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histologic subtypes, as well as significant differences between 
spinal cord tumors and brain tumors of the same histologic 
type12). Genetic heterogeneity has also been noted when com-
paring pediatric and adult tumors from the same location and 
with the same histology4). Ependymomas are difficult to diag-
nose because of this heterogenicity and because their appear-
ances mimic those of other intracranial tumors. There are sev-
eral primary CNS tumors that are similar in appearance to 
ependymomas. Predicting the prognosis of such a tumor is also 
difficult because ependymomas vary considerably both in their 
morphologic appearance and biological behavior13).

Clear cell ependymoma (CCE) is an uncommon and diagnos-
tically challenging variant which was first described by Kernohan 
in 19373,17) and was recognized by the World Health Organization 
(WHO) as a distinct entity in 19939). CCE is characterized by 
sheets of uniform cells with rounded nuclei and perinuclear, clear 
halos. It may closely mimic several other tumors, including oli-
godendroglioma, central neurocytoma, hemangioblastoma, 
and metastatic renal cell carcinoma5). However, CCEs can be dis-
tinguished from other tumors by their classic ependymal rosettes 
and perivascular pseudorosettes. CCEs have a tendency to be ag-
gressive despite therapy. It is important to distinguish this entity 
from others because the treatment and prognosis of each vari-
ant differ significantly. Immunohistochemical staining is known 
to be helpful for diagnosis. Here, we describe a patient with CCE 
and review the literature concerning radiological and pathologi-
cal characteristics of and therapeutic implications for CCE.     

INTRODUCTION

Ependymomas are primary central nervous system (CNS) 
neoplasms that are rare in adults but more common in the pe-
diatric population. Ependymomas are estimated to constitute 
fewer than 4% of adult nervous system tumors, including both 
brain and spinal cord tumors4). 

These tumors are thought to arise from the ependymal cells 
lining the cerebral ventricles, spinal cord central canal, and cor-
tical rests15). Normal ependymal cells vary considerably in their 
morphology, ranging from partly ciliated, cuboidal epithelial 
cells to elongated, sometimes markedly fibrillated glial cells 
known as tanycytes. Ependymomas originate from or differen-
tiate toward ependymal cells and are divided into several histo-
logical subtypes including cellular, papillary, myxopapillary, and 
tannycytic ependymomas, depending on their morphology10). 

Traditional ependymomas have pseudorosettes resulting 
from perivascular convergence of tumor cell processes and true 
ependymal rosettes consisting of gland-like or tubular arrange-
ments of epithelial-like cells2,11,18). Recent laboratory analyses 
suggest significant molecular heterogeneity within each of the 
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brain tumors is based on the premise that each tumor results 
from the abnormal growth of a specific cell type. The major 
forms of ependymomas according to the WHO are sorted into 
grade I, myxopapillary, subependymoma; grade II, ependymo-
ma; and grade III, anaplastic ependymoma. Grade II further in-
cludes cellular, clear cell, papillary and tanycytic ependymomas.

Fouladi et al.3) reviewed the clinicopathologic and radiologic 
features, treatments, and outcomes of ten children with CCE. Ac-
cording to their report, CCEs have a predilection for the supra-
tentorial compartment and ranged in size from 1.5 cm to 8.0 cm. 
All tumors were enhanced, and eight of nine tumors had associ-
ated cysts with enhancing walls. Five tumors had associated hem-
orrhage, seven tumors had regions of necrosis, five tumors had 
vasogenic edema, and nine tumors had mass effect. Punctate cal-

CASE REPORT

A 59-year-old woman presented to our hospital with a gener-
alized tonic-clonic seizure. There were no neurological deficits 
upon postictal examination. She had no previous history of sei-
zure or other medical illness. Computerized tomography (CT) 
revealed a calcified mass in the frontal lobes across the genu of 
the corpus callosum (Fig. 1). On brain magnetic resonance im-
aging (MRI), there was a 5 cm infiltrating mass in the right fron-
tal lobe extending to the corpus callosum and the left frontal 
lobe. This mass showed heterogeneous signal intensities on T1- 
and T2-weighted images, with cysts and calcification. Fluid-at-
tenuated inversion-recovery images showed irregular peritu-
moral edema in both frontal lobes and in the corpus callosum. 
The tumor was irregularly enhanced on the contrast image, sug-
gesting that it was most likely an oligodendroglioma (Fig. 2). 

