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Purpose: To quantify the dosimetric impact of the interplay effect in step-and-shoot
IMRT treatmentof lung tumors of varyingsizeandmotion amplitudeusinga 4D Monte
Carlo simulation frameworkand to find whethera thresholdexists where implementing
motionmitigationstrategies might becomeimportantin suchtreatments.

Methods and Mater ials: The Non-Uniform Rational B-Spline (NURBS) Cardiacand
Torso(NCAT) computational phantom wasusedto create10-phase4D CT datasetsof
12 theoretical patientswith tumorsizes of 1-6 cm andmagnitudesof tumormotionof 1 –
5 cm. Lung density for each model was changedasa functionof breathingphase. IMRT
leaf sequencesweregeneratedusingtheCORVUS treatmentplanningsystemfor eachof
the 12 datasetsand usedas input into the DosePlanning Method (DPM) Monte Carlo
code.Doseat eachphasewas mapped back to the exhalephaseusingthe internalNCAT
deformationmaps.Dosevolumehistograms(DVHs) of tumorandorgansat risk (OARs)
wereusedas a measureof thedosimetric effect of tumor motionand size.

Results: A populationof computationalpatient phantoms has beencreated.The lung
densityof the NCAT phantomcan vary from the default 0.30gm/cm3 by up to 34% for
the largest diaphragm motion. The NCAT phantomhas been implementedwithin the
CORVUS treatmentplanning environmentas well as within our 4D Monte Carlo
simulationframework. Various tumor locationsin the lung and tumor amplitudeswere
investigated to assessdosimetric effectsin IMRT therapy of lung tumors.

Conclusions: This studyshowsthe potentialof using the mostadvancedcomputational
model of human anatomy for finding class solutions for motion mitigation within a
controlled environment. We conclude it is a valuabletool in order to studyartifact free
datasets for radiation therapy.


