
© 2013 Gaber et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at: http://www.dovepress.com/permissions.php

Cancer Management and Research 2013:5 349–356

Cancer Management and Research Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
349

O R i g i n a l  R e s e a R C h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/CMAR.S52147

Prospective study evaluating the radiosensitizing 
effect of reduced doses of temozolomide  
in the treatment of egyptian patients  
with glioblastoma multiforme

May gaber
hanan selim
Tamer el-nahas
Department of Clinical Oncology, 
Cairo University, Cairo, egypt

Correspondence: Tamer el-nahas 
Department of Clinical Oncology,  
Cairo University, 1 al saray street,  
al Manial, Cairo, egypt 
Fax +20 2 3347 7771 
email elnahas@sphinxcure.com

Purpose: In view of the documented toxicity of continuous daily radiosensitizer doses of 

 temozolomide concomitant with radiation in the treatment of glioblastoma multiforme, we 

aimed to compare it with a different schedule of abbreviated radiosensitizer dosing.

Patients and methods: This was a randomized prospective study comparing toxicity and 

survival in 60 Egyptian patients with glioblastoma multiforme. Patients in arm I received 

temozolomide at a dose of 75 mg/m2 daily with radiotherapy for 42 days, starting 4 weeks after 

surgery and reaching to a total radiation dose of 60 Gy/30 Fractions/6 weeks, while patients in 

arm II received temozolomide at a dose of 75 mg/m2 concomitantly with the same radiotherapy 

schedule daily in the first and last weeks of the same radiotherapy program.

Results: Common grade 1–2 adverse events were malaise in 28 patients (46.7%), followed by 

alopecia (40%) and nausea (26.7%). Grade 3–4 convulsion and decreased level of consciousness 

was seen in only four patients who were all from arm I. The median progression-free survival 

(PFS) for the entire study population was 10.6 months (95% confidence interval [CI] 7.3–14), 

and PFS at 12 months was 32%. The median PFS in arm I was 8.8 months (95% CI 5.9–11.7) 

and in arm II 11.5 months (95% CI 8.9–14.2), and PFS at 12 months for both arms was 32% and 

30% respectively (P=0.571). The median overall survival (OS) of the whole group of patients 

was 14.2 months (95% CI 13–15.5), and OS was 70% at 12 months and 25% at 18 months. 

The median OS for patients in arm I was 12.3 months (95% CI 7.7–16.9), whereas in arm II it 

was 14.3 months (95% CI 14–14.7) (P=0.83).

Conclusion: Reduced radiosensitizer dosing of temozolomide concomitant with radiotherapy 

in glioblastoma multiforme exhibited comparable efficacy with a classic continuous daily 

schedule, though with better tolerability.
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Introduction
Adult glioblastoma multiforme (GBM) tumors are invariably fatal.1 Complete surgical 

resection of these tumors with sufficient margins of adjacent normal tissue is usually 

not possible, due to their diffuse pattern of local spread.2 Postoperative radiotherapy 

has been the standard for newly diagnosed GBM for years.3 GBM exhibits resistance 

to postoperative cytotoxic therapy.

In spite of the efficacy of adjuvant carmustine/lomustine-based chemoradiotherapy 

(RT) in achieving modest prolongation of median survival, the survival benefit did 

not exceed a few months.4 Glioblastoma cells have the powerful capacity of repairing 
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RT-induced double-strand breaks, allowing the malignant 

cell to escape the apoptotic mechanism.5

Recent studies have demonstrated that the use of temo-

zolomide (TMZ), a methylating agent can stabilize RT-

induced double-strand breaks by producing 12-base adducts 

in deoxyribonucleic acid (DNA), including the cytotoxic 

lesions O6-methylguanine (O6-meG) and 3-methyladenine.5,6 

TMZ is an orally administered drug, readily absorbed with 

an excellent biodistribution, and penetrates most of target 

tissues, including the central nervous system, by crossing 

the blood–brain barrier.

TMZ has relatively low toxicity; in the body it undergoes 

spontaneous hydrolysis at physiological pH to form an active 

metabolite that produces the DNA-intercalated adducts.7 

Improved survival following concurrent TMZ RT has been 

demonstrated in about 50% of GBMs that exhibit promoter 

methylation of the gene of O6-meG-DNA methyltransferase 

(MGMT), as well as in tumors lacking MGMT-promoter 

methylation, suggesting that adducts and O6-meG both have 

an impact on treatment outcome.

