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Abstract Upfront temozolomide (TMZ) is often proposed

for elderly patients with malignant gliomas as an alternative

to radiotherapy (RT). A recent randomized trial showed that

RT provides a survival benefit in elderly glioblastoma

patients (C70 years) with good performance status (KPS C

70) compared with supportive care alone (median survival

(MS) = 29.1 vs. 16.9 weeks). We retrospectively analyzed

all patients who were eligible for this trial, but who refused

to participate and were finally treated with TMZ alone.

Thirty-nine eligible patients (median age: 75 years (range

70–83), median KPS: 70 (range 70–80), histologically

proven glioblastomas) were treated up-front with oral TMZ

for 1–12 cycles (mean = 5). One complete response and 10

partial responses were observed. Overall median survival

(MS) was 36 weeks and median progression-free survival

(PFS) was 20 weeks for the whole group. MS was

27.4 weeks and PFS was 19.5 weeks for the 27 patients that

did not receive second-line treatment at progression. Eight

grade III/IV toxicities (seven hematologic, one gastro-

intestinal) were seen, but no treatment-related deaths were

observed. These preliminary results support further ran-

domized studies comparing TMZ with RT.
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Despite the increased incidence of malignant gliomas in the

elderly over the last two decades [1], the standard of care

for these patients was nonexistent until recently, in part

because of very poor expected survival (4–6 months)

[2, 3]. A recent phase III trial showed that addition of

radiotherapy to supportive care prolongs survival of elderly

patients (C70 years) with glioblastoma and a good perfor-

mance status (KPS C 70) and reported no deleterious effect

on quality of life or cognitive function, establishing a new

standard of care in this population [4].

Because upfront temozolomide (TMZ) is sometimes

proposed for elderly patients as an alternative to radio-

therapy [5, 6], we decided to review a cohort of eligible

patients who were treated with TMZ alone because they

refused to participate to the radiotherapy trial.

Methods

Patients

We retrospectively reviewed all patients from four institu-

tions (Lyon, Marseille, Nancy, Paris) who met the inclusion

criteria for the NCT00430911 trial (age C 70 years,

histologically proven, newly diagnosed WHO GBM and

F. Laigle-Donadey (&) � G. Kaloshi � J.-Y. Delattre �
M. Sanson

Service de Neurologie Mazarin, Hôpital de la Salpêtrière,

47 Boulevard de l’Hôpital, 75013 Paris, France

e-mail: florence.laigle-donadey@psl.aphp.fr

D. Figarella-Branger

Service d’Anatomo-Pathologie, Hôpital de la Timone,

264 rue Saint-Pierre, 13385 Marseille Cedex 5, France

O. Chinot

Service d’Oncologie, Hôpital de la Timone,
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Karnofsky performance score (KPS) C 70) who were pro-

posed for participation in the study but refused and received

upfront chemotherapy with TMZ. This study was permitted

by the ethical committee of the Pitié-Salpêtrière Hospital.

Treatment

After surgery, patients were treated with temozolomide

mostly with the conventional regimen of 150–200 mg/m2

for five days every four weeks, except patients from

Marseille who received an adjusted dose-intensity regimen

(150–200 mg/m2 temozolomide for 6, 7 or 8 days every

28 days) [7]. Response was estimated according to the

McDonald criteria [8]. Toxic effects were graded according

to the National Cancer Institute Common Toxicity Criteria,

version 2.

Histology and MGMT detection

Histological analysis was performed by a local pathologist

according to the WHO classification.

MGMT (O6-methylguanine–DNA methyltransferase)

immunohistochemistry was performed as previously

described [9]. Briefly, tissue sections were incubated over-

night with an anti-MGMT mouse monoclonal antibody

(470P803C; 200 lg/ml) diluted 1:40 in PBS. Isolated cyto-

plasmic or granular nuclear reactivity were not considered

positive. We chose the threshold of 10% of positive cell

nuclei [10] to discriminate low and high MGMT expression.

Statistical analysis

OS was defined as the time from histological diagnosis

until death or last follow-up. PFS was defined as the time

from histological diagnosis until tumor progression or last

follow-up. The log rank test was used to test for equality of

OS and PFS distribution as estimated by the Kaplan–Meier

method. Two-sided P values less than 0.05 were considered

significant.

Results

Patients

Patient’s characteristics are reported in Table 1. From

February 2001 to January 2005, 39 eligible patients who

declined to participate to the NCT00430911 trial were

treated up-front with oral TMZ. The median age was

75 years (range 70–83) and the median KPS was 70 (range

70–90). Glioblastoma was histologically proven in all cases.

