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Treatmentplanningshould bebasedon a high fidelity representationof thepatient’s
anatomy,asit will beat time of treatment. Theimagingsetup(couch,immobilization,
alignment)shouldtherefore berepresentative for thetreatment situation.Whenbasing a
treatmentplanon a single scan (which is current clinical practice), theoptimal imaging
strategyis thereforeto createan anatomical modelthat is ascloseaspossibleto the
“average” anatomy.For randomorganmotion,plan optimization canthereforebe
achievedby averaging thegeometry of multiple scans(i.e., adaptive radiotherapy).For
periodic motionit hasbeen proposedto use a scanwith theorgansas closeas possibleto
their time-weightedaverageposition– by selectinga singlescanout of 4DCT.Using
thesemethods,thesystematic errorsdueto treatmentpreparationareminimizedandthe
dose distributionswill beverycloseto a full 4D planning(using all scansout of a 4DCT
scan).Usingimageguidance someother errorsourcescanbeeliminated.However,even
with imageguidancethereare residualerrors: suchasuncertaintyin GTV andCTV
delineation, in imageregistration,andin setupcorrectionanduncertaintydue to intra-
fractionmotion.Currently, simple margin recipesareused to estimate thecorrectCTV-
PTV margin suchthat theneteffect of all these uncertaintiesdoesnot compromisethe
goalof thetreatment:eradicatethetumor while sparing normaltissues.Oneshouldbe
aware,however,thatthemostsimple marginrecipes are basedon manyassumptions:
suchasGaussiandistributions,penumbrawidth in water,systematicerrorSD > random
error SD,andplanswith a moreor lessuniform dosedistribution.In case of image
guidancefor lung tumorsall of theseassumptionsbreakdown, andsimple recipes
typically will overestimate therequired margin.Based on a moredetailedanalysis,it
appearsthatthemarginthat canbeused for hypofractionated lung radiotherapycanbe
verysmall(1 cm or less),evenfor large respiratory amplitudes(2 cm).

Educational objectives:
1) Understandtheneedfor a representativeplanning CT, i.e.,minimizesystematic

errors
2) Understandthedifferencebetween systematicandrandomerrors,and theeffect

thatrespiratorymotion has on thedelivery of radiotherapy
3) Understandtheneedfor margins,evenin case of image-guided radiotherapy
4) Understandthederivation of marginsfor image-guided radiotherapyof lung

cancer


