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Regulatory Issues of Platform Trials: Learnings
from EU-PEARL

Quynh Lan Nguyen"?*, Katharina Hees"", Sabina Hernandez Penna®, Franz Kénig* © , Martin Posch* ©,
Marta Bofill Roig4 , Elias Laurin Meye1‘4’5 , Michaela Maria Freitag6 , Tom Parke’, Maximilian Otte® ®,
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Suzanne Pierre'?, Salvatore Morello'>" and Benjamin Hofner">*

Although platform trials have many benefits, the complexity of these designs may result not only in increased
methodological but also regulatory and ethical challenges. These aspects were addressed as part of the IMI project
EU Patient-Centric Clinical Trial Platforms (EU-PEARL). We reviewed the available guidelines on platform trials in the
European Union and the United States. This is supported and complemented by feedback received from regulatory
interactions with the European Medicines Agency and the US Food and Drug Administration. Throughout the project
we collected the needs of all relevant stakeholders including ethics committees, regulators, and health technology
assessment bodies through active dialog and dedicated stakeholder workshops. Furthermore, we focused on
methodological aspects and where applicable identified the corresponding guidance. Learnings from the guideline

review, regulatory interactions, and workshops are provided. Based on these, a master protocol template was
developed. Issues that still need harmonization or clarification in guidelines or where further methodological
research is needed are also presented. These include questions around clinical trial submissions in Europe, the
need for multiplicity control across the whole master protocol, the use of hon-concurrent controls, and the impact
of different randomization schemes. Master protocols are an efficient and patient-centered clinical trial design
that can expedite drug development. However, they can also introduce additional operational and regulatory
complexities. It is important to understand the different requirements of stakeholders upfront and address them in
the trial. While relevant guidance is increasing, early dialog with relevant stakeholders can help to further support

such designs.

The EU Patient-Centric Clinical Trial Platforms (EU-PEARL)
was a public-private partnership funded by the Innovative
Medicines Initiative with around 36 organizations representing
patients, clinicians, researchers, authorities, and industry. EU-
PEARL had the ambition of transforming the current approach
of conducting single-compound clinical trials into the use of
cross-company integrated research platforms (IRPs) designed
as a framework to conduct platform trials, taking into consider-
ation both patients’ interests and the opportunities from novel
treatments for addressing medical needs.”? In a platform trial,
multiple treatments can be studied in a perpetual manner, with
treatments allowed to enter or leave the platform during the on-
going trial.? Patient-centric data and knowledge sharing have the
potential to accelerate the development of new treatments and
to reduce the operational costs of clinical trials. It was the aim
of EU-PEARL to create a general framework for IRPs, such as
templates, guidance documents, and other resources, but also to

develop specific frameworks for platform trials ready to operate
in four disease areas still facing unmet medical need: major de-
pressive disorder, tuberculosis, non-alcoholic steatohepatitis, and
neurofibromatosis.

The complexity of the IRPs (e.g., increased complexity of study
design, multiple study arms, adaptive features, and issues due to
their cross-company and collaborative nature) poses challenges for
regulatory and ethical assessment. One of the main objectives of
EU-PEARL was to understand and address these challenges.

The aim of this paper is to summarize relevant aspects and poten-
tial gaps in the approval and the assessment of IRPs for clinical trial
applications or marketing authorization applications, which have
been discussed in EU-PEARL. A glossary of important regulatory
terms is provided in Table 1. Furthermore, the requirements of health
technology assessments (HTAs) for IRPs are discussed. Throughout
the entire project, interactions with regulators, ethics committee
members, and HTA experts occurred in specific workshops and
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Table 1 Glossary of important regulatory terms

Term

Meaning

Complex innovative trial design

Trial designs that have rarely or never been used to provide evidence of effectiveness in new
drug applicants or biologics license applications, or applications of complex trial features to
a given indication even when these features have been used in other indications. Examples

are for studies that borrow external information, sequential multiple assignment randomized
trials or master protocols.4

Critical Path Innovation Meeting (CPIM)

Forum for FDA and stakeholder to discuss potential advancements in drug development
which includes for example biomarkers in early phase of development or innovative
conceptual approaches to clinical trial design and analysis.5

Clinical Trial Application (CTA)

Clinical trial sponsors that want to run a clinical trial in Europe must submit a request for
authorization; often abbreviated as CTA.®

Clinical Trials Coordination Group (CTCG)

Working group that contributes to harmonizing and optimizing the regulatory environment for
clinical trials in the European Union; often abbreviated as CTCG.’

Clinical Trials Facilitation and Coordination
Group (CTFG)

Working group that acts as a forum for discussion to agree on common principles and
processes throughout the European Medicines Regulatory Network.®

Clinical Trials Information System (CTIS)

System for clinical trial sponsors to apply for authorization to run a clinical trial in Europe via
a single online application.9

Electronic Common Technical Document

Standard toalectronic format for submitting applications to regulatory authorities; also known
as eCTD.?

European Medicines Agency (EMA)

Agency of the European Union which is responsible for the scientific evaluation, supervision
and safety monitoring of medicines.**

US Food and Drug Administration (FDA)

Responsible for ensuring the safety, efficacy, and security of human and veterinary drugs,
biological products and medical devices in the United States.?

Investigational new drug (IND)

Clinical trial sponsors that want to run a clinical trial overseen by the FDA must submit an
Investigational New Drug application, also known as IND.23

Integrated Research Platforms (IRP)

Novel clinical development concept centered on a master protocol, which includes multiple
interventions using existing infrastructure of hospitals and federated patient data in design,
planning, and execution, whereas an optimized regulatory pathway for these novel treatments
has been assured.®

Innovation Task Force (ITF)

Multidisciplinary group that includes scientific, regulatory and legal competences set up by
the EMA.**

Marketing authorization application (MAA)

Application for the approval to market a medicine in Europe; often abbreviated as MAA.3

Substantial modification

Modifications to clinical trials that have a substantial impact on the safety or rights of the
trial participants or on the reliability and robustness of the data generated in the clinical trial
are subject to an authorization procedure similar to the initial authorization procedure.6

panel discussions. This paper reflects the current regulatory status,
discussions with regulatory experts, and regulatory documents that
have recently been released or were available before the inception of
EU-PEARL.

