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OVERVIEW

Therapies designed to target cancers that harbor specific molecular signatures have reshaped the
landscape of oncologic drug development, and advances in next generation sequencing have led to
an increase in the identification of these alterations across tumor types. Tumor-agnostic trial
designs, such as the “basket trial,” have been developed as an approach to study the efficacy of
these treatments and increase patient access, especially for patients whose tumors carry these
alterations infrequently. We review key aspects of these genomically enriched trial strategies and
their impact on drug development and approval.

The growth in the availability of comprehensive, clinical-grade molecular profiling
platforms has led to a rise in the number of predictive biomarkers that have been
incorporated into therapeutic paradigms for various cancers. These advances in sequencing
have likewise led to an increase in the identification of novel, putative genomic and genetic
biomarkers of therapeutic efficacy. Drug development paradigms have had to adapt to a
number of challenges in this era, including the decreasing frequencies of these alterations
and their identification across multiple tumor histologies.12 Select clinical trials have thus
evolved to incorporate a strong focus on tumor-agnostic drug development, a strategy for
enriching for novel targets regardless of tumor site of origin.

Tumor-agnostic patient inclusion on clinical trials is not a novel concept. The classic phase |
dose escalation design that attempts to establish a recommended phase Il dose is a histology-
independent endeavor that only subsequently selects for specific cancers in later-phase
testing.3~> The conceptual advance with tumor-agnostic drug development is that trial
designs have co-opted this strategy by specifically enrolling molecularly enriched patients to
establish efficacy data in phase | expansion cohorts and phase 11 studies.®” In general, these
studies fulfill the following features that are typical of a “basket trial”: (1) cancers are
enriched for one or more molecular alterations, (2) these alterations have a reasonable
likelihood of predicting response to a particular therapy based on preclinical functional
and/or computational modeling, and (3) these alterations are found across a variety of
cancers.8.?
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The first generation of basket trials was characterized by the exploration of a validated
biomarker in one histology and the exploration of the predictive nature of that biomarker in
other cancers. The VE-BASKET trial is an example of such an approach, leveraging the
known efficacy of BRAF-directed therapy in BRAFY60E_mutant melanomas.10 In this
phase II, multicenter, international trial, 122 patients with seven different BRAFVE00E.
mutant nonmelanoma cancers, including gastrointestinal, thoracic, head and neck, thyroid,
and hematologic malignancies, were treated with vemurafenib. Noteworthy activity was
achieved in non—-small cell lung cancer and Erdheim—Chester disease (overall response rates
of 43% and 42% respectively), resulting in the U.S. Food and Drug Administration (FDA)
granting breakthrough designation for the latter. Moreover, substantial activity was noted in
patients with cancers such as pleomorphic xanthoastrocytoma; these patients would
otherwise have had no access to targeted therapy in a prospective, histology-specific trial.
Other basket trials have since been launched, such as a phase 11 trial of trastuzumab
emtansine for patients with ERBB2-altered cancers. The reported activity 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.1!

Subsequent trial designs have grown in complexity.12 Select master protocols, often large,
multicenter trials, are composed of several basket cohorts as opposed to investigating a
single marker-drug pair.13 Examples of ongoing trials are the National Cancer Institute
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 patients whose tumors harbor specific gene mutations will
benefit from targeted therapies regardless of histology. The trial is designed to screen
approximately 3,000 patients and enroll approximately 1,000 onto the protocol. As of July
2017, 5,963 tumor samples from patients from more than 1,000 clinical sites across the
United States had been screened using next-generation 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 investigational and commercially
available drugs, the ASCO TAPUR trial is designed to collect information on the anti-tumor
activity and toxicity of commercially available anti-cancer therapies. It has 16 discrete arms
and 19 different drugs (both targeted therapy and immunotherapy). The ASCO TAPUR
protocol expects that routine clinical trial costs will be covered by the patient’s insurance
plan. In addition, some pharmaceutical companies also agree to provide marketed, targeted
drugs, and additional resources to support the trial. 18

Results from the ongoing My Pathway trial, a pharmaceutical company sponsored phase 1A
trial enrolling patients with advanced refractory solid tumors harboring molecular alterations
in EGFR, ERBB2, BRAF, or the Hedgehog pathway, have recently been published. Two
hundred fifty-one patients with 35 distinct tumor types were matched to one of six distinct
matched therapy arms. The four FDA-approved targeted therapies evaluated in MyPathway
included trastuzumab plus pertuzumab, vemurafenib, erlotinib, and vismodegib. These
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aforementioned targeted approaches produced meaningful responses in patients with various
tumor types with 23% of patients from 14 histologic groups that had objective responses.1®
The 37 patients with colorectal cancer treated with trastuzumab plus pertuzumab had an
ORR of 38% (95% Cl, 23%-55%) and a median DOR of 11 months, which compare
favorably to regorafenib, panitumumab, and trifluridine and tipiracil, drugs which were
recently approved in refractory colorectal cancer. Although the MyPathway study
demonstrated meaningful responses in different tumor types, it had several notable
limitations. Drug toxicities were not were not reported in this study’s first publication, and
detailed genomic information was not available for all patients who enrolled in the trial.

