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Abstract

Traditional Phase | oncology trials have focused on identifying the maximum tolerated dose (MTD),
operating under the assumption that higher doses increase both efficacy and toxicity. However, such
monotonic dose-response relationship is often not observed with newer anti-cancer agents, leading to
a paradigm shift towards determining the optimal biological dose (OBD) that offers a better balance
between efficacy and safety. In response, the US Food and Drug Administration (FDA) now advise the
inclusion of pharmacokinetic (PK) and pharmacodynamic (PD) data and recommends randomisation
after dose escalation in trial designs for identifying the OBD. Despite advancements in utilising PK/PD
data for OBD determination, practical adoption remains challenging due to complex analytical models
and the lack of accessible tools.

This study introduces a novel dose-optimisation framework for early-phase oncology trials, utilising a
two-stage process that integrates patient-level PK and PD data. In Phase 1a, joint modelling of drug
concentration, biomarker, efficacy, and toxicity data is used to identify candidate doses via a utility-
based method. Doses with favourable profiles are selected by maximising an expected utility function
that considers safety, efficacy, PK, and PD outcomes. These candidate doses progress to Phase 1b,
where randomised allocation and evaluation further refine indication specific OBD selection based on
efficacy and safety. The framework’s effectiveness will be assessed through simulation studies, and a
user-friendly R-shiny application has been developed to facilitate clinical application.
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