The document is structured as follows:

The section “Regulatory guidance, HTA, and regulatory inter-
actions” provides an overview of the current available guidelines
specific to platform studies from the European Medicines Agency
(EMA), the European Heads of Medicines Agencies, the US Food
and Drug Administration (FDA), and HTA-related requirements
regarding IRPs. Furthermore, a summary of the regulatory inter-
actions with the EMA and the FDA during EU-PEARL discase-
specific discussions is presented, and a brief introduction of the
master protocol templates developed by EU-PEARL. The section
“Statistical challenges” describes the most important statistical
challenges in the context of platform trials that can lead to substan-
tial regulatory discussions: multiplicity, non-concurrent controls
(NCCs), patient allocation in platform trials, and the use of simu-
lation studies, and refers to the existing guidelines, where possible
and applicable, or points out gaps that still exist.
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The conclusion summarizes what challenges have been solved
and provides an outlook on what challenges remain to be solved
in the context of platform trials from an academic, industry, and
regulatory perspective in the future.

REGULATORY GUIDANCE, HTA, AND REGULATORY
INTERACTIONS
In this section, we discuss relevant US and EU guidance structured
along the relevant topics. We start with discussing study design,
conduct, and statistical aspects covered in guidelines in the section
“Regulatory guidance on study design, study conduct, and statisti-
cal aspects,” and cover guidance on regulatory submission aspects
and communication around the approval of complex clinical trials
in the section “Considerations for the submission of clinical tri-
als and communication.” In the section “Regulatory interactions”
general learnings from regulatory interactions during EU-PEARL
are shared. Additionally, an overview of the key content of each
available guideline is provided in Supplementary File S1.

The section “Health technology assessment” provides aspects
from an HTA perspective.
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Regulatory guidance on study design, study conduct and
statistical aspects

The Clinical Trials Facilitation and Coordination Group
(CTEG) Recommendation paper on the Initiation and Conduct
of Complex Clinical Trials (CCTs) was the first European regu-
latory document that specifically addressed CCTs and provides
key recommendations for the initiation and conduct of complex
trials as well as regulatory considerations and communication.”
According to the recommendation paper, the most common fea-
tures of CCTs are subprotocols, extensive adaptations, such as the
addition of new treatments and/or populations, and the use of a
master protocol. In addition, a Questions and Answers document
(Q&A)' on CCTs published by the Accelerating Clinical Trials
in the EU (ACT EU) expands and supplements the recommenda-
tion papcr15 with guidance on scientific aspects for the conduct,
reporting, analysis, and interpretation of results. The FDA's first
guideline on master protocols for the treatment of cancer'” and
the FDA’s newest draft guideline on master protocols for drug
8 (distributed for comment purposes
only) defined a master protocol as “a protocol designed with mul-
tiple substudies, which may have different objectives and involve
coordinated efforts to evaluate one or more investigational drugs

and biological products

in one or more disease subtypes within the overall trial structure.”
Whereas the first guideline is applicable for master protocols in
oncology, the latter applies to a range of therapeutic areas and
focusses mainly on umbrella and platform trials.'® The FDA is-
sued another guideline on master protocols for the treatment or
prevention of coronavirus disease 2019 (COVID-19)," which
is strongly based on the FDA’s guideline on master protocols in
oncology."”

The increased flexibility and efficiency in drug development’
due to shared protocol elements or infrastructure'® and opportu-
nities for biomarker-driven developmcnt15 are recognized, whereas
also the challenges with the increased complexities are mentioned.
Flexibility can be obtained by starting and stopping of substudies or
arms. A clear description of closed, current, and future arms, and all
conditions leading to trial adaptations should be described in the
protocol.ls‘17 Furthermore, changes in the randomization ratio'®
due to starting and stopping of arms should be accounted for in

7

the analyses. The use of shared controls is recommended to in-
crease the efficiency,'”
jects should be used for comparative analyses as changes over
time, such as changes in the patient population,'"? the standard of
care,">"® or biomarker testing"®'® may occur. Further aspects on
the potential use of NCCs and attributes that must be considered
when choosing an appropriate control is provided in the ACT EU’s
Q&A' and the FDA’s guideline on master protocols.18 With re-
gard to biomarker-driven developments, clear criteria or conditions
for subject allocation need to be predefined'>™"7 - especially when
populations overlap.'> Furthermore, the biomarker assay must be
analytically validated'” and/or compliant with the diagnostics
regulations.16

Patient safety is of particularly high priority and therefore dis-
cussed in all guidelines.”>™"? The use of an independent data mon-
itoring committee,”'? appropriate risk mitigation strategies, and
151618 4 re expected in that regard.

'8 however, only concurrently enrolled sub-
15-19

adequate oversight

54

Whereas the FDAs guideline on master protocols in
COVID-19" and on master protocols for drug and biological
proclucts18 do not call for a multiplicity adjustment for multiple
comparisons of different treatments to the comparator in umbrella
or platform trials, sponsors should be aware of the increased chance
of multiple false-positive findings. Additional considerations, such
as the meaningfulness of the estimated effect,’” need to be dis-
cussed in this light or the trial design elements can be implemented
to reduce this issue (e.g., increased allocation of subjects to con-
trols)."*"” The risk of multiplicity issues is also mentioned in the
CTFG’s recommendation paper without further details.”®

The FDA’s newest guideline on master protocols additionally dis-
cusses the issue of information dissemination in platform trials and
the potential risk to trial intr:grity.18 Multiple aspects in platform tri-
als can lead to dissemination of information, such as sample size re-
estimation based on blinded pooled data when using shared controls
and treatments entered into the trial at the same time. This could lead
to partial unblinding of comparative results for treatments still on the
trial. Thus, access to pooled data should be restricted.!®

Although the CTFG recommendation paper and the Q&A
on CCTs touch on statistical aspects, further guidance on sta-
tistical issues will be provided by the EMA.?" The upcoming
reflection paper on platform trials is planning to address termi-
nology and key concepts, describe key methodological topics in
platform trials, and discuss these in the light of increased com-
plexity and uncertainty in decision making. This discussion will
cover topics such as the requirements for type I error control
(including multiplicity), the use of NCCs and the change in pa-

tient populations over time.

