A stochastic discrete mesoscopic simulator of tumor growth

Biomarker discovery and therapy optimization
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7 Complexity

Complexity characterises the behaviour of a system or model whose components interact in
multiple ways and follow local rules, leading to nonlinearity, randomness, collective dynamics,
hierarchy, and emergence.!!![2]

In philosophy, systems theory, science, and art, emergence occurs when an entity is observed
to have properties its parts do not have on their own, properties or behaviors that emerge only
when the parts interact in a wider whole.
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The mesoscopic model
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Cell division




Cell division
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Cell attempts division ~ Bernoulli( Py, )
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Cell death
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Cell migration
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Mutation
Phenotypic transition
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Adapted from: Gaskell H, Sharma P, Colley HE, Murdoch C, Williams DP, Webb SD. Characterization of a functional C3A liver spheroid model. Toxicology research. 2016 Jul 1;5(4):1053-65.



GLIOBLASTOMA:

The most aggressive

gliomas

Incurable

Fast progression
Becomes resistant

Reduced survival
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Biomarker discovery
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distance from metabolic HOtspot to tumor Centroid
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NHOC carries strong prognostic value

NHOC outcompetes previous biomarkers

NHOC carries independent information
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Evolutionary dynamics at the tumor edge reveal
metabolic imaging biomarkers
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Therapy optimization




GLIOMAS:

The most frequent

primary brain tumor
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6 weeks RT+TMZ daily

6 cycles of:
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3 weeks TMZ OFF
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Gain in OS
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Proliferative-quiescent transitions

9 @ APNq! ;, ~ B (PNs! ., Py,)
@ 9 @ APNSthNB Pthjkvps)
@ 9 @ AMESq ;  ~ B (MESs! ; ., Psg)
@ 9 @ AMESS ik ™ B qui’j,k, qu)

P, = Atpgg

PqS — At,uqs




I'MZ-dependent transitions

@ APNSEJ,]{ ~ B (Pij,k, Pps) Pps — At,ups

@ AMESs; ;o ~ B (Pi s Pom) Fom = AtptpmErz

Nt .
t t - : Z).jak



Start of treatment (TMZ 10mg/kg)

TMZ 4 days
TMZ 7 days

.

Day 14

» .

|

Day 26

I

TMZ 13 days

Day 13

Day 0



SVZ-EGFRwt

10% S cells

OS: 50-63 days

SVZ-EGFRvIII

30% S cells

OS: 25-32 days

& 0
l% Instituto de Salud Carlos Il




Initial inoculum: 3x10° Limit tumor volume:
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Treatment starts 7 days
after initial inoculum
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Long-spacings reduce expression of TMZ-resistance markers
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TMZ (50mg/kg)

Untreated 1 day 7 days
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Long-spacings reduce hematologic toxicity



Longer spacings increase survival

Longer spacings delay resistance

Longer spacings reduce toxicity
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Longer spacings increase survival

Longer spacings delay resistance

Longer spacings reduce toxicity
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Longer spacings increase survival




Longer spacings increase survival

In Virtual Clinical Trial
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