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Abstract
The relevance of oligodendroglial histological features to patient prognoses is controversial. 93 LrGGs resected for about 2 
decades were re-assessed based on WHO2007 with special interest to pure oligodendroglial diagnosis (oligodendroglioma 
or anaplastic oligodendroglioma) and presence of CFO features. Those histological features, patients OS, and tumor chro-
mosomal/genetic characteristics were correlated each other in each of the 3 IDH-1p/19q-based molecular groups. There 
was significant association between 1p19q status with the oligodendroglial histological diagnosis as well as presence of 
CFO in the entire cohort. The oligodendroglial diagnosis was associated with longer OS in IDHmut/codel group; however, 
this association was not significant in the multivariate analyses. In IDHmut/noncodel and IDH-wildtype groups, the oli-
godendroglial diagnosis was not associated with patient OS. Presence of CFO was not associated with patient OS in any 
molecular groups. Gain of 8q was associated with the oligodendroglial diagnosis in IDHmut/noncodel group. Neither the 
oligodendroglial diagnosis nor CFO was predictive for the methylation status of the MGMT gene in any molecular groups. 
The oligodendroglial histological features are not independently predictive of either patient prognosis or chemotherapeutic 
response in LrGGs, leaving the possibility of marginal favorable association only in IDHmut/codel tumors.
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Introduction

Based on the accumulating evidence that molecular char-
acteristics is more closely associated with clinical out-
comes as compared with histological classification in 
many tumor types, the revised WHO classification of 
tumors of the central nervous system in 2016 [1] incor-
porated the well-established molecular factors as well as 
histological features, and the final diagnosis would be the 
integrated diagnosis considering both of them. Indeed, the 
diffuse gliomas of grade II and III (lower-grade gliomas, 
LrGGs) are now classified into 3 molecular subgroups, 
virtually regardless of histological features, based on IDH 
mutation status and presence or absence of 1p19q code-
letion. On the other hand, the significance of histologi-
cal features independent of IDH-1p19q status, especially 
oligodendroglial features, remained controversial, and the 
oligodendroglial morphology itself might be prognostic 
for patients with LrGGs [6, 22].

To reappraise the significance of oligodendroglial mor-
phology in terms of clinical outcome, and to investigate 
molecular background possibly associated with oligo-
dendroglial morphology, we studied consecutive cases of 
LrGG for about 2 decades treated in a single institute. 
The tumors were histologically re-assessed based on 
WHO2007 [2] (the most recent one solely based on his-
tology), and oligodendroglial morphology was correlated 
with patient OS and molecular characteristics including 
promoter methylation of the MGMT gene, copy number 
aberration (CNA) as assessed by CGH, mutations in the 
IDH, ATRX, and TERT genes in each of the IDH-1p19q 
based 3 molecular groups. Prognostic relevance of those 
molecular-genetic factors was also investigated. The NGS-
based cancer gene panel test was performed for IDHmut/
codel tumors, and DNA methylome-based classification 
was performed for IDHwild tumors.

Materials and methods

Patients and tissue samples

Pathology records of brain tumors resected at Department 
of Neurosurgery, Keio University Hospital, from 1990 
through 2016 were reviewed, and patients who fulfilled 
the following criteria were included: (1) age ≥ 18 years 
old, (2) the original institutional diagnosis of World 
Health Organization (WHO) grade II or III glioma (lower-
grade glioma, LrGG) according to WHO criteria at each 
time [2–5], (3) no prior radiotherapy or chemotherapy, 
(4) sufficient tumor samples for molecular analyses, (5) 

written informed consent, or, for the deceased patients 
and the patients who underwent surgical intervention 
before December 2000, opt-out consent via website. To 
exclude misdiagnosis by sampling error, biopsy cases were 
excluded. Formalin-fixed paraffin-embedded (FFPE) tissue 
blocks were obtained from tissue bank of the neurosurgery 
department and clinical pathology department.

Clinical data including age at diagnosis, sex, extent of 
resection, original histopathological diagnosis, survival 
information, and the date of the last contact were obtained 
from patients’ records. The data were frozen on November 
2020.

