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Purpose: A tacit assumption madein current inverseplanning algorithmsis that all points within a structure (target or sensitiveorgan)are
equivalent, asreflectedby the fact that thedoseprescription, weighting factors anddose-volumeconstraints are generally imposeda priori
on a structure-specific basis. This seriously limits the IMRT solution spaceandcompromisestheachievabledosedistributions. Thepurpose
of this study is to developa novel IMRT inverseplanning frameworkwith a moregeneral voxel-specific penalty.

Methods: Different from conventional inverse planningin which the same penalty (objective)functionis usedfor all voxels, here we assign

eachvoxel a penaltyproportional to in
c iDiD )]()([ 0− , where cD and 0D are computedand prescribed doses, respectively, and in is a

voxel-specific exponent.In this way, we “break” the implicit constraint that a structure is a mathematically uniform entity with all voxels
havingthe same“identity”. The seeminglyinsolvable task of determining a large numberof voxel-specific { in } is dealt by heuristically

relatingthemto the dosesthey receive. Theoptimization startsfrom a uniform valueof 2=in and,duringtheiterative optimization process,

the in ’s aretreatedasparts of the systemvariablesand are updatedtogetherwith thebeamletweights. If a voxel is overdosed,for example,

it meansthatthevoxel is not penalizedsufficiently andthealgorithm wil l automaticallyincreasethevalueof in , andvice versa.

Results: A voxel-dependent penalty scheme is establishedfor IMRT inverseplanning. The formalism properly models the intra-organ
tradeoff and allows the optimizer to accesssolutions that would otherwise be inaccessible. Our phantomand clinical head-and-neck case
studiesshow thatmuchsuperior treatmentplans canbeobtainedascomparedwith theconventional approaches.

Conclusion: Voxel-basedpenalty schemeleadsto substantially improvedIMRT dosedistributionsandallows us to maximally utilize the
IMRT technology.


