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Clinical Trials in the Genomic Era
Erel Joffe, Alexia Iasonos, and Anas Younes

A B S T R A C T

Personalization of therapy to target specific molecular pathways has been placed in the forefront of
cancer research. Initial reports from clinical trials designed to select patients for appropriate treatment
on the basis of tumor characteristics not only have generated considerable excitement but also have
identified several challenges. These challenges include the overcoming of regulatory and logistic
difficulties, identification of the best selection biomarkers and diagnostic platforms that can be applied
in the clinical setting, definition of relevant outcomes in small preselected patient populations,
and the design of methods that facilitate rapid enrollment and interpretation of clinical trials by
aggregating data across histologically diverse malignancies with common genetic alterations.
Furthermore, because our knowledge of the functional consequences of many genetic alter-
ations lags, investigators and sponsors struggle with choosing between ideal clinical trial de-
signs and more practical ones. These challenges are amplified when more than one biomarker is
used to select patients for a combination of targeted agents. This review summarizes the
current status and challenges of clinical trials in the genomic era and proposes ways to address
these challenges.
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INTRODUCTION

Rapid advancement in next generation se-
quencing has revealed a complex landscape of
genomic alterations, including mutations,
amplifications, and deletions, that regulate
molecular pathways common to a variety of
tumor types.1-6 Some of these alterations are
involved in tumor pathogenesis, cell growth, or
survival and are therefore referred to as ac-
tionable. However, the majority of these ge-
netic alterations are still of unclear significance. To
better understand the clinical implications and
actionability of these alterations, clinical trials have
been initiated to select patients for novel targeted
therapies on the basis of their genetic aber-
rations. Initial experience from these studies
highlight considerable logistic and method-
ological difficulties and indicate that the
benefit of genetically guided therapy may be
restricted to a smaller patient subpopulation
than originally predicted.7-11 This article
briefly reviews the opportunities and chal-
lenges of clinical trials in the genomic era. It
specifically focuses on the relevance to he-
matologic malignancies and recent insights
from basket and umbrella trials as the pro-
totype for genomic-based trials.

In a recent sequencing study of 3,696 tissue
samples from patients with various hematologic
malignancies, 95% had at least one known driver
alteration, 82% of which were linked to a com-
mercially available targeted therapy or one that is in
clinical development.1 Hundreds of other alter-
ations have been independently identified in acute
myeloid leukemia (AML), chronic lymphocytic
leukemia (CLL), multiple myeloma , and other
hematologic malignancies.2-6,12-14 At the same
time, a surge in novel therapies has occurred,
with . 1,200 drugs currently in active develop-
ment, 45% of which with a disclosed molecular
target.15 When tested in unselected patient pop-
ulations, the majority of these drugs fail to dem-
onstrate a significant single-agent activity.16 In
select diseases, some agents produce high response
rates, such as those that target Bruton’s tyrosine
kinase, phosphatidylinositol 3-kinase d, and B-cell
lymphoma 2 in patients with CLL, mantle cell
lymphoma,Waldenstrommacroglobulinemia, and
follicular lymphoma.17-19 However, when tested in
unselected patients with other hematologic ma-
lignancies, these agents fail to achieve similar
results.17,18 The resulting premise was that the
matching of patients with targeted agents on the
basis of the molecular abnormalities harbored by
their malignancies would improve treatment
outcomes (Table 1).
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PATIENT SELECTION ON THE BASIS OF GENETIC ALTERATIONS

Ideally, actionable genetic alterations should lead to new therapies that can
be approved by regulatory agencies. For example, BRAFV600E predicts re-
sponse to vemurafenib inmelanoma, andKRASmutations predict resistance
to anti–epidermal growth factor receptor monoclonal antibodies in co-
lorectal cancer.20,21 However, in many cases, identification of an association
between a molecular insult and a targeted therapy may be obscure.

