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Introduction n 

CHAPTERR 1 

Introduction n 

Glioblastomaa multiforme is the most common, most fatal and most devastating 
brainn tumor. The prognosis of a patient with a glioblastoma has hardly improved in 
thee last twenty years, despite more aggressive surgery, radiotherapy and 
chemotherapyy (Rutten, Heesters). This thesis presents results of our contributions 
too the many attempts to improve the clinical outcome of our patients. Chapter 1 is a 
summaryy of the present clinical insights in glioblastoma multiforme. In chapters 2 
throughh 6 we report on studies that seem to confirm the fatalistic idea that no 
progresss is being made. However, chapters 7 and 8 open doors that a gain in 
survivall  or quality of life can be obtained by an improved understanding of 
radiobiologyy and physiology, combined with the development of better 
technologicall  tools. A critical consequence of our studies is that some of the 
classicall  principles of radiobiology do not apply to glioblastoma, and that we may 
bee forced to drastically change our surgical and radiotherapeutic practice in order 
too gain clinical relevant improvement, as discussed in chapter 9. 

Glioblastomaa multiforme 
TheThe target 
Incidence:Incidence: Glioblastoma multiforme (gbm) comprises about 15-20% of all brain 
tumorss (benign and malignant) and about 50% of all gliomas. The incidence of 
malignantt brain tumors in the Netherlands was in 1997 550 new cases per year, 
withh a mortality of 427 (86]. Unfortunately about 70% of patients with malignant 
brainn tumors are of the glioblastoma multiforme type, of which nearly all will die 
off  their disease. Incidence shows an increase with age, with a steep increase above 
500 years. The age-specific incidence has increased in the last twenty years; at least 
partt of this increase can be attributed to better and earlier radiological diagnosis 
withh CT-scans and MRI. 

Aetiology:Aetiology: The causes of glioblastoma are virtually unknown. The disease is 
somewhatt more common in male than in female. Occupational and environmental 
exposuree to rubber compounds and polyvinyl chloride (PVC) compounds have 
beenn incriminated as potential carcinogens. Prior exposure to ionizing radiation is a 
knownn risk for brain tumors, particularly for meningiomas, but also astrocytomas, 
sarcomas,, and other histologies. Working with computers, sedentary occupation 
andd the use of mobile phones have all been incriminated as risk factors for brain 

9 9 



Chapterr 1 

tumors,, but have never been proven in epidemiological studies. These factors are 
probablyy confounders of another unexplained stereotypic of the patient with a brain 
tumor:: Well educated and well to do. This contrasts with some rare genetic 
neurologicall  syndromes that are associated with the development of gliomas and 
otherr brain tumors: neurofibromatosis types I and II, Von Hippel-Lindau disease 
andd tuberous sclerosis. 

Histology:Histology: A gbm originates from the neuro-epithelial tissue. The first hypothesis 
wass that development of a glial tumor started in a glial precursor cell or embryonic 
cell,, but in 1949 Kernohan introduced a new grading system with the hypothesis 
thatt gliomas are dedifferentiated mature cells. He was the first that introduced the 
ideaa of correlating grading with prognosis (45). This system however did not 
incorporatee clinically important histologic features like necrosis and microvascular 
proliferation.. In 1979 the term "glioblastoma multiforme" was introduced by the 
WHOO I (World Health Organization) grading system, where it was classified in a 
groupp of embryonic tumors. In the modified WHO II classification, a gbm was 
regroupedd amongst astrocytic tumors (Kleihues). This system is up to the present 
dayy the most common used classification and grading for brain tumors and was 
usedd during the study period of this thesis. In this system a gbm is characterized by 
aa poorly differentiated cell type showing nuclear and cytoplasmatic pleomorphism 
andd mitoses, and is discriminated from an anaplastic astrocytoma by the presence 
off  either necrosis or microvascular proliferation. In a gbm often both of last 
characteristicss are present, which can be combined with hemorrhagic foci and 
pseudopallisading.. The histologic appearance of a malignant glioma can show 
spatiall  heterogeneity with areas of well-differentiated or less malignant cells. This 
cann result in a (under) grading problem when only few or small biopsy samples are 
taken. . 

