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Purpose: To createa motionfixturecapable of testing real-timetargetedradiation therapydeliverysystems.

Method and Materials: The4D Phantomis a custom positioning systemwith stages for accuratereproductionof 3D internal tumor
motionand1D external surrogatemotion. A standardfil m box fil led with solid waterwassentthroughtwo 3D lung tissue
trajectories,onefrom 4DCT andspirometrydataandtheothermeasuredfrom a fiducial markerthathadbeenbronchoscopically
implantedin a caninelung. An external triggersynchronizedmotion with thebeginningof therapy, andthe4D Phantomgatedthe
linear accelerator via a reed relaybased on the real-timelongitudinalposition of treatmentisocenter. Thegatingwindows, 3mmand
4mmlong,encompassedend-expirationfor eachmotion trajectory. A four-field,6MV, 3DCRTplanfrom a randomlychosenlung
cancerpatientwasdelivered andmeasuredfor static andfor gatedandungatedtreatments with each motion trajectory. Thedistance
from theedgeof thefilm to theedgeof the treatmentfield wasusedto align pairs of films for analysis in RIT.

Results: Thedosedistributions’ relativepositionsvariedwithin 2-6mm. Post-alignmentcomparisonsbetweenstaticandmotion
fil ms revealedlarge misdosedregions. Thegatedfilms hadfewerareasandsmaller magnitudesof dosimetric error than did the
ungatedfilms, but hot spotsof 10% errorwerepresentevenin thegatedfilms.

Conclusion: The experimentrevealeda systematic shift in that thedose was centeredat an averagephantomposition ratherthanthe
plannedtreatmentisocenter. Additionally, althoughgatingreduces dosimetricerrors dueto tissuemotion, theycanoccurduring gated
radiation delivery. Furtherwork is neededto determine if static fi lm dosimetry is sufficient for QA of gatedtherapy. The4D
Phantomis capableof improvedreal-time targetedradiation therapy QA.


