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Background: Master protocol trials, such as basket trials, umbrella trials or platform trials, have the
potential of increasing efficiency in modern drug development. Meanwhile, though the concept of master
protocol is getting more and more accepted, many challenges exist from design to implementation of these
trials. To understand current usage and challenges of master protocol trials in action, American Statistical
Association (ASA) Biopharmaceutical Section (BIOP) Oncology Methods Scientific Working Group Master
Protocol Sub-team conducted a survey with the goal of providing valuable information for the community to
understand the current usage of master protocol, with the goal to identify the challenges.

Methods: A total of 19 questions were included in an online survey that was distributed between April
and May 2021. To avoid over-reporting within an organization, a pre-determined list of contacts from 37
organizations were reached out with the shared online link of the survey. Literature research and experience
from the working group on challenges of master protocols are also summarized and discussed extensively.
Results: A total of 39 responses were received from 37 organizations. Thirty-one (79%) respondents
indicated that they had trials with master protocol(s) in planning or implementation in their organization
with most applications (54%) in oncology. Self-reported challenges on trial design, regulatory engagement
and trial implementations were further summarized in the report.

Conclusions: The survey results were consistent with previous literatures and expectations of members
from the Scientific Working Group Sub-team. Multiple stakeholders are called to work collaboratively to

remove roadblocks for future usage of master protocol trials.
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Introduction

The rapid development of genomic technologies such
as next generation sequencing has enabled the use of
genomic profiling and biomarkers in drug development (1).
The concept of “precision medicine” encourages evaluating
investigational treatments matched to patients based
on genomic profiling. As a result, prevalence of the
corresponding study population can be quite limited. At
the same time, increasing number of investigational drugs
are evaluated in clinical trials according to the number of
original Investigational New Drug applications (IND) by
FDA (2), making patient resources for clinical trials more
competitive. The traditional drug development paradigm
where a single experimental treatment is evaluated in a
single disease population has become more expensive and
suboptimal in terms of patient resource and development
timeline. Master protocol trials that simultaneously evaluate
more than one investigational drug and/or more than one
disease population within the same overall trial structure (3)
have the potential of increasing trial efficiency. To account
for varying characteristics and sponsor requirements of
the clinical trials, three types of master protocols are often
used, classified as basket trials, umbrella trials, or platform
trials (4). We use the same definition of basket trials,
umbrella trials and platform trials as in (4). Basket trial
is defined as a trial that tests a single investigational drug
or drug combination in different populations defined by
disease stage, histology, number of prior therapies, genetic
or other biomarkers, or demographic characteristics.
Umbrella trial is defined as a trial that evaluates multiple
investigational drugs administered as single drug or as
drug combination in a single disease population, where all
investigational drugs (or combinations) are enrolled at the
same time and with no rolling arm option. A platform trial
is a trial that allows flexibility to add new treatment arms
in the future, or a hybrid of different disease indications
and different treatment or treatment combination in the
same trial. Although rising in popularity as summarized in
multiple systematic review papers (5,6), practitioners still
encounter challenges when designing and implementing
trials with master protocol framework (7,8). On behalf
of the ASA BIOP Oncology Methods Scientific Working
Group Master Protocol Sub-team, the authors of this
article have been charted to conduct a survey with the
goals of understanding the status of master protocol usage
and more importantly the background and stories behind
the designs, as well as the challenges and roadblocks that
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sponsors are facing. This is valuable information for
the community to identify and address the roadblocks.
We summarize the design and conduct of the survey in
‘Methods’ section and report the survey results in ‘Results’
section. We then further elaborate on the challenges of
master protocols in ‘Challenges of master protocols’ section
and end with discussions in ‘Discussion’ section. We present
the following article/case in accordance with the SURGE
reporting checklist (available at https://atm.amegroups.
com/article/view/10.21037/atm-21-6139/rc).

Methods
Survey designs and distribution

"To keep the survey succinct, three key aspects are included
in the survey: (I) current usage of master protocols across
different organizations and the clinical phases of the usage
of such designs, (II) statistical features including usage of
randomization, adaptations, adjusting for multiplicity, and
inclusion of non-concurrent control, and (III) challenges
of designing, implementing and engaging stakeholders
for such trials. A total of 19 questions are included in the
survey. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

