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Low grade gliomas

@ Gliomas account for 50% of all primary brain tumors
o LGG: mostly incurable, median survival time ~ 5 years

@ Low evidence for currently used radiotherapy regimes
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Mathematical model

What could be obtained from mathematical model?

@ Selecting LGGs patients that may benefit from radiotherapy

@ Optimal fractionation schemes
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Radiotherapy model
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Model dynamics

Standard radiotherapy scheme: 1.8 Gy every day during 30 days.
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Fast response — bad prognosis
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Fast response — bad prognosis

60— . P
-1 -
p=0.00712day ¢
50 r // ,/®
£ g g:"’
E ol / s
5 8 ’ .
B3] J/ ?  p=0.00356 day
g 30} d o
A % ; g
5 20 \:Q\D ) o
= I a_oma o o
=
B
10 |
e R S

Time (years)

7/18



RT delay doesn't affect survival
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RT delay doesn't affect survival
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Full mathematical problem

Tumor cell dynamics:

—DAu—l—,ou(l—u—v),

& = DAv + Rv(l —u—w),
(0 r) = uo(z), uo(z) € C*(Q), v(0,z) =0,

a—qf =0, 8—13 =0.
I {50 I |50
Response to RT:
{ Up g1 = Sy,
Upt1 = (1 = Sp)up + vy

where: S¢(dy) = e—adk—Bdy
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Main restrictions

Restriction on normal tissue damage
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and on the maximal single dose irradiation value:

dj<d,, j=1,...,N
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Optimization problem

Maximization of survival time, tumor mass criterion:

T = max {t : /Q (u(t,z) +v(t,z))de < C’} — max,
QCR? d=(dy,...,dy).
Maximization of survival time, maximal density criterion:
7 =max {t: (u(t,z) +v(t,z))} <C — max,
QCR? d=(dy,...,dy).

Results of optimization:

T 1 week 2 week 3 week 4 week 5 week 6 week
6,15 years 165Gy | 1.76 Gy | 1.82 Gy | 1.84 Gy | 1.85 Gy | 1.86 Gy
6,11 years 1.8 Gy 1.8 Gy 1.8 Gy 1.8 Gy 1.8 Gy 1.8 Gy
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Optimization for time periods

Standard dose values: d = 1.8 Gy.
Simpliest system dynamics:

ou
i DAu + pu(l — u),

u(0, 1) = up(z), uo(z) € C?(Q),
gul - _y
on | 5q

Radiotherapy: 1,1 = Syuy,
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Optimization for time periods
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Gain in survival time

10

0.002 0004 0006 0008 00l
P (day1)

15/18



100
T
100 16/18

80
O
&80

A (days)

40

20

3d simulation



What's next?

@ Optimization of timing between doses for the full model
@ Varying interval between doses independently

@ Varying both dose values and scheduling: gain of metronomic
therapy
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Thank you for your attention!



