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Abstract

The advancement of molecular biology and genomic technologies has made paradigm shift from conventional paradigm with cytotoxic agents to
precision medicine using molecularly targeted agents. The premise of precision medicine is that only a subset of patients is sensitive to and benefits
from a given treatment. Under this new paradigm for clinical development, studies for drug activity require to consider inter-patient heterogeneity
and intra-patient heterogeneity. Basket trials evaluate the effect of the targeted therapy with a certain genetic mutation across cancer types. The
basket study is increasingly becoming recognized as an attractive approach for drug development under the precision medicine paradigm. It leads
to novel statistical methodologies development and conducting clinical trials based on the basket study. In this review paper, we describe the basket

trials with statistical methods and examples.
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Introduction

Traditionally, clinical trials have focused on the treatment
for patients classified by a certain site of cancer in the body and
stage. With the tremendous advancement of molecular biology and
genomic technologies, cancer cell growth and progression can be
defined at cellular and molecular levels, and treatments have been
developed with presence or absence of molecular markers or genetic
mutations at a particular site. For example, trastuzumab works
effectively only in patients with a breast tumor that expresses high
levels of HER-2, and erlotinib is only effective for treating patients
with non-small cell lung cancer that over-expresses the epidermal
growth factor receptor. In an era of precision medicine, one-size-
fit-all medicine does not work well, and individual variability in
genes and environment for each person or subgroup should be
considered for drug development. The precision medicine clinical
trials with the targeted therapies toward specific molecular marker
or genetic mutation are promising to improve clinical outcomes
as well as understanding of the treatment and provide actionable
guidance for the confirmatory trials or drug marketing. Here, we
focused on phase II basket trials for precision medicine, which is
exploratory to find a signal demonstrating statistical significance
of therapeutic efficacy. We briefly describe phase II basket trials.
We review statistical methods and provide real trial examples for
basket trials.

Basket Trials

Basket trials evaluate one therapy targeting a certain genetic
mutation on multiple diseases or multiple disease subtypes. In
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other words, patients in basket studies have a certain genetic
mutation in common regardless of the site of cancer in the body.
The grouped diseases or tumor types form baskets, and sub-
studies are conducted for single-arm, phase Il trials on populations
by tumor groups within the basket. Specifically, baskets can be
specified by disease, disease-mutation, or disease-drug-mutation.
For example, original study B2225 enrolled non-melanoma BRAF
V600E mutation-positive patients with 40 different solid tumors
or hematologic malignancies (i.e, disease-specific baskets) to
evaluate the efficacy of imatinib, which is an oral inhibitor of BRAF
[1]; CREATE trial [2] evaluates the efficacy of crizotinib which
inhibits multiple oncokinases including mesenchymal-epithelial
transaction factor and anaplastic lymphoma kinase (i.e., disease-
mutation-specific baskets); And CUSTOM trial [3] simultaneously
evaluates the five targeted therapies by genetic mutation and each
treatment is evaluated in three different diseases (i.e., 15 disease-

drug-mutation-specific baskets).

Phase 2 basket trials discover the drug activity early against
cancer types for patients with the defined genetic mutation rather
than perform hypothesis testing. The promising results from some
cancer types where the targeted agent is active should be confirmed
in an expanded phase 2 trials and allow us to learn for a phase 3
study. Basket studies will evaluate the efficacy of targeting a specific
genetic mutation by borrowing the strength of data combining the
baskets which are linked together. They evaluate multiple disease
simultaneously and would accelerate the drug development.
Moreover, basket trials can include rare disease subtypes within
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the basket. However, there are some challenges of basket trials:
(1) they may have small sample size for rare genetic mutation; (2)
a particular genetic mutation is often uncertain to be considered
in a tumor of a particular histology type, e.g., vemurafenib works
effectively for non-melanoma BRAF V600E mutation-positive
cancers but not for analogous colorectal cancer [4-6]; (3) there
could be multiple genomic variants for a given gene, which might
affect response to the therapy differently across tumor types.

