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Purpose: To establisha formalism for biologically-basedoptimizationof intensity-modulatedradiationtherapy(IMRT) for
overcoming prostatetumorhypoxiawhile sparing theurethra.Method and Materials: A formalismbasedon theconceptof
equivalent uniform dose(EUD) was usedto construct theobjective function for biological optimizationof IMRT. IMRT planning
usingVMAT (VolumetricModulatedArc Therapy)was performedbasedon hypothetical hypoxic regionsmanually drawnon CT
scans.Thedevelopedformalism accountsfor impactof chronicandacute hypoxia on cell surviving fractionandre-oxygenationin
chronichypoxiaregions. EUDs for urethra,rectum,bladderand femoralheadswerecalculatedbasedon power-law dose-volume
histogram reduction.CT data setsfrom 25 prostatecancerpatientswho recently receivedexternalbeamradiation therapywere
selected.VMAT plans optimizedwith dose-volumeconstraintswereusedfor comparison.Results: Significantdoseboostin the
target volumes designatedas chronic or acutehypoxiaregionswasachieved. EUD in thePTV exceeded80 Gy, despite accountingfor
the effectsof hypoxia. This increase was achievedwith only minor changesin thedose to normal tissuecomparedto thedose-based
VMAT plans. Notably, urethra sparing wasexcellent with a EUD of approximately64 Gy. Therobustnessof theproposedapproach
was validatedusing varioussettingsof acute andchronic hypoxiaconsisting of a rangeof hypoxic volumes, regionsandre-
oxygenation patterns. Conclusion: The comparison of IMRT plansobtainedwith biological anddose-volumeconstraintbased
optimizationshowed thatthebiologically-guidedIMRT planningapproachis moresuitable for critical structuresparing dosepainting.
In particular, a sterilizing dose may bedelivered to hypoxic regions in a varietyof scenarios while ensuringrectum, bladderand
urethrasparing.