Considerations for the submission of clinical trials and
communication

Initial submission of complex clinical trials. With increasing
complexity, communication with regulators becomes even
more important.4’15’18 The guidelines in general recommend
carly interaction with regulators to discuss the proposed
trial designs. The FDA issued a guideline specifically for
interactions with the FDA on complex innovative trial dt:signs.4
The guidance emphasizes that “novel clinical trial designs
call for clear communication between sponsors and FDA on
aspects of the design, including the purpose, execution, and
operating characteristics (such as the chance of producing
erroncous conclusions) of the design.” The guidance provides
recommendations regarding common elements that should
be provided for FDA feedback. This includes descriptions of
possible design adaptations, interim analyses, and statistical
considerations. Furthermore, it addresses the issue of
simulations, which are often needed to estimate the operating
characteristics of different trial design components (overall
trial duration, average type I error and type II error, number of
arms evaluated, etc.). It also includes guidance on the protocol
components for a CCT, such as the master protocol and
subprotocols, the description of the statistical methods for the
level of the platform and each subprotocol,16 and the expected
electronic common technical document structure.” An example
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of a structure for a master protocol with multiple substudies is
provided in the FDA’s guideline on master protocols for drug
and biological products.18 Additionally, description of relevant
governance and oversight committees for monitoring of subject
safety should be included.!¢"!8

To support the design, submission, and conduct of platform
trials, EU-PEARL developed templates for the master protocol,
intervention-specific appendices, the statistical analysis plan, and
the Data Monitoring Committee Charter. Additionally, guidance
for supplementary information on platform trials in the cover
letter for submission in the Clinical Trials Information System
(CTIS) is available.”! Regulatory feedback was obtained from the
clinical trials coordination group as part of a formal review of the
master protocol and intervention-specific appendix templates,
and the guidance document for supplementary information to the
cover letter.”

In addition, in most countries, an ethic’s review and approval
are required before the initiation of a trial. Ethics commit-
tee members emphasized during an EU-PEARL Stakeholder
\Workshop23 and at a European Federation of Pharmaceutical
Industries and Associations (EFPIA) workshop22‘24 the need
for training and for the availability of relevant statistical ex-
pertise due to the increasing complexity of the designs. The
importance of the involvement of ethics committees in the
discussion of novel concepts at the earliest possible stage was
raised. It was mentioned during both events, that the higher
complexity of platform studies poses challenges in informing
patients via informed consent forms due to the need for very
long or sometimes multiple consent forms (e.g., a master con-
sent form and intervention-specific ones). Furthermore, the
assessment of the CCTs is challenging because of the large
number and length of documents and the involvement of sev-
eral interventions. Yet, the time established, as per the regula-
tion, to review a CCT is the same as for a standard (two-arm)
clinical trial application.

Substantial modifications, or
substantial amendments, need to be submitted for regulatory

Substantial modifications.
and ethics approval. They are triggered by changes that affect the
safety of patients or scope of the trial,’ including the addition or
closing of sub-protocols and arms.? Naturally, these are expected
more frequently in complex clinical trials.

Information which is required in the submission of amendments
when adding or closing subprotocols are provided in the CTFG’s
recommendation papcr15 and the FDA’s guidance on master pro-
tocols.”18 Required documents to be submitted for an amend-
ment are an updated informed consent document, a clean and
tracked changes version of the amended master protocol, and a list
of changes in tabular format with the rationale for each change.17
Furthermore, an update on the status of each treatment in the mas-
ter protocol is recommended.'®

In Europe, amendments can only be submitted in the CTIS
“after a decision on an initial application or an application for [sub-
stantial modification] or addition of a Member State concern[ed]
is taken.2®” Hence, the number of submissions per calendar year is
limited considering the approval timelines. This is highly relevant
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for platform trials where new subprotocols are potentially submit-
ted as substantial modifications to an ongoing trial. With this lim-
itation of submitting amendments in a timely manner, the timing
of amendments requires careful planning, considering also unfore-
seeable events.

The SolidAct platform trial was one of the first platform trials
to submit in the CTIS.*” The study team encountered problems in
complying with disparate member state-specific requirements and
in structuring the study data in CTIS given the trial’s complex de-
sign. Furthermore, in their experience, the CTIS “wasn’t designed
to take care of platform trials” because “the way CTIS is set up
means that each upcoming study arm in the shared framework has
to be entered as a brand new trial”?’ (i, re-submitting all the doc-
uments every time they started a new arm, a lack of clarity on when
and where the master protocol must be submitted, and paying the
full fees for every arm they added).

No such issues with submissions of amendments in the United
States were reported so far, as the Investigational New Drug
structure is better suited for the submission of master protocols.
General considerations on the Investigational New Drug structure
for master protocols are provided in the FDA’s guideline on master

protocols for drug and biological products.18

Regulatory interactions
Many stakeholders are aware of the standard options for obtaining
feedback for a development program such as the EMA Scientific
Advice,?® National Scientific Advice in the European Union,?”’
or formal meetings, such as type B meetings with the EDA.®
Opportunities for early and product-agnostic engagement are also
available from the EMA and the FDA via the Innovation Task
Force (ITF) meeting14 and the Ciritical Path Innovation meeting
(CPIM),S respectively. These venues are perfectly tailored for an
carly discussion around (platform) trial design and methodology,
and clinical aspects of the targeted disease. These meetings fa-
cilitate informal exchange of information and provide guidance
in the development process. They do not substitute for a formal
scientific advice, regulatory meeting with the FDA or for a plan
to submit the trial under the FDA complex innovative design
initiative.”!
Within EU-PEARL, two ITF meetings with the EMA were
granted to discuss two disease specific platform trial plans, and one
CPIM with the FDA was granted. The objective of these meetings
was to discuss the platform trial design and draft master protocols.
These draft protocols were based on the templates created within
EU-PEARL (see the section “Considerations for the submission of
clinical trials and communication”). Although discase-specific as-
pects were discussed in the meetings as well, the meeting focus was
on general methodological and regulatory learnings. Nonetheless,
the clinical background is important to understand the design
choices and recommendations. For more details, see the dedicated
reports cited below.

