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Summary y 

Thiss thesis focuses on novel approaches in the radiotherapeutic treatment of 
patientss with a glioblastoma multiforme (gbm). External radiotherapy has proven 
too be the most effective treatment in gbm in terms of survival, and is standard 
treatmentt since the early eighties. However, the overall life expanding effect of 
radiotherapyy is limited to about 4 months and more than 90% of patients will die of 
theirr disease. Since then, numerous efforts have been performed to improve the 
effectt of radiotherapy, by either modulating the radiation scheme or by adding 
agentss supposed to enhance the radiation effect, mostly based on radiobiological 
promisingg concepts. All of those new strategies failed in clinical studies over the 
lastt twenty years and did not lead to a change in the standard treatment i.e. surgical 
debulkingg and conventional fractionated external radiotherapy up to a dose of 60-
666 Gy. The topics in the present thesis elaborate on the same theme i.e. translate 
radiobiologicall  concepts into the clinic. 
Inn chapter 2 an overview is given of the clinical results of gbm treatment in our 
institutee over a period of ten years. Results were compared with literature data. 
Thiss study demonstrated that survival was not improved during a period of 10 
years,, despite several technical developments. Survival was comparable with 
literaturee data and as were the generally accepted prognostic factors. 
Inn chapter 3 the effect of nicotinamide and carbogen on brain bloodflow were 
studiedd with SPECT. Despite several preclinical studies demonstrating an increased 
perfusionn by both agents, a lack of measurable perfusion enhancement in both 
normall  tissue and tumor area was found in our gbm patients. However, the power 
off  this conclusion was low and a small increase at microvascular level can not be 
excludedd from this study. Supporting the results of our study, several clinical 
studiess with nicotinamide and carbogen in malignant gliomas failed to demonstrate 
ann improvement in local response or survival compared to historical data. Since 
1999,, no further studies on nicotinamide and/or carbogen in gbm have been 
published. . 
Chapterr 4 describes a hypofractionation scheme in poor prognostic gbm patients. 
Basedd on poor prognostic factors, patients with a life expectancy of only 3-7 
monthss can be selected. For those patients, the standard six weeks radiation period 
cann be considered inappropriate, taking into account that patient's period with the 

