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The current World Health Organization classification
recognizes three histological types of grade II low-
grade diffuse glioma (diffuse astrocytoma, oligoastro-
cytoma, and oligodendroglioma). However, the diag-
nostic criteria, in particular for oligoastrocytoma, are
highly subjective. The aim of our study was to estab-
lish genetic profiles for diffuse gliomas and to esti-
mate their predictive impact. In this study, we
screened 360 World Health Organization grade II gli-
omas for mutations in the IDHI1, IDH2, and TP53
genes and for 1p/19q loss and correlated these with
clinical outcome. Most tumors (86%) were character-
ized genetically by TP53 mutation plus IDH1/2 muta-
tion (32%), 1p/19q loss plus IDH1,/2 mutation (37%),
or IDH1/2 mutation only (17%). TP53 mutations only
or 1p/19q loss only was rare (2 and 3%, respectively).
The median survival of patients with 7P53 mutation *
IDH1/2 mutation was significantly shorter than that
of patients with 1p/19q loss = IDH1/2 mutation (51.8
months vs. 58.7 months, respectively; P = 0.0037).
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Multivariate analysis with adjustment for age and treat-
ment confirmed these results (P = 0.0087) and also re-
vealed that 7P53 mutation is a significant prognos-
tic marker for shorter survival (P = 0.0005) and
1p/19q loss for longer survival (P = 0.0002), while IDH1,/2
mutations are not prognostic (P = 0.8737). The molecular
classification on the basis of IDH1/2 mutation, TP53
mutation, and 1p/19q loss has power similar to his-
tological classification and avoids the ambiguity in-
herent to the diagnosis of oligoastrocytoma. (4m_J Pathol
2010, 177:2708-2714; DOI: 10.2353/ajpath.2010.100680)

According to the 2007 World Health Organization (WHO)
classification,” astrocytic and oligodendroglial gliomas
(WHO grade l) are currently divided into three histolog-
ical types, that is, diffuse astrocytoma, oligoastrocyto-
mas, and oligodendroglioma. Diffuse astrocytoma is a
well-differentiated and slowly growing tumor, but shows a
consistent tendency to recur after surgical resection, and
this is often associated with progression to a higher
grade of malignancy, that is, anaplastic astrocytoma
(WHO grade Ill) and eventually secondary glioblastoma
(WHO grade IV)."? Oligodendrogliomas also diffusely
infiltrate the brain parenchyma, but malignant progres-
sion to anaplastic oligodendroglioma (WHO grade Ill) is
inconsistent.” Oligoastrocytoma is composed of a con-
spicuous mixture of two distinct neoplastic cell types
morphologically resembling oligodendroglioma and dif-
fuse astrocytoma.’

Genetically, low-grade diffuse gliomas contain IDH17
mutations in 70-80% of cases.®*® In addition, diffuse
astrocytomas frequently carry TP53 mutations (~60% of
cases), whereas oligodendrogliomas typically show loss
of 1p/19q (~70%).°~° Oligoastrocytomas carry either
TP53 mutations (~40%) or loss of 1p/19q (~45%).""
These alterations are mutually exclusive,”® %" indicat-
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ing that oligoastrocytomas are genetically monoclonal,
and carry genetic alterations similar to either diffuse as-
trocytomas or oligodendrogliomas.

Histological criteria for the diagnosis of low-grade diffuse
gliomas are well established but somewhat subjective. In
particular, the histological typing of oligoastrocytomas is
often difficult, with marked interobserver variability."® Be-
cause the vast majority of WHO grade Il gliomas are
genetically characterized by the presence of an IDH1
mutation plus TP53 mutation or of an IDH1 mutation plus
1p/19g loss, a molecular classification may eventually
replace the histological classification.

The present study provides a quantitative basis for the
molecular classification of low-grade diffuse gliomas by
combining a large number of cases from different insti-
tutions. The specific aims are to determine the frequency
of various combinations of genetic alterations and to
assess whether molecular classification using IDHT mu-
tations, TP53 mutations, and 1p/19q loss provide reliable
outcome data.