Twenty-one of the 39 patients (54%) had a biopsy, 18 (46%)

had undergone surgery with partial resection in 14 cases

(36%) and total debulking in four cases (10%). The median

time between surgery and temozolomide initiation was

28 days (range: 11–58 days). In cases of tumor resection,

evaluation of the measurable residual disease was assessed

by means of a new MRI. The patient population was very

similar to the randomized trial population in terms of

age (median 75 years (range 70–83), vs. 75 years (range

70–84)), performance status (median 70 (range 70–90), vs.

75 (range 70–90)), and extent of resection (50% vs. 48%).

Treatment

Patients received 1 to 12 TMZ cycles (median = 5); ini-

tially, all patients received the planned five days regimen

(150–200 mg/m2) every four weeks. Fourteen patients (all

in Marseille center) were switched to an adjusted dose-

intensity regimen over 6–8 days from cycle 2 or later.

Patients received 1 to 12 cycles of chemotherapy

(mean = 5). Treatment was discontinued because of dis-

ease progression in all cases except two because of toxic-

ities (see above). Seven grade III/IV hematological

toxicities (18%), one grade II cutaneous toxicity (2%), and

one grade IV gastro-intestinal toxicity were observed (2%).

No treatment-related death was observed. After disease

progression, supportive care was given in 27 cases (69%),

eight patients received second-line chemotherapy (seven

went on a nitrosourea-based regimen and one on vepeside),

three patients had radiotherapy, and one patient was

re-operated upon.

Survival and progression

One complete response (2%), ten partial responses (26%)

(Figs. 1, 2), 12 stable diseases (31%), and 13 progressive

diseases (33%) were observed. The radiographic responses

were confirmed on follow-up MRI scans performed

1–2 months later, according to the McDonald criteria. The

dose of corticosteroids remained stable or decreased in these

patients. Three patients could not be evaluated for response.

At the time of analysis (December 2008), 37 patients were

dead, and two patients were lost for follow-up. Overall

median survival (MS) was 36 weeks and median progres-

sion-free survival (PFS) was 20 weeks. PFS and OS were

not related to KPS (KPS = 70 or KPS [ 70), age (\76 vs.

[76 years) or extent of surgery (biopsy vs. tumor removal),

but were related to response (MS = 54 weeks for respond-

ers vs. 29.8 for patients with SD and 12.4 for patients with

progressive disease; P \ 0.03; median PFS = 38.8 weeks

for responders vs. 20 for patients with SD and 7.7 for patients

with progressive disease; P \ 10-4).
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Table 1 Main characteristics of patients

Patient Gender Age Type of

surgery

Histology KPS

(%)

First line

chemo

Number of

cycles

Response Hematotoxicity Second

line

MGMT Survival

(weeks)

