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Recommendations for planning and conducting clinical
trials with master protocol designs: Umbrella, Basket and
Platform Trials

The aim of this booklet is to offer a comprehensive overview of the key aspects of new trial
methodologies and to provide solutions to the main challenges in developing, implementing
and conducting trials with new designs namely master protocol with umbrella, basket, and
adaptive platform design.

This booklet has been adapted from ERA4Health’s original document D14.2 “Recommendation
booklet for investigators and sponsors in multi-country investigator initiated clinical studies”.
References cited in this document can be found at the original source (1).
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A master protocol framework allows for the simultaneous evaluation of multiple drugs or drug
combinations across various patient populations, targeting a particular biomarker-defined
population or disease subtypes, all within a single clinical trial infrastructure. 

A master protocol may entail direct comparisons of competing therapies or be structured to
evaluate, in parallel, various therapies relative to their respective controls (2). 

Master protocols are characterised by two key innovations: the utilisation of a trial network
equipped with established infrastructure to streamline trial logistics, enhance data quality, and
facilitate data sharing; and the implementation of a common protocol integrating innovative
statistical methodologies for study design and data analysis (3). This approach offers several
advantages, including enhanced efficiency, flexibility, and the capacity to address a wider range of
clinical questions within a shorter time frame. 

Master protocols entail a single comprehensive protocol crafted to assess multiple hypotheses and
can be delineated into various types, including umbrella, basket, and platform trials (Table 1 and
Figure 1). 

Furthermore, master protocols can naturally extend to adaptive trial designs, the use of adaptive
trial designs is not a defining feature of master protocols nor of platform, basket, and umbrella
trials.  
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Master protocol: umbrella, basket and platform trials 

Table 1: Types of Master protocols adapted from Woodcock J. et al (3). 

Type of master protocol designs  Objective 

Umbrella trials To study multi targeted therapies in context of a single disease 

Basket trials
To study one single targeted therapy in context of multiple

diseases or diseases subtypes 

Platform trials  
To study multiple targeted therapies in context of a single

disease in a perpetual manner, with therapies allowed to enter
and leave the platform on the basis of a decision algorithm
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Figure 1:  Master protocols designs: basket trials, umbrella trials, and platform trial adapted from Park JJH et al. Licensed by CC-BY (4).
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Although these innovative trial designs offer unprecedented opportunities to truly accelerate drug
development, they also create new challenges due to their heightened complexity (2,5-8).

These challenges impact a wide range of stakeholders, including patients, investigators, regulatory
agencies, and industry. Several factors contribute to this growing trial complexity, including the
reliance on biomarkers, innovative biostatistical methodologies, advocacy groups’ pressures,
regulatory requirements, recognition of diverse unmet clinical needs, and enhanced
comprehension of clinical research methodologies. In addition, prior to trial initiation, rigorous
pre-trial discussions among sponsoring entities providing therapies for evaluation and
stakeholders involved in trial oversight and governance are indispensable.

Some challenges are shared among all master protocol trial designs, umbrella, basket, and
platform trials, while others are more specific to trial designs due to their distinctive features.
Significantly, multiple stakeholders have engaged in collaborative efforts and initiatives, leading to
the issuance of numerous recommendations and guidance documents concerning innovative or
complex clinical trials, as detailed in Table 2.

Effective communication among pharmaceutical industry, academia, regulatory agencies, and
patients plays a major role in addressing many of these challenges.
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Initiatives  Guidance/recommendation  

US Department of Health and Human
Services, Food and Drug
Administration (FDA)

FDA Guidance Document. Master Protocols: Efficient Clinical Trial
Design Strategies to Expedite Development of Oncology Drugs and
Biologics Guidance for Industry. Guidance for Industry. FDA; 2022
(67).  
FDA guidance on COVID-19: Master Protocols Evaluating Drugs and
Biological Products for Treatment or Prevention. May 2021 (68).  
FDA Master protocol toolkit (9).  

