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Abstract
Introduction  The optimal management of high risk WHO grade II gliomas after surgery is debated including the role of 
initial temozolomide to delay radiotherapy and risk of cognitive defects.
Methods  A post-hoc analysis of a phase II multicenter study on high risk WHO grade II gliomas, receiving initial temozo-
lomide alone, has re-evaluated the long-term results within the molecular subgroups of WHO 2016. The primary endpoint 
of the study was response according to RANO, being seizure response, PFS and OS secondary endpoints.
Results  Response rate among oligodendrogliomas IDH-mutant and 1p/19q codeleted (76%) was significantly higher than 
that among diffuse astrocytomas either mutant (55%) or wild-type (36%). A reduction of seizure frequency > 50% was 
observed in 87% of patients and a seizure freedom in 72%. The probability of seizure reduction > 50% was significantly 
associated with the presence of an IDH mutation. Median PFS, PFS at 5 and 10 years, median OS and OS at 5 and 10 years 
were significantly longer in oligodendrogliomas IDH-mutant and 1p/19q codeleted. Sixty-seven percent of patients with 
oligodendroglioma IDH mutant and 1p/19q codeleted did not recur with a median follow up of 9.3 years, while 59% did not 
receive radiotherapy at recurrence with a median follow up of 8.2 years.
Conclusions  The beneficial effects of initial temozolomide prevail in oligodendrogliomas IDH-mutant and 1p/19q codeleted: 
thus, these tumors, when incompletely resected or progressive after surgery alone, or with intractable seizures, should receive 
temozolomide as initial treatment with salvage radiotherapy and/o reoperation and/or second-line chemotherapy at recurrence.
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Introduction

Diffuse low-grade gliomas (LGG) represent a heteroge-
neous group of tumors, and high-risk patients, i.e. those 
with age > 40 years or incomplete resection or intractable 
seizures or clinical and radiological progression following 
initial observation, need adjuvant treatments. Radiother-
apy improves progression-free survival (PFS) but not over-
all survival (OS) compared with observation and delayed 
intervention at tumor progression [1]. Phase III RTOG 
9802 trial [2] has reported a significant prolongation of 
PFS and OS by adding PCV chemotherapy to radiotherapy. 
However, a risk of cognitive decline in long-term survi-
vors following radiotherapy exists [3], and this has led 
many clinicians to delay radiotherapy at salvage in favor of 
initial chemotherapy. Few studies have reported an efficacy 
of temozolomide (TMZ) in patients with LGG, who were 
radiotherapy-naïve [4, 5].

Dose-dense TMZ has been suggested to increase the 
chemosensitivity of LGGs by overcoming MGMT resist-
ance [6, 7]. Phase III EORTC 22,033 trial in high-risk 
LGG has shown that PFS does not differ between dose 
dense TMZ and radiotherapy [8].

Between 2007 and 2010 the Italian Association for 
Neuro-Oncology (AINO) conducted a single arm phase II 
study to evaluate the efficacy and toxicity of dose-dense 
TMZ in high-risk oligodendroglial tumors based on the 
hypothesis that an intensification of chemotherapy would 
have been successful in such a chemosensitive subgroup. 
The inclusion of patients was based on the WHO clas-
sification of 2007 and preliminary results were reported 
in an abstract form [9]. In this post-hoc analysis we have 
re-evaluated the long-term results according to new WHO 
classification of 2016 [10].

Methods

Eligibility criteria

Inclusion criteria were as follows: age ≥ 18  years; 
KPS ≥ 70; high-risk patients, as defined by either incom-
plete resection or biopsy, or progression following initial 
observation with MRI in case of total/near total resec-
tion; measurable tumor on FLAIR MRI before the chemo-
therapy (>10 × 10 mm); absent or mild or patchy contrast 
enhancement on MRI; no previous radiotherapy or chemo-
therapy; no evidence of compromised hematologic, hepatic 
or renal function on laboratory testing, and HBV/HBC/
HIV negative test. Exclusion criteria included: any previ-
ous antineoplastic treatment other than surgery; intense 

contrast enhancement; history of malignancy in remis-
sion for less than 5 years, and women who were pregnant, 
breastfeeding, or of child-bearing potential not willing to 
use contraception.

