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Purpose: To evaluatetheability of 4D TreatmentOptimization andPlanning, which is a recentlyavailablefeaturein theMultiPlan®
Treatment PlanningSystemfor 4D treatment planningfor motion trackingwith theCyberKnife® RoboticRadiosurgery System,to
calculatea dosedistributionthattakesinto accountboth beammovement dueto respiratorymotion andsoft tissuedeformation.

Method and Materials: A phantomwasdevelopedfor 4D planningvalidation, containing a target thatexhibitsperiodic motion
driven by a motor, and a critical structureadjacentto thetarget. A 4D CT scanof thephantom in motion wasobtained,anda treatment
plancreatedon this 4D CT scanusing MultiPlanwith the4D Planning module.Thetargethasfiducialsembedded in it, and
Synchrony RespiratoryMotion Tracking Systemwasusedsothat thetreatmentbeams followedthetargetmotion. Radiochromic
fil m was placedin thecritical structureandthetreatmentplanwasdelivered. Thefil m dose after treatmentwascompared with that
calculatedby MultiPlan usingboth thestatic dosecalculation (3D dose)andthatcalculatedusing the4D Planningmodule.The4D
Planning moduleusesdeformable registration andinformation aboutbeammovementto calculatea dosedistribution thattakesinto
accountboth targetmovement and tissuedeformation duringtreatment(4D dose).

Results: For the3D dose in the coronalfil m, 64.4%of pixelshada disagreementof 3% or lessbetweenmeasuredandpredicteddose;
for the4D dosedistribution, 97.6% of pixelshada disagreementof 3% or less.Using a Gammafunction with a passingcriterion of
5% dosedifferenceor 3mm distanceto agreement,94.9%of pixels passfor the3D doseand100.0%of pixelspassfor 4D dose.

Conclusion: The4D Planning moduleaccurately calculateddosein this phantomtestfor a movingtarget..


