
Improving efficiency and quality in clinical trials in 
global health research: 
Adaptive trial designs and master protocols



Conventional trial designs and their problems

• Conventionally, randomized clinical 
trials (RCTs) are conducted with a fixed 
sample size design – e.g. two-arm 
parallel RCTs – that allow for one final 
analysis after a set number of  
participants finish follow-up

Group A

Standard of care or placebo
Final

Analysis

Conventional 2-arm RCT

• Often, there are several areas with considerable degrees of  uncertainty, so even if  
we come up with the optimal trial designs based on what we know in the planning 
stage, our assumptions may be shown to be inefficient or even wrong at the end
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Adaptive trial designs

• They are an extension of  conventional designs that allow for pre-specified 
modifications to the trial designs during the trial, with the decision for modifications 
being based on the interim data collected

• As data accumulates over time during the trial, the level of  uncertainty we had 
initially will likely decrease. Adaptive designs allow us to pre-specify adaptations 
in areas with uncertainty in the planning stage

• This data-driven, adaptive learning nature allows the potential to reduce resource 
use, decrease time to trial completion, limit allocation of  participants to inferior 
intervention(s), and/or improve the likelihood of  success
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Common types of adaptive trial designs: 
Sample size reassessment (SSR)
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Concepts of adaptive clinical trials

conventional clinical trials; these methods are discussed 
in more detail by Bauer et al.8

An example of RAR trial is the ASTIN (Acute Stroke 
Therapy by Inhibition of Neutrophils) trial.9  In this 
dose–response placebo-controlled trial, RAR was used to 

determine the optimal dose of recombinant neutrophil inhibi-
tor factor (rNIF) from 15 doses ranging from 10 to 120 mg 
for acute ischemic stroke patients.9  The primary outcome 
was the change in Scandinavian Stroke Scale (∆SSS), a score 
representing recovery in acute stroke patients, from baseline 

Increased
sample size target

Original planned
sample size

First interim
analysis

Final analysis

Standard of care (or placebo)

Experimental intervention

Option 2: Adaptive clinical trial with SSR

Option 1: Conventional (non-adaptive) trial without SSR

Standard of care (or placebo)

Experimental intervention

SSR

Figure 2 Sample size reassessment.
Notes: If the first interim analysis shows worse results than expected, an SSR can be performed using the interim results. SSR is not permitted in a traditional nonadaptive 
trial, so even when the original planned sample size is reached, the trial may be underpowered (Option 1). If SSR is permitted, the enrolment target could be increased to 
ensure that the trial is adequately powered (Option 2).
Abbreviation: SSR, sample size reassessment.

Standard of care
(or placebo)

High dose

First interim
analysis

Final analysis

Medium dose

Randomization

Low dose

Feasibility phase Pivotal phase

Figure 3 Seamless trials.
Notes: After first interim analysis, the high-dose arm showing serious toxicity could be discontinued from the trial. Thereafter, the trial transitions seamlessly from the 
feasibility into the pivotal phase with standard therapy arm being introduced into the trial.

• Allows for changes sample target based on interim results
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Common types of adaptive trial designs: 
Responsive adaptive randomization

• Allows for changes in allocation ratio based on interim analyses in favor of  
intervention arm(s) with more favorable results
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The increasing use of adaptive designs in clinical trials 
should be noted as adaptive designs and traditional trial 
designs have important differences.  Just as there are differ-
ences in the planning and conduct of these trials, so too are 
the reasons and interpretation of bias. Regulatory agencies 
such as the United States Food and Drug Administration3 
and European Medicines Agency4 have recognized the valid-
ity of adaptive trial designs and provided guidance on how 
investigators should consider their regulatory considerations 
during the presubmission (i.e., planning) and trial stages. 
However, the understanding and appreciation of adaptive 
clinical trial features among clinicians and researchers are 
typically limited.5 To help improve understanding of adaptive 
designs, herein, we review common adaptive features. We 
review methods for response adaptive randomization (RAR), 
sample size reassessment (SSR), Bayesian adaptive methods, 
seamless design, and adaptive enrichment. We provide real-
life examples of clinical trials that have been designed with 
these adaptive designs.

Common adaptive designs
In this section, we discuss common adaptive designs. To 
support the comprehension of these common designs, we 
provide illustrative figures here. Figure 1 demonstrates an 
RAR design; Figure 2 demonstrates an SSR design and 
Figure 3 shows a seamless trial design. Figure 4 illustrates 
an adaptive enrichment trial design with an SSR component. 
Table 1 summarizes common adaptive designs outlined in 
the next sections.

