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Key point: Synchronizing and optimizing the chemotherapy and 
immunotherapy dosing schedules with the underlying periodicity 
of the cancer-immunity cycle can compensate for lower total dose  
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The cancer-immunity cycle
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Oncology meets immunology: The cancer-immunity cycle,
D.S. Chen, I. Mellman, Immunology (2013)

The cancer-immunity cycle: Indication, genotype, immunotype
I. Mellman, D.S. Chen, , T. Powles, S.J. Turley, Immunology (2023)

1. Release of cancer cell antigens
2. Cancer antigen presentation
3. Priming and activation of T-cells
4. Trafficking of T-cells to tumor
5. Infiltration of T-cells into tumor
6. Recognition of cancer cells by T-cells
7. Killing of cancer cells

Tumor growth phase

Immune response phase

Tumor regression phase

Immune response phase
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Key players in the cancer-immunity cycle
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The model: Part 1
The evolutionary game
& biological mechanisms

Healthy cells

Tumor cells

T-cells

Replicator dynamics evolutionary game,
frequency-dependent fitness, couples to 
T-cell eqn through fitness functions

Immune system 
growth/decay based
on sign of h Tumor volume growth/decay

T-cell suppression mechanism that
increases with tumor burden and adjusts for
how immunogenic the tumor is

Immunogenicity function to 
model  immune evasion under 
selection pressure

T-cell 
suppression

𝜃𝜃 𝑡𝑡 :
C(t):

Immunotherapy control function

Chemotherapy control function

Tumor carrying capacity

immune response
timescale

(fractions)

Activation threshold

Growth/regression
discrepancy parameter

Lowers activation threshold 
(checkpoint blockade immunotherapy)

Imposes selection pressure on cancer cells
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The model: Part 2
The payoff matrix A

Decreased immunogenicity

Tumors can become less 
Immunogenic over time (immune escape)

growth regression
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The fundamental cycle: results from the interplay of
positive and negative feedback mechanisms

Higher sensitivity to immune
threshold parameter: 
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Kuznetsov et. al. 1994
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Questions we address

1. Do chemotherapy and immunotherapy schedules commute?
2. Is it better to combine chemotherapy and immunotherapy dose 

schedules sequentially or concomitantly?
3. When is the optimal time to start/stop immunotherapy treatment?
4. What is the benefit of using more complicated time-varying dosing

schedules compared to pulse-dosing protocols?

Cocktails for cancer with a measure of immunotherapy
H. Ledford, Nature 532 (2016)

What, why, where, and when: Bringing timing to immuno-oncology
A.M. Rothschilds, K. Dane Wittrup, Trends in Immunology (2018)

Dose combinations

Dose timing
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The model: Part 3
Control theory

Chemo pulse-dosing

D
D

½ D
¼  D

(system response variables)

(controls)

b1=0.01
b2=0.01

Begin at peak
¼ pulse

Begin at trough

Begin chemotherapy at
peak of cancer cell level when
immune response begins to rise

selection pressure
on cancer cells
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