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Summary Summary 

Inn this thesis a number of aspects of conformal radiotherapy of urogenital 
tumourss were studied with the aim to improve the planning and the delivery 
processs of these high precision treatments. The aims of the present study were 
threefold.. Firstly, three-dimensional (3D) data on target delineation, organ 
motion,, and patient setup were analysed to incorporate into the planning 
process.. Next several tools were developed to help the treatment planner in 
assessingg more accurately than before 3D dose distributions over the target 
volumee and organs at risk. Finally, the impact of various quality assurance 
programmess on the delivery of conformal treatments was assessed. All studies 
aimedd at reducing the uncertainties in the various steps involved in these high 
precisionn treatments. As a result of this study, both the accuracy in treatment 
planningg and in treatment delivery could be improved. 

Thee purpose of the work presented in Chapter 2 was to minimize differences 
inn the treatment planning procedure between two institutions within the 
contextt of a radiotherapy prostate cancer trial. In 1997, a Dutch multi-
institutionall  Phase III trial was initiated comparing 68 Gy and 78 Gy for 
localizedd prostate cancer. One of the main objectives of the trial is to study 
thee hypothesis that higher irradiation doses lead to a higher local control rate 
forr localized prostate cancer. As part of a quality assurance procedure prior to 
thee start of the trial, the delineation of the various volumes and the treatment 
planningg of the two institutions already enrolled in the study (the Netherlands 
Cancerr Institute and the Daniel den Hoed Oncology Center) was compared. It 
turnedd out that the differences in delineation of the prostate between observers 
off  different institutions are small, and comparable to differences between 
observerss in a single institution. The different expansion routines in the 
planningg systems lead to considerably different planning target volumes. 
Furthermore,, differences in delineation of the rectum greatly influenced the 
calculatedd risk of rectal complications. Therefore, applying a stricter 
definitionn of delineation of organs at risk was needed to retrieve more reliable 
triall  results. 

Inn Chapter 3, the geometrical uncertainties involved in the radiotherapy 
treatmentt of bladder cancer are quantified. The most commonly used 
treatmentt technique within the Top Clinical Care project is irradiation of the 
wholee bladder to full dose or irradiation of the whole bladder to an elective 
dosee followed by a boost to the tumor area. To ensure adequate dose coverage 
off  the whole bladder (CTV) substantial margins are necessary, raising from 
thee uncertainties in target volume delineation, organ motion, and setup 
accuracy.. Because of the poor knowledge of the geometrical uncertainties in 
bladderr tumors, a wide range of margins between CTV and PTV can be 
observedd in current clinical practice. The aim of the study presented in 
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Chapterr 3 is to acquire 3-dimensionaI data on all geometrical uncertainties of 
thee bladder, i.e.. uncertainties in target delineation, organ motion and patient 
setup.. The data on delineation uncertainties are obtained from the 3D-
variationn in bladder volumes in a multi-observer study. The organ motion of 
thee bladder is quantified by analyzing bladder volumes at different moments 
duringg the treatment. The data on setup uncertainties of bladder patients are 
extractedd from portal imaging results of a pooled bladder and prostate patient 
population.. 2D scalar maps of the separate geometrical uncertainties were 
constructed.. The acquired results on the geometrical uncertainties showed that 
organn motion is the most important uncertainty for the bladder in the multi-
stepp radiotherapy process. Further 3D analysis clearly illustrated the need for 
anisotropicc margins for bladder cancer in con forma I radiotherapy. 

Chapterr 4 addresses the problems that occur when defining the rectal wall for 
dosee volume histogram (DVH) purposes. DVHs are used within the Top 
Clinicall  Care project to evaluate the normal tissue complication probabilities 
(NTCPs)) and moreover to optimize the 3D-dose distribution in 3D treatment 
plans.. The delineation of the rectal wall volume requires contouring of both 
thee outer and inner surfaces, which can be problematic for two reasons. First, 
thee CT numbers of the rectal wall are often very similar to the CT numbers of 
thee filling,  making it hard to accurately outline the inner surface of the rectal 
wall,, even with the optimal setting of window and level. Secondly, the rectal 
wallwall can be extremely thin at some places, making a careful delineation of the 
wallwall volume a difficult task. A mathematical model for the rectal wall was 
developed,, incorporating the stretching of the rectal wall due to variable 
rectall  filling  and neighboring structures. The model is verified using 20 sets 
off  CT data (5 patients x 4 scans) in which both outer and inner contours of the 
rectumm are carefully delineated. The application of the model yields accurate 
dosee distributions of the rectal wall, without delineating the inner surface of 
thee rectum. This approach reduces both the workload and variations due to 
inaccuratee delineation of the rectal wall. The DWH and NDSH are effective 
toolss to evaluate 3D-dose distributions of the rectal wall and to estimate the 
complicationn probability of the rectum in high dose conformal radiotherapy. 

