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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 multiform e 
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 
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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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CHAPTERR 2. 

Prognosticc factors in glioblastoma multiforme. Ten years 
experiencee of a single institution. 

MCCMM Hulshof, RW Koot, EC Schimmel, F Dekker, DA Bosch, D Gonzalez 
Gonzalez. . 

Strahlentherapiee und Onkologie 177: 283-290; 2001 

Abstract t 
Background:Background: To analyze prognostic factor in-patients with a glioblastoma 
multiformee (gbm) treated in an academic institute over the last ten years. 
Method:Method: From 1988 to 1998, 198 patients with pathologically confirmed 
glioblastomaa multiforme were analyzed. Five radiation schedules were used mainly 
basedd on pre-treatment selection criteria: (1) 60 Gy in 30 fractions followed by an 
interstitiall  Ir-192 (Ir-192) boost for selected patients with a good performance and 
aa small circumscribed tumor, (2) 66 Gy in 33 fractions for good performance 
patients,, (3) 40 Gy in 8 fractions or 28 Gy in 4 fractions for poor prognostic 
patientss and (5) no irradiation. 

Findings:Findings: Median survival was 16 months, 7 months, 5.6 months, 6.6 months and 
1.88 months for respectively the group treated with Ir-192, 66 Gy, 40 Gy, 28 Gy and 
thee group without treatment. No significant improvement in survival was 
encounteredd over the last ten years. At multivariate analysis patients treated with a 
hypofractionatedd scheme showed a similar survival probability and duration of 
palliativee effect compared to the conventionally fractionated group. The poor 
prognosticc groups receiving radiotherapy had a highly significant better survival 
comparedd to the no-treatment group. Patients treated with an Ir-192 boost had a 
betterr median survival compared to a historical group matched on selection criteria 
butt without boost treatment (16 versus 9.7 months, n.s.). However, survival at two 
yearr was similar. Analysis on pre-treatment characteristics at multivariate analysis 
revealedd age, neurological performance, and addition of radiotherapy, total 
resection,, tumor size post-surgery and deterioration before start of radiotherapy 
(borderline)) as significant prognostic factors for survival. 
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Interpretation:Interpretation: Despite technical developments in surgery and radiotherapy over 
thee last ten years, survival of patients with a gbm has not improved in our 
institution.. The analysis of prognostic factors corresponded well with data from the 
literature.. A short hypofractionated scheme seems to be a more appropriate 
treatmentt for patients with intermediate or poor prognosis as compared to a 
conventionall  scheme. The benefit in median survival for patients treated with an 
interstitiall  boost is partly explained by patient selection. Since there were no long-
termm survivors with this boost treatment, its clinical value, if there is one, is still 
limited. . 

Introductio n n 
Glioblastomaa multiforme (gbm) is one of the most devastating primary tumors in 
oncology.. Median survival of all patients with a gbm after surgery and 
radiotherapyy is less than one year with hardly any patient surviving more than 2 
yearr [2,27]. In the last decennium new techniques in diagnostics as well as 
treatmentt have entered the clinic for neuro-oncology patients. The use of MRI, CT-
simulation,, conformal radiation techniques, interstitial boost therapy and 
hypofractionationn became standard over the last 10 years in our institute. These 
innovationss can have an influence on treatment results and prognostic factors. 
Generallyy accepted favorable prognostic factors for gbm are low age, good 
performance,, normal mental status, totally resected tumors and dexamethason 
independencee [2,4,16]. The purpose of this retrospective analysis of all gbm 
patientss presented at an academic radiotherapy department, is to provide an update 
off  prognostic factors over the last ten years including the results of modern 
radiationn schemes. 

Materia ll  and Methods 
PatientPatient population 
Betweenn 1988 and 1998, 198 patients with primary histological proven gbm were 
referredd to the radiotherapy department. Patients with an anaplastic astrocytoma 
(WHO)) or grade III (Daumas-Duport) astrocytoma as well as recurrent tumors 
weree not entered in this study. All patients were operated at the same neurosurgical 
department.. Standard policy was complete resection of macroscopic tumor 
preservingg neurological functions in eloquent areas. For patients in a poor 
neurologicall  condition or with deep-seated tumors, surgery was confined to a 
stereotacticc biopsy. All patients were discussed with representatives of the 
radiotherapyy department. Radiotherapy (RT) was the standard postoperative 
treatmentt except for older patients in poor neurological condition. However, when 
thesee patients expressed a strong wish for treatment they were accepted for 
irradiation.. None of the patients received systemic chemotherapy as part of the 
primaryy treatment. 
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Al ll  patients were followed until death or until 1st September 1998 and none of 
themm was lost to follow-up for survival analysis. A CT scan was mostly performed 
att 3 months after radiotherapy and/or at clinical deterioration. An in-field 
recurrencee was defined as tumor progression extending from the original tumor 
area. . 

PrognosticPrognostic factors 
Pre-radiotherapyy variables recorded include age, duration of symptoms, 
neurologicall  performance scale (NPS), corticosteroid dependency, tumor diameter 
onn pre-surgery and post-surgery CT-scan (RT-planning CT-scan), number of 
tumors,, infiltration in midline structures, tumor localization, histological subtypes 
(i.e.. oligodendroglial, gemistocytic or sarcomateus components) and extend of 
surgeryy as stated in the operation report (table 2). The NPS was scored according to 
thee MRC scale: 0 = no neurological deficit, 1 = some neurological deficit but 
functionn adequate for useful work, 2 = neurological deficits causing moderate 
functionall  impairment, 3 = neurological deficits causing major functional 
impairmentt and 4 = no useful function, inability to make conscious responses. NPS 
wass scored at start of radiotherapy and during each follow-up visit. Patients were 
classifiedd according to the RTOG prognostic grouping described by Curran et al. 
(tablee 4) [2]. 

Radiotherapy Radiotherapy 
Al ll  patients had a simulation procedure including a planning CT scan with i.v. 
contrast.. Maximum tumor diameter as defined by the contrast-enhancing area was 
measuredd on the pre-operative and planning CT scan. MRI data were not used for 
thiss analysis since MRI became only available in our institute since 1992 and 
comparisonn of tumor size between diagnostic MRI and planning CT scan was not 
consideredd as adequate. To avoid movements of the head during treatment, patients 
weree fixed to the treatment table with a transparent cast. A target volume was 
delineatedd on each slice of the planning CT scan, covering the contrast-enhancing 
zonee plus a margin of 1.5 cm. No whole brain or cone-down fields were used. A 
multiplee field computer planning was made for each patient. Dose was defined at 
thee isocenter. Individually cerrobend blocks were delineated for each field. The 
definitivee blocks and position of isocenter were checked during a second 
simulationn session. All patients were treated with a 6 MV linear accelerator. 
Corticosteroidss were not given on a prophylactic base but only when indicated. 

Fromm 1988 to 1989 all patients received a dose of 66 Gy/2 Gy in 6.6 weeks. Since 
thee end of 1989 a prospective phase II study was started: A dose escalating 
hypofractionatedd scheme was given, starting with four fractions of 5 Gy and 
escalatingg to four fractions of 7,5 Gy in six steps. The dose rate of the linear 
acceleratorr was reduced to 15 cGy/min in this study. Radiation was given twice 
daily,, with an interval of 8 hours and an overall time of 2 days [5]. A scheme of 4 x 
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7.55 Gy in a dose rate of 15 cGy/min is considered biologically equivalent to 66 Gy 
inn 6 weeks according to the LQ concept for an a/(3 of 2 Gy and a repair half time of 
1.55 hr [6]. The study was stopped after 28 patients because of time-consuming 
reasonss on the accelerators. From 1992 to 1993 a hypofractionation scheme of 8 x 
55 Gy, 3 times per week, was used for non-favorable patients and 66 Gy remained 
thee dose for more favorable patients. The 8 x 5 Gy scheme is biologically 
equivalentt to 70 Gy in 7 weeks. By most clinicians however this scheme was felt to 
bee safer compared to the 4 x 7,5 Gy scheme in a reduced dose rate because of the 
muchh longer overall treatment time. Since the end of 1994 a hypofractionation 
schemee of 28 Gy in four fractions of 7 Gy in a normal dose rate (overall time of 8 -
111 days) was the standard scheme for non-favorable patients and 66 Gy remained 
standardd for favorable patients. Patients were classified as favorable when they 
fulfille dd the following criteria: NPS 0-2, age less than 60 years, no mental 
disturbances,, solitary tumor less than 6 cm in maximum diameter and no clinical 
deteriorationn in the period between surgery and start of radiotherapy. Since 1993 
patientss with a NPS < 1 and a well circumscribed solitary tumor not exceeding 4.5 
cmm in maximum diameter and appropriate located, were treated with an interstitial 
Ir-1922 boost of 40 Gy after an external beam dose of 60 Gy in 6 weeks. The boost 
wass given with a median of 34 days after the external irradiation. Mean volume at 
thee specified isodose was 47 cm3 and mean dose-rate was 61 cGy/hr. 

Thee analysis included 198 patients. Twenty-two patients were treated with an 
interstitiall  boost (Ir-192 group). Sixty-six patients received the conventional 
externall  irradiation scheme of 66 Gy (66 Gy group). Forty-one patients were 
treatedd with the 8 x 5 Gy scheme, including 14 patients from the phase II study 
withh fraction doses of 5-6 Gy (40 Gy group). Forty-eight patients received the 
extremee hypofractionation scheme of 4 x 7 Gy, including 14 patients from the 
phasee II study with fraction sizes of 6,5-7,5 Gy (28 Gy group). In twenty-one 
patientss no irradiation was given (no-RT group). 

StatisticalStatistical methods 
Survivall  was calculated from the date of surgery and survival curves were 
estimatedd by the Kaplan-Meier method. SPSS software was used for analysis of the 
data.. The log-rank test was used to compare survival curves univariately. In the 
multivariatee analyses (Cox-regression) the following prognostic factors were 
entered:: Age, tumor size post-RT (continuously), deterioration pre-RT (yes or no), 
localizationn (frontal or non-frontal), NPS (0-1, 2, 3-4), extend of resection (total or 
nearlyy total, partial, biopsy), number of tumors (solitary or multiple) and radiation 
group.. Radiation schedule however was depending on pre-treatment factors, which 
shouldd be considered when interpreting the results. 
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Tablee 1. Distribution of prognostic factor by fractionation group 

Fractionn Mean Mean % tumors % (nearly) % deterioration Steroid 
groupp age (yr) NPS > 4 cm total resec- before RT dependency 

tionss (> 5 mgr) 

100% % 

77% % 

73% % 

36% % 

10% % 

NoRT T 

4 x 7 Gy y 

8x5Gy y 

333 x 2 Gy 

Ir-192 2 
boost t 

60 0 

60 0 

60 0 

54 4 

55 5 

2.8 8 

2.5 5 

2.2 2 

1.5 5 

0.8 8 

76% % 

80% % 

78% % 

60% % 

38% % 

59'r r 

4% % 

12% % 

23% % 

52% % 

91% % 

47% % 

34% % 

21% % 

0% % 

Results s 
Survival Survival 
Mediann survival for the Ir-192 group, 66 Gy group, 40 Gy group, 28 Gy group and 
noo treatment group was respectively 16.2 months, 7.1 months, 5.6 months, 6.6 
monthss and 1.8 months (fig 1). Median survival for all patients receiving 
radiotherapyy was 7.4 months (n=177) and 9.3 months for favorable patients treated 
withh 60-66 Gy with or without Ir-192 (n=88). 

1.00 l i 

122 18 24 30 36 

months s 

Figg 1. Actuarial survival by fractionation group. A= lr-192 group, B= 66 Gy group, C= 40 Gy group, 
D== 28 Gy group, E= no RT group. 
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Distributionss of prognostic factors per radiation group are shown in table 1. 
Patientss without treatment did significantly worse compared to all groups with 
treatmentt (p<0.0001). The Ir-192 boost group (n=22) survived significantly longer 
comparedd to the 66 Gy group (p<0.0001) at univariate analysis, but the p-value of 
thiss difference was reduced to 0.07 at multivariate analysis. Out of the 66 Gy group 
andd hypofractionation groups, respectively 11 and 7 patients fulfilled the selection 
criteriaa for a boost, but were not treated with Ir-192, mainly because they entered 
thee clinic in the period before the interstitial boost technique became available. 
Theyy were used as a matched control group (Ir-192 control group). The median 
survivall  of the Ir-192 control group was 9.7 months which was not significantly 
differentt anymore compared to the Ir-192 group (p=0.56) with similar survival 
resultss at 2 year (fig 2). The Ir-192 control group had a borderline significant better 
survivall  (p=0.038) compared to the remaining patients from the 66 Gy group who 
weree not eligible for an Ir-192 boost (n=55, Smed=7 months) (fig 2). The number 
off  patients is too small however, to derive definite conclusions. The improved 
survivall  in the 66 Gy group compared to the hypofractionated groups at univariate 
analysiss disappeared completely after correction for prognostic factors at 
multivariatee analysis (table 2). This was due to the overrepresentation of 
unfavorablee prognostic factors in the hypofractionation groups. In three 
consecutivee time periods between 1988 and 1998 there was no trend in survival 
results. . 

1.0 0 

,8 8 

ffl ffl 

> > 
1 1 
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> > 
EE " 
O O 

.2 2 

o ,o^_ _ 
00 6 12 18 24 30 36 

months s 

Figg 2. Actuarial survival of patients treated with (A) the conventional scheme not eligible for Ir-192 
(n=55),, (B) external irradiation only but eligible for an Ir-192 boost (n=18) and (C) patients treated 
withh an Ir-192 boost (n=22). 
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Tablee 2. Patients characteristics and univariate survival analysis, n=198 

Variable e Mediann survival in months Log-rankk test 
(p-value) ) 

Fractionation n 
NoRT T 
288 Gy 
400 Gy 
666 Gy 
Ir-192 2 

21 1 
48 8 
41 1 
66 6 
22 2 

1.6 6 
6.7 7 
5.6 6 
7.1 1 
16 6 

p<0.0001 1 

Agee (years) 
<40 0 
41-50 0 
51-60 0 
61-70 0 
>70 0 

20 0 
31 1 
58 8 
64 4 
25 5 

7.5 5 
7.1 1 
7.9 9 
5.9 9 
4.9 9 

p=0.002 2 

Numberr of tumors 
Solitary y 
>> 2 tumors 

186 6 
12 2 

7.7 7 
3.7 7 

p=0.0031 1 

NPS S 
0 0 
1 1 
2 2 
3 3 
4 4 
Corticosteroids s 
Dependency y 
0 0 
<5mg g 
5-10mg g 
>10mg g 
Missing g 

22 2 
58 8 
47 7 
51 1 
20 0 

49 9 
33 3 
39 9 
58 8 
19 9 

9.4 4 
9.4 4 
5.6 6 
4.2 2 
2.2 2 

10.3 3 
9.4 4 
5.6 6 
5.3 3 

p<0.0001 1 

p<0.0001 1 

Extendd of resection 
Total/nearlyy total 
Partial l 
Biopsy y 

22 2 
62 2 
17 7 

11.3 3 
6.2 2 
4.8 8 

p=0.0000 0 

Tumorr size pre-Surgery 
<44 cm 62 
4-55 cm 63 
5-66 cm 39 
66 cm 29 
Missingg 5 

8.5 5 
6.7 7 
6.3 3 
2.9 9 

p=0.0015 5 

Deteriorationn between 
Surgeryy and RT 
Noo 125 
Yess 68 
Missingg 5 
Tumorr size postop. 
Increasee 62 
Stablee (  0.5 cm) 78 
Decreasee 41 
Missingg 17 
Localization n 
Puree frontal 50 
Otherr 148 

8.2 2 
3.2 2 

6.2 2 
5.6 6 
9.8 8 

8.2 2 
5.9 9 

p<0.0001 1 

p<0.0001 1 

p=0.005 5 
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Recurrences Recurrences 
Follow-upp CT was not performed in 26 %, mostly because of a poor neurological 
condition.. During follow-up of the remaining patients, 82% developed an in-field 
recurrence,, 6% a recurrence at the margin of the RT fields and 3% a distant 
recurrencee in the brain. Eight percent had no signs of a recurrence at time of death 
orr last follow-up. Twenty-one of the twenty-two patients from the Ir-192 group 
developedd a recurrence, all at the primary site. 

PrognosticPrognostic factors 
Significantt prognostic factors on univariate and multivariate analysis including 
hazardd ratios are shown in table 2 and 3. Fractionation, age, unifocality, NPS, 
corticosteroidd dependency, extend of resection, tumor size, deterioration before 
RT,, postoperative decrease of tumor size and frontal localization were prognostic 
factorss at univariate analysis. Not of prognostic significance were midline 
infiltrationn (yes or no), ventricle extension (yes or no), involved brain site (left or 
right),, duration of symptoms (<1 months, 1-3 or >3 months), interval surgery-
radiotherapyy (less or more than 35 days) and histology subtypes (pure gbm, gbm 
withh gemistocytic, oligodendroglial or sarcoma components). At multivariate 
analysiss age (p<0.0001), NPS (p<0.0001), use of corticosteroids (p=0.004), extend 
off  resection (p=0.005), Ir-192 boost (p<0.0001) and the post-operative size of 
contrastt enhancing area (p=0.02) remained statistically significant factors. Clinical 
deteriorationn before start of RT and decrease of contrast enhancing area on the 
planningg CT-scan were highly significant at univariate analysis but borderline 
significantt at multivariate analysis. Deterioration, decrease of post-operative 
contrastt enhancing and NPS however were strongly interrelated. Number of tumors 
andd localization (frontal or non-frontal) were not of prognostic value anymore. 

0 ,00 \ * — ; < . ' . I . , 

00 6 12 18 24 30 36 

months s 

Fig.. 3. Actuarial survival according to RTOG-prognostic grouping. A = prognostic group III , B = 
groupp IV, C = group V and D = group VI. 
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Survivall  curves according to the prognostic grouping of the RTOG database are 
shownn in figure 3. Median survival for group III , IV, V and VI was respectively 
10.77 months, 7.9 months, 7.7 months and 2.3 months (table 4). This grouping was 
significantlyy predictive for outcome (p<0.001). Pairs of groups were compared 
usingg the log-rank test to detect differences. Group III and IV and group V and VI 
hadd significantly different prognosis from each other (resp. p=0.0187 and 
p=0.0000).. Group IV and V were not significantly different (p=0.22). 

Duringg the interval between surgery and start of irradiation (mean 35 days), 37% of 
thee patients expressed a clinical deterioration. There was no difference in median 
survivall  between patients with an interval < 20 days, 21-30 days, 31-40 days and > 
400 days (respectively 8.2, 6.6, 7.4 and 7.8 months). However, there were also no 
significantt differences between interval group and both NPS, deterioration and 
changee of tumor size (respectively p=0.97, p=0.47 and p=0.45, Chi-square test). 

Thee mean interval between surgery and RT-planning CT-scan was 28 days. No 
significantt correlation was detected between extend of resection as stated by the 
neurosurgeonn (biopsy excluded) and postoperative change of contrast enhancing 
areaa (p=0.143, Chi-square test). 

Tablee 3: Multivariate analysis of prognostic factors ( Cox-regression for survival) 

Variablee Subgroups Significance 95% CI Adjusted hazard ratio 
(p-value) ) 

Fractionation n 

Resection n 

NPS S 

Age e 
Tumorr size 
post-op p 
Deterioration n 
beforee RT 

00 Gy vs. Ir-192 group 
22 Gy vs. Ir-192 group 
55 Gy vs. Ir-192 group 
77 Gy vs. Ir-192 group 

Partiall  vs. (nearly) 
total l 
Biopsyy vs. (nearly) 
total l 

NPSS 2 vs. NPS 0-1 
NPSS 3-4 vs. NPS 0-1 
Continuouslyy per year 
Continuouslyy per cm 

Yess or no 

<0.0001 1 
<0.0001 1 
0.07 7 
0.03 3 
0.28 8 
0.0001 1 
0.0007 0.0007 
0.0000 0 

0.0001 1 
0.24 4 
0.007 7 
<0.0001 1 
0.018 8 

0.08 8 

8.2-56 6 
1-3 3 
1.1-4.1 1 
0.7-2.7 7 

1.4-3.2 2 
1.9-5.7 7 

0.5-1.2 2 
1.2-2.9 9 
1.02-1.05 5 
1.02-1.26 6 

1-2 2 

21.5 5 
1.7 7 
2.1 1 
1.4 4 

2.1 1 
3.3 3 

0.8 8 
1.8 8 
1.03 3 
1.14 4 

1.4 4 
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PalliativePalliative effect 
Thee median period of neurological improvement or stabilization after surgery was 
3,, 2 and 3 months for respectively the conventional group, the 8 x 5 Gy group and 
thee 4 x 7 Gy group. For the Ir-192 group the median period of survival with a 
Karnofskyy of > 70 was 12 months. 

Tablee 4: Literature revieuw of median survival in months according to RTOG grouping * 

II II  (% of pat.) IV (% of pat.) V(%ofpat.) VI (% of 
Eat) ) 

Curranl993,, 18(14%) 11.1(35%) 8.9(31%) 4.6(20%) 
N=1290 0 
Kleinbergg 22(14%) 13(32%) 8(34%) 5(20%) 
1997 7 
N=102 2 
Mohann 1998, 9.2(6%) 6.6(69%) 3.1(25%) 
N=201 1 
Presentt study 10.7(13%) 7.9(32%) 7.7 (27%) 2.3(28%) 
N=198 8 

*RTOGG grouping for gbm (astrocytoma with anaplastic foci are not mentioned) 

III :: < 50 year, KPS 90-100 
IV:: < 50 year, KPS < 90 

>> 50 year, KPS 70-100, resection, able to work 
V:: > 50 year, KPS 70-100, resected, can't work 

>> 50 year, KPS 70-100, biopsy, RT > 50.4 Gy 
>> 50 year, KPS < 70, normal mental status 

VI :: > 50 year, KPS 70-100, biopsy, RT < 50.4 Gy 
>> 50 year, KPS < 70, abnormal mental status 

Discussion n 
Survivall  of patients with a glioblastoma multiforme in the present study has not 
improvedd neither during the last decade nor compared to historical data from the 
literature,, in spite of several technical developments. Survival was somewhat less 
inn the more favorable prognostic groups compared to the literature but was 
comparablee for patients in the poor prognostic groups (table 4). Distribution of 
patientss over the prognostic groups was similar with others (table 4). The less 
intensivee hypofractionated course in this study resulted in a similar survival with a 
similarr palliative effect compared to the conventional fractionated scheme. 
Hypofractionatedd radiotherapy was tested in a few other phase II studies, using 
fractionn doses of 3-5 Gy, mainly in a subgroup of poor prognosis patients 
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[1,9,12,20,24].. They all concluded that survival results were comparable to those 
achievedd after conventional radiotherapy without increasing toxicity. The 
conventionall  scheme of a 6 weeks irradiation period may be inappropriate for most 
off  the glioblastoma patients, particularly for those with a short expected survival. 
Althoughh there is a proven efficacy of radiotherapy for patients with malignant 
gliomaa [11,27], its role in poor prognosis patients is sometimes discussed [17]. The 
irradiatedd poor prognosis patients in the present study had a significantly improved 
survivall  as compared to the non-irradiated group (6.6 vs. 1.8 months), although 
differencess in prognostic factors were only minor. This suggests a similar increase 
off  survival by radiotherapy in poor prognosis patients compared tp the proven 
survivall  benefit for unselected malignant glioma patients. [11,27]. In agreement 
withh our results two recent retrospective studies in elderly patients showed a 4-6 
monthss increased survival when treated with radiotherapy compared to sub-optimal 
orr no irradiation [14,25]. Furthermore, the addition of radiotherapy is entered as 
onee of the determining factors in the poor prognostic classes of the RTOG 
prognosticc grouping [2]. The Scandinavian working group is currently 
investigatingg the benefit of hypofractionated treatment schedules in the Nordic 
gliomaa study in elderly patients. 
Treatmentt with Ir-192 as a boost after external irradiation resulted in a significant 
betterr median survival compared to treatment with 60-66 Gy alone (16 versus 7 
months).. However the Ir-192 boost group was strongly interrelated with favorable 
prognosticc factors as NPS, tumor size and absence of deterioration. When the Ir-
1922 group was compared to a selection out of the only external irradiated group 
eligiblee for Ir-192 (Ir-192 control group), the difference in survival was not 
significantt anymore and survival rates at two years were similar. Thus, the 
improvedd survival of the Ir-192 group was at least part the result of patient 
selection,, which was also found by others [3,13]. Two randomized studies have 
beenn performed on the role of an Ir-192 boost, of which the only published study 
didd not find a significant survival benefit after interstitial boost [13]. Selker 
(abstract)) reported an improvement in median survival, but this study has never 
beenn published [19]. Even if there is an advantage of brachytherapy, advocated in 
severall  phase II studies [21, 23, 26], it is probably not more than a few months, 
withoutt increasing the number of long term survivors. This should be weighted 
againstt the increased costs and toxicity. Dose escalation by focused stereotactic 
externall  radiation (radiosurgery) has become available and has the advantage of 
beingg an outpatient, non-invasive therapy, with the possibility of fractionation. 
Recentt clinical comparisons between radiosurgery and brachytherapy in newly 
diagnosedd or recurrent brain tumors resulted in similar survival for both treatment 
optionss [7,18]. Currently, both the EORTC and the RTOG have conducted a 
randomizedd trial to investigate the therapeutic value of stereotactic radiosurgery as 
aa boost in selected patients with malignant glioma. 
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Thee present study revealed age, NPS, addition of radiotherapy and extend of 
resectionn as prognostic factors at multivariate analysis, which is in agreement with 
otherr publications on prognostic factors [2,4,16,17,27]. In this study a total or 
nearlyy total resection according to the statement of the neurosurgeon was of 
prognosticc value. No difference was found between partial resection and biopsy 
only.. Despite the many studies on this issue there is no general consensus 
concerningg the effect of cyto-reductive surgery on survival [15]. 
AA negative prognostic influence of the waiting time for radiotherapy was expected 
givenn the rapid growth pattern of this disease, but was not found. The lack of such 
aa correlation could be explained by the clinical tendency to advance start of 
treatmentt in clinically progressive, negative selected, patients. 
Decreasee of contrast enhancing area between the pre and post-operative scan was 
significantt for prognosis at univariate analysis in our series, but not anymore at 
multivariatee analysis. Wood et al. also found a relation between decrease in tumor 
sizee and survival, although not significant (p=0.16) [28]. In a recent extensive 
studyy using pre- and postoperative quantitative radiological imaging, it was again 
concludedd that decrease of tumor size by surgical resection may improve survival 
butt its importance is less than other factors like age, performance status and adjunct 
off  radiotherapy [10]. 
Karimm et al introduced a T-classification for brain tumors, based on tumor size and 
midlinee infiltration, which is a common staging parameter in tumors outside the 
brain.. Both parameters were indeed found to be of prognostic value in low-grade 
gliomaa [8]. In the present study on glioblastoma however, neither infiltration in 
midlinee structures nor penetration into the contralateral hemisphere was of 
significancee for survival although midline penetration showed a tendency for 
decreasedd survival. This is in agreement with Stelzer et al. who found no 
significantt influence of corpus callosum involvement at multivariate analysis. 
However,, subgroup analysis revealed corpus callosum infiltration as an 
unfavorablee prognostic factor among young, good performance status patient's 
[22].. Literature data on this tumor parameter are scarce. 
Futuree directions: No definitive improvement in survival has been observed over 
thee last 20 years in glioblastoma patients, despite several innovations in 
radiotherapyy and chemotherapy. Considering the limited survival with standard 
treatmentss it is recommended to enter glioblastoma patients in trials investigating 
neww alternative strategies, based on recent advances in our knowledge about the 
biologyy of malignant gliomas [16]. At fundamental level we are currently 
investigatingg the cellular kinetics of malignant gliomas in relation to their genetic 
aberrationss in glioma cell cultures and human glioblastoma multicellular spheroids, 
inn order to individualize treatment in the future. At clinical level we consider the 
overalll  benefit of brachytherapy to be small and the current preference is to enter 
thesee patients in a phase I-II study combining external irradiation with interstitial 
hyperthermia.. If not eligible for a trial, a hypofractionated course of radiotherapy is 
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thee recommended treatment schedule at our department for poor prognostic 
patients,, with extension of this schedule to more favorable patients being under 
investigation. . 
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Abstract t 
Background:Background: Nicotinamide (NAM) and carbogen both have shown to enhance the 
radiationn effect in rodent tumor models and are currently be tested in clinical trials. 
Thesee agents have demonstrated to act against hypoxia and one of their underlying 
mechanismss could be an increase of tumor blood perfusion. 
Purpose:Purpose: To analyze the effect of both agents on normal brain perfusion and tumor 
perfusionn in patients with glioblastoma. 
MaterialMaterial en Methods: Nineteen patients with glioblastoma were studied with 
99nTc-HMPAOO SPECT before and after administration of carbogen and/or NAM. 
Anotherr six patients were studied with the same procedure but without any flow 
modulatorr and were used as controls. 
Results:Results: Although the variations between patients were large, no significant 
enhancementt in mean tumor and normal brain perfusion could be demonstrated 
withh NAM or carbogen compared to the control patients. Also no consistent 
changess in the mean perfusion ratio between tumor and surrounding normal brain 
weree found, suggesting an absence of a selective perfusion effect. 
Conclusions:Conclusions: No significant influence of carbogen and/or NAM on tumor perfusion 
andd normal brain perfusion could be detected with SPECT in patients with 
glioblastoma. . 
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Introductio n n 
Thee poor treatment results of patients with a glioblastoma multiforme, necessitate 
thee search for new treatment modalities. Despite high dose radiotherapy, even after 
ann interstitial boost dose, the main cause of failure is a local, in-field recurrence 
[45,53].. Hypoxia, a result of insufficient blood perfusion, is often discussed as one 
off  the factors responsible for the radioresistance. A strong relationship between 
tumorr oxygenation and local control after radiotherapy was demonstrated in 
patientss with squamous cell carcinomas of head and neck and cervix uteri 
[8,14,35].. Zones of low oxygen pressure have been identified in malignant gliomas 
[23,39]]  as well as statistically different perfusion values in the tumor and 
oedematouss area compared to the contralateral normal brain [50]. So far no study 
hass demonstrated the role of that hypoxia plays in radiation response of brain 
tumors.. Laboratory data showed promising radiation enhancement with the use of 
nicotinamidee (NAM) and/or carbogen (95% oxygen and 5% carbon dioxide) 
[16,40,43].. Maximum enhancement was achieved when the agents are used in 
combination.. Both agents are thought to improve tumor oxygenation and thus 
enhancingg of the radiation effect. NAM is a vitamin B3 derivative with peak blood 
concentrationss within 0.5 to 2 hours after oral administration [20,47]. It appears to 
decreasee the intermittent tumor vessel constriction and therefore to induce a more 
homogeneouss flow [3,16,17]. Carbogen decreases hypoxia mainly by increasing 
thee amount of dissolved oxygen in the plasma, with the C02 component causing 
respiratoryy stimulation and a shift of the oxygen dissociation curve [42]. A recent 
studyy on NAM in humans, however, failed to show a consistent increase in tumor 
oxygenationn [29]. It is unclear whether their technique was not sensitive enough to 
measuree changes in oxygenation or that NAM induced radiation enhancement is 
explainedd by other pathways. Data on perfusion measurements in human tumors 
afterr NAM are not available in the literature. Also the effect of carbogen on 
peripherall  bloodflow is conflicting. On the one hand the exposure to high oxygen 
concentrationss can trigger compensatory vasoconstriction [1] but on the other hand 
thee direct effect of CO2 is peripheral vasodilatation. Whereas an experimental study 
inn a mouse model suggested an increase of tumor blood flow [15], Another study in 
humann did not show change in tumor perfusion following administration of 
carbogenn [38]. 
99mTc-HMPAOO is a tracer widely used for Single Photon Emission Computed 
tomographyy (SPECT) study of cerebral bloodflow and uptake in humans [5,9,33]. 
Thee magnitude of uptake of  99mTc-HMPAO in brain tumors correlates well with the 
levell  of regional cerebral bloodflow as measured by PET [27]. 
Inn 1993 the EORTC started a phase I-II study on ARCON (Accelerated 
Radiotherapyy with Carbogen and NAM) in patients with glioblastoma. 
Concurrentlyy we started a study to measure changes in cerebral blood perfusion of 
glioblastomaa patients, in both tumor and normal brain tissue, after administration 
off  NAM and carbogen. 
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Materia ll  and Methods 
Patients Patients 
Betweenn January 1993 and April 1996 twenty-eight patients with histologically 
provenn high grade gliomas and referred for postoperative radiotherapy gave 
informedd consent for this study. One patient was scanned before the operation, 9 
patientss after biopsy only, 9 patients after partial resection or internal 
decompression,, and 9 patients after gross total resection. Twenty-three patients had 
aa glioblastoma multiforme. Five patients were histologically diagnosed as a grade 
II II  astrocytoma, but all these five patients had a biopsy only and had the 
radiologicall  and clinical appearance of a glioblastoma. The acquisition of three 
scanss failed: one patient refused the second scan, one patient showed a leakage of 
technetiumm into the cerebral fluid and in the third patient there was probably a 
dissociationn between the HMPAO and the technetium. Therefore twenty-five 
patientss were evaluable for measurement of perfusion enhancement. All patients 
hadd a pre-irradiation planning CT-scan with contrast. 
ImagingImaging procedure 
Forr SPECT scanning a brain dedicated camera, the Strichman Medical Equipment 
811 OX tomographic system, was used. This multi detector camera contains 12 high-
resolutionn focusing collimators, arranged in six pairs opposite to each other. The 
transaxiall  resolution of this camera is 7.6 mm full width at half-maximum of a line 
sourcee in air, while the axial resolution is 13.5 mm. Data acquisition took place in a 
128x1288 matrix. Images were reconstructed in the highest resolution mode with 
onee iteration according to the manufacturer's protocol package. The study was 
executedd with use of the ligand HMPAO (hexamethylpropyleneamine oxime) 
labeledd with ""Technetium. HMPAO is a non-toxic lipophilic agent with an 
almostt complete uptake during the first passage in the grey matter. Its residence 
timee in the brain is long enough to enable SPECT studies [5,9,28]. 
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Fig.. 1. SPECT scan of a patient with a glioblastoma in the left frontal lobe with 
somee extension over the midline. Typical ROI of the tumour and normal brain 
tissuee are indicated. There is an inceased uptake of HMPAO in the tumour area and 
decreasedd uptake in the edema zone. Coldspots are indicating the ventricles. 
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Thee procedure started with an injection of 250 MBq "Tc-HMPAO followed after 
44 minutes by scanning of the brain (baseline scan). The interslice distance was one 
centimeterr and scanning time was 3 minutes per slice. The position of the head was 
markedd with ink in order to obtain a reproducible position of the head during the 
secondd scan. A second scan was performed in the same session after administration 
off  either NAM or carbogen. NAM was administered as liquid form of 6 gram at 
leastt 1,5 hour after a breakfast or small lunch. Carbogen was administered by 
breathingg through a diving mask for a period of eight minutes. A second dose of 
5000 MBq 99mTc-HMPAO was injected one hour after administration of the NAM 
orr after 4 minutes of carbogen breathing. Again, 4 minutes after this injection, a 
secondd SPECT (activated scan) was performed with the patient in the same 
position.. Before each injection the HMPAO/technetium labeling index (percentage 
off  technetium labeled with HMPAO) was checked. The time of injection and start 
off  scanning were recorded for both scans. The total time to acquire the first en 
secondd scan was about 45 and 25 minutes respectively. 
Analysis Analysis 
Bothh scans of one patient were matched to each other in all planes using the 3D 
matchingg software of the Strichman package. Two regions of interest (ROFs) were 
drawnn on each scan, representing the tumor area (contrast enhancing area plus 
edemaa zone) and normal brain area (fig. 1). These ROI's were reconstructed from 
thee planning CT-scan and were determined for each slide separately. After 
reconstructionn of the image, mean counts in the tumor area and in the normal brain 
areaa were calculated in at least three consecutive slices at tumor level. The 
measuredd concentration of radioactivity was expressed as Strichman Medical Units 
(SMUs;; 1 SMU = 100 Bq/ml as specified by Strichman Medical Equipment Inc). 
Thee perfusion in both scans was calculated by the mean radioactivity of the three 
slicess after correction for injected dose, decay and labelingsindex. The perfusion 
enhancementt of the second study was expressed as an absolute enhancement 
comparedd to the baseline study as well as a relative enhancement. The following 
calculationn was used; 