Subtotal removal was carried out using the interhemispheric 
approach. Intraoperatively, the tumor was soft and friable in 
texture and yellowish brown in color. Agglomerated glittered 
calcification was found in some areas and scattered around the 
tumor margin. There were cysts filled with yellow, clear fluid. 
The calcified area strongly adhered to the roofs of the lateral 
ventricles, which were removed.

Microscopic examination revealed that the tumor was com-
posed of sheets of clear cells with rounded nuclei, perinuclear 
halos and focal perivascular pseudorosettes. Cellularity was 
markedly increased with numerous mitoses. However, true ep-
endymal canals and rosettes were absent (Fig. 3). Immunohis-
tochemical staining confirmed the compatibility with CCEs. 
Antibodies against glial fibrillary acidic protein were positive 
and highlighted perivascular cytoplasmic processes. Immuno-
reactivity for epithelial membrane antigen was negative. Ki-67 
staining confirmed an elevated proliferation rate of 2% in the 
tumor, but there was no anaplasia, and cytokeratin staining was 
negative (Fig. 4). The S-100 protein staining was not rewarded 
and vimentin was positive. 

The patient received postoperative adjuvant fractionated radi-
ation therapy of 60 Gray (Gy) but no chemotherapy. Although 
she did not exhibit neurological deficits after the surgery, she ex-
perienced intermittent partial seizures. A six-month follow-up 
CT showed tumor regrowth at the surgical site. One year after 
surgery, the tumor showed further increased in size, and there 
was a marked increase in the extent of white matter edema in 
the bilateral cerebral hemispheres (Fig. 5). The patient did not 
undergo another operation and symptoms were controlled by 
an anticonvulsant medication.

DISCUSSION

CCE was first described as a distinct pathologic entity by 
Kawano et al.6) and was classified as a variant of ependymoma 
by the WHO in 19939). In 2000, the WHO ratified a new classifi-
cation of neoplasms affecting the CNS10). The classification of 
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Fig. 2. Brain magnetic resonance imaging. A : T1-weighted image 
(T1WI) coronal. Multiple signal voids, internal cystic or necrotic portions 
within the right frontal lobe mass. B : T1WI axial. C : T2-weighted image 
(T2WI) axial. Increased signal intensity of peritumoral edema in both 
frontal lobes and in the posterior body of the corpus callosum. D : T1WI 
enhancement. Well enhanced tumor mass.
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Fig. 1. Brain computed tomography image at pre-operation. A : Non en-
hancement image : 5 cm infiltrating mass in the right frontal lobe extend-
ing to the corpus callosum and the left frontal lobe. B : Enhancement im-
age : diffuse enhancement of the tumor mass in both frontal lobes and 
genu and in the anterior body of the corpus callosum.
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Unlike oligodendrogliomas, CCEs are 
characterized by their sharp circum-
scription and hypervascularity, as re-
flected in contrast enhancement on CT 
and MRI, their noninfiltrative pattern of 
growth that displaces parenchyma, and 
the occasional formation of vague peri-
vascular pseudorosettes7). Unlike central 
neurocytomas and glioneurocytomas, 
CCEs lack secretory granules, vesicles, 
and synapses according to electron mi-
croscopy and neuroendocrine markers 
in immunocytochemistry14). This mor-
phologically distinctive cancer subtype 
features sheets and lobules of crowded, 
uniform cells with round nuclei, central 
nucleoli, and conspicuous cytoplasmic 
clearing. Since the latter feature is more 
common to other central nervous sys-
tem tumors such as oligodendroglioma 
and neurocytoma, misdiagnoses are fre-
quent. The ultrastructural features of 
CCEs have been fairly uniformly report-
ed as classical ependymoma cells with 
well developed intercellular junctions, 
microvilli and cilia6,14). CCEs are more 
aggressive in behavior compared to ana-
plasia5). Anaplastic tumors have numer-
ous discrete zones of markedly increased 
cellularity, microvascular hyperplasia, 
and numerous mitoses. Fouladi et al.3) 
described two cases of early CCE recur-
rence which contained numerous cells 
with enlarged, irregular shaped nuclei 
and prominent nucleoli. These two cases 
of CCEs with anaplastic features showed 
metastasis to extracranial lesions, lymph 
nodes and the jugular vein. In that study, 
the progression and overall survival 
rates at five years were 34±20% and 
75±19%, respectively. 

