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Abstract

ATRX immunostaining constitutes a routinely used biomarker for the practice of neuropathology. The loss of ATRX
expression correlating with ATRX gene alterations is implicated in a wide variety of pediatric and adult gliomas,

and has been indexed as a desirable or essential diagnostic criterion for four tumor types featured in the latest world
health organization classification of central nervous system Tumors. In adult-type diffuse glioma, the loss of ATRX
expression is a hallmark of astrocytoma, IDH-mutant. Recently, novel tumor types and alterations have been refer-
enced in the literature. These include the high-grade astrocytoma with piloid features (HGAP), for which no consist-
ent clinicopathological features have been defined, and the presence of other alterations in the Krebs cycle genes
(variants of the Fumarate hydratase -FH- gene) found in gliomas resembling astrocytomas, IDH-mutant. Because

of this rapidly evolving classification and histomolecular landscape, we retrospectively analyzed adult gliomas diag-
nosed over a four consecutive year period to identify supratentorial gliomas, lacking H3 alterations or IDH mutations
and harboring a loss of ATRX expression, in order to update their diagnoses in terms of histopathology, genetics

and epigenetics. Four specimens (from 620 adult gliomas, 0.7%) were reclassified at the end of the molecular workup,
as: 1/ one HGAP, 2/ one malignant transformation with a primitive neuronal component of an astrocytoma, IDH-
mutant which lost the IDH2 mutation at recurrence, 3/ a glioma, FH-mutant for which the histopathological and epi-
genetic features were similar to an astrocytoma, IDH-mutant, and 4/ a glioblastoma, IDH-wildtype. To conclude, these
exceptional cases extend the spectrum of ATRX loss in gliomas, beyond the astrocytoma, IDH-mutant and the diffuse
hemispheric glioma, H3 G34-mutant.
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Introduction

The ATRX (a-thalassemia/x-linked intellectual disability
syndrome) gene, located on chromosome Xq21.1, is a
tumor gene suppressor implicated in the incorporation
of the histone variant H3.3 on pericentric heterochro-
matin and on telomeres, as well as in several transcrip-
tion factor binding sites. Mutations of this gene have
been encountered in several glial tumor types. These
alterations induce the generation of a truncated pro-
tein which results in a loss of nuclear immunoreactiv-
ity in tumor cells [1]. Consequently, neuropathologists
routinely use ATRX immunohistochemistry as ATRX
expression/ATRX alterations constitute an essential or
a desirable criterion for three tumor types in the lat-
est World Health Organization (WHO) Classification of
Central Nervous System (CNS) Tumors: astrocytoma,
IDH-mutant [1-3], diffuse hemispheric glioma, H3 G34-
mutant [2], and high-grade astrocytoma with piloid
features (HGAP) [4, 5]. Moreover, the loss of ATRX
expression has also been identified as a potential diagnos-
tic tool for other pediatric and adult tumor types recently
described: the glioneuronal tumor with ATRX altera-
tion, kinase fusion and anaplastic features [6], diffuse
pediatric-type high-grade glioma, H3- and IDH-wildtype
(WT), RTK2B subtype [7], and diffuse midline glioma
subtype, H3K27/MAPKinase co-altered [8]. To complex-
ify this histomolecular landscape, two recent observa-
tions have evidenced that rare diffuse gliomas resembling
astrocytomas, IDH-mutant may harbor mutations of
another gene implicated in the Krebs cycle, the Fumarate
Hydratase (FH) gene, which induces a loss of expression
for the FH protein [9, 10]. In this rapidly evolving field,
we report here four observations of adult supratentorial
diffuse gliomas, lacking H3 alterations or IDH mutations
and harboring a loss of ATRX expression and represent-
ing diagnostic pitfalls or challenges.

Materials and methods

Sample selection

From a cohort of 620 adult gliomas (comprised of 152
gliomas, IDH-mutant (93 astrocytomas, IDH-mutant
and 59 oligodendrogliomas, IDH-mutant and 1p/19q
codeleted), and 468 glioblastomas, IDH-WT) diagnosed
between 01/01/2017 and 31/12/2020, we extracted all
supratentorial gliomas, lacking H3 alterations or IDH
mutations presenting a loss of ATRX expression from the
detailed reports and re-actualised their diagnoses.

