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Purpose: Tumor motion during irradiationreducestarget coverageand increasesdose to healthy tissues.
Thestandardclinical approaches usingmarginsareoverly conservative becausethey only takeinto account
the maximum amplitude of themovement.Comparablecoverageandreduceddose to healthyorgans
appearsachievable with robustmotion-adaptivetreatmentplanning, basedon thenominal expected
probabilitydistributionof targetposition, and considering theuncertainty of its realization during
treatment.We testa robustapproach to IMRT [Chanet al. Phys Med Biol 51:2567-2583(2006)]using
patientdata, to evaluatetheeffect of targetmotion variability andtheMLC motioninterplayon the
outcome.

Method and Materials: We built our robustframework usingexternal markermotion data(traces),
acquiredduring patienttreatments.These included251tracesfrom two lung, onecardiacandoneliver
patient.Long-term shifts(suchasexhalebaseline drift) wereremovedfromthe databy bandpass filtering.
IMRT planswith varyinggradesof robustnessweretestedon 52 tracesof two patients. A computer-
controlled motion phantom reproduced tracesduring plandelivery on a linac. Thedosewasmeasuredwith
a two dimensional detector arrayconsistingof 1020 chamberswith a resolution of 7.6mm.

Results: Al thoughtumorcoveragedifferedfor eachdelivery fractiondueto MLC interplayandmotion
variability, it convergedto theexpected level aftermultiple fractions.For equivalenttargetcoverage,
17mmpeak-to-peakmotion,theintegraldosewasreducedby 15%comparedto themarginsolution.

Conclusions: Dosimetric tests largelyconfirmedthat therobust motion-adaptiveapproachto IMRT
planningallowsoneto bettermanagetheeffect of motion, andcanbeextendedto anyuncertainty
described by probability density functions.With targetmonitoring during thetreatments, motion-adaptive
plansandthe underlyingrobustframeworkcouldbe verified andre-adjustedif necessary.


