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Abstract
Background.  Standard treatment for glioblastoma is radiation with concomitant and adjuvant temozolomide for 
6 cycles, although the optimal number of cycles of adjuvant temozolomide has long been a subject of debate. We 
performed a phase II randomized trial investigating whether extending adjuvant temozolomide for more than 6 
cycles improved outcome.
Methods.  Glioblastoma patients treated at 20 Spanish hospitals who had not progressed after 6 cycles of adjuvant 
temozolomide were centrally randomized to stop (control arm) or continue (experimental arm) temozolomide up 
to a total of 12 cycles at the same doses they were receiving in cycle 6. Patients were stratified by MGMT methyl-
ation and measurable disease. The primary endpoint was differences in 6-month progression-free survival (PFS). 
Secondary endpoints were PFS, overall survival (OS), and safety (Clinicaltrials.gov NCT02209948).
Results.  From August 2014 to November 2018, 166 patients were screened, 7 of whom were ineligible. Seventy-
nine patients were included in the stop arm and 80 in the experimental arm. All patients were included in the ana-
lyses of outcomes and of safety. There were no differences in 6-month PFS (control 55.7%; experimental 61.3%), 
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PFS, or OS between arms. MGMT methylation and absence of measurable disease were independent fac-
tors of better outcome. Patients in the experimental arm had more lymphopenia (P < 0.001), thrombocyto-
penia (P < 0.001), and nausea and vomiting (P = 0.001).
Conclusions.  Continuing temozolomide after 6 adjuvant cycles is associated with greater toxicity but con-
fers no additional benefit in 6-month PFS.

Key Points

1. � Extending adjuvant temozolomide to 12 cycles did not improve 6-month PFS.

2. � Extending adjuvant temozolomide did not improve PFS or OS in any 
patient subset.

3. � Extending adjuvant temozolomide was linked to increased toxicities.

The undisputed optimal treatment for glioblastoma is max-
imal surgery followed by radiation therapy with concomi-
tant and adjuvant temozolomide (TMZ), which confers 
benefit in both progression-free survival (PFS) and overall 
survival (OS).1,2 Although this treatment regimen was ini-
tially designed arbitrarily with 6 cycles of adjuvant TMZ, the 
optimal number of adjuvant cycles has been a matter of de-
bate over the last years,3,4 since if patients do not relapse, 
continuation of TMZ beyond 6 cycles could intuitively be 
thought to confer additional benefit. This would seem to be 
especially true for patients with methylation of the promoter 
of the O6-methylguanine-DNA methyltransferase (MGMT) 
gene, who have been found to receive the greatest benefit 
from TMZ,5 as well as for those with measurable disease de-
tected by MRI at the end of the 6 cycles of adjuvant TMZ. 
Consequently, due to the easy oral administration of TMZ, 
its low toxicity profile, and the lack of clearly effective ther-
apies after relapse, adjuvant TMZ has often been extended 
for longer than 6 months both in the clinical setting6,7 and in 
several large clinical trials.2,8–10

Nevertheless, there are several negative aspects of con-
tinuing adjuvant TMZ. For example, attributing a longer 
PFS to the effects of TMZ continuation may cause us to 
overlook other prognostic factors that may be impacting 
the evolution of the disease. In addition, the extra cost of 
maintenance treatment with TMZ can negatively affect cost 
effectiveness11 if survival is not increased. Finally, continu-
ation of TMZ increases the risk of toxicity and the likelihood 

of creating resistance to later treatments that will be ad-
ministered at recurrence, which are frequently based on 
alkylating agents.12 To date, however, in spite of these cav-
eats, no prospective randomized trial has successfully ana-
lyzed the impact of more than 6 cycles of adjuvant TMZ in 
terms of outcome and toxicity.

The Spanish Group of Research in Neuro-Oncology 
(GEINO) carried out a phase II randomized trial (GEINO 
14–01) investigating whether extending adjuvant TMZ for 
more than 6 cycles improved outcome in patients with 
glioblastoma who had completed the planned 6 cycles of 
adjuvant TMZ and had not progressed (Clinicaltrials.gov 
NCT02209948).

