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Computationalnalysis of the Doseand DoseRateDependencef DNA Double Strand
BreakRepairs

Purpose: Conputational quantificaion of the dose and doserate dependenceof
radiationrinducedDNA doublestrand break (DSB) repair, and the significance of high
dos and high doserate limits pertinent to stereotatic body radiation therapy(SBRT)
fractionationregimens. Materials and Methods: The massaction biochemicalkinetics
appoach was usedto descibe the binding of repair enzymesto DSBs through the
formation of intermediateepar complexes whichleadto DNA rejoining. To quantifythe
formaion of intermediaterepair complexes,coupled nonlinear ordinary differentid
equatios (ODEs) which govern the dynamics of DNA DSB nonhomologousend
joining (NHEJ) repar were usel. Biochemicd kinetics parametergor humanfibroblast
cells were usedand the ODEs were numericdly solvedto predictthe numberof DSB
complexedor dosesin the range of 2-30 Gy anddoserates in the rangeof 1-100 Gy/h.
Resuls: Our computatimal analysispredictsthat the numberof DSB repairconplexes
formed in the high dos and high doserate limit can be several ordersof magnitude
higher than thosein the low doseand low doserate limit. Conclusions: This work
indicatesthat SBRT can lead to significantly higher therapetic ratios in radidion
therapy, if normal tissuetoxicity can be maintainedat levels comparableto thos of
conventonal fractiondion regimens. Since our computational analysis directly
incorporatesthe quantification of cdlular biochemical processs, its predictions are
considerablymoretradablein the high dos and high doserateregimethanmodelssuch
asthe linearquadrationodel.
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