Often, the functional consequences are known only for some of the
variants identified in a gene of interest (eg, TP53, CREBBP, EZH2).
Consequently, investigators and sponsors are faced with the challenge of
making decisions about which alterations to use for patient selection.
Furthermore, although some new agents may preferentially target ma-
lignant cells that harbor specific genetic alterations, they may also dem-
onstrate antiproliferative activity in tumors that do not carry such
mutations. An example is the EZH2 inhibitor tazemetostat, which has
demonstrated a clinical response in patients with lymphoma and solid
tumors irrespective of the presence of its targeted tyrosine 641 mutation.23

Likewise, in myelofibrosis, responses to ruxolitinib, a Janus kinase 2 in-
hibitor, were seen in patients with and without the JAK2-V617F muta-
tion.24 Finally, co-occurring alterations represent an additional challenge
for prioritizing which mutation to target and for evaluating responses.25

DNMT3A mutations, for example, were identified in 30% of patients with

AML but associated with a poorer prognosis only in patients with NPM1
mutations.26

To summarize, one of the main objectives of genomic-based trials is
to generate insights into the relationship among mutations, malignancy,
and response to novel drugs. How to differentiate driver from passenger
mutations, what allele frequency should be considered significant, what
copy number cutoffs should be used to define meaningful amplification,
how to analyze mutations in tumor suppressor genes, how to handle the
presence of subclones, and how to analyze variations in noncoding regions
are all areas of active research, with special bioinformatics tools under
development to predict and prioritize mutations by their actionability.22,27

Longitudinal molecular monitoring plays a subsequent role in the study of
mechanisms of resistance and disease evolution. It is, therefore, of utmost
importance that the data accumulated through genomic-driven trials
will be shared across institutions to allow collaborative knowledge
generation.28

BASKET CLINICAL TRIAL DESIGNS

Most of the currently identified genetic alterations are observed in
small subsets of patients, which creates challenges for patient
accrual and the application of standard designs characteristic of

Table 1. Select Clinical Trials That Match Drugs to Targeted Molecular Pathways in Hematologic Malignancies

Molecular Abnormality Drugs No. of Active Trials Diseases Links*

FLT3 ITD/TKD Ponatinib, midostaurin, crenolanib,
gilteritinib, sorafenib, sorafenib 1
plerixafor, sorafenib 1 selinexor,
pacritinib, E6201, lestaurtinib†,
sunitinib†, dovitinib*

23 AML, MDS NCT02829840
NCT02323607
NCT02298166
NCT02421939
NCT02196857
NCT02530476
NCT00943943
NCT02323607
NCT02418000

IDH1/IDH2 AG-120; FT-2102; A-221, AG-881, IDH-305 8 AML, MDS, AITL NCT02074839
NCT02719574
NCT02632708
NCT02677922
NCT02492737
NCT02381886
NCT01915498

SF3B1, SRSF2 (incl. P95 del),
U2AF1, ZRSR2

H3B-8800 1 AML, MDS NCT02841540

ALK, MET, ROS Ceritinib, crizotinib, brigatinib 4 TCL, DLBCL NCT02465528
NCT00585195
NCT01449461
NCT02186821

CREBBP, EP300 Mocetinostat 1 DLBCL, FL NCT02282358
EZH2 GSK2816126 1 B-NHL NCT02082977
BCR:ABL T315I PF-114, omacetaxine mepesuccinate†,

DCC-2036†
1 CML, ALL NCT02885766

NFKB2 Ixazomib 1 lenalidomide 1 MM NCT02765854
RAS-RAF-MEK Vemurafenib, dabrafenib 1 trametinib,

RO5126766, binimetinib, PLX8394†,
vemurafenib 1 SAR260301†

4 MM, HCL, AML NCT01524978
NCT02034110
NCT02407509
NCT02049801

JAK2 V617F Lestaurtinib, givinostat†, erlotinib† 1 MPN NCT00668421

NOTE. This table was created from a review of ClinicalTrials.gov for interventional clinical trials that include the search terms leukemia, lymphoma, myeloma,
polycythemia, thrombocythemia, myelofibrosis and mutation, molecular alteration, genomic.
Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; ALK, anaplastic lymphoma kinase; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; B-
NHL, B-cell non-Hodgkin lymphoma; CML, chronic myeloid leukemia; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; HCL, hairy cell leukemia; IDH,
internal tandem duplication; MDS, myelodysplastic syndrome; MET, mesenchymal-epithelial transition factor; MM, multiple myeloma; MPN, myeloproliferative
neoplasm; TCL, T-cell lymphoma.
*Links are provided only for selected active trials.
†Completed or terminated trial.
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chemotherapy-based clinical trials. To mitigate these challenges,
basket trials treat various cancers per their genomic character-
ization often by pooling together subjects irrespective of the
histologic origin of their disease (Table 2).29 Preliminary reports
from such studies highlight difficulties in providing appropriate
treatment to match disease complexity and probability of response,
choosing the right patients, defining relevant outcomes, over-
coming regulatory and logistic hurdles, and aggregating results to
generate and share new knowledge about actionable mutations and
biomarkers of disease resistance and evolution.7-11 In fact, an
interim analysis of the National Cancer Institute-Molecular
Analysis for Therapy Choice (NCI-MATCH) trial demonstrated
that after screening nearly 800 patients, only 9% were found to
harbor a study-targeted actionable mutation.8 Other studies re-
ported higher, but still limited, match rates.9,11

