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Abstract
Diffuse adult high-grade gliomas (HGGs) with necrosis encompass anaplastic
oligodendrogliomas (AOs) with necrosis (grade III), glioblastomas (GBM, grade IV) and
glioblastomas with an oligodendroglial component (GBMO, grade IV). Here, we aimed to
search for prognostic relevance of histological classification and molecular alterations of
these tumors. About 210 patients were included (63 AO, 56 GBM and 91 GBMO). GBMO
group was split into “anaplastic oligoastrocytoma (AOA) with necrosis grade IV/GBMO,”
restricted to tumors showing intermingled astrocytic and oligodendroglial component, and
“GBM/GBMO” based on tumors presenting oligodendroglial foci and features of GBM.
Genomic arrays, IDH1 R132H expression analyses and IDH direct sequencing were per-
formed. 1p/19q co-deletion characterized AO, whereas no IDH1 R132H expression and
intact 1p/19q characterized both GBM and GBM/GBMO. AOA with necrosis/GBMO
mainly demonstrated IDH1 R132H expression and intact 1p/19q. Other IDH1 or IDH2
mutations were extremely rare. Both histological and molecular classifications were pre-
dictive of progression free survival (PFS) and overall survival (OS) (P < 10−4). Diffuse
adult HGGs with necrosis can be split into three histomolecular groups of prognostic
relevance: 1p/19q co-deleted AO, IDH1 R132H-GBM and 1p/19q intact IDH1 R132H+
gliomas that might be classified as IDH1 R132H+ GBM. Because of histomolecular
heterogeneity, we suggest to remove the name GBMO.

INTRODUCTION
Diffuse adult high-grade gliomas (HGGs) with necrosis encompass
anaplastic oligodendrogliomas (AOs) with necrosis (grade III),
glioblastomas (GBM, grade IV) and glioblastomas with an
oligodendroglial component (GBMO, grade IV) (16). The name of
GBMO was first coined by two independent teams who were
searching for genetic alterations in a subset of GBM containing
“areas showing oligodendroglioma-like tumor cell differentiation”
(8, 14). Adding GBMO in the World Health Organization (WHO)
2007 classification was based on two independent studies, showing
that these tumors have an intermediate prognosis between anaplas-

tic oligoastrocytomas (AOAs) and GBM (18, 21). In the 2007 WHO
classification, “GBMO” was used to describe an “anaplastic
oligoastrocytoma with necrosis” in the chapter dedicated to
anaplastic mixed gliomas, while it corresponds to “glioblastoma
that contains foci that resemble oligodendroglioma” in the chapter
devoted to GBM (16). Recent studies including a large number of
patients have reported conflicting results regarding the clinical
behavior, genetic alterations and outcome of GBMO (1, 5, 9, 23).

In France, the POLA network (Prise en charge des
OLigodendrogliomes Anaplasiques) dedicated to de novo diffuse
adult HGG with an oligodendroglial component was set up in
2008. Initially restricted to AO, it was subsequently extended to
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AOA and then to GBMO. One of the aims of this program was to
provide a centralized histological review and molecular analysis of
the cases, together with biobanking and recommendations for
treatment. The main goal of the present study was to refine
histomolecular characteristics of diffuse adult HGG with necrosis
and to test whether these subgroups were sufficiently characterized
histologically, molecularly and prognostically to be distinguished
from each other. Our results suggest integrating histological and
molecular data to classify diffuse adult HGG with necrosis into
three groups of prognostic relevance according to 1p/19q
co-deletion and IDH1 R132H expression status. These results
might contribute to the forthcoming update of the 4th Edition of
the WHO classification.