Major depressive disorder. A phase II platform trial in patients
with major depressive disorder was proposed to the EMA’S ITF to
investigate multiple drugsin different domains defined by different

.. . . . 2-34
routes of administration (oral, intranasal, or mtravcnous).3 3
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A separate control arm was suggested per domain. The EMA was
supportive of many of the proposed features of the study design,
including:

e The two-step randomization process, where participants are
first randomized to one of the domains and then to one of the
arms (experimental or control) within that domain. Participants
can opt-out of specific domains.

e Intra-domain blinding,

e Primary analysis based on concurrent controls.

e Square root allocation (see the section “Allocation in platform
trials”) to the placebo arm within each domain with a lower
limit of 35% to reduce the risk of inflating the placebo response.
To further reduce the placebo effect, only the possible range of
placebo allocation shall be communicated in the intervention-
specific informed consent. Whereas understood, this might be
challenged during the ethics review.

More details on the clinical trial simulation were considered
important and additional scenarios were requested by the ITF to
better understand the trial characteristics in relevant situations,
which resulted in exploring further scenarios afterward.>> On the
topic of whether to permit re-entry and re-randomization of par-
ticipants into a platform trial, the EMA highlighted that further
consideration needs to be given to the potential for changes in the
patient population over time as this may lead to an increasing rate
of resistant participants. The option for a participant re-entering
within the same domain should be avoided.

Overall, this interaction shows that many design elements of
the proposed platform trial were considered acceptable by the
ITF experts for this phase II study. The design was, in general,
supported.

Non-alcoholic steatohepatitis. A phase IIb master protocol was
proposed to the EMA’s ITF to investigate multiple intervention
cohorts (cither an investigational treatment or combination
therapy of one or more investigational treatments compared with
control) simultaneously or sequentially in patients with non-
alcoholic steatohepatitis.36 Patients are planned to be randomized
to a study intervention cohort and then randomly assigned to
investigational treatment(s) or matching placebo. The control
patients used for comparison to a treatment can be cither the
control patients within a cohort only, or all concurrent control
patients across all cohorts that meet the eligibility criteria for the
specific intervention cohort regardless of whether the patient was
randomized to that cohort or not.

The EMA was supportive of many of the proposed features of
the study design including:

e A randomization process that accounts for patient choice with
respect to which cohorts they would be willing to participate in.

e The Bayesian decision criteria based on clinically meaningful
effect sizes for futility and efficacy.37

e The use of shared concurrent controls across cohorts who meet
the eligibility criteria if the accrual rate across cohorts allows
overlap of the recruitment periods.

56

EU-PEARL representatives acknowledged that strong control
of the family-wise error rate (FWER) is needed for phase III stud-
ies. As the proposed study is a phase II study, the representatives
argued that there was no need for strong control of the FWER be-
cause results are not planned for registration. However, there were
concerns raised by some EMA experts with respect to the con-
trolling of the type I error even in a phase II setting if dependence
exists between treatment arms (multiple doses of the same investi-
gational treatment or investigational treatments with similar mech-
anisms of action). In addition, the EMA experts raised the point
that there is an increased risk of multiple false-positive results when
a shared control arm is used. Concerns were also raised about the
use of NCCs and not being able to fully characterize time trends.
However, it was noted that, if necessary, the range of potential time
trends could be simulated to understand how such trends would
impact decision making.

The interaction with the EMA showed that the overall trial de-
sign was endorsed. However, stronger type 1 error control may be
imperative in some scenarios, even in phase II trials, but may not be
required in other situations if well justified.

Slightly in contrast, in the CPIM granted by the FDA,36 regula-
tors shared the view that multiplicity control is not required for a
phase IT design across all of the cohorts in a platform trial. Standard
multiplicity control (e.g., across end points) is needed within each
cohort.

In the situation where the sharing of control data across cohorts
within a platform trial is being proposed, the FDA recommended
consideration of the following topics:

e DPotential differences in outcomes across cohorts need to be
taken into account, separately for each end point.

e The comparison between an investigational drug and the
shared control arm should include only concurrent control
participants who consented to that cohort and that could
have been randomized to that drug (i.e., met inclusion/exclu-
sion criteria and the cohort was open at the patient’s site at
that time).

e The potential bias created by participant selection to partici-
pate in a specific intervention cohort should be considered.

The FDA endorsed the study design and agreed that type I error
control across cohorts of the platform was not necessarily needed
in this phase IT design. The FDA suggested more considerations to
support the sharing of control arms and was not in favor of using

NCCs.

Health technology assessment

HTA supports the decision whether a technology can and
should be implemented. By this, the primary HTA approach isa
supportive methodology to the decision process within general
reimbursement decisions and to decide whether the technol-
ogy will have a benefit for the clinical service provider and for
the system in general as well as it will support the added value
assessment for deciding and negotiating the final price of the
technology/service within a given jurisdiction. HTA’s defini-
tion of a technology includes more than just a technology, such
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as robots or computer tomography. Technology also includes
pharmaceuticals, medical products, healthcare procedures, and
public health interventions.>®

Platform trials offer the possibility to improve the comparabil-
ity of clinical values of health technologies by comparing multiple
interventions and using a shared, uniform, “clinical gold standard”
control group (if planned). This can reduce the risk of bias in the
description of observed effects of a health technology, which im-
proves the reliability of evidence-based support of health decision
makers through HTA.

