta ons detec on will become very
important.
The prognos c signiﬁcance of pretreatment plasma PIK3CA in cervical cancer was also inves gated in 117 pa ents
with cervical cancer treated in Hong Kong over a period of
10 years (1997 to 2007). ddPCR was used to detect PIK3CA
E542K and E545K muta ons.57 Overall, 26 of 117 (22.2%) paents were iden ﬁed (23.7% in squamous cell carcinoma of
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TABLE 3. Performance Characteris cs of OncoBEAM RAS CRC Kit, Idylla ctKRAS, and Idylla ctNRAS-BRAF
Muta on Tests
OncoBEAM RAS CRC Kit

Idyllact KRAS Muta on Test

Idylla ctNRAS-BRAF Muta on Test

CE Mark Approval Date

April 2016

November 2017

November 2017

Technology

BEAMing digital PCR

Idylla real- me PCR

Idylla real- me PCR

Amount of Plasma Needed,
mL

3–4

1

1

Hands-on Time, min

Dedicated technician

<1

<1

Turnaround Time

1 wk

130 min

110 min

Gene Coverage

34 muta ons: 16 KRAS and 18 NRAS
Exon 2: codons 12 and 13
Exon 3: codons 59 and 61
Exon 4: codons 117 and 146

21 KRAS
Exon 2: codons 12 and 13
Exon 3: codons 59 and 61
Exon 4: codons 117 and 146

18 NRAS
Exon 2: codons 12 and 13
Exon 3: codons 59 and 61
Exon 4: codons 117 and 146
5 BRAF
Exon 15: codon 600

Sensi vity in Plasma, %

0.02–0.04

0.5

0.5

MAF Quan ﬁca on

Quan ta ve

Semiquan ta ve

Semiquan ta ve

Clinical Validity Measures

OncoBEAM RAS CRC Kit, Instruc ons for
Use OBMRASIVD37
Tissue comparator test: standard of
care ssue tes ng
Sensi vity: 92.6% (112/121)
Speciﬁcity: 94.0% (110/117)
Concordance: 93.3% (222/238)
Grasselli et al, 2017 (n = 146)38
Tissue comparator test: PCR
Sensi vity: 89%
Speciﬁcity: 90%
Concordance: 89.7%
PPV: 84%
NPV: 93%
Vidal et al, 2017 (n = 115)39
Tissue comparator test: comparison:
standard of care
Sensi vity: 92.6% (112/121)
Speciﬁcity: 94% (110/117)
Concordance: 93.3% (222/238)
Schmiegel et al, 2017 (n = 98)40
Tissue comparator test: Sanger
sequencing
Sensi vity: 90.4% (47/52)
Speciﬁcity: 93.5% (43/46)
Concordance: 91.8% (90/98)
Normanno et al, 2017 (n = 92)43
Tissue comparator test: NGS
Sensi vity: 69.7%
Speciﬁcity: 83.1%
Concordance: 78.3% (72/92)
PPV: 69.7%; 83.1%
Hahn et al, 2015 (n = 46)42
Comparator tumor test: Sanger
sequencing or pyrosequencing
Sensi vity: 92% (23/25)
Speciﬁcity: 100% (21/21)
Concordance: 96% (44/46)

RASANC study (n = 198)45,46
Comparator test: plasma-based NGS analysis with sensi vity of 0.2%
KRAS+ (n = 84)
NRAS+ (n = 6)
BRAF+ (n = 13)

Clinical Outcome

Grasselli et al, 2017 (n = 146)38
Median OS:
Tissue KRAS-wild-type: 39.1 mo
Tissue KRAS-mutated: 28.7 mo
Plasma KRAS-wild-type: 42.9 mo
Plasma KRAS mutated: 27.8 mo

RAS: Sensi vity: 97.8% (90/92)
RAS: Speciﬁcity: 95.3% (101/106)
RAS: Concordance: 96.5% (191/198)
KRAS: Concordance: 96%
NRAS: Concordance: 100%
BRAF: Concordance: 99.5%

NR

Abbrevia ons: CE, Conformité Européene; PCR, polymerase chain reac on; MAF, mutant allele frequency; PPV, posi ve predic ve value; NPV, nega ve predic ve value; NGS, next-genera on sequencing; NR,
not reported.
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6.9 (6.8–7.8)

0.78 (0.67–0.89)

.00021 (1-sided)

Median PFS, mo
(95% CI)

HR (95% CI)

p Value
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3.9 (2.8–4.2)

0.67 (0.53–0.84)

.0030

ORR, % (95% CI)

Median PFS, mo
(95% CI)

HR (95% CI)

1.8 (1.5–2.8)

143

5.0 (4.0–5.2)

7.7% (5.7–10.2)

571

Placebo and
Fulvestrant

.0031

0.46 (0.29–0.73)

4.2 (2.8–6.7)

100

.001 (1-sided)

0.58 (0.41–0.82)

7.0 (5.0–10.0)

18.4 (10.9–28.1)

87

Buparlisib and
Fulvestrant

1.6 (1.4–2.8)

35

3.2 (2.0–5.1)

3.5 (1.0–8.8)

113

Placebo and
Fulvestrant

ctDNA PIK3CA+

.026

0.73 (0.53–1.00)

3.9 (2.8–4.3)

132

.557 (1-sided)

1.02 (0.79–1.30)

6.8 (4.7–8.5)

11.6 (7.5–16.8)

199

Buparlisib and
Fulvestrant

2.7 (1.5–3.6)

81

6.8 (4.7–8.6)

10.6%
(6.6–16.0)

188

Placebo and
Fulvestrant

ctDNA PIK3CA−

< .0001

0.39 (0.23–0.65)

4.7 (2.9–6.7)

75

NR

1.18 (0.4 9–2.85)

4.4 (1.6–NE)

NR

21

Buparlisib and
Fulvestrant

1.4 (1.4–2.2)

34

10.7 (3.0–NE)

NR

19

Placebo and
Fulvestrant

Tumor PIK3CA+

.099

0.81 (0.59–1.12)

2.8 (1.9–3.4)

135

NR

0.98 (0.72–1.32)

5.1 (3.5–8.5)

NR

123

Buparlisib and
Fulvestrant

1.7 (1.4 -2.9)

69

4.7 (3.3–8.5)

NR

120

Placebo and
Fulvestrant

Tumor PIK3CA−

*BELLE-2: Women who were estrogen receptor–posi ve or progesterone receptor–posi ve, human epidermal growth factor receptor 2–nega ve, aromatase inhibitor refractory. ctDNA PKI3CA determined by BEAMing polymerase chain reac on; tumor PIK3CA determined by Sanger
sequencing.
**BELLE-3: Women who were estrogen receptor-posi ve or progesterone receptor–posi ve, human epidermal growth factor receptor 2–nega ve, aromatase inhibitor refractory, and refractory to mTOR inhibi on. ctDNA PIK3CA determined by Inos cs BEAMing polymerase chain
reac on, covering exons 9 and 20; tumor PIK3CA determined by Cobas PIK3CA assay covering exons 7, 9, and 20.
Abbrevia ons: ORR, overall response rate; NR, not reported; NE, not evaluable; PFS, progression-free survival; HR, hazard ra o.

289

Pa ents, n

BELLE-3**

576

11.8 (9.3–14.7)

Pa ents, n

Buparlisib and
Fulvestrant

ORR, % (95% CI)

BELLE-2*

Variable

Overall Popula on

TABLE 4. Clinical Outcomes of BELLE-2 and BELLE-3 According to PKI3CA Muta on Status in Tumor and Plasma
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the cervix and 15.0% in adenocarcinoma of the cervix). The
presence of plasma PIK3CA muta ons was associated with
high pathologic grade and large tumor size (mean tumor
size, 4 cm) compared with 3 cm for pa ents nega ve for
plasma PIK3CA muta ons but was not associated with age,
clinical stage, presence or absence of lymphovascular invasion, or pelvic lymph node metastasis. Although PIK3CA muta on was associated with shortened disease-free survival and
OS on univariate analysis, on mul variate analysis PIK3CA
muta on did not aﬀect disease-free survival (HR 1.449; p =
.464) or OS (HR 1.261; p = .643). Going forward, in analyses
of larger cohorts of pa ents with cervical cancer who have
uniform stage, histology, histologic grade, and treatment
modality and are from a more contemporaneous treatment
period, plasma PIK3CA muta ons may turn out to be an important prognos c factor in cervical cancer. Liquid biopsy for
PIK3CA muta on has also been inves gated in small numbers of pa ents with bladder cancer and mCRC.58,59

HER2 Ampliﬁca on
HER2 ampliﬁca on was validated as an ac onable target
in breast cancer in 2001 and in gastric adenocarcinoma in
2010.60,61 The gold standard of detec ng HER2 ampliﬁca on
in breast cancer is by immunohistochemistry or ﬂorescence
in situ hybridiza on. Given the generally ready availability of
tumor ssue from pa ents with breast cancer, there is scant
literature on the use of liquid biopsy to detect or to monitor HER2 ampliﬁca on at diagnosis or during treatment,
respec vely. Small studies have demonstrated that HER2
ampliﬁca on detected in plasma correlates well with tumor
HER2 ampliﬁca on and that the level of HER2 ampliﬁca on
can be used to monitor treatment and recurrence in gastric
cancer.62,63 HER2 ampliﬁca on was successfully iden ﬁed by
using a liquid biopsy NGS panel to iden fy driver muta ons
to enroll in a basket targeted therapy trial that included
HER2 inhibi on.64

USE OF LIQUID BIOPSY TO DETERMINE
RESISTANCE MECHANISMS TO HORMONAL
BLOCKADE IN SOLID TUMORS
Estrogen Receptor (ESR1) Muta on
Detec on of ESR1 muta on (primarily in the ligand-binding
domain) in plasma has been inves gated as a resistance
mechanism to an AI in two randomized phase III trials, SoFEA (Study of Faslodex Versus Exemestane With or Without Arimidex) and PALOMA3 (Palbociclib Combined With
Fulvestrant in Hormone Receptor–Posi ve HER2-Nega ve
Metasta c Breast Cancer A er Endocrine Failure), using the
Bio-Rad QX-200 ddPCR system. In the SoFEA analysis, paents with mutant ESR1 in the exemestane treatment arm
had signiﬁcantly worse PFS (p = .01) than those without
mutated ESR1. Similarly, PFS was signiﬁcantly improved (p =
.02) in pa ents with mutant ESR1 when they received fulvestrant-containing regimens but not (p = .77) in pa ents with
wild-type ESR1 (Table 5). On the other hand, not surprisingly, the retrospective analysis of the PALOMA3 showed
that both ESR1-mutated (HR 0.43; 95% CI, 0.25–0.74;
p = .002) and ESR1 wild-type (HR 0.49; 95% CI, 0.35–0.70;
p < .001) pa ents beneﬁted from the addi on of palbociclib to fulvestrant compared with those receiving placebo
and fulvestrant because palbociclib is a CDK4/6 inhibitor
(Table 6).65
Together, these two trials suggest that for patients
who progressed while receiving a nonsteroidal AI and
have detectable ESR1 mutations, it is best to switch to
fulvestrant-containing regimens, such as fulvestrant and
palbociclib. For pa ents who progressed while receiving
a nonsteroidal AI and have no detectable ESR1 muta ons,
switching to an irreversible AI, such as exemestane, remains
a treatment option before proceeding to fulvestrantcontain regimens. These are hypothesis-genera ng observations because only 161 of 723 (22.3%) patients enrolled in the SoFEA and only 360 of 551 (65.3%) pa ents

Table 5. Eﬀect of ESR1 Muta ons on Clinical Outcome in Pa ents Receiving Endocrine Therapies in SoFEA Trial
Exemestane
ESR1 Wild-Type

ESR1-Mutated

Pa ents (n)

Variable

39

18

Hazard Ra o (95% CI); p Value

Median PFS, mo (95% CI)

8.0 (3.0–11.5)

2.6 (2.4–6.2)

2.12 (1.18–3.81); .01

Median OS, mo (95% CI)

22.8 (17.6–32.4)

12.8 (5.7–27.0)

1.65 (0.81–3.38); .16

ESR1-Mutated
Fulvestrant Regimens

Exemestane

Pa ents (n)

45

18

Median PFS, mo (95% CI)

5.7 (3.0–8.5)

2.6 (2.4–6.2)

0.52 (CI, 0.30–0.92); .02

ESR1 Wild-Type
Fulvestrant Regimens

Exemestane

Pa ents (n)

59

39

Median PFS, mo (95% CI)

8.0 (3.0–11.5)

5.4 (3.7–81.)

1.07 (0.68–1.67); .77

Abbrevia on: PFS, progression-free survival.
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enrolled in PALOMA3 had plasma available and successfully
analyzed.
In the PALOMA3 trial, logis c mul variate analysis showed
that the presence of plasma ESR1 muta ons was nega vely
associated with tamoxifen treatment only (odds ra o [OR],
0.06; 95% CI, 0.01–0.45; p = .01) and posi vely associated
with sensi vity to endocrine therapy (OR, 3.95; 95% CI,
1.59–9.78; p = .003), bone metastasis (OR, 3.31; 95% CI,
1.54–6.39; p = .002), and visceral metastasis (OR, 1.74; 95%
CI, 1.02–2.98; p = .04). Importantly, mul variate analysis of
the PFS beneﬁt in PALOMA3 showed a nega ve associa on
with plasma ESR1-mutated genotype (HR 1.4; 95% CI, 1.07–
2.08; p = .02), even a er factoring in the signiﬁcant beneﬁt
from palbociclib.65
Recent analysis of a large trial of ﬁrst-line AI therapy in
breast cancer indicated that ESR1 muta ons may play a role
in AI resistance, but other resistance mechanism, such as
KRAS, have been iden ﬁed.66 Finally, liquid biopsy using NGS
indicated mul ple resistance mechanisms to AI in addi on
to ESR1 muta ons.67

95% CI, 2.7–24.9; p < .001), clinical/radiographic PFS (HR 4.9;
95% CI, 1.7–13.8; p = .003), or OS (HR 5.0; 95% CI, 1.3–
19.8; p = .021; Table 7).68 Further study has indicated that
AR amplification was associated with resistance to enzalutamide, and muta ons (H874Y, T877A, D879E, L881I,
E893K, and M895V) in the ligand-binding domain of AR
are more associated with resistance to abiteratone.69 More
recently, a longitudinal multiplex targeting sequencing
of plasma from a study of 65 patients with castrationresistant prostate cancer receiving enzalutamide indicated that besides AR ampliﬁca on of AR muta ons, RB1
loss (p = .01) and MET copy number gain/amplification
(p = .2) were significantly associated with shorter PFS
after adjustment for the presence of ctDNA.70 Overall
muta ons in the direct target of hormonal blockade can
par ally explain the resistance to hormonal treatment of
breast and prostate cancer. However, the advent of NGS
liquid biopsy has allowed the discovery a much more complex pa ern of resistance mechanisms.

Androgen Receptor Variant 7

Liquid biopsy using NGS will be the dominant pla orm, with
its increased depth of coverage, simultaneous mul gene
sequencing, and ability to simultaneously detect all modes
of genomic altera ons (point muta ons, inser on/dele on
[indel], ampliﬁca on, and gene rearrangements) to account for both tumor heterogeneity and mul ple resistance
mechanisms and determina on of tumor muta on burden
(TMB). The two most common commercially used liquid biopsies are Guardant360 (Guardant Health, Redwood City,
CA) and Founda onACT (Founda on Medicine Inc., Cambridge, MA). As listed in Table 8, the limit of detec on and

NEXT GENERATION SEQUENCING PLATFORMS

A splice variant of the androgen receptor variant 7 (AR-V7)
that deletes the ligand domain of AR isolated from circula ng tumor cells in the plasma is involved in de novo and
acquired resistance to abiraterone (an androgen synthesis
inhibitor) and enzalutamide (an AR ligand–binding domain
antagonist), both of which have been approved for the
treatment of castra on-resistant prostate cancer (Table 7).
In mul variable Cox regression analysis stra ﬁed by treatment type, AR-V7 detec on remained independently predic ve of prostate-speciﬁc an gen–deﬁned PFS (HR 8.2;

Table 6. Eﬀect of ESR1 Muta ons on Clinical Outcome in Pa ents Receiving Endocrine Therapies in PALOMA3
Trial
ESR1-Mutated
Placebo + Fulvestrant

Odds Ra o or Hazard Ra o (95% CI); p Value
Sta s cal Considera on

Variable

Palbociclib + Fulvestrant

Pa ents, n

63

28

ORR, %

17.5

3.6

5.94* (0.78–270.5); .06

Median PFS, mo (95% CI)

9.4 (5.3–11.1)

3.6 (2.0–5.5)

0.43** (0.25–0.74); .002

ESR1 Wild Type
Palbociclib + Fulvestrant

Placebo + Fulvestrant

Pa ents, n

177

92

ORR,%

21.5

14.1

1.66* (0.81–3.61); .14

Median PFS, mo (95% CI)

9.5 (9.2–NE)

5.4 (3.5–7.4)

0.49** (0.35–0.70); ≤ .001

ESR1 Status Available
ESR1 Wild Type

ESR1-Mutated

Pa ents, n

261

91

Median PFS (95% CI)

9.2 (7.4–10.9)

7.3 (3.7–9.1)

*Odds ra o (univariate analysis).
**Hazard ra o (univariate analysis).
Abbrevia ons: ORR, overall response rate; NE, not evaluable.

