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INTRODUCTION

Ependymomas (EPNGs) are a neuroepithelial malignancy that
constitute about 2%-9% of all neuroepithelial tumors. They
are most frequently seen in children and young adults [1,2].
Only a third of them are supratentorial [3]. The most common
subtype of supratentorial ependymoma (STE) is the C11orf95-
RELA-tusion type [4]. Half of STE are extraventricular; how-
ever, they usually connect to the ventricular lining [5]. EPNs
with no connection to the ventricular lining are extremely rare
[5,6]. We report a case of supratentorial cortical ependymoma
(CE) with Cl11orf95-RELA-fusion positive in a young female
and literature review.

CASE REPORT

A 25-year-old female presented to our department after a
generalized tonic-clonic seizure. She had no prior history of
seizures. The brain MRI scans showed a strongly enhancing
cortical mass about 3X2x2 cm in size with peri-lesional ede-
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A 25-year-old female presented with a generalized tonic-clonic seizure. She had no previous history of
seizures. A brain magnetic resonance imaging scan revealed a solitary enhancing mass in the right
fronto-parietal cortex. During surgery, the mass was noted to be pure cortical with no connection to
the ventricular lining. The tumor was completely resected. After surgery, the patient had no further sei-
zures. The biopsy result showed a supratentorial ependymoma, which was C770rf95-RELA-fusion-
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ma and with no definite dural tail sign (Fig. 1). The initial ra-
diological diagnoses were meningioma or hemangiopericyto-
ma. Although it was a small tumor, since it was causing seizures,
we decided to perform total surgical resection as the primary
treatment.

A right fronto-parietal craniotomy was performed, and we
achieved gross total removal of the tumor. Contrary to our ex-
pectation, there was no adhesion between the dura-mater and
the tumor. The tumor was well-demarcated, marginated from
right fronto-parietal cortex, and encapsulated. It was highly
vascularized, and friable solid mass. The tumor had minimal
adhesions attaching to the arachnoid membrane, but no inva-
sion of the brain parenchyma was seen (Fig. 2). The tumor was
friable; therefore, it was thoroughly aspirated with a cavitron
ultrasonic surgical aspirator. Gross total removal without any
injury of the peri-lesional area was achieved. After surgery,
the patient had no further seizures. Postoperative MRI scans
showed no evidence of a residual mass.

In histological study, we found that the tumor had a clear cell
feature which requires some differentiation such as clear cell
EPN, clear cell meningioma or oligodendroglioma. Hematox-
ylin and eosin (H&E) staining showed a sheet of uniform cells
with round nucle, finely dispersed chromatin, clear cytoplasm,
discrete cytoplasmic borders, rare mitosis, no necrosis (Fig. 3).
Immunohistochemically, the epithelial membrane antigen
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(EMA) was positive with a dot-like pattern (Fig. 4A), GFAP vimentin was positive, and IDH1 gene mutation was not detect-
and Olig2 were focal positive (Fig. 4B and C), and LICAM was ed. Histological and immunohistochemical study allowed the
strongly positive (Fig. 4D). Analysis of 1p/19q codeletion flu- tumor to be diagnosed as EPN with CI1orf95-RELA-fusion.

orescence in situ hybridization (FISH) showed no deletion with MRI scans that were performed at the time of 10 months af-
polysomy. Ki-67 labeling index was 14.3%, S-100 was positive, ter tumor removal operation did not show any significant re-

s ~a
Fig. 1. Preoperative radiologic finding. A and B: Gadolinium-enhanced T1-weighted brain MRI scans show well enhancing pure cortical
mass (white arrows) in size of 3x2x2 cm. C: T2-flair scan shows mass (white arrow) and peri-lesional edema (white arrowhead).

Fig. 2. Intraoperative microscopic finding. A: Intraoperative photograph after dura-mater was opened shows tumor mass (asterisk). The
mass was friable solid and highly vascularized, and had no definite adhesion between dura-mater. B: Intraoperative photograph after mass
was totally removed shows no definite remnant and parenchymal invasion.

as-
cularized features (x40) (A) and shows nuclei are with finely dispersed chromatin, clear cytoplasm with well-defined cell membrane, dis-
crete cytoplasmic borders, rare mitosis, no definite necrosis (B, x100; C, x200). The black arrows indicate clear cells (C).
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Fig. 4. Immunohistochemical examination shows positive with a dot like pattern in EMA staining (x200) (A), focal positive in GFAP (x200)
and Olig2 (x200) staining (B and C), and strongly positive in L1CAM staining (x200) (D).

currence and the peri-lesional edema that was seen in preopera-
tive MRI scans was no longer visible. And the patient maintained
the seizure free state.

