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obJective The prognosis of elderly patients with glioblastoma (GBM) is universally poor. Currently, few studies have 
examined postoperative outcomes and the effects of various modern therapies such as bevacizumab on survival in this 
patient population. In this study, the authors evaluated the effects of various factors on overall survival in a cohort of el-
derly patients with newly diagnosed GBM.
methods A retrospective review was performed of elderly patients (≥ 65 years old) with newly diagnosed GBM 
treated between 2004 and 2010. Various characteristics were evaluated in univariate and multivariate stepwise models 
to examine their effects on complication risk and overall survival.
results A total of 120 patients were included in the study. The median age was 71 years, and sex was distributed 
evenly. Patients had a median Karnofsky Performance Scale (KPS) score of 80 and a median of 2 neurological symp-
toms on presentation. The majority (53.3%) of the patients did not have any comorbidities. Tumors most frequently 
(43.3%) involved the temporal lobe, followed by the parietal (35.8%), frontal (32.5%), and occipital (15.8%) regions. The 
majority (57.5%) of the tumors involved eloquent structures. The median tumor size was 4.3 cm. Every patient under-
went resection, and 63.3% underwent gross-total resection (GTR). The vast majority (97.3%) of the patients received 
the postoperative standard of care consisting of radiotherapy with concurrent temozolomide. The majority (59.3%) of 
patients received additional agents, most commonly consisting of bevacizumab (38.9%). The median survival for all 
patients was 12.0 months; 26.7% of patients experienced long-term (≥ 2-year) survival. The extent of resection was seen 
to significantly affect overall survival; patients who underwent GTR had a median survival of 14.1 months, whereas those 
who underwent subtotal resection had a survival of 9.6 months (p = 0.038). Examination of chemotherapeutic effects 
revealed that the use of bevacizumab compared with no bevacizumab (20.1 vs 7.9 months, respectively; p < 0.0001) and 
irinotecan compared with no irinotecan (18.0 vs 9.7 months, respectively; p = 0.027) significantly improved survival. Mul-
tivariate stepwise analysis revealed that older age (hazard ratio [HR] 1.06 [95% CI 1.02–1.10]; p = 0.0077), a higher KPS 
score (HR 0.97 [95% CI 0.95–0.99]; p = 0.0082), and the use of bevacizumab (HR 0.51 [95% CI 0.31–0.83]; p = 0.0067) 
to be significantly associated with survival.
coNclusioN This study has demonstrated that GTR confers a modest survival benefit on elderly patients with GBM, 
suggesting that safe maximal resection is warranted. In addition, bevacizumab significantly increased the overall sur-
vival of these elderly patients with GBM; older age and preoperative KPS score also were significant prognostic factors. 
Although elderly patients with GBM have a poor prognosis, they may experience enhanced survival after the administra-
tion of the standard of care and the use of additional chemotherapeutics such as bevacizumab.
http://thejns.org/doi/abs/10.3171/2015.4.JNS142200
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glioblastoma in the elderly

Glioblastoma (GBM) is the most common primary 
brain tumor in adults and most commonly occurs 
in individuals aged 65 years or older.50 Despite 

maximal therapy consisting of resection and aggressive 
radiochemotherapy, the median survival remains ap-
proximately 14 months.1 Although the prognosis of GBM 
is universally poor, elderly patients have been shown to 
have significantly worse outcomes than younger patients; 
their median survival ranges from 4 to 9 months.4,20,21,40,46 
As the incidence of GBM has been rising in elderly pa-
tients while this population group rapidly expands, it is 
increasingly important to identify prognostic factors and 
effective therapeutic strategies for improving survival in 
elderly patients.5,18

Current therapy for GBM consists of maximal safe re-
section followed by radiotherapy (RT) and concomitant 
temozolomide (TMZ). However, the optimum treatment 
strategy for elderly patients is unclear because of the avail-
able data, which are limited for several reasons. First, most 
clinical trials have excluded elderly patients; the landmark 
European Organization for Research and Treatment of 
Cancer (EORTC) 26981–22981/National Cancer Institute 
of Canada Clinical Trials Group (NCIC) CE3 randomized 
Phase III trial excluded patients aged 70 years or older.44 
Second, elderly patients are less likely to receive standard 
therapy and multiagent treatment because of the fear of 
treatment toxicity.2,21 Finally, many elderly patients are 
offered only stereotactic biopsy or conservative surgical 
treatment out of concern for increased complications and 
their inability to tolerate extensive procedures.20,34,40,46