Histopathological re‑assessment

Because the diagnostic trends as well as criteria of histologi-
cal classification of diffuse gliomas have changed over time, 
the histological classification of the tumors was re-assessed 
based on the morphological features by 2 neuropatholo-
gists (MS, KO) blinded to the original histological diagno-
ses as well as molecular features. Here, the re-assessment 
was based on the WHO2007 criteria [5], the most recent 
diagnostic criteria solely based on histology, because the 
aim of this study was to clarify the molecular and clinical 
characteristics of oligodendroglial morphology regardless of 
IDH-1p19q status. Special attention was paid to (1) the diag-
nosis of oligodendroglioma or anaplastic oligodendroglioma 
(pure oligodendroglial diagnosis) based on WHO2007, (2) 
the presence or absence of histological characteristics classic 
for oligodendroglioma (CFO) within a tumor: the presence 
of cellular monomorphism, round/ regular nuclei, presence 
of nodules, microcalcifications, microcysts and chicken wire 
vasculature [6] (Fig. 1). If a tumor shows such characteristics 
in part, for example, in at least one low-power field area, the 
tumor was judged to have CFO. A tumor for which diagno-
sis was oligoastrocytoma but has CFO feature in part was 
judged to have CFO despite the diagnosis of mixed oligoas-
trocytoma. Malignancy grade was also based on WHO2007. 
In case of discrepancy between the 2 neuropathologists, re-
assessment was made until consensus has been met.

Molecular analyses

Deoxyribonucleic acid (DNA) extraction

Tumor DNA was extracted from microdissected pieces of 
FFPE sections. Microdissection was performed on consecu-
tive sections based on hematoxylin–eosin (HE) staining and 
MIB-1 immunohistochemical staining (Monoclonal mouse 
anti-human Ki-67 Antigen Clone MIB-1, Dako, Glostrup, 
Denmark) to exclude intermixed non-neoplastic glial/vas-
cular cells and hemorrhagic/necrotic regions [7].
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Mutations in the IDH 1/2 genes

Tumor IDH mutation status was first assessed by immu-
nohistochemistry (IHC) with an anti-IDH1R132H anti-
body (Mouse mAb Clone H09, Dianova, Hamburg, Ger-
many) on FFPE sections. Tumors with negative result 
for the IHC were then analyzed for IDH1/2 mutations by 
Sanger sequencing as previously described [8].

Mutations in the ATRX gene

Mutations in the ATRX gene were assessed by immuno-
histochemistry. Immunohistochemistry for ATRX was 
performed with rabbit monoclonal anti-ATRX antibody 
(HPA001906, 1:200, Sigma-Aldrich, Missouri, United 
States) after antigen retrieval by microwave for 25 min in 
Tris–EDTA buffer (pH 9). In cases with equivocal stain-
ing, staining > 30% of nuclei was judged as positive for 
ATRX.

Mutations in the promoter region of the TERT gene

The 163 bp promoter region of the TERT gene flanking the 
known 2 mutation hot spots was amplified using the previ-
ously published primer pairs as previously described [9, 10]. 
Sanger sequence was performed bidirectionally.

Hypermethylation in the promoter region of the MGMT 
gene

The methylation status of the promoter region of the MGMT 
gene was assessed using methylation-specific PCR as previ-
ously described [7]. Bisulfate reaction and subsequent PCR 
were performed with the EZ DNA Methylation-Direct kit 
(Zymo Research Corp., Orange, California, USA) and the 
previously published primer pairs [7].

Comparative genomic hybridization

CNAs of the tumors were assessed by comparative genomic 
hybridization (CGH) as previously described [11, 12]. 
Briefly, DNA was extracted from FFPE sections by micro-
dissection of truly neoplastic tissue referring to the HE stain-
ing and MIB-1 immunohistochemistry of the consecutive 
sections. The extracted DNA was amplified using degenerate 
oligonucleotide primed-polymerase chain reaction (DOP-
PCR) to provide wider template. Tumor DNA was labeled 
with digoxigenin (DIG)-11-dUTP (Roche, Mannheim, Ger-
many), and the reference DNA was amplified from 50 ng 
of normal male or female DNA and labeled with biotin-
dUTP (Roche). The probe mixture was hybridized to the 
normal metaphase spread (Vysis, Downer Grove, Illinois, 
USA). The spread was then hybridized with fluorescein 
isothiocyanate-conjugated anti-DIG-antibody (Roche) and 
rhodamine-conjugated avidin (Roche). The ratios of fluo-
rescence intensity along the chromosomes were analyzed 
by Cytovision analysis system (Applied Imaging, San Jose, 
California, USA).

