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Introduction Introduction 

Conformall radiotherapy 

Conformall radiotherapy (CRT) aims at delivering a high dose to the target, 
whilee at the same time sparing the surroundings organs at risk. CRT is defined 
inn this thesis as the procedure of high-precision irradiation of a target volume 
wheree the 95% isodose distribution conforms as closely as possible to the 
shapee of the target volume in three dimensions. The aims of CRT are 1) to 
achievee a lower complication rate compared to conventional radiotherapy by 
reducingg normal tissue doses and 2) to allow a higher dose to the target 
volume,, thereby increasing tumour control probability without increasing the 
complicationn rate. The process of implementing and improving procedures of 
CRTT requires high quality standards regarding geometric and dosimetric 
uncertaintiess of the treatment. 

Clinicall implementation of conformal radiotherapy 

Inn 1988 we achieved our first three-dimensional (3D) treatment planning 
systemm (TPS). During the initial phase of implementing conformal 
radiotherapyy in the clinic, a lot of attention was paid to the three-dimensional 
aspectss of treatment planning, which was a new issue at that time. Also the 
qualityy assurance of the new tools of the TPS was investigated extensively 
beforee applying these for patient planning. For instance, improvement of the 
targett expansion algorithm and the monitor unit calculation algorithm was 
requiredd before CRT of prostate cancer could be implemented at a larger 
scale.. In 1993 the Top Clinical Care Project, or as it is called in Dutch the 
"Top"Top Klinische Zorg (TKZf project started in the Division of Radiotherapy of 
thee Netherlands Cancer Institute. The first aim of this project was to 
implementt new CRT procedures and to improve existing techniques of 
conformall radiation therapy for various tumour sites in a safe and consistent 
wayy in the clinical setting of the Radiotherapy Department. For this purpose 
conformall techniques have been designed and introduced into the clinic by 
monitoringg the setup accuracy by means of a portal imaging protocol (1-5), 
andd by measuring the delivered dose applying an in vivo dosimetry protocol 
(6-10).. The second aim of this project was to investigate the benefits of CRT 
comparedd with conventional treatments and to quantify the additional 
workloadd required to perform accurate CRT. In most cases the comparisons 
concernn treatment plans and theoretical calculations of normal tissue 
complicationn probabilities (NTCP), but clinical results of the CRT treatments 
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weree also scored. The project was also designed to implement and evaluate 
thee results of other existing projects. For example, within the scope of a 
researchh project, a five-field multi-segment prostate irradiation technique was 
developedd to reduce rectal toxicity for patients with concave target 
volumess (I 1,12). After thorough validation of the new: irradiation technique, 
thiss approach was clinically embedded in the project and has now become 
standardd clinical practice for prostate patients with a large overlap between 
thee planning target volume and the rectal wall. Such a project may therefore 
alsoo be regarded as an important link between groups involved in research and 
development,, and persons taking care of the clinical routine in the 
Netherlandss Cancer Institute. 

Improvementt of treatment planning 

Radiotherapyy treatment planning is the entire process to prepare the radiation 
treatmentt of a cancer patient. This process includes imaging studies, 
definitionn of target volumes, design and optimisation of the irradiation 
technique,, evaluation of the treatment plan and implementation of the plan on 
thee treatment unit. It is an essential step in the radiotherapy treatment process, 
especiallyy in conformal radiotherapy where a high geometrical and dosimetric 
accuracyy is required. The planning process generally starts with the 
determinationn of the target volume within the patient. Although the advent of 
computedd tomography and magnetic resonance imaging has been an 
importantt step forward in our ability to visualize the human anatomy, target 
volumee delineation is still a weak link in the planning process. Within the Top 
Clinicall Care Project, various studies are associated to a better target volume 
definition;; multiple CT scans are used for prostate treatments to account for 
timee trends and more recently the use of PET scans is introduced to 
discriminatee normal tissue from malignant lung tissue (13). 
Otherr studies concern the optimisation of irradiation techniques. The effects 
off conformal radiotherapy compared to conventional radiotherapy for the 
electivee nodal irradiation of lung tumours are investigated by means of dose-
volumee histogram analysis. For the head and neck treatments, new advanced 
salivaryy gland sparing techniques were developed with multiple (three to 
eleven)) beam directions each having several (two to four) segments. The 
relativee beam weights of these segments were optimized using an inverse 
planningg programme having cost functions for target dose inhomogeneity, 
spinall cord dose and salivary gland dose. 

