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Abstract. Mathematical oncology is a rapidly evolving interdisciplinary field that uses
mathematical models to enhance our understanding of cancer dynamics, including tu-
mor growth, metastasis, and treatment response. Tumor-immune interactions play
a crucial role in cancer biology, influencing tumor progression and the effectiveness
of immunotherapy and targeted treatments. However, studying tumor dynamics in
isolation often fails to capture the complex interplay between cancer cells and the im-
mune system, which is critical to disease progression and therapeutic efficacy. Math-
ematical models that incorporate tumor-immune interactions offer valuable insights
into these processes, providing a framework for analyzing immune escape, treatment
response, and resistance mechanisms. In this review, we provide an overview of math-
ematical models that describe tumor-immune dynamics, highlighting their applica-
tions in understanding tumor growth, evaluating treatment strategies, and predicting
immune responses. We also discuss the strengths and limitations of current modeling
approaches and propose future directions for the development of more comprehensive
and predictive models of tumor-immune interactions. We aim to offer a comprehen-
sive guide to the state of mathematical modeling in tumor immunology, emphasizing
its potential to inform clinical decision-making and improve cancer therapies.
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1 Introduction

Cancer, often described as a malignant tumor, represents a complex and dynamic ecosys-
tem [12,51,66]. This ecosystem, known as the tumor microenvironment (TME) (Fig. 1),
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Figure 1: A global map of the tumor microenvironment.

comprises not only malignant tumor cells capable of rapid proliferation and metasta-
sis but also includes various non-cancerous components such as immune cells, stro-
mal cells, fibroblasts, and vascular endothelial cells [12, 66, 89,119]. The TME plays
a pivotal role in the processes of tumor growth, progression, metastasis, and drug re-
sistance [66, 89, 119, 204, 239]. Within this environment, tumors actively shape condi-
tions favorable to their survival and proliferation through mechanisms such as the se-
cretion of cytokines, immune-modulating factors, and the expression of immune check-
point molecules [133,240]. Meanwhile, immune cells infiltrate tumor tissue via migration,
chemotaxis, and recruitment, influencing tumor development [133,218,227].
Tumor-immune system interactions are marked by a dynamic and complex interplay
of mutual promotion, competition, and adaptation [93,236]. These interactions not only
influence tumor growth, metastasis, and regression but also modulate the immune sys-