Next‑generation sequencing‑based gene panel tests

Next-generation sequencing (NGS)-based cancer gene panel 
test was performed with PleSSision panel in IDHmut/codel 
LrGGs. PleSSision panel is composed of 160 genes known 
to be relevant with cancer development [13, 14]. Tumor 
DNA was extracted from FFPE block containing minimum 
of 20 ng DNA.

DNA methylation‑based classification 
of the IDH‑wildtype LrGGs

Classification based on the DNA methylation profiling 
is a new diagnostic tool that provide robust and accurate 

Fig. 1   A A case of anaplastic oligodendroglioma 
(IDHmut/1p19qcodel) with classic for oligodendroglioma features. B 
A case of anaplastic oligodendroglioma (IDHmut/1p19qcodel) lack-
ing classic for oligodendroglioma features
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diagnosis of CNS tumors. We performed methylome analysis 
using Infinium Methylation EPIC BeadChip Kit (Illumina, 
San Diego, CA) using the protocol previously described to 
characterize IDH-wildtype LrGGs [15, 16], which are sup-
posed to include various tumor types such as circumscribed 
gliomas and diffuse gliomas with molecular signatures of 
glioblastoma [17]. Methylation data was analyzed using 
specific algorithm for central nervous system tumors that 
was developed by German Cancer Research Center (DKFZ) 
(https://​www.​molec​ularn​europ​athol​ogy.​org/​mnp) [18].

Statistical analysis

Overall survival (OS) was calculated from the beginning 
of treatment, i.e., from the date of the initial surgery. Cases 
with loss to follow-up were censored at the last day of fol-
low-up. OS was analyzed and compared using Kaplan–Meier 
method and log-rank test. Significance levels for all tests 
were two sided and were set at 0.05. For the factors with a 
p value ≤ 0.1 in univariate analyses, the effect on survival 
was also estimated by multivariate analysis using Cox pro-
portional hazard model and MANOVA test. The association 
between oligodendroglial morphology and MGMT promoter 
status was assessed by Chi-square test. All statistical analy-
ses were performed by SPSS 26 (IBM, New York, United 
States).

Results

Oligodendroglial morphology correlates with 1p19q 
codeletion

Ninty-three consecutive patients who fulfilled the eligibility 
criteria with diffuse LrGGs were included in the study. There 
were 51 men and 42 women, and the median age at initial 
surgery was 38 years (15–84). The histological diagnoses 
after the re-assessment based on WHO2007 were diffuse 
astrocytoma (DA) in 4 cases, anaplastic astrocytoma (AA) 
in 21 cases, oligodendroglioma (OD) in 14 cases, anaplas-
tic oligodendroglioma (AO) in 15 cases, oligoastrocytoma 
(OA) in 10 cases, anaplastic oligoastrocytoma (AOA) in 29 
cases (Table 1). Thus, 29 tumors were diagnosed as pure 
oligodendroglial tumor (oligodendroglial histological diag-
nosis) based on WHO2007, and CFO was stringently judged 
by consensus of 2 neuropathologists in 20 tumors; 2 in oli-
godendroglioma, 12 in anaplastic oligodendroglioma, 2 in 
oligoastrocytoma, 4 in anaplastic oligoastrocytoma. On the 
other hand, 93 tumors were classified into IDHmut/codel in 
27, IDHmut/noncodel in 47, and IDHwild in 19 by defini-
tion of WHO2016. The detailed comparison between the 
original institutional diagnoses, re-assessed diagnoses based 

on WHO2007, and the diagnoses based on WHO2016 will 
be reported elsewhere.