Patients and Methods

Subjects and Study Design

This was an academic, randomized, open-label, multicenter 
trial conducted by GEINO with the participation of 20 
Spanish hospitals. The trial was conducted in accordance 
with applicable regulatory requirements and the principles 
of the Declaration of Helsinki. The protocol was approved 
by the ethics committees of all participating centers. All pa-
tients provided their signed informed consent.

Patients were eligible if they were 18  years old or 
older and had a confirmed diagnosis of glioblastoma 

Importance of the Study

Standard treatment for glioblastoma is surgery fol-
lowed by radiation therapy with concomitant and ad-
juvant temozolomide. However, the optimal number 
of cycles of adjuvant temozolomide has long been a 
matter of debate. The only evidence that could help to 
clarify this issue comes from retrospective trials and 
cohort studies and indicates the futility of continuing 
temozolomide beyond 6 cycles. The present study is the 
only prospective trial to date to explore this issue. We 

have randomized uniformly treated, progression-free 
patients to stop temozolomide after 6 or continue until 
12 cycles. In fact, less than 50% of patients who start 
standard treatment are able to receive all 6 cycles of 
adjuvant temozolomide without progression, making 
it nearly impossible for a randomized phase III trial to 
be launched. Therefore, we believe that the findings of 
our phase II study will be the best evidence that we will 
ever have on this question.
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previously treated with radiation therapy with concomi-
tant and adjuvant TMZ for 6 cycles without progression. 
Although the protocol was initially designed to accept 
patients treated with bevacizumab, since the expected 
results of 2 ongoing randomized trials could potentially 
have supported the addition of bevacizumab in the first-
line setting, none of the patients included in the trial re-
ceived first-line bevacizumab. Other inclusion criteria 
were: availability of MGMT methylation status or suffi-
cient tissue for MGMT methylation analysis; KPS ≥60; 
stable doses of glucocorticoids and adequate hema-
tologic, renal, and hepatic function. The MRI showing 
lack of progression had to be performed no more than 
6 weeks prior to enrollment, in order to allow for tissue 
samples or slides to be shipped for the centralized con-
firmation of the diagnosis of glioblastoma and analysis 
of MGMT methylation if not previously performed, and 
in order not to delay the administration of cycle 7 of TMZ 
(the first cycle of the present trial). Toxicities related to 
any previous treatments had to be resolved to grade 1 
(according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events [NCI CTCAE], 
version 4.0) before randomization.

As there were no data on the outcome of patients after 
the first 6 cycles of maintenance treatment, we relied on 
reported differences in PFS with the standard treatment 
according to MGMT methylation status and/or the pres-
ence or absence of measurable disease.1,5 In order to bal-
ance for these potential prognostic factors between the 2 
arms, patients were randomized 1:1 with 4 blocked ran-
domization lists to stop TMZ after 6 cycles (control arm) 
or to continue for 6 additional cycles (cycles 7 to 12) (ex-
perimental arm). Patients were stratified by MGMT meth-
ylation status and the presence or absence of measurable 
disease on MRI.

Shipment of tumor samples, randomization, stratifi-
cation, and monitoring were conducted by the external 
contract research organization. The trial is registered with 
Clinicaltrials.gov (NCT02209948) and is now closed.

Treatment

In the experimental arm, cycle 7 of TMZ was initiated no 
more than 6 weeks after day 1 of cycle 6. The TMZ dose 
for cycles 7 to 12 was the same as the dose adminis-
tered at cycle 6 for each patient; doses ranged from 125 
to 200 mg/m2/day for 5 days. Clinical evaluation, toxicity 
monitoring, and hematology and biochemistry assess-
ments were performed in both arms every 28 days (on day 
1 of each TMZ cycle in the experimental arm and on the 
day of the scheduled patient visit in the control arm). MRI 
was performed every 3 months for all patients until pro-
gression. Progression was defined according to Response 
Assessment in Neuro-Oncology criteria, which specified 
progression as irreversible neurological deterioration 
even in the absence of radiological deterioration and/or 
increasing doses of corticosteroids for more than 2 weeks 
to prevent neurological deterioration.13 At progression, 
subsequent therapies were administered at the discre-
tion of the investigator and all patients were followed until 
death or last control visit.

