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Case report
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Summary

Primary mesenchymal tumors of the meninges include various types, with meningioma
being the most prevalent. Non-meningothelial primary tumors of the meninges are uncom-
mon and present diagnostic difficulties due to their potential morphological similarities with
each other and with the anaplastic subtype of meningioma. Intracranial dedifferentiated
chondrosarcoma is extremely rare and is defined by the presence of both a conventional
chondrosarcoma component and a non-cartilaginous sarcoma component. Diagnosing
this tumor can be particularly challenging in biopsy samples or when the chondrosar-
coma component is not prominently represented. We report a rare case of dedifferentiated
chondrosarcoma of the cavernous sinus in a specimen containing only the dedifferenti-
ated component and exhibiting an IDH7 mutation, underscoring the importance of genetic
characterization for the differential diagnosis of tumors in this anatomical region. Given the
recent evidence supporting the efficacy of IDH inhibitors in chondrosarcomas, identifying
mutations in these genes may also have significant therapeutic implications.
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Introduction

Primary mesenchymal tumors of the meninges are a heterogeneous
group, with meningiomas being the most common. These latter ac-
count for approximately 42% of all primary tumors of the central nervous
system (CNS)', and, according to the 2021 World Health Organization
(WHO) classification of CNS tumors, are classified into 15 histological
subtypes and three grades of malignancy based on histopathological
and genetic criteria®. In detail, meningiomas are classified as CNS WHO
grade 3 (anaplastic subtype) in the presence of a mitotic index of = 20
mitoses/1.6 mm? and/or a morphological aspect reminiscent of carcino-
ma, high-grade sarcoma or melanoma, and/or pTERT mutation, and/or
CDKN2A/B homozygous deletion®. Owing to their possible sarcomatous
appearance, WHO grade 3 meningiomas should be differentiated from
malignant non-meningothelial primary mesenchymal tumors that can
rarely affect the meninges.

Non-meningothelial primary mesenchymal tumors of the meninges are
rare, accounting for less than 1.2% of all primary CNS tumors?. These
include either benign or malignant tumors, the latter comprising rhab-
domyosarcoma, Ewing sarcoma, chondrosarcoma, and the recently
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identified intracranial mesenchymal tumor FET::CREB
fusion-positive, CIC-rearranged sarcoma, and prima-
ry intracranial sarcoma DICERT-mutant*. Within this
group, chondrosarcomas represent a class of malig-
nant mesenchymal tumors characterized by cartilagi-
nous differentiation, and may rarely exhibit extraosse-
ous localization in the intracranial meninges*. Chon-
drosarcomas are classified into conventional, dediffer-
entiated, mesenchymal, and clear cell subtypes, with
the conventional subtype being the most prevalent.
Dedifferentiated chondrosarcoma is a high-grade vari-
ant characterized by a biphasic morphology compris-
ing a conventional chondrosarcoma component and
a high-grade non-cartilaginous sarcoma component*.
Differential diagnosis of dedifferentiated chondrosar-
coma can be challenging in biopsy samples in which
the conventional component is absent or minimal.

In this report, we present a rare case of intracranial
dedifferentiated chondrosarcoma located in the cav-
ernous sinus, emphasizing the importance of genetic
sequencing for the differential diagnosis of meningeal
tumors with sarcomatous morphology and for pos-
sible therapeutic implications.

Case report

Due to diplopia, a 46-year-old man performed oph-
thalmic and neurological examinations, which re-
vealed palsy of the right medial rectum and trigem-
inal neuralgia. Magnetic resonance imaging (MRI)
demonstrated a mass with a calcified core in the right
cavernous sinus with no apparent relations to the skull
bone (Fig. 1). Transphenoidal biopsy of the mass was
performed at another hospital, but the histological ex-
amination was inconclusive owing to the paucity of
neoplastic tissue in the specimen.

One year later, the patient was referred to our hospi-
tal, where MRI revealed a volumetric increase in the
previously identified lesion, which displayed irregular
margins and inhomogeneous contrast enhancement,
and encased the carotid artery. Owing to worsening
clinical symptoms and development of right facial hy-
poesthesia, the patient underwent partial removal of
the lesion. During surgical resection, it appeared as a
soft mass adherent to the dura and underlying brain
parenchyma, and entrapped the cranial nerves within
the cavernous sinus.

Histological examination revealed a highly cellular
tumor, composed of spindle or epithelioid cells with
frequent mitoses (mitotic index: 22/1.6 mm?). The tu-
mor featured necrosis and areas of osseous differen-
tiation, and infiltrated the dura, nerve fibers, and brain
parenchyma (Fig. 1).

