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ère, Paris, France.

6 Service de Neuropathologie, CHU Pitié Salpétri-
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BACKGROUND. Currently, the survival of patients age � 70 years with glioblastoma

multiforme (GBM) ranges from 4 months to 6 months, although radiotherapy

and/or chemotherapy may prolong survival in certain subgroups. Temozolomide

is an oral chemotherapeutic agent with efficacy against malignant gliomas and a

favorable safety profile. This open-label, single-center, Phase II study was designed

to evaluate the efficacy and safety of temozolomide as first-line chemotherapy and

exclusive treatment in elderly patients with newly diagnosed GBM.

METHODS. Chemotherapy-naı̈ve patients (age � 70 years) were treated with temo-

zolomide at a dose of 150 –200 mg/m2 per day for 5 consecutive days of a 28-day

cycle until they developed disease progression. No radiation therapy was admin-

istered. The primary endpoint was median overall survival (OS); secondary end-

points included progression-free survival (PFS) and toxicity.

RESULTS. Thirty-two patients (median age, 75 years; median Karnofsky perfor-

mance status, 70) experienced a median OS of 6.4 months and a median PFS of 5.0

months. Of 29 patients who were assessed for response, 9 patients (31%) achieved

a partial response, 12 patients (41%) maintained stable disease, and 8 patients

(28%) developed progressive disease. Adverse events primarily were mild, with NCI

CTC Grade 3– 4 thrombocytopenia and neutropenia reported to occur in 6% and

9% of patients, respectively. No neurotoxicity was observed. Treatment delays and

dose reductions occurred in 13% and 14% of cycles, respectively.

CONCLUSIONS. Temozolomide represents a safe, easily administered, and effective

therapeutic approach for elderly patients with newly diagnosed GBM. Cancer

2004;100:2208 –14. © 2004 American Cancer Society.

KEYWORDS: temozolomide, glioblastoma multiforme, glioblastoma multiforme, el-
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Recent evidence shows that the incidence of glioblastoma multi-
forme (GBM) has increased substantially in the elderly population

over the past 20 years.1–3 For example, some investigators have re-
ported an increase of 5% per year in the portion of population age
� 65 years.2 Another study showed that, although it remained rela-
tively stable in the younger segment of the population, the incidence
of GBM increased by � 20% in patients ages 70 –74 years between
1980 and 1990.1 Even more dramatic increases (from 30% to 254%)
were observed in patients age � 75 years. Improved diagnostic pro-
cedures may be responsible in part for the increased incidence of
GBM, but they do not account for all of the changes.

It is particularly noteworthy that age has been recognized as a
poor prognostic indicator in patients with malignant glioma.4 Conse-
quently, the majority of clinical studies do not include patients age
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� 60 years (although a few studies have included
patients up to age 70 years). This is unfortunate, be-
cause the subgroup of patients age � 70 years repre-
sents a distinct population in terms of toxicity and
treatment compliance. Although data for this specific
patient population are limited, it appears that the
median survival ranges from 4 months to 5 months in
patients age � 70 years.4 – 6

Treatment strategies for elderly patients with
GBM remain a matter of debate, ranging from pallia-
tive care to aggressive strategies, including surgery,
radiation therapy, and chemotherapy.3,4,6 However,
these strategies can be problematic in elderly patients.
For example, radiation therapy requires particular
compliance and is associated with significant cogni-
tive impairments in the elderly population. Nitro-
sourea-based chemotherapies are associated with sig-
nificant myelosuppression. In a retrospective study of
148 patients who received nitrosourea-based chemo-
therapy, age was a strong predictor of the risk of
myelosuppressive complications, which occurred in
approximately 35% of patients age � 60 years, com-
pared with only 13–19% of patients age � 60 years(P
� 0.03).7 In addition, response rates with nitrosourea-
based chemotherapies are poor (� 5%), and there is
little survival benefit in patients age � 60 years (� 5
months).7 Finally, retrospective studies have sug-
gested that the combination of surgical resection and
radiation therapy provides only a modest survival
benefit in patients age � 65 years.8,9

