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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

(Martí-Bonmatí et al. 2020)



Continuous Model - Tumour growth and 
chemotherapy outcome



Motivation

Hanahan, D. and Weinberg, R. A.
The Hallmarks of Cancer: the next generation. 

Cell. Vol. 144, 2011. DOI: 10.1016/j.cell.2011.02.013



Question
How to separate the scales?



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.



Single Scale Infinite Resolution 
Mathematical Model

𝝅𝜸𝒌
∗ 𝒌(𝑿), 𝑻𝒍, 𝒕 = 𝝅𝜸𝒌 𝑰𝒌, 𝜶𝒌, 𝝉𝒌, 𝑺𝟏, … , 𝑺𝑱, 𝒕 ⋅ 𝝅𝜸𝒌

𝒕𝒓𝒆𝒂𝒕 𝑻𝒍

𝑟𝑖
𝑑𝑉𝑋(𝑋, 𝑡) =

𝑑𝑐𝑖
𝑑𝑉𝑥 𝑋, 𝑆1, … , 𝑆𝐽, 𝑡

𝑑𝑡

ሶ𝑆𝑗(𝑋, 𝑡) = 

𝑘
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𝑟𝑖
𝑑𝑉𝑋(𝑋, 𝑡) = 𝑓𝑝

𝑖,𝑎(𝑋, 𝑡) − 𝑓𝑑
𝑖,𝑎(𝑋, 𝑡) =
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𝜕𝐶𝑖
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+ ∇ ⋅ 𝐶𝑖

𝑑𝑉𝑋(𝑋, 𝑡)
𝜕𝑢(𝑋, 𝑡)
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𝜕𝑉
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= 𝑘𝑖𝑎

𝜕𝐶𝑠
𝑉

𝜕𝑡
+
𝜕𝐶𝑛

𝑉

𝜕𝑡
,
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Multiscale Framework

• Tumour
• Finite Element Method

• Tissue
• Agent-Based Model

• Cell
• Machine learningTemporal extent -> duration of chemotherapy

Temporal Grain -> minimum distance to successive imaging 
controls



Multiscale Framework

• Tumour
• Finite Element Method

• Tissue
• Agent-Based Model

• Cell
• Machine learningSpatial extent -> size of tumour

Spatial Grain -> limited by image resolution and number of 
degrees of freedom the FEM can solve
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• Machine learningSpatial extent -> conveniently set to grain of tumour model

A tumour model with 300000 Finite Elements requires 
300000 executions of the ABM



Multiscale Framework

• Tumour
• Finite Element Method

• Tissue
• Agent-Based Model

• Cell
• Machine learning

Binning
Interpolation

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



Multiscale Framework

• Tumour
• Finite Element Method

• Tissue
• Agent-Based Model

• Cell
• Machine learning

Binning
Interpolation

Spatial and temporal extent of cell model -> conveniently set 
to grain of tissue model

Not coupled, 
run once



Scale separation applied to solid tumour growth



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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