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Purpose:
Implantedgold fiducial markersarewidely usedin radiationtherapyto improvetargetingaccuracy;howeverrecentinvestigations
haverevealedthatmetallic fiducial markerscancause extreme perturbationsin dosedistributionsfor protontherapy, suggestingthat
smallermarkersshould beconsidered. This study’sobjective wasto testthedosimetricimpact of varioussmall helical,gold markers
for tumorlocalizationin patientsreceiving protontherapy.

Method and Materials:
Small, medium,and largehelical wire markerswith lengths of 10 mm andrespective diametersof 0.04mm,0.25 mm and0.5mm
wereimplantedin ananthropomorphic phantom. Radiographic visibilit y wasassessed for a kV x-ray imagingsystem,anddosimetric
impact wascharacterizedby MonteCarlo simulations and measurements of protondose. Acceptabledosimetricperturbationwas
estimatedfrom previousstudiesto be10%.

Results:
Radiographicvisibil ity was confirmedfor all markersconsidered.MonteCarlosimulationsindicatedthatthesizeof themarkerdose
perturbation dependedon marker size,orientation,anddistancefrom thebeam’s distalfall off. Simulationsalsorevealedthatdose
perturbation in thelateral, opposedfield treatment-technique was31%for largemarkersand23%for mediummarkersin a typical
orientation. Perturbationwasnot observedfor thesmallmarker,but it wasdeemedtoo fragilefor transrectal implantation.
Radiochromic fi lm measurements confirmedtheaccuracyof theMonteCarlomodel.

Conclusion:
Proton doseperturbationsfrom mediumandlargesizedmarkersexceeded10%. This suggeststhat greatcare shouldbeexercisedif
thesemarkers areimplantedin patientsreceiving proton therapyfor prostatecancer.
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