In many prior clinical trials, context-specific responses to therapy were observed,
highlighting that the activity of targeted therapy can be conditioned by the tumor site of
origin. Interestingly, 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,29-26 the immune checkpoint inhibitor was found to be active in microstatelite
instability (MSI)-high and mismatch-repair deficient ({MMR) tumors across various
histologies.2’~2% These aforementioned trials enrolled a total of 149 patients with either
MSI-high or dMMR solid malignancies from 15 different tumor histologies finding an
objective response rate of 39.6% (48 partial responses and 11 complete responses) leading to
the first FDA approval of a tumor agnostic treatment regimen based off a biomarker.30
Likewise, the TRK inhibitor, larotrectinib, was evaluated in TRK fusion—positive cancers in
a program spanning three different clinical trials including adult, adolescent, and pediatric
patients (NCT02122913,31 NCT02637687,32 and NCT0257643133). An overall response
rate of 78% (95% CI, 64%—-89%) was observed. This activity was tumor agnostic, age
agnostic, and molecularly agnostic (did not differ by upstream fusion partner).34:3% The FDA
granted breakthrough designation for larotrectinib in TRK fusion—positive cancers in 2017.

The next generation of these trials will must build on the successes of these programs and
evolve to address unmet needs.32:36 As the multicenter SHIVA trial illustrated, both drug and
target must undergo careful vetting prior to initiating a complex trial.3” The SHIVA trial was
a large histologically agnostic trial which screened 716 tumors and identified 293 patients
with targetable genetic aberrations involving hormone receptors or the PI3BK/AKT/mTOR or
RAF/MEK pathways. A total of 195 patients 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 ultimately
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% ClI, 0.65-1.19, p = .41) finding no benefit
to the use of molecularly targeted agents outside of the approved indication. The SHIVA trial
has been subject to critique since publication. The trial was lacking in a strong biologic
rationale supporting that the genomic biomarker/hormone receptors selected were true
actionable drivers that were well matched to potential targeted therapy efficacy. Another
noteworthy concern comes from the fact that some of targeted approaches used on protocol
were nonselective inhibitors and, as such, call into question the precision of the approach.8 It
also exemplified the importance of utilizing rigorously vetted, and scientifically sound,
companion diagnostic tests, to annotate truly actionable findings.3® The SHIVA study results
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and design serves as a valuable educational experience for future tumor agnostic trial
designs.

Study designs must be flexible and allow a response to data that emerge after trial initiation
and, by adopting a “platform trial” strategy, allow marker-drug pairs to exit and be replaced
potentially with new drugs or combination therapies.3° For example, the VE-BASKET trial
was amended to administer the combination of cetuximab and vemurafenib in BRAFVY600E.
mutant colorectal cancers after low single-agent vemurafenib activity was observed in these
tumors.“ Finally, trials must be willing to adopt a permissive enroliment strategy that allows
the careful clinical credentialing of the vast array of genomic alterations identified by
comprehensive sequencing, many of which cannot be explored in vitro/in vivo or
computationally in a reasonable timeframe.

As we continue to make strides in redefining oncologic diagnoses by incorporating genome-
driven information, the importance of new trial designs will continue to grow. Tumor-
agnostic drug development programs have taught us that openness to novel strategies may
increase our ability to find subpopulations of patients who are likely to benefit from a given
therapeutic approach.

ACKNOWLEDGMENT

This research was funded, in part, through National Institutes of Health/National Cancer Institute Cancer Center
Support Grant P30 CA008748.

References

1. Akbani R, Ng PK, Werner HM, et al. A pan-cancer proteomic perspective on The Cancer Genome
Atlas. Nat Commun. 2014;5:3887. [PubMed: 24871328]

2. Cancer Genome Atlas Research Network; Weinstein JN, Collisson EA, Mills GB, et al. The Cancer
Genome Atlas Pan-Cancer analysis project. Nat Genet. 2013;45:1113-1120. [PubMed: 24071849]

3. Friedman L, Furberg C, DeMets D. Fundamentals of Clinical Trials. New York, NY: Springer-
Verlag; 1998.

4. Logan B Clinical trials and biostatistics In: ASCO-SEP Alexandria, VA: ASCO; 2016;93-112.

5. Green S, Benedetti J. Clinical Trials in Oncology. Boca Raton, FL: Chapman & Hall/CRC Taylor &
Hanson Group; 2012.

6. Cunanan KM, Gonen M, Shen R, et al. Basket trials in oncology: a trade-off between complexity
and efficiency. J Clin Oncol. 2017;35:271-273. [PubMed: 27893325]