1p/19q codeletion was present in 16 of the 29 tumors 
(55%) with oligodendroglial histological diagnoses, i.e., oli-
godendrogliomas or anaplastic oligodendrogliomas, 11 of 
39 cases of those with mixed diagnoses (28%), and none of 
those with astrocytic diagnoses. On the other hand, 1p/19q 
codeletion was present in 13 of the 20 tumors with CFO 
(65%), and 14 of the 73 tumors without CFO (19%). There 
was significant association between 1p19q codeletion status 
with oligodendroglial histological diagnoses based on WHO 
2007 (p < 0.0001), as well as between 1p19q codeletion and 
presence of CFO (p < 0.0001).

Median follow-up of the alive patients was 4.7 years. 
As with the literature, the IDH-1p19q-based grouping of 
LrGGs significantly correlated with OS, with IDHmut/
codel tumors being most favorable (median OS: IDHmut/
Codel 14.4 years, IDHmut/Noncodel 12.8 years, IDHwild 
2.9 years, IDHmut/codel vs IDHmut/noncodel; p = 0.039, 
IDHmut/codel vs IDHwild p < 0.0001; IDHmut/noncodel 
vs IDHwild p = 0.004). On the other hand, neither the oli-
godendroglial histological diagnoses nor CFO was corre-
lated with patient OS in the entire cohort; median OS of the 
tumors with oligodendroglial histological diagnoses being 
14.4 years as compared with 12.8 years in those with mixed 
or astrocytic histology (p = 0.217), and 14.4 years in tumors 
with CFO versus 13.6 years without CFO (p = 0.368).

Table 1   Baseline characteristics of 93 cases of lower-grade glioma

Characteristics n

Age
 15–30 24
 30–55 54
 56–84 15

Sex
 Male 51
 Female 42

Histology
 Oligodendroglioma 14
 Anaplastic oligodendroglioma 15
 Diffuse astrocytoma 4
 Anaplastic astrocytoma 21
 Oligoastrocytoma 10
 Anaplastic oligoastrocytoma 29

Presence of CFO
 Yes 20
 No 73

IDH-1p19q based grouping
 IDHmut/codel 27
 IDHmut/noncodel 47
 IDH-WT 19

https://www.molecularneuropathology.org/mnp
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The IDH-1p19q-based grouping was correlated with the 
methylation status of the MGMT gene, with methylated 
promoter in 23 of 27 IDHmut/codel, in 28 of 47 IDHmut/
noncodel, and in 6 of 19 IDHwild tumors (p = 0.001). On the 
other hand, the oligodendroglial histological diagnosis, but 
not CFO, was marginally associated with MGMT promoter 
methylation (p = 0.051, p = 0.155). However, neither oligo-
dendroglial histological diagnosis nor presence of CFO was 
independently associated with MGMT promoter methylation 
by multivariate analysis with 1p/19q codeletion (p = 0.655, 
0.851). To further examine the significance of oligodendro-
glial morphology itself, the subsequent analyses were per-
formed within each of the subgroup based on IDH-1p19q 
status.

Prognositc relevance of oligodendroglial 
morphology within each of IDH‑1p19q subgroup

In the 27 IDHmut/codel LrGGs, 16 (grade II: 7, grade III: 
9) were diagnosed as either oligodendroglioma or anaplas-
tic oligodendroglioma (oligodendroglial histological diag-
nosis, 59%) by definition of WHO2007, and 13 (grade II: 
3, grade III: 10) were judged to have CFO features (48%). 
Patients with the tumors with oligodendroglial histologi-
cal diagnosis had significantly longer OS than those with 
mixed oligoastrocytomas in the patients with IDHmut/codel 
tumors (p = 0.023) (Fig. 2A). Although the trends were also 
shown, the association was not statistically significant after 
adjustment for histological grade or patient age (Table 2). 
On the other hand, presence of CFO was not associated with 
OS in the patients with IDHmut/codel tumors (p = 0.594) 
(Fig. 2B). There were no correlations between MGMT pro-
moter methylation status and oligodendroglial histological 
diagnosis or presence of CFO within the IDHmut/codel sub-
group (p = 0.936, 0.125).

