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Abstract
Object Clear cell meningioma (CCM) is a rare histological
variant of meningioma. CCM has a high recurrence rate and
aggressiveness. In this study, we reviewed our experience
in the treatment of the lesion.
Methods Here we present a series of 15 patients with
intracranial CCM. The clinical data were retrieved from the
records of our Neurosurgery Department and the patients’
prognoses were attained by clinic service and telephone.
Immunohistochemistry for epithelial membrane antigen
(EMA), vimentin, glial fibrillary acidic protein (GFAP),

CD10, and S-100 was done, and the MIB-1 labeling index
was calculated in all cases.
Results The 15 patients included eight males and seven
females; the mean age was 34.8 years. The most frequent
initial symptoms were headache and hearing loss. The most
common location was the cerebellopontine angle (CPA) zone.
Eleven patients had total removal and four patients underwent
subtotal removal. Histological features of atypia were present
in different proportions, from 6.7% to 100%, and six cases
accorded with atypia. Three tumors showed brain invasion.
EMA and vimentin were 100% positive, and CD10was 100%
negative. GFAP was 87% negative and S-100 was 93%
negative. The mean follow-up period was 36.7 months. Three
patients with brain invasion all recurred and five cases with
atypia recurred. In 11 patients with total removal, six patients
recurred. In four patients with subtotal removal, three patients
recurred. Kaplan-Maier analysis showed that incomplete
surgical resection was significantly associated with recurrence
(p=0.001). The MIB-1 labeling index for recurrence was
5.7±2.7% versus 2.8±1.5% for no recurrence (p=0.036).
Conclusions CCM is a rare subtype of meningioma, with a
tendency to present in younger patients and a propensity
to recur. Immunohistochemistry plays a vital role in
differentiating CCM from other tumors. Brain invasion, atypia
and MIB-1 labeling index are likely to predict the recurrence.
The extent of resection might be connected with the prognosis.
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Introduction

Meningiomas are common intracranial tumors that originate
from the arachnoidal cap cell of the meninges and have a
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large variety of histopathologic appearances. There are 15
subtypes in the 2007WHO classification ofmeningioma of the
central nervous system (CNS). Some subtypes, such as clear
cell meningioma (CCM), have unique clinical associations and
prognostic implications. CCM constitutes a rare variant of
grade II meningiomas with distinctive histological features. It
represents only 0.2% of all meningiomas, and may behave
aggressively with local recurrence and cerebrospinal fluid
metastasis [35]. It is histologically similar to other tumors such
as clear cell ependymoma, microcystic meningioma, oligoden-
droglioma, metastases of clear cell carcinoma, metastasis of
clear cell sarcoma of the kidney and so on. However, these
tumors have a different choice of treatment and prognosis.
Until now, only 48 intracranial CCM cases have been reported
in the English literature since 1991 and most of them were
described as isolated case reports, except for one series of
seven cases and one series of eight cases [14, 35]. Here we
studied the clinical, radiological and histopathologic features
of 15 intracranial cases and evaluate the potential use of
certain immunomarkers—such as epithelial membrane anti-
gen (EMA), vimentin, glial fibrillary acidic protein
(GFAP), S-100 and CD10—in discriminating CCM from
other tumors, as well as reviewing the relevant literature. Also,
we evaluate the relationship of prognosis with histopathologic
features and different choice of treatment. To the best of our
knowledge, this is the largest series of intracranial CCM in the
existing literature.

Materials and methods

Search methods and case definition

All patients received surgical treatment at Huashan Hospital
during the period from January 2000 to December 2009.
Clinical data, including age, sex, presenting symptoms,
duration of symptoms, location of tumor, neuroradiological
data, and operative findings, were extracted from medical
records. The diagnosis was verified by two pathologists (H.C.
and Y.W.), who had no prior knowledge of the clinical status
of the patients by re-examination of the tumor samples using
the 2007 WHO classification [20].

