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Background: Glioblastoma multiforme (GBM) is an ultimately 
fatal disease that affects patients of all ages. Elderly 
patients (65 years and older) constitute a special subgroup 
of patients characterized by a worse prognosis and frequent 
comorbidities.
objectives: To assess the efficacy of different treatment 
modalities in terms of survival in elderly patients with GBM.
Methods: Using retrospective analysis, we extracted, anon- 
ymized and analyzed the files of 74 deceased patients (aged 
65 or older) treated for GBM in a single institution. 
results: Mean survival time was 8.97 months and median 
survival time 7.68 months. Patients who underwent tumor 
resection had a mean survival of 11.83 months, as compared 
to patients who underwent no surgical intervention or only 
biopsy and had a mean survival of 5.22 months (P < 0.0001). 
Patients who underwent full radiation treatment had a mean 
survival of 11.31 months, compared to patients who received 
only partial radiotherapy or none at all and had a mean 
survival of 4.09 months (P < 0.0001). Patients who underwent 
chemotherapy had a mean survival of 12.4 months, compared 
to patients who did not receive any chemotherapy and had a 
mean survival of 5.89 months (P < 0.001).
conclusions: Age alone should not be a factor in the decision 
on which treatment should be given. Treatment should be 
individualized to match the patient’s overall condition and 
his or her wishes, while taking into consideration the better 
overall prognosis expected with aggressive treatment.
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GBM = glioblastoma multiforme

g lioblastoma multiforme is the most frequent primary 
brain tumor in adults [1,2]. The annual age standardized 

incidence rates per 100,000 for GBM in Israel is 3.26, similar 
to other countries [1,2]. In 2005, of the 327 patients diagnosed 
with malignant brain tumors in Israel, 148 were diagnosed 

with GBM: 143 in Israeli Jews (96.6%) and 5 in Israeli Arabs 
(3.4%), while the total Israeli Arab population in 2005 consti-
tuted 19.6% of the total population of Israel [3,4]. This shows 
a higher relative risk for Israeli Jews.

GBM is a tumor comprising astrocytes and is defined 
as an astrocytoma grade 4. It is more frequent among the 
middle-aged and elderly. Two-thirds of patients are between 
45 and 70 years old, mean 61–62 years. Patients older than 70 
years constitute less than 10% of the total patient population 
with GBM [5,6].

Today, the common practice of treatment consists of 
resection of the tumor as much as possible, radiotherapy 
and chemotherapy. A study by Lacroix et al. [7] to determine 
whether the extent of tumor resection was associated with 
increased survival time in patients with GBM found that sur-
vival time was longer in patients who underwent resection of 
98% or more of the tumor volume. This aggressive surgery 
has shown the greatest survival advantage in patients with 
favorable prognostic factors and less in patients with poor 
prognosis as measured by older age, performance status and 
the amount of tumor necrosis. 

In recent years it became clear that radiotherapy has an 
important role in prolonging the survival time of elderly 
patients with GBM. In addition, the fear that this treatment 
modality may cause significant cognitive decline in this sub-
population of patients was disproved [8]. Nonetheless, there 
is still much controversy regarding the optimal radiotherapy 
protocol for the elderly population with GBM. The standard 
radiotherapy protocol today is 60 Gy in 30 fractions [1,9,10]. 
Because elderly patients with GBM have a relatively short 
survival time, attempts were made to shorten the duration 
of therapy without compromising its efficacy in order to 
improve their quality of life. Roa and colleagues [11] explored 
whether a radiotherapy protocol of 40 Gy in 15 fractions that 
takes 3 weeks has the same efficacy as the standard protocol 
that takes 6 weeks and concluded that there is no difference 
in survival between patients receiving standard radiotherapy 
and those receiving short-course radiotherapy. Short-course 
radiotherapy is not yet the standard of care and more studies 
are needed to prove its efficacy and clarify the exact optimal 
protocol. Despite the remarkable advances in radiotherapy 
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technology and accuracy in recent years, the prognosis has 
not improved although it may manifest in fewer treatment-
related side effects [9].