All patients had to sign an informed consent. The protocol 
was approved by the local EC and registered in EUDRACT 
(n.2007/000386-38).

Trial design and treatment

All patients underwent physical and neurological exami-
nation plus laboratory testing at baseline and before every 
cycle of chemotherapy. Brain MRI with gadolinium was per-
formed at baseline and every three cycles. Seizure character-
istics (frequency, type, duration) and antiepileptic medica-
tion were collected by means of a diary at each neurological 
examination. TMZ was administered orally once per day at a 
dose of 150 mg/m2 7 days-on/7 days-off every 28 days up to 
a maximum of 18 cycles. Prophylaxis against Pneumocystis 
Carinii pneumonia with oral trimethoprim/sulfamethoxazole 
was used in case of severe lymphopenia, and delays or dose 
reductions of TMZ were permitted. TMZ was stopped for 
any type of irreversible grade 3 or 4 toxicity.

Outcomes

The primary end-point of the study was response based on 
RANO criteria for low-grade gliomas [11] (Supplementary 
Table 1). The response on MRI was reviewed independently 
by 2 investigators, who were unaware of seizure response 
and outcome.

Secondary end-points were seizure response, median 
PFS, PFS at 5 years, median OS, OS at 5 years, and toxicity. 
Seizure response was defined by reduction > 50% of seizure 
frequency and seizure freedom as compared with baseline 
in the absence of any change of antiepileptic drugs (AEDs).

Molecular analysis

1p/19q codeletion, IDH1-2 mutations and MGMT meth-
ylation status were analyzed either at the time of treatment 
or through a post-hoc analysis performed at the end of the 
study. 1p/19q codeletion testing was performed by fluores-
cence in situ hybridization (FISH) analysis. The mutational 
status of IDH1 and IDH2 was established by immunohisto-
chemistry for the most common mutant IDH1 R132H, com-
plemented by DNA sequencing in negative cases. MGMT 
methylation status was assessed using the MGMT-STP27 
model. Then, the tumors were reclassified according to the 
new WHO classification of 2016 [10], that recognizes 3 
subtypes, i.e. oligodendrogliomas IDH mutant and 1p/19q 
codeleted, diffuse astrocytomas IDH mutant, and diffuse 
astrocytomas IDH wild-type.
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Statistical analysis

The sample size for a Simon minimax two-stage design was 
calculated, where the expected probability of response was 
70% and the null hypothesis probability was 50%, with a 
one-sided α-error of 5% and a power of 80%. Under these 
assumptions, at least 13/23 responders were required for the 
first stage to continue to stage 2 and at least 24/37 responders 
were required in the end of the study to consider the drug 
potentially active and worth of further investigation. Overall, 
at the end of the second stage we observed 27/37 responses 
(73%): thus, considering also the high impact of the drug 
on seizures, the enrollment was prolonged until the end of 
year 2010, and the final analysis was performed on a total 
of 60 patients.

Baseline patient characteristics were compared accord-
ing to primary endpoint (PR/MR vs. SD/PD) by using the 
Mann–Whitney U test and χ2 test (or Fisher’s exact test, 
if appropriate) for continuous variables and categorical 
variables.

The prognostic or predictive role of sociodemographic, 
clinical and molecular characteristics at baseline were 
assessed by logistic regression models, where response 
(PR/MR vs. SD/PD) was the outcome variable. Crude and 
adjusted odds ratios (ORs) and their 95% confidence inter-
vals (95% CI) were reported.

PFS was measured from the date of chemotherapy start to 
the date of first disease progression or death or last follow-up 
(whichever occurred first). OS was measured from the date 
of chemotherapy start to the date of death or last follow-up 
(whichever occurred first).

Survival curves were estimated using the Kaplan–Meier 
method and differences were evaluated by the log-rank test. 
A Cox proportional hazard model was employed to estimate 
the crude and the multivariable-adjusted hazard ratios (HRs) 
with 95% confidence intervals (CIs) for possible predictors 
of survival. The proportional hazard assumption was verified 
by graphical checks and formal tests based on Schoenfeld 
residuals.

Prevalence of seizure reduction (more than 50%) and 
seizure freedom after TMZ therapy were reported for 39 
patients at the end of follow-up.