7. Sleijfer S, Bogaerts J, Siu LL. Designing transformative clinical trials in the cancer genome era. J
Clin Oncol. 2013;31:1834-1841. [PubMed: 23589555]

8. Tao JJ, Schram AM, Hyman DM. Basket studies: redefining clinical trials in the era of genome-
driven oncology. Annu Rev Med. 2018;69:319-331. [PubMed: 29120700]

9. Simon R Critical review of umbrella, basket, and platform designs for oncology clinical trials. Clin
Pharmacol Ther. 2017;102:934-941. [PubMed: 28795401]

10. Hyman DM, Puzanov |, Subbiah V, et al. Vemurafenib in multiple nonmelanoma cancers with
BRAF V600 mutations. N Engl J Med. 2015;373:726-736. [PubMed: 26287849]

11. Ettinger DS, Wood DE, Aisner DL. Non-Small Cell Lung Cancer, Version 5.2017, NCCN Clinical
Practice Guidelines in Oncology. J Natl Compr Canc Netw. 2017;15:504-535. [PubMed:
28404761]

12. Moscow JA, Fojo T, Schilsky RL. The evidence framework for precision cancer medicine. Nat Rev
Clin Oncol. 2018;15:183-192. [PubMed: 29255239]

Am Soc Clin Oncol Educ Book. Author manuscript; available in PMC 2020 September 22.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Offin et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 5

Renfro LA, An M-W, Mandrekar SJ. Precision oncology: a new era of cancer clinical trials. Cancer
Lett. 2017;387:121-126. [PubMed: 26987624]

Conley BA, Doroshow JH. Molecular analysis for therapy choice: NCI MATCH. Semin Oncol.
2014;41:297-299. [PubMed: 25023344]

NCT02465060 NCI-MATCH: Targeted Therapy Directed by Genetic Testing in Treating Patients
with Advanced Refractory Solid Tumors, Lymphomas, or Multiple Myeloma. Accessed.
NCT02091141 MyPathway: A Study Evaluating Herceptin/Perjeta, Tarceva, Zelboraf/Cotellic,
Erivedge, Alecensa, and Tecentriq Treatment Targeted Against Certain Molecular Alterations in
Participants with Advanced Solid Tumors. Accessed March 20, 2018.

Harris L, Chen A, O’Dwyer P. Update on the NCI-Molecular Analysis for Therapy Choice (NCI-
MATCH/EAY131) precision medicine trial. Presented at: AACR-NCI-EORTC International
Conference on Molecular Targets and Cancer Therapeutics Boston, MA; 2017 Abstract B08O0.
NCT02693535 TAPUR: Testing the Use of Food and Drug Administration (FDA) Approved Drugs
That Target a Specific Abnormality in a Tumor Gene in People with Advanced Stage Cancer
(TAPUR). Accessed March 20, 2018.

Hainsworth JD, Meric-Bernstam F, Swanton C, et al. Targeted therapy for advanced solid tumors
on the basis of molecular profiles: results from MyPathway, an open-label, phase Ila multiple
basket study. J Clin Oncol. 2018;36:536-542. [PubMed: 29320312]

Tumeh PC, Hellmann MD, Hamid O, et al. Liver metastasis and treatment outcome with anti-PD-1
monoclonal antibody in patients with melanoma and NSCLC. Cancer Immunol Res. 2017;5:417—
424. [PubMed: 28411193]

Diaz LA, Le DT, Yoshino T, et al. KEYNOTE-177: first-line, open-label, randomized, phase 3
study of pembrolizumab versus investigator-choice chemotherapy for mismatch repair-deficient or
microsatellite instability-high metastatic colorectal carcinoma. J Clin Oncol. 2016;34 (15 suppl;
abstr TPS3639).

NCT02460198 Study of Pembrolizumab (MK-3475) as Monotherapy in Participants with
Previously-Treated Locally Advanced Unresectable or Metastatic Colorectal Cancer (MK-3475-
164/KEYNOTE-164). Accessed March 20, 2018.

NCT01848834 Study of Pembrolizumab (MK-3475) in Participants with Advanced Solid Tumors
(MK-3475-012/KEYNOTE-012). Accessed March 20, 2018.

NCT02054806 Study of Pembrolizumab (MK-3475) in Participants with Advanced Solid Tumors
(MK-3475-028/KEYNOTE-28). Accessed March 20, 2018.

NCT02628067 Study of Pembrolizumab (MK-3475) in Participants with Advanced Solid Tumors
(MK-3475-158/KEYNOTE-158). Accessed March 20, 2018.