Histological re-examination and immunostaining

Tissue specimens were fixed in 10% buffered formaldehyde
solution, embedded in paraffin wax, and stained using
hematoxylin-eosin according to standard protocol. Sections
were cut to 3 μm thick. Special stains for periodic acid-
Schiff (PAS) with and without diastase, mucicarmine, and
alcian blue at pH 2.5 were applied to all cases.

Immunohistochemical staining was carried out by the
Envision technique using monoclonal antibodies to EMA

(1:50), vimentin (1:100), GFAP (1:100), CD-10 (1:50),
S-100 (1:300) andMIB-1 (1:100). All antibodies were obtained
from M/S Dako Patts, Denmark. The MIB-1 labeling index
was calculated in regions of maximal activity and expressed as
percentage of nuclear area stained. Atypia was defined as
mitotic index≥4/10 high-power fields (HPF) or the presence of
at least three of the following variables: increased cellularity,
small cells with high nuclear/cytoplasmic (N/C) ratio, promi-
nent nucleoli, uninterrupted patternless or sheet-like growth,
foci of spontaneous or geographic necrosis. The mitotic index
was defined as the maximal number of mitotic cells relative to
all cells in ten consecutive HPF (each=0.16 mm2).

Follow-up and ethical committee approval

The patients’ prognoses were attained by clinic service and
telephone. The surgical procedures were conducted under
guidelines and the terms of all relevant local legislation.

Statistical analysis

Student’s t-test was used to compare the difference of MIB-
1 labeling index among the CCM patients with or without
recurrence. Distributions of time to progression and time to
recurrence were estimated using the Kaplan-Meier method
and compared using the log-rank test. Data were presented
as mean±SE, and the accepted significance was considered
at 0.05. All these analysis were performed using Statistical
Package for Social Sciences (SPSS, USA).

Results

During a period from January 2000 to December 2009, 5,423
cases of intracranial meningiomas were diagnosed at Huashan
Hospital. Among these cases, 15 were CCMs. Thus, CCM
constituted 0.28% of all intracranial meningiomas.

Demographics

This series included eight males and seven females, with a
mean age of 34.8 years (range: 8–63 years; three at <18)
upon initial diagnosis.

Lesion location

The cerebellopontine angle (CPA) zone was the most affected
area (n=6). Other areas included petroclival, foramen
magnum, hypoglossal canal, tuberculum sellae, middle
basilar region, cerebellum tentorium, and cerebellum con-
vexity (n=1 for each). The tumors were located in the
ventricular system in remaining two cases: one in the lateral
ventricle and the other in the fourth ventricle. The tumors
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ranged from 2.0 cm to 6.5 cm in diameter, and the mean
diameter was 3.8 cm.

Clinical presentation and treatment

Presenting symptoms included headache, dizziness, vomiting,
sensory loss (hearing, vision or smell), raucitas, bucking,
sialosis, swallowing difficulty, seizure, and hemiparesis.
Headache and hearing loss were the most common symptoms.
The duration from the appearance of the initial symptom(s) to
diagnosis varied from 3 weeks to 7 years (mean 8.3 months).

Eleven patients received complete resection. For the
remaining four cases, complete resection was not possible;
the patients received subtotal resection. Two patients
receiving subtotal resection were also treated with radio-
therapy after the first craniotomy. No patient was treated
with any antineoplastic agent.

Survival analysis

Prognosis was assessed by clinic service and telephone
interview and no patient was lost to connection. The mean
follow-up period was 36.5 months (range, 8–108 months).
Tumor recurrence or progression occurred in nine patients
(60%), with a mean recurrence time of 44.6 months. Tumor
recurred in six out of the 11 patients receiving complete
resection upon the initial episode and the estimated recurrence
time was 69.9±13.4 months. Tumor recurred in three out of the
four patients receiving subtotal resection and the estimated
recurrence time was 10.8±1.2 months. The log-rank test
showed that the incomplete surgical resection was significantly
associated with recurrence (p=0.001). (Fig. 1). A summary of
the 15 case is presented in Table 1.

