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Purpose: To compare intensity modulatedprotontherapy (IMPT) versusintensity modulatedx-ray therapy(IMXT) for thedelivery
of nonuniform doseprescriptionsbasedon hypoxia-imaging,so-called dosepainting.
Materials and Methods: IMXT deliveredwith helical tomotherapy(HT) was comparedto IMPT deliveredwith spotscanning (SS)
anddistalgradienttracking (DGT). ThenovelDGT methodplacesbeamspots wheredoseprescription gradientsoccuralongthe
pencil beamaxis. Fundamentaldosimetricproperties of eachmodalitywereassessedby creating optimizedplansfor 144variationsof
a cylindrical phantom with six boost regionsembeddedinside a basetumor region. Clinical caseswith biologically conformal dose
prescriptionsbasedon PETwith the 61Cu-ATSM hypoxia imagingradiopharmaceuticalwereplanned. The effects on thenonuniform
dosedistribution of delivering IMPT on a 180ºarcversusequi-spacedbeamsspreadover360ºwereinvestigated.
Results: Phantomstudiesshowedthatnonuniform doseplan quality for tomotherapy,SS, andDGT, wassimilar, but DGT planswere
mostsensitive to phantomsizeandboostregionproximity. IMPT reducednormaltissueintegraldoseby a meanfactorof aroundtwo
relativeto IMXT . Clinical dosedeviationsfrom theprescription were comparable for all modalities,but arc IMPT deliveries
markedly reducednormaltissuedoseand improved critical structuresparing withoutcompromisingthedosedistribution in thetumor.
Conclusions: In thetargetvolume,IMX T andIMPT deliver comparablenonuniform dosedistributions. IMPT offers improved
integral normaltissuedoseandsparing of critical structuresoverIMXT, aswasthecase for uniform dose deliveries. DGT reduces
requiredbeamspotsby a factor of aboutthreerelative to SS. IMPT dose painting will require similar management of intrafractional
patient motion asfor IMXT, with theadditionalconsideration of proton spotplacementuncertainty.
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