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Abstract

Chimeric Antigen Receptor (CAR)-T cell therapy is an immunotherapy that revolutionises the treatment
of relapsed/refractory lymphoma and leukaemia. It demonstrates higher response rates, superior mid-
to-long term overall survival, and lower toxicity compared to standard treatments. However, the lack of
defined dose-limiting toxicity (DLT) and unclear dose-effect relationship mean that traditional phase |
designs cannot accurately select the optimal dose (OD). Besides clinical outcomes, CAR-T cell
expansion from serial blood samples is measured at various timepoints. Meta-analysis suggests that
efficacy has a positive association with expansion but no association with toxicity. Hence, we propose
a novel dose-finding design that utilises both toxicity and activity endpoints to locate the OD. CAR-T
cell expansion is a more sensitive activity indicator than the short-term clinical responses traditionally
used.

Two main profiles of cell-evolution have been reported: the injected cells either exhaust and are
eliminated from the blood, or they proliferate and are maintained before elimination. A Bi-Exponential
model is employed for the trajectories of CAR-T cell expansions, with parameters estimated under a
Bayesian framework. The model is motivated by biological concerns and is flexible to accommodate
different cell-expansion curve shapes. Since there are no clear efficacy criteria, three criteria are
considered upon clinician discussions: 1) the number of cells at specific time points, 2) the duration
before all cells are eliminated, and 3) the area under the cell-expansion curve. Simulation studies
demonstrate high OD selection accuracy even under small sample sizes.



