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Purpose:
To incorporatepatient positioninguncertaintiesdirectly into IMRT planoptimizationthroughprobabilistic treatment planning(PTP).
Margin-based planning results in significant normaltissuevolumesbeingexposedto a treatment dose.PTP eliminatesexplicit
marginsand operatesdirectlyon theexpectation valueof theintegraltreatmentdoseto determinetheoptimal dose to thepatientin the
presence of setupuncertainties.

Method and Materials:
Three prostatepatients and onephantom planareoptimizedusingbothmargin-basedandPTP methods.Patientplansaredesignedto
adhere to theRTOG-0126criteria. Only random errorsareconsidered.For themargin-basedplan,thePTV is created by expanding
the CTV by 2.1mm to accommodatethe3 mm random setupuncertainty simulated. PTP directly utilizestheCTV duringplan
optimization.Randomsetup uncertainties are introducedinto thePinnacleIMRT TPSby convolvingeachbeam’sincidentfluence
with aσ=3 mm Gaussian.PTPoptimization usestheconvolvedfluencedose. PTPs arecomparedto PTV-basedmarginplanswith
equal CTV coverage in thepresenceof setuperrors. Normal structuredosesareusedto quantify PTP andmargin-baseddifferences.

Results:
Both margin-basedandPTPplans meet33 of 42 optimization criteria. For critical structureswhich did not meetthecriteria,PTP
showsdecreasedvolumereceiving themaximum specifieddose. PTPreducesnormaltissuevolumesreceiving themaximumdoseon
averageby 57%,while theCTV volumelossis 2.5%.PTP reducestheCTV meandose by 0.22%. PTP also results in lower dosesto
structuresthatmeettheoptimization criteria.

Conclusion:
PTP accounting for randompatientpositioninguncertaintieswasincorporatedinto Pinnacle.For equaltarget coverage, PTP results in
equal or lower dosesto normal structuresthanmargin-basedplans.(Work supportedby NIH P01CA116602andT32CA113277)
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