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Proto n dose calcu lation inco rpo rating respiratory
motion

Purp ose
Protonsaresensitive to the tissuedensity variationsin the beampath.The doseactually
deliveredcould be incorrectly predicted by the static patientmodel in the presence of
significantorganmotion. Thepurpose of this work was to investigatemethodsto predict
dose deliveredto thepatientsby incorporatingrespiratorymotioneffectsinto protondose
calculation.

Method
The convolution method and direct simulation method were implemented. For
convolution method,thedosedistribution calculated for the exhalephasewasconvolved
with a one-dimensional asymmetric probability distribution function (PDF) along
superior-inferior (SI) direction. For direct simulationmethod, the organ position change
was simulated by moving the co-planar beamsin the direction oppositeto the organ
motion. The dose distribution was recalculated for each simulated position, and
combinedwith theweights determinedby thesame PDFusedby the convolution method.
Themethodswereevaluatedon a 2-beamanda 3-beamesophagusproton treatmentplan
in which theITV methodwasusedto compensatefor therespiratorymotion.

Result
Thereweresignificantdosedeviationsdueto respiratory motionat theair-tissuejunction
perpendicular to the organmotion direction, andat the superiorandinferior edgesof the
static dosedistribution. Diff erences up to 15% were observed in the target region and
30% in the air-tissueregionbetween the motion-encodeddose distribution andthe static
dose distribution.Examination of the dosevolumehistogram indicatedthat two methods
yieldedverycloseestimationof respiratory motioneffecton dosedistribution.

Conclusion
The convolution methodis nearly equivalent to the direct simulationfor proton for the
studiedesophaguscase. Incorporation of the organmotion could leadto a more realistic
estimationof dosedistributionfor protontreatmentplans.