The survey was set up on SurveyPlatnet.com and was
active between April and May 2021 for participants to fill
out. To avoid potential duplication of answering the survey
from the same function area within the same organization,
the ASA BIOP Master Protocol sub-team members reached
out to their contacts on a pre-determined list with 37
organizations (Appendix 1) covering major pharmaceutical
companies, biotechnology companies, academic centers, and
non-profit organizations. The list of distributed companies
includes 19 out of the top 20 pharmaceutical companies
ranked in year 2020 (9). While attempting to reach out to as
many top 21-50 pharmaceutical companies and academia/
non-profit organizations as the working group’s network
covered, we also added a few biotechnology companies to
increase diversity so organizations vary in size, number of
employees and the coverage of therapeutical areas. One
response from one organization was generally collected to
avoid duplication. While considering the contact person
from each organization, we targeted those who oversee
a larger portion of the biometrics team, if not the entire
biometrics organization, thus may have a bigger overview
of the trials conducted in the organization. We advised the
contact person to coordinate with other leaders within their
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organization for the survey results. For example, for large
global pharmaceutical companies, this contact person may
be the statistical head of the company, or the head of one
therapeutic area in statistics, and would have scheduled a
meeting with other therapeutical areas (separating oncology
vs. the other therapeutic areas)/regional statistical heads to
get the details of the master protocols conducted within the
company that he does not oversee. After that, the contact
person would consolidate the information and answer
the survey. With that said, a few exceptions were made
when it comes to large global companies where oncology
and non-oncology organizations are less connected, one
representative from oncology and another from non-
oncology TAs participated in the survey. With this setting,
results presented in this report are typically based on the
number of responders as denominators. No incentives were
given to the sub-team members who reached out or the
participants who answered the survey. One reminder was
sent by the sub-team members before the deadline for the
participants they reached out to, in order to complete the
survey with high participation rate.
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Results

A total of 39 responses were received from the 37 organizations
contacted with a few large organizations providing more than
one response. Almost all participants that were reached out
to filled out the survey, with response rate higher than 90%.
Among the participants, 32 (82%) were from pharmaceutical
companies/biotechnology companies, and 7 (18%) were from
academic centers/non-profit organizations (Figure I). All data
from all respondents are accounted for in the survey. Count
and percentage are reported for each question. Depending
on the context of the question, the denominator could be
different and the percentages for all categories may or may not
add up to 100%. Missing data are listed as a separate category
whenever applicable.

Thirty-one (79%) respondents answered that they have
had at least one master protocol trial either in planning or
in implementation in their organization (Figure 2).

Among the 8 respondents who indicated they did
not have master protocols planned, 6 (75%) did not
encounter the need for having master protocols in their
drug development endeavor; 1 (25%) considered the
master protocol during design phase and decided it was too
complex for consideration; and 1 (25%) respondent did not
specify why no master protocol was conducted.

Table 1 summarizes various characteristics of the
master protocols trials being planned separated by
pharmaceutical companies and academic centers. Majority
of master protocol trials are in oncology, but not limited
to only oncology. All three types of master protocol trials
are planned, and majority of the master protocols are
exploratory (phase I, phase II or phase I/II). Contrary to
the FDA guidance on master protocol (3), most of the
master protocols do not use independent data monitoring
committee (IDMC) for monitoring mid-trial data which
may be due to the fact that most of the master protocols
reported were used in exploratory fashion.

During the research and discussions of master protocols
in the ASA oncology Working Group, we found out that
different countries and regulatory agencies may have
different requirements and opinions about the designs,
conduct for master protocol trials, especially if the
purpose of the trial is for regulatory registration. Hence,
we put in a question specifically on this aspect. Among
the 31 respondents with master protocol trials planned
or conducted, 8 had at least one master protocol with
registrational intent, 50% (4 out of 8) indicated that the
regulatory feedback is generally supportive and consistent,
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Table 1 Survey results on characteristics of master protocols
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Questions

Pharmaceutical companies (n=25, %)

Non-profit/academic (n=6, %) Total (n=31, %)

Disease areas

Oncology 21 [84]

Infectious disease 8 [32]

Neuroscience 6 [24]

Rare disease 3[12]

Immunology 3[12]
Types

Basket trial 19 [76]

Umbrella trial 11 [44]

Platform trial 18 [72]
Phases

Phase | 23 [92]

Phase Il 15 [60]

Phase I/Il 15 [60]

Phase IlI 5[20]

Phase II/1ll 4[16]
Sponsor type

Solely sponsored 21 [84]

Collaborated 14 [56]
Use of IDMC

Yes 6 [24]

5[83] 26 [84]
1[17] 91[29]
01[0] 6[19]
1[17] 4113
0[0] 3[10]
5 [83] 24 [77]
4[67] 15 [48]
5 [83] 23 [74]
3[50] 26 [84]
3[50] 18 [58]
2[33] 17 [59]
1[16] 6[19]
2[33] 6[19]
3[50] 24 [77]
4[67] 18 [58]
4167] 10[32]

IDMC, independent data monitoring committee .