MATERIAL AND METHODS

Material

About 210 patients from 29 clinical centers were enrolled in the
study. According to the POLA network recommendations, local
pathologists from the clinical centers sent all cases demonstrating
features of de novo malignant glioma with an oligodendroglial
component for centralized review. Centralized review was made by
Dr K. Mokhtari for Marseille cases, and by Professor D. Figarella-
Branger for all the other cases. Then, all cases benefited from a
panel review by a board of four neuropathologists (Professor D.
Figarella-Branger, Professor E. Uro-Coste, Dr K. Mokhtari and Dr

A. Jouvet). The panel review was performed around a multi-head
microscope to provide consensus diagnosis. Importantly, this was
performed without knowing the results of the centralized review,
the immunohistochemistry (IHC) analysis or the genotyping. Only
cases demonstrating features of diffuse adult HGG with necrosis
after panel review were eligible. Table 1A shows the concordance
between local diagnosis (initial diagnosis) and panel review (final
diagnosis), and Table 1B shows the concordance between the cen-
tralized review and the panel review. For all cases, formalin-fixed
paraffin-embedded (FFPE) tumor tissue was available for histo-
logical and immunohistochemical investigations. In addition,
frozen material was available in 78% of cases. Patients included
prospectively in the POLA network have provided their written
consent for clinical data collection and genetic analysis according
to the national and POLA network policy (see flowchart, Support-
ing Information Figure S1).

Preoperative KPS (Karnofsky Performance Status) was known
in 119/210 patients and the extent of surgical removal was assessed
by the local neurosurgeon and was recorded in 156/210 patients.
As postoperative contrast enhanced imaging was available for a
minority of patients, two groups were established: biopsy (n = 30)
vs. surgery (n = 126). According to the POLA network guidelines
drawn up in 2008, it was strongly recommended that patients with
1p/19q co-deletion received radiotherapy only or were included in
the CODEL EORTC trial, whereas patients exhibiting non-1p/19q
co-deleted AO were treated by concurrent and adjuvant
temozolomide radiochemotherapy (20) or were included in the

Table 1. A. Concordance table between local diagnosis (initial diagnosis) and panel review (final diagnosis) for the five possible outcomes (AO, AOA,
AOA with necrosis/GBMO, GBM/GBMO and GBM). B. Concordance table between the centralized review and the panel review for the same
outcomes.
Abbreviations: AO = anaplastic oligodendroglioma; AOA = anaplastic oligoastrocytoma; GBM = glioblastoma; GBMO = glioblastomas with an
oligodendroglial component.

(A)

Panel review = Final
diagnosis

Local diagnosis =
Initial diagnosis

AO AOA AOA with necrosis/GBMO GBM/GBMO GBM Total

AO 61 0 19 15 20 115
AOA 1 0 11 0 11 23
AOA with necrosis/GBMO 0 0 17 0 2 19
GBM/GBMO 1 0 14 15 23 53
GBM 0 0 0 0 0 0
Total 63 0 61 30 56 210

(B)

Panel review = Final
diagnosis

Centralized review

AO AOA AOA with necrosis/GBMO GBM/GBMO GBM Total

AO 60 0 1 0 0 61
AOA 2 0 5 0 1 8
AOA with necrosis/GBMO 0 0 47 1 2 50
GBM/GBMO 1 0 6 29 2 38
GBM 0 0 2 0 51 53
Total 63 0 61 30 56 210
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CATNON EORTC trial (NCT00626990). However, after the pub-
lication in 2013 of the long-term results of the RTOG and EORTC
trials in AO, the treatment recommendation for 1p/19q co-deleted
tumors was changed to radiotherapy followed by six cycles of
adjuvant PCV (procarbazine, CCNU and vincristine) chemo-
therapy regimen (2, 21). Median follow-up was 12.1 months
(range: 0–63.8 months). During this period, 102 patients relapsed,
55 died and 21 were lost to follow-up.

