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Purpose: To discusstherecently proposedprobabilistic modelof cell inactivation, possible biophysical interpretationof theinvolved
damageclassification,andtherelation of themodelto kinetic radiobiologicalmodels.

Method and Materials: The probabilistic two stagemodeltakesintoaccounttwo classesof DNA damageof differentseverity. While
evena singleunrepairedlethal lesion is assumedto inactivatethecell, lessseverelesionshaveto combinein at leastpairwisemanner.
Repairsuccessprobabil ities,strongly varying betweendifferentcell lines,arerepresented.

Results: The probabilistic model enablesto represent in a systematic manner a large variety of survival curves observed
experimentally, including also the low-dosehypersensitivity phenomena. Under someconditions, the probabilistic model can be
viewedas a solution to kinetic modelsof radiation action, suchas the lethal-potentially lethal, repair-misrepair,or saturablerepair
model.E.g. for acuteirradiation and fully developedendpoints, assuming non-saturated repairprocesses,themodel predictssurvival
curveswith a linear anda logarithmic term, similarly to the predictions of kinetic models,andcanbe approximatedin termsof the
linear-quadraticmodel, too. To address possible biophysical interpretation of the damageclassif ication usedin the probabilistic
model,a detailed analysis of publishedsurvival datafor V79 cells irradiatedby low-energy protonswasperformed.Comparisonwith
the yieldsof complexDNA lesions, estimatedby MonteCarlomethods,indicatesthat lethal lesionscorrelatewith a specific subsetof
complex DNA double-strandbreaks.

Conclusion: The probabilistic model is a valuable tool for analyzing and interpreting radiobiological data. It enables damage
induction andrepairbe describedsystematically. Developmentof a detailedmicroscopicradiobiological modelis desirableto estimate
damageprobabilitiesin dependenceon radiationquality on a modelbasisandthusincreasethepredictivepowerof thepresentmodel
scheme.


