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Summary y 

Radiotherapyy is an important method to treat cancer patients. In external 
beamm radiotherapy, high-energy photon beams are planned to damage and 
killl cancer cells in order to stop them from dividing. State-of-the-art 
radiotherapyy is a complex technique for several reasons. First, multiple beam 
shapess are used from multiple directions with the intention to deliver a high 
dosee to the target volume and a low dose to surrounding tissues. For this 
purpose,, the target volume is delineated in a computed tomography (CT) 
scan.. Second, the total dose is typically delivered in several daily fractions to 
exploitt the different sensitivity of tumor cells and normal tissues to radiation. 
Priorr to each fraction the patient is repositioned on the treatment couch by 
aligningg markers on the skin of the patient to the projection of room lasers. To 
minimizee the magnitude of repositioning errors (setup errors), verification of 
patientt setup is usually performed. A common technique to verify the patient 
setupp is portal imaging. Using this technique, an image is acquired on film or 
byy using an electronic portal-imaging device (EPID) at the beam exit side of 
thee patient during irradiation. Portal images thus show the patient setup 
relativee to the beam. A novel addition to the possibilities of a radiotherapy 
machinee is to adjust the beam shape during the delivery of dose. This makes 
radiotherapyy even more complex and verification of correct delivery is 
necessaryy to assure the quality of the therapy. 

Thee following components contribute to the correct delivery of dose. First, the 
positionn of the patient relative to the beam should be carefully reproduced 
duringg all fractions. Second, all components of the treatment machine should 
workk as specified without mechanical and dosimetrical deviations in the 
treatmentt unit. In this thesis both components were addressed. 

First,, two techniques that have the potential to improve the accuracy of the 
patientt setup were studied. The value of three dimensional body contours to 
estimatee the patient setup relative to the planned position was studied. The 
plannedd position was obtained from the CT data. The body contours were 
automaticallyy matched to the skin detected in the CT scan. In this study 
patientss with lung cancer and patients with head-and-neck cancer 
participated.. Due to variations in the skin position relative to the bony 
anatomy,, only large errors (5 mm and larger) along the cranio-caudal (head to 
feat)) axis could be corrected successfully. Next, the use of a video camera to 
determinee the location of the patient was studied. In this study, patients with 
prostatee cancer participated. Our objective was to reduce setup errors along 
thee left-right axis. The setup errors along this axis are typically larger than 
alongg the axial axis and along the front-back (anterior-posterior) axis, probably 
becausee only a single marker on the abdomen of the patient is used to align 
thee patient to the room lasers. The video images were acquired in addition to 
portall images. Both the video images and the portal images were matched to 
thee CT scan acquired during the planning stage. A two-dimensional projection 
off the CT scan (a digitally reconstructed radiograph) was created for 
registrationn with the portal images, while a volume rendering that shows the 
skinn of the patient was created for matching with the video images. The 
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outlinee of the patient in a video image was a more accurate estimate of the 
setupp of the bony anatomy than the marker on the patient's abdomen. 
Consequently,, improvement of the setup of patients with prostate cancer in 
thee left-right direction by means of video imaging is possible. 

Methodss for verification of the performance of the treatment machine in a 
situationn where the beam shape is adjusted during irradiation were developed 
inn the following studies. The advantage of this dynamic technique in 
radiotherapyy is that it is highly flexible and that the required preparation time is 
potentiallyy short. The behavior of two commonly used EPIDs was investigated 
andd the dynamic properties (i.e., motion blurring) of these imagers were 
established.. Motion blurring imposes a limit on the usability of the EPID 
becausee well-defined moving edges appear blurred in the portal images. The 
testedd imagers were a liquid-filled ionization chamber EPID and a modern 
amorphouss silicon flat-panel EPID. 

Anotherr effect that occurs during acquisition of portal images of dynamically 
shapedd fields is motion distortion, especially in EPIDs with scanning read-out. 
Thesee EPIDs sample each row or column at a different moment in time, and 
movementt of an object perpendicular to the scan direction causes the object 
too appear tilted in the portal image. Because the scanning characteristics of 
thee EPIDs were known, it was possible to predict the magnitude of motion 
distortionn and to use such detectors for verification of the location of 
dynamicallyy controlled beam shaping devices. We found that the effect of 
motionn blurring was negligible for both imagers, while the motion distortion 
wass smaller for the modern amorphous silicon EPID due to its faster 
scanning. . 

Finally,, an improved method for analysis of portal images applied for 
verificationn of the patient setup was developed. Current automatic methods for 
portall image registration, which are often based on segmentation of 
anatomicall structures, are especially successful for images of the pelvic 
regionn but often fail to register images of other anatomical regions. A method 
forr two-dimensional registration of portal and reference images based on 
intensityy values was tested for various anatomical sites. Registration of portal 
imagess based on grey values was applicable to a wide range of treatment 
sites,, provided that the images were enhanced beforehand. 

Thee developed techniques contribute to safe execution of dynamic 
radiotherapy.. The use of body contours to improve patient setup is possible, 
althoughh the described technique indirectly provides an estimate for the 
locationn of the target volume. It was shown that video imaging allows 
reductionn of setup errors of patients with prostate cancer compared to the 
clinicallyy used setup strategy. Finally, portal imaging of both the treatment 
beamm and the patient anatomy assures that the magnitude of errors during 
deliveryy is within tolerance level. 
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