988

2018 ASCO EDUCATIONAL BOOK | asco.org/edbook

1.46** (1.06–2.02); .02

LIQUID BIOPSY TO IDENTIFY ACTIONABLE GENOMIC ALTERATIONS

TABLE 7. Androgen Receptor Variant 7 Detected by Quan ta ve Reverse Transcriptase Polymerase Chain
Reac on in Circula ng Tumor Cells as Both Primary and Acquired Resistance to Abiraterone and Enzalutamide
Abiraterone (n = 31)

Enzalutamide (n = 31)

Pretreatment
AR-V7–Posi ve

Pretreatment
AR-V7–Nega ve

Pretreatment
AR-V7–Posi ve

Pretreatment
AR-V7–Nega ve

Pa ents, n

6

25

12

19

PSA ORR, % (95% CI)

0 (0–46)

68 (46–85)

0 (0–26)

53 (29–76)

5.3 (5.3–NR)

1.4 (0.9–NR)

p Value
PSA PFS, mo (95% CI)
HR (95% CI)
p Value
*

.004
1.3 (0.9–NR)
16.1 (3.9–66.0)

7.4 (2.7–20.6)

< .001

< .001

PFS , mo (95% CI)

2.3 (1.4–NR)

HR (95% CI)

16.5 (3.3–82.9)

p Value

.004

6.3 (6.3–NR)

2.1 (2.0–NR)

6.1 (4.7–NR)

8.5 (2.8–25.5)

< .001

< .001

OS, mo

10.6

HR (95% CI)

12.7 (1.3–125.3)

6.9 (1.7–28.1)

.006

.002

p Value

6.0 (3.8–NR)

NR

5.5

Pretreatment
(n = 62)

NR

Pretreatment
AR-V7–Nega ve (n = 42)

AR-V7–Posi ve

AR-V7–Nega ve

Post-Treatment
AR-V7–Nega ve

Post-Treatment
AR-V7–Posi ve

Pa ents, n

18

44

36

6

ORR, % (95% CI)

0 (0–19)

61 (45–76)

68 (52–81)

17 (4–58)

p Value

< .0001

PSA PFS, mo (95% CI)

1.4 (0.9–2.6)

HR (95% CI)

10.5 (4.7–23.6)

p Value

NA
6.1 (5.3–NR)

6.1 (5.9–NA)

< .001

NA

PFS*, mo (95% CI)

2.1 (1.9–3)

HR (95% CI)

12.7 (5.1–31.9)

NA

< .001

NA

p Value

6.4 (6.1–NR)

>11.9 (11.9–NR)

6.5 (6.1–NA)

OS (95% CI)

9.2 (4.5–NR)

HR (95% CI)

8.3 (2.5–27.4)

NA

< .001

NA

p Value

3.0 (2.2–NA)

NA

NA

3.2 (3.1–NA)

NA

*Clinical or radiographic; PSA response is deﬁned as ≥50% decline in baseline PSA maintained for ≥4 weeks.
Abbrevia ons: AR-V7, androgen receptor-variant 7; PSA, prostate-speciﬁc an gen; ORR, overall response rate; PFS, progression-free survival; NR, not reached; HR, hazard ra o; OS, overall survival; NA, not
available.

the gene panel of Guardant360 has evolved over me. It is
important to be aware of the number of exact genes included in the NGS sequencing pla orm by consul ng with the
company websites because technology advances will lead
to increased complexi es of the NGS panel being oﬀered
commercially. It is also important to note how the interpreta on of the literature depends on the various versions of
Guardant360.
Among the many other NGS liquid biopsy pla orms that
are available or under development are Oncomine Lung
cfDNA Assay (ThermoFisher Scientific, Waltham, MA),88
Archer Reveal ctDNA (ArcherDX, Boulder, CO),89 Oncotype SEQ (Genomic Health, Redwood City, CA),90 LiquidDx
(MolecularMD, Portland, OR),91 CancerIntercept Detect

and CancerIntercept Monitor (Pathway Genomics, San Diego,
CA),92 Op Seq NGS Pan-Cancer Panel (DiCarta, Richmond,
CA),93 and PlasmaSELECT (Personal Genome Diagnos cs,
Bal more, MD).94

USE OF LIQUID BIOPSY TO DETERMINE
TUMOR MUTATION BURDEN
TMB is usually expressed as number of muta ons per megabase of DNA (MB)95 and has been shown to be predic ve to
response to an –PD-L1 therapy.96 In the CheckMate026 trial,
which compared nivolumab to pla num-based chemotherapy
as ﬁrst-line treatment of NSCLC, OS did not diﬀer between
nivolumab and chemotherapy. A subgroup analyzed with
TMB, as determined by whole-exome sequencing, indicated
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Varies between < 0.1% and
0.1%; depends on par cular
gene

Varies between < 0.1% and
0.1%; depends on par cular
gene

Indel

CNV/Ampliﬁca on

Turnaround Time for Results

Fusions/Rearrangement

Varies between < 0.1% and
0.1%; depends on par cular
gene

Single-Nucleo de Varia on

CNV (3 genes)

?10,000× (average raw)

Cri cal exons (36 genes)

Depth of Coverage

Complete exons (18 genes)

Types of Altera ons Analyzed
and No. of Genes

HiSEqua on 2500 (Illumina)1,2

Cri cal exons (39 genes)

QIAamp circula ng nucleic acid
kit (Qiagen)

Methods for Isola ng ctDNA

Sequencing Pla orm

Complete exons (29 genes)

> 5 ng of cell-free DNA1

Minimal Amount of Cell-Free
DNA

Varies between < 0.1% and
0.1%; depends on par cular gene

Varies between < 0.1% and
0.1%; depends on par cular gene

Varies between < 0.1% and
0.1%; depends on par cular gene

Varies between < 0.1% and
0.1%; depends on par cular gene

†

Within 2 wk of receiving
blood sample

Varies between < 0.1% and
0.1%; depends on par cular gene

Varies between < 0.1% and
0.1%; depends on par cular gene

Varies between < 0.1% and
0.1%; depends on par cular gene

Varies between < 0.1% and
0.1%; depends on par cular gene

HiSeq 2500 or NextSEqua on
500 (Illumina)

Fusions (6 genes)

Fusions (4 genes)
HiSeq 2500 or NextSEqua on
500 (Illumina)

Indels (3 genes)
CNV (18 genes)

Indel (1 gene)

Cri cal exons (40 genes)

Complete exons (30 genes)

QIAamp circula ng nucleic
acid kit (Qiagen)

> 5 ng of cell-free DNA1

Two 10-mL Streck tubes

October 2015

Guardant360 70-Gene Panel

CNV (16 genes)

QIAamp circula ng nucleic
acid kit (Qiagen)

> 5 ng of cell-free DNA1

Two 10-mL Streck tubes

Two 10-mL Streck tubes

Amount of Blood Needed

August 2015

June 2014

Guardant360 68-Gene Panel

Commercial Launch Date

Guardant360 54-Gene Panel

†

Median of 7 calendar days of
receiving blood sample

≥ 0.04%; > 0.2% sensi vity 95%,
PPV 100%; 0.05–0.2% sensi vity 83%, PPV 100%

≥ 2.12 copies

≥ 0.02%; > 0.02%, sensi vity
100%, PPV 98.2%; 0.05-0.2%
sensi vity 67.8%, PPV 98.2%

≥ 0.04%; > 0.25%, sensivi y
100%, PPV 99.2%; 0.05-0.25%
sensi vity 63.8%, PPV 96.3%

~15,000x (average raw)

HiSeq 2500 or NextSEqua on
500 (Illumina)

Fusions (6 genes)

CNV (18 genes)

Indels (23 genes)

Cri cal exons (54 genes)

Complete exons (19 genes)**

QIAamp circula ng nucleic acid
kit (Qiagen)

> 5 ng of cell-free DNA1

Two 10-mL Streck tubes

November 2016

Guardant360 73-Gene Panel*71

Con nued

Within 2 wk of receiving blood sample

≥ 1% (sensi vity > 99.9%; PPV, 98.8%)
< 1% (sensi vity, 86.8%; PPV > 99%)

≥ 20% (sensi vity, 95.3%; PPV, 97.5%)

≥ 1% (sensi vity, 99.9%; PPV, 98.8%)

≥ 0.1% (0.1%–0.5%; sensi vity, 67.3%;
PPV, 93.6%)
≥ 0.05% (sensi vity > 98.9%; PPV >
99.9%)

7,503× (median, unique, actual depth
of coverage reported)

HiSeq 2500 or HiSeq 4000 (Illumina)

Fusions (6 genes)†‡
Promoter region only (TERT)

Ampliﬁca on (27 genes)

Indel (27genes)

Cri cal exons (33 genes)

Complete exons (27 genes)

≥ 20 ng of cell-free DNA

Two 10-mL tubes (Founda on ACT
Specimen Collec on Kit)

June 2016

Founda on Medicine Founda onACT
62-Gene Panel* 72

TABLE 8. Comparison of Various and Most Current Versions of Guardant360 and Founda on Medicine Founda onACT Liquid Biopsy Pla orms (as of
December 31, 2017)

OU, NAGASAKA, AND ZHU

73-76

NA

75-79

NA

ABL, CSF1R, ERBB4, FLT3,
KDR (VEGFR2), PROC, RB1,
and SMARCB1 genes were
deleted and replaced with
ARAF, ARID1A, BRCA1,
BRCA2, CCND1, CCND2,
CCNE1, CDK4, CDK6,
CDKN2B, ESR1, GATA3,
MAP2K1, MAP2K2, NF1,
NTRK1, NTRK3, NFE2L2,
RHEB, RHOA, RIT1, RAF1,
and ROS1 genes. Copy
number ampliﬁca on
calling increased from 3 to
16 genes (added AR, BRAF,
CCND1, CCND2, CCNE1,
CDK4, CDK6, FGFR1,
FGFR2, KIT, KRAS, MYC,
PDGFRA, PIK3CA, RAF1)
Fusing calling added for
4 genes (ALK, ROS1, RET,
NTRK1). Indel calling added
for EGFR (exon 19/20)

Guardant360 68-Gene Panel

64,75,76,80,81

NA

RB1 and TSC1 genes were
added; number of fusions
detected increased from 4
to 6 (addi onal FGFR2 and
FGFR3 fusion detec on).
Indel coverage for ERBB2
(exon19/20) and MET exon
14 splice site variants was
added

Guardant360 70-Gene Panel

82,83

$5,800 per test ($5,000 suggested
contracted price per test)

SRC and CDKN2B were deleted
from panel and DDR2, MAPK1(ERK2), MAPK3 (ERK1),
MTOR, and NTRK3 were
added. Copy number ampliﬁca on calling was increased
to 18 genes (CCND1, CCND2).
Indel coverage expanded
from 3 to 23 genes (ATM,
APC, ARID1A,BRCA1, BRCA2,
CDH1,CDKN2A, GATA3, KIT,
MLH1,MTOR, NF1, PDGFRA,PTEN,RB1,SMAD4,STK11,TP53,TSC1,VHL)

Guardant360 73-Gene Panel*71

84-87

$5,800 USD per test (contracted price
may vary)

NA

Founda on Medicine Founda onACT
62-Gene Panel* 72

*Although the diﬀerence in the number of genes is 11 between the current Guardant360 and Founda on Medicine Founda onACT, the actual diﬀerence in the number of genes analyzed is 31 because of unique genes analyzed by each liquid biopsy. Twenty-one genes were unique
to Guardant360: AR, ARID1A, ATM, FBXW7, GATA3, HNF1A, MAPK3, MLH1, MPL, NFE2L2, NOTCH1, NTRK1, NTRK3, RB1, RHEB, THOA, RIT1, SMAD, STK11, TSC1, VHL. Ten genes were unique to Founda on Medicine Founda onACT: ABL, BTK, CRKL, ERRFI1, FOXL2, MDM2, MYD88,
PDGFR-beta, PD-L2, VEGF-alpha.
**The 19 genes that have complete exon coverage in the Guardant 73-gene panel are as follows: APC, AR, BRAF, BRAC1, BRCA2, EGFR, ERBB2, HRAS, KRAS, NRAS, KIT, MAPK1(ERK2), MAPK2 (ERK1), MET, MYC, PIK3CA, RB1, TP53, STK11. Underlined genes have complete exon coverage by Founda on Medicine Founda onACT.
†Both Guardant and Founda on Medicine Founda onACT report four common fusions: ALK, ROS1, RET, and FGFR3 fusions. Guardant360 also reports addi onal NTRK1 and FGFR2 fusions, and Founda on Medicine Founda onACT reports addi onal EGFR and PDGFR-alpha fusions.
‡ROS1 rearrangement is the only ROS1 altera on detected by the current version of Founda on Medicine Founda onACT.
Abbrevia ons: PPV, posi ve predic ve value; NA, not available; USD, US dollars.

References (Selected Clinical Use of One Par cular
Pla orm)

Cost

Diﬀerence in Gene Panel

Guardant360 54-Gene Panel

TABLE 8. Comparison of Various and Most Current Versions of Guardant360 and Founda on Medicine Founda onACT Liquid Biopsy Pla orms (as of
December 31, 2017) (Cont'd)