Clearly, more effective and better tolerated treat-
ments are needed for elderly patients with brain tu-
mors. Temozolomide is a new, orally administered,
second-generation alkylating agent that readily
crosses the blood-brain barrier and has demonstrated
efficacy in patients with malignant glioma.10,11 More-
over, temozolomide has a favorable toxicity profile,
with easily managed, noncumulative myelosuppres-
sion.10,11 In addition, Gilbert and colleagues recently
reported a response rate of 42% (a complete response
[CR] was noted in 9% of patients) and a median sur-
vival duration of 13.2 months in 33 adult patients with
GBM who were treated with temozolomide and were
assessed for response before the initiation of radiation
therapy.12 Taken together, the results of these studies
suggest that temozolomide may be an appropriate
first-line, single-agent therapy for the treatment of
GBM in patients age � 70 years. Thus, the current
study was conducted to evaluate the efficacy and
safety of temozolomide as first-line chemotherapy
(without the use of radiation therapy) in elderly pa-
tients with newly diagnosed GBM.

MATERIALS AND METHODS
Patient Eligibility
Patients age � 70 years with newly diagnosed GBM,
with a Karnofsky performance status (KPS) � 60, and
with an Eastern Cooperative Oncology Group (ECOG)
performance status � 2 were eligible for inclusion in
this Phase II study. At least 1 bidimensionally measur-
able target lesion (� 2 cm in greatest dimension) had
to be present based on a magnetic resonance image or
a computed tomography scan that was obtained
within 2 weeks before the start of treatment. Concom-
itant corticosteroid therapy was allowed, provided
that the patient had been on a stable or decreasing
dose for a minimum of 2 weeks. All patients were
required to have normal hematologic, liver, and renal
function.

Patients who had received prior chemotherapy for
GBM or brain irradiation and patients who had recur-
rent GBM were excluded from the study. Prior surgery
for GBM (within the month before study enrollment)
was allowed if postoperative imaging studies revealed
a clearly limited target that measured at least 2 cm in
greatest dimension.

Previous or current malignancies at other sites
also were reasons for exclusion, with the exception of
cone-biopsied cervical carcinoma and adequately
treated basal or squamous cell skin carcinoma. Addi-
tional exclusion criteria included the presence of un-
controlled systemic disease or active infection or the
presence of any psychological, familial, sociologic, or
geographic condition that could result in noncompli-
ance with the study protocol or the follow-up schedule.

Study participants were enrolled from May 1999
to September 2001. All patients provided written in-
formed consent prior to study participation. The study
protocol was approved by a local Institutional Review
Board/Ethics Committee.

Study Design
Patients who were enrolled in this open-label, single-
center, Phase II study received treatment with temo-
zolomide at a dose of 150 mg/m2 per day for 5 con-
secutive days every 28 days; the dose could be
increased to 200 mg/m2 if no toxicity was evident. No
radiation therapy was allowed during the course of the
study, and treatment continued until progressive dis-
ease (PD) occurred.

The primary endpoint was overall survival (OS)
from the time of study inclusion. Secondary endpoints
included response rates, duration of response, and
progression-free survival (PFS) at 6 months. The cri-
teria of Macdonald et al.13 were used to determine
treatment response; a CR and a partial response (PR)

Temozolomide in Elderly Patients/Chinot et al. 2209



had to be confirmed at 2 separate visits at least 1
month apart. In patients with stable disease (SD), con-
firmation was required at 2 visits at least 2 months
apart. Independent reviews of all histology and re-
sponse results were performed by a pathologist (K.M.)
and a neurologist (K.H.-X.) at H. Pitie Salpetrière.

Changes in neurologic status were assessed using
KPS and Mini-Mental State Examination (MMSE)
scores. Safety and tolerability were measured using
the National Cancer Institute Common Toxicity Crite-
ria, version 2.

Statistical Methods
The Kaplan–Meier method was used to estimate OS
and PFS in the intent-to-treat (ITT) population. Be-
cause data in that population are calculated from the
time of diagnosis, OS and PFS were calculated from
the time of surgery and the time of study inclusion.
PFS and OS were then stratified by age (� 75 years or
� 75 years), KPS at study entry (postsurgery; � 60 or
� 60), median tumor size (� 15.75 cm2 or � 15.75
cm2), and type of response (CR, PR, or SD). Survival
curves were compared using the log-rank test at an �

level of 0.05.