Venderbosch S, Nagtegaal ID, Maughan TS, et al. Mismatch repair status and BRAF mutation
status in metastatic colorectal cancer patients: a pooled analysis of the CAIRO, CAIRO2, COIN,
and FOCUS studies. Clin Cancer Res. 2014;20:5322-5330. [PubMed: 25139339]

Le DT, Durham JN, Smith KN, et al. Mismatch repair deficiency predicts response of solid tumors
to PD-1 blockade. Science. 2017;357:409-413. [PubMed: 28596308]

Le DT, Uram JN, Wang H, et al. PD-1 blockade in tumors with mismatch-repair deficiency. N Engl
J Med. 2015;372:2509-2520. [PubMed: 26028255]

Lemery S, Keegan P, Pazdur R. First FDA approval agnostic of cancer site - when a biomarker
defines the indication. N Engl J Med. 2017;377:1409-1412. [PubMed: 29020592]

U.S. Food and Drug Administration. FDA approves first cancer treatment for any solid tumor with
a specific genetic feature. https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/
ucm560167.htm Accessed March 1, 2018.

NCT02122913 Oral TRK Inhibitor LOXO-101 for Treatment of Advanced Adult Solid Tumors.
Accessed March 20, 2018.

NCT02637687 Oral TRK Inhibitor LOXO-101 (Larotrectinib) for Treatment of Advanced
Pediatric Solid or Primary Central Nervous System Tumors (SCOUT). Accessed March 20, 2018.
NCT02576431 Study of LOXO-101 (Larotrectinib) in Subjects With NTRK Fusion Positive Solid
Tumors (NAVIGATE). Accessed March 20, 2018.

Am Soc Clin Oncol Educ Book. Author manuscript; available in PMC 2020 September 22.


https://clinicaltrials.gov/ct2/show/NCT02465060
https://clinicaltrials.gov/ct2/show/NCT02091141
https://clinicaltrials.gov/ct2/show/NCT02693535
https://clinicaltrials.gov/ct2/show/NCT02460198
https://clinicaltrials.gov/ct2/show/NCT01848834
https://clinicaltrials.gov/ct2/show/NCT02054806
https://clinicaltrials.gov/ct2/show/NCT02628067
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm560167.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm560167.htm
https://clinicaltrials.gov/ct2/show/NCT02122913
https://clinicaltrials.gov/ct2/show/NCT02637687
https://clinicaltrials.gov/ct2/show/NCT02576431

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Offin et al.

34.

35.

36.

37.

38.

39.

40.

Page 6

Hyman DM, Laetsch TW, Kummar S, et al. The efficacy of larotrectinib (LOXO-101), a selective
tropomyosin receptor kinase (TRK) inhibitor, in adult and pediatric TRK fusion cancers. J Clin
Oncol. 2017;35 (18 suppl; abstr LBA2501).

Berry SM, Broglio KR, Groshen S, et al. Bayesian hierarchical modeling of patient
subpopulations: efficient designs of Phase 11 oncology clinical trials. Clin Trials. 2013;10:720-
734. [PubMed: 23983156]

Leblanc M, Rankin C, Crowley J. Multiple histology phase Il trials. Clin Cancer Res.
2009;15:4256-4262. [PubMed: 19549777]

Le Tourneau C, Delord JP, Goncalves A, et al.; SHIVA investigators. Molecularly targeted therapy
based on tumour molecular profiling versus conventional therapy for advanced cancer (SHIVA): a
multicentre, open-label, proof-of-concept, randomised, controlled phase 2 trial. Lancet Oncol.
2015;16:1324-1334. [PubMed: 26342236]

U.S. Food and Drug Administration. Principles for Codevelopment of an In Vitro Companion
Diagnostic Device with a Therapeutic Product July 15, 2016. https://www.fda.gov/downloads/
MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM510824.pdf Accessed
March 20, 2018.

Woodcock J, LaVange LM. Master protocols to study multiple therapies, multiple diseases, or both.
N Engl J Med. 2017;377:62-70. [PubMed: 28679092]

Prahallad A, Sun C, Huang S, et al. Unresponsiveness of colon cancer to BRAF(V600E) inhibition
through feedback activation of EGFR. Nature. 2012;483:100-103. [PubMed: 22281684]

Am Soc Clin Oncol Educ Book. Author manuscript; available in PMC 2020 September 22.


https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM510824.pdf
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM510824.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Offin et al.

Page 7

PRACTICAL APPLICATIONS

. In the field of clinical research, the advent of tumor-agnostic trials represents
an important step toward discovering biomarkers of response, establishing the
effects of context, and elucidating 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 addition to trials sponsored
by industry.

. Tumor-agnostic drug development strategies have led and are likely to
continue to lead to the integration of genomically informed therapies in the
clinic.
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