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Malignant gliomas are the most common type 
of brain tumors. They are the most rapidly 
growing and destructive of brain tumors.1 

In patients who present with glioblastoma multiforme 
(GBM), in spite of the macroscopic debulking sur-
gery and effective adjuvant radiation therapy (RT), 
the median survival is generally only 9 to 12 months 
with <15% of patients surviving 2 years after diagno-
sis.2 Temozolomide (TMZ) is an oral alkylating agent 
with a significant antitumor activity in brain tumors.3 
The trial by the European Organization for Research 
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BACKGROUND AND OBJECTIVES: Currently, radiotherapy with concomitant and adjuvant temozolomide has 
become the standard treatment for glioblastoma. The purpose of this study was to report our experience with 
radiation plus concomitant temozolomide in 116 patients with glioblastoma multiforme (GBM) and examine the 
value of different prognostic factors.
DESIGN AND SETTING: Retrospective analysis of 116 patients with newly diagnosed GBM, who were treated 
at our department between January 1994 and March 2009.
PATIENTS AND METHODS: Age, gender, Karnofsky performance scale (KPS) score, a preoperative history of 
seizures, extent of surgery, total radiotherapy dose, and use of concomitant and adjuvant temozolomide were 
evaluated in uni- and multivariate analyses. Survival was determined using the Kaplan-Meier method, and differ-
ences were compared using the log rank test. Cox regression analysis was conducted to identify the independent 
prognostic factors.
RESULTS: The median overall survival time was 9 months, and the 1- and 2-year survival rates were 41.9% 
and 9.6%, respectively. The univariate analysis revealed that age, KPS score, presence of seizures, radiation 
doses, and use of concomitant and adjuvant temozolomide were significant prognostic factors. The multivariate 
analysis confirmed that the age, KPS score, presence of seizures, radiation doses, and use of concomitant and 
adjuvant temozolomide were independent, significant prognostic factors.
CONCLUSIONS: The results of our analyses demonstrate that radiation with concomitant and adjuvant temo-
zolomide yields encouraging outcomes in patients with GBM, validating the results published in research pa-
pers. In addition, age, KPS score, presence of seizures, and radiation doses were identified as prognostic factors.

and Treatment of Cancer (EORTC) and the National 
Cancer Institute of Canada (NCIC) Clinical Trials 
Group (EORTC 26981/22981-NCIC CE3) was the 
first study to show that concomitant TMZ and RT 
yields significant benefits.4 The encouraging results of 
this study have led to the use of concomitant TMZ 
with RT followed by 6 cycles of adjuvant TMZ as the 
standard treatment for GBM.3 It is important, however, 
to evaluate if the same results can be achieved in clinical 
practice within other patient populations. The aim of 
our retrospective analysis was to evaluate the role of the 



original articleconcoMitAnt rt in gbM

Ann Saudi Med 2012 May-June www.annsaudimed.net 251

use of RT plus concomitant and adjuvant TMZ and ex-
amine the values of different prognostic factors in 116 
patients with GBM. We believe that this analysis on the 
use of concomitant and adjuvant TMZ is the first re-
port from our region.

PATIENTS AND METHODS
We conducted a retrospective analysis of the data on 
116 patients with newly diagnosed GBM who were 
treated at our department between January 1994 and 
March 2009. The median age was 57.5 years (19-75 
years), and the male: female ratio was 1.8. The following 
prognostic factors were analyzed: age, sex, performance 
status, history of seizures, extent of surgery, RT dose, 
and use of concomitant and adjuvant TMZ. Patient 
distribution regarding the examined factors and patient 
characteristics are presented in detail in Table 1.

RT was delivered with cobalt-60 before December 

2006. RT was administered using a linear accelerator 
with 6 to 18 MV photons on the basis of a 3-dimen-
sional treatment planning after December 2006. The 
planning target volume was determined on the basis of 
preoperative CT or MRI scans and encompassed the 
contrast-enhancing area and surrounding edema plus a 
2-cm margin.5 After RT at 46 to 50 Gy, the target vol-
ume was reduced to a contrast-enhancing area with a 
2-cm margin. Thirty-five patients received whole brain 
irradiation in the initial field. Whole brain irradiation 
was preferred because of diffuse edema and was not 
a treatment policy. RT was given at 2 Gy/d, 5 days a 
week. The total mediaan dose was 60 Gy (range 10-66 
Gy). The lower total doses were seen in patients with 
early disease progression during the course.