Although few studies have demonstrated that an in-
creasing extent of resection (EOR) improves survival in 
elderly patients, no studies have investigated the effects of 
modern therapies on the survival of elderly patients with 
GBM. In particular, the effect of bevacizumab in this pa-
tient population is of interest because elderly patients have 
more angiogenic tumors than those who are younger. In 
this study, we evaluated the effects of various patient, tu-
mor, and treatment factors on overall survival in a cohort 
of elderly patients with newly diagnosed GBM.

methods
patient cohort

This study was approved by the Duke University 
School of Medicine Institutional Review Board. Elderly 
patients (aged 65 years or older) with newly diagnosed pri-
mary GBM who underwent primary resection at the Duke 
University Medical Center between 2004 and 2010 were 
identified. Any patient who underwent only stereotactic 
biopsy, had a previous resection and/or adjuvant therapy, 
or had been diagnosed previously with a lower-grade glio-
ma was excluded. A total of 120 patients met the inclusion 
criteria and were the subjects of an institutional review 
board–approved chart review.

recorded variables
The medical records of each patient were reviewed, and 

various patient, tumor, and treatment variables were record-
ed. Tumor location was determined by using preoperative 
MRI. Tumors that significantly involved the sensorimotor 

strip (precentral and postcentral gyri), perisylvian language 
areas (including the inferior frontal, superior temporal, and 
inferior parietal areas in the dominant hemisphere), the 
thalamus, or the calcarine visual cortex were considered to 
have an eloquent location. Resection in these areas involved 
intraoperative cortical mapping when applicable. Tumor 
size was determined by the largest measured diameter in 
any plane on contrast-enhanced MR images. Preoperative 
symptoms recorded included headache, ataxia/gait distur-
bance, new-onset seizures, progressive cognitive difficulty, 
and motor, sensory, or language deficits. The preoperative 
Karnofsky Performance Scale (KPS) score was also used 
to categorize patient functional status. Recorded patient 
comorbidities included congestive heart failure, previous 
myocardial infarction, peripheral vascular disease, cere-
brovascular disease (including cerebrovascular accidents 
and transient ischemic attacks), dementia, chronic obstruc-
tive pulmonary disease (including asthma, emphysema, 
and chronic bronchitis), connective tissue disease, peptic 
ulcer disease, mild and moderate-to-severe liver disease, 
diabetes with or without end-organ damage, hemiplegia, 
moderate-to-severe renal disease, history of previous local-
ized tumors within 5 years of GBM diagnosis, leukemia, 
lymphoma, metastatic cancer, and AIDS. These comorbid-
ities were then used to calculate the Charlson Comorbidity 
Index, higher scores of which are associated with higher 
mortality risk.6 The EOR was classified as gross-total re-
section (GTR) (> 99% contrast enhancement) or subtotal 
resection (STR) by evaluating preoperative and postop-
erative T1-weighted Gd-enhanced MRI studies. The most 
common chemotherapeutics used at any time after surgery 
in combination with or following the standard of care were 
recorded. The number of other chemotherapeutics used 
was defined as the number of non-TMZ chemotherapies 
administered. Other treatments recorded included the use 
of carmustine wafers placed in the resection cavity and ste-
reotactic radiosurgery (SRS). Overall survival was defined 
as the time from histopathological diagnosis to death or the 
censored date of the last follow-up.

statistical analysis
The data were summarized using medians for continu-

ous variables and counts and percentages for categorical 
variables. Differences in continuous variables were ana-
lyzed by using the Mann-Whitney U test, and categorical 
variables were evaluated by using the chi-square test.

Survival was estimated by using the Kaplan-Meier 
method, and the log-rank test was used to evaluate the dif-
ferences between survival curves. Stepwise multivariate 
Cox proportional hazard models were used to calculate 
hazard ratios (HRs) and 95% confidence intervals (CIs) to 
investigate independent predictors of overall survival. A p 
value of < 0.1 was required for variable entry and retention 
in all stepwise multivariate models. Any p value of < 0.05 
was considered statistically significant. All analyses were 
performed by using SAS 9.3 (SAS Institute).