Histopathological review and immunohistochemistry

The central pathology review was performed by two neu-
ropathologists (ATE, and PV). A representative paraffin
block was selected for each sample. 3-um-thick slides of
formalin-fixed, paraffin-embedded (FFPE) tissues were
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used for immunostaining. The following primary anti-
bodies were used: OLIG2 (1:500, clone EP112, Roche
Diagnostics GmbH, Mannheim, Deutschland), neuro-
filament protein (NF) (1:100, clone 2F11, Dako, Glostrup,
Denmark), Synaptophysin (1:150, clone DAK-SYNAP,
Dako, Glostrup, Denmark), H3K27me3 (1:2500, poly-
clonal, Diagenode, Liege, Belgium), EZHIP (1:75, poly-
clonal, Sigma-Aldrich, Bromma, Sweden), H3K27M
(1:5000, clone EPR18340, Abcam, Cambridge, United
Kingdom), H3G34R (1:1000, clone EPR23519, Abcam,
Cambridge, United Kingdom), BRAFV600E (1:100; clone
VE1, Spring Biosciences, Pleasanton, United States of
America), p53 (1:5000, clone DO-1, Santa Cruz Biotech-
nology, Dallas, United States of America), FGFR3 (1:150,
clone B-9, Santa Cruz Biotechnology, Dallas, United
States of America), RB1 (1:200, clone G3-245, Becton
Dickinson, Rungis, France), MSH2 (pre-diluted, clone
FE11, Dako, Glostrup, Denmark), MSH6 (pre-diluted,
clone 44, Dako, Glostrup, Denmark), MLH1 (pre-diluted,
clone E505, Dako, Glostrup, Denmark), PMS2 (pre-
diluted, clone EPR3947, Dako, Glostrup, Denmark),
and Fumarate Hydratase (FH) (1:500, clone J-13, Santa
Cruz Biotechnology, Dallas, United States of America).
External positive and negative controls were used for all
antibodies.

Fluorescent in situ hybridization (FISH)

Fluorescence in situ hybridization (FISH) analyses were
performed on representative paraffin-embedded tumor
sections. The following probe was used: MYCN (Zytovi-
sion, ZytoLight SPEC MYCN/2q11 Dual Color Probe).
FISH studies were realized as previously described [11].
Signals were scored in at least 100 non-overlapping inter-
phase nuclei. Specimens were considered amplified if > 8
signals were detected in more than 10% of nuclei [12].

RNA sequencing data

RNA was extracted from two 8-um-thick formalin-fixed
paraffin-embedded (FFPE) material sections using the
high Pure FFPE RNA Isolation Kit (Roche Diagnostics,
Boulogne-Billancourt, France) in accordance with the
manufacturer’s instruction. RNA concentrations were
measured on a Qubit 4 Fluorometer (Thermo Fisher
Scientific, USA) with the Invitrogen Qubit RNA BR Kit
(Thermo Fisher Scientific). The percentage of RNA frag-
ments >200nt (fragment distribution value; DV200) was
evaluated by capillary electrophoresis (Agilent 2100 Bio-
analyzer). A DV200>30% was required to process the
next steps in the analysis. Next-generation sequencing
(NGS)-based RNA sequencing was performed using the
Ilumina TruSight RNA Fusion Panel on a NextSeq550
instrument according to the manufacturer’s instruc-
tions (Illumina, San Diego, CA, USA). This targeted
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RNA sequencing panel covers 507 fusion-associated
genes, to assess the most known cancer-related fusions.
The TruSight RNA Fusion Panel gene list is available at
https://www.illumina.com/content/dam/illumina-marke
ting/documents/products/gene_lists/gene_list_trusight
rna_fusion_panel.xlsx. A total of 7690 exonic regions
were targeted with 21,283 probes. Libraries were pre-
pared according to the Illumina instructions for the
TruSight RNA Fusion Panel kit. STAR_v2.6.1a or Bowtie
software was used to produce aligned reads in relation to
the Homo sapiens reference genome (UCSC hg19)[13].
Manta v1.4.0, TopHat2 and Arriba tools were used for
fusion calling[14].