In the 47 IDHmut/noncodel LrGGs, 11 were diagnosed as 
either oligodendroglioma or anaplastic oligodendroglioma 
(23%), and 5 were judged to have CFO (11%). Neither the 
oligodendroglial histological diagnoses nor presence of CFO 
was significantly associated with OS within the IDHmut/
noncodel LrGGs by Kaplan–Meier and log-rank analyses 
(p = 0.177, 0.618, respectively) (Fig. 3A, B). The lack of 
association was also shown by Cox analyses, and the haz-
ards for death were even higher with oligodendroglial mor-
phology (Table 2). Moreover, neither oligodendroglial his-
tological diagnosis nor presence of CFO was significantly 
associated with MGMT promotor methylation status in this 
subgroup (p = 0.086, 0.325, respectively).

In the 19 IDHwild LrGGs, 2 were diagnosed as either 
oligodendroglioma or anaplastic oligodendroglioma (11%), 
and 2 were judged to have CFO (11%) (one case with both: 
anaplastic oligodendroglioma and CFO). Neither the oligo-
dendroglial histological diagnoses nor presence of CFO was 

associated with OS (p = 0.123, 0.726) or MGMT promoter 
methylation (both p = 0.310) within the IDHwild LrGGs.

Molecular background of oligodendroglial 
morphology

In total of 93 tumors, ATRX mutations as assessed by immu-
nohistochemistry were noted in 39 tumors; none of 27 IDH-
mut/codel, 34 of 47 IDHmut/noncodel, and 5 of 19 IDHwild 
tumors. TERT promoter mutations were noted in all of 27 

Fig. 2   A Kaplan–Meier analysis of overall survival (OS) according 
to oligodendroglial diagnosis by WHO2007 in IDHmut/codel group. 
Green line denotes patients with pure oligodendroglial diagnosis, and 
blue line those with mixed oligoastrocytic diagnosis. The oligoden-
droglial diagnosis was associated with longer OS as compared with 
mixed oligoastrocytic tumors (p = 0.023). B Kaplan–Meier analysis of 
overall survival (OS) according to presence of CFO features in IDH-
mut/codel group. Green line denotes patients with tumors with CFO 
features, and blue line those without. There was no significant differ-
ence in OS between tumors with CFO features and those without it 
(p = 0.594)
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IDHmut/codel, none of 47 IDHmut/noncodel, and 9 in 19 
IDHwild tumors. Lack of ATRX mutations was not associ-
ated with either oligodendroglial histological diagnosis or 
presence of CFO in IDHmut/noncodel tumors (p = 0.132, 
0.514).

CNAs detected in more than 10% of 93 tumors except 
for 1p19q codeletion included gain of 7q31.3-ter (n = 15), 
gain of 19pter-13.3 (n = 12), and gain of 8q22-24 (n = 10). 
Of these, none was significantly associated with either of 
oligodendroglial histological diagnosis or CFO. CNAs 
found in ≥ 10% of the 27 IDHmut/codel LrGGs were loss 
of 4pter-15.1 (n = 6), loss of 18q (n = 7), gain of 7 (n = 5), 
gain of 11q23.1-ter (n = 5) and loss of 18p (n = 4). Of these, 
none was significantly associated with oligodendroglial his-
tological diagnosis or presence of CFO in IDHmut/codel 
tumors. The mean number of CNAs except 1p/19q code-
letion in the IDHmut/codel tumors with oligodendroglial 
histological diagnosis was 2.7 (0–10) and that of the tumors 
with mixed histology was 1.7 (0–6). Therefore, there was no 
significant difference in the number of CNAs between pure 
oligodendroglial tumors and the tumors of mixed diagnosis 
(p = 0.99). Similarly, there was no significant difference in 
the number of CNAs between IDHmut/codel tumors with 
CFO and those without (mean 2.6 with CFO vs 2.0 without 
CFO, p = 0.775).

CNAs found in ≥ 10% of the 47 IDHmut/noncodel LrGGs 
were gain of 7q31.3-ter (n = 15), gain of 8q22-24 (n = 10), 

gain of 19pter-13.3 (n = 7), gain of 1pter-35 (n = 6), gain 
of 10pter-12 (n = 6), loss of 9p24 (n = 6) and loss Xp21-
13 (n = 5). Of these, gain of 8q was significantly associated 
with oligodendroglial histological diagnosis (p = 0.049), and 
gain of 1p and gain of 7q were numerically more frequent 
in the tumors with oligodendroglial histological diagnosis 
(p = 0.099, 0.09). However, none of the CNAs was signifi-
cantly associated with presence of CFO.