Materials and Methods

Tumor Samples and Histology Review

Four hundred forty-three samples of low-grade diffuse
glioma of WHO grade Il from adults (diffuse astrocyto-
mas, oligoastrocytomas, oligodendrogliomas; patients’
age, =20 years) from 400 patients were obtained from
the Department of Neuropathology, University Hospital
Zurich, Switzerland; the Department of Neuropathology,
University Hospital Frankfurt, Germany; the Departments
of Neuropathology and Neurosurgery, University Hospital
Essen, Germany; the Department of Pathology, Gunma
University, Japan; the Institute of Neuropathology and
Department of Neurosurgery, University Hospital Mun-
ster, Germany; the Institute of Neuroscience, Bordeaux,
France; and the Department of Neurosurgery, University
Hospital Bern, Switzerland. Of these, 39 patients had two
or three biopsies for low-grade diffuse gliomas. This
study was performed after the approval of the Interna-
tional Agency for Research on Cancer Ethics Committee.

Histology review was carried out by two neuropatholo-
gists (P.K., U.De.G.) according to the 2007 WHO Classi-
fication of Tumors of the Central Nervous System,” and
30 tumors were excluded since they were reclassified as
anaplastic astrocytomas WHO grade Il (10 tumors), ana-
plastic oligodendrogliomas WHO grade Il (four tumors),
anaplastic glioma not otherwise specified WHO grade Il
(three tumors), glioblastoma WHO grade IV (one tumor),
dysembryoplastic neuroepithelial tumor (one tumor), in-
filtrating zone of glioma (three cases), or low-grade dif-
fuse glioma not otherwise specified, that is, unable to
reliably assess astrocytic or oligodendroglial differentia-
tion, due to small tumor areas available on the histologi-
cal sections (eight cases). Thus, after the histology re-
view, a total of 413 tumors were confirmed as low-grade
diffuse gliomas WHO grade Il (206 diffuse astrocytomas,
73 oligoastrocytomas, and 134 oligodendrogliomas). Af-
ter the histology review, the diagnosis remained the same
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for the vast majority (177 of 225; 79%) of tumors originally
diagnosed as diffuse astrocytomas and the vast majority
(91 of 115; 79%) of tumors originally diagnosed as oligo-
dendrogliomas, while the diagnosis remained un-
changed for fewer than half (47 of 104; 45%) of tumors
originally diagnosed as oligoastrocytomas.

DNA was extracted from paraffin-embedded sections,
as described previously.'® DNA quality was sufficient for
genetic analyses for 360 cases (174 diffuse astrocyto-
mas, 64 oligoastrocytomas, and 122 oligodendroglio-
mas). For 287 (80%) of these patients, clinical data in-
cluding age and sex, location of tumors, histological
diagnosis, date of surgical resection, extent of surgery,
other treatment (radiotherapy, chemotherapy), date of
last follow-up or last contact, and date of death were
available.

Mutations of the IDH1 and IDH2 Genes

Single-strand conformational polymorphism analysis was
carried out to prescreen for mutations in exon 4 of the
IDH1 gene, as described previously,® Samples that gave
negative results were then investigated for mutations of
exon 4 of the IDH2 gene, as reported previously.'®

TP53 Mutations

Prescreening for mutations in exons 5-8 of the TP53 gene
by single-strand conformational polymorphism analysis was
conducted as described previously.' Samples that gave
negative results were then investigated for mutations in
exons 4, 9, and 10 using the following primers: 5’-CTGGTC
CTCTGACTGCTCTTT-3' (sense) and 5'-TGGCATTCTGG-
GAGCTTCAT-3" (antisense), 5-GTCCAGATGAAGCTC-
CCAGA-3' (sense) and 5'-TTCTGGGAAGGGACAGAAGA-3’
(antisense), 5'-TCTTCTGTCCCTTCCCAGAA-3' (sense)
and 5'-AACTGACCGTGCAAGTCACA-3’ (antisense) for
exon 4; 5'-CCTTTCCTTGCCTCTTTCCT-3’ (sense) and 5'-
CCACTTGATAAGAGGTCCCAAG-3' (antisense) for exon
9; and 5’-TCCTCTGTTGCTGCAGATCC-3’ (sense) and 5'-
AAGGGGCTGAGGTCACTCAC-3' (antisense) for exon 10.
Samples exhibiting mobility shifts in single-strand confor-
mational polymorphism analyses were subsequently ana-
lyzed by direct sequencing on a ABI 3100 PRISM DNA
sequencer (Applied Biosystems, Foster City, CA) with the
Big Dye Terminator cycle sequencing kit (ABI PRISM; Ap-
plied Biosystems).

Loss of 1p/19q

Loss of 1p/19g was assessed using three microsatellite
markers (D1S214, D15468, and D152736) on chromosome
1p, and three markers (D19S408, D19S596, and D19S867)
on chromosome 19q as described previously.'