results
patient cohort

A total of 120 patients met inclusion criteria, and their 
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data were analyzed. The median age was 71 years (range 
65–89 years), and sex was distributed evenly (49.2% fe-
male) (Table 1). The patients had a median KPS score of 
80 and a median of 2 neurological symptoms at presenta-
tion. The most common presenting symptoms were cog-
nitive difficulties (45.8%), language dysfunction (30.8%), 
headache (25.8%), and ataxia/gait instability (25.8%). The 
majority (53.3%) of the patients did not have a comorbidity, 
and the most common comorbidities were uncomplicated 
diabetes (20.8%), history of nonmetastatic tumors (10.0%), 
and chronic obstructive pulmonary disease (8.3%). Tu-
mors most frequently (43.3%) involved the temporal lobe, 
followed by the parietal (35.8%), frontal (32.5%), and oc-
cipital (15.8%) regions. The majority (57.5%) of the tumors 
involved eloquent structures, whereas 16.7% of them sig-
nificantly affected the corpus callosum. The median tu-
mor size was 4.3 cm.

TABLE 1. Cohort characteristics of elderly patients (≥ 65 years 
old) with gbm*

Characteristic Data

Demographics
  Age (yrs) 71
  Female 49.2 (59)
Presentation
  KPS score 80 (45–100)
  Neurological symptoms 2
    Weakness 19.2 (23)
    Headache 25.8 (31)
    Ataxia/gait instability 25.8 (31)
    Sensory disturbance 23.3 (28)
    Sensorimotor 2.5 (3)
    Language 30.8 (37)
    Seizures 20.8 (25)
    Cognition 45.8 (55)
Comorbidities 
  Charlson score
    0 53.3 (64)
  1 25.0 (30)
  2 15.0 (18)
    ≥3 6.7 (8)
  Congestive heart failure 0.8 (1)
  Myocardial infarction 4.2 (5)
  Peripheral vascular disease 6.7 (8)
  Cerebrovascular disease 3.3 (4)
  Dementia 0.8 (1)
  COPD 8.3 (10)
  Connective tissue disease 1.7 (2)
  Peptic ulcer disease 3.3 (4)
  Mild liver disease 0.0 (0)
  Diabetes, uncomplicated 20.8 (25)
  Hemiplegia 0.0 (0)
  Diabetes, end-organ damage 0.8 (1)
  Renal disease 2.5 (3)
  Tumor without metastasis 10.0 (12)
  Leukemia 0.0 (0)
  Lymphoma 0.0 (0)
  Moderate-to-severe liver disease 0.0 (0)
  Metastatic tumor 0.0 (0)
  AIDS 0.0 (0)
Tumor
  Involved locations
    Frontal 32.5 (39)
    Temporal 43.3 (52)
    Parietal 35.8 (43)
    Occipital 15.8 (19)
    Corpus callosum 16.7 (20)
    Eloquent 57.5 (69)

(continued)

TABLE 1. Cohort characteristics of elderly patients (≥ 65 years 
old) with gbm* (continued)

Characteristic Data

Tumor (continued)
  Multilobar 24.2 (29)
  Size (cm) 4.3
Surgical treatment
  Resection 100 (120)
 EOR
    GTR 63.3 (76)
    STR 36.7 (44)
  Re-resection 2.5 (3)
Adjuvant treatment†
  RT 98.2 (111)
  TMZ 98.2 (111)
  RT & TMZ 97.3 (110)
  Bevacizumab 38.9 (44)
    Initial/before progression 19.5 (22)
    After progression 19.5 (22)
  Lomustine 10.6 (12)
    After progression 10.6 (12)
  Irinotecan 21.2 (24)
    Initial/before progression 7.1 (8)
    After progression 14.2 (16)
  Etoposide 18.6 (21)
    After progression 18.6 (21)
  Immunotherapy 5.3 (6)
    Before progression 5.3 (6)
  Other chemotherapy 59.3 (67)
    Carmustine wafer 0.88 (1)
    SRS 7.1 (8)
    Chemotherapeutics (mean) 1.4

COPD = chronic obstructive pulmonary disease.
*  The total number of patients was 120. Data shown are median (range) or 
percentage (number) unless stated otherwise.
†  The total number of patients was 113.
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Each patient underwent resection; 63.3% underwent 
GTR. The vast majority (97.3%) of the patients received 
the postoperative standard of care consisting of RT with 
concurrent TMZ (range 75–300 mg/m2). The majority 
(59.3%) of the patients received additional agents, most 
commonly consisting of bevacizumab (38.9%; range 
10–15 mg/kg), irinotecan (21.2%; range 70–125 mg/m2), 
etoposide (18.6%; 50 mg/m2), lomustine (10.6%; 110 mg/
m2), and immunotherapy (5.3%). These chemotherapeu-
tics were administered most frequently after progression 
(65.7%); the remaining patients received 1 or more of 
these agents initially with TMZ. After progression, 2.5% 
of the patients underwent re-resection; 1 of these patients 
received carmustine wafers in the resection cavity. Some 
patients (7.1%) also underwent SRS after focal tumor pro-
gression.

