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Background

Immunotherapy has been at the forefront of novel cancer treatment research over the past two
decades. In contrast to the traditional “cut poison and burn” approaches of surgery, chemotherapy and radiation, immunotherapy target and fire up our body’s immune system against
cancer.

Results & Discussions

Summary

Questions:
Task:

Our poster looks at the mathematical modelling of immune checkpoint blockade therapy.
Here, monoclonal antibodies are administered into the body to block negative regulators on
the surface of T cells, such as CTLA-4 and PD-1. These regulators affect the activation and
function of the T cell, and their blockade—in theory—paves the way for an anti-tumour T cell
response. Checkpoint blockades were the subject of the 2018 Nobel Prize in Medicine.

Results:

Our modelling effort targets delayed responses to checkpoint blockades, one of several types
of clinically-observed responses—see Wolchok et al. (2009). Here, tumour growth persists for
a period of time spanning into months since the beginning of treatment (e.g. anti-CTLA-4
Ipilimumab), prior to a therapeutic response being observed. The mechanisms underlying
these delayed responses is not well understood.

Discussion:

Our aim is to motivate a simple immune-tumour interaction model that replicate delays and
help shed insight into the biological factors associated with these types of responses.

Why is there sometimes a delay in the treatment efficacy of
immune checkpoint blockade therapies?
Motivate a foundational mathematical model that generates
beyond specific datasets while capturing the delayed response
phenomena.
Our model is able to replicate a series of cases, including
delayed and non-delayed treatment outcomes through the
calibration of a small number of parameters.

The parameter region generating delayed responses is very thin,
thereby offering potential explanations for its rarity. The delay
and subsequent anti-tumour T cell response can be explained
by a confluence of dynamical systems factors.

Analysis

Model

Here is a preview of our ongoing dynamical systems analysis of the model.
To simplify analysis, we restrict the cancer growth rate
which completely preserves the delayed response dynamics. In the diagrams below,
C represents cancer, while
are proxy parameters for CTLA-4 & PD-1 blockades.

Our model takes the form of a set of ordinary differential equations (ODEs).

Cancer
Top:
Four types of responses are simulated by our model: 1) no
response; 2) quick response, followed by tumour
dormancy; 3) quick response, resulting in tumour equilibrium; and 4) delayed response.

Antigen
Inflammation

Top right:
Zooming into the delayed response at the moment of the
anti-tumour response, we compare and contrast the
predictions for our five model variables.

Effector T cells

Bottom:
Our model simulations are associated with several
clinically relevant quantities: delay length, dormancy
length and size of the tumour post-treatment.
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Bottom right:
Treatment insights for anti-CTLA (top) and anti-PD-1
(bottom). We note that the parameter region for delayed
responses is mathematically very thin.
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