Endpoints

The primary outcome of the study was to detect differences 
between the 2 arms in 6-month PFS. Secondary outcomes 
were median PFS, OS, and toxicity by treatment arm and 
according to stratification factors. Toxicities were assessed 
according to the NCI CTCAE v4.0.

In a preplanned translational substudy in patients with 
sufficient available tumor tissue, we assessed the isocitrate 
dehydrogenase (IDH) gene and the mismatch repair (MMR) 
deficiency proteins (MLH1, MSH2, MSH6, PMS2) that could 
be related to TMZ resistance. A tissue microarray was built 
for the study of IDH1-R132 by immunohistochemistry (IHC) 
and of the MMR proteins. Samples from patients younger 
than 56 years old with a negative IHC for IDH1-R132 were 
sequenced. Tumor samples obtained at second surgery 
at progression were requested for the study of the MMR 
system by IHC (see Supplementary Material).

Statistical Analyses

To detect meaningful differences in 6-month PFS between 
arms, we balanced prognostic factors (MGMT methylation 
and measurable disease) according to historical data.1,5 
According to point estimates on PFS curves, we expected 
that 59.3% of patients with MGMT methylation and 28.5% 
of those without MGMT methylation would be progression 
free at 9  months after surgery. In addition, we expected 
that 40% of patients would have had gross total resec-
tion and 60% partial resection or biopsy. These data were 
used to stratify patients between arms. The study was not 
powered to detect significant differences in median PFS or 
median OS.

Efficacy was analyzed in the intention-to-treat popula-
tion and safety in all patients. PFS was calculated from the 
time of inclusion to progression or death from any cause, 
whichever occurred first. OS was defined as the time from 
inclusion to death from any cause. Those patients who did 
not have an event were censored at the time of the last 
known contact. The Kaplan–Meier method was used to es-
timate median PFS and OS with 95% confidence intervals 
(CIs). Treatment groups were compared with the log-rank 
test. Cox regression models were used to estimate the 
treatment effect, reported as a hazard ratio (HR) with a 95% 
CI. Proportional hazard assumption was checked with a test 
based on the scaled Schoenfeld residuals for all models 
presented. All reported P-values are two-sided. Statistical 
analyses were performed with the SPSS package v24 and 
R software v3.6.2.

Results

Patients and Treatment

From August 22, 2014 to November 27, 2018, one hun-
dred sixty-six patients were screened, 7 of whom were 
deemed to be ineligible (Fig.  1). Seventy-nine patients 
were randomized to stop TMZ after cycle 6 (control 
arm) and 80 to continue for up to 6 additional cycles 
(cycles 7 to 12) (experimental arm). Characteristics were 
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similar across arms (Table 1 and Supplementary Table 1).  
There were slightly more patients with IDH mutations 
in the control arm (P = 0.195). At the time of inclu-
sion in the study, 86.2% of patients were not receiving 
corticosteroids.

Of the 80 patients in the experimental arm, 49 (61.2%) 
received all 6 additional planned cycles without progres-
sion. The TMZ dose at cycle 7 was 200 mg/m2 for 54 pa-
tients (67.5%), 150  mg/m2 for 10 patients (12.5%), and 
125–150 mg/m2 for 16 patients (20%).

Treatment at progression was similar across treat-
ment arms and included TMZ rechallenge, nitrosoureas, 
bevacizumab-based therapies, second surgery, and 
re-irradiation. More patients in the experimental arm than 
in the control arm received only palliative care (17 [23.3%] 
vs 5 [7.2%]; P = 0.02) (Supplementary Table 2).