Prognostic relevance of molecular factors 
within each of IDH‑1p19q subgroup

Among the CNAs found in ≥ 10% of the IDHmut/codel 
LrGGs, none was significantly associated with OS by 
Kaplan–Meier estimation and log-rank analysis. Simi-
larly, neither ATRX mutations nor any of the CNAs were 
associated with OS in IDHmut/noncodel LrGGs (ATRX 
p = 0.530).

Neither ATRX mutations nor TERT promoter mutations 
were associated with patient OS in IDHwild LrGGs (ATRX 
p = 0.280, TERT p = 0.980) (Supplemental Fig. 1A, B). 
Of these, 8 cases showed no CAN; however, lack of CNA 
was not associated with OS (p = 0.471). Among the CNAs 
found in ≥ 10% of the IDHwild LrGGs, loss of 4q32-ter 
(p = 0.002), gain of 7qcen-11.2 (p = 0.004), gain of 7q31.3-
ter (p = 0.004), gain of 8qcen-12 (p = 0.004), loss of 13q21.3 

Table 2   Cox proportional 
hazards models for overall 
survival with combination of 
oligodendroglial histological 
features and histological 
grade or patient age [1] 
oligodendroglioma or anaplastic 
oligodendroglioma based 
on WHO2007 [2] classic for 
oligodendroglioma

Variables Hazard ratios p value

Univariate analyses
IDHmut/codel
 Oligodendroglial diagnosis [1] 0.003 0.024
 CFO [2] 1.902 0.590
 Histological grade (Grade II) 0.456 0.588
 Age < 40 33.094 0.261

IDHmut/noncodel
 Oligodendroglial diagnosis [1] 2.040 0.211
 CFO [2] 1.457 0.637
 Histological grade (Grade II) 0.271 0.009
 Age < 40 1.194 0.688

Multivariate analyses
IDHmut/codel
 Oligodendroglial diagnosis with histological grade 0.001 0.061
 Oligodendroglial diagnosis with age 0.003 0.078
 CFO with histological grade 2.075 0.724
 CFO with age 2.751 0.362

IDHmut/noncodel
 Oligodendroglial diagnosis with histological grade 2.453 0.010
 Oligodendroglial diagnosis with age 2.151 0.384
 CFO with histological grade 1.011 0.033
 CFO with age 1.434 0.833
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(p = 0.002), and gain of 17q25 (p = 0.004) were associated 
with OS by Kaplan–Meier estimation and log-rank analysis.

NGS‑based gene panel test for IDHmut/codel LrGGs

The finding that morphological diagnosis of oligodendro-
glioma might be favorably associated with OS within the 
IDHmut/codel tumors facilitated us to investigate if any 
association between oligodendroglial morphology and 
certain gene mutations in these tumors. PleSSision cancer 
gene panel test was successfully performed in 20 of the 27 

IDHmut/codel LrGGs. The panel test was not feasible in the 
7 tumors due to low DNA quality or the unavailability of the 
extra tumor specimens. In all, mutations were found in the 
15 genes, and, among those, 5 genes were found mutated 
repetitively; CIC in 6, FUBP1 in 3, NOTCH1 in 3, PBRM 
in 2 cases, and NF1 in 2 cases. However, none of muta-
tion status was associated with oligodendroglial histological 
diagnosis by definition of WHO2007. On the other hand, 
mutations in the FUBP1 gene were associated with poor 
OS in patients with IDHmut/codel LrGGs (p = 0.005), and 
mutations in CIC showed trends towards poor OS (p = 0.061) 
(Supplemental Fig. 2A, B).