act1 1 

perfusionn first scan (P1) = 
D 'x l i 1 1 

act22 - (act1 x dcf) 
perfusionn second scan (P2) = 

D2xl i 2 2 

absolutee perfusion enhancement = P2 - P1 

P2 2 

relativee perfusion enhancement = % 
P' ' 
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act11 = measured activity first scan; act2 = measured activity second scan; li1 = 
labelingg index first dose; li" = labeling index second dose; D1 = injected dose first 
scan;; D2 = injected dose second scan; dcf = decay correction factor 
Itt could be that some inaccuracies in set-up, that occur between the baseline scan 
andd the second scan (tumor delineation, time interval, labeling index e.g.) confound 
thee final results. This problem can be overcome by calculating the ratio between 
tumorr area and normal brain area in the baseline scan and subtract this from the 
tumor/brainn ratio of the activated scan. This comparison only gives information 
aboutt a selective perfusion enhancement in the tumor area compared to the normal 
tissuee area. Another advantage of comparing these tumor/brain ratios is that 
possiblee recruitment or leakage of HMPAO during the interval between first and 
secondd scan does not influence the results when assuming that these phenomena 
wil ll  occur at the same extend in both tissue types. 
Dataa analyses were performed with the one-way Analysis of Variance (ANOVA). 
ANOVAA assumes that the data come from populations with equal standard 
deviationss (SD). This assumption was tested with the Bartlett's test for 
homogeneityy of variances. 
Sixx patient were activated with NAM, six patients with carbogen, seven with a 
combinationn of carbogen and NAM and six patients were used as controls. This 
latterr group followed the same procedure with a baseline scan and a second scan 
underr normal conditions. Their values after subtraction should be zero in the ideal 
treatmentt set-up. Al l enhancement results were related to these control studies. 

Results s 
Theree were 25 patients with glioblastoma evaluable for analyzing NAM or 
carbogenn induced perfusion changes. Al l tumors showed contrast enhancing on the 
pree operative CT-scan. In 5 patients there was no contrast enhancement present 
anymoree on the post operative planning CT-scan, all of them after total or nearly 
totall  resection of the tumor. In 17 of the 25 baseline SPECT scans there was no 
increasedd uptake of HMPAO in the tumor area, including the 5 patients with no 
residuall  tumor on CT-scan. In 8 patients there was clear increase of HMPAO-
uptakee in the tumor area. 
Ann overview of the relative perfusion enhancements in the tumor tissue and in the 
normall  brain tissue expressed as a percentage of the baseline study, are given in 
tablee 1. ANOVA revealed no statistically significant difference between the four 
groupss for either normal brain perfusion (p=0.93) or perfusion in the tumor area 
(p=0.99).. Power analysis of this non-significance (on a two tailed base hypothesis) 
showedd a value less than 5% for the tumor area and less than 15% for the normal 
tissuee area for both NAM, carbogen and the combination in comparison with the 
controll  group. 

46 6 



Perfusionn enhancement 

Tablee 1. Relative perfusion enhancement in tumor and normal tissue after activation with carbogen 
and/orr NAM expressed as a percentage of the baseline value 

Activation n Tumor r 
Perfusionn (%) 

normal l 
brain n 
perfusionn (%) 

Dexamethasonn dose (mg) 

Controlss no.1 
no.2 2 
no.3 3 
no.4 4 
no.. 5 
no.6 6 

Meann controls 
NAMM  no.1 

no.2 2 
no.3 3 
no.4 4 
no.5 5 
no.6 6 

Meann NAM 
Carbogenn no.1 

no.2 2 
no.3 3 
no.4 4 
no.5 5 

""  no.6 
meann carbogen 
Combinationn no.1 

no.2 2 
no.3 3 
no.4 4 
no.5 5 
no.6 6 

no.7 7 

mean n 
combination n 

-2 2 
9 9 
17 7 
14 4 
-2 2 
4 4 
6.7 7 
37 7 
4 4 
-11 1 
2 2 
9 9 
8 8 

(SD8) ) 

8.22 (SD 15.8) 
3 3 
11 1 
3 3 
-1 1 
24 4 
7 7 
7.88 (SD 8.9) 
37 7 
24 4 
-5 5 
-19 9 
2 2 
-5 5 
13 3 

6.77 (SD 19.2) 

0 0 
5 5 
11 1 
16 6 
1 1 
9 9 
7.00 (SD 6.2) 
43 3 
-4 4 
-3 3 
-7 7 
-1 1 
-10 0 
33 (SD 19.8) 
-9 9 
9 9 
1 1 
0 0 
16 6 
3 3 
3.33 (SD 8.5) 
26 6 
13 3 
-6 6 
-10 0 
-9 9 
-8 8 
10 0 

2.33 (SD 14.1) 

11 -5 
>10 0 
>10 0 
>10 0 
0 0 
6-10 0 

>10 0 
>10 0 
0 0 
0 0 
0 0 
6-10 0 

0 0 
0 0 
0 0 
0 0 
1-5 5 
>10 0 

6-10 0 
>> 10 
1 -5 5 
0 0 
11 - 5 
11 - 5 
>10 0 
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Thee dose of corticosteroids given to the patients was positively correlated with an 
increasee of HMPAO-uptake in the second scan (ANOVA). This correlation was 
foundd for all groups including the control group. For steroid doses of 0 mg (n=9), 
1-55 mg (n=5), 6-10 mg (n=3) and >10 mg (n=8) the measured relative HMPAO 
uptakee in the second scan was -0.5%, 4.8%, 16.3% and 15.6% resp. for tumor 
tissue,, and -2.1%, -1.4%, 8.3% and 12.5% respectively for normal brain tissue. 
AA summary of the mean calculated absolute enhancement data (data first scan 
subtractedd from the second scan) in the tumor tissue for the four groups, is shown 
inn Table 2. Analysis according to ANOVA did not reveal any significant difference 
onn tumor perfusion between the groups (p=0.89). The same calculation was made 
forr the absolute data of the normal tissue area. Again no significant perfusion 
enhancementt was detected (p=0.72). Changes of the tumor/normal-brain ratio 
betweenn baseline scan and second scan is shown in the last column. The mean of 
thee control group showed the lowest value. After activation with either agent the 
meann tumor/normal brain ratio increased. NAM showed the largest increase in 
tumor/brainn ratio but also showed the largest standard deviation. No significance 
wass demonstrated between the controls and activated scans however (p=0.45). The 
samee comparison was made for only those baseline scans that showed initially 
increasedd uptake of HMPAO in the tumor area (n = 8). There were two patients in 
thee control study that showed a clear increased uptake in the tumor area and 4 
patientss in the studies after NAM. For both the carbogen and the combination 
group,, only one patient had an initially increased tumor uptake of HMPAO and 
weree not taken in account. For this selected group of patients the mean increase in 
tumor/brainn ratio after NAM compared to the controls was 0.0739 (from 0.0199 to 
0.0938,, SD was 0.0533 and 0.0959, respectively.). The two-tailed P-value 
consideredd this difference not significant however (p=0.38). 
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Tablee 2. Absolute changes in mean perfusion of tumor tissue, normal brain tissue and tumor/normal-
brainn perfusion ratio's after administration of NAM, carbogen or their combination 

activationn No mean change in normal mean change in tumor change in 
brainn perfusion in SMUs perfusion in SMUs (S.D) tumor/ brain 
(S.D.)) ratio's (S.D.) 

00 (controls) 6 0.017(0.021) 0.021(0.017) -0.005(0.042) 

NAMM 6 0.020 (0.033) 0.003(0.044) 0.056(0.093) 

carbogenn 6 0.026(0.034) 0.017(0.033) 0.038(0.041) 

Combinationn 7 0.010 (0.048) 0.003(0.039) 0.031(0.07) 

49 9 



Chapterr 3 

Discussion n 
Thee purpose of this study was to analyze the effect of either carbogen breathing, 
NAMM administration or their combination on brain perfusion in patients with 
glioblastoma.. Perfusion was measured with 99mTc-HMPAO SPECT. No significant 
enhancementt of mean perfusion could be detected in either tumor tissue or normal 
brainn tissue by each of the agents compared to the controls.The power of this non-
significancee was low however, mainly caused by the relatively low number of 
patientss and the large standard deviations. This lack of significant perfusion 
enhancementt can be explained by three reasons: 1) There is no enhancement on 
brainn perfusion by either agent 2) the enhancement is too small to be detected by 
thiss method and 3) The effect on perfusion varies between patients and tumors. 
99mTc-HMPAOO is a widely used SPECT tracer for the study of cerebral blood 
perfusionn and compares well with Xenon enhanced CT-scanning [5,9,12,27,33]. 
HMPAO-SPECTT measurements are indicative for perfusion and not directly for 
flow.. Unfortunately, the use of the term's perfusion and flow is confusing in 
literature.. Flow in the strict sense is the amount of fluid that passes a vessel section 
perr time unit (ml/cm2/sec) whilst perfusion is the amount of fluid that passes a 
volumee unit (ml/cm3/sec). Perfusion is the result of an interaction between blood 
flow,, blood pressure, and vascular tone and blood viscosity. Generally there is a 
directt relation between flow and perfusion, because perfusion increases when flow 
increasess under the condition that the vessel volume does not change. However, 
whenn vasoconstriction occurs and blood pressure remains unchanged, flow will 
probablyy increase with unchanged perfusion. The opposite can occur when there is 
recruitmentt of capillaries (opening of closed vessels), i.e. unchanged flow and 
increasedd perfusion. In our opinion the term tissue perfusion is better related with 
tissuee oxygenation than the term flow. 
Cerebrall  blood perfusion in and around malignant gliomas was studied by Toglia et 
all  in 27 patients with Xenon computed tomography [50]. He found a consistent 
hypoperfusionn in the tumor plus edema region compared to the contra lateral 
hemisphere.. This was also reported by Groshar using HMPAO [12]. Other 
variabless than tumor volume such as age, sex, lobe involvement, Karnofsky status 
andd involved hemisphere were not found to be significantly correlated with 
bloodflow.. A decreased perfusion in the tumor area compared to the contra lateral 
cortexx in the majority of patients was also found by Langen et al. [27] employing 
Ci5022 PET [27]. In their study there was a significant correlation of tumor-to-
cortexx ratio between SPECT and PET, indicating that SPECT is able to trace 
regionall  cerebral bloodflow in brain tumors. HMPAO uptake in high grade gliomas 
variess widely however [5,12,44]. This variety was also encountered in the present 
study.. The exact mechanism of HMPAO uptake and retention in brain tumors is 
nott known but it has been demonstrated that the glutathione concentration in brain 
tumorss varies and is significantly associated with the HMPAO uptake [34,48]. It is 
likelyy that the HMPAO distribution in a tumor area is both dependent on cerebral 
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bloodfloww and glutathione concentration. Since in the present study no quantitative 
measurementss of perfusion were performed but only relative measurements, using 
thee baseline scan of the patient as reference, results of our study can not be 
explainedd by heterogeneity in bloodflow or HMPAO uptake. 
Itt is generally accepted that the lipophilic HMPAO complex crosses the blood 
brainn barrier and then converts into a hydrophilic compound that cannot leave the 
brain.. There is no relevant redistribution over a period sufficient for data 
acquisitionn [5]. Langen and co-workers however, described 3 brain scans of 
patientss with malignant gliomas that were performed two hours after injection [28]. 
AA considerable decrease in uptake was observed, explained by a damaged blood 
brainn barrier in the tumor, which could result in leakage of the hydrophilic 
complex.. In the present study we did not assume any loss of activity of the first 
dosee except for decay, when calculating the perfusion of the second scan. The 
intervall  between the scans varied between one hour (carbogen) and two hours 
(NAM) .. This could lead to underestimation of the perfusion in the second scan in 
casee of leakage. This phenomenon of leakage would only have a minor influence 
onn our results because the enhancements of the activated scans were correlated 
withh the control scans that followed the same procedure. 
Ann unexpected finding in this study was a positive relation between the dose of 
corticosteroidss and an increase of HMPAO-uptake in the second scan compared to 
thee baseline scan for all study groups. It is unlikely that corticosteroids sensitizes 
thee vessels for NAM and carbogen effects because the positive relation between the 
dosee of corticosteroids and increase of HMPAO-uptake was also seen in the control 
studies.. A possible explanation is that corticosteroids have some influence on 
recruitmentt of HMPAO, but no data in the literature are available on that issue to 
ourr knowledge. 
Itt is generally accepted that the main radiosensitizing effect of carbogen is 
increasedd tumor oxygenation by an increase of Pa02 (oxygen effect). Secondary 
oxygenationn effects are caused by a shift in the hemoglobin dissociation curve, a 
stimulationn of the pulmonary ventilation and tachycardia (effects of CO2) [40]. The 
effectt on bloodflow in both normal tissue and tumor tissue remains doubtful. Some 
authorss mentioned that carbogen breathing had a positive effect on bloodflow by 
counteractingg oxygen induced vasoconstriction [26,40] or by an increase in arterial 
bloodd pressure [49]. In a study by Gobel on the effect of hypercapnia (6.3-8.3% 
C022 breathing) in rat brain he found a significant and linear increase of cerebral 
bloodfloww without any increase of density of perfused capillaries [10]. Also in a 
recentt perfusion study of Honess et al. using 8 Rb in a rodent tumor model it was 
suggestedd that carbogen induces an important increase in tumor blood flow [15]. 
Thesee findings fit well with the observation that C02 inhalation leads to a 
shorteningg of the mean transit time of blood in the brain and a more homogeneous 
perfusionn [24,51]. However, no change in tumor blood flow measured by the 
86RbCll  extraction technique was found for the C3H mammary carcinoma in 
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responsee to carbogen [11]. Others even found severe vasoconstriction [2]. Brizel 
explainedd this controversy by assuming that the direct effect of C02 on the 
vasculaturee is vasodilatation but this effect is compensated by indirect sympathetic 
effectss at brainstem level resulting in a vasoconstriction and a decrease in flow [2]. 
Unfortunatelyy the use of the terms flow and perfusion are confusing in these study. 
Inn the present study we could not detect any significant influence of carbogen 
breathingg on tumor and normal brain perfusion in patients with malignant gliomas. 
Althoughh there was a small trend toward increased perfusion, the variations 
betweenn the patients in our study were too large to reach significance. These 
findingss correlate well with a very recent human study, using laser Doppler 
flowmetryy during carbogen breathing in patients with advanced malignant disease 
[38].. They showed that overall perfusion of human tumors remains essentially 
unchangedd during carbogen breathing, although individually variations occur. In 
ourr opinion, it is likely that carbogen inhalation does not lead to vasodilatation, but 
too an increase of arterial blood pressure resulting in a more homogeneous and 
increasedd perfusion in both rodent brain tissue and experimental brain tumors. 
However,, changes are small, and so far there is not a detectable overall effect in 
humann studies. 

NAMM has a clear radiation enhancing effect in murine tumors. Enhancement ratios 
off  1.2-1.7 are described in tumors [19,43] and of 1.0-1.26 in normal tissues [19,41], 
Itt has been described that NAM increases radiosenzitivity by improving 
oxygenationn [7] and increasing uniformity in tumor blood perfusion [13,16], but 
littl ee is known about the underlying mechanism of this effect. It is known that 
transientt micro regional vasoconstriction does occur in rodent tumors [52] and 
NAMM can inhibit this phenomenon [3,16,17]. In the present study NAM did not 
showw a consistent increase of mean perfusion over the tumor area. Since assumed 
perfusionn effects are occurring at the microregional level and only affect a small 
percentagee of vessels, it is possible this technique was not sensitive enough. NAM 
cann also have a reducing effect on mean arterial blood pressure and on tumor 
interstitiall  fluid pressure in rodents [21,25,30]. In humans however, no changes in 
systolicc and diastolic pressure were seen in healthy volunteers after administration 
off  3 and 6 gram NAM [18,47] which was consistent with a lack in blood pressure 
dropp in mice at doses less than 200 mg/kg. Horsman suggested that decreases in 
bloodpressuree was not necessary for radiosensitization since radiation enhancement 
inn a mouse tumor was independent of drug dose varying from 100-1000 mg/kg. [18] 
Dosess of 100-200 mg/kg i.p. in mice are known to be equivalent to 6 g orally in 
mann in terms of mean plasmaconcentration [18,20] but larger interpatient 
variationss in absolute peak concentrations were seen in man [22]. Laurence and co-
workerss measured tumor p02 levels in patients at presumed peak plasma level after 
66 gram of NAM. Only two out of 12 patients showed significant rises in median 
tumorr p02 [29]. In contrast, after carbogen breathing nine out of ten patients 
showedd significant increases in tumor p02 Even in rodent tumor models NAM has 
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beenn shown to exert contradictory effects on tumor perfusion and p02 levels 
[21,25].. The effect of NAM on pC>2 levels in rodents was also depending on tumor 
sizee [31] and site within the tumor [7,13]. 
Soo far no randomized trials have been published on the clinical effectiveness of 
ARCON.. Two phase II studies have been published with conventional radiotherapy 
combinedd with carbogen and NAM in patients with malignant gliomas. Both did 
nott show any survival advantage compared to historical controls [32,37]. The same 
conclusionn came from a group of 36 patients with glioblastoma treated with the 
ARCONN schedule [6]. In contrast to head and neck tumors however, it has not been 
demonstratedd that hypoxia plays an important role in the radioresistance of 
malignantt gliomas. So even when NAM or carbogen would have an influence on 
perfusionn of brain tumors, too small to be detected by our method, this could 
explainn the lack of any clinical benefit of these agents in glioma patients. The 
clinicall  results of NAM and carbogen in head and neck tumors are therefore more 
interesting.. Preliminary data are promising in laryngeal carcinomas, although the 
resultss in hypo- and oropharyngeal tumors are comparable with conventional 
radiotherapyy results (4). 
Inn summary, studies on NAM and carbogen do not show a consistent increase in 
tumorr bloodflow in both rodent tumor models and in humans. This is in agreement 
withh the results of our study where no significant enhancement in mean tumor 
perfusionn and normal brain perfusion was seen. However, small increases in tumor 
perfusionn may not be detectable with neuro-SPECT imaging within this small 
groupp and several additional measurements are required to determine if changes in 
perfusionn of less than 10-20% occur. Alternatively, the effect of NAM on tumor 
perfusionn could be dependent on individual tumor characteristics and the four 
patientss who exhibited enhanced tumor perfusion greater than 20% could be 
positivee responders. This could explain the considerably smaller standard deviation 
off  mean results in the control group compared to the activated groups. However, 
sincee normal tissue was also hyperperfused in these 4 patients, the effects of the 
modulatorss were not selective. It would be interesting to correlate perfusion 
measurements,, with the clinical results of radiotherapy after NAM or carbogen 
administration.. This should preferable be done in tumor sites where hypoxia has 
shownn to play a role. 
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CHAPTERR 4. 

Hypofractionationn in glioblastoma multiforme 

MCCMM Hulshof, EC Schimmel, DA Bosch, D Gonzalez Gonzalez. 

Radiotherapyy and Oncology 48: 135-142; 2000 

Abstract t 
PurposePurpose To compare conventional fractionation with hypofractionation in patients 
withh a glioblastoma multiforme. Endpoints of the analysis are overall survival and 
palliativee effect. 
MaterialsMaterials and Methods From 1988 to 1998, 155 patients with pathologically 
confirmedd glioblastoma multiforme were prospectively analyzed. Patients without 
irradiationn and patients receiving an interstitial boost were excluded from this 
analysis.. Three different radiation schemes were used in subsequent periods; 33 x 2 
Gy,, 8 x 5 Gy and 4 x 7 Gy. In the last 5 years a scheme of 4 x 7 Gy conformal 
irradiationn was given to poor prognosis patients. The more favorable group 
receivedd the conventionally fractionated scheme up to 66 Gy. 
ResultsResults Median survival was 7 months, 5.6 months and 6.6 months for the 33 x 2 
Gy,, 8 x 5 Gy and 4 x 7 Gy respectively. In general, patients in the 
hypofractionationn group had far worse prognostic factors compared to patients 
treatedd with the conventional scheme. The period of neurological improvement or 
stabilizationn was similar between the 4 x 7 and 33 x 2 Gy group. 
ConclusionConclusion An extreme hypofractionation scheme of 4 x 7 Gy conformal 
irradiationn in poor prognostic glioblastoma patients is well tolerated, convenient for 
thee patient and provides equal palliation without negative effects on survival 
comparedd to conventional fractionation. 

Introductio n n 
Mediann survival for patients with a glioblastoma multiforme (gbm) after surgery 
andd radiotherapy varies between 6 and 9 months. On the basis of pre-treatment 
factorss prognostic subgroups can be identified [3]. Favorable prognostic factors are 
loww age (< 50 years), good performance, normal mental status, totally resected 
tumorss and no dexamethason dependency. Median survival in this favorable group 
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variess between 11 and 26 months depending on further patient selection and 
treatmentt factors [3,4,8,13]. Unfortunately only 15% of all gbm patients are 
classifiedd in this favorable group. Prognosis in the vast majority of gbm patients 
variess between 4 and 12 months after conventionally fractionated radiotherapy (60 
Gy).. In this group radiotherapy is generally considered as palliative and a 6 weeks 
periodd of daily irradiation is often seen as too long in relation to the expected short 
survivall  time. Therefore several studies advocated short courses of radiation as 
treatmentt of choice for poor prognosis gbm patients [1,8,12,14]. Fraction dose of 
thesee hypofractionation schemes varied between 3 and 5 Gy, with overall treatment 
timess of 2 to 5,5 weeks. The purpose of our study was to determine if further 
shorteningg of overall treatment time is feasible and will result in equal palliation 
andd survival compared to conventional schemes. 

Materia ll  and Methods 
Betweenn 1988 and 1998, 198 patients with histological proven primary 
glioblastomaa multiforme were referred to the radiotherapy department. Patients 
withh an anaplastic astrocytoma (WHO) or grade III astrocytoma (Daumas-Duport), 
ass well as recurrent tumors were not entered in this study. All patients were 
prospectivelyy registered until death or until 1 September 1998. None of the patients 
receivedd chemotherapy. Pre-radiotherapy variables recorded included age, 
neurologicall  performance scale (NPS, table 1) (11), corticosteroid dependency, 
tumorr size (maximum diameter), -number, -infiltration and -localization and 
extendd of surgery as stated by the neurosurgeon. During the radiotherapy period, 4 
weekss after and subsequently at each 3 month, NPS and changes in neurological 
functioningg or mental status were prospectively recorded. When the patient 
declinedd without any treatment options, follow-up visits were not routinely 
continuedd and terminal care was mostly performed in consult with the family 
doctor.. A deterioration between first visit and start of irradiation was defined as 
anyy progressive clinical deterioration or increase of dexamethason treatment. The 
pre-treatmentt characteristics are given in table 2. 