Statistical Methods

We review some statistical methodologies developed for
basket trials. The simple and straightforward approach is the
pooled analysis, which pools data across cancer types by assuming
the patients with different types of cancer are homogeneous. So,
it would yield a bias if treatment effect is heterogeneous across
cancer types. Another straightforward approach is to conduct
parallel trials in each basket independently. But this approach is
less efficient and might not be feasible because it would require
more total sample size. To improve the efficiency for basket trials,
borrowing information across cancer types is essential. LeBlanc
et al. [7] and Cunanan et al. [8] propose a strategy using Simon'’s
two-stage design. LeBlanc et al. [7] conducts futility analysis based
on the pooled data of all cancer types to terminate the entire trial
and additional futility analysis is conducted for each cancer type . In
Cunanan et al. [8], the heterogeneity of treatment effect is evaluated
across baskets in the first stage, and then separately evaluated for
the remaining baskets where the targeted agent is effective. Simple
Bayesian approach shrinks the treatment effect of cancer types
towards the mean of the prior distribution with a fixed spread. A
hierarchical Bayesian approach treats the mean and variance of
prior distribution at random quantities assuming that the treatment
effects of cancer types are exchangeable and are centered at common
mean [9-11]. However, these approaches could fail to borrow
information across cancer types with 10 or fewer cancer subtypes
and are more likely to inflate type I error rate [12]. The hierarchical
Bayesian approach is improved by either using a shrinkage prior
defined as a function of a similarity measure of the treatment effect
across cancer types [13], or aggregating cancer types into latent
subgroups based on the longitudinal biomarker measurements
[14]. Another way to discover the cancer types in which the
targeted agent is active is to use Bayesian model averaging to model
potential information borrowing [15,16]. This approach borrows
information across cancer types when the data indicates that the
response probabilities in the cancer type are heterogeneous and the
drug activity in different type are correlated. To avoid borrowing
information from extreme cancer type, Neuenschwander et al.
[17] proposes exchangeability/non-exchangeability approach as a
robust mixture extension unlike the standard hierarchical Bayesian
model assuming full exchangeability for parameter of cancer type.
Hobb and Landin [18] proposes method to monitor exchangeability
of cancer types at interims of basket trials. They address, by
accommodating the treatment heterogeneity across cancer types,
one of challenges of basket trials for BRAF-V600 study showing
the vemurafenib is effective in treating melanoma with BRAF
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V600E mutation but BRAF V600E mutation-positive patients with
colorectal cancer don’t benefit from vemurafenib. In addition, they
control type I error rate better. Bayesian baskets using predictive
biomarkers are proposed to randomly assign patients to treatments
through a Bayesian adaptive randomization and compared with the
conventional basket design [19].

Examples

As of]July 2018, there are 27 basket trials found on ClinicalTrials.
gov for intervention study in solid tumors [20]. Original basket
trial study was the study B2225 evaluating the efficacy of imatinib
[1]. The study was categorized as a basket trial by Woodcock and
LaVange [21]. Also, vemurafenib is the first targeted therapy based
on the basket trial approved by FDA for the treatment of patients
with BRAF V600E genetic mutant Erdheim-Chester Disease [22].
The SHIVA trial is one of completed basket trials which does not
show a promising outcome of the molecular targeted agent. It is a
randomized phase Il study compared molecularly targeted therapy
with conventional therapy in patients with refractory cancer. NCI-
MATCH trial [23-25] and the signature program developed by
Slosberg et al. [26] consist of several phase Il basket protocols.
Each basket trial aims to evaluate a targeted agent in patients with
different histologies and an actionable mutation. They are efficient
to find signal more quickly across multiple tumors and multiple
targeted agents. More examples are described in [21,27,20]. Hazim
and Prasad [28] provides a systematic overview of published
basket trial with the tumor histology and the response rate based
on a search Google scholar for the terms cancer and basket trial on
March 31, 2018.

Discussion and Conclusion

We have reviewed phase II basket trials for precision medicine.
To address challenges of basket trials, we need to take care of
indication selection. In particular, for the application with rare
genetic mutation, extensive cooperation is required to open
trials globally. The novel statistical designs for basket trials have
been proposed, but it is still challenging to design efficient basket
trials with recent tremendous development of genomic profiling
technologies and next generation sequencing. The basket trial
designs can be more complicated to have the baskets for more
than one genetic mutation or to evaluate multiple targeted drugs
for several genetic mutations and tumor types. Other types of a
master protocol, umbrella and platform trials, can be incorporated
to design trials. The innovative strategies for basket trials should be
developed to expedite the drug development process and to treat
target patients who are likely to benefit with the targeted agents in
an era of precision medicine.
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