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ABSTRACT

Background. IDH-mutant anaplastic astrocytomas (AAs) are
chemosensitive tumors for which the best choice of adju-
vant chemotherapy between procarbazine, lomustine, and
vincristine (PCV) or temozolomide (TMZ) after radiotherapy
(RT) remains unclear.
Methods. In a large cohort of patients with histologically
proven 2016 World Health Organization classification AA
with IDH1/2 mutations included in the French national
POLA cohort (n = 355), the primary objective was to com-
pare progression-free survival (PFS) between the two treat-
ment regimens (n = 311). Secondary endpoints were overall
survival (OS), progression type, pseudoprogression rate,
and toxicity.

Results. The 4-year PFS in the RT + PCV arm was 70.8%
versus 53.5% in the RT + TMZ arm, with a hazard ratio
(HR) of 0.58 (95% confidence interval [CI], 0.38–0.87;
p = .0074) in univariable analysis and 0.63 (95% CI,
0.41–0.97; p = .0348) in multivariable analysis. The 4-year
OS in the RT + PCV arm was 84.3% versus 76.6% in the
RT + TMZ arm, with an HR of 0.57 (95% CI, 0.30–1.05;
p = .0675) in univariable analysis. Toxicity was signifi-
cantly higher in the RT + PCV arm with more grade ≥3
toxicity (46.7% vs. 8.6%, p < .0001).
Conclusion. RT + PCV significantly improved PFS compared
with RT + TMZ for IDH-mutant AA. However, RT + TMZ was
better tolerated. The Oncologist 2021;26:e838–e846

Implications for Practice: In the absence of fully conducted randomized trials comparing procarbazine, lomustine, and vincristine
(PCV) with temozolomide (TMZ) in adjuvant treatment after radiotherapy (RT) for the management of IDH-mutant anaplastic astro-
cytoma (AA) and a similar level of evidence, these two chemotherapies are both equally recommended in international guidelines.
This study in a national cohort of IDH-mutant AA defined according the 2016 World Health Organization (WHO) classification shows
for the first time that the RT + PCV regimen significantly improves progression-free survival in comparison with the RT + TMZ regi-
men. Even if at the time of analysis the difference in overall survival was not significant, this result provides new evidence for the
debate about the chemotherapy regimen to prescribe in adjuvant treatment to RT for WHO 2016 IDH-mutant AA.
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INTRODUCTION

In 2016, the new World Health Organization (WHO) classifi-
cation for brain tumors was published, based on histological
and biomolecular features [1]. Although the prognosis of
anaplastic gliomas was very heterogenous in the previous
classification [2], Cairncross et al. showed in the RTOG 9402
study that three different subgroups could be established
by integrating mutations of isocitrate dehydrogenase (IDH)
and the co-deletion of chromosomal arm 1p and 19q
(1p/19q co-deletion) [3]: IDH-mutant and 1p19q co-deleted
gliomas corresponding to anaplastic oligodendrogliomas
with a median overall survival (OS) with radiotherapy
(RT) alone of 6.8 years; IDH nonmutant and 1p19q non–co-
deleted gliomas corresponding to poor prognosis IDH wild-
type anaplastic astrocytoma (AA) with an average OS of
1.3 years; and IDH-mutant and 1p19q non–co-deleted glio-
mas corresponding to AA of moderate prognosis with a
median OS of 3.3 years after RT only.

The benefit of adding chemotherapy to RT is now con-
firmed in these tumors. The RTOG 9402 study and the
EORTC 26951 study, two large, randomized trials originating
in the 1990s, showed a benefit of polychemotherapy by
procarbazine, lomustine (also known as CCNU), and vincris-
tine (PCV) in adjuvant or neoadjuvant treatment after RT
[4, 5]. The role of adjuvant temozolomide (TMZ), well
known since 2005 for its action on glioblastomas [6], was
recently specified in the CATNON trial, with an improved OS
compared with RT alone in this non–co-deleted cohort [7].

Given these similar levels of evidence, the international
guidelines recommend equally PCV or TMZ in adjuvant after
RT for the management of IDH-mutant AA [8]. In the
absence of fully conducted randomized trials comparing
PCV with TMZ in this setting, practices vary from one center
to another.