Symptomatology:Symptomatology: Patients with a glioblastoma usually present with specific 
neurofunctionall  loss of the involved brain site often accompanied by symptoms of 
increasedd intracranial pressure. 
Basedd on clinical symptomatology and genetic characterization, one may 
distinguishh two different types of glioblastomas: Primary 'de novo' glioblastoma 
characterizedd by a short period of rapidly progressive symptoms versus secondary 
glioblastomaa dedifferentiated from a low grade astrocytoma characterized by a 
longg history of symptoms. 

Radiology:Radiology: A gbm is radiological typically characterized on CT or MRI as a space-
occupyingg lesion with irregular contrast enhancement and compression of 
surroundingg normal structures. Within the contrast enhancement often a hypodens 
areaa is seen representing necrotic tissue. Outside the contrast enhancement an 
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irregularr shaped hypodens zone is seen especially on the T2 weighted MRI, which 
preferablyy follows white matter tracts. 

TumorTumor spread: The contrast ring-enhancing tumor on CT or MRI is usually 
surroundedd by hypodense tissue composed of infiltrating tumor cells associated 
withh reactive oedema, reflecting the diffuse and infiltrating character of this tumor 
(44).. Even at several centimetres of the contrast enhancement in apparently normal 
tissue,, tumor cells can be found. This diffuse infiltrating character explains the 
nearlyy 100% failure rate of surgery, even after a lobectomy. Distant metastases of a 
gbmm are hardly ever seen although multifocal spread throughout the rest of the 
centrall  nervous system can be seen in about 10% of the patients. 

CurrentCurrent treatment: Standard treatment is surgery followed by radiotherapy. 
Surgeryy constitutes the first step in the treatment of malignant glioma with a 
twofoldd aim: To obtain rapid relief of the elevated intracranial pressure as well as 
too establish a tissue diagnosis. Because of the diffuse infiltration in the normal 
brainn tissue, a microscopic radical removal is not possible without the risk of 
severee functional loss. There is littl e justification supporting aggressive surgery in 
termss of improvement of survival if patients receive postoperative irradiation 
(49,58). . 
Conventionall  radiotherapy consists of a total dose of 60-66 Gy in 1.8-2.0 Gy 
fractionss to the tumor plus a margin of 2-4 cm. For poor prognostic patients, more 
hypofractionatedd schemes in order to reduce the overall time, are suggested (71). 
However,, even microscopic rests after surgery can not be cured by conventional 
radiationn although the time to recurrence can be delayed by radiotherapy. 
Treatmentt failure will occur in over 90% of gbm patients, mostly in the original 
tumorr area, and mostly within one year. Giving the fast proliferating nature of this 
disease,, nearly all patients will die within two years after diagnosis. The role of 
chemotherapyy is limited to symptomatic relief in recurrent disease. 

PrognosticPrognostic factors: On the basis of prognostic factors the median survival time of a 
patient,, or patient group, can be estimated. Generally accepted and clinically 
appliedd unfavorable prognostic factors are higher age especially above 60 years, 
neurologicall  performance status, histological presence of necrosis, and no 
postoperativee radiotherapy (24). Probably also of prognostic importance but less 
clearr are the size of the tumor, multifocality, a macroscopic total removal (21), 
histologicc presence of oligodendroglial components (28) and a high mitotic index 
(77). . 

RadiobiologicalRadiobiological features. The radioresistance of tumors in the classical 
radiobiologyy is explained by radiobiological parameters such as hypoxia, 
repopulation,, repair capacity and cell cycle distribution (92). Glioblastoma 
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multiformee has demonstrated a large hypoxic fraction, a high radiation repair 
capacityy and a fast repopulation, explaining its radioresistance by the classical way. 
However,, molecular characterizing of tumors have became available over the last 
tenn years and brought new insight in radioresistance. Mutations in the p53-p21 
pathway,, amplification and/or overexpression of the epidermal growth-factor 
receptorr (EGFR) and alterations in the phosphorylase tensine (PTEN) tumor 
suppressorr gene have demonstrated their relation with radioresistance. And indeed, 
EGFRR amplification or overexpression was present in 40-50% of glioblastoma 
multiformee and was clinically correlated with a poor prognosis (52). PTEN 
alterationn was a strong predictor of poor clinical outcome after radiotherapy for 
gbmm (D. Haas-Kogan, unpublished data) and mutations of p53 in gbm were 
associatedd with a higher clinical response to radiotherapy (79). 

