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Reliable data on large cohorts of patients with glioblas-
toma are needed because such studies differ importantly 
from trials that have a strong bias toward the recruit-
ment of younger patients with a higher performance sta-
tus. We analyzed the outcome of 676 patients with histo-
logically confirmed newly diagnosed glioblastoma who 
were treated consecutively at a single institution over a 
7-year period (1997 – 2003) with follow-up to April 30, 
2006. Survival probabilities were 57% at 1 year, 16% 
at 2 years, and 7% at 3 years. Progression-free survival 
was 15% at 1 year. Prolongation of survival was signifi-
cantly associated with surgery in patients with a good 
performance status, whatever the patient’s age, with 
an adjusted hazard ratio of 0.55 (p , 0.001) or a 45% 
relative decrease in the risk of death. Radiotherapy and 
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chemotherapy improved survival, with adjusted hazard 
ratios of 0.61 (p 5 0.001) and 0.89 (p 5 0.04), respec-
tively, regardless of age, performance status, or residual 
tumor volume. Recurrence occurred in 99% of patients 
throughout the follow-up. Reoperation was performed 
in one-fourth of these patients but was not effective, 
whether performed within 9 months (hazard ratio, 
0.86; p 5 0.256) or after 9 months (hazard ratio, 0.98;  
p 5 0.860) of initial surgery, whereas second-line che-
motherapy with procarbazine, lomustine, and vincristine 
(PCV) or with temozolomide improved survival (hazard 
ratio, 0.77; p 5 0.008). Surgery followed by radiotherapy 
and chemotherapy should be considered in all patients 
with glioblastoma, and these treatments should not be 
withheld because of increasing age alone. The benefit of 
second surgery at recurrence is uncertain, and new trials 
are needed to assess its effectiveness. Chemotherapy with 
PCV or temozolomide seems to be a reasonable option 
 at tumor recurrence. Neuro-Oncology 10, 79 – 87, 2008 
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Glioblastoma multiforme is the most common 
primary malignant brain tumor, accounting for 
50% – 60% of all intracranial gliomas and car

rying one of the worst prognoses of all cancers. Primary 
(de novo) glioblastoma develops rapidly and without 
evidence of less malignant precursor lesions, typically in 
older patients. Secondary glioblastoma develops more 
slowly, by progression from lowgrade or anaplastic 
astrocytoma, in middleage patients.1

Current treatment of glioblastoma is usually surgical 
resection followed by radiotherapy and chemotherapy.2 
Radiotherapy has proven to be effective in several ran
domized studies,3,4 whereas the effectiveness of surgical 
resection remains uncertain, although decompression 
is important in symptomatic patients.5 – 9 Nitrosourea
based chemotherapy in addition to postoperative radio
therapy improved median survival by 2 months (from 10 
to 12 months) in a metaanalysis of individual data from 
12 randomized studies.10 More recently, the European 
Organisation for Research and Treatment of Cancer 
(EORTC) 26981 study, which combined radiotherapy 
with oral temozolomide, reported a median survival 
benefit of 2.5 months (from 12.1 to 14.6 months).11

Most randomized studies of radiotherapy and che
motherapy have involved young patients or those with 
good performance status and less unfavorable prognosis. 
The benefit of radiotherapy has not been established in 
patients older than 70 years, and there is no conclusive 
evidence of survival benefit with chemotherapy in elderly 
patients or those with poor performance status.12,13 In 
the absence of experimental evidence from randomized 
studies, prospective cohort studies can produce useful 
information on the effectiveness and morbidity of sur
gical resection and adjuvant treatments in elderly and 
poorprognosis patients, who form the majority of those 
who develop primary glioblastoma.14,15

The referralbased longitudinal Brain Cancer Regis
ter of the Fondazione I.R.C.C.S. Istituto Neurologico 
“Carlo Besta” in Milan, Italy, has been collecting com
prehensive information for all patients presenting at the 
institute with a malignant or benign tumor of the ner
vous system since 1997. The information we collect is 
used in research into the causes of such tumors, in edu
cation and information programs, and in the planning 
of a strategy to deliver the best cancer care to patients. 
We report here the results of our experience in treat
ing patients who present with primary glioblastoma, 
because the best management of such patients remains 
problematic. We sought to assess the role of patient char
acteristics, surgery, and adjuvant treatments in the pre
diction of overall survival and progressionfree survival 
in these patients. Such findings will enable decision mak
ing on the basis of the risk of treatment compared with 
the benefit of improving survival at the first diagnosis of 
glioblastoma.