Next-generation sequencing (NGS)

Next-generation sequencing (NGS) was also performed
according to the Illumina NextSeq 500 protocol (Illu-
mina, San Digeo, CA, USA), which allowed us to detect
mutations for BRAE FGFRI, PTPN11, KRAS, NRAS and
HRAS. We employed a custom NGS panel known as
DRAGON (Detection of Relevant Alterations in Genes
involved in Oncogenetics by NGS), commercially avail-
able as SureSelect CD Curie CGP by Agilent. This panel
encompasses 571 oncology-related genes, serving diag-
nostic, prognostic, therapeutic, and predisposition pur-
poses. It covers nucleotide sequences (variants) and
copy number alterations (deletions and focal amplifica-
tions). Library preparation involved using 50 ng of DNA
extracted from frozen tumors with the Agilent SureSelect
XT-HS preparation kit, following the manufacturer’s pro-
tocol. In addition to the 571 genes, the panel incorporates
genome-wide probes, offering a copy number profile with
an average resolution of one probe every 200 Kb. This
allows for a comprehensive copy number profile across
all chromosomes. Variant calling was performed using
Varscan2 (v2.4.3), while copy number profiles for each
tumor were estimated using a combination of in-house
R scripts and the facets package (v0.6.0). We used a sex-
specific unmatched-germline control sequenced with the
same panel for normalization.

DNA methylation profiling and copy number variant
calculation

Tissue samples (FFPE), for which 500 ng of DNA was
extracted, were analyzed. DNA was extracted using the
QIAamp® DNA Tissue kit or QIAamp® DNA FFPE Tis-
sue Kit (Qiagen, Hilden, Germany) for FFPE samples.
DNA from FFPE samples was restored using the Infin-
ium HD FFPE Restore Kit (Illumina, San Diego, Califor-
nia, USA). Bisulfite conversion was performed using the
Zymo EZ DNA methylation Kit (Zymo Research, Irvine,
California, USA). Standard quality controls confirmed
DNA quality/quantity and bisulfite conversion. DNA was
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then processed using either Illumina Infinium Methyla-
tion EPIC or HumanMethylation450 BeadChip (Illumina,
San Diego, California, USA) arrays according to the
manufacturer’s instructions. The iScan control software
was used to generate raw data files in.idat format, ana-
lyzed using GenomeStudio software version v2011 and
checked for quality measures according to the manufac-
turer’s instructions. To complement these raw data and
as a reference, 406 samples were added from Capper et al.
containing different methylation classes corresponding to
the DKFZ v11b4 classification (updated with brain classi-
fier version 12.8). Affiliation predictions for CNS tumor
classes were obtained from a DNA methylation-based
classification of CNS tumors from DKFZ (Deutsches
Krebsforschungszentrum—German Cancer Research
Center) based on a random forest algorithm available
on the web platform www.molecularneuropathology.
org. Version v12.8 of the algorithm and the v2.0 of the
Bethesda classifier were used for the present study. The
output of these classifiers is a score (calibrated score)
indicating the classification to the reference CNS tumor
class in the algorithm. Summary copy number plots were
generated using an in-house R-script (https:// github.
com/ dstic hel/ CNsum maryp lots).

Clinical and imaging data

The following clinical data were acquired for each patient
using a dedicated datasheet: sex, age at imaging diag-
nosis, age at histopathological diagnosis, past medical
history, clinical presentation, tumor resection state, radi-
otherapy, chemotherapy, event-free survival (EFS) and
overall survival (OS). All four cases underwent central
imaging review by experienced radiologists (PK and JB).
The following features were evaluated: tumor location,
size, diffusion signal and apparent coefficient diffusion
(ADC), contrast enhancement, necrosis, edema, and per-
fusion parameters.