Historyy of clinical radiotherapy studies in malignant glioma 
TheThe head against the brick wall. 
Thee development of X-rays of 200 keV in the 1920's made it possible to treat 
tumorss located up to a few cm under the skin such as brain tumors. The first reports 
off  radiotherapy in malignant brain tumors appeared in 1935 (60). The first study in 
patientss with glioma, a historical comparison of patients receiving radiotherapy 
versuss patients without radiotherapy demonstrated an improvement of the 9 months 
survivall  from 10% to 58% (81). Development of linear accelerators in the 1970's 
inn concordance with the availability of CT scanning in the 1980's allowed more 
accuratee treatment in terms of a better tumor delineation and better sparing of the 
noninvolvedd tissues. The first randomized study on radiotherapy in malignant 
gliomaa was published in 1978, showing a significant survival benefit for 
postoperativee radiotherapy compared to surgery alone (87). An improvement of 
survivall  of about 4 months by radiotherapy was confirmed in several consecutive 
randomizedd trials (2,50,89). Since then, radiotherapy with doses of 60-66 Gy in 
fractionss of 1.8-2 Gy became standard for grade III-I V (malignant) glioma. 
Thee median survival of gbm patients ranges between 6 and 11 months and less than 
10%% wil l survive two years (60,87). The infaust prognosis of gbm patients 
warrantedd further studies. Trying to improve the survival in gbm two major 
conceptss have been explored in the 1980's and 1990's. The first concept was to 
increasee the effect off radiotherapy and the second one was the addition of 
chemotherapy.. The effect of radiotherapy could be enhanced by increasing the dose 
orr by biologically modulating the effect of radiotherapy. Modulating the effect of 
irradiationn could be done by altered fractionation schemes or by the use of 
radiosensitizerss or chemotherapeutic agents. 

RadiationRadiation dose-escalation & altered fractionation. 
Thee RTOG has conducted a trial in malignant glioma (gbm and highly anaplastic 
astrocytoma)) using two fractions per day of 1.2 Gy escalating the total dose: 64.8 
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Gy,, 72.0 Gy, 76.8 Gy, and 81.6 Gy (91). No significant differences in survival 
weree found between the treatment arms with regard to median survival time. 
However,, in a subgroup analysis for patients with gbm median survival increased 
fromm 10.2 to 11.6 months, but late toxicity was also increased. 
AA reduction of overall treatment time could decrease the effect of tumor 
repopulationn during the radiation period, particularly in fast growing tumors. A 
relativelyy high labelling index and growth rate has been demonstrated in gliomas 
(33,77).. The EORTC conducted a trial in malignant gliomas comparing 
conventionall  fractionation (60 Gy in 6 weeks) to accelerated fractionation (60 Gy 
inn 4 weeks, 3 x 2 Gy dd, with a 2 weeks gap). No difference in survival was found 
betweenn the arms (31). In a subsequent study in the Academical Medical Center of 
Amsterdamm and the University hospital of Leuven (Belgium) the overall time was 
furtherr reduced to 2 weeks in a dose-escalating study from 42 Gy to 48 Gy, 54 Gy 
andd 60 Gy (2 Gy fractions). Median survival was about 9 months, which was not 
superiorr to historical controls (23). Another alteration of the fractionation scheme 
iss hyperfractionated radiotherapy. Multiple low dose fractions per day will allow an 
increasedd repair of the normal brain tissue, allowing a higher total dose on the 
tumorr without an increased chance of normal brain damage. Furthermore the 
increasedd fraction number will lead to a greater redistribution of cells and 
increasingg the chance of hitting tumor cells in more radiosensitive phases of the 
celll  cycle. Hyperfractionation using 1.1 Gy per fraction, twice a day, up to a total 
dosee of 66 Gy, combined with BCNU, was tested in a randomized study of the 
BTCG.. No difference in survival was found compared to conventional 
fractionationn (12). A hyperfractionated dose escalating study, using two fractions 
perr day of 1.2 Gy, from 64.8 Gy to 72.0 Gy, 76.8 Gy and 81.6 Gy did not show a 
significantt overall improvement in survival (91). The combination of acceleration 
andd hyperfractionation was also tried but again failed to improve results (8). From 
thesee studies it may be concluded that repopulation and redistribution are not the 
majorr factors responsible for the radioresistance of malignant gliomas. 

