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Purpose: Spot scannedbeam delivery can be used to implement intensity modulatedproton

therapy (IMPT) to better conform dose distributions to the target volume. Unlike passive

scatteringbeam delivery techniques, the interplay of the infra-fraction organ motion and the

discretespotsscanning can introduce‘hot’ and ‘cold’ spots.We investigatedthe variation of

computer simulateddelivered dose, and the improvements for motion effectsby scanning with

multiple beamwidths sothatregionsthatneededhigher resolutionhadsmaller beam widths.

Method and Materials: The simulation wasdonefor one-dimensional spotsscanned with target

motion.Themotionpatternwasrecordedfrom anactual patientbreathingnormally. Theanalysis

wasmadefor a rangeof beamwidths andnumberof repaintings. Thebeamwidthswerechosento

benarrowat the edgeand wider in thecenterof thetargetin orderto providethebestefficiency.

Results: The variation in delivered dose can be 100% more than planned when there is no

repainting. After 10 repaintings, the variation of dose distribution is reducedto 5% or 20%

depending on beam width. Beam width modulation approacheshigh uniformity faster as the

numberof repaintingsincreaseswithout thecompensationof conformity.

Conclusion: The dosimetriceffect of the intra-fraction targetmotion is a function of the beam

width and number of repaintings. The simulation showed that the interplay produces large

inhomogeneities. A wider beam can improve the uniformity, with the side effect of a larger

penumbra. Multiple repainting andfractionationalso smoothout thesevariations,with the costof

increased total treatment time. Beamwidth modulation has shown a good balanceof thesetwo

factorsandis expectedto bea delivery techniqueto achievebothhigh uniformity andconformity

aslong assufficient numbers of fractionsor repainting.