Outcomes

At the time of analysis (September 2019), with a median fol-
low-up of 33.4 months, 19 of the 159 patients (11.9%) were 
progression free. The 6-month PFS was 55.7% (95% CI: 45.8–
67.8%) for the control arm and 61.3% (95% CI: 51.5–72.9%) 
for the experimental arm. Median PFS was 7.9 months (95% 
CI: 6.2–9.6) for all patients, 7.7 months (95% CI: 5.7–9.8) for 
the control arm, and 9.5 months (95% CI: 5.9–13.0) for the 
experimental arm (hazard ratio [HR], 0.99; 95% CI: 0.71–1.38; 
P = 0.95) (Fig. 2A). Death occurred in 115 patients (72.3%). 
Median follow-up for alive patients was 23.7  months. 
Median OS was 20.4 months (95% CI: 16.5–24.2) for all pa-
tients, 23.3 months (95% CI: 17.9–28.7 for the control arm, 
and 18.2  months (95% CI: 16.7–23.8) for the experimental 
arm (HR, 1.30; 95% CI: 0.90–1.88; P = 0.16) (Fig. 2B).

  
Assessed for eligibility (n = 166)

Excluded  (n = 7)

Not meeting inclusion criteria (n= 7)

Refused to participate (n = 0)

Patients randomly assigned

(n = 159)

Lost to follow-up (n = 0)

Discontinued intervention due to progression
(n = 39) 

Control Arm

Allocated to intervention (n = 79)

Received allocated intervention (n = 79)

Did not receive allocated intervention (n = 0)

Progressed (n = 68)

Died (n = 52)

Excluded from analysis (n = 0)

Lost to follow-up for OS (n = 1)

Discontinued intervention due to progression
(n = 31) 

Progressed (n = 72)

Died (n = 63)

Excluded from analysis (n = 0)

Experimental Arm

Allocated to intervention (n = 80)

Received allocated intervention (n = 80)

Did not receive allocated intervention (n = 0)

Fig. 1  CONSORT diagram showing flow of patients through the trial (TMZ, temozolomide).
  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa107#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa107#supplementary-data
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Table 1  Patient characteristics at inclusion

Characteristic All Patients,  
N = 159  

Control Arm,  
n = 79 (49.7%) 

Experimental Arm,  
n = 80 (50.3%) 

Age, y (range) 60.4 (29–83) 60.4 (29–83) 60.7 (31–79)

 n (%) n (%) n (%)

Sex    

Female 76 (47.8) 38 (48.1) 38 (47.5)

Male 83 (52.2) 41 (51.9) 42 (52.5)

Measurable disease >10 mm    

No 76 (47.8) 37 (46.8) 39 (48.8)

Yes 83 (52.2) 42 (53.2) 41 (51.2)

Bevacizumab added to first-line treatment 0 (0.0) 0 (0.0) 0 (0.0)

KPS    

<70% 4 (2.52) 2 (2.53) 2 (2.50)

≥70% 155 (97.5) 77 (97.5) 78 (97.5)

Established neurologic symptoms   

No 131 (83.0) 71 (89.9) 60 (75.9)

Yes 27 (17.0) 8 (10.1) 19 (24.1)

Dexamethasone dose at inclusion    

0 mg 137 (86.2) 70 (88.6) 67 (83.7)

0.5–2 mg 15 (9.4) 6 (7.6) 9 (11.3)

>2 mg 7 (4.4) 3 (3.8) 4 (5.0)

Barthel index    

0 21 (13.2) 9 (11.4) 12 (15.0)

1 138 (86.8) 70 (88.6) 68 (85.0)

Mini-Mental State Examination score    

<27 26 (16.3) 10 (12.7) 16 (20.0)

≥27 111 (69.8) 60 (75.9) 51 (63.7)

Unknown/not possible 24 (13.9) 9 (11.4) 13 (16.3)

Anticonvulsant therapy    

No 84 (52.8) 41 (51.9) 43 (53.8)

Yes 75 (47.2) 38 (48.1) 37 (46.2)

Initial surgery at diagnosis    

Biopsy 17 (10.7) 10 (12.7) 7 (8.75)

Complete resection (confirmed by postop MRI) 63 (39.6) 35 (44.3) 28 (35.0)

Complete resection (without postop MRI) 34 (21.4) 14 (17.7) 20 (25.0)

Partial resection 45 (28.3) 20 (25.3) 25 (31.2)