Chemo-radiation Chemo-radiation 
Nitrosureaa derivates like BCNU and CCNU, are chemotherapeutic agents that 
crosss the blood brain barrier and have shown effects in brain tumors (22). In an 
RTOG/ECOGG study the conventional radiotherapy of 60 Gy was compared to 60 
Gyy + 10 Gy boost, 60 Gy plus BCNU and 60 Gy plus MeCCNU plus DTIC. (59). 
Thee median survival rates were 9.3, 8.2, 9.7 and 10.1 months respectively and thus 
noo significant effect of dose increase or chemotherapy was encountered. Radiation 
alonee with radiation plus either CCNU administered early or at the moment of 
relapsee did also not reveal a difference in survival (14). In a second trial CCNU 
pluss VM-26 was not superior to CCNU alone when administered after surgery and 
radiationn (15). PVC (procarbazine, vincristine, CCNU) is the only combined 
chemotherapeuticc agent that has shown a significant improvement in survival as 
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additivee to radiotherapy in malignant glioma (53). However, in a subgroup analysis 
thiss difference was significant only for the anaplastic glioma and not for the gbm 

ModulationModulation of oxygenation 
Hypoxiaa has been considered one of the factors responsible for the radioresistance 
andd indeed, zones of low oxygen pressure have been identified in malignant 
glioma'ss (66). One of the first efforts to overcome this problem was the 
administrationn of radiation under hyperbaric oxygen. In a prospective study 
however,, hyperbaric oxygen did not demonstrate any advantage compared to 
radiationn under normal conditions (9). Another strategy to deal with hypoxia is to 
combinee radiation with hypoxic cell sensitizers such as misonidazole, which has 
beenn demonstrated to enhance the radiation effects in experimental tumors 
artificiallyy made hypoxic (20). Between 1982 and 1985, the hypoxic cell sensitizers 
miso-- and metronidazole were tested in nine randomized trials for malignant 
glioma.. All failed to show any advantage as compared to radiation alone, although 
aa meta-analysis showed a minor improvement with misonidazole (40). The reason 
whyy hypoxic cell sensitizers have not been effective in malignant gliomas could be 
eitherr that hypoxia is not a major factor determining the radiation effectiveness in 
gbmm or that the tolerated amount of drugs, because of their neurotoxicity, is too low 
too reach adequate tumor concentrations. 
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Outlinee of the thesis 