Based on morphological features, meningioma ana-
plastic subtype, gliosarcoma, pleomorphic sarcoma,
osteosarcoma and dedifferentiated chondrosarcoma
were considered in the differential diagnosis.
Immunohistochemical analysis revealed that the ne-
oplastic cells were positive for podoplanin (clone D2-
40; DAKO Agilent, CA, USA; 1:50), focally positive for
EMA (clone E29; DAKO Agilent, CA, USA; 1:400) and
negative for progesterone receptor (clone PgR 1294;
DAKO Agilent, CA, USA; prediluted), SSTR2A (clone
EP149; Bio Sb, CA, USA; prediluted), cytokeratins
(clone AE1/AES; Leica Biosystems, IL, USA; 1:100),
GFAP (clone GA5, prediluted; Leica Biosystems, IL,
USA), OLIG2 (clone EPR2673; Abcam, ltaly; 1:100),
S-100 protein (polyclonal; DAKO Agilent, CA, USA;
1:3000), CD34 (clone QBEND/10; Leica Biosystems,
IL, USA; prediluted), IDH1 R132H (clone H09; Diano-
va, Germany; 1:20), p63 (clone BC28, prediluted; Lei-
ca Biosystems, IL, USA), myogenin (clone F5D; DA-
KO Agilent, CA, USA; 1:50), desmin (clone DE-R-11,
prediluted; Leica Biosystems, IL, USA), SOX9 (clone
EPR14335; Abcam, ltaly; 1:2000), and SOX10 (clone
EP268, Merk Life Science S.r.l., Italy; 1:200) (Fig. 1).
ATRX immunoexpression was lost in neoplastic cells
(clone X1; Dianova, Germany; 1:200) (Fig. 1). P53
was negative (clone DO-7, Leica Biosystems, New-
castle, UK; pre-diluted). The immune-expression of
H3 K27me3 (clone C36B11; Cell Signalling, The Nei-
therlands: 1:200) was retained. The Ki-67 (clone MNT;
Leica Biosystems, IL, USA,; pre-diluted) labeling index
was 40%.

The absence of glial marker expression effectively
excluded the possibility of gliosarcoma or other glial
tumors. Similarly, the lack of epithelial marker staining
ruled out dedifferentiated carcinoma. Furthermore, the
preserved expression of H3 K27me3 contradicted the
diagnosis of amalignant peripheral nerve sheath tumor.
Owing to the focal positivity for EMA, the anaplastic
meningioma subtype could not be excluded. However,
the strong and diffuse positivity for podoplanin favored
chondrosarcoma®.

The tumor was analyzed using the SureSelectXT HS
CD Glasgow Cancer Core assay, which spans 1.85 Mb
of the genome and interrogates 174 genes ( Supple-
mentary File 1) for somatic mutations, copy number
alterations, and structural rearrangements. Next-gen-
eration sequencing (NGS) identified mutations in
IDH1 (p.R132C; variant allele frequency [VAF]: 31%),
TP53 (p.P191del; VAF: 83%), and RB1 (p.E746Gfs*3;
VAF: 18%); amplification of EGFR (8 copies), IGF1R
(10 copies), and YAP1 (8 copies), and homozygous
deletion of ATRX. In addition, NGS revealed a com-
plex copy number variation (CNV) profile, character-
ized by loss of heterozygosity (LOH) of chromosomes
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Figure 1. Imaging, histopathological and immunohistochemical features of meningeal dedifferentiated chondrosarcoma. (A)
MRI demonstrates a tumor mass in the right cavernous sinus. The tumor was composed of epithelioid (B) and spindle cells
with brisk mitotic activity (C)and displayed areas of osseous differentiation (D). Tumor cells were focally positive for EMA (E).
S$100 immunostaining was positive in the infiltrated brain parenchyma, but not in the neoplastic cells (F). ATRX was negative
(endothelial cells served as internal positive control for the immune-reaction) (G). Tumor cells were diffusely and strongly
positive for podoplanin (H).

(chr) 1g42.12-q44 and 9p24.3-p24.1, copy neutral
LOH of chr4p16.3-p16.1, chr4q34.1-q35.2, chr5p,
chr7q32.2-936.3, chr9p23-p11.2, chri0p, chri2,
chri6p, chr17p, chr18p, and chr21q, and gains of
chrip, chr2p, chrép, and chr19p.

Based on the histological, immunohistochemical, and
genetic findings, the tumor was finally diagnosed as
dedifferentiated chondrosarcoma.

The patient received radiotherapy and was alive 9
months after diagnosis.