MGMT methylation status    

Methylated 97 (61) 48 (60.8) 49 (61.2)

Unmethylated 62 (39) 31 (39.2) 31 (38.8)

IDH mutation status    

IDH1-R132 mutated by IHC 8 (5) 7 (8.9) 1 (1.3)

IDH1-R132 wild-type by IHC 137 (86.2) 66 (83.5) 71 (88.8)

IDH1-R132 mutated by sequencing 1 ‒ 1

IDH2-R172 mutated by sequencing 0 0 0

Total IDH mutations detected by IHC or 
sequencinga

9 (5.7) 7 (8.9) 2 (2.5)

Patients ≤55 y who were not assesseda 15 (9.4) 6 (7.6) 9 (11.3)

aIDH mutations were not assessed in patients without available tissue or in those who did not give their consent for molecular analyses.
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Among all 159 patients, MGMT methylation and absence 
of measurable disease were associated with longer PFS 
and OS in the univariate analyses and were independent 
markers for longer PFS and OS in the multivariate ana-
lyses, but treatment arm was not. These results were main-
tained even when including IDH mutation status in the 
analyses (Supplementary Table 3).

In the stratified analyses, neither patients with MGMT 
methylation nor those with measurable disease seemed to 
benefit from continuing TMZ (Fig. 3A, B).

Among the 97 patients with MGMT methylation, me-
dian PFS was 8.5 months (95% CI: 6.5–10.4) for the 48 in 
the control arm and 11.4  months (95% CI: 9.2–13.6) for 
the 49 in the experimental arm (HR, 1.0; 95% CI: 0.65–
1.5; P = 0.99) (Fig.  4A). However, median OS for these 
patients was 27.1  months (95% CI: 20.3–33.9) in the 
control arm and 20.7 months (95% CI: 14.7–26.7) in the 
experimental arm (HR, 1.45; 95% CI: 0.89–2.33; P = 0.13) 

(Fig.  4B). There were no differences between arms for 
patients with unmethylated MGMT (Supplementary 
Figure 1A, B).

Median PFS for the 83 patients with measurable dis-
ease was 7.7  months (95% CI: 4.5–10.7), compared with 
8.3 months (95% CI: 7.2–9.4) for the 76 without measurable 
disease (HR, 0.7; 95% CI: 0.50–0.99; P = 0.04). Median OS 
was 17.9 months (95% CI, 13.8–22.0) and 23.8 months (95% 
CI, 19.5–28.0), respectively (HR, 0.6; 95% CI: 0.42–0.90; 
P = 0.01).

Safety

Toxicity among patients in the experimental arm 
was mild, with few grade 3–4 episodes. However, 
lymphopenia (P < 0.001), thrombocytopenia (P < 0.001), 
and nausea and vomiting (P = 0.001) were more frequent 
in the experimental than in the control arm (Table 2 and 
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Fig. 2  (A) PFS and (B) OS for all patients according to treatment arm.
  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa107#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa107#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa107#supplementary-data
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Supplementary Table 4). Four patients (5%) needed a 
dose reduction and 4 (5%) needed a cycle delay. Three 
patients (3.7%) had to discontinue TMZ treatment due to 
an adverse event.

Translational Substudy

In tumor samples obtained at first surgery, 6 patients in the 
control arm had partial immunoreactivity of MSH6, while 
5 in the experimental arm had partial immunoreactivity14 
(1 MSH2/MSH6, 3 MSH6, and 1 MLH1) (Supplementary 
Table 5). We detected no differences in loss of the MMR 
immunoreactive patterns between the 2 arms of the study 
in 7 samples from second surgeries. In 2 samples (1 in each 
arm), there was a drop in the expression of MLH1. Second 
surgeries for these 2 patients were performed 6  months 
after the last TMZ cycle in the control arm (cycle 6)  and 
10 months after the last TMZ cycle in the experimental arm 

(cycle 12). No significant changes were detected in other 
MMR proteins.