Methods

Histological review

During the centralized and panel reviews, the pathologists were
specifically looking for the presence (or absence) of mitosis,
marked atypia, areas of high cell density, microvascular prolifera-
tion, necrosis (palisading or not), branched vessels, oligoden-
droglial component, honeycomb-like appearance and calcification.
In addition, particular attention was paid to cell differentiation and
the distribution of the oligodendroglial component. According to
the WHO 2007 classification, tumors were classified as AO when
typical features of oligodendrogliomas were recorded (cellular
monomorphism, round regular nuclei giving a honeycomb-like
appearance and chicken wire vasculature often associated with
microcalcifications). GBMO were split into two categories: the
first one called “AOA with necrosis/GBMO” was restricted to
tumors displaying intermingled astrocytic and oligodendroglial
components associated with microvascular proliferation and
necrosis. In these cases, cell differentiation was always preserved
in all cells, and both astrocytic and oligodendroglial components
were easily recognizable. The second GBMO subtype, named
“GBM/GBMO,” was characterized by two distinctive patterns: one
made of oligodendroglial foci (whatever their size) and the other
displayed features of GBM with undifferentiated or poorly differ-
entiated cells (Figure 1). Importantly, small cell GBM can be dis-
tinguished from oligodendroglioma at high magnification because
it shows highly monomorphic nuclei with an elongated shape and
hyperchromasia, a feature not encountered in oligodendroglial
cells. Histological evaluations and classification were blinded to
the molecular data.

Immunohistochemistry (IHC)

Automated IHC was performed on 4-μm-thick FFPE sections with
avidin biotin peroxidase complex on Benchmark XT (Ventana
Medical System Inc., Tucson, AZ, USA) with Ventana kit includ-
ing 3,3’-diaminobenzidine (DAB) reagent. The cases were
screened for Ki67 (clone Mib1, 1/100, Dako, Courtaboeuf,
France), p53 (clone DO.7, 1/200, Dako) and the monoclonal anti-
body IDH1 R132H (clone H09, 1/75, Dianova GmbH, Hambourg,
Germany), which is highly sensitive and specific for IDH1 R132H
mutation (3) and allows the detection of up to 90% of IDH-
mutated cases (24). Expression of Ki67 and p53 was scored in
percentage by counting the immunostained nuclei in 400 cells in
the most positive area.

DNA extraction

Following the manufacturer’s recommendations, tumor DNA was
extracted from frozen tissue if available or from FFPE samples

using the iPrep ChargeSwitch® Forensic Kit, Life Technologies,
Saint Aubin, France. Qualification and quantification of tumor
DNA was conducted using a NanoVue spectrophotometer and gel
electrophoresis, respectively.

1p/19q co-deletion, EGFR amplification and P16

deletion analysis

Chromosome 1p/19q, EGFR and P16 status were assessed for all
tumors on SNP (single nucleotide polymorphism) array genomic
profiles. By using this technique, tumors were considered as
co-deleted if they exhibited whole chromosome arm 1p deletion,
whole chromosome arm 19q deletion, chromosome 1 centromeric
breakpoint and chromosome 19 centromeric breakpoint. This
pattern is highly suggestive of t(1;19)(q10;p10). Therefore, if these
four criteria were not met concurrently, the tumor was classified as
non–co-deleted regardless of 1p and 19q status otherwise.

IDH1 and IDH2 mutation status

When IDH1 R132H IHC was negative, IDH1 and IDH2 muta-
tional status was systematically addressed by direct sequencing
using Sanger method and primers as previously described (10) in
order to formally exclude IDH1 and IDH2 other mutations.

Statistical analysis

The combined kappa statistics for the two histological reviews
(local diagnosis vs. panel review and centralized review vs. panel
review) and four possible outcomes (AO, AOA with necrosis/
GBMO, GBM/GBMO and GBM) were calculated.

The SNP array analysis was performed as previously described
(11). For all arrays, genomic imbalances were classified as loss,
gain, homozygous deletion or amplification. The association of
chromosome arm imbalances with histological variables was esti-
mated using either Fisher’s exact test (for factors) or Student’s
t-test (for quantitative variables). For other correlation analyses,
the chi-square test (or Fischer’s exact test) was used to compare
variables when they scored as positive or negative. In order to
identify histological and/or molecular factors related to overall
survival (OS) or progression free survival (PFS), survival curves
were obtained according to the Kaplan–Meier method and com-
pared using the log-rank test. The following variables were
searched for prognosis significance in the whole group of 210
cases: age at diagnosis (cut-off = 50 years), sex, extent of surgical
resection (biopsy vs. surgery), preoperative KPS (cut-off = 70),
histological groups, molecular subgroups according to IDH1
R132H expression and 1p/19q co-deletion, EGFR amplification
and P16 deletion. Age at diagnosis, extent of surgical removal,
histological groups and molecular subgroups were used to build
the multivariate Cox proportional hazards backward models.
However, because of the short clinical follow-up of our series,
these analyses included a large number of censored patients at the
endpoint. All statistical tests were two-sided and the threshold for
statistical significance was P = 0.05. Analyses were conducted
using PASW Statistics version 17.02 (IBM SPSS Inc., Chicago,
IL, USA).
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RESULTS