Concurrent treatment with TMZ during RT has yielded 

the most significant improvement in survival in a fraction 

of patients with GBMs. The benefit of using concurrent 

TMZ during radiation compared to radiation alone was 

demonstrated in a European Organization for Research and 

Treatment of Cancer (EORTC)–National Cancer Institute 

of Canada (NCIC) trial on 573 patients following surgery.8 

The Neuro-oncology Working Group (NOA) of the Ger-

man Cancer Society conducted a comparable randomized 

Phase III trial to compare a 1-week-on/1-week-off TMZ 

schedule at 100 mg/m2 with dose modification and involved 

field RT (54–60 Gy) in elderly patients with newly diagnosed 

anaplastic astrocytoma or GBM (NOA-08).9

Several randomized trials using alternative TMZ dose 

schedules with radiotherapy have been proposed, in view of 

achieving optimum efficacy and least toxicity of the treatment 

regimen, as continuous daily administration of TZM induced 

profound lymphocytopenia with CD4 counts ,200/mm,3 and 

this was associated with an increased risk of opportunistic 

pneumocystis pneumonia. Similarly, steroids also lowered 

lymphocytic counts.10 Prophylactic administration of pent-

amidine inhalations or trimethoprim–sulfamethoxazole dur-

ing continuous daily concomitant RT is seriously considered, 

which is not the case during the abbreviated radiosensitizer 

schedule of TMZ administration.

In the present study, we aimed to explore the treatment 

outcome of an abbreviated schedule of radiosensitizer TMZ 

administration during the first and last week of RT compared 

to concurrent continuous administration during the whole RT 

course. The primary aim of this study was to analyze a toxicity 

profile as well as the efficacy of both regimens in terms of 

progression-free survival (PFS), with overall survival (OS) 

as the secondary end point.

Patients and methods
All recruited patients had a histological confirmation of high-

grade brain glioma, were in the age range of 18–70 years, 

and had a Karnofsky Performance Status (KPS) of 60–100. 

Patients needed to have normal hematological, renal, and 

hepatic functions before the start of treatment. Patients 

of childbearing potential, including female partners of 

male patients, were advised to use an effective method of 

contraception. Excluded from the study were patients with 

recurrent, metastatic, or multiple malignant glioma or with 

any other malignancy, patients with frequent vomiting, or 

those who had received prior chemotherapy and/or RT for 

head and neck tumors. All patients gave written consent 

before starting treatment.

Sixty patients fulfilling the selection criteria were randomly 

allocated into the treatment groups at a ratio of 1:1, using a 

computer system with a closed envelope to one of these two 

treatment arms. There were 30 patients in each arm.

Patients randomized to arm I received TMZ at a dose 

of 75 mg/m2 daily with radiotherapy for 42 days, starting 

4 weeks after surgery and reaching a total radiation dose of 

60 Gy/30 fractions/6 weeks.

Patients in arm II received TMZ at a dose of 75 mg/m2 con-

comitantly with radiotherapy daily in the first and last weeks 

of radiotherapy, starting 4 weeks after surgery and reaching 

a total radiation dose of 60 Gy/30 fractions/6 weeks.

Fractionated conformal three-dimensional radiotherapy to 

a total dose of 60 Gy in 30 daily fractions of 2 Gy each was 

delivered. Pretreatment evaluation included a postoperative 

magnetic resonance imaging (MRI) brain scan as a baseline 

evaluation with at least one unidimensionally measurable 

lesion, and posttreatment evaluation required a follow-up 

MRI brain scan 1 month after the end of the treatment, then 

every 2 months to evaluate the response according to the 

Response Evaluation Criteria In Solid Tumors (RECIST).11

statistical analysis
Comparison of toxicity was done using Fisher’s exact 

test. OS and PFS were computed by the Kaplan−Meier 

method12 and compared by the log-rank test13 and the Cox 

 proportional-hazards model.14 P-values were always two 

tailed, and  significance was at the 0.05 level. The  multivariate 
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Table 1 Patient characteristics

Variables Arm I Arm II P-value

n % n %

age 
  Mean (sD) 

 
,50 years 
.50 years

 
47.4  
(±9.7) 
20 
10

 
 
 
66.7 
33.3

 
48.3  
(±8.4) 
14 
16

 
 
 
46.7 
53.3

 
0.096

sex 
  Male 

Female

 
24 
6

 
80  
20

 
10 
20

 
33.3 
66.7

 
0.005

KPs 
  70% 

80% 
90%

 
10 
12 
8

 
33.3 
40 
26.7

 
14 
10 
6

 
46.7 
33.3 
20

 
0.16 
0.39 
0.76

Clinical presentation
  headache 

Vomiting 
Blurring of vision 
seizure 
Motor disturbance 
sensory disturbance

30 
16 
12 
0 
12 
6

100 
53.3 
40 
0 
40 
20

30 
16 
16 
2 
22 
4

100 
53.3 
53.3 
6.7 
73.3 
13.3

1 
1 
0.12 
0.52 
0.007 
0.39

surgical procedure 
  Biopsy 

subtotal resection

 
12 
18

 
40 
60

 
10 
20

 
33.3 
66.6

 
0.39

Abbreviations: sD, standard deviation; KPs, Karnofsky Performance status.