Concomitant with RT, 21 patients received daily 
oral TMZ at 75 mg/m2/d dose (7 days a week) with 
weekly blood count controls from the first to the last 
day of RT, up to 49 days. TMZ was administered on 
an empty stomach, with antiemetics as required, 1 hour 
before radiation and in the morning on days without 
radiation.6 During combined RT and TMZ, patients 
received oral co-trimoxazole on alternate days for 6 
weeks as a prophylaxis against Pneumocystis carinii in-
fection. Four weeks after the end of concomitant TMZ 
and RT, patients received adjuvant TMZ at 150 to 200 
mg/m2 on days 1 to 5 with a 28-day interval. The treat-
ment was continued for 6 cycles or until the progres-
sion of tumor or toxicity developed. Five patients in the 
group who were not administered concomitant TMZ 
received TMZ after RT. During the treatment, all the 
patients were assessed on a weekly basis by a radiation 
oncologist. Thereafter, neurologic and performance 
evaluations were conducted at approximately 3-month 
intervals. CT/MRI was obtained periodically and/or as 
indicated by changes in the neurologic or performance 
status.

Survival was measured from the time of the ini-
tial operation until the patient died or until the final 
analysis. Survival rates were determined by the Kaplan-
Meier method. Differences between survival curves 
were analyzed by the log rank test. Uni- and multivari-
ate analyses were conducted using the Cox proportional 
hazard model.

RESULTS
The median actuarial survival for the entire study 
population was 9 months (standard error 1.01; 95% 
CI 7.02-10.98). The 1- and 2-year survival rates were 
41.9% and 9.6%, respectively. Nine patients were alive 
at the time of final analyses. The results of the univari-
ate analysis are summarized in Table 2. The univariate 

Table 1. characteristics of patients treated with radiotherapy.

Characteristic n (116) %

Age (years)

   ≤50  38 33

   >50 78 67

Gender

   Male 75 65

   Female 41 35

Karnofsky 
performance status

   <70 37 32

   ≥70 79 68

Presence of seizures

   Yes 16 14

   no 100 86

Extent of surgery

   complete resection 66 57

   Subtotal resection 50 43

Radiotherapy dose

   <60 gy 17 15

   ≥60 gy 99 85

Concomitant TMZ

   Yes 21 18

   no 95 82

tMZ: temozolomide.
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Table 2. results of univariate analysis for all patients.

Characteristic Median survival 
(months) 95% CI P a

Age (years) .0008

   ≤50  13 11.06-14.94

   >50 7 5.70-8.3

Gender nS

   Male 10 7.52-12.48

   Female 8 4.87-11.13

Karnofsky 
performance status

.0004

   <70 5.5 3.71-7.29

   ≥70 12 10.13-13.87

Presence of seizures .0203

   Yes 15 9.12-20.88

   no 8 6.37-9.63

Extent of surgery nS

   complete resection 10 6.55-13.45

   Subtotal resection 8 5.28-11.52

Radiotherapy dose .0008

   <60 gy 4 0.64-7.36

   ≥60 gy 11 8.94-13.06

Concomitant TMZ .0019

   Yes 16 9.30-22.70

   no 8 6.09-9.91

aVersus two characteristics in each category tMZ: temozolomide; nS: not significant.

Figure 1. Kaplan–Meier estimates of overall survival with 
concomitant temozolomide (tMZ) administration.

analysis showed that age, performance status, history 
of seizures, RT dose, and use of TMZ were significant 
prognostic factors. Age was a significant prognostic fac-
tor; patients older than 50 years had a poorer prognosis 
than younger patients (7 vs. 13 months; P=.0008). The 
median survival for patients with a Karnofsky perfor-
mance scale (KPS) score of ≥70 was 12 months, while 
that for patients with a KPS score of <70 was only 5.5 
months. A significant difference was observed in the 
median survival according to the KPS score (P=.0004). 
The median survival for 16 patients with a history of 
seizures prior to diagnosis was 15 months, whereas that 
for 100 patients with no such history was 8 months. 
Thus, the presence of seizure activity was associated 
with better survival (P=.02). The median survival for 
all patients in the low-dose group was 4 months, where-
as that for the high-dose group was 11 months. Thus, 
the dose of radiation also proved to have a significant 
impact on survival (P=.0008). The use of concomitant 
TMZ was another statistically significant prognostic 
variable in terms of overall survival (median survival 16 
vs. 8 months; P=.0019) (Figure 1). The median overall 
survival of 5 patients in the group who were adminis-
tered TMZ after, and not concomitantly with, RT was 
10 (4.93) months.

The multivariate analysis showed that age (P=.01), 
KPS score (P=.0093), history of seizures (P=.022), 
RT dose (P=.0001), and use of TMZ (P=.0071) were 
significant prognostic factors. The results of the mul-
tivariate analysis are summarized in Table 3. During 
concomitant TMZ and RT, 3 patients (14%) had 
grade 1 to 2 thrombocytopenia and 2 (9%) had grade 
3 thrombocytopenia. For 1 patient (5%), the concomi-
tant TMZ and RT administration was discontinued 
because of grade 4 hematologic toxicity. No nonhema-
tologic toxicity was reported.