survival
The median survival for all patients was 12.0 months; 

26.7% of the patients experienced long-term (≥ 2-year) 
survival (Table 2; Fig. 1). Univariate analysis revealed that 
a variety of patient and treatment factors significantly af-
fected survival (Table 3). Patients 75 years of age or older 
had significantly worse survival than younger patients (7.9 
vs 15.1 months, respectively; p < 0.0001), and women ex-
perienced longer survival than men (15.7 vs 10.5 months, 
respectively; p = 0.025) (Fig. 2 left). Those presenting 
with a higher KPS score had increased survival times; 
21.8 months for a KPS score of ≥ 90, 12.2 months for a 
KPS score of 80, 7.2 months for a KPS score of 70, and 
7.4 months for a KPS score of < 70 (Fig. 2 right). The 
EOR was also found to significantly affect overall sur-
vival; patients who underwent GTR had a median sur-
vival of 14.1 months, whereas those who underwent STR 
had a survival of 9.6 months (p = 0.038) (Fig. 3 left). An 
examination of chemotherapeutic effects revealed that 
the use of bevacizumab compared with no bevacizumab 
(20.1 vs 7.9 months, respectively; p < 0.0001) and irino-
tecan compared with no irinotecan (18.0 vs 9.7 months, 
respectively; p = 0.027) significantly improved survival 
(Fig. 4A and B). Although etoposide compared with no 
etoposide (20.9 vs 9.9 months, respectively; p = 0.052) and 
immunotherapy compared with no immunotherapy (24.8 
vs 10.6 months, respectively; p = 0.17) extended survival, 
these effects were not significant (Fig. 4C and D). The use 
of chemotherapeutic agents following the standard of care 

significantly improved survival over those who received 
no chemotherapeutic agents (17.7 vs 7.2 months, respec-
tively; p = 0.0004), and the use of more than 2 chemo-
therapeutics compared with those who received 2 or fewer 
chemotherapeutics provided a significant survival benefit 
(21.3 vs 9.4 months, respectively; p = 0.018) (Fig. 4E and 
F). The administration of SRS after focal tumor progres-
sion also improved overall survival over those who did not 
undergo SRS (median not reached vs 10.5 months, respec-
tively; p = 0.0006) (Fig. 3 right).

Multivariate stepwise analysis was used to identify 
independent predictors of survival; GTR was forced into 
the model because of its prognostic significance (Table 4). 
Consistent with the univariate analysis, older age was as-
sociated with significantly worse survival (HR 1.06 [95% 
CI 1.02–1.10]; p = 0.0077), whereas a higher preoperative 
KPS score was a significant favorable prognostic factor 
(HR 0.97 [95% CI 0.95–0.99]; p = 0.0082). In addition, the 
use of bevacizumab was independently associated with 
significantly improved survival (HR 0.51 [95% CI 0.31–
0.83]; p = 0.0067). Although GTR also improved survival, 
its effect was not statistically significant (HR 0.70 [95% CI 
0.46–1.08]; p = 0.10).

discussion
The treatment of elderly patients has yet to be clearly 

defined because of the lack of treatment guidelines, which 
may be a result of the frequent exclusion of this patient 
population from large randomized trials.44 As a result, 
treatments are typically generalized to this group. How-
ever, because the incidence of GBM in elderly patients 
is increasing while this population group expands, it has 
become increasingly important to identify effective thera-
peutic strategies that may extend survival in this vulner-
able patient population.5,18

Older patients are often treated more conservatively 
than those who are younger; studies have demonstrated 
that these patients are significantly more likely to undergo 
biopsy alone while having decreased odds of receiving RT 
and/or chemotherapy after surgery.2,21 This less aggressive 

TABLE 2. Outcome characteristics of elderly patients (≥ 65 years 
old) with gbm*

Characteristic Value

Recurrence/progression 59.2 (71)
Survival (mos) 12.0
  1 yr 50.0 (60)
  2 yrs 26.7 (32)
  3 yrs 10.0 (12)

*  The total number of patients was 120. Data shown are median number of 
months or percentage (number) of patients.

