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Abstract. Background: Radiotherapy with concomitant
and adjuvant temozolomide (six cycles) is the standard
treatment after surgery in glioblastoma patients. Few
studies have assessed the impact of additional cycles of
temozolomide on survival. Patients and Methods: We
conducted a bi-centric retrospective study comparing
survival and toxicity according to the number of cycles of
adjuvant temozolomide. Results: Fifty-eight patients were
included. All patients radiotherapy with
concomitant temozolomide. Thirty-eight patients received

received

six cycles, while 20 received nine or more (median=14)
cycles. The risk of recurrence was significantly higher in
the group receiving six cycles compared to the other group.
Prolonged treatment improved progression-free survival
(p=0.03) and overall survival (p=0.01) in multivariate
analysis without a significant increase in toxicity.
Conclusion: Prolonged administration of temozolomide
seems to improve progression-free and overall survival,
without increased toxicity. Prospective studies in larger
populations are needed to better-define the population to

whom it can be proposed and its optimal duration.
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Glioblastoma (GBM) is the most common primary malignant
brain tumor in adults. It has a poor prognosis despite surgery,
radiation therapy (RT) and chemotherapy (1). RT with
concomitant temozolomide (TMZ) followed by six cycles of
adjuvant TMZ is the standard treatment after surgical
resection or biopsy in patients with a good performance
status. In the phase III trial conducted by the European
Organization for Research and Treatment of Cancer and the
National Cancer Institute of Canada, patients who underwent
this regimen after resection had a median survival of 14.6
months (12.1 months for RT alone) and 9.8% of them were
still alive after five years compared to 1.9% in the group
treated with radiation-therapy only (2, 3). In this trial,
adjuvant TMZ was stopped after six cycles, but its optimal
duration remains uncertain. There is a certain rationale for
additional cycles of TMZ if a residual disease is observed on
imaging. This strategy could delay recurrence (4) but there
are few data concerning its impact on survival (5-7).
However some physicians propose treatment maintenance
when magnetic resonance imaging (MRI) shows residual
tumor despite clinical stability, and if the treatment has been
well-tolerated to that point. Moreover, some guidelines
suggest this strategy could be considered in patients with a
partial response or with continuing radiological improvement
at the end of the sixth cycle (8).

TMZ can be responsible for toxicities
myelosuppression, and significant thrombocytopenia is
observed in 12-20% of patients (9). The feasibility and
safety of prolonged treatment has been investigated in
several studies that suggest no significant increase in
toxicity (5, 10, 11).

such as
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We aimed to compare the risk of recurrence and the survival
between patients for whom adjuvant TMZ was stopped after
six cycles and those for whom it was prolonged, and to
investigate the toxicity of additional cycles of TMZ.

Patients and Methods

We conducted a bi-centric observational retrospective study in two
French neuro-oncological centers: Dijon and Nancy.

Patients were included if they fulfilled the following criteria: age
>18 years, histological diagnosis of WHO grade IV glioma between
January 1st 2007 and December 31st 2010, stable disease on clinical
and radiological levels after the sixth cycle of TMZ. Exclusion
criteria were: treatment with carmustine wafers, treatment other than
the standard Stupp regimen, inclusion in a clinical trial, treatment
discontinuation (tumor progression, death, or toxicity), lost to follow-
up, receiving seven or eight TMZ cycles (comparing them with those
who received six cycles of adjuvant TMZ did not seem relevant).

Patients underwent surgical resection or biopsy followed by RT
with concomitant TMZ (75 mg/m?/day) and six or more cycles of
adjuvant TMZ (five days every 28 days, 150 to 200 mg/m?2/day),
based on the decision of the neuro-oncologist in charge of the
patient. Patients who received six cycles of adjuvant TMZ are
referred to as the 6C group hereafter, while the group receiving at
least nine cycles are referred to as the 9C group.

Pre-treatment data [age at diagnosis, gender, Karnofsky
performance status (KPS) at diagnosis, corticoid treatment and anti-
epileptic drug intake] were collected for each patient. Clinical (KPS,
corticoid treatment and anti-epileptic drug intake) and radiological
(MRI with contrast enhancement) evaluation was performed after
surgery, after RT with concomitant TMZ, and after completing the
first six cycles of adjuvant TMZ. Patients were then evaluated
(clinical and MRI status) every three months. MRI with contrast
enhancement was performed at clinical progression. Tumor
progression was defined on MRI with the MacDonald criteria (12).
MRIs were not reviewed. The interpretation of the radiologist and
the neuro-oncologist in charge of the patient was used. Data were
collected until February, 29th 2012.