Statistical analyses were performed using Stata 13.1 soft-
ware (StataCorp LP, College Station, TX).

Results

Patient characteristics and treatment

From 4/2007 to 12/2010, 60 patients were enrolled from 
6 Italian Institutions, and are evaluable (Table 1). Median 

number of TMZ cycles was 11 (range 7–18) with a median 
follow-up of 8.9 years (range 5.3–10.2 + ). In 31 patients 
(51.7%) the daily dose of TMZ was decreased from 150 
to 100–130 mg/m2 following a median number of 4 cycles 
(range 2–9) due to persistent myelotoxicity, thus reducing 
the dose intensity.

Table 1   Patient characteristics

All patients N = 60

N %

Age (years)
 Median 51.5 (39.5–65.0)

  ≤ 50 29 48.3
  > 50 31 51.7
Sex
 Female 24 40
 Male 36 60

Tumor type (WHO 2016)
 Oligodendroglioma IDH-mutant 1p19q cod 29 48.3
 Diffuse astrocytoma IDH-mutant 9 15
 Diffuse astrocytoma IDH-wild type 22 36.7

Tumor site
 Frontal lobe 28 46.7
 Temporal lobe 15 25
 Fronto-temporal lobe 15 25
 Parietal lobe 2 3.3

MRI enhancement
 Present 20 33.3
 Absent 40 66.7

KPS before TMZ
 70–80 9 15
 90 34 56.7
 100 17 28.3

Risk group
 Progressive tumor on MRI 28 46.7
 Residual tumor after surgery 32 53.3
 Seizures before TMZ 39 65
 Partial simple 18 46.2
 Partial complex 17 43.6
 Secondary generalized 4 10.3

Seizure frequency before TMZ
 Daily 18 46.2
 Weekly 12 30.8
 Monthly 9 23.1

AEDs
 Monotherapy 17 43.6
 Polytherapy 20 51.3

MGMT status
 Unmethylated 13 22.4
 Methylated 45 77.6
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Efficacy

Best response to dose-dense TMZ according to RANO 
criteria was as follows: CR in 0/60 patients, PR in 23/60 
(38.3%), MR in 12/60 (20%), SD in 21/60 (35%), and PD 
in 4/60 (6.7%). Oligodendrogliomas achieved a PR in 
8/29 (27.6%), a MR in 14/29 (48.3%), and a SD in 7/29 
(24.1%), while diffuse astrocytomas IDH-mutant achieved 
a PR in 1/9 (11%), a MR in 4/9 (44.5%) and a SD in 4/9 
(44.5%). Progressive disease was not observed in both 
tumor groups. Diffuse astrocytomas IDH-wild type dis-
played a PR in 3/22 (13.6%), a MR in 5/22 (22.7%), a SD 
in 10/22 (45.5%), and a PD in 4/22 (18.2%).

Age, risk group and dose intensity of TMZ did not 
display any association with response. MGMT methyla-
tion was significantly associated with response in uni-
variate (p = 0.002) and multivariable (p = 0.015) analysis: 
PR + MR occurred in 33/35 (94.3%) of MGMT methyl-
ated patients and in 2/35 (5.7%) of MGMT unmethyl-
ated patients. Oligodendrogliomas were associated with 
response in univariate analysis only (p = 0.006). All these 
correlations are reported in Table 2 and in Supplementary 
Table 2.

A seizure reduction ˃ 50% was observed in 34 out of 39 
(87.2%) patients, while an increase of seizure frequency 
did not occur. The median time to maximal seizure reduc-
tion ˃ 50% and maximal response on MRI were 3 months 
and 6 months, respectively (Supplementary Table 3).

A seizure freedom at the end of TMZ was observed in 
26/39 (66.7%) patients, with a reduction of AEDs in 11/28 
(39%), and a withdrawal in 2/28 (7%).

The association of reduction of seizures > 50% and sei-
zure freedom with clinical and molecular factors is reported 
in Table 3. Twenty-four out of 34 (70.6%) patients with a sei-
zure reduction > 50% displayed either a PR or MR on FLAIR 
MRI, while 10/34 (29.4%) a SD/PD (p = 0.047). Twenty-five 
out of 34 (73.5%) patients with a seizure reduction > 50% 
had an IDH mutation, while 9/33 (27.3%) were IDH wild-
type (p = 0.035). Seizure freedom was not associated with 
any clinical or molecular factor.

