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Background: Clear-cell meningioma is a rare subtype, representing
0.2-0.8% of all meningiomas. It is classified as grade 2 according to World DOI: 10.4103/ijpm.ijpm_349_24
Health Organization (WHO) classification due to its aggressive clinical course. Quick Response Code:
Morphologically, it can mimic other clear-cell tumors arising in the central
nervous system, each having different clinical behavior, therapeutic protocol,
and prognostic outcome. Aim: This study aims to describe clinicopathological
characteristics of clear-cell meningioma and to discuss the histomorphological
features and differential diagnosis. Materials and Methods: The
demographic, clinical, radiological, histopathological features, and follow-up
of the patients were recorded and analyzed. Results: Clear-cell meningioma
constituted 1.3% of all meningiomas. The age of the patients ranged from
16—46 years (mean age — 27 years), with a slight female predominance.
Follow-up varied from six months to six years. Recurrence was noted in four  Due to its rarity, most of the descriptions
patients while three patients died. Histopathology revealed sheets of clear  of CCM are limited to single case reports
cells with prominent blocky interstitial and perivascular collagen deposition.  4nq few case series.*¥ Here, we report
Focal vague whorl formation and occasional intranuclear inclusions could clinicopathological characteristics
be identified on careful search. Conventional meningothelial areas or typical . .
X . o . of 10 cases of CCM and discuss its
psammoma bodies were not seen. Conclusion: Clear-cell meningioma is a . , . .
rare subtype of meningioma with aggressive behavior. The presence of blocky h}StOPat,hOlOglcal features and differential
collagen, a careful search for whorl formation, and intranuclear inclusions are diagnosis.
helpful in approaching the correct diagnosis. An interdisciplinary approach by
correlating the clinical, radiological, and histological features can enhance ~MATERIALS AND METHODS
the accuracy of diagnosis.
Atotal of ten cases diagnosed as CCM over a
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Meningiomas are slow-growing, extra-axial tumors exhibiting a wide variety of
morphological patterns due to the pluripotent nature of archnoid cap cells, which are
the cell of origin of meningiomas. World Health Organization (WHO) has described 15
subtypes of meningiomas and has stratified them into three grades according to their
biological behavior.™ Clear-cell meningioma (CCM) is a rare subset, representing about
0.2-0.8% of all meningiomas.”* These are graded as WHO grade 2 tumors and are
associated with a high likelihood of recurrence. It usually affects young females with a
predilection for spinal and cerebello-pontine angles.*?

Histologically CCM is characterized by patternless sheets of polygonal cells with abundant
clear cytoplasm and bland-looking round to oval centrally placed nuclei with fine chromatin.
Prominent blocky perivascular and interstitial collagen are common. Histopathological
diagnosis of CCM is challenging because the defining meningothelial features are usually
focal or ill-defined.!"? Due to its aggressive behavior, it is important to differentiate it from
other meningioma variants and clear-cell tumors occurring in the central nervous system.
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period of 20 years (2004-2023) were reviewed. Clinical details and
immunohistochemistry reports were retrieved. The clinical data
collected included age, gender, location of the tumor, symptoms,
radiological features, and follow-up. Immunohistochemistry
(IHC) was conducted only in six cases. IHC markers studied were
epithelial membrane antigen (EMA), glial fibrillary acidic protein
(GFAP), S-100, vimentin, and Ki-67. The study was approved by
the medical ethics committee of the institution.

RESULTS

During the period of 20 years (2004-2023), 720 cases of
meningiomas were diagnosed in the department, of which 10
were CCMs, thus constituting 1.3% of all meningiomas.

Clinical data

Age and sex ratio

The age ranged from 16-46 years (mean age — 27 years]. There
was a slight female predominance with an M:F ratio of 1:1.5.

Site
The most common location was the spine (40%) and posterior fossa

(40%) and one case each of the parasagittal, basifrontal region.

Clinical features
The symptoms in patients with the intracranial location were

Table 1: Clinicoradiological details of the patients

headache, vomiting, vertigo, and unilateral weakness of the body.
In patients with spinal location, back pain and lower limb
weakness were the common symptoms.

Radiology

Computed tomography (CT) and magnetic resonance imaging (MRI)
showed variably sized extra-axial and extra-medullary dural-based
lesions [Figure 1]. The largest dimensions noted on imaging were
8 x 5.3 x 5.5 cm. The clinical and radiological details of all the
cases are shown in Table 1.

