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Purpose:Radiationtreatments usingprotonbeamsareaccompaniedby productionof
smallamounts of positron-emitting isotopesalongthebeam paths. Theseshort-lived
radioisotopes,mainly 11C, 13N and 15O, allow imagingof three dimensionalin-vivo
activity distribution usingpositronemissiontomography (PET). However,sincethe
correlation betweenthecombinedactivity distribution andabsorbeddoseis not linear,
onecannot readilyascertain thedosedistributionfrom themeasuredactivity. The
purposeof this studyis to develop a mathematical modelwhich would allow
reconstructionof theabsolutedosein a patientbasedon in-vivo activity distribution.

Method and Materials: FlukaMonteCarlosimulation codewasused to generatethree
dimensionalactivity kernels for eachindividual proton energy in thetherapeuticrange.
Subsequently,thesekernelscanbeemployedto calculate theunknownenergyspectra
usedin eachindividual protonbeamduringpatientirradiation.Themethodis basedon a
solutionof a systemof linear inhomogeneousequations usinga “randomcreep”
algorithm. Thefinal convolutionof theenergyspectrawith dosekernelswill yield the
absolutedose.

Results: Thedevelopedmodel hasbeen usedto reconstructthedosedistribution for a
testcaseof a tissuephantomirradiated by two parallel-opposedprotonbeams.
Comparisonbetweentheknownandreconstructeddosedistributionsshowsthatthe
reconstructeddoseto thetargetcomparesverywell (within 2.%) to thatinitially
delivered.This suggests thatit shouldbefeasibleto usethePETscanningmodalityto
reconstruct in-vivo absolutedosedistribution.

Conclusions:Energydeliveredby proton beamsto thepatientin a singlefraction
generatesenoughactivity that can beusedfor theinverseproblemof dosereconstruction.
Our calculationsconfirmed thatby studyinga testcaseof a tissuephantomirradiated by
a parallel-opposedbeam arrangement. Thereconstructed doseis within 2% of the
delivered.


