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Work experience

Pharmaceutical industry
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(last > 5 years with SDS Life Science/Cytel: clinical

trial designs and exploratory analyses, regulatory)

• Management and biostatistics in global big pharma 

company 3 years (CSL)

Academia

• Bioinformatics research position 4 years
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An Adaptive Sequential Bayeisan design



Background



Confirmatory trials - Hypothesis testing framework

Interim data will be used to make predictive judgement on the final study outcome.
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Start Interim Final

2 looks

4 looks

Evaluate the study sequentially at interim analyses



Two approaches to predict and evaluate study outcomes

Probability of positive study

Given interim effect estimates

Probability of postitive study

Given posterior interim effect distribution 

Conditional power
Predictive power

6

Frequentist (traditional) Bayesian

Interim 

analysis

e.g. for 
Sample-

Size Re-

estimation

Final 

analysis
P-value < 0.05 of treatment effect

Absence of any treatment effect is very 

unlikely, based on the study data

Posterior probability of treatment effect 

based on the study data and prior 

distribution

Posterior probability of treatment effect > 0.95

Prior/posterior = Learn/confirm = Adaptive

Flat prior or borrow information

Intermediate:

Assurance



Covid vaccine trial
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Optimized for speed

Pfizer’s RAM vaccine and I_SPY Covid 19 platform trials were both Bayesian designs.

Primary objective

Short term efficacy of BCG (Bacillus Calmette-Guérin), Proof of Concept

(BCG was developped against tuberculosis, there are other BCG studies on Covid, too.)

If successful, a long-term efficacy trial was planned.

Primary endpoint

Confirmed symptomatic Covid-19 (x = yes/no)

3 months follow-up after vaccination

𝜋𝐵 incidence proportion with BCG

𝜋𝐶 incidence proportion with control (placebo)

𝐻0: 𝜋𝐵 − 𝜋𝐶≥ 0
𝐻𝐴: 𝜋𝐵 − 𝜋𝐶< 0



FDA prerequisites
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𝜋𝐵 incidence proportion with BCG

𝜋𝐶 incidence proportion with control (placebo)

𝐻0: 𝜋𝐵 − 𝜋𝐶≥ 0
𝐻𝐴: 𝜋𝐵 − 𝜋𝐶< 0

VE = vaccine efficacy = 1 −
𝜋𝐵

𝜋𝐶
(will be > 0 if treatment 

effect)

FDA requirements: 
෢𝑉𝐸 ≥ 0.5 reducing incidence by at least 50%
& 𝐶𝐼 > 0.3
(i.e. superiority margin of 0.3 -> large study)

0 0.3 0.50.1 0.2 0.4

Longer survival studies use hazard ratios. Here we have a fixed follow-up time.

One-sided  = 2.5%

90% power

Testing for difference in proportions with pooled variance,
assuming 𝜋𝐶 = 20%, with 0 superiority margin
->
645 patients needed, 8% dropout -> 700 patients 
randomized 1:1 to detect 50% reduction.

Lower exposure -> lower 𝜋𝐶, underpowered!

Assuming 𝜋𝐶 = 6 – 8 % and VE = 70%

->

1200 patients needed

Head for a study

design with flexible 

sample size!

Incidence

High 

or 

Low?

Vaccine

challenge:



An Adaptive Sequential Bayesian Design
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Adaptive Sequential Bayesian

Use predictive

power and posterior

distribution for 

decisions

Interim analyses 

throughout the study

Adjust to learnings

from data



Adaptive Sequential Bayesian – at it’s extreme

What? 

How? 

Allow sequential possibility to adapt

▪ Stop accrual early for futility
▪ Stop accrual early for predicted efficacy
▪ Re-estimate sample size and continue

Multiple looks

Note! 

▪ Useful when small to moderate delay between enrollment and observing primary outcome

▪ Extensive simulations needed 

Predict treatment effect of enrolled patients at interim

Early stopping boundaries on predictive power
▪ S success threshold 80-99%
▪ F futility threshold 2.5-20% 

Interim analyses after say 30%, 40%, 50%, … have been enrolled.



Study procedure

N_plan = 700 patients
N_max = 1200 patients

Plan the 1st interim look when 75% of N_plan patients have been 
enrolled (not finished), and subsequent interim looks at 10% 
increments. 

At k:th interim look, derive Predictive Power (PP):
• If PP ≥ S = 90% stop enrolling for efficacy
• If PP < F = 20% stop enrolling for futility

At last interim look before N_plan recruited:
• If F < PP ≤  0.5 carry out study as planned with N_plan = 700 

patients.
• If 0.5 < PP < S increase sample size to N_max = 1200 patients 

and continue enrollment to next interim look at 65% of 1200.