Histopathology

On gross inspection, the specimen comprised irregular
grayish-white tissue pieces of size ranging from 1.5 to 8 cm. All
the tumors showed similar histomorphology. On microscopic
examination, the tumors were composed of sheets of clear cells
with prominent blocky interstitial and perivascular collagen
deposition [Figure 2a]. Focal vague whorl formation was noted
in almost all the cases [Figure 2b]. Individual cell showed
round to oval centrally placed nuclei with fine chromatin and
moderate to abundant clear cytoplasm with distinct cytoplasmic
borders [Figure 2c]. Occasional intranuclear inclusions could
be identified on careful search. Calcification was noted in two
cases, but typical psammoma bodies were not seen [Figure 2d].
In all the cases, the tumor occurred in pure clear-cell form, and
admixed conventional meningothelial areas were not seen.

Case no. Age Gender Site Size Follow-up
1 16 Female Posterior fossa 46%x24%x4cm Recurrence after six months followed by death
2 22 Female Spinal IDEM (D12) 13x1.2x1.6cm No recurrence
3 23 Female Spinal IDEM (L3-5) 1.5x1.5x1.2cm No recurrence
4 30 Male Spinal IDEM (D12-L1) 2x1.6x1.2cm No recurrence
5 24 Male Parasagittal 8x5.3x55cm Recurred two times
1%t recurrence after three years
2" recurrence after six years, followed by death
6 42 Female Basifrontal 5.6 x4.6x4.5cm Lost to follow up
7 46 Male Posterior fossa 4.7%x2.1%x3.3cm Lost to follow up
8 18 Female Cervicomedullary junction 3.7x2.5x3.8cm Recurred after 1.5 years
9 30 Male Posterior fossa 45x35x4cm Recurred after one year followed by death
10 20 Female Spinal (c2—c4) 2.1x1.5x1.6cm No recurrence

Figure 1: MRI IMAGES - (a) — well-defined lesion arising from tentorium (b) — extra-axial space-occupying lesion at cervicomedullary
junction. (c) — intradural extramedullary lesion involving thoracolumbar junction
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Nuclear pleomorphism or tumor necrosis was not seen, and
mitoses were infrequent. Immunohistochemistry was conducted
in six cases. Vimentin showed diffuse positivity [Figure 3b].
Focal positivity was seen with S-100 [Figure 3c]. EMA was
negative or showed focal positivity, while GFAP was negative
[Figure 3a and 3d].

Follow-up

The postoperative follow-up period varied from six months to
six years. Out of 10, two patients lost to follow up. Recurrence
was noted in four cases (40%) after six months to six years.
Recurrent tumors were noted in patients with intracranial
location. None of the patients with spinal tumors had
recurrence. Three patients (30%) died after being operated for
recurrence.

DISCUSSION

CCM is a rare variant of meningioma which is potentially
aggressive despite its bland histological appearance. Zorludemir
et al.® first described this neoplasm in 1995 and were
subsequently listed as a distinct entity in the WHO classification
of brain tumors in 2000. Till date, more than 100 cases of CCM
have been reported in English literature.”’ Most of these are single
case reports with few case series.**!

CCM constitutes 0.2-0.8% of all meningiomas."**! A higher
incidence accounting for 1.3% was noted in our study. CCM
exhibits a predilection for the posterior fossa and spinal cord**!
as also seen in eight of 10 cases in the present study. Most
patients of CCM are young usually in the first three decades of
life, although occasional cases in older patients have also been
reported. In this study, eight patients were in the first three
decades of life except two who were 46 and 48 years old. A slight
female predominance was noted in the study as described by
other authors.”* The aggressive nature of this tumor has been

Figure 2: (a) — Section showing prominent blocky collagen with sheets

of clear cells (H and E, 100X). (b) — Section showing clear cells with
vague whorl formation (H and E 400X). (c) — Section showing clear cells
with well-defined cell borders. (H and E 400X). (d) — Section showing
non-psammomatous calcification. (H and E 400X)

confirmed by various studies which warrant an accurate diagnosis
of this tumor. In the current study, four of 10 cases (40%) had
recurrence at the interval of six months to six years. Three
patients (30%) died after being operated for recurrence. Previous
studies have reported a recurrence rate from 22.2% to as high as
62%.%% Intracranial CCMs are associated with a higher recurrence
rate than the spinal ones, following resection.** In our series,
also none of the spinal CCM recurred, while four of the six cases
of intracranial CCMs had recurrence.

