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Purpose: To proposea new approachto on-lineadaptive radiation therapy(ART) in which daily imageacquisition, planadaptation
and radiation delivery areperformed concurrently. Method and Materials: Daily imagingwasperformed using an on-boardcone
beam CT imagingsystem. X-ray projectionswerecontinuously acquired asthegantryrotatesbetween treatmentpositions. A filtered
back-projection algorithm was usedto reconstruct 3D digital tomosynthesis(DTS) images from the limi ted angle x-ray projection
data. An edgedetection algorithm was usedto automatically segment the 3D DTS images as the gantry arrives at eachtreatment
position. The treatmentplan was then re-optimized for the most recent DTS image contours using modified direct aperture
optimization(DAO). To testour system, a modelrepresenting anaverage prostatecasewasgenerated.A treatmentplan basedon this
original anatomy was createdusing our DAO system. To simulate inter-fractional prostatedeformations,threeclinically relevant
deformations (labeled:small, mediumandlarge)weremodeledby systematicallydeforming theoriginal anatomy. The abil ity of our
integrated approachto adaptthe original treatment plan to accountfor the anatomydeformations was investigated. Results: The
original treatment plan becomesclinically unacceptable for all threedeformations, basedon the dose-volume constraints from the
RadiotherapyandOncology Group 0415prostate protocol. Using our integratedapproachto on-line ART, theoriginal treatmentplan
was successfully adapted to arrive at a clinically acceptableplan for all three anatomy deformations, with the treatmenttime
drastically reducedcomparedto thecurrenton-line ART procedure.Conclusion: We havedevelopeda newapproachto on-line ART
in which imageacquisition, plan adaptation andradiation delivery aretemporally integrated. We haveshownthat it cansuccessfully
adapt the original treatmentplan for threeclinically relevantprostate deformationswhile considerably reducingtreatmenttime.


