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Abstract

Seamless phase Il/lll designs are increasingly employed to accelerate drug development, particularly
in settings where multiple doses of the same compound need to be evaluated in parallel. In such
designs, a restricted subset of doses is selected at the first stage of the trial and subsequently carried
forward to the second stage, where efficacy is assessed against control. Dose selection is typically
based on a single efficacy endpoint, ensuring consistency between interim decision-making and final
hypothesis testing. However, safety is generally not incorporated formally into the selection procedure
at the design stage, which may be problematic, specifically because potentially harmful doses could be
advanced if deemed effective. In this work, we propose a novel multi-arm two-stage design in which
the dose with the most favorable benefit-risk profile at the interim analysis is selected and continued
into phase lll. Benefit-risk assessment is conducted using probabilistic multi-criteria decision analysis
(MCDA), where information from multiple efficacy and safety endpoints is combined into a single
aggregated score. For the proposed design, we derive an analytical expression for the decision
boundary, ensuring strong control of the type | error rate, and provide guidance on sample size
determination. The operating characteristics are evaluated through extensive simulation studies and
compared with existing designs from the literature, demonstrating that the proposed approach is
particularly effective in terminating potentially harmful doses at an early stage.