Statistical Analyses

The Student’s t-test was performed for comparison of the
mean age of the patients. The Kaplan-Meier method and
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Table 1. Genetic Alterations in Low-Grade Diffuse Gliomas (WHO Grade 1D)
Diffuse astrocytoma Oligoastrocytoma Oligodendroglioma Total

Genetic alteration (n=174) (n = 64) (n =122) (n = 360)
TP53 mutation + IDH1/2 mutation 85 (49%) 21(33%) 9(7%) 115 (32%)
TP53 mutation only 5(3%) 1(2%) 0 6 (2%)
1p/19q loss + IDH1/2 mutation 23 (13%) 22 (34%) 88 (73%) 133 (37%)
1p/19q loss only 3 (2%) 3 (5%) 6 (4%) 12 (3%)
IDH1/2 mutation only 40 (23%) 12 (19%) 9 (7%) 61 (17%)
Others* 3 (2%) 3 (5%) 1(1%) 7 (2%)
No alterations 15 (9%) 2 (3%) 9 (7%) 26 (7%)

*IDH1/2 mutation + TP53 mutation + 1p/19q loss were observed in three diffuse astrocytomas, two oligoastrocytomas, and one oligodendroglioma.

TP53 mutation + 1p/19q loss was detected in one oligoastrocytoma.

the log-rank test were used for survival analysis. Cox
regression models were used to assess the effect of
different combination of genetic alterations on the sur-
vival of patients after adjusting with patients’ age, sex,
and treatment (surgery and/or radiotherapy). For survival
analyses for patients with multiple biopsies, the date of
the first biopsy was used. Patients who received chemo-
therapy and those who had only stereotactic biopsy were
excluded from survival analyses. Patients who died within
4 months after surgery were also excluded from survival
analyses to avoid the inclusion of cases in which death
may have been attributable to surgical complications.

Results

IDH1 and IDH2 Mutations

IDH1 mutations were observed in 305 of 360 (85%) of all
diffuse gliomas analyzed. IDH7 mutations were similarly
frequent in all diffuse astrocytomas (85%), oligoastrocy-
tomas (88%), and oligodendrogliomas (83%). The most
frequent IDH1 mutations were R132H (95.7%), followed
by R132C (2.6%), R132G (1%), R132S (0.3%), and
R132V (0.3%).

Tumors that did not contain an IDH7 mutation (55
cases; 15%) were further screened for IDH2 mutations.
Ten tumors (three diffuse astrocytomas, one oligoastro-
cytomas, and six oligodendrogliomas) carried an IDH2
mutation. The most frequent IDH2 mutation was R172K
(six mutations); the others detected in one case each
were R172M, R172W, R172S, and R172T (not previously
reported).

Because the mean age and survival of patients with
IDH1 and those with IDH2 mutations were similar (P =
0.2520 and P = 0.6904, respectively), we combined IDH1
and IDH2 mutations for further analyses of combinations
of genetic alterations, age distribution, and survival.

TP53 Mutations

One hundred forty-eight miscoding TP53 mutations were
detected in 128 of 360 (36%) of all low-grade diffuse
gliomas analyzed, and in 53% of diffuse astrocytomas,
39% of oligoastrocytomas and 8% of oligodendroglio-
mas. Frequent mutations were G:C—A:T at CpG sites,
(62 mutations, 42%) followed by G:C—A:T at non-CpG
sites (23 mutations; 16%) and A:T—G:C (20 mutations;

14%). There was no significant difference in distribution
and type of TP53 mutations between different histological

types.

Loss of 1p/19qg

Loss of 1p/19g was observed in 152 of 360 (42%) of all
low-grade diffuse gliomas analyzed, and in 17% of
diffuse astrocytomas, 44% of oligoastrocytomas, and
78% of oligodendrogliomas. In most oligodendroglio-
mas (67%), 1p and 19q were codeleted, whereas 1p loss
only and 19q loss only were rare (7 and 4%). In oligoas-
trocytomas, 1p and 19q codeletion was detected in 27%
of cases; 1p loss only and 19q loss only were infrequent
(14 and 3%).

Frequency of Different Combinations of Genetic
Alterations

The majority (69%) of low-grade diffuse gliomas were
genetically characterized by either 1p/19q loss plus
IDH1/2 mutation (133 cases; 37%) or TP53 mutation plus
IDH1/2 mutation (115 cases; 32%; Table 1). Sixty-one
cases (17%) had IDH1/2 mutations only. No alterations in
IDH1/2, TP53, or 1p/19q were observed in 7% of cases.
Tumors with a TP53 mutation only (2%) and those with
1p/19q loss only (3%) were rare (Table 1).