The baseline predicate of most basket trials is that molecular
responses to targeted therapy can be evaluated, at least in part,
independently from the tissue of origin and irrespective of the
presence of additional molecular variants in tumors.29 Thus,
patients with differing malignancies but similar molecular ab-
normalities can be aggregated to allow for faster enrollment. This
assumption may only hold true for certain molecular pathways in
select cancers and arguably has to be tested before aggregating
data across baskets.29-31 Results from a recent basket study of

nonmelanoma tumors with BRAFV600 mutations provide a pro-
totypical example, with an 81% response rate for BRAF inhibitors in
patients with advanced melanoma as opposed to 40% in hairy cell
leukemia and non–small-cell lung carcinoma and only 5% in
metastatic colorectal cancer.32,33 Further consideration should be
given to the pooling of patients with the same histologic type of
cancer but who are following different lengths of therapy because
newmutations and new subclones often emerge during the course of
therapy.34-36 Consequently, the utility of targeted therapy may be
better demonstrated in trials that incorporate these drugs earlier in
the disease course.37 Other possible avenues are the testing of
therapies in patients with a complete response (CR) but a high risk of
relapse or as a measure of a deepening response in patients with
residual disease after conventional therapy.37 Notwithstanding,
a recent trial that used such an approach to test enzastaurin
(a protein kinase C inhibitor) in high-risk patients with diffuse large
B-cell lymphoma (DLBCL) in their first CR failed to demonstrate
a clinical benefit, even when the evaluation was limited to patients
with PKC abnormalities.38 Finally, the limiting of studies to patients
with very advanced disease or who are too frail to withstand any
other treatment may further obscure the utility of targeted therapies.
In this respect, several studies found that high postscreening attrition
rates in up to 70% to 90% of patients in basket trials were partly
attributed to a deteriorating clinical status and death.8,39

Table 2. Platform Basket Trials (Multiple Histologies/Molecular Pathways) That Enroll Hematologic Malignancies

Title
Targeted Hematologic

Malignancies Targeted Mutations Drugs Design Links

Signature Solid malignancies or any
hematologic malignancy with
associated molecular
abnormality

CDK4/CDK6 pathway, ALK,
ROS1, MET, FGFR, PDGFR,
VEGF, cKIT, FLT3, CSFR1,
Trk, RET, PTCH1, SMO, RAS,
RAF, MEK, PI3K, PTEN

Ribociclib, ceritinib, buparlisib,
dovitinib, binimetinib

Adaptive Bayesian design.
Futility evaluated after the
accrual of approximately 10
patients and success after
approximately 15-30 patients
while comparing observed
posterior quantities and the
assumed prior distribution of
response with prespecified
early stopping criteria.

NCT02187783
NCT02186821
NCT01831726
NCT02002689

NCI-MATCH Solid malignancies or
lymphoma

EGFR, FGFR,MET, ALK, ROS1,
BRAF, PIK3CA, PTEN, cKIT,
AKT, NRAS, CCND, loss of
MLH

AZD5363, binimetinib,
crizotinib, dabrafenib,
dasatinib, defactinib,
AZD4547, nivolumab,
osimertinib, palbociclib,
GSK2636771, sunitinib,
taselisib, trametinib,
vismodegib

Tissue agnostic. Each arm aims
to enroll 35 patients. Futility
is defined by fewer than five
responders. Success is
defined by an ORR $ 25%.

