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Multiple myeloma is an incurable cancer of bone marrow plasma cells with a median overall survival
of 5 years. With newly approved drugs to treat this disease over the last decade, physicians are afforded
more opportunities to tailor treatment to individual patients and thereby improve survival outcomes and
quality of life. However, since the optimal sequence of therapy is unknown, selecting a treatment that will
result in the most effective outcome for each individual patient is challenging. To understand patients’
treatment responses, we develop an econometric model – the Hidden Markov model, to systematically identify
changes in patients’ risk levels. Based on a fine-grained clinical dataset from Seattle Cancer Care Alliance
(Seattle, WA) that includes patient-level cytogenetic information, we find that, other than the manifestation
of cytogenetic features, previous exposure to certain drugs also affect patients’ underlying risk levels. The
effectiveness of different treatments varies significantly among patients, which calls for personalized treatment
recommendations.
We then formulate the treatment recommendation problem as a Bayesian contextual bandit, which sequentially selects treatments based on contextual information about patients and therapies, with the goal of maximizing overall survival outcomes. Facing the difficulty of evaluating the performance of the policy without
field experiments in medical practice, we integrate the structural econometric model into bandit optimization
and generate counterfactuals to support the theoretical exploration/exploitation framework with empirical
evidence. Compared with clinical practices and benchmark strategies, our method suggests a rise in overall
survival outcomes, with higher improvement for aging or high-risk patients with more complications.
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