European Commission/Heads of
Medicines Agencies/ European
Medicines Agency (EC/HMA/EMA)

Guidance under the ACT EU initiative- Complex clinical trials –
Questions and answers Version 2022-05-23 (10). 

European Medicines Agency,
Committee for Medicinal Products for
Human Use (CHMP)  

EMA-CHMP Concept paper on platform trials. 31 October 2022 (11).

European Commission and Heads of
Medicine Agencies Clinical Trials
Facilitation and Co-ordination Group
(CTFG)

CTFG Recommendation Paper on the Initiation and Conduct of
Complex Clinical Trials 12 February 2019 (12).  

National Institute for Health and Care
Research (NIHR) along with health
departments in Scotland, Wales and
Northern Ireland

Recommendations to support further development and adoption
of Complex Innovative Designed (CID) trials including master
protocol trials (13). 

Clinical Trials Transformation
Initiative (CTTI) 

Developed a robust set of resources including: 
CTTI Master Protocol Design & Implementation Guide (14). 
CTTI Value Proposition Guide (15). 
CTTI-FDA Engagement Tool - that guide the appropriate use of
master protocols (16). 

European Federation of
Pharmaceutical Industries and
Associations (EFPIA)  

EPFIA Clinical Research Expert Group published a white paper on
Innovation in Clinical Trial Design: A review of The Clinical Trial
Design Landscape in March 2020 (17). 

EU-Patient Centric Clinical Trial
Platforms (EU-PEARL)(18) 

Public-private partnership funded through the Innovative
Medicines Initiative, Grant no. 853966-2, developed several tools
resources, publication and deliverables to facilitate the design, set-
up and implementation of patient-centric collaborative platform
trials in Europe.  

European Clinical Research
Infrastructure Network (ECRIN) 

ECRIN Adaptive Platform Trial Toolbox (19).  

Table 2: Initiatives, recommendations, and guidance published on master protocols and innovative or complex 
clinical trials.



7

Regulatory and ethical considerations

Favouring the use of standardised nomenclature: 
Standardising master protocol nomenclature is crucial for effective communication, regulatory
compliance, and ensuring patient safety in clinical trials. 
A common understanding of master protocol design terms is essential for regulatory boards
and potential trial participants to ask pertinent questions regarding patient safety and trial
efficacy (3,20,21).
Standardised definitions can enhance collaboration and streamline research efforts by
promoting uniform data collection and trial.

Funding & funding mechanisms 

Developing funding opportunities is essential to support the creation and maintenance of existing
master protocol trials. Existing master protocol studies have adopted various funding models, with
many employing innovative public-private funding strategies involving multiple stakeholders
(4,7,8,20,22,23,24): 

Common infrastructure or screening platform is typically funded by public funds or grants
from non-profit organisations, while biopharmaceutical companies fund their respective arms
or sub-trials. 
Funding models include paying per patient or covering participation costs through "pay-to-
play" or "user fees" models. 
 Funding arrangements typically require complex costings, contract negotiation, determining
payment responsibilities, data access rights, and intellectual property ownership.

The future use of public or public-private partnerships to drive the development of master protocol
studies should be considered (4,8,22,25,26,28,29): 

There is a need to shift towards new funding models prioritising long-term investments in
stable research infrastructure to support master protocol trials from setup to maintenance. 
Co-funding from both public and private sectors in different models, for example, considering
separating the funding in the set-up phase and the implementation phase, with dedicated
funding for each sub-trial / arm independently. 

Recommendations for master protocols



8

Funding not only new master protocols but also already established infrastructures with
experience in implementing and conducting master protocols with different designs. This
approach ensures continuity and sustainability.
In the EU, there is a crucial need for funding mechanisms capable of promptly leveraging EU
funding and integrating it with national public funding programs, acting as incentives for
active participation in multinational clinical trials by academic institutions, hospitals, and
patient organisations.

