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Range Fluctuation Analysis Due To Respiratory Motion in ChargedParticle Lung

Therapy

Purpose:

Water equivalent pathlength (WEL) variations due to respiration can change the

penetrationof a chargedparticlebeam, andresult in beamovershootto critical organsor

undershoot to the tumor. We have analyzed range fluctuations by analyzing

four-dimensional CT (4DCT) data and quantitatively assessing potential beam

overshoot.

MethodsandMaterial:

4DCT imageswere acquired with a multi-slice CT scanner. The maximum intensity

volume (MIV) was calculated by temporal maximum intensity projection (MIP)

processing. Two targetswere designed for chargedparticle beam therapy.The first

targetvolumecalculatesthe MIV over the entire respiratorycycle (ITV-Rx), while the

second target volume is the MIV corresponding to gated radiotherapy(over a 30%

phase window around exhale). Thesetargets wereusedto calculateboli that were then

applied to the 4DCT data to estimatebeam penetration. Analysis metrics include

range fluctuation,overshootvolume, both asa function of gantryangle. We compared

WEL fluctuationsobservedin treating the ITV Vs gated treatment in 11 lung patients.

WEL fluctuation andbeamovershootinto normal lung aredisplayed over a beams-eye

view display.

Results:

WEL fluctuations were less than 29.8 mm-WEL and 12.0 mm-WEL for ITV-Rx and

gated-Rx, respectively for all patients. Gated-Rx reducedbeam overshootvolume by

approximatelya factor of four compared to ITV treatment. Such rangefluctuations can

affecttheefficacyof treatment,andresult in excessive doseto a distalcritical organ.

Conclusions:

Time varying WEL rangefluctuation analysisprovidesinformation useful to determine

appropriatepatientspecific treatmentparametersin the charged particle radiotherapy.

This analysiscan alsobe usefulfor optimizing planninganddelivery.