DISCUSSION

EPNG are relatively rare glial tumors that can occur anywhere
in the central nervous system [1,7]. According to World Health
Organization (WHO), EPNs are classified into subgroups by
their molecular features [8]. Subependymoma and myxopap-
illary EPNs are classified as WHO grade I. Papillary EPN, clear
cell EPN, and tanycytic EPN are classified as WHO grade II,
and anaplastic EPN is classified as WHO grade III [9,10]. In
addition, C110rf95-RELA-fusion positive EPN was newly clas-
sified as WHO grade II/III in 2016 [9,10].

There are two major subtypes of STE classified by their mo-
lecular features: C110rf95-RELA-fusion type and YAP-I-fusion
type [9]. C11orf95-RELA-fusion EPN is the most common type,
occurring in about 70% of cases [11]. However, it is not found
in infratentorial or spinal EPNs [12]. The RELA gene encodes
the NF-«B protein complex, which controls cell proliferation
and apoptosis by its signal pathway [12]. Activation of the NF-

kB signal pathway can contribute to tumor development by
four mechanisms that suggested by Xia et al. [13]. It stimulates
cell proliferation and prevents cell apoptosis, regulates angio-
genesis, promotes tumor metastasis, and remodels tumor me-
tabolism. The fusion of the CI110rf95 gene—whose oncogenic
function has not been clearly revealed—and the RELA can
drive activation of the oncogenic NF-B signaling in EPNs [11].
For these reasons, C110rf95-RELA-fusion STEs are thought
to be having anaplastic features. And it can be considered that
Cl1orf95-RELA-fusion STEs have a poorer prognosis than
other types of EPN.

In several literatures, CEs are defined as EPNs that are locat-
ed in the cerebral cortex and have no connection to the ven-
tricular lining and that account for only about 3.5% to 5.7%
of all EPNs [2,3,14,15]. Especially, in some literatures like this
case, it is called pure CEs to emphasize that they are limited
only to the cerebral cortex [5,16].

Currently, CEs have been reported about 100 cases. In 2020,
Wang et al. [14] reported a cohort study on 106 cases that have
been reported till that date and 30 cases of CEs of their insti-
tute. In their study, seizure is the most common symptom, the
frontal lobe or involving the frontal lobe are the most common
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Table 1. A summary of cortical ependymoma cases from other
groups and present case

Table 2. Comparisons of present case with own cases of other
groups

Wang Matsumoto Present Wang Matsumoto Present case
etal. [14] etal. [15] case etal. [14] etal. [15]
Case series™ Institute Literature Institute Literature Institute No. of cases 30 8 1
No. of cases 30 106 8 84 1 WHO grade
Sex i 17 (57) 1(12.5) 1
Male 19(63) 57(54) 5(62.5) 45(53) 0 111 13 (43) 7(87.5) 0
Female 11(37) 49(46) 3(37.5) 39(47) Presence of cyst
Age (yr) Yes 17 (57) 8(100) 0
Median 11 NA 75 20.5 25 No 13 (43) 0 (0)
Range 0.75-58  NA 1-24 1-74 - RELA-fusion*
Location n=66 Yes 9 (90) 5(100)
Frontal 7 (23) NA 4 (50) 29 (44) 0 No 1(10) 0(0) 0
Multiple lobe 10(33) 18(21) 0(0)  15(23) L1CAM stain’
Others 13 (43) NA  4(50) 22 (33) 0 Positive NA 6 (75)
Symptom Negative NA 2(25) 0
Seizure 9(30) 52(49) 3(37.5) 52(62) Recurrence
Others 21(70) 53(51) 5(62.5) 32(38) 0 Yes 9(30) 4 (50) 0
Treatment No 21 (70) 4 (50) 1
GTR 20(67) 91(86) 6(75) 72 (86) Data are presented as number of cases (%) unless otherwise indi-
STR 10(33) 15(14) 2(25) 12 (14) 0 cated. *10 cases of Wang group and 5 cases of Matsumoto group
Outcome =98 were available foT RELA—fusion stqdy; TWang group did not per-
form L1CAM staining. NA, not available
Alive 26(87) 89(91) 7(87.5) 70(83) 1

Deadorloss 4(13) 9(9) 1(12.5) 14(17) 0

Data are presented as number of cases (%) unless otherwise indi-
cated. *Institute cases means the cases of its institute and literature
cases means the cases of literatures that were reviewed by each
group. NA, not available; GTR, gross total resection; STR, subtotal
resection

site of CEs and relatively higher rate of C110rf95-RELA-fusion
than that of other STEs that fusion rate is known as about 70%.
They performed CI10rf95-RELA-fusion test in 10 of their 30
cases that the test was available, and 9 cases were confirmed
to be fusion positive by FISH [14]. The prognosis of CEs was
favorable, whereas a poorer prognosis was expected than that
of other STEs because CEs have higher rate of C110rf95-RE-
LA-fusion and they have anaplastic features [14].