Forr radiotherapy, patients had a simulation procedure including a planning CT scan 
withh i.v. contrast. Change in tumor size after surgery was scored by measuring the 
maximumm contrast enhanced diameter on the pre-operative CT scan and post-
operativee planning CT scan. An increase was defined as an increase on the 
planningg CT scan of more than 0.5 cm in largest diameter compared to the pre-
operativee scan and a decrease as more than 0,5 cm decrease. The MRI data were 
nott taken into analysis since MRI became only available in our institute since 1992 
andd was since then not routinely performed for all gbm patients. Furthermore, a 
comparisonn of tumor size between planning CT-scan and MRI could result in 
misleadingg data. 

Inn order to assure stability during radiation patients were fixed to the treatment 
tablee using a transparent cast. Planning target volume was delineated on the 
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planningg CT scan covering the contrast-enhanced zone plus a margin of 1-1.5 cm. 
Thee rather small margin of 1.5 cm became Standard policy since 1989 when our 
analysiss of wide field irradiation before 1983 and focal irradiation (1.5 cm margin) 
didd not show any difference in recurrence pattern or survival. No whole brain or 
cone-downn fields were used. A multiple field computer planning was made for 
eachh patient. Dose was defined at the isocenter. Individually cerrobend blocks were 
madee for each field and checked during a second simulation session. All patients 
weree treated with a 6 MV linear accelerator. Corticosteroids were not given on a 
prophylacticc base but only when indicated. 

Tablee 1. MRC neurological performance score (NPS)no neurological deficit 
00 some neurological deficit but function adequate for useful work 
11 Neurological deficit causing moderate functional impairment: moderate dysphasia, 

moderatee paresis, some visual disturbance (e.g. field defect) 
22 Neurological deficit causing major functional impairment, e.g. inability to use 

limb/s,, gross speech or visual disturbances 
33 No useful function-inability to make conscious responses 

Fromm 1988 to 1989 all patients received a dose of 66 Gy/2 Gy in 6.6 weeks. A 
phasee II study was started in 1989 for all gbm patients giving four fractions of 5.0 
Gyy in a low dose rate (LDR) of 15 cGy/hr, two times per day with an interval of 8 
hourss and in an overall time of 2 days. Fraction doses of 5 Gy were escalated to 7,5 
Gyy (LDR) in six groups of each 3 to 6 patients. The highest dose scheme has a 
similarr biological dose for normal brain compared to 66 Gy in 6 weeks at a normal 
dosee rate according to the LQ-concept, assuming an oc/fi of 2 Gy and a linear repair 
halff  time of 1.5 hr. This LDR scheme was stopped after 28 patients because of time 
consumingg reasons (one hour per fraction) in combination with a growing waiting 
listt for the accelerators. Awaiting the completion of results of this phase II study, 
duringg the period 1992 to 1993, a focal hypofractionation scheme of 8 x 5 Gy in 
normall  dose rate was used, 3 times per week in an overall time of 17 days, for poor 
prognosiss patients and 66 Gy in 6.6 weeks for more favorable patients. The scheme 
off  8 x 5 Gy was adopted since it was felt by most clinicians to be safer because of 
thee much longer overall time in comparison to the 4 x 7 Gy in 2 days. Both 
schemess were considered equivalent from a biological point of view according to 
thee L/Q concept (oc/fJ of 2). Since 1993, acute and late toxicity were not longer 
consideredd to be a clinical problem and a scheme of 4 x 7, normal dose rate, in 8 -
111 days was adopted as the standard for poor prognosis patients. This scheme is 
biologicallyy comparable with 4 x 7.5 Gy LDR. The conventional scheme remained 
thee treatment of choice for favorable patients. Patients were classified as favorable 
whenn they fulfilled the following criteria: NPS 0-2, age less than 60 years, no 
mentall  disturbances, solitary tumor less than 6 cm and no clinical deterioration in 

59 9 



Chapterr 4 

thee period between surgery and start of radiotherapy. All patients not scored as 
favorablee received the hypofractionation scheme. A selection within this favorable 
groupp with a NPS < 1 and a well defined tumor not exceeding 4.5 cm which was 
technicallyy implantable, were treated with an interstitial iridium-192 boost of 40 
Gyy after an external dose of 60 Gy in 6 weeks. For patients with a NPS of 4 in 
combinationn with an absence of a strong treatment wish, no treatment was advised. 
However,, if they could not (or their family) accept the no-treatment advice, the 
hypofractionationn scheme was offered and they are included in this study. Both the 
brachytherapyy group (22 patients, median survival 17 months) and the no-treatment 
groupp (21 patients, median survival 1.8 months) were not included in this study 
leavingg 155 patients for analysis. Median survival for patients in phase II LDR 
studyy (n=28) was 7 months. Since these survival data were not different from those 
off  the hypofractionation schemes with a normal dose rate, they were grouped 
togetherr for final analysis. Patients with a fraction dose of 6.5 to 7.5 Gy in the 
phasee II study were entered in the 4 x 7 group (n=14), and those with a fraction 
dosee of 5 to 6 Gy in the 8 x 5 Gy group (n=14). For final analysis 48 patients were 
inn the group of 4 x 7 Gy, 41 patients in the 8 x 5 Gy group and 66 patients in the 
conventionall  group. Since policy has changed during the period before 1993, 13% 
off  the patients in the 4 x 7 Gy group were considered as favorable, mainly from the 
periodd of the LDR study, and 22% of the 8 x 5 Gy group. In the conventional group 
27%% had unfavorable factors, mainly from the period 1988-1989 (see also table 3). 
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Tablee 2. Pre-treatment characteristics in 155 patients 
Characteristic c Numberr of patients 

Age e 

NPS S 

Number r 

Usee of steroids 

Extendd of resection 

Tumorr size 
(pre-RT) ) 

Deteriorationn before RT 

<40 0 
40-50 0 
51-60 0 
61-70 0 
>70 0 
0-1 1 
2 2 
3-4 4 

Solitary y 
Multiple e 

Omg g 
1-55 mg 
5-100 mg 
>100 mg 

Total/nearlyy total 
Partial l 
Biopsy y 
<4cm m 
4-55 cm 
5-66 cm 
>66 cm 

Yes s 
No o 

13 3 
26 6 
45 5 
53 3 
18 8 
59 9 
40 0 
56 6 

143 3 
12 2 

34 4 
29 9 
35 5 
56 6 

28 8 
99 9 
28 8 
47 7 
32 2 
37 7 
37 7 

52 2 
103 3 

Thee palliative effect was determined using the neurological performance scale 
(tablee 1). The NPS (after steroids), including any changes in neurological 
functioning,, was assessed at each visit, starting at the first appointment on the 
departmentt of radiotherapy, at 1 months after completion of radiotherapy and every 
1-33 months thereafter. CT-scans were performed at three months after radiotherapy 
orr in case of clinical signs of a recurrence. During the terminal phase or other 
reasonss for inability to visit the policlinic, the NPS was scored via contact with the 
familyy doctor by telephone. No patients were lost to follow-up. Patients received 
dexamethasonn when clinically indicated. The duration of palliative effect was 
definedd by the period between surgery and any non-reversible clinical deterioration 
orr a decrease in NPS of 1 point. 
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Tablee 3. Distribution of prognostic factors by fractionation 
Fractionationn (n) 

4 x77 Gy (48) 

88 x 5 Gy (41) 

333 x 2 Gy (66) 

Mean n 
age e 

60 0 

60 0 

54 4 

Vlean n 

Ï.5 5 

12 12 

1.5 5 

NPSS % 
Tumors s 
>> 4 cm 
80% % 

78% % 

60% % 

% % 
Biopsy y 
only y 
27% % 

15% % 

13% % 

% % 
Deterioratio o 
beforee RT 
47% % 

34% % 

21% % 

Steroidd dependency 
(>> 5 mgr) 

77% % 

73% % 

36% % 

Survivall  was calculated from the date of surgery and survival curves were 
estimatedd by the Kaplan-Meier method. SPSS software was used for statistical 
analysiss of the data. The log-rank test was used to compare survival curves 
univariately.. In the multivariate analyses (Cox-regression) the following prognostic 
factorss were entered: Age, tumor size pre-RT, number of tumors (solitary or 
multiple),, change of tumor size in the period between surgery and start RT 
(decrease,, stable or increase), deterioration pre-RT (yes or no), nps (0-1, 2 and 3-
4),, extend of resection (total-nearly total, partial and biopsy), use of dexamethason 
(00 mg, 1-5 mg, 5-10 mg and > 10 mg) and fraction size (2 Gy, 5 Gy and 7 Gy). 

Results s 
Mediann survival after 33 x 2 Gy, 8 x 5 Gy and 4 x 7 Gy was respectively 7 months, 
5.66 months and 6.6 months (fig 1). Patients treated with the conventional scheme 
hadd nearly equal median survival compared to the 4 x 7 Gy scheme, despite the far 
worsee prognostic factors in the latter group (table 3). In the conventional 
fractionatedd group, however, there are a few long term survivors as compared to 
thee other two groups, leading to a borderline significant survival benefit compared 
too the 4 x 7 Gy group at univariate analysis (p=0.054) and a significant benefit 
comparedd to the 8 x 5 Gy group (p=0.003). Other significant variables at univariate 
analysiss were change of tumor size after surgery (p=0.0000), NPS (p=0.0000), age 
(p=0.0008),, deterioration between surgery and radiotherapy (p=0.0008), use of 
corticosteroidss (p=0.001), solitary tumors (p=0.0293) and tumor size ((p=0.018). 
Tumorr localization, midline crossing, presence of a mass effect, interval between 
surgeryy and radiotherapy and duration of symptoms were not significant. A 
multivariatee analysis of prognostic factors is shown in table 4. At multivariate 
analysiss age (p=0.000), NPS (p=0.000), unifocality (p=0.004), use of 
corticosteroidss (0.004), extend of resection (p=0.005) and a post-operative decrease 
off  tumor size (p=0.02) remained statistically significant factors (table 4). The 
slightlyy better survival in the conventionally treated group at univariate analysis 
disappearedd after correction for prognostic factors and became a non-significant 
betterr survival for the 4 x 7 Gy group (p=0.147). Clinical deterioration during the 
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waitingg time for radiotherapy and post-operative tumor size were not independent 
discriminatingg factors for survival anymore at multivariate analysis (resp. p=0.5 
andd p=0.45, table 4). In the dose-escalating LDR phase II study there was a 
tendencyy for a positive dose-effect relationship. Median survival after a dose of 20 
too 26 Gy was 6 months compared to 9.3 months for patients with total doses of 28 
too 30 Gy. However, numbers were too small to detect a significant difference. 

Tablee 4. Multivariate analysis of prognostic factors (n=155) 

Variable e Subgroups s Adjustedd hazard ratio 955 % Confidence 
interval l 

0.71-1.94 4 
0.46-1.19 9 

1.03-1.07 7 

1.36-5.06 6 

0.49-1.35 5 
1.32-3.36 6 

1.36-3.91 1 
1.34-4.71 1 

0.26-0.91 1 
0.69-1.59 9 

0.3-1.09 9 
0.81-2.67 7 
0.72-2.37 7 

0.92-1.2 2 

0.76-1.67 7 

P--
value e 
0.147 7 
0.53 3 
0.21 1 

0.000 0 

0.004 4 

0.000 0 
0.431 1 
0.002 2 

0.005 5 
0.002 2 
0.004 4 

0.02 2 
0.8 8 

0.004 4 
0.092 2 
0.2 2 
0.377 7 

0.45 5 

0.5 5 

Fractionation n 

Age e 

Numberr of tumors 

NPS S 

Extendd of resection 

Changee in tumor size 
pre-S/pre-RT T 

55 Gy versus 2 Gy 
77 Gy versus 2 Gy 

Continuouslyy (years) 

Multiplee vs. Solitary 

22 versus 0-1 
3-44 versus 0-1 

Partiall  versus total 
Biopsyy versus total 

Decreasee versus 
increase e 
Stablee versus increase 

1.17 7 
0.74 4 

1.05 5 

2.6 6 

0.82 2 
2.1 1 

2.31 1 
2.51 1 

0.48 8 
1.05 5 

Usee of corticosteroids 
1-55 mg versus 0 mg 0.57 
5-100 mg versus 0 mg 1.47 
>100 mg versus 0 mg 1.3 

Tumorr size pre-RT 

Deteriorationn between 
SS and RT 

Continuouslyy (cm.) 

Yess versus no 

1.05 5 

1.13 3 
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Thee median period of neurological improvement or stabilization from date of 
surgeryy was 3 months, 2 months and 3 months for respectively the conventional 
group,, the 8 x5 Gy group and the 4 x 7 Gy group. An improvement in neurological 
functioningg within the first three months after start of radiotherapy was seen in 
14%,, 31% and 31% of respectively the conventional group, 8 x 5 Gy and 4 x 7 Gy 
group.. A stabilization as best response occurred in respectively 50%, 34% and 
40%.. The lower rate of improvement and higher rate of stabilization in the 
conventionall  group reflects the higher number of patients with a NPS of 0 in this 
group. . 

Figg 1. Actuarial overall survival by dose per fraction 
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Mediann interval between surgery and start of the radiotherapy was 34 days, mainly 
causedd by the waiting list for radiation treatment at our department. There was no 
statisticall  difference in waiting time between the 2 Gy, 5 Gy and 7 Gy group (resp. 
31.5,, 34.5 and 38 days). Clinical deterioration during this waiting time occurred in 
37%% of the patients. In 47% of the patients there was no change in maximum tumor 
sizee between the pre-operative CT scan and planning CT scan. Only 13% of the 
patientss showed a decrease in maximum tumor size and 40% showed an increase. 
Theree was no difference in acute toxicity between the fractionation groups and no 
differencee in increase of the corticosteroid doses during or in the 4 weeks after 
radiotherapy.. The hypofractionation treatment was mainly outpatient based. Only 
onee patient was admitted to the hospital because of clinical deterioration during 
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radiotherapy.. Local tumor progression was diagnosed 3 weeks later. This patient is 
stilll  alive at 7 years of follow-up after 4 x 7 Gy and clinically stable without 
radiologicall  signs of either tumor recurrence or brain necrosis. She is without 
functionall  neurological deficits and socially undependable but has cognitive 
disorderss at neuropsychological tests. Review of the histology confirmed the 
diagnosiss of a glioblastoma multiforme. Late toxicity may appear 6 months after 
irradiation.. Since median survival in the hypofractionation groups was only about 4 
monthss after the end of radiotherapy with less than 10% surviving one year after 
surgery,, analysis of late toxicity was not assessed. 

Discussion n 
Thee standard radiation scheme for patients with a glioblastoma is 60 Gy in 30 
fraction.. It prolongs survival with a few months compared to surgery alone [9,16] 
butt the median survival after surgery does not exceed 6 to 9 months. The period 
withoutt clinical deterioration is even shorter. For such a limited period of palliation 
ann intensive course of 6 weeks, which is part of the period of patient's best 
functionall  status, may be inappropriate. We tested the effect of a short conformal 
fractionationn scheme of 28 Gy in 4 fractions in an overall time of 10-11 days for 
patientss with mainly poor prognostic factors. This scheme was feasible, well 
toleratedd and seemed to have no detrimental effects on survival or duration of 
palliationn compared to a conventional fractionated course (7 vs. 6.6 months median 
survival,, resp.), despite the considerably worse prognostic factors in the 
hypofractionationn group. Hypofractionated radiotherapy was tested in a few phase 
III  studies, using fraction doses of 3-5 Gy, mainly in a subgroup of poor prognosis 
patientss [1,8,12,14]. They all concluded that survival results were comparable with 
thosee achieved with conventional radiotherapy and that the treatment was feasible 
(tablee 5). 
Scoringg the NPS and neurological changes at each follow-up visit assessed the 
palliativee effect in our study. No difference was found in the duration of 
improvementt or stabilization between the 4 x 7 Gy group and the conventionally 
fractionatedd group. The probability of a functional response to radiotherapy 
(neurologicall  stabilization or improvement) was also equal in both groups. The 
palliativee effect in poor prognosis high grade glioma was tested more extensively 
inn a study by Thomas using the Barthel index before and after a hypofractionation 
schemee of 6 x 5 Gy [13]. At three months post radiotherapy 49% of their patients 
hadd signs of deterioration. Although they did not compare these functional results 
withh other series, their impression was that the palliative effect was similar to 
conventionall  treatment. This is in agreement with our results of a median time to 
clinicall  deterioration of three months post surgery for gbm patients. 
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Tablee 5. Literature data of hypoFractionation results in poor prognostic gbm patients ^ . 
Author/yearr No. of Fractionation Patient selection Median survival 

patientss in months 

Thomass 1994 38 6 x 5 Gy/ 2 weeks Age > 70 6 

Slotmann 1996 30 14 x 3 Gy/3 weeks All patients 8.5 

Baumann 1994 29 10x3 Gy/ 2 weeks Age > 65, kps < 50 6 

Kleinbergg 1996 40 17x3 Gy/ 5,5 weeks age, kps, resection 5 

Thiss study 48 4x7Gy/10days Age, nps, deterioration 6.6 

Kps:: Karnofsky performance score 

AA dose-effect relationship was demonstrated in two randomized trials with 
fractionatedd regimes and suboptimal doses are considered to result in sub-optimal 
effectss [2,10,15]. A dose of 28 Gy in 4 fractions seems to be a sub-optimal dose 
whenn assuming a high a/p for tumor (BED = 47.6 if a/p = 10) and therefore can 
nott explain the equal survival results compared to a dose of 66 Gy (BED = 79.2, if 
a/pp = 10). Fractionation in radiotherapy relies on tumors behaving like acute 
respondingg tissues with high a/p ratios and normal tissues being late responding 
tissuess with low oc/p ratios [7]. A recent study on glioblastoma cell lines however 
suggestedd that gbm tumors harboring mutations in the p53 tumor suppressor gene 
mightt behave like late-responding tissues [5], This hypothesis was tested in a 
sequentiall  study showing that tumors with a lack of functional wild-type p53 were 
resistantt to fractionated irradiation [6]. They suggest that a few large fractions may 
bee more appropriate for tumors carrying p53 mutations. A scheme of 28 Gy in 
fractionss of 7 Gy is biologically equivalent to 64 Gy in 2 Gy fractions according to 
thee LQ-model when assuming an a/p of 2 Gy. This biological dose is the clinically 
acceptedd normal brain tolerance but also the top of the demonstrated dose-effect 
relationshipp for high-grade glioma. 
Fromm our study no conclusion can be drawn on late toxicity of this scheme because 
patientss with long-term follow-up are lacking. Since all patients were treated with a 
multiplee conformal field technique the dose outside the clinical target volume does 
nott exceed the 60% isodose. This is equivalent to 26 Gy in 2 Gy fractions 
accordingg to the L/Q-model, which is far below the excepted brain tolerance even 
forr neuropsychological damage. 
Althoughh in 82% of the patients a partial or total tumor resection was performed, 
surprisinglyy in 40% and 47%, respectively, an increase or stabilization of 
maximumm tumor size was observed on the post-operative planning CT-scan. This 
couldd be partly attributed to an overestimation by the neurosurgeon of the amount 
off  debunking, often leading to only a central hypodens area without change of the 
tumorr periphery. The rapid growth pattern of this disease in combination with the 
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ratherr long interval (35 days) between surgery and irradiation can explain the 
increasee of maximum tumor diameter. It is often discussed in our institute whether 
increasee of the release of tumor growth factors after surgical manipulation could be 
aa factor of the apparent fast tumor regrowth after operation. 
Ourr results did not show a survival difference between the patients with poor 
prognosiss in the hypofractionated group and the more favorable prognosis group 
treatedd conventionally. This suggests that the indications for hypofractionation 
couldd be extended to more favorable prognostic groups, which is part of a new 
studyy in our institute. 
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CHAPTERR 5. 

Brachytherapy;; results of two different therapy strategies 
forr patients with primary glioblastoma multiforme 

RWW Koot, M. Maarouf, MCCM Hulshof, J Voges, H Treuer, C Koedooder, V Sturm, 
DAA Bosch. 

Cancerr 88: 2796-2802; 2000 

Abstract t 
Objective:Objective: We describe and compare two different strategies of brachytherapy for the 
treatmentt of patients with primary glioblastoma multiforme (GBM). 
PatientsPatients and methods.The study consisted of 84 patients. 45 patients were implanted 
withh permanent or temporary low-activity 125I seeds in Cologne and 21 patients were 
implantedd with temporary 192Ir wires in Amsterdam. Both groups received external 
beamm radiation therapy (EBRT): the I25I group received 10 - 30 Gy with the implant in 
situu and the Ir group received 60 Gy before implantation. In Cologne, implantation 
wass carried out after a diagnostic stereotactic biopsy whereas in Amsterdam 
implantationn took place after cytoreductive diagnostic surgery. In addition, 18 patients 
inn Amsterdam served as a control group. This group only received EBRT after 
cytoreductivee surgery. 
Results.lnResults.ln both groups mean age was between 50 and 55, 80 % of the patients were 
moree than 45 years old. The mean implantation volume encompassed by the 
referencedd isodose was 23 cm3 for 125I and 48 cm3 for 192Ir. Initial dose-rates were 2.5 
-- 2.9 cGy/hr for permanent 125I, 4.6 cGy/hr for temporary 125I and 44 -100 cGy/hr 
(meann 61 cGy) for 192Ir. A total dose of 50 - 60, 60 - 80 and 40 Gy respectively was 
givenn at the outer margins of the tumor. 
Mediann survival was approximately 16 months for both the l25I group and the 192Ir 
group.. This was 6 months more than median survival in the control group. Re-operati-
onss were done in 4 (9%) patients of the 125I group versus 7 (35%) patients of the I92Ir 
group.. No complications or late reactions were reported in the l25I group, whereas 1 
hemorrhagee and 3 delayed strokes were observed in the 192Ir group. 
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ConclusionConclusion The equal median survival times in these two brachytherapy groups with 
suchh different dose-rate radiation schedules support the hypothesis that dose-rate does 
nott play a major role in the survival of primary GBM. 

Introductio n n 
Brachytherapyy for malignant brain tumors has been practiced since the early 1980s. 
Thiss therapy was developed as an additional internal boost of radiation in order to 
improvee local tumor control in malignant astrocytoma. First, only patients with 
tumorss that recurred after previous EBRT were treated with brachytherapy (1-7) 
Subsequently,, brachytherapy applied as a boost to EBRT became part of the initial 
treatmentt of patients with malignant astrocytoma in some centers (3-7-11) The 
Colognee group started in 1982 with a treatment schedule combining brachytherapy at 
loww dose-rates with EBRT (12). Non-randomized studies have reported improvement 
inn survival, but it remained unclear whether this was an objective result, or whether it 
wass due to a selection of patients with more favorable prognostic features1 (13-17). 
Thuss far, two randomized studies on brachytherapy as a boost to EBRT in the initial 
treatmentt of patients with malignant astrocytoma have been published. In the first 
study,, carried out by the Brain Tumor Cooperative Group, median survival increased 
significantlyy by 3.5 months (18). In the second study, carried out by the Toronto 
group,, survival did not increase significantly (19). Moreover, this latter group stresses 
thee fact that brachytherapy is an invasive procedure which can be associated with 
considerablee morbidity. There were differences between these studies with respect to 
EBRT,, stereotactic implantation technique, dose-rate and total dose. 
Too investigate the influence of different treatment strategies of brachytherapy on 
survival,, we compared a German group of patients with a Dutch group of patients. 
Bothh groups received brachytherapy as a boost to EBRT in the treatment of primary 
glioblastomaa multiforme (GBM), but very different treatment strategies were 
followed. . 
Onn the basis of these results we will try to outline the role of brachytherapy for 
malignantt astrocytoma in the near future. 
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Patientss and Methods 
Patients Patients 
Thee study consisted of 84 patients with GBM according to Daumas-Duport (20), 
(astrocytomaa grade 4 according to the WHO classification). Patients were 
consecutivelyy enrolled and treated at the department of Stereotactic and Functional 
Neurosurgeryy of the University of Cologne, Germany, or at the department of 
Neurosurgeryy of the Academic Medical Center in Amsterdam, The Netherlands. Only 
patientss with a supratentorial, well-demarcated tumor with a maximum diameter of 5 
cmm were eligible for brachytherapy. All patients signed an informed consent. In 
Amsterdam,, patients were excluded when they were younger than 30 years (increased 
survivall  for young patients), when they had a Karnofsky Performance Score (KPS) of 
lesss than 70, or when the tumor was located in the midline. In Cologne, patients were 
excludedd only if they had a KPS of less than 50. Patient and implant characteristics 
aree summarized in table 1. 

Tablee 1: Patients and implant characteristics 

Colognee Amsterdam BT Amsterdam nBT 
Noo of patients 
Noo of matched patients 
Meann age (years) 
Patientss > 45 years 
m:f f 
KPSS > 70 (pt) 
Tumorr -midline (pt) 

-non-midlinee (pt) 
Localization-parietall  (pt) 

-frontal l 
-temporal l 
-occipital l 

Diagnosiss made by 
Implantationn after diagnosis 
Source e 
Implants s 
Meann initial dose rate (cGy/hr) 
Totall  dose (Gy) 
Meann implant activity (mCi) 
Volumee mean (cm3) 

>155 cm3 (pt) 
Meann no of seeds 
Meann no of catheters 
EBRTT (Gy) 

45 5 
18 8 
51 1 
84% % 
1,6:1 1 
344 (76%) 
23 3 
22 2 

10 0 
8 8 
4 4 
0 0 
biopsy y 
0-144 days 
.255 j 

permm (12) and temp (33) 
2.77 (2.5-2.9)/4.6* 
50-60/60-80* * 
15.4(4.6-40.1) ) 
23 3 
60% % 
3(1-7) ) 
1(1-3) ) 

simultaneous,, 10-30 

21 1 
21 1 
54 4 
80% % 
1,9:1 1 
211 (all) 

--
21 1 

11 1 
5 5 
3 3 
2 2 
Cytoreduction n 
8-100 weeks 
192Ir r 

tempp only (21) 
61(44-100) ) 
40 0 
50.00 (25.2 - 90.0) 
48 8 
95% % 
n.a a 
7 (4 -9) ) 
before,, 60 

18 8 
18 8 
53 3 
67% % 
1:1 1 
188 (all) 

--
18 8 

9 9 
5 5 
3 3 
1 1 
Cytoreduction n 
n.a a 
n.a a 
n.a a 
n.a a 
n.a a 
n.a a 
433 x 

78%% * 
n.a a 
n.a a 
60 0 

BT:: Brachytherapy; nBT: no Brachytherapy; EBRT: external beam radiation therapy; KPS: Karnofsky 
Performancee Score; perm: permanent; temp: temporary; pt: patient; n.a. not applicable.*  permanent vs 
temporary;; (..): range x: tumor volume after EBRT: Matched patients: age>30 years, KPS > 70, non-mid 
linee tumor. For details: see text. 
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Inn Cologne, 45 patients underwent brachytherapy with 125I seeds between 1988 and 
19955 and were analyzed retrospectively until 31-12-1997. The histopathological 
diagnosiss was made by means of a stereotactic biopsy. During the same operation 
(tissuee diagnosis by squash examination), or at the latest 14 days later, ,25I seeds were 
implanted.. Between 1988 and 1990 all implants were permanent, in 1990 they were 
bothh permanent and temporary. From 1991 all implants were temporary (90 days). All 
patientss underwent EBRT with 10-30 Gy (mean 22 Gy) with the implant in situ. 
Inn Amsterdam, 21 patients underwent brachytherapy with 192Ir wires between 1993 
andd 1997 and were analyzed prospectively until 31-12-97. The histopathological 
diagnosiss was made by means of cytoreductive surgery. Subsequently, all patients 
underwentt EBRT with 60 Gy in 6 weeks. 192Ir wires were implanted after EBRT 
(aboutt 10 weeks after surgery). All implants were temporary. 
Inn Amsterdam, a control group of 18 GBM patients, only receiving EBRT after 
cytoreductivecytoreductive surgery, was also analyzed retrospectively until 31-12-1997. This group 
consistedd of patients who fulfilled the brachytherapy criteria but who were treated 
beforee the study started (1993) or who refused brachytherapy. 

