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ABSTRACT

Aims: Glioblastoma (GBM) is the most aggressive 
malignant brain tumor. In 2005, Stupp et al. 
demonstrated an increase in median overall survival 
(OS) to 14.6 months using radical radiotherapy (RT) 
with concurrent and adjuvant temozolomide (TMZ). We 
aim to review the outcome and OS of patients treated 
with the Stupp regimen in our center.

Methods: Retrospective analysis of 64 patients 
diagnosed with GBM between 2008 and 2018 and 
treated under Stupp protocol. Data collected from 
electronic records and survival analysis was completed 
using the Kaplan–Meier method.

Results: The median age was 59 years; 70% (45) were 
male. 76.6% (49) underwent debulking surgery, and 
23.4% had biopsy only. 78% (50) completed concurrent 
RT and TMZ. 65.6% (42) proceeded to have adjuvant 
TMZ with a median of 5.5 cycles. The median OS for 
the whole cohort was 13.2 months (95% CI 10–15.4). 
Median OS for patients who had debulking surgery was 
14.5 months, versus 11.1 months for patients with biopsy 
(p=0.62). Patients who received adjuvant TMZ after 
concurrent RT-TMZ had OS of 15.6 months, compared 
to 9.6 months for patients who did not receive adjuvant 
TMZ (p=0.004).

Conclusion: The median OS survival of our cohort was 
slightly inferior to what was observed in the Stupp trial.
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INTRODUCTION

Glioblastoma (GBM) is the most aggressive type of 
gliomas, a collection of tumors arising from glia or their 
precursors within the central nervous system (CNS). It is 
the most common primary brain and CNS malignancy, 
accounting for 45.2% of primary malignant brain and 
CNS tumors, 54% of all gliomas, and 15.6% of all primary 
brain tumors [1].

Glioblastoma is primarily diagnosed at an older age, 
the median age of diagnosis is 64 years, and the incidence 
is slightly higher in males than females [2, 3].

The clinical presentation can vary depending on the 
size, location of the tumor, and the anatomic structures 
of the involved brain [4, 5]. Patients usually present with 
symptoms of increased intracranial pressure, including 
headache and focal or progressive neurologic deficits. 
Seizure is a common presenting symptom that occurs 
in 25% of patients. In the advanced stage of the disease, 
seizures can occur in about 50% of patients [5, 6].

The prognosis of GBM is poor; tumors generally recur 
after standard multimodal treatments, and most patients 
survive only 12–18 months from diagnosis [7].
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Surgery represents the initial treatment, and it is 
usually feasible in 60% of the patients [7]. The extent of 
resection represents a significant prognostic variable, and 
multiple studies have demonstrated the importance of 
aggressive surgical resection when possible, with trends 
toward better outcomes in those patients with a greater 
extent of resection [8, 9], and significant association 
between the greater extent of resection and more 
prolonged progression-free survival (PFS) and overall 
survival (OS) [10–12].

Postoperative radiation therapy (RT) alone was 
standard treatment until 2005 when the results of a 
randomized phase III trial by the European Organization 
for Research and Treatment of Cancer (EORTC) and 
National Cancer Institute of Canada Clinical Trials Group 
(NCIC) changed the standard of care for GBM. This trial 
confirmed adjuvant external beam RT with concomitant 
temozolomide (TMZ); oral alkylating chemotherapy was 
more effective than RT alone [13].

In the study, after surgical resection, TMZ (75 mg/ m2/
day×7 days/week for six weeks) was administered 
concomitantly with RT (total dose of 60 Gy delivered by 
a schedule of 2 Gy/day×5 days/week for six weeks (phase 
1) and in the adjuvant setting (150–200 mg/m2/day×5 
days, every 28 days for six cycles (phase 2), known as the 
Stupp regimen [13].

Patients who received TMZ plus RT had a median 
survival of 14.6 months versus 12.1 months with RT alone, 
and two years survival rate was 26.5% with RT plus TMZ 
group and 10.4% with radiotherapy alone.

The long-term results of the trial published in 2009 
demonstrated that the 5-year survival rates of the 
patients treated with the combined therapy and those 
receiving RT alone were 9.8% and 1.9%, respectively [14]. 
A further retrospective analysis of methylation status of 
MGMT from tumor tissues of 206 patients showed that 
methylation of MGMT was a strong predictor of better 
outcomes from TMZ treatment, and patients whose 
tumor contained a methylated MGMT promoter were 
most likely to benefit from the addition of TMZ to RT [14].

In our study, we retrospectively investigated the 
outcome of patients treated with Stupp protocol in our 
center between 2008 and 2018.

