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ABSTRACT: Modern designs of clinical trials involving nested biomarker subgroups are gaining increasing 

interest in the era of precision medicine. To find optimal Bayesian adaptive enrichment designs for proof-of-
concept trials with a binary outcome, we consider a constrained Markov decision process approach. The finite 

number of possible outcome paths in single-arm trials facilitates exact computation of operating characteristics 
and optimal designs through recursive Markov chain calculations. We develop a novel class of optimal 

enrichment designs that minimize the expected trial size under one prior distribution (e.g., a uniform 

distribution), while also controlling Bayesian average type I and II errors. Specifically, we combine dynamic 
programming with a cutting plane method to construct optimal Bayesian enrichment designs, optimizing the 

early stopping and enrichment decisions at each interim analysis. We compare the performance of such optimal 
enrichment designs with ad-hoc designs based on posterior probabilities and estimation, showing that our 

method yields a clear outperformance in terms of expected trial size. Our methodology provides a way of 

selecting enrichment designs in settings where no standard adaptive design for clinical trials with nested 
biomarker subgroups is available.  

 
PRESENTING AUTHOR BIO: Stef Baas is a Research Associate in the ESD theme at the MRC Biostatistics 

Unit since April 2024. His research involves exact analysis in and optimal design of adaptive clinical trial 
designs. 

 