NCT02465060

DRUP Solid malignancies, MM or
B-NHL

KRAS-BRAF-NRAS, BRCA or
ATM, EGFR, MEK 1 and 2,
hedgehog signaling

Panitumumab, olaparib,
dabrafenib, nilotinib,
trametinib, erlotinib,
vemurafenib 1 cobimetinib,
vismodegib, regorafenib,
nivolumab

NA NCT02925234

ASCO-
TAPUR

Solid malignancies, MM or
B-NHL

VEGFR; Bcr-abl; SRC; LYN;
LCK; ALK; ROS1; MET;
CDKN2A/p16; CDK4; CDK6;
CSF1R; PDGFR; VEGFR;
mTOR; TSC; EGFR; BRAF
V600E; PTCH1; KRAS;
NRAS; BRAF; RET; VEGFR1,
2, and 3; KIT; PDGFRb; RAF-
1; BRAF; POLE/POLD1

Erlotinib, axitinib, bosutinib,
crizotinib, palbociclib,
sunitinib, temsirolimus,
trastuzumab, pertuzumab,
vemurafenib, cobimetinib,
vismodegib, cetuximab,
dasatinib, regorafenib,
olaparib, pembrolizumab

Tissue agnostic. Interim
analysis after enrollment of
first 10 subjects. Futility is
defined by fewer than two of
10 responders. Success is
defined by an ORR $ 25%.

NCT02693535

Abbreviations: ALK, anaplastic lymphoma kinase; B-NHL, B-cell non-Hodgkin lymphoma; DRUP, Drug Rediscovery Protocol; EGFR, epidermal growth factor receptor;
FGFR, fibroblast growth factor receptor; MET, mesenchymal-epithelial transition factor; MM, multiple myeloma; mTOR, mammalian target of rapamycin; NA, not
available; NCI-MATCH, National Cancer Institute-Molecular Analysis for Therapy Choice; ORR, overall response rate; PDGFR, platelet-derived growth factor receptor;
PI3K, phosphatidylinositol 3-kinase; TAPUR, Targeted Agent and Profiling Utilization Registry; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial
growth factor receptor.
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The SHIVA (Molecularly Targeted Therapy Based on Tumor
Molecular Profiling Versus Conventional Therapy for Advanced
Cancer) trial was the first prospective histology-agnostic ran-
domized trial to compare genomically matched targeted therapy to
physician choice. The study included 195 subjects with various
metastatic solid malignancies and no standard therapeutic option
in whom a molecular alteration existed. Objective response rates in
both groups were 3% to 4%, and the median progression-free
survival (PFS) was 2 months.9 One of the main criticisms of the
SHIVA trial was that the therapy selected for some of the patients
was inappropriate to the molecular target.40 However, similar
preliminary results have been reported from the Novartis Signature
trials, with a response rate of 2.4% in 469 patients who received
tissue-agnostic, genetic-specific single-agent therapy.10

The findings from the SHIVA and Signature trials highlight
that targeted monotherapy may not be enough to treat certain
malignancies. In the context of hematologic malignancies, this
seems particularly true for the more-aggressive cancers possibly
because of higher replicative stress.41 For example, in Philadelphia-
positive acute lymphoblastic leukemia, despite high response rates
with monotherapy, intensive chemotherapy with tyrosine kinase
inhibitors needs to be incorporated to achieve long-term sur-
vival.42 Furthermore, tumors characterized by a high number of
synchronous mutations seem to be less susceptible to targeted
therapy.43 To that effect, DLBCL contains, on average, up to 100
clonally represented gene alterations per case compared with 11 in
CLL and 30 in multiple myeloma.14

An innovative approach to these challenges is seen in the
design of the Beat AML trial, which is an umbrella trial (ie, multiple
molecular pathways/drugs for a single histology) that will be
recruiting elderly patients with de novo AML.44 Each arm will
evaluate a different outcome measure determined by the clinical
implication of the affected molecular pathway. Thus, in patients
with NPM1 mutations in whom a high response rate is expected,
the primary end point will be PFS, whereas in patients with IDH
mutations, it will be the CR rate, with absence of molecular
minimal residual disease as a secondary end point. For patients
who harbor more than one abnormality, treatment priorities have
been defined on the basis of the known severity of the alteration
and the observed allelic burden. Finally, the protocol has inherent
procedures for the introduction of novel combination therapies
whereby safety is first evaluated through a phase Ib design with
patients with relapsed/refractory disease before proceeding with
accrual of patients with de novo disease to that arm.