Radiological findings

Computed tomography (CT) data were available in 13 cases.
CTscan showed isodense (n=8) or slightly hyperdense (n=5)
masses with homogenous or heterogenouse enhancement
after administration of the contrast agent. Bone destruction
was noted in three cases. Intratumoral cystic change and
amorphous calcification were seen in one case each.

Magnetic resonance imaging (MRI) data were available in
all 15 cases. Most of the tumors were hypointense on T1-
weighted imaging and isointense to hyperintense on T2-
weighted imaging. All the tumors showed strongly homoge-
nous enhancement after administration of gadolinium. Marked
peritumoral edema was noted in two cases (Figs. 2, 3).

Microscopic findings

Microscopic examination of the tumor revealed sheets of
polygonal cells with abundant clear cytoplasm and distinct

cellular outlines. The sheets of tumor cells were separated
by hyalinized vascular stroma and bands of collagen.

The tumor cells were mostly euchromatic. Clear cell
change occurred in between 30% and 80% of the tumors.
Vague whorl formation was found in four cases. Scattered
psammoma bodies were present in three cases. Micro-
calcification was noted in two cases. Increased cellularity
was observed in nine cases. Small cell change was observed
in six cases. Prominent nucleoli were seen in tumor cells in
seven cases. Mitotic index≥4/10 HPF and necrosis of the
tumor tissue were apparent in one case, respectively. Tumor
invasion into the brain tissue was apparent in three cases.
Embolization was not observed. Tumor cells were positive
for periodic acid-Schiff (PAS) staining in all 15 cases. Six
cases (cases 2, 6, 7, 11, 13, and 14) accord with atypia
according to the above standard (Table 2).

Immunohistochemical findings

Tumors were positive for vimentin and EMA in all 15
cases. None of the 15 samples was positive for CD10. One
tumor was positive for S-100. GFAP was positive in tumor
cells in two cases, but positive in unaffected brain tissue in
all 15 cases. The MIB-1 labeling index varied from 1% to
10% (mean 4.5%). The mean MIB-1 labeling index was 5.7
±2.7% in the cases with recurrence, and 2.8±1.5% in cases
without recurrence. The MIB-1 index was significantly
higher in patients with recurrence than in patients without
recurrence (p=0.036) (Figs. 4, 5).

Fig. 1 Progression-free survival in patients with (solid line) or
without (dotted line) complete tumor resection. Gross total resection
is associated with a significantly longer progression-free survival
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Discussion

The biological behaviour of intracranial CCM is poorly
understood, partly due to a limited number of reported cases.
From the results above, we know that CCM accounts for
0.28% of all intracranial meningiomas in our department,
which is similar to Zorludemir et al.’s 0.2% report [35]. We
also performed a systematic review of literature using the
PubMed database with the key words ‘clear cell’ AND
‘meningioma’ without time limit, and 53 articles in the
English language were reviewed. Only 48 cases had
locations in the cerebrum and other cases were in the spine.
However, from the data of our 15 cases plus previous 48
cases (Tables 3, 4), we found the age of onset ranged from
2 years to 84 years and the average age was 33.4 years and

the male/female ratio is 28:35, which shows a slight female
bias. The data indicate that CCM tends to occur in young
patients, although the elderly population is also affected. Lee
et al. [19] reported that the mean age of CCM was 29.8 years
and Zorludemir et al. [35] also reported 29 years. However,
neither of them distinguished cerebral CCM from spinal
CCM. Zorludemir et al. [35] and Jain et al. [14] reported that
the male/female ratio was approximately 0.86:1 or 0.75:1
respectively. Our series included three cases under 18 years
of age. The literature identifies 16 cases of childhood CCM
[1, 5, 14, 16, 19, 21, 22, 29, 32, 34, 35]. The 19 childhood
cases (pooled) include eight females and 11 males, with
an average age at 11 years, indicating a slightly higher
incidence in males as opposed to the slight female
predominance in adults. So the data show that intracra-

Table 1 Summary of the 15 patients with intracranial CCM in the present series

Case# Sex/age
(year)

Duration of
symptoms

Pathology
location

Clinical features Treatment Recurrence
(Y/N)