By integrating the concept of HTA into the master protocols re-
searchers can ensure that the evidence generated in platform trials
is relevant and useful for healthcare-related decision making, in-
cluding reimbursement and clinical practice requirements. These
are two out of seven so-called HTA domains.”

Platform trials can provide similar certainty of results as tradi-

tional trials. However, due to the flexibility the following should
be considered™’:

e The comparability of control patients recruited over a long pe-
riod to the different interventions should be discussed.

e Blinding when multiple treatments are evaluated simultane-
ously can be difficult.

e Arisk of a type 1 error inflation due to multiple interim analy-
ses or comparisons exists if not controlled for.

e Rules for continuing or adding interventions should be defined
and justified.

Considering HTA methodology in the analysis of a pharmaceu-
tical product in platform trials thus not only leads to clarity of evi-
dence required beyond regulation, it enables the parallelization of
evidence generation in the platform trial and accompanying stud-
ies that are necessary to highlight the full added value of a product
related to patient- and healthcare-relevant benefits compared with
the standard of care.

STATISTICAL CHALLENGES
The use of CCT results not only in operational but also in sta-
tistical challenges can lead to substantial regulatory discussions.
Statistical challenges specific to platform trials include but are not
limited to multiplicity issues due to multiple treatment arms and a
common control, the use of NCCs, patient allocation approaches,
and the use of simulations for trial planning.

In the following sections, these challenges are described in more
detail with a focus on the current scientific and regulatory aspects.

Multiplicity
Clinical trials, which aim to answer more than one research ques-
tion, will have multiple chances of declaring false-positive find-
ings (multiplicity). Statistical methods are typically implemented
to control the impact on the rate of false-positive findings.
Sources of multiplicity are, for example, interim analyses,
multiple end points, or multiple treatment arms. Guidelines
from the EMA (on multiplicity issues*’ and on adaptive de-
signs42) and the FDA (on multiple end points43 and adaptive

designs44)

discuss situations in which multiplicity adjustments
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are necessary and provide guidance on the use of multiplicity
adjustment methods. The guidelines consider multiplicity due
to multiple end points or multiple treatment arms and pro-
vide guidance for adaptive designs, including interim analyses.
However, these do not specifically address the issue of multiplic-
ity in a platform trial.

An important feature of platform trials is the use of a shared
control arm. Shared controls can increase the efficiency of clinical
trials and reduce the number of control group patients required.
Multiplicity issues arise if multiple arms are compared with a
shared control in a single trial. Several research paper were pub-
lished in recent years discussing the need for multiplicity control
when using a shared control. It has been demonstrated that due
to correlated test statistics, the FWER in a multi-armed trial with
unadjusted tests is lower compared with the FWER of trials with
separate controls. However, if a type I error is made, the probabil-
ity to make several type I errors simultaneously is increased with
the shared control arm.*~’ Analogously, when the control is on
a random high, multiple simultaneous type II errors pose a danger
especially when the purpose of the platform trial is not to identify
all effective treatments, but at least one (as might be the case in a
pandemic).48 There might be situations where a study-wise strong
control of the type I error rate might not be r<:quir<:d.46’49_51 In
particular, Collignon ez al*® point out that the need for multi-
plicity adjustment depends on the inferential independence of the
hypotheses in the master protocol. When hypotheses are consid-
ered inferentially independent (i.e., if the truth or falschood of
one hypothesis is unrelated to the truth and falschood of the other
hypotheses concerned), such as for hypotheses related to the effi-
cacy of two different drugs with different mechanisms of action,
no multiplicity adjustment might be required. On the other hand,
when some treatment arms are different dose levels or different
modes of administration of a single drug, the hypotheses are clearly
related and a strict type I error control for this family of related
hypotheses is required.

Furthermore, the number of treatment arms on the platform
trial is not necessarily defined at the start of a trial as new arms
can be added or dropped during the conduct of the trial. Thus,
standard adjustment methods, such as Bonferroni or Dunnett,
cannot be applied directly. As a simple solution, one could fix
a maximum number of hypotheses being tested, but this would
mean that if this number is reached, no further arm could be
added which may contradict the principle of perpetual platform
trials. Therefore, online control methods have been proposed in
which the number of arms does not need to be known at the
beginning of the trial 224

It should be noted that all the discussions of multiplicity
concerns in platform trials to date tend to focus mainly on sit-
uations where there are multiple, concurrent treatment arms.
Other situations, such as multiple arms that may only partially
overlap in time, or arms that may be completely separate in time
are not that well-covered. Multiplicity adjustment is usually not
conceived to be necessary in the latter case, that is, if only con-
current controls are used in the analysis and arms are inferen-
tially independent. To add another layer of complexity, different
possible approaches to the use of the control arm exist (see the
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section “The use of non-concurrent controls”) which further
impact the type I error.

Recently, also Bayesian methods, like false discovery rate control
with e-values,”> have been suggested, but there is no practical and
regulatory experience with these approaches in platform trials yet.

These situations are not discussed extensively in the existing
guidelines mentioned above, however, these guidelines were not
meant to provide recommendations to every situation of clinical
trials where multiplicity may arise but rather to provide a gen-
eral high-level guidance. It has to be further acknowledged that
older guidance documents have been developed envisaging a trial
with a single drug and objective. With the increased use of plat-
form trials,56 the need for further guidance became apparent and
specific recommendations for CCTs were provided by the ACT
EU,IG the CTFG," or the FDA,"™"? as discussed in the section
“Regulatory guidance, HTA, and regulatory interactions.” In the

latter guidclincs,l&19

it is mentioned that no multiplicity adjust-
ments are needed for multiple comparisons of different drugs to
a control, although exceptions exist (e.g., when evaluating multi-
ple doses, or administrations of the same drug). In the European
guidelines, multiplicity issues are mentioned as aspects that need to
be addressed. The EMA published a concept paper on the need for
a reflection paper focusing on methodological issues in platform
trials, especially the requirement for type I error control.2

To allow an appropriate interpretation of trial results originat-
ing from a (potentially perpetual) platform trial, a discussion on
the type of error control(s) implemented on platform and sub-
study level should be included in the overarching master protocol.
If some hypotheses are considered inferentially independent, a
framework should be given to (i) decide based on which criteria
hypotheses are related and unrelated, (ii) how to define the families
within the platform for which error rates, such as FWER, should
be controlled, and (iii) whether changes of the testing strategy are
needed when adding new arms in an ongoing trial. These aspects
would aid planning and interpreting platform trials.