Methods Methods 
Inn Cologne, low activity 125I seeds (Amersham Buchler GmbH&CoKG) were used in 
bothh permanent and temporary implants. In permanent implants, 50 - 60 Gy was 
givenn at a mean initial dose-rate of 2.7 cGy/hr (2.5 - 2.9 cGy/hr, 0.6 - 0.7 Gy/day). In 
temporaryy implants, 60 - 80 Gy was given at a unique initial dose-rate of 4.6 cGy/hr 
(1.11 Gy/day). The biopsy and implantation were performed with the modified 
Riechert-Mundingerr stereotactic frame {Sturm, Pastyr, et al. 1983 ID: 230}. Leibinger 
softwaree (STP release 2.0 and 3.1) was used for treatment planning (VAX 11/700 
computer,, Digital Equip. Corp., Maynard, Massachussets, USA / Workstation VS 
3500,, Digital Equip. Corp., Maynard, Massachusetts, USA). Entry points and targets 
off  the catheters were determined with regard to both individual dose distribution and 
safestt path. 
Surgicall  procedure in Cologne: under general anesthesia, the patient was mounted in 
thee modified Riechert-Mundinger frame and transported to the CT scanner. The 
stereotacticc CT- image data were downloaded on a terminal near the operating room 
andd since 1991 they were fused with stored data of a recent MRI-scan. Stereotactic 3 
dimensionall  (3-D) treatment planning was done in cooperation with a physicist. 
Calculationss and optimization of the isodose curves, according to the 3-D contours of 
thee tumor, and adjusting the activity and stereotactic position of the seeds took 
approximatelyy 1.5 hours. The therapeutic isodose curve was prescribed to the edge of 
thee contrast enhancing area. During the autoclavation of the selected seeds, the aiming 
boww was build up and the burr-holes were made. An outer catheter made of Teflon 
(OD:: 2.0 mm, BEST-Industries, Inc. Springfield, Virginia, USA) was stereotactically 
placedd and loaded with an inner catheter in which the 125I seeds were placed. After 
verificationn by orthogonal X-ray, both catheters were glued in the burr-hole and cut 
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off.. The skin was stitched. Finally, the position of the catheters was checked with 
orthogonall  X-ray tubes. 
Inn Amsterdam, 192Ir wires (0.12-0.23 mCi/mm, Amersham) were implanted 
temporarily.. 40 Gy was given at a mean initial dose-rate of 61 cGy/hr (44-100 cGy/hr, 
10.66 - 24 Gy/day). The Leksell stereotactic frame was used for implantation and 
treatmentt planning was done by combining the Nucletron (Plato) software data with 
thee stereotactic coordinates. All catheters were implanted parallel to each other. 
Surgicall  procedure in Amsterdam: under local anesthesia, the patient was mounted in 
aa Leksell frame and transported to the MRI-scanner or CT-scanner. The stereotactic 
imagee data were downloaded on a terminal near the operating room. By means of 3-D 
visualization,, the optimal angle and coordinates for parallel implantation in the tumor 
weree calculated. According to the configuration of the tumor, a pre-planning was 
madee to determine the number and stereotactic coordinates of the catheters. During 
thesee calculations, which took approximately one hour, the patient was brought under 
generall  anesthesia. Burr-holes (2 mm) were made with a high-speed twist-drill. 
Holloww catheters were introduced parallel to each other at the calculated depth and 
fixedd to the skin. A CT-scan was made to check the position of the catheters and to 
determinee the length of  I92Ir wires, followed by a definitive planning administering 40 
Gyy at 5 mm around the contrast-enhancing zone. The catheters were removed as soon 
ass the total dose of 40 Gy was reached. 

Results s 
Survival Survival 
Inn Cologne, median survival was 13 months. Patients who were younger, who had 
smallerr implanted volumes or who had a higher KPS survived longer. Patients with 
non-midlinee tumors also survived longer than those with midline tumors. 

Tablee 2 : Median survival in months (see also Figure 1) 

Colognee Amsterdam BT Amsterdam nBT 
wholee group 
matchedd patients 
<< 45 years 
>455 years 
<< 15cm3 
>155 cm3 
KPSS > 70 
KPSS < 70 
mid-line e 
nonn mid-line 

13 3 
17 7 
48 8 
13 3 
19 9 
10 0 
15 5 
4 4 
11 1 
17 7 

16 6 
16 6 
26 6 
16 6 
8U U 

17 7 
16 6 
n.a a 
n.a a 
16 6 

10 0 
10 0 
30 0 
9 9 
l l x x 

9" " 
10 0 
n.a a 
n.a a 
10 0 

BT:: brachytherapy; nBT: no brachytherapy; EBRT: external beam radiation therapy; KPS: Karnofsky 
Performancee score;": tumor volume after EBRT, °: only 1 patient; n.a; not applicable; matched patients: 
age>300 years, KPS > 70, non midline-tumor. For details: see text*. 
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Patientss who were older than 30, who had a KPS of at least 70, and who had a non-
midlinee tumor and who could therefore be compared with the Amsterdam 
brachytherapyy group, had a median survival of 17 months (fig 1). 
Inn Amsterdam, median survival was 16 months in the brachytherapy group and 10 
monthss in the non brachytherapy group (fig 1). In both groups younger patients 
survivedd longer than older patients. 

Figuree 1 
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Figuree 1: Kaplan Meyer survival curve of matched patients by group. 
BT:: brachytherapy 
noo BT: without brachytherapy 
censored:: lost to follow-up 
Forr details: see text 

AdverseAdverse effects and re-operations. 
Inn Cologne, no adverse effects were observed during or after brachytherapy. 23 
patientss (51%) developed recurrences outside the margins of the isodose distribution. 
Re-operationss because of space-occupying lesions were done in 4 patients (9%). Of 
onlyy 2 patients histological evaluation was done. One showed necrosis and the other 
showedd malignant tumor cells. (Table 3). 

group p 

Amsterdam,, no BT 

Amsterdam,, BT 

I I 
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Inn Amsterdam, removal of the temporary implant caused an arterial hemorrhage in 
onee patient (5%). Three patients (14%) developed sudden palsy 6-12 months after 
brachytherapy,, resembling a vascular accident. Recurrences were seen in 20 patients 
(95%);; all occurred at the original site. Re-operations because of space-occupying 
lesionss were done in 7 patients (33%). Most histopathological specimens contained 
necrosiss as well as malignant tumor cells, (table 3). 

Inn both brachytherapy groups, all implants were positioned accurately and according 
too the data of treatment planning. 

Tablee 3: Adverse effects and re-operations 
Colognee Amsterdam BT 

* -- —  - —  — — ^ — 

Adversee effects 
Operation-related d 
Radiation-induced d 

Re-operations s 
Necrosis s 
Tumor r 
bothh tumor and necrosis 
Nott evaluated 

0 0 
0 0 
44 (9%) 
1 1 
1 1 
0 0 
2 2 

11 (5%, arterial hemorrhage) 
33 (14%, palsy) 
7(333 %) 
2 2 
1 1 
4 4 
0 0 

BT:: brachytherapy. For details: see text 

Discussion n 
Inn this study, we found no significant differences in survival time between the two 
groupss of patients with primary GBM, although they were treated with very different 
brachytherapyy strategies at 2 institutes. Neither were there any significant differences 
whenn these groups were matched for criteria such as age, KPS and tumor localization. 
However,, some of the differences in brachytherapy strategies between the groups 
deservee extra attention. First, simultaneous EBRT and brachytherapy (Cologne) 
reducedd overall treatment time. Although, from an oncological point of view, this 
reductionn seems favorable for the treatment of primary GBM this is not shown by our 
studyy and is in accordance with reports in the literature (21-22). Secondly, 
cytoreductivee surgery (Amsterdam) did not increase survival more than did biopsy 
(Cologne).. Although a controversy exists about the value of cytoreductive surgery 
comparedd to biopsy in high grade gliomas (23-27), there is general agreement that the 
impactt of cytoreductive surgery on survival is very limited in patients over 65 (28). In 
ourr study, although only 10 % of the patients in the Amsterdam group were older than 
65,, the value of cytoreduction on survival could still not be demonstrated. One 
explanationn for this is the much larger treated volume of the tumor in the 
cytoreductivee group (48 vs 23 cm3) at the time of implantation. 
Furthermore,, the isotopes, dose-rate, total dose, and the volume encompassed by the 
referencedd isodose (outer margins of the tumor in Cologne, 0.5 cm beyond the outer 
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marginss of the tumor in Amsterdam respectively) differed. For low-grade brain-stem 
gliomas,, l25I is more suitable than l92Ir. Possibly due to high-energy emission and less 
rapidd dose fall-off, Ir may cause side effects in the brain stem (29). Although most 
authorss use l25I for brachytherapy in supratentorial tumors, there are no reports 
indicatingg that radiation with 125I leads to an increase or decrease in survival compared 
withh ' "Ir in patients with high grade gliomas. The much higher dose-rate and the 
referencedd isodose beyond the outer margins of the tumor in Amsterdam, may have 
contributedd to the onset of a sudden palsy in some patients, resembling a vascular 
accident,, 6-12 months after brachytherapy. This hypothesis was supported by 
histopathologicall  investigation of brain tissue obtained by autopsy, showing 
abnormalitiess of the small vessels such as luminal occlusion, loss of endothelial 
structuress and monocellular infiltrates outside the outer margins of the tumor. These 
vascularr abnormalities were probably radiation-induced since they all occurred in the 
highh dose area. On the other hand, these high dose-rates may be responsible for the 
equall  survival times of the patients with large tumors (Amsterdam) and those with 
smallerr tumors (Cologne). 

Apartt from the differences, there were also some similarities between the Cologne 
groupp and the Amsterdam group. First of all, survival in both groups for matched 
patientss was the same (16-17 months) and was strongly influenced by age, KPS and 
tumorr volume, as expected from all other reported data of patients with GBM. 
Survivall  in these 2 groups was roughly 6 months more than that in the control group 
withoutt brachytherapy. Furthermore, selection bias was present in both groups. This 
wass mainly because of the study design, which was not randomized, selecting patients 
accordingg to various inclusion and exclusion criteria. Bias is always present when 
planningg the treatment of patients with GBM in a non-prospective way. The latter 
meanss that the personal or collective experience of a group of neurosurgical 
oncologistss is that a certain treatment is for the benefit of an individual patient, thus 
selectingg patients with more favorable prognostic factors. Therefore, bias may, at least 
inn part, explain the improved survival of brachytherapy patients in non-randomized 
studiess like ours, as compared with the two randomized trials available (18-30), 
althoughh the extent is difficult to assess31. Another factor of bias which may have 
contributedd to improved survival of brachytherapy patients is the high rate of re-
operations.Thee number of re-operations in the group of Amsterdam (33%, 192Ir) is 
similarr to that in most previously reported studies, which used similar dose-rates and 
totall  dose of radiation, but used 125I instead of  192Ir (13-17,30)number of re-operations 
inn the group of Cologne (9%, 125I ) is very low. This may be explained by the 
relativelyy small volumes irradiated (23 cm3) and by the much lower dose-rate, causing 
lesss necrosis and less reactive edema urging re-operations. One may argue that 
treatmentt with brachytherapy by a referenced isodose which does not go beyond the 
outerr margins of the tumor can not sufficiently prevent local recurrences, since it is 
knownn that these recurrences usually develop at or just outside the tumor margins (32-
33).. However, this is not shown in our study. 
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Arteriall  hemorrhage occurred once in the group of Amsterdam after removal of the 
temporaryy implant, which is 5% of the patient group (21 patients), but which is only 
0.77 % of all implanted catheters (142 catheters). This is less than the 1-2% risk of 
arteriall  hemorrhage during a stereotactic biopsy (34). The over-all complication rate 
inn Amsterdam (19%) is similar to that in other series (14,35,36). No hemorrhage was 
seenn in Cologne, most probably due to the more sophisticated 3-D planning system. 

Wee have shown the results of two different strategies of brachytherapy for the 
treatmentt of patients with primary GBM. Despite these differences, survival of 
matchedd patients was equal with both strategies, which is approximately 6 months 
moree than that of the control group. The weakness of our study is that both treated 
groupss cannot be statistically compared because of the very diverse variables and 
methods.. The strength of this study is that it shows that even large differences in 
brachytherapyy strategies show no differences in survival. This makes it likely, that 
furtherr progress in brachytherapy technology will not lead to further improvement in 
survivall  of patients with primary GBM in the near future, until more insight is 
availablee regarding favorable treatment factors. In the meantime we must try to 
minimizee complications and late adverse effects 
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CHAPTERR 6. 

Prognosticc value of plasma Transforming Growth 
Factor-pp in patients with glioblastoma multiforme 

MCCMM Hulshof, P Sminia, AD Barten-van Rijbroek, D Gonzalez Gonzalez 

Oncologyy Reports 8: 1107-1110; 2001 

Abstract t 
Wee investigated whether the postoperative concentration of circulating 
Transformingg Growth Factor beta (TGF-(3) yields prognostic value in patients with 
glioblastomaa multiforme (gbm). Blood was collected from 20 healthy volunteers 
andd in twenty-eight patients with mainly glioblastoma multiforme (gbm), both 
beforee radiotherapy, during and after 4 weeks of irradiation. Both latent and active 
TGF-66 were quantified directly in the blood plasma using a bioassay with mink 
lungg epithelial cells transfected with a plasminogen activator inhibitor-1 promotor 
luciferasee construct. The average plasma concentration of TGF-6 
beforeradiotherapyy for gbm patients was 26.2 ng/ml, which was significant higher 
fromm normal controls (16.2 ng/ml, p=0.02). No correlation was found between 
TGF-66 and survival, nor between plasma TGF-8 and the diameter of the 
postoperativee contrast-enhancing lesion. The pattern of plasma TGF-6 during 
radiotherapyy did not correlate with the clinical course of patients, nor with the 
fractionationn scheme. Plasma TGF-6 did not reveal a clinical useful prognostic 
valuee for gbm patients, which is partly due to the large variation in TGF-6 plasma 
levelss between individual patients. 

Introductio n n 
Transformingg Growth Factor beta (TGF-8) is a multifunctional protein, which is 
involvedd in the regulation of cell growth, the regulation of extracellulair matrix 
depositionss and in immunosuppressive activity (1). TGF-6 is considered to play a 
criticall  role in the development of late radiation damage (2). Its role in cell growth 
couldd be of influence in the progression to malignancy (3-5). TGF-6 is produced by 
malignantt glioma cell lines in vitro (6-10) and is considered to play a role in 
invasionn of glioma cells into the normal brain (11). In patients with 
adenocarcinomaa of the prostate, a correlation was found between plasma TGF-6 
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levelss and extracapsular disease and metastasis (12). In both lung and breast cancer 
patients,, increased circulating plasma TGF-B levels declined after therapy and an 
abovee normal TGF-B during follow-up was associated with a higher risk for 
recurrencee (13,14). These observations suggest that plasma TGF-B may be a useful 
tumorr marker. Plasma levels of TGF-B were significantly increased in glioblastoma 
(gbm)) patients compared to controls (15). The objective of the present study was to 
investigatee whether the amount of circulating TGF-B yields prognostic value in 
patientss with gbm 

Material ss and methods 
BloodsamplingBloodsampling and study population 
Bloodsampless were taken from 28 patients with proven malignant glioma referred 
forr radiotherapy (RT). All patients during the entry period were asked for the study 
withoutt selection on patient characteristics. There were 25 patients with a 
glioblastomaa multiforme (gbm), 2 with an anaplastic astrocytoma and 1 with an 
anaplasticc oligodendroglioma. Mean age was 55 year and mean Karnofsky 
performancee was between 60-70. All patients had complete follow-up for survival 
analysis.. Four patients survived more than 2 year, and two patients were still alive 
att the end of data analysis at 40 and 45 months. Survival was calculated from date 
off  surgery. Radiation schemes were either 66 Gy in 6,6 weeks daily fractionation 
(n=ll  1) for prognostic favorable patients or 28 Gy in 11 days with fraction doses of 
77 Gy (n=17) for poor prognosis patients. Prognostic selection was mainly based on 
performancee score (< 70) and age (>60 years). Three patients were not irradiated 
becausee of severe clinical deterioration before start of irradiation and in two 
patientss radiation was interrupted. Tumor size was determined on the planning CT 
scann (postoperative) and defined as the maximum diameter of contrast-enhancing 
area.. Median interval between surgery and planning CT scan was 28 days. A 
clinicall  deterioration was scored as any decrease in neurological performance or 
increasedd need for corticosteroids between surgery and start of irradiation. Clinical 
deteriorationn before start of irradiation was found to be a prognostic factor in this 
seriess (16). Bloodsamples were taken at start of treatment (n=28), in the third week 
off  irradiation (n=8, only for the 6,6 weeks regime), at the end of the radiation 
periodd (n=27) and at 4 weeks after irradiation (n=16). Blood was collected in 5 ml 
K3EDTA-tubess and centrifuged for 10 min. at 3000 g. The top 1 ml of plasma 
supernatantt was then stored at -35 °C until assayed for TGF-|3. 
DeterminationDetermination ofTGF-fi in human plasma. 

TGF-66 concentration was measured in a bioassay with Mink Lung Epithelial Cells 
(MLEC)) stable transfected with an expression construct containing a truncated 
plasminogenn activator inhibitor-1 promotor fused to the firefly luciferase reporter 
genee (17,18). The MLEC were cultured in high-glucose DMEM (Gibco BRL, Life 
Technologies,, Eur.) supplemented with 10% fetal calf serum, 2mM L-glutamine 
(Gibcoo BRL, Lif e Technologies, Eur.) and 250 (ig/ml geneticin sulphate (Gibco 
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BRL,, Life Technologies, Eur.) before use. Twice a week, cells were harvested 
usingg 0.05% trypsin in 0.02% EDTA (Gibco BRL, Life Technologies, Eur) and 
seededd into a new culture flask. For the assay, 2.5 * 104 transected MLEC were 
platedd in 96-well tissue culture dishes, were allowed to attach for 4 h at 37°C and 
5%% C02 incubator. For acid activation of latent TGF-6, both TGF-6 stock solution 
(Genzyme,, Cambridge, MA, USA) and plasma samples were diluted to 230 jLtl in 
DMEM/0.1%% BSA (Gibco BRL, Life Technologies, Eur.). Then, samples were 
activatedd by addition of 10 u.1 1M HC1 and incubated for 60 minutes at 4°C. After 
thee incubation, samples were neutralized with 10 \x\ 0.75M NaOH, diluted with 250 
|LLll  DMEM/BSA and added to the MLEC's. Following 16.5 h. incubation, cells 
weree washed with PBS and were extracted with 30 jxl lysis buffer (Boehrringer 
Mannheim,, Germany) for 20 minutes at room temperature. Twenty |LL1 of the cell 
extractt was transferred to a black microliter 96 well plate and 75 \i\ substrate 
solutionn was added (Promega, Benelux). The luciferase signal in the cell extract 
wass quantified as Relative Light Units (RLU) with a luminometer (Topcount 
topics,, Packard). The active TGF-6 concentration was estimated from a standard 
curvee generated with known concentrations of active TGF-61 in the range of 0.4 to 
22 ng/ml. The specificity of the assay has been tested, showing that the major part of 
TGF-66 activity measured in human plasma represents TGF-61 activity (18). 
StatisticalStatistical analysis 

Plasmaa samples were measured in triplicate, in 2 to 4 separate assays and TGF-6 
levelss were expressed as mean  standard deviation. An increase or decrease of 
TGF-- 6, during or after RT, was defined as a change in value of more than two 
timess the standard deviation, as calculated from the control group. Values of 
malignantt glioma patients and of normal controls (19) were compared using the 
unpairedd two tailed Student's t-test. The relationship between TGF-6 plasma levels 
obtainedd in the same patient prior to and following radiotherapy was quantified on 
basiss of Pearsons' correlation coefficient ® for significance at the 0.01 level. 
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Results. . 
TGF-66 plasma levels in patients with gbm, anaplastic glioma (no-gbm) and 
controlss patients were 26.2 + 3.5 ng/ml, 22.9 + 4.3 ng/ml and 16.2  6.4 ng/ml. The 
valuess in the control patients were significantly different for both the gbm 
(p=0.019)) as the no-gbm group (p=0.003). The values between the gbm and 
anaplasticc tumors did not differ significantly (p=1.00) and for that reason were 
mergedd for further analysis. Mean TGF-6 after a nearly total resection, a partial 
resectionn or a biopsy as stated by the neurosurgeon, was 37 ng/ml, 24 ng/ml and 23 
ng/mll  respectively (total versus partial: p=0.12). No significant correlation was 
foundd between TGF-B and survival (correlation factor 0.13, fig. 1) nor between 
TGF-66 and postoperative tumor size (correlation factor 0.1). 

Figg 1. TGF-P plasma values in relation to survival. 
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Thee mean TGF-6 values for patients who were clinical deteriorating (n=14) or 
clinicallyy stable (n=13) between first visit and start of irradiation, were 25.1 + 4.2 
ng/mll  and 27.2 + 4.6 ng/ml respectively, which was not significantly different 
(p=0.78,, fig 2). The changes in TGF-6 values during radiotherapy and follow-up 
weree followed (table 1). It was found that patients showing a stabilization or 
decreasee of TGF-6 values (n=16) had higher initial values compared to patients 
withh an increase (n=ll , p=0.08). However, the pattern of TGF-6 was not predictive 
forr median survival (p=0.37), which was respectively 9.1 and 7 months. The 
changess of TGF-6 values were compared between both radiotherapy schemes. In 
thee 2 Gy per fraction group, mean values were 29.1 (before irradiation), 20.3 (at the 
end)) and 27 ng/ml (at 4 weeks) and in the 7 Gy per fraction group 23, 21.5 and 
22.33 ng/ml respectively, which was not significantly different (p=0.89). 
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Figg 2. TGF-P plasma levels in relation to the postoperative clinical course of the patients. 
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Tablee 1. Changes of TGF-B values during and after radiotherapy related to initial values and 
survival. . 

TGF-B B 

duringg RT 

TGF-B B 
during g 
follow-up p 

Initiall  TGF-B 

inn ng/ml 

Mediann survival in months 

Stable e 

Stable e 

Decrease e 

Decrease e 

Stable e 

Decrease e 

Stable e 

Decrease e 

24.22 + 2.3 

30.4+12.8 8 

22.1+7.9 9 

44.6+11.7 7 

7.33 + 2.6 

30.00 + 21 

18.33 + 7.6 

77 + 1.7 

7.55 + 4.8 

10.00 + 4.2 

4.11 + 1.3 

Increase e 

Increase e 

Stable e 

Increase e 

Stable e 

Increase e 

17.99 + 2.5 

16.00 + 3.6 

17.8++ 12.2 
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Discussion n 
Thee present study shows a higher postoperative plasma TGF-6 level in patients 
withh gbm compared to healthy controls, although there was a considerable range of 
plasmaa TGF-6 values. Neither the postoperative level of TGF-6 nor the changes of 
TGF-66 during and after RT gave evidence that plasma TGF-6 revealed significant 
clinicall  prognostic value in this small group of patients with gbm tumors. However, 
sincee gbm patients tends to have a uniform poor prognosis, with very few patients 
livingg more than two years, many more patients than included in this series would 
bee necessary to identify a small effect of a new prognostic marker. 
Inn agreement with the presented data in glioma patients, elevated plasma TGF-6 
levelss were reported in glioblastoma patients (15), as in 61% to 83% of breast 
cancerr patients (13,20). However, again in agreement with our glioma data, no 
relationn was found between TGF-6 level and tumor stage in breast cancer patients 
(19,21)) and TGF-6 did not alter after surgical excision of a breast tumor (19). 
Thesee results suggest that the tumor itself is not mainly responsible for the TGF-6 
plasmaa level. It is well documented that TGF-6 is secreted by malignant glioma 
cellss (6,10,22) but also by many other cell types in vivo, including endothelial 
cells,, macrophages, fibroblasts and microglia (6,7,8,23,24)]. However, no analyses 
aree available on the contribution of tumor produced TGF-6 to the plasma level in 
relationn to the contribution of other cell types. It is also known that a large number 
off  different cells demonstrate an increase of TGF-6 secretion under pathologic 
conditions.. E.g. TGF-6 is expressed by microglia after cerebral stab wounding, 
peripherall  nerve transection, multiple sclerosis and experimental autoimmune 
neuritiss (7,25-27). Unfortunately, in the present series only postoperative values 
weree obtained so that the influence of the operation itself on TGF-6 level could not 
bee analyzed. Literature is not conclusive about the role of TGF-6 in case of a 
malignantt process invading the normal surrounding brain tissue (28). During this 
pathologicall  process TGF-6 is produced by several cell types and hence, it is 
difficul tt to distinguish the exact expression of TGF-6 by tumor cells and its role in 
tumorr progression. Elevated plasma levels may be an indicator of an ongoing 
pathologicall  process, and absolute bloodvalues may vary considerably between 
individuall  patients. Although radiation will kill a substantial amount of malignant 
cellss and hence an expected decrease of the TGF-6 production, the ongoing 
pathologicall  process and immune reaction may be activated. Satoh et al. even 
observedd in glioma cell lines in vitro a tendency to an increase of TGF-6 secretion 
perr cell following irradiation (9). The release of TGF-6 in the plasma will be 
dependentt on the balance between these processes and hence blood plasma levels 
aree too non-specific to interpret with respect to tumor sterilization. In summary, the 
resultss of the present study do not indicate plasma TGF-6 as a clinical useful 
prognosticc marker in gbm patients, although the number of patients is small. There 
iss evidence that TGF-6 is produced by malignant glioma in vivo, but also by 
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severall  other cell types in response to pathologic conditions which makes the 
plasmaa level too non-specific to be used as a prognostic marker. 

Acknowledgements s 
Thiss investigation was financially supported by the Interuniversitair Institute voor 
Radiopathologiee en Stralenbescherming, IRS project # 7.1.6. 

References s 
1.. Martin M, Lefaix J-L and Delanian S. TGF-61 and radiation fibrosis: A master switch and a 

specificc therapeutic target? Int. J. Radiat. Biol. Oncol. Phys. 47: 277-290, 2000. 
2.. Anscher MS, Kong F-M, Marks LB, Bentel GC and Jirtle RL. Changes in plasma transforming 

growthh factor beta during radiotherapy and the risk of symptomatic radiation-induced 
pneumonitis.. Int J Radiat Oncol Biol Phys 37: 253-258, 1997. 

3.. Arrick BA, Lopez AR, Elfman F, Ebner R, Damsky CH and Derynck R. Altered metabolic and 
adhesivee properties and increased tumorgenesis associated with increased expression of 
Transformingg Growth Factor BI. J Cell Biol 118: 715-726, 1992. 

4.. Arteaga CL, Dugger TC, Winnier AR and Forbes JT. Evidence for a Positive Role of 
Transformingg Growth Factor-6 in Human Breast Cancer Cell Tumorigenesis. J Cell Biochem 
17G:: 187-193, 1993. 

5.. Walker RA and Gallacher B. Determination of transforming growth factor betal mRNA 
expressionn in breast carcinomas by in situ hybridization. J. Pathol. 177: 123-127, 1995. 

6.. Constam DB, Philipp J, Malipiero UV, Ten Dijke P, Schachner M and Fantana A. Differential 
expressionn of transforming growth factor 61, 62 and 63 by glioblastoma cells, astrocytes and 
microglia.. Immunologyl48: 1404-1410, 1992. 

7.. De Groot CJA, Montagne L, Barten AD, Sminia, P and Van der Valk P. Expression of 
Transformingg Growth Factor (TGF)-pM, [32 and 03 isoforms and TGF-p type I and type II 
receptorss in multiple sclerosis lesions and human adult astrocyte cultures. J. Neuropath. Exp. 
Neurol.. 58: 174-187,1999. 

8.. Sasaki A, Naganuma H, Satoh E, Nagasaka M, Isoe S, Nakano S and Nukui H. Secretion of 
transformingg growth factor 61 and 62 by malignant glioma cells. Neurol. Med. Chir. 35: 423-
440,, 1995. 

9.. Satoh E, Naganuma H, Sasaki A, Nagasaka M, Ogata H and Nukui H. Effect of irradiation on 
transformingg growth factor beta secretion by maligant glioma cells. Neurooncol. 33: \95-200, 
1997. . 

10.. Tada T, Yabu K and Kabayashi S. Detection of active form of transforming growth factor B in 
cerebrospinall  fluid of patients with glioma. Jpn. J. Cancer Res. 84: 544-548, 1993. 

11.. Paulus W, Baur I, Heuttner C, Schmausser B, Roggendorf W, Schlingensiepen KH and Brysch 
W.. Effects of Transforming Growth Factor 61 on collagen synthesis, integrin expression, 
adhesionn and invasion of glioma cells. J. Neuropath. Exp. Neurol. 54: 236-244, 1995. 

12.. Ivanovic V, Melman A, Davis-Jodeph B, Valcic M and Geliebter J. Elevated plasma levels of 
TGF-611 in patients with invasive prostate cancer. Nat. Med. 1: 282-283, 1995. 

13.. Kong F-M, Anscher MS, Murase T, Abbott BD, Iglehart D and Jirtle RL. Elevated plasma 
transformingg growth factor-Bl levels in breast cancer patients decrease after surgical removal of 
thee tumor. Ann. Surg. 222: 155-162, 1995. 

14.. Kong F-M, Washington MK, Jirtle RL and Anscher MS. Plasma transforming growth factor-Bl 
reflectss disease status in patients with lung cancer after radiotherapy: a possible tumor marker. 
Lungg Cancer 16:47-59, 1996. 

15.. Gridley DS, Loredo LN, Slater JD, Archambeau JO, Bedros AA, Andres ML and Slater JM. 
Pilott evaluation of cytokine levels in patients undergoing radiotherapy for brain tumors. Cancer 
Detect.. Prev. 22: 20-29, 1998. 

87 7 



Chapterr 6 

16.. Hulshof MCCM, Schimmel EC and Gonzalez Gonzalez D. Hypofractionation in glioblastoma 
multiforme.. Radiather. Oncol. 54: 143-148, 2000. 

17.. Abe M, Harpel JG, Metz CN, Nunes I, Loskutoff DJ and Rifkin DB. An assay for Transforming 
Growthh Factor-(3 using cells transected with a plasminogen activator inhibitor-1 promotor 
luciferasee construct. Anal Biochem 216: 276-284, 1994. 

18.. Van Waarde MAWH, van Assen AJ, Kampinga HH, Konings ATW and Vujaskovic Z. 
Quantificationn of Transforming Growth Factor-6 in biological material using cells transected 
withh plasminogen activator inhibitor-1 promotor-luciferase construct. Anal. Biochem. 247' 45-
51,, 1997. 

19.. Sminia P, Barten-van Rijbroek AD, van Waarde MAWH, Vujaskovic Z and van Tienhoven G, 
Plasmaa transforming growth factor 6 levels in breast cancer patients. Oncol. Rep. 5: 485-488 
1998. . 

