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Purpose: Current tumor simulation models describe either microscopic or macroscopicbehavior and do not efficiently use
information available on both levels. Furthermore, they are basedon simplifying assumptions rather than observable data. To
overcomeboth these deficiencies, we incorporated an existing microscopic,stochastictumor model based on radiobiological
propertiesand PET/CTimaging data into a multiscaletumor model.

Method and Materi als: In the microscopic model, biological parameters accounting for micro- and macroscopic tumor
characteristicscomplement anatomical information, thereby enabling simulating tumor development voxel-by-voxel. Resulting
changesin voxel density andmicroenvironmental conditionsarepassedon to thesuperiortissuelevel wherea finite elementanalysis
method is usedto determinetumor deformation basedon a thermo-elastic continuummechanicsanalogy.Deformation tensorsare
thenapplied to theinitial input geometry to calculatethefinal morphologyin imagespace,allowing for comparisonto clinicaldata.

Results:Simulation results basedon murinesquamouscell carcinoma xenograftµPET/CT datashowgoodqualitativeagreementwith
tumor behavior pre- and post-radiotherapy. Due to tight integrationbetweenthe simulation levels,relevantbiological propertiesare
conservedto within 2% error. Since biologicalparameters aremonitoredat a voxel level, this approachis computationallysuperior to
classicsingle-cell-basedmodels. However,a limi tation of voxel discretization is that growth may be discontinuousacrossadjacent
voxels, causingresidual stresseswithin thetumor thatareeasily detectableduringthesimulation.

Conclusion: Our results indicate the ability of the proposedmodel as a platform to simulate tumor behavior while allowing for
integration of andcomparisonto (pre-) clinical data.All required input variablescanbe directly accessed throughexperimentsand
multimodality imaging. Tensiometric properties and anatomical constraintsinfluencingmechanicalinteractionof the tumor can be
easilyadded,allowing for a calibrationin futureinvestigationof morecomplexclinical casesto improvereliability.