LIQUID BIOPSY TO IDENTIFY ACTIONABLE GENOMIC ALTERATIONS

asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK

991

OU, NAGASAKA, AND ZHU

that pa ents with NSCLC and high TMB had a marginally
significantly improved PFS compared with those receiving pla num-based chemotherapy (9.7 months [95% CI, 5.1
months to not reached] versus 5.8 months [95% CI, 4.2–8.5
months]; HR 0.62 [95% CI, 0.38–1.00]). OS did not diﬀer
between nivolumab and chemotherapy regardless of high
or low TMB.96 Importantly, there is excellent concordance
between TMB as determined by a commercially available
(Founda on Medicine Inc.) ssue-based hybrid-capture
NGS method and whole-exome sequencing of the tumor
but essentially no correlation between TMB and PD-L1
expression.96
It is now feasible to determine TMB by liquid biopsy
using whole-exome sequencing or NGS hybrid-capture
method.97,98 The blood TMB (bTMB) assay developed by
Founda on Medicine Inc. uses 10 mL of plasma to deliver
an account of soma c base subs tu ons down to 0.5%
allele frequency across 394 genes from as li le as 1% tumor content in a cell-free DNA sample. Computa onal
methods diﬀer: bTMB analyzes only single-nucleo de variants (SNVs), whereas ssue TMB also includes analysis
of indels and fusions. Sensi vity, speciﬁcity, and posi ve
predic ve value were 93.9%, 100.0%, and 100.0%, respecvely, when compared with ssue TMB.98 Importantly,
the bTMB assay demonstrates strong sensi vity and speciﬁcity between the cut-points of 8–20 muta ons/MB.
The clinical u lity of the bTMB assay was retrospec vely
analyzed in 783 pa ents with NSCLC receiving secondline therapy (OAK and POPLAR); PFS and OS were compared between atezolizumab (an anti–PD-L1 antibody)
and single-agent docetaxel as second-line treatment. At
a bTMB cutoﬀ of 16 or greater, PFS and OS signiﬁcantly
improved in the phase II randomized POPLAR study.99
Among the 850 pa ents enrolled in the phase III OAK
trial, 583 pa ents were considered as the “biomarkers evaluable popula on” (BEP) for bTMB. A bTMB of
16 or greater represented 27% of the BEP. There was an
OS beneﬁt for pa ents with both bTMB of 16 or greater
(HR 0.64; 95% CI, 0.44–0.92) and bTMB less than 16 (HR
0.65; 95% CI, 0.52–0.81). Indeed, PFS (HR 0.73; 95% CI,
0.56–0.95) and OS (HR 0.69; 95% CI, 0.52–0.93) beneﬁts
were observed in pa ents with bTMB of 10 or less. A bTMB
of 10 or less represents 43% of the BEP, and the sensitivity and speciﬁcity were both 100% when compared
with ssue TMB.99 The bTMB assay is being validated in
two trials. B-F1RST (NCT02848651) is a phase II singlearm study of atezolizumab as first-line treatment of
NSCLC while prospec vely collec ng plasma to evaluate
whether bTMB can predict for improved clinical outcome with atezolizumab. B-FAST (NCT03178552) is prospec vely enrolling pa ents with NSCLC receiving ﬁrst-line
therapy in a global, mul center, mul cohort, randomized
phase II/III trial without certain targetable driver muta ons
(RET or ALK fusion) detected based on blood-based assays;
addi onally, the trial is comparing single-agent atezolizumab
therapy to standard of care based on bTMB results for those
pa ents without RET or ALK rearrangement.100
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USE OF CTDNA IN LIQUID BIOPSY TO DETECT
MINIMAL RESIDUAL DISEASE IN SOLID
TUMORS
Most solid tumors do not have a single truncal ac onable
driver muta on. There is vast literature on the use of nonspeciﬁc ctDNA in solid malignancies ranging from detec on
to monitor treatment response to detec on of recurrence,
and even for survival prognos ca on, all of which are beyond the scope of this review. However, ctDNA detec on
by liquid NGS has been used to iden fy minimal residual
disease (MRD); we review two important studies here.101,102
In a study of 230 pa ents with resected stage II colon
cancer conducted by Tie and colleagues, 20 (8.7%) pa ents
had ctDNA detected by massive parallel sequencing. Most
of these muta ons were TP53, APC, and KRAS. There was
no diﬀerence in clinicopathologic diﬀerence (age, sex, rightversus left-sided colon, tumor differentiation, T3 versus
T4, number of lymph node resected < 12 versus ≥ 12, mismatch repair status, presence or absence of lymphovascular
invasion, with or without adjuvant chemotherapy) between pa ents with and without detectable ctDNA. Among
the 178 pa ents not treated with adjuvant chemotherapy,
postoperative recurrence occurred in 11 of 14 (78.6%)
ctDNA-posi ve pa ents compared with 16 of 164 (9.8%)
ctDNA-nega ve pa ents. The 3-year relapse-free survival
rate was 0% for ctDNA-posi ve pa ents compared with 90%
for ctDNA-nega ve pa ents (HR 18; 95% CI, 7.9–40; p = 2.5 ×
10−12). By mul variate analysis, ctDNA posi vity (HR 28;
95% CI, 11–68; p = .0001) and T stage (T4 versus T3; HR 8.1;
95% CI, 3.1–21; p < .0001) were the two independent
predic ve factor for RFS a er factoring in the above clinicopathologic factors. In addi on, among the 230 pa ents,
ctDNA positivity (HR 14; 95% CI, 6.8–28; p < .0001) and
T stage (HR 2.6; 95% CI, 3.1–5.5; p = .001) remained the
two independent factors for PFS a er factoring in adjuvant
chemotherapy. More importantly, postopera ve eleva on of
CEA level was not a predic ve factor for relapse-free survival,
even by univariate analysis with or without adjuvant chemotherapy.101 Furthermore, ctDNA posi vity immediately a er
comple on of postopera ve chemotherapy was signiﬁcantly
associated with poor relapse-free survival (HR 11; 95% CI,
1.8–6.8; p = .001). However, the number of pa ents analyzed
was 44, and only three pa ents had ctDNA posi vity immediately a er comple on of postopera ve chemotherapy.
Finally, during the follow-up period, ctDNA was signiﬁcantly more frequently posi ve (23/27 [85%]) than was CEA
eleva on (11/27 [41%]) at the me of radiographic recurrence (p = .002). The me between ctDNA posi vity (median, 167 days) was signiﬁcantly longer than that between
CEA eleva on (median, 61 days) to radiographic recurrence
(p = .04). This retrospec ve analysis of prospec ve collected
data indicated that ctDNA monitoring has the ability to
detect MRD and hence early recurrence, leading to the poten al ini a on and/or lengthening of adjuvant chemotherapy based on the presence or absence of ctDNAs. There is
a randomzied ctDNA driven adjuvant chemotherapy trial in
resected stage II CRC in Australia/New Zealand (DYNAMIC,
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Trial ID number: ACTRN12615000381583). In the standardof-care arm, adjuvant chemotherapy wil be given as determined by the clinicians, while in the inves ga onal arm, adjuvant chemothrapy will be guided by the presence (adjuvant
chemotherapy) or absence (no adjuvant chemotheray) of
postopera ve ctDNA in resected stage II CRC. The primary
endpoint is to evaluate whether an adjuvant therapy strategy
based on ctDNA results may aﬀect the number of pa ents
treated with chemotherapy and recurrence-free survival.
TRACERx is a U.K. study that developed proprietary NGS
technology to link the individual pa ent’s tumor DNA to
plasma ctDNA by iden fying two dis nct tumor-associated
muta ons (usually SNV).102 The resected tumor was further
microdissected at several diﬀerent areas, and all “subtumors” underwent NGS sequencing to detect tumor heterogeneity.103 The TRACERx study group used this phylogene c
ctDNA (at least two SNVs) tracking to detect recurrence in
96 pa ents with resected early-stage lung cancer. A group
of 24 pa ents were followed longitudinally with pre- and
postopera ve plasma ctDNA; of these, 10 had been relapse
free for a median of 775 days, whereas 14 had conﬁrmed relapse. Thirteen of the 14 pa ents who relapsed had ctDNA
detected before or at clinical relapse compared with only
one of 10 pa ents in remission (two SNVs). Overall, the median dura on between ctDNA detec on and radiographic
evidence of relapse was 70 days. Relapse can involve one or
more subclones. This analysis has some limita ons due to
lack of regularly scheduled imaging to account for poten al
lead- me bias of regular liquid biopsy compared with detec on of recurrence by clinical prac ce.104 Regardless, the
TRACERx approach remains an important technology that
accounts for tumor heterogeneity in the primary tumor, especially because most lung cancers do not harbor a signature ac onable driver altera on.
Detec on of MRD may turn out to be the most important
aspect of use of liquid biopsy because it may help guide extent of adjuvant treatment,105 similar to the use of EpsteinBarr virus load in the treatment of early-stage nasopharyngeal carcinoma.106

SHEDDERS VERSUS NONSHEDDERS OF
ACTIONABLE GENOMIC ALTERATIONS
In the TRACERx study, 46 of 96 pa ents had at least two
SNVs that allowed phylogene c ctDNA tracking, including
30 of 31 (97%) lung squamous cell carcinomas, 11 of 58
(19%) lung adenocarcinomas, and ﬁve of seven other NSCLCs.
Among stage I NSCLC, 16 of 17 squamous cell carcinomas
(94%) compared with ﬁve of 39 (13%) adenocarcinomas

had detectable ctDNA. Of note, the median necrosis rate
in lung squamous cell carcinoma (40%; n = 31) was signiﬁcantly higher than in ctDNA-posi ve lung adenocarcinomas
(15%; n = 11) and ctDNA-nega ve adenocarcinomas (2%;
n = 47; p < .0001). Mul variate analysis indicated that nonadenocarcinoma histology (p = .001), lymphovascular invasion
(p = .042), and high Ki-67 prolifera on index (p = .022) are
independent predictors of ctDNA posi vity but not tumor
necrosis (10% increment increase; p = .862), tumor size
(1-cm increment increase; p = .134), or amount of cfDNA
(p = .229). Importantly, the mean plasma variant allele frequency posi vely corresponded to tumor size. The TRACERx
team was able to es mate that a mean clonal plasma variant
allele frequency of 0.1% corresponds to a tumor burden of
10 cm3 or a burden of 302 million tumor cells.102
A large-scale systemic review of 39 studies that included
4,052 pa ents, the detec on of ctDNA was associated with
a signiﬁcantly worse OS in mul variable analyses [HR 2.70;
95% CI, 2.02–3.61; p < .001).107 There was also a sta s cally
signiﬁcant associa on between high total cell-free DNA and
worse OS at 3 years by mul variate analysis (HR 1.91; 95%
CI, 1.59–2.29; p < .001).107 Thus, the use of liquid biopsy to
iden fy shedders and nonshedders has important clinical
implica on and has been proposed to be included as part
of the staging workup (tumor, node, metastasis, biopsy).10

CONCLUSION
The advantages of liquid biopsy not only include the possibility to circumvent the need to achieve adequate tumor
ssue biopsy specimens, it also reﬂects an aggregate of
ctDNA output from poten ally both primary and all metasta c sites accoun ng for tumor heterogeneity that cannot be evaluated by a single core tumor needle biopsy.
Liquid biopsy may provide prognos c implica on and help
guide ini a on and/or dura on of adjuvant treatment by
detecting MRD. Although all the current governmentapproved liquid biopsy test kits are designed to detect only
muta ons in one or a few speciﬁc genes, the future of liquid
biopsy will be using NGS with increased sensi vity and ability to detect all modes of gene c altera on and TMB. The
gene panel and limit of detec on used by commercial NGS
liquid biopsy kits change over me. It is incumbent upon the
ordering physician to understand the current NGS pla orms
and performance characteris cs and upon readers to interpret the literature with the comprehension of the changes
in the gene panel and performance characteris cs of commercial NGS tests as me goes by.
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Complexity of Delivering Precision Medicine: Opportunities
and Challenges
Andrew A. Davis, MD, Amy E. McKee, MD, Warren A. Kibbe, PhD, and Victoria M. Villaflor, MD
OVERVIEW
Precision medicine has emerged as a tool to match patients with the appropriate treatment based on the precise molecular
features of an individual patient’s tumor. Although examples of targeted therapies exist resulting in dramatic improvements
in patient outcomes, comprehensive genomic profiling of tumors has also demonstrated the incredible complexity of molecular alterations in tissue and blood. These sequencing methods provide opportunities to study the landscape of tumors
at baseline and serially in response to treatment. These tools also serve as important biomarkers to detect resistance to
treatment and determine higher likelihood of responding to particular treatments, such as immune checkpoint blockade.
Federally funded and publicly available data repositories have emerged as mechanisms for data sharing. In addition, novel
clinical trials are emerging to develop new ways of incorporating molecular matched therapy into clinical trials. Various
challenges to delivery of precision oncology include understanding the complexity of advanced tumors based on evolving
“omics” and treatment resistance. For physicians, determining when and how to incorporate genetic and molecular tools
into clinic in a cost-effective manner is critical. Finally, we discuss the importance of well-designed prospective clinical
trials, biomarkers such as liquid biopsies, the use of multidisciplinary tumor boards, and data sharing as evidence-based
medicine tools to optimally study and deliver precision oncology to our patients.

P

recision medicine in oncology aims to match individual
patients with the right treatment at the right time based
on the patient’s biologic and molecular characteristics. Early
successes with molecularly targeted agents included the
approval of the tyrosine kinase inhibitor imatinib (Gleevec;
Novartis), directed at BCR-ABL in chronic myeloid leukemia,
and trastuzumab, a monoclonal antibody that targets HER2
amplification in breast cancer.1,2 These agents demonstrated great promise in transforming disease outcomes
and improving patient survival. Currently, precision medicine approaches are being applied with molecularly targeted
and immune-based therapeutics across multiple histologies,
most notably advanced melanoma and non–small cell lung
cancer (NSCLC), among many others. Now, with the advancement and availability of genomic, transcriptomic, proteomic,
and metabolomic data, the field is approaching a tipping
point. These tools have opened a window through which
we can view the incredible complexity and dynamic nature
of an individual tumor and begin to assess tumor heterogeneity and predict treatment resistance. When assessing
“-omics” data from single patients, there are many challenges that complicate therapeutic decision-making. These
include relatively simple challenges, such as distinguishing

driver and passenger mutations in a given patient, to complex problems, such as accurately assessing and predicting
the safety and efficacy of combination therapies based on
clinical, pathology, and molecular profiles. Furthermore,
across larger cohorts, novel strategies for biomarker-driven
therapies, clinical trial design, and meaningful data sharing
are necessary to move the field forward. In this article,
we review opportunities and challenges in delivering precision medicine to individual patients and explore effective
tools under development that will inevitably change the way
oncology is practiced.

TARGETED THERAPY
Through the years, there have been a number of success
stories demonstrating the promise of targeted therapy in
precision oncology. In several instances, particular drug
regimens have demonstrated promise based on molecular
targets across multiple tumor histologies. For example, the
tyrosine kinase inhibitor imatinib has demonstrated efficacy
in both chronic myeloid leukemia with BCR-ABL fusion gene
and tumors expressing c-kit in gastrointestinal stromal tumors
based on blocking activated receptor tyrosine kinase activity,
but no efficacy was reported in adenoid cystic carcinomas
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of the salivary gland expressing c-kit.1,3,4 As another example, the combination of trastuzumab with chemotherapy in
patients with breast cancer, metastatic gastric adenocarcinoma, and salivary ductal adenocarcinoma with HER2 amplification improves clinical outcomes.2,5,6
In other histologies, targeted therapies against precise
molecular aberrations have produced differing outcomes,
suggesting a tissue- or microenvironment-dependent response or perhaps another factor that is either driving the
malignancy or causing resistance to the treatment. For example, in melanoma, about 50% of patients have mutations
in the BRAF gene, with the majority of these mutations occurring in the V600E domain. Vemurafenib and dabrafenib
have demonstrated prolonged progression-free survival and
overall survival in patients with BRAF V600E mutations in
melanoma, leading to the approval of these drugs based on
the phase III studies BRIM-3 and BREAK-3.7,8 However, the
example of BRAF-mutated cancers has illustrated several
other important points in precision oncology. First, molecular aberrations are often shared across multiple histologies,
with BRAF-mutated tumors in nearly 15% of all cancers,
including hairy cell leukemia, colorectal cancer, and lung
cancers. Based on the results from basket trials, different
histologies have vastly different response rates, complicating treatment assignment. For instance, in colorectal cancer
harboring BRAF V600E, treatment with single-agent vemurafenib produced response rates of less than 10%, compared
with the 57% objective response rate with melanoma.7,9 The
mechanism for this difference in response is hypothesized to
be mediated by EGFR signaling with patients with colorectal
cancer having much higher level of EGFR expression relative
to patients with melanoma. In a vemurafenib basket trial
with an extension arm for previously treated patients with
colorectal cancer, the safety and efficacy of vemurafenib
combined with cetuximab, an anti-EGFR antibody, was assessed.10 Further data indicate vemurafenib may sensitize
these tumors to cetuximab and produce responses in some

PRACTICAL APPLICATIONS
• Precision medicine aims to match patients with
appropriate molecularly matched treatments.
• Several examples of targeted therapies have
demonstrated considerable success, but this varies by
molecular target and histology.
• Biomarkers are emerging to predict response to therapy,
detect resistance, and select patients for molecularly
driven or immune-checkpoint blockade as opposed
to conventional chemotherapies or best supportive
care. Additionally, some biomarkers may be beneficial
to monitoring response, although this application still
needs more data.
• Data sharing and regulatory science are critical
components of precision medicine.
• Analysis of tissue and liquid biopsies, molecular tumor
boards, and well-designed prospective trials are needed
to move the field forward.

patients with chemotherapy refractory disease. Therefore,
BRAF was determined to be a relevant target, but only in
the context of appropriate dual targeting after elucidation
of the molecular pathway. The study by Hyman et al10 was
also important in identifying NSCLC as a target for BRAF
and later BRAF and mitogen-activated protein/extracellular
signal–related kinase dual inhibition.
NSCLC is an example in which the presence of specific
driver mutations is important for selecting targeted agents.
Somatic mutations in EGFR, ALK, and ROS1 are often oncogenic
and promote proliferation and survival in the absence of
ligand binding. These mutations primarily occur in patients
with adenocarcinoma, with a different frequency of mutations depending on geography (e.g., approximately 15%
of white vs. approximately 50% in East Asian patients).11,12
Mutations in EGFR typically occur in exons 19 to 21, leading
to a constitutively active kinase domain. The most common
mutations include EGFR L858R in exon 21 and in-frame deletions in exon 19.13,14 EGFR-targeted therapies include erlotinib, gefitinib, afatinib, and osimertinib. The ALK inhibitors
crizotinib, ceritinib, alectinib, and brigatinib have all been
approved by the U.S. Food and Drug Administration (FDA)
between 2011 and 2017. First- (crizotinib) and secondgeneration (ceritinib, alectinib, and brigatinib) ROS1 inhibitors
(crizotinib) also are in clinical use. The success of EGFRtargeted therapies, in addition to ALK inhibitors and ROS1
inhibitors, has led to the recommendation of using genomic
profiling for all patients with advanced NSCLC.15