Sincee Walker showed in 1979 a significant survival benefit for postoperative 
irradiationn in gbm patients, none of the abundant number of following clinical trials 
upp to the early nineties did demonstrate any further improvement. The standard 
treatmentt of a gbm in 1995 was still the same as in 1975 namely surgical 
decompressionn followed by a conventional fractionated radiotherapy of 60 Gy in 6 
weeks.. In most other malignancies a high local control rate can be achieved by 
surgeryy combined with radiotherapy with or without radiosensitizing chemo- or 
hormonalhormonal treatment. However, distant metastases are the major component that 
predictss survival. In contrast, a gbm does not spread hematogeneous as well as that 
aggressivee local therapy does not result in local control. More than 90% of the 
patientss will die of this disease within two years and the vast majority wil l fail 
locallyy within the treatment area, without any signs of distant metastasis (26). 
Thus,, a large step forwards in survival is potentially possible by just improving the 
effectss of local treatment. This should be a large challenge for especially the 
radiationn oncologist, using a tool aimed at local treatment. The more studies that 
failedd to improve local control, the higher the breakthrough if a new treatment 
wouldd result in a survival benefit. 
Inn this thesis several new ideas, based on pre-clinical studies were translated in to 
clinicall  studies, in order improve local control or to diminish the treatment burden 
forr this very unfavorable patient group. 
Chapterr two retrospectively reviews the results of 10-years of conformal 
radiotherapyy in patients with a gbm treated in the Academical Medical Center of 
Amsterdam.. Although the clinical trials did not gave a base for relevant changes in 
treatment,, several small changes were introduced in the daily clinic at our 
departmentt over the last decade. These changes were for instance - standard 
introductionn of Computed Tomography based planning, - conformal irradiation 
fieldss in stead of whole brain irradiation, - the introduction of neuro-navigation 
duringg operation, and -an increased waiting period for start of irradiation. These 
changess could have influenced treatment outcome or the impact of the accepted 
prognosticc factors. Apart from the evaluation of the effect of these changes it also 
wisee in a general sense to update periodically treatment results and to compare it 
withh literature data. These updates will become even more important in the future, 
orr maybe obligatory, for patient information and quality assurance purposes. 
Hospitalss will be asked to make their treatment results public as tool for quality 
control.. The aim of this study was to analyze our present "state of the art" survival 
andd prognostic factors and to compared it with the literature. 
Inn chapter three the possible brain perfusion enhancement by administration of 
nicotinamidee and/or carbogen was studied using 99mTC-HMPAO SPECT (99m 
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Technetiumm HexaMethylPropyleneAmineOxime Single Photon Emission 
Computedd Tomography). Hypoxia, as a result of insufficient blood perfusion, has 
beenn considered as one of the possible causes for the radioresistance of malignant 
brainn tumors. The amount of hypoxia has been demonstrated to be of predictive 
valuee for local control after radiotherapy in cervical cancer and head and neck 
cancerr (29, 61). A Glioblastoma multiforme is a tumor which is characterized by 
zoness of necrosis and decreased perfusion on CT or MRI suggesting a low 
oxygenationn level (83). Decreased oxygen pressure levels have been demonstrated 
inn malignant brain tumors with direct intratumoral measurements (66 ). From the 
abovee facts, agents that selectively increase the perfusion of the tumor could result 
inn an enhancement of radioresponse. Nicotinamide (NAM), a vitamin B3 derivate, 
appearss to decrease the intermittent tumor vessel constriction resulting in a more 
homogeneouss blood flow (32, 30). Breathing of carbogen (95% oxygen) does not 
onlyy increase the plasma oxygen level, but it is also suggested in a mouse model 
thatt it can increase bloodflow (30). Both animal and phase I/II clinical studies in 
patientss with head and neck cancer demonstrated impressive enhancement of the 
radiationn effects by NAM and carbogen with an additional effect when both agents 
aree combined (67, 43). In the early nineties several clinical phase II studies started 
withh NAM and carbogen combined with radiotherapy, mostly within ARCON 
protocolss (Accelerated Radiotherapy with Carbogen and Nicotinamide). Van der 
Maazenn (1995) showed a high toxicity of ARCON in glioblastoma patients, 
particularlyy caused by adverse interaction of nicotinamide with commonly 
prescribedd anti-epileptic drugs in brain tumor patients (82). The radiotherapy 
departmentt of the AMC was member of the writing committee of a phase II 
EORTCC (European Organisation for Research and Treatment of Cancer) study, 
analyzingg the effect of ARCON in patients with glioblastoma. The study started in 
1994.. However, no studies were available on the effect of NAM or carbogen on 
cerebrall  bloodflow, neither for normal or tumor tissue. In the hope to find a 
physiologicc basis for either a positive or negative result of the EORTC study, our 
departmentt concurrently started a cerebral flow study in collaboration with the 
departmentt of Nuclear Medicine. The enhancement of cerebral bloodflow was 
measuredd by subtracting the flow before and after administration of NAM and/or 
carbogen.. Flow calculations were performed for both the tumor area and the 
normall  brain tissue. Purpose of the study was to study whether NAM and/or 
carbogenn could result in an objective increase of bloodflow and if so, whether flow 
enhancementt was of predictive value for the response to radiotherapy. Thus, flow 
measurementss before radiotherapy could select patient who would or would not 
benefitt from the addition of NAM or carbogen. 