RESULTS
Patients
Of 65 patients age � 70 years with malignant gliomas
at our center, 63 patients were referred directly for
diagnosis and surgery in the month prior to study
entry. Of these 63 patients, 32 patients met eligibility
criteria and were enrolled in the study. Thirty-one
patients were excluded from the study for various
reasons: Eight patients had no biopsy because of ei-
ther patient or surgeon refusal, generally in the con-
text of poor general or neurologic status; 6 patients
had histology other than GBM (e.g., mixed oligoastro-
cytoma or anaplastic astrocytoma); 8 patients refused
treatment or received another form of therapy (i.e.,
radiotherapy and/or nitrosurea); and 9 patients with
biopsy-confirmed GBM had poor general health
(ECOG performance status � 2) or neurologic status
(KPS � 60).

The median age of patients enrolled was 75 years,
and the median KPS was 70. In all, 160 cycles of
temozolomide treatment were administered (median,
4 cycles). Prior surgery included macroscopic total
resection (n � 1 patient), partial resection (n � 6
patients), and biopsy only (n � 25 patients). Patient
baseline clinical characteristics are shown in Table 1.

Efficacy
Twenty-nine patients were assessed for response to
temozolomide, and 3 additional patients were not

evaluable for a response (1 patient had no postoper-
ative evidence of evaluable disease, 1 patient died of a
pulmonary embolism before confirmation of PR, and
1 patient had an unconfirmed PR and died after 2
treatment cycles). Based on an ITT analysis, the me-
dian OS from the time of diagnosis was 6.4 months
(Fig. 1), and the median PFS was 5.0 months (Fig. 2).
The 6-month and 12-month survival rates were 60%
(95% confidence interval [95% CI], 42–78%) and 25%
(95% CI, 9 – 41%), respectively; and the 6-month and
12-month PFS rates were 44% (95% CI, 26 – 62%) and
15% (95% CI, 2–28%), respectively. When analyzed
from the time of treatment initiation, OS was 6.2
months, and PFS was 4.5 months. When PD did occur,
none of the patients received radiotherapy, and only a
minority received additional chemotherapy (i.e., ni-
trosourea in four patients) after discontinuation of
temozolomide.

A PR was observed in 9 patients (31%; 95% CI,
14 – 48%), 12 patients had SD (41%; 95% CI, 23–59%),
and 8 patients had PD (28%; 95% CI, 12– 44%). The
median OS was 13.3 months in patients with PR, 6.4
months in patients with SD, and 4.5 months in pa-
tients with PD (P � 0.001). The median PFS was 9.2

TABLE 1
Baseline Clinical Characteristics

Characteristic No. of patients (%)

Age (yrs)
Median (range) 75 (70–81)

Gender
Male 15 (47)
Female 17 (53)

KPS
Median (range) 70 (60–80)
60 14 (44)
70–80 18 (56)

Prior surgery
Biopsy only 25 (78)
Partial resection 6 (19)
Macroscopic total resection 1 (3)

Initial MMSE
Normal (� 25) 12 (38)
Slightly altered (16–24) 8 (25)
Decreased (� 16) 12 (38)

Steroid use at entry 29 (91)
Median tumor size (range) (cm2) 15.75 (4.00–35.00)
Tumor location

Temporal 8 (25)
Frontal 6 (19)
Bilobar 6 (19)
Midline 4 (13)
Parietal 4 (13)
Multifocal 2 (6)
Occipital 1 (3)

KPS: Karnofsky performance status; MMSE: Mini-Mental State Examination.
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months in patients with PR, 4.0 months in patients
with SD, and 2.2 months in patients with PD (P
� 0.0001). Of the nine patients who achieved a PR, five
patients showed a response after two cycles of treat-
ment, three patients responded after four cycles, and
one patient responded after six cycles of temozolo-
mide therapy.

Based on changes in KPS and MMSE scores, 50%
of patients improved with temozolomide therapy, be-
cause a 1-level increase in KPS or a 5-point increase in
MMSE score was accompanied by stable or decreased
steroid dosage in 16 of 32 patients (50%). Of 29 pa-
tients who were receiving steroid therapy at the start
of the study, 14 patients were able to have their steroid
dosage decreased because of improved neurologic sta-
tus, and an additional 3 patients discontinued steroid
therapy completely before eventually experiencing
disease progression.

Prognostic Factors
Of the potential factors affecting prognosis (i.e., age,
KPS, tumor size, and type of surgery), only baseline

tumor size, as estimated by radiographic evidence of
the surface area of contrast enhancement, appeared to
influence survival. In patients who had a median tu-
mor size � 15.75 cm2, OS was 8.7 months compared
with 5.2 months in patients who had a median tumor
size � 15.75 cm2 (P � 0.02). However, PFS appeared to
be unaffected by tumor size.

