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Purpose: To investigatethe feasibili ty and accuracyof using a combination of internaland externalfiducials for respiratory-gated
image-guidedradiotherapy of liver tumors with commercially-available systems.

Method and Mater ials: Five patients were enrolled in the study. Patients were treatedon either a 2100EX or Trilogy linear
accelerator (Varian Medical Systems).Respirationwas tracked and the beam was gatedusing the RPM system(Varian). Radio-
opaquefiducials implantedadjacent to theliver tumorwereusedfor daily onlineset-up usingnon-simultaneousorthogonalelectronic
portalor kV imagesandISOLOCsoftware(MedTec).Thethreshold for couchshifts was 2 mm,while therespiratorygatewassetat 1
mm. The accuracyof respiratory-gated treatment using an external fiducial was verified offline using cine modeimagesacquired
duringtreatment.

Results: The rangeof tumor motion wasbetween 8.0 mm and44.3mm in the supero-inferior (SI) direction,which is the dominant
direction of motion due to respiration. For all patients,interfractionalvariation, a measureof set-up uncertainty, was0.3 ± 2.3 mm
(1σ) in theSI direction. The intrafractional variation, a measureof theprecision of gating,wasfoundto be±1.0mm (1σ). Theaverage
dutycycle variedbetween18% and 28%.

Conclusion: Respiratorygating with either EPID or kV imaging using readily available andaffordableinfrastructuralelementscan
provide accurate, reproducible, and verifiable meansto deliver precision radiotherapyto liver tumors.Daily analysis of the cine
images is aneffective wayto verify that thetreatmentwasdeliveredasplannedandwe strongly recommendedit.