Response adaptive randomization
Adaptive designs (Figure 1) with RAR allow the treatment 
allocation ratio to be adapted based on interim analyses 
over the course of the trial. In RAR, the allocation ratio 
adapts to favor the treatment arm with more favorable 
interim results. RAR designs can reduce the overall number 
of deleterious clinical outcomes observed in a trial and may 
reduce the overall sample size, without meaningful loss of 
statistical precision. Probably, the most well-known case of 
RAR is the “play-the-winner” design.6 In this simple RAR 
design, one starts with two urns, representing each treat-
ment, containing one ball each to represent an initial 1:1 
allocation ratio. Every time a success is observed with one 
treatment a ball is added to the corresponding urn chang-
ing the allocation ratio for the next patient to be enrolled. 
This RAR design has a high risk of extreme allocation 
to a treatment with more promising initial results that 
may occur due to chance. RAR trials generally use more 
sophisticated rules and apply computational algorithms 
(e.g., Bayesian predictive probability) to ensure that the 
allocation ratio does not become extreme and converges 
at a more stable rate.7 In adaptive trials with RAR design, 
allocation to treatment arm(s) is often reduced based on 
poor effectiveness or safety at early looks at the data. This 
affords both ethical benefits as well as additional resources 
to explore effective intervention arms. Rigorous planning is 
required to ensure that an arm is not erroneously dropped 
early. Statistical methods for constraining such error risks 
to acceptable levels have been developed for adaptive and 

Decreased allocation ratio

Increased allocation ratio

Constant allocation ratio

High dose

First interim
analysis

Final analysis

Medium dose

Randomization

Low dose

Figure 1 Response adaptive randomization.
Notes: The first interim analysis shows serious toxicity for the high-dose arm and promising results for the medium dose. The RAR design allows the allocation ratio to be 
changed to zero for the high-dose arm after the first interim analysis, so that patients will no longer be enrolled to this treatment. The allocation ratio for the medium dose, 
on the other hand, can be increased allowing more patients to be enrolled to this arm. Then, the trial stops after the medium dose demonstrates superiority over the low-
dose arm. This example shows how an RAR design can potentially allow for a larger number of patients to be allocated to the superior treatment.
Abbreviation: RAR, response adaptive randomization.2019-02-24 Adaptive designs and master protocols for global health 5



Common types of adaptive trial designs: 
Seamless designs

• Allows for immediate continuation from one phase to a subsequent phase

Clinical Epidemiology 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

345

Concepts of adaptive clinical trials

conventional clinical trials; these methods are discussed 
in more detail by Bauer et al.8

An example of RAR trial is the ASTIN (Acute Stroke 
Therapy by Inhibition of Neutrophils) trial.9  In this 
dose–response placebo-controlled trial, RAR was used to 

determine the optimal dose of recombinant neutrophil inhibi-
tor factor (rNIF) from 15 doses ranging from 10 to 120 mg 
for acute ischemic stroke patients.9  The primary outcome 
was the change in Scandinavian Stroke Scale (∆SSS), a score 
representing recovery in acute stroke patients, from baseline 

Increased
sample size target

Original planned
sample size

First interim
analysis

Final analysis

Standard of care (or placebo)

Experimental intervention

Option 2: Adaptive clinical trial with SSR

Option 1: Conventional (non-adaptive) trial without SSR

Standard of care (or placebo)

Experimental intervention

SSR

Figure 2 Sample size reassessment.
Notes: If the first interim analysis shows worse results than expected, an SSR can be performed using the interim results. SSR is not permitted in a traditional nonadaptive 
trial, so even when the original planned sample size is reached, the trial may be underpowered (Option 1). If SSR is permitted, the enrolment target could be increased to 
ensure that the trial is adequately powered (Option 2).
Abbreviation: SSR, sample size reassessment.

Standard of care
(or placebo)

High dose

First interim
analysis

Final analysis

Medium dose

Randomization

Low dose

Feasibility phase Pivotal phase

Figure 3 Seamless trials.
Notes: After first interim analysis, the high-dose arm showing serious toxicity could be discontinued from the trial. Thereafter, the trial transitions seamlessly from the 
feasibility into the pivotal phase with standard therapy arm being introduced into the trial.
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Single-intervention hypothesis approaches in trial evaluation

• Instead of  asking what the best intervention option is for a study population, 
single-intervention hypothesis approaches that ask whether a single intervention 
can offer benefits are commonly utilized in trial evaluation 

• Even if  they are adaptive, they can be inefficient and even problematic since the 
pace of  scientific discovery can outpace the planned completion of  the trials

• Moving away from single-intervention hypothesis approach, a new concept of  
master protocols have emerged recently that have now been recognized by the 
FDA
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Master protocols

• The term refers to a single 
overarching design developed to 
evaluate multiple hypotheses, with a 
goal of  improving efficiency through 
standardized trial procedures

