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Abstract N
Rationale: Clear cell meningioma (CCM) is one of the rarest but most aggressive forms of meningioma, with a tendency to occur at |
a high recurrence rate. Intraspinal CCM, especially the nondura-based type, is even rarer than the intracranial CCM.

Patient concerns: \We report a case of a 45-year-old woman who presented with a 1-month history of episodic pain in the lower
back and in both thighs in the front side. Femoral nerve stretch tests were positive on both sides. Magnetic resonance imaging (MRI)
demonstrated an intradural tumor at the L3 level, which was isointense on T1- and T2-weighted images (WI) and homogeneously
enhanced on gadolinium-contrast T1 WI.

Diagnoses: The space-occupying lesion was pathologically confirmed as CCM.

Interventions: During surgery, we found that the tumor adhered to a nerve root, without dural attachment. The nerve root was
partially removed to achieve complete resection.

Outcomes: The pain disappeared after the operation. The 1year follow-up MRI revealed no evidence of tumor recurrence or
metastasis.

Lessons: Nondura-based intraspinal CCM is easier to completely remove, and such complete removal should be achieved during
the first operation. Although the recurrence rate of this particular type of meningioma appears to be lower than that of other types,
close clinical and radiological follow-up is necessary.

Abbreviations: CCM = clear cell meningioma, EMA = epithelial membrane antigen, ER = estrogen receptor, MRl = magnetic
resonance imaging, NA = not available, NED = no evidence of disease, NSE = neuron-specific enolase, PAS = periodic acid-Schiff

staining, PR = progesterone receptor, RT = radiotherapy, WHO = World Health Organization, WI = weighted images.
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1. Introduction

Clear cell meningioma (CCM), which was first described by
Scheithauer™ in 1990, is one of the rarest forms of
meningioma, accounting for only 0.2% of all cases. After its
first description, CCM has been reported in the cerebellopon-
tine angle, spinal/intradural (cervical, thoracic, and lumbar)
locations, and supratentorial locations, with the lumbar
region and cerebellopontine angle being the most common
locations.

Histologically, CCM is composed of clear, glycogen-rich,
polygonal cells, and the abundant glycogen explains the name
“clear cell.”™*3! CCM differs from other varieties of meningioma
in terms of its aggressive nature, high recurrence rate, and
tendency to metastasize.*! According to the literature, the
recurrence rate is 63.3% for intracranial CCM*! and 40% for
intraspinal CCM.P*781 These clinical characteristics led the
World Health Organization (WHO) to change the classification
of CCM from grade I to grade IL”!

Intraspinal CCM, especially the nondura-based type, is even
rarer than the intracranial CCM. Herein, we report a case of
intraspinal CCM without dural attachment and review the
related literature. Our aim was to investigate the clinical
characteristics, imaging features, treatment strategy, prognosis,
and prognostic predictors of nondura-based intraspinal CCM.
To the best of our knowledge, the number of patients included in
our review is by far the largest in the literature.
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2. Case report

2.1. Clinical history and physical examination

A 45-year-old woman presented with a 1-month history of
episodic pain in her lower back and legs. Her pain was
aggravated while changing posture, and it relieved after rest.
The patient was treated only with medication (Loxoprofen) and
the pain was partially relieved. No significant past trauma or
medical or family history was noted. On physical examination,
the pain was identified to occur in the lower back and in the front
side of both thighs, without numbness. Femoral nerve stretch
tests were positive on both sides, and worse on the left. The
straight leg raising test was negative, and no positive results were
found in muscle strength, sensation, deep tendon reflexes,
Babinski sign, bladder function, or anal sphincter function.

2.2. Imaging findings

Lumbar spine magnetic resonance imaging (MRI) showed a well-
demarcated, intradural oval lesion at the L3 level (Fig. 1). The
lesion was isointense on T1- and T2-weighted images (WI).
Gadolinium-contrast T1-WI revealed that the mass was
homogeneously enhanced, pushed the cauda equina to the right
side, and occupied half of the spinal canal volume. However,
there was no evidence of the “dural tail sign.” The space-
occupying lesion was differentially diagnosed as schwannoma or
meningioma.