Chemotherapy has become a major factor in recent years 
with the introduction of temozolomide [12]. O6-methylguanine 
DNA methyltransferase (MGMT) is a DNA repair enzyme that 
is ascribed a role in cancer cell resistance to alkylating agents, 
such as temozolomide. Loss of the MGMT protein as a conse-
quence of mgmt gene promoter methylation predicts a good 
response to temozolomide [12]. Although the combined treat-
ment modality has improved survival, the prognosis remains 
gloomy with a mean of 12.1 months for patients undergoing 
radiotherapy in addition to surgery and 14.6 months for 
patients who also undergo chemotherapy [1].

Many factors have been found to influence GBM prognosis. 
The younger the patient (< 65 years) and the higher the perfor-
mance status (Karnofsky Performance Scale > 70), the better 
the outcome. Additional factors – such as more aggressive sur-
gery, absence of loss of heterozygosity 10q, and possibly female 
gender and a histopathological profile that contains giant cells 
– are also predictive of better prognosis [13-15].

Older age at diagnosis is currently the most consistent 
negative predictor of survival. GBM tumors in elderly patients 
have some biological features that might be responsible for the 
poorer survival in this age group. For example, much higher 
mean cell proliferation indices (MIB-1) were found in patients 
older than 60 years as compared to younger patients. This sug-
gests that faster tumor growth may be the major factor respon-
sible for the poorer prognosis in elderly patients [16]. 

Treating elderly patients with GBM is a challenge, not only 
in terms of a poorer prognosis. Elderly patients are frequently 
treated with lower radiotherapy and/or chemotherapy doses, 
or are not treated at all. This can be attributed to the belief held 
by many physicians that this subgroup of patients has a poorer 
tolerance to treatment. This widely held belief is not easy to 
disprove and an optimal treatment protocol is not available for 
these patients because they are frequently excluded from clini-
cal studies [8,17]. The role of adjuvant chemotherapy remains 
controversial in the elderly (≥ 65 years) owing to the claim that 
their glioma cells are less chemosensitive than those of younger 
patients, both in vitro and in vivo [10].

The purpose of this retrospective analysis was to address 
the questions of how effective maximal therapy is in the 
elderly population and whether there is sufficient indication 
for this difficult and expensive treatment, taking into account 
the side effects and the many comorbidities frequently found 
in this age group.

Patients and MetHods

We extracted the files of GBM patients aged 65 or older who 
received treatment or were followed in the Department of 

Oncology, Rambam Health Care Campus, in Haifa, Israel 
between the years 1996 and 2007. All patients had deceased 
prior to data extraction. Data relating to demographics, 
comorbidities, time to diagnosis by imaging, time to histologi-
cal diagnosis, type of treatment, and survival were collected 
and analyzed using SPSS 15. The data were analyzed without 
reference to the patients' identities (anonymized). Descriptive 
statistics of means, medians, standard deviations and percent-
ages were calculated for each of the variables in the sample: 
dependent variables (time from radiological diagnosis to 
death) and independent variables (age and gender, location of 
tumor, background illnesses, chemotherapeutic treatment, sur-
gical treatment, etc.). Time intervals were calculated from the 
onset of symptoms to radiological diagnosis, from radiologi-
cal diagnosis to histological diagnosis, and from radiological 
diagnosis to death (the dependent variable).

Univariant analysis using the Mann-Whitney U test stud-
ied the relation between post-diagnosis survival and variables 
such as surgical treatment, radiotherapy and chemotherapy. 
The relations between different ordinal independent variables 
were analyzed using Fisher's exact test. A multivariate model 
was used to find variables that influenced post-diagnosis 
survival. Non-parametric tests were used to demonstrate 
the added value of each treatment (resection, resection + 
radiotherapy, resection + radiotherapy + chemotherapy) on 
survival time.

results

Seventy-four patients were found to match the criteria (≥ 65 
years old with GBM). Mean and median ages were 71.89 and 72 
years respectively (range 65–83 years). Forty-three (58%) patients 
were male. Sixty-eight patients (91.89%) were Israeli Jews and 6 
(8.11%) were Israeli Arabs, while the total Israeli Arab popula-
tion constituted about 20% of the total population of Israel. 

coMorBidities

We found that 59 patients had cardiovascular risk factors (high 
cholesterol level, hypertension, smoking), 36% had undergone 
surgery in the past, 30% suffered from cardiovascular disease, 
22% suffered form diabetes mellitus, 14% had a previous 
malignancy, 4% had transient ischemic attack or cerebrovas-
cular accident, and 42% had some other comorbidity.

treatMent

• resection [Table 1]