Materials and Methods

Patients

All consecutive patients older than 16 years with histo
logically confirmed primary glioblastoma (WHO grade 
IV astrocytoma),16 newly diagnosed between January 
1997 and December 2003, were included and followed 
up to April 30, 2006. Secondary glioblastoma patients 
with previous histopathological or radiological diagno
ses of lowgrade or anaplastic astrocytoma (WHO grade 
II or III astrocytoma) were excluded, as were cases with
out histological verification. Pathological diagnosis was 
performed by two neuropathologists at our institute in 
agreement with WHO guidelines.16 All patients gave 
written consent to surgery or chemoradiotherapy. Each 
hospitalized patient admitted to our institute was asked 
for written consent for processing of his or her data for 
research purposes by health professionals subject to pro
fessional secrecy.

Outcomes

Clinical and radiological tumor progression was assessed 
at regular intervals at our institution, from the time of 
first surgery throughout the followup. Death certificates 
were collected at municipal offices yearly. Survival was 
defined as the time from first surgery to death or until 
April 30, 2006. Progressionfree survival was defined 
as the time from first surgery to first evidence of tumor 
progression on CT or MRI or to death.17 Tumor pro
gression was defined as the appearance of new lesions, 
an increase in tumor extension by 25% on CT or MRI, 
a worsening in the clinical/neurological condition, or an 
increased need for corticosteroids.18

Prognostic Variables

Patient characteristics at diagnosis included sex, age, 
preoperative KPS (assessed on the day before surgery), 
and tumor extension. The extent of surgical resection 
was determined by comparison of postoperative images 
obtained up to 48 h (CT) or 72 h (MRI) after surgery 
with the latest preoperative images. If CT or MRI was 
performed later than 48 or 72 h, respectively, debulking 
surgery was classified as of “undefined extent.”

Statistical Analysis

The completeness of followup was quantified according 
to the “completeness index.”19 Survival and progression 
free survival were estimated by the KaplanMeier 
method, and pointwise confidence intervals (CI) were 
based on the Greenwood estimate of the SEM. The log
rank test was used to compare survival by sex, age at 
diagnosis (16 – 50, 51 – 65, .65 years), preoperative KPS 
(<70, .70), tumor extension (single lobe or multiple 
lobes), and first surgery (surgical resection, biopsy only). 
Relevant clinical factors were entered into multivariable 
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reoperation and/or secondline chemotherapy consisting 
of procarbazine, lomustine, and vincristine (PCV)22 or 
oral temozolomide.23

Survival

The estimate of overall survival is shown in Fig. 1. A 
total of 657 patients (97.2%) died during the followup. 
Median survival was 13.6 months (95% CI, 12.9 – 14.3), 
and survival probabilities were 57% (95% CI, 54 – 61%) 
at 1 year, 16% (95% CI, 13 – 18%) at 2 years, and 7% 
(95% CI, 5 – 9%) at 3 years.

Table 2 shows the variables included in the survival 
analyses with the corresponding univariate logrank 
tests estimated by the KaplanMeier method and haz

Cox proportionalhazards models to predict overall sur
vival and progressionfree survival; these factors were 
sex, age, KPS, tumor extension, surgery, radiotherapy, 
chemotherapy, and second surgery. A multivariable 
model to predict survival after tumor progression was 
generated that also incorporated tumor extension at 
progression and secondline chemotherapy in addition 
to the factors in the previous models.

Radiotherapy, chemotherapy, second surgery, and 
secondline chemotherapy were included in the Cox 
models as timedependent covariates.20

Interaction terms (particularly age or KPS and sur
gery, radiotherapy, or chemotherapy interactions) in pre
dicting survival were tested in the multivariable mod
els. We regarded p values less than 0.05 as statistically  
significant.

