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Purpose: To characterizethescatter, production, andattenuationof secondaryradiation in patientsreceiving passively-scattered
protonradiotherapyfor prostate cancer.

Methodsand Materials: A protontherapytreatmentwassimulatedusinga MonteCarlo modelof a double-scattering treatment
machine.Wholebodyeffective dose(E) from secondaryradiation wasestimatedfrom a weighted sumof dosesto themajororgansin
ananthropomorphic phantom. Theeffect of thepatienton secondarydosewas quantified by comparing E with ambientdose
equivalent, H*(10), which wasbased on free-in-air spectralfluencecalculationsat isocenter.Varioustreatmentparameters (proton
beamenergy, rangemodulation width, field size, andsnout position) werevariedin orderto studytheir influenceon E andH*(10).

Results: Thecalculated E for the simulatedtreatmentwas7.8mSv/Gy, while thecalculatedH*(10)at isocenter was16 mSv/Gy. Both
E and H*(10) approximatelydoubledover the rangeof modulationwidthsandenergiesstudied.As field sizeincreasedfrom 0×0 to
15×15, E doubled,while H*(10) decreasedby 30%.Whenthesnoutposition was changedfrom 30 cm to 48 cm,E decreasedby less
than20%,while H*(10) decreased by 44%overthesame interval.
Simulationsrevealedthat, while E is predominated by neutronsgeneratedin thenozzle,neutronsproducedin thepatient contributed
significantly (up to 40%)to dose equivalent in near-field organs.In mostcases,H*(10)provideda conservative estimateof E.
However– becauseH*(10)doesnot accountfor neutronscreatedin thepatient – it did not conservatively estimate E for largefield
sizes,whereneutronproduction in thepatient becomessignificant.

Conclusions:Neutronsgeneratedin thepatient contribute significantly to exposures to organsneartheirradiatedvolume.When
evaluatingstrayradiationexposure,production,scatter, andattenuation in thepatient should betakeninto consideration.


