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Purpose: The transitionfrom passivescattering to active scanningin proton radiationtherapyintroducesthe problemof interplay
effects, when elements of beammotion havea similar time scaleto intrafractional tumor motion. This can lead to unacceptable
deviation from the planneddosein a given fraction. The sumof fields over an entire treatmentleadsto a predictablebroadeningof
the penumbra,but the limited numberof fractionsmay not provide enough repetitionto satisfactorily washout interplayeffects. A
possiblesolution is the ‘ repainting’ of eachfield severaltimesat lowerdoserate. This studylooksat thedosimetric effectof interplay
andcomparesdifferent ‘ repainting’ methods.
Materials & Methods: The broadening of the penumbraand the doseshift due to breathing asymmetryare characterizedvia
simulation over a set of clinically relevant permutations including tumor amplitude, breathingperiod, energy changetime, proton
beamspot size,locationwithin thefield, anddegreeof breathing asymmetry. Several repaintingmethodsaredevelopedandcompared
for the conditions of worst-casedelivery error.Breathing motion, normalto the beamdirection,is modeledwith an asymmetricsine
function..   
Results: The broadening of the penumbradepends only on the amplitudeof tumor motion, andis responsiblefor narrowing the full
prescription isodosevolumeand widening thelow dosepenumbra by asmuchas2cmfor largetumor amplitudes (3cmpeak-to-peak).
The systematicisodose shift by 10%-15% of the tumor amplitude was observeddue to motion asymmetry. Of the five re-painting
techniques studied,Breath SamplingRepainting wasmost effective in reducingdose errorswith a minimal addition to treatmenttime.
Conclusions:Doserepainting is necessaryin treatmentof moving tumorswith scannedproton beams. Thedosimetric uncertaintycan
bereduced with certain‘repainting’ techniques. 


