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Purpose: In proton therapy, neutrons aregeneratedin treatment headandpatient. Monte Carlo simulationsarewidely usedto study
secondary neutrons.Neutron quality factorsaredefinedconservatively and do not necessarily takeinto accountthat dosemight be
depositedby secondary particlesgeneratedby neutrons,which might havea differentquality factor.Thepurposeof this studywasto
assesshow theorganequivalentneutron dosedependson differentscoringmethods.

Method and Materia ls: Six voxelized phantoms representing patientsof different agehavebeenimplementedinto our MonteCarlo
code. Organdoses,D, werecombinedwith weighting factors to calculateorganequivalentdoses,H. Method 1 is basedon:

H1 = Dpp1*1.1+Dpp2*2.5+Dpp3*5+Hpnw+Dep*1.1+Henw+Dother*wR

(Dppi, Dep, Dother:D for different proton energy intervals, D from electronsoriginating from protonsand D from particles other than
protons or electrons,respectively; Hpnw, Henw: event-by-event wR-weightedenergydeposition by protonsoriginating from neutronsand
by electronsoriginating from neutrons,respectively; wR: neutron weighting factors weighedby the fluencespectrum of the neutrons
enteringtheorgan).Method 2 is basedon theproducts of thewR valueandthesumof dosesdepositedby all particles:

H2 = (Dpp1+Dpp2+Dpp3+Dpn+Dep+Den+Dother)*wR

(Dpn (Den): organdoses depositedby protons (electrons)originating from neutrons,respectively).Method3 is a variation of method1
by replacing thenewly proposedICRPneutron radiation factorsby its current definition.

Results: We found significant relative differences in organequivalent dosebetween methods1 and 2, i.e. 20-50%. We found an
increasingdiscrepancywith increasing ageof the phantombut no dependenceon the distance of the organ from the PTV. Of all
methods,method1 givesthe highestvaluesof organequivalentdose.

Conclusion: When calculating neutron dosesusingMonte Carlo simulations, the organequivalent dosedependssignificantly on the
applied scoringmethod.