Case histories

Case 1

A 27-year-old man was referred for headaches. Mag-
netic resonance imaging (MRI) revealed an infiltrat-
ing capsulo-thalamic lesion with FLAIR hyperintensity
(Fig. 1A and B). The lesion was non-homogeneously
contrast-enhanced (Fig. 1C). A biopsy was performed.
Histopathologically, the sample concerned a diffuse glial
proliferation composed of astrocytic and multinucle-
ated cells with numerous mitoses (Fig. 1D). There was
no necrosis or microvascular proliferation in the biopsy
sample. There were no Rosenthal fibres, ganglionic cells,
eosinophilic granular bodies, inflammatory infiltrates,
or xanthomatous changes. The neurofilament staining
confirmed the diffuse growth pattern of the tumor. The
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Fig. 1 Imaging, histopathological and molecular features of the case #4. (A) A capsulo-thalamic infiltrating lesion without initial

enhancement after gadolinium injection but FLAIR hyperintensity (B). This tumor was non-homogeneously enhanced after gadolinium

injection during the following MRI of the follow-up (C). (D) A diffuse glial proliferation composed of astrocytic and multinucleated cells

with numerous mitoses (HPS, magnification x 400). (E) No immunoexpression for IDH1R132H (magnification x400). (F) A loss of ATRX expression
(magnification x400). (G) No overexpression of p53 (magnification x400). (H) Elevated proliferative index (MIB1, magnification x400). (I) A preserved
expression of FH (magnification x400). (J) Copy number variation analysis showing a homozygous deletion of the CDKN2A gene. Black scale bars

represent 60 um. HPS: Hematoxylin Phloxin Saffron

tumor cells diffusely expressed OLIG2 and H3K27me3
was maintained. There was no immunoexpression for
IDHI1R132H (Fig. 1E), H3K27M, EZHIP, or H3G34R.
There was a loss of ATRX expression and no overexpres-
sion of p53 (Fig. 1F and G). The proliferative index was
high (Fig. 1H). The expression of MMR proteins and FH
were preserved (Fig. 1I). A NGS analysis evidenced a
mutation of the ATRX and NFI genes and a homozygous

deletion of CDKN2A (Fig. 1]). The neurooncologist com-
municated information concerning a context of type 1
neurofibromatosis. DNA-methylation profiling classed
the tumor as HGAP (calibrated scores of 0.99, using the
DKFZ classifier, v12.8, and Bethesda classifier v2.0). The
patient received radiation therapy and chemotherapy
(Temozolomide), and died 24 months after the initial
diagnosis from tumor progression.
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Case 2

A 29-year-old man was diagnosed two years ago with a
right frontal diffuse astrocytoma, IDH-mutant (grade 2)
with IDH2 R172S, ATRX and TP53 mutations (Fig. 2A—
D). The histopathology was classic for a diffuse astrocy-
toma, IDH-mutant (Fig. 2E-G). The tumor was initially
subtotally resected and radiological and clinical surveil-
lance was carried out. Two years after the initial diagno-
sis, an MRI evidenced an in situ recurrence revealed by
confusion and hemiparesis (Fig. 2H-K). A novel surgery
was performed. Histopathologically, the tumor was dif-
ferent than the first sample, composed of solid nodules
showing immature cells with numerous mitoses, exten-
sive necrosis, and microvascular proliferation (Fig. 2L).
The tumor cells focally expressed OLIG2 and diffusely
expressed synaptophysin (Fig. 2M and N). There was
an overexpression of p53, a loss of ATRX expression
(Fig. 20 and P), and a significantly reduced expression for
RB1 (not shown). IDHIR132H was negative. The expres-
sion of MMR proteins and FH were preserved. The NGS
analysis found the same TP53 and ATRX mutations as
the first surgery, but there were no IDH1/2 mutations the
second time. The FISH analysis evidenced a MYCN high-
level amplification (Fig. 2Q) and no CDKN2A/B deletion.
DNA-methylation profiling analysis determined it was an
astrocytoma, IDH-mutant, higher grade (calibrated score
of 0.51, using DKFZ classifier, v12.8, and calibrated score
of 0.99, using Bethesda classifier, v2.0). A t-sne analysis,
which included a primitive neuronal component, IDH-
mutant astrocytomas was performed, showing that the
case clustered within this methylation class (Supplemen-
tary Fig. 1). Treatment by radiation therapy and chemo-
therapy (Temozolomide) was initialized, but the patient
died five months after the second surgery.