Time to
relapse

1 F/41 4 months Tentorium of cerebellum Headache TR N 60 months

2 M/39 3 months Right petroclival Headache, right
hearing loss

TR Y 108 months

2nd operation Right petroclival Headache gamma knife Y 60 months

3rd operation Right petroclival STR Y 36 months

4th operation Right petroclival STR Y 7 months

3 M/23 2 months Left CPA Hearing loss TR N 36 months

4 F/13 3 months Left CPA Gait disturbance STR Y 8 months

5 M/27 3 weeks Foramen magnum Swallowing difficulty TR N 9 months

6 F/27 6 months Left CPA Tinnitus, hearing loss TR Y 24 months

7 M/62 7 years Right parietal Headache TR Y 15 months

8 F/56 6 months Left hypoglossal canal Swallowing difficulty STR Y 12 months

2nd operation Left hypoglossal canal STR Y 12 months

3rd operation Foramen magnum STR Y Died 24
months later

9 F/40 3 months Left CPA Headache, hear loss TR Y 48 months

2nd operation Left CPA Headache TR N 6 months

10 F/40 5 months Right lateral CV Headache, dizziness
visual disturbance

TR N 18 months

11 M/63 2 months Left tuberculum sellae Vision loss TR Y 96 months

2nd operation Anterior basilar region Vision loss,
osmesthesia
decreasing

TR N 18 months

12 M/31 1 month Middle basilar region Headache TR Y 81 months

2nd operation Middle basilar region TR Y 45 months

3rd operation Middle basilar region TR Y 57 months

4th operation Middle basilar region STR Y 6 months

5th operation Anterior basilar region STR Y 6 months

13 M/8 2 months Left CPA Raucitas, bucking,
gait disturbance

STR+RT Y 9 months

14 F/43 2 months Fourth CV Nausea, vomiting TR N 9 months

15 M/9 6 weeks Right CPA Right eye esotropia STR+RT N 14 months

F male, M male, Y yes, N no, CV cerebral ventricle, CPA cerebellopontine angle, TR total removal, STR subtotal removal, RT radiotherapy
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nial CCM has a female bias in adults, but a male bias in
children.

It is generally believed that CCM is predominantly
located in the intraspinal region [7, 23]. However, a recent
study suggests that the cranium and spinal column are
equally affected [10, 33]. In our series, the CPA zone is the
most frequently affected area (n=6, out of 15 cases),
followed by basilar region (n=5), intraventricular (n=2),
tentorium of cerebellum and convexity (n=1, respectively).
In the 48 cases reported in the literature, the most
commonly affected areas are: basilar region (n=17) [1–3,
5, 10, 11, 14, 16–18, 22, 24, 25, 32, 35], convexity (n=12)
[9, 15, 18, 19, 21, 24, 30, 31, 33, 35], and CPA (n=10)
[13, 14, 28, 29, 34, 35]. Only six cases are in cerebral falx
and tentorium of cerebellum [12, 14, 31, 35], and some
cases (n=3) are intraventricular [4, 6], which is a very rare
location for meningioma. This distribution pattern differs
significantly from conventional meningioma, which occurs
most frequently in the convexity and cerebral falx, and seldom
seen in CPA zone and basilar region [27]. Consistent with the
anatomical localization, the most common presenting symp-
toms in our series are headache, vomiting, hearing loss and
cranial nerve palsies. In the two reported cases of CCM in
cerebral ventricle, the patients presented with Castleman

syndrome [6, 28]. However, our two intraventricular CCM
cases did not have Castleman syndrome.

CT and MRI results do not differ between CCM and
other types of meningiomas, indicating that imaging
analysis is not sufficient for establishing diagnosis. Histo-
logically, CCM consists of polygonal cells with clear,
glycogen-rich cytoplasm and prominent perivascular and
interstitial collagen. Tumor cells typically have bland-
appearing nuclei. Mitotic and anaplastic features are rare.
A distinctive feature of CCM is hyalinized stroma with
intermixed and bland tumor cells. Psammoma bodies and
whorl formations are present in a minority but significant
proportion of the cases.

