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Abstract: I will introduce three problems in mathematical oncology all of which involve nonlinear dynamics 
and control theory. First, I will describe our work using Markov chain models to forecast metastatic 
progression. The models treat progression as a (weighted) random walk on a directed graph whose nodes are 
tumor locations, with transition probabilities obtained through historical autopsy date (untreated 
progression) and longitudinal data (treated) from Memorial Sloan Kettering and MD Anderson Cancer Centers. 
Then, I will describe our models (both deterministic and stochastic) that use evolutionary game theory 
(replicator dynamics/Moran processes with prisoner’s dilemma payoff matrix) to design multi-drug adaptive 
chemotherapy schedules to mitigate chemo-resistance by suppressing ‘competitive release' of resistant cell 
populations. The models highlight the advantages of antagonistic drug interactions (over synergistic ones) in 
shaping the fitness landscape of co-evolving populations.  Finally, I will describe our work on developing 
optimal control schedules (based on Pontryagin's maximum principle) that maximize cooperation for 
prisoner’s dilemma replicator dynamical systems. 
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