Fig. 1. Kaplan-Meier overall survival curve for all elderly patients in the 
study with a newly diagnosed GBM. Figure is available in color online 
only.
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treatment may be a result of reluctance to offer aggres-
sive surgical and medical treatment for fear of postopera-
tive complications and drug toxicity. In addition to their 
reduced functional reserve and increased comorbidities, 
elderly patients also historically have significantly worse 
survival, which leads many to question the utility of ag-
gressive interventions.

Currently, resection is the first-line treatment for GBM; 
the Joint Tumor Section of the American Association 
of Neurological Surgeons (AANS) and the Congress of 
Neurological Surgeons (CNS) recommend maximal safe 
resection with Type II evidence.32 Both retrospective 
and prospective studies have consistently demonstrated 
more extensive resection to significantly improve out-
comes.25–27,33,37,38,42,43 In a retrospective post hoc analysis of 
data from a prospectively randomized controlled Phase III 
trial, Stummer et al.43 reported that patients who under-
went complete resection had significantly longer survival 
than those with incomplete resection (16.9 vs 11.8 months, 
respectively; p < 0.0001). Multivariate analysis also dem-
onstrated postoperative residual tumor to be a significant 
poor prognostic factor (HR 1.75 [95% CI 1.26–2.44]; p = 
0.0009). More recently, the authors of a large retrospective 
cohort study of 500 patients reported a significant survival 
benefit for those with an EOR as low as 78%.38 Stepwise 
improvement in survival was also noted in the 95%–100% 
EOR range. Multivariate analysis demonstrated postop-
erative tumor volume to be a significant predictor of sur-
vival. However, the effect of aggressive resection on the 
survival of elderly patients with GBM is unclear because 
of the very few studies that have investigated it. In a study 
of 361 patients with GBM (146 of whom were aged 65 
years or older), elderly patients who underwent complete 
resection had significantly longer survival than patients 
who had only partial resection (> 5% residual) (17.7 vs 
11.4 months, respectively; p = 0.006).34 Complete resec-
tion was also a significant prognostic factor in multivariate 
analysis, whereas the effects of STR and partial resection 
were not significant. Similarly, others have reported that 
increasing the EOR provides greater benefits to survival 
for elderly patients with GBM.20,29 However, although 
other studies demonstrated a significant survival benefit 
compared with biopsy only, they did not observe signifi-
cant differences between GTR and STR.3,10,12 In this study, 
we have demonstrated that elderly patients who received 
GTR had significantly longer survival than those who un-
derwent STR only (14.1 vs 9.6 months, respectively; p = 

table 3. univariate analysis of overall survival in elderly  
patients (≥ 65 years old) with GBM

Factor
Median Survival  
Time (mos) p Value

Age at diagnosis <0.0001
  <75 yrs 15.1
  ≥75 yrs 7.9
Sex 0.025
  Male 10.5
  Female 15.7
KPS score at diagnosis 0.0082
  ≥90 21.8
  80 12.2
  70 7.2
  <70 7.4
Charlson Index 0.95
  0 10.2
  ≥1 13.4
Location 0.96
  Frontal 10.5
  Temporal 12.2
  Parietal 14.2
  Occipital 17.7
  Eloquent 12.1 0.60
  Noneloquent 10.7
  Multilobar 14.4 0.93
  Single lobe 10.6
  Corpus callosum 7.2 0.14
  No involvement 13.4
Tumor size 0.56
  ≤4.3 cm 14.2
  >4.3 cm 10.5
EOR 0.038
  GTR 14.1
  STR 9.6
Postoperative therapy
  Bevacizumab 20.1 <0.0001
  No bevacizumab 7.9
  Lomustine 14.6 0.43
  No lomustine 10.7
  Irinotecan 18.0 0.027
  No irinotecan 9.7
  Etoposide 20.9 0.052
  No etoposide 9.9
  SRS NR 0.0006
  No radiosurgery 10.5
  Immunotherapy 24.8 0.17
  No immunotherapy 10.6
  Re-resection NR 0.10
  No re-resection 11.0
  Chemotherapy after SOC 17.7 0.0004

(continued)

table 3. univariate analysis of overall survival in elderly  
patients (≥ 65 years old) with GBM

Factor
Median Survival  
Time (mos) p Value

Postoperative therapy (continued)
  No additional chemotherapy 7.2
  No. of other chemotherapies 0.018
    ≤2 9.4
  >2 21.3

NR = not reached; SOC = standard of care.
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0.038). Although GTR was a significant prognostic factor 
on multivariate analysis when controlling only for patient 
and tumor characteristics (data not shown), the inclusion 
of chemotherapeutics into the model resulted in this effect 
becoming nonsignificant (HR 0.70 [95% CI 0.46–1.08]; p 
= 0.10).

