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Purpose:
Rapid advancesin imagingand delivery technologiesand our understandingof radiation
responsesheraldthecomingof thelong-soughtgoalof practicing patient-specific
biologically-guidedradiation therapy(BGRT). In this work, we propose a three-phase,
incrementalapproachfor theclinical implementationof BGRT.

Method and Materials:
BGRT, beginningwith patient-specific radiobiological parametersthatmaybeextracted
from biological images,can beimplementedin threephases.PhaseI includes planning
population-basedtreatmentswith empiricalknowledgeof tumorandnormal-tissue
responsesfollowed by planevaluation with dose-volumeparametersastheprimary
criteria andoutcomepredictions assecondary criteria.Phase II involvestheuseof
biologicalimagesand/ortissueassaysto identify tumorregionof radioresistance, useof
outcome modeling to estimatea doseboostneededto overcometheradioresistance,
developmentof a treatment plan to deliver theboostwhich doesnot reducethedose to
othertumorregions and maintains thedesireddoseto all critical organs,and plan
evaluation with outcome predictionmodels. In Phase III , individualized-BGRT plans
derived usingthevalidated outcomeprediction models developed in Phases I andII are
iteratively refinedbasedon spatial andtemporal varied patient-specific information. In all
threephases,treatments will bedeliveredwith imageguidance. The3D doseactually
deliveredto anindividual patient will bedocumented. Patientswill beperiodically
evaluatedwith imaging and/or assays. Theacquiredfollow-up tumorandnormal-tissue
responsedatawill beusedto refine outcomeprediction models.

Results:
A three-phaseapproachfor a partial implementationof BRGT is proposed. An example
of using physiological MRI to extract patient-specificradiobiologicalparameters required
for BGRT is presented.

Conclusion:
Thefull implementationof BGRT in theclinic will requirenewtechnologiesand
additionalresearch.However, even thepartial implementationof BGRT treatment
planning hasthepotential to improveclinical outcomes.