BIOMARKERS TO PREDICT RESPONSE TO
THERAPY

Tools to Monitor Resistance

Reliable biomarkers are a critical component of precision
medicine to match the right patient with the right treatment
at the right time. Clinically relevant biomarkers include genomic alterations in tissue or blood, circulating tumor cells
(CTCs), gene expression assays, protein assays, and tools to
predict response to immune checkpoint blockade, chemotherapy, targeted therapy, or radiation therapy. These tools
are still being explored in their clinical potential.
In advanced malignancies, resistance to treatment is common after frontline therapy. For example, in EGFR-mutated
NSCLC, resistance mechanisms to first-line EGFR-targeted
therapies, with a mutation of a threonine 790 to methionine
(T790M) in exon 20 being the most common. This resistance
mutation restores the tyrosine kinase affinity to adenosine
triphosphate and is one of several resistance mechanisms,
including MET gene amplification, PIK3CA, and transformation into small-cell lung cancer.16 These targets are a very
active area for drug development.
The question remains how best to identify mutations in
patients with advanced malignancies. Traditionally, tissue
biopsies have been used to establish the histology and tumor architecture at baseline. With improvement in sequencing technologies, comprehensive genomic profiling (CGP)
of tissue has become the standard of care for sequencing
across multiple tumor histologies. However, the practicality
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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of using tissue biopsies to monitor for mutations serially is
limited due to patient discomfort and risk associated with
repeat tissue biopsy and difficulty in capturing spatial tumor
heterogeneity. Therefore, emerging data have demonstrated
the feasibility of cell-free circulating tumor DNA (ctDNA)
to detect amplifications, fusions, insertions, deletions, and
point mutations with noninvasive blood draws. ctDNA has
a relatively short half-life, ranging from approximately 16
minutes to 2.5 hours, and is detected in blood after it has
been actively secreted or shed into the blood supply after a
localized region of the tumor has become hypoxic, leading
to apoptosis or necrosis.17
Multiple sequencing technologies have been used to detect
genomic alterations or mutations, such as next-generation
sequencing and digital-droplet polymerase chain reaction.18,19
The sensitivity and specificity depends on the technology
and individual sequencing platform, and specificity, particularly at higher mutant allele frequencies, is quite high.
The ongoing hypothesis is if mutations are detected in
blood, treatment could be changed reliably based on the
detection of known resistance mutations with potential for
improvement in patient outcomes.20 Ongoing research is
establishing optimal intervals and time frame of detection
in relation to treatment, but lower sensitivity of particular assays may require confirmatory tissue biopsy, in some
suspected cases, if no resistance mutations are detected
in blood. Further research is needed to assess whether
changing treatment based on alterations in blood prior to
radiographic disease progression improves outcomes and
the potential role and cost of incorporating ctDNA biopsies
in the metastatic setting as a surrogate for tumor burden
on imaging.
In breast cancer, approximately 70% of tumors express
estrogen receptors. ESR1 is an example of an acquired mutation to endocrine therapy.21,22 This mutation results in
estrogen-independent constitutive activation of the estrogen
receptor, which results in acquired resistance to therapy by
aromatase inhibitors. ESR1 mutations can be detected on
CTCs and using ctDNA in approximately 25% to 39% of patients with acquired endocrine resistance. These mutations
may predict response to other therapies. Potential exists to
perform ex vivo testing of therapeutics based on isolation
of CTCs, cells lines, establishment of patient-derived xenografts, or other models to explore next-line therapies. Future therapies and trials for targeting mutations with ESR1
mutations are in laboratory and clinical development. Beyond mutations, a growing body of literature has demonstrated the use of CTCs and ctDNA as prognostic and often
predictive biomarkers for progression-free survival and overall survival, as well as a tool to identify disease recurrence
and to monitor dynamic changes in real time.23

Biomarkers for Immune Checkpoint Blockade
Beyond targeted therapy, the field of immunotherapy has
transformed over the last decade. Responses to immunotherapy have been observed across multiple tumor types,
most notably melanoma, NSCLC, renal cell carcinoma, and
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bladder carcinoma. Early on, it was noted that tumors with
a high mutagenic load had a higher proportion of patients
who responded to immune checkpoint blockade. This led
to the emergence of tumor mutational burden (TMB) as a
biomarker for response to immune checkpoint blockade.24-26
TMB likely serves as a probabilistic indicator of neoantigens
and potential immunogenicity. Importantly, this biomarker
has been shown as an independent predictor across diverse
cancers, suggesting that the marker may be tissue agnostic. Still, research is ongoing to identify whether particular
histologies may have different TMB cut points and what
algorithm is best used to quantify TMB as a predictor of
neoantigen burden for cytotoxic T cells.
Mismatch repair (MMR) deficiency has emerged as another clinically meaningful biomarker. Based on a landmark
phase II trial, PD-1 blockade with pembrolizumab demonstrated high immune-related objective response rates (ORRs)
in patients with MMR-deficient colorectal cancer and noncolorectal cancers.27 In a more recent study, PD-1 MMR
deficiency predicted response across 12 different tumor
types of MMR deficiency with an ORR of 53% and complete responses in 21% of patients. This led to the approval
of pembrolizumab as the first tissue-agnostic indication for
MMR-deficient or microsatellite instability-high tumors in
May 2017.28 Prior research has also demonstrated the association of microsatellite instability high predicting high
TMB.29

NEXT-GENERATION SEQUENCING AND
LANDMARK TRIALS
Improvements in sequencing technologies have revolutionized the accessibility of tissue CGP in clinical use. For
example, current National Comprehensive Cancer Network guidelines recommend CGP in patients with advanced NSCLC adenocarcinoma.15 Across other histologies,
clinical use of tissue CGP is more variable and controversial,
depending on the particular tumor histology. With decreasing costs, there has been a shift in academic centers away
from smaller, targeted panels with limited exon coverage
toward in-house or commercial use of CGP, depending on
the particular institution. The number of genes included
in these panels continues to increase, and the use of RNAsequencing and germline testing is expanding. Although
there are clear success stories with known resistance mutations, general applicability of molecularly targeted therapy
is more difficult.
The first randomized precision medicine trial, SHIVA,
failed to demonstrate an improvement in progression-free
survival using molecularly targeted therapies in heavily pretreated patients (2.3 months in the experimental group and
2.0 months in the control group).30 This trial has generated
polarized viewpoints, with many suggesting that weaknesses
in trial design may have masked potential benefits of a
molecularly guided approach based on lack of combination therapy and some questionable molecularly targeted
matches. In particular, monotherapy targeting mutations
in the PI3K/Akt/mTOR pathway has been shown to have
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TABLE 1. Representative Precision Medicine Trials
Trial Name

Trial Abbreviation/Company

Distinctive Features

Adjuvant Lung Cancer Enrichment Marker
Identification and Sequencing Trials

ALCHEMIST

Aims to improve outcomes using molecularly targeted or
immune-based therapy in early-stage NSCLC

Aiming to Understand the Molecular Aberrations
in Metastatic Breast Cancer

AURORA

Compares targeted gene sequencing and RNA sequencing on
matched primary and metastatic samples

A Biomarker-Integrated Targeted Therapy Study
in Previously Treated Patients with Advanced
Non-Small Cell Lung Cancer

BATTLE-2

Uses biomarker-based tissue enrollment with adaptive
randomization

Dual Anti–CTLA-4 and Anti–PD-1 Blockade in
Rare Tumors

DART

Demonstrates feasibility to enroll patients with rare tumors quickly
onto clinical trials

Identification of Men With a Genetic Predisposition to Prostate Cancer: Targeted screening in
men at higher genetic risk and controls

IMPACT

Aims to screen a high-risk genetic group with known germline
BRCA1 and BRCA2 mutations using an international cohort

Neoadjuvant and Personalized Adaptive Novel
Agents to Treat Breast Cancer

I-SPY2

Uses an adaptive clinical trial design with novel design features
aiming to decrease time, cost, and number of patients in phase
II trials

A Study Evaluating Herceptin/Perjeta, Tarceva,
Zelboraf/Cotellic, Erivedge, Alecensa, and
Tecentriq Treatment Targeted Against Certain
Molecular Alterations in Participants With
Advanced Solid Tumors

MyPathway/Genentech

Reported high objective response rates in particular subgroups,
including HER-2–amplified colorectal cancer and v-raf murine
sarcoma viral oncogene homolog B1 V600-mutated NSCLC

National Cancer Institute-Molecular Analysis for
Therapy Choice

NCI-MATCH

Uses a large-scale design with many treatment arms based on
tissue tumor NGS sequencing

Molecular Targeted Therapy based on Tumor
Molecular Profiling Versus Conventional
Therapy for Advanced Cancer

SHIVA

Demonstrated a prospective randomized controlled trial design in
precision oncology

Signature

Novartis

Incorporates large community enrollment with no limit to the
number of enrollment sites

Targeted Agent and Profiling Utilization Registry
Study

TAPUR

Uses FDA-approved agents off label to examine efficacy of these
drugs in clinical practice

Abbreviation: NGS, next-generation sequencing.

limited efficacy, and patients with mutations in this pathway accounted for a considerable proportion of the cohort.
More recently, MyPathway and Initiative for Molecular Profiling and Advanced Cancer Therapy (IMPACT) were
published.28,31 The MyPathway study was an open-label
(nonrandomized), phase IIa basket study that matched patients based on genomic alterations with targeted drugs for
off-label use. Treatment arms included pertuzumab plus
trastuzumab (HER2 overexpression/amplification), erlotinib
(EGFR-activating mutations), vemurafenib (BRAF-activating
mutations), or vismodegib (hedgehog pathway). Objective
responses were observed in 23% of patients (52 of 230),
which included 48 partial responses and four complete responses in a heavily pretreated cohort. The key benefit of
this basket design was to identify subgroups with notable
responses, which in this cohort were metastatic HER2-overexpressing colorectal cancer (ORR 38%), salivary gland (80%
ORR), and BRAF-mutated NSCLC (ORR 43%). At The University
of Texas MD Anderson Cancer Center, the IMPACT trial reported over 1,000 patients with CGP, of which approximately
82% had detectable mutations. A total of 637 patients had
at least one actionable alteration, with 390 (61%) treated
with matched therapy and 247 (39%) with unmatched therapy.
In the subset of patients treated with molecularly targeted
therapy, response rate, progression-free survival, and over-

all survival were longer as compared with unmatched patients, with relative failure-free survival of 0.5 months and
overall survival benefit of 1.1 months. There were some exceptional responders in the matched cohort. Multiple other
trials are ongoing, with a representative sample of trials
included in Table 1.
The promise of liquid biopsies to identify metastatic disease and best reflect spatial tumor heterogeneity has been
an area of excitement for many years. In 2004, immunomagnetic sorting and detection of CTCs was established as having both prognostic and predictive roles in metastatic breast
cancer using the FDA-approved CellSearch method (Menarini Silicon Biosystems, LLC).32 The finding now has been validated across other tumor types, including lung, prostate,
colorectal, bladder, and kidney cancers. More recently, early
evidence indicates the potential for CTCs to predict late relapse in hormone receptor–positive, HER2-negative stage
II to III tumors prior to radiographic evidence of disease
5 years after diagnosis.33 Early work exploring the “-omics”
of single-cell CTCs has been published, with further work
ongoing.
ctDNA has emerged as another component of liquid biopsies as a quantitative marker of tumor DNA to reflect genomic
alterations in blood. ctDNA detection varies by clinical stage
and tumor type with greater than 75% of patients with
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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advanced colorectal, pancreatic, breast, bladder, and melanoma compared with less than half of patients with brain
and renal cancers.34 Potential clinical applications include
detection of early disease relapse after surgery, monitoring
response to therapy prior to radiographic progression of
disease, and detection of resistance mutations.17,35 With the
emergence of multiple commercial companies, turnaround
time for sequencing has decreased, and costs likely will decrease to make serial sampling more accessible in clinical
practice.

ROLE OF DATA SCIENCE IN PRECISION
MEDICINE
Computing, data management, analytics, and associated
disciplines have been transforming many industries and
created a whole new economy. In 2017, the top five companies measured with cash on hand were all new economy
companies—Apple, Microsoft, Alphabet (holding company
for Google), Cisco, and Oracle.36,37 Thanks in part to these
companies and the constant pace of innovation coming
from the computing sector, we now have ubiquitous computing at our fingertips, and through pervasive connections
to the internet, we have the “internet of things” that brings
information to us and make sensor data available about
us through many sources, including social media. Health
care has been slow to adopt and slow to innovate to
make effective use of these technologies. National challenges, like the presidential Precision Medicine Initiative,
the National Strategic Computing Initiative, and the Beau
Biden Cancer Moonshot have helped define a narrow, but
informative path toward using data science, sensors, and
devices to improve the health of the nation.38-42 This path
highlights the importance of data sharing, the continued support of public data sets through open interfaces,
resources that provide powerful but intuitive analytics,
create a cancer research data ecosystem, encourage data
reuse and software reuse, enhance validation and reproducibility, and lay the foundation for a cancer learning
health system, in which the experience of every patient
provides the evidence necessary for making data-driven
health care decisions in oncology.

Data Sharing and Repositories
During the buildup to the signing of the 21st Century Cures
Act that funded the Beau Biden Cancer Moonshot, thenVice President Biden extolled the cancer community to
share information more broadly and break down the existing silos that surround projects, organizations, and even
consortia, as exemplified by his address at ASCO’s annual
meeting in 2016.43-45 As cancer care and cancer research organizations, our ability to share clinical, genomic, imaging,
and laboratory data are crucial to our ability to maximize
our understanding of cancer and minimize the impact of
cancer on tomorrow’s patients. Federally funded repositories, such as The Cancer Genome Atlas (TCGA), Therapeutically Applicable Research to Generate Effective Treatments,
the data coming from CTD,2 ENCyclopedia of DNA Elements,
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Model Organism ENCyclopedia of DNA Elements, and
Genotype-Tissue Expression all contribute to the public cancer landscape.46-51 The International Cancer Genome Consortium has been an important international initiative that has
engaged cancer researchers across the world in generating
publicly available cancer genomic data.52 More recently, the
American Association for Cancer Research project Genomics Evidence Neoplasia Information Exchange has brought
many cancer organizations together to release clinical and
genomic information publicly, through a collaboration with
Sage Bionetworks and also through the National Cancer Institute–supported Genomic Data Commons (GDC).53,54 Other projects, such as the Department of Veteran Affairs’ Million Veteran Program and the National Institutes of Health
“All of Us” Precision Medicine Initiative project, are contributing data about health and disease in the population.55,56
Together, these many projects are providing us with public
data that opens a window into the intersection of genomics, population health, prevention, surveillance, treatment,
and outcomes.