Case 3

A 74-year-old man experienced symptoms of raised
intracranial pressure. An MRI revealed a lesion in the
third ventricle showing heterogeneous enhancement
after the injection of gadolinium (Fig. 3A-C). A tumor
biopsy was performed. Histopathologically, the biopsy
revealed a diffuse glioma with an astrocytic proliferation,
showing several mitoses and a microvascular prolifera-
tion (Fig. 3D). There was no necrosis. The neurofilament
staining confirmed the infiltrating tumor growth. Tumor
cells expressed OLIG2 and H3K27me3. There was a loss
of ATRX expression (Fig. 3E) without immunopositivity
for IDHIR132H. The expression of MMR proteins was
preserved. The NGS analysis confirmed the presence of
an ATRX mutation associated with a PIK3CA variant, but
without IDHI1/2 and TP53 mutations. The DNA-meth-
ylation profiling analysis concluded it was a diffuse gli-
oma, IDH-mutant (calibrated score of 0.65 using DKFZ
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classifier v12.8, and 0.98 Bethesda classifier v2.0), and
subtype astrocytoma, IDH-mutant, low grade (calibrated
score of 0.48 Bethesda classifier v2.0). Retrospectively,
an FH immunostaining was performed and showed a
complete loss of expression in tumor cells, and a comple-
mentary sequencing analysis revealed the presence of an
FH mutation (Fig. 3F). Because of an initial diagnosis of
glioblastoma, the patient received chemotherapy (Temo-
zolomide) and radiation therapy. Currently, the patient
is alive with a stable disease 56 months after the initial
diagnosis.

Case 4

A 38-year-old woman experienced headaches, and pares-
thesia on the right side of her body. MRI revealed a left
temporo-parietal lesion of the third ventricle with infil-
tration of the corpus callosum heterogeneously enhanced
after injection of gadolinium (Fig. 4A—E). A tumor biopsy
was performed. Histopathologically, the biopsy con-
cerned a diffuse glioma with an astrocytic proliferation,
showing several mitoses and a microvascular prolifera-
tion (Fig. 4F). There was no necrosis. Multinucleated cells
and microcalcifications were observed. The neurofila-
ment staining confirmed the infiltrating tumor growth.
Tumor cells expressed OLIG2 and H3K27me3. There was
no IDH1R132H, BRAFV600E or FGFR3 immunopositiv-
ity but a loss of ATRX expression, a p53 overexpression
and a high proliferative index (Fig. 4G-J). The expres-
sion of MMR proteins and FH were preserved (Fig. 4K).
NGS analysis confirmed the presence of an ATRX muta-
tion associated with a TP53 variant and a homozy-
gous deletion of CDKN2A, without IDHI1/2 mutations.
RNA-sequencing analysis failed to reveal any fusion.
The DNA-methylation profiling analysis concluded with
a glioblastoma, mesenchymal type (calibrated score of
0.45, using DKFZ classifier v12.8, and calibrated score
of 0.80 using Bethesda classifier v2.0). The copy number
variation analysis showed a gain of chromosome 7, with-
out the loss of chromosome 10, and amplifications of the
MDM?2 and CDK4 genes without EGFR amplification
(Fig. 4L). The final diagnosis was a glioblastoma, IDH-
WT. Treatment by radiation therapy and chemotherapy
(Temozlomide) was initialized, but the patient died three
weeks after the biopsy.

Discussion

ATRX immunostaining is now largely included in the
routine diagnostic panel of neuropathologists. The loss of
ATRX expression currently constitutes a hallmark of sev-
eral pediatric and adult tumor types. In adult-type glioma,
the main diagnosis is the astrocytoma, IDH-mutant, which
presents a loss of expression in more than 90% of supraten-
torial specimens [15]. When ATRX expression is preserved,
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Fig. 2 Imaging, histopathological and molecular features of case #2. Axial T1 sequence before (A) and after contrast injection (B) displayed a large
right hemispheric lesion with slight subcortical enhancement (arrow in B), associated with mass effect and brain herniation under the falx cerebri.
T2-weighted sequence (C) and T2-FLAIR sequence (D) displayed a hyper-intense liquid central contingent (arrow in D) in T2 and signal suppression
in FLAIR. (E) A diffuse astrocytoma (HPS, magnification x 400) with a low proliferative index (F, magnification x 400), and loss of ATRX expression