The aim of this multicenter retrospective analysis was
to compare these two chemotherapies in association with
RT in order to provide stronger evidence for the manage-
ment of IDH-mutant AA, as defined in the WHO 2016
classification.

MATERIALS AND METHODS

Study Population
In this multicenter retrospective noninterventional study,
we included, in a first phase, patients treated in three cen-
ters in France (Institut Universitaire du Cancer de Toulouse;
Hôpital de la Pitié Salpêtrière Paris; and Hôpital Neuro-
logique Pierre Wertheimer, Centre Hospitalier Universitaire
de Lyon) between October 2008 and March 2019. Inclusion
criteria were age ≥ 18 years, with histologically proven AA
with IDH1/2 mutations and non–co-deleted 1p19q,
according to the WHO 2016 classification for brain tumors.
Most of these patients were also included in the French
national POLA cohort.

In France, since 2008, a dedicated program has been set
up for more homogeneous management of de novo adult
high-grade glioma with an oligodendroglial component,
called the Prise en charge des oligodendrogliomes

anaplasiques (POLA) network. One of the aims of the pro-
gram was to provide a pathological centralized review of
the cases and centralized molecular analysis. Patients pro-
spectively included into the POLA cohort provided their
written consent for clinical data collection and genetic anal-
ysis according to national and POLA network policies.

Thereafter, in a second phase, we widened our cohort
to add patients, with the same inclusion criteria, from the
whole French nationwide POLA cohort.

Data Collection
Comprehensive data were collected from the POLA data-
base. For the patients in Toulouse, Paris, and Lyon, an
exhaustive review of medical records and imaging data was
performed on site to collect precise data on treatment pro-
gress, toxicity, and progression.

Treatments
All patients received planning computed tomography, and
planning volumes were delineated after magnetic resonance
imaging (MRI) registration. The treatment techniques included
three-dimensional conformal or intensity-modulated radiother-
apy. TMZ chemotherapy was given either according to the
Stupp protocol, that is, concomitantly with RT at 75 mg/m2

daily, 7 days per week from the first day of RT until the last
day of RT and after a 1-month break in maintenance, for six
cycles according to the standard 5-day schedule every 28 days
at the dose of 150 mg/m2 for the first cycle and 200 mg/m2

for the next cycles in the absence of hematologic toxicity, or
either only in adjuvant without concomitance, at the standard
5-day schedule every 28 days from 6 to 12 cycles. Chemother-
apy by PCV was given according to the standard schedule for
six cycles. PCV could be given before or after radiotherapy but
never concomitantly. Each cycle consisted of lomustine
110 mg/m2 orally on day 1 (with a maximum dose of 200 mg),
procarbazine 60 mg/m2 orally on days 8 to 21 (with a maxi-
mum dose of 100 mg), and vincristine 1.4 mg/m2 intravenous
on days 8 and 29 (with a maximum dose of 2 mg).

Endpoints
Our primary endpoint was progression-free survival (PFS).
PFS was defined according response assessment in neuro-
oncology criteria combining imaging and clinical features. It
was defined as any increase of contrast-enhancing lesions
more than 25% or significant increase in T2-weighted fluid-
attenuated inversion recovery (T2-FLAIR) nonenhancing
lesions or any new lesion or clinical deterioration (not
attributable to other nontumor causes and not caused by
steroid decrease). Neuroimaging evaluation was not centrally
reviewed. The secondary endpoints were OS, progression type,
pseudoprogression rate, and toxicity. Pseudoprogression was
radiologically defined as an increase of contrast-enhancing
lesion that may occur from the first few weeks to 6 months
after treatment and subsequently subsides on follow-up MRI
without change in therapy.

Toxicity was graded using the Common Terminology
Criteria for Adverse Events version 4.0.

Molecular biomarkers—IDH mutations, 1p19q co-deletion
status, and CDKN2A homozygous deletion status—were
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collected from POLA database where all cases were cen-
trally reviewed [9].