In our series, we found conventional meningothelial
features, such as psammoma bodies and whorl formations,
present in four tumors and three tumors, respectively.
Histological features of atypia, such as more than four
mitoses per 10 HPF, increased cellularity, small cell change,
prominent nucleoli, sheet-like growth, and foci of geo-
graphic necrosis, are present at differing proportions from
6.7% to 100%. Sheet-like architecture is the frequent index
of atypia for CCM, which is observed in all 15 cases. Six
cases accord with atypia according to the above standard.
Clear cell change is one character of the CCM, which

Fig. 2 Case 7. a Preoperative
axial T2-weighted MRI showing
a well-defined isodense elliptical
mass in the convexity of right
parietal lobe. b Preoperative
coronal T2-weighted MRI
showing a well-defined isodense
elliptical mass in the convexity
of right parietal lobe. c Postopera-
tive axial T1-weighted contrast-
enhanced MRI at 15 months
showing the recurrence of tumors
in the right parietal lobe. d Post-
operative coronal T1-weighted
contrast-enhanced MRI at 15
months showing the recurrence of
tumors in the right parietal lobe
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Table 2 Summary of the histological features of intracranial CCM in the present series

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Percent clear cell change 60 80 50 50 40 80 50 40 80 40 30 60 70 50 70

Sheet-like architecture + + + + + + + + + + + + + + +

Whorls meningothelial cell + - - + + - - - - + - - - - -

Psammoma bodies - + - - - - - - - - - + - + -

Microcalcifications + - - - - + - - - - - - - - -

Increased cellularity - + + - - + + + - + + - + + -

Small cell change + + - + - + + - - - - - - + -

Prominent nucleoli - + - - - + + - - - + - + + +

Mitotic figures/10HPF 2 2 1 0 0 0 3 2 1 0 0 1 5 2 3

Necrosis - - - - - - - - - - - - + - -

Embolization - - - - - - - - - - - - - - -

Brain invasion - - - - - - + + - - - - + - -

MIB-1 5 2 2 10 3 4 5 5 6 4 4 5 10 1 2

EMA + + + + + + + + + + + + + + +

Vimentin + + + + + + + + + + + + + + +

GFAP - - - - - - + + - - - - - - -

PAS + + + + + + + + + + + + + + +

CD10 - - - - - - - - - - - - - - -

S100 - - + - - - - - - - - - - - -

Fig. 3 Case 14. a Preoperative
axial T1-weighted contrast-
enhanced MRI showing an
intense enhancement of a well-
defined rounded mass in the
fourth ventricle. b Preoperative
coronal T1-weighted contrast-
enhanced MRI showing an
intense enhancement of a well-
defined rounded mass in the
fourth ventricle. c Postoperative
axial T1-weighted contrast-
enhanced MRI at 9 months
showing deformity of the fourth
ventricle without any sign of
tumor recurrence. d Postopera-
tive coronal T1-weighted
contrast-enhanced MRI at 9
months showing deformity of
the fourth ventricle without any
sign of tumor recurrence
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contributes to the diagnosis and occurs between 30% and
80% of the tumors.

Immunohistochemical staining is helpful in diagnosing
CCM. CCM shows positive reactivity for vimentin and
EMA, similarly to other meningioma subtypes [27]. Their
staining for vimentin and EMA reflects their dual mesen-
chymal and epithelial properties. CCM contains more
glycogen than the other subtypes of meningiomas, and it
can be immunoreactive to GFAP, an atypical characteristic
for meningiomas, and two cases were positive to GFAP in
our series. S100 has been well established as a chondroid
marker, and both chordomas and chondrosarcomas typically
express this protein. Although a minority of our CCMs (one
lesion) was positive for S100, the staining was mostly focal or
patchy in nature. CD10, a common acute lymphoblasticleu-
kemia antigen, is a cell surface neutral endopeptidase that
inactivates bioactive peptides [26]. It has been shown to stain
the vast majority of renal cell carcinomas and other
neoplasms such as prostate carcinoma, pancreatic carcinoma,
hepatocellular carcinoma, small cell lung carcinoma, and

certain spindle cell sarcomas [8]. PAS-positive and diastase-
sensitive material could also be found in clear cytoplasm
either in the classical or the anaplastic component of tumor.