Statistical analysis. Baseline patient characteristics are described
using the mean, standard deviation, median and range for
continuous variables, percentages for categorical variables, and were
compared between groups of patients using the Chi-square and
Mann-Whitney tests. Overall survival (OS) and progression-free
survival (PFS) were defined from the day of the pathological
diagnosis. Progression was defined as the day when the MRI
showing progression or recurrence was performed. Univariate
survival analysis was performed using the Kaplan Meier method and
the log-rank test. Factors associated with a value of p<0.05 were
included in a multivariate Cox regression model. Statistical analysis
was performed using the Statistical Application System v9.3
software (SAS Institute Inc., Cary, North Carolina, USA).

Results

Patients’ characteristics. The clinical files of 448 patients
were reviewed at both centers (Dijon: n=139; Nancy:
n=309). Among them, 390 were not included in the study
(Figure 1). Among the 58 patients included, 38 were males
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(65.5%) and 20 were females (34.5%). The sex ratio was
1.90. Median age and KPS at diagnosis were 58.2 (18.7-
76.0) years and 80 (20-100), respectively. Neuropathological
examination found 57 GBMs and one gliosarcoma. Due to
the period of inclusion, O°-methyguanine-DNA methyl-
transferase (MGMT) promoter methylation status was not
available. The characteristics of patients’ treatments are
summarized in Table I. Surgery consisted of tumor resection
for 48 patients (82%). Thirty-five patients had a gross total
resection. All patients received RT with concomitant TMZ.
The median delay between surgery and radiochemotherapy
was 41 days (range 17-116). The median total dose of RT
was 60 Gy (range 55-66). Adjuvant TMZ was started four
weeks after the end of radiochemotherapy (median 31 days,
range 23-77) and continued for at least six cycles. Thirty-
eight patients (Dijon: n=8; Nancy: n=30) received six cycles
of adjuvant TMZ (mean dose=315+61 mg/day) and were
then followed-up. Twenty patients (Dijon: n=8; Nancy:
n=12) received nine or more cycles of adjuvant TMZ (mean
dose=338+63 mg/day), with a median of 14 cycles (range
9-26). Twenty-five (43.1%) patients received bevacizumab as
a treatment of the first, second or third tumor recurrence,
while 33 patients did not. None of the patients received
enzyme-inducer antiepileptic drugs. At tumor progression or
recurrence, six patients underwent a new surgery (with
carmustine wafers for one patient) (Table I). Seven patients
were treated with radiation therapy, 19 with chemotherapy
and seven with best supportive care. There was no significant
difference between groups regarding gender, age, KPS at
diagnosis or at the end of the first six cycles of TMZ, initial
treatment (surgery, radiochemotherapy), and dose of adjuvant
TMZ (Table II). Ten patients (50.0%) in the 9C group were
taking corticosteroids at the end of the sixth cycle of TMZ,
while only eight patients (21.6%) in the 6C group did.
Patients in the 6C group received a higher dose of RT
(59.7£1.9 Gy versus 58.3+3.1 Gy, p=0.04) and were at a
higher risk of toxicity during radiochemotherapy (toxicity
observed in 60.5% of patients versus 30.0%, p=0.02).

Treatment delivery, safety and tolerability. Toxicity was
observed in 29 patients (50%) during radiochemotherapy. Four
patients had a grade 3-4 haematological toxicity (two
thrombocytopenias, one leukopenia with neutropenia and one
anemia). Other toxicities consisted of grade 1-2 hematological,
skin, gastrointestinal toxicity or asthenia. There was no case of
pneumocystis observed. Patients in the 6C group had a higher
risk of toxicity during radiochemotherapy (p=0.02) but three
out of the four grade 3-4 hematological toxicities were observed
in the 9C group (one thrombocytopenia, one anemia and one
leukopenia in the 9C group versus one thrombocytopenia in the
6C group). Twenty-two patients presented toxicity during
adjuvant TMZ: 14 patients (36.8%) in the 6C group and eight
patients (40.0%) in the 9C group. Three patients in the 6C group
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448 patients’ files reviewed
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Figure 1. Description of patients not included in the study.

presented grade 3-4 toxicity (two thrombocytopenias, one
asthenia), as did two patients in the 9C group. In that group,
one patient presented thrombocytopenia grade 3 after the first
cycle of adjuvant TMZ. Thus only one patient presented with
severe toxicity (lymphopenia grade 4) during the additional
cycles of TMZ (after the eighth), with no clinical consequence.
No other grade 3 or 4 toxicity, secondary leukemia or
myelodysplastic syndrome was observed in either group. A
decrease of the TMZ dose was necessary because of
hematological toxicity in 16 patients (nine patients in the 6C

group and seven patients in the 9C group). In the 9C group,
this decrease was made after the sixth cycle for two patients
only (at the nineth and twelfth cycles).

