
Abstract. Background/Aim: Concomitant and adjuvant
temozolomide along with radiotherapy following surgery (the
Stupp regimen) is the preferred therapy for young patients with
glioblastoma as well as for elderly (>70 years) ones with
favorable risk factors. This study investigated the survival trend
since the introduction of the use of the Stupp regimen in elderly
patients in a population-based setting. Materials and Methods:
Surveillance, Epidemiology, and End Results 18 database was
used to identify patients aged ≥70 years with glioblastoma as
the first primary cancer diagnosed from 1999 to 2010. Chi-
square test, Kaplan–Meier analysis with log-rank test and Cox
proportional hazard method were used for analysis. Result: A
total of 5,575 patients were included in the survival analysis.
Survival in Stupp era (year of diagnosis ≥2005) was
significantly better compared to the pre-Stupp era with
p<0.001 by log-rank test, with 1-, 2- and 3-year overall
survival of 18.8% vs. 12.9%, 6.5% vs. 2.1% and 3.1% vs. 0.9%
respectively, and hazard ratio for death in 3 years in the Stupp
era was 0.87 (95% confidence interval=0.82-0.92; p<0.001)
when compared with the pre-Stupp era. Factors such as
younger age (<85 years), female sex, married status,
Caucasian race and total resection favored better survival
compared to their counterparts. Conclusion: This study shows
that the survival of elderly patients with glioblastoma has
improved since the introduction of the Stupp regimen. However,
there are significant differences in survival rates among
various cohorts. 

Glioblastoma is the commonest primary brain tumor and
accounts for 16% of all primary brain and CNS tumors and
45.2% of malignant primary brain and CNS tumors (1).
Glioblastoma is the commonest glial tumor, accounting for

about 54% of all gliomas, with about three new cases per
100,000 populations per year (1, 2). It is also the most
aggressive brain tumor with fewer than 10% of patients
surviving beyond 5 years (3). Despite advances in therapy,
none of the treatment modalities is curative. 

Radiotherapy has demonstrated survival benefit in
glioblastoma since the 1970s (4-6). In a randomized,
multicenter phase III trial by The European Organisation for
Research and Treatment of Cancer (EORTC), Brain Tumor and
Radiotherapy Groups and the National Cancer Institute of
Canada (NCIC) Clinical Trials Group, concomitant
administration of temozolomide with fractionated radiotherapy
followed by up to six cycles of adjuvant temozolomide was
compared with RT alone in patients with newly diagnosed
glioblastoma. A total of 573 patients were enrolled in the study.
The median age at diagnosis was 56 years. The results of the
study presented by Stupp et al. showed that the unadjusted
hazard ratio for death in the radiotherapy-plus-temozolomide
group compared to the radiotherapy group was 0.63 (95%
Confidence Interval=0.52-0.75; p<0.001). The median survival
of patients who received temozolomide and radiotherapy was
14.6 months compared to 12.1 months for the radiotherapy
only group (7). 

The Stupp regimen is widely used for the management of
patients with glioblastoma. However, as far as we are aware,
there are no data on survival of elderly patients in the pre-
Stupp and Stupp era. We conducted this population-based study
to analyze survival patterns of such elderly patients.

Materials and Methods

Study population. We used Surveillance, Epidemiology, and End
Results (SEER) 18 registries to select elderly patients (≥70 years) with
glioblastoma as first primary malignancy from January 1999 to
December 2010. We excluded cases diagnosed from June 2004
(presentation of the study at the annual American Society of Clinical
Oncology meeting) to March 2005 (date of publication of the Stupp
et al. study) to minimize mixed practice patterns during that time
period. We excluded patients diagnosed by death certificate or autopsy
only, or those who were alive with no survival data. We excluded
patients with unknown marital status, surgery NOS or local tumor
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destruction only, or unknown surgical status, unknown radiation status
or receipt of radiation other than beam radiation from the survival
analysis. SEER 18 covers about 27.8% of total US population (8) and
includes registries from Atlanta, Connecticut, Detroit, Hawaii, Iowa,
New Mexico, San Francisco-Oakland, Seattle-Puget Sound, Utah, Los
Angeles, San Jose-Monterey, Rural Georgia, the Alaska Native Tumor
registry, Greater California, Kentucky, Louisiana, New Jersey and
Greater Georgia. The SEER program maintains a case ascertainment
of about 98% by conducting rigorous quality control studies every
other year (9). We included patients diagnosed during January 1999 to
May 2004 in the pre-Stupp era, and those diagnosed during April 2005
to  December 2010 in the Stupp era. 

