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Purpose: To analyzepredictions of therelative biologicaleffectiveness(RBE) for carbonion treatmentplanningbasedon differentdescriptionsof theradial
dosedistributionsaroundion tracks andto discussthe implications on clinically relevantdepthdose profiles.

Method and Materials: We investigate the impact of trackstructureon calculationsof RBE valuesusingtheLocal EffectModel (LEM). It calculatesthe
RBE for cell linesor tissuesstarting from thecorrespondingexperimental/clinical photon dataandanamorphoustrackstructuremodel.Dif ferenttrack
structure modelsthatuseenergy-dependentaswell as energy-independentcoreradii are investigatedandcomparedto in vitro andin vivo data.Additionally,
we apply themto calculatethe biologically effectivedosealonga spread-out Braggpeakfor typicalchordomatreatments.

Results:We showthatthe LEM is sensitive to different descriptionsof theradial dose distributions.However, by changinga singlemodelparameter of the
photon referencecurve,reasonable RBE valuescanbeachievedfor all dosedistributions. Thegeneral improvementof predictionsusinga modified version
of theLEM with anenergy-dependentcoreradius is demonstratedby comparisonto in vitro dataof humancell lines andto experimental data of the
radiation toleranceof therat spinalcord. Additionally, we find a largertherapeuticratio for themodified modelversionrelativeto the original LEM for a
typical treatmentscenario for chordoma patients.

Conclusion: TheLocal EffectModel is sensitive to theinnerpart (few nanometers) of differenttrack structure descriptions.Sincetheseinteractionsof
ionswith liquid waterareneitherwell understoodexperimentallynor theoretically, morestudiesshouldaddressthe energydepositionaroundion tracks.
This will bein particularuseful for furtheroptimization of carbon ion therapy in generalandwith respectto comparisonwith othertreatmentmodalities
like protonsor IMRT.