Sponsorship & Governance

Designating the right sponsor
Non-profit organisations naturally emerge as ideal candidates to sponsor master protocol trials
due to (4,22,24,28,30,32,33):

Their disease-specific focus and commitment to scientific rigour.
Their neutrality and independence foster trust among industry stakeholders and regulators,
potentially facilitating collaboration even before commercial partners are identified.
They help to mitigate potential conflicts of interest that may arise from companies developing
competing compounds. Ensuring that the trial remains unbiased and focused on scientific
advancement rather than commercial interests.

Establishing an appropriate Governance model
Establishing an effective governance model with a robust leadership to guarantee
multidisciplinary engagement upfront is imperative for the success of master protocol trials. This
model should clearly define roles and responsibilities, establish decision-making mechanisms,
conflict resolution strategies, intellectual property rights arrangements, transparency measures,
and mechanisms for fostering accountability throughout the trial process (4,8,24,34,35):

Appropriate leadership is crucial in master protocol trials, guiding the strategic direction,
decision-making, and overall management of the trial.
Usually, clinical leadership has been shared between a few co-investigators, each named as a
specific treatment cohort clinical lead within the protocol, allowing the increased clinical
burden associated with a master protocol design to be shared.
During the COVID-19 pandemic, projects financed by the European Commission, such as EU-
RESPONSE, RECOVER, ECRAID-Prime, and VACCELERATE, established a joint coordination
module known as the Joint Access Advisory Mechanism (JAAM) (36). This mechanism
prioritises intervention arms for EU-funded COVID-19 platform trials and has expanded to
include other respiratory syndromes.
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Trial management

Establishing/using sustainable infrastructure
With the anticipated rapid increase in master protocols, it's crucial to establish appropriate
infrastructure supporting clinical operations while preventing duplication and resource
wastage. Leveraging existing infrastructures with expertise in master protocols for trials in
various fields is essential for efficiency and effectiveness (3,4,8,26,32,34,35,37).
Developing an investigator research network is paramount for the success of master
protocol trials. Leveraging existing networks in relevant disease areas can expedite trial
setup and ensure broader participation (38).

Statistical analysis

Choosing the appropriate statistical approach
Existing sophisticated analysis models, which incorporate the sharing of information
between subgroups (preferably among those with comparable treatment effects only) have
been used, such as Bayesian hierarchical models, allowing information borrowing across
subgroups to increase power (39-41,43,45-47).
Further statistical methods aim to increase master protocols’ flexibility with mid-trial
adaptations, such as seamlessly adding new treatments as they emerge and dropping
poorly performing treatments with frequent interim looks, while maintaining strong type I
error control (39).
The solution to statistical challenges will typically vary depending on the variant of trial
design chosen and study-specific requirements (25,26,40,41)
The analysis plan for these trials demands thoughtful consideration in the preparation
phase and during the trial, accompanied by meticulous documentation of parameter
specifications, operating characteristics, and the utilisation of suitable statistical tools,
including user-friendly software. Implementing these measures will contribute to bolstering
the credibility and trustworthiness of these models.
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Umbrella trials represent one class of master protocol design that evaluates multiple targeted
therapies within a single disease setting in different sub-trials (48). These sub-trials are defined by
a disease subtype or individual patient characteristics thought to be associated with treatment
response.

Regulatory and ethical considerations

Ensuring social and scientific validity
Fostering collaboration among researchers, regulators, and other stakeholders to optimise
trial design.
Guaranteeing the accrual to treatment arms by implementing proactive recruitment strategies,
such as collaboration with multiple research centres, patient advocacy groups, and
international consortia.
Providing detailed documentation of trial protocols, justifying all protocol modifications, end
points, and analytical methodologies to ensure transparency and to maintain the integrity of
the research process, providing assurance to both participants and stakeholders that the trial
is conducted with rigour and adherence to ethical standards.