Statistical Analysis
Data were summarized by the median, minimum, and maxi-
mum for quantitative variables and by frequency and per-
centage for qualitative variables. In univariable analysis,
categorical variables were compared using the chi-square
and Fisher tests, and continuous variables were compared
using the Kruskal-Wallis test. All survival times were calcu-
lated from the initiation of the treatment and estimated by
the Kaplan-Meier method with 95% confidence intervals
(CIs) using the following first-event definitions: progression
or death from any cause for PFS and death from any cause
for OS. Patients who did not experience the event of inter-
est were censored at their last follow-up. Univariable and
multivariable analysis were performed using the log-rank
test and Cox proportional hazards model; hazard ratios
(HRs) were estimated with 95% CIs. Tests were two-sided,
and values of p < .05 were considered significant. Statistical
analyses were performed using STATA 13 software.

This study was approved by the National Commission for
Data Protection and Liberties (CNIL-France) and the institu-
tional review boards (Comité de Protection des Personnes).

RESULTS

Analysis of the Paris, Lyon, and Toulouse Centers

Patients and Treatment Characteristics
First, we included 139 patients from Paris, Lyon, and Toulouse
treated according to the international recommendations by
combined RT and chemotherapy. Out of these 139 patients,
72 received temozolomide, either concurrent and adjuvant or
adjuvant only (RT + TMZ arm), and 67 received PCV (RT + PCV
arm). Patients’ clinical and demographic characteristics are
summarized in supplemental online Table 1. The charac-
teristics of the two arms were equally distributed except
for age, with significantly younger patients in the RT + PCV
arm (median 37 vs. 39 years, p = .0139). The median RT
dose was 60 Gy (range, 45–60). The RT dose was 60 Gy for
59.9% of patients, 59.4 Gy for 31.4%. Only one patient
received a dose below 50 Gy (45 Gy). The median number
of PCV cycles in the RT + PCV arm was six (range, one to
six). The median number of temozolomide cycles in the
RT + TMZ arm was 6 (range, 1–24).

Outcomes
The median follow-up was 44.6 months (range, 38.6–54.4).
At the time of the analysis, 52 patients (37.4%) had disease
progression, 40 in the RT + TMZ arm and 12 in the RT + PCV
arm. The 4-year PFS was 46.0% in the RT + TMZ arm versus
80.7% in the RT + PCV arm, with an HR of 0.36 (95% CI,
0.18–0.68; p = .0012). At the time of the analysis,
25 patients (18%) were dead, 19 in the RT + TMZ arm ver-
sus 6 in the RT + PCV arm. The 4-year OS was 78.9% in the
RT + TMZ arm versus 90.5% in the RT + PCV arm, with an
HR of 0.66 (95% CI, 0.25–1.74; p = .4005; Fig. 1).

A pseudoprogression analysis could be performed on
124 patients. This subacute treatment-related reaction that

mimics tumor progression was evidenced in 22 patients
(17.7%): 5 (7.8%) in the RT + TMZ arm versus 17 (28.3%) in
the RT + PCV arm.

MRI at progression could be analyzed in 49 of 52 patients
with disease progression. Among them, 38 (77.6%) cor-
responded to an emergence/extension of local T1-contrast
enhancement, 9 (18.4%) to a distant T2-FLAIR extension, and
2 (4.1%) to the appearance of distant T1-contrast enhance-
ment. These progressions occurred in 91.8% of the cases in
the planning target volume treated with high dose.

Toxicity
Treatment-related adverse events occurred in 63.8% of
patients in RT + TMZ arm and 100% in the RT + PCV arm.
Dose decrease or treatment discontinuation because of
treatment-related adverse events occurred less in the
RT + TMZ arm. Grade ≥3 adverse events occurred in 8.6%
of patients in the RT + TMZ arm and in 46.7% in the
RT + PCV arm. The most common adverse events were hep-
atotoxicity (8.9% vs. 33.9%) and hematotoxicity (36.2%
vs. 86.7%). Details are summarized in Table 1.

Analysis of Extended National POLA Cohort

Patients and Treatment Characteristics
In this next phase, the cohort was extended to add the
whole national POLA database with the same eligibility
criteria. We included a total of 355 patients: 311 patients
treated by combined RT and chemotherapy and 44 by mon-
otherapy only (chemotherapy or radiotherapy). Out of
these 311 patients, 122 received chemotherapy by PCV
(RT + PCV arm) and 189 by TMZ (RT + TMZ arm). In the
RT + TMZ arm, 165 patients were treated with both concur-
rent and adjuvant TMZ and 24 with adjuvant TMZ only.

