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Purpose: Radiotherapy treatmentplanning commonly involves analysis of static dosedistributions and
corresponding DoseVolumeHistograms(DVHs). However, such analysis doesnot accountfor biological
effectsof spatial variations in the physicaldosedistribution. We introduce the DoseConvolution Filter
(DCF) model capableof incorporating spatial doseinformation in plan analysis and optimization, and
integrating biological factorssuchascell migration and bystander effectsinto physicaldose distributions.
TheDCF model shouldallow more accurateprediction of tissueresponsefrom complexradiotherapy dose
distributions,and canfacilitatemodeling of theeffectsof patientmotion.

Method and Materials: We usea Gaussianconvolution filter with standard deviation,σ, determining the
degree of dosewashout.To test this model, filtered dosedistributions are applied to a NTCP model to
calculatetissueresponse.As anil lustration,we determineσ from existing rat spinalcorddata,andcompare
model-predicted NTCP with publisheddata.We alsosimulatethe GRID technique,in which anopenfield
is collimatedinto manypencilbeams.

Results: After applying DCF, an NTCP modelcanpredict dependenceof tissueresponse on variationsin
spatial dosedistribution. The model successfull y fits the rat spinal cord data with a predicted value of
σ=2.6±0.5mm,consistentwith 2mm migration distancesof remyelinating cells. Moreover, it enablesthe
correct prediction of a high relativeseriality for spinal cord. Finally, this model alsopredicts thesparingof
normal tissuesby theGRID techniquewhenthe sizeof eachpencilbeam becomescomparableto σ.

Conclusion: TheDCF modelincorporatesspatialdoseinformationandoffersanimprovedway to estimate
tissue responsefrom complexradiotherapydosedistributions. It doesnot alter the prediction of tissue
responsein large homogenousfields, but successfull y predictsincreasedtissue tolerancein small or highly
non-uniform fields.
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