Although the type of surgery performed appeared to
have no effect on OS or PFS, there were significant dif-
ferences between the biopsy and surgery groups in
terms of the number of patients in each group, making it
difficult to draw meaningful conclusions. In the 7 pa-
tients who underwent surgery, the median OS was 8.8
months, compared with 6.3 months in the 25 patients
who underwent biopsies. The absence of a significant P
value for this comparison may have been due in part to
the different numbers of patients in each group.

Safety
The majority of patients received the 150 mg/m2 dose
of temozolomide, which generally was tolerated well.
Patients received a median of 4 cycles (range, 2–12
cycles) of temozolomide therapy (Table 2), and a total
of 160 cycles were administered. Most adverse events
noted during the 160 cycles of treatment were mild
(Table 3), necessitating dose delays and dose reduc-
tions in only 13% and 14% of all cycles, respectively.
Specifically, 12 patients (38%) had dose delays, and 4
patients (13%) required reductions in temozolomide
doses during the study.

Grade 3 or 4 hematologic toxicities were minimal
and included 2 patients (6%) with thrombocytopenia
(both required platelet transfusions) and 3 patients
(9%) with neutropenia (2 patients required therapy
with granulocyte-colony stimulating factor). Nonhe-
matologic Grade 3 or 4 adverse events included 2
patients with nausea and 1 patient each with fatigue
and emesis. No neurotoxicity or other Grade 3 or 4
toxicities were observed. Grade 1 or 2 hematologic and
nonhematologic adverse events included thrombocy-

FIGURE 1. Kaplan–Meier analysis of overall survival.

FIGURE 2. Kaplan–Meier analysis of progression-free survival.

TABLE 2
Extent of Temozolomide Exposure

No. of treatment
cycles received No. of patientsa

2 7
3–4 11
5–6 5
7–8 3
9–12 4

a Two patients remained on treatment after eight and nine cycles.
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topenia, anemia, neutropenia fatigue, nausea, consti-
pation, and emesis (Table 3).

At the time of this analysis (last follow-up), 4 pa-
tients remained alive, 2 patients had PD, and 2 re-
mained on treatment with confirmed PRs at 7 months
and 8 months after diagnosis. Of the 28 patients who
died, tumor progression was the primary cause of
death (n � 26 patients). Two patients died of other
causes, including 1 patient who had a pulmonary em-
bolism that occurred 6 months after diagnosis (this
patient had exhibited an unconfirmed PR 20 days ear-
lier and was not considered evaluable for response)
and 1 patient who died of cardiopulmonary disease 6
months after diagnosis (this patient had a confirmed
PR). None of these deaths were considered related to
treatment.

DISCUSSION
Investigators continue to explore chemotherapeutic
regimens and combined treatment modalities in an
effort to prolong survival and provide symptomatic
relief for patients with GBM. Unfortunately, to our
knowledge, few of these treatments have been studied
in elderly patients, and the regimens that have been
tested in the elderly appear to be associated with
greater toxicity and reduced efficacy compared with
their use in younger populations. No prospective ran-
domized studies have addressed the question of opti-
mal treatment of GBM in the elderly, and this issue
continues to be debated.

Surgical resection has been a standard treatment
option for patients with malignant gliomas. The ad-
vantages of cytoreductive surgery have been docu-
mented consistently in younger patients and include a
correlation between the extent of tumor resection and
the length of survival, decreases in intracranial pres-
sure with subsequent improvement in neurologic
function, increased susceptibility of remaining tumor

cells to other treatment modalities, and the provision
of tissue samples for accurate histologic diagnosis.3

However, the results from retrospective studies sug-
gest that prolongation of survival after surgery is min-
imal in patients age � 65 years.8

It has been shown that the use of radiation ther-
apy after surgical resection improves survival in el-
derly patients with malignant gliomas, particularly
those with a good performance status.5,6,14 However,
the survival benefit after radiation therapy was signif-
icantly shorter in patients age � 70 years compared
with patients ages 65–70 years.9 In addition, to our
knowledge the optimal schedule for radiation therapy
in the elderly has yet to be defined because of the
potential for toxicity and the inconvenience of the
standard schedule of 60 grays (Gy) in 30 fractions over
6 weeks. The limits of the efficacy of radiotherapy also
were underlined in the study of Meckling et al., who
studied 103 elderly patients with malignant gliomas
and found that 19% of patients were unable to com-
plete a full course of radiation therapy because of
worsening neurologic status or death (mainly because
of PD) or, in part, because of acute toxicity.5 Many
patients also are unhappy with the alopecia that ac-
companies radiation therapy. Finally, delayed central
nervous system (CNS) toxicity after radiation therapy
has been reported as a function of age.15

