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Computational models of brain tumor have gained attention among
scientistsin thelast decade. Equations describing these models now include
different components of the growth: cell proliferation, migration through
thetissue and expansion. Recent efforts were devoted to theinclusion of
patient-specific data into the model. Simulation results demonstrate a good
correlation with radiological observations and allow for new per spectivesin
neur o-oncol ogy.

Brain tumors show a complex pattern of growth e¢léular level. At histological scale, two
major mechanisms are responsible for the invasidneotumor: infiltration and expansion.
Infiltrating tumor cells are isolated cells that@ae the brain through a diffusion process.
This diffusion tends to follow white matter fibeExpansion describes the coherent growth of
the tumor mass, pushing surrounding structures aMlagt of the diffusive brain tumors
(known as gliomas) share these 2 patterns of gromith different proportions depending on
their grade.

Biomathematical models

Different mathematical models have been developéifarent scales to model the growth of
gliomas. For example, cellular automata describestiolution of tumors at the microscopic
scale. The models we develop in the Asclepios pt@EINRIA Sophia Antipolis describe

the tumor at the macroscopic scale, correspondiniget observation scale in medical images.
In our model, the evolution of tumor cell dens#ydiescribed with a reaction-diffusion
equation. This equation involves 2 parametg@dD which respectively control the speed
of cell division and diffusion into the tissue.dar case, the diffusion tensbrtakes into
accounthe anisotropic invasion of tumor cells in the whatter fibers. This equation is
coupled to a mechanical equation to model the mfisst of the tumor. It is important to
notice that the numbers of parameters have intesitypbeen kept small in this model, to
minimize the number of unknowns to fit to the data.

These 2 equations completely describe the 3 cormpeeé the tumor growth: proliferation,
diffusion and expansion. Different properties ataccording to the different tissues of the
brain, identified on MR images of the patient. Spetoundary conditions prevent tumor
cells from diffusing through the skull and venteis! This personalized model allow for a
realistic simulation of the tumor growth with resp& observations (see Figure 1).



Figure 1. Tumor growth simulation based on patient imag&sT@ MRI of the patient in March 2002 (two
different slices are shown). (B) MRI A with supepiosed iso-densities of tumor cells used as inttalditions
for the model. (C) T2 MRI of the same patient ip@enber 2002 (6 months later). (D) MRI C with
superimposed iso-densities of tumor cells simulatid model. Real tumor -C- and simulated tumor sBhew
similar growth patterns.

Applications

In the context of the associated team CompuTumatiae European project Health-e-Child,
we are currently developing methods to identify elqehrameters based on radiological
images of the patient. These methods allow forragmalized and quantitative diagnostic of
the pathology. Such information could influence tterapeutic strategy: a very diffuse tumor
(high D, low p) would probably be better treated with extendeliotherapy and
chemotherapy, while surgery seems more adaptexpamsive -but less diffusive- tumors.

This model could also provide information that catnime quantified by MRI. Indeed, it

allows for the estimation of the local tumor cedihdity, where the MR image only shows a
detection threshold. By better defining the invisipart of the tumor, this opens new
possibilities for the treatment of these tumordwaédiotherapy. Figure 2 presents a synthetic
example of the application of the model to radicdipg.
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Figure 2. Synthetic example of application to radiothergpy).Red: segmentation of the visible tumor in the
image. White line: contour of the region targetdéthwadiotherapy. A constant margin of 1.5cm isdug8)
Distribution of tumor cells computed with the madBhe estimated distribution of tumor cells is hygh
inhomogeneous. (C) Blue: area invaded by the tuandrtargeted by radiotherapy. Yellow: healthy tssu
targeted by radiotherapy. Green: invaded areaeobthin that is not targeted by radiotherapy. Teehcould
be used to adapt the targeted volume to applyatthetherapy dose to the blue and green regions only
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Links:

Asclepios research projetittp://www-sop.inria.fr/asclepios/

CompuTumor associated teanttp://www-sop.inria.fr/asclepios/projects/boston/
Health-e-child http://www.health-e-child.org/
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