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PRIMAGE Project

* PRedictive In silico Multiscale Analytics to
support cancer personalized diaGnosis and
prognosis, Empowered by
imaging biomarkers

* Patient specific models of the tumour growth
to personalize treatment

* Neuroblastoma (NB) - Most frequent
solid tumour outside of the brain in
children
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IMAGE PROCESSING & FEATURES & MULTI-SCALE PRIMAGE
ACQUISITION SEGMENTATION BIOMARKERS MODELS Al MODELS PLATFORM

(Marti-Bonmati et al. 2020)
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Continuous Model - Tumour growth and
chemotherapy outcome

INPUTS OUTPUTS

Geometry Prediction of the

tumour’s evolution
in different
scenarios

CLINICAL Vascularization
PARTNERS network

b Cellularity level

Stroma info

IN SILICO
MODEL

Personalized

: selection of
Genetics

optimal treatment

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




Motivation

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing Activating invasion
angiogenesis and metastasis

Enabling replicative Hanahan, D. and Weinberg, R. A.
immortality The Hallmarks of Cancer: the next generation.
Cell. Vol. 144, 2011. DOI: 10.1016/j.cell.2011.02.013
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Question

How to separate the scales?
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‘12 Definition of scale

* Grain - which is the largest value between the lower limit of
spatial/temporal resolution allowed by instrumentation, and the
smallest/fastest feature of interest.

* Extent - the smallest value between the upper limit of
spatial/temporal resolution and the size of the largest/slowest feature
to be observed.
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Single Scale Infinite Resolution
5 Mathematical Model

( ), (k(X), Ty, t) = my, (I, g, Tk, S1, -, S, t) - THE(T)) (1)
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Single Scale Infinite Resolution
« .5 Mathematical Model

[ (1
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Single Scale Infinite Resolution
« .5 Mathematical Model

( (1)
NedVy NedVy
S] (X; t) — z X;((Ikl A, Vo Tk t) + z G;((Ik) A, Vi Tk t)
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Single Scale Infinite Resolution
« .5 Mathematical Model

[ (1

< - - dciV* (X, t
T?VX(X, t) — f;,'a(X, t) _fza(X’ t) — i df ’ )
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Single Scale Infinite Resolution
« .5 Mathematical Model

(1
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Single Scale Infinite Resolution
.5 Mathematical Model
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- Single Scale Infinite Resolution

Mathematical MOdel
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NedVy NedVy

S] (X; t) — z X]]( (Ik) aki Vk; Tk t) + z O-]i (Ik) ak; yk; Tk, t)
k k

* . . dcVx(x t
RV = 0 — [ = T

au(Xr t)) — T'dVX
{

aci"*(x,t)
ot

+V- (cidVX(X, H—

v . [acV _(acy acY
= kia| ) = fla 4+ ’
\ ot ot ot ot

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA




42 Multiscale Framework

5.1 Whole tumour scale 5.2 Tissue scale 5.3 Molecular scale ° Tu mour

* Finite Element Method

Image-Based Analysis

* Tissue
* Agent-Based Model

Source: UNIZAR

* Cell
 Machine learning
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Multiscale Framework

5.1 Whole tumour scale 5.2 Tissue scale 5.3 Molecular scale ° Tu mour

* Finite Element Method

/mage -Based Ana/yS/s

Source: UNIZAR

Temporal extent -> duration of chemotherapy

Temporal Grain -> minimum distance to successive imaging
controls
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Multiscale Framework

5.1 Whole tumour scale 5.2 Tissue scale 5.3 Molecular scale ° Tu mour

* Finite Element Method

Image-Based Analysis

Source: UNIZAR

Spatial extent -> size of tumour

Spatial Grain -> limited by image resolution and number of
degrees of freedom the FEM can solve
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' Multiscale Framework

5.1 Whole tumour scale 5.2 Tissue scale 5.3 Molecular scale ° Tu mour

* Finite Element Method

Image-Based Analysis

* Tissue
* Agent-Based Model

Source: UNIZAR

Spatial extent -> conveniently set to grain of tumour model
A tumour model with 300000 Finite Elements requires
300000 executions of the ABM
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42 Multiscale Framework

5.1 Whole tumour scale 5.2 Tissue scale 5.3 Molecular scale ° Tu mour

* Finite Element Method

& Binning
Interpolation f

Image-Based Analysis

* Tissue
* Agent-Based Model

Source: UNIZAR

Spatial extent -> conveniently set to grain of tumour model
A tumour model with 300000 Finite Elements

requires 300000 executions of the ABM

- available HPC resources include 100 GPUs simultaneously
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' Multiscale Framework

5.1 Whole tumour scale 5.2 Tissue scale 5.3 Molecular scale ° Tu mour

* Finite Element Method

& Binning
Interpolationf

Image-Based Analysis

* Tissue
* Agent-Based Model

f Not coupled,
run once

Source: UNIZAR

e Cell

Spatial and temporal extent of cell model -> conveniently set * Machine Ieammg

to grain of tissue model
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1/ 2 Considerations

* The aim of this study was to find the scale separation of a new
multiscale tumour growth model that minimises the modelling
complexity, while respecting the experimental resolution and
computational constraints that limit the scale ranges.

* Reduction of hundreds of thousands of FE to a hundred ABM is a
major simplification.

* Every paper that describes a multiscale model should provide
justification for its scale separation based on the resolution of the

experimental methods available to inform the model and the
computational power available for its solution.
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