The use of non-concurrent controls

For treatment arms entering later in a platform trial usinga shared
control, this will lead to NCC and concurrent control groups.
NCC:s refer to trial participants allocated to the control group,
who were recruited in periods of time where the newly added ex-
perimental treatment was not yet part of the available treatment
options. Using NCCs, the variability of treatment effect estimator
shall be reduced, what may allow for carlier internal decision mak-
ing (e.g,, futility) and could increase statistical power. The later
an arm enters the trial, the larger is the potential gain in power
by including NCC data. However, a major concern is bias in the
estimates introduced by time trends that can lead to a change in
the response. Examples are temporal changes in the patient pop-
ulation, the disease, the standard of care, or end point assessment.
Another concern arises when intervention owners decide to add
an intervention due to potential awareness of negative control
data. Model-based approaches have been recently suggested to uti-
lize NCC data in the analyses while adjusting for time trends.””>®
For fixed sample trials, such approaches can lead to an increase in
power and unbiased estimates while maintaining the type I error
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rate control if time trends affect equally all arms and if the time
effect is additive on the model scale.

Bofill eral.”’ performed two scoping reviews on the use of NCCs
in platform trials. First, the authors identified currently available
methods to incorporate NCCs in treatment-control comparisons,
outlined the key concepts and assumptions, and described the
main characteristics of each method. Second, a systematic search of
regulatory guidelines regarding the use of NCCs was performed.
The most relevant arguments and recommended methods were
summarized. The authors highlighted that regulatory guidance for
NCCs in platform trials are currently still limited. Hence the au-
thors decided to broaden the review and extracted guidance for the
use of external and historical controls and to discuss the relevance
and transferability of the results to NCCs. However, the authors
noticed the advent of guidelines with a focus on platform trials
wherein the use of NCCs was vaguely discussed.

In the FDA's recent draft guideline on master protocols,18 the
use of concurrent controls is preferred. However, circumstances
where the use of NCCs may be justified are also discussed.

Allocation in platform trials

Fixed allocation. The classical approach to clinical trials and also
to platform trials is to use fixed allocation rules to assign patients
to intervention or control arms based on allocation probabilities.
Allocation ratios then generally only depend on the number of
treatment arms currently in the trial and are not meant to depend
on observed unblinded trial outcomes.

any treatment-control comparison. Still, the total randomization
ratio to control over the course of a platform trial will vary and de-
pend on the number of arms in the study at any given time. If there
are 3 investigational treatment arms, the allocation probability to
control is 25%, whereas it drops to 20% if there is an additional
fourth arm opened. Equal allocation is inefficient from a statisti-
cal perspective in situations where multiple arms are compared
with a concurrent common control. The square root allocation
rule (e, 1:1: ...: ﬁ, where k is the total number of concurrent
treatment arms) decreases the standard-error for all treatment-
control comparisons and is considered optimal.60 However, the
rule is defined based on the number of active study arms. As such,
it does not lead to a constant control group allocation over the
platform trial. A third alternative is to use a fixed randomization
probability for the common control arm, irrespective of the num-
ber of treatment arms. Although the total probability of receiving
the control treatment would be fixed, this approach would result
in a variable allocation ratio between any treatment arm and the
control group whenever the number of treatment arms changes. A
fixed randomization to the control arm was, for example, imple-
mented in the major depressive disorder protocol (see the section
“Regulatory interactions”) to control placebo response rates.
None of those allocation rules is completely fixed over time in
a platform trial. All allocation probabilities will change with the
number of study arms open for randomization. In case of further
non-intended changes over time, such as drifts in the patient pop-
ulation or the response to treatments, this induces bias in the effect
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estimate, if analyses do not adjust for time trends.®! Note that these
changes in allocation ratio will to some extend depend on un-
blinded data as they might be induced by (interim) analyses which
led to the termination of an arm.

Optimal allocation strategies were investigated in Bofill Roig ez
al.® for platform trials with shared controls, showing that the op-
timal allocations depend on the entry and exit times of treatment
arms and also demonstrating that the square root allocation, op-
timal in multi-arm trials, is not always optimal in platform trials.

Potential variation in the randomization ratio was flagged in the
FDA’s guideline on master protocols for drugand biological prod-
ucts'® and in the Q&A on CCTS,16 which recommend addressing
this issue during the analysis, for example, by analyzing the data for
cach time period with a different allocation ratio separately. The
lateer refers furthermore to the guideline on adjustment for base-
line covariates in clinical trials.®>

Response-adaptive randomization. A platform study with many
interventions for evaluation with equal priority may result in a
relatively slow accrual of patients to all arms. Response-adaptive
randomization (RAR) allows to skew allocation to arms which
are deemed more promising based on unblinded interim data.
The required data reviews may be conducted at formal interim
analyses, or periodically at special allocation adjustment meetings.
Prospectively defined allocation rules are used to update
allocation ratios at data reviews. A variety of allocation rules could
be considered, including optimal design theory and multi-armed
bandit problems.