Ensuring appropriate benefit/risk assessment
All clinical trials should uphold the principle of equipoise, with benefits expected to accrue for
future patients rather than participants themselves. Trials should not be viewed as a shortcut
to access unproven treatment without rigorous clinical testing.
Approaches like genome-driven stratification may not be sufficient for delivering appropriate
therapies tailored to the heterogeneous nature of tumours (49-51).

Tailoring informed consent process for personalised medicine trials (umbrella and basket trials):
Participants need to understand the evolving nature of the study and how it may affect their
involvement. It is important to manage patient expectations (better responses and fewer
adverse events) accordingly, as only a few patients benefit from personalised medicine trials
(e.g. a favourable risk-benefit ratio may not always be guaranteed) (48,52).
Investigators can employ various strategies to enhance understanding during the consent
process, such as iterative explanations, multimedia platforms, simplified consent documents,
extended discussion times, and quizzes to assess participants’ comprehension and provide
feedback.

Recommendations for umbrella trials
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Investigators must communicate about participant privacy and confidentiality, but also
clearly explain the privacy risks and limitations of privacy protections, particularly when
related to genetic information.

Protocol design or methodological considerations

Considering scheme allocation for patients testing positive for multiple biomarkers under
investigation

Define clear guidelines for managing cases where patients test positive for multiple
biomarkers (32).
Among the allocation schemes, various strategies can be adopted, such as weighted
allocation based on subgroup prevalence, a hierarchy of biomarkers approach, a ranking
algorithm, pre-specified prioritisation, and assignment to non-matched arms.
The most common approaches are randomly assigning patients to one of the two sub-
trials with equal probability, and pragmatic allocation. For the latter, patients are allocated
to the sub-trial with fewer enrolled patients at the time (53).

Sample size determination
The calculation of sample size is influenced by the phase of the trial, with exploratory trials
typically requiring smaller sample sizes compared to confirmatory trials.
Computation is the most common way to determine sample size, and the determination of
the number of patients required for each sub-trial is done separately (per module) using
the Bayesian approach (38,40,42,49,50).

Inclusion of a control group and randomisation
Inclusion of control enhances prognostic homogeneity and helps mitigate the risk of false
positives. Comparing safety outcomes without an appropriate control arm can complicate
the attribution of adverse events.
The control group may be a placebo in cases where there is no established standard of
care, or it may involve using the current standard of care for the disease under study
uniformly across  all subgroups. Alternatively, different controls may be employed across
sub-trials (26,48,54).

Ensuring accuracy in biomarker assays for basket and umbrella trial designs (26,54)
Incorporating false-positive rates of biomarker tests during trial planning is essential.
Centralised screening tests are preferred for multiple biomarkers due to their higher
reproducibility compared to locally conducted genotyping.
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Benefits of centralising assays include pre-specification and control of key elements like
assay reagents, equipment, protocols, and computational methods, predetermined results
of assay analytical validation ensuring precision, minimising false positives and negatives,
facilitating regulatory approval and expediting the translation of assays and drugs to
clinical use upon trial success.
Investigators may employ local screening for trial enrolment while using centralised
screening to confirm.
Optimising the biomarker–drug co-development
Computational approaches can help identify novel biomarkers, predict treatment
response, and optimise patient selection criteria (48, 55).
Collaboration between academic institutions, pharmaceutical and technology companies,
data analytics experts, and regulatory agencies is essential to translate biomarker
discoveries into clinically useful assays (56,57).
Implementing robust quality assurance measures across different laboratories, especially
concerning new biomarkers and analysis methodologies, is imperative to guarantee
consistency and reliability in biomarker assay results (54,58).
Continuous monitoring and auditing of laboratory practices are necessary throughout the
trial to maintain high-quality standards and ensure the validity of trial findings.
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A master protocol designed to evaluate a single investigational drug or drug combination in
different disease populations defined by disease stage, histology, number of prior therapies,
genetic or other biomarkers, or demographic characteristics is commonly referred to as a basket
trial (5). 