133 3 



Chapterr 10 

bestt quality of lif e is the period shortly after the operation, i.e. the period of 
irradiation.. This study confirmed the clinical value of hypofractionation (4 
fractionss in 11 days) in poor prognosis patients, demonstrating similar survival 
expectancyy compared to the conventional scheme. Although no improvement in 
survivall  was seen or expected from this scheme, a prolonged period without 
treatmentt can be considered as improvement in quality of live. The results are in 
agreementt with previous reports on hypofractionation, although in most studies the 
overalll  time was still about 3 weeks. 
Ann improved local control and thus survival could be achieved by increasing the 
dose.. Interstitial radiotherapy has the properties of delivering of a high focal dose 
inn the target area with a steep fall-off in the surrounding tissue. 
Inn chapter 5 the technique and results of this boost technique in our institute are 
described.. It was concluded that the implantation and interstitial radiation were 
accuratelyy and safely performed with no or minor acute toxicity in the majority of 
cases.. The median survival of patients treated with a brachytherapy boost was 
significantlyy higher than after conventional radiation. However, the difference was 
partlyy explained by a selection bias, although a small benefit by the brachytherapy 
boostt of a few months could not be excluded. Local failure was still the main cause 
off  death, despite a total dose of 100 Gy, confirming a gbm to be a very 
radioresistantt tumor. A dose of 100 Gy is beyond the tolerance of the normal brain 
wil ll  result in focal necrosis. Because of this lack of a therapeutic window, in fact a 
negativee therapeutic window, a gbm seems to be incurable by conventional 
radiotherapyy alone (including brachytherapy) without unacceptable damage to the 
normall  brain. Only a very small subgroup of patients with very small tumors (< 2 
cm),, in which radiation necrosis will not lead to severe clinical symptoms or can be 
removed,, could maybe benefit from brachytherapy. The only published 
randomizedd study on this subject showed no survival improvement for patients 
treatedd with a brachy boost compared to conventional radiotherapy and thus in 
agreementt with our results. 
Inn chapter 6 the value of Transforming Growth Factor-fJ (TGF-fJ) plasma levels 
wass analyzed in gbm patients. Some authors suggested a relation between TGF-fS 
levelss and tumor load and prognosis for a few other tumors. In the present study 
TGF-[33 values of patients with a malignant brain tumor were significantly higher 
thann normal controls. However, the pre-radiotherapy TGF-(3 value in gbm patients 
didd not correlate significantly with prognosis, and no relation with other tumor 
factorss could be detected. Thus, based on our results, plasma TGF-fi values at start 
off  radiotherapy can not be used as prognostic indicators. 
Basedd on the small therapeutic window of radiotherapy in brain tumors, if there is 
one,, late radiation toxicity can be encountered in long surviving patients after brain 
irradiation.. In chapter 7 hyperbaric oxygen (hbo) was tested as treatment option 
forr cognitive disorders after brain irradiation. No treatment is currently available 
forr late cerebral radiation damage. Therapy with hyperbaric oxygen has been 
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shownn its effect for late radiation damage in several other organs like bladder, 
rectum,, head and neck and soft tissue. Only two very small studies in brain tumor 
patientss showed a beneficial effect on brain necrosis after hbo. Studies on the effect 
off  hbo on cognitive disorders after brain irradiation are lacking. Unfortunately only 
aa very limited number of patients could be accrued for this study. After extensive 
neuropsychologicall  testing, before and after hbo treatment, overall no significant 
improvementt in neuropsychological functioning could be detected although there 
wass a small improvement. In one patient there was a substantial improvement, 
whichh lasted long. Considering the heterogeneity of patients, their previous 
treatmentss and the limited number, no hard conclusion can be made on the overall 
negativee result. The positive effect of hbo in other studies as well as in one of our 
patients,, warrant further studies of hbo in radiation damage to the brain. 
AA new approach in the treatment of cancer is hyperthermia. In chapter 8 the results 
off  a phase I study of interstitial hyperthermia for gbm with a novel and technically 
advancedd heating system are presented. Hyperthermia in oncotherapy are 
temperaturess between 40°C and 43°C. Hyperthermia does not only have a limited 
directt tumor cell kill , but inhibits the repair of all types of radiation induced DNA 
damage.. Preferable cells in hypoxic condition, via impaired DNA repair 
machinery,, are sensitive to hyperthermia. Hypoxic cells are resistant to 
radiotherapy,, making hyperthermia the most potent cellular radiosensitizer. Most 
recentt phase III studies, randomizing between radiotherapy and radiotherapy plus 
hyperthermiaa demonstrated impressive improvements of local tumor control rates. 
Inn cervical cancer, the increased local control by hyperthermia was translated in an 
improvedd overall survival. The first and only randomized trial of radiotherapy plus 
orr minus interstitial hyperthermia did result in a significant, albeit small, 
improvementt of survival by hyperthermia. However, hyperthermia was considered 
suboptimall  in this study, and improved results could be obtained with improved 
hyperthermia.. Improved thermotherapy could be achieved using the Multi 
Electrodee Current Source Interstitial Hyperthermia system (MECS-IHT). The 
MECS-IHTT system has the capability of spatial steering of heat delivery and has the 
possibilityy of insight of a 3-D temperature distribution by multiple thermoprobes 
insightt each electrode. Focal hot- or coldspots can be detected by the thermal probes 
andd can be compensated by increase or decrease of the duty cycle of the focal 
electrode.. The treatment appeared to be feasible with no or only very minor side 
effects.. Adequate temperatures were reached in the last patients of this study, after 
technicall  adjustments based on the clinical experience of the previous patients. A 
largee heterogeneity in temperature within the implant volume was detected by direct 
measurementss as well as in a simulation model. The heterogeneity still occurred 
despitee large differences in the individually steered focal duty cycli, and despite 
catheterr spacing of only 11-12 mm. It was concluded that a minimum temperature of 
42°CC in the tumor (by means of the T90) could not be reached without focal hotspots 
abovee the tolerance of the normal brain. Interstitial hyperthermia without the 
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possibilityy of spatial steering will inevitably lead to a much larger heterogeneity in 
temperature.. Results of a phase II study have to be awaited before suggestions can be 
madee about the clinical results. 
Chapterr 9 discusses the background of radioresistance in gbm and future prospects 
off  new (radio)therapy studies. Since it became apparent in the end seventies that 
radiotherapyy did influence survival in gbm, the chapter of radiotherapy studies in 
gbmm started. It was expected and hoped at that time that modulating the 
radiotherapyy effect would result in further improvement of survival. Unfortunately, 
aa tremendous effort in development, executement and analysis of a large number of 
studiess over the last 25 years, including the several studies of this thesis, did not 
leadd to any clinical relevant improvement in gbm. The long period of efforts to 
optimizee radiation effects was not only based on the initial positive effects on 
malignantt gliomas, but also on the lack of any other new treatment modalities and 
byy the infaust prognosis of gbm which forced the clinician to initiate further 
(radiation)) studies. "Don't throw old shoes away before you have new ones". But 
neww shoes are available yet and this thesis could be the last of the Mohicans of 
bundledd radiotherapy studies in gbm. Insights in the molecules involved in aberrant 
signalingg and cell cycle regulation of cancer cells are rapidly progression. The 
targetss of cancer therapy studies will change from damaging DNA into targeting 
thesee specific molecules. The genetic instability of cancer cells and the several 
aberrantt pathways in proliferation, apoptosis, invasion and metastasis of cancer 
cellss wil l probably lead to therapies focussed on multiple targets. Radiotherapy 
couldd still be of value in blocking one or more of these aberrant pathways, or could 
promotee the effects of specific pathway enhancers. However, the chapter of pure 
radiotherapyy studies in gbm probably can be closed. 
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