Discussion

This randomized trial compared 6-month PFS in glioblas-
toma patients who stopped adjuvant TMZ after 6 cycles 
and those who continued for up to 6 additional cycles. Our 
finding of no difference between the 2 groups in 6-month 
PFS was reflected in a similar lack of differences in PFS and 
OS, suggesting that patients do not receive extra benefit 
from continuing adjuvant TMZ beyond 6 cycles. In contrast, 
continuing for longer than 6 cycles was associated with 
more cases of thrombocytopenia, lymphocytopenia, and 
nausea and vomiting.

Three retrospective analyses have also addressed 
this question. Blumenthal and colleagues3 performed a 

  

Factor Control/Experimental

Methylation status

Methylated

Unmethylated

Residual disease

No

Yes

48/49

31/31

37/39

42/41

HR (95% Cl)

1.00 (0.65–1.54)

0.92 (0.54–1.56)

0.92 (0.56–1.52)

1.08 (0.69–1.69)

0.998

0.756

0.741

0.736

0.25 1.751
ExperimentalControl

p

Factor Control/Experimental

Methylation status

Methylated

Unmethylated

Residual disease

No

Yes

48/49

31/31

37/39

42/41

HR (95% Cl)

1.45 (0.89–2.33)

1.04 (0.58–1.86)

1.32 (0.75–2.31)

1.32 (0.81–2.15)

0.133

0.888

0.333

0.266

0.25 2.51

ExperimentalControl

p

A

B

Fig. 3  Hazard ratios with forest plot for (A) PFS and (B) OS according to stratification factors and treatment arm.
  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa107#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa107#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa107#supplementary-data
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pooled analysis of 624 glioblastoma patients treated with 
either 6 or 12 cycles of TMZ in 4 studies. The authors ex-
cluded the immortal time bias15 by calculating residual 
PFS and OS as the time elapsed from the potential cycle 
7, defined as 28  days after cycle 6.  After adjusting for 
prognostic factors, they found improved residual PFS 
(HR, 0.80; P = 0.03) for patients who continued on TMZ, 
especially for those with methylated MGMT (n = 342; HR, 
0.65; P < 0.01) but no differences in residual OS.3 Similar 
results were reported by the German Glioma Network 
with a series of 142 patients.4 MGMT methylation status 
was known in 93% of their patients and the presence/ab-
sence of measurable disease in 61.2%.15 They corrected 
the immortal time bias with a 7-month landmark analysis 
to estimate PFS and OS after the end of the first 6 TMZ 
cycles. Median landmark PFS was longer for patients 
continuing TMZ (13.5 vs 10.2 mo; P = 0.03) but there were 

no differences in landmark OS (25.6 vs 26.2 mo; P = 0.12). 
A third retrospective trial found no differences in either 
PFS or OS.16

In contrast to these previous studies, our study prospec-
tively randomized patients once they had completed 6 
cycles of TMZ without progression, and we have reported 
the patient characteristics at the time of randomization. 
Our patients were younger than the average glioblastoma 
patient and neurologically stable without needing cor-
ticosteroids; they had a preserved MMR system; and the 
frequency of IDH-mutated tumors was similar to that pre-
viously reported in glioblastoma (5%).17 Nevertheless, we 
detected no differences between arms in 6-month PFS, 
median PFS, or median OS.

The methylguanine methyltransferase protein, encoded 
by the MGMT gene, repairs and eliminates the methyl 
adduct inserted by TMZ at O6-guanine purine.18 Aberrant 
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promoter methylation of MGMT silences the protein, 
leading to better outcome to TMZ. Patients with MGMT 
methylation are highly sensitive to TMZ treatment and 
would thus be expected to obtain maximum benefit from 
extending treatment longer than 6 cycles. However, we 
found a disconcerting indication of a potential negative 
impact on OS in patients with MGMT methylation who 
continued on TMZ. Although patients with MGMT meth-
ylation who stopped after 6 cycles had a nonsignificant 
trend to a shorter initial PFS than those who continued 
(8.5 vs 11.4 mo), they ultimately attained a longer OS (27.1 
vs 20.7 mo). Second-line therapies in both arms were 
mainly TMZ rechallenge or nitrosoureas, which share 
similar mechanisms of action, though more patients re-
ceived only palliative care in the experimental arm (23.3% 
vs 7.2%). We could speculate that the trend to shorter OS 
in patients who continued TMZ might be related to an ac-
quired resistance that was induced by a deficient MMR 
system under continued TMZ exposure19,20 and that later 
worsened at recurrence.21–23 This interpretation would 
suggest that accumulation of mutations due to lack of re-
pair could lead to a hypermutator phenotype that is re-
sistant to further therapy.19,24,25 However, our findings do 
not support this hypothesis. In fact, all our patients had a 
slightly better preserved MMR system at diagnosis than 
that reported at diagnosis in unselected cohorts,14,26 and 
we did not detect a drop in the IHC expression of the 
MMR proteins in 5 of the 7 samples from second sur-
geries, while 1 patient in each arm showed only partial 
immunoreactivity of MLH1.

