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Purpose:
With increasingavailabil ity of imaginganddosimetric information duringa treatmentcourse,it is nowpossible to considerwhether
theplan shouldbealteredduring thetreatment course in orderto tailor treatmentdelivery outcomesor control themin thepresenceof
pre-treatmentmodelvariations anddeliveryerrors. In this study,a generaloff-line re-planningframeworkbasedon multiple planning
metricsis investigatedfor IMRT treatments.  Theframework wasdesignedto explicitly handlenonlinearconstraints andgoals
including gEUD, andNTCP.

Method and Materials:
Useof there-planningstrategy is demonstrated using an optimizationtechnique(calledMIGA) thataccounts for inter-fractionsetup
variations. While aninitial planis generatedby MIGA incorporatinga population-basedsetup variation(assumed statistically
Gaussian), thepopulation modelis individualizedinto a patient-specific posteriordistribution throughBayesianlearning with daily
setupmeasurements. Theindividualizeddistribution is fed back into theTPS, tracking thedeliveryoutcomes. Re-planningis
triggered to restorethe originaldelivery outcomeswhenresults deviate significantly beyondthetolerablelimits. In eachre-planning,
a non-linearconstrainedoptimization problemis solved.

Results:
With theadaptation of a patient-specific setupdistribution, the planoutcomes of MIGA areimprovedin termsof accuracyand
robustness to individual errors. With anassumption of the normal-gammadistributionfor theprospectivemeanandstandard
deviation, theindividual setupis quickly learnedthroughBayesianinferencewith a limitednumberof measurements(e.g.,~10 or
less). This helpsreducing a frequentneedfor resource-intensive re-planning.

Conclusion:
A re-planningframework drivenby multiple deliveryoutcomes facilitatesdirectpredictionand control of consequencesbroughtby
newly availabletreatmentmodels(patient setupin this studyof MIGA planning) or treatmenterrors. Explicit handlingof planning
constraintsallowsanintuitive allocationof planningandQA resourcesasthefractionatedtreatmentproceedsovertime.