Histological review

After panel review, the 210 diffuse adult HGGs with necrosis
(palisading or not) were classified according to the WHO 2007
classification as anaplastic oligodendroglioma grade III (AO,
n = 63; Figure 1A–C), glioblastoma grade IV (GBM, n = 56),

glioblastoma with an oligodendroglial component [n = 91, includ-
ing 30 GBM/GBMO (Figure 1D–G) and 61 AOA with necrosis/
GBMO (Figure 1H–M)]. In all cases, microvascular proliferation
was recorded. Some of the AOs included in this study have been
previously reported (6). It is worth noting that agreement was
very poor between local pathologist and panel review in the assess-
ment of glioma subtype (Table 1A, kappa = 0.27) but it was excel-
lent between centralized review and panel review (Table 1B,

AA B C

D E F G

H I

L

J

K M

A B C

D E F G

H I

L

J

K M

Figure 1. A–C. Anaplastic oligodendroglioma (AO) with focal necrosis.
A. Oligodendroglial population with high cellularity, vascular proliferation
and focal necrosis (asterisk) [hematoxylin and eosin (HE) ×100]. B.
Perinuclear halo, moderate pleomorphism and hyperchromatism (HE
×400). C. Diffuse expression of IDH1 R132H (×400). D–G. Glioblastoma
with oligodendroglial component (GBM/GBMO). D. Malignant glioma
with high cellular pleomorphism and necrosis (asterisk) (HE ×100). E. On
the left, tumor is composed of round cells with perinuclear halo and on
the right by more pleomorphic cells (HE ×100). F. High magnification of

oligodendroglial-like component (HE ×400). G. High magnification of
more classical GBM feature (HE ×400). H–J. Anaplastic oligoastrocy-
toma (AOA) with necrosis/GBMO. H. Mixture of oligodendroglial-like
and gemistocytic-like cells with necrotic area (asterisk) (HE ×100). I.
High magnification showing transitional appearances between oligoden-
droglial and astrocytic cells (HE ×400). J. Diffuse expression of IDH1
R132H (×400). K–M. AOA with necrosis/GBMO. K, L. Mixture of oligo-
dendroglial cells and astrocytic cells usually pleomorphic with necrotic
area (asterisk) (HE ×100). M. Diffuse expression of IDH1 R132H (×400).
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kappa = 0.85). Although the panel review was performed in
average of 3 months after central review without knowledge of the
diagnosis performed by the central review, we cannot exclude that
the two pathologists who had performed the central review might
have influenced, to some extent, the other pathologists for final
diagnosis contributing to the excellent agreement between central-
ized review and panel review.

Immunohistochemistry

Mean Ki67 expression was 29.5% ± 17% (median 20%) and
was not statistically correlated with histological diagnoses. p53
expression was scored as positive in 77/210 (37%) cases and was
statistically correlated with histological diagnosis (P < 10−4):
11/63 AO (17%), 37/61 AOA with necrosis/GBMO (61%), 14/30
GBM/GBMO (47%) and 15/56 GBM (27%). IDH1 R132H posi-
tive expression was detected in 87/210 (41%). The 123 cases not
expressing IDH1 R132H protein were successfully analyzed by
direct sequencing: 4 cases of AO displayed IDH2 mutation and 1
case of GBM displayed IDH1 R132G mutation, both mutations
being not detected by the IDH1 R132H immunolabeling. The other
cases displayed no mutation.

