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Outline
• Trial background, model, design
• IA1, simulations, decision grids
• Conditional power, promising zone approach 
• IA2, combined simulations 
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Clinical trial: Phase 3, rare disease
Primary efficacy endpoint: time to a predefined event within follow-up period [0, tF]
• Two planned interim analyses (IA)

1. IA1: Bayesian futility, after sufficient number of participants have completed follow-up time t1, t1 < tF 
2. IA2: futility & sample size re-estimation (conditional power/promising zone approach)

• Bayesian futility & promising zone: each studied extensively
• Our focus: develop a unified hybrid design
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Goal: reduction of event 
rate on active arm



• Sample size, GSD, event-driven: 105 events required, approximately 260 subjects
• Power 90%,  two-sided type I error rate of 5%
• One interim analysis, information fraction of 0.5 

o No stopping for efficacy,  futility boundary of 10% for conditional power (CP) 

• New treatment: limited knowledge,  substantial investment                           
Additional interim analysis (IA1) added based on Bayesian stopping criterion,    
after ~80 subjects complete t1 = 3 weeks of follow-up 

• Same exponential model for both endpoints: binary endpoint for IA1, survival 
endpoint for IA2 
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Trial design (cont.)



IA1, futility: Bayesian posterior probabilities, beta-binomial model
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Interim analysis IA1 (cont.)

6

Control arm rate  pc = 0.5. 
• Ordering: for any given η and fixed pc , 

probabilities corresponding to larger 
differences (pc-pa) are lower than 
those for smaller (pc-pa) 

• Strong effect (pa = 0.3): small 
probabilities for small/moderate η

• Weak effect (pa = 0.45): probabilities 
are larger than for pa=0.3

• Choice of η: would like “low” prob. of 
stopping when drug works



Decision grids: to stop or not to stop at IA1?
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Assume n1 = 40 per arm,  calculate posterior 
probabilities for each combination (rc, ra) of no. 
of events (both numbers range from 0 to 40)

• If posterior probability for a given 
combination (rc, ra) is less than a particular 
threshold η, then a point is marked in red 
(stop for futility).

• If posterior probability is larger than η, then a 
point is marked in green (continue the trial).

Results 
• Values of η between 0.3 and 0.5 seem 

reasonable
• η = 0.1: various scenarios suggest continuing  

the trial  when no. of events ra in the active 
arm is “substantially” larger than rc.  E.g., with 
20 events in the control arm, the trial will 
stop only when ra  ≥ 26  

Ultimate choice of η: after the analysis of 
both IA1 and IA2



IA2, conditional power (CP): case of normal i.i.d. observations
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Potential for sample size increase / 
sample size re-estimation (SSR)



IA2, SSR/Promising zone
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Futility: CP ≤ 0.1, the trial stops

Unfavorable: 0.1 < CP ≤ 0.41, no change

Promising: 0.41< CP ≤ 0.9, 

         increase up to 50% (390 subjects)

Favorable: CP > 0.9, no change

IA1 & IA2, Operating characteristics
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Type I error, 
one-sided 

Main scenario, 
η = 0.3

Not much different



Operating characteristics, plots
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Power, with/without SSR

Probability of “falling” in promising zone

Largest power increase ~4%

Power increase ~2%



Discussion
Promising zone
• Limited improvements due to SSR in scenarios of interest

• Greatest power gain may be achieved outside promising zone (Jennison, Turnbull, 2015) – but unlikely 
to achieve target power

• Large uncertainty for the team when in unfavorable or favorable zones (could be either rather bad or 
exceptionally good)

Hybrid design
• Early learning-oriented futility decisions based on short-term endpoints

• Standard software tools not available  Developed extensive simulation framework for IAs
• Combination/strengths of both Bayesian and frequentist approaches: learning-oriented futility 

assessment at IA1 and rigorously controlled sample-size adaptation at IA2

12



Emerson et al. (2011) review: harsh criticism on 17 printed pages...
• We do not find that such an adaptive rule confers any advantage by the usual criteria for clinical trial design…  From years of 

recreational spelunking, we have noted parallels between research and cave exploration. In both processes, explorers spend 
their time in the dark exploring the maze of potential leads, most often without a clear idea of where they will end up. Because 
the overwhelming majority of such leads are dead ends, the most useful companions to have along with you are the ones who 
will willingly explore the dead ends.

• … the problem we have faced in the statistical literature about adaptive designs versus GSD is the ever changing optimality 
criteria. It is like a game of `Whac-a-mole': As soon as one criticizes one aspect of an adaptive design or group sequential design, 
the proponents produce other optimality criteria.

Response of Mehta and Pocock to comments of Emerson et al. (2011): single page
• … Why have we (and many other authors) taken such an interest in adaptive sample size re-estimation? The key point is that fixed 

and group sequential designs require an up-front commitment to a prespecified maximum trial size. If the sponsor is prepared to 
do that then they have no need for an adaptive design, and hence the arguments of Emerson et al. are correct

• Emerson et al. are not alone in wishing to dismiss this `adaptive game' as not worth playing: indeed one of us (SJP) was amongst 
the skeptics only a few years ago. Furthermore, when trial planners and sponsors are attracted to the idea of adaptive sample-size 
re-estimation based on unblinded interim data, an initial gambit from a well informed biostatistical collaborator may well be to try 
and `talk them out of it' by encouraging an up-front commitment to a larger trial size, possibly with appropriate group sequential 
guidelines. However, the attraction of such statistical efficiency is of no use if the trialists simply will not (or cannot) agree to such a 
design of the type Emerson et al. elucidate.'
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Promising zone, Mehta and Pocock (2011)



JRSS (A), 131 (1968), 182-204

p.185

p.112
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Scientific discussion: frequentists vs Bayesians
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More on scientific discussion/development

Dept of Biostatistics, Univ. of Washington
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