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Bayesian predictive model averaging approach to  joint
longitudinal-survival modeling: Application to an immuno—oncology
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In immuno—oncology clinical trials, multiple immunological biomarkers are
repeatedly measured over time, so that physicians could be aware of patients’
responses to the treatment during the follow—up. For example, a single—arm WT1
peptide vaccine immunotherapy clinical trial in patients with advanced ovarian
cancer, WIll-specific IgG and CTLs were measured every month in the first three
months, to evaluate the efficacy of the treatment. It is of great interest to
provide medically relevant predictions, e.g., individualized survival
probabilities at a future time point, based on such recorded repeated measurements,
which is also called longitudinal information. In recent decades, joint modeling
of longitudinal and time—to—event data has become a popular toolkit to implement
such a prediction. Considering the complexity of the biological pathways in
immunotherapies, it is almost impossible to perfectly reflect this process using
a single statistical model. A statistical model may provide a good approximation
of the reality, but will not capture every detail of it, thus resulting in the
model uncertainty in statistical analysis. In this situation, relying on a single
model is risky for ignoring the underlying model uncertainty. Bayesian model
averaging (BMA) may provide a solution to this problem by averaging over multiple
statistical models in a Bayesian manner. However, the conventional BMA method has
been criticized for being sensitive to the prior assumptions, which are based on
researchers’ experiences with this type of data. To address this issue, a Bayesian
predictive model averaging (BPMA) method has been proposed, where the focus has
shifted to the predictive densities, ameasure of a statistical model’ s predictive
ability. In this research, the operating characteristics of the proposed method
in terms of the predictive accuracy are examined in extensive simulation studies
across a broad range of situations. The strengths and limitations of the proposed
method are discussed in comparison with the single model and the conventional BMA
method through an application to the dataset of the motivating clinical study as
well as the numerical simulation studies. It is suggested that the proposed method
can provide generally more precise predictions on individualized survival
probabilities, which could assist subsequent medical decision making process.
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