Molecular data (Table 2)

A 1p/19q co-deletion was present in 53/210 cases (25%). All these
cases were IDH-mutated including 49 IDH1 R132H mutations and
4 IDH2 mutations. No GBM displayed 1p/19q co-deletion. EGFR
amplification was observed in 47/210 cases (22%) and P16 dele-
tion occurred in 68/210 (32%) cases. All these molecular altera-
tions were significantly related to histological diagnosis (P < 10−4).
By combining IDH1 R132H expression and 1p/19q co-deletion
status, we defined three molecular subgroups: (i) 1p/19q
co-deletion; (ii) IDH1 R132H positive and 1p/19q intact; and (iii)
IDH1 R132H negative and 1p/19q intact. These molecular sub-
groups were also significantly related to histological diagnosis
(P < 10−4) (Figure 2A). Moreover, EGFR amplification, P16 dele-
tion (Figure 2B) and p53 overexpression were differentially

observed in these subgroups (P < 10−4). p53 expression was
observed in 7/53 of 1p/19q co-deleted cases and the percentage of
immunostained nuclei was rather low (mean 31%, median 20%),
whereas it was observed in 41/119 of the IDH1 R132H negative
and 1p/19q intact cases (mean number of immunostained nuclei
46%, median 30%). Of interest, in the third group characterized by
IDH1 R132H expression and 1p/19q intact, 29/38 cases strongly
expressed p53 in a high number of nuclei (mean number of
immunostained nuclei 67%, median 80%).

Correlation between clinical, histological
features, molecular data and follow-up

Univariate analysis (Table 3A) showed that among the clinical
variables analyzed, age <50 years at diagnosis was predictive of a
longer PFS (P < 10−4) and a longer OS (P = 0.031). Surgical resec-
tion was also predictive of a longer PFS than biopsy (P = 0.001).
Among the histopathological variables analyzed, histological
groups were predictive of PFS (P < 10−4) (Figure 3A) and OS
(P < 10−4) (Figure 3B), the best prognosis being observed for AO
with a survival rate of 75% at the endpoint. Interestingly, when the
subgroup of AO was split into two groups according to the 1p/19q
status, it was obvious that AO 1p/19q co-deleted had the longest
PFS (37.3 months, 95% confidence interval (CI) [30.1–44.4];
Figure 3C) and OS (54.7 months, 95% CI [48.2–61.2]; Figure 3D),
whereas AO with intact 1p/19q showed almost the same behavior
as AOA with necrosis/GBMO (22.4 months, 95% CI [17–27.8] for
PFS and 34.4 months, 95% CI [25.4–43.4] for OS). At the end-
point, AO 1p/19q co-deleted had a survival rate of 87%, whereas
AO with intact 1p/19q had a survival rate of 44%. Regarding the
histomolecular variables analyzed, patients displaying 1p/19q
co-deletion (and IDH mutation) had the longest PFS (P < 10−4)
(Figure 3E) and OS (P < 10−4) (Figure 3F).

On multivariate analysis (Table 3B), occurrence of 1p/19q
co-deletion was predictive of longer PFS (P < 10−4, hazard ratio
(HR) 0.491; 95% CI [0.369–0.653]) and OS (P < 10−4, HR 0.297;
95% CI [0.181–0.486]) and patients being diagnosed with GBM/
GBMO displayed a shorter PFS (P = 0.003, HR 1.350; 95% CI

Table 2. A. Histological diagnosis distribution
according to the molecular alteration studied
and results of the correlation analyses
between these variables using the chi-square
test. B. IDH sequencing results in IDH1
R132H- cases, according to histological
diagnosis.
Abbreviations: AO = anaplastic
oligodendroglioma; AOA = anaplastic
oligoastrocytoma; GBM = glioblastoma;
GBMO = glioblastomas with an
oligodendroglial component.

