AbstractlD 9420Title: Designof anextgeneréion treatmentplanningsystemthatincorporate motion
anduncertaintyin inverseplanning

PurposeThesafey marginapprad to handle uncetainty and motionin radiotherapyreatmet
planning haslimitations. For exanmple, in the contextof respirdory motion, the safey marginconceptis
overcorservativeandleadsto increaseddosego lung or liver tissue.Furthermaee, in intensty-
modulatedorotontherapy (IMPT), the safey margin approacHails andcannotbe applied suaessfully.
Thereforefuturetreatmenplanningsystemshouldhavethe optionto directly incorporateuncertainty
andorganmotioninto treatmat plan optimizationfor IMRT and IMPT. We suggesa mahenaticd
bass andpractial implementaion guidelinesfor anextgeneationtreamentplanningsysemtha can
handlevarioustypesof uncetainty within a coherat framework.

Methods: Matheraticdly, our program follows the probabilisticappioach: Thedelivereddose, and
hencethe objecive fundion, depend on a setof randomvariableshatpaameterizéhe uncerainty.
Treatmenplanningis peformed by optimizingthe expected valueof the objectivefunction.
Practically,this approat was implementedin C++in anobjed-orientedsetting. A key componenbf
theprogramis anabstra&t baseclasscalledDoseDeliveyModel. A particulartype of uncertaintyis
implementedn aderived class Aspectsthatarespecificto thetype of uncertaintyconsderedcan be
hiddenin derivedclasseswhereas theremaining programcommunicées with the DoseDeliveryModel
via standardizedpublic memberfunctions

Reasllts andConclsion:Diff erent applicationshavebeea implementedThose include setuperrors,
regiratory motionwith variaionsin thebreahing pdatern, or rangeuncertantiesin IMPT. As areault,
we obtaintreatmenplansthatare qualitatively differentfrom conventionalplars. For IMPT we obtain
plansthatarerobustagainstrangeand setuperrorsthatsimply cannotbe obtanedby margin
appoachesFor moving lung tumorsareduction of integral lung dosein the order of 10- 20%was
observed.
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