Our trial has limitations, including the fact that it was 
not powered to detect significant differences in PFS or 
OS. To reach this power, we would have had to know 
the survival distribution for patients who complete the 
standard 6 cycles without progression from the last 
cycle to death, but this information was not available at 
the time the trial was designed. Alternatively, in order 
to launch a non-inferiority trial for PFS, we would have 
needed to include nearly 500 patients to stratify for the 

same factors. As patients who complete the first 6 cycles 
of TMZ represent less than 50% of all patients who start 
treatment, such a trial was not feasible within the setting 
of the funding grant. Secondly, results might have been 
affected by the small, nonsignificant imbalance in the dis-
tribution of IDH-mutated tumors between arms, mainly 
derived from the 15 patients younger than 56 years old 
who could not be properly assessed. Nevertheless, when 
IDH mutation status was included in the multivariate 
models, treatment arm was still not identified as a prog-
nostic factor. Finally, the trial would have ideally been 
run with a placebo as a blinded control, but at the time 
the study was launched, there was no generic TMZ avail-
able and all capsules were marked with the trademark of 
Temodal and the dosage, making it impossible to blind 
these capsules by fabricating empty capsules in order to 
create a blinded placebo.

In summary, our findings in this prospective trial, which 
confirm previous retrospective data, suggest that contin-
uing TMZ beyond 6 cycles confers no benefit in outcome 
for any subset of patients who have already received the 
first 6 standard cycles of adjuvant treatment, leading us 
to recommend that discontinuing TMZ after 6 cycles be 
considered a feasible option in patients who are progres-
sion free.

Supplementary Material

Supplementary data are available at 
Neuro-Oncology online.
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Table 2.  Adverse events with different frequencies across treatment arms

Adverse Event Control Arm N = 79 N (%) Experimental Arm N = 80 N (%) P

Any Grades 1–2 Grades 3–4 Any Grades 1–2 Grades 3–4

Lymphopenia 33 (41.7) 33 (41.7) 0 55 (68.7) 52 (65.0) 3 (3.7) <0.001

Thrombocytopenia 17 (21.5) 17 (21.5) 0 38 (47.5) 36 (45.0) 2 (2.5) <0.001

Nausea and vomiting 10 (12.6) 10 (12.6) 0 30 (37.5) 30 (37.5) ‒ 0.001

Fatigue 21 (26.6) 21 (26.6) 0 35(43.7) 35(43.7) ‒ 0.050

Leukopenia 20 (25.3) 20 (25.3) 0 30 (37.5) 29 (36.2) 1 (1.3) 0.098

Hospitalization due  
to adverse event

5 (5.0) 10 (10.0) 0.233

Second neoplasia 0 1 (breast cancer) NA

NA, not applicable.
P-values for “any” grade toxicity.
Hematological toxicities were analyzed from the second follow-up visit (at cycle 2, which detected the toxicity arising from cycle 1) until the final 
follow-up visit (30 days after the last temozolomide cycle or the last control visit). As grade 1 lymphopenia and thrombocytopenia were not exclusion 
criteria, some patients presented residual low values at screening and at cycle 1, as a result of the previous 6 cycles of adjuvant temozolomide. 
A complete list of adverse events is included in Supplementary Table 4.

  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa107#supplementary-data
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