(A)

AO AOA with
necrosis/GBMO

GBM/GBMO GBM P-value

1p/19q co-deletion 45/63 7/61 1/30 0 <0.0001
IDH1 R132H expression 50/63 39/61 1/30 1/56 <0.0001
EGFR amplification 3/63 5/61 10/30 29/56 <0.0001
p16 deletion 6/63 16/61 16/30 30/56 <0.0001

(B)

IDH1
R132H+

IDH sequencing results in IDH1 R132H- cases

AO 50/63 4/13 IDH2 mutations (all 1p/19q co-deleted)
AOA with necrosis/GBMO 39/61 22/22 no mutation
GBM/GBMO 1/30 29/29 no mutation
GBM 1/56 1/55 IDH1 R132G mutation
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[1.107–1.647]) and a shorter OS (P = 0.020, HR 1.397; 95% CI
[1.053–1.852]).

DISCUSSION
In this article, we have first shown that according to histological
features, we can divide diffuse adult HGGs with necrosis into four
subgroups (AO, GBM, AOA with necrosis/GBMO and GBM/
GBMO) and that each subgroup is associated with its own molecu-
lar markers, although some overlapping exists. We were aware that
because of inclusion criteria of the POLA program, standard GBM
was underrepresented in this series. Nevertheless, their number
was sufficient to draw conclusions. We have also shown that the
histological subgroups that we have defined were of prognostic
relevance. Moreover, IDH1 R132H expression and 1p/19q
co-deletion were sufficient to stratify diffuse adult HGG with
necrosis into three prognostically relevant molecular subgroups of
patients. These results might impact the future WHO classification
of diffuse adult HGG with necrosis.

Histological classification of diffuse adult HCG
with necrosis and molecular characterization

In this study, we have shown that careful analysis (with trained
pathologists) of the histological features of diffuse adult HGG with
necrosis is of utmost importance because it has enabled us to
consider four subgroups that are associated with distinct molecular
features. Of particular interest was the distinction of GBMO into

two categories: AOA with necrosis/GBMO and GBM/GBMO. All
the cases that we have classified as AO demonstrated histological
features classic for oligodendrogliomas (7) and were associated
with the molecular signature of oligodendrogliomas (characterized
by 1p/19q co-deletion) recorded in 45/63 (65%) cases, which is
slightly lower than other AO series not restricted to the necrotic
cases (6, 7). In this group of 45 patients, 41 showed IDH R132H
expression, whereas the remaining 4 cases were IDH2-mutated.
Therefore, as previously reported (15), all 1p/19q co-deleted
tumors were IDH-mutated. The remaining AO demonstrated IDH1
R132H expression and intact 1p/19q (5/63 cases) or IDH1 R132H
negative (and no IDH mutation) and intact 1p/19q (13/63 cases).
As previously reported by our team, AO with histological features
classic for oligodendroglioma remains a molecularly heterogene-
ous entity (6). The group of AOA with necrosis/GBMO was char-
acterized by IDH1 R132 H expression and intact 1p/19q in 39/61
(63.9%) cases, whereas the remaining cases were 1p/19q
co-deleted in 7 cases and IDH1 R132H negative in 15 cases.
Importantly, other IDH mutation was not observed in this group. In
contrast, the GBM/GBMO subgroup shared with GBM absence of
IDH1R132H expression and intact 1p/19q. Only 1/30 GBM/
GBMO was 1p/19q co-deleted and only one IDH1 mutation (IDH1
R132G) was detected in one tumor that we classified as GBM.
Therefore, according to our histological criteria, it was obvious
that GBMO represents a highly heterogeneous entity, GBM/
GBMO being GBM-like, that is, IDH1 R132H negative (IDH
wild-type) and intact 1p/19q, and AOA with necrosis/GBMO
being mainly characterized by IDH1 R132H expression and intact

Figure 2. A. Histological diagnosis
distribution according to the three molecular
subgroups defined regarding 1p/19q
co-deletion and IDH1 R132H expression
status. B. EGFR amplification and p16
deletion status in these three molecular
subgroups.
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1p/19q. Although a search for ATRX expression was not per-
formed in this series, we have recorded that cases characterized by
IDH1 R132H expression and intact 1p/19q strongly expressed
p53, suggesting an astrocytic-like signature of a subset of AOA

with necrosis/GBMO (12). In the literature, we can find contrast-
ing results regarding molecular characterization of GBMO and
this is likely to reflect the loose pathological definition of this
subgroup, which encompasses, in fact, two distinct subclasses as