CCM is histologically unique but should be differentiated
from other similar clear cell tumors of the CNS, such as
microcystic meningioma, clear cell ependymoma, oligoden-
droglioma, metastases of clear cell carcinoma. Immunohisto-
chemistry may be required to make the correct diagnosis.
Although microcystic meningioma is similar to CCM on
immunohistochemistry, with positive EMA and negative
GFAP, it shows loose texture and microcystic formation, as
well as sheets of tumor cells with vacuolated cytoplasm and is
negative for PAS; and its clinical behavior is usually bland and
different from that of CCM. All of these conduce to the
differential diagnosis. Clear cell ependymoma is also similar
to CCM histologically. However, it predominantly consists of
round and clear cells with a honeycomb-like pattern, and
shows abundant perivascular rosettes and ependymal canals.
It is positive for GFAP, S-100 and only weak and dot-like
positivity for EMA on immunohistochemistry, which is

Fig. 4 Neuropathological findings. a Tumor tissue consisting largely
of a sheet-like proliferation with wide fibrous connective tissue.
Tumor cells have round nuclei with eosinophilic and clear cytoplasm
in case 2 (a1), case 10 (b1), and case 13 (c1) (H & E, original
magnification×400). PAS-positive, material can be found in part of

clear cytoplasm by special staining in case 2 (a2), case 10 (b2), and
case 13 (c2) (PAS, original magnification×400). MIB-1 labeling index
in case 2 (a3), case 10 (b3), and case 13 (c3) is 2%, 4% and 10%
respectively (original magnification×200)
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different from CCM. Anaplastic oligodendroglioma shows
uniform cells with clear perinuclear halo. However, the tumor
cells show nuclear pleomorphism, high mitotic activity and
necrotic foci. And immunohistochemical staining for EMA
and GFAP is useful to differentiate from CCM. Renal clear
cell carcinoma is composed of clear cells with mild to
moderate nuclear atypia, and nuclei are often arranged in
lobules in vascular stroma. However, the tumor cells are
positive for CD10, which is an immunohistochemical profile
distinct from CCM. Recently, Prayson et al. [26] also reported
that CA9, CD10, and RCC were potentially useful in
differentiating CCM from metastatic renal cell carcinoma.

CCM has high rate of recurrence and/or CNS metastasis
compared with other subtypes. In our series, the recurrence
rate was 60%, with a mean recurrence time of 44.6 months.
In 48 previously reported cases, the recurrence rate
(including metastasis) was 49%, with a mean recurrence
time of 37 months [1, 3, 9–14, 17, 19, 24, 33, 35]. In two
large series of CCM, the recurrence rate of intracranial
CCM is reported to be 71.4% and 25.0%, respectively [14, 35].
The clinical presentations and biological behavior of CCM
may be inordinately aggressive despite its bland histological
observation and may show conflicting correlation with
MIB-1 proliferation. Previous reports suggested that MIB-1

Fig. 5 Immunohistochemistry stain showing a positive immunoreac-
tivity for EMA in case 2 (a1), case 10 (b1), and case 13 (c1) (original
magnification, ×400), vimentin in case 2 (a2), case 10 (b2), and case
13 (c2) (original magnification, ×400), a negative immunoreactivity
for CD10 in case 2 (a4), case 10 (b4), and case 13 (c4) (original