Survival analysis. During the period of follow-up, 33 patients
died at a median interval of 28.8 (range=11.4-55.9) months.
In the 6C group, 26 patients died (68.4%) at a median
interval of 28.2 (range=11.4-52.1) months, while seven
patients (35.0%) died in the 9C group (p=0.01), at a median
interval of 30.0 (range=15.1-55.9) months. The median OS
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Table 1. Characteristics of patients’ treatments (initial treatment and
treatment at first recurrence).

Treatment N (%)/median (range)

Initial treatment:

Number of patients 58
Surgery
Number of patients 58 (100)
Biopsy 10 (17.2)
Resection: 48 (82.8)
Gross total resection 35 (60.3)
Partial resection 10 (17.2)
Unknown 3.2
Chemoradiotherapy
Number of patients 58 (100)
Delay between surgery and radiochemo- 41 (17-116)
therapy in days, median (range)
Total dose of radiation therapy in Gy, 60 (55-66)
median (range) n=52
Duration of the radiation therapy 43 (30-59)
in days, median (range)
Adjuvant TMZ
Number of patients 58 (100)
Delay between radiochemotherapy and
first cycle of adjuvant TMZ in days, 31 (23-77)
median (range)
Number of adjuvant TMZ cycles:
6 38 (65.5)
9 or more 20 (34.5)
9to 11 4
12to 14 7
15t0 17 5
18 to 20 0
21to 23 2
24 to 26 2

Dose of adjuvant TMZ in mg/day,
median (range)

340 (160-400)

At first recurrence:

Number of patients 39
Surgery: 6(154)
Alone 5(12.8)
With carmustine wafers 12.5)
Radiation therapy 7(17.9)
Chemotherapy 19 (48.7)
Bevacizumab (alone or in association) 8 (20.5)
TMZ 8 (20.5)
Fotemustine 2(5.1)
PCV 1(2.5)
Best supportive care 7(17.9)

TMZ: Temozolomide; PCV: procarbazine, lomustine and vincristine.

12, 18, 24 and 36 months after diagnosis for all 58 patients
was 96.5%, 87.5%, 69.4% and 30.6%, respectively. The
survival in the 6C group compared to the 9C group was 94%
and 100% at 12 months, 84% and 93% at 18 months, 65%
and 76% at 24 months, 22% and 48% at 36 months,
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respectively. In multivariate analysis, OS was significantly
higher in the 9C group [hazard ratio=3.22, 95% confidence
interval (CI)=1.30-8.00]. A corticosteroid intake at the end
of the sixth cycle of TMZ was associated with a higher risk
of death in univariate (HR=2.40, 95% CI=1.10-5.24; p=0.02)
and multivariate analyses (HR=3.88, 95% CI=1.66-9.09;
p=0.001) (Figure 2).

During the period of follow-up, 39 patients (67.2%)
presented with a tumor recurrence at a median interval of 19.0
(range=10.4-55.9) months: 30 patients (78.9%) in the 6C group,
at a median interval of 18.0 (range=10.4-35.1) months, and nine
patients (45.0%) in the 9C group (p=0.008), at a median
interval of 28.4 (range=12.8-43.2) months. The mean delay
between the end of the sixth cycle of TMZ and recurrence was
8.4 (£5.7) months (n=27) in the 6C group and 12.1 (£9.9)
months (n=9) in the 9C group. PFS analysis was performed on
data for 55 patients only because the date of recurrence was
unknown for three patients. The PFS in the 6C group compared
to the 9C group was 82.9% versus 100% at 12 months, 52.5%
versus 73.3% at 18 months, 25.7% versus 65.9% at 24 months
and 11.0% versus 43.5% at 36 months, respectively. The median
PES was 28.4 months in the 9C group. Patients in the 6C group
had a significantly higher risk of recurrence compared to the 9C
group (HR=2.25, 95% CI=1.05-4.82; p=0.03) in univariate
analysis (multivariate analysis was not performed since all the
variables tested with Log-rang test were associated with a
p>0.05) (Figure 3). This difference in PFS was still significant
when the analysis was performed on all 58 patients, including
the three patients with an unknown date of recurrence and
considering them as censored.

