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Purpose:

A modelis developedthatdescribesthetumordynamicsof a repopulating tumorduring a
fractionatedexternalradio treatment.

Method and Materials:

An iterativealgorithmis constructedfor thecalculation of theprobabilitydistribution of
the surviving numberof tumorcells for anypoint in time during thetreatmentand for
post treatmenttimes. This is accomplishedthroughtheassumption,thatcell repopulation
takesplaceonly duringtheintervalsbetweenthefractionsof irradiation. Thus, the
processesof cell repopulationand of radiation-induced cell kill areconsidered decoupled
andare thereforemodeledseparately. Binomial statisticsis applied to describethe
radiationinducedcell damage.Natural death is ignored.Tumorrepopulationis modeled
throughtheconstructionof differentialequationsfor theprobabilitythat a certainnumber
of cellsexist at a certain point in time.Thedifferentialequationsare solvedin a
straightforwardmanner.

Results:

Theprobability of zero survivals is compared numerically to theZaider-Minerbotumor
control probability (TCP)model for anarbitrarily chosenregimeof treatment.An
excellentagreementis foundto exist betweenthetwo expressions.The Poisson
approximationof theprobabilitydistribution of thenumber of cells is also studiedand it
is compared to theproposed methodfor severaldifferentcombinationsof themodel
parametervalues.
Conclusion:

It is concludedthatthePoissonapproximationworkswell only for slowly repopulating
tumors andfor ratherhigh cell radiosensitivity(i.e. low cell survival probability aftera
fractionof radiation). Therefore, theuse of theexact methodfor thedescriptionof the
radiationresponseof repopulating tumorsis recommended.
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