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Prognosticc factors 

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. 

27 7 



Chapterr 2 

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. . 

Introduction 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. 

Materiall 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 li 

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 
m m 
> > 
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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