Table 2 Summary of statistical aspects: use of randomization and

control

Statistical design features Total (n=31)
Use randomization 26 (84%)
Use control arm 22 (71%)
Use shared control 17 (55%)
Use concurrent control 11 (35%)

while 25% (2 out of 8) indicated they received inconsistent
feedback from different regulatory agencies where some
were supportive, and some were less supportive. The
remaining did not provide details in write-in.

Statistical features of the master protocol studies are
also collected. Despite some high-level considerations in
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the FDA guidance for master protocols, there are still a lot
of debates on major statistical considerations for master
protocol trials, such as, if randomized trials are preferred for
proof-of-concept umbrella trials, if trial level family-wise
type I error should be controlled, and if non-concurrent
control could be used for the primary analysis. The purpose
of this survey is to get an idea what the common practice
is for master protocols in 2021 and would see if the trend
would change in a few years. Table 2 summarized the
study design features related to randomization and use of
control. According to the survey results, more studies are
using concurrent control in their primary analyses. This
is in contrary to FDA’s guidance for confirmatory trials
for COVID-19 master protocols (10). Reason for this is
that majority of the master protocol trials surveyed are
exploratory trials, which have the needs to optimize the
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Figure 4 (A) Whether family-wise type I error control is
implemented. (B) How family-wise type I error control is

demonstrated.

possible use of the trial data to increase efficiency.

A total of 22 (71%) indicated they have adaptive design
features included in the master protocols. The most used
adaptive design feature is treatment arm or population
adding or dropping that accounted for 50% among the
22 responses with adaptive designs features, followed
by response adaptive randomization (5 out of 22, 23%),
sample size re-estimation (3 out of 22, 14%), and sequential
monitoring (3 out of 22, 14%) (Figure 3).

Most of the organizations did not attempt to control
the study level family-wise type I error rate (FWER) in
master protocol trials (Figure 44). When FWER control is
required in the study, simulations (rather than analytical)
approach is the more frequently used approach (Figure 4B).

Challenges of master protocols

The survey also collected the challenges of planning and
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conducting master protocols as an open question, where
respondents can write in free text. We share in this section
the challenges provided by survey participants along
with perspectives and considerations from our scientific
working group members in the context of some recent
publications.

In summary, survey respondents reported statistical,
operational, and regulatory obstacles to the design and
conduct of master protocols.

Three statistical challenges were reported, including
(I) difficulty in evaluating the statistical properties of the
master protocol by clinical trial simulation, (II) lack of
guidance on the use of non-concurrent control patients,
and (IIT) lack of guidance on multiplicity control. Master
protocols can be complex statistically, and clinical trial
simulations are needed to evaluate statistical properties
such as type I error rates, power, and bias in estimation.
Survey respondents reported that one barrier is a lack
of readily available software to perform these tasks. For
basket trials, there are commercially available software
packages such as FACTS (Berry Consultants) and EAST
Bayes (Cytel). Additionally, there are several R packages
available, including “basket-package” and “bhmbasket”.
Meyer et al. (11) reviewed the currently available
software for platform trial simulations, some of which are
commercially available and some of which are available in
R. Even with available software, customization are needed
to allow more flexibility. As to lacking guidance on the
usage of non-concurrent control patients and multiplicity
control, various authors including representatives from
regulatory agencies have presented their reviews in the past
years (4,8,10). Project SignifiCanT (Statistics in Cancer
‘Trials) (12), jointly hosted by ASA Biopharmaceutical
Statistical Methods in Oncology Scientific Working
Group and LUNGevity Foundation in coordination with
Oncology Center of Excellence in FDA, has also clarified
the joint opinions from global regulatory and industry/
academia on these two topics (13,14). With the fast
evolvement of these research areas, we believe more clear
guidance and consensus will emerge in near future.