20.. Murase T, Anscher MS, Petros WP, Peters WP and Jirtle RL. Changes in plasma transforming 
growthh factor 6 in response to high-dose chemotherapy for stage II breast cancer: possible 
implicationss for the prevention of hepatic veno-occlusive disease and pulmonary drug toxicity. 
Bonee Marrow Transplant 15: 173-178, 1995. 

21.. Wakefield LM, Letterio JJ, Chen T, Danielpour D, Allison RSH, Pai LH, Denicoff AM, Noone 
MH,, Cowan KH, O'shaughnessy JA and Sporn MB. Transforming Growth Factor-61 circulates 
inn normal human plasma and is unchanged in advanced metastatic breast cancer. Clin. Cancer 
Res.. 1: 129-136, 1995. 

22.. Kjellman C, Olofsson SP, Hansson O, Von Schanz T, Lindvall M, Nilsson I, Salford LG, Sogren 
HOO and Widegren B. Expression of TGF-beta isoforms, TGF-6 receptors and SMAD molecules 
att different stages human glioma. Int. J. Cancer 89: 251-258, 2000. 

23.. Sporn MB and Roberts AB: Transforming growth factor 6: Recent progress and new challenges 
J.. Cell Biol. 119: 1017-1021, 1992. 

24.. Weissner C, Gehrmann J, Lindholm D, Topper R, Kreutzberg GW and Hossmann 
KA.Expressionn of transforming growth factor- 61 and interleukin-16 mRNA in rat brain 
followingg transient forebrain ischemia. Acta. Neuropathol. 86: 439-446, 1993. 

25.. Kiefer R, Lindholm D and Kreutzberg GW. Interleukin-6 and transforming growth factor-61 
mRNAss are induced in rat facial nucleus following motorneuron axotomy. Eur. J. Neurosci 5 
(7):: 775-781, 1993. 

26.. Kiefer R, Gold R, Gehrmann J, Lindholm D, Wekerle H and Kreutzberg GW. Transforming 
growthh factor 6 expression in reactive spinal cord microglia and meningeal inflammatory cells 
duringg experimental allergic neuritis. J. Neurosci. Res. 36 (4): 391-398, 1993. 

27.. Lindholm D, Castren E, Kiefer R, Zafra E and Thoenen H. Transforming growth factor-61 in the 
ratt brain: increase after injury and inhibition of astrocyte proliferation. J. Cell Biol 117- 395-
400,, 1992. 

28.. Jennings MT and Pietenpol JA. The role of transforming growth factor beta in glioma 
progression.. Neurooncol. 36: 123-140, 1998. 

88 8 



Hyperbaricc oxygen 

CHAPTERR 7. 

Hyperbaricc oxygen therapy for cognitive disorders after 
irradiationn of the brain 

MCCMM Hulshof, NM Stark, A van der Kleij , P Sminia, HMM Smeding, D 
Gonzalezz Gonzalez. 

Strahlentherapiee und Onkologie 4: 192-198; 2002 

Abstract t 
Purpose:Purpose: Analysis of the feasibility and effect of hyperbaric oxygen treatment 
(HBO)) on cognitive functioning in patients with cognitive disorders after 
irradiationn of the brain. 
Methods'.Methods'. Seven patients with cognitive impairment after brain irradiation, with an 
intervall  of at least 1,5 year after treatment, were treated with 30 sessions of HBO in 
aa phase I-II study. A comprehensive neuropsychological test battery was performed 
beforee treatment, at three and six months thereafter. Patients were randomized into 
ann immediate treatment group and a delayed treatment group. The delayed group 
hadd a second neurospychological test at three months without treatment in that 
periodd and started HBO thereafter. 
Results:Results: All eligible patients completed the HBO treatment and the extensive 
neuropsychologicall  testing. One out of seven patients had a meaningful 
improvementt in neuropsychological functioning. At three months there was a 
small,, but not significant benefit in neuropsychological performance for the group 
withh HBO compared to the group without HBO treatment. Six out of seven patients 
eventuallyy showed improvement after HBO in 1 to 9 (median 2,5) of the 31 tests, 
althoughh without statistical significance. 
Conclusion:Conclusion: HBO treatment was feasible and resulted in a meaningful 
improvementt of cognitive functioning in one out of seven patients. Overall there 
wass a small but not significant improvement. 

Introduction Introduction 
Thee risk of neuropsychological impairment after cerebral radiotherapy (RT) is well 
recognized,, but the incidence is unknown. Whereas several investigators did not 
demonstratee significant differences compared to surgery alone after fractionated, 
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loww dose or limited field irradiation [2,21], minor to severe cognitive deficits have 
beenn reported [17] including necrosis and progressive dementia in 42% of patients 
[10].. Cognitive dysfunction is considered as irreversible and no recognized 
treatmentt is available at present, although HBO for neurologic deficits has been 
suggestedd [14]. Microvascular failure, a well-described pathological effect of late 
radiationn injury, is considered to be responsible for cognitive dysfunction after 
irradiation,, especially if it occurs in the hippocampal area [1]. In irradiated tissue, 
stimulationn of neo-angiogenesis by hyperbaric oxygen (HBO) has been proven in 
animall  models [18] as well as in some clinical studies [3,25]. Several clinical 
studiess have reported positive effects of HBO in the treatment of delayed radiation 
injuriess at sites like bladder, rectum and extremities [3,12,22,25]. HBO studies for 
latee radiation damage to the nervous system are rare however. Feldmeier et al. 
demonstratedd in an animal study a delay in the onset of myelitis with HBO applied 
ass prophylaxis 6 weeks after irradiation, i.e. during the latent period [11]. A 
comparablee study however did not show a prophylactic action of HBO for late 
myelopathyy [20]. Two small human studies with HBO treatment in 3 and 10 
patientss with severe radiation induced brain injury, demonstrated either an 
improvementt or stabilization of the karnofsky performance status radiological 
imagingg [7,13]. No neuropsychological testing was performed in both studies and 
noo control group was available. The purpose of the current study is to analyze the 
feasibilityy and therapeutic effect of HBO by extensive neuropsychological testing 
inn a group of adult patients with cognitive deficits after irradiation of the brain. 

Material ss and Methods 
Patients Patients 
Patientt accrual took place at the outpatient clinic of the radiotherapy department 
duringg the first half of 1999. Patients were selected on the presence of cognitive 
deficitss as mentioned by the patient or partner during regular follow-up visits. They 
weree asked whether they suffered from short term-memory loss, concentration 
problemss or diminished speed of processing. The post-radiation period had to be at 
leastt 1.5 year, assuming that late effects are irreversible without intervention after 
suchh a period. However, it could not be assured that the cognitive impairment was 
duee to irradiation damage as opposed to the initial tumor itself or tumor resection. 
Furtherr inclusion criteria were radiation doses of at least 30 Gy in 3 weeks or 
biologicall  equivalent, no signs of tumor recurrences on CT-scan or MRI, age 
betweenn 18 and 60 years, Karnofsky performance scale of 70 or more and informed 
consent.. Exclusion criteria were concurrent severe neurological or vascular disease, 
uncontrollablee epileptic fits, previous chemotherapy and a general condition 
impedimentt for HBO treatment. Ten patients provided initially informed consent 
forr the study. Two patients refused HBO treatment during work-up period because 
off  social reasons and one patient developed a tumor recurrence during the study 
periodd leaving seven evaluable patients for analysis. There were no changes in 

90 0 



Hyperbaricc oxygen 

medicationn with CNS effects during the six months study period. Patient 
characteisticss are summarized in table 1. The level of education was scored on a 
sevenn point scale, which ranges from elementary school to an university degree ]. 
CTT or MRI follow up was not performed for study purposes. 

Tablee 1: Patient characteristics 

No. . 

1 1 

2 2 
3 3 
4 4 

5 5 
6 6 
7 7 

Sex x 

F F 

F F 
F F 
M M 

F F 
F F 
F F 

Age e 

49 9 

56 6 
47 7 
30 0 

47 7 
54 4 
39 9 

Education n 
level l 
5 5 

4 4 
5 5 
6 6 

4 4 
4 4 
4 4 

Histology y 

Neuroblastoma a 

Ohgoastrocytoma a 
Glioblastoma a 
Ependymoma a 

Glioblastoma a 
Oligodendroglioma a 
Medulloblastoma a 

Tumour r 
localisation n 
Ventricular r 

Frontotemporal l 
Frontoparietal l 
Cerebellar r 

Parietal l 
Frontoparietal l 
Cerebellar r 

Radiationn field 

Craniospinall + 
boost t 
Focal l 
Focal l 
Craniospinal l 
+boost t 
Focal l 
Focal l 
Craniospinall + 
boost t 

Totall dose/ 
Fractionn dose 
544 Gy/ 
1.55 and 2 Gy 
544 Gy/2 Gy 
288 Gy/7 Gy 
566 Gy/ 
1.55 and 2 Gy 
600 Gy/2 Gy 
544 Gy/2 Gy 
544 Gy/ 
1.55 and 2 Gy 

Follow-upp after 
KTT in months 
.10 0 

92 2 
91 1 
96 6 

24 4 
17 7 
130 0 

Treatment t 
group p 
Delayed d 

Delayed d 
Delayed d 
Immediate e 

Immediate e 
Immediate e 
Immediate e 

HyperbaricHyperbaric oxygen 
Hyperbaricc oxygen was executed in a multiplace chamber. Thirty sessions, 5-6 
timess per week were administered at a pressure of 3 atmosphere with inhalation of 
100%% oxygen in a multiplace chamber. Treatment time was 125 minutes, including 
aa compression and decompression time of 10-15 minutes. No air breaks were 
applied.. A chamber monitor monitored patients during the HBO treatment. 
Procedure Procedure 
Patientss were matched in pairs on age and education as closely as possible. To test 
forr possible retest bias at neuropsychological examination (retest effects are 
improvementss in test performance, which are due to mere repetition of the testing), 
patientss were randomly assigned to an experimental group who were treated 
immediatee (immediate group) and a control group with delayed treatment (delayed 
group).. The randomization was blinded and performed by an independent 
employeee at the neurology department. The neuropsychological test battery was 
administeredd to both groups at 0 months (baseline), at three months and at six 
months.. The immediate group started HBO treatment directly after the baseline 
test.. The delayed group had their second examination at three months without 
treatment,, and started HBO treatment thereafter. The immediate group consisted of 
fourr patients and the delayed group of three patients. 
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NeuropsychologicalNeuropsychological examination 
AA comprehensive neuropsychological test battery of about 3 hours duration was 
administeredd to all patients (table 2 and appendix). To minimize retest effects, 
parallell  versions of different tests were used if available. Two trained 
undergraduatee students supervised by a bound certified clinical neuropsychologist 
administeredd the tests. Time of day and place of examination were identical during 
thee study. In the days before the examination the patient and a close relative (proxy 
rating)) completed the MAC Questionnaire (from Memory Assessment Clinic) [9] 
andd the DEX Questionnaire (from the Behavioral Assessment of Dysexecutive 
Syndrome)) [24]. The MAC questionnaire contains two subscales measuring 
everydayy memory abilities and the severity and frequency of amnesic symptoms. 
Thee DEX questionnaire is a rating scale of dysexecutive symptoms, such as 
distractibility,, planning problems, apathy and lack of social awareness. The raw 
scoress were used for analysis. 

Tablee 2. Overview of neuropsychological tests (for more detailed information see appendix) 

Namee of neuropsychological test Typee of measurement 

11 Symbol Digit Modalities Test of the 
Wechslerr Adult Intelligence Scale (WAIS) 

22 Similarities of the WAIS 
33 Block Design of the WAIS 

44 Boston Naming Test 
55 Auditory Verbal Learning Test (AVLT) 
66 Letter Fluency of the Multilingual Aphasia 

Examination n 
77 Category Fluency of the Groninger 

Intelligencee Test (GIT) 
88 Logical Memory of the Rivermead 

Behaviourall  Memory Test 
99 Calculation of the GIT 
100 Warrington Recognition Memory Test 

Faces s 
111 Trail making Test 

122 Stroop Color-Word test 

133 Nelson's Modified Wisconsin Card Sorting 
Testt (MWCST) 

144 FEPSY 
155 Grooved Pegboard ^ _ _ ^ _ ^ _ __ 

Speedd of information processing 

Abilit yy to reason abstractly. 
Visual-spatiall  insight and visuo-constructive 
skills. . 
Namingg line drawings of objects and animals. 
Verball  memory. 
Generall  vocabulary memory. 

Vocabularyy memory related to animals & 
occupation. . 
Memoryy for structured verbal material. 

Numericall  ability. 
Aspectss of non-verbal memory. 

Executivee functioning, motor speed and 
attention. . 
Selectivee attention, perceptual interference 
andd response inhibition. 
Cognitivee flexibility . 

Reactionn time and choice reaction time 
Visual-motorr and speed co-ordination. 
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Statistics s 
Changess in the neuropsychological test results were analyzed using two different 
methods.. First, the mean test scores before and after treatment were compared. 
Nonparametricc tests (Wilcoxon Signed Rank Test and Sign test) were used in view 
off  the small sample size. The baseline data of the immediate group were pooled 
withh the 3-month data of the delayed group (pre HBO data); the same was done 
withh the 3-months data of the immediate group and the 6-month data of the delayed 
groupp (post HBO data). Second, we looked at score changes of each individual 
patient,, because group comparisons of small samples may produce statistically 
non-significantt results even if effect sizes are large and clinically meaningful [4]. 
Thiss second analysis was done using the Reliable Change Index (RCI) [5]. The 
RCII  is a function of the retest reliability and the standard deviation of the test 
scores.. These were taken from the test manuals or published studies. The RCI does 
nott correct for retest effects. Therefore we added the retest effect as an extra term 
too the formula. The retest effects of each test were taken from the test manuals or 
publishedd studies. When the values were unknown, the observed retest effects of 
thee delayed group in the present study were used (a table of the RCI's, retest effects 
andd the change scores of each subject may be obtained from the first author). 
Negativee retest effects were assumed to be chance fluctuations and set to zero. 
Withh this method the experimental group (immediate group) was compared to the 
controll  group (delayed group) at three months to control for a retest effect. 

Results s 
Thee immediate group and the delayed group were not significant different (Mann-
Whitney)) in age, level of education and variables in relation to the radiotherapeutic 
treatmentt (table 1). All seven eligible patients completed the full period of 30 HBO 
sessionss as well as the three neuropsychological tests. At baseline tests all patients 
showedd cognitive impairment: five were scored as moderately, one severely and 
onee as lightly impaired. Predominant impaired domains were mental slowness (all 
patients)) and immediate recall (6 patients). 
Inn tables 3 and 4 the means and standard deviations on each test of the immediate 
andd the delayed group are presented. The first method of analysis, comparing the 
pre-- and post-HBO results for all patients, showed no significant improvements on 
neuropsychologicall  testing, except for the ability self rating scale of the MAC 
questionnairee (Wilcoxon Signed Rank Test p=0.016). The patients scored their 
everydayy memory abilities to be improved after treatment. This was not 
corroboratedd by the proxy ratings however. 
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Tablee 3: Means and standard deviations of neuropsychological test scores of the immediate treatment 
groupp and the delayed treatment group at baseline, 3 months and 6 months. 

Test t 

~GÏTT "~ 
Calculation n 
(T) ) 
GITT Category 
fluency y 
Letter r 
Fluencyy total 
WAIS S 
Similarities s 
(T) ) 
WAIS S 
Symboll  Digit 
(T) ) 
WAISS Block 
Designn (T) 
Boston n 
Namingg Test 
AVL TT total 

AVL T T 
delayedd recall 
Logical l 
Memory y 
immediate e 
Logical l 
Memory y 
delayedd recall 
Trailmaking g 
AA sec 
Trailmaking g 
BB sec 
Stroopp word 
sec c 
Stroopp color 
sec c 
Stroopp color-
wordd sec 
MWCST T 
errors s 
MWCST T 
perseverations s 
MWCST T 
categories s 
Warrington n 
RMTT Faces 
Grooved d 
Pegboard d 
domm sec 

Baseline e 
immediat t 
ee group 
Mean n 
(SD) ) 

39.5 5 
(11.1) ) 

49.3 3 
(7.3) ) 
27.3 3 

(21.4) ) 
63.3 3 
(7.3) ) 

45.8 8 
(19.4) ) 

52.5 5 
(10.5) ) 

55.3 3 
(2.3) ) 
40.5 5 
(5.8) ) 

7.5(3.3) ) 

17.3 3 
(3.9) ) 

11.5 5 
(3.8) ) 

61.0 0 
(37.0) ) 
165.0 0 

(103.7) ) 
51.0 0 

(15.0) ) 
80.5 5 

(36.5) ) 
157.0 0 

(88.5) ) 
7.3(3.1) ) 

1.3 3 
(1-5) ) 

6.3 3 
(0.6) ) 
36.8 8 
(3.8) ) 
93.3 3 

(35.0) ) 

Baseline e 
Delayed d 
group p 
Meann (SD) 

44.00 (2.0) 

48.7(14.6) ) 

27.33 (9.9) 

57.0(8.0) ) 

55.0(13.1) ) 

52.7(11.7) ) 

56.00 (3.0) 

45.00 (4.0) 

10.0(1.7) ) 

14.0(2.0) ) 

11.2(3.8) ) 

38.3(19.0) ) 

102.0(29.3) ) 

50.7(3.1) ) 

77.3(16.3) ) 

114.7(26.1) ) 

13.7(4.0) ) 

4.77 (0.6) 

4.7(1.5) ) 

38.0(5.6) ) 

81.7(10.0) ) 

33 Months 
immediate e 
group p 
Meann (SD) 

35.5(8.7) ) 

50.55 (9.0) 

34.88 (23.8) 

65.8(11.4) ) 

50.33 (20.0) 

53.8(12.8) ) 

54.88 (4.6) 

41.8(6.3) ) 

8.55 (2.4) 

16.8(6.0) ) 

13.6(5.9) ) 

47.8(21.4) ) 

139.3(103.6) ) 

50.0(11.9) ) 

81.5(42.4) ) 

148.55 (69.9) 

14.88 (7.0) 

3.55 (4.4) 

4.3(1.5) ) 

40.88 (3.9) 

91.8(30.3) ) 

33 Months 
delayedd group 
Mean(SD) ) 

_ _ _ __ _ 

50.0(13.5) ) 

39.0(13.0) ) 

60.3(12.7) ) 

56.7(14.0) ) 

56.77 (9.6) 

55.88 (4.6) 

43.33 (2.9) 

11.0(2.6) ) 

14.0(3.8) ) 

10.00 (4.8) 

39.3(21.2) ) 

76.33 (23.0 ) 

49.33 (9.0) 

70.7(3.1) ) 

105.3(7.6) ) 

13.7(13.2) ) 

5.0(7.0) ) 

4.7(2.1) ) 

42.00 (4.6) 

79.9(12.1) ) 

66 Months 
immediate e 
group p 
Meann (SD) 

"37.T" " 
(11.8) ) 

44.5 5 
(10.7) ) 

31.3 3 
(19.6) ) 

61.3 3 
(13.2) ) 

53.3 3 
(17.5) ) 

54.5 5 
(13.2) ) 

56.99 (0.8) 

37.8(7.1) ) 

7.0(1.4) ) 

15.8(4.9) ) 

133 1 (3.0) 

55.8 8 
(36.3) ) 
134.8 8 

(68.2) ) 
49.5 5 

(14.3) ) 
82.0 0 

(41.5) ) 
138.5 5 
(71.2) ) 

17.3 3 
(15.2) ) 

5.55 (7.7) 

4.33 (2.5) 

42.5(1.3) ) 

91.0 0 
(30.6) ) 

66 Months 
delayed d 
group p 
Mean n 
(SD) ) 

51.3 3 
(10.1) ) 

44.33 (9.7) 

26.3 3 
(13.1) ) 

57.7(7.0) ) 

58.7(9.1) ) 

58.5 5 
(10.6) ) 

57.0(2.6) ) 

44.00 (2.6) 

9.33 (0.6) 

19.0(4.8) ) 

14.2(4.1) ) 

38.7 7 
(13.0) ) 

88.7 7 
(27.8) ) 

43.3 3 
(11.0) ) 

56.7 7 
(11.4) ) 

103.33 (4.2) 

8.33 (3.5) 

2.0(1.0) ) 

5.33 (0.6) 

43.7(2.1) ) 

81.0(6.6) ) 
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Groovedd 109.0 
Pegboardd non (31.2) 
domm sec 
FEPSYY 330.5 
simplee rt dom (75.1) 
msec c 
FEPSYY 282.8 
simplee rt non (20.2) 
domm msec 
FEPSYY 372.3 
choicee rt (57.2) 
msec c 

68.5(7.8)) 101.5(28.9) 66.5(7.8) 

287.3(16.3)) 292.5(9.1) 303.0(47.6) 

311.0(18.4)) 304.8(29.3) 304.0(48.1) 

427.0(179.6)) 321.5(69.1) 386.0(236.2) 

119.0 0 
(38.8) ) 

310.7 7 
(17.0) ) 

307.0 0 
(14.9) ) 

350.0 0 
(19.3) ) 

67.0(1.4) ) 

276.0 0 
(26.9) ) 

284.0 0 
(19.8) ) 

386.5 5 
(237) ) 

(T)=T-score.. sec=seconds. mesec=milliseconds. dom=dominant hand. 
nonn dom=non dominant hand. rt=reaction time. SD=standard deviation. 

Tablee 4: Means and standard deviations of self and proxy rating scores in both groups at baseline, 3 
monthss and 6 months. 

Baselinee baseline 3 months 
Testt Immediate delayed immediate 

groupp group group 
meann (SD) mean (SD) „ ^ ^ . ( S D) 

MACC ability scale 57.0(14.6) 74.3(17.5)" ~66.0~(8!8J~ 
self f 
MACC frequency 67.5(16.1) 73.0(10.6) 76.8(6.7) 
scalee self 
MACC ability scale 57.5(14.3) 74.7(20.1) 60.3(7.9) 
proxy y 
MACC frequency 68.0(15.3) 85.7(7.6) 72.3(11.6) 
scalee proxy 
DEXX self rating 30.0(12.2) 27.7(2.3) 21.5(11.7) 
DEXX proxy rating 34.5(15.2) 29.0(20.7) 33.0(17.8) 

33 months 6 months 
delayedd group immediate 
meann (SD) group 

meann (SD) 
69.77 (8.4) 

78.7(12.7) ) 

70.00 (7.2) 

80.00 (2.0) 

35.0(9.2) ) 
27.0(19.7) ) 

61.3(5.0) ) 

77.00 (8.7) 

62.33 (6.7) 

76.3(16.7) ) 

13.3(6.7) ) 
22.7(21.5) ) 

SD=standardd deviation 
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Thee results of the second method of analysis can be seen in table 5, which shows 
thee total number of significant difference scores between baseline, three months 
andd six months for each subject. At three months no significant difference was 
foundd between the immediate group and the delayed group. Although not 
significant,, the sum of significant different scores after three months in the three 
untreatedd patients (delayed group) was +4, compared to +13 in the four treated 
patientss (immediate group). Subject number 5 in the immediate group showed the 
largestt improvement. After treatment this subject had an increased mental speed 
andd had better self and proxy ratings of memory and dysexecutive symptoms. 
Betweenn three and six months this person showed a further improvement but the 
remainingg three patients in the immediate group did not. In the delayed group two 
subjectss improved somewhat in the first three months (without treatment). Between 
baselinee and six months, three out of four subjects in the immediate group and all 
subjectss in the delayed group showed some improvement (table 5). 
Twenty-sixx percent of the significant improvements and deterioration's were on the 
MA CC and DEX questionnaires. Other relative large improvements were on the 
Trailmakingg Test (14%), Warrington RMT Faces (8%), FEPSY reaction rate (11%) 
andd on Modified Wisconsin Card Sorting Test (9%). Other improvements were 
equallyy distributed over the remaining tests. 
Noo seizures were observed during the HBO treatment or any other toxicity. One 
patientt experienced absences and deterioration during the HBO treatment period. A 
CTT scan showed a tumor recurrence and she was excluded from the study. 

Tablee 5: Number of significant difference scores between baseline, 3 months and 6 months for each 
subject. . 

nrr of test improved 
nrr of test declined 
improvedd declined 

Nr.. 1* 
abb be ac 

33 2 3 
33 2 2 
00 0 1 

Nr.. 2* 
abb be ac 

55 3 5 
33 1 2 
22 2 3 

Nr.. 3* 
abb be ac 

44 3 3 
22 2 1 
22 1 2 

Nr.. 4 Nr. 5 Nr. 6 Nr 7 
abb be ac ab be ac ab be ac ab be ac 

3 0 22 9 5 11 2 0 1 2 1 3 
0 2 00 1 1 2 2 2 3 0 3 0 
3-22 2 8 4 9 0 - 2 -2 2 -2 3 

abb = baseline 3 months scores, be = 3 months-6 months scores, ac = baseline-6 
monthss scores. 
Nrr 4-7 = subjects from immediate group. Nr l*-3*  = subjects from delayed group 
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Discussion n 
Thee present study is the first study trying to assess the effect of HBO by 
neuropsychologicall  testing in patients with cognitive disorders after brain 
irradiation.. Looking at the neuropsychological score over time of each patient 
separately,, no significant cognitive improvement was found after HBO. However, 
becausee of the low number, the power of this negative result is low. One out of 
thirty-onee test variables (memory abilities) improved significantly at three months 
afterr start of HBO treatment for the total group. At six months, when all had their 
HBOO treatment, there was an overall small improvement in six out of seven 
patients.. One patient had a meaningful improvement. This finding, in combination 
withh the lack of toxicity, which is in concordance with other HBO studies [22], is a 
basiss for considering HBO treatment in an individual patient. 
Twoo clinical studies have reported on HBO for progressive radiation induced 
brain-injury,, mainly within one year after irradiation, showing improvement or 
stabilizationn of karnofsky score or resolution of necrosis [7,13]. In contrast to both 
studies,, the present study reports on non-progressive patients with cognitive 
disorderss for at least 1,5 year after radiotherapy, without necrosis on CT or MRI. 
Thesee differences could suggest that HBO treatment is more effective against 
early-delayedd progressive vascular damage and less effective for late damage in 
non-progressivee patients without radiological signs of necrosis, indicating that 
timingg of HBO treatment could be important. 
Unfortunatelyy no more than 10 patients were initially eligible for the study despite 
thee large number of patients receiving brain irradiation in our institute (about 40 
perr year). A statistical significant difference is therefore hard to attain. Several 
factorss explain the low prevalence of cognitive disorders. First, two-year survival 
off  patients receiving high dose radiotherapy for malignant glioma is very poor [15]. 
Second,, the detrimental effects of modern, conformal and fractionated, moderate 
dosee radiotherapy are probably small [21]. Thus, randomized studies or even large 
prospectivee studies on this issue are difficult to attain. 
Theree are still several questions to be answered considering the effect of HBO in 
irradiatedd brain tissue. The pathogenesis of radiation induced brain damage is 
usuallyy based on a dual focus, namely damage to the nerve fibers (demyelinisation) 
andd to the vasculature [6,16,19]. A direct effect of HBO on the demyelinisation 
component,, once expressed, is not to be expected. Although an effect on 
revascularisationn of brain tissue can be expected from the role of HBO in several 
otherr organs, it has not been proven in brain tissue yet. Furthermore, 
neurocognitivee deficits after irradiation have not been associated with specific 
histology.. Both ischemic damages to the hippocampus (memory function) as 
diffusee white matter changes have been associated with diffuse cognitive disorders 
[1,6,8].. The current study suggests that HBO may have effects on radiation induced 
cognitivee functioning but questions on optimal timing of HBO, the domains of 
cognitionn which could improved and the extend of histology changes after 
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radiationn which could be influenced by HBO, are still to be answered. Even the 
optimall  number of sessions to gain significant improvements is not known. More 
thann 30 sessions have been administered in several other organ sites (3,12,14). The 
numberr of 30 sessions in this study was based on a few previous HBO studies in 
neurotoxicityy (7,11) as well as the amount of time spent for this particular patient 
group.. Because of the slow progression of radiation damage to nervous tissue, 
includingg the slow breakdown of the endothelial cells [19], timing of HBO 
treatmentt could play a crucial role. Apart from the dose-fractionation and volume 
dependentt severity of tissue injury, the time point of HBO during the latency 
period,, when tissue damage is still at a subclinical, reversible but progressive level, 
mayy determine its success. This theory is the basis of a proceeding study, in which 
HBOO will be administered within 6 months after brain irradiation, at the onset of 
cognitivee symptoms. Results will be measured by late event related components in 
thee E.G. response to a visual odd boll stimulus (visual odd-boll paradigm), finger 
tappingg tests and sensory evoked potentials. 
AA striking finding in our study was that a considerable part of the observed 
improvements,, per group and per patient, were due to subjective self ratings on the 
MACC (memory abilities) and DEX (desexecutive symptoms) questionnaires. This 
resultt is in concordance with verbally positive reports of the subjects, when they 
weree asked for their well-being after treatment. This result may be explained by the 
knownn Hawthorne effect: the score changes due to the mere knowledge of being 
underr observation. 
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Appendix x 

Descriptionn of neuropsychological tests. 
 Symbol Digit Modalities Test of the Wechsler Adult Intelligence Scale 

(WAIS).. This test measures information processing speed. In 90 seconds the 
subjectt has to fil l in as many numbers as possible beneath the corresponding 
signs.. The number-sign pairs are listed on top of the test form. Raw scores are 
transformedd into age-corrected T-scores. 

 Similarities of the WAIS. This test measures the ability to reason abstractly. 
Thee subject has to say what two objects or concepts have in common. For 
examplee "in which way are an apple and a banana alike?" The similarity in this 
casee is fruit. Raw scores are transformed into age-corrected T-scores. 