Table 3. Clinical, histological and molecular markers predictive of prognosis in diffuse adult high-grade gliomas with necrosis on (A) univariate analysis
and (B) multivariate analysis.
Abbreviations: AO = anaplastic oligodendroglioma; AOA = anaplastic oligoastrocytoma; CI = confidence interval; GBM = glioblastoma; GBMO =
glioblastomas with an oligodendroglial component; HR = hazard ratio; KPS = Karnofsky Performance Status; OS = overall survival; PFS = progression
free survival.

(A)

Univariate analysis

PFS (mean [95% CI])
(months)

P-value OS (mean [95% CI])
(months)

P-value

Age at diagnosis <0.0001 0.031
<50 years 29.8 [24.5–35.2] 43 [36.6–49.6]
>50 years 15.5 [13–18] 31.2 [26–36.3]

Sex 0.531 0.710
Male 22.9 [18.5–27.3] 40.4 [33.8–46.9]
Female 24.1 [18.9–29.3] 36.7 [30.4–43]

Preoperative KPS 0.399 0.152
<70 17.5 [10.7–24.2] 23.3 [15.5–31.1]
>70 28.2 [23–33.4] 42.1 [36.3–48]

Extent of surgical removal 0.001 0.092
Biopsy 14.5 [7.7–21.3] 36.3 [25.2–47.4]
Surgery 25 [21.1–28.9] 39.8 [34.4–45.1]

Histological diagnosis <0.0001 <0.0001
AO 32.7 [27–38.4] 47.6 [41.5–53.6]
AOA with necrosis/GBMO 19.9 [16.1–23.8] 33.2 [25.6–40.9]
GBM/GBMO 14.2 [9.8–18.6] 19 [13–25]
GBM 10.7 [7.8–13.8] 22.7 [16.6–28.7]

Molecular subgroups <0.0001 <0.0001
1p/19q co-deletion 37.1 [30.5–43.9] 55.4 [49.4–61.5]
IDH1R 132H positive/ 1p/19q intact 21.8 [16.6–27.1] 31.6 [23.7–39.5]
IDH1R 132H negative/ 1p/19q intact 14.7 [12.1–17.3] 26.5 [21.6–31.5]

EGFR gene status 0.003 0.004
Normal 26.1 [21.9–30.4] 41.8 [36.5–47]
Amplified 13.7 [10.4–16.9] 22.9 [17.5–28.3]

P16 gene status 0.004 0.111
Normal 27.1 [22.4–31.8] 41.5 [35.8–47.2]
Deleted 17.6 [13.1–22] 31.7 [25.2–38.2]

(B)

Multivariate analysis

PFS OS

HR 95% CI P-value HR 95% CI P-value

Histological diagnosis 0.003 0.020
AO
AOA with necrosis/GBMO
GBM/GBMO 1.350 1.107–1.647 1.397 1.053–1.852
GBM

Molecular subgroups <0.0001 <0.0001
1p/19q co-deletion 0.491 0.369–0.653 0.297 0.181–0.486
IDH1R 132H positive/ 1p/19q intact
IDH1R 132H negative/ 1p/19q intact
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Figure 3. A–D. Histological subgroups display significant different progression free survival (PFS) and overall survival (OS): AO with 1p/19q
co-deletion (C, D) are associated with best prognosis. E–F. Three prognostically relevant molecular subgroups of patients can be defined on the basis
of IDH1 R132H expression and 1p/19q co-deletion status: IDH1 R132H positive and 1p/19q co-deleted cases are associated with best prognosis.
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defined in our study. As an example, IDH mutation was recorded in
19% of the GBMO reported by Hegi and co-workers (9), whereas
it reached 31% (23) and even 55% in other series (13). Therefore,
it is not surprising that the prognostic relevance of this subgroup
should vary from one study to another. In the same way, the
number of GBMO retrieved from large GBM series account for
15% (9), 18.3% (23) and 25% (5).