Results

Patients

The study included 676 consecutive cases of primary glio
blastoma. Most patients (623 cases, 92%) received histo
logical diagnosis within 3 months of their first diagnos
tic CT or MRI, and the remaining 53 cases within 4 – 35 
months. Survival status was verified for all patients, and 
the completeness index of followup was 100%. The 
reverse KaplanMeier median followup was 69.1 months 
(95% CI, 52.0 – 86.1). Nineteen patients were alive at the 
end of the study, and their followup time ranged from 
28.0 to 103.2 months. The clinical characteristics of all 
patients are shown in Table 1. Median age was 58 years 
(range, 16 – 81 years), and 22% of the patients were older 
than 65 years. The maletofemale ratio was 1.6. In 389 
(57.5%) cases, the tumor occurred in a single lobe (tem
poral in 24%, frontal in 19.5%, parietal in 11%, other 
in 2.5%); in the remaining cases, it extended across mul
tiple lobes. Most patients (594, 88%) underwent surgical 
resection, and 82 (12%) underwent biopsy only; median 
age was similar in the two groups (58.0 years, range 
16 – 81 years, vs. 55.5 years, range 21 – 78 years). Almost 
all patients (668, 99%) received perioperative corticos
teroids. Precise evaluation of residual tumor volume by 
CT or MRI performed within 72 h after surgical inter
vention was obtained for 355 (60%) of the 594 patients 
who underwent resection. Information on radiotherapy 
was available in 635 (94%); of these, 546 (86%) received 
postoperative irradiation according to this protocol: 
focal external beam radiation therapy of 60 Gy (split 
in 1.8 – 2 Gy daily fractions) to the enhancing portion 
of the tumor and within a 2 – 3 cm margin. Information 
on whether or not chemotherapy was given was avail
able in 648 cases (96%); of these, 505 (78%) received 
chemotherapy, and 472 (73%) were given concomi
tant chemotherapy and radiotherapy. The most widely 
used chemotherapy agents were carmustine, lomustine, 
and cisplatin administered soon after surgery.21 Delay 
between surgery and chemoradiotherapy ranged from 2 
to 6 weeks. At progression, patients were considered for 

Table 1. Clinical characteristics of the 676 patients at baseline

 No. of  
Characteristic Patients (%)

year of diagnosis

 1997  79 (11.7)

 1998  84 (12.4)

 1999  82 (12.1)

 2000 105 (15.5)

 2001 117 (17.3)

 2002  99 (14.6)

 2003 110 (16.3)

Sex

 Male 418 (61.8)

 Female 258 (38.2)

Age (years)

 <50 193 (28.6)

 51 – 65 336 (49.7)

  .65  147 (21.7)

KPSa

  <70 213 (31.5)

  .70 429 (63.5)

Tumor extensionb

  Frontal (C71.1) 132 (19.5)

  Temporal (C71.2) 162 (24.0)

  Parietal (C71.3)  72 (10.7)

  Occipital (C71.4)   6 (0.9)

  Other single site (C71.0, C71.5 – 71.7, C71.9)  17 (2.5)

  Multiple sites (C71.8) 287 (42.5)

Surgeryc

  Biopsy only  82 (12.1)

  Surgical resection 594 (87.9)

  Gross total  50 (7.4)

  Partial 120 (17.8)

  Undefined extent 424 (62.7)

aMissing information for 34 patients.

bAssessed by first CT or MRI and coded according to the International Classification 

of Diseases for Oncology location code.

cDetermined by comparison of postoperative images obtained up to 48 h (CT) or 72 

h (MRI) after surgery with the latest preoperative images.
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ard ratios for death estimated by a multivariable Cox 
proportionalhazards model. On multivariable analysis, 
the independent clinical prognostic factors of overall 
survival included patient age (p , 0.001), preoperative 
performance status (p , 0.001), and tumor extension  
(p 5 0.023).

The hazard ratio for death in patients who had under
gone surgical resection versus those who had undergone 
biopsy only was 0.55 (95% CI, 0.42 – 0.72; p , 0.001), a 
45% relative reduction in the risk of death, after adjust
ment for clinical factors and postoperative treatments. 
This effect is equivalent to an 8month increase in 
median survival time; an absolute increase in 1year sur
vival of 29% (95% CI, 18 – 40), from 32% to 61%; and 
an absolute increase in 2year survival of 12% (95% CI, 
7 – 18), from 5% to 17%. When extent of resection was 
considered, the longest median survival (15.2 months; 
95% CI, 13.4 – 18.0) was observed among patients who 
had undergone extensive resection, compared with 
11.2 months (95% CI, 9.4 – 13.1) among those who had 
undergone partial resection. KaplanMeier estimates of 
survival in these two subgroups were significantly differ
ent (p 5 0.006 by the logrank test).