Insights From Public Repositories
TCGA has become the standard reference for variant frequencies in human tumors.57-60 In 2017, more than 1000
publications cited TCGA as a data source, and this number has been steadily increasing each year.61 As Genomics
Evidence Neoplasia Information Exchange and other wellcurated data sets such as the Multiple Myeloma Research
Foundation COMMpass study become available publicly
through the GDC, the ability to associate a given constellation of tumor mutations, clinical presentation, therapy,
and patient outcomes becomes possible.62 Currently, much
of the use of TCGA is to estimate variant frequency in a
given tumor type and occurrence by race and ethnicity
and examining variant co-occurrence. Other uses of TCGA,
Therapeutically Applicable Research to Generate Effective
Treatments, and many other data sets available either in
Database of Genotypes and Phenotypes or the GDC include
pathway analysis, correlation between imaging features
(both pathology and radiology images available from The
Cancer Imaging Archive), clinical phenotype, and proteomics
(available from the Clinical Proteomic Tumor Analysis Consortium).63-65
Additional information on the prevalence of variants and
classification of variants is available from cBioPortal, which
has multiple current versions, including a version used to
visualize data in the GDC.66 Likewise, ClinGen and ClinVar
have been assembling information on variants present in
both germline (inherited) and somatic tissues, including
tumors.67,68 COSMIC provides an extensive, curated view of
cancer somatic mutations, with COSMIC identification numbers used by many projects and clinical annotation pipelines
to refer to a given somatic variant.69 MyCancerGenome, a
resource developed at Vanderbilt University, provides both
clinical synopses and lists potential targeted agents for mutations present in a given gene as well as available clinical
trials relevant for the mutation.70
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Reuse and Reproducibility
Both reuse and reproducibility have gotten a lot of attention. Reuse, simply put, is the use of data, code, tools, or
other research artifacts by groups other than those involved
in generating, writing, documenting, and releasing those
artifacts. For instance, protected data in TCGA have been accessed by thousands of investigators, and the openly accessible data have been accessed by many, many more. Release
of data, code, and tools through standard resources, such
as the GDC or Database of Genotypes and Phenotypes for
data, Bioconductor and Galaxy for analysis packages, and
GitHub for source code, promote data sharing and reuse.
Adhering to good documentation standards, using tools like
Jupyter Notebooks and Docker, and using well-defined Application Programming Interfaces, all contribute to lowering
the barriers to reuse and collectively accelerate the pace
of research. Reproducible science requires meticulous attention to all aspects of experimental design, experimental
methods, reagents and protocols, and careful documentation
and archival of experimental conditions, with care taken to
document sources of variability to document systematic
error, measurement error, biologic heterogeneity and variability, and analysis and interpretation bias.71

REGULATORY SCIENCE: THE ROLE/
CHALLENGES OF “SMALL DATA”
As precision medicine has segmented disease definitions
into smaller populations, so have clinical trials enrolled
smaller numbers of patients. For molecularly targeted
agents that have a profound effect on a disease, this has not
presented difficulties for marketing approval of new drugs
and biologics. Trial designs that have supported marketing
approval include both single-arm and randomized trials, and
the FDA may use either accelerated approval, in which additional clinical trials may be required to verify and/or describe the clinical benefit, or regular approval, in which no
further trials are required. Examples of products that were
approved based on single-arm trials include: tisagenlecleucel, the CD19-directed autologous chimeric antigen receptor T cell, which was approved for the treatment of B-cell
precursor acute lymphoblastic leukemia that is refractory or
in second or later relapse based on a response rate of 83%
complete responses/complete remission with incomplete
blood count recovery in 63 patients; crizotinib, approved for
ROS1-positive NSCLC based on a 66% ORR in 50 patients;
and pembrolizumab, which was approved for the treatment
of microsatellite instability-high or MMR-deficient solid tumors that have progressed following prior treatment and
have no satisfactory alternative treatment options based on
a 40% ORR in 149 patients across tumor types.72-74
After a targeted therapy has gained marketing approval,
any physician in the United States may prescribe it for any
use. The FDA has no regulatory authority over whether a
physician is prescribing a drug for an off-label use, which is
considered the practice of medicine. However, prescribing
a molecularly targeted agent for a tumor in which the target has not been clinically validated as an oncogenic driver

or to have single-agent activity may lead to a patient deriving all of the risk of product side effects and no benefit.
There are clinical trials to address this issue, the most relevant of which to address off-label use of approved targeted
agents is ASCO’s Targeted Agent and Profiling Utilization
(TAPUR) Study. This trial aims to evaluate molecularly
targeted agents, which have received FDA approval in at
least one indication and collect data on clinical outcomes,
to inform potential additional uses of these drugs in indications not already approved by the FDA. As TAPUR uses
only agents that already have FDA approval in at least one
oncologic indication, this somewhat mimics what an oncologist may recommend for an individual patient whose tumor
expresses a druggable target.
Single-patient Investigational New Drug applications allow
access to therapies that are not yet approved for individual
patients. A physician must apply to both the pharmaceutical
company and the FDA for permission to use a product in
a patient as well as obtain Institutional Review Board approval, under the assumption that the patient cannot be
enrolled in any of the ongoing clinical trials for that product.
Since 2009, the FDA has approved more than 99% of the
requests for single-patient Investigational New Drug applications submitted to the FDA.75,76 Similar to off-label use of
approved targeted agents, use of a single-patient Investigational New Drug application to gain access to a targeted
therapy for a patient whose tumor harbors a druggable biomarker offers an unknown benefit/risk profile.

CHALLENGES IN PRECISION MEDICINE AND
WHAT IT MEANS TO THE SINGLE PATIENT
After the successes of imatinib, trastuzumab, and other targeted agents, the age of precision medicine was proclaimed.
Over the last decade, although continued progress has been
made across multiple tumor histologies and biomarker-based
trials, important challenges remain. We outline several
aspects of precision medicine that must be addressed to
move the field forward.
First and foremost, tumor heterogeneity has presented a
considerable challenge to matching patients with the right
treatment at the right time. Numerous studies have demonstrated that the molecular features of tumors differ based
on the location of tissue biopsies and between primary and
metastatic sites.77,78 Therefore, with tissue biopsies, there are
inherent limitations of a single biopsy reflecting the genetic
complexity of an advanced tumor and heterogeneity of the
tumor microenvironment. To complicate matters further, expression of genomic alterations, such as EGFR in NSCLC,
may differ across geographic populations, suggesting an
additional level of genotype/phenotype/environment interactions.
Liquid biopsies have emerged as a theoretical tool to
overcome spatial heterogeneity. Many concordance studies
have been published in the literature with high specificity,
but variable sensitivity when comparing tissue and blood
biopsies.79-82 Methodologic challenges exist when comparing across platforms containing different exon coverage with
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different depth of sequencing. In addition, the time frame
of collection in relation to therapy or progression may affect concordance results, particularly to detect low mutant
allele frequency variants. More precise study designs and
transparency in data sharing are necessary to move the field
forward.83
Furthermore, the more we sequence, the more genomic
alterations we detect. Basket trials have demonstrated that
drugs for patients with particular mutations vary across histology, indicating that tissue microenvironment that may
mediate response and resistance. Beyond known driver
mutations, many passenger mutations are detected, and
strategies for optimal combination therapies are unknown.
Because of the rapid evolution of both evidence and the
presentation of CGP reports, it is difficult for physicians to
keep up with the current genomically informed treatment
guidelines and practices. Standardization of suggested treatments based on the latest level of evidence is very difficult
to keep current. To compound this, patient understanding is
often limited. Physician or midlevel provider time is necessary to explain the difference between germline and somatic
alterations and explain how and which molecular alterations may be appropriate for treatment and to what extent
changes in ctDNA warrant clinical progression or actionability. Molecular tumor boards to discuss genomic alterations
in the context of prior treatment and current performance
status have become more common, particularly at academic
institutions. For these practices to become more uniform,
there is a need to standardize and formalize the recommendations of molecular tumors boards, along with education
and accessibility of tumor boards in the community.
Choosing an appropriate platform (tissue vs. blood) with
an appropriate sequencing depth depends on clinical context. Many institutions are beginning to develop in-house
panels, but a considerable proportion of CGP is performed
by commercial next-generation sequencing platforms. With
outsourcing of tissue and blood specimens, data sharing
and transparency are critical. Many questions arise, such
as defining the appropriate thresholds for calling particular
genomic alterations or amplifications. How is TMB calculated by different commercial platforms? How should RNAsequencing data be incorporated into research or clinical
practice? How can institutions and practices best collaborate with industry to improve outcomes for our patients?
Ultimately, we must better define which patients should
be tested or when the testing is most appropriate. In treating patients with advanced malignancies, there is an important balance between maintaining quality of life, while
also matching patients with palliative treatments that optimally control disease progression, while also monitoring
for therapy resistance. We hope that as further competition
enters the marketplace, cost will continue to decrease, making serial sampling more accessible for our patients. Further
evaluation is necessary to validate that targeting circulating
biomarkers in the blood in advanced disease improves clinical outcomes.
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From an individual patient perspective, the tendency
is often “more is better” and “what else can be done” to
help the patient feel better or live longer. Precision medicine has generated considerable and, at times, unreasonable, expectations in the popular press. With the expansion
of clinically available genetic and molecular testing, along
with direct-to-consumer marketing, patients often present
to clinic with questions regarding utility of these tests and
treatments. Each individual patient wants the best possible
treatment and, in many cases, requests these tests to help
guide treatment. Ultimately, it is the responsibility of the
medical professional to stay well informed regarding appropriate circumstances to order precision medicine tests and
recommend molecularly matched therapy. Furthermore,
physicians must be prepared to discuss risks, benefits, alternatives, and implications of these results and treatments.

NEXT STEPS
Prominent opinion pieces in journals have questioned recent advancement of precision oncology in medicine. In
some respects, these pieces paint a grim picture of the challenges of precision medicine.84,85 However, we see precision
medicine as a step further down the road of progress, and,
much like other areas of science, we must apply sound scientific methods to further advance the field.86
First, we need well-designed, prospective, biomarker-based
clinical trials. Novel clinical trial designs are underway or are
completing. TAPUR, I-SPY2, NCI-MATCH, and DART are examples of collaborative efforts to design trials and accrue
patients in new ways. Second, multidisciplinary molecular
tumor board implementation is critical. As medical professionals, we are responsible for interpreting the tests that
we order, and with rapid changes, collaborative teams are
necessary to match patients with the optimal therapy. Third,
formal educational programs reaching both academic and
community physicians are necessary. In addition, educational
tools for patients to understand these complex genetic data
and to maintain the patient-physician relationship within the
context of complicated, inference-based medical decisions
are necessary. Fourth, a culture of data sharing and resources
and repositories capable of supporting data sharing are
needed to reduce the time from discovery to practice.
Precision oncology is not simply about matching patients
with the appropriate targeted or immune-based therapy.
Broadly speaking, it is about matching patients with the
right therapy or withholding unnecessarily toxic therapy
based on precise knowledge of the clinical and molecular
features of the tumor. Therefore, this may encompass targeted therapy, immune-based therapy, or hospice if the tumor features and potential treatment side effects are not
beneficial in the context of patient performance status. In
summary, the field of precision oncology is continuing to
evolve, much like the tumors in which we are applying these
tools. We as a medical and scientific community must work
together to best understand, study, and implement these
tools for our patients.
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Novel Quan ta ve Imaging for Predic ng Response to
Therapy: Techniques and Clinical Applica ons
Kaustav Bera, MBBS, Vamsidhar Velche , MD, and Anant Madabhushi, PhD
OVERVIEW
The current standard of Response Evalua on Criteria in Solid Tumors (RECIST)–based tumor response evalua on is limited
in its ability to accurately monitor treatment response. Radiomics, an approach involving computerized extrac on of several
quan ta ve imaging features, has shown promise in predic ng as well as monitoring response to therapy. In this ar cle,
we provide a brief overview of radiomic approaches and the various analy cal methods and techniques, speciﬁcally in the
context of predic ng and monitoring treatment response for non–small cell lung cancer (NSCLC). We brieﬂy summarize
some of the various types of radiomic features, including tumor shape and textural pa erns, both within the tumor and
within the adjacent tumor microenvironment. Addi onally, we also discuss work in delta-radiomics or change in radiomic
features (e.g., texture within the nodule) across longitudinally interspersed images in me for monitoring changes in therapy. We discuss the u lity of these approaches for NSCLC, speciﬁcally the role of radiomics as a prognos c marker for
treatment eﬀec veness and early therapy response, including chemoradia on, immunotherapy, and trimodality therapy.

T

he rapidly advancing therapeu c landscape in oncology
is primarily reliant on the tremendous improvement in
diagnos c tools and biomarkers for detec ng cancer and
speciﬁcally having the means to assess treatment response
and detect adverse eﬀects of treatment.1,2 The current gold
standard in the case of solid tumors is the RECIST.3-5 RECIST
was a guideline devised to standardize monitoring treatment based on imaging. The approach involves manually
assessing diﬀerences in size of the target lesions on baseline and repeat CT scans (a er therapy) to deﬁne various
standardized categories3,6 of treatment response. However,
even with modiﬁca ons and reﬁnements (Immune-Related
Response Criteria [irRC]7 and modiﬁed RECIST [mRECIST]8),
the current response evaluation criteria are limited, especially in the field of immunotherapy,9,10 because of the
kine cs of tumor response to immuno-oncology treatment
being unusual, with occasional radiographic progression as
a result of inﬂammatory changes (pseudoprogression).11-14
Early response assessment would help oncologists modify
or change treatments tailored individually to each pa ent
under therapy.15
The aforemen oned issues are especially cri cal and germane in the context of NSCLC, which makes up almost 85%
of all lung cancers.16 NSCLC tumors have shown promising
response to a mul tude of treatment modali es, including
a number of diﬀerent experimental therapies. These include
targeted therapies17 for common driver muta ons, including

EGFR,18 ALK,19 and KRAS.20,21 More recently, this has also
come to include immune checkpoint inhibi on therapy targe ng the PD-1 receptor and its ligand, PD-L1.22
Unfortunately, for most of these therapies, there is a lack
of accurate prognos c and predic ve biomarkers to iden fy
which patients will respond to a specific therapy. For instance, ssue-based markers of PD-L1 expression,23 currently
the gold standard for selec ng pa ents for immunotherapy,
have not been par cularly predic ve.24
Consequently, there has been a push to develop and validate novel biomarkers and approaches for be er characteriza on and predic on of tumor response. Speciﬁcally, there
has been interest in developing tools to provide be er objec ve characteriza on of clinical beneﬁt from among mulple therapeu c modali es, tools that provide poten ally
superior and complementary informa on to currently used
measures, like RECIST.

RADIOMICS AS A NOVEL TOOL TO
QUANTITATIVELY ANALYZE TUMOR IMAGING
Radiomics is the high-throughput extrac on of quan ta ve
imaging features from a radiographic image. Speciﬁcally, there
has been a great deal of interest in rela ng radiomic measurements of regions of interest on radiographic images (e.g., MRI
and CT scans) with presence and aggressiveness of disease.25,26
The ﬁeld of radiomic analysis spans mul ple approaches
and modali es, including but not limited to computer-based
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measurements of the (1) shape of the nodule involved in
capturing the surface irregulari es, reﬂec ve of the differences in tumor growth; (2) intratumoral texture, which
is used to characterize the intranodular heterogeneity
pa erns; (3) peritumoral texture that involves capturing
heterogeneity patterns at the nodular interface; and (4)
seman c features, which are visually discernible features
described by radiologists, like presence of emphysema and
nodule loca on. Delta-radiomic features or diﬀerence in
radiomic features obtained from pre- and post-treatment
scans are now being evaluated as a complement to RECIST
for monitoring therapeu c response, with delta-radiomic
features poten ally being able to reveal subtle changes in
the tumor that precede size or volumetric changes.27 Other
features that have been recently shown to be promising include vessel tortuosity28 and three-dimensional volumetric
features.29
Depending on the types of radiomic texture ﬁlters used
(e.g., Gabor,30 Laws,31 Haralick,32 or Co-occurrence33,34), several
hundreds of features might be extracted from a single scan.
Typically, a er feature extrac on, the process of feature selec on is used to ﬁlter out the number of features down to
a smaller number. These features are then typically used to
train a machine classiﬁer to predict a speciﬁc clinical outcome
(e.g., disease progression or recurrence).
Within the oncology space, radiomics has found applicaons as a means of diagnosis, a prognos c tool predic ng response to therapy35 across organ systems, including but not
limited to brain,36-39 head and neck,40-42 breast,43-50 lung,42,51-53
prostate,54-58 rectum,59-64 and liver.65-69 In the context of lung
cancer, radiomics has successfully allowed detec on of malignancies in screening CT scans,53 provided a means to differen ate between benign and malignant lesions,51 enabled
the predic on of risk of recurrence post-therapy,52 and provided a means to noninvasively assess response to therapy70

PRACTICAL APPLICATIONS
• Quan ta ve imaging biomarkers are urgently needed
to move beyond tumor response evalua on by RECIST
because of its widely acknowledged limita ons.
• Radiomics or computer-extracted novel imaging features
from radiographic images have shown accuracy as a
prognos c tool across the oncology space by iden fying
high-risk pa ents from low-risk ones.
• Precision cancer therapy is another area where
radiomics could enable personaliza on of therapy based
on each tumor’s unique radiomic signature.
• Radiomics on pretreatment images has shown promising
results in also iden fying pa ents that will respond
to therapy and those that may not across various
treatment modali es, including surgery, chemotherapy,
immunotherapy, and molecular-targeted therapy.
• Delta-radiomics on serial radiographic images could
serve as an eﬀec ve and noninvasive way to assess
eﬀec veness of therapy as well as predict early
treatment response.

