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ABSTRACT 

 Modern technology, such as intensity modulated and image-guided radiation 
therapy, have revolutionized radiation treatment with improved outcome and reduced toxicity. 
However, radiotherapy is a complex process and potential errors can occur in each step. 
Introduction of the margin concept, together with image-guided radiation therapy, was found 
to be an effective method to correct errors from target delineation, patient setup and organ 
motion. In this work, prostate cancer patients, with implanted fiducial markers receiving 
external beam radiotherapy with the TrueBeam STx linear accelerator using the ExacTrac 
image-guided system, were examined to determine the optimal planning target volume (PTV) 
margin. From twenty-eight prostate cancer patients, 936 stereoscopic x-ray images and 271 
cone beam computed tomography (CBCT) images from the On-Board Imager system were 
obtained for the analysis. Data of the setup deviations from three setup techniques, including 
initial laser setting up, marker matching and soft tissue matching, were accumulated. The 
population systematic ( ) and random ( ) error were calculated using the van Herk recipe 
(2.5  + 0.7 ) to determine the PTV margin. Results of the PTV margins based on three 
different setup techniques were calculated to be: 6.19 mm, 8.08 mm and 13.79 mm from laser 
setup; 1.46 mm, 1.86 mm. and 2.11 mm from the ExacTrac system with fiducial marker 
matching, and; 3.20 mm, 2.80 mm and 3.10 mm from CBCT in lateral, longitudinal and 
vertical directions, respectively. It can be seen from this study that using the ExacTrac image-
guided system together with implanted fiducial markers was an effective technique to reduce 
the setup uncertainty. Moreover, the investigated PTV margin from both the ExacTrac system 
and the CBCT confirmed that the PTV margin (5 mm) for prostate cancer, which is applied 
routinely in the clinic, was acceptable. However, only interfractional setup error was analysed 
in this study. Investigation of the intrafractional error should provide a useful subject for 
further studies and maybe included into the determination for optimal PTV margin as well. 
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