Cox model14 was used to study variation in OS and PFS 

according to major baseline characteristics (age, sex, per-

formance status, tumor volume, and response to treatment). 

Statistical analyses were conducted using SPSS software, 

version 13.0 (IBM, Armonk, NY, USA).

Results
Between October 2009 and December 2012, 60 patients 

with histological confirmation of high-grade brain glioma 

who attended the Kasr Alainy Center of Radiation  Oncology 

and Nuclear Medicine in Cairo University Hospital fulfilling 

the inclusion criteria were randomized across two treat-

ment groups (30 patients in each arm). Baseline patient 

characteristics are shown in Table 1, while baseline disease 

characteristics are shown in Table 2.

All patients completed the specified course of radiation 

therapy. The median duration of treatment in the whole 

group of patients was 46 days (range 42–56 days). There 

was no significant difference between the mean duration 

of treatment between the arms (P=0.97). Deterioration of 

consciousness level and convulsions were observed in four 

patients due to increased intracranial tension during the 

second week of radiotherapy. Dehydrating measures and 

adjustments of anticonvulsants were given for 2 days, and 

treatment was resumed.

safety
According to the National Cancer Institute common toxicity 

criteria for adverse events version 3.0,15 adverse events were 

reported in 42 of 60 patients (70%) who started treatment. 

The number of patients who developed toxicity of any grade 

was higher among arm I patients (26 of 30, 86.7%) compared 

to 16 of 30 (53.3%) in arm II (P=0.11). Commonest grade 1 

or 2 toxicities encountered in both groups were malaise, in 

46.7% of patients, followed by alopecia (20%), and nausea 

(10%). Grade 1 or 2 convulsions, decreased level of con-

sciousness, headache, and tingling were witnessed in a small 

percentage of arm I patients but not in arm II. Finally, grade 

3–4  convulsions and decreased level of consciousness were 

only seen in four patients, all of whom were from arm I. 

The main adverse events in patients randomized across the 

two treatment arms are summarized in Table 3.

Efficacy
After a median follow-up of 11 months (range 6–24 months), 

eight of 60 patients (13.3%) were alive with disease, and 52 of 

Table 2 Tumor characteristics

Variables Arm I Arm II P-value

n % n %

Tumor site 
  Frontal 

Parietal 
Temporoparietal 
Parieto-occipital 
Occipital

 
6 
8 
6 
6 
4

 
20 
26 
20 
20 
13.3

 
6 
12 
6 
6 
0

 
20 
40 
20 
20 
0

 
1 
0.41 
1 
1 
0.112

Tumor side 
  Right 

left

 
16 
14

 
53.3 
46.7

 
14 
16

 
46.7 
53.3

 
0.79

Pretreatment volume (cc)
  Mean (sD) 42 (±30.7) 46.4 (±53.8) 0.78
Postsurgical volume (cc)

  Mean (sD) 29.2 (±32.5) 33.6 (±55.2) 0.79

Abbreviation: sD, standard deviation.

Table 3 Details of grade 1–2 toxicity

Total (60) 
n (%)

Arm I (30) 
n (%)

Arm II (30) 
n (%)

P-value

Malaise 28 (46.7) 14 (46.7) 14 (46.7) 1
alopecia  
(grade 2)

12 (20%) 8 (26.7%) 4 (13.3) 0.33

nausea 6 (10%) 2 (6.7%) 4 (13.3) 0.67
Convulsions 4 (6.7) 4 (13.3) 0 0.113
Decreased  
consciousness  
level

2 (3.3) 2 (6.7) 0 1

headache 2 (3.3) 2 (6.7) 0 1
Tingling 2 (3.3) 2 (6.7) 0 1
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60 patients (86.7%) had died from the disease (24 patients 

in arm I and 28 patients in arm II).