2.3. Operation

Under a small laminectomy and durotomy at the L3 level, we
found a yellowish-pink, oval, well-encapsulated mass, which
adhered to a nerve root without dural attachment (Fig. 2).
Careful resection was performed using microsurgical techniques.
However, the nerve root, which was tightly attached to the
tumor, had to be partially removed to achieve complete resection.

Medicine

2.4. Pathological results

The pathological results showed that the tumor was composed of
polygonal cells with a clear glycogen-rich cytoplasm (Fig. 2).
Immunohistochemically, the tumor cells were positive for
vimentin and epithelial membrane antigen (EMA) but negative
for periodic acid-Schiff staining (PAS) and S-100 protein. These
findings were indicative of the diagnosis of clear cell meningioma.
Moreover, the cells were positive for nuclear-associated antigen
(Ki-67), with a labeling index of 10%, and for progesterone
receptor (PR) expression.

2.5. Postoperative course

The pain disappeared after the operation. No neurological
deficits such as numbness, weakness, or sphincter dysfunction
were found. The patient was very satisfied with the results of
the operation and was discharged 7days after surgery. At
follow-up 1 month after surgery, the patient had involuntary
twitching of the right thigh muscle, but the frequency was not
high and did not affect her quality of life. The involuntary
muscle twitching disappeared almost completely 10 months
after surgery. One-year follow-up MRI (whole neuraxis)
revealed no evidence of tumor recurrence or metastasis
(Fig. 3).

Weritten informed consent was obtained from the patient for
the publication of the case and all accompanying images, and the
study design was approved by the ethics committee of authors’
institute.

3. Discussion

We present a case of intraspinal clear cell meningioma without
dural attachment. To put the case into the context of current
knowledge, and to attempt to draw some general conclusions
about the prognosis and the treatment of this rare condition, we

Figure 1. Preoperative spinal MRI showing a well-circumscribed enhancing mass at the L3 level. The mass, which was isointense on T1- and T2-weighted images
(WI), homogeneously enhanced on gadolinium-contrast T1-WI, pushed the cauda equina to the right side, and occupied half the spinal canal volume. (A) Sagittal
T1-WI; (B) sagittal T2-WI; (C) axial T2-WI; (D) axial contrast-enhanced image; (E) coronal contrast-enhanced image; (F) sagittal contrast-enhanced image. MRI=

magnetic resonance imaging.
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Figure 2. Intraoperative findings. A yellowish pink, oval, well-encapsulated tumor (marked with a pentagram) adhered to a nerve root (black arrow) without dural
attachment. The nerve root was partially removed to achieve complete resection (the nerve stump is indicated with the yellow arrow). Histopathological findings
revealed polygonal cells with clear glycogen-rich cytoplasm. (A) Hematoxylin and eosin stain, x100. (B, C) The immunohistochemical stains showed a positive
reaction with EMA (B) and vimentin (C). (D) The Ki-67 index was 20%. EMA=epithelial membrane antigen.

performed a review of similar cases reported in the literature.
PubMed and Embase were searched with the keywords “non-
dura” and “intraspinal clear cell meningioma.” The references
cited in the articles were also searched manually and carefully
reviewed to identify potential additional studies. Detailed
information about cases of nondura-based intraspinal CCM is
shown in Table 1.

3.1. Clinical and radiological features of nondura-based
intraspinal CCM

Most spinal meningiomas have a dural attachment site, while
nondura-based intraspinal CCMs are very rare. According to our
review, 23 cases of nondura-based intraspinal CCM have been
reported (Table 1). Patient age ranges from 1.8 to 54 years (mean,
23.1years). The male/female ratio is 1:2.3. The lesion locations

Figure 3. Postoperative spinal MRI (1-year follow-up) showed no evidence of tumor recurrence. (A) Sagittal T2-weighted image (WI); (B) axial T2-WI; (C) axial
contrast-enhanced image; (D) sagittal contrast-enhanced image. MRI=magnetic resonance imaging.
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include lumbar segments (n=18), thoracolumbar segments (n=
2), lumbosacral segments (n=1), sacral segments (n=1), and
cervical segments (n=1). The lumbar spine is thus the most
common site of nondura-based intraspinal CCM.