Median PFS was 3.4 years (CI95% 2.2–4.3). PFS was 
54.6% (CI95% 41.1–66.2) at 3 years and 32.4% (CI95% 
20.9–44.4) at 5 years. PFS curves according to histological/
molecular type and MGMT methylation are shown in Fig. 1. 
Age, risk group and TMZ dose intensity did not display any 
association with PFS. Univariate analysis showed that PFS 
was associated with MGMT methylation (HR 0.49, 95% 
CI 0.25–0.96, p = 0.038) and oligodendroglioma subtype 
(HR 0.43, 95% CI 0.23–0.80, p = 0.008). After multivari-
able analysis oligodendroglioma subtype (HR 0.42, 95% CI 
0.20–0.89, p = 0.024) retained an independent prognostic 
value. All these correlations are reported in Table 4.

Oligodendrogliomas showed a median PFS of 4.2 years 
(CI95% 3.3–7.2) and a 3- and 5-year PFS of 72.4% (CI95% 
52.33–85.1) and 37.9% (CI95% 20.9–54.9), respectively. 
Diffuse astrocytomas IDH-mutant showed a median PFS of 
3.6 years (CI95% 0.8–7.8) and a PFS of 55.5% at 3- and 
5-years (CI95% 20.4–80.4). Diffuse astrocytomas IDH-
wild type displayed a median PFS of 10.8 months (CI95% 
8.4–31.2) and a 3- and 5-year PFS of 30% (CI95% 12.5–49.8) 
and 15.0% (CI95% 3.18–33.3), respectively. Ten-year PFS 
was 27.2% (CI95% 12.6–44.0) in oligodendrogliomas and 

Table 2   Correlations of clinical and molecular factors with response: univariate and multivariable analysis

PR/MR (%) (N = 35) SD/PD (%) (N = 25) OR (CI 95%) p value OR adj (CI 95%) p value

Age (years)
  ≤ 50 14 (40.0) 15 (60.0) 1.00 0.129 1.00 0.120
  > 50 21 (60.0) 10 (40.0) 2.25 (0.79–6.41) 2.99 (0.75–11.9)
Risk groups
 Progressive tumor on MRI 17 (48.6) 11 (44.0) 1.00 0.726 1.00 0.865
 Residual tumor after surgery 18 (51.4) 14 (56.0) 0.83 (0.30–2.33) 0.88 (0.20–3.89)

TMZ dose intensity
 Maintained 13 (37.1) 11 (44.0) 1.00 0.593 1.00 0.697
 Reduced 22 (62.9) 14 (56.0) 1.33 (0.47–3.78) 1.30 (0.35–4.80)

Tumor type (WHO 2016)
 Diffuse astrocytoma IDH-wild type 22 (62.9) 7 (28.0) 1.00 1.00
 Diffuse astrocytoma IDH-mutant 5 (14.3) 4 (16.0) 2.19 (0.45–10.6) 0.330 1.42 (0.21–9.72) 0.721
 Oligodendroglioma IDH-mutant 

1p19q codeleted
8 (22.9) 14 (56.0) 5.50 (1.63–18.5) 0.006 3.46 (0.86–13.90) 0.080

MGMT status
 Unmethylated 2 (5.7) 11 (44.0) 1.00 0.002 1.00 0.015
 Methylated 33 (94.3) 14 (56.0) 13.0 (2.54–66.2) 8.76 (1.53–50.1)
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Table 3   Association of clinical 
and molecular factors with 
seizure control

Seizure reduc-
tion > 50% (%) 
(N = 34)

p value Seizure freedom 
(%) N = 26

p value

Response on MRI
 PR/MR 24 (70.6) 0.047 17 (65.4) 1.000
 SD/PD 10 (29.4) 9 (34.6)

Age (years)
  ≤ 50 14 (41.2) 0.636 11 (42.3) 1.000
  > 50 20 (58.8) 15 (57.7)
Risk group
 Progressive tumor on MRI 15 (44.1) 0.631 11 (42.3) 1.000
 Residual tumor after surgery 19 (55.9) 15 (57.7)