The difference between groups concerning the dose of RT
(»=0.04) and the toxicity of radiochemotherapy (p=0.02)
had no impact on OS (p=0.51 and p=0.48, respectively) or
PFS (p=0.49 and p=0.56, respectively).

Discussion

The Stupp regimen remains the standard treatment in patients
with GBM with a good performance status. However, in our
study, only few of our patients completed the full protocol.
Two-hundred-and-one patients out of the 448 reviewed
(44.9%) were started on the Stupp regimen after surgery. A
bi-centric retrospective study on glioma patients found similar
results, with 45.7% of patients treated with this regimen after
surgery (13). In our series, 107 (23.8%) patients had tumor
progression or died during radiochemotherapy or adjuvant
TMZ. The treatment was stopped because of toxicity in eight
patients. Eight patients were lost to follow-up during the
initial treatment. Only 38.8% of patients completed the full
protocol (n=78). Among them, 17 patients had a tumor
progression after the first six cycles of adjuvant TMZ, while
only 61 (30.3%) patients were considered in response at that
time (three of them were excluded from the study because
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Table II. Description of patients’ baseline characteristics and comparison between groups.

Characteristic 6C group 9C group p-value*
N=38 (65.5%) N=20 (34.5%)
N (%)/median (range)/ N (%)/median (range)/
mean (SD) mean (SD)
Gender
Female 10 (26.3) 10 (50.0) 0.07
Male 28 (73.7) 10 (50.0)
Mean age at diagnosis in years 56.3+12.6 (n=38) 52.6+15.0 (n=20) 0.32
Median KPS at diagnosis 80 (20-100) (n=35) 76,7+18,1 (n=18) 0.59
Median KPS after six cycles of TMZ 90 (60-100) (n=37) 90 (60-100) (n=20) 0.68
Mean delay between surgery and radiochemotherapy (days) 43.6+21.5 (n=38) 46.3+11.9 (n=20) 0.60
Mean delay between radiochemotherapy and adjuvant TMZ (days) 34.4+11.5 (n=38) 31.4+8.5 (n=20) 0.31
Surgery: 0.06
Biopsy 4.(10.5) 6 (30.0)
Resection: 34 (89.5) 14 (70.0) 0.14
Gross total 26 (83.9) 9 (64.3)
Partial 5(16.1) 5(35.7)
Bevacizumab at progression/recurrence: 0.36
No 20 (52.6) 13 (65.0)
Yes 18 (47.4) 7 (35.0)
Mean total dose of radiation therapy (Gy) 59.7+1.9 (n=34) 58.3+3.1 (n=18) 0.04
Mean dose of adjuvant TMZ (mg/d) 314.6+60.8 (n=37) 338.8+62.0 (n=16) 0.19
Corticosteroid intake after six cycles of TMZ: 0.02
No 29 (78.4) 10 (50.0)
Yes 8 (21.6) 10 (50.0)
Mean dose (prednisone-equivalent) 9.6+24.0 (n=37) 21.3+31.1 (n=20) 0.12
Enzyme-inducer antiepileptic drug intake 0 (0.0%) 0 (0.0%)

SD: Standard deviation; KPS: Karnofsky performance status; TMZ: temozolomide. *p-value of Chi-square test for categorical variables, and Man

Whitney for continous variables.

they received seven or eight adjuvant TMZ). Our results are
consistent with the existing data. In the EORTC-NCIC 2005
trial, only 36.5% (105/287) of patients who started on
radiochemotherapy completed the scheduled plan (2). In
recent studies, 40.3% to 42% of patients completed six cycles
of adjuvant TMZ (14, 15).

