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Purpose: To analyzetheeffects of multiple gEUD-type(convex)constraintson theresulting dose-volumedistribution/histogram
(DVH). A keymotivation for this work is to find a convex optimization alternativeto (non-convex)partial volumeconstraintsin
IMRT optimization.

Method and Materials: A formal mathematical frameworkfor analysisof theeffectsof multiple gEUD-typeconstraintson the
resulting DVH is proposed.Theframeworkrelies on interpreting DVH asa cumulative probabilitydistribution of theunderlying
“random”, i.e.,unknown variable, representing doseto a voxel.Consequently, theanalysisof theeffectsof gEUD-basedconstraints
on DVH is rephrasedin termsof theeffects of moments of therandomvariableon its distribution,which correspondsto a well-
recognized moment problem in mathematics.

Results:Givena setof gEUD-typeconstraints, we demonstratehowto computetheworst –in a senseof generatingthelargestvolume
ratio receivinga fixed dose– dose-volumedistributions thatsatisfy theseconstraints.

A generalization of gEUD-basedconstraints,theGeneralizedMomentConstraints(GMC’s), is proposed,with therationalebehind
GMC’s to providemore modeling flexibility for IMRT optimization.

A potential applicabilityof the approach is discussed. Applicabilit y analysis is basedon proximity of a family of dosedistributions,
satisfyinga fixedsetof GMC’s, to thedesired “ideal” dosedistribution. We usea hypothetical prostatecancerpatient’srectumasan
example.

Conclusion: ThenewlyproposedconvexGMC-baseddose-distribution modeling framework hasa potentialto serveasa viable
alternative to partial volumeconstraintsin IMRT optimization, at leastfor somecritical structures.To namea few potential benefits of
our approach,we mention global solution to IMRT optimization problemthatminimizesproximity of a physicallydeliverableplanto
thedesired “i deal” physician-prescribedplan,andbetter controlovertheresulting dosedistributions.Furtherinvestigation of the
approach is requiredandis ongoing.