Statistical methods. We compared the baseline characteristics of the
patients using chi-square test and two-sided p-values. We analyzed
overall survival using the Kaplan–Meier method and compared using
two-sided long-rank statistics. We used Cox proportional-hazards
model for multivariate analyses to compare survival in both eras. The
patients were followed-up for 36 months or until December 2014. 

Results

Study population. A total of 2,699 patients from the pre-Stupp
era and 3340 cases from the Stupp era met the inclusion
criteria. The baseline demographic and clinical characteristics

of the study population are elaborated in Table I. The
demographic characteristics including age group, race, sex and
marital status were comparable in both groups. Receipt of
radiotherapy and surgery (partial or complete resection) was
significantly better in the Stupp era compared with the pre-
Stupp era. 

Survival in the Stupp and pre-Stupp eras for the whole
population. The median overall survival was 5 months for both
groups but the overall survival rate was significantly better in
the Stupp era compared to the pre-Stupp era (p<0.001 by log-
rank test; 1-, 2- and 3- year rates of 18.8% vs. 12.9%, 6.5% vs.
2.1% and 3.1% vs. 0.9%, respectively). The hazard ratio for
death for the Stupp era compared to the pre-Stupp era was 0.86
(95% confidence interval=0.82-0.91, p<0.001) after adjusting
for confounding variables such as extent of surgery, receipt of
radiotherapy, age, sex, race and marital status (Figure 1). 

Factors associated with survival in the Stupp and pre-Stupp
eras. In the pre-Stupp era, those who were separated, divorced
or widowed had significantly worse survival compared to
married patients. Surgical resection (partial or complete) and
receipt of radiotherapy were independent predictors of better
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Table I. Demographic distribution of patient population in the pre-Stupp and Stupp eras.

Characteristic                                                                     Total, n (%)                               Pre-Stupp                                  Stupp                     p-Value*
                                                                                                                                        (N=2699), n (%)                    (N=3340), n (%)

Radiotherapy                                                                                                                                                                                                          <0.0001
    None                                                                               2207 (36.5)                               977 (36.2)                             1230 (36.8)                        
    Beam RT/beam with other forms of RT                       3596 (59.5)                              1585 (58.7)                            2011 (60.2)                        
    Other forms of RT                                                            62 (1.0)                                    32 (1.2)                                  30 (0.9)                           
    Unknown                                                                          174 (2.9)                                  105 (3.9)                                 69 (2.1)                           
Surgery                                                                                                                                                                                                                      0.011
    None                                                                               1710 (28.3)                               819 (30.3)                              891 (26.7)                         
    Partial resection                                                              2729 (45.2)                              1208 (44.8)                            1521 (45.5)                        
    Total resection                                                                1523 (25.2)                               639 (23.7)                              884 (26.5)                         
    Surgery NOS/local tumor destruction                              56 (0.9)                                    26 (1.0)                                  30 (0.9)                           
Unknown                                                                               21 (0.3)                                     7 (0.3)                                   14 (0.4)                           
Marital status                                                                                                                                                                                                            0.408
    Married                                                                           3652 (60.5)                              1622 (60.1)                            2030 (60.8)                        
    Single                                                                                395(6.5)                                  169 (6.3)                                226 (6.8)                          
    S/D/W                                                                             1812 (30.0)                               818 (30.3)                              994 (29.8)                         
    Unknown                                                                          180 (3.0)                                   90 (3.3)                                  90 (2.7)                           
Age                                                                                                                                                                                                                           0.079
    70 to <85 years                                                              5627 (93.2)                              2532 (93.8)                            3095 (92.7)                        
    85+ years                                                                          412 (6.8)                                      197                                                                             
Race                                                                                                                                                                                                                          0.174
    White                                                                              5586 (92.5)                              2515 (93.2)                            3071 (91.9)                        
    Black                                                                                 235 (3.9)                                   95 (3.5)                                 140 (4.2)                          
    Other                                                                                 212 (3.5)                                   85 (3.1)                                 127 (3.8)                          
    Unknown                                                                            6 (0.1)                                      4 (0.1)                                    2 (0.1)                            
Gender                                                                                                                                                                                                                      0.575
    Male                                                                                3153 (52.2)                              1420 (52.6)                            1733 (51.9)                        
    Female                                                                            2886 (47.8)                              1279 (47.4)                            1607 (48.1)

RT: Radiotherapy; NOS: Not otherwise specified; S/D/W: Single/divorced/widowed; *Chi-square test.



survival in both eras. Younger age, female sex, married status
and Caucasian race were independent predictors of superior
survival in the Stupp era (Table II). 