Eight patients reported by Min and 
Scheithauer14) received surgical resec-
tion, and five of them underwent radio-

therapy. Chemotherapy was attempted on two of the five pa-
tients who received radiotherapy at doses of 40 Gy to 65 Gy. 
The patients who received chemotherapy relapsed into CCEs. 
Four of the patients had no evidence of recurrence. Oya et al.16) 
found that the extent of surgical resection was a significant fac-
tor in the prediction of survival since those patients with gross 
total resection tended to have better outcomes than did those 
with subtotal resections. In Ki-67 labeling studies, CCEs exhib-
ited proliferative activity. The three cases of recurrence oc-

cifications were detected in the tumors, and five of ten patients 
developed recurrence at the primary site or in multiple areas. 
Two patients experienced dural sinus invasion, transcalvarial ex-
tension and extensive lymph node metastasis3). CCEs are most 
common in pediatric and young patients (median age 7.5 years, 
range 1-19 years) and are rare in adults and elderly patients1,14). 
Pathologically, CCEs may mimic oligodendroglioma, central 
neurocytoma, clear cell meningioma, glioneurocytoma, heman-
gioblastoma, and metastatic renal cell carcinoma3,8). 

Fig. 4. Immunohistochemical staining. A : Tumor cells show positivity for GFAP (glial fibrillary acidic 
protein) antigen. B : EMA (epithelial membrane antigen) (-). C : CK (Cytokeratin ) (-). D : Ki-67=2%.
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Fig. 5. Brain computed tomography image and magnetic resonance imaging (MRI). A : Postoperative 
status. B : Six months postoperatively with adjuvant radiologic therapy, 60 Gy. C : One-year follow-
up brain MRI showing recurred tumor at the previously resected lesion. 
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Fig. 3. Pathological findings. A : perivascular pseudorosettes. B : sheets of clear cells with rounded 
nuclei and perinuclear halos.
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Clear cell ependymoma : a clinicopathologic and radiographic analysis 
of 10 patients. Cancer 98 : 2232-2244, 2003

4. Gilbert MR, Ruda R, Soffietti R : Ependymomas in adults. Curr Neurol 
Neurosci Rep 10 : 240-247, 2010

5. Jain D, Sharma MC, Arora R, Sarkar C, Suri V : Clear cell ependymoma : 
a mimicker of oligodendroglioma-report of three cases. Neuropatholo-
gy 28 : 366-371, 2008

6. Kawano N, Yada K, Aihara M, Yagishita S : Oligodendroglioma-like 
cells (clear cells) in ependymoma. Acta Neuropathol 62 : 141-144, 1983

7. Kim JH, Cho BK, Kim IO, Park SH : Clear-cell ependymoma of the cer-
ebellum : a case report. Ultrastruct Pathol 31 : 241-247, 2007

8. Kim NR, Chung DH, Lee SK, Ha SY : Intramedullary clear cell ependy-
moma in the thoracic spinal cord : a case with its crush smear and ultra-
structural findings. J Korean Med Sci 22 : S149-S153, 2007

