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Introduction
e \We want to understand cancer tumor dynamics
phenomenologically

e Much mathematical analysis of tumor growth is done in one

spatial dimension
e \We can capture new behaviors by

incorporating an additional dimension




Tumor Growth Model (Gatenby-Gawlinski)
n1 normal cells
neo cancer cells
L acid produced by cancer cells

D is a small constant;
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Fast-Slow Analysis

Fast component describes the “fast” dynamics (spatially) and slow
component describes the “slow” dynamics
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Construction of the Traveling Front




Benign vs. Malignhant

In the benign case, there is a stable
fixed point where

n1:1—51L*>O




Benign vs. Malignhant

Two possibilities for malignant case:

L

n1 ni

no increases before ny | 0 n1 4 0 before ny increases



No Gap

Solution att=100. § 4= 0.5
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Gap

Solution at t = 100. 61 =12.5
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Stability Analysis of the Traveling Front

In the traveling wave frame, we have

0= D(n1)ee + c(ni1)e + F(n1,nge, L)
0=((14+x—n1)(n2)e)e + c(n2)e + G(n1,n2, L)

1
0= 8_2L£€ + CL& + H(nl,ng,L)



Stability Analysis of the Traveling Front

Linearize about traveling wave solution:

(n1,n2, L) = (n},n3, L*)(€) + " (1, 7z, L) (€)
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Instability Criterion

o Weexpect A(f) = A\e2l? + O(£*)
e Solvability condition:
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Instability Criterion

e Signof
Jo D(n})e(mr)* + (1+ K — ni)(n3)e (M) + & (L*)e(L)" d

)\c 2 — — %
| Ja(nh)e(MT9)A + (n3)e (M%) A + (L*)e(L7)A dE

determines stability

e Using the slow-fast structure, we compute

sgn(Ac2) = sgn ( 51n_1n1 + 52n£(n$)£e<1“_”I >£ df)
R



Critical Eigenvalues

Critical Eigenvalue for § 1= 0.5
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Zooming in on Case with Instability

<10 Critical Eigenvalue for § 4= 12,5
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CB%fficient of Quadratic Term in Critical Eigenvalue Taylor Expansion
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2D Wave



http://www.youtube.com/watch?v=GLrgMaREZf8