Chapterr 5 deals with the dosimetric problems evolving from acquiring 
electronicc portal images used for setup verification aims within the Top 
Clinicall  Care project. The standard treatment fields are generally not suitable 
forr matching purposes for two reasons. Firstly, the amount of bony structures 
inn conformal treatment fields is often too small, and secondly portal images 
forr setup verification puiposes are preferably acquired under AP or lateral 
beambeam setups, which often not coincide with the treatment fields. Therefore, 
additionall  orthogonal fields often need to be generated for portal image 
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purposes.. The effect of these extra fields is threefold. Firstly, the target dose 
increases,, due to the additional dose delivered by the setup verification fields. 
Secondly,, the dose homogeneity over the PTV is affected, due to the dose 
gradientss of the fields, and finally, the dose to the tissues surrounding the 
targett increases, due to the larger field size of the setup verification fields. 
Chapterr 5 presents a formalism on how the beam weights (and wedge angles) 
off  the treatment fields should be adjusted during these setup verification 
sessionss so that the dose and dose homogeneity in the PTV are preserved. 

Chapterr 6 deals with the lack of consistencies between quality control 
programmess of linear accelerators in the radiotherapy institutions in The 
Netherlands.. Each institution has it's own quality assurance (QA) programme, 
too ensure the safe and efficacious application of radiation for the treatment of 
cancer.. Due to the many directives published on this subject, a large variety of 
qualityy control (QC) procedures may be expected. A project financed by the 
ministryy of Health, Welfare and Sports of the Dutch government was started 
too achieve consensus in the different QC programmes and to establish a set of 
minimumm national guidelines on QC procedures in radiotherapy. In order to 
gett insight in the current practice of QC of medical electron accelerators, an 
extensivee questionnaire on QC procedures of medical electron accelerators 
wass made and completed by all (21) radiotherapy institutions with questions 
relatedd to safety systems, mechanical parameters, beam profiles, beam energy, 
absolutee dosimetry, wedge filters, the dose monitor system and radiation 
leakage.. Large variations in time spent on QC existed, especially for 
acceleratorss having dual energy photon beams and several electron beam 
energies.. This diversity was mainly due to differences in philosophy with 
regardd to QC and the differences in resources and machine time available. 
Furthermoree large variations in test frequencies and test methodologies were 
observed.. The data of the questionnaire were compared with 
recommendationss given in national and international reports on QC of 
electronn accelerators. From these recommendations and the results of the 
questionnairee a set of minimum guidelines for a QC programme was 
formulatedd and implemented in all radiotherapy institutions in The 
Netherlands. . 

Chapterss 7 and 8 give the results of a long lasting experience with an 
extensivee in vivo dosimetry protocol for patients treated within the Top 
Clinicall  Care project. Routine in vivo dosimetry measurements are performed 
inn the Top Clinical Care project as part of the quality assurance program. For 
prostatee and bladder patients, both entrance and exit measurements are 
performed.. These measurements are converted to a dose at the isocentre. Due 
too the high accuracy, we were able to maintain a narrow action level of 2.5%. 

193 3 



ChapterChapter IO 

Experiencee with measurements performed at more than 500 patients revealed 
thatt the measurements were very reliable and, if necessary, the number of 
monitorr units was adjusted even if no explanation could be found for the 
deviation.. During the first few years, a number of systematic dosimetric errors 
weree traced by in vivo dosimetry measurements. These errors were 
successivelyy restored and consequently, the amount of newly observed errors 
decreasedd with time. Hence, the in vivo dosimetry results remained stable in 
thee latter period, making it possible to trace minor imperfections, even smaller 
thann 1%, in the dosimetry chain using statistical analysis of the results. The 
resultingg actions did not only benefit the prostate patients, but did improve the 
treatmentt quality of all patients. 
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