Inn chapter four the treatment results of an extreme hypofractionation scheme are 
presented.. Well known prognostic factors can select patients who will have 
survivall  probabilities more than the median 7-11 months and those with a lesser 
survivall  probability. For patients with an expected survival of 3-6 months only, the 
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standardd 6-weeks course of irradiation can be considered inappropriate. Although 
theree is sufficient data supporting the life extending effect of radiotherapy in these 
poorr prognostic patients, the overall benefit for the patient with poor prognostic 
factorss is often discussed. The radiation period will take up a large part of patient's 
bestt quality of live period. A reduction of the treatment period by increasing the 
fractionn size could be more appropriate for poor prognostic patients. A scheme of 5 
fractionss of 6 Gy in a 5 weeks period has been shown to be feasible and effective 
withoutt increased toxicity (80). A hypofractionated irradiation scheme of 4 times 7 
Gy,, which is biologically equivalent to 60-66 Gy in 2 Gy packens for normal brain 
tissuee dose according to the L/Q concept (4), was developed reducing the overall 
treatmentt time from 6 weeks to 11 days. The purpose of this study was to 
investigatee whether such a short palliative scheme for poor prognosis patients 
couldd reduce the treatment time for the patient without negative effects on survival 
orr toxicity. 
Inn chapter five the results of two different forms of brachytherapy as a boost after 
externall  irradiation are described. The hypothesis that dose escalation can improve 
outcomee for malignant glioma patients is logical given the facts that standard 
radiotherapyy does prolong the progression free survival and that over 90% of these 
tumorss still will recur locally without distant metastasis (26). A dose-effect 
relationshipp up to 60 Gy has been demonstrated in malignant gliomas in 
prospectivee trials (88,6). However, further dose escalation with external beam 
therapyy up to 81.6 Gy did fail to improve survival (91). It was suggested that the 
toxicityy of doses above the tolerance of the normal brain tissue could undo the 
positivee effects of the extra tumor cell kill . The risk of developing radiation 
necrosiss is accepted to be 5% when 60 Gy in 2 Gy fractions is given to 1/3 of the 
brainn tissue (13). A steep dose-effect relationship exists above this dose, resulting 
inn a 50% risk of necrosis when 75 Gy is given. It is generally accepted that brain 
necrosiss is a life threatening complication and can only be treated surgically when 
thee volume is limited. Thus a positive effect of further dose-escalation with 
conventionall  external beam therapy is limited by the normal tissue tolerance. 
InterstitialInterstitial radiotherapy (brachytherapy) can give a high dose to a small volume 
withh relative sparing of the surrounding normal tissue due to a steep dose fall off 
outt of the implant volume. Interstitial doses up to 40-60 Gy to the tumor after a 
conventionall  dose of 60 Gy can be applied with this technique. Although 
developmentt of necrosis within the boost dose volume is inherent to the applied 
dose,, its volume will be small and restricted to the tumor area. For that reason only 
smalll  tumors (up to 4-5 cm) are eligible for this technique. In 1990 the first patient 
inn the AMC with a recurrent glioblastoma multiforme was treated with 
brachytherapy.. Based on positive results of several phase II studies with 
brachytherapyy in newly diagnosed gbm patients, a phase II study was started in the 
AMCC in 1993 (54, 25). With stereotactic implanted catheters, an interstitial boost 
dosee of 40 Gy was delivered to the macroscopic tumor after an external dose of 60 
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Gyy with conventional fractionation. In more or less the same period, the 
departmentt of Stereotactic and Functional Neurosurgery at the University of 
Cologne,, Germany, treated patients with comparable eligibility criteria with 
interstitiall  radiotherapy. However, their technique of implantation, radioactive 
source,, dose prescription and external dose was different from the AMC protocol 
Thee effect of brachytherapy on survival and toxicity was analyzed for both 
treatmentt schedules. 
Chapterr six describes the results of a study trying to identify the prognostic value 
off  Transforming growth factor-6 (TGF-6) in patients with gbm. TGF-6 is a 
multifunctionall  protein, which is involved in the regulation of cell growth, in the 
regulationn of extracellular matrix depositions as well as in some immunosuppresive 
activitiess (55). Its role in cell growth could be associated with the progression of a 
malignancy.. A relation between amount of malignant disease and the plasma TGF-
66 level was suggested for prostate cancer and breast cancer (41, 3). In a preclinical 
studyy TGF-6 was considered to play a role in the invasion of glioma cells into the 
normall  brain (65). If plasma TGF-6 is increased in gbm patients, and if it is related 
too the amount or spread of disease, it could be used as a prognostic marker and a 
markerr for therapy response. In our study the plasma TGF-6 values of gbm patients 
weree measured at start and end of radiotherapy and at four weeks after 
radiotherapy.. Levels were compared with several clinical parameters and survival. 
Thee aim of this study was to analyze thee clinical prognostic value of TGF-6 in gbm 
patientss and whether TGF-6 could be used as a tumor marker. 
Chapterr seven describes the results of hyperbaric oxygen as an innovative 
treatmentt option for late normal brain toxicity. For the small number of long term 