magnification, ×400). The neighbouring brain is positive for GFAP
and, the tumor cell is negative in case 2 (a3), case 10 (b3), and case 13
(c3) (original magnification, ×400). We can see the border between the
brain and tumor is relatively clear
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labeling index could be used to predict the prognosis in
patients with meningiomas [35]. For conventional meningio-
ma, the mean MIB-1 labeling index is 4% for grade I, 7% for
grade II, and 15% for grade III tumors. MIB-1 labeling index
is appreciably higher among tumors that recurred than in
those that do not. However, the MIB-1 labeling index in the
series of Jain et al. [14] varied from 2 to 12% (mean 9%) with
a noted 22% recurrence. Interestingly, in both the cases which
recurred there was a low MIB-1 labeling index (2%). In
reviewing the literature, we identify that the mean MIB-1
labeling index of the seven tumors that recurred is 7.7%
[1, 3, 12, 14, 24, 33], and that of the 15 nonrecurrent
tumors is 4.2% [4, 14, 16, 24, 25, 31]. There is significant
difference in the recurrence between recurrent and nonre-
current cases. In our study, the MIB-1 index is signifi-
cantly higher in patients with recurrence (5.7±2.7%) than
in patients without recurrence (2.8±1.5%) (p=0.036), thus
confirming the use of MIB-1 index as a factor to predict
prognosis. Moreover, in our series, the tumors with brain

invasion (cases 7, 8, and 13) all recur in a shorter period
(15, 12, 9 months, mean 12 months). However, the gross
recurrence time in our study is 44.6 months. So the tumors
with brain invasion have a higher recurrence rate and a
shorter recurrence time. Maybe brain invasion is an
important prognostic indicator. Six out of our 15 cases
accord with atypia and five cases recured, except for the
case 14, with a mean recurrence time of 50 months.
However, case 14 did not recur but had a shorter follow-
up of 9 months. The data show that atypia might likely be
concerned with recurrence. No such difference is noted in
percent clear cell change between the recurrence and no
recurrence patients. Based on the limited data in this series
and literature review, we believe that high MIB-1 labeling
index, brain invasion and atypia are accountable for the
high-recurrence rate of CCM, though CCM seems to be
generally well excised surgically.

Of the 63 cases reported so far, including our 15 cases,
the recurrence rate after gross total removal is 17/39(43.6%)

Total number of cases 63

Age range (years) 2-84

Mean age (years) 33.4

Children (≤18 years) 19

Sex ratio (M:F) 28:35

Location

CPA 16

basilar region 22

convexity 13

cerebral falx and tentorium of cerebellum 7

intraventricular 5

Duration of symptoms (months) Sudden onset to 84

Treatment

total removal 42

subtotal removal (no adjuvant treatment) 10

Subtotal removal plus radiotherapy or radiosurgery 7

unknown 4

Number of cases with available follow-up 56

Follow-up period (months) 1.5–156 (mean 33.3)

MIB-1 LI

Recurring tumor 5.7% (present series)

Nonrecurring tumor 2.8% (present series)

Number or total removal 46

Total removal with follow-up 39

Recurrence rate of total removal 43.6% (17/39)

Recurrence time of total removal (months) Median 24

Number of subtotal removal 17

Subtotal removal with follow-up 13

Recurrence rate of subtotal removal 84.6% (11/13)

Recurrence time of subtotal removal (months) Median 12

Table 3 Summary of the clini-
copathologic features observed in
present and previous cases
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and the median recurrence time is 24 months; in contrast,
the recurrence rate after subtotal removal or parital removal
is 11/13 (84.6%) and the median recurrence time is
12 months. The results show that the recurrence rate of
total removal is obviously lower than subtotal removal, and
the recurrence time of total removal is longer also. The
prognosis of intracranial CCM is related to the initial
treatment and the extent of resection might be predictive for
recurrence. Because the number of cases who had under-
gone radiotherapy and radiosurgery is insufficient, it is
difficult for us to draw a conclusion whether radiotherapy
has an influence on the recurrence of CCM. However,
radiation therapy and radiosurgery might be important in
the cases of cerebral CCM with incomplete resection and
primarily treating recurrences. Postoperative regular MRI
scans of the entire neuraxis should be performed to monitor
for recurrence.

