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Purpose: Advancedstereotactic radiosurgery (SRS)andstereotacticradiotherapy(SRT)
treatments requireaccuratedosecalculation for treatmentplanningespecially for
treatmentsitesinvolving heterogeneouspatientanatomy.In this work, we have
implementeda fastMonteCarlo dosecalculationalgorithmfor SRS/SRTtreatment
planning with theCyberKnife® system.

Methodsand Materials: Our systememploys a superposition MonteCarlo algorithm.
Photonmeanfreepathsand interactiontypes for differentmaterials and energiesaswell
asthe tracksof secondary electronsarepre-simulatedusingtheEGS4codesystem.
Photoninteraction forcing andsplitting areappliedto thesource photonsin a patient
calculationandthepre-simulatedtracks arerepeated with propercorrectionsbasedon the
tissuedensity andelectron stoppingpowers.Electronenergyis depositedalongthetracks
andaccumulatedin everyvoxel of thesimulationgeometry. Scattered and
bremsstrahlungphotonsaretransported, after applying theRussian Roulettetechnique,in
thesameway astheprimary photons.Dosecalculationsarecompared with full Monte
Carlo simulationsandtheCyberKnife treatment planningsystem(TPS)for lung andhead
& necktreatments.

Results: Comparisonswith full Monte Carlosimulationsshowexcellent agreement
(within 0.5%). Significantdifferencesin thetargetdoseare foundbetweenMonteCarlo
simulationsandtheCyberKnife TPSfor SRSlung treatment.Thecalculationtime using
our superposition MonteCarlo algorithm is reducedup to 62 times(46 times on average
for 10 typical clinical cases)comparedto full MonteCarlosimulations.

Conclusions:SRS/SRTdosedistributions calculatedby simpledose algorithmsmaybe
significantlyoverestimated for small lung target volumes, which canbe improvedby
accurateMonteCarlodosecalculations. Properly implemented fastMonteCarlo
algorithmscanimprovedosimetric accuracywith little or no compromiseto
computationalefficiency.