➔ max 7 interim looks, at 75%, 85%, 95% of 700, then 65%, 75%, 
85% and 95% of 1200.

Study is positive if postierior probability of 𝐻𝐴 > .
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0 enrolled 700

75 85 95%

1200

65      75      85       95%



Bayesian analysis
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𝜋𝐵 incidence proportion with BCG

𝜋𝐶 incidence proportion with control (placebo)

𝐻0: 𝜋𝐵 − 𝜋𝐶≥ 0
𝐻𝐴: 𝜋𝐵 − 𝜋𝐶< 0

Reject if the postierior probability 𝑃𝑟 𝐻𝐴 𝐷𝑎𝑡𝑎 > γ, 
where γ is set by simulation.

Beta Binomial conjugate prior-posterior derivation:
Each 𝜋~𝛽 𝛼 = 1, 𝛽 = 1 (uniform prior)

Each x~𝐵𝑖𝑛 𝑛, 𝜋
->
Posterior distribution 𝜋 𝑥 ~ 𝛽 𝛼 + 𝑥, 𝛽 + 𝑛 − 𝑥 𝜋𝐵 estimate

𝜋𝐶 estimate

More advanced versions: include observations 

taken so far on started patients (dichotomous or 
survival analysis)

Posterior disributions are pulled

closer to eachother - conservative!



Multiple testing/type I error control
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No study evaluation at interim:
• we look at PP of those enrolled, not at the posterior

distribution of all patients.
• Outcome of x’ is predicted, not known.

Derive Predictive Power PP:

𝑃𝑃 = 𝐸
𝑝 𝑥′ 𝑥 𝑃𝑟 𝐻𝐴 𝑥, 𝑥′ > γ

Upon enrollment stop, the last enrolled patients will be finished
before final study evaluation.

➔ Multiple testing issue less pronounced, we earn some alpha

x

x’

Type I error risk, 

false positive risk

Use simulations to set  that preserves 

Type I error risk < 2.5% one-sided.

No ”special” rules by authorities

for Bayesian studies, they need
to adhere to the same risk 
limits as traditional studies.!

Posterior

predictive

distribution x finished patient

x’ started but unfinished patient

Data so far



Evaluations



Simulation results (1/3)
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Not
OK

Not
OK

Not
OK

Type I error rate must be < 2.5%



Simulation results (2/3)

OK
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Type I error rate must be < 2.5%



Simulation results (3/3)

OK
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Power must be > 90%



Compare to Group Sequential design 
(Lan-DeMets alpha spending with O’Brien-Flemming boundaries)

Up to 8 looks including the final
Max 1200 patients
Overall alpha 2.5% one-sided.
1st interim look at 30% of 1200 completed/enrolled
Subsequent looks every 10%
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strictly non-binding

VE = 50%

𝜋𝐶 = 20%

100 patients/month

97% power

SS average 1005

P(early stopping) = 98%

92% power

SS average 622

P(early stopping) = 72%

VE = 70%

𝜋𝐶 = 6%

100 patients/month

GSD-OB ASB

85% power

SS average 1199

90% power

SS average 666
Adaptive Sequential

Bayesian stops 
earlier when 
motivated!



Wrap up



An Adaptive Sequential Bayesian 
Design for a COVID Vaccine Trial

1. Sample size will be taylored to vaccine incidence, to be 
adequate even with low spreading of the disease.

2. A ”temporary high” in efficacy has a chance to be corrected in 
the final analysis including also the last enrolled patients.

3. Only recruitment rates of 50 – 150 patients per month. Check 
from case to case!

4. Infinite variations possible: add new arms, historical data in 
informative priors, …

5. Wild and crazy design powered to prove Proof of Concept, i.e. 
not pivotal. 

1. Does not show VE>0.3, and 3 months is too little safety.
2. If ෢𝑉𝐸 > 0.5 a confirmatory trial will follow!

6. This trial could inform a confirmatory trial as informative priors.
7. Multiple looks -> heavy operational burden. Keep interim 

results blinded to investigators, investors, sponsors -> preserve
the intregrity of trial results.

8. Bayesian analysis – beware, in clinical trias we strive to be 
objective!
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A Goldilocks approach to sample size selection

– not too big, not too small



Some adaptive sequential designs successfully
implemented with FDA
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Contact us and we will solve it! 

Biostatistics & Adaptive Trial Design

Regulatory Strategy

Clinical Pharmacology

RWE & RWD

Clinical Project Management & Sponsor Oversight
Clinical Development Strategy & Planning

Medical Writing

Pharmacutical Development & CMC
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