DNA methylation‑based classification of IDH‑wildtype 
LrGGs

The IDHwild LrGGs are suggested to be composed of het-
erogeneous tumor types including tumors with molecular 
features of glioblastomas and circumscribed tumors such as 
pleomorphic xanthoastrocytoma and glioneuronal tumors. 
To explore the accurate diagnosis, IDH-wildtype tumors 
for which extra DNA was available were classified using 
Infinium MethylationEPIC BeadChip Kit and the Classifier 
provided by DKFZ (https://​www.​molec​ularn​europ​athol​ogy.​
org/​mnp). Unfortunately, the reliable results were obtained 
only in 3 tumors possibly due to small amount of available 
DNA and/or degradation of DNA in old specimens. The 
methylation-based classification of the 3 tumors included 
(anaplastic) pleomorphic xanthoastrocytoma and gangli-
oglioma; however, the profile of the other one did not fit into 
any of the known methylation class (Supplemental Fig. 3).

Discussion

In the present study, 93 LrGGs treated in a single institute 
were re-assessed for their morphology-based diagnosis, and 
the clinical significance and molecular background of oligo-
dendroglial morphology were investigated within each of the 
IDH-1p/19q-based 3 molecular group as well as in total 93 
cases. As a result, oligodendroglial morphology, as assessed 
by histological diagnosis based on WHO2007 and presence 
of CFO, was correlated with 1p/19q codeletion expectedly in 
the entire cohort. As to the association between oligodendro-
glial morphology and patient prognosis, the oligodendroglial 
histological diagnosis was not independently associated with 
patient OS in any molecular subgroups, but with a signal of 
possible favorable association in univariate analysis in IDH-
mut/codel tumors. Unfortunately, neither oligodendroglial 
diagnosis or presence of CFO was predictive of methyla-
tion status of the MGMT gene in any of the 3 molecular 
subgroups. Interestingly, gain of 8q was significantly asso-
ciated with oligodendroglial diagnosis (oligodendroglioma 

Fig. 3   A Kaplan–Meier analysis of overall survival (OS) according to 
oligodendroglial diagnosis by WHO2007 in IDHmut/noncodel group. 
Green line denotes patients with pure oligodendroglial diagnosis and 
blue line denotes those with wither mixed oligoastrocytic or astro-
cytic diagnoses by WHO2007. Pure oligodendroglial diagnosis was 
not associated with longer OS (p = 0.177). B Kaplan–Meier analysis 
of overall survival (OS) according to presence of CFO features in 
IDHmut/noncodel group. Green line denotes patients with tumors 
with CFO features, and blue line denotes those without it. Presence of 
CFO was not associated with longer OS (p = 0.618)

https://www.molecularneuropathology.org/mnp
https://www.molecularneuropathology.org/mnp
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or anaplastic oligodendroglioma based on WHO2007) in 
IDHmut/noncodel tumors.

Although the literature suggests that IDH-1p/19q status is 
more relevant than histological phenotype to the prognoses 
of the patients with LrGGs [20, 21], the oligodendroglial 
morphology itself might be prognostic for patients with 
LrGGs [6, 22]. For example, Gianinni et al. reported that, 
in the cohort of phase III clinical trial for grade III gliomas, 
the classic oligodendroglial morphology was associated with 
prolonged OS in the multivariate analysis with 1p/19q status 
in the entire cohort [6]. In the present study, by the analyses 
in each of the 3 molecular subgroups, either the oligoden-
droglial histological diagnosis or presence of CFO was not 
associated with patient OS in IDHmut/noncodel tumors. 
On the other hand, though not statistically significant in the 
multivariate analyses, there was a trend of favorable associa-
tion between the oligodendroglial histological diagnosis and 
patient OS in IDHmut/codel tumors. Indeed, in the previ-
ous study, OS was numerically longer in CFO patients than 
non-CFO in 1p/19q codeleted grade III gliomas, but with-
out statistical significance. Thus, considering the subjective 
nature of morphology-based diagnosis, the results of the 
present study and the previous study did not contradict, and 
the significance of the oligodendroglial phenotype might be 
different according to molecular subgroup. Altogether, the 
oligodendroglial morphology might be nothing more than 
a surrogate marker for 1p/19q codeletion in LrGGs, leaving 
the possibility of marginal favorable association with patient 
OS only in IDHmut/codel tumors.

