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Purpose: The rangeof a proton beam in the patient is estimatedusing the relationship
betweenCT numbers(HU) andrelative linear stoppingpowers(RLSP).The purposeof
this study is to assessthe range uncertainties introduced by the size of the phantomused
for determining thecalibration curve.

Methods and Mater ials: CT scanswere performedon tissueequivalent insertsplacedat
the centerof two phantomsof different sizesrepresentinghumanhead andbody with a
GE Lightspeed16-slice CT scanner. TheHU to RLSPcalibrationcurve was established
for eachphantombasedon a stoichiometriccalibrationtechnique. For eachplanningCT
image data set, two plans were generatedusing head and body calibration curves,
respectively. Therangedifferencebetweentwo correspondingfields wasevaluatedusing
distance-to-agreement (DTA) along the beam direction in a homogenouswater phantom
in water equivalentthickness(WET). The DTAs were calculatedwith a thresholdof
percent dose difference of 3%. Plans for four prostate and four lung patients were
investigate.

Results: The measuredCT number for the sameinsert placed in two phantomsof
different sizes could differ up to 200 HU for the bone equivalent materials. The
maximum dose difference between two proton plans generatedwith head and body
calibration curvescould be up to 33%. The differencein DTA was up to 2.4 mm WET
for prostatepatientsand 5.4mm WET for lung patients.

Conclusion: Thecalibration phantomsizecouldcontributeup to 5.4mm WET range
uncertaintiesfor thelung patientsin our study. Thecurrentpracticeis to useaverage
calibration curveto minimizetheuncertainty. Advancedimaging techniques suchas
dual-energy CT scanscould beutilized to reducetheuncertainty in CT numbers. Other
factors thatintroducerangeuncertainty in protontherapywill beinvestigatedin future.