Table 2. Factors affecting overall survival in patients with primary glioblastoma

 Kaplan-Meier Univariable Analysis (n 5 676) Multivariable Cox Proportional-Hazard Model (n 5 598)

 No. of  Median Overall  No. of  
 Events/ Survival, in Months   Events/ Hazard Ratio 
 No. of (95% Confidence   No. of (95% Confidence 
Factor Patients Interval)        p Patientsa Interval)        p

Sex

 Male 407/418 13.6 (12.6 – 14.6)  364/374 1 

 Female 250/258 13.6 (12.4 – 14.8) 0.667 216/224 0.90 (0.76 – 1.08) 0.261

Age (years)b

  <50 179/193 17.8 (15.9 – 19.7)  — 1.03 (1.02 – 1.04) ,0.001

  51 – 65 331/336 13.6 (12.9 – 14.3)

  .65  147/147 9.6 (8.3 – 10.8) ,0.001   

KPS

  <70 211/213 9.9 (8.2 – 11.5)  186/188 1 

  .70 413/429 14.7 (13.7 – 15.7) ,0.001 394/410 0.66 (0.55 – 0.79) ,0.001

Tumor extension

  Multiple lobes 277/287 11.6 (10.5 – 12.7)  242/251 1 

  Single lobe 380/389 15.1 (14.1 – 16.1) ,0.001  338/347 0.82 (0.69 – 0.97) 0.023

Surgery

  Biopsy only 81/82 6.3 (4.8 – 7.9)  70/71 1 

  Surgical resection 576/594 14.1 (13.2 – 15.0) ,0.001 510/527 0.55 (0.42 – 0.72) ,0.001

Chemotherapyc

 No  —   —   130/130 1 

 yes        450/468 0.89 (0.72 – 0.99) 0.04

Radiotherapyc

 No  —   —   73/73 1 

 yes      507/525 0.61 (0.45 – 0.83) 0.001

aPatients with any missing value were excluded from multivariable analysis.

bAge was used as a continuous variable in the Cox models.

cVariables were included as time-dependent covariates.

Fig. 1. Kaplan-Meier estimates of overall survival in patients with 
primary glioblastoma.
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We found a significant interaction (p 5 0.01) between 
the effect of surgery and preoperative performance sta
tus with respect to overall survival. Patients with KPS 
greater than 70 benefited from surgery (hazard ratio, 
0.42; 95% CI, 0.26 – 0.66; p 5 0.02); in contrast, those 
with a score less than 70 received no significant survival 
benefit (hazard ratio, 0.85; 95% CI, 0.58 – 1.39). The 
median survival was 15.7 months (95% CI, 14.3 – 17.6) 
among those with a score greater than 70 and 11.4 
months (95% CI, 9.7 – 12.9) among those with a score 
less than 70, with 1year survival rates of 66% and 43%, 
respectively.

There was no evidence of interaction between the 
effect of surgery and the patient’s age (p 5 0.43).

Radiotherapy improved survival, with a onethird 
(hazard ratio, 0.61; 95% CI, 0.45 – 0.83; p 5 0.001) 
relative reduction of the risk of dying. A significant but 
smaller effect was also observed for chemotherapy (haz
ard ratio, 0.89; 95% CI, 0.72 – 0.99; p 5 0.04; Table 2). 
There were no interactions between the effect of radio
therapy or chemotherapy and age, performance status, 
or residual tumor volume.

Results were similar when the 53 patients who 

received their first diagnostic CT or MRI within 4 – 35 
months before the histological diagnosis were excluded 
from the analysis.

Progression-Free Survival

Information on disease progression was available from 
657 (97%) of the 676 individuals: 651 (99%) had tumor 
progression throughout the followup. Median progres
sionfree survival was 6.0 months (95% CI, 5.5 – 6.5), 
and the probability was 15% (95% CI, 12 – 17%) at 1 
year. On multivariable analysis, patient age, preopera
tive KPS, and tumor extension were independent prog
nostic factors for progressionfree survival (Table 3).