Most frequently, Bayesian rules are implemented, which update
the allocation proportional to the probability of arms being supe-
rior to control or superior to any other arm within the trial. In gen-
eral, the aim is to increase allocation over time to better performing
arms. Eventually, all arms will run to completion unless they are
stopped early for efficacy or futility, hence RAR only impacts the
time to full accrual. RAR is not a novel design element specifically
developed for platform studies. The ASTIN trial was an early com-
plex RAR dose-finding design for stroke implementing frequent
analyses using Bayesian modeling.64 Meyer et al>® observed that
50% of the identified platform trials implemented RAR, includ-
ing examples such as I-SPY 2,65 GBM—AgiIe,66 INSIGhT,G7 and
ALICE.®

There is, so far, no regulatory guidance available on the accept-
ability of RAR for regulatory decision making. Thus, the use of
RAR should be well-justified. There are situations where RAR
may be well-motivated, such as early phase, exploratory clinical
trials, or in rare diseases. Recruitment may be challenging and
lengthy in those situations, such that harmonization of research
under one master protocol, as well as prioritization of evaluation
through RAR to the most promising interventions may be partic-
ularly interesting to address the unmet medical need as quickly as
possible. Although intuitively appealing, RAR may pose signifi-
cant challenges to the operations of clinical trials and validity of
statistical analyses. Operational concerns include timely data entry
and cleaning (which is of high relevance to adequately assess the
response and hence to adapt the randomization ratios), the abil-
ity to run the analysis frequently, the ability of the randomization
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system to be frequently updated with new allocation ratios, and
the ability of the drug supply to cope with the changing allocation
rates. Concerning the credibility of results, concerns on bias due
to time trends and selection bias have been raised in the scientific
literature.>” In addition, RAR does typically not result in the most
efficient allocation ratio. The level of inefficiency of the achieved
randomization ratio will depend on the exact design definition. To
address this concern, some RAR approaches fix control group al-
location probability to the allocation probability of the best treat-
ment arm, thereby ensuring high statistical efficiency through a
targeted 1:1 allocation for the best treatment arm vs. control.

Last, the consideration of RAR as a feature of patient centricity
may not be obvious for all platform trials, as the window of op-
portunity for adapting randomization ratios to achieve a relevant
impact on the overall response for the in-trial population may be
relatively small. A notable impact on overall response may not be
reached, if the targeted effect size is modest, or if there is a rela-
tively small prior chance only for any of the new interventions to
be efficacious or if efficacy of all arms is likely to be rather equal.
To improve expccted outcomes for participants in situations where
biomarkers affect treatment response, RAR may be utilized to
enrich patient populations, by favoring allocation to subgroups
where the treatments appear to be working best, as done in I-SPY
2 and GBM-Agile. RAR is applied in this situation by subgroup,
instead of applying it in the same proportion across the full study
population. This approach may address the lack of differentiation
between treatment arms and could therefore be beneficial for the
patients.

The principal benefit of RAR in situations with low chance of
treatment success, may be a quicker decision on the effectiveness of
an investigational treatment, which may by itself be a worthwhile
target to consider, as this may allow subsequent research to com-
mence and ultimately reach market approval and thus benefit the
patients outside of the trial earlier.

However, even the target of earlier completion may be at risk,
if the gap between randomization of a patient and the avail-
ability of the patient’s data is large compared with the rate of
enrollment and the number of concurrent treatments. The tar-
geted sample size for a comparison, or a substantial amount of
it, might in this situation be reached prior to any adaptation
update analysis. Statistical modeling strategies may reduce this
concern through the integration of other sources of information
into the allocation update analysis, including biomarkers or sur-
rogate end points. Those approaches may address some of the
concerns, but will generally also introduce new concerns, as the
additional sources of information could also mislead the adapta-
tion decision.

Simulations

Platform trials often include multiple design features which
introduce complex dependencies between analyses, such that
analytic solutions to evaluate trial performance or operating
characteristics may be infeasible. Special design features in plat-
form trials include but are not limited to the addition and re-
moval of trial arms, the respective time of addition and removal,
the use of a common control, or the allocation procedure.
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Furthermore, common considerations such as the recruiting
speed or interim analyses and stopping rules are important.
Not only the type I error or power need to be evaluated, but
also outcomes such as expected trial duration, time to primary
analysis of a specific treatment arm, or success probability are of
interest. Tools to aid simulation of platform trials and the ex-
ploration of the simulation results have been developed within
EU-PEARL.%7°

In the Q&As on CCTS,IG complex clinical trials require in-
teractions between clinicians, methodology experts such as stat-
isticians, biometricians, modeling and simulation experts, and
project teams. Simulations are requested to evaluate the operat-
ing characteristics, including the type I error, when using Bayesian
statistics. The simulations should be documented in advance of a
clinical trial application or marketing authorization application.

The FDA guidelines on interacting with the FDA on complex
innovative dcsigns4 and on COVID-19 master protocols19 ad-
dress the fact that a common feature of many CCTs is the need
for simulations rather than mathematical formulae to estimate
trial operating characteristics. They point out that “for studies
intended to provide substantial evidence of effectiveness, it can
be advantageous to discuss plans for trial simulations at meetings
with the FDA.” For further detailed recommendations regarding
the content and format of simulation reports it is referred to the
FDA guideline on adaptive designs.44 Besides general recommen-
dations regarding simulation studies, it furthermore provides
guidance on what to include in a simulation report, which should
be submitted prior to initiation of an adaptive design trial.

CONCLUSION AND NEXT STEPS

The complexity of the IRPs due to their cross-company and col-
laborative nature poses regulatory and ethical challenges. One aim
of EU-PEARL was to understand and address these challenges
through discussions with regulatory experts from the EU regu-
latory network and ethic committee members. In addition, rep-
resentatives from the EMA were involved throughout the project,
for example, as members of the external advisory board. Not only
did the project benefit from the regulatory involvement but also
vice versa. Saesen et al.! recently published a review of the EMA’s
involvement in external research projects, including EU-PEARL.
They stated that by participating in relevant external research
projects, the EMA can gain “awareness of innovative research and
of its hurdles and opportunitics.”71 Furthermore, gaps in regula-
tory science can be identified. It also became evident that the open
and trusted discussion among all relevant stakeholders was crucial
for the success of the project.

