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Purpose: To developa fastcomputational radiobiological modelfor qualitative andquantitativeanalysisof tumorvolumevariation
duringfractionated radiotherapy. This model canbeusedin 4D treatmentplanningfor evaluationof dose variationsdueto time-
dependent densityvariationsin highly conformalradiotherapeuticmodalitiesasIMRT andproton therapy.
Method and Materials: The analysis is performedusing two approximations: 1) tumorvolume is a linearfunction of total cell
numberin tumorand2) tumorcell population is separatedinto four subpopulations:oxygenatedlive anddeadcellsandhypoxiclive
anddeadcells.The“dead” cells are lethally damagedby radiation and not ableto proliferate;however,theystayin thetumorand
contribute to thetumorvolumeuntil theydisintegrateandtheir debrisis removed.Thenumberof li ving oxygenatedandhypoxic cells
is governedby theradiobiological mechanismsasLQ survival model,exponentialrepopulation andreoxygenation.Theoxygenated
deadcells areremovedfrom thetumorusinganexponential decaymodel.
Results: We havecomputedtumorvolumevariation duringfractionated radiotherapyfor thehead-and-neckcancer. The
computationalresultshave beencomparedto theclinicaldata previouslyobtainedfor thehead-and-neckcancerusinganintegrated
CT/linear acceleratorsystem.We showthat the modelpredicts thetumor volumevariation for themajority of head-and-neckcases.
Largestdiscrepanciesbetweenthemodeland clinical data areobtainedduring thefirst daysof treatment.
Conclusions: Thetumorvolumeduring radiotherapycanbequalitativelydescribedusing a relatively simple radiobiological model.
Thepotentialimpacton thetumorvolumeof otherradiobiological processeswhich havenot beenincludedinto thecurrentmodelas
cell cycle analysis,acceleratedrepopulation andchemotherapyshould bestudiedin thefuture.
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