The effect of surgery showed a pattern similar to 
that for survival. The hazard ratio of 0.63 (95% CI, 
0.49 – 0.83; p 5 0.001; Table 3) indicates a significant 
37% reduction in the risk of progression or death. 
Median progressionfree survival was increased by 3 
months, from 3.2 months to 6.2 months. The effect 
of radiotherapy also showed a pattern similar to that 
for survival, with a hazard ratio of 0.85 (95% CI, 
0.61 – 0.97; p 5 0.04; Table 3) indicating a significant 

Table 3. Factors affecting progression-free survival in patients with primary glioblastoma

 Kaplan-Meier Univariable Analysis (n 5 657) Multivariable Cox Proportional-Hazard Model (n 5 589)

 No. of  Median Progression-  No. of  
 Events/ Free Survival,    Events/ Hazard Ratio 
 No. of in Months (95%    No. of (95% Confidence 
Factor Patients Confidence Interval)        p Patientsa Interval)        p

Sex

 Male 403/407 5.9 (5.3 – 6.5)  365/369 1 

 Female 248/250 6.0 (5.2 – 6.8) 0.413 218/220 0.95 (0.80 – 1.13) 0.552

Age (years)b

 <50 183/188 7.0 (6.4 – 7.7)   — 1.02 (1.01 – 1.03)  ,0.001

 51 – 65 326/327 6.0 (5.3 – 6.7)  

 .65  142/142 3.9 (3.2 – 4.6) ,0.001

KPS

  <70 203/203 4.0 (3.4 – 4.7)  185/185 1 

  .70 414/420 6.8 (6.3 – 7.3) ,0.001 398/404 0.63 (0.52 – 0.75) ,0.001

Tumor extension

 Multiple lobes 277/279 4.9 (4.2 – 5.6)  245/247 1 

 Single lobe 374/378 6.5 (6.0 – 7.0) 0.001 338/342 0.84 (0.71 – 1.00) 0.054

Surgery

 Biopsy only 77/77 3.2 (1.8 – 4.5)  66/66 1 

 Surgical resection 574/580 6.2 (5.7 – 6.7) ,0.001 517/523 0.63 (0.49 – 0.83) 0.001

Chemotherapyc

 No —  —   127/127 1 

 yes      456/462 0.89 (0.73 – 1.09) 0.256

Radiotherapyc

 No —  —   72/72 1 

 yes       511/517 0.85 (0.61 – 0.97) 0.040

aPatients with any missing value were excluded from multivariable analysis.

bAge was used as a continuous variable in the Cox model.

cVariables were included as time-dependent covariates. 
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15% reduction in the risk of progression or death and 
an absolute improvement in progressionfree survival 
of 12% (95% CI, 9 – 15) at 1 year after histological 
diagnosis. The effect was less consistent for chemother
apy, with a hazard ratio of 0.89 (95% CI, 0.73 – 1.09;  
p 5 0.256; Table 3).

Survival after Tumor Progression

Median survival time after progression was 6.1 months 
(95% CI, 5.6 – 6.6). The multivariable analysis showed 
no effect of reoperation on survival, whether performed 
within 9 months of the first surgery (hazard ratio, 0.86; 
95% CI, 0.66 – 1.12; p 5 0.256) or after 9 months (haz
ard ratio, 0.98; 95% CI, 0.77 – 1.25; p 5 0.860; Table 4). 
Temozolomide or PCV chemotherapy in patients not ini
tially treated with these drugs was administered as sal
vage or secondline treatment after disease progression 
to 275 (50%) of 554 patients. The hazard ratio of 0.77 
(95% CI, 0.63 – 0.93; Table 4) indicated a significant  
(p 5 0.008) reduction in the risk of death after progres
sion for patients treated with chemotherapy compared 
with those who were not treated.

Discussion

Surgical resection was an effective treatment for pri
mary glioblastoma in adults with an adequate perfor
mance status regardless of patient age. The effect of 
surgery corresponded to a 45% reduction in the 1year 
relative risk of dying and a 37% reduction in the risk of 
progression. Most important, surgery also showed an 
8month median prolongation of overall survival, after 
adjustment for clinical factors and tumor extension. 
We noted an interaction between the effect of surgery 
and the patient’s preoperative performance status in the 
multi variable analysis. The benefit of surgery appeared 
to be restricted to patients with good performance sta
tus, whatever the patient’s age, so surgery should also be 
considered for elderly patients. In contrast, there was no 
evidence that surgery was effective for either young or 
old patients with a poor performance status at diagnosis. 
These findings applied to the broad spectrum of young 
and old patients treated at a single institution.

