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Purpose: To develop an exact approach to direct apertureoptimization that canbeappliedto a largeclassof IMRT fluencemap
optimization(FMO) modelsthat employ convextreatment planevaluation criteriain the objective functionand/orconstraints andtest
its ability to obtainhigh-quality treatmentplansusinga reducednumberof apertures andlimitedbeam-on-time.

Method and Materials: An exactapproachwas developedthatiterativelyaddshigh-qualitydeliverableapertureswhile thetreatment
planquality canbeimproved.Themostpromising newaperturesarefoundby solving a subproblem, which canaccountfor
deliverabilit y constraints imposedby the multi-leaf collimator (MLC) systemsuch asinterdigitation,connectedness,or rectangular
shapes.The approach canexplicitly account for transmission throughtheleavesthatare not shieldedby backupjawsin theMLC
system.It wascomparedto the traditionalmethodof solving a beamlet-based FMO modelfollowedby a leaf-sequencing stepto
determineaperturesandintensities.

Results:For a setof tenclinical head-and-neckcancercases,treatmentplanscomparablein quality to plansobtainedby the
traditional methodwereobtained with a reduction of morethan 75% in number of aperturesanda reduction of morethan50%in
beam-on-time,with only a modestincreasein computational effort. Theimportanceof incorporatingtransmission effectswhen
assessingtreatmentplanquality was shown aswell .

Conclusion: This work providesa directapertureoptimizationmethodthatincorporatesmanyphysicalandbiological treatmentplan
evaluationcriteria,accountsfor leaftransmission effects,andsignificantly limits bothtotal treatmenttime andbeam-on-time.The
iterativenatureof theapproachallowsit to be implemented in an interactivesystemwherea trade-off canbemadebetweentreatment
planefficiencyandefficacy.The ability of theapproachto account for differentMLC deliverability constraintsallowsfor a
comparisonof differentMLC architectures.