The clinical and demographic characteristics of the
311 patients treated by the association of RT and chemo-
therapy were equally distributed in the two arms except for
age, with significantly younger patients in the RT + PCV arm
(median 36.5 vs. 40 years, p = .0085; Table 2). In our cohort
of IDH-mutant AA treated with the association of RT and
chemotherapy, only six patients (three in the RT + TMZ arm
and three in the RT + PCV arm) had a CDKN2A homozygous
deletion, which is known to be a highly adverse prognostic
factor [9].

Outcomes
The median follow-up was 48.2 months (range, 45.1–53.2)
for the 311 patients treated by RT and chemotherapy. At
the time of analysis, 121 patients (38.9%) had disease pro-
gression, 89 (47%) in the RT + TMZ arm and 32 (26.2%) in
the RT + PCV arm. The 4-year PFS in the RT + TMZ arm was
53.5% versus 70.8% in the RT + PCV arm. PFS was signifi-
cantly longer in the RT + PCV arm (HR, 0.58; 95% CI,
0.38–0.87; p = .0074). At the time of the analysis,
65 patients (20.9%) had died, 51 (26.9%) in the RT + TMZ
arm and 14 (11.4%) in the RT + PCV arm. The 4-year OS in
the RT + TMZ arm was 76.6% versus 84.3% in the RT + PCV
arm, with an HR in favor of RT + PCV (HR, 0.57; 95% CI,
0.30–1.05; p = .0675; Fig. 2).
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In univariable analysis, by adding adjuvant PCV, variables
associated with improved PFS were surgical resection versus
biopsy (HR, 0.45; 95% CI, 0.30–0.68; p < .0001), Mib-1 ≤ 10%
(HR, 0.64; 95%, 0.43–0.93; p = .0201), and performance sta-
tus (PS) <2 (HR, 0.37; 95% CI, 0.20–0.70; p = .0015). There
was no association between PFS and location in the brain,
subventricular zone contact, or age. Surgical resection, Mib-
1 ≤ 10%, and PS <2 were also associated with better OS: HRs
were 0.57 (95% CI, 0.32–0.99; p = .0420), 0.39 (95% CI,
0.22–0.67; p = .0005), and 0.26 (95% CI, 0.11–0.58; p = .004),
respectively (supplemental online Tables 2 and 3).

In multivariable analysis adjusted on initial surgery
(resection vs. biopsy), Mib-1, and age, the RT + PCV arm

remained associated with improved PFS compared with
the RT + TMZ arm with an HR of 0.63 (95% CI, 0.41–0.97;
p = .0348), but this benefit was still not found for OS (HR,
0.67; 95% CI, 0.36–1.26; p = .2156). Lastly, although Mib-
1 ≤ 10% remained associated with improved PFS and OS
in multivariable analysis, initial surgery remained signifi-
cant in PFS (HR, 0.47; 95% CI, 0.30–0.74; p = .001) but no
longer in OS (HR, 0.54; 95% CI, 0.29–1.00; p = .051;
Table 3).

In the RT + TMZ arm, the comparison between concur-
rent + adjuvant TMZ versus adjuvant TMZ showed no differ-
ence in PFS or in OS: HRs were 1.27 (95% CI, 0.64–2.54) and
1.47 (95% CI, 0.53–4.08; Fig. 3).

Table 1. Treatment-related adverse events by treatment in the population of the three centers of Paris, Lyon, and Toulouse

Adverse event
RT + temozolomide
(n = 72), n (%)

RT + PCV
(n = 67), n (%)