9. Kleihues P, Burger PC, Scheithauer BW : The new WHO classification 
of brain tumours. Brain Pathol 3 : 255-268, 1993

10. Kleihues P, Louis DN, Scheithauer BW, Rorke LB, Reifenberger G, 
Burger PC, et al. : The WHO classification of tumors of the nervous sys-
tem. J Neuropathol Exp Neurol 61 : 215-225; discussion 226-229, 2002

11. Liu HM, McLone DG, Clark S : Ependymomas of childhood. II. Elc-
tron-microscopic study. Childs Brain 3 : 281-296, 1977

12. Mack SC, Taylor MD : The genetic and epigenetic basis of ependymo-
ma. Childs Nerv Syst 25 : 1195-1201, 2009

13. Metellus P, Guyotat J, Chinot O, Durand A, Barrie M, Giorgi R, et al. : 
Adult intracranial who grade II ependymomas : long-term outcome 
and prognostic factor analysis in a series of 114 patients. Neuro Oncol 
12 : 976-984, 2010

14. Min KW, Scheithauer BW : Clear cell ependymoma : a mimic of oligo-
dendroglioma : clinicopathologic and ultrastructural considerations. 
Am J Surg Pathol 21 : 820-826, 1997

15. Niazi TN, Jensen EM, Jensen RL : WHO grade II and III supratentorial 
hemispheric ependymomas in adults : case series and review of treat-
ment options. J Neurooncol 91 : 323-328, 2009

16. Oya N, Shibamoto Y, Nagata Y, Negoro Y, Hiraoka M : Postoperative 
radiotherapy for intracranial ependymoma : analysis of prognostic fac-
tors and patterns of failure. J Neurooncol 56 : 87-94, 2002

17. Suh JH, Hong SM, Lee IC : Clear cell ependymoma. Korean J Pathol 31 : 
383-387, 1997

18. Svien HJ, Mabon RF, Kernohan JW, Craig WM : Ependymoma of the 
brain; pathologic aspects. Neurology 3 : 1-15, 1953

curred within one to nine years regardless of Ki-67 scale. 
In our case study, subtotal resection was only possible because 

the location of the mass made total resection difficult. The pa-
tient received radiotherapy of 65 Gy after the operation. Howev-
er, she experienced tumor relapse at the surgical site after six 
months. The Ki-67 scale was 2%. The reason for recurrence may 
be the limited resection because of the difficult approach to the 
tumor site and its misdiagnosis as an oligodendroglioma. Thus, 
differential diagnosis between CCE and other tumors is consid-
ered very important. Since we described only one case, addi-
tional studies with a large group of patients will be necessary to 
provide a comprehensive set of diagnostically useful cases.

CONCLUSION

Current reports of patients with CCE describe anaplastic his-
tological features and aggressive tumor behavior. Diagnosis of 
CCEs is difficult, as is its distinction from other tumors. We 
found that ultrastructural examination was helpful to detect the 
nature of the CCE, and immunohistochemical staining was a 
useful method to distinguish CCE from other cancer types.

A large study is needed to determine the therapeutic respon-
siveness and prognosis of this rare cancer. We expect that, as 
more studies and case reports of CCEs become available, a com-
mon approach to the effective treatment of CCEs will emerge. 
However, a prospective trial study may be difficult due to the 
limited number of cases of this rare tumor.

References 
1. Amatya VJ, Takeshima Y, Kaneko M, Nakano T, Yamaguchi S, Sugiya-

ma K, et al. : Case of clear cell ependymoma of medulla oblongata : clin-
icopathological and immunohistochemical study with literature review. 
Pathol Int 53 : 297-302, 2003

2. Fokes EC Jr, Earle KM : Ependymomas : clinical and pathological as-
pects. J Neurosurg 30 : 585-594, 1969

3. Fouladi M, Helton K, Dalton J, Gilger E, Gajjar A, Merchant T, et al. : 