The majority of tumors with TP53 mutation = IDH1/2
mutation (74%) and those with IDH1/2 mutation only
(66%) were histologically diagnosed as diffuse astrocy-
tomas, whereas most tumors with 1p/19q loss * IDH1/2
mutation (65%) were histologically diagnosed as oligo-
dendrogliomas (Table 2).

Timing of Genetic Alterations

Of 39 patients with two or three biopsies, most had the
same combinations of genetic alterations in first and last
biopsies. Exceptions were two patients who had an IDH1
mutation in the first biopsy and TP53 mutation plus IDH7 mu-
tation in the last biopsy, one patient who had an IDH1
mutation in the first biopsy and 1p/19q loss plus IDHT mu-
tation in the last biopsy, and one patient who had an IDH1
mutation in the first biopsy and 19q loss plus IDHT mutation
in the last biopsy.



Table 2.

Genetic Classification of Low-Grade Glioma 2711
AJP December 2010, Vol. 177, No. 6

Overlap between Genotype and Histologic Types of Low-Grade Diffuse Gliomas (WHO Grade 1I)

Histologically diagnosed as

Genotype Diffuse astrocytoma Oligoastrocytoma Oligodendroglioma
TP53 mutation = /DH1/2 mutation (n = 121) 90 (74%) 22 (18%) 9 (7%)
1p/19q loss = IDH1/2 mutation (n = 145) 26 (18%) 25 (17%) 94 (65%)
IDH1/2 mutation only (n = 61) 40 (66%) 12 (20%) 9 (15%)
No genetic alteration (n = 26) 15 (58%) 2 (8%) 9 (35%)

Age Distribution

The mean age of patients with IDH1/2 mutations was
significantly older than that of patients without IDH1/2
mutations (mean, 42.1 versus 35.8 years; P = 0.0017;
Figure 1). This remained true when each histological type
was analyzed separately, but the difference was statisti-
cally significant only for patients with diffuse astrocytoma.

Clinical Outcome

The median survival of patients with tumors histologically
classified as oligodendroglioma (60.2 months) was sig-
nificantly longer than that of patients with diffuse astrocy-
toma (52.5 months; P = 0.0019; Figure 2).

The median survival of patients with 1p/19q loss *+
IDH1/2 mutation was significantly longer than that of pa-
tients with TP53 mutation * IDH1/2 mutation (58.7 versus
51.8 months; P = 0.0037; Figure 2). The median survival
of patients with diffuse astrocytomas was similar to that of
patients with low-grade diffuse glioma with TP53 muta-
tion ® IDH1/2 mutation (P = 0.9284; Figure 2); those of
oligodendrogliomas were similar to that of patients with
low-grade diffuse glioma with 1p/19q loss = IDH1/2 mu-
tation (P = 0.8916; Figure 2).

Multivariate analysis with adjustment for age, sex, and
treatment confirmed these results (P = 0.0087) and also
revealed that TP53 mutation is significantly prognostic for
shorter survival and 1p/19q loss for longer survival:
IDH1/2 mutations were not prognostic for patient out-
come (Table 3). With respect to clinical outcome, the
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Figure 1. Age distribution of patients with and without ZDH1/2 mutations in
low-grade diffuse gliomas. Note that low-grade diffuse gliomas without
IDH1/2 mutations develop in younger patients (mean, 42.1 versus 35.8 years;
P = 0.0017).
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molecular classification based on IDH1/2 mutation, TP53
mutation, and 1p/19q loss has a power similar to that of
histological classification in low-grade diffuse gliomas
(Table 3).

Discussion

Using a large collection of cases, we show that the vast
majority (93%) of low-grade diffuse gliomas carry at least
one of the following genetic alterations: IDH1 mutation,
IDH2 mutation, TP53 mutation, and 1p/19q loss. Common
combinations of genetic alterations were 1p/19q loss plus
IDH1/2 mutation (37%), TP53 mutation plus IDH1/2
(32%), and IDH1/2 mutation only (17%), whereas tumors
with TP53 mutation only (2%) or 1p/19q loss only (3%)
were rare (Table 1). These findings corroborate previous
data showing that IDHT1 mutations occur at a very early
stage® and are the most frequent genetic alterations in
astrocytic and oligodendroglial low-grade diffuse glio-
mas.®>® Only 26 of 360 cases (7%) of low-grade diffuse
gliomas were triple negative, that is, without IDH7/2 mu-
tation, TP53 mutation, or 1p/19q loss. This suggests the
existence of alternative genetic pathways involving as yet
unidentified genes that play a role in the pathogenesis of
a small subset of low-grade diffuse gliomas.