Our finding that surgical resection was associated 
with a significant survival advantage for patients with 
glioblastoma is contrary to the conclusion of most recent 

Table 4. Factors affecting survival after tumor progression in patients with primary glioblastoma

 Multivariable Cox Proportional-Hazard Model (n 5 544)

 No. of Events/ Hazard Ratio 
Factor  No. of Patientsa (95% Confidence Interval)        p 

Sex

 Male 337/345 1 

 Female 193/199 0.88 (0.74 – 1.06) 0.183

Ageb  —  1.02 (1.01 – 1.03) ,0.001

Tumor extension at progression

 Multiple lobes 332/341 1 

 Single lobe 198/203 0.78 (0.65 – 0.94) 0.008

First surgery

 Biopsy only 46/46 1 

 Surgical resection 484/498 0.60 (0.43 – 0.82) 0.002

Chemotherapy

 No  156/159 1 

 yes 374/385 0.96 (0.79 – 1.17) 0.667

Radiotherapy

 No 69/71 1 

 yes 461/473 0.96 (0.74 – 1.25)  0.776

Second-line chemotherapyc

 No 276/279 1 

 yes 254/275 0.77 (0.63 – 0.93)  0.008

Second surgeryc

 No 357/362 1 

 yes, within nine monthsd 78/81 0.86 (0.66 – 1.12) 0.256

 yes, after nine monthsd 95/101 0.98 (0.77 – 1.25)  0.860

aPatients with any missing value were excluded from multivariable analysis.

bAge was used as a continuous variable.

cVariables were included as time-dependent covariates.

dSecond surgery within or after nine months after the first operation.
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WHO performance status <1, and surgery instead of 
biopsy), so the optimum choice of temozolomide regi
mens for elderly and poorprognosis patients has not 
been established.

The optimum strategy for the treatment of tumor 
progression remains controversial.5,8,32,33 In our study, 
progression occurred in 99% of the patients throughout 
the followup, and we found no evidence of an indepen
dent benefit of reoperation on survival. Whereas some 
retrospective studies have reported a positive effect of 
second surgery for recurrent highgrade glioma, other 
studies that accounted for histology found evidence of 
a benefit from reoperation in patients with recurrent 
anaplastic astrocytoma but not in patients with recur
rent glioblastoma.24,34,35 Moreover, we did not find 
any significant increase in survival with second surgery 
in patients with an interval between the first and sec
ond operations of more than 9 months compared with 
patients with an interval of 9 months or less. This result 
is in accord with those of other studies that used sta
tistical modeling to account for prognostic factors.24,36 
For the series of 55 patients reported by Ammirati and 
colleagues,24 there was no significant difference in sur
vival after reoperation between patients whose tumor
free interval was 6 months or more and those whose 
interval was less than 6 months (p 5 0.140). Young and 
colleagues36 reported that the diseasefree interval was 
relevant to survival after reoperation by univariate analy
sis but not by multivariate analysis. On the contrary, 
other authors37,38 reported that the interval between the 
first and second operations was significantly related to 
survival after reoperation; however, most of these stud
ies did not account for prognostic factors in the survival 
analysis, and selection bias may account for much of 
their results.

Our results showed benefits for the use of second
line chemotherapy (PCV or temozolomide) after pro
gression. There was a 23% significant reduction in the 
hazard ratio for the survival outcome, with a narrow 
confidence interval. This result was consistent with 
the findings of previous studies involving patients with 
recurrent glioblastoma, in which nitrosoureas improved 
survival.33 Similar benefits have been documented for 
temozolomide, which has been found to be an active and 
useful option at the time of disease recurrence39,40 or to 
improve the quality of life after tumor progression41 and 
which has a better toxicity profile than other alkylating 
agents.

A few general comments must be added. Both ran
domized clinical trials and prospective cohort studies are 
needed to gain a fuller understanding of treatment effects 
and prognostic factors. Patients entered into randomized 
trials are not representative of patients at large, particu
larly elderly patients and those with adverse prognostic 
factors. However, nonrandomized studies may appear to 
overestimate the effect of treatments because of attrition, 
detection, or performance bias.14 In our study, many of 
these biases were avoided because there were no losses 
to follow up on, the outcome and prognostic variables 
were standardized, and the completeness and quality of 
the data were carefully checked. The result is that the 

reports, in which any survival advantage from surgery 
was not convincingly evident,6 unknown,7,8 or remains 
to be confirmed.9 A Cochrane review identified only one 
trial of biopsy versus resection for malignant glioma and 
showed a significant (p 5 0.049) survival advantage for 
resection.6 However, this trial was small, with a total of 
23 patients included in the analysis, and does not pro
vide definitive evidence.