Ethical approval was obtained from the local Research 
Ethics Committee.

MATERIALS AND METHODS

All patients diagnosed with GBM referred at our 
Cancer Center between 2008 and 2018 were identified 
from electronic records. Those treated with Stupp 
protocol had confirmed pathology, and complete records 
were included in the analysis. Demographics planned 
and delivered treatments, total cycles of adjuvant TMZ, 
toxicity, and outcome were recorded. We then identified 
the date of death for these individuals from electronic 
records.

The survival time was calculated from the date of 
diagnosis to the date of death, or the date of analysis 
(April 2020) for those patients still alive at the time of 
data collection. The primary endpoint of the analysis 
was overall survival. Kaplan–Meier curves were used for 
survival analyses, and Cox proportional Hazard Model 
was used for p-value calculation.

RESULTS

A total of 64 patients were identified who had 
commenced Stupp protocol between 2008 and 2018 
for histologically proven GBM. The median age was 59 
years (range 26–82 years), the majority of patients were 
male 70%, and about 78% were 50 years or older. Around 
90% of the patients had a WHO performance status of 
0 or 1. Most of the patients (76.6%) had undergone 
debulking surgery, and 23.4% had biopsy only. Thirteen 
patients (20.3%) had tumors exhibiting MGMT promoter 
methylation, 24 tumors (37.5%) were unmethylated, 
and MGMT methylation status was unavailable for 27 
tumors (42.2%). The median time from diagnosis to start 
concurrent therapy was 7.7 weeks (range 3–13.8 weeks), 
and the median dose of RT was 60 Gy (Table 1).

Table 1: Baseline demographics and clinical characteristics

Characteristic No (64)

Sex no (%)

 Male 45 (70.30%)

 Female 19 (29.7%)

Age (years)

 Median 59

 Range 26–81

 <50 14 (21.9%)

 =/>50 50 (78.1%)

WHO performance status – no. (%)

 0 23 (35.9%)

 1 34 (53.1%)

 2 1 (1.6%

 Unavailable 6 (9.4%)

Extent of surgery – no. (%)

 Biopsy 15 (23.4%)

 Debulking 49 (76.6%)

Time from diagnosis to radiotherapy (weeks)

 Median 7.7

 Range 3–13.8

GMT promotor methylation – no. (%)

 Methylated 13 (20.3%)

 Unmethylated 24 (37.5%)

 Unavailable 27 (42.2%)
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Among the 64 patients, 50 patients (78.1%) 
completed concurrent RT-TMZ as planned, 6 patients 
(9.4%) prematurely discontinued concurrent RT and 
TMZ. Treatment discontinuation was due to disease 
progression in 3 patients, intolerance in 2 patients, and 
death in 1 patient. Eight patients (12.5%) discontinued 
TMZ only and continued with RT alone; reasons for 
discontinuation of TMZ were thrombocytopenia  
(in 4 patients), pulmonary embolism (in 3 patients), and 
renal toxicity (in 1 patient).

Regarding phase two adjuvant TMZ, 51 patients 
(79.7%) were considered for adjuvant TMZ, including one 
of the patients who discontinued TMZ in the concurrent 
setting due to thrombocytopenia. Nine of these patients 
did not proceed due to the progression of disease  
(7 patients), poor performance status (1 patient), and 
personal decision (1 patient). Forty-two patients (65.6%) 
proceeded to have adjuvant TMZ and received a median 
of 5.5 cycles (range 1–12), only half of them completed 
standard six adjuvant cycles of TMZ or more with an 
average of 6.8 cycles (17 patients received six cycles, 
1 received seven cycles, 1 received nine cycles, and 2 
received 12 cycles).

Twenty-one patients (32.8%) received less than 
six cycles of adjuvant temozolomide. Reasons for 
discontinuation were disease progression in 15 
patients, death in 1 patient, toxicities in 4 patients 
(thrombocytopenia, Steven Johnson’s syndrome, 
pneumonitis, and respiratory infection), and 1 patient 
due to persistent brain edema.

At the time of analysis, 82.9% of the patients had died. 
The median overall survival was 13.2 months (95% CI 
10–15.4) (Figure 1).

Patients who received adjuvant TMZ with more than 
one cycle had a significantly better survival outcome of 
15.6 months (95%CI 13.2–25.7) compared to patients 
who did not receive adjuvant TMZ or received only one 
cycle 9.6 months (p=0.004) (Figure 2).

On the other hand, median OS for patients who had 
surgical resection was longer than patients who had 
biopsy only, 14.5 compared to 11.1 months (p=0.62).

Median OS was not reached for patients with 
methylated MGMT status compared to a median OS of 
10.7 months in patients with an unmethylated MGMT 
status (p=0.37).