The MRI features of nondura-based intraspinal CCM are
similar to those of other types of meningioma: isointense on T1-
WI, isointense or hyperintense on T2-WI, and strongly enhanced
on gadolinium-contrast T1-WIL8! This type of intraspinal CCM
is more common in the lumbar segments and is closely related to
the cauda equina. In some cases, as in the one we reported, nerve
root attachment could be clearly seen. The image-based diagnosis
was often schwannoma or meningioma. Because of the lack of
specificity in the imaging features, the gold standard for the
diagnosis of nondura-based intraspinal CCM remains the
pathological examination.

Regarding recurrence, 4 studies did not report follow-up and
recurrence information and 4 patients experienced recurrence at
various follow-up times; hence, the recurrence rate of nondura-
based intraspinal CCM was 21.1% (4/19). The mean follow-up
time was 19.3months (range, 5-60) in 4 cases with recurrence
and 26.4 months (range, 1-84) in 15 cases without recurrence.
Although the extent of recurrence might be underestimated
because the follow-up time was relatively short, the 21.1%
recurrence rate was much lower than that previously reported
(40% for intraspinal CCM and 63.3% for intracranial CCM),
which is an interesting observation worthy of further analysis and
discussion.

3.2. Predictors of CCM prognosis

It is generally believed that the extent of resection is the most
important predictive factor of CCM prognosis, and total
resection should be performed whenever possible to reduce the
risk of recurrence.?*?*271 As for specific surgical techniques,
Kawasaki et al®* suggested complete tumor removal and
avoiding destroying the tumor capsule so as to reduce the
chance of dissemination of the tumor cells during surgery.
According to Nakajima et al,'**! CCM should be removed totally
together with the surrounding meninges (arachnoid and dura
mater). If the tumor is tightly attached to the cauda equina (one of
the most common areas of CCM), or the cauda equina is
embedded within the tumor, then it is necessary to remove the
pial membrane of the cauda equina, or even the cauda equina
nerve root itself, to achieve complete resection.

Radiotherapy can be used as an adjunct therapy in patients
whose tumor is difficult to remove completely such as some
specific sites of intracranial CCM. Moreover, it has been
suggested*”! that adjuvant radiotherapy could be beneficial in
patients with a high Ki-67 index to reduce the recurrence rate.
Colen et al'*”! argued that radiation therapy is recommended in
CCM, even when total resection has been achieved. However,
patient 8 in our review!'®! underwent a second radical resection
and radiotherapy after the tumor returned but the tumor returned
again 20 months later. On the other hand, considering the lack of
conclusive evidence and the potential harm inflicted by
radiotherapy to the spinal cord (radiation-induced myelopathy)
or other organs, especially in pediatric patients, we do not
recommend adjunct radiotherapy for patients with CCM with
total resection.

There is no consensus on whether the Ki-67 index can be used
as a prognostic index for CCM. After reviewing 13 patients with
CCM, Zorludemir et al®! found that the mean Ki-67 index of

www.md-journal.com

recurrent patients (13.3%; range, 3.3%—25.7%) was appreciably
higher than that of non-recurrent patients (7.4%; range, 2.9 %—
17.2%), leading the authors to conclude that the Ki-67 index
significantly differs between recurrent and non-recurrent CCM.
However, cases of recurrence with a low Ki-67 index have been
reported in the literature!*! as well as cases with a high Ki-67
index without recurrence.">1*?”! Although there are few studies
on Ki-67, it may have a predictive effect on CCM prognosis and is
thus worthy of further research.