as well as helped to iden fy pa ents who would most beneﬁt from therapy.28

Radiomic Framework for Lung Cancer
In the context of lung cancer, radiomics represents a possible
exci ng complement to RECIST for monitoring therapeu c
response on longitudinal serial imaging scans as well as
helping to predic ng response to treatment from baseline
radiographic images. One of the most important advantages
for radiomics is that it can be poten ally integrated into the
normal clinical workﬂow without being disrup ve.
The underlying process of radiomic analysis can be broadly
categorized into the following main categories: (1) image
acquisi on and preprocessing, (2) iden ﬁca on of the volume of interest, (3) feature extrac on and selec on of most
discrimina ng features, and (4) use of the selected features
to build a classiﬁer to predict the outcome of interest. These
modules are brieﬂy described here below.
Image acquisi on. CT scans are the most commonly used
diagnos c modality for iden fying malignancy in a pa ent
suspected to have lung malignancy.71 CT scans are also used
in conjunc on with the RECIST guidelines by radiologists
and clinicians to monitor response to treatment as a funcon of changes in tumor volume. Current recommenda ons
also suggest the use of low-dose CT (LDCT) as a means of
screening in selected vulnerable popula ons. Radiomic
analysis, meanwhile, is rou nely done on noncontrast CT
scans, because contrast can obscure the radiomic textural
features.72 However, He et al73 found that the radiomic predic on accuracy in diﬀeren a ng between benign and malignant nodules using intratumoral texture features only had
a 5% diﬀerence in areas under the curve (AUCs; AUCnoncontrast
was 0.75; AUCcontrast was 0.74).
One of the major limita ons in quan ta ve image analysis and radiomics, however, is the wide variability and lack
of uniformity across ins tu ons, scanner pla orms,74 slice
thickness,75 reconstruc on kernels,76 other acquisi on parameters, and even nodule segmenta ons.9,77,78
He et al73 showed that the CT radiomic features to diﬀeren ate benign versus malignant nodules obtained on a thin
slice (1.25 mm) performed be er than those obtained on
a thick slice (5 mm) with AUCthin of 0.75 versus AUCthick of
0.725 in an independent valida on cohort (120 pa ents) of
pa ents with solitary pulmonary nodules. On the same cohort, radiomics on a standard convolu on kernel performed
better (AUC of 0.725) compared with lung convolution
kernel-based CT scan (AUC of 0.686). Mackin et al74 compared
radiomic feature variability across four diﬀerent CT scanner
pla orms (Siemens, Philips, GE, and Toshiba) and found that
the interscanner variability of features was large rela ve to the
interpa ent variability for a case of 20 pa ents with NSCLC.
Identification of the volume of interest and nodule
segmentation. The reconstructed images are ported into
open source so ware that allows expert radiologists to place
a boundary or a designated marker around the designated region of interest across the various slices where it appears. The
iden ﬁca on of the volume of interest is ﬁrst and the key
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step in addi onal radiomic analysis. Manual iden ﬁca on by
a radiologist is the current gold standard in radiomic analysis.
Addi onally, quan ta ve techniques are being developed to
iden fy regions with their own unique physiology on radiographic images by combining various imaging modali es.79
Meanwhile, nodule segmenta on involves the process of
separa ng the nodule from the en re CT scan and is o en the
most cri cal part of the radiomic feature analysis pipeline.35
This is primarily because a number of the radiomic parameters are extracted from the segmented volume itself. Manual
annota ons remain the gold standard in nodule segmentaon, but semiautomated segmenta on methods, o en with
a ﬁnal check by a radiologist, have also been used as a means
of establishing the “gold standard” for nodule boundary.80,81
With interobserver variability being reported to be present
in manually segmented tumors,81,82 another (poten ally more
cumbersome) approach is to try to average or aggregate
delinea ons from mul ple individual readers.66
Feature extrac on. The diﬀerent radiomic feature types are
described below.
SemanƟc features. These are characteris cs of the tumor
as described by the radiologist during the analysis of the
image. These features tend to be more resilient to variaons in scanner and acquisi on parameters but suﬀer from
subjec ve evalua on and interobserver variability.35,66 Some
of these features include the loca on of the lung nodule,
presence of emphysema, eﬀusions, ground glass opaci es,
features in the lung parenchyma, nodule a enua on, and
nodule marginal pa erns.72
First-order staƟsƟcal features. These features relate to
sta s cal moments within the volume of interest and are
calculated across the voxel intensi es within the CT image.
These sta s cs include energy, entropy, kurtosis, skewness,
standard devia on, mean, median, range, and variance. For
example, the standard devia on and variance reﬂect the
degree to which the gray levels vary from the mean in the
histogram. Kurtosis, meanwhile, measures the degree of
histogram sharpness, whereas skewness reﬂects the asymmetry associated with the intensity distribu on.83
Shape and volumetric features. These features include
margins, volume, minimum and maximum diameters, and
surface area of the nodule; nodule volume was previously
shown to be a predictor of therapy response.77,84,85 Shape
features include width, height, depth, perimeter, area, eccentricity, compactness, radial distance, roughness, elongaon equivalent diameter, and three-dimensional sphericity
of the nodule.29,51,57 Other features include three-dimensional
shape and margin sharpness.86,87
Texture features. These are second-order and higher-order
sta s cal measures to iden fy spa al and architectural rela onships between the intensi es of voxels in the area of
interest. They are used to assess heterogeneous enhancement, a hallmark of malignant tumors. Below are some of
the classes of texture features used for lung nodule characteriza on on CT scans.
Local binary pa erns. The local binary pa ern feature
vector involves dividing the area of interest into an array of
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pixels, each with a binary label. In each 3 × 3 matrix of pixels,
the center pixel is compared with each of its neighboring
eight pixels, and a binary value reflecting whether the
center pixel is less or greater than the neighboring pixels is
converted into a binary vector. Han et al88 showed the u lity
of local binary pa ern radiomic features in dis nguishing
benign from malignant lung nodules on CT scans.
Gray-level co-occurrence matrices. First described by
Haralick and Shanmugam32 in conjunc on with remote sensing image analysis in satellite data and eponymously called
Haralick features, this class of features has been among the
most popular set of radiomic measurements used in diagnosis, prognosis, and predic on of treatment response for
NSCLC.52,88 Using higher-order sta s cs, these features provide informa on related to the spa al distribu on and the
rela ve posi on of various gray levels throughout the image.89
Laws’ texture energy measures. Described by Laws,31
the texture energy approach measures the varia ons within
a ﬁxed window size. A set of nine 5 × 5 local texture masks is
used to detect various texture types and then subsequently
combined to calculate the texture energy. This is represented
by a vector of nine numbers, each with a diﬀerent texture
a ribute for the pixels analyzed. In a radiogenomic study,90
the Laws’ feature descriptor was also found to be the only
radiomic feature descriptor to be signiﬁcantly predic ve for
EGFR muta on (AUC of 0.67, p = .03).
Edge features. These include Sobel91 and Canny92 ﬁlters,
which determine the density and direc on of the edges in
the image as a means to characterize the texture pa erns.
Edge detec on methods have been used for lung nodule detec on and segmenta on from CT scans.93
Wavelet features. These features provide a way to capture
mul scale a ributes across mul ple diﬀerent frequencies
and wavelengths. These include the following a ributes described below.
Fourier transforms. This class of features involves calcula ng the contour of the tumor by evalua ng the frequency
and interval with which the tumor contour and margin change.
This is accomplished by represen ng these changes as a wave
with amplitude and frequency that can be modulated to reﬂect
diﬀerent degrees of feature granularity in the image.94
Gabor ﬁlter. Named a er Dennis Gabor and ﬁrst used
to describe the representa on of an image in the visual cortex,95 the Gabor ﬁlters seek to capture gradients across different wavelengths and orienta ons.30,94,96 Gabor ﬁlters of
various scales and rota ons have been previously used to
characterize textural pa erns within the intratumoral and
peritumoral spaces.38,43
Co-occurrence of local anisotropic gradient orienta ons.
The co-occurrence of local anisotropic gradient orienta ons
radiomics descriptor (recently introduced in33) a empts to
capture the entropy or disorderliness in pixel-level gradient
orienta ons. Speciﬁcally, co-occurrence of local anisotropic
gradient orienta ons has been shown to enable discrimination between treatment-related changes and disease
recurrence on MRI scans and also dis nguish between benign
and malignant nodules on CT scans.37,38,43
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Vessel torturosity features. Alilou and colleagues28 ﬁrst reported
significant differences (AUC, 0.79, p < .01) in computerextracted tortuosity of tumor-speciﬁc vasculature on noncontrast CT scans. Speciﬁcally, the study reported diﬀerences
in vessel tortuosity between pa ents with NSCLC who did and
did not respond to immunotherapy using nivolumab. Novel
features extracted from the vessels supplying the tumor involved quan fying three key a ributes: (1) torsion, (2) curvature, and (3) branching sta s cs and pa erns. This feature
seems to exploit the fact that increased angiogenesis tends
to be observed in more aggressive tumors, leading to more
tortuous vasculature.
Feature selec on. The massive number of computed radiomic features results in the so-called “curse of dimensionality,”
an issue where the number of features is much larger compared with the number of training instances. One of the
ways to accomplish this is by capping the number of selected
features to be approximately an order of magnitude smaller
compared with the sample size.97 This is accomplished by a
variety of feature selec on algorithms, including univariate
and mul variate models.98,99
Univariate algorithms. These include chi square test,100
Fisher exact test,101 and Wilcoxon rank sum test,102 which
involve comparing the associa on between the features and
the chosen outcome variable to iden fy the most predic ve
features. For instance, to predict recurrence as an outcome,
the chi square test would calculate the chi square coeﬃcient
between a feature variable and the recurrence outcome
(recurrence labeled as one and no recurrence labeled as
zero). Similarly, the Fisher exact test assigns high rank to features that have higher variance, whereas the Wilcoxon rank
sum is a nonparametric univariate test to select features
that are highly sta s cally signiﬁcant in rejec ng the null hypothesis (i.e., there were measurable diﬀerences between
the cause and eﬀect being studied; e.g., studying the relaonship between treatment outcome and overall survival).
MulƟvariate algorithms. Mul variate models solve the issues with univariate analysis by not only measuring feature
associa ons with the chosen outcome but also, helping to
address the interfeature associa ons. Mul variate models,
which are used in radiomic analysis, include minimum redundancy maximum relevance,103 joint mutual informa on,104
and variable importance on projec on measure for principal
component analysis (PCA-VIP)105 to select the top features.
For example, minimum redundancy maximum relevance
helps to iden fy features that are not only discrimina ve but
also, largely uncorrelated.
Other than discriminability, robustness and stability of the
top-ranked features are important criteria in picking features.
Various measures have been used to assess feature stability,
including rela ve standard devia on,26 intraclass correla on
coefficient,106 coefficient of variability,107 and latent and
prepara on-induced instability score.56 The availability of the
Na onal Cancer Ins tute–sponsored RIDER-CT data set, which
comprises CT scans of pa ents with NSCLC taken 15 minutes
apart, has also allowed for iden ﬁca on of those features that
do not drama cally change between the test-retest scans.

Construc ng a classiﬁer. There are primarily two diﬀerent
classiﬁca on approaches, supervised and unsupervised,
which in conjunc on with the top iden ﬁed features, can be
used to predict the probability of an event or the outcome
of interest.
Supervised classificaƟon models. The supervised model is
trained using a set of labels that represent the category of
interest (e.g., diﬀeren a ng between benign and malignant
lung nodules or between responders and nonresponders).
These approaches include support vector machines,108
random forest classiﬁers,109 linear discriminant analysis,110
quadra c discriminant analysis,111 and Adaboost.112
Unsupervised model. In some instances, the outcome labels
are not explicitly known. These scenarios are amenable to
unsupervised clustering. This approach involves ﬁrst clustering the given features into diﬀerent categories without
any predeﬁned labels, with the goal being to discover the
hidden categories. Unsupervised classiﬁca on approaches
have also been used recently in predic ng treatment response in NSCLC.113-115 Clustering methods can include
hierarchical-, Bayesian-, and par oning-based approaches.116,117
In addi on, unsupervised clustering might also be useful
in evalua ng the u lity of the selected features, even with
known outcome labels. If the most discrimina ng features
fail to stra fy the pa ents into the given outcomes of interest, it might call into ques on if the features are, in fact,
suitable for predic ng the chosen outcome of interest.
Analysis of the model performance. Performance of radiomic and delta-radiomic features in the context of supervised
classiﬁca on methods is typically done via a receiver opera ng characteris c curve obtained by plo ng the trueposi ve rate against the false-posi ve rate while con nuously
varying the decision threshold. The results are then reported
as the AUC, with a higher AUC reflecting higher classification performance. Other performance measures include
accuracy, reliability, sensitivity, specificity, and true and
false predic ve rates. When using unsupervised approaches,
like clustering, it becomes more complicated to evaluate
performance without the presence of ground truth labels.
External validity measures118,119 exist to evaluate clustering
quality, evalua ng how well the clustering matches the gold
standard. These include purity, normalized mutual informaon, Rand index, and F measure. Internal quality criterion
measures120 include a aining a high intracluster similarity and
a low intercluster similarity. Survival analysis is o en a secondary measure reported to evaluate the performance of the
predic on model using Kaplan–Meier and Cox propor onal
hazard analysis models121 to predict measures, like overall
survival, disease-free survival, and progression-free survival.

APPLICATIONS OF RADIOMICS IN LUNG
CANCER TREATMENT RESPONSE
Radiomics studies in the lung cancer space encompass both
predicting response to therapy and monitoring response
to a particular treatment. Below, we describe applica ons
of radiomics in the context of radia on oncology and chemotherapy as well as immune checkpoint inhibi on therapy.
asco.org/edbook | 2018 ASCO EDUCATIONAL BOOK
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Radia on Oncology

Immunotherapy

In the radia on oncology space, radiomics is being shown
to have substan al poten al as a key noninvasive monitoring tool. Huynh et al122 showed that radiomic shape and tumor heterogeneity features from respiratory-gated CT scans
enabled the predic on of treatment response to stereotacc body radia on therapy in pa ents with early-stage NSCLC.
Also, Huynh et al123 used a principal component analysis
feature selec on algorithm to choose the most stable and
discrimina ve features and built a mul variate model to
predict response to stereotac c body radia on therapy in
pa ents with NSCLC. Wavelet and textural features were
found to be overexpressing in pa ents with distant metastasis (conﬁdence interval of 0.67) that failed stereotac c
body radia on therapy, whereas clinical and conven onal
parameters failed to be predic ve in these pa ents. Meanwhile, Ma onen et al124 showed the signiﬁcance of radiomic textural features, including gray-level co-occurrence
matrices and gray-level features, which were intensiﬁed in
pa ents who recurred even a er radia on therapy in earlystage NSCLC. The radiomic features were predic ve of recurrence (AUC of 0.85) a er radia on. In contrast, six physician observers had a kappa value of 0.54 in predic ng
recurrence versus no recurrence in these pa ents. Coroller
et al52 showed that radiomic wavelet features successfully
predicted pathologic complete response in pa ents treated
with chemoradiation alone in a cohort of 127 patients,
whereas Jain et al125 found that radiomic textural features
predicted pathologic complete response in 90 pa ents who
underwent trimodality therapy using baseline CT scans. On
an independent valida on set of 45 pa ents, they obtained
an AUC of 0.78 using a random forest–derived classiﬁer
comprising both intratumoral and peritumoral textural patterns. Fave et al27 showed that changes in radiomic intensity
and texture features (delta-radiomics) from serial CT scans
of pa ents with stage III NSCLC before, during, and a er radia on therapy were strong indicators of tumor response to
radia on therapy.

Low response rates (20%–40%) have been noted with immune checkpoint inhibitor drugs, even in pa ents having
ssue-based high PD-L1 expression,22,128,129 the current gold
standard in predic ng response to immune therapy. Considering the gamut of adverse eﬀects130-132 that these drugs
might poten ally cause, radiomics from baseline CT scans is
being explored as a biomarker for treatment response.
Radiomic features pertaining to vessel tortuosity extracted
from baseline pretherapy CT scans have been recently
iden ﬁed as a poten al independent predictor of response
to Nivolumab in locally advanced NSCLC.28 Alilou and colleagues28 devised a novel radiomics descriptor to characterize the changes in the tumor microenvironment using vessel
tortuosity metrics. In the training cohort (33 pa ents), the
top three extracted vessel tortuosity features from pretreatment CT scans most predic ve of outcome (responders vs.
nonresponders determined clinically) were iden ﬁed and
then used for training a support vector machine classiﬁer.
The maximum curvature (f1), standard devia on of the
torsion (f2), and mean curvature (f3) of the nodule vasculature were iden ﬁed as the most discrimina ng features.
Figures 1 and 2 illustrate the changes in vascular tortuosity
for an IO responder and a nonresponder between pre- and
post-treatment IO (2 weeks a er the ﬁrst cycle). The area
(AUC) was 0.84 for the training and 0.73 for the test set
(28 pa ents). Delta-radiomic features of changes in intraand peritumoral heterogeneity were leveraged by Xie et al70
using serial CT scans (pre- and post-treatment), which in
turn, enabled early iden ﬁca on of early responders in 41
pa ents with NSCLC treated with Nivolumab. Tang et al133
presented an NSCLC radiomic signature using unsupervised
classiﬁca on approaches. Using ssue-based CD3 count
and PD-L1 expression in an early-stage NSCLC cohort, they
generated four dis nct cohorts using a combina on of CD3
and PD-L1 low/high expressions. Haralick texture features
and intensity measures were used to correlate radiomics
expression with these four clusters, and corresponding survival analysis was carried out. Mul variate survival models
indicated the highest overall survival in the radiomic cluster
that was strongly correlated with high CD3 and low PD-L1
expressions.