With regard to treatment response, radiological complete 

response was documented in six of 60 patients (10%): four of 

30 patients (13.3%) in arm I, and two of 30 patients (6.7%) in 

arm II. Partial remission was achieved in eight of 30 patients 

(26.7%) in each arm of treatment, while 36 of 60 patients 

(60%) showed stationary disease (Table 4).

Median PFS for the entire study population was 

10.6 months (95% confidence interval [CI] 7.3–14), and PFS 

at 12 months was 32% (Figure 1). The median PFS between 

arm I (8.8 months, 95% CI 5.9–11.7) and arm II (11.5 months, 

95% CI 8.9–14.2) was comparable (P=0.571), and PFS at 

12 months was 32% and 30%, respectively (Figure 2).

The impact of the different variables on PFS of the whole 

group of patients was evaluated. In univariate analysis, PFS 

was found to be longer in male patients (P,0.026), with 

residual tumor ,10 cc either postsurgically or post-combined 

RT (P,0.043 and P,0.05, respectively).

The multivariate analysis on the entire patient popula-

tion showed that male sex (P=0.006), postsurgical tumor 

volume ,10 cc (P=0.01), and KPS .80% (P=0.02) were 

independently associated with improved PFS. The results 

of the univariate and multivariate analysis are summarized 

in Table 5.

Median OS of the whole group of patients was 14.2 months 

(95% CI 13–15.5), and OS was 70% at 12 months and 25% 

at 18 months (Figure 3). Median OS for patients in arm I was 

12.3 months (95% CI 7.7–16.9), whereas that for patients in 

arm II was 14.3 months (95% CI 14–14.7), which was also 

comparable (P=0.83).

The univariate analysis showed that survival was signifi-

cantly longer in male patients (P=0.038), either postsurgically 

or post-combined RT tumor residual were ,10 cc (P=0.029 

and P,0.03 respectively) were prognostic factors. On multi-

variate analysis, the previous significant prognostic factors that 

were detected in univariate analysis also showed significant 

prolonged overall survival (OAS), in addition to KPS .80% 

and presurgical tumor volume ,30 cc (Table 6).

Discussion
For many years, differing radiotherapy schedules, doses, and 

techniques, and the addition of nitrosourea-based chemo-

therapy combinations were attempted to improve the dismal 

prognosis of patients with GBM.3 In the late 1990s, TMZ 

seemed promising for the treatment of recurrent GBM.16,17 

A pilot Phase II study showed that concomitant TMZ with 

conventionally fractionated radiotherapy followed by six 

cycles of the drug is feasible.18

The final results of the EORTC–NCIC trial, published 

in 2009, showed that the benefits of adjuvant TMZ with 

radiotherapy were maintained throughout the 5 years of 

follow-up, with a 5-year survival rate of 9.8% versus 1.9% 

for those treated with radiation therapy alone. Median OS 

rates for RT/TMZ versus RT alone were 14.6 months and 

12.1 months, respectively. PFS for patients receiving RT/

TMZ compared with RT alone were 11.2% and 1.8% at 

2 years, 6.0% and 1.3% at 3 years, 5.6% and 1.3% at 4 years, 

and 4.1% and 1.3% at 5 years.8

Other trials also investigated whether continuous daily 

administration of TMZ during RT is necessary. They com-

pared the results achieved with the historical standard dosing 

regimen (75 mg/m2 TMZ 7 days per week × 6 weeks) with 

TMZ 75 mg/m2/day × 5 days during only the first and last 

week of RT (total of 10 days). Median survival was compa-

rable – 19 months and 21 months, respectively – with better 

neurological toxicity in the abbreviated-arm TMZ.10 One 

question is the contribution of the concomitant and adjuvant 

drug doses, which is now being investigated in the EORTC 

Phase III trial on Concurrent and Adjuvant Temozolomide 

Chemotherapy in Non-1p/19q Deleted Anaplastic Glioma 

(CATNON). Our trial was not designed to answer that ques-

tion, but rather to explore issues related to optimum TMZ 

radiosensitizer dosing. Therefore, our study was designed 

to randomize patients to receive RT concomitant with TMZ 

either daily or for 2 weeks (1st and last week of RT) without 

receiving postoperative adjuvant TMZ, due to economic 

problems and limited resources in our country.