After pathological confirmation via resection or biopsy, 
patients with GBM typically receive RT and concurrent 
TMZ, the current standard of care. However, as previously 
stated, elderly patients commonly do not receive both RT 
and chemotherapy. Radiotherapy has been consistently 
shown to improve survival in elderly patients with GBM 
over that in patients undergoing supportive care alone; a 
randomized trial demonstrated that RT (50 Gy in 1.8-Gy 
fractions) provided a survival benefit without affecting 
cognition or quality of life.22 Because of the potential for 
neurotoxicity with cranial RT in elderly patients, the use 
of TMZ alone has also been investigated.8,15,17 A retrospec-
tive study by Glantz et al.17 examined the outcomes of 32 
elderly patients who received TMZ (5-day schedule) and 
54 patients who received RT only (60 Gy in 1.8-Gy frac-
tions). The median survival times were similar between 
the groups; those who received TMZ only had slightly lon-
ger survival (6 vs 4.1 months, respectively; p = 0.20). More 
recently, a Phase II trial evaluated the efficacy and safety 
of TMZ in 70 elderly patients with GBM.15 The median 

overall survival was 25 weeks, and 26.5% of the patients 
had a complete or partial response to treatment, whereas 
25% had stable disease. The KPS score improved in 32.9% 
of the patients, with 18 having achieved a KPS score of 
≥ 70. Global quality-of-life scores improved significantly 
over time, as did cognitive, social, physical, and role func-
tioning scores. Motor dysfunction, drowsiness, and blad-
der control scores also improved before progression. To 
compare the various therapies, the Nordic Phase III trial 
randomly assigned 291 patients to TMZ treatment only 
(200 mg/m2 on a 5-day schedule), hypofractionated RT (34 
Gy in 3.4-Gy fractions), or standard RT (60 Gy in 2.0-Gy 
fractions).28 Temozolomide and hypofractionated RT were 
found to be superior to standard RT in those older than 
70 years, although no significant effect was seen in those 
aged 60–70 years. Investigators found O6-methylgua-
nine–DNA methyltransferase promoter methylation status 
to significantly affect the efficacy of TMZ, with patients 
who harbored methylated promoters having had improved 
survival over those who did not (9.7 vs 6.8 months, respec-
tively; p = 0.02).

Because of the potential benefits of RT and TMZ in 
elderly patients with GBM, the utility of RT and concur-
rent TMZ has been investigated in this population. In a 
prospective study, Brandes et al.3 evaluated 79 patients 
who underwent postoperative RT, RT and adjuvant chemo-

Fig. 2. Kaplan-Meier overall survival curves demonstrating significantly worse survival for patients aged 75 or older (left) and 
significantly worse survival for those with a lower KPS score (right). Figure is available in color online only.

Fig. 3. Kaplan-Meier overall survival curves demonstrating significantly improved survival for patients who underwent GTR (left) 
and significantly improved survival for those who underwent SRS after tumor progression (right). Figure is available in color online 
only.
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therapy, and RT and adjuvant TMZ. Overall survival was 
found to be significantly higher in those who received ad-
juvant TMZ compared with those who received RT alone 
(14.9 vs 11.2 months, respectively; p = 0.002). In multivari-
ate analysis, the effect of TMZ approached significance (p 
= 0.058). Another study by Iwamoto et al.,20 who evaluated 
394 elderly patients with GBM, demonstrated that, after 
adjusting for age, KPS score, EOR, and number of lesions, 
patients who received adjuvant chemotherapy had a 55% 
decrease in the risk of death compared with those who 
received only RT. Similarly, another study that analyzed 
105 elderly patients demonstrated that the addition of che-
motherapy to RT resulted in significantly longer survival 
than RT alone (11.5 vs 4.5 months, respectively; p = 0.01).46 
Other institutional studies and those that used data linked 
with the Surveillance, Epidemiology, and End Results 
(SEER) and Medicare databases also reported that the ad-
dition of chemotherapy to RT improved outcomes.2,40 In 
our study, 97.3% of the patients received RT with concur-
rent TMZ, which prevents analysis of the effect of each 
individual therapy on outcomes. However, the prolonged 
survival reported in this study (12.0 months) is likely a 
result of this uniform aggressive treatment. Currently, the 
efficacy of RT with or without TMZ in elderly patients 
is being evaluated in an international Phase III trial con-
ducted by the National Cancer Institute of Canada Clini-
cal Trials Group (ClinicalTrials.gov registration number 
NCT00482677).