 Block Design of the WAIS. This test measures visual-spatial insight and visuo-
constructivee skills. With the use of colored blocks the subject has to copy 
severall  geometric patterns. Raw scores are transformed into age-corrected T-
scores. . 

 Boston Naming Test. This test measures naming problems. Sixty line drawings 
off  objects and animals of increasing difficulty must be named. The score is the 
raww number of correct responses. 

 Auditory Verbal Learning Test (AVLT) . This test measures verbal memory. 
Thee subject listens to five trials of 15 words. After every trial (immediate 
recall)) and after 15 minutes (delayed recall) as many words as possible must be 
reproduced.. Finally, a recognition trial is presented in which the subject has to 
discriminatee between 15 target words and 15 new words. Parallel forms were 
usedd at follow-up. Raw scores are used. 

 Letter Fluency of the Multilingual Aphasia Examination. The subject has to 
namee as many words as possible that begin with a given letter during one 
minute.. There are three trials with different letters. At follow-up parallel forms 
weree used. The score is the raw number of correct responses. 

 Category Fluency of the Groninger Intelligence Test (GIT). The subject has to 
namee as many animals as possible during one minute. Next, the same 
proceduree is repeated with occupations. Raw scores are transformed into age-
correctedd T-scores. 

 Logical Memory of the Rivermead Behavioural Memory Test. This test 
measuress memory for structured verbal material. Two short newspaper articles 
aree read to the subject. Immediately afterwards and after a 15 minute delay the 
subjectt has to remember as many elements of the articles as possible. The score 
iss the number of elements recalled. Parallel forms were used at follow-up. 

 Calculation of the GIT. This is a numerical ability test. Written additions have 
too be solved during one minute. Raw scores are transformed into age-corrected 
T-scores. . 
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 Recognition Memory Test Faces. This subtest measures an aspect of non-
verball  memory. Fifty photographs of male faces are shown during three 
secondss each. Immediately afterwards the faces must be recognized out of 50 
pairss of faces. The score is the raw number of correct responses. 

 Trailmaking Test. This test measures executive functioning, motor speed and 
attention.. In the first part the subject has to draw lines on a paper sheet between 
255 numbered circles. In the second part the subject has to draw lines alternating 
betweenn a number and a letter (1A2B3C etc.). In both parts the subject is 
instructedd to work as fast as possible. The score is time to completion in 
seconds. . 

 Stroop Color-Word test. This test measures selective attention, perceptual 
interferencee and response inhibition. The subject has to read aloud a card with 
1000 black printed color names (red, blue, green and yellow). Next, the subject 
hass to name 100 colored rectangles. Finally, the subject has to name the color 
off  the ink in which 100 color names are printed. The words do not match with 
thee color of the ink. For example the word 'green' is printed in red. The subject 
iss instructed to work as fast as possible. The score is time to completion in 
seconds. . 

 Nelson's Modified Wisconsin Card Sorting Test (MWCST). This test measures 
cognitivee flexibility . The test consists of 48 cards with figures of different 
color,, number and form. The task is to sort the cards according to one out of 
threee possible sorting rules (color, number or form). The subject has to find out 
byy himself what is the right sorting principle. The examiner gives feedback 
afterr each sort. After six correct sorts in a row the subjects is told to use a 
differentt sorting rule. Raw scores are used. 

 FEPSY. This is a computerized test of simple and choice reaction time. In the 
simplee reaction time test the subject has to press the space bar as fast as 
possiblee when a block appears in the middle of the screen. In the choice 
reactionn time test the subject has to press a button on the right side of the 
keyboardd with the right hand when a block appears on the right half of the 
screenn and with the left hand at the left side of the keyboard when a block 
appearss on the left side of the screen. The score is the median reaction time in 
milliseconds. . 

 Grooved Pegboard. This test measures visual-motor co-ordination and speed. 
Inn a pegboard with 25 keyholes the subject has to put the corresponding pegs 
ass fast as possible. The score is time to completion in seconds. 
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CHAPTERR 8. 

Interstitiall  hyperthermia plus external beam radiotherapy 
inn glioblastoma multiforme. 
Clinicall  experience using the Multi Electrode Current Source (MECS) System 

MCCMM Hulshof, BW Raaymakers, JJW Lagendijk, RW Koot, H Crezee, LJA 
Stalpers,, D Gonzalez Gonzalez. 

submitted d 

Abstract t 
Purpose:Purpose: Thermoradiotherapy has been shown in several randomized trials to 
increasee local control compared to radiotherapy alone. The first randomized study of 
interstitiall  hyperthermia in glioblastoma multiforme showed a survival benefit for 
hyperthermia,, although small. Improvement of the heating technique could lead to 
improvedd results. The purpose of this study is to present the clinical and thermal data 
off  an improved interstitial hyperthermia system. 
MethodsMethods and Materials: Six patients with a glioblastoma multiforme were treated 
withh interstitial hyperthermia using Multi Electrode Current Source Interstitial 
Hyperthermiaa (MECS-IHT) system. The MECS-IHT system has the capability of 
spatiall  monitoring of temperature and individually steering of heating electrodes. 
Threee sessions were given aiming at a steady state temperature of 42°C for one hour, 
withh an interval of 3-4 days, during an external irradiation scheme of 60 Gy in 6 
weeks.. Hyperthermia was delivered with a mean of 10 catheters, 18 heating 
electrodess and 38 thermal probes per patient. 
Results:Results: Suboptimal temperatures were encountered in the first patients leading to 
adjustmentss in technique with subsequent improvement of thermal data. With a 
catheterr spacing of 11-12 mm, measurements yielded a mean T90, T50 and T10 of 
39.9°C,, 43.7°C and 45.2°C over three sessions in the last patient. The effective 
channell  power per electrode to reach this temperature distribution varied from 20-
30%% to 100% in each of the last four patients. Thermal data were reproducible over 
thee three sessions. Acute toxicity was minimal. 
Conclusions:Conclusions: The encountered large temperature heterogeneity stresses the 
importancee of spatial steering capabilities in brain tumors in order to reach an 
adequatee minimum tumor temperature without increasing excessively the maximum 
temperatures.. For the same reason however, adequate hyperthermia with the MECS-
IHTT system is limited to patients with small tumor volumes. 

103 3 



Chapterr 8 

Introductio n n 
GlioblastomaGlioblastoma Multiforme 
Thee long-term prognosis of patients with a glioblastoma multiforme (GBM) is poor 
withh a median survival between 7-12 months after treatment with surgery and 
externall  beam radiotherapy (EBRT) (1). EBRT prolongs survival compared to 
surgeryy alone although limited to a few months (2). However, local progression is 
stilll  the main cause of failure (3,4). For that reason, there is a need for a more 
effectivee and additive local treatment. 
ThermoradiationThermoradiation in brain tumors 
Hyperthermiaa is applied as adjuvant to radiotherapy for either potentiation of the 
radiationn effects or for its complementary effect (5). Three multicenters randomized 
trialss comparing EBRT alone with EBRT plus external hyperthermia HT in 
melanoma,, breast cancer and locally advanced pelvic tumors demonstrated 
significantt increased local control rates (6,7,8). Several nonrandomized studies in 
patientss with recurrent malignant brain tumors have shown the feasibility of selective 
brainn tumor heating using interstitial heat sources (9,10,11). Thermal dose, 
representedd by the T90 and T50 (temperature attained or exceeded by 90% and 50% 
off  measurements, representing the minimum and mean thermal dose, respectively) is 
thoughtt to be predictive of treatment outcome (12,13). A prospective randomized 
triall  of brachytherapy boost  interstitial hyperthermia (IHT) after conventional 
EBRTT for newly diagnosed GBM resulted in a significant but small (9 weeks) 
survivall  gain (14). Although overall toxicity was acceptable, early toxicity such as 
seizuress and transient aggravation of neurological symptoms was also increased. The 
meann cumulative equivalent minutes at 43°C reached in 90% of the tumor (CEM 
43°CT9o)) was 14.1 (0-771) minutes with variations between the mean minimum 
CEMM 43° and maximum CEM 43°C of 6.0 and 194 minutes. Although these data 
showedd that the mean temperatures just reached the minimal thermal dose of 10 
CEMM 43°CT9o required for a meaningful phase III trial, as had been estimated by 
Oleson,, it also showed the large existing temperature heterogeneity's (15). The 
authorss considered the thermal dose to be suboptimal, and they proceeded with 
anotherr trial to improve the thermal dose. Inadequacy of interstitial hyperthermia 
technologyy was also concluded by Emami et al, in a phase III study in non-brain 
tumors,, showing no additional beneficial effect over interstitial radiotherapy alone 
(16).. Vascular cooling and tissue heterogeneity in relation to the limited capability to 
controll  the power distribution, i.e. the Specific Absorption Rate (SAR), can result in 
inadequatee temperature dose uniformity's (17). Because the threshold for thermal 
damagee in normal brain tissue is considered to be 42.0 - 42.5 °C for 60 minutes (18), 
adequatee thermal dose control and uniformity is important. 
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TheThe MECS interstitial hyperthermia system 
Thee temperature uniformity in a tumor can be greatly improved by spatial control of 
thee SAR distribution using the new 3D controlled Multi-Electrode Current Source 
systemm for Interstitial Hyperthermia (MECS-IHT) system (19,20,21). The improved 
thermall  dose uniformity by the MECS-IHT system has been demonstrated in a 
clinicall  brain tumor study (22) and was further optimized in a phase I study for 
prostatee cancer (23). The MECS-IHT system employs applicators for both 
thermometryy and energy deposition. Each applicator contains multiple electrodes for 
heatt deposition, and the dutycycle (the effective channel power, which is dependent 
onn the ratio between the time the power is on and the full cycle time) of each 
electrodee can be steered individually. Further, each applicator has several 
thermocouplee sensors to monitor the temperature distribution. The applicators are 
insertedd in plastic catheters (6 french) and implanted in the treatment volume. The 
fulll  3D-temperature distribution can be calculated based on the tissue temperatures of 
thee thermocouples, the reconstruction of the location of the thermocouples in the 
specificc implant, and by using perfusion estimations from the thermometry data. This 
methodd was validated for MECS IHT treatments of the prostate by Raaymakers et al. 
(24). . 
Thee present study describes the first clinical experience in our institute with 
spatiallyy controlled IHT using the MECS-IHT system combined with conventional 
EBRTT in patients with a GBM. Both clinical and thermometry data are described. 

Methodss and materials 
Patients Patients 
Patientss eligible for the protocol were adults of 18 years and older with a 
Karnofskyy Performance Score of at least 70, and a histologically proven 
supratentoriall  glioblastoma multiforme technically suitable for catheter 
implantation.. Tumors had to be unifocal, circumscribed, < 4 cm in diameter and 
withoutt infiltration of the corpus callosum, thalamus or midline penetration on 
computedd tomography (CT) scan or magnetic resonance imaging (MRI). The local 
ethicall  committee approved the study and all patients gave informed consent. Six 
patientss were enrolled in this phase I-II study. The first two patients had a local, 
biopsyy proven progressive in-field recurrence of a glioblastoma multiforme at 7 
andd 12 months after surgery and conventional fractionated EBRT of 60 Gy. One of 
thee recurrent patients showed further progression after temozolomide. No re-
resectionn was performed at the time of recurrence. Only a biopsy was performed. 
Thee four following patients had a newly diagnosed GBM after a gross total 
resection.. Table 1 gives a summary of the patient characteristics. 
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Tablee 1 

no.. 1 
no.. 2 
no.. 3 
no.. 4 
no.. 5 
no.. 6 

.. Patient characteristics 
Tumorr status 

Recurrence e 
Recurrence e 
Primary y 
Primary y 
Primary y 
Primary y 

Age e 

51 1 
56 6 
55 5 
70 0 
56 6 
57 7 

Kps s 

90 0 
100 0 
80 0 
100 0 
100 0 
90 0 

Max. . 
pre-op p 
tumor r 
sizee in 
cm m 

2.5 5 
4.5 5 
4 4 
4 4 
3 3 
5.5 5 

Post-op p 
tumor r 
volume e 
incc. . 

19 9 
65 5 
19 9 
16 6 
3 3 
14 4 

Impla a 
nt t 
volum m 
ee in 
cc. . 

59 9 
71 1 
29 9 
18 8 
18 8 
26 6 

No.. of 
catheters s 

14 4 
16 6 
8 8 
7 7 
7 7 
9 9 

Time e 
progressionn on 
inn months 

11.55 (local) 
7.55 (distant) 
99 (local) 
155 (local) 
No o 
55 (marginal) 

to o 
CT T 

Survivall  in 
months s 

21.5 5 
8 8 
13 3 
17 7 
19* * 
5 5 

:: Aliv e 

ExternalExternal beam radiotherapy 
Radiotherapyy started at 25-33 days after surgery for newly diagnosed patients. The 
headd of the patient was fixed to the table with an individually made posicast mask. 
Conformal,, multiple field therapy was used to encompass the CT-simulator based 
contrast-enhancingg tumor with a margin of 1,5 cm. A total dose of 60 Gy was 
given,, specified at the isocenter, and administered mainly in daily fractions of 2 
Gy.. The fraction dose was increased to 4 Gy at the three days of IHT. For the two 
patientss with a recurrence after radiotherapy, the total dose was reduced to 35-38.5 
Gyy in fractions of 2,5 Gy. The radiation scheme was only interrupted at the day of 
implantation n 
ImplantationImplantation procedure 
Thee stereotactic catheter implantation was performed in the fourth or fifth week of 
radiation.. The MRI-based Surgiplan planning system (Elekta, Stockholm) was used 
forr calculation of the catheter position. The implantation procedure is described in 
moree detail by Koot et al. (25). Catheters were placed in the contrast enhancing 
areaa on MRI and up to 0-5 mm outside this area in all directions. In the last two 
patientss however, catheters were only placed in the outer rim of the contrast-
enhancingg area. In the first two patients, the spacing between the catheters was set 
att 1.5 cm. In the following patients the prescribed spacing was reduced to 1.3 cm 
andd in the last patient to 1.1 cm. Adjustments of the implantation technique were 
madee to increase both the minimal temperature and the temperature homogeneity 
inn the implanted volume, based on the relatively low temperatures achieved in the 
previouss patients according to the simulated spatial temperature distributions. 
Prophylacticc antibiotics and corticosteroids were prescribed. A postoperative CT-
scann was made to check the catheter positioning and to determine the exact 
positionn and length of the hyperthermia applicators for each individual catheter. 

106 6 



Interstitiall  hyperthermia 

Catheterss were removed at the bedside immediately after the third session, that is 
10-111 days after implantation. Suturing of the skin holes was not performed. 
Patientss stayed in the hospital during the period of implant and were discharged the 
dayy after removal of the catheters. Corticosteroids were tapered in about one week. 
Noo chemotherapy was given. 
InterstitialInterstitial hyperthermia 
Hyperthermiaa started at the third day after implantation, directly after an external 
dosee of 4 Gy. A second and third hyperthermia session was performed with a 3- or 
4-dayss interval. Hyperthermia was mostly given in the 4-5th week of irradiation. 
Onlyy the first patient had hyperthermia in the first week. The goal was to achieve a 
temperaturee of 42.0 to 42,5 °C in all intratumoral temperature sensors for 45 
minutes.. Hyperthermia was executed with the mobile Multiple Electrode Current 
Sourcee Interstitial Hyperthermia (MECS-IHT) system, as described in the 
introduction.. The MECS-IHT delivers heat by a 27 MHz local current field. 
Applicators,, each containing a strand of electrodes (each 1.0-1.5 centimeter) and 
thermoprobes,, were inserted in the polyamide catheters (figure 1). Each electrode 
containedd at least two thermocouples with a mean of 1,9 electrodes per catheter. 
Outputt power of an electrode is either zero or maximal. The power deposition of 
electrodess is varied and controlled by varying the dutycycle of each individual 
electrode.. Hot spots could be avoided although a temperature increase will occur 
veryy near to each catheter. Further details of the MECS-IHT system are described 
elsewheree (19,20,21). Temperature was measured and monitored continuously for 
eachh thermal probe. To overcome the problem of self-heating of the thermoprobes 
byy the electrodes, tissue temperatures were obtained 3 to 5 seconds after 
temporarilyy switching off the power, which was repeated every 30 seconds (21,22). 
Thee power deposition was gradually increased in a period of approximately 15 
minutess to reach the optimal steady state temperature. Steady state was maintained 
forr at least one hour. The self regulating upper temperature limit was initially set at 
44°CC but raised to 45-46°C in the tumor center for the last patients when it became 
apparentt that sufficiently high peripheral temperatures could only be obtained by 
elevatingg the core temperatures. Because temperatures were inadequate in the first 
patientt despite a 100% power deposition, the power potentials per electrode were 
doubled,, and further increased after the third patient. Another 50% increase was 
achievedd by optimization of the generator system itself after the fifth patient. 
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Figg 1: Schematic picture of an applicator containing thermocouple 
sensorss and dual electrodes. 
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ThermalThermal dose calculation 
Temperaturess were measured in the tumor volume, the implanted volume and the 
peripherall  volume. The tumor volume was defined as the contrast enhancing area 
onn the MRI. The implanted volume represents the volume encompassed by the 
catheters.. The peripheral volume was defined by subtracting the tumor volume 
fromm the implanted volume. The temperature distribution was analyzed in two 
ways.. The first method was the conventional method via direct temperature 
measurementss in the catheters 3-5 seconds after power-off. The second method was 
too calculate the full 3D spatial temperature distribution. The calculation and its 
validationn were described in detail by Raaymakers et al (24). In summary, a 
thermall  model (26,27) is used with as many patient specific input parameters as 
available.. The patient specific anatomy and catheter implants were reconstructed 
fromm MRI. The temperature of each electrode is taken into account in order to 
determinee the 3D SAR distribution. The SAR distribution can not be calculated 
directlyy from the electrode powers, as these can not be measured correctly during 
treatment.. For correct temperature distributions the impact of blood flow has to be 
takenn into account by the thermal model. Preferably all blood vessels crossing the 
targett volume are modeled individually (17). Unfortunately MRA (Magnetic 
Resonnancee Angiogram) did not reveal any vasculature in the target volume of any 
patient.. However qualitative MR perfusion measurements showed that there was 
significantt perfusion present. Therefore the conventional heat-sink model (28) was 
usedd to model the impact of blood flow by simply using 1 parameter, namely the 
perfusion,, to describe the collective behavior of all blood vessels. For each 
treatmentt the patient specific perfusion is determined by using the thermal decay at 
thee end of the treatment. The rate of decay correlates with the perfusion. By 
comparingg the measured and simulated thermal decay the perfusion can be 
estimatedd without the disturbing contribution of thermal conduction, for details the 
readerr is referred to Raaymakers et al (24). 
Follow-up Follow-up 
Patientss were followed with contrast CT or MRI every three months. The 
neurologicall  examination, KPS, mini mental scale examination (MMSE), Barthel-
indexx for activities of daily living and the Rotterdam Symptom Checklist (RSCL) 
forr Quality of life were recorded. Overall survival and time to recurrence were 
calculatedd from the date of surgery in newly diagnosed patients or, in case of 
recurrentt patients, from the date of referral for hyperthermia. All patients were 
followedd until death or up to 31 December 2001. 
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Results s 

ClinicalClinical feasibility and toxicity 
Catheterr positioning did accurately encompass the contrast-enhancing lesion with 
marginss of 0-5 mm in 5 of the 6 patients. Only in the second patient the implant did 
nott encompass the complete macroscopic tumor at the site of ventricle extension. 
Noo hemorrhage or infections were encountered during or after implantation. 
Neurologicall  and general condition remained unchanged during the implant period 
forr all patients. The mean number of catheters per patient was 10.2 (7-16), 
containingg a mean of 19 individual heating electrodes and a mean of 38 thermal 
monitorss (table 2). 
Noo major acute side effects occurred during interstitial hyperthermia. No pain or 
anyy heat feeling was experienced. One patient had a minor focal epileptic fit (right 
hand)) during two minutes, which was probably caused by an temporary overheated 
electrodee (measured temperature of 47 °C). Down regulation of that electrode 
resolvedd the problem traceless within one minute. 

Tablee 2. Mean of temperatures measured (in °C) at 1-6 sec. after power off over three hyperthermia 
sessions. . 

Patiënt t 

No.. 1 
No.. 2 
No.. 3 
No.. 4 
No.. 5 
No.. 6 

No.. of 
electrodes s 

25 5 
27 7 
17 7 
14 4 
14 4 
18 8 

Timee after 
powerr off in 
seconds s 
1 1 
3 3 
2 2 
3 3 
3 3 
6 6 

Measured d 
T100 T50 T90 

42.7++ 1.3 
43.11 + 0.3 
46.11 + 0.1 
46.44 + 0.8 
43.22 + 0.6 
45.22 + 0.4 

39.44 + 0.3 
39.99 + 0.2 
42.88 + 0.2 
43.77 + 0.1 
41.2+1.4 4 
43.77 + 0.7 

37.55 + 0.1 
38.1+0.3 3 
39.11 + 0.3 
38.11 + 0.3 
37.77 + 0.1 
39.99 2 

Follow-upFollow-up and late toxicity 
Thee first patient, who had hyperthermia plus re-irradiation for a recurrent tumor, 
developedd a severe irreversible edema of the whole ipsilateral hemisphere within 
halff  a year after IHT, combined with changes in character and with severe 
cognitivee disorders. A limited local recurrence developed after a year and he died 
211 months after hyperthermia. The sixth patient developed a cyst in the resection 
cavity,, which was already present at start of hyperthermia. In the fourth and sixth 
patientt the MRI showed a hypodense track at a previous catheter position 
surroundedd by a 1-2 mm contrast enhanced ring suggesting central coagulation 
necrosis,, although a tumor recurrence along the catheter track could not be 
excluded. . 
Threee patients developed an in field recurrence (defined as an increased contrast 
enhancementt on MRI within the implant volume, with or without out-field 
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progression).. One patient had a marginal recurrence just outside the hyperthermia 
areaa without signs of in-field progression (no. 6), and one patient had a distant 
brainn recurrence (no. 2). One patient is free of disease after 15 months follow-up 
withh a KPS of 90. A re-operation was performed in one patient (no. 4), showing 
necrosiss combined with vital tumor. 

HyperthermiaHyperthermia technique and treatment parameters 
Averagee measured temperatures over three hyperthermia sessions are shown in 
tablee 2 and the average simulated 3-D temperature distributions in table 3. 
Increasedd temperatures were achieved in the subsequent patients. The measured 
T500 and T90 increased from 39.4°C and 37.5°C respectively in the first patient to 
43.7°CC and 39.9°C respectively in the last patient. The thermal doses in the first 
threee patients were felt to be suboptimal, despite dutycycles of 100% for most of 
thee electrodes, leading to adjustments in applied technique: A reduction of the 
catheterr spacing to 11-12 mm and an increase of the power potential per electrode. 

Tablee 3. Mean simulated spatial temperature distribution (in °C) over three sessions in the total 
implantt volume (tumor + margin), the tumor area (contrast enhancing lesion) and in the peripheral 
areaa of the implant volume (margin) 

No.. 1 
No.. 2 
No.. 3 
No.. 4 
No.. 5 
No.. 6 

Totall  implant volume 
T10 0 
39.2 2 
40.3 3 
40.8 8 
41.1 1 
41.7 7 
44.7 7 

T50 0 
38.1 1 
38.3 3 
39.3 3 
39.5 5 
39.8 8 
41.9 9 

T90 0 
37.0 0 
36.6 6 
37.9 9 
37.5 5 
38.2 2 
39.9 9 

Tumorr area 
T10 T10 
39.3 3 
40.5 5 
41.0 0 
40.7 7 
43.3 3 
45.8 8 

T50 0 
38.3 3 
38.5 5 
39.6 6 
39.4 4 
40.5 5 
42.8 8 

T90 0 
37.3 3 
36.9 9 
38.8 8 
38.3 3 
39.2 2 
40.8 8 

Peripherall  area 
T10 0 
39.1 1 
39.2 2 
40.5 5 
41.3 3 
41.3 3 
43.6 6 

T50 0 
38.0 0 
37.8 8 
38.6 6 
39.6 6 
39.7 7 
41 1 

T90 0 
36.9 9 
35.4 4 
37.3 3 
37.1 1 
38.1 1 
39.2 2 

Meann standard deviation of temperature distribution was 0.25 °C in the total implant, 0.33°C in the 
tumorr area and 0.21 °C in the peripheral area. 

Inn the consecutive patients satisfactory temperatures were achieved, with 
dutycycless per electrode varying between 25-75% of its capacity in the last patient 
(tablee 4).The patient specific thermal simulations showed a very steep thermal dose 
fall-offf  in the periphery of the tumor and a temperature drop to 39°C within 3-5 
mmm from the catheters in peripheral direction (figure 2). In general, large spatial 
temperaturee inhomogeneities were encountered with temperature drops between 
thee catheters up to 4°C. Inhomogeneities were also encountered between thermal 
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probess within one catheter, despite the considerably varying dutycycles per 
electrode.. The reproducibility of the thermal doses during consecutive sessions was 
veryy good (see standard deviations of temperatures in table 2). Steady state 
temperaturee and power deposition was generally achieved within 10-15 minutes 
andd could be maintained easily for 60 minutes without major adjustments in power 
deposition. . 

Tablee 4. Duty cycles of the 18 electrodes per heat session in the last patient (no. 6) 

First t 

heat t 

Second d 

heat t 

Third d 

heat t 

65 5 

100 0 

15 5 

20 0 

30 0 

15 5 

85 5 

100 0 

80 0 

55 5 

100 0 

55 5 

80 0 

100 0 

35 5 

100 0 

100 0 

40 0 

35 5 

45 5 

15 5 

30 0 

40 0 

10 0 

20 0 

85 5 

50 0 

60 0 

30 0 

60 0 

70 0 

100 0 

70 0 

20 0 

45 5 

20 0 

70 0 

100 0 

60 0 

100 0 

75 5 

45 5 

100 0 

100 0 

100 0 

100 0 

100 0 

45 5 

100 0 

75 5 

50 0 

40 0 

35 5 

55 5 
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Figg 2. Simulated thermal dose distribution 
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Discussion n 

Thee present study describes the first clinical results of an improved interstitial 
hyperthermiaa technique using the MECS-IHT system in patients with a gbm. In 
thee first two patients, catheter spacing was 13-15 mm and the peripheral catheters 
weree placed outside the contrast-enhancing area with the aim to regulate 
temperaturess at 44 °C at the catheter wall. The measured T50's of 39.4°C and 
39.9°CC were considered too low. By reducing the spacing between the catheters to 
11-122 mm, increasing the power abilities and restricting the target volume to the 
pathologicc tissue on MRI in the consecutive patients, large improvements in 
thermall  doses were achieved. Temperatures were reproducible over the three 
sessions.. A mean T50 of 42.8 °C was measured during three sessions of 60 
minutes,, but the intended T90 of 42,5-42,5° C was not reached. This goal was set 
basedd on early radiobiology studies (18,29). However, the minimal adequate 
thermall  dose in clinical practice is not known. Even the most predictive thermal 
parameterr (i.e. T50, T90 or Tminirnum) is still debated. Determining the 3D-
temperaturee distribution or parameters like T50 or T90 is very hard in clinical 
practicee because the temperature distribution is generally not sampled at 
representativee locations (30). Guidelines of minimal sampling (31) are hard to 
implementt because of the invasiveness of additional thermometry. That is why we 
choosee to use thermal modeling to determine the full 3D temperature distribution in 
orderr to distil a representativeT90 or Tmin. The fact that in other thermoradiation 
studiess no clear thermal dose-response relationship was found can then be 
explainedd by the large intratumoral temperature heterogeneity in combination with 
thee limited number of intratumoral thermal probes (6,8,14,16). Oleson et al. (1989) 
foundd that a T90 exceeding 39,5°C was highly associated with complete response 
ratee in superficial tumors (12). However, according to the presented data and from 
experiencess in treating prostate carcinoma with a similar technique (23), a higher 
intendedd T90 with MECS interstitial hyperthermia will lead to a T10 above 45.5°C, 
i.e.. the only way to reach the required minimum temperatures is accepting high 
temperaturess at the catheter wall. The phenomenon of large spatial heterogeneity is 
likelyy to occur, as large spatial variations in focal perfusion will exist, caused by 
operationn effects, neovascularisation, necrosis and edema. The large variation in 
dutycycless per electrode, which was based on the focal temperature, reflects the 
largee heterogeneity of focal cooling. As also reported by others, such 
heterogeneity'ss may already be found in small volumes (32,33). A heating system 
capablee of spatial steering is a prerequisite to increase the minimum temperature 
withoutt unnecessary increment of the maximum temperature above tolerance dose. 
Butt even in our system an overall minimum tumor temperature of 42°C would 
requiree a catheter wall temperature of 46°C. However, in large rodent brain 
necrosiss was found within one week following heat doses exceeding 44.0-44.5°C 
forr 30 to 45 min (34,35,36). Thus it can be concluded that the temperatures at the 
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catheterr wall required to reach a T90 of 42.0°-42.5°C will result in focal necrosis. 
Onn the other hand, because of the rapid temperature fall off, the volume of 
overheatedd tissue along the catheter track is very small and will usually be confined 
too the macrosopic tumor area. It is not likely that such a limited necrotizising effect 
withinn the tumor area will lead to clinical symptoms. In previous interstitial 
hyperthermiaa studies in humans, temperatures were measured in separate 
thermometryy catheters between the heating elements. Thus, a focal temperature 
abovee tolerance dose along the heating catheters was likely to occur in their studies 
(11,14).. Nevertheless, interstitial hyperthermia was found acceptable in all studies, 
inn agreement with our data, suggesting that focal intratumoral temperatures above 
tolerancee are acceptable. Acute toxicity was minimal in our series. Nearly all other 
studiess on hyperthermia of brain tumors show agreement on the low occurrence of 
acutee toxicity (14,37,38). 
Inn the present study interstitial hyperthermia was combined with external 
radiotherapyy only, in contrast with most other studies that combine interstitial 
hyperthermiaa with interstitial radiotherapy (10,11,14,22). The advantage of the 
latterr is that interstitial hyperthermia can be delivered through the brachytherapy 
catheterss and thus further intensifying local treatment. However, despite several 
promisingg phase II studies, a brachytherapy boost for GBM did not reveal a 
significantt improvement in survival compared to conventional external beam 
radiotherapyy alone in the only published randomized study (3). Furthermore, a 
brachytherapyy boost necessitates re-operations for focal necrosis in 58% of patients 
withh histopathologic findings of vital tumor in the majority of these patients (14). 
Thee toxicity of interstitial hyperthermia is low and an interstitial 
thermoradiotherapyy boost did not significantly increase late toxicity compared to 
interstitiall  radiotherapy alone (14). With the current policy we hope that 
concomitantt hyperthermia will have an additive effect to external irradiation in 
GBM,, as has been shown in other tumors (6,7,8), without the toxicity of 
brachytherapy.. Some promising results have been reported with the combination of 
externall  irradiation and interstitial hyperthermia, and even with hyperthermia alone 
(38).. The limited number of patients in this study as well as the adjustments in 
techniquee does not allow us to draw any conclusion on the clinical effect. 
Severall  authors have shown a change in recurrence pattern of GBM towards more 
marginall  or distant failures by intensifying local treatment (39,40,41). This 
observationn confirms the diffuse and widespread nature of this disease. By 
restrictingg the hyperthermia to the macroscopic tumor volume, as was done in this 
study,, with a steep temperature fall-off outside the implant volume, no effect on the 
infiltratingg component can be expected. Thus a change of recurrence pattern could 
occur.. However, even after a brachytherapy or stereotactic boost dose, in-field 
recurrencess still occurred in 70-90% of the patients (3,25,39,40). Thus, increasing 
locall  tumor control is still a worthwhile goal in the treatment of GBM and is likely 
too prolong survival. 
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Inn conclusion: Interstitial hyperthermia of brain tumors with the IHT-MECS 
systemm is feasible and an acceptable T90 can be reached without unacceptable T10 
values.. However, only small volumes can be heated adequately, restricted to the 
macroscopicc tumor appearance, and thus without a clinically desired margin. 
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CHAPTERR 9 

Discussion n 
RadioresistanceRadioresistance and future prospects 

Radioresistance e 

TheThe deviant behavior of gbm 
AA review of clinical studies of the last twenty years, including this thesis, could lead 
too the conclusion that a glioblastoma multiforme (gbm) is not curable yet by 
radiotherapyy or by any other treatment. The radioresistance of malignant gliomas 
(gbmm and anaplastic gliomas) is a major clinical problem that puzzles the 
radiobiologicall  minds. In nearly all malignant tumors outside the brain, local control 
cann be obtained by radiotherapy, although the required doses may vary between 20 
andd 80 Gy. In gbm however, doses of 100 Gy or more have not been able to result in 
aa clinical relevant local control rate (chapter 5 of this thesis). A second striking 
discrepancyy of a gbm compared to other malignant tumors is the very rare occurrence 
off  blood born metastasis. Given the very malignant histological appearance and the 
highlyy infiltrative local growth pattern, one would expect a fast and early 
metastasizingg pattern. This expectation is based on the correlation between histology 
andd biological behavior of nearly all other malignancies. This may raise the question 
whetherr a gbm should be seen as 'cancer' (14). The clinical behavior of a diffuse 
locall  pattern combined with mostly massive edema, lack of metastasis, extreme 
radioresistancee and lack of any significant effect of surgical intervention on survival 
doess resemble more like an inflammatory process than 'cancer' 
Whatt can be the mechanisms behind this extreme radioresistance and how can this 
radioresistancee be tackled? 