The aim of this paper was to summarize methodological and
design issues of platform trials from a regulatory, ethical, and
HTA perspective, and to present the current regulatory status.
Some of the issues have been clarified or are already becoming
standard in the regulatory context, but some still need further dis-
cussion and guidance from regulatory authorities. Questions such
as when and how to adjust for multiplicity, and whether and when
NCCs may be used in the primary analysis, are still controversial
topics, especially among regulators. Platform trials can be multi-
company trials and also be subject to multi-national regulations.
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Dedicated guidelines, from health authorities, such as the EMA,
are still limited. Therefore, close and early interactions with the
authorities are recommended for the initiation and implementa-
tion of platform trials, but also for the development of trial design

methodology.

Next steps for academics and industry to foster multi-
stakeholder trials

Recently, Koenig ez al? summarized 10 learnings from EU-
PEARL. The lack of sufficient regulatory guidance is considered
as one obstacle. Yet, especially for multistakeholder platform tri-
als, this is not the main blocking issue. Independent sponsors, for
example, contract research organizations or, as Koenig ez al? sug-
gest, academic hospitals, are needed to facilitate these trials. They
state that additional efforts are needed to pave the route for such
academic sponsors of (complex) clinical trials. They need to be ad-
equately resourced and, even more importantly, well experienced
in conducting CCTs to adequately fulfill regulatory and admin-
istrative duties.

Uncertainty in the regulatory acceptability of platform trial
designs eventually slows down protocol design discussions for
intervention owners and may thereby lead to delayed study exe-
cution. Due to the increased complexity, the lack of experience
and the resulting uncertainty, the probability of technical and
regulatory success of a platform trial may be viewed as decreased,
compared with conventional clinical trials. As discussed during
the ACT EU Methodology workshop,72 an increased transpar-
ent sharing of positive and negative platform submission and
execution experiences among stakeholders is required to reduce
the uncertainty and accelerate the design process. Whereas ac-
ceptable from the health-authority side (e.g., as implemented
in the FDA complex innovative design pilot project31), sharing
of such information may not necessarily be desired from the
intervention-owner perspective, as study design discussions will
eventually reveal the drug development strategy and thereby
lead to a competitive disadvantage. EU-PEARL provided a legal
framework, in which such discussions could be held, while still
respecting confidentiality agreements. Appropriate frameworks
to maintain a sufficiently blinded exchange of lessons learned
will need to be established to accelerate design discussions and
further decrease uncertainty.

Sharing of data is identified as another issue.” The use of shared
concurrent controls and especially shared NCCs leads to partial
unblinding and information leakage once an arm is completed.
This could lead to regulatory concerns.'® Furthermore, commer-
cial treatment owners might fear direct comparisons of different
treatments, which is facilitated by platform trials with the need for
data sharing also for active arms, for example, to model potential
time trends.

The issue of partial unblinding could be tackled, for example,
by restricting primary analyses to concurrent controls and by
strict adherence to a well-designed protocol. To counteract the
fear of commercial sponsors to disclose data to competitors, ad-
equate data sharing agreements need to be in place. Analyses can
then be conducted by an independent entity under a well-defined
scope of analyses. This entity needs to be a trusted organization.
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Care needs to be taken that the data sharing agreement is also
able to meet regulatory needs. This means that treatment own-
ers need to be accountable for any regulatory submission, as also
discussed at the ACT EU Methodology workshop.72 Of note,
comparisons of treatments might be of high interest to patients
and p;1y<3r5.2’18’73 Although this should be taken into consider-
ation, this should not additionally hamper the uptake of plat-
form trials. One should rather embrace the benefits which are
there than asking for more.

Next steps from regulators to support platform trials
Following the public consultation, a final version of the FDA’s
draft guideline on master protocols18 is expected and during the
public consultation for the EMA concept paper on platform tri-
als,” the EFPIA submitted several comments referring to the
outputs and deliverables from EU-PEARL that could be used in
drafting the reflection paper on platform trials.®* Initially, the
reflection paper was planned to be adopted by the end of 2024
At the ACT EU Workshop on Methodology Guidance,é2 the
multistakeholder discussion on platform trials was continued and
the need for methodological guidance was reinforced. Hofner®
shared the current plans for the reflection paper and clarified that
finalization of the reflection paper might take longer than antici-
pated, but that the EMA remained ambitious.

Instead of relying on the usual and rather static scientific advice
procedures, the need to continue an open and collaborative dialog
on CCTs, as exemplified in EU-PEARL, was stressed during the
workshop,73 Consequently, regulators should try to implement an
adequate exchange and learning format, potentially facilitated by
the ACT EU or the EMA working parties, such as the Scientific
Advice Working Party74 or the Methodology Working Party.75
The ACT EU initiative should also play an important role in over-
coming obstacles in the procedural and administrative obstacles for
the approval of platform trials, which were introduced with the EU
Clinical Trials Regulation.

Learnings from EU-PEARL

It is obvious that complex platform trials may not be the appropri-
ate solution for every research problem. Specifics of research prob-
lems differ and hence may make some design elements appropriate
and efficient, while making others overly complex and harming
interpretability. Many situations exist where coordinated research
through platform trials is beneficial to expedite the identification
and development of new treatments, and to enable timely decision
making addressing patients’ needs, for example, when it is hard to
enroll patients, collect relevant end point data, or for indications
with Very poor prognosis.

During the EU-PEARL project it became evident that differ-
ent stakeholders are faced with different obstacles when design-
ing, conducting, and assessing such CCTs. Academics need more
awareness, training, and resources to take an active role in the initi-
ation and conduct of platform trials. Pharmaceutical industry needs
to value the benefits of platform trials over the added complexities,
and to overcome their hesitation to let others take a sponsor role.
They also need to overcome their concerns against direct or indi-
rect comparisons of treatments within the platform. On the other
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hand, patients, academics, and HTA experts might want to refrain
from wanting too much by always requesting head-to-head com-
parisons of all treatments just because master protocols might make
these possible. Regulators need to work on relevant guidelines
and help overcoming regulatory and procedural hurdles. Finally,
all need to come together in an open and trusted environment to
make the best use of the common resources and to obtain the best
possible results for patients in a patient-centric and timely manner.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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