TMZ dose intensity
 Maintained 14 (41.2) 0.162 11 (42.3) 0.520
 Reduced 20 (58.8) 15 (57.7)

IDH status
 Wild type 9 (27.3) 0.035 8 (30.8) 0.714
 Mutated 25 (73.5) 18 (69.2)

MGMT status
 Unmethylated 5 (14.7) 1.000 4 (15.4) 1.000
 Methylated 29 (85.3) 22 (84.6)

Tumor type (WHO 2016)
 Diffuse astrocytomas IDH-wild type 17 (50.0) 0.090 13 (50.0) 0.748
 Diffuse astrocytomas IDH-mutant 8 (23.5) 5 (19.2)
 Oligodendrogliomas IDH-mutant 

1p19q codeleted
9 (26.5) 8 (30.8)

Fig. 1   PFS according to MGMT status and molecular groups
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10% (CI95% 1.7–27.1) in diffuse astrocytomas IDH-wild 
type. None of the diffuse astrocytomas IDH-mutant survived 
10 years (Fig. 1).

Thirty-five of 60 patients (58.3%) died during the fol-
low-up period. Median OS and OS at 3 and 5 years were 
9.2 years (8.2–11–9), 85.0% (CI95% 73.2–91.9) and 80.0% 
(CI95% 67.5–88.1), respectively.

Age and risk group did not display any association with 
OS, while oligodendroglioma was the sole factor with sta-
tistical significance in both univariate (p < 0.001) and mul-
tivariable (p < 0.001) analysis (Table 5). Median OS and 
OS at 3 and 5 years for oligodendrogliomas were 9.8 years 
(CI95% 7.6–9.9), 96.5% (CI95% 77.9–99.5) and 89.7% 
(CI95% 71.2–96.5), respectively. Median OS for diffuse 
astrocytoma IDH.mutant was 9.3 years (CI95% 9.0–9.8) 

with 85% (CI95% 67.3–93.1) of patients surviving at 3 and 
5 years. Median OS and OS at 3 and 5 years for diffuse astro-
cytomas IDH wild type were 5.4 years (CI95% 3.8–7.0), 
63.6% (CI95% 40.2–79.9) and 59.1% (CI95% 36.1–76.2), 
respectively.

Ten-year OS was 78.2% (CI95% 57.4–89.7) in oligoden-
drogliomas, 22.2% (CI95% 3.3–51.3) in diffuse astrocyto-
mas IDH-mutant, and 17.1% (CI95% 4.8–35.7) in diffuse 
astrocytomas IDH-wild type.

Recurrence

A local tumor recurrence on MRI occurred in 48/60 patients 
(80%), who received salvage therapies, either alone or in 
combination. Twenty-six patients (54.2%) underwent 

Table 4   Correlations of clinical 
and molecular factors with PFS: 
univariate and multivariable 
analysis

HR (CI 95%) p value HR adj (CI 95%) p value

Age (years)
  ≤ 50 1.00 0.119 1.00 0.102
  > 50 0.63 (0.36–1.12) 0.59 (0.96–1.00)
Risk group
 Progressive tumor on MRI 1.00 0.423 1.00 0.097
 Residual tumor after surgery 1.26 (0.71–2.24) 1.94 (0.89–4.26)

TMZ dose intensity
 Maintained 1.00 0.850 1.00 0.961
 Reduced 1.06 (0.59–1.89) 1.02 (0.51–2.06)

Tumor type (WHO 2016)
 Diffuse astrocytoma IDH-wild type 1.00 1.00
 Diffuse astrocytoma IDH mutant 0.54 (0.24–1.25) 0.0152 0.41 (0.14–1.22) 0.024
 Oligodendroglioma IDH-mutant 

1p19q codeleted
0.43 (0.23–0.80) 0.008 0.42 (0.20–0.89) 0.110

MGMT status
 Unmethylated 1.00 0.038 1.00 0.720
 Methylated 0.49 (0.25–0.96) 0.87 (0.40–1.87)

Table 5   Correlations of clinical 
and molecular factors with OS: 
univariate and multivariable 
analysis