The vast majority of tumors with TP53 mutation =
IDH1/2 mutation (74%) was histologically diagnosed as
diffuse astrocytomas, whereas two-thirds of tumors with
1p/19q loss = IDH1/2 mutation (65%) were oligodendro-
gliomas (Table 2). It is of interest to note that most tumors
(66%) with IDH1/2 mutation only were diagnosed as as-
trocytomas; only 15% of cases being diagnosed as oli-
godendrogliomas (Table 2). This suggests that tumor
cells with IDH1/2 mutations tend to have an astrocytic
phenotype. In oligodendrogliomas, the additional loss of
1p/19q appears to be a driving force toward oligoden-
droglial differentiation. Tumors with the histological sig-
nature of oligodendroglioma (eg, honeycomb appear-
ance of most neoplastic cells) show loss at 1p/19q in the
vast majority of cases (>90%).2

IDH1/2 mutations were associated with younger age
in patients with glioblastoma,* ¢ anaplastic astrocy-
toma,*%"” and anaplastic oligoastrocytoma,® ' but not
anaplastic oligodendroglioma.®"” In most previous stud-
ies, the age of patients with and without IDH7/2 mutations
appeared to be similar for low-grade diffuse gliomas,®
oligoastrocytomas® and oligodendrogliomas.®® Among
the larger number of cases investigated in the present
study, IDH1/2 mutations were significantly associated
with older age in patients with low-grade diffuse gliomas
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Figure 2. Upper panel: The survival of patients with diffuse astrocytoma is significantly shorter than that of patients with oligodendroglioma (left). This
difference was also clearly observed when tumors were classified genetically (right). Lower panel: Patients with diffuse astrocytoma and those with low-grade
diffuse glioma carrying 7P53 mutation + [DH1/2 mutation have very similar survival (left). Patients with oligodendroglioma and those with low-grade diffuse
glioma carrying 1p/19q loss + IDH1/2 mutation have very similar survival (right).

(mean, 42.1 versus 35.8 years; P = 0.0017; Figure 1).
Low-grade diffuse gliomas without /IDH7 mutations are
clustered in a younger age group (Figure 1).

It is well established that IDHT mutations are a signifi-
cant prognostic marker of favorable outcome in patients
with glioblastoma® 38 and anaplastic glioma.*'%2° The
predictive role of IDH7 mutation in WHO grade Il glioma
remains to be established. One study in 49 patients with
diffuse astrocytoma showed a significant association be-

tween the presence of IDH71 mutations and longer overall
survival.?" In another study, Sanson et al®® assessed 404
gliomas of grades II-IV (100 being classified as WHO
grade Il). Univariate analysis showed that IDH7 mutations
were prognostic for a more favorable outcome.?® Multi-
variate analyses of grades II-IV gliomas after adjusting
for age, histological grade, treatment, and genetic alter-
ations (including EGFR amplification, MGMT methylation
and co-deletion of 1p/19q, but not TRP53 mutation) con-

Table 3. Multivariate Analysis* of Survival of Patients with Low-Grade Diffuse Glioma (WHO Grade 1D
Variable Number of cases Hazard ratio (95% confidence interval) P value
Genetic alterations
TP53 mutation = IDH1/2 mutation 96 1
1/19q loss = IDH1/2 mutation 107 0.563 (0.367-0.865) P = 0.0087
IDH1/2 mutation only 42 0.778 (0.486-1.245) P = 0.2955
No alteration 23 0.910 (0.474-1.749) P =0.7773
TP53 mutation + 111 1
TP53 mutation — 157 0.518 (0.358-0.751) P = 0.0005
1p/19q loss + 112 1
1p/19q loss — 156 2.170 (1.454-3.240) P = 0.0002
IDH1/2 mutation + 239 1
IDH1/2 mutation — 29 1.047 (0.593-1.850) P =0.8737
Histology
Diffuse astrocytoma 130 1
Oligodendroglioma 91 0.556 (0.369-0.837) P = 0.0049
Oligoastrocytoma 47 0.704 (0.442-1.121) P = 0.1389

*After adjusting for age, sex, treatment (surgery or surgery followed by radiotherapy).



firmed /IDH7 mutations as an independent prognostic
marker for longer survival.?® In the present study, using
a large number of cases (n = 360), the presence of
IDH1/2 mutations was not prognostic for the survival of
patients with low-grade glioma in univariate or multi-
variate analyses.