The optimal schedule of radiation therapy for the
elderly has yet to be defined due to the potential for
toxicity and the inconvenience of the standard sched-
ule of 60 Gy in 30 fractions over 6 weeks, particularly
when considering an estimated median survival of 5– 6
months. Compliance can be an issue with conven-
tional radiation therapy, because patients often must
travel to receive multiple treatments. Hypofraction-
ated radiation therapy (e.g., 50 Gy in 20 fractions over
4 weeks) has been evaluated as an alternative to con-
ventional dosing regimens and appears to have similar
efficacy in elderly patients with GBM, and it reduces
the overall treatment time by � 33% without an ap-
parent increase in toxicity.16 A shorter course of radi-
ation (30 Gy in 6 fractions) also had efficacy compa-
rable to that of conventional radiation therapy in
patients age � 60 years with malignant gliomas.14

Thus, additional studies are needed not only to iden-
tify which elderly patients with malignant gliomas
may be the best candidates for radiation therapy but
also to define more clearly the optimal radiation
schedule. In this regard, an ongoing randomized clin-
ical trial in France conducted by the Association des
NeuroOncologues d’Expression Francaise group will
evaluate best supportive care versus radiotherapy. In
addition, an ongoing, 3-arm Nordic trial will evaluate
standard radiotherapy versus hypofractionated radio-

TABLE 3
Incidence of Adverse Events

Event

No. of patients (%)

Grade 1/2 Grade 3/4

Hematologic
Thrombocytopenia 17 (53) 2 (6)
Anemia 6 (19) 0 (0)
Neutropenia 4 (13) 3 (9)

Nonhematologic
Fatigue 11 (34) 1 (3)
Nausea 10 (31) 2 (6)
Constipation 8 (25) 0 (0)
Emesis 6 (19) 1 (3)
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therapy (34 Gy in 10 fractions) versus temozolomide
alone.

Several studies have investigated the role of che-
motherapy in the treatment of primary brain tumors
in elderly patients. Pierga et al. studied 30 patients age
� 70 years with malignant gliomas who underwent
surgery; received radiation therapy; and, in some pa-
tients, received reduced-dose chemotherapy: either
carmustine (BCNU) or combined procarbazine, 1-(2-
chloroethyl)-3-cyclohexyl-1-nitrosurea, and vincris-
tine (PCV).17 The median survival was longer in the 12
patients who received chemotherapy (13.5 months)
compared with patients who did not receive chemo-
therapy (6.2 months). However, patients were selected
to receive chemotherapy because of their good perfor-
mance status. In addition, 4 of 12 patients (33%) who
received chemotherapy experienced World Health Or-
ganization Grade 3 or 4 hematologic toxicity.

Gilbert et al. studied a regimen of BCNU and
cisplatin followed by standard radiotherapy in a sub-
group of 17 patients age � 65 years and reported a
response rate of 76% with a median survival of 11.9
months.18 Their small study population had better
prognostic factors compared with the population in
the current study, including a younger median age
(71.6 years), better neurologic status (median KPS,
78.8), and more patients who underwent tumor resec-
tion (35% vs. 22%). However, this BCNU/cisplatin reg-
imen has been associated with potentially serious ad-
verse events, because 40 of 47 patients of all ages
(85%) experienced Grade 3 and 4 toxicities.19

Temozolomide is an attractive chemotherapeutic
option in patients with malignant gliomas. In addition
to its ability to cross the blood-brain barrier and its
proven efficacy against CNS malignancies,10,11 temo-
zolomide has a favorable safety profile and offers the
convenience of oral administration. The results from
several recent clinical trials evaluating temozolomide
in the treatment of GBM in elderly patients, including
the current study, are summarized in Table 4. Despite
the advanced age (� 70 years) in the current study
population, the response rates observed with single-
agent temozolomide as first-line therapy for GBM
(31% of patients achieved a PR with an additional 41%
of patients who had SD) are promising. Temozolo-
mide treatment also was associated with neurologic
improvement that corresponded with decreased ste-
roid dosage in 50% of patients. Moreover, temozolo-
mide was tolerated well, with Grade 3 and 4 toxicities
occurring in relatively few patients.