Total
(n = 139), n (%) p value

Dose decrease due to toxicity 13 (23.2) 54 (87.1) 67 (56.8) <.0001

Missing 16 5 21

Treatment discontinuation due to
toxicity

22 (39.5) 47 (75.8) 69 (58.5) <.0001

Missing 16 5 21

All toxicities

All grades 37 (63.8) 60 (100) 97 (82.2) <.0001

Grade ≥3 5 (8.6) 28 (46.7) 33 (28.0) <.0001

Missing 14 7 21

Hepatotoxicity

All grades 5 (8.9) 19 (33.9) 24 (21.4) .0013

Grade ≥3 0 (0.0) 11 (19.6) 11 (9.8) .0005

Missing 16 11 27

Hematotoxicity

All grades 21 (36.2) 52 (86.7) 73 (61.9) <.0001

Grade ≥3 3 (5.2) 16 (26.7) 19 (16.1) .0015

Missing 14 7 21

Nausea/vomiting

All grades 11 8 19

Grade ≥3 0 0 0

Neuropathy

All grades 0 16 16

Grade ≥3 0 2 2

Asthenia

All grades 8 5 13

Grade ≥3 1 0 1

Anaphylaxy

All grades 3 9 12

Grade ≥3 0 1 1

Constipation

All grades 0 4 4

Grade ≥3 0 0 0

Pain

All grades 0 5 5

Grade ≥3 0 0 0

Abbreviations: PCV, procarbazine, lomustine, and vincristine; RT, radiotherapy.
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DISCUSSION

To our knowledge, this is the first study to compare directly
the two chemotherapies recommended in the treatment of
IDH-mutant AA defined according to the new WHO classifi-
cation of brain tumors [8]. We show a significant improve-
ment in PFS with PCV compared with TMZ in this subgroup
of patient.

The RTOG 9813 study published in 2017 randomized
201 patients with AA to adjuvant TMZ versus nitrosourea.
Only 44% of these tumors were IDH-mutant, that is, slightly
different from our population. Despite early closure
because of insufficient accrual, this study showed compara-
ble outcomes (median survival 3.9 years for RT + TMZ
vs. 3.8 years for RT + nitrosourea), with lower toxicity in the
TMZ arm [10]. The authors therefore recommended the use
of TMZ in adjuvant, supporting their argument with the
results of the large international CATNON trial. In 2017, a
preplanned interim analysis of this study demonstrated a
benefit in OS in patients with anaplastic gliomas without
1p19q co-deletion by adding adjuvant TMZ for 12 months
versus RT alone. Overall survival at 5 years was 55.9% with
and 44.1% without adjuvant temozolomide [7]. The update
presented by van den Bent during the 2019 American Soci-
ety of Clinical Oncology (ASCO) meeting showed that adju-
vant TMZ produced significant 5-year OS benefits only in
patients with IDH-mutant tumors, which corresponds to our
population study [11]. Although these two major studies
emphasized the value of adjuvant TMZ in AA with IDH
mutation, PCV combination chemotherapy is also well stud-
ied. In his post hoc analysis of the RTOG 9402 study,
Cairncross et al. showed a significant benefit of adding PCV
to RT alone in the subgroup of patients with IDH-mutant
and non–co-deleted tumors with a median OS of 5.5 years
in RT + PCV arm versus 3.3 years in RT alone arm [3]. More-
over, a post hoc analysis of the RTOG 9802, a phase III
trial of high-risk low-grade gliomas treated with RT with
and without PCV, presented at the 2019 ASCO meeting,
support the benefit of adding PCV in this molecular sub-
group [12]. Indeed, it showed that both IDH-mutant

subgroups (co-deleted and non–co-deleted) were signifi-
cantly correlated with longer PFS and OS in the RT + PCV
arm, whereas no difference was observed with the addi-
tion of PCV chemotherapy in the IDH wild-type
subgroup.

This recent result of the RTOG 9802 study emphasizes
the importance of incorporating the new WHO 2016 sub-
groups for population selection, which is a major strength
of our study. Indeed, critical breakthroughs in molecular
biomarkers have changed our understanding of gliomas
classification. In 2006, Brandes et al. had already compared
adjuvant PCV and TMZ for AA in a nonrandomized prospec-
tive study and had showed no difference in OS and PFS
between the two arms [13]. But, as in RTOG 9813, the diag-
nosis of astrocytoma was based only on the histological
criteria of the WHO 2000 classification. Nowadays, molecu-
lar diagnostic criteria provide valuable prognostic and pre-
dictive insights. We hypothesized that this biomolecular
selection has enabled us to show a benefit of PCV in our
subgroup of anaplastic gliomas.

We also assumed that despite the increase in PFS in uni-
variate and multivariate analysis, the absence of a signifi-
cant benefit in OS in our patients could be partly the result
of a chemotherapy crossover at the time of progression.
Indeed, patients who received second-line treatment at
progression were treated 24% by surgery, 9% by
reirradiation, and 67% by systemic treatment. Among pro-
gressing patients in the RT + TMZ arm, 25% received a
second-line chemotherapy by PCV and 18% a nitrosourea-
based monotherapy, and among progressing patients in the
RT + PCV arm, 42.9% received a second-line chemotherapy
by TMZ, which corresponds to a significant crossover.

