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Purpose: To quantify the effectsof motionon dose distribution in a 4D Monte Carlo simulationframework andto understandthegain
of motionmitigation strategiesin high precisionradiation therapy.

Method and Materi als: A simulation engine basedon 4D-CT modeling and 4D Monte Carlo dosecalculationswas specifically
designed. The NCAT (NURBS-basedcardiac-torso) computationalphantomprovided a databaseof 48 anatomical 4D-CT models,
featuring breathing patternsup to 4 cm diaphragmmotion and 3 cm chest-wall expansion.Lungtumors of variablesizewere placedat
different locations in the NCAT models. Monte Carlo dosecalculation software, based on the Dose PlanningMethod(DPM), was
util ized to computedose-volume histogramson the simulated 4D-CT database.Variations in the dosedistribution as a function of
irradiation technique(IMRT, 3D conformal), motion mitigation strategy (ITV, gating, tracking) and treatment margins are under
investigation. The performance of the implemented simulation framework was examinedon a test IMRT casefeaturing 4.0 cm
diaphragmmotion and 2.0 cm extensionof the chest-wall, with a spherical tumor (1.0 cm radius,70 Gy prescription dose)located
closeto thediaphragm.

Results: Results showvariations in IMRT targetcoverageasa function of the breathingphasein tumor tracking. Dose coveragefor
95%of the targetvolumemeasured67.5Gy and72.1Gy at inhale/exhale,indicatingunder/over-dosage,correspondingly.Such results
correlatewith anatomical variations dueto breathing in thedeformable phantom.

Conclusion: Thecomplexity in the irradiation of moving targetshasbeenreducedto a controlledsimulation environment where the
effectsof several treatment options can be easily modeledand quantified. Preliminary resultsillustrate that the anatomical changes
due to breathingmay significantly alter dosedeposition during tumor tracking. Further data analysisis currently exploring the
sensitivity of alternativestrategiesto motion.