Progression of disease was the cause of treatment 
discontinuation in 42% of the patients, followed by 
toxicities in 17%. Thrombocytopenia was the most 
frequent toxicity leading to treatment discontinuation in 
about 7.8% of the population (Table 2).

At the time of analysis, 11 patients (17.1%) were 
alive, 5 under regular radiological surveillance, 2 had 
resection only for recurrence, 2 receiving the second line 
with bevacizumab, 1 had received further palliative RT 
followed by TMZ for recurrence, and 1 patient treated 
with palliative RT for recurrence and continued in 
surveillance.

DISCUSSION

The Stupp protocol has become part of the standard 
of care for managing patients with GBM [13]. We aim 
to review the outcomes of patients treated with Stupp 
protocol in our Cancer Center over ten years. Our study 
found a median OS of 13.2 months, lower than the 
14.6 months median OS in the published Stupp trial 
[13]. Although this is a slightly inferior result, this may 
be related to the smaller sample size in our study and a 
higher percentage of older patients treated in our center, 
with almost 80% of patients being 50 years old or older, 
and about 50% of the patients were above 60. Another 
factor could be the delay of adjuvant RT/TMZ treatment 
initiation in our study, 7.7 weeks compared to five weeks 

Figure 1: Kaplan–Meier estimates of overall survival for all 
patients.

Figure 2: Kaplan–Meier compares OS according to the 
treatment, p=0.004.
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in the Stupp trial. Although there are conflicting studies 
on the optimal timing of initial cranial radiation in the 
treatment of GBM, multiple studies demonstrated that 
significant delays longer than six weeks might negatively 
affect OS [15, 16].

The benefit of adjuvant TMZ after RT-TMZ was 
significantly demonstrated in the survival outcome; 
patients who received adjuvant TMZ with more than 

one cycle had a median OS of 15.6 months compared 
to 9.6 months for patients who did not proceed with 
adjuvant TMZ or had only one cycle of adjuvant TMZ 
(p=0.004). A small number of patients, four, received 
adjuvant TMZ beyond the standard of six cycles. 
Although this is not standard practice, some neuro-
oncologists may offer more than six cycles of adjuvant 
treatment if well tolerated; however, the benefit of 

Table 2: Patients and treatment

Radiotherapy

 Started radiotherapy – no. (%) 64 (100%)

 Dose – Gy

   Median 60

   Range 40–60

 Discontinuation of RT alone – no. 0

 Patients completed RT – no. (%) 58 (9.6%)

Concomitant temozolomide

 Started concomitant temozolomide – no. (%) 64 (100%)

 Completed concurrent treatments – no. (%) 50 (78.1%)

 Discontinued concurrent RT-TMZ – no. (%) 6 (9.4%)

 Reason for discontinuation – no.

   Progression 3

   Intolerance and decline in PS 2

   Death 1

 Discontinuation of TMZ only – no. (%) 8 (12.5%)

 Reason for discontinuation – no.

   Thrombocytopenia 4

   PE 3

   Renal toxicity 1

Adjuvant temozolomide

 Total no considered for adjuvant TMZ – no. (%) 51 (79.7%)

 Not commenced – no. 9

 Reasons – no.

   Progression 7

   Patient’s decision 1

   Poor performance status 1

 Proceeded with adjuvant TMZ – no. (%) 42 (65.6%)

 Number of cycles 

   Median 5.5

   Range 1–12

 Completed adjuvant TMZ 21 (32.8%)

 Discontinued adjuvant TMZ 21 (32.8%)

 Reason for discontinuation – no.

   Progression 16

   Thrombocytopenia 1

   Respiratory infection/pneumonitis 2

   Steven–Johnson syndrome 1
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extended adjuvant TMZ in prolongation of OS is not 
confirmed [17, 18].

Long-term results of the Stupp trial [14] indicated 
that patients with methylated MGMT GBM are most 
likely to benefit from the addition of TMZ. Our analysis 
demonstrated a similar result; however, our sample is 
very small, and the result was not statistically significant 
p=0.37.

The extent of surgery remains a significant prognostic 
variable as published in the literature [7–9]. In our study, 
3.4 months increase in OS was observed in patients who 
had a surgical resection compared to patients who had a 
biopsy only, although this was not statistically significant, 
p=0.62.

CONCLUSION

In conclusion, the survival outcomes for patients 
with GBM treated with the Stupp protocol in our center 
were slightly inferior to those of the published Stupp 
data. Inferior OS outcome may be explained by a higher 
percentage of the older population treated in our center 
and a longer time from surgery to initiation of adjuvant 
treatment.
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