Discussion

In Western countries, life expectancy has been increasing. Life
expectancy at birth in developed countries now ranges from 76
to 80 years (10) and is estimated to reach 88.8 years for women
and 85 years for men in 2050 (11). Glioblastoma is primarily
a disease of the elderly, with median age at diagnosis of 64
years (12). The incidence of glioblastoma gradually rises with
increasing age and peaks at 75 to 84 years of age (13). With a
growing and aging U.S. population, the number of cases of
glioblastoma is expected to increase.

The National Comprehensive Cancer Network recommends
standard focal brain concurrent chemoradio-therapy with
temozolomide followed by adjuvant therapy with temozolomide
for elderly patients (>70 years) with good performance status.
This recommendation is based on the improvement in survival
rates with therapy among younger patients treated with the
Stupp regimen (7). Our study showed that the survival of
elderly patients (≥70 years) has improved in the Stupp era (with
14% reduction in the relative risk of death). The timing in the
survival improvement suggests that change in the practice
pattern with adoption of the Stupp regimen for treatment of
patients with glioblastoma led to the improvement in survival.
The survival rates in our study in the Stupp era are lower than
those observed in the EORTC/NCIC study. There are several
possible explanations for this. Older patients in our study
represent real-world patients with several comorbidities.

Moreover, a proportion of patients in our study may not have
received radiotherapy-plus-temozolomide therapy. 

Female sex was an independent predictor of better survival.
Although unclear, this may be because of factors such as better
compliance rates among female patients, and differences in
drug metabolism. More research is needed to find out why
survival is better among females compared to males. Superior
survival among married patients suggests the role of social
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Table II. Factors associated with survival in the pre-Stupp and Stupp eras.

Parameter                                                                                      Pre-Stupp era                                                                                Stupp era

                                                                Adjusted HR (95% CI)                         p-Value                        Adjusted HR (95% CI)                     p-Value

Age (≥85 vs. 70-84 years)                           1.15 (0.98-1.36)                                 0.10                                  1.26 (1.1-1.45)                              0.001
Gender (female vs. male)                             0.97 (0.89-1.05)                                 0.44                                  0.9 (0.83-0.97)                              0.005
Marital status                                                                                                                                                                                                                
Married                                                               Reference                                                                                                                                          
   Single                                                         1.02 (0.86-1.20)                                 0.84                                 1.18(1.02-1.36)                              0.003
   S/D/W                                                        1.11 (1.01-1.22)                                0.028                                1.14 (1.05-1.24)                             0.003
Race                                                                                                                                                                                                                              
   Caucasian                                                       Reference                                                                                                                                          
   African American                                      1.04 (0.84-1.3)                                  0.71                                 1.05 (0.87-1.26)                              0.62
   Other                                                          0.83 (0.66-1.05)                                 0.12                                 0.75 (0.62-0.91)                             0.003
Surgery                                                                                                                                                                                                                          
   None                                                                                                                                                                                                                          
   Partial resection                                        0.65 (0.59-0.71)                               <0.001                              0.65 (0.59-0.71)                            <0.001
   Total resection                                           0.54 (0.48-0.61)                               <0.001                              0.48 (0.43-0.53)                            <0.001
RT vs. no RT                                                0.44 (0.40-0.48)                               <0.001                              0.38 (0.25-0.41)                            <0.001

S/D/W: Single/divorced/widowed; HR: hazard ratio; CI: confidence interval; RT: radiotherapy. 

Figure 1. Overall survival in pre-Stupp era and Stupp era by Kaplan–
Meier curve.



support in management of patients with cancer. Several studies
have reported ethnic differences in cancer outcomes (14-17).
Survival differences by ethnicity may be secondary to
differences in access to care, or comorbidities, or other
socioeconomic factors. An important review by Shavers et al.
did not reveal any significant ethnic differences in the
effectiveness of treatment of cancer (18). Clearly, this area
needs more research to evaluate factors including possible
differences in disease biology and differences in drug
metabolism that may be responsible for ethnic disparities in
survival of patients with glioblastoma. 

The strengths of our study include a large sample size, as
well as a long-term follow-up of patients. Limitations of the
study include lack of information of chemotherapy used.
Furthermore, individual-level data on socioeconomic status
were not available. Therefore, the conclusions of this study are
based on the assumption of a changing pattern of treatment of
glioblastoma since the results of treatment with the Stupp
regimen became available.
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