
AbstractID: 9420Title: Designof a nextgeneration treatmentplanningsystemthatincorporates motion
anduncertaintyin inverseplanning
Purpose:Thesafety marginapproach to handleuncertainty and motionin radiotherapytreatment
planning haslimitations.For example, in thecontextof respiratory motion,thesafety marginconceptis
over-conservativeandleadsto increaseddosesto lung or liver tissue.Furthermore, in intensity-
modulatedprotontherapy (IMPT), thesafety margin approachfails andcannotbeapplied successfully.
Therefore,futuretreatmentplanningsystemsshouldhavetheoptionto directly incorporateuncertainty
andorganmotioninto treatment plan optimizationfor IMRT and IMPT. We suggesta mathematical
basis andpractical implementation guidelinesfor a nextgenerationtreatmentplanningsystemthat can
handlevarioustypesof uncertaintywithin a coherent framework.

Methods:Mathematically, our program follows theprobabilisticapproach:Thedelivereddose, and
hencetheobjective function, depend on a setof randomvariablesthatparameterizetheuncertainty.
Treatmentplanningis performed by optimizingtheexpected valueof theobjectivefunction.
Practically,this approach was implementedin C++ in anobject-orientedsetting.A keycomponentof
theprogramis anabstract baseclasscalledDoseDeliveryModel.A particulartypeof uncertaintyis
implementedin a derived class.Aspectsthatarespecificto thetypeof uncertaintyconsideredcan be
hiddenin derivedclasses, whereas theremainingprogramcommunicates with theDoseDeliveryModel
via standardizedpublic memberfunctions.

Results andConclusion:Diff erent applicationshavebeen implemented:Those includesetuperrors,
respiratory motionwith variationsin thebreathing pattern, or rangeuncertaintiesin IMPT. As a result,
we obtaintreatmentplansthatare qualitatively differentfrom conventionalplans. For IMPT we obtain
plansthatarerobustagainstrangeand setuperrorsthatsimply cannotbeobtainedby margin
approaches.For moving lung tumorsa reduction of integral lung dosein theorder of 10 - 20%was
observed.
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