Forty-two patients (56.8%) underwent resection, 26 (35.1%) 
had a biopsy only, and 6 (8.1%) had neither. Patients who 
underwent resection survived on average 11.83 months, com-
pared to those who did not whose average overall survival time 
was 5.22 months (P < 0.0001). The mean age of patients who 
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age dose of 52.24 Gy. Patients who received standard radio-
therapy survived 11.31 months on average, as compared to 
4.09 months for patients who did not receive standard radio-
therapy (P < 0.0001). Patients who received no radiotherapy 
or only partial radiotherapy had a mean age of 74.08 years, as 
compared to 70.84 years for patients who received standard 
radiotherapy (P = 0.003). Eighty-three percent of the patients 
who underwent tumor resection also received standard radio-
therapy, whereas only 47% of the patients received standard 
radiotherapy when no resection was performed (P = 0.001).

• cHeMotHeraPy [Table 3]

Thirty-five patients (47%) received chemotherapy, and most 
(n=34) received temozolomide. Of these, seven patients 
received carboplatin and etoposide (CARBO/VP16) as second-
line treament after temozolomide, one patient received procar-
bazine hydrochloride as second line after temozolomide, and 
a single patient received procarbazine hydrochloride without 
temozolomide. Patients who underwent chemotherapy had an 
average overall survival time of 12.4 months, as compared to 
5.89 months for those who did not receive chemotherapy (P < 
0.001). There was no significant difference (P = 0.18) between 
the mean age of patients who underwent chemotherapy (71.17 
years) and patients who did not (72.54 years). Sixty-nine per-
cent of patients who underwent tumor resection also received 
chemotherapy, as compared to 19% who did not undergo 
resection (P < 0.0001). Sixty-six percent of patients who under- 
went standard radiotherapy also received chemotherapy, as 
compared to 8% of those who received no radiotherapy or only 
partial radiotherapy (P < 0.0001).

To assess how much the addition of each treatment modal-
ity contributed to the overall survival of the patients, the data 
were reanalyzed and are shown in Table 4.

discussion

Our results demonstrate again the overall poor prognosis 
of elderly patients with GBM (mean survival 8.97 months, 
median survival 7.68 months). However, patients who re-
ceived a more aggressive treatment had significantly improved 
survival. For each type of treatment (resection, radiotherapy, 
chemotherapy), patients who underwent treatment survived 
significantly longer than those who did not undergo treat-
ment.

We also wished to assess how much the addition of each 
treatment modality contributed to overall survival [Table 4]. 
Although there were too few patients in this study to enable 
statistical significance, a clear trend can be seen. Patients 
who underwent resection alone had a median survival of 
3.8 months. Those who underwent standard radiotherapy in 
addition to tumor resection had a median survival of 9.47 
months. Finally, those who received the most aggressive 

underwent resection was 71.21 years, as compared to 72.78 
years for patients who underwent biopsy only or neither. This 
small difference has no statistical significance (P = 0.12).

• radiotHeraPy [Table 2]

Seventeen patients (23%) did not receive any radiotherapy, 
7 (9.5%) received only partial radiotherapy (30 Gy or less), 
and 50 (67.6%) received standard treatment (more than half 
the expected dose of 60 Gy in 30 fractions). Altogether, 57 
patients received some degree of radiotherapy, with an aver-

survival time (mos)
no. of 
patientssurgery MaximumMinimumMediansdMean 

7.830.732.652.913.736None

19.130.834.934.465.5626Biopsy only

34.331.911.16.6611.8342Resection

34.330.737.686.598.9774Total

table 1. Number and survival time of patients who underwent different surgical 
procedures

radiation
no. of 
patients

survival time (mos)

Mean sd Median Minimum Maximum

None 17 3.61 3.65 2.03 0.73 12.83

Partial (≤ 30 Gy) 7 5.26 4.15 3.8 2.2 13.97

Standard protocol 50 11.31 6.37 10.57 2.43 34.33

Total 74 8.97 6.59 7.68 0.73 34.33

table 2. Number and survival time of patients who underwent different radiotherapy 
procedures

table 3. Number and survival time of patients who underwent chemotherapy

chemotherapy
no. of 
patients

survival time (mos)

Mean sd Median Minimum Maximum

No 39 5.89 4.71 5.37 0.73 20.13

Yes 35 12.4 6.73 11.37 2.9 34.33

Total 74 8.97 6.59 7.68 0.73 34.33

treatment 
modality

no. of 
patients

survival time (mos)