HR (CI 95%) p value HR adj (CI 95%) p value

Age (years)
  ≤ 50 1.00 0.555 1.00 0.257
  > 50 0.81 (0.41–1.62) 0.64 (0.30–1.38)
Risk group
 Progressive tumor on MRI 1.00 0.477 1.00 0.870
 Residual tumor after surgery 1.29 (0.64–2.58) 0.93 (0.39–2.22)

Tumor type (WHO 2016)
 Diffuse astrocytomas IDH wild type 1.00 1.00
 Diffuse astrocytomas IDH mutant 0.54 (0.24–1.24) 0.147 0.66 (0.24–1.78) 0.409
 Oligodendrogliomas IDH-mutant 1p19q cod 0.11 (0.04–0.29)  < 0.001 0.12 (0.04–0.33)  < 0.001

MGMT status
 Unmethylated 1.00 0.477 1.00 0.861
 Methylated 0.69 (0.25–1.92) 1.11 (0.32–3.85)
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reoperation, 31 (64.5%) radiotherapy, and 42 (87.5%) chem-
otherapy with nitrosoureas.

Twelve of 60 patients (20%) did not recur with a median 
follow-up of 9.7 years (range 4.8–11.9): 8/12 (66.7%) were 
oligodendrogliomas and 3/12 (25%) diffuse astrocytomas 
IDH-wild type, while 1/12 (8.3%) was a diffuse astrocytoma 
IDH-mutant.

Twenty-nine of 60 patients (48%) did not receive radi-
otherapy with a median follow-up of 8.2  years (range 
0.7–11.9): 17/29 (58.6%) were oligodendrogliomas, 2/29 
(6.9%) diffuse astrocytomas IDH-mutant, and 10/29 (34.5%) 
diffuse astrocytomas IDH-wild type.

Of 20 patients, who were MGMT methylated at first sur-
gery, 7 (35%) retained their original status, while 13 (75%) 
became unmethylated. Among these patients, 9 were oligo-
dendrogliomas, 1 a diffuse astrocytoma IDH mutant, and 3 
diffuse astrocytomas IDH wild type. The 6 patients, who 
were unmethylated at first surgery, remained unmethylated.

Discussion

The optimal management of high-risk LGGs (WHO grade 
II) after surgery is still debated, as these tumors are rare 
and the WHO classification of 2016 [10] has recognized 
new molecular subgroups, that display a different outcome. 
Recent clinical trials, randomized [2, 8] or single arm [5], 
have added information on the role of radiotherapy and 
chemotherapy in high risk patients; however, there is pau-
city of information on the impact of treatments within the 
molecular subgroups of WHO 2016.

At the best of our knowledge, this is the first study that 
analyzed within the new molecular subgroups of WHO 2016 
the response on MRI and seizure outcome following ini-
tial TMZ in a cohort of high risk LGGs. Dose-dense TMZ 
yielded a response rate (PR + MR) of 58%, which overlaps 
that of standard [4, 12] or protracted [6, 7] schedules. Oligo-
dendrogliomas had the highest response rate (76% PR + MR) 
as compared to diffuse astrocytomas either IDH-mutant 
(55%) or wild-type (36% PR + MR). The response rate of 
oligodendrogliomas as defined by molecular characteristics 
was significantly higher than that reported with traditional 
histologic criteria (76% vs. 31% to 61%) [4, 12]: the likely 
explanation is that old studies were enriched for the less 
chemosensitive diffuse astrocytomas.

A strong seizure response following TMZ occurred, 
with a reduction of seizure frequency > 50% in 87% of 
patients and seizure freedom in 72%. This finding is of 
utmost clinical significance as commonly seizures repre-
sent the sole symptom of LGGs. Of note this trial pre-
specified seizures as a secondary endpoint as suggested 
by the RANO criteria [13], and did not allow any increase 
of the AED medication that would have contributed to 

seizure response. Conversely, all previous retrospective 
studies did not consider the changes of AEDs concurrent 
with TMZ, and some included both radiotherapy-naïve 
and radiotherapy pretreated patients, with a wide range of 
seizure response after TMZ (18% to 90%) [4, 12, 14–16].

Seizure reduction following TMZ more often occurred 
earlier than response on MRI, and was not always associ-
ated with tumor shrinkage, similarly to what described 
following radiotherapy [17].

