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To adapt or not to adapt?

Being adaptive is a useful thing…

Pallmann et al. (2018, BMC Med)
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Fixed vs. adaptive designs

Burnett et al. (2020, BMC Med)



Fixed vs. adaptive designs

Burnett et al. (2020, BMC Med)



The trials they are a-daptive

Bothwell et al. (2018, BMJ Open); Noor et al. (2022, BMJ Open)



What is an adaptive design?

A clinical trial design

that offers pre-planned opportunities

to use accumulating trial data

to modify aspects of an ongoing trial

while preserving the validity and integrity of that trial.

→ includes group-sequential and Bayesian adaptive methods

→ excludes ‘fully flexible’ designs

Dimairo et al. (2018, BMC Med)



Planning to be flexible
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Design type 1: Group-sequential

Goal efficient use of 
patients, time, and money

Problem ignoring clear 
evidence of futility or 
efficacy is suboptimal

Idea early stopping for 
futility or efficacy (or safety)

Burnett et al. (2020, BMC Med)



Example: PRONTO trial

Adults presenting to the ED with suspected sepsis (n=7676)

Addition of procalcitonin testing to NEWS2 scoring

to stratify risk

Co-primary endpoints:
1) Initiation of IV antibiotics at 3h (effectiveness outcome, tested for superiority)

2) 28-day mortality (safety outcome, tested for non-inferiority)

Euden et al. (2022, BMJ Open)



Example 1: PRONTO trial

Using O’Brien-Fleming group-sequential stopping rules to ensure 
overall type I error rate control

Early stopping for effectiveness:
→Stop if the interim analysis indicates both superiority for the effectiveness

endpoint and non-inferiority for the safety endpoint, or
→Stop if the interim analysis indicates superiority for the safety endpoint

Early stopping for futility:
→Stop if the interim analysis indicates futility for both endpoints

Euden et al. (2022, BMJ Open); Hamasaki et al. (2015, Stat Biopharm Res)



Design type 2: Multi-arm multi-stage

Goal compare different 
experimental interventions 
vs. a reference

Problem running multiple 
controlled trials is inefficient

Idea start off with several 
intervention arms and then 
drop/select/add

Burnett et al. (2020, BMC Med)



Design type 3: Sample size reassessment

Goal achieve desired 
statistical power (e.g. 90%)

Problem sample size 
calculation is often based 
on vague assumptions

Idea get better sample size 
estimate from interim data

Burnett et al. (2020, BMC Med)



Design type 4: Adaptive randomisation

Goal compare different 
interventions

Problem subjecting 
patients to inferior 
interventions is unethical

Idea shift randomisation
ratio towards more 
promising intervention arm

Burnett et al. (2020, BMC Med)



Design type 5: Population enrichment

Goal focus on patients 
who benefit most from a 
treatment

Problem not all patients 
might benefit equally

Idea target patients who 
are most likely to benefit

Burnett et al. (2020, BMC Med)



… and many more

Adaptive dose escalation

Adaptive dose ranging

Biomarker-adaptive

Adaptive treatment switching

Adaptive hypotheses

Seamless phase I/II or II/III

Combinations of several adaptations

Bayesian adaptive

Kairalla et al. (2012, Trials)



Master protocol designs

Park et al (2021), Woodcock & LaVange (2017)



Platform designs: MAMS on steroids

Love et al. (2022, Trials)



The efficiency of trial platforms

“The way we carry out clinical trials is like building a new stadium for every football game.”

Arnold et al. (2021, New Scientist); Gold et al. (2022, Nat Rev Psychol)



Efficiencies of adaptive designs

Ideally, adaptive designs are statistically and operationally efficient

Example: seamless phase II/III designs

Potential benefits:
• Saving resources (time, money, patients)
• Fewer allocated to control
• Fewer allocated to inferior treatments
• Results available sooner
• Single protocol (trial set-up, approvals, infrastructure)
• Head-to-head comparisons

Li et al. (2020, BMC Med)



Efficiencies of adaptive designs

Efficiency gains can be (partially) offset by complexity
• More time and expertise needed for design and analysis

Potential risks of:
• Losing statistical efficiency e.g. when follow-up is long compared to 

recruitment period

• Losing operational efficiency e.g. due to added complexity

• Compromising integrity and validity e.g. due to biased results

Wason et al. (2019, BMC Med); Mukherjee et al. (2022, Eur J Canc)



When adaptive designs are less useful

Wason et al. (2019, BMC Med); Lauffenburger et al. (2022, BMJ Med)



Adaptive designs vs. adaptive interventions 

Sequential multiple assignment randomised trial (SMART)

Not an adaptive design!

Kilbourne et al. (2024, Ann Rev Pub Heal); Kidwell et al. (2023, JAMA)



Adaptive designs vs. adaptive interventions 

Kilbourne et al. (2024, Ann Rev Pub Heal); Pallmann et al. (2018, BMC Med)



When you come to a fork in the road…

… take it!
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