Conclusions

CCM is a rare subtype of meningioma with a tendency
to present in younger patients and a propensity to recur
and metastasize. The most commonly affected area is the
CPA and basilar region. Immunohistochemistry is helpful
to differentiate CCM from other primary and metastatic
clear cell tumors. Brain invasion, atypia, MIB-1 labeling
index and the extent of resection might likely predict
the recurrence. Postoperative regular MRI scans of the
entire neuraxis should be performed to monitor for
recurrence.
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Table 4 Comparison of clinicopathologic features observed in present and previous series

Previous case reports Present study

Total number of cases 48 15

Age range (years) 2-84 8-64

Mean age (years) 33.0 34.8

Children (≤18 years) 16 3

Sex ratio (M:F) 20:28 8:7

Location

CPA 10 6

basilar region 15 5

convexity 14 1

cerebral falx and tentorium of cerebellum 6 1

intraventricular 3 2

Duration of symptoms Sudden onset to 3 years 3 weeks to 7 years

Treatment

total removal 31 11

subtotal removal or partial removal(no adjuvant treatment) 8 2

subtotal removal or partial removal plus radiotherapy or radiosurgery 5 2

unknown 4 0

Number of cases with available follow-up 41 15

Follow-up period 6 weeks to 13 years
(mean 32.1 months)

8 months to 9 years
(mean 36.5 months)

MIB-1 LI

Recurring tumor UN 5.67%

Norecurring tumor UN 2.83%

Recurrence rate of total removal 39.3% (11/28) 54.5%(6/11)

Recurrence time of total removal 29.2 months 62 months

Subtotal (partial) removal 13 4

Recurrence rate of subtotal (partial) removal 88.9% (8/9) 75% (3/4)

Recurrence time of subtotal (partial) removal 54.3 months 9.7 months
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Comment

An important part of neuro-oncology group practice is the recognition
of unusual to very rare CNS tumors and the tailoring of optimal
therapy and follow-up for their carriers—based on more or less scarce
published data. The trouble of identifying and analyzing series of rare
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CNS tumours from the last 30 years, i.e., the CT period, should be
supported in the era of genomics. Never trust the previous histologic
diagnosis but have it re-evaluated by your neuropathologist—more
than one if in doubt.

In the authors’ hospital in Shanghai, a staggering number of 5,423
intracranial meningiomas were diagnosed in a 10-year period, which
allowed the compilation of the largest series of intracranial clear cell
meningioma (CCM), a rare (0.28%) WHO grade II subtype of
meningiomas. The authors, importantly, solidify the clinical spectrum
of intracranial CCMs:

1. Younger average age at diagnosis, some 30 years.
2. Totally different intracranial distribution with the petroclival and

CPA regions overrepresented.
3. MRI and CT not suggestive of subtype diagnosis.
4. Immunostaining helpful in the differentiation from other primary

and metastatic clear cell tumors, such as microcystic meningioma,
central neurocytoma, clear cell ependymoma, oligodendroglioma or
renal clear cell carcinoma.

5. Recurrence rate of some 60% after seemingly complete removal.
6. Time to recurrence some 4 years.
So, regular MRI controls are mandatory, in our practice at 12-

month intervals, as for other grade II meningiomas. But no one has

produced convincing data on the impact of local or stereotactic
radiotherapy on the recurrence/regrowth rate of CCMs.

Juha E Jääskeläinen
Kuopio, Finland

This is an interesting paper and it seems to be the largest series
of clear cell meningiomas reported in the literature. The authors
present 15 cases of this rare meningioma variant, which is
associated with a more aggressive behaviour, including frequent
recurrence and occasional cerebrospinal fluid seeding despite a
bland cytology in most cases. They are different from other
subtypes of meningiomas on clinical and histopathological mani-
festations, i.e they are composed of sheets of polygonal cells with
clear cytoplasm and perivascular hyalinization without whorls
formation and psammoma bodies. As stressed in this paper, it
could be hard to diagnose them based only on hematoxylin and
eosin examinations, and a definite diagnosis needs other specific
immunohistochemical stains to permit their distinction from other
subtypes of meningiomas with less aggressive behaviour.

Domenico d’Avella
Marina Paola Gardiman
Padova, Italy
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