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Purpose: Protonsaccelerated by high intensitylaserpulsesresult in high-current,short-
pulsesbeams,which aredifferent from conventionalprotonbeams. Lesionsgenerated by
laser-acceleratedprotonsemergeat almostthesametime leadingto muchhigheraverage
sublethal lesion concentration than conventional protons. Therefore, the chance of
sublethal-to-lethal conversioncould be much higher. The purposeof this study is to
investigatethe dependence of the cellular radiosensitivityon the intensity and frequency
of the laser-protonbeam.

Method and Materials: A revised microdosimetric-kinetic model is developed in this
research. This model specif ies that ionizing radiation may causetwo typesof lesions in
DNA that candisablethe cell. A type I lesion is lethal that cannot be repaired.A type II
lesion may either be repaired or become lethal. A type II lesion may undergo 2
transformations:(1) It mayberepaired; (2) It maycombinewith anothertype II lesionto
form a lethal lesionthat becomes unrepairable.Thecombinationprobabilityis a function
of sublethal lesion concentration. The lesion repair and combination take place at the
sametime until all thelesionsare repairedor thecell becomes apoptotic.

Results: Simulationsshowthat the highestsublethal-to-lethal conversionwill occur if a
2-Gy dosecanbe deliveredwith onelaser pulse.The lethal lesionsunderthis condition
are four times higher than that when the beamis deliveredcontinuously. However,the
sublethal-to-lethal conversiondecreasesquickly with the doseper pulseandit reachesa
minimumat about0.2 Gy/pulse.

Conclusions: Results of this study show that the laser-proton beam may generate
different cellular damagescompared to conventionalprotonbeamsfor the samephysical
dose. It can be explained by the increase repairable lesion concentrationamong
subnuclear volumesthat causespairwiserepairable lesionsto form a lesionlethal to the
cell.