Regulatory and ethical considerations 

Considering national recommendations on the acceptability of the trial results 
The French National Authority for Health recommends the emphasis of genuine comparative
strategies and the inclusion of stratified randomisation based on tumor location or including
clinically and genetically annotated retrospective cohorts as external controls when
randomised controlled trials are not feasible, and the recording of all data in registries for
future reuse as external controls, especially in rare diseases (60). 
 The NIH (National Institute for Health), English Health Technology Assessment (HTA) agency,
recommends being more pragmatic for patient access to treatment by providing conditional
approval and coverage for drugs tested through basket trials. Full approval would be granted
upon re-evaluation of additional evidence later (61). 

Protocol design or methodological considerations 

Carefully considering the use of molecular biomarkers 
In oncology studies, the impact of the tumour’s environment, location, on its mutational profile
and treatment response must be considered: 

Existing clinical evidence might not sufficiently endorse replacing histological tumour typing
with molecular descriptors. 
Future research endeavours should focus on integrating anatomical, mutational, and
functional molecular profiling, using advanced proteomic technologies, and exploring multi-
gene signatures and combination therapies (25,56,59,62).

Selecting the right biomarker
The recommendations for optimising the biomarker-drug co-development process outlined in
umbrella trials also apply to basket trials. 

Recommendations for basket trials 
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Inclusion of a control group and randomisation
Randomisation in basket trials should be considered only when there is equipoise,
indicating a lack of consensus or clear evidence favouring one treatment over another in
terms of efficacy or safety.
Factors influencing the decision to include a control arm in a basket trial include the trial's
stage, disease prevalence, control availability, and ethical considerations (60).
Basket trials often employ non‐comparative study designs in early clinical development to
identify relevant patient populations for targeted therapies.
The complexity of using the standard of care as the control across different disease
populations is heightened in certain diseases compared to others. For instance, various
autoimmune diseases share a common standard of care, whereas in oncology, each tumour
type typically has its own distinct standard of care protocol (25,54).

Selection of validated surrogate endpoints (63-65)
The utilisation of surrogate outcomes should be restricted to scenarios where a surrogate
has unequivocally demonstrated its capacity to reliably predict meaningful clinical
benefits, or in cases of dire, rare, or limited treatment options. For instance, the FDA
provides a list of validated and likely surrogates (66).
The justification for employing surrogate endpoints in specific phases of research lies in
their ability to provide information on the effect of a drug more swiftly compared to long-
term clinical outcomes. However, recent evidence has increasingly demonstrated that
surrogate endpoints may not reliably reflect patient-centred outcomes.
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Adaptive platform trials are one type of master protocol that offers a dynamic approach to testing
multiple interventions within a single disease context, offering the flexibility to add or drop
treatment arms as needed (30). They often incorporate shared control arms and utilise pre-
planned interim analyses with stopping guidelines to prioritise promising research comparisons.
 
Regulatory and ethical considerations

Considering the regulatory framework for adaptive platform trials
Several regulatory guidance documents focusing on the conduct of clinical trials utilising
master protocols and adaptive design have been developed (7-19,67,68). 
It is recommended to establish dialogue and collaboration with regulators from the protocol
development and planning of the platform trial to enhance mutual understanding. Early
engagement with regulators can address potential issues and align the expectations of both
regulators and trialists from the beginning, particularly since adaptive platform trials are
increasingly used in epidemic research (8,23). 
For clinical trials running in Europe, CTIS (Clinical Trials Information System) still raises
technical hurdles and challenges that need to be solved, such as national requirements
harmonisation, complexity, and costs and dealing with multiple amendments simultaneously. 

Ethical approval and oversight 
Enhanced collaboration between regulatory agencies, ethics committees, and trial sponsors is
essential (2,8,24). 
Implementing a predetermined plan to make appropriate safety oversight of multiple IMPs,
and to promptly disseminate new safety information to investigators, institutional review
boards, regulators and update patients, as toxicities emerge. 