The NGS panel analyses of the IDHmut/codel tumors 
showed that the CIC and FUBP1 mutations might be cor-
related with poor patients’ prognoses, however, a previous 
study suggested the contrary association [23, 24]. On the 
other hand, although the NOTCH1 mutations was not associ-
ated with patients’ OS in the present study, a previous study 
with 141 and 139 IDHmut/codel tumors from Japan and The 
Cancer Genome Atlas (TCGA) data, respectively, suggested 
the correlation of the NOTCH1 mutations and unfavorable 
survival in Japanese data but not in TCGA [25]. Our results 
in terms of the relevance of mutations of those genes might 
not be conclusive due to the small number of cases, and the 
reasons for the discrepancy are not clear. Further investiga-
tion in the cohort with large number of cases and uniform 
treatment is warranted.

Interestingly, the present study showed that gain of 8q 
was significantly associated with oligodendroglial diagnosis 
in IDHmut/noncodel tumors. On the other hand, a previous 
study reported that loss of 19q was associated with oligo-
dendroglial morphology as well as favorable prognosis in 
IDH-mutant astrocytomas [26]. In the present study, there 
was only one case with 19q loss in IDH mut/noncodel LrGG 
which was diagnosed as anaplastic oligoastrocytoma by his-
tological re-assessment.

In 19 IDH-wildtype LrGGs, only 3 cases were diagnosed 
to have pure oligodendroglial diagnosis and/or CFO for each. 
Neither oligodendroglial diagnosis or presence of CFO was 
associated with patients’ prognoses or any of the molecular 
factors. Therefore, the oligodendroglial histological features 
are not prognostic in the IDH-wildtype LrGGs. Also, none of 
the molecular factors was independently associated with pure 
oligodendroglial diagnosis or presence of CFO. Unfortunately, 
classification based on DNA methylation array was success-
ful in only 3 IDH-wildtype LrGGs; (anaplastic) pleomorphic 
xanthoastrocytoma, ganglioglioma, and the one which appar-
ently not fit into any of the methylation class. Those findings 
substantiate that IDH-wildtype LrGGs are composed of het-
erogeneous tumor types including the ones not established yet 
so far. Although loss of 4q32-ter, gain of 7qcen-11.2, gain 
of 7q31.3-ter, gain of 8qcen-12, loss of 13q21.3, and gain of 
17q25 were associated with OS in IDHwild LrGGs, given the 
heterogenous nature of this subgroup, further investigation is 
warranted.

The vast majority of IDHmut/codel, the majority of IDH-
mut/noncodel, and about 40% in IDH-wildtype LrGGs were 
known to have methylated promoter in the MGMT gene [27]. 
However, unfortunately, the present study demonstrated that 
neither oligodendroglial diagnosis nor presence of CFO was 
predictive of methylation status of the MGMT gene in any of 
the 3 molecular subgroups.

Limitations of the study

We regret that the number of tumors included in the present 
study might be small to draw definite conclusion for some que-
ries including the relevance of the CIC, FUBP1, and NOTCH1 
mutations to patients’ prognoses. Moreover, because of the 
retrospective nature of the study, treatment for the cases was 
not uniform, which could affect the results with survival out-
come. However, the study was performed in single institutional 
consecutive cohort, and the difference in treatment between 
cases was minimal. Moreover, OS, not PFS, is the robust sur-
vival outcome following all of the available treatments (both 
radiotherapy and chemotherapy must have been prescribed in 
all of the deceased cases), and the present study showed, for 
the first time, that the oligodendroglial histological phenotype 
is not associated with patient survival in IDHmut/noncodel 
tumors. On the other hand, because of the above-mentioned 
limitations, further studies are warranted for the relevance of 
the oligodendroglial phenotype to patient survival in IDHmut/
codel tumors.
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Conclusion

The present study suggested that oligodendroglial mor-
phology, as assessed by histological diagnosis based on 
WHO2007 and presence of CFO, was not independently 
associated with either patient OS or methylation status of the 
MGMT gene in LrGGs, leaving the possibility of marginal 
favorable association only in IDHmut/codel tumors. These 
findings might suggest that oligodendroglial morphology is 
nothing more than a surrogate marker for 1p/19q codeletion, 
and substantiate the importance of the molecular classifica-
tion in LrGGs.
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