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A Tumor-Immune Dynamical Model

with Compound Therapy and Distributed Delay

SHAO Min, ZHANG Guo-hong

School of Mathematics and Statistic , Southwest University , Chongqing 400715, China

Abstract: This article assumes that the immune cells are generated by tumor stimulation and are based on

Logistic natural growth. A tumor-immune dynamical model that considers chemotherapy, immunotherapy

and immune-stimulated distributed delay has been discussed. First, the threshold conditions for controlling

and clearing tumor cells were obtained without delay. It was found that as long as the concentration of che-

motherapeutic drug was high, the tumor can be cleared, but the immune system was at a low level. If com-

bined with chemotherapy and immunotherapy, the tumor can be cleared while keeping the immune system

at a high level. Then, the effect of immune-stimulated distributed delay on the dynamics of the system was

studied, and the conditions for Hopf bifurcation at the positive equilibrium point were obtained. It was

found that when the average delay was at an intermediate level, the system could cause periodic oscillation

phenomena, which could explain the tumor’s long-term recurrence.

Key words: compound therapy; Logistic growth; distributed delay; stability; Hopf bifurcation
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