EGFR amplification, a common feature of GBM (22), was
detected in 29/56 GBM, 10/30 GBM/GBMO, 5/61 AOA with
necrosis/GBMO and 3/63 AO. However, according to previous
results, none of the 53 diffuse adult HGG with necrosis that display
1p/19q co-deletion demonstrated EGFR amplification (4, 6).

Prognostic relevance of histological and
molecular classifications

In addition to being predictive of molecular characteristics, the
histological classification of diffuse adult HCG with necrosis into
four groups was also of prognostic relevance. The current WHO
classification classifies AO as grade III even if necrosis is
observed, in contrast to mixed oligoastrocytomas that have to be
classified as GBMO grade IV in case necrosis is present. The
survival curves that demonstrated the best survival for AO in
comparison to AOA with necrosis/GBMO and GBM/GBMO are in
accordance with this recommendation. However, what our study
clearly shows is that, in addition to sharing with GBM the same
molecular signature, the group of GBM/GBMO shares with GBM
the same dismal prognosis. Therefore, it is of utmost importance
to distinguish AOA with necrosis/GBMO from GBM/GBMO.
However, it is worth noting that when the initial diagnosis per-
formed by the local pathologist was taken into account, the prog-
nostic relevance of histological classification disappeared (data not
shown). This emphasizes the difficulties in establishing accurate
diagnosis for this group of gliomas, and to achieve this goal, we
show here that some molecular markers are of utmost diagnosis
relevance.

Actually, 1p/19q and IDH R132H expression are sufficient to
stratify diffuse adult HGG with necrosis into three subgroups of
prognostic relevance, the best prognosis with a 5-year OS that
reached 87% being observed for 1p/19q co-deleted tumors. This
molecular signature was also highly significant on multivariate
analysis and was associated with longer PFS (P < 10−4, HR 0.491;
95% CI [0.369–0.653]) and OS (P < 10−4, HR 0.297; 95% CI
[0.181–0.486]).

Interestingly, in this subgroup of diffuse adult HGG with necro-
sis, very few cases demonstrated IDH mutations that were not
detected by IDH1 R132H immunostaining (5/210). Moreover, the
prognostic relevance of the IDH mutation status in this group of
patients relies on IDH1 R132H expression recorded by IHC, which
is easy to perform in routine practice. These results are in agree-
ment with the current recommendations (17), suggesting that addi-
tional IDH1/2 sequence analysis are required in the setting of a
low-grade or anaplastic tumor in a young adult patient in which the
likelihood of IDH mutation is high, but not in the setting of an
elderly patient with a clinically and histologically classic primary
GBM. Moreover, when a diffuse glioma has whole-arm 1p/19q
co-deletion, it seems unnecessary to assess the IDH mutation
status.

At the meeting that was recently held in Haarlem (The Neth-
erlands) to guide next steps in brain tumor classification and
grading (17), it was also suggested that, in the future WHO clas-
sification, “integrated diagnosis” including histological classifi-
cation, WHO grade and molecular information, might be
proposed as the final diagnosis for brain tumor classification.
Following this line, according to our results and in order to main-
tain consistency between histological features, molecular data,
grade and final diagnosis, we suggest removing the name GBMO
and integrating histological and molecular data to classify diffuse
adult HGG with necrosis into “canonical oligodendroglioma”
grade III when 1p/19q co-deletion is present, “IDH1 R132H+
GBM” grade IV when IDH1 R132H is expressed and intact
1p/19q is recorded and as “GBM” grade IV when IDH1 R132H
expression is lacking. This classification, which suggests remov-
ing the GBMO subgroup from the diffuse adult HGG with
necrosis, is in the line of the recent published paper (19) sug-
gesting to exclude the mixed gliomas from the WHO classifica-
tion. Obviously, the histomolecular classification of diffuse adult
HGG with necrosis that we have suggested should be confirmed
by independent teams.
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