Inn general, improvement of treatment planning techniques may lead to the 
abilityy of dose escalation. In 1998. a combined Phase HI randomized trial 
startedd at The Netherlands Cancer Institute in Amsterdam and the Doctor 
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Daniell den Hoed Cancer Center (DDHCC) in Rotterdam, to test the 
hypothesiss that higher radiation doses lead to a higher local control rate of 
prostatee cancer. The results are also applied to validate normal tissue 
complicationn probability models of rectum and bladder. The prostate patients 
aree randomized between a dose prescription of 68 Gy and 78 Gy. 

Improvementt of dose delivery 

Inaccuraciess in dose delivery may influence the outcome of any radiotherapy 
treatment,, due to the steepness of dose-effect curves for both local tumour 
controll and normal tissue complications (14). A high precision in dose 
deliveryy is of essential importance in conformal treatments where generally 
highh dose values are applied. Particularly in dose escalation studies or other 
typess oï clinical trials where the homogeneity in dose delivery to a patient 
groupp is often a prerequisite for the success of those studies, both systematic 
andd random uncertainties in dose delivery should be minimized. 
Thee first requirement of high precision in dose delivery is that the treatment 
machinee is performing according to its specifications. For that purpose a 
comprehensivee quality control (QC) programme of megavoltage radiation 
equipmentt is required to ensure the safe and efficacious application of 
radiationn for patient treatments. In this thesis the various QC programmes 
currentlyy applied (15-17) are compared resulting in recommendations for sets 
off QC tests required for conformal radiotherapy. 
AA number of errors in a radiotherapy treatment may still occur despite a 
carefull analysis of all steps in the chain determining the planning and the 
deliveryy of that treatment. In order to verify the actual dose delivery to a 
patient,, in vivo dosimetry (IVD) measurements are often performed to 
monitorr the dose delivery independent of treatment-planning and monitor unit 
calculationn programs. Such an in vivo dosimetry protocol should guarantee a 
dosee delivery for a specific type of treatment within a specified interval on an 
individuall patient basis, resulting in patient groups having uniform dose 
levels.. Statistical analysis of the overall results should make it possible to 
identifyy small systematic errors. Correction of these errors will not only 
benefitt the patients in these studies, but will also improve the treatment 
qualityy of all future patient treatments. 
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Purposee of this study 

Thee studies described in this thesis resulted from limitations in clinical and 
physicall issues related to the sate and efficient implementation of conformal 
techniquess in the clinic. The common factor in the separate studies is that they 
aree all focussed on minimizing geometrical and dosimetric uncertainties in the 
radiotherapyy process of predominantly urogenital tumours. For this purpose it 
wass necessary to obtain a complete understanding of geometrical and 
dosimetricc uncertainties involved. From the geometrical perspective, this 
knowledgee required a thorough analysis of a large number of geometrical data 
(CTT data including organ definitions and portal imaging results) of many 
patientss treated with CRT. The first aim of this study was therefore to 
quantifyy the three-dimensional data on target delineation, organ motion, and 
patientt setup required for conformal radiotherapy of urogenital tumours. In 
orderr to implement these findings in the treatment planning process, 
especiallyy designed software tools had to be developed for a better 
determinationn of 3D dose distributions in target volume and organs at risk, 
whichh was a second aim of this project. From the dosimetric perspective, the 
actuall delivered dose of many patients had to be measured and analyzed. To 
assesss the merit of in vivo dosimetry, i.e., to trace and improve errors in the 
treatmentt chain of urogenital rumours, was another aim of this study. 

Outlinee of this thesis 

Thiss thesis consists of three parts; the first two deal with improving the 
treatmentt planning process and the third aims at improving treatment delivery 
off high-precision radiotherapy of urogenital tumours. Firstly, three-
dimensionall data on target and organs at risk delineation for prostate cancer 
treatmentt were compared in two centres participating in a clinical trial 
(chapterr 2). Three-dimensional data on target delineation, organ motion, and 
patientt setup are analysed to incorporate into the planning process of bladder 
cancerr (chapter 3). Secondly, several tools are developed to help the treatment 
plannerr in assessing more accurately than before 3D dose distributions over 
thee target volume and organs at risk. In chapter 4 an algorithm is presented to 
extractt the 3D dose distribution only in the rectal wall from that in the whole 
rectum.. If portal imaging is applied for setup verification, an additional 
amountt of radiation is delivered to the patient. In chapter 5. a method is 
presentedd to take this extra amount of radiation dose already into account 
duringg the treatment planning process. Finally, the impact of various quality 
assurancee programmes on the delivery of conformal treatments was assessed. 
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Inn chapter 6, a comparison is made of the various QA programmes applied in 
Thee Netherlands. From this study a set of minimum guidelines for a QC 
programmee is formulated. In chapters 7 and 8 the results of accurate in vivo 
dosimetryy programmes during conformal treatments are reported. All studies 
aimm at reducing the uncertainties in the various steps involved in these high 
precisionn treatments. 
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