In light of advances in our understanding of GBM and 
the molecular alterations that frequently occur in these tu-
mors, a variety of biologically based therapies have been 

developed. Bevacizumab, an antiangiogenic monoclonal 
antibody that binds to vascular endothelial growth factor 
(VEGF), received approval by the Food and Drug Admin-
istration in 2009 for recurrent GBM on the basis of several 
Phase II studies that demonstrated significant antitumor 
activity.13,24,47,48 One large Phase II study that randomly 
assigned 167 patients to receive bevacizumab (10 mg/kg) 
alone or in combination with irinotecan reported 6-month 
progression-free survival rates of 42.6% and 50.3%, and 
the median overall survival times were 9.2 and 8.7 months, 
respectively.13 It is interesting to note that the results of a re-
cent study suggested that older patients experience a great-
er benefit from bevacizumab than younger patients.30 This 
finding may be a result of older patients having a 1.4-fold-
higher expression of VEGF-A. In this study, 38.9% of the 
patients received bevacizumab. To our knowledge, ours is 
the first study to demonstrate that elderly patients expe-
rience significantly longer survival after treatment with 
bevacizumab than those who are not treated with beva-

Fig. 4. Kaplan-Meier overall survival curves demonstrating significantly improved survival for patients who received bevacizu-
mab (20.1 vs 7.9 months; p < 0.0001) (a), significantly improved survival for patients who received irinotecan (18.0 vs 9.7 months; 
p = 0.027) (b), and improved survival, which approached significance, for those who received etoposide (20.9 vs 9.9 months; p = 
0.052) (c). Immunotherapy did not have a significant effect on survival (24.8 vs 10.6 months; p = 0.17) (d), the use of chemothera-
peutic agents following the standard of care (SOC) significantly improved survival (17.7 vs 7.2 months; p = 0.0004) (e), and the use 
of more than 2 chemotherapeutics after the standard of care significantly improved survival (21.3 vs 9.4 months; p = 0.018) (F). 
Figure is available in color online only.

table 4. stepwise multivariate analysis of various patient, tu-
mor, and treatment characteristics that affected overall survival 
in elderly patients (≥ 65 years old) with GBM

Characteristic HR (95% CI) p Value

Age 1.06 (1.02–1.10) 0.0077
KPS score, preoperative 0.97 (0.95–0.99) 0.0082
GTR 0.70 (0.46–1.08) 0.10
Bevacizumab 0.51 (0.31–0.83) 0.0067
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cizumab (20.1 vs 7.9 months, respectively; p < 0.0001). Be-
vacizumab was also an independent favorable prognostic 
factor after adjustment for age, KPS score, and EOR; it 
reduced the risk of death by nearly 50% (HR 0.51 [95% CI 
0.31–0.83]; p = 0.0067). Although this study demonstrated 
a significant survival benefit in elderly patients, current 
data do not support the use of bevacizumab in patients 
with newly diagnosed GBM. Two recent large Phase III tri-
als failed to show an overall survival benefit, although an 
improvement in progression-free survival was observed.9,16 
The efficacy of bevacizumab in combination with RT or 
TMZ is currently being evaluated in elderly patients with 
GBM in 2 randomized studies (ClinicalTrials.gov registra-
tion numbers NCT01443676 and NCT01149850).