Inn this chapter we will discuss the classical radiobiological principles and their 
limitationss as applied to radiotherapy of gbm. Based on recent insights in micro-
environmentall  factors and molecular pathways involved in gbm radiobiology, we 
wil ll  try to indicate some future directions for research and treatment of patients with 
aa gbm. 
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BackgroundBackground of the mode of action of radiotherapy 
Thee therapeutic effect of irradiation is based on at random damage through the cell of 
whichh DNA damage is considered to be most important for cell survival. Irradiation 
generatess a succession of processes, which can be divided in three phases. The 
physicalphysical phase consists of interactions between charged particles and atoms of which 
thee tissue is composed. This can lead to direct DNA damage. In the chemical phase 
thesee damaged atoms react with other cellular components and can lead to the 
formationn of free radicals. Free radicals are highly reactive and can again lead to 
DNAA damage. The biological phase includes all subsequent processes: Enzymatic 
reactionss and repair processes that act on the residual chemical damage. 
Thee physical phase is a random process and is independent from the involved tissue, 
givenn a similar tissue density. It equally affects the DNA of brain tumors and all 
otherr tissues or tumors. Thus, differences in radiosensitivity can not be explained by 
differencess in physical processes. 
Thee DNA damage during the chemical phase is dependent on the presence of 
moleculess that can form free radicals as well as on the presence of radical 
scavengers,, which counteract these free radicals. Oxygen is likely to be the most 
importantt free radical forming molecule, making cells in oxic condition more 
radiosensitivee than cells in hypoxic condition. Hypoxia has proven to be a cause of 
radioresistancee in human tumors in several clinical studies (3). 
Largee differences between normal tissue and tumors are also to be expected during 
thee biological phase of after irradiation. The repair capacity of DNA damage is cell 
typee and cell cycle dependent and is supposed to be higher in normal cells than in 
tumorr cells. 
AA fourth phase secondary to irradiation can be distinguished: Repopulation from the 
remainingg surviving cells. Although repopulation is not related to the intrinsic 
radiosensitivityy of the cell, it can lead to a clinical radioresistance. 

TheThe radiobiology of radioresistance: The 'classical' theory. 
Basedd on the above mentioned mechanisms, the radiobiologist Eric Hall has defined 
fourr 'classical' radiobiological principles, known as "The four R's of 
Radioresponse":: Repopulation, Re-oxygenation, Redistribution and Repair (13). 
Repairr and redistribution are processes at the cellular level. Re-oxygenation and 
repopulationn are processes at the tissue level. Understanding of the radiobiological 
principless and their application in radiotherapy practice have resulted in 
improvementt of radiotherapy results in many tumors, but seemingly not in malignant 
gliomas.. This may raise the question if the four R's are truly important to the 
radioresponsee of malignant gliomas. If so, which of the four R's are responsible for 
thee radioresistance in malignant gliomas and how can we modify them to increase 
radioresponse?? If not so, are there other biological processes that can modify the 
radioresponse. . 
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Repopulation.Repopulation. Tumor cells are killed by each fraction of radiotherapy. Dead cells will 
bee repopulated by regrowth from the surviving cells between each fraction. The 
clinicall  experience that malignant gliomas show an accelerated regrowth following 
surgicall  tumor debulking and radiotherapy as well as the presence of many mitoses at 
histologyy gave clinical bases for the assumption that repopulation is a major cause of 
radioresistance.. Accelerated fractionation decreases the overall treatment time 
withoutt decreasing the total dose and is considered to be the tool to overcome the 
negativee effect of repopulation. Unfortunately several clinical trials in malignant 
gliomass did not show any advantage of shortening the overall time. Gonzalez et al, 
reducedd the overall time even to 2 weeks, without decreasing the total dose of 60 Gy 
andd did not show a clinical relevant improvement to historical controls (9). In chapter 
44 of this thesis the overall time was further reduced to 11 days with a dose which was 
radiobiologicall  equivalent to 64 Gy in 6 weeks. Again no improvement in survival 
wass seen compared to historical controls. Thus it seems that repopulation is not the 
mainn reason for the radioresistance in gbm. 
Re-oxygenation.Re-oxygenation. Zones of low oxygen pressure have been identified in glioblastoma 
multiformee (gbm) (29) as can be expected from the radiological as well as 
histologicall  appearance of gbm showing necrosis. Hypoxia has proven to be a major 
causee of radioresistance both in experimental studies as in clinical studies. 
Modulatingg the hypoxic fraction in gbm seemed to be a logical step to overcome 
radioresistance.. Studies were conducted to stimulate re-oxygenation, to sensitize the 
hypoxicc cells for radiation or to combine radiotherapy with therapies that selectively 
kil ll  hypoxic cells. Clinical studies with treatment of malignant gliomas under 
hyperbaricc oxygen pressure (5) or during carbogen breathing failed to show any 
improvementt in survival or progression free survival (45,23). In chapter 3 of this 
thesiss no increased brain perfusion and thus oxygenation could be detected in a 
SPECT-HMPAOO study. 
Studiess with hypoxic cell sensitizers (misonidazole) also failed to show any 
significantt improvement of the radiation effect (16). 
Ass discussed in chapter 8, hyperthermia is assumed to selectively enhance the 
radiationn response of hypoxic cells. Sneed et al. indeed showed a significant survival 
benefitt of interstitial hyperthermia in patients irradiated for a gbm (40). However, the 
effectt was very modest and no long-term survivors were seen. Furthermore it is not 
knownn whether the positive effect is selectively based on the hypoxic modulation or 
onn inhibition of repair. Although still interesting, the technical complexity of 
hyperthermiaa and the current inability of homogeneously heating large areas still 
makess hyperthermia, as a breakthrough in the treatment of the majority of gbm 
patients,, not within reach (chapter 8, this thesis). From these studies of modulating 
hypoxiaa effects, especially the lack of any significant improvement of local response, 
itt can be concluded that hypoxia itself is not a major cause of radioresistance in gbm. 
Redistribution.Redistribution. Cells in the GO and S phase or more radioresistant than cells in the 
latee Gl and M phase. Variations in radiosensitivity of glioblastoma can be made by 
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techniquess that synchronize cells in their cell cycle, i.e. populations of cells in 
whichwhich all of the cells occupy the same phase of the cell cycle at a given time. 
Hydroxyureaa is a drug that imposes a block at the end of the Gl period, thus 
accumulatingg cells in the Gl phase. If the drug is removed, the cohort of cells will 
proceedd through the cell cycle and will enter the radiosensitive M phase at the same 
time.. Irradiation at that moment will improve response (42). However, 
hydroxyureaa as radiosensitizer in a malignant brain tumor study was not more 
effectivee than in other reported series (28). Apart from this negative study, there is 
noo good basis to assume that a gbm consists of a higher percentage of cells in the 
moree radioresistant cell cycle phase than other tumors. On the contrary, the high 
clinicall  growth rate and the high number of mitoses compared to other tumors 
wouldd suggest a high radiosensitivity. A mostly rapid local recurrence after 
irradiation,, or even tumor progression during irradiation in about 10% of patients 
cann only be explained by a highly proliferating tumor, and not by a redistribution 
off  cells during irradiation into Gl or GO phases. 
Repair.Repair. Resulting from the fact that the direct ionizing damage of high dose 
radiotherapyy in gbm is similar to that in other tumors and that still clinically only a 
shortt anti-proliferate effect of radiotherapy is seen, a high intrinsic repair capacity 
iss likely to exist in gbm cells. The brain is the organ in mammals, which is best 
protectedd by the body from all kinds of external negative influences. Unlike other 
organs,, the human brain has special protection mechanisms against mechanical 
injuriess (skull), toxic agents (blood-brain barrier), and physiologic changes 
(constantt blood flow in stress situations at the cost of flow in peripheral organs). 
Thesee mechanisms originate from the evolutionary process of humans in which 
speciess with the best preserved brain function had the best change to survive. 
Basedd on the evolutionary development it is reasonable to assume that molecular 
protectionn mechanisms against radiation, such as the repair of DNA damage, are 
equallyy well developed in brain tissue as they are in brain tumors. A high repair 
capacityy of DNA damage is even more important for brain tissue than for most 
otherr tissues because repopulating of normal astrocytic or neuronal cells at adult 
agee is hardly possible. From this point of view, in tissues with a high repopulating 
capacityy there is no need for a high repair capacity and vice versa. This may 
explainn the high radiosensitivity of tumors with a high repopulation capactity, -
suchh as lymphoma and germinoma-, as well as the radioresistance of glioma cells. 
Thee inverse relation between individual protection mechanisms and repopulating 
capabilityy in order to preserve the species is widely seen in nature. Large problems 
aree encountered when a high repopulating rate accompanies an extended individual 
survivingg chance. For example, the import of rabbits in Australia where large 
carnivoress are absent, combined a high natural repopulating rate with an unnatural 
increasedd individual survival change. This resulted in an overpopulation of rabbits 
withh destruction of the original biotope, and thus threatening several other species 
off  the original flora and fauna. A glioblastoma multiforme seems to be such an 
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examplee in human diseases. So far studies in gbm trying to inhibit the repair of 
sublethall  damage caused by irradiation (cisplatinum, BrDU, hyperthermia), 
althoughh an interesting target, did not result in clinical relevant improvement of 
survival. . 

Inn summary: Clinical approaches specifically directed to modify the classical 4-R's 
off  radioresponse failed to improve radiotherapy results in patients with a gbm. That 
doess not mean that the 4 R's are not important in determining radiosensitivity. 
Theree is still ample radiobiological evidence that they are. However, there may be 
twoo principle limitations to the classical radiobiological theory as applied to 
malignantt gliomas: 
First,, the classical approach probably overemphasizes the role of the intrinsic 
tumorr radioresistance, and insufficiently addresses the role of the interaction 
betweenn the tumor and its microenvironment. 
Furthermore,, recent insights in the molecular genetics and molecular pathways 
disturbedd in malignant gliomas indicate that intricate molecular mechanisms are 
involvedd in DNA repair, cell cycle distribution and hypoxia. Fortunately, the 
identificationn of so-called 'small molecules*  that are absent or overabundant as a 
consequencee of the tumor-specific molecular defects may provide new and tumor-
specificc key targets to modify the radiotherapy response. 
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Futur ee prospects 

ModifyingModifying radiation response in gbm therapy. 
EnvironmentalEnvironmental factors. 
Theree is accumulating evidence that clinical radioresistance is not intrinsic to 
malignantt glioma cells, but is also modified by factors in the tumor environment. 
Ramsayy et al tested the intrinsic radiosensitivity of human malignant gliomas with 
aa clonogenic assay and found no correlation between the surviving fraction to 2 Gy 
andd the patient survival (30). Surrounding factors such as immunological response, 
growthh factors and hormons may have influence on the proliferation and invasion 
off  tumors. Illustrative for the role of the micro-environment in brain tumor 
radioresistancee is that a radiosensitive tumor like a lymphoma, easily controlled by 
dosess of 40 Gy when occurring elsewhere in the body, can hardly be controlled by 
radiotherapyy with doses of 50-60 Gy, when it arises in the brain. Of many possible 
radiotherapeuticc approaches to inhibit environmental promotors of glioma growth, 
wee wil l discuss two general lines of thinking that we deem worthwhile to pursue: 
•• Tumor bed effect. The rapid tumor regrowth after surgical debulking, as 

describedd in chapter 2 of this thesis, may be explained by an increased 
productionn of tumor growth factors by normal brain tissue in the tumor bed. 
Locall hypoxia, likely to be induced after surgery, can induce expression of the 
vascularr endothelial growth factor (VEGF) resulting in an additional 
angiogenesiss and thus stimulates tumor regrowth (43). Increased tumor 
proliferationn directly after surgical manipulation could be inhibited by pre
operativee external radiotherapy or by a per-operative implant with radio-active 
sourcess in the tumor bed. Per-operative implantation of low dose rate iodine-
1255 seeds, a recent technique developed at the University of California in San 
Francisco,, is presently being investigated at the AMC for recurrent brain 
tumors.. A delay in local tumor regrowth could be expected. However, 
consideringg the usually considerable amount of residual tumor left after 
surgeryy and the clinical radioresistance, radiation alone will probably not be 
sufficientt to improve long-term survival. Presently, the role of the combination 
off brachytherapy plus angiogenesis-inhibitors is investigated in our instute in 
ann orthotopic rodent model. Further, the role of local growth factors is far 
fromm clear. For instance, the transforming growth factor-B (TGF-B) is a 
multifunctionall protein, which modulates cell proliferation and differentiation. 
Experimentall data suggest that the release of active TGF-B into the vicinity of 
thee tumor cells results in a more hospitable environment for tumor growth 
(Arrick,, 1992). However, as earlier described, we found no correlation between 
thee plasma TGF-6 values and survival in gbm patients (see chapter 6 of this 
thesis). . 

•• Immunotherapy. Unfortunately data about immunotherapy in malignant 
gliomass are scarce and so far not promising. Recent evidence that the neuro-
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hormonee melatonin may boost the immuno-response against tumors has 
revitalizedd the interest for melatonin in cancer therapy (48). Melatonin is a 
smalll  peptide produced by the pineal gland. In combination with interleukin-2 
orr tumor necrosis factor, melatonin has shown to increase the number of 
lymfocytes.. A small randomized study of radiotherapy + melatonin in gbm 
demonstratedd a increase in median survival in patients receiving melatonin 
fromm 4 to 10 months (Lissoni 1996). The authors explain the benefit of 
melatoninn particularly by boosting the immune response. Their study was 
corroboratedd by several more randomized trials in other cancers that showed a 
survivall  benefit from concomitant melatonin. Based on the absence of toxicity 
inn this study, the very low costs of the drug, and the fact that the study is one of 
thee very few trials since 20 years that reported a major survival benefit in gbm, 
wee proposed to conduct a confirmative double-blind randomized trial of 
radiotherapyy + melatonin in gbm patients in our institute. 

CeCe llularfa ctors. 
Recentt developments in molecular biology have lead to the identification of 
geneticc defects in the DNA of the cancer cell and to the identification of specific 
signalingg pathways involved in cancer biology (14). In normal cells, these 
signalingg pathways are needed to transport an intra- or extracellular signal (such as 
aa growth factor or radiation damage) to the nucleus of the cell to elicit a response. 
AA signaling pathway consists of a signal receptor that activates a series of enzymes 
thatt are subsequently activated and inactivated, until the signal reaches the cell 
nucleus.. These molecular pathways have an essential role in the regulation of the 
cell.. The DNA in the cell nucleus contains the genetic codes for the signal 
receptorss and enzymes. For instance, the p53-gene contains the code for the p53-
proteinn that has a pivotal function in the pathways that regulate cell cycle arrest and 
apoptosiss following irradiation. Cancer cells typically have defects in the genetic 
codess for the molecules involved in the signaling pathways, leading to increased or 
decreasedd activities. This causes the abnormal internal cell regulation of cancer 
cellss and the abnormal cellular response to external signals, such as an abnormal 
radiationn response or insensitivity to immunological responses. 
Multiplee genetic alteration are encountered in gbm such as the loss of 
heterozygosityy of chromosome 10 (p and q, occurring in 80 to 95%), deletions on 
chromosomee lp, 9p, 13q, 17p, 19q, and 22. Multiple genetic pathways are altered 
inn gliomas, including epidermal growth factor receptor, platelet derived growth 
factorr receptor, TP53/MDM2/pl4, pl6/pRB/CDK4 and PI3/PTEN/Akt the 
pathwayss (Rasheed, 1999). The molecules in the aberrant pathways are potential 
targetss for therapy, either directly by interfering with the receptor or enzyme 
activityy or in combination with radiotherapy. A number of promising targets are 
mentioned: : 

125 5 



Chapterr 9 

•• Ras. The ability of the Ras oncogene to induce radioresistance has been 
indicatedd through several independent tumor cell lines. Activation of Ras, 
eitherr by mutation of through signaling from the cell surface receptors, triggers 
aa series of cascading activation of cytoplasmic kinases, leading to proliferation 
andd angiogenetic signals. Despite the absence of Ras mutations in gbm, 
receptorr induced Ras activation is a common feature of gbm (8). The 
identificationn of the several Ras signaling pathways that lead to radioresistance 
becomess of considerable interest, because these pathways are potential targets 
forr manipulation of radiosensitivity. The most extensively studied Ras 
signalingg pathway is the Ras-to-MAPK pathway. However, inhibition of 
MAPKK did not lead to consistent radiosensitization. Ras also triggers the 
PI3K/Aktt pathway (phosphoinositide-3-kinase/proteine kinase B), which is 
frequentlyy altered in malignant gliomas (31). A recent study demonstrated the 
radiosensitizingg effect of a PI3K inhibitor, implicating the PI3K as a potential 
targett for specific radiosensitization (11). Farnesyl transferase inhibitors can 
inhibitt upstream Ras mediated signaling and are a promising novel class of 
molecularlyy targeted drugs. These inhibitors give substantial growth inhibition 
inn gbm xenografts in the absence of Ras mutations and are now entering 
clinicall trials in solid tumors (8). 

•• P53. Increased cell survival after DNA damage is not only dependent on an 
activee repair process, but can also be influenced by a defect in the apoptotic 
pathwayy (programmed cell death). The p53 gene and subsequent P53 protein, 
iss a cell cycle checkpoint protein that is important for regulation of many 
complexx cellular processes involved in cell cycle regulation, such as apoptosis 
andd cell cycle arrest. Severe DNA damage, such as after radiation, will activate 
p533 and via cascades will eventually lead to apoptosis. Downregulation of the 
p533 pathway could lead to an inability of programmed cell death and thus to 
radioresistance.. Mutations in the p53 gene are frequently seen in malignant 
gliomas,, although not more than in other tumors, and are related to increased 
radioresistancee in a number of other tumors (25). However, data about the role 
off p53 in radioresponse of glioblastoma cells are conflicting. One study 
showedd that reintroduction of wild-type p53 into human glioma cell lines 
increasedd the radiation-induced apoptosis (20), whereas another study found 
thatt the radiation induced apoptosis was not p53 dependent (12). Clinical 
studiess in malignant glioma are also conflicting about the prognostic value of 
p533 (33, 19). So, the role of p53 mutations in radioresistance is not conclusive 
andd does not seem to be the solely explanation of gbm radioresistance. 

•• PTEN. PTEN (Phosphorylase Tensin) regulates several cellular functions 
includingg migration, invasion, survival, proliferation and angiogenesis by 
inhibitingg PI3-kinase mediated signaling cascades (37). Inactivation of PTEN 
leadss to an activation of this critical signaling pathway. PTEN mutations are 
seenn in 20-40% of gbm (31). Several recent studies have reported that 
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mutationss in the PTEN tumor suppressor gene are a significant predictor of 
poorr survival in gbm (6,31). A significant correlation was evident between 
PTENN expression and the histologic grading of gliomas (6). Cell lines with 
PTENN mutations are not only characterized by an increased proliferation but 
alsoo by a resistance to apoptosis (41). Since radiotherapy is expected to induce 
massivee apoptosis, inactivation of PTEN and thus activation of the PI3 
pathwayy is likely to play a role in radioresistance. Further downstream the 
PI3k,, inactivation of PTEN leads to activation of mTOR (mammalian Target 
Off  Rapamycin) which finally increases the translation of critical mRNAs 
involvedd in the regulation of the Gl-S phase of the cell cycle. Specific 
inhibitorss of mTOR (Rapamycine) have been developed and have shown 
significantt activity in pre-clinical cancer models. They are currently entering 
phasee II studies (15) 

•• HIF-L Clinical studies have conclusively demonstrated the impact of hypoxia 
onn therapy outcome of radiotherapy (3), but clinical studies on cytotoxic agents 
targetingg hypoxic cell, did not result in any clinical benefit so far. Alternative 
strategiess to exploit hypoxia have been developed in the field of gene therapy. 
Hypoxiaa in a cell results in a coordinated up-regulation of genes supporting 
anaerobicc metabolism in order to survive. Hypoxia can also induce expression 
off the vascular endothelial growth factor (VEGF), resulting in additional 
angiogenesiss and greater chance of tumor cell survival. This activation under 
hypoxicc condition is mediated through the transcription factor HIF-1 (hypoxia-
induciblee factor-1) (35). Expression of the HIF-1 induced pathways, such as 
phosphoglyceratee kinase-1 (PGK-1) and glucose transport transporter-1 (glut-
1)) is activated in tumor cells shown to be radioresistant (4). HIF-1 is reported 
too be expressed in 70% of solid tumors (51), thus making direct molecular or 
geneticc targeting of this pathway an attractive anti cancer strategy. The first 
studyy on oxygen-sensitive gene therapy combined with radiotherapy in 
xenograftss has demonstrated eradication of otherwise radiation resistant tumors 
(27). . 

•• Cox-2. Cyclo-oxygenase II (Cox-2) is an enzyme positively involved in the 
metabolicc conversion of arachnidonic acid to prostanglandines and 
eicosanoids.. Cox-2 is not expressed in normal tissue, but only in inflammatory 
diseasess and malignant transformation. When cells express Cox-2 they develop 
aa resistance to apoptosis and develop changes in their adhesion properties (44). 
Cox-22 expression is secondary to mutogenic events such as Ras mutations and 
losss of P53 (36), frequently seen in gbm. Cox-2 also affects angiogenesis and 
cox-22 inhibitors can reduce vascular density and decrease vascular endothelial 
growthh factor levels (50). VEGF expression is often seen in gbm and vascular 
orr endothelial proliferation is pathognomic for gbm. The role of Cox-2 could 
bee the link between the histological appearance of a gbm as a malignant 
processs and clinical appearance as an infection. Future prospects could be 
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focussedd on the role of Cox-2 in gbm and Cox-2 inhibitors in the treatment of 
gbm.. Selective Cox-2 inhibitors are clinically available yet, and entering 
clinicall  trials in gastro-intestinal tumors. 

•• PAI-X. Plasminogen activator inhibitor type 1 (PAI-1) plays a key role in tumor 
invasionn and neo-angiogenesis. It is responsible for the degradation of the 
extracellularr matrix and the subsequent release of growth factors and 
angiogeneticc factors. In human gliomas PAI-1 have shown strong expression 
andd was correlated with higher histologic grade, necrosis and shorter survival 
(24).. Noteworthy in this study was that PAI-1 expression was the only 
independentt prognostic factor in a multivariate analysis. This observation 
providess a rationale for the development of inhibitors of the PAI-1 mediated 
pathways. . 

•• EGFR. Epidermal growth factor receptor (EGFR) is involved in the control of 
proliferationn via the RAS/MAPK and PI2-K/AKT pathway and has frequently 
beenn found to be overexpressed and mutated in malignant gliomas. 
Amplificationn has been linked to poor survival in malignant gliomas (32) as in 
severall other tumors. It has been demonstrated by in vitro studies that 
irradiationn stimulates the EGFR mediated MAPK activation, making 
radiotherapyy combined with an EGFR inhibitor an interesting therapy 
combinationn (34). Recently an orally active selective EGFR-TK (tyrosine 
kinase)) inhibitor has been developed (Iressa®) that has demonstrated 
promisingg anti tumor activity in phase II clinical trials (2). In a very recent 
humann colorectal cancer xenograft model study, Iressa® potentiated the 
radiotherapyy effect. This potentiation was more apparent in a fractionated 
regimee (50). These findings warrant further studies of Iressa® in combination 
withh radiation in malignant gliomas. 

•• Hyperthermia. Hyperthermia is at present probably the most potent cellular 
radiosensitizerr as proven by several clinical trials (46, 39, 26, 47). Although 
thee detailed mechanism of enhancement are not known, there is substantial 
evidencee that hyperthermia induced protein aggregation impairs the DNA 
repairr machinery in tumor cells (18). Determining the molecular mechanisms 
behindd this clinical success could help in further improvement of the clinical 
benefit,, and could help in extending the clinical benefit to other tumor sites 
suchh as the brain. 

Conclusionss on futur e prospects. 
Neww strategies to overcome the clinical radioresistance of malignant brain tumors 
shouldd be focussed on biological modifiers. Old fashioned chemotherapy and 
radiotherapyy are targeted on the direct or indirect induction of DNA damage. This 
DNAA damage is not specific to the genomic changes in the tumor cell DNA. In the 
lastt decennium an abundant amount of knowledge has became available about the 
specificc molecules involved in aberrant cell process signaling and cell cycle 
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regulationn of malignant cells. Future research on gbm radiotherapy should be 
focussedd on the combination of radiotherapy plus drugs that target the specific 
moleculess involved in the aberrant cell cycle regulation of tumor cells or aberrant 
reactionn on radiation damage. Few alterations however predict constantly clinical 
outcomee (38,33) and specific alterations are mostly expressed in less than 50% of 
gbmm tumors. The genetic instability of most tumor types and the heterogeneity of 
aberrantt gene expression make it difficult to find single key molecules that are 
responsiblee for cell survival. Therefore, single molecular targeting wil l probably 
nott lead to major responses but a combination of molecular modulations probably 
will . . 