(G, magnification x400). Two years after the initial surgery, diffusion-weighted imaging (H) displayed a rim with diffusion restriction (arrows),
suggesting hypercellularity. Relative Cerebral Volume (rCBV) map (I) computed from Perfusion-Weighted Imaging, displayed a hyperperfused area
in the frontal region (rCBV=5), suggesting the presence of an intermediate or high grade component. Axial T1 sequence after contrast injection (J)
displayed a large mass (star) posterior to the postoperative cavity (arrow) with partial enhancement suggesting intratumoral necrosis. Susceptibility
imaging (K) displayed hemorrhagic areas (arrow). The recurrent tumor was histopathologically different, composed of solid nodules showing
immature cells with numerous mitoses (L). (M) Focal expression of OLIG2 (magnification x400), and diffuse immunoreactivity for synaptophysin (N,
magnification x400). (0) Overexpression of p53 (magnification x400). P loss of ATRX expression (magnification x400). Q High-level amplification

of MYCN locus (magnification x 400, MYCN locus: green signals, centromere of chromosome 2: orange signals). Black scale bars represent 60 pm.
HPS: Hematoxylin Phloxin Saffron
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after the injection of gadolinium (A-C). (D) A diffuse glioma with an astrocytic proliferation, showing several mitoses and a microvascular
proliferation (HPS, magnification x400). (E) A loss of expression of ATRX (magnification x400). (F) The FH immunostaining showed a complete loss
of expression in tumor cells, and a preserved expression of residual glial cells in the parenchyma (magnification x 400). Black scale bars represent
60 um. HPS: Hematoxylin Phloxin Saffron

the presence of TP53 alterations can be supportive of the
presence of an astrocytoma rather than an oligodendro-
glioma [2, 16]. Regarding the recent literature, neuropathol-
ogists have to be mindful of two pitfalls illustrated in this
study. Firstly, the IDH1/2 driver mutation may disappear at
recurrence: it may be observed in malignant [17] or sarco-
matous transformations [18], or in the case of a neuronal
primitive component differentiation in an astrocytoma,
IDH-mutant [19]. Interestingly, DNA-methylation analyses
still classified these recurrent poorly differentiated tumors
as “gliomas, IDH-mutant” [18, 19]. Yamaguchi J. et al
reported an astrocytoma, IDH-mutant which transformed
into a malignant form with a primitive neuronal compo-
nent [19]. This component was not mutated for the IDH1/2
genes and was classified as an astrocytoma, IDH-mutant;
High Grade with a low score of 0.61 [19]. Herein, we show
that the DNA-methylation profile of this recurrence clus-
tered with IDH-mutant astrocytomas having a primitive
neuronal component, which constitute a distinct methyla-
tion class, associated with a poorer prognosis than classical
astrocytomas, IDH-mutant (grades 2 and 3), and recur-
rent alterations (MYCN amplification and RBI deletion)
[20]. However, in this cohort, only primary tumors were
included and using immunohistochemistry, both classical
astrocytic and primitive neuronal component astrocytomas
expressed the IDH1R132H mutation [20]. Our observation
and that of Yamaguchi J. et al. [19] may represent an exam-
ple of a clonal selection presenting as the primary tumor
ATRX and TP53 mutations, but with additional molecular
features (MYCN amplification). This situation illustrates

the difficulty of suggesting this diagnosis if the anteriority
of astrocytoma, IDH-mutant is not known. Or in case a of
late de novo diagnosis. In this context, differentiating this
diagnosis from a glioblastoma, IDH-mutant with a primi-
tive neuronal component may be challenging and long
clinical history can help. However, this tumor type does
not present a loss of ATRX expression/ATRX alterations
[21, 22], and a distinct methylation class for glioblastoma,
with neuronal primitive component exists. Secondly, in the
“IDH” area, neuropathologists should be aware of another
recently described pitfall. Indeed, the current case #3 rep-
resents the third example of an astrocytoma, IDH-mutant
without an IDH1/2 variant but with an FH alteration [9].
FH is part of the citrate cycle, like IDH1/2, and it has been
shown that FH loss, via the accumulation of FH substrate
fumarate, activates a series of oncogenic cascades whose
contribution to transformation is still under investigation
[23]. FH is routinely used in pathology, for uterine leiomyo-
mas and renal cell carcinomas [24, 25]. Consequently, FH
immunostaining may be useful when faced with a DNA-
methylation profile or the histopathology (including loss of
ATRX expression) of an astrocytoma, IDH-mutant with-
out any /DH1/2 mutations identified. The frequency of FH
alterations in the glioma, IDH-mutant landscape needs to
be determined in further cohorts. Thus, FH immunostain-
ing may constitute an excellent diagnostic screening tool.
The current work has evidenced an FH alteration in only
one glioma over a period of four consecutive years, during
which 153 “gliomas, IDH-mutant” were diagnosed. How-
ever, this proportion may be biased because other gliomas,
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Fig. 4 Imaging, histopathological and molecular features of case #4. Axial T2-FLAIR sequence (A) displayed a mass centered on the left part