DISCUSSION
The prognosis of GBM is very poor. The 1- and 2-year 
survival rates for adults diagnosed with GBM were 
<30% and <15%, respectively.2,7 The median survival 
is generally only 9-12 months.2 In line with published 
studies, we obtained a median survival of 9 months, 
with 1- and 2-year survival probabilities of 41.9% and 
9.6%, respectively. Thus, many clinical as well as thera-
peutic prognostic factors affect the survival of patients.

 In agreement with several authors,8,9 we found that 
age is a significant indicator. We also confirmed the val-
ue of age by multivariate analysis (13 vs. 7 months). As 
reported in previously published articles,10,11 the results 
of the multivariate analysis in the current study show 
that the value of clinical status evaluated by the KPS 



original articleconcoMitAnt rt in gbM

Ann Saudi Med 2012 May-June www.annsaudimed.net 253

score remains a prognostic factor for survival (12 vs. 
5.5 months). Although seizures were the second most 
common complaint at the time of diagnosis,12 their oc-
currence has been evaluated in very few studies. The re-
lationship between a history of seizures prior to GBM 
diagnosis and survival is still controversial. Curran et 
al13 showed that seizures were not a significant prog-
nostic factor for survival. However, retrospective data 
support that seizures seem to have a positive prognostic 
impact.14-18 In our study, seizure occurrence was found 
to be a significant prognosis factor in uni- and multivar-
iate analyses (15 vs. 8 months). This could be explained 
by the early diagnosis of the disease because of seizure 
occurrence.

The controversy about the extent of surgery in pa-
tients with malignant gliomas has not yet been com-
pletely resolved.19 Retrospective studies strongly sug-
gest that patients with a subtotal resection do not live 
as long as those with gross total resections.7,20 In a large 
retrospective study of 416 patients with GBM who 
were treated at M.D. Anderson Hospital, a volumet-
ric analysis of the extent of resection on postoperative 
MRI showed that at least 98% tumor resection resulted 
in a survival advantage compared with less complete 
resections (13.0 vs. 8.8 months).21 Thereafter, a large, 
prospectively randomized controlled Phase III trial was 
conducted. The results of the so-called 5-aminolevu-
linic acid (ALA) study were published by Stummer et 
al.22 This study demonstrated that the median overall 
survival from the time of surgery was 11.8 months in 
patients with residual contrast-enhancing tumor and 
was 16.9 months in patients without residual tumor. 
Subsequently, to assess the benefits of complete resec-
tions, Stummer et al19 and Pichlmeier et al23 reanalyzed 
the data from the patients from the ALA study. These 
studies demonstrated that patients with complete re-
section survived significantly longer than patients with 
incomplete resections. In our study, no correlation was 
observed between the extent of surgery and survival. 
This could be because of our lower patient number 
compared to that in large retrospective studies.

Various studies concerning the radiation dose in 
GBM have been reported. Walker et al24 reported a 
dose-response analysis using data from 420 patients 
treated on Brain Tumor Cooperative Group proto-
cols.24 A significant improvement in the median survival 
from 28 to 42 weeks in the groups treated with 50 to 60 
Gy radiation doses was found. In addition, a Medical 
Research Council study of 443 patients also showed a 
significant survival advantage in patients who received 
60 Gy compared to those who received 45 Gy (12 vs. 
9 months).25 After confirming the relationship be-

tween the dose and response under the dose of 60 Gy, 
this dose (60 Gy) was accepted as the standard dose. 
Studies later investigated the effect of doses >60 Gy. 
The Radiation Therapy Oncology Group and Eastern 
Cooperative Oncology Group randomized 253 patients 
to either whole brain irradiation at 60 Gy or at 60 Gy 
plus a 10 Gy boost to a limited volume.26 No benefit 
was observed for higher irradiation doses. In contrast, 
a retrospective study by Tanaka et al27 suggested a sur-
vival advantage for patients who were administered a 
high-dose conformal RT. Sixty-one patients with GBM 
who were administered conformal RT at 80 to 90 Gy 
were compared with a group of 60 patients who were 
administered conventional RT at 60 Gy. The median 
survivals were calculated as 16.2 versus 12.4 months, 
respectively. The results of our study suggest that >60 
Gy doses achieved better results than <60 Gy doses (11 
vs. 4 months). The results of the multivariate analysis 
showed that the RT dose was found to be the most im-
portant independent prognostic factor. In our opinion, 
the dose-response relationship is not justified at >60 
Gy doses because at these doses, there is an increase 
in the risk of toxicity; thus, well-defined clinical stud-
ies are needed to assess this factor. Although conformal 
RT or intensity modulated RT may enable higher dose 
administration without an increased risk to surround-
ing structures, the value of dose escalation using these 
approaches remains unproven, and they should be used 
with caution, especially given the additional cost.