Protocol design or methodological considerations 

Being mindful about protocol structure, modular or integrated approach 
Careful evaluation is necessary, weighing the impact on trial set-up times, regulatory concerns,
complexity versus performance, and the burden on participating sites. 
Adopting a modular approach can provide a more general platform, facilitating easier
management of various treatment arms. 
In an integrated approach, protocol updates should be consolidated to minimise
amendments. 

Recommendations for adaptive platform trials
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Sponsorship & Governance

Oversight structures (24,30)
Develop clear and robust oversight structures (see Master Protocol Recommendation for
Sponsorship & Governance), including DSMB (Data Safety Monitoring Board) and TSC (Trial
Steering Committee).
Foster regular communication and collaboration among trial management, data
management teams and oversight committees – DSMB and TSC. Ensure that all committee
members are kept fully informed about trial protocols, ongoing data analysis, and any
proposed adaptations.
Prioritise scientific validity and integrity throughout the trial process.
Promote transparency in decision-making processes regarding the addition of new
research comparisons and recommendations for protocol adaptations.
Be prepared to adapt trial protocols as needed based on emerging data and
recommendations for oversight committees.

Trial Management

Fully understanding resource requirements is essential for those writing grant applications and
critical, for those with the responsibility for deciding on funding to ensure adequate support
and funding allocation (23,69,70,71).

Effective management of platform trials requires meticulous planning and strong
collaboration among stakeholders (see Master Protocol Recommendation for Trial
Management). Additional recommendations include (8,24,40,70):

Establishing large central teams can alleviate the burden of individual trial units and
ensure efficient trial management. Maintaining continuity of experienced staff within the
trial’s unit is beneficial for streamlining workflow and workload division, reducing the need
for extensive training and mentoring.
Provide comprehensive training for staff, both at trial sites and within the trial’s unit, to
handle the increased complexity of technical and logistical activities in platform protocols.
Maintaining staff motivation and engagement is crucial for ensuring the success and
sustainability.
Acknowledging the complex, large‐scale nature of platform trials and the heightened
expectations they entail is crucial. These features can provide opportunities for
professional development and foster high levels of loyalty and commitment among team
members.
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Public/Patient Involvement

Fostering patient engagement (23,72)
EU PEARL initiative created a Patient Engagement Platform with a repository containing
resources on engaging patients and communities in future platform trials (27).
Patient and community involvement provides insights into motivations, barriers to trial
participation, and expectations regarding reimbursement.
Involving patients early in clinical trials enables direct feedback on the design from those
affected by the condition, helping to identify potential pitfalls missed by researchers alone.
Reinforcing the notion of a shared objective between patients, researchers, and clinicians
to effectively address collaboration.
Investigators and funders should maintain ongoing engagement with patient
representatives throughout the trial's lifecycle.

Data Management

Data management activities and team (22,23,24, 30,31,40,69,73)
Database design must be carefully considered to allow for efficient incorporation of future
changes. Planning for flexibility and scalability during initial development is crucial to
accommodate evolving trial requirements.
Understanding the database structure is essential for optimising data storage and retrieval.
This ensures efficient management of trial data throughout its lifecycle.
The chosen Clinical Data Management System must be supported throughout the trial's
life. This ensures continuity and reliability in data management processes.
Implement a comprehensive data management plan, complemented by arm/cohort-
specific project management plans, to effectively manage data cleaning and querying
processes. This plan should outline strategies for handling competing demands and ensure
adequate resources are allocated to manage accumulating data.
Ensuring adequate training and documentation for data managers is crucial to effectively
navigate the complexities of data management systems. Regularly review and update
training materials to reflect changes in recruiting arms and trial procedures
Given the concurrent nature of activities across various arms/cohorts and the significant
volume of accumulating data, establish a data management team to adequately meet the
demands of the platform trial.
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