Loss of 1p/19q is a well-recognized predictive marker
in oligodendrogliomas.?®?* In contrast, the prognostic
value of TP53 mutations in low-grade gliomas has been
controversial. In a study of 159 cases of grade Il astro-
cytomas and oligoastrocytomas, Peraud et al®® reported
that cumulative progression-free survival was signifi-
cantly shorter for patients with tumors with TP53 mutation,
but that there was no impact on overall survival. Ishii et
al®® reported a tendency for shorter survival in patients
(34 diffuse astrocytomas/oligoastrocytomas) with TP53
mutations, but the results were not statistically significant.
Watanabe et al®” found that TP53 mutations were not
significantly prognostic of survival of patients with diffuse
astrocytomas (n = 46). We have previously reported in a
population-based study that TP53 mutations are predic-
tive of shorter survival of patients with low-grade diffuse
gliomas (n = 122).” The present study clearly indicates
that TP53 mutation is a significant prognostic marker for
shorter survival in patients with low-grade diffuse glioma.

Table 3 shows that, with respect to clinical outcome,
the molecular classification based on IDH1/2 mutation,
TP53 mutation, and 1p/19q loss has a power similar to
that of histological classification in low-grade diffuse gli-
omas. Survival of low-grade diffuse glioma patients with
1p/19q loss = IDH1/2 mutation was significantly longer
than that of patients with TP53 mutation = IDH17/2 muta-
tion, the difference being very similar to that based on
histological diagnosis (Figure 2). Despite the observation
that IDH1/2 mutations are not prognostic, we recommend
that IDH17/2 mutation be assessed, since this is the most
reliable marker for a difftuse WHO grade Il glioma and
excludes other gliomas, including pilocytic astrocytomas,
ependymomas, and non-neoplastic brain tissues.> 28
Screening for TP53 mutations and loss of 1p/19q is im-
portant, since these changes are markers of poor and
more favorable outcome, respectively (Table 3).

A molecular classification of low-grade diffuse gliomas
provides distinct advantages, especially for oligoastrocy-
tomas. The WHO criteria for the histological diagnosis of
oligoastrocytoma include the recognition of neoplastic
glial cells with convincing astrocytic and oligodendroglial
phenotypes,’ but cases with distinct tumor areas exhib-
iting oligodendroglial and astrocytic differentiation are
rare. More commonly, oligoastrocytomas show an inti-
mate mixture of both oligodendroglial and astrocytic tu-
mor cells. There are also tumors composed of cells with
phenotypical characteristics intermediate to oligodendro-
glial and astrocytic differentiation.” The pronounced phe-
notypic heterogeneity of the astroglial and oligodendro-
glial cell lineages and a lack of reliable markers make it
difficult to define diagnostic criteria.’ Because poor char-
acterization of these cell lineages causes considerable
subjectivity in histological evaluation, interobserver vari-
ability for oligoastrocytoma is significantly higher than for
astrocytomas and oligodendrogliomas.?®3" This was
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also noted in the present study; only 45% of tumors
diagnosed as oligoastrocytomas by the referring pathol-
ogist were confirmed by histological review. Despite their
histological heterogeneity, oligoastrocytomas are genet-
ically clonal neoplasms.’ One subset appears to be ge-
netically related to diffuse astrocytomas, while another is
genetically related to oligodendroglial tumors. The bio-
logical basis for the presence of two distinct glial pheno-
types may be a common origin from precursor cells with
an IDH1 mutation. This is also true for diffuse astrocyto-
mas in which neoplastic cells resembling oligodendrogli-
omas cells may be encountered in small areas of the
tumor, and oligodendrogliomas in which cells with astro-
cytic features may be present in some tumor areas. Thus,
the available evidence suggests that oligoastrocytoma is
unlikely to be a distinct entity. It is recommended that the
Working Group of the next WHO Classification (fifth edi-
tion) re-evaluate this issue.

In conclusion, the molecular profile of low-grade dif-
fuse gliomas based on IDH1/2 mutations, TP53 mutations
and 1p/19q loss provides a more objective classification
and correlates well with clinical outcome. It should com-
plement and may eventually replace histological typing,
particularly in clinical trials including oligoastrocytomas.
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