Another issue was the short follow-up of our study.
Indeed, with a median follow-up of 48.1 months and only
20.9% death at the time of analysis, this low incidence rate
could explain a lack of statistical power to show a significant
difference in OS.

Although it is a large national cohort with more than
300 patients, the retrospective nature of our study remains

Figure 1. Progression-free survival (A) and overall survival (B) by treatment in the first analysis of the three centers of Paris, Lyon,
and Toulouse.
Abbreviations: OS, overall survival; PCV, procarbazine, lomustine, and vincristine; PFS, progression-free survival; RT, radiotherapy;
TMZ, temozolomide.
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an important limitation. Consequently, we performed multi-
variable analysis to prevent any selection bias inherent in
retrospective studies. After adjustment on potentially con-
founding variables (i.e., primary surgery, Mib-1 rate, and
age), the PFS benefit with PCV still remained significant. In
multivariable analysis, no adjustment was performed on
performance status (because of the small number of cases
with PS ≥2).

The two other variables that remained associated with
improved PFS in the multivariable analysis were surgical re-
section and and Mib-1 rate ≤ 10%. Many nonrandomized
studies have shown that the extent of resection is a strong
prognostic factor in malignant gliomas. In the light of
molecular features, Kawaguchi et al. studied the impact of
gross total resection in grade 3 gliomas according to IDH

mutation and 1p/19q co-deletion [14]. They showed that
gross total resection compared with nontotal resection was
associated with a longer OS in the group with IDH mutation
and without 1p/19q co-deletion (i.e., IDH-mutant AA),
whereas it had no impact in 1p/19q co-deleted or in IDH
wild-type gliomas. The prognostic impact of Mib-1 rate, also
called Ki-67, was studied in the large meta-analysis by Chen
et al. [15]. They found an inverse effect on survival with a
cutoff <10%. In a more homogeneous population of IDH-
mutant anaplastic gliomas from the EORTC 26951 study,
Preusser et al. also showed a better PFS and OS in patients
with a low Ki-67 index [16]. The results of these studies are
in accordance with our present findings.

Regarding the role of concurrent TMZ plus adjuvant
TMZ versus adjuvant alone, our study did not show any

Table 2. Patient’s clinical and demographic characteristics in the national POLA cohort

Characteristic
RT + temozolomide
(n = 189), n (%)

RT + PCV
(n = 122), n (%)

Total
(n = 311), n (%) p value

Median age (range),
year

40 (19–75) 36.5 (19–68) 38 (19–75) .0085

Sex

Male 110 (58.2) 65 (53.7) 175 (56.5) .4375

Female 79 (41.8) 56 (46.3) 135 (43.5)

Missing 0 1 1

Performance status

0 91 (63.6) 70 (66.4) 161 (64.4) .0550

1 37 (25.9) 34 (29.5) 71 (28.4)

2 15 (10.5) 3 (2.8) 18 (7.2)

Missing 46 15 61

Initial surgery

Biopsy 32 (17.0) 23 (19.0) 55 (17.8) .6558

Resection 156 (83.0) 98 (81.0) 254 (82.2)

Missing 1 1 2

Localization

Frontal 140 (77.3) 73 (68.2) 213 (74.0) .0882

Temporal 61 (33.7) 50 (46.7) 111 (38.5) .0282

Parietal 31 (17.1) 18 (16.8) 49 (17.0) .9470

Occipital 10 (5.5) 8 (7.5) 18 (6.3) .5085

Missing 8 15 23

Side .2195

Right 90 (49.2) 46 (39.0) 136 (45.2)

Left 82 (44.8) 64 (54.2) 146 (48.5)

Median 11 (6.0) 8 (6.8) 19 (6.3)

Missing 6 4 10

IDH mutation type

IDH1 188 (99.5) 119 (97.5) 307 (98.7)

IDH2 1 (0.5) 3 (2.5) 4 (1.3)

Mib-1 (range) 12 (1–80) 10 (2–30) 10 (1–80) .2342

≤10% 81 (48.2) 65 (57.0) 146 (51.8) .1465

>10% 87 (51.8) 49 (43.0) 136 (48.2)

Missing 21 8 29

Abbreviation: PCV, procarbazine, lomustine, and vincristine; RT, radiotherapy.
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difference in PFS and OS between the two regimens. In the
second interim analysis of the CATNON trial, concurrent
TMZ did not increase OS in the whole cohort [11]. However,
for patients with IDH mutations who also received adjuvant
TMZ, it showed a trend toward a benefit in 5-year OS by
adding concurrent TMZ, with a 5-year OS rate of 84.4% in
concurrent and adjuvant TMZ arm versus 80.4% in adjuvant
without concurrent TMZ arm.

