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Purpose: The purposeof this study is to designandvalidatea setof metricsfor volumetric analysisof moving structuresin radiation
treatment planning.

Method and Materials: 4D CT basedtreatmentplanning in thoracicradiation oncology requiresa specific setof metrics for
quantitative comparison of movingtreatmentplanningvolumes.For eachpair of referenceandtestvolumes axialoverestimationand
underestimation areasas functionsof z coordinate aredefinedasthe areasbounded by thesetof contoursin eachaxial slice.Theaxial
underestimation andoverestimation volumesaredefined asintegralsof corresponding areasalongthez-coordinate.Thesagittal and
coronalunder/overestimationareasandvolumesaredefinedanalogously.An efficientand robustimplementationfor polygonal
contours wasobtained by using theDelaunaytriangulation.Theabovemetricswereusedto comparedifferent methodsfor
determination of demonstrable respiratorymotion of the GTV (iGTV) in 4-D CT datasets.27 patientswith non-small-cell lung cancer
(stage I: 17,stageIII: 10) who underwent4-D CT simulation werestudied.TheiGTV wasdeterminedmanuallyby (a) combining the
GTV contoursfrom 10 phases(GTVAllPhases) (b) combining theGTV contoursfrom two extremerespiratory phases(0 and50%)
(GTV2Phases) (c) contouringusingtheMIP (GTVMIP) and (d) contouringusingtheMIP followed by modification with visual
verification in individual respiratoryphases(GTVMIP_Modified). For comparisonof dif ferent approaches,GTVAllPhases wasusedasthe
reference.

Results:Theproposedmetricsweresuccessfullyappliedto 27 patients to showthatiGTV asdeterminedfrom GTVMIP and GTV2Phases

underestimatediGTV asdeterminedfrom the referenceGTVAllPhases. Modification of iGTV determined from GTVMIP based on visual
verification of contours through each individualphasereducedthe degreeof underestimation.

Conclusion: Theconstructedmetrics provideverygood toolsfor volumetric analysisof movingstructures.