Chemotherapy
Rakshit et al126 showed that Haralick and Gabor textural features within the tumor were found to be overexpressed in
pa ents who responded to pemetrexed chemotherapy in
locally advanced NSCLC, and the radiomics predictor yielded
an AUC of 81.33% on a blinded and independent validation set (22 patients). By including computer-extracted
shape features, the AUC further improved to 83.44%. Interes ngly, the most stable and discrimina ve features were
obtained from the space immediately adjacent to the tumor
(peritumoral space). Biologically, the peritumoral space is
represented by the tumor microenvironment, which has
been shown to be increasingly vital in characterizing tumor
aggressiveness and the corresponding immune response.127
The increase in textural heterogeneity in the peritumoral
region in chemotherapy responders can possibly be explained
by subvisual microfibrosis as a result of chemotherapy
response.
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CONCLUSION
In this ar cle, we discussed the exci ng and innova ve
space of radiomics and quan ta ve imaging techniques as
a means to predict response to radia on therapy, diﬀerent
chemotherapeu c modali es, immune checkpoint inhibi on
treatment, and trimodality therapy as well as a prognos c
indicator for early treatment response for these mul ple
regimens. These techniques and developments have shown
tremendous promise in various domains, including recent
explora ons and forays in the expanding ﬁelds of immunotherapy and targeted and molecular therapy in oncology.
These novel imaging techniques have also shown be er
accuracy in monitoring treatment response compared with
current RECIST-based guidelines.

NOVEL QUANTITATIVE IMAGING FOR PREDICTING RESPONSE TO THERAPY

FIGURE 1. A Shows the Top 10 Tortuosity Radiomic Features in Responders Before Treatment,
Whereas B Shows the Same 10 Features A er Immunotherapy

Meanwhile, visualiza on of vessel tortuosity surrounding the tumor is shown in B before treatment and in D a er treatment. It is apparent from C and D that immunotherapy leads to both a visual and a
radiomic decrease in tortuosity in pa ents who respond to immunotherapy a er treatment.

We brieﬂy overviewed the radiomic framework with a
brief discussion about the various types of radiomics feature
descriptors in use and selec on of the most stable and discrimina ve features, and we constructed a predic ve classiﬁer and evaluated the performance of the developed model
in predic ng the outcome of interest as well as analyzing
survival data. We also discussed how it could be seamlessly integra on into the clinical workﬂow with minimal
disrup on. We also spoke about the morphologic and histogenomic underpinning behind many of these computerextracted features to provide a more intuitive reasoning
behind its predic on capacity.
We also noted that the existence of a large number of
sources of variance remains an impediment to accurate radiomic analysis. In conjunc on with rela vely small data sets
and mostly retrospec ve analysis, these sources are some
of the limita ons that it needs to ac vely overcome. The
development of new techniques to alleviate this varia on
needs to be validated in large-scale mul site and mul ins tu on prospec ve valida on studies to conﬁrm its usefulness. The groundwork, however, has been laid, and the
me is opportune for radiomics to be tested as a biomarker

in prospec ve cohort studies and randomized clinical trials.
It is only after successful validation in large-scale trials
that radiomics can be accepted as a part of rou ne clinical
prac ce.
To be part of the rou ne clinical decision-making system,
radiomics needs to be a joint collabora on of oncologists,
radiologists, physicians, and computa onal scien sts. We
hope that this overview will help clinicians be er appreciate
the ﬁeld of radiomics, especially its poten al in playing an
important part in predic ng treatment response and monitoring ongoing therapy.
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Whereas B Shows the Same 10 Features A er Immunotherapy

Meanwhile, visualiza on of vessel tortuosity surrounding the tumor is shown in B before treatment and in D a er treatment. It is apparent from C and D that pa ents who do not respond to immunotherapy
have a visual and a radiomic increase (or remain stable) in tortuosity across all of the extracted vessel features.
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TUMOR RESPONSE ASSESSMENT FOR PRECISION CANCER THERAPY

Tumor Response Assessment for Precision Cancer Therapy:
Response Evalua on Criteria in Solid Tumors and Beyond
Mizuki Nishino, MD, MPH
OVERVIEW
Objec ve assessment of tumor responses and treatment results has been the basis for the advancement of cancer therapies, and imaging plays a key role to provide a “common language” to describe the results of cancer treatment. Although
Response Evalua on Criteria in Solid Tumors (RECIST) has been the most widely accepted method for assessing tumor
response in the past decades, the limita ons of RECIST have increasingly becoming recognized, especially with the recent
advances of precision-medicine approaches to cancer. This ar cle reviews the current concept of tumor response evaluaons based on RECIST, describes the limita ons of RECIST, and proposes strategies to overcome the limita ons. The ar cle
emphasizes speciﬁc limita ons in the se ng of precision cancer therapy and cancer immunotherapy and discusses the
important insights provided by the cu ng-edge inves ga ons in the emerging ﬁelds.

E

valua on of tumor response to therapy and incorpora on of the results in the prac ce of clinical oncology
provide the basis for advances in cancer treatment.1 Imaging plays a cri cal role for objec vely characterizing tumor
response to therapy and deﬁning trial endpoints for novel
agents.2 RECIST, introduced in 2000 and revised in 2009,
has been widely used as a standardized method for tumor
response assessment in the past two decades and has provided the basis for regulatory approvals for novel cancer
therapy.3,4

CURRENT METHOD OF TUMOR RESPONSE
EVALUATION USING RECIST
RECIST version 1.1 (RECIST1.1) is the current version and is
used as tumor response criteria in most trials of solid tumors in general. RECIST1.1 uses unidimensional diameters
of target lesions and the sum of measurements of all target
lesions as a quan ta ve measure of tumor burden (Table 1).3-6
Changes of the quan ta ve tumor burden are assessed
in reference to the speciﬁc cutoﬀ values in order to assign
categorical response groups. In addi on, qualita ve assessment is performed for the changes of nontarget lesions and
appearance of new lesions, which helps to deﬁne progressive disease (PD; Table 1).3-6

GENERAL LIMITATIONS OF RECIST BASED
APPROACHES
Although RECIST provides a prac cal method for tumor response evalua ons that are widely accepted as a standardized

measure, the limita ons of RECIST have been acknowledged.
Major limita ons that universally aﬀect the assessment results regardless of tumor types or agents include variability
of tumor size measurements and tumoral heterogeneity,
both within a lesion and among diﬀerent lesions in a pa ent.
Measurement variability is an inherent limita on of
quan ta ve imaging methods, including RECIST. Erasmus
and colleagues evaluated measurement variability of 40
lung tumors and reported a 30% misclassiﬁca on rate for
progressive disease by RECIST; this ﬁnding indicated that
nearly one third of pa ents can be classiﬁed as having PD
because of the measurement variability rather than true
tumor growth.7 Zhao and colleagues evaluated same-day
repeat CT scans of 32 pa ents with non–small cell lung cancer (NSCLC) and reported the 95% limits of agreement of
tumor size measurements ranging from (−18.3%, 15.5%) to
(−22.8%, 23.0%).8 Another prior study assessed 43 pa ents
with advanced NSCLC and demonstrated that RECIST1.1 was
more reproducible with a narrower 95% limits of interobserver agreement (−18.6%, 25.4%) compared with those of
the original RECIST (RECIST1.0).9 These observa ons indicate that RECIST is reproducible in reference to the par al
response threshold (≥ 30% decrease); however, the cutoﬀ
for progression (≥ 20% increase) can be within the range
of measurement variability and may misclassify pa ents as
having PD because of measurement errors.5,7
Of note, the measurement variability has more inﬂuence on the response assessment results in pa ents with
smaller tumor burden because the response categories are
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TABLE 1. Summary of RECIST1.1 Guidelines for Tumor Response Assessment
Components

Deﬁni ons

Measurement method

Longest diameter for nonnodal lesions except for lymph nodes; short axis for lymph nodes

Measurable lesion

Longest diameter of ≥ 10 mm* for lesions except for lymph nodes; short axis ≥ 15 mm for lymph
nodes

Target lesion

All measurable lesions up to two per organ and ﬁve in total, selected on baseline scan; all other
lesions or sites are recorded as nontarget lesions

Response Category
Complete response

Disappearance of all target and nontarget lesions except for lymph nodes; all lymph nodes must
be < 10 mm short axis

Par al response

≥ 30% decrease in the sum of the longest diameters of target lesions compared with baseline

Stable disease

Neither par al response or progressive disease

Progressive disease

≥ 20% and ≥ 5-mm increase in the sum of the target lesion measurements compared with the
smallest sum recorded; the appearance of one or more new lesions; or unequivocal progression of
nontarget lesions

Abbrevia on: RECIST, Response Evalua on Criteria in Solid Tumors.
*Longest diameter of ≥ 0 mm on nonhelical CT with a slice thickness of > 10 mm or on chest radiography.

deﬁned by the propor onal changes of tumor measurements. For example, a 3-mm diﬀerence in size because of
measurement variability contributes to only a 6% diﬀerence
in propor onal change for a tumor measuring 5 cm on the
reference scan but results in a 30% diﬀerence for a tumor

PRACTICAL APPLICATIONS
• RECIST1.1 is the current version of tumor response
criteria that are widely accepted as a standardized
method in most trials of solid tumors in general; it uses
unidimensional diameters of target lesions and the sum
of measurements of all target lesions as a quan ta ve
measure of tumor burden.
• Major limita ons of RECIST that universally aﬀect the
response assessment regardless of tumor types or agents
include variability of tumor size measurements and
tumoral heterogeneity both within a lesion and among
diﬀerent lesions in a pa ent.
• Among the speciﬁc limita ons of RECIST in precision
cancer therapy, in pa ents treated with molecular
targe ng agents with an angiogenic ac vity, decrease of
CT tumor density may reﬂect response to therapy even
without tumor size decrease mee ng the criteria for
RECIST response; Choi criteria can contribute to address
the pi all.
• In pa ents with tumors harboring speciﬁc genomic
abnormali es treated with eﬀec ve molecular targe ng
therapy, tumors tend to show marked ini al response
and then slowly grow back while the pa ents are
receiving therapy, where RECIST progression does
not necessarily indicate treatment failure and the
tumor growth rate may contribute to help therapeu c
decisions.
• In pa ents treated with cancer immunotherapy using
immune-checkpoint blockade, atypical response pa erns
or pseudoprogression, although rare, can be noted,
and several criteria have been proposed to address the
unmet needs in the emerging ﬁeld.
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measuring 1 cm on the reference scan; thus, in the la er
case, it may aﬀect the change in response category assignment.5,10 The issue is par cularly relevant in pa ents treated
with eﬀec ve targe ng therapy, who o en demonstrate
marked ini al size decrease in their tumors. In these paents, the smallest tumor burden a er response, or nadir,
serves as a reference to deﬁne subsequent progression, and
an increase of only a few millimeters may result in a 20% or
greater increase compared with the nadir. To address this
limita on, RECIST1.1 requires at least a 5-mm absolute size
increase compared with the nadir to deﬁne PD, in addi on
to the 20% or greater increase that has been conven onally used in RECIST1.0 (Fig. 1).4,6 However, two prior studies evaluated the impact of the addi on of the 5-mm rule
in RECIST1.1 in pa ents with advanced NSCLC treated with
EGFR inhibitors and demonstrated that only a minority of
pa ents (6% [4 of 70] in one study10 and 1% [one of 104] in
the other study11) had longer me to progression because
of the 5-mm requirement; this indicates the need for addional strategies, including more accurate and less variable
measurement methods, to overcome the issue.
RECIST simply relies on unidimensional tumor size measurements for quan ﬁca on of tumor burden, assuming
that three-dimensional tumor volume burden is related to
a planar measurement. However, in real life, tumors are
heterogeneous in terms of growth rates and pa erns within
the same lesion (Fig. 2), or among diﬀerent lesions in one
pa ent, where some lesions increase whereas others remain unchanged or decrease during therapy.5,12,13 One of the
approaches to address this issue, at least in part, is to apply tumor volume measurements to quan fy en re tumor
burden as a marker for treatment beneﬁt and prolonged
survival.5,8,14-19 The clinical applica on of the mul –detector
row CT technology in the past decades has enabled volumetric acquisi on of large anatomic volumes with isotropic
voxels, allowing the segmenta on and measurement of tumor volumes using high-resolu on mul –detector row CT
data (Fig. 3).5 Studies to date have consistently shown that

TUMOR RESPONSE ASSESSMENT FOR PRECISION CANCER THERAPY

FIGURE 1. 55-Year-Old Woman With Non–Small Cell Lung Cancer Treated With EGFR Inhibitor
Erlo nib

(A) CT scan of chest shows spiculated right lung lesion, which was only target lesion, has longest diameter of 2.8 cm (arrow). (B) A er one cycle of therapy, lesion measures 1.3 cm (arrow), showing 54%
decrease in size compared with baseline. This change is consistent with par al response. (C) A er ini al response, small residual tumor slowly increased in size and measured 1.7 cm (arrow) on further follow-up
study. Given 30% increase compared with nadir (1.3 cm), assessment by using the original Response Evalua on Criteria in Solid Tumors (RECIST 1.0) would be progressive disease (PD). However, by using
RECIST 1.1, assessment is stable disease because absolute increase in size is less than 5 mm. (D) Another follow-up CT scan shows further increase in size of residual tumor with longest diameter of 2.0 cm
(arrow), which meets criteria for PD by RECIST 1.1 given 54% increase and 6-mm absolute increase in size compared with nadir.
Reprinted with permission from AJR Am J Roentgenol. 2010;195:281-289.

tumor volume is more reproducible than size, indica ng an
addi onal advantage of using tumor volume for accurate
characteriza on of tumor response to therapy.8,14-19 Tumor
volume has also been shown to be a useful early marker
to predict survival in a subset of pa ents with advanced
cancer treated with molecular targeted therapy.16,17 It has
been almost a decade since the RECIST Working Group, at
the me of introduc on of RECIST 1.1 in 2009, addressed
moving from unidimensional assessment to volumetric
or functional assessment, but it concluded that sufficient

standardiza on and widespread availability were needed
before the alterna ve methods could be recommended.4,6
Robust solu ons for the increasing needs for standardizaon and technology transfer should be established via collabora ons among oncology and radiology communi es.

SPECIFIC LIMITATIONS IN THE SETTING OF
PRECISION CANCER THERAPY
Along with the further advancement of the precision
medicine approaches for the care of pa ents with cancer,

FIGURE 2. Limita ons of Response Assessment by Using Response Evalua on Criteria in Solid Tumors
(RECIST) in 58-Year-Old Woman With Stage IV Lung Adenocarcinoma

(A and B) Contrast-enhanced axial and coronal CT images of the chest during pemetrexed and cispla n therapy demonstrate a spiculated mass in the le upper lobe. The measurement of the dominant mass
according to RECIST was 2.9 cm, measured in the longest diameter on an axial plane. Note a small nodular component of the mass at its inferior por on (arrow, B). (C and D) At follow-up CT during therapy
(C), the axial plane at the level of the longest diameter of the mass demonstrated a similar appearance and size of mass, 3.0 cm in the longest diameter. (D) However, a coronal reforma ed image at the level
of the mass, the inferior component of the mass (arrow, D) has increased compared with the prior study (B), indica ng increase of tumor burden, which is not captured by RECIST measurements.
Abbrevia on: HU, Hounsﬁeld unit.
Reprinted with permission from Radiology. 2014;271:6-27.
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FIGURE 3. CT Tumor Volume Measurement in 73-Year-Old Woman With Advanced Non–Small Cell
Lung Cancer

(A and B) CT scans of the chest in a pa ent with advanced lung cancer demonstrate a lung lesion abu ng the pulmonary vasculature. Clicking a voxel within a lesion allows the so ware to automa cally
segment the lesion using adap ve threshold and size criteria, and the boundary of the segmented lesion is displayed on the CT images. The boundary of the tumor is adjusted manually by the radiologist on
each image to separate the lesion and adjacent vasculature. (C and D) The segmented tumor is displayed in a three-dimensional fashion, and the volume and CT a enua on coeﬃcient (Hounsﬁeld units) of
the segmented tumor are provided.
Reprinted with permission from Acad Radiol. 2011;18:54-62.

addi onal limita ons of RECIST that are relevant in the
speciﬁc se ng of precision cancer treatment have been increasingly recognized. To represent these emerging limitaons of RECIST, three clinical scenarios are presented: (1) CT
density changes in response to molecular targeted therapy,
(2) slow tumor progression during molecular targeted therapy, and (3) response evalua ons in cancer immunotherapy.

