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Purpose:
Treatment planningcalculationsfor proton therapyrequire accurateknowledgeof radiologicalpathlength,or range,to thedistaledge
of thetargetvolume. Traditionally, therangeis calculatedusingkilovoltage(kV) computedtomography(CT) images.Metal
implantssuchaship prosthesescancauseseverestreak artifactsthatleadto largeuncertaintiesin protonrange. Thepurposesof this
studywereto quantifystreak-relatedrangeerrors andto determineif theycould beavoidedby usingartifact-free megavoltage(MV)
CT imagesin treatment planning.

Method and Materials:
Proton treatment planswereconstructedfor a simple heterogeneousphantomand for a prostate-cancerpatientwith a metalhip
prosthesisusingcorrectedanduncorrectedkVCT images, uncorrectedMVCT images,anda combinationof registeredMVCT and
kVCT images(thehybrid approach). By examining thedifferencesin theapparentrequired rangescalculatedby thetreatment
planning system,therangeerrorsassociatedwith the streakartifactswereestimated.

Results:
In thephantom, theimplant-relatedrangeuncertainty wasestimatedat <3 mm for boththecorrectedkVCT-basedplanandthe
uncorrectedMVCT-basedplan. In thepatientplanbasedon uncorrectedkVCT images,streak-inducedrangeerrors of 5 to 12 mm
wereobserved.Manually correcting thestreaksreducedtherangeerrorsby abouthalf. The hybrid planningapproachyieldedthe
best overallresultbecausethekVCT imagesprovidedgooddelineation of soft tissuesand thestreak-freeMVCT imagesprovided
smallerrangeuncertainties;subjectiveartifact correctionswerenot needed.

Conclusion:
Thehybrid kVCT/MVCT planning approach allowed for gooddelineation of anatomic structuresandresultedin smallerrangeerrors
relativeto thekVCT-basedplanningapproach. This wasaccomplishedusing existingradiotherapysystemsandtherefore mayprovide
a practical methodto managerangeerrorsin patients with prostheseswho will receiveprotontherapy.


