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A study that includes opportunities to make 
modifications of one or more specified 

aspects of the study while the study is ongoing 

Adaptive Clinical Trial Design:  Definition



Before a medicine/vaccine/diagnostic assay/medical 
device is approved and licenced for use in human beings:

Experiments – 
preclinical studies, 

clinical trials  

Undergoes a rigorous 
scientific experimental 

testing to ensure safety 
and efficacy Long and expensive 

process 

1) 10 to 15 years or 
even more

2) Thousand of 
participants

3) Multiple ethics and 
regulatory reviews



Clinical Trial Phases

Objective

Pharmacodynamic 

studies in animals

Assess safety, 

tolerability, PK and 

PD of drug

Drug disease interaction, 

efficacy of drug

Evaluate effectiveness and 

risk- benefit ratio

Monitor long term effects 

and effectiveness

Sample size
In animal models

20 to 80 individuals 100-500 individuals
1000- 3000

individuals

1000+

individuals

Duration 3-6 years 1-2 years 1-2 years 2-3 years Ongoing

Rigorous scientific testing and multiple regulatory reviews

Phase 2 Phase III Phase IVPhase 1Pre-clinical 
Research





Clinical Trials to Assess the R21 Malaria Vaccine

>5000 participants
Date: 2021-2022

Phase III (Vac078)

Date: Ongoing
Location: Mukono, Buikwe, Jinja, Tororo

Phase IV
450 participants
Date: 2019

Phase II (Vac076)

64 participants
Date: 2015

Phase I (Vac072)



1,000,000,000 
USD



Rationale for Adaptive Clinical Trials

Cost reduction
1)High cost of failed clinical 

trials drug development
2)About 10-20% of pathways 

reach success of drug 
licensure

Fast without undermining 
validity and integrityAllows clinical trials to be 

more flexible & efficient 

Gives control to the 
investigators to improve the 
trial based on all available  

     information while the trial 
is still underway

a hot issue in the 
drug dev’t 
industry



Traditional Clinical Trials

• Reject or fail to reject the null 
hypothesis in a well-defined 
population

 
• ≤3 study arms

• Standard phases (1-IV), 
clearly separated phase II & 
3 & allows for little learning

• Standard statistical methods

Adaptive Clinical Trials 

• Pre-specified modifications 
allowed based on interim 
analyses

• Many treatment arms

• Allows early detection / stop if 
warranted 

• Different sets of risks and 
decision points



Adaptive Clinical Trial Designs: Seamless

Group B

Group A

Group B

Group C

Placebo

Placebo

Group A

Group B

Group C

Placebo

Drop Group C

Drop Group A

Data Analysis Planning Phase III

Interim Analysis Interim Analysis End of phase III

Traditional phase II & III studies

Adaptive design: Combined phase II & III

Time
>10-15 years

Phase II
Phase III



Advantages

Seamless 
design

Greater 
Control

Lower 
Cost

Higher 
Success

Earlier 
Decisions

Disadvantages

Greater 
expertise

Regulatory 
Approvals

Modified 
test 

statistics

Complexity Logistical 
issues

Advantages of Adaptive Clinical 
Trial Designs

Disadvantages of Adaptive 
Clinical Trial Designs



Adaptations

An adaptation is referred to a modification or a change 
made to trial and/or statistical procedure during the 
conduct of a clinical trial 

Types of adaptions:

1. Prospective adaptation
2. Concurrent adaptation
3. Retrospective adaptation



Prospective Adaptation

Pre-planned during the design of the trial before 
implementation

Typical changes in:
1) Adaptive randomization
2) Stopping a trial early due to safety, futility or 

efficacy at interim analysis 
3) dropping the losers (or inferior treatment groups)
4) Sample size re-estimation etc





Concurrent Adaptations

• Generally, not pre-planned before start of the trial 
but their needs become apparent during the 
conduct of the trial

• Typical changes in: 
• Inclusion/exclusion criteria
• Evaluability criteria
• Dose/regimen and treatment duration
• Changes in hypotheses and/or study endpoints
• Etc. 





Retrospective adaptations

• Modifications and/or changes made to statistical 
analysis plan prior to database lock or unblinding of 
treatment codes

• In practice, prospective, ad hoc, and retrospective 
adaptations are implemented by study protocol, 
protocol amendments and regulatory reviewers’ 
consensus



Multiple interim 
analyses 

Accrued data 
analysed  at pre-
specified points

Trial may be 
stopped for 
efficacy or futility, 
or it continues

Need to account 
for multiple 
analyses

Adaptive 
randomization 
design

Group sequential 
design

Sample size re-
estimation 
design

Drop the loser 
design

Adaptive dose-
finding design

Adaptive 
treatment-
switching

Hypothesis 
adaptive design

Adaptive 
seamless
Phase II/III

Multi adaptive 
design

Types of Adaptive Designs



Sydes et al. Trials 2012



Multi Arm Multi Stage (MAMS) Trial

Sydes et al. Trials 2009



Sydes et al. Trials 2012



James DN et al. Lancet 2016



Sydes et al. Trials 2012



Management of Early Stopping

• Early stopping written into the protocol
• Notifications to RECs made although no immediate 

protocol amendment would be required
• Protocols updated as soon as practicable after 

changes to study arms to simplify activities for sites
• The Patient Information Sheets (PIS) would be updated 

immediately with removal of information that was no 
longer pertinent and sent to the ethics committee(s) 
for information



Changes in Treatments: Regulator Responses

Sydes et al. Trials 2012



Issues Regulators (REC, NDA, UNCST) Need to Focus On (I)

• Purpose of adaptation
• To enhance the trial and NOT to remedy inadequacies 

in planning 

• Area of adaptation
• Not all adaptations may be appropriate for every trial. 

Carefully consider which aspects can be “adaptive”

• Justification of adaptations
• Must be scientifically justifiable and as much as 

possible prospectively planned and based on analysis 
of unblinded data 



Issues Regulators (REC, NDA, UNCST) Need to Focus On (II)

Indicators of adaptation and focus areas 

• Should be clearly stated, including their implications on the 
trial outcomes/endpoints 

• Application of adaptive designs may result in a totally 
different trial that is unable to address the intended 
scientific/medical questions/hypothesis due to major 
differences in;

• Actual trial population versus the original target population
• Trial power and hypotheses tested and associated confidence 

intervals and or p-values
• Trial endpoints/outcomes and their ascertainment and analysis 

before and after the adaptation



Sydes et al. Trials 2012



• Study population post-adaptation

•  Do/does the pre-adaptation study population in the remaining 
trial groups contribute to final analysis?

• Are the pre-adaptation study population in the dropped trial 
groups eligible for enrolment in the retained groups?

•  Does the adaptation scientifically justify change in the study 
population? 

• Study design

• Does the adaptation lead to a new design or new trial phase? 

• If a new trial phase is needed, is the a priori go-no-go criteria 
satisfied? (safety + intended effect) 

Issues Regulators (REC, NDA, UNCST) Need to Focus On (III)



• Study outcome:
• Is the primary outcome changing or getting modified? If yes, 

why and what is the impact on sample size, power and  trial 
results?

• Sample size and power:
• Original estimated SS & power; a priori interim analyses and 

their adjustments on SS & power; post-adaptation SS & 
power; final analysis SS & power 

• REC approval for each adaptation
• Each should be preceded by a presentation to the REC and 

approval. No blanket approval of all adaptations without 
returning to the REC for individual adaptation approval!

Issues Regulators (REC, NDA, UNCST) Need to Focus On: 
(IV)
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