In 2019, Matsumoto et al. [15] reported their 8 cases and 84
cases previously reported CE cases. Their results were similar
to those of Wang et al. [14]. They performed Sanger sequenc-
ing of cDNA for finding CI1orf95-RELA-fusion in 5 of their
8 cases that the test was available, and all 5 cases were fusion
positive. They also performed LICAM stain, and 6 of 8 cases
were positive [15].

In those studies of two groups showed higher rate of C110rf95-
RELA-fusion than other STEs but prognosis was favorable. They
performed gross total resection in most of their cases, and it
would have made it possible to overcome the expected poor
prognosis (Table 1). And according to Matsumoto group’s re-
sult, although not all RELA-fusion positive were LICAM stain
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positive, all LICAM stain positive were confirmed to be RE-
LA-fusion positive. This result suggests that the LICAM stain-
ing can also be a powerful tool for screening C110rf95-RELA-
fusion. While the tumor texture of the present case was pure
solid, cystic lesions occupied the majority in both groups (25/38).
There were 4 cases of dead outcome in Wang group, all of which
had recurrences. This suggests that recurrence is an important
factor in prognosis. The total recurrence rate in both groups
was about 34% (13/38), but there was no recurrence in this case,
which is thought to be because the GTR was easily achieved in
this case as it was a pure cortical lesion with no definite paren-
chymal invasion (Table 2).

In the radiologic findings of this case, pure cortical type, ab-
sence of a cystic lesion, and with no connection to ventricle
were factors that contributed to the difficulty in recognizing
the tumor as an EPN. Because a pure cortical, extra-ventricu-
lar nature, and with no ventricular lining are rare findings in
EPNs [5,17].

During surgery, a well-demarcated and friable mass was ful-
ly aspirated. There was no gross residual tumor and no definite
invasion of the brain parenchyma. H&E staining showed that
the tumor had clear cell features that suggested the possibility
of EPN, clear cell meningioma, or oligodendroglioma. It was
difficult to differentiate between EPN and clear cell meningi-
oma because of the tumor had clear cell features and rare mi-
tosis. However, it was possible to rule out clear cell meningio-
ma through the findings that GFAP staining was positive, there



was no dural adhesion during surgery and dural tailing was
not prominent in MRI scans. Absence of 1p/19q codeletion in
FISH analysis and IDH1 mutation allowed to easily exclude oli-
godendroglioma. The GFAP, EMA, S100, and vimentin stain-
ing showed all positive results that are characteristic immu-
nochemical staining of EPNs. In addition, LICAM staining
showed a strong positive result that strongly suggested the tu-
mor was CI1orf95-RELA-fusion positive [11,18].

The standard treatment for EPNs is total surgical resection.
As mentioned earlier, total surgical resection is very important
because CI1orf95-RELA-fusion EPN has anaplastic features.
Radiation therapy (RT) can be considered for remnants or pre-
vention of recurrence. The role of chemotherapy is limited [8].
There was no evidence of residual tumor mass on the postop-
erative MRI scans and no evidence of recurrence on the fol-
low-up MRI scans of the patient in this case; however, RT or
re-operation would be considered if there is evidence of recur-
rence or residual tumor at further follow-up. In particular, since
ClIorf95-RELA-fusion EPN has anaplastic features that can
spontaneously activate NF-kB signaling, careful follow-up is
required [19].

EPN, as in this case, is difficult to diagnose due to its extreme-
ly rare features. Therefore, diagnosis and surgical resection
should be performed at the same time. Furthermore, CEs may
have higher rate of C110rf95-RELA-fusion that has anaplastic
features, but CEs have favorable prognosis through gross total
resection of tumor and adjuvant radiotherapy that may have
made it possible to overcome the expected poor prognosis. This
is why surgical total resection is the most important procedure
as the first treatment. And, in terms of epidemiologic aspects
of EPNG, close follow-up is required because it mainly occur
in children and young adults.
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