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Purpose: To determinethefeasibility of predicting real-time tumorpositions using
multiple externalsurrogatesandPartial-Least-Squares(PLS)regression.

Methods: Nine patientswith lung tumorsunderwentextracranialstereotactic
radiosurgerycomprising 3 fractionswith theCyberknife SynchronyTM system.Three
LED markerswereplaced on thepatient’sabdomen andin closecontactwith theskin.
SynchronousLED marker and tumormarkercoordinatesweremeasuredperiodically
usinganLED cameraand stereoscopic x-ray images,respectively.PLSperforms
regressionon a smallnumber of latentvariables (LVs), which representtheunderlying
factors responsiblefor the variation in theoutputresponse. Theyarelinearcombinations
of the original independentvariables.Thenumberof LVs in thePLSmodelwas
determinedby performing a cross-validation usinga trainingdataset andminimizing the
error. TheLV coefficients were then extractedfrom thecross-correlation of input and
output variables.Tumorpositionprediction errorswere evaluatedfor thefollowing
scenarios: (1) tumor/externalsurrogate relationshipfor a given fraction,(2) predictive
modeldevelopedin onefraction andappliedto otherfractions.Predictionerrorswere
comparedwith standard multiple linear regression(MLR).

Results: Themeantumormotiondisplacementwas 7.3mm for thepatientdata
investigated. Theaverageerror for intra-fraction tumorposition predictionbasedon
externalmarkerswas 1.47±0.90mm for PLS and3.07±1.67mm for MLR whendata
from a single fraction wasused. Whenthepredictivemodelfrom onefractionwas
appliedto theremainingtwo fractions,theaveragereal-time inter-fraction error was
1.48±0.57 mm for PLSand6.69±3.58mm for MLR.

Conclusion: PLS canpredict thetumorpositionusingexternalsurrogateswith errorsof
< 2mmandwith superior accuracycomparedwith MLR. Intra- andinter-fraction
prediction errorswere statistically similar.


