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Abstract: One of the challenges facing immunotherapy as a durable therapeutic approach in a variety of metastatic
cancers is the development of acquired resistance and subsequent therapeutic failure. Widespread clinical applicability
of immunotherapy to solid tumors depends on the understanding of response and resistance mechanisms that are
mediated by evolving interactions between the immune system and cancer cells. These dynamic interactions are
increasingly being identified through longitudinal molecular analysis and immunological profiling and combine to
produce an evolving measure of a patient’s cancer-immune status. However, cancer immune dynamics have yet to be
formally quantified and studied as an evolutionary process in the context of immunotherapy clinical trials. To address
this, we propose a method to integrate high dimensional, heterogeneous, longitudinal patient-derived cancer and
immunological clinical data sets to identify cancer immune dynamics as well as a control theoretic method to
preemptively address the onset of resistance through the prediction and synthesis of actionable immunotherapy
combination strategies. We apply these methods to genomic and immunological data collected from a patient with
recurrent multifocal glioblastoma that elicited a complete response and eventually recurred while enrolled in City of
Hope's ongoing IL13R 2-targeting chimeric antigen (CAR) T cell trial for patients with recurrent glioblastoma. We show
that dynamic treatment strategies are necessary for the control of tumors with high antigen heterogeneity and propose
this as a framework by which to assess the effectiveness of adaptive clinical trial design and patient stratification for
combination immunotherapy trials.
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