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ABSTRACT 

 
In this talk, we will discuss the integrated approach of mathematical/computational modeling, 
biological experimental, and the clinics to better understand and treat cancer. First, I will 
introduce model-driven adaptive therapy strategies. Here, we developed two models that 
explain two modes of interaction between drug-sensitive and -resistant cell populations in a 
tumor. The models were parameterized using serological biomarker data from patients with 
advanced melanoma. The trained models were used to determine patient-specific adaptive 
therapy on and off schedule, resulting in improved progression-free survival compared to a 
one-size-fits-all therapy strategy. Next, we will discuss a mathematical model of cell signaling 
pathways to predict targeted therapy outcomes. The model was trained by minimizing the 
difference between model-predicted protein expression and experimentally measured protein 
phosphorylation under different microenvironmental conditions. The calibrated model 
predicts distributional responses to kinase inhibitors and suggests drug resistance mechanisms 
that can be exploited in drug combination strategies. The suggested combination strategies are 
validated using in vitro experimental data. The validated in silico cells are further interrogated 
through an unsupervised clustering analysis and then integrated into a hybrid cellular 
automata model of tumor growth in a spatially heterogeneous microenvironment. As a proof 
of concept, we simulate tumor responses to targeted therapies in a spatially segregated tissue 
structure containing tumor and stroma and predict complex cell signaling responses that 
suggest a novel combination treatment strategy. 
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