The operational concerns reported by survey participants
focused generally on the increased operational complexity
of the master protocol approach versus the traditional
stand-alone trial. Some detailed aspects were included
in the reports: (I) survey participants indicated longer
time required to plan and initiate a master protocol trial
comparing to the traditional one, to address issues over the
development of the master protocol documents themselves,
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and the scale and complexity of the trial processes including
data collection and reporting mechanisms. The master
protocol trial will have multiple study documents including
the master protocol itself and the appendices that define
each sub-study. Generally, details that govern all sub-studies
go into the master protocol while intervention specific
details go into the appendices with the intervention specific
details overruling the general master protocol specifications
if there is a conflict. However, with the complexity of
master protocol trials, these general rules may not always
be straightforward under all circumstances. (II) Building
and maintaining a trial infrastructure that can support the
fast paced and constantly changing nature of these trials
presented another operational challenge. Master protocol
trials may be in a constant state of change with interim
analyses to update randomization probabilities across arms
and/or to add/drop sub-studies, especially in an open-ended
platform trial. Given the inevitability of constant change
for these types of master protocol trials, it is critical to plan
and budget accordingly for ongoing adjustments. This may
include changes to study documents such as the protocols,
appendices, and informed consents, that may require
multiple committees’ approval, as well as changes in the
therapies under consideration and corresponding changes
in clinical suppliers and drug administration procedures (8).
(III) From patient enrollment perspective, many master
protocol trials have patient eligibility to the trial and
assignment of therapies based on specific biomarkers.
The availability of validated biomarker assays and their
timely processing could be a roadblock to enrollment and
assignment of therapy especially if patient eligibility is
determined by multiple assays (8). It is recommended that
an optimal drug/technology development program include
prospective planning on simultaneous evaluation of assay
technology and drug compounds (15). (IV) Perhaps one
of the biggest operational challenges, however, is to have a
system that ensures the timeliness and quality of data, which
may directly impact the conduct of the trial. All adaptive
trials need to be able to have good quality data in real time to
conduct interim analyses and this needs to be coupled with
trial processes that allow fast data reviews, decision making,
and implementation of recommended actions. To maintain
high quality data in real time, one may consider centralized
monitoring approaches, as outlined in International
Council Harmonisation (ICH) Guidelines (16),
that use pre-defined key risk indicators (e.g., trial conduct,
data integrity, safety concerns) together with advanced
analytic methods to identify real-time potential issues from

© Annals of Translational Medicine. All rights reserved.

Li et al. Current usage and challenges of master protocols

a large volume of data.

Finally, some survey participants reported a lack of
confidence that regulatory authorities would accept a master
protocol trial particularly with registrational intent. Several
participants indicated that, in general, EU regulatory is in
more favor of less complex proposals than other agencies.
Other participants indicated that a high volume of questions
were received from global regulatory agencies but felt the
questions ultimately helped to improve the trial designs.
Some participants also reported that sometimes inconsistent
regulatory feedbacks were received from global regulatory
agencies that different agencies may have different levels of
acceptance of master protocol trials as confirmatory trials
intended for market applications. Although this is generally
the case for complex innovative trials, it certainly poses
challenges for master protocol designs to be widely used,
especially for registration trials. Encouragingly, there has
been more public collaborative efforts made in recent years
among the regulatory agencies globally, which indicates
the awareness of the challenges sponsors are facing due to
disparate requests from global regulatory agencies. One
example in the master protocol trial space is that FDA and
EMA worked together to publish a guidance document for
developing drugs for rare pediatric Gaucher disease where
a controlled multi-arm, multi-company clinical trial is
encouraged to facilitate the development of multiple drugs
(17,18). Another example of global regulatory agencies
working collaboratively is the Project Orbis (19), where a
framework is established to facilitate concurrent submission/
review of oncology drugs and simultaneous decisions among
multiple regulatory agencies. While these great initiatives
indicate an exciting trend of global regulatory agencies
working collaboratively to provide guidance and review to
sponsors, a more consolidated framework to review complex
innovative designs such as master protocol design features
before the trial initiation would be extremely desirable for
sponsors who may see extended regulatory review cycles
and sometimes contradictory views from various agencies as
a roadblock to such designs.

Discussion

In this paper, the survey on the current usage and challenges
of the master protocol trials that was conducted between
April to May 2021 by ASA BIOP oncology methodology
working group, master protocol sub-team was reported.
The results of the survey were able to address the objectives
of better understanding the use of the master protocols and
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the roadblocks. As far as we are aware of, this is the first
master protocol survey conducted in the United States that
is not literature review based.

