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Brain tumor (grade V)
3481 cases in 2018 (France)
Median age: 66

5% of patients survive at least 5
years

High risk of relapse

Tumor resistance against
treatments
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Pre-operative MRI

Histological data J
GBM di-
agnosed

Post-
treatment

Emergency surgery
Post-operative MRI

Temozolomide
Radiotherap

MRI
Relapse/Recovery
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. Partial
Macroscopic

differential
scale 0
equations
Biological Add
Model
processes treatments
Usual
. Temporal
mathematical .
evolution
terms
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Tumor-associated angiogenesis

tumour growth

3 cancer cells p(gdx_lcﬁl’g e _.\
Vascular
Endothelial v
Growth Factor hypoxia induced
i by a lack of 0,
i binding to

i VEGF
Lreceptors

promoting the
formation of new
blood vessels

Created in BioRender.com bl‘o

Endothelial cells Tl
providing blood,
nutrients and O,
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=7 Temporal evolution

—V.(A(x)a(u)Vu) Random diffusion/migration
+V.(AMx)x(u)Ve) Convection/Chemotaxis/Haptotaxis
pu(l —u—ue) Reproduction/Mitosis

—piu Degradation/Apoptosis/Necrosis
—"2uc Consumption
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Oru — V.(N(x)a(v)Vu) + V. (ANx)x(u)Ve) = prfy,(u) — fru— T(t,u)
8tc — V(D2VC) — Q2Ue — ﬂzC — YoU.C

Orte — V. (N(x)a(ue)Vue) + V.(A(X)x(ue)VV) = p3fy(ue) — Baue
6tV — V(D4VV) = Oé4g(C) — ,34\/ — ")/4ue\/

A(x): medium dependant diffusion matrix Tumor-associated angiogenesis
D> and Dy: lsotropic diffusion matrix .ngﬂ
a(.): cell-dependant diffusion function [.\ 29
x(.): cell-dependant chemotaxis function =

f.(.): cell-dependant reproduction function
T(.): treatment function

g(.): Oz-dependant production under
hypoxia
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Positivity of all quantities

Upper-boundedness of cell
quantities

Use Finite-Volume for numerical
flux conservation

No constraints on the mesh
needed
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Diffusion term: —V.(A(x)a(uv)Vu)

Finite-Volume approximation:

—/ V.(A(x)a(u)Vu)dx = — g ANx)a(u)Vu.i
Z / x)a(u)Vu.ng,,

Without mesh constraints there is no Finite Volume approximation
ensuring positivity of quantities
Approximate the Diffusion Matrix on ok; using Finite-Element
approximation:

/\K[_I/Q—/\(X).VQ)K(X).VCDL(X)dX
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How to get bounded quantities: 0 < u(t,x) < Umax
Without constraints, no feasible for no degenerative problems
Degenerate problem:

Adding terms with support functions C [0, tUmax]

a(u); X () fue (1) ~ Lo,up (1)
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Oru — V.(N(x)a(v)Vu) + V. (ANx)x(u)Ve) = prfy,(u) — fru— T(t,u)
8tc — V(D2VC) — Q2Ue — ﬂzC — YoU.C

Orte — V. (N(x)a(ue)Vue) + V.(A(X)x(ue)VV) = p3fy(ue) — Baue
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BET A R
tumor cells white and grey
matters
0
endothelial _
cells dioxygen
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Pre-operative MRI

Histological data J
GBM di-
agnosed

Post-
treatment

| Emergency surgery |
Post-operative MRI

MRI
Relapse/Recovery
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Above a threshold ¢, all quantities are set to 0.

After surgery
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Adding the term:
— eff.k(t).U(t,X)
Refr = and + Bnd?f(u, T, AT, n)

Number of fractions per day (n)
Individual dose in G, (d)
Irradiation duration (7)

Time between irradiations (A7)
DNA damage rate (1)
Sensibility parameters («, 3)
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DB: TC_Pb3%_0.vtk
yele: D | Timed
o 000

Adding the term:
—Dose.k(t).u(t, x)

- O

Temozolomide impacts all cells in
the brain

LY

Possible existence of mutated
tumor cells that aren't affected
by the drug
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Surgery only

S e m === m -—— - 5
5. g = 5
gl st :
3 3
€10tk H
E H

108 . " " " N " " n

4 50 60 70 8 % 100
Time (days)

Surgery with radiotherapy

Tumor proportion
Tumor proportion

Radiotherapy

6 70 8 9% 100 O 10 20 30 4 50 6 70 8 9% 100
Time (days) Time (days)

«F >
Flavien Alonzo (LMJL) CANUM 2020 December 3, 2020 21 / 24




DB: TC_Pb3g_0vtk
Cycle
Swecioccs 9.

[ Time:d

s

s-axis

Without treatment

DB: TC_Pba% 0.tk
Cycle:D | Time0
.

[

-
pard - T
Vi
S e
i
0.
b
o0
019

CANUM 2020

December 3, 2020

22/ 24



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton0'){ocgs[i].state=false;}}




var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton1'){ocgs[i].state=false;}}



Cellular het-
erogeneity

o Tumor sub-
populations
o According
to treatments
o According
to the genetic
modifications

Immune-responses

o Immunotherapy

Real data

o Integrating
temporal data
o Using
Kalman's filter
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