Other agents, including irinotecan and etoposide, have 
been investigated for use in patients with recurrent GBM. 
Irinotecan is a topoisomerase I inhibitor that may induce 
apoptosis.11 This agent has demonstrated promise in the 
treatment of recurrent malignant glioma, especially in 
combination with TMZ or bevacizumab.49 In our univari-
ate analysis, we have shown that irinotecan significantly 
improved survival in elderly patients over those who did 
not receive irinotecan (18.0 vs 9.7 months, respectively; 
p = 0.027), although this effect was not significant in the 
multivariate analysis. Etoposide, a topoisomerase II inhib-
itor, has also been shown to have modest antitumor activ-
ity in malignant glioma.14,23,35 Our study also demonstrated 
that patients who received etoposide had improved out-
comes over those who did not receive etoposide, although 
this result approached significance only in the univariate 
analysis (20.9 vs 9.9 months, respectively; p = 0.052). Al-
though this study was not a randomized trial and we can-
not conclusively recommend the use of any specific che-
motherapeutics, we have shown more clearly the benefit 
of multiagent therapy after RT with concurrent TMZ. The 
administration of chemotherapy following the standard 
of care was associated with improved survival over those 
whose care did not follow the standard of care (17.7 vs 7.2 
months, respectively; p = 0.0004). Furthermore, the use 
of more than 2 agents also led to increased survival over 
those who received 2 or fewer chemotherapeutics (21.3 vs 
9.4 months, respectively; p = 0.018). The investigation of 
multiagent regimens remains of great interest because of 
the often-complementary cytotoxic mechanisms of many 
drugs. In addition, various chemotherapeutics have been 
investigated in combination with bevacizumab because 
of its ability to alter tumor vasculature and thereby im-
prove chemotherapy delivery. Such combinations have 
demonstrated improved outcomes in various cancers.19,39 
For GBM, although some combination therapies have not 
demonstrated a significant effect on outcomes, others have 
shown promise in extending survival.7,45 Because of the 
promise of aggressive chemotherapeutic treatment in el-
derly patients with GBM, prospective studies using vari-
ous multiagent regimens are needed not only to provide 
efficacy data but also to examine the effect on quality of 
life and cognitive functioning.

Currently, there are few data on the efficacy of SRS 
in elderly patients with recurrent GBM. Although studies 
have demonstrated that SRS and fractionated stereotactic 
RT provide a survival benefit in patients with tumor recur-

rence, prospective trial data are lacking.36 In this study, we 
have demonstrated that the use of SRS in patients with fo-
cal tumor progression resulted in significantly longer sur-
vival than in those who did not receive radiosurgery (me-
dian not reached vs 10.5 months, respectively; p = 0.0006). 
SRS was also significantly associated with increased sur-
vival in multivariate analysis (data not shown) when we 
controlled for only patient and tumor characteristics. How-
ever, the inclusion of chemotherapeutics in the model at-
tenuated this significance. Because the benefit of SRS in 
this study may have been a result of unintended treatment 
selection bias, prospective studies are greatly needed to 
evaluate this effect.

This study had limitations, primarily because of its ret-
rospective nature. As a result, it may be inherently biased 
and cannot provide causal data regarding the impact of 
treatments on survival. Also, this study was limited to pa-
tients treated at a single tertiary institution and therefore is 
affected by referral and selection biases, which are evident 
in the high percentage of tumors involving eloquent cor-
tex. Furthermore, because all of the patients in this study 
underwent resection, this cohort of elderly patients may 
have been relatively healthy (53.3% had a Charlson score 
of 0), thereby resulting in prolonged survival because of 
their ability to better tolerate the stresses of surgery and 
toxicities of chemotherapy. The high rate of GTR in this 
cohort of elderly patients may also support this notion, 
because nationwide studies have shown older patients to 
receive GTR significantly less frequently than younger 
patients.31 In addition, many patients in this study were 
enrolled in a variety of clinical trials, such as those evalu-
ating combination therapies and immunotherapy. As a re-
sult, the varying treatment and follow-up protocols may 
have affected patient survival. Furthermore, patient enroll-
ment in clinical trials may itself affect outcomes; studies 
have demonstrated improved survival of patients who par-
ticipate in clinical trials irrespective of the arm.41 Nonethe-
less, we evaluated a variety of chemotherapeutics and for 
the first time demonstrated that bevacizumab provides a 
significant survival benefit for these patients.

conclusions
With this study, we demonstrated that GTR conferred 

on elderly patients with GBM a modest survival benefit, 
which suggests that safe maximal resection is warranted. 
In addition, we report that bevacizumab significantly in-
creased the overall survival of elderly patients with GBM, 
and older age and preoperative KPS score were also sig-
nificant prognostic factors according to our multivariate 
analysis. Although elderly patients with GBM have a poor 
prognosis, they may experience enhanced survival after 
administration of the standard of care and additional che-
motherapeutics after progression. The results of random-
ized trials currently in progress are eagerly awaited to pro-
vide more definitive data on the appropriate management 
of elderly patients with GBM.
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