• Emerged from field of  precision 
oncology that aims to find a targeted 
therapy based on their genetic mutation

• Often classified into three categories of  
1) Basket trials; 2) Umbrella trials, and 
3) Platform trials

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 377;1 nejm.org July 6, 201762

Review Article

High-quality evidence is what we use to guide medical practice. 
The standard approach to generating this evidence — a series of clinical 
trials, each investigating one or two interventions in a single disease — 

has become ever more expensive and challenging to execute. As a result, important 
clinical questions go unanswered. The conduct of “precision medicine” trials to evalu-
ate targeted therapies creates challenges in recruiting patients with rare genetic 
subtypes of a disease. There is also increasing interest in performing mechanism-
based trials in which eligibility is based on criteria other than traditional disease 
definitions. The common denominator is a need to answer more questions more ef-
ficiently and in less time.

A methodologic innovation responsive to this need involves coordinated efforts 
to evaluate more than one or two treatments in more than one patient type or disease 
within the same overall trial structure.1-4 Such efforts are referred to as master pro-
tocols, defined as one overarching protocol designed to answer multiple questions. 
Master protocols may involve one or more interventions in multiple diseases or a 
single disease, as defined by current disease classification, with multiple interventions, 
each targeting a particular biomarker-defined population or disease subtype. In-
cluded under this broad definition of a master protocol are three distinct entities: 
umbrella, basket, and platform trials (Table 1 and Figs. 1 and 2). All constitute a 
collection of trials or substudies that share key design components and operational 
aspects to achieve better coordination than can be achieved in single trials designed 
and conducted independently.

A master protocol may involve direct comparisons of competing therapies or be 
structured to evaluate, in parallel, different therapies relative to their respective 
controls. Some take advantage of existing infrastructure to capitalize on similarities 
among trials, whereas others involve setting up a new trial network specific to the 
master protocol. All require intensive pretrial discussion among sponsors contributing 
therapies for evaluation and parties involved in the conduct and governance of the tri-
als to ensure that issues surrounding data use, publication rights, and the timing 
of regulatory submissions are addressed and resolved before the start of the trial.

E x a mples

There have been more master protocols initiated for the study of cancer therapy than 
other therapeutic areas, owing to advances made in identifying tumor subtypes or 
mutations for targeting.5 Table 2 summarizes selected master protocols in cancer 
and illustrates the variety of research objectives and trial designs used. The advan-
tages of studying more than one therapy for a particular disease defined by both 
pathological and molecular criteria (an umbrella or platform trial) or studying more 
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An illustrative example of a basket trial

• Designs where a targeted therapy 
is evaluated on multiple diseases 
that share common genetic 
mutations 
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An illustrative example of an umbrella trial

• Multiple targeted therapies are 
evaluated for a single disease that is 
stratified into multiple subgroups 
by their genetic mutations

• Basket and umbrella trials employ a 
molecular screening protocol for 
their recruitment and 
differentiation
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An illustrative example a platform trial
Also referred to as the multi-arm, multi-stage (MAMS) design

• Trials that evaluate several 
interventions against a 
common control group 

• Has adaptation rules for 
dropping of  ineffective 
interventions and flexibility 
of  introducing new arms 

• Can be perpetual in nature 
that allow for hypotheses to 
be updated over time
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Landscape analysis on master protocols

• Our group’s recent systematic review (search conducted on October 2018) found 59 
master protocols

• The majority of  current master protocols have taken place in the United States (n = 
32/59) 

• No master protocols have been conducted in low-income countries. 

• Upper-middle income countries in Brazil, Mexico, and China were involved in 
master protocols, but these countries only accounted for a minority of  study sites. 
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A quick summary of adaptive designs and master protocols

Conventional designs Adaptive designs Master protocols

Definitions Fixed sample size 
designs

Designs that allow for pre-
specified modifications

Single overarching design 
developed to evaluate multiple 
hypotheses

Characteristics One final analysis at 
the end of the trial

Multiple analyses with pre-
specified adaptations and rules

Standardized operational structures, 
data collection/analyses, etc

Protocol driven Yes Yes Yes

Examples
• 2-arm parallel 

randomized clinical 
trial

Common examples include:
• SSR
• RAR
• Seamless II/III designs

Three classifications:
• Basket trials
• Umbrella trials
• Platform trials
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Summary

• Adaptive trial design are protocol driven clinical trials with pre-specified 
modifications and rules.  

• Master protocols, particularly platform trials, aim to move away from single-
intervention hypothesis approach onto disease and asks the question of  what the 
best intervention option is for a study population. 

• We believe these methodological advancements can be applied to improve the 
efficiency and quality of  clinical trial research in global health
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