Treatment-related adverse events analysis showed a
better tolerability of TMZ with 8.6% grade ≥3 toxicity in the
RT + TMZ arm versus 46.7% in the RT + PCV arm. This toler-
ance profile in favor of TMZ was found in other studies
comparing TMZ with nitrosourea-based chemotherapy. For
instance, the NOA-04 randomized study measuring RT alone
versus RT plus adjuvant chemotherapy by PCV or TMZ
showed significantly higher grade ≥2 toxicity in the PCV
arm than in the TMZ one (40% vs. 4%) and more treatment
discontinuations because of hematologic toxicity (18%
vs. 6%) [17]. Beyond toxicity, TMZ, with its 5-day oral

Table 3. Multivariable analysis of progression-free survival and overall survival in the national POLA cohort

Variable

PFS OS

HR 95% CI p value HR 95% CI p value

Treatment .0348 .2156

RT + temozolomide 1.00 1.00

RT + PCV 0.63 (0.41–0.97) 0.67 (0.36–1.26)

Initial surgery .0010 .0511

Biopsy 1.00 1.00

Resection 0.47 (0.30–0.74) 0.54 (0.29–1.00)

Mib-1 .0135 .0004

>10% 1.00 1.00

≤10% 0.61 (0.41–0.90) 0.35 (0.20–0.62)

Age 1.01 (0.99–1.03) .2828 1.02 (1.00–1.04) .0522

Abbreviations: CI, confidence interval; HR, hazard ratio; OS, overall survival; PCV, procarbazine, lomustine, and vincristine; PFS, progression-free
survival; RT, radiotherapy.
Bold indicates p values of statistical significance.

Figure 3. Progression-free survival in the RT + TMZ arm
between concurrent and adjuvant TMZ (Stupp Protocol) and
adjuvant TMZ only in the national POLA cohort.
Abbreviations: PFS, progression-free survival; RT, radiotherapy;
TMZ adj, adjuvant temozolomide.

Figure 2. Progression-free survival (A) and overall survival (B) by treatment in the second analysis of the national POLA cohort.
Abbreviations: OS, overall survival; PCV, procarbazine, lomustine, and vincristine; PFS, progression-free survival; RT, radiotherapy;
TMZ, temozolomide.

© 2021 AlphaMed Press

RT-PCV Versus RT-Temozolomide for IDH-Mutant AAe844



schedule every 28 days, is much more practical for patients
than the complex PCV combination regimen. This issue
must be an important consideration for some of our
patients with neurocognitive disabilities because it could
lead to poor compliance.

In the present study, the pseudoprogression rate was
consistent with the literature [18, 19]. However, it was sig-
nificantly more frequent in the RT + PCV arm than in the
RT + TMZ arm (28.3% vs. 7.8%). Brandes et al. demon-
strated in 2008 that pseudoprogression was an indepen-
dent prognostic factor [20]. Moreover, it is known to be
associated significantly with predictive biomarkers for treat-
ment response, especially IDH mutations and MGMT pro-
moter methylation [21]. Therefore, pseudoprogression may
be assumed to reflect a good treatment response and rep-
resents perhaps an active inflammatory response against
the tumor. Unsurprisingly, our most responsive treatment
arm, that is, RT + PCV, was the one with the highest
pseudoprogression rate.

CONCLUSION

Even if we did not show any significant benefit in OS, this
retrospective multicenter national study showed for the
first time a significantly better PFS with the RT-PCV regimen
compared with RT-temozolomide for WHO 2016 IDH-
mutant AA. It provides new evidence for the debate about
the best chemotherapy regimen for this subgroup of ana-
plastic gliomas defined by biomolecular markers according
to the WHO 2016 classification.
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