Although an earlier study by Gilbert et al.12 of
temozolomide in patients with newly diagnosed GBM
reported a slightly higher response rate and longer
median OS, that study was not restricted to an elderly

population and raised a different question about the
value of temozolomide in malignant gliomas when
administered before radiotherapy. In that study, pa-
tients had better prognostic factors compared with
patients in the current study, including a lower me-
dian age (55 years), a higher rate of tumor resection
(61% vs. 22%), and better performance status at base-
line (64% had a KPS � 90). In addition, the patients in
the study by Gilbert et al. also received radiotherapy as
part of their treatment, so therefore the results in
terms of survival cannot be compared directly.12

Brandes et al. studied 79 consecutive patients who
were referred between 1993 and 2000 who underwent
surgery and received radiotherapy alone or with adju-
vant chemotherapy using either PCV or temozolo-
mide.20 The median OS and the median time to dis-
ease progression were increased significantly in
patients who received radiotherapy plus temozolo-
mide (but not PCV) compared with radiotherapy
alone. Grade 3– 4 hematologic toxicity also was greater
in the PCV arm compared with the temozolomide
arm. Compared with the current study, patients who
were treated with temozolomide in the study by
Brandes et al. were younger (median age, 68 years),
had better neurologic status (median KPS, 77 vs. 70),
underwent surgery more (100% vs. 22%), and all re-
ceived radiotherapy, which may account in part for
the longer survival, particularly compared with other
studies in that population. Further studies are needed
to identify patients for whom temozolomide treat-
ment may be more beneficial as an adjuvant to radi-
ation therapy rather than as a single agent.

Similar to the results of the current study, survival
in the temozolomide cohort in the retrospective study
by Glantz et al. was 6 months, which was not different

TABLE 4
Recent Clinical Studies of Temozolomide in Elderly Patients with
Glioblastoma Multiforme

Study
Patients
(n)

Age
(yrs) RT CT

Response
rate (%)

Median
survival
(mos)

One-yr
survival
(%)

Gilbert et al., 200212 36 16–71 Yes TMZ 42 13.2 18.0a

Brandes et al., 200320 24 Yes No NR 11.2 31.6
32 � 65 Yes PCV NR 12.7 56.3
23 Yes TMZ NR 14.9 72.5

Glantz et al., 200321 32
� 70b No TMZ NR 6.0 11.88

54 Yes No NR 4.1 9.26
Current study 32 � 70 No TMZ 31 6.4 25.0

RT: radiotherapy; CT: chemotherapy; TMX: temozolomide; NR: not reported; PCV: procarbazine,

lomustine, and vincristine.
a The 2-year survival rate was reported.
b Two patients had anaplastic astrocytoma.
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statistically from the survival of patients who received
radiotherapy alone (4.1 months). However, in the
study by Glantz et al., no data were presented con-
cerning response rates or neurologic improvement.21

In the current study, analysis of the potential fac-
tors affecting prognosis—age, KPS, tumor size, and
type of surgery—revealed that only baseline tumor
size was predictive of survival. Other studies con-
ducted in elderly patient populations have shown con-
flicting results, with some reporting that age only9;
age, neurologic function, and performance status5,6;
or the extent of surgery8 were predictive of survival.
The lack of a clear relation in the current study be-
tween the response rate (and associated improve-
ments in median OS and PFS) and the usual prognos-
tic factors may indicate that other factors are better
predictors of clinical outcomes in this patient popu-
lation. In fact, there is evidence to suggest that specific
genetic changes may be predictive of response in pa-
tients with oligodendrogliomas or astrocytomas.22,23

However, to our knowledge to date, this has not been
evaluated extensively in patients with GBM.

Temozolomide is a safe, effective, and convenient
treatment for elderly patients with newly diagnosed
GBM and may be an appropriate first-line, single-
agent treatment in this population. In particular, pa-
tients age � 70 years appear to be a distinct popula-
tion that may benefit from less invasive treatment. The
course of treatment for elderly patients requires care-
ful consideration, and future studies will be necessary
to determine the role of temozolomide with or without
radiation therapy in the treatment of elderly patients
with newly diagnosed GBM.
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