ADAPTIVE TRIAL DESIGNS

Results from recent basket trials highlight the need to have protocol
flexibility in place to eliminate ineffective drugs and to introduce
new agents or patient cohorts as the trial evolves. With consid-
eration given to the tremendous difficulties in recruiting patients
on the basis of molecular alterations, study designs must identify
the active baskets as early as possible (ie, enrollment of the
minimum number of patients) while accumulating enough data to
understand why the drug failed in other baskets and what the
biology behind successes and failures is. In the context of large
randomized trials, the dropping of ineffective treatment arms

typically is performed with a planned interim analysis. However, in
the nonrandomized setting of histology-agnostic basket trials,
interim analyses are limited by small sample sizes, unbalanced data
(because of variable accrual rates across histologies), and the
potential heterogeneity in responses seen among patients with
different malignancies. Furthermore, molecularly matched his-
torical control estimates often are not available, which makes
sound early decisions about efficacy or futility more challenging.
Adaptive trial designs use multiple interim analyses of the data that
accumulate as the trial progresses to adapt key features based on
predefined rules. These may amend the required samples sizes,
drug doses, and termination of futile arms (Fig 1). Although most
current basket trial designs assume that data can be aggregated
across histologies, we believe that similarities in efficacy must be
demonstrated before such aggregation takes place. Novel designs
for interim analyses can be used to assess such similarities across all
or a subset of histologies and to determine whether data from
several histologies can be combined to reach a more rapid con-
clusion. A recent simulation study demonstrated that such an
approach improves the probability of identifying a drug that is truly
effective in multiple histologies at a modest loss of power if the
drug is only effective in a single histology.31 If similarities cannot be
demonstrated, the efficacy of the drug can be evaluated separately
for each histology by paying special consideration to statistical
power and the false discovery rate.45

As an example of the implementation of these concepts, the
Signature program is a tissue-agnostic basket trial of multiple
agents. The trial implements a Bayesian adaptive design with
a hierarchical model that allows the borrowing of information
across histologies.30 Early interim analyses are used for evaluating
futility (after the accrual of 10 patients) and success (after 15 to 30
patients) and compares observed posterior quantities and the
assumed prior distribution of response with prespecified early
stopping criteria.46 This approach enables the enrollment of
subgroups of various sample sizes and can improve power when
some commonality in clinical benefit is observed.47

DEFINITION OF APPROPRIATE OUTCOMES

The generation of a properly matched control group that would
account for mutational characteristics, tissue of origin, stage of
disease, and number of prior lines of therapy is a formidable task.
In the absence of a properly matched control group, the most
reliable clinical end points for assessing treatment effects are the
rate and duration of responses,48 yet response may be short-lived
and should not be regarded in and of itself as an unequivocal
surrogate marker for a survival benefit.49 Such was the case with
the use of idelalisib in mantle cell lymphoma, which resulted in an
overall response rate of 70% but a median duration of 3 months.50

For malignancies that involve hematopoiesis, a correlation
with survival might be clearer if response is confined to
achievement of a stringent CR or the absence of minimal residual
disease.51-53 In this regard, an additional goal of exploratory ge-
nomic clinical trials is to evaluate molecular biomarkers for at-
tainment of response and their utility for follow-up.48 Conversely,
targeted therapy may provide considerable survival benefit despite
disease persistence. Patients with CLL treated with ibrutinib, for
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example, often display prolonged lymphocytosis composed of
biologically inert leukemic cells, yet this does not indicate a poor
outcome or impending relapse.54 For lymphomas, CR, as defined
by a lack of fluorodeoxyglucose uptake on positron emission to-
mography and computed tomography imaging, may not be ro-
bust enough for evaluating responses to targeted therapies.55 An
emerging solution is the use of deep sequencing to measure low
levels of circulating tumor DNA, which have been demonstrated as
good measures of response and relapse.56,57

Alternative end points may include the ratio PFStargeted:
PFSprior line (ie, a comparison of PFS generated by the study drug
with that of the preceding therapy) whereby a value. 1.3 has been
considered clinically meaningful.7,58,59 In one such basket trial,
Von Hoff et al58 reported that 27% of patients achieved this end
point with a median PFStargeted:PFSprior line ratio of 2.9. Of note, the
overall response rate was only 10%. Other trials have used freedom
from progression at 16 weeks as the primary end point.8,10,60

However, if the PFS varies considerably among tumors of dif-
ferent origins, these end points may be of limited value.48