Discussion

Chondrosarcomas of the cavernous sinus are rare,
representing approximately 5% of all surgically ex-
cised lesions in this anatomical region and less than
1% of all chondrosarcomas?. Within this group, ded-
ifferentiated chondrosarcomas are exceedingly rare,
with only four intracranial cases, and two in the cav-
ernous sinus, documented in the English literature®®.
The cavernous sinus is a complex anatomical region
characterized by an extradural venous plexus located

within the dural folds. This area is traversed by several
critical structures including the carotid artery, cranial
nerves, and sympathetic nerve fibers. The diverse
anatomical components of the cavernous sinus can
give rise to various neoplastic and non-neoplastic le-
sions, among which meningiomas and schwannomas
are the most frequent. Lesions in the cavernous si-
nus manifest through similar clinical symptoms, such
as ophthalmoplegia or trigeminal sensory loss, and
exhibit similar radiological findings. Consequently,
histopathology plays a crucial role in the diagnosis
and treatment planning of these lesions. However,
the histological diagnosis of dedifferentiated chondro-
sarcomas may be particularly challenging if the con-
ventional chondrosarcoma component is absent, as
in the present case, or underrepresented. Indeed, the
dedifferentiated component of these tumors shares
morphological similarities with other tumors, including
undifferentiated pleomorphic sarcoma or osteosarco-
ma, or anaplastic meningioma. Further increasing the
diagnostic challenges, some dedifferentiated chon-
drosarcomas may display carcinomatous histological
differentiation and cytokeratin immunoexpression, or
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may lack S100 immunostaining which is considered
an hallmark of chondrosarcomas’, as observed in the
present case. Herein, the sarcomatous/carcinoma-
tous morphology combined with immunohistochemi-
cal positivity for EMA and the apparent origin from the
meninges initially suggested a diagnosis of anaplas-
tic meningioma. Although the presence of epithelioid
cells could indicate metastatic carcinoma, this possi-
bility was excluded because of the absence of keratin
and p63 immunoreactivity. The sarcomatous appear-
ance and presence of the bone matrix also prompted
the consideration of osteosarcoma in the differential
diagnosis. The diffuse and strong immunohistochem-
ical positivity for podoplanin, which was reported in
chondrosarcoma but not in histologically similar tumor
types®, along with morphological features, prompted
consideration of dedifferentiated chondrosarcoma.
The final diagnosis of dedifferentiated chondrosarco-
ma was achieved owing to molecular profiling, which
revealed an /IDH1 p. R132C mutation. Indeed, muta-
tions in IDH1/2 have been identified in a large pro-
portion of chondrosarcomas, but not in meningiomas,
undifferentiated pleomorphic sarcomas of the bone,
or osteosarcomas®. With regards to dedifferentiated
chondrosarcomas, IDH1/2 mutations were previously
identified in 20 of 23 extra-cranial cases and in 2 of the
4 intracranial cases reported, of which only one was in
the cavernous sinus®®. Notably, less than 5% of mutat-
ed tumors harbored /IDH7 p. R132H mutation®, which
is detectable using a specific antibody; therefore, im-
munohistochemistry has a limited role in identifying
IDH mutations in dedifferentiated chondrosarcomas,
whereas molecular assays are required to detect this
genetic alteration in most cases. Although /IDHT mu-
tations were also detected in rare meningiomas', the
tumor lacked other typical genetic alterations of ana-
plastic meningiomas, such as NF2 or pTERT muta-
tions, 1p loss, or CDKN2A/B homozygous deletion’.
TP53 mutation is also part of the molecular portrait
of dedifferentiated chondrosarcoma?® and was detect-
ed in the present case. The detected alteration was
a gene deletion and lead to the absence of P53 im-
munostaining. While ATRX missense mutations or
frameshift deletions have been identified in two cases
of conventional chondrosarcoma, this is the first case
of dedifferentiated chondrosarcoma characterized by
an ATRX homozygous deletion™. This genetic alter-
ation led to the immunohistochemical loss of ATRX
in tumor cells. Consequently, in this dedifferentiated
chondrosarcoma, IDH1 mutation was associated with
ATRX and TP53 alterations, similar to what is typically
observed in IDH-mutant astrocytomas.

Owing to the recent data supporting the efficacy of
IDH inhibitors in IDH-mutant chondrosarcomas, the

differential diagnosis of these tumors towards mor-
phological mimickers is also relevant for therapeutic
purposes’,

Conclusions

We report a rare case of a dedifferentiated chondro-
sarcoma of the cavernous sinus. Because the surgical
specimen contained only the dedifferentiated compo-
nent and lacked the chondrosarcomatous component,
the histological diagnosis was quite challenging, and
the final diagnosis could be achieved only by NGS,
showing IDH1/2 mutations that can be present in ded-
ifferentiated chondrosarcomas but not in histological
mimickers. Aside allowing the differential diagnosis
versus histological mimickers, the molecular profil-
ing, leading to the identification of IDH mutations, can
have relevant therapeutic implications related to the
potential efficacy of IDH inhibition in these tumors.
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