Mean sd Median Minimum Maximum

Resection only 5 5.91 5.04 3.8 1.9 13.97

Other 69 9.19 6.66 7.77 0.73 34.33

Resection + standard 
radiotherapy only

8 10.94 5.1 9.47 6 20.13

Other 66 8.73 6.74 7.45 0.73 34.33

Resection + standard 
radiotherapy + chemotherapy

27 13.79 6.53 12.1 4.37 34.33

Other 6.2 4.81 5.9 0.73 20.13

table 4. Added value of each treatment modality (resection, radiotherapy, and 
chemotherapy) to the overall survival of the patient
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Therefore, it seems that having a stroke or transient ischemic 
attack influenced the treatment choice. However, because 
of the small sample, a statistical difference was found con-
cerning radiotherapy only (P = 0.03). The present study has 
shown that although elderly GBM patients suffer from a high 
percentage of comorbidities (as expected in this age group), 
this is not a sufficient justification to withhold treatment 
from all patients of this subgroup in general; rather, each case 
should be considered individually. In this retrospective work 
it was not possible to reassess the performance status of each 
patient; therefore, this important prognostic factor was not 
taken into account, at least not formally. There is a reasonable 
possibility that the patients were subjected to different treat-
ment modalities based on the physician's own assessment of 
the patient's performance status and overall condition. This 
bias could not be refuted.

conclusions 

Elderly patients can gain significant benefit from aggres-
sive treatment (resection, radiotherapy and chemotherapy). 
Aggressive treatment must not be withheld based on age 
alone and should be considered while taking into account 
the patient’s overall condition, wishes and expectations. Even 
partial treatment can result in significant survival benefits 
when compared to symptomatic treatment alone.
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Chronic stress can have various effects on people, with 
some becoming susceptible to psychiatric conditions, 
including depression. The mechanism underlying this 
differential vulnerability to stress was recently investigated 
in mice. Uchida and colleagues compared the levels of 
brain-expressed genes in a stress-vulnerable mouse strain, 
BALB/c, and a stress-adaptive strain, C57BL/6, in the 
presence and absence of chronic stress. They found that 
the levels of glial cell-derived neurotrophic factor (GDNF) 
mRNA and protein were reduced in the nucleus accumbens 

of BALB/c mice after stress but increased in C57BL/6 mice. 
The authors then characterized an epigenetic mechanism 
involving both histone modification and DNA methylation 
that led to reduced expression from the Gdnf promoter 
in BALB/c mice. Administration of histone deacetylase 
inhibitors or DNA methylase inhibitors could ameliorate the 
BALB/c stress-induced depressive behaviors by relieving 
epigenetic repression of Gdnf expression. 
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ameliorating stress-induced depressive behaviors by relieving epigenetic repression of gdnf expression

Central to the design of an effective immune system is the 
ability to avoid disastrous consequences of autoimmune 
reactions in which healthy cells of a host organism are 
targeted for destruction rather than damaged cells or invading 
pathogens. In natural killer (NK) cells of the innate immune 
system, signaling through an array of activating and inhibitory 
receptors “educates” cells to respond appropriately to self-
ligands and ligands that signal cell damage or infection. 
Guia and co-workers report that in mice, potentially self-
reactive NK cells are kept in check through sequestration of 
signalling molecules within the plasma membrane. Spot 
variable fluorescence correlation spectroscopy to monitor the 
movement of receptors revealed that, in NK cells genetically 

engineered to not be properly educated, inhibitory and 
activating receptors were confined together in domains 
where they were associated with an actin network below 
the membrane. When these cells were educated to allow 
appropriate activation, inhibitory receptors became diffusely 
distributed, whereas activating receptors were present in 
nanodomains or “rafts” characteristic of active receptor 
signaling. This mechanism, as compared to transcriptional 
reprogramming, may allow the NK cells greater flexibility to 
switch between an unresponsive state and a state in which 
they are competent to respond to stimuli. 

Sci Signal 2011; 4: ra21  
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teaching nK cells self-control

“Parkinson's first law: work expands to fill the time available”
C. Northcote Parkinson (1909-1993), British historian and author

“a bore is a man who, when you ask him how he is, tells you”
Bert Leston Taylor (1866-1921), American columnist, humorist and author




