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Purpose: To developa fast MonteCarlo (MC) dose enginefor proton radiation treatmentplanning calculationsandresearch studies.

Method and Materials: We developeda completeMC simulationsystemfor calculatingthedosedistributionsin patients. The
systemusesa commercial treatment planningsystemwith ananalyticaldosealgorithm to designthetreatmentplans. A DICOM-RT-
ION interfacewasdevelopedto allow automateddata transferbetweenthetreatmentplanningsystemandtheMC system.TheMC
modelincludedall majorcomponentsof a passively-scatteredproton treatment unit anda CT-basedpatientmodel. A suiteof
programsconvertedtheprescriptive data(e.g.,range,modulation width, field size)andpatientCT datainto a MC input file, including
coordinatesystemtransformationsfor arbitrary treatmentbeamorientations. Theradiationtransport calculationsareperformedwith
theMCNPX MonteCarlo systemrunningon a cluster of 51264-bit CPUs. For eachtreatment field, multiple simulation outputfiles
werepostprocessed andthe resultingMC dosematrix waswrittento theDICOM-RT-ION plan. Theplanwasthenimportedinto the
commercial planningsystemfor visualization.

Results: TheMC simulationsand pencil beamdosedistributionsare in goodagreement for a two-field prostateplananda three-field
lung plan. Theprostateplan required1.6hoursandthelungplanrequired14 hours using512CPUsto achieve< 2 % statistical
uncertainty in thetotal dose at isocenter. Thecomputing time wasdirectly relatedto the numberof voxelsin thepatientmodel.
Timing studiesrevealedthatthesimulationspeedfor this systemscalesalmost linearly with the inversenumberof CPUs.

Conclusion: The results of this studystrongly suggestthatit is feasible to implementa fastandeasy-to-useMC treatmentplanning
doseenginewith currentlyavailable computing technologiesandresources.
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