Median PFS for the whole group of patients was 

10.6 months (95% CI 9.1–12.5). There was no significant 

difference (P=0.571) in the median PFS between patients 

treated with RT and concomitant daily TMZ (8.8 months, 

95% CI 5.9–11.7) and patients treated with RT and a 

Table 4 initial posttreatment response

Response Total (60) 
n (%)

Arm I (30) 
n (%)

Arm II (30) 
n (%)

P-value

Complete  
remission

6 (10) 4 (13.3) 2 (6.7) 0.67

Partial  
remission

16 (26.7) 8 (26.7) 8 (26.7) 1

stationary  
disease

36 (60) 16 (53.3) 20 (66) 0.42

Disease  
progression

2 (3.3) 2 (6.7) 0 0.49
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Figure 1 Kaplan–Meier curve for progression-free survival of the whole group of patients.

1.0

0.8 (P=0.571)

0.6

0.4

0.2

0.0

5.00

C
u

m
u

la
ti

ve
 s

u
rv

iv
al

10.00 15.00 20.00

Progression free survival (months)

+

+

+

+

+
+

I

I-censored

Arm

II-censored

II

Figure 2 Kaplan–Meier curves for progression free survival according to the treatment group.
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Table 5 Progression-free survival (PFs) according to different variables in univariate and multivariate analyses

Variable Group n Median PFS in  
months (95% CI)

P-value

Univariate Multivariate

age (years) ,50 34 9.8 (7.3–12.2) 0.42 na

$50 26 11.8 (9.6–14)
sex Female 26 9.7 (5.5–13.9) 0.026 0.006

Male 34 12 (6.7–17.3)
Presurgery volume (cc) ,30 24 11.8 (8.8–14.9) 0.067 0.1

30 to ,50 22 9.8 (6.8–12.7)

$50 14 7.6 (1.7–13.5)
surgery extent near total 14 9.7 (4.3–15.2) 0.249 na

subtotal 24 10.6 (6.4–14.9)
Biopsy 22 11.8 (9.1–14.6)

Postsurgery residual volume (cc) #10 18 13.5 (10.9–16.1) 0.043 0.016

.10 42 8.8 (7–10.7)
KPs #80 46 9.7 (6.6–12.9) 0.09 0.02

.80 14 13.5 (9.2–17.8)
Posttreatment (radio/ 
chemotherapy) volume

#10 26 13.4 (8.8–18.1) 0.056 0.054

.10 34 8.7 (6.6–10.9)
Treatment arm i 30 8.8 (5.9–11.7) 0.571 na

ii 30 11.5 (8.9–14.2)
Response to treatment Yes 20 10.6 (8.5–12.8) 0.98 na

no 40 9.8 (5.8–13.7)

Abbreviations: CI, confidence interval; NA, not applicable (multivariate [Cox regression] analysis included variables with a P-value #0.2 in univariate analysis); KPs, 
Karnofsky Performance status.
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Figure 3 Kaplan–Meier overall survival curve for the whole group of patients.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2013:5 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

355

Temozolomide radiosensitization in glioblastoma multiforme

concomitant abbreviated course of TMZ (11.5 months, 95% 

CI 8.9–14.2). The estimated median OS for the whole group 

of patients was 14.2 months (95% CI 12.1–16.4), which is 

comparable to data from the EORTC–NCIC trial of median 

survival: 14.6 months in the continuous daily radiosensitizer 

arm. In our study, median survival was not statistically dif-

ferent (P=0.83) between the schedules: patients treated with 

concomitant daily TMZ (12.3 months, 95% CI 7.7–16.9) 

and patients treated with a concomitant abbreviated course 

of TMZ (14.3 months, 95% CI 14–14.7).

In the EORTC–NCIC trial, treatment was generally 

well tolerated, with most notable toxicities being myelo-

suppression, thromboembolic events, fatigue, pneumonia, 

nausea, vomiting, rash, constipation, and arthralgias. The 

dose-limiting toxicity of TMZ was myelosuppression, with 

grade 3 or 4 hematologic toxic effects encountered in 14% 

of patients during adjuvant TMZ therapy.

In our study, the total number of patients who developed 

toxicity of any grade was 42 (70%). The number of patients 

who developed toxicity of any grade was higher among arm 

I patients (26, 86.7%) compared to 16 patients (53.3%) in 

arm II (P=0.11). Four patients in arm I developed at least one 

toxicity of grade 3 or 4 – two patients with decreased level 

of consciousness and two others with convulsions – while no 

patients in arm II developed grade 3 or 4 toxicity (P=0.224), 

demonstrating better tolerance for the abbreviated course of 

radiosensitizer TMZ.

In conclusion, a continuous daily and abbreviated course 

of TMZ in combination with RT exhibits comparable efficacy 

in terms of PFS and OS; however, tolerability was rather 

improved in the abbreviated course of TMZ radiosensitizer 

in GBM.
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