of the corpus callosum splenium (star in A), associated with a left hemispheric infiltration with high FLAIR intensity (arrow in A). After contrast
injection, axial T1 sequence (B) displayed a diffuse, non-necrotic enhancement on the mass bulk (arrows in B). Diffusion Weighted Imaging

(C) displayed high intensity areas inside the mass, suggesting tumoral hypercellularity. Relative Cerebral Volume (rCBV) map (D) computed

from Perfusion-Weighted Imaging, displayed a hyper-perfused area in the periventricular region (rCBV=2.5), suggesting the presence

of an intermediate or high grade contingent. Spectroscopic analysis with long Echo Time (TE= 144 ms) (E) displayed a myoinositol peak suggestive
of a glial origin, an increase of choline, and a decrease of N-Acetyl-Aspartate, suggestive of hypercellularity and lactate peaks, suggestive

of anaerobic metabolism. (F) A diffuse glioma with an astrocytic proliferation, showing atypicalities, multinucleated cells and a microvascular
proliferation (HPS, magnification x 400, insert HPS magnification x 400). (G) No immunopositivity for IDH1R132H (magnification x400). (H)

Loss of expression of ATRX (magnification x400). (I) No overexpression of p53 (magnification x400). (J) Eleavted proliferative index (MIB1,
magnification x400). (K) Preserved expression of FH (magnification x400). (L) The copy number variation analysis showed a gain of chromosome 7,
without a loss of chromosome 10, and ampilifications of the MDM2 and CDK4 genes without EGFR amplification. Black scale bars represent 60 pm.
HPS: Hematoxylin Phloxin Saffron

FH-mutant without the loss of ATRX expression (but per-  included in the latest WHO Classification of CNS Tumors
haps only an overexpression of p53) have potentially been  [3]. However, this diagnosis remains a challenge due to
misdiagnosed. Over the past few years, neuropatholo- inconsistent clinical, histopathological and genetic fea-
gists have become familiar with HGAP and it has been  tures. Indeed, although the loss of ATRX expression may
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prompt neuropathologists to suggest this tumor type, this
immunophenotype is not consistently observed (reported
in 58.5% of specimens in a series of 111 HGAP (26)). More-
over, while the posterior fossa represents a common loca-
tion, the literature and the current case #4 illustrate that
supratentorial examples are possible [26]. Furthermore,
although this tumor type was included in the chapter of
circumscribed astrocytic gliomas, HGAP can frequently
be partially infiltrating, making this diagnosis a potential
pitfall for other diffuse gliomas encountered in adults [4,
27, 28]. Therefore, the sole tool for the diagnosis of HGAP
still remains DNA-methylation profiling. Finally, the loss of
ATRX expression seems to be very rare in glioblastomas,
IDH-mutant, representing only 4.5% of specimens from
a previous series [29], but this frequency was estimated
before the era of DNA-methylation profiling, and has to re-
evaluated in further cohorts with actualized diagnoses.

To conclude, in an adult subpopulation, the loss of ATRX
expression should prompt neuropathologists to carry out
genetic and epigenetic investigations before establishing a
diagnosis of glioblastoma, IDH-WT.

Abbreviations
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IDH PNC Astrocytoma,  IDH-mutant, with  neuronal  primitive
component

MB_SHH_IDH  Medulloblastoma, SHH-activated, IDH-mutant
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