Several randomized clinical trials have examined the 
role of adjuvant chemotherapy on improving the sur-
vival of brain tumor patients.7 In an early meta-analysis, 
Fine et al28 showed a small survival advantage for che-
motherapy following irradiation. Another meta-anal-
ysis performed on 12 randomized trials showed that 

Table 3. results of multivariate analysis for all patients.

Characteristic P RR 95% CI

Age .01 0.0744 1.1532-2.8611

gender .0559 0.0445 0.9889-2.4597

Karnofsky 
performance 
status

.0093 −0.0755 0.3281-0.8550

Presence of 
seizures .0220 0.0623 1.1026-3.5106

Extent of surgery .2701 0.0000 0.8298-1.9480

radiotherapy dose .0001 −0.1287 0.1770-0.5547

concomitant tMZ .0071 −0.0793 0.2196-0.7873

rr: relative risk/hazard ratio; tMZ: temozolomide.
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only minimal survival advantage was observed with the 
addition of adjuvant chemotherapy.29 Despite this small 
benefit with concomitant administration of chemother-
apeutics, new agents and treatment strategies continued 
to be researched. 

TMZ is a lipophilic, second-generation alkylating 
agent that was developed especially for the treatment 
of malignant gliomas.20 TMZ induces G2-M arrest in 
glioma cells, thus synchronizing the cell cycle in a radio-
sensitive phase.30 In 2002, the presentation of Phase II 
data of 64 patients with GBM, who were treated with 
concomitant TMZ and RT, demonstrated an increased 
2-year survival rate, and the treatment was well toler-
ated.31 Further, a Phase III randomized study (EORTC 
26981/22981-NCIC CE3) compared the survival of 
patients who were administered TMZ concomitantly 
with (75 mg/m2 daily), and after RT, continued TMZ 
(150-200 mg/m2, for 5 days, every 4 weeks) versus RT 
alone; a significant improvement was noted in the me-
dian survival from 12.1 to 14.6 months. This study also 
showed improvement in the 2-year survival rate from 
10% to 26%.4 The 5-year analysis of the EORTC-
NCIC trial was published in 2009, and the overall 
survival in the TMZ arm was 9.8%.32 The results of 
this trial are supported by another randomized study 
conducted in Greece on 130 patients.6 Patients treated 
with chemoradiotherapy exhibited better survival than 
patients treated with RT alone (median survival 13.4 
vs. 7.7 months; 1-year survival 56.3% vs. 15.7%). These 
studies have significantly influenced clinical practice, re-
sulting in the addition of TMZ to RT as the standard 
treatment for GBM.

A review of nonrandomized studies revealed that 
the median overall survival in 42 patients who had used 
concomitant and adjuvant TMZ was 16.4 months, 
and the 1- and 2-year survival rates were 67.0% and 

29.4%, respectively.3 In another study on 41 Asian 
patients (patients who had received a dose of <50 Gy 
were excluded), the median survival of patients was 
13.4 months, while that of patients treated with TMZ 
was 19.2 months; in addition, the median survival of 
the group that received only RT was 11.8 months. The 
improvement in survival by the addition of TMZ was 
thus found to be significant.2 

In our study, we observed improved survival by using 
concomitant and adjuvant TMZ in both uni- and mul-
tivariate analyses (16 vs. 8 months). The median 1.5-
year survival rates of patients administered TMZ and 
RT alone, were 31.8% and 14.7%, respectively. Both the 
median and 1.5-year survival rates in the TMZ group 
in our study were similar to those in the above-men-
tioned randomized studies. The 1.5-year survival rate of 
patients treated with RT alone was lower in our study 
than in the randomized studies. This finding could be 
explained by the fact that the treatment was discon-
tinued in the patients of this group because of the low 
KPS score and progress during RT. In the published 
studies of glioma patients, up to 20% pseudoprogres-
sion has been reported to occur in patients who have 
been treated with concomitant TMZ.33 In our study 
group, we suspected pseudoprogression in 3 patients 
during radiological examination, but could not confirm 
it histopathologically.

In conclusion, the factors influencing survival are 
age, KPS score, preoperative seizure history, total RT 
doses, and usage of concomitant and adjuvant TMZ in 
GBM. With respect to overall survival, the RT dose was 
found to be the most significant prognostic factor. The 
median and 1.5-year survival outcomes of the study 
population in the TMZ group are comparable to the 
results of large multicentric studies and thus justify the 
continued use of TMZ in routine clinical practice.
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