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Purpose: To exploremeansof incorporatingprostate motion andsetupuncertaintiesinto biologically-basedadaptive IMRT
optimizationfor VolumetricModulatedArc Therapy (VM AT).

Method and Materials: IMRT planning objectives weresetto producea dose distribution,which,after accounting for setup
uncertaintiesandprostatemotion, meetsthefollowing requirements. 1) TheCTV is coveredwith thedesireddose; 2) Hypoxia
volumes arbitrarily drawn insideCTV areboosted;3) Desired urethrasparingis achieved.The objective functionwasbasedon
equivalent uniformdose(EUD). Repositioning datafrom five prostate patients with implantedfiducial markerswere used.Systematic
andrandom uncertaintiesfor each patient wereincorporatedinto anin-housetreatmentplanningplatform for VMAT. During the
optimization,thedosematrix was shifted basedon the systematic error, thenconvolvedwith a pre-calculatedGaussiankernelto
accountfor randomerrors.For each of thesepatients sevenplansweregeneratedusinguncertaintydataaccumulatedin 5 fraction
increments.

Results:TheurethraEUD increasedby >5Gy whenthedosedistribution from thestaticplanwas propagatedto accountfor
geometrical uncertainties.In contrast, if uncertaintieswere accountedfor in planning, urethraEUD was reducedwithout
compromisingCTV coverage(EUD decreased<1.5Gy).For four of five patients, therepositioningdata from the first five fractions
wassuff icientto accountfor uncertainty in planning.In theproposedbiologically-basedoptimizationinclusive of uncertainties, the
PTV is not required. Appropriatedose coverageof theCTV is intrinsically producedby the optimizationprocedure.Becausethis
coverage is typically tight andpatientspecific,improvednormaltissuesparing wasachieved.TherectalEUD wasloweredby up to
23Gy comparedto staticplansthatutilize thegenericPTV concept.

Conclusion: Ourapproachallows theinclusionof geometricaluncertaintiesinto biologically-basedoptimization of IMRT. Partial
uncertaintydata aresufficient to produceanoptimal plan.