Furthermore, most of the previous studies concluded 
that patient’s age had the greatest effect on survival 
and that, in contrast with our findings, the benefits of 
surgery were confined to young patients only; our data 
provide strong evidence for the effectiveness of surgery 
even for elderly patients, provided they have an adequate 
performance status.

Whether the extent of resection is a factor signifi
cantly associated with the survival advantage is much 
debated, but this important question remains unan
swered. Some reports found that more extensive resec
tion was associated with longer survival,24 – 26 whereas 
others showed no relation.7,27 – 29 Interpretation of data 
relating resection to survival is complicated by the dif
ficulty of defining the extent of resection.8 Our results 
also support a significant increase in survival associated 
with extensive surgical resection compared with partial 
resection, although precise evaluation of residual volume 
after surgery by postoperative imaging was available 
for 60% of the patients. Our data are insufficient for 
clear conclusions on the prognostic value of the extent 
of resection in this cohort of patients with primary glio
blastoma.

Postoperative radiotherapy had an independent 
benefit on both overall and progressionfree survival, 
with a onethird reduction in the relative risk of dying, 
regardless of patient age or performance status. Consis
tent with our results, one recent trial demonstrated that 
radiotherapy improved both survival and progression
free survival in patients older than 70 years compared 
with survival times obtained with best supportive care 
only.30 A prospective study, focused on 202 patients 
older than 70 years with glioblastoma treated between 
1990 and 2000, also concluded that radiotherapy sig
nificantly improved survival in elderly patients.31

In this study, 70% of the patients received radiother
apy concomitantly with chemotherapy, which was found 
to correlate significantly with increased survival. Simi
lar results have been reported in a highquality review 
that demonstrated a significant prolongation of survival 
for patients who received nitrosoureabased chemother
apy plus radiotherapy compared with patients receiv
ing radiotherapy alone (hazard ratio, 0.85; 95% CI, 
0.78 – 0.91; p , 0.0001) and a 5% increase in 2year sur
vivors.10 In both our study and the review by Stewart,10 
there was no evidence that the effect of chemotherapy 
differed in any group of patients defined by age, perfor
mance status, or extent of resection. More recently, the 
EORTC/National Cancer Institute of Canada (NCIC) 
trial has shown that radiotherapy plus concomitant and 
adjuvant temozolomide is an efficacious and welltoler
ated treatment for glioblastoma.11 The EORTC/NCIC 
trial included selected patients (i.e., age ,70 years, 
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median overall survival and progressionfree survival of 
our patients lie in the range reported for patients with 
glioblastoma treated with temozolomide plus radiother
apy in one recent trial.11

The Glioma Outcomes Project reported data on 
a series of 565 patients with newly diagnosed glioma 
(WHO grade III or IV astrocytoma) treated in the 
United States between 1997 and 2000. Treatment at 
academic centers was associated with improved sur
vival compared with treatment at community centers. 
The explanation given by the authors was that patients 
treated at academic institutions were younger and more 
likely to receive radiation and chemotherapy. Academic 
institutions were also more likely to treat a large volume 
of patients and use advanced technological resources 
to aid in tumor resection.42 A valuable aspect that our 
study adds to these results is related to the fact that more 
than 20% of our study population consisted of elderly 
patients treated at a single institution.

Confirming age, preoperative performance status, 
and tumor extension as independent prognostic factors 
for both overall survival and progressionfree survival 
emphasizes the recommendation that in randomized 
trials these factors need to be clearly addressed dur
ing patient selection and appropriately balanced across 
treatment arms.

Our findings of the predominance of preoperative 
performance status over patient age in predicting sur
vival after surgery may help to refine the clinician’s 
prediction and treatment decisions. Patients with pri
mary glioblastoma should receive highlevel surgery and 
appropriate radiotherapy and chemotherapy regimens, 
and these treatments should not be withheld because 
of increasing age alone. The benefit of second surgery 
at recurrence is uncertain, and new trials are needed to 
assess its effectiveness.
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