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Purpose: In adaptiveradiation therapy,organmotion andpatient setupcanbemeasuredandparameterizedduring treatmentto refine
the therapy. Bayesianstatistics has previously beensuggestedto decreasetheparameterestimateuncertaintyby combiningknowledge
about population statisticswith patientmeasurements.Our objective is to quantify thegainin usingBayesianstatistics.
Method and Materials: Analytical expressions werederived for two estimatorsof patientspecific systematicandrandomerror: SE,
sampleestimatorsbasedon only patient measurements andBE, Bayesian estimators basedon patientmeasurements combinedwith
population statistics.Analytical expressionswerederivedfor themean-squared-errors(MSE) for theseestimators. These theoretical
resultswerecomparedto results obtainedfrom a data setof actualprostate positionsfor 15 patients, acquiredin 42 fractions.
Results:BE arein a meansquare sensealwaysbetter comparedto SE. For the systematic error, theMSE ratiobetweenSEand BE is
1+σ2/(nΣ2) where n is thenumber of fractions,Σ thestandarddeviation (SD) of the systematicerrorand σ theSDof therandomerror.
This meansthatfor a typical prostatecasewith σ/Σ=1 and n=5, the RMS (root mean square)reduction usingBE is 9%.The
improvementin estimating therandom erroris in generally muchlarger.TheMSEratio betweenSEand BE is 1+ (2(σ2/Λ)2+3)/(n-1)
whereΛ is theSD of σ2, which meansthatfor a casewith σ2/Λ=1 and n=5 theRMS reduction is 33%. Experimental data confirmsthe
qualitative contentof thetheoretical analysis.
Conclusion:By combining measurements of geometricalchangesin patient anatomy with populationdatamore robustestimatesof
organmotion canbeobtained. These estimatesconstitutea morereliablebasis for adaptive replanning,for example through
individualizedPTV design.
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