Neuro-oncologyy used to be the sovereign territory for the neurosurgeon and the 
radiationn oncologist, but they will soon be joined by the molecular oncologist to 
providee tailor-made treatment to the patient with a malignant brain tumor. We feel 
fortunatee to join for new and challenging discoveries in neuro-oncology, with many 
neww pathways to explore. 
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CHAPTERR 10 

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 
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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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Ditt proefschrift beschrijft een aantal experimentele behandelingen van patiënten 
mett een glioblastoma multiforme. Het glioblastoma multiforme (gbm) is een 
kwaadaardigee tumor die uitgaat van de steuncellen in het hersenweefsel (glia 
cellen)) Het gbm is niet alleen de meest kwaadaardige hersentumor, maar helaas 
ookk de meest voorkomende. De standaard behandeling bestaat uit chirurgische 
verwijderingg gevolgd door radiotherapie (bestraling). Omdat het gbm heel grilli g 
groeitt en diffuus in het gezonde weefsel infiltreert kan de neurochirurg nooit al 
hett kwaadaardige weefsel weghalen zonder teveel gezond hersenweefsel te 
beschadigen.. Door de snelle aangroei van het achtergebleven weefsel heeft de 
operatiee over het algemeen weinig effect op de overleving van de patiënt. De 
chirurgiee is belangrijk voor een snelle vermindering van de klachten en voor het 
verkrijgenn van tumorweefsel, waarmee de patholoog-anatoom de exacte diagnose 
kann vaststellen. De toevoeging van radiotherapie verlengt de overlevingsduur van 
dee patiënt. Helaas is de levensverlenging door de radiotherapie beperkt tot 
gemiddeldd 4 maanden en echte genezingen kunnen zelden bereikt worden. De 
gemiddeldee overleving (in klinische studies is het beter te spreken over mediane 
overleving,, d.w.z. de periode waarna de helft van de patiënten nog in leven is) 
ligtt na het stellen van de diagnose tussen de 6 en 9 maanden. Uiteindelijk zal 
meerr dan 95% van de patiënten overlijden aan deze tumor. Dat radiotherapie de 
levensduurr verlengt werd al aangetoond in een studie uit 1978. Sindsdien zijn er 
wereldwijdd vele tientallen goed opgezette grote studies geweest waarin getracht 
werdd het effect van de radiotherapie verder te verbeteren. Hierbij denkt men niet 
alleenn aan allerlei verschillende radiotherapie schema's, maar ook aan toevoeging 
vann stoffen die het effect van de radiotherapie versterken (radiosensitizers) en 
stoffenn die naast de radiotherapie een extra celdodend effect hebben 
(chemotherapie).. Dit was hoopgevend omdat deze experimentele behandelingen 
inn het laboratorium leken te werken. Helaas hebben al deze onderzoeken niet 
geleidd tot een zinvolle bijdrage aan de sombere toekomstverwachting van deze 
patiënten.. De standaard behandeling anno 2002 is nog steeds dezelfde als die uit 
1978.. De geschiedenis van radiotherapiestudies over de afgelopen 20 jaar bij het 
gbmm wordt in hoofdstuk 1 beschreven. 

Dee hoofdstukken 2 t/m 8 beschrijven de resultaten van een aantal patiëntgerichte 
onderzoekenn die voortborduren op hetgeen de afgelopen 20 jaar tevergeefs 
geprobeerdd is, namelijk het modificeren van het effect van radiotherapie in de hoop 
dee overleving van deze patiënten groep te verbeteren ofwel de bijwerkingen te 
verminderen. . 
Inn hoofdstuk 2 wordt een overzicht gegeven van de behandelingsresultaten zoals 
diee in het AMC zijn behaald bij 198 patiënten met een gbm over de afgelopen 10 
jaar.. Onze resultaten zijn goed vergelijkbaar met die uit de literatuur. Helaas lijk t er 
ookk bij ons geen verbetering in overleving te zijn opgetreden gedurende de 
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onderzochtee periode, ondanks verfijningen in diagnostische, neurochirurgische en 
radiotherapeutischee technieken. Ook de invloed van een aantal factoren die de 
prognosee bepaalt, zoals leeftijd, tumorgrootte en conditie van de patiënt, zijn niet 
anderss dan uit de literatuur bekend In hoofdstuk 3 wordt het effect van twee 
stoffenn (nicotinamide en carbogeen) op de doorbloeding van de tumor en het 
gezondee hersenweefsel bestudeerd. Al in het begin van de vorige eeuw was bekend 
datt vermindering van de doorbloeding het biologische effect van bestraling 
vermindert.. Verbetering van de doorbloeding van een tumor, en dus een betere 
zuurstofvoorziening,, zou het effect van de radiotherapie vergroten. Van 
nicotinamidee en carbogeen werd in proefdierexperimenten al aangetoond dat de 
doorbloedingg en zuurstofvoorziening van een tumor toenam en inderdaad trad een 
verbeteringg van het radiotherapie effect op. Door tijdens de bestraling stoffen toe te 
dienenn die selectief de doorbloeding in de hersentumor versterken, zou de 
genezingskanss na bestraling wellicht verbeteren. In onze studie werd de 
doorbloedingg gemeten met behulp van een vetoplosbare stof (HMPAO) dat direct 
naa injectie in de bloedbaan in het hersenweefsel vast blijf t zitten en beschouwd 
wordtt als een maat voor de doorbloeding. Door dit HMPAO te koppelen aan een 
radio-actievee stof (Technetium-99m), kan met het meten van deze radioactiviteit 
eenn maat voor de doorbloeding verkregen worden. Helaas konden wij geen 
consistentee toename van de doorbloeding waarnemen na toediening van 
nicotinamidee en carbogeen, noch in de tumor, noch in het gezonde weefsel. Onze 
resultatenn ondersteunen een later gepubliceerd klinisch onderzoek waarin beide 
stoffenn tijdens de bestraling aan patiënten werden toegediend. Hierin werd geen 
winstt in overleving of versterking van de tumor reactie aangetoond. Aan dit 
Europesee onderzoek bij gbm patiënten, heeft de afdeling radiotherapie in het AMC 
meegewerkt. . 
Inn hoofdstuk 4 worden de resultaten beschreven van het verkorten van het 
bestralingsschemaa bij patiënten met een gbm die op basis van hun prognostische 
factorenn al een kortere overlevingsduur hebben dan het gemiddelde. De standaard 
bestralingsperiodee duurt 6 weken, waarin 5x per week een bestraling. Deze lange 
behandelingsperiodee ligt voor een patiënt echter niet goed in verhouding tot de 
kortee levensverwachting van deze geselecteerde groep (gemiddeld 4-7 maanden). 
Eenn kortere behandelingsduur bij gelijkblijvende resultaten zou dus wenselijk zijn. 
Inn dit onderzoek werd aangetoond dat een schema van slechts 4 bestralingen met 
eenn hoge doses per keer (hypofractionering) in een periode van 11 dagen, goed 
doorr de patiënten werd verdragen en geen verslechtering van de overleving liet 
zien.. Deze bestraling werd met een nauwkeurige techniek (conformele, CT-scan 
gebaseerdee planning) uitgevoerd. Sinds dit onderzoek wordt genoemd schema als 
standaardd beschouwd in ons instituut voor patiënten met een zeer slechte prognose. 
Inn andere artikelen werd ook de bruikbaarheid van hypofractionering aangetoond, 
zijj  het in een minder uitgesproken vorm dan in onze studie. Verkorte 
bestralingsschema'ss worden thans in vele instituten toegepast. 
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Inn hoofdstuk 5 wordt een methode beschreven waarbij een veel hogere 
bestralingsdosiss op de hersentumor wordt gegeven middels inwendige bestraling. 
Immers,, er is bewezen dat bestraling tot de standaarddosis (60 Gy) in beperkte 
matee levensverlengend werkt. Het lijk t dus logisch te onderzoeken of een 
verhogingg van de dosis tot een verhoging van het effect leidt. Verhoging van de 
dosiss middels uitwendige bestraling leidt tot overschrijding van de tolerantie van 
hett gezonde weefsel, met hersenbeschadiging als gevolg. Dit probleem kan 
vermedenn worden door de tumor inwendig te bestralen (brachytherapie). Bij 
brachytherapiee worden radioactieve bronnen in de tumor gebracht. Door een 
combinatiee van een nauwkeurige 'stereotactische' positie van de radioactieve 
bronnenn in de tumor en de eigenschap dat de dosis rond de bronnen snel afneemt, 
kann er een hoge dosis in de tumor gegeven worden met relatief sterk sparen van het 
omringendee gezonde weefsel. Deze techniek werd reeds in een aantal, met name 
Amerikaansee instituten gebruikt en de eerste publicaties hierover suggereerden een 
toenamee van de overleving. Als radioactieve bron werd meestal iridium-192 of 
jodium-1255 gebruikt. Ons hoofdstuk beschrijft de gebruikte stereotactische 
techniekk en laat zien dat de holle naalden (katheters) voor de radioactieve bronnen 
nauwkeurigg en veilig geplaatst konden worden. De inwendige bestraling, waarbij 
dee locale dosis tot 100 Gy werd verhoogd, verliep zonder veel bijwerkingen. Ook 
dee overleving van deze patiënten was duidelijk hoger dan de overleving van 
patiëntenn die alleen met de standaard uitwendige bestraling waren behandeld. Dit 
verschill  kon voor een deel verklaard worden door de selectie van patiënten bij wie 
dezee methode werd toegepast: alleen patiënten met kleine tumoren en in goede 
conditiee kwamen voor deze inwendige bestraling in aanmerking. Dat zijn de 
patiëntenn die op basis van die prognostische factoren sowieso al een langere 
overlevingg zouden hebben. Er konden geen grote verschillen in radiotherapie-
effectenn (overleving en bijwerkingen) aangetoond worden tussen de patiënten die 
inn het AMC met iridium-192 werden behandeld en een vergelijkbare groep 
patiëntenn die in Keulen met jodium-125 was behandeld. De bevinding dat binnen 
tweee jaar bijna alle patiënten toch een recidief van hun tumor kregen in het gebied 
datt een hoge dosis heeft ontvangen en dat er geen langdurige genezingen (langer 
dann 3 jaar overleving) optraden, bevestigt nogmaals dat een gbm zeer radioresistent 
is.. Geconcludeerd wordt dat deze vorm van brachytherapie geen verbetering van de 
toekomstverwachtingg van gbm patiënten met zich meebrengt, al zouden patiënten 
mett zeer kleine tumoren (< 2 cm) wellicht van deze techniek kunnen profiteren. 
Inmiddelss heeft ook een groter opgezet (gerandomiseerd) onderzoek vanuit 
Canada,, waarbij patiënten met en zonder brachytherapie vergeleken werden, geen 
duidelijkee verbetering van de overleving te zien gegeven. 

Inn Hoofdstuk 6 wordt het bloedgehalte van een stof (TGF-JJ) bepaald en 
bestudeerdbestudeerd of deze van voorspellende waarde is voor de overleving. Ook het 
beloopp van dit gehalte tijdens en na de bestraling wordt geanalyseerd. Aanleiding 
hiervoorr was dat er is in de literatuur bij andere tumorsoorten gesuggereerd werd 
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datt Transforming Growth Factor-P (TGF-(3) gerelateerd was aan de uitbreiding van 
dee ziekte en de prognose van de patiënt. TGF-p bleek ook verhoogd in het bloed 
aanwezigg bij patiënten met een hersentumor. In onze studie werd ook een 
verhoogdee waarde van deze stof bij gbm patiënten aangetoond. Echter, we konden 
geenn prognostische waarde ontdekken van TGF-p bij gbm patiënten. Ook het 
beloopp van TGF-p na de bestraling leek niet voorspellend voor het beloop van de 
patiënt. . 
Hoofdstukk 7 beschrijft een kleine groep van patiënten die relatief lang na de 
bestralingg van een hersentumor nog in leven zijn en die hiervan hersenschade 
hebbenn opgelopen. Die schade was beperkt tot de hogere hersenfuncties 
(cognitievee functies) zoals bijvoorbeeld geheugen, associatief vermogen, 
herkenningg en snelheid van denken. Aan deze late bijwerkingen van de bestraling 
kunnenn we thans niets doen en patiënten moeten daarmee zien om te gaan. Bij 
bestralingsschadee aan andere organen, zoals bijvoorbeeld darm, bot en blaas, is 
bekendd dat langdurige blootstelling aan zuurstof onder hoge druk (hyperbare 
zuurstoff  behandeling) deze bestralingsschade kan verminderen en de klachten 
hiervann zelfs volledig kunnen doen verdwijnen. Het mechanisme hierachter is dat 
radiotherapiee schade geeft aan de kleine bloedvaatjes (vermindering van aantal en 
functie)) en dat hyperbare zuurstof een stimulerende werking heeft op de 
nieuwvormingg van deze kleine bloedvaten. Er zijn een paar kleine eerdere 
publicatiess die suggereren dat hyperbare zuurstof ook bij bestralingsschade aan de 
hersenenn een vermindering of stabilisatie kan geven van verschijnselen hiervan 
(necrose).. Ons onderzoek is de eerste die de effecten beschrijft van deze hyperbare 
zuurstoff  behandeling op stoornissen aan de hogere hersenfuncties aan de hand van 
zeerr uitgebreide neuropsychologische testen. Deze testen werden zowel vóór als na 
dee zuurstofbehandeling afgenomen. Helaas konden wij de positieve berichten uit 
eerderee studies niet bevestigen. Alhoewel er over de hele groep geen duidelijk 
(significante)) verbetering aantoonbaar was, was er bij één patiënt wel een 
duidelijkee verbetering aanwezig. Negatieve effecten konden niet worden 
aangetoond.. De groep was te klein om er verstrekkende conclusies aan te 
verbinden,, maar bij een individuele patiënt met cognitieve stoornissen kan deze 
behandelingg wel overwogen worden. 
Naa de enigszins tegenvallende voorafgaande studies wordt in Hoofdstuk 8 een 
mogelijkk veelbelovende nieuwe behandeling bij het gbm beschreven. In dit 
hoofdstukk worden de bevindingen beschreven van de eerste patiënten die met 
inwendigee hyperthermic (verwarming) werden behandeld in het AMC, 
gecombineerdd met uitwendige bestraling. Alhoewel inwendige hyperthermic op 
zichzelff  niet nieuw is, is de techniek waarmee dat uitgevoerd werd dat wel. Met het 
inn Utrecht ontwikkelde hyperthermie systeem (MECS-IHT systeem) kan ieder 
inwendigg warmtebronnetje apart worden aangestuurd. Dit aansturen geschiedt op 
geleidee van kleine thermometertjes die tussen iedere warmtebron aanwezig zijn. 
Perr implantatievolume dat gemiddeld iets meer dan 3 x 3 x 3 cm groot was, waren 
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err gemiddeld 19 warmtebronnen en 38 meetpunten. Dit in vergelijking tot een 
groott Amerikaans instituut waar gemiddeld slechts 4 warmtebronnen en 5 
meetpuntenn aanwezig waren. Met onze methode kan dus een goede indruk van de 
3-dimensionalee temperatuursverdeling verkregen worden en kan, via de individuele 
aansturing,, de temperatuurverdeling zo homogeen mogelijk gemaakt worden. De 
techniekk bleek goed uitvoerbaar bij patiënten en er waren amper klachten. Ondanks 
dee mogelijkheid van temperatuurregulatie bleek er binnen het implantatievolume 
tochh nog temperatuurverschillen van bijna 4 graden op te treden, met name aan de 
randd van het implantaat. Wel waren de verkregen temperaturen over de drie sessies 
heell  goed reproduceerbaar. Ook bleek dat er een leercurve was. Er werden aan de 
handd van de resultaten bij de eerste patiënten een aantal aanpassingen verricht die 
resulteerdenn in duidelijk betere temperaturen bij de laatste patiënten. Uit dit 
onderzoekk kan aangenomen worden dat bij afwezigheid van 
bijsturingsmogelijkheden,, de temperatuurverschillen nog groter zullen zijn. Over 
dee effecten op de tumor kunnen in deze kleine en heterogene patiënten groep nog 
geenn goede conclusies getrokken worden. 
Hoofdstukk 9 beschrijft geen gepubliceerd onderzoek maar bediscussieert de 
achtergrondenn van de zeer hoge bestralingsresistentie van deze hersentumor, zoals 
diee ook in de beschreven onderzoeken in dit proefschrift werd waargenomen. Na 
hett bewijs eind jaren zeventig dat radiotherapie een positief effect had op de 
overlevingsduurr van gbm patiënten werd verwacht dat het verder ontwikkelen van 
radiotherapiee technieken en modulering hiervan, tot een verdere verbetering zou 
leiden.. Dat bleek niet zo te zijn. De resultaten uit de eerste hoofdstukken van dit 
proefschriftt sluiten aan in de lange rij van teleurstellende studies bij patiënten met 
eenn gbm. Verder in dit hoofdstuk wordt ingegaan op de toekomstperspectieven in 
dee behandeling van, en het onderzoek naar deze tumoren. Nieuwe ontwikkelingen 
inn de moleculaire biologie en inzichten in de verschillende afwijkende signalen 
binnenn een kankercel met betrekking tot celdeling en celdood, gaan echter hard en 
zijnn veelbelovend. Ook bij hersentumoren en met name bij het meest kwaadaardige 
glioblastomaa muliforme zijn de afwijkingen van een aantal van deze 
"boodschapper""  stoffen ook meetbaar. Ook zijn medicijnen die hier specifiek op 
ingrijpenn deels al ontwikkeld en de eerste studies met deze stoffen zijn reeds van 
startt gegaan. Ingrijpen in deze zeer specifieke afwijkingen van de kankercel zal 
waarschijnlijkk met minder bijwerkingen gepaard gaan dan de veel grovere schade 
diee bijvoorbeeld radiotherapie of chemotherapie met zich meebrengt. Deze 
ontwikkelingg lijk t een grote toekomst te gaan krijgen in het kankeronderzoek en 
hopelijkk ook de patiëntenzorg. Radiotherapie kan ook hierin een rol spelen, maar 
hett tijdperk van pure radiotherapiestudies lijk t te kunnen worden afgesloten. 
Hett is niet waarschijnlijk dat de radiotherapie hierdoor overbodig wordt. Wel 
zullenn de grenzen tussen de verschillende kankerspecialismen, - neurochirurgie, 
radiotherapiee en inwendige geneeskunde -, vervagen, en zal toekomstig 
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wetenschappelijkk onderzoek nauwer op elkaar afgestemd moeten worden. 
Uiteindelijkk wordt de patiënt daar beter van. 
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Tijdenss de onderzoeken die hebben geleid tot het tot stand komen van dit 
proefschriftt heeft de positieve instelling van veel collega's en medewerkers mij 
aangenaamm verrast. Het doet mij deugd dit te kunnen melden vanuit de medische 
cultuurr waar de negatieve berichten over interne communicatie en samenwerking 
naarr buiten toe de overhand lijken te hebben. Begrip hebben voor eikaars belangen, 
enn daaraan mee willen werken zonder daar direct een gelijkwaardige tegenprestatie 
tegenoverr te stellen, zijn onontbeerlijk. Op de langere termijn kan zoiets zich 
terugbetalenn in gelijksoortige tegenprestaties, doch bovenal zal hierdoor voor beide 
partijenn een voordeel ontstaan door het creëren van een prettige werksfeer. Een 
prettigee werksfeer is wellicht een eerste voorwaarde voor het komen tot 
(groeps)prestatiess in het algemeen. De totstandkoming van dit proefschrift is daar 
eenn goed voorbeeld van. 
Alss uitdrager van bovenstaand principe wil ik in de eerste plaats mijn promotor 
professorr D. Gonzalez Gonzalez bedanken. Hij was het die, al voor mijn komst in 
hett AMC, een ruime traditie van initiatie en deelname aan neuro-oncologische 
klinischee studies had opgebouwd. Hij had een voortrekkersrol binnen de Europese 
organisatiee van kankeronderzoek in het algemeen en de neuro-oncologie in het 
bijzonder.. Dioni, ji j schetste de grote lijnen van de onderzoeken, en droeg vele 
ideeënn aan, zowel bij de opzet als bij de uitvoering en afwerking. Als hoofd van de 
afdelingg was ji j verantwoordelijk voor ruimte die ik kreeg. Je commentaar was 
altijdd opbouwend. Je brede kennis en inzicht in de oncologie in het algemeen 
maaktenn jou tot een zeer gewaardeerde promotor. Je sympathieke karakter en brede 
interessegebiedd doen daar nog een schepje bovenop. 
Alss ander voorbeeld van eerstgenoemde instelling wil ik graag professor D.A. 
Bosch,, hoofd van de afdeling neurochirurgie, noemen. Door zijn komst in het 
AMCC werd het klinisch wetenschappelijk onderzoek op neuro-oncologisch gebied 
nieuww leven ingeblazen. Voorstellen voor radiotherapeutisch onderzoek werden 
altijdd positief ontvangen, resulterend in een goede samenwerking tussen onze 
afdelingenn op een breed gebied en over een lange periode. Hij was het die een zeer 
grotee bijdrage heeft gehad in de internationale ontwikkeling van de stereotaxic 
binnenn de neuro-oncologie. Door zijn klinische en wetenschappelijke ervaring op 
ditt gebied werd het mogelijk om in het AMC hersenimplantaties uit te voeren. 
Dezee techniek vormt de basis voor twee van de hoofdstukken in dit proefschrift. 
Omdatt professor Gonzalez Gonzalez in de laatste fase van de promotie met 
emeritaatt ging, werd de coördinatie en administratieve afhandeling van mijn 
promotie,, als medepromotor, op jouw bord gelegd. Dit werd zonder aarzeling 
geaccepteerd.. Hiervoor ben ik je oprecht dank verschuldigd. 
Inn de volgorde van dit proefschrift wil ik graag een aantal personen bedanken die 
eenn grote bijdrage hebben gehad aan betreffende onderzoeken. 
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Erikk Schimmel, als assistent, collega en vriend heb je het statistische deel van 
hoofdstukk 2 en 4 op je genomen. Datje hiervoor als coauteur vernoemd wordt, is te 
weinigg voor de moeite die je er belangeloos in stopte. Je sympathie en open 
instellingg maakten het samenwerken voor mij tot gezellige bijeenkomsten. Ik hoop 
datt onze contacten op privé- en medisch gebied nog lang zullen aanblijven. 
Dee SPECT studie kon alleen worden uitgevoerd door de bijzonder enthousiaste 
medewerkingg en inzet van de afdeling nucleaire geneeskunde, met name van Coen 
Rehman.. Hij voerde de onderzoeken uit en deed de analyse. Jan Booy heeft 
vervolgenss een deel van de statistische bewerking overgenomen. Aangezien dit 
onderzoekk als eerste gepubliceerd werd, was hun bijdrage een extra stimulans tot 
hett voltooien van dit proefschrift. 
Naastt prof. Bosch heeft Radboud Koot als assistent in opleiding tot neurochirurg, 
eenn groot deel van de organisatie, behandeling en nacontrole rond de patiënten met 
hersenimplantatiess gedaan. Onderlinge contacten waren altijd prettig en de 
patiëntenzorgg liep op technisch en logistiek terrein altijd goed. Ik hoop Radboud, 
datt ook ji j de vruchten zult plukken van onze samenwerking. 
Peterr Sminia mag niet ontbreken in deze lijst. Als wetenschappelijk bijzonder 
actieff  en inspirerend radiobioloog op onze afdeling had je een bijdrage aan bijna 
allee hoofdstukken van dit proefschrift. De TGF-fJ studie vond onder jouw leiding 
plaats.. Peter, je was altijd makkelijk toegankelijk en biologische discussies met jou 
warenn altijd open en inspirerend. Het lijk t er niet op dat dit veranderd is na je 
vertrekk uit het AMC. 
Henriettee Smeding en Nienke Stark ben ik zeer erkentelijk voor de begeleiding, 
respectievelijkk uitwerking van de ontzagwekkende hoeveelheid data die er uit de 
neuropsychologischee tests rolden. Het uitvoeren van deze tests was een intensieve 
enn tijdrovende bezigheid, en het bewerken een vak apart. 
Hett technisch geavanceerde en innovatieve hoofdstuk over de interstitiële 
hyperthermiee was een toonbeeld van waartoe samenwerking kan leiden. De unieke 
technischee "know how" uit Utrecht onder leiding van professor Lagendijk, werd 
gecombineerdd met de klinische ervaring van de afdelingen neurochirurgie en 
radiotherapiee in het AMC. Hans Crezee en Jan Lagendijk voerden het technische 
deell  van de behandeling uit, terwijl Bas Raaymakers uitermate geduldig was in het 
somss weken durende gereken aan onze talloze hyperthermie data. Het was 
bijzonderr om te merken dat er ook onder fysici relativeringsvermogen over het 
eigenn vakgebied kan bestaan. Het was voor mij een voorrecht om een rol te kunnen 
spelenn in een dermate wetenschappelijk onderlegde onderzoeksgroep. 
Yvonnee Braet wil ik graag bedanken voor het secretariële werk bij de publicaties 
vann de artikelen. Hanneke van den Berg heb ik zeer leren waarderen bij het 
bewerkenn van de aanvullende hoofdstukken en het samenstellen van dit alles tot 
eenn document. Jullie geduld en goede humeur bleek het beste wapen tegen 
onwilligee tabellen en hardnekkige spacing problemen. 
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Hett bijzondere aan het copromotorschap van Lukas Stalpers is dat hij aan geen 
enkell  onderzoek een wezenlijke bijdrage heeft geleverd. Echter, zijn kritische 
correctiess en welhaast altijd zinvolle suggesties bij het schrijven van hoofdstuk 8, 
dee inleiding, discussie en samenvatting, en de begeleiding in het algemeen, maken 
zijnn bijdrage aan de totstandkoming van dit proefschrift bijzonder groot en 
waardevol.. Zijn inspirerende en creatieve geest, zijn wetenschappelijke ervaring en 
drivee en zijn brede kennis niveau maken hem tot een bijzondere collega in de 
radiotherapiee in het algemeen en in de neuro-oncologie in het bijzonder. 
Mij nn andere collega's, Leo, Lon, Foppe, Geertjan, Bradley en Amjad bedank ik 
voorr hun bijdrage aan het leveren en begeleiden van patiënten en de mogelijkheid 
diee mij gegeven werd om dit proefschrift te voltooien. De prettige onderlinge sfeer 
opp onze afdeling, ondanks de grote onderlinge karakterverschillen, moge bijzonder 
genoemdd worden. 
Inn het bijzonder wil ik ook de laboranten, baliemedewerkers, doktersassistenten en 
fysischh personeel van onze afdeling bedanken. Helaas voert het te ver om hier 
mensenn persoonlijk te gaan memoreren, maar hun hulp bij de behandeling van 
patiëntenn en administratie was onmisbaar. Ook hier zou ik de afdeling graag een 
groott compliment maken voor de prettige sfeer en de bereidwilligheid om veel 
extra'ss voor een ander te doen. 
Lotje,, Harm en Barend, ik heb getracht julli e niet te veel nadelen van dit 
proefschriftt te laten ondervinden. Alhoewel ik dat niet alleen voor julli e deed, hoop 
ikk dat julli e dat later wel zullen waarderen. 
Marita,, ji j hoort niet onderaan in deze rij  te staan, ook niet bovenaan, maar 
erboven. . 
Enn daar sta je ook, in vele opzichten. 
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deeltijdd werkzaam op de Intensive Care (thoraxchirurgie). In 1981 werd het 
doctoraall  gehaald waarna hij co-schappen in de Deventer Ziekenhuizen ging lopen. 
Naa het artsexamen in 1983 deed hij een onderzoek op het Oncologisch Centrum 
IJsselstreekk (prof. J. Stam), thans RISO geheten (Radiotherapeutisch Instituut 
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Prof.. Dr.H. Bartelink). Vanaf 1988 is hij werkzaam als radiotherapeut op de 
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Stellingenn behorend bij het proefschrift 

MODIFICATIO NN OF RADIATIO N EFFECTS IN PATIENT S WIT H GLIOBLASTOM A MULTIFORM E 

1.. Hypofractionering in een korte totaal tijd is het meest geschikte schema bij 
glioblastoomm patiënten met slechte prognostische kenmerken (dit proefschrift). 

2.. De winst in overleving bij brachytherapy als boost in glioblastoom patiënten wordt 
grotendeelss verklaard door gunstige selectiefactoren (dit proefschrift). 

3.. Het plasma transforming growth factor-p gehalte heeft bij patiënten met een 
glioblastomaa multiforme geen prognostische waarde (dit proefschrift). 

4.. Het verdient aanbeveling het effect van hyperbare zuurstofbehandeling op 
hersenschadee door bestraling verder te onderzoeken (dit proefschrift). 

5.. Warmte werkt helend op kwaadaardigheid. 

6.. Voor een behandeling waar geen twijfel over het nut bestaat, is geen gerandomiseerd 
onderzoekk nodig. 

7.. Voor behandelingen met een twijfelachtig nut is gerandomiseerd onderzoek meestal 
niett klinisch relevant. 

8.. Een vraagstuk dermate complex maken dat slechts een geselecteerde groep het geheel 
kann overzien, speelt malversatie door deze kleine groep, of wanbegrip door de grote 
groepp in de hand. Statistiek en het Nederlands belastingstelsel zijn daar voorbeelden 
van. . 

9.. Het overgrote deel van het menselijk verdriet wordt veroorzaakt door de mens zelf, 
willenss en wetens, met behoud van eergevoel als misplaatst tegenoverstaand voordeel. 

10.. Betrokkenheid van mensen in het werkveld is onontbeerlijk voor succes en dient 
gekoesterdd te worden. Zowel in de zorgverlening als in het wildbeheer wordt dit door 
beleidsbepalerss veel te weinig ingezien, veelal omdat zij zelf die betrokkenheid missen. 

11.. Over de nieuwe flora en faunawet: "niet schieten is altijd mis". 

12.. Alternatieve geneeskunde bestaat niet. Als het geneest is het niet alternatief, als het niet 
geneestt is het geen geneeskunde. 

13.. De uitheemse Amerikaanse vogelkers gedraagt zich als een kwaadaardige ziekte 
binnenn onze bossen. Het verdient derhalve waardering dat een oncoloog zich veel in 
hett bos bevindt. 
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