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Purpose: To formulatea fast and accurate model to predict the biological effectivenessof light ion beamsalong their penetration
depthsin tissue,for their applications in radiotherapy.

Method and Materia ls: A simple modelof light ion Bragg peaksis usedin conjunction with a detailedprobabilistic modelof the
subsequentbiologicalprocessesin individualcells. Thephysical modeltakesinto accountenergyloss, its straggling, andthereduction
of primary particles’ fluence due to nuclearreactions, but products of thesereactionsare not followed at all. The biological model
takesinto account the stochastic nature of individual particle traversals througha cell nucleus,distinguishesbetweentwo classesof
DNA lesionsof different severity,andcan alsoaccount for cellularrepairsuccessprobabilities.

Results:Thesimple physical modelenablesto correctly representtheBraggpeaksof protonsandlight ionsup to carbon.Deviations
from experimentaldepth-dosedistributions occur for heavierions at higher incidentenergiesdueto the neglect of nuclearreaction
products.However,fragmentsplay only a minor role with respect to biological effectsof ion beams. Cell survival alongthe beam
penetrationdepthfor light ionsup to carbonandwith rangesin waterup to approx. 15 cm, predictedwith thecombinedphysical and
biological model,is in excellent agreementwith experimental data.

Conclusion: This work indicatesthe potential applications of the presentbiological model in treatmentplanning in radiotherapy.
Further improvementmight beexpectedif a full Braggpeakmodel is incorporated.Thesemi-analytical natureof thepresent scheme
enablesadvancedcalculationsthatare necessaryfor truly biological optimization in light ion radiotherapy,includingtheoptimization
of multiple-port intensitymodulatedradiotherapywith ion beamsandmaximizationof complication-freetumorcure.