Most of the CCMs are dura-based but a few non-dura-based CCMs
are also reported in the literature.**”% In our study, all the tumors
were dura-based. On MRI, CCMs have similar features to other
types of meningioma. Wang et al® reported that CCMs tended
to have marked heterogenous enhancement, apparent dural tail
sign, prominent peritumoral edema, cystic components, and bone
involvement. However, the definitive diagnosis of CCM can only
be made by histopathology. Histologically CCM is characterized
by patternless sheets of polygonal cells with clear glycogen-rich
cytoplasm and prominent blocky perivascular and interstitial
collagen."? Similar histological features were observed in our
cases. Although few, recognizable whorl formation and occasional
intranuclear inclusions were seen in all the cases. Calcification
was noted in two cases; however, typical psammoma bodies
were not seen. Another important observation was that in all
cases, CCM occurred in pure form and was not admixed with
areas of conventional meningioma, further accentuating the
diagnostic challenge. The presence of blocky collagen, a careful
search for whorl formation, and intranuclear inclusions were
helpful in the diagnosis of CCM. Immunohistochemically CCM
shows diffuse or focal membranous EMA positivity. Vimentin
and S-100 are also positive."¥ Cytokeratin, synaptophysin, and
GFAP negativity are helpful in excluding other tumors in the
differential diagnosis. THC can play a major role in the diagnosis
of non-dura-based CCMs.

An accurate diagnosis of CCM can pose a diagnostic challenge
because clear cells can be encountered in other intracranial
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Figure 3: (a) — Epithelial membrane antigen (EMA) — Negative.
(b) = Vimentin showing diffuse positivity. (c) — S-100 showing focal
positivity. (d) — Glial fibrillary acidic protein (GFAP) — Negative
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tumors. Morphologically CCM needs to be differentiated from
oligodendroglioma, clear-cell ependymoma, central neurocytoma,
and metastatic clear-cell carcinomas. Oligodendrogliomas are
diffusely infiltrating tumors typically located in the cerebral
hemispheres. Radiologically, it appears as an intra-axial
space-occupying lesion located in the cortex and subcortical
white matter. Calcification is common. Histologically, it shows
sheets of clear cells with discrete cytoplasmic borders and
uniform round nuclei."'”! In addition, delicate thin branching
vasculature (chicken wire pattern) is seen; unlike CCM, which
displays thick hyalinized blood vessels.

Another principle differential diagnosis is clear-cell ependymoma
which commonly occurs in supratentorial locations in children
and young adults. Clear-cell ependymomas have round to oval
nuclei with fine chromatin and clear cytoplasm.'"®" Identifying
the presence of perivascular pseudorosettes or ependymal rosettes
is instrumental in the diagnosis, which is not a feature of CCM.
Moreover, clear-cell ependymomas are immunoreactive for GFAP,
which differentiates it from clear-cell meningoma.

Posterior fossa being the common site for CCM, and cerebellar
hemangioblastoma can be a differential diagnosis. Radiologically,
hemangioblastoma is frequently cystic with a mural nodule.
Histologically, it shows sheets of cells with vacuolated bubbly
cytoplasm embedded in a rich anastomosing network of
capillaries.l"?

Due to its clear-cell morphology, CCM may sometimes resemble
metastatic clear-cell adenocarcinoma, particularly renal cell
carcinoma. Prayson et al!" reported that IHC staining with
antibodies to CA9, CD10, and RCC is potentially useful in
differentiating CCM from metastatic renal cell carcinoma. An
interdisciplinary approach by correlating clinical, radiological,
and histological features can enhance the accuracy of the
diagnosis and differentiate it from its mimics.

The pathogenesis of CCM is still unclear. SMARCE1 germline
mutation has been implicated in the tumorigenesis of CCM."7]
NF2 mutation has also been reported in some cases of CCMs. !
The mechanism underlying the aggressive behavior of CCM still
needs to be elucidated.

Treatment of choice for CCM is maximal surgical resection with
radiotherapy being reserved for the residual or recurrent cases.
Long-term follow-up is essential in these patients considering
their high propensity for recurrence.

CONCLUSION

CCM s arare subtype of meningioma with aggressive behavior. It can
morphologically mimic other clear-cell tumors in the central nervous
system, each having distinctive biological behavior, therapeutic
protocol, and prognostic outcome. The presence of blocky collagen,
a careful search for whorl formation, and intranuclear inclusions are
helpful in approaching the correct diagnosis. An interdisciplinary

approach by correlating the clinical, radiological, and histological
features can enhance the accuracy of diagnosis.
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