CT Density Changes in Response to Molecular
Targeted Therapy
In pa ents treated with molecular targe ng agents especially
with an angiogenic ac vity, decrease of CT tumor density

may reﬂect response to therapy (Fig. 4), even in the absence
of tumor size decrease of 30% or more as defined by
RECIST.2,20-22 CT density is measured on the CT images by placing a region of interest (ROI) over a lesion or an area, and is
demonstrated using the Hounsﬁeld unit (HU) value, where
water is 0 HU and air is −1,000 HU. CT density measurement
is a rela vely simple and prac cal procedure that is rou nely
performed in the interpreta on of CT scans, however, is
subject to measurement variability. The phenomenon of CT
density decrease as a manifesta on of tumor response to
therapyhas been most studied in gastrointes nal stromal
tumors treated with tyrosine kinase inhibitors; however,

FIGURE 4. 58-Year-Old Man With Advanced Gastrointes nal Stromal Tumor With Liver Metastasis
Treated With Ima nib Mesylate

(A) Baseline contrast-enhanced CT of abdomen before therapy shows heterogeneously enhancing mass in liver represen ng metastasis, measuring 10 cm in longest diameter and 50 Hounsﬁeld units (HU)
in CT a enua on (circle). (B) Follow-up CT scan obtained 8 weeks a er ini a on of ima nib mesylate therapy shows substan al decrease in CT a enua on of tumor (circle; 25 HU), mee ng Choi criteria for
response, with minimal decrease in size (9.5 cm in longest diameter). (C) Pa ent con nued receiving ima nib mesylate therapy. Follow-up CT scan at 2 years revealed new intratumoral tumor nodule (arrow),
mee ng Choi criteria for progression. Note that measurement of longest diameter alone by Response Evalua on Criteria in Solid Tumors (7.5 cm) fails to detect progression.
Reprinted with permission from AJR Am J Roentgenol. 2012;198:737-745.
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similar observa ons are noted in other solid tumors, including other sarcomas, renal cell carcinomas, and hepatocellular carcinomas.2,23-25 A er ini al response to therapy with
CT density decrease, tumor progression may demonstrate
such pa erns as an appearance of new intratumoral nodules or new enhancement, rather than tumor size increase
(Fig. 4).2,20-22,26 To complement the limita ons of RECIST in
this se ng, Choi response criteria have been proposed,
which deﬁne response by a 10% decrease in tumor size or
a 15% decrease in CT density. Choi criteria also deﬁne progression by (1) appearance of new lesions, (2) appearance
or increase in size of intratumoral nodules, or (3) tumor
size increase by more than 20% without post-treatment hypodense change.20,21 The Choi criteria are widely recognized
and o en used as a secondary guideline to evaluate tumor
response and progression in the speciﬁc se ngs of an angiogenic ac vity.

Slow Tumor Progression During Molecular Targeted
Therapy
Recent advances of tumor genomic analysis have enabled
precision oncology approaches using molecular targe ng
agents for pa ents harboring speciﬁc genomic abnormalies in their tumors. Tumors of these pa ents show marked
ini al decrease in response to therapy but subsequently
demonstrate regrowth because of acquired resistance, as

represented by pa ents with advanced NSCLC who have sensi zing EGFR muta ons treated with EGFR inhibitors.2,5,27,28
In these pa ents, tumors tend to grow back slowly over
the course of many months or some mes a few years a er
reaching the nadir.16,17,29 Oncologists o en con nue to treat
these pa ents with EGFR inhibitors even a er they met the
criteria for RECIST progression because their tumors con nue to grow slowly, sugges ng that some tumor cells remain
sensi ve to EGFR inhibitors.30-32 In a report of 56 pa ents
with EGFR-mutant NSCLC treated with EGFR inhibitors, 88%
of the pa ents con nued EGFR inhibitors a er they met the
criteria for RECIST progression (Fig. 5).32 A recent phase II
trial of EGFR-mutant pa ents treated with ﬁrst-line EGFR
inhibitor showed that continuation of therapy beyond
RECIST progression is feasible and delayed salvage therapy
by a median of 3.1 months.33 Similar clinical scenarios are
noted in other tumors, including pa ents with ALK-rearranged
NSCLC treated with anaplastic lymphoma kinase inhibitors.2,34-38 The limited value of RECIST in these se ngs is
somewhat expected because RECIST was primarily designed
to document tumor response to therapy in trials and was
not intended to guide treatment decisions.3,4,39 Regardless,
increasing clinical demands should be recognized to support
the eﬀorts to objec vely characterize slow progression over
me and dis nguishing pa ents who can safely con nue
receiving therapy from those who need alternate therapy.

FIGURE 5. 50-Year-Old Woman With Lung Adenocarcinoma Harboring Sensi zing EGFR Muta on
(Exon 19 Dele on)

(A) Baseline chest CT before therapy demonstrated an irregular mass in the le upper lobe, measuring 3.1 cm. (B) The pa ent started treatment with erlo nib and demonstrated marked tumor decrease as
a response to therapy. A er 11 months of therapy, the le upper lobe lesion measured 0.8 cm (arrow), which was the smallest measurement since the baseline. (C) The lesion started to grow slowly. At 15
months of therapy, the lesion measured 1.4 cm (arrow), mee ng the criteria for progression by Response Evalua on Criteria in Solid Tumors 1.1 (≥20% and ≥5-mm increase since the nadir). Given the small
burden of the tumor, the pa ent con nued to receive erlo nib without any addi onal agent. (D and E) At 22 months of therapy, the le upper lobe lesion further increased in size, measuring 4.1 cm (arrow).
MRI of the cervical spine demonstrated diﬀuse leptomeningeal enhancement (arrowheads), represen ng new leptomeningeal metastasis. Erlo nib was discon nued, and the pa ent was subsequently
enrolled in another inves ga onal therapy.
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FIGURE 6. CT Images of Segmented Lung Tumor From 52-Year-Old Woman With Stage IV Lung
Adenocarcinoma With Slow Tumor Growth

(A) Baseline CT scan revealed a dominant right upper lobe lesion measuring 14,495 mm3. (B) The pa ent received treatment with geﬁ nib, and her tumor volume signiﬁcantly decreased, reaching the nadir,
measuring 4121 mm3, at 8 months. (C-H) The tumor started to grow back, with a gradual increase in tumor volume over 2 years observed a er (C) 11 months, (D) 16 months, (E) 19 months, (F) 21 months, (G)
26 months, and (H) 28 months of therapy. The maximum tumor growth rate (measured by using the logarithm of tumor volume [logeV]) between two consecu ve scans since nadir was 0.09 mm3 per month.
Geﬁ nib was discon nued at 28 months, and the pa ent subsequently was treated in a trial with an irreversible EGFR inhibitor.
Reprinted with permission from Cancer. 2013;119:3761-3768.

To address slow progression, some inves gators have
focused on tumor growth rate during therapy as a marker
for defining treatment endpoints and assessing clinical
beneﬁts.17,29,40-44 In the studies by Stein and colleagues in
cohorts with renal cell carcinoma and prostate cancer, the
tumor growth rate constant, obtained as loge2/doubling
me (days) using tumor size measurements during trials,
showed nega ve correla on with overall survival, demonstra ng that slow tumor growth indicates be er out-

come.43,44 In pa ents with advanced EGFR-mutant NSCLC
treated with EGFR inhibitors, the tumor growth rate a er
nadir was 0.12 per month for the logarithm of the volume
(logeV), which was reproduced in an independent cohort,
proposing a reference value to deﬁne slow progression in
this speciﬁc popula on to be er guide therapeu c decisions (Fig. 6).17,29 Further eﬀorts are ongoing to validate
these ﬁndings and translate the approach into the clinical
se ng.

FIGURE 7. Response A er an Ini al Increase in Total Tumor Burden in 77-Year-Old Man With
Advanced Melanoma Treated With Ipilimumab

(A) Baseline CT scan demonstrated a lung lesion (arrow) measuring 19 mm in the longest diameter. (B) At 12 weeks of therapy, the lesion (arrow) measured 29 mm, demonstra ng 53% increase compared
with baseline, indica ng progressive disease by Response Evalua on Criteria in Solid Tumors (RECIST). (C) The pa ent con nued to receive therapy, and another follow-up CT scan at 24 weeks showed a
reduc on of the lesion (arrow), measuring 12 mm, indica ng immune-related response to therapy.
Reprinted with permission from Eur J Radiol. 2015;84:1259-1268.
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TABLE 2. Summary of Criteria for Immune-Related Response Evalua ons
Measurement

irRC (2009)7

irRECIST (2013)47,52-54

iRECIST55 (2017)

Bidimensional

Unidimensional

Unidimensional

LD × SD (cm2)

LD (cm) for non–lymph node lesions

LD (cm) for non–lymph node lesions

SD (cm) for lymph nodes

SD (cm) for lymph nodes

PR Criteria*

≥ 50% decrease

≥ 30% decrease

≥ 30% decrease

PD Criteria**

≥ 25% increase

≥ 20% and ≥ 5-mm increase, or nontarget
PD

≥ 20% and ≥ 5-mm increase, or nontarget
PD

New Lesions

Included in the sum of measurements

Included in the sum of measurements

Recorded and measured separately and
not included in the sum of measurements

Do not deﬁne PD

Do not deﬁne PD

Result in unconﬁrmed PD
Conﬁrmed PD can be assigned only if addional new lesions appear or an increase
in size† of new lesions is noted at the
next assessment

Conﬁrma on of PD

Required

Required

Required

At least 4 weeks later

At least 4 weeks later

At the next assessment performed 4-8
weeks later

Abbrevia ons: iRECIST, Response Evalua on Criteria in Solid Tumors for immunotherapy; irRC, immune-related response criteria; irRECIST, immune-related Response Evalua on Criteria in Solid Tumors; LD,
longest diameter; PD, progressive disease; PR, par al response; SD, short-axis diameter (longest perpendicular diameter). Data obtained from Nishino et al.46
*The percentage change is calculated in comparison with the measurements at baseline.
**The percentage change is calculated in comparison with the measurements at the nadir (smallest tumor burden since baseline).
†Deﬁned as ≥ 5 mm for sum of new lesion target or any increase in new lesion nontarget.

Tumor Responses to Cancer Immunotherapy
Cancer immunotherapy using immune checkpoint inhibitors
have brought a paradigm shi in advanced cancer treatment
in the past few years.45-48 An cancer mechanism of immune
checkpoint inhibitors is via blockade of immune inhibi on
by tumors.46-48 Because of this unique mechanism of ac on,
atypical response pa erns are noted in pa ents treated
with immune checkpoint inhibitors, including response after an ini al increase in tumor burden and response during
or a er appearance of new lesions (Figs. 7 and 8). These
response pa erns are termed "pseudoprogresion" because
the ini al increase or appearance of new lesions meets the
criteria for RECIST progression.2,46,49-51 To overcome limitaons of RECIST and capture these addi onal response patterns during immunotherapy, several response criteria have

been proposed speciﬁcally for pa ents treated with cancer
immunotherapy and con nue to evolve as we learn more
about immune-related tumor responses (Table 2).
The ﬁrst criteria for cancer immunotherapy were proposed in 2009 as immune-related response criteria (irRC).50
The key features of irRC include (1) requirement of conﬁrmation of PD on two consecutive scans obtained at least
4 weeks apart and (2) inclusion of new lesion measurements
in the en re tumor burden, rather than deﬁning PD at the
appearance of new lesions.50 Subsequently, the studies by
Nishino and colleagues showed that RECIST-based unidimensional measurements, as opposed to bidimensional
measurements used in irRC, can characterize immune-related
tumor responses with better reproducibility, while keeping the important features of irRC in terms of progression

FIGURE 8. Pseudoprogression in 66-Year-Old Man With Advanced Melanoma Treated With
Pembrolizumab

(A) Baseline CT scan showed no measurable tumor burden and subcen meter, nonmeasurable brain metastasis. (B) A follow-up scan at 1.5 months of therapy showed a new subcutaneous nodule (arrow).
(C) On a subsequent follow-up scan at 3.5 months of therapy, the nodule has signiﬁcantly decreased in size (arrow).
Reprinted with permission from Clin Cancer Res. 2017;23:4671-4679.
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FIGURE 9. 38-Year-Old Woman With Advanced Melanoma With Pseudoprogression

(A) Baseline CT scan showed a right axillary lymph node measuring 1.7 cm in short axis (arrow). The lesion increased in size on the ﬁrst follow-up scan at 2.7 months (B) and second follow-up scan at 4.1
months (C), demonstra ng increase in size of the lesion more than 20% from baseline, conﬁrming immune-related progressive disease. The lesion reached its maximal size at the third follow-up scan at 5.5
months (D) and then started to decrease in size on the fourth scan at 6.7 months (E). The lesion further decreased in size gradually and met the criteria for response at 22.3 months of therapy (F). Since then,
the lesion remained small and maintained durable response over 19 months.
Reprinted with permission from Clin Cancer Res. 2017;23:4671-4679.

conﬁrma on and new lesion assessment.52,53 The studies
provided a basis for RECIST-based immune-related response
evalua ons, which became known as immune-related RECIST
among the inves gators of immuno-oncology (Table 2).46,47
More recently, RECIST working group developed iRECIST that
is speciﬁcally designed for cancer immunotherapy trials.55
iRECIST is also based on unidimensional RECIST-based approach and requires conﬁrma on for PD, while it proposed
separate assessments for new lesions and deﬁned an important concept of unconﬁrmed PD (Table 2).55 These efforts have contributed substan ally to develop a common
language to assess response to immunotherapy.46
Because the concepts and guidelines for cancer immunotherapy are evolving, the cu ng-edge observa ons from
the recent studies of immune-related response assessments
can provide substan al contribu ons to this emerging ﬁeld.
An important recent observa on is the low incidence of
pseudoprogression, which should be recognized by providers who evaluate pa ents treated with cancer immunotherapy.46,51,56 Among pa ents with melanoma treated with
immune checkpoint inhibitors, the incidence of pseudoprogression is approximately 10% or lower.49,50,57,58 Among
patients with advanced NSCLC, a lower incidence of 5%
(6 of 129) was reported in a phase I study of nivolumab.59 The
incidence seems even lower in pa ents with NSCLC treated
with standard-of-care PD-1 therapy; in a recent study of 160
pa ents treated with commercial nivolumab or pembrolizumab monotherapy, only one pa ent (0.6%) demonstrated
pseudoprogression, emphasizing the rarity of the phenomenon.60 Addi onally, the detailed analyses of the few pseudoprogression cases have indicated another limita on of the
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current methods of immune-related response evalua ons.
In two recent studies of advanced melanoma and NSCLC
treated with PD-1 inhibitors, pa ents with pseudoprogression showed tumor burden decrease a er PD was conﬁrmed
on two consecu ve scans, sugges ng that immune-related
tumor response may occur much later than the currently assumed meframe (4–8 weeks) a er the ini al PD (Fig. 9).58,60
These accumula ng data provide insights for further improvement of the design of response criteria for immunotherapy and also indicate the area of unmet needs where
more novel imaging techniques may be required.
Although the basic strategy of tumor response assessment
is to simply obtain a propor onal tumor burden changes
(percentage) comparing to the reference scan (the baseline
or the nadir scan), the longitudinal analyses of serial changes in tumor burden over me during therapy may more
accurately reﬂect tumor behaviors in response to therapy.
Such an approach may be par cularly useful in the se ng
of cancer immunotherapy, where tumors demonstrate complex behavior reﬂec ng the interplay of tumor biology, ancancer agent ac vity, and host immunity. In recent studies
of serial tumor burden dynamics in pa ents treated with
PD-1 inhibitors, a tumor burden increase of less than 20%
in reference to the baseline burden throughout therapy was
associated with longer survival, proposing a prac cal marker
of treatment beneﬁt.58,60 By applying the concept of tumor
growth rate to immunotherapy, another recent report
described a pa ern of “hyperprogressive disease,” which
demonstrates RECIST progression at the ﬁrst evalua on with
a twofold or greater increase in the tumor growth rate between the prior therapy period and upon an -PD-1/PD-L1

TUMOR RESPONSE ASSESSMENT FOR PRECISION CANCER THERAPY

therapy.61 These emerging study results are provoca ve
and suggest an increasing need for further inves ga ons to
op mize treatment monitoring for cancer immunotherapy,
where the oncology and radiology community can work together to advance the ﬁeld.

CONCLUSION AND FUTURE DIRECTIONS
RECIST has been a simple and prac cal method for tumor
response evalua ons in the past decades and has provided a basis for the regulatory approvals of novel an cancer
agents as the most widely accepted and standardized measure to objec vely describe treatment results. Limita ons of

RECIST, both in general and in the speciﬁc se ngs of precision
cancer therapy, should be recognized to address the pi alls
and apply alternate methods to overcome these limita ons.
Among the recent advances in novel therapeu c approaches, cancer immunotherapy provides many emerging challenges in tumor response evalua ons, and further eﬀorts
through mul disciplinary collabora ons are needed to improve the strategy for immune-related response evalua ons.
Understanding RECIST and its limita ons in the current setng of precision cancer therapy is essen al to set a stage for
further progress of the ﬁeld toward applying func onal and
molecular imaging for tumor response evalua ons.
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