A novel finding of this study is that IDH mutation, 
which is associated with a higher risk for seizures at pres-
entation [18, 19], is predictive of response of seizures to 
TMZ as well. This finding could be most likely explained 
by the association of IDH mutation with MGMT methyla-
tion, thus with a higher probability to respond to TMZ.

PFS of oligodendrogliomas was of the same order in 
our study (4.2 years) and in EORTC (4.6 years) and Wahl 
(4.9 years) studies, while PFS of diffuse astrocytomas 
IDH-mutant was slightly lower (3 and 3.6 years). OS of 
oligodendrogliomas is similar in our study (9.8 years) and 
Wahl study (9.7 years), while EORTC data on OS are still 
not mature.

Overall, PFS and OS following radiotherapy plus PCV 
in RTOG 9802 (10.4 and 13.3 years), respectively [2], 
are definitely longer than those observed following initial 
TMZ. However, the analysis of the impact of combined 
treatment within the molecular subgroups was performed 
only in a small number of patients due to unavailability of 
pathologic material.

Of note in our study radiotherapy was delayed for 
8.2 years in about half of the patients: the majority (59%) 
were oligodendrogliomas, while few (6.9%) only were 
diffuse astrocytomas IDH mutant. Thus, the question is 
whether a sequential approach, consisting of TMZ as ini-
tial treatment with reoperation and/or radiotherapy plus 
PCV at tumor relapse, is of the same value of early radio-
therapy plus PCV in terms of balance between survival 
and cognitive preservation in patients with high risk oli-
godendrogliomas. PCV as initial treatment could be more 
effective than TMZ [20], but the level of evidence is low. 
In this regard, a phase III study from ANOCEF (France) 
is comparing in newly diagnosed IDH-mutant grade II 
gliomas PCV vs RT + PCV. The comparison between 
RT + PCV and RT + TMZ in IDH mutant 1p/19q codeleted 
grade II and III tumors is the objective of the phase III 
CODEL trial conducted by RTOG/Alliance and EORTC. 
Notably, in all ongoing trials a monitoring of cognitive 
functions over time is mandatory.

A retrospective analysis of a large registry in US has 
suggested that chemotherapy alone is not inferior in terms 
of OS to chemoradiation [21], but the median follow-up 
(4–6 years) was too short to capture a delayed efficacy of 
the combined treatment.
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Conversely, our results do not support TMZ alone 
as initial treatment for diffuse astrocytomas either IDH 
mutant or wild-type.

This study confirms the well known predictive value 
of MGMT methylation for response to TMZ in low-grade 
gliomas. The subgroup of oligodendrogliomas was in this 
study the sole factor with a significant association with 
longer PFS and OS in multivariable analysis: this mainly 
reflects the predictive and prognostic importance of IDH1 
mutation [22], whose presence is correlated with 1p/19q 
codeletion and MGMT methylation [23]. A recent sub-
group analysis of NRG Oncology/RTOG 0424 single arm 
trial has suggested that MGMT methylation is an inde-
pendent prognostic marker of high-risk low-grade gliomas 
treated with temozolomide and radiotherapy in addition 
to IDH mutation [24]. Our sample size was too small to 
investigate this issue.

An open question is whether an early alkylating chemo-
therapy, which induces a hypermutated status [25], accel-
erates malignant transformation, but thus far there is no 
evidence in the clinical setting. However, it is unknown 
whether an early use of TMZ could be detrimental in 
some subgroups of patients and whether a reoperation at 
first tumor progression is a safer option instead of chemo-
therapy. In this study the majority of patients, who were 
MGMT methylated at first surgery, became unmethylated 
at reoperation: this suggests a chemotherapy-induced shift 
toward a more chemoresistant phenotype.

This study has some limitations. The sample size is rel-
atively small for a subgroup analysis and a central molecu-
lar testing was not performed.

In conclusion, among high-risk grade II gliomas the 
beneficial effects of initial TMZ significantly prevailed 
in oligodendrogliomas: thus, these tumors, when incom-
pletely resected or progressive after surgery or with 
intractable seizures, should receive TMZ as initial treat-
ment, with reoperation and/or radiotherapy plus PCV at 
recurrence, but controlled trials are needed to verify this 
hypothesis.
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