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Purpose

A biologically motivatedschemeto guide thedetermination of individualizeddosedistributions
is developedfrom the Poisson tumor control probability (TCP) and linear-quadratic (LQ) survival
model. Themethodcombinesclinical experience,in theform of a referencetreatment,with
possibly patient-specific informationto helpcircumventwell-known issuesassociatedwith
outcomemodeling. To illustratetheapproach,isoeffect dosesfor populations of prostatecancer
patientsarecompared.

Method and Materials

MonteCarlo methodsareusedto sampleprostatecancerradiosensitivity parametersderivedfrom
clinical data in waysthatmimic two treatmentplanning scenarios. In thefirst scenario,thedose
distribution neededto achievethesameTCPin all patients is estimated. In the secondscenario,
thedistribution of dosesneededto achievethe same distribution of TCPvaluesin thepatient
population asa referencetreatment (37 daily fractions of 2 Gy) is determined.

Results

For 28 to 40 daily fractions, uncertaintiesassociatedwith population-averagedradiosensitivity
parameterscorrespondto about a 20% uncertaintyin the fraction sizeneededto achieve thesame
TCP. However, thefractionsizeneededto achievethesamedistributionof clinical outcomesas
37 daily fractionsof 2 Gy canbeestimatedto within 3% for 5 to 50 daily fractions.

Conclusion

To achieve thesameTCPin all prostate cancerpatientsrequiresvery accurate(a priori ) estimates
of radiosensitivity parameters. However, the fraction sizeneededto achievethesame
distribution of TCPvaluesamong a patientpopulation with analternatefractionation schedule
canbeaccurately estimatedwithout theneedfor patient-specific information. When combined
with information frompredictiveassaysor functional and biologicalimaging, theproposed
methodhasthepotentialto determinepatient-specific dose distributionsfor usein commercially
availableinverseplanning software.