Special consideration should also be afforded to the evaluation
of quality of life, safety, and tolerability. Molecularly targeted
therapies are associated with unique off-target effects that may
present at variable time points during what is often a very pro-
longed treatment course. The combination of several novel agents
may be associated with further unexpected toxicities.61 For

example, idelalisib has been associated with a considerable risk for
colitis, which usually appears after several months of therapy, and
when combined with lenalidomide and rituximab, results in un-
acceptable rates of hepatotoxicity.61,62 Therefore, adverse events
reporting methods should capture unrecognized toxicities as well
as delayed and chronic adverse events and gauge their ramifications
on quality of life.63,64

Finally, many new targeted therapies are effective at con-
trolling disease but require ongoing treatment, often for many
years. Implementation of personalized therapy thus raises concerns
about potentially prohibitive costs.65 Therefore, hand in hand with
identifying efficient targeted therapies is a need to develop strat-
egies for stopping therapy with retreatment at the time of pro-
gression or use of molecular biomarkers as a measure to avoid
nonbeneficial treatment altogether.66,67

PRACTICAL CONSIDERATIONS: OVERCOMING REGULATORY AND
LOGISTIC DIFFICULTIES

The need to evaluate a large number of therapies in a diverse
patient population, often in several countries, introduces unique
difficulties to clinical trial initiation. In a recent report from the
Worldwide Innovative Networking Consortium in Personalized
Cancer Medicine (WINTHER) trial, considerable delays in

Similar responses: aggregate

Exceptional responses:
continue as standalone

Futile: terminate

FL preliminary sample
approximately 5-15 patients

Response: > 25% reduction in
involved nodes

Futility assessment if
No. of responders < threshold

DLBCL preliminary sample
approximately 5-15 patients

Response: > 25% reduction in
involved nodes

Futility assessment if
No. of responders < threshold

CLL preliminary sample
approximately 5-15 patients

Response: > 25% reduction in
lymphocyte count

Futility assessment if
No. of responders < threshold

MM preliminary sample
approximately 5-15 patients

Response: > 25% reduction in
involved Ig

Futility assessment if
No. of responders < threshold

FL + DLBCL
approximately 30-40 patients

Efficacy: RR > 40%-50%

CLL
approximately 20-30 patients

Efficacy: RR > 50-60%

MM
Stop because additional data

supported that RR ≤≤ 30%

Molecular abnormality
FL, DLBCL, CLL, MM

Fig 1. Suggested design of a basket clinical trial (ie, single molecular pathway/drug combination in multiple histologies) for hematologic malignancies (shows a single
basket). As a first step, histologic subtypes are evaluated separately to assess similarity in efficacy. Each subtype has its relevant response criteria. Subtypes with similar
responses are aggregated to allow for faster enrollment. Subtypes with exceptional responses continue as standalone, and futile subtypes are terminated. The numbers
and futility thresholds required in stage I and II depend on promising and nonpromising efficacy criteria on the basis of the patient population/molecular profile and the false-
positive and false-negative error rates. Numbers are hypothetical and are used for illustration only. A response rate (RR) threshold of 50% was selected for efficacy to
indicate that higher responsesmay be expected and required in the setting of molecularly matched therapy. CLL, chronic lymphocytic leukemia; DLBCL, diffuse large B-cell
lymphoma; FL, follicular lymphoma; Ig, immunoglobulin; MM, multiple myeloma.
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attaining Food and Drug Administration approval for the study led
to . 3 years to activate the US sites. At international sites, the
process was shorter but complicated by varying rules about testing
novel therapies and the off-label use of approved drugs.7 Another
challenge in this regard would be getting pharmaceutical com-
panies to collaborate on the same trial, particularly for the eval-
uation of combination therapies.37

Long turnaround times for molecular sequencing and the
requirement to perform all tests at Clinical Laboratory Im-
provement Amendments–certified laboratories have also emerged
as prohibitive factors, especially where international collaborations
are concerned.7 NCI-MATCH investigators reported backlogs in
their central laboratory, which resulted in a 5-week delay on se-
quencing results.8 Similar timelines have been reported in studies
that used local laboratories from the MD Anderson Cancer Center
and Signature trials.7,39 Special attention should also be paid to
technical factors, such as the appropriate acquisition of biopsy
material, tissue purity, and cellularity. For example, in a study
that evaluated everolimus treatment in DLBCL, responses
were independent of the mammalian target of rapamycin/
phosphatidylinositol 3-kinase pathway activation possibly as a re-
sult of degradation of biopsy material during long delays in tissue
fixation.68 Of note, recent reports demonstrated a high success rate
in tumor sequencing and highly concordant sequencing results
across leading centers.8,9,69

