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Purpose: To devebp an exad approach to direct apertureoptimization that canbeappliedto alargeclassof IMRT fluencemap
optimization (FMO) mocelstha employ convextreamert planevalaion criteriain the objective functionand/orconstraing andtest
its ability to obtainhigh-quality treamentplansusing a reducechumberof apertues andlimitedbeamon-time.

Method and Materials: An exactappioachwas developedhatiterativelyaddshigh-quality deliverableapertweswhile thetreatment
planquality canbeimproved. The mostpromising newapeturesarefoundby solving a subpoblem, which canaccountor
ddiverability constaintsimposedby the multi-leaf collimator (MLC) systemsuwch asinterdigitation,connectednessy rectangular
shages.The approab canexplicitly accourt for transnissian throughtheleavesthatare not shieldedby backupjawsin theMLC
sysem. It wascompaedto the traditionalmethod of solving a beamletbasel FMO modelfollowed by a leafsequening stepto
determineaperturesandintensties.

Results: For a setof tenclinica heal-and-neckcancercasestreatmentplanscomparablen quality to plansobtainedby the
traditiond methodwereobtained with aredwction of morethan 75% in number of aperturesandareduction of morethan50%in
beam-on-time, with only a modestincreaseén compugtional effort. Theimportanceof incorporatingtransmissin effectswhen
assessingreatnentplanquality was shown aswell.

Conclusion: Thiswork providesa directapertire optimization metodthatincomporatesnany physicalandbiological treatmenplan
evaluationcriteria, accountgor leaftransnission effects,andsignificanty limits bothtotal treatmentime andbeamon-time. The
iterative natureof theappoachallowsit to be implemented in an interactivesystemwherea tradeoff canbe madebetweertreatment
planefficiencyandefficacy. The ability of theappoachto accoun for differentMLC deliverabilty constaintsallowsfor a
compaisonof differentMLC architectures.