survivorss in malignant glioma, cognitive dysfunction is a common and major 
sequell  of cranial irradiation. No treatment is available and patients are said just to 
learnn to live with it. Intellectual impairment especially limits the therapeutic 
radiationn possibilities in children with brain tumors. The pathophysiology of late 
radiationn damage to the brain is at least partly based on damage to the 
microvasculature,, characterized by intima proliferation resulting in ischemia and 
hypoxiaa (70). The site of impairment of memory and learning abilities is suggested 
too be the medial temporal lobe cortex and loss of initiative in the frontal lobe (1, 
75).. The occurrence of cognitive dysfunction in children is already described from 
relativelyy low and fractionated doses of 18-24 Gy (57), but doses from 40 Gy and 
higherr can lead to progressive dementia (11, 90, 78). Given the standard dose of 60 
Gyy and a standard target volume of the tumor plus a margin of 2-3 cm for 
malignantt brain tumors, in most of the irradiated brain tumor patients the temporal 
orr frontal lobe will receive a sufficient dose to develop cognitive disorders. It is 
postulatedd that treatment with hyperbaric oxygen (HBO) induces 
neovascularizationn at the microscopic level and thus might ameliorate radiation-
inducedd toxicity (56). HBO has shown positive effects in the treatment of late 
radiationn damage in head and neck, bladder, soft tissues and rectum (16, 5, 18, 93) . 
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butt large studies in radiation damage to the brain are lacking. One small positive 
studyy has been published on radiation-induced myelitis (17). Two small studies of 
threee and ten patients with progressive cerebral necrosis treated with hyperbaric 
oxygenn did show stabilisation or clinical improvement (10, 19). However, no 
studiess were available on HBO for radiation induced cognitive disorders, which is 
thee most frequent late cerebral radiation sequel. The purpose of our study was to 
analyzee the effect of HBO on patients with cognitive disorders after cerebral 
irradiation.. An extensive neuropsychological test battery was used to be able to 
detectt differences in several specific domains. A positive effect would not only 
openn possibilities to improve quality of live for patients surviving a brain tumor, 
butt could also lead to a decreased reluctance in irradiating patients vulnerable for 
latee radiation damage. 
Chapterr eight describes our results of a pilot study in which interstitial 
hyperthermiaa was used in combination with external irradiation for gbm patients. 
Sincee the Walker studies in 1979, no clinical relevant improvement has been 
demonstratedd in clinical trials for gbm up to the publication of a randomized trial 
byy Sneed et al. in 1998 (73). They demonstrated a significant 9 weeks survival 
benefitt for patient receiving interstitial hyperthermia in combination with external 
irradiationn plus brachyboost. The initiation of this study was based on previous 
randomizedd trials in other malignancies where hyperthermia combined with 
externall  irradiation had resulted in highly significant improvement of local tumor 
controll  (64, 85, 84). Furthermore a few phase II studies of thermoradiotherapy in 
recurrentt malignant brain tumors demonstrated the feasibility of this approach and 
suggestedd a positive effect (72, 76). Thus, hyperthermia added to radiotherapy is a 
veryy promising concept to improve local control for tumors in which radiation 
alonee works insufficiently. This combination is even more of clinical relevance 
whenn improved local tumor control will affect survival. Both aspects are present in 
gbmm tumors. And indeed, the first randomized study in gbm showed a significant 
survivall  benefit by adding hyperthermia to radiotherapy. However, the 
improvementt in survival was modest, which could be explained by suboptimal 
temperaturess (62, 63). The authors planned to proceed in another trial in which 
theyy will try to improve the thermal tumor dose. Tissue heterogeneity and vascular 
coolingg are mainly responsible for inadequate and heterogeneous thermal doses 
(48).. This could be overcome by spatial steering of heat deposition. The 
departmentt of radiotherapy of the University Medical Center of Utrecht (UMCU) 
hass developed a Multi Electrode Current Source-Interstitial Hyperthermia System 
(MECS-IHTT system). The MECS-IHT system employs applicators for both 
thermometryy and energy depositions. Each applicator contains electrodes at each + 
22 cm which can be steered individually. Thermocouple sensors are situated at both 
sidess of each electrode in order to monitor spatial temperature distributions (51). 
Thee technical developments in the UMCU and the clinical experience with 
stereotacticc implantation in the AMC (7, 47) lead to a co-operative study in which 
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interstitiall  hyperthermia in combination with external radiotherapy was used for 
gbmm patients. The first endpoint of this study was to investigate whether spatial 
steeringg of heating electrodes with continuous and spatial monitoring of 
temperaturess could lead to an adequate heating of the tumor (> 41° C) without focal 
temperaturess above the tolerance level (44° C) (74) and without heating the 
surroundingg normal brain tissue. Another endpoint was the feasibility of interstitial 
heatingg in an overall time of 10-11 days. If the treatment would show to be feasible 
withh adequate temperatures the study would go on into a phase II study looking at 
survivall  effects and late toxicity. 
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