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Abstract 

Traditional oncological drug development typically follows a sequential process in which phase II and 
phase III are planned separately. The phase III design is not directly linked/optimised in response to 
phase II outcomes. This may lead to inefficiencies and misalignment of early decisions with utility-
related long-term development objectives. 

We propose a novel decision-theoretic framework for an integrated phase II and phase III development 
programme, explicitly linking early binary endpoints with long-term time-to-event outcomes. This 
framework utilises the phase II results not only for a go/no-go decision but also for determining the 
expected size of phase III, optimising the entire development pathway. 

The approach jointly optimises the phase II sample size and decision threshold by maximising an 
expected utility, defined as the balance between potential financial gain and total development cost. 
Prior beliefs about response and survival parameters are incorporated to reflect uncertainty in 
treatment performance, which guides decisions before any phase II data are observed. 

A simulation study, motivated by oncology development scenarios reported in the literature, compares 
the proposed design with more conventional (separated) designs in terms of expected utility and 
decision robustness. Sensitivity analyses across different parameter settings further highlight how 
optimal strategies can vary — in some cases recommending proceeding to phase III regardless of 
phase II outcomes, with a phase II conducted primarily to determine the size of phase III to reduce 
overall cost. This highlights the framework’s ability to reveal cost-efficient decision strategies that are 
not captured by conventional designs. 

  