1 M 75 Biopsy GBM 70 Temozolomide 2 PD 0 Yes NA 27.0

2 M 81 Biopsy GBM 90 Temozolomide 2 PD P4 N1 Yes NA 69.7

3 M 72 Partial

resection

GBMO 70 Temozolomide 6 SD P2 O Neg 29.4

4 M 76 Biopsy GBMO 70 Temozolomide 1 PD 0 O Neg 4.7

5 F 71 Partial

resection

GBMO 70 Temozolomide 1 PD P4 N4 O Neg 12.4

6 M 77 Partial

resection

GBMO 80 Temozolomide 5 SD 0 Yes Pos 69.1

7 F 76 Biopsy GBM 80 Temozolomide 9 PR 0 Yes Pos 62.0

8 M 79 Biopsy GBM 70 Temozolomide 3 PD 0 O NA 19.7

9 F 79 Biopsy GBM 70 Temozolomide 1 PD 0 O NA 10.3

10 M 81 Biopsy GBM 80 Temozolomide 8 PR 0 Yes Pos 54.9

11 F 73 Biopsy GBMO 90 Temozolomide 10 PR 0 Yes Pos 60.3

12 F 79 Biopsy GBMO 70 Temozolomide 6 PR 0 Yes Neg 54.0

13 F 71 Biopsy GBMO 90 Temozolomide 2 PD 0 Yes Neg 28.0

14 M 71 Biopsy GBM 80 Temozolomide 2 PD 0 Yes Pos 23.9

15 F 76 Biopsy GBM 70 Temozolomide 9 PR 0 O Pos 50.0

16 M 70 Partial

resection

GBM 70 Temozolomide 4 SD P4 O Pos 52.6

17 F 70 Partial

resection

GBM 80 Temozolomide 4 SD P3 O Neg 26.3

18 M 73 Partial

resection

GBM 70 Temozolomide 6 PR 0 O Pos 27.4

19 M 70 Partial

resection

GBM 70 Temozolomide 7 PR 0 O Pos 56.7

20 M 73 Complete

resection

GBM 70 Temozolomide 4 NE 0 Yes Neg 45.7

21 F 70 Biopsy GBM 70 Temozolomide 12 CR P1 O Neg 64.9

22 M 74 Complete

resection

GBM 70 Temozolomide 12 NE 0 Yes Neg 111.1

23 M 75 Biopsy GBM 70 Temozolomide 7 SD P3 O NA 46.1

24 M 80 Biopsy GBM 80 Temozolomide 4 SD P2 O Neg 29.9

25 M 83 Biopsy GBM 70 Temozolomide 2 PD 0 O NA 9.4

26 F 76 Partial

resection

GBM 70 Temozolomide 8 PR P1 O Pos 36.0

27 F 72 Partial

resection

GBM 70 Temozolomide 5 SD 0 O NA 27.1

28 M 75 Partial

resection

GBM 70 Temozolomide 2 PD P1 O Pos 25.6

29 M 76 Partial

resection

GBM 80 Temozolomide 4 SD P2 O Pos 36.6

30 F 78 Biopsy GBM 70 Temozolomide 7 PR P3 O NA 37.7

31 F 79 Partial

resection

GBM 70 Temozolomide 8 PR P2 Yes Neg 53.3

32 F 75 Complete

resection

GBM 70 Temozolomide 12 NE P4-N4 O Neg 88.7

33 M 78 Biopsy GBM 70 Temozolomide 3 SD P1 O NA 24.6

34 F 74 Partial

resection

GBM 80 Temozolomide 4 SD 0 O Neg 36.9
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When only considering the 27 patients who did not

receive second-line therapy at recurrence, MS was

27.4 weeks and PFS was 19.5 weeks.

MGMT analysis

Twenty-eight of 39 tumor samples were available for

MGMT analysis. MGMT immunohistochemistry was

negative in 15 patients and positive in the other 13 (range:

Table 1 continued

Patient Gender Age Type of

surgery

Histology KPS

(%)

First line

chemo

Number of

cycles

Response Hematotoxicity Second

line

MGMT Survival

(weeks)

35 F 71 Partial

resection

GBM 70 Temozolomide 2 SD P2 O Neg 18.4

36 M 81 Complete

resection

GBM 70 Temozolomide 2 PD 0 O Neg 10.7

37 M 74 Biopsy GBM 70 Temozolomide 2 PD 0 O Pos 11.1

38 M 80 Biopsy GBM 70 Temozolomide 1 PD 0 O NA 7.0

39 M 78 Biopsy GBM 70 Temozolomide 1 SD 0 O NA 13.6

Fig. 1 a MRI of reference. b MRI after two cycles of temozolomide:

partial response

Fig. 2 a MRI before treatment. b MRI after four cycles of TMZ:

partial response
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10–60%). No correlation was found between MGMT status

and OS or PFS in our population and between MGMT

status and response rate or disease control rate.

Discussion

Radiotherapy has been shown to prolong survival of elderly

GBM patients with good performance status, but the ben-

efit remains modest [4]. Oral temozolomide is a well-tol-

erated treatment that has been shown in retrospective

studies to induce objective responses and improve neuro-

logic status in up to 50% of elderly patients [6]. Therefore,

upfront temozolomide has been considered by many

authors as a valuable alternative to RT. However, to date

no comparative study has been performed and a phase III

randomized study remains warranted. Despite the limits

and bias of retrospective studies, it is worth noting that our

patient population is clinically quite similar to the ran-

domized trial population in terms of age, performance

status, and extent of resection; moreover, the survival of

our TMZ-treated patients who did not receive second-line

chemotherapy (27.4 weeks) was in the range of the RT arm

of the NCT00430911 trial (29 weeks) [4].

We found that MGMT expression was not predictive of

outcome. MGMT inactivation makes the cell more sensitive

to alkylating agents, and by promoting genetic instability

and mutations, it may also have a negative prognostic impact

[11–13]. In addition, the most reliable technique for MGMT

testing remains a controversial issue. Furthermore, the lim-

ited number of tested patients may explain why MGMT

expression was not predictive of outcome in our study.

In conclusion, chemotherapy with oral TMZ is an

attractive alternative to radiotherapy. Other therapeutic

options have been proposed for elderly patients: an

abbreviated course of radiotherapy (40 Gy over 3 weeks)

as an alternative to standard therapy [14, 15] or radiation

and concomitant TMZ [14–17]. Despite more favorable OS

(median ranging from 10.6 to 13.7 months) and PFS

(median ranging from 7 to 9.5 months), substantial dete-

rioration of mental status was observed with this modality.

Another option that could be discussed is therapeutic

abstention, which depends on the poor performance status

of the patient and their wishes.

These results support randomized studies comparing

these different therapeutic modalities that are currently

under investigation. The ‘‘Nordic trial’’ is a randomized

trial conducted by the Nordic Clinical Brain Tumor Study

Group evaluating RT alone with TMZ chemotherapy alone

in elderly patients. An NCIC (National Cancer Institute of

Canada)—EORTC prospective randomized trial is also

ongoing, studying hypofractionated RT in comparison with

the same RT plus temozolomide.
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