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ABSTRACT: Basket trials evaluate targeted therapies across multiple indications sharing a common molecular
characteristic, with Bayesian hierarchical models (BHMs) providing a principled framework for information
borrowing across indications. Although adaptive enrichment strategies are increasingly used in biomarker-
driven studies, limited methodological work has examined how enrichment interacts with hierarchical borrowing
and constrained biomarker effects within basket trial designs.

We propose a Bayesian phase II two-stage adaptive enrichment basket trial design for biomarker-guided
oncology studies with binary endpoints. Patients are enrolled across (K) indications and classified into
biomarker-positive and biomarker-negative subgroups. Response probabilities are modelled using indication-
specific logistic regression models incorporating baseline indication effects and biomarker effects. To reflect
biological assumptions that increasing biomarker expression increases treatment benefit, we investigate
constrained biomarker-effect models imposing monotonicity through exponential transformations and
alternative constrained parameterisations, alongside unconstrained approaches. The proposed design
incorporates hierarchical borrowing across indications for both intercept and biomarker-effect parameters.
Interim analyses include per-stratum futility monitoring and adaptive enrichment rules, where poorly
performing biomarker strata may be excluded from further enrolment. Final efficacy is assessed using posterior
probability criteria based on clinically meaningful response thresholds. Extensive simulations were conducted
under various scenarios including global null, homogeneous and heterogenous biomarker effects, partial
activity across indications and monotonicity violations. Simulations evaluated basket-specific power, error rate
control, enrichment accuracy and futility stopping behaviour.

Our results demonstrate that adaptive enrichment within a Bayesian hierarchical basket framework can
effectively identify treatment-sensitive biomarker-defined subpopulations while maintaining desirable operating
characteristics. Importantly, we show that enrichment accuracy can vary across methods and that hierarchical
borrowing on biomarker effects does not necessarily improve performance relative to intercept-only borrowing
under heterogeneous biomarker-response relationships. Furthermore, the choice of monotonicity constraint
mechanism substantially influences operating characteristics, with some constrained parameterisations leading
to appreciable reductions in power despite biologically plausible assumptions.
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