Finally, one of the most important impediments to trial
progress, as identified by the WINTHER investigators, has been
medication acquisition.7 This is of particular concern in trials that
involve community clinics and international sites.7,8,10

SUMMARY

Preliminary reports from major basket trials highlight key chal-
lenges in implementing precision oncology. These include diffi-
culties with providing appropriate treatment to match disease
complexity, overcoming regulatory and logistic hurdles, choosing
the right patients, defining relevant outcomes, and aggregating
results to identify actionable mutations and share new knowledge.
Insights from these trials can be extended to any trials that use
genomics for diagnosis, follow-up, or treatment allocation. Not-
withstanding, these are exploratory platforms for screening
multiple mutations and therapies to find those few target-drug
combinations that could transform cancer care.
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62. Coutré SE, Barrientos JC, Brown JR, et al:
Management of adverse events associated with
idelalisib treatment: Expert panel opinion. Leuk
Lymphoma 56:2779-2786, 2015

63. Cabarrou B, Boher JM, Bogart E, et al: How to
report toxicity associated with targeted therapies?
Ann Oncol 27:1633-1638, 2016

64. Thanarajasingam G, Atherton PJ, Novotny PJ,
et al: Longitudinal adverse event assessment in
oncology clinical trials: The Toxicity over Time (ToxT)
analysis of Alliance trials NCCTG N9741 and 979254.
Lancet Oncol 17:663-670, 2016

65. Djalalov S, Beca J, Hoch JS, et al: Cost ef-
fectiveness of EML4-ALK fusion testing and first-line
crizotinib treatment for patients with advanced ALK-
positive non-small-cell lung cancer. J Clin Oncol 32:
1012-1019, 2014

66. Saußele S, Richter J, Hochhaus A, et al: The
concept of treatment-free remission in chronic my-
eloid leukemia. Leukemia 30:1638-1647, 2016

67. Cardoso F, van’t Veer LJ, Bogaerts J, et al: 70-
gene signature as an aid to treatment decisions in
early-stage breast cancer. N Engl J Med 375:
717-729, 2016

68. Barnes JA, Jacobsen E, Feng Y, et al: Ever-
olimus in combination with rituximab induces
complete responses in heavily pretreated diffuse
large B-cell lymphoma. Haematologica 98:615-619,
2013

69. Van Allen EM, Robinson D, Morrissey C, et al:
A comparative assessment of clinical whole exome
and transcriptome profiling across sequencing cen-
ters: Implications for precision cancer medicine.
Oncotarget 7:52888-52899, 2016

Affiliations
All authors: Memorial Sloan Kettering Cancer Center, New York, NY.

Support
Supported by Memorial Sloan Kettering Cancer Center grant P30CA008748 and Memorial Sloan Kettering Specialized Programs of

Research Excellence grant in lymphoma P50CA192997-01A1.

n n n

jco.org © 2017 by American Society of Clinical Oncology 1017

Clinical Trials in the Genomic Era

http://www.lls.org/beat-aml/beat-aml-for-healthcare-professionals
http://www.lls.org/beat-aml/beat-aml-for-healthcare-professionals
http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT02693535
https://clinicaltrials.gov/ct2/show/NCT02693535
http://jco.org


AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

Clinical Trials in the Genomic Era

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated. Relationships are
self-held unless noted. I = Immediate Family Member, Inst = My Institution. Relationships may not relate to the subject matter of this manuscript. For more
information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.org/jco/site/ifc.

Erel Joffe
No relationship to disclose

Alexia Iasonos
No relationship to disclose

Anas Younes
No relationship to disclose

© 2017 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Joffe, Iasonos, Younes

http://www.asco.org/rwc
http://ascopubs.org/jco/site/ifc

	Clinical Trials in the Genomic Era
	INTRODUCTION
	PATIENT SELECTION ON THE BASIS OF GENETIC ALTERATIONS
	BASKET CLINICAL TRIAL DESIGNS
	ADAPTIVE TRIAL DESIGNS
	DEFINITION OF APPROPRIATE OUTCOMES
	PRACTICAL CONSIDERATIONS: OVERCOMING REGULATORY AND LOGISTIC DIFFICULTIES
	SUMMARY
	REFERENCES