In the study published by Hau et al., patients receiving
TMZ as a first-line treatment (median number of cycles=13)
had a median PFS of 14 months (5). In our study the median
PFS was 28.4 months in the 9C group. In a retrospective
study investigating 114 patients with GBM treated with
radiochemotherapy followed by adjuvant TMZ until
progression or toxicity, 55 patients received six cycles or
fewer and 59 received more than six cycles (6). There was a
significant correlation between the number of adjuvant TMZ
cycles and both the PFS and the OS. In a phase II
randomized multicentric trial, patients with GBM who were
progression-free after the standard Stupp regimen were
randomized (Baurain J., unpublished data): 21 patients
underwent additional TMZ cycles until progression, while
patients in the other group were simply followed-up. Interim
analysis showed a six-month PFS of 70% and 57%,
respectively, suggesting a potential benefit of additional

cycles of TMZ. A recent retrospective study on 52 patients
with GBM found a significant increase in PFS and OS
(median survival=24.6 months versus 16.5 months, p=0.03)
for patients treated with more than six cycles of adjuvant
TMZ (median number of cycles=11) compared with those
treated with six cycles (7). However a phase II trial
investigating the addition of bevacizumab to the Stupp
regimen showed there to be no difference in survival for
patients who received more than six adjuvant cycles
compared to those who received six cycles (16).

Patients in our series, regardless of the treatment group,
seem to have a good prognosis, with 69.4% alive 24 months
after diagnosis compared with 27.2% in the RT-TMZ arm of
the EORTC-NCIC trial (2). In both cases, most patients
underwent tumour resection (82.8% and 83.0%,
respectively). However resection was complete in only 39%
of patients in the RT-TMZ arm compared to 60.3% in our
series, which could partly explain the better prognosis.
Moreover, we selected patients who not only completed the
full Stupp regimen but were considered at least stable at the
end of the sixth cycle, whereas 63.5% of patients did not
complete the full regimen in the 2005 trial (with 35% of
them never starting on adjuvant TMZ).
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Figure 2. Overall survival according to the corticosteroid intake at the end of the sixth cycle of adjuvant temozolomide.

Only one patient presented with grade 4 toxicity
(lymphopenia) during the prolonged treatment with TMZ
(after the eighth cycle) with no clinical consequence. Hau et
al. investigated the feasibility of prolonged adjuvant TMZ in
newly-diagnosed or recurrent high-grade glioma treated with
at least 12 cycles, via a questionnaire sent to neuro-
oncologists (5). They showed that the additional cycles were
well-tolerated (few grade 3-4 toxicities). In a retrospective
study based on a prospective cohort of 46 patients with GBM
treated with prolonged TMZ, no treatment disruption for
toxicity was registered (11). Three patients have been
reported who underwent prolonged treatment with TMZ up
to 90 months for recurrence of a low-grade or high-grade
glioma, with no significant toxicity (10). Severe
hematological toxicity seems to most often occur in early
treatment with TMZ, as suggested in a recent study (17).

Interestingly, patients in the 9C group were more often
treated with corticosteroids at the end of the sixth cycle of
TMZ than those in the 6C group. An explanation could be
that patients in that group were more likely to have residual
disease on the MRI performed at the end of the sixth cycle.
We showed that corticosteroid intake after six cycles of TMZ
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had a significant impact on OS, with patients treated with
corticosteroids having a higher risk of death. Patients in the
9C group, even though they were more often treated with
corticosteroids after the first six cycles of TMZ, were found
to have a better OS, suggesting a strong effect of the number
of TMZ cycles on survival.

Our results have to be interpreted with great caution since
our study is retrospective, not randomized (possible selection
bias) and has a small number of patients. Conclusions on OS
are difficult to draw since patients had different treatments at
recurrence. MRIs were also not reviewed, which is another
limitation of our study. It would be interesting to know if the
patients for whom treatment maintenance was decided all had
a residual disease after the first six cycles of TMZ. To date, no
study has investigated this strategy in this specific population of
patients. Patients with residual tumor are probably those for
whom prolonged treatment should be proposed, but no study
has yet investigated this strategy in this population.

We were not able to compare survival according to the
MGMT methylation status, which is predictive of the response
to TMZ and a favorable prognostic factor in GBM (18). It
should be included in the multivariate model in future studies.
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Figure 3. Progression-free survival according to the number of cycles of adjuvant temozolomide.

Conclusion

Prolonged administration of TMZ after radiochemotherapy in
patients with GBM is feasible and seems to be well- tolerated.
There is a growing number of data, including the present study,
which suggests a benefit of this strategy on PFS and OS.
Further prospective studies in larger populations of patients are
needed to assess the potential benefit of this strategy and to
better define the population to whom it can be proposed
(presence of a residual tumor on MRI, good tolerance of TMZ,
MGMT methylation status) and its optimal duration.
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