Other factors analyzed in the literature as prognostic
predictors of CCM include PR-negativity and histological
features. Previous analyses demonstrated that PR-negativity
can be regarded as a prognostic factor in conventional
meningioma,***!! having, in particular, a strong predictive
value for tumor recurrence (P<.0001).*"" Regarding the
relationship between PR-negativity and CCM prognosis, more
data and research are necessary to reach a conclusion. Tong-tong
et al®! suggested that CCM with anaplastic features represents an
aggressive behavior that should be classified as WHO grade III.
The extensive infiltrative growth pattern of CCM might hinder
the achievement of complete microscopic resection.’®?! Whether
there is a relationship between anaplastic features and CCM
recurrence is unknown, and this still remains to be clarified
because of the scarcity of relevant data.

3.3. Predictors of nondura-based intraspinal CCM
prognosis

The patients in our review were divided into 2 groups according
to the degree of tumor resection: group A (4 total resection cases
and 8 complete resection cases) and group B (5 gross total
resection cases and 2 radical resection cases). Recurrence
occurred in 1 case in group A (1/12) and 3 cases in group B
(3/7). It appears that the more thoroughly the tumor is removed,
the lower the recurrence rate. When considering our review of
nondura-based intraspinal CCM as a whole, we found that the
recurrence rate of this CCM type was 21.1% (4/19), lower than
other types of CCM. A possible reason for this difference is that
surgical removal of this CCM type is more complete than the
surgical removal of other types of CCM. Relevant supporting
arguments are as follows: the anatomy of the spinal canal is
relatively simple, allowing for a clearer surgical visualization. In
our review, 78 % (18/23) of the nondura-based intraspinal CCMs
were located in the lumbar spine, making surgery relatively
easier. In this series of cases, all tumors were attached to the nerve
root rather than to the dura mater. This made it easier to remove
the tumor completely without destroying its capsule. In some
cases of this series, surgeons had to remove the nerve root that
was tightly attached to the tumor, just as in our case. In such a
situation, the tumor was removed together with the pial
membrane of the nerve root, and the resection was therefore
more thorough. Overall, nondura-based intraspinal CCM cases
are easier to completely resect. Therefore, we believe that not only
the extent of tumor resection but also the surgical techniques
(avoiding the destruction of the tumor capsule and removing the
surrounding meninges such as the arachnoid mater, the pial
membrane of the nerve root, or even part of the nerve root) are
the predictive factors of nondura-based intraspinal CCM
prognosis.

None of the patients underwent radiotherapy after the first
surgical resection, a finding that is consistent with most
physicians’ opinion that radiotherapy is not recommended after
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total resection. Few studies are available to date regarding the
predictive value of Ki-67, PR-negativity, and histological
features. For example, in our review, specific Ki-67 values were
reported for 9 patients only and for none of the 4 patients with
recurrence. Therefore, further studies are needed to analyze the
role of these factors.

3.4. Treatment strategy of nondura-based intraspinal CCM

Regarding the treatment strategies for nondura-based intraspinal
CCM, the case we reported and those we reviewed lead us to the
following recommendations: first, thanks to the anatomical
features of the spinal canal, nondura-based intraspinal CCM
should be totally removed during the first surgery whenever
possible, and radiotherapy is not recommended after total
resection, whether in children or in adults. Second, because of the
potential aggressiveness and high recurrence rate of CCMs, we
recommend close postoperative clinical and neuroradiological
follow-up (with neuroimaging of the whole neuraxis every 6
months). Third, radiotherapy should be performed in cases of
subtotal resection or of recurrence.

4. Limitations

Because of the rarity of the tumor, together with the short follow-
up times, it is difficult to assess the recurrence rate of this tumor
and to draw persuasive conclusions.

Therefore, we recommend that future studies on this rare
tumor contain detailed information, including relevant clinical
data before, during, and after surgery as well as imaging,
pathological, immunological, and even genetic data. In this way,
we will be able to achieve a better understanding of CCM.

5. Conclusion

Nondura-based CCM should be considered in patients with
suspected meningioma in the lumbar spine. Nondura-based
intraspinal CCM is easier to remove completely, and complete
removal should be achieved during the first operation, even if it
requires the sacrifice of a portion of the nerve root. Although the
recurrence rate of this particular type of meningioma appears to
be lower than that of other types, close clinical and radiological
follow-up is recommended.
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