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INTRODUCTION

A brain tumor is an abnormal growth or mass of cells in or around the brain. It is
also called a central nervous system tumor. Brain tumors can be malignant
(cancerous) or benign (not cancerous). Chemotherapy uses anti-cancer (cytotoxic)

drugs to destroy brain tumor cells (cancerresearchuk.org). The effect of
chemotherapy on the brain results in cognitive disturbances with an uncertain
long-term effect (Lee et al., 2020).
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Chemotherapy is a form of chemical drug therapy used to destroy rapidly growing
cells in the body. It is used to treat cancer, as cancer cells grow and divide faster than
any other cells (Kaur et al., 2022). Postoperative chemotherapy and radiotherapy
have become the standard therapy for brain tumors (Zhao et al., 2023).
Chemotherapy is sometimes used with a combination of other therapies, like
surgery, radiotherapy, and hormone therapy. Chemotherapeutic techniques have a

Qange of side effects that depend on the type of medications used (Kaur et al, 2022)./
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The specific objectives
are to:

develop a model in the
form of nonlinear
differential equations

. obtain the steady
This research work states of the

is aimed at formulated model and
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OBJECTIVES effects of

chemotherapy on obtain the solution of
brain tumor the model and perform

numerical simulation
(using available data in
the literature) to study
the effects of the
chemotherapy agents
on glial, cancer and
neuron cells
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Figure 1: Flow Diagram of the Model



METHODOLOGY...

The Model System of Equations
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METHODOLOGY...

VARIABLESPARAMETERS | DESCRIPTION

Xit) Glial Cells Concentration

¥(t) Cancer Cells Concentration

Z(t) Neuron Cells Concentration

£(t) Concentration of the Chemotherapy Agent

oy Eate of proliferation of the Glial Cells

fn E.ate of proliferation of the Glial Cells

A Losz influence for Neurons due to Glial Cells

P, Influence of Chemotherapy on Glial Cells

P, Influence of Chemotherapy on Cancer Cells

Py Influence of Chemotherapy on Neuron Cells

B Eate of Chemotherapy Infusion
VARIABLES AND I Chemotherapy washout rate

PARAMETERS .

AL AL AL Holling Type I

d Competition coefficient between Glial and Cancer Cells

K Carrying Capacity

Figure 2: Description of variables and parameters



NORMALIZATION OF

VARIABLES IN THE
MODEL EQUATION

METHODOLOGY...

Letting:
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The normalized model 15 given as:
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METHODOLOGY...

The steady states (or equilibrium points) of the model are the points

where the system do not change with time. That is the points where
dx(®) _ dy® _ dz(t) _ dC(®) _

0. Now, we establish the steady states of our
dt dt dt dt

model. Itis obvious that any steady state of system satisfies the
following algebraic equations:
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METHODOLOGY...

Here, we will discuss the case where treatment is not available
in the developed model. We derive, list, and analyze the local

stability of the steady states. The model is modified to the
form:
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METHODOLOGY...

We denote the steady states by variations on E. Based on the
last equation, the following equilibria points exist: E, (0, 0, z),
E,(0,1,z)and E;, (1,0, 0)

The Jacobian matrix for a general equilibrium
point E(x,y,z) is
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The eigenvalues of E,, E,and E, are respectively:
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The above steady states E, E; and E; are non-hyperbolic (at least

one eigenvalue of the Jacobian matrix is zero). With these steady
states, the system is not stable




The following steady points exist:

Fo(0,0,0,¢p")
Fy(x,0,0,¢p™")

F2(0,y,0,¢p™ 1)

The Jacobian matrix for a generic equilibrium F(x,y, z, C) is:

AVAILABILITY OF

TREATMENT
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In a hyperbolic equilibrium, if the real part
Analysis of F 0(0, 0,0, <|>ﬂ_1)1 of each eigenvalue is strictly negative, then

The eigenvalues of the steady the equilibrium point is locally

asymptotically stable. If positive, then the
states are equilibrium point is unstable. For the
equilibrium point F,(0,0,0,®u1) to be
stable, it is sufficient that
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Analysis of F1(x,0,0,¢pp1):

With this equilibrium point, the first

The Jacobian matrix of
the equilibrium point F1(x,0,0, pu1) is
givenas

equation in (1) becomes:
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The eigenvalues of the steady state

F1(%,0,0,¢pp1) are

For the equilibrium point
F1(%,0,0,pp1) to be stable, it is
sufficient that:
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Values of the normalized

parameters

Parameters Values
Y1 0.0068 day! (Larosz et al., 2013)
¥, 0.012 day! (Larosz et al., 2013)
By 1.8 x 102 day! (Larosz et al.. 2013)
i 1.8 x 10 day! (Larosz et al., 2013)
Bs 1.8 x 10 day! (Assumed)
a, =a, = az | 1 (Assumed)
Py = Da 4.7 x 10-* m? (mg.day)! (Larosz et al., 2013)
D 4.7 x 10" m? (mg.day)! (Larosz et al., 2013)

Figure 3: Values of parameters used for simulation




Solution and

Simulation

Firstly, we check the behavior of the cancer with the
infusion of a chemotherapeutic agent. Since there is

treatment the cancer cells die and there is a reduction
in the strength of the glial and neuron cells

— Glial Cells
—— Cancer Cells
—— Neurons

—— Chemotherapy

Concentrations

0 2 4 6 8
Time (in days)




Solution and

Simulation

We also check the behavior of the cancer without the
infusion of a chemotherapeutic agent. Since there is

no treatment, the cancer cells kill the glial cells while
the cancer cells grow

— Glial Cells
—— Cancer Cells
—— Neurons

—— Chemotherapy
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Conclusion

There exist different types of brain tumors. The treatments of these tumors depend on their

characteristics. In this work, a mathematical model that describes the interactions among
glial cells, neurons, and cancer, with chemotherapy to repress the brain tumor was
proposed.

The steady states of the model were obtained and stability analysis was performed. The
equilibrium points, for unavailability of treatment are not stable. On the other hand, the
stability of the equilibrium points (for availability of treatment) depends on the
chemotherapy infusion rate, ®
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