With limited resources in the working group, the survey
was designed with some limitations. First, as mentioned
in the design section, to avoid duplicate reporting and
ensure survey quality, the decision was made to hand pick
organizations and representatives from each organization
to complete the survey, which is the strength of the
survey. However, the survey did not drill down to the
level of each individual trial but rather focused on the
overall usage and experience from each participant.
Therefore, the survey results are based on the number of
responding organizations rather than on the number of
individual trials. In other words, a participant from a large
organization may respond to the survey with multiple
master protocol trials in mind while another participant
from a small organization may respond to the survey with
only one trial experience in mind. While organizational-
based survey results are reasonably acceptable for some of
the questions, for other questions such as master protocol
trials usage by phases (phase I, II, III etc. or the specific
statistical features included in the master protocol, it may
be more desirable to obtain an answer at the trial level.
Secondly, the survey distribution is dependent on the
working group members’ network coverage. Therefore,
a certain level of bias may exist as a higher percentage of
pharmaceutical companies were contacted than academic,
government, or other non-profit organizations, which
may or may not reflect the distribution in the community
who may conduct master protocol trials. However, since
the major organizations that may conduct master protocol
trials are mostly covered, we consider the biases due to the
organizational coverage to be limited. Thirdly, we thought
through options to avoid duplicate reporting within each
organization. However, for cross-industry collaborative
trials, such as I-SPY2, duplicate reporting may not be
avoidable. A potential solution for this limitation is to
request names or national clinical trials (NCT) numbers
for each master protocol trial in the survey. However, for
trials yet to be registered or openly published, there will be
confidentiality considerations for the participants to reveal
such details. Therefore, with the considerations of relieving
confidentiality concerns from the survey participants, the
sub-team decided not to include the question of requesting
trial identifications.

The master protocol framework is a highly evolving
topic. The applications are increasing exponentially in the

© Annals of Translational Medicine. All rights reserved.

Page 7 of 9

past two decades (7). Part of the intention of our survey is
to serve as a landmark on the usage of master protocols.
We plan to repeat a survey in a few years and observe the
applications, practical considerations, design features and
the associated shift in mindset, if any, in this field. Note as
the first survey in the time series, we intended to focus on
a relatively small number of organizations and gradually
increase the number of organizations to be surveyed in the
follow-up survey when more experiences are gained, and
more resources are available. Similar approach was taken by
the DIA Innovative Design Scientific Working Group on
their series of surveys over the years (20-22). Meanwhile,
the survey we currently conducted mostly focused on
statistical considerations. However, a successful application
of master protocol framework requires not only statistical
excellence but also awareness and effective collaborations
from all related functions including clinical, regulatory,
operations and many more. With that in mind, the plan is
to conduct another survey focusing on multidisciplinary
aspects to identify roadblocks and challenges more broadly
in the near future.

Although the focus of this paper is the current usage
and challenges of the master protocol framework, we
would like to highlight the encouraging side of the story:
the global regulatory agencies are increasingly supportive
of master protocol framework as a special type of complex
innovative design (CID). FDA recently published “Final
Guidance COVID-19: Master Protocols Evaluating Drugs and
Biological Products for Treatment or Prevention”, and finalized
the guidance “Master Protocols: Efficient Clinical Trials Design
Strategies to Expedite Development of Oncology Drugs and
Biologics” after their initial draft guidance in 2018 (3,10).
They also include master protocols as part of CID and
encourage sponsors to submit the protocol via the CID
process to obtain more frequent and in-depth feedback
from them (23). Upon sponsor’s agreement, some of the
designs may be shared publicly with the community so the
learning and lessons can be shared broadly (24,25). In some
areas of rare diseases (e.g., Duchenne Muscular Dystrophy),
regulatory agencies have made public comments in
support of the efforts that pharmaceutical community
works together on one single protocol to bring effective
treatment to patients, which smooths many roadblocks in
implementing such an innovative design (25).

Conclusions

We are in an exciting era in the history of drug
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development, where innovations are not bounded by
traditions or precedent, where multiple stakeholders
working together with one end goal in mind: most
efficiently bring the innovative drug to patients who need it.
With many innovations such as master protocol framework,
our community will conquer the seemingly impossible, with
no limits.
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Supplementary

Appendix 1

List of organizations reached out to Merck, Johnson and Johnson, Seagen, Atara Bio, Biogen, BeiGene, Pfizer, AstraZeneca,
"Takeda, Roche, Novartis, Sanofi, Abbvie, GSK, Amgen, Gilead, Eli lily, Bayer, BMS, Boehringer Ingelheim, Astellas, Daiichi
Sankyo, Merck KGaA, Servier, Eisai, Alexion pharma, Regeneron Pharma, Vertex, MD Anderson, NCI, CBAR Havard
medical center, Univ of Chicago, Cytel, Georgetown university, OSU, Fred Hutch, Duke
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