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Abstract

Object—Supratentorial cortical ependymomas (CE) are rare, with 7 cases reported. The lesions,
typically occurring in the superficial cortex in young adults and associated with a history of
seizures, are not fully characterized. Furthermore, their relationship with the recently described
angiocentric glioma (AG) is still being debated. This study was undertaken to summarize the
authors’ experience with CEs.

Methods—Between 1997 and 2009, 202 cases of ependymoma were surgically treated at the
Mayo Clinic, 49 of which were supratentorial. Among these, 9 CE cases were retrospectively
identified. Clinical, imaging, and pathological features of each case were reviewed.

Results—Tumors arose from the frontal (5 cases), parietal (3), and occipital (1) lobes. No tumor
occurred in the temporal lobe, despite its reported association with seizures. The mean age at
presentation was 27 + 19 years (+ SD) and age at resection was 36 + 16 years. The mean size of
the lesion was 16 + 14 cm3. Seizures were the presenting symptom in 78%. Cross-sectional
imaging in 8 cases was characterized by a heterogeneous mass with multiple cystlike areas and
enhancement of the soft-tissue component. Gross-total resection was achieved in 8 of 9 tumors.
Pathologically, 6 were low-grade (WHO Grade I1) and 3 were anaplastic (WHO Grade I11)
ependymomas. All tumors exhibited the focal presence of perivascular pseudorosettes, but only 1
(11 %) exhibited the focal presence of a true rosette. A bipolar spindle cell component resembling
AG was present in 3 (33%) and “Schwannian-like” nodules in 2 (22%). Subpial aggregation and
peripheral infiltration were present in 4 cases (44%%}. With a mean postsurgery follow-up of 62 +
38 months, only 2 lesions recurred locally after imaging-confirmed gross-total resection, both
being Grade I11. In 5 (71 %) of 7 patients presenting with seizures an Engel Class | outcome was
achieved.
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Conclusions—Cortical ependymomas represent a rare type of ependymoma occurring
superficially in the cortex. Morphologically, these tumors are protean, varying from classic to
epithelioid, clear cell, and tanycytic. Some also exhibited features typical of AG. Most tumors
were low grade and cured with resection. Anaplastic tumors occur and may recur locally despite
provision of radiation therapy. Cortical ependymomas frequently, but not always, present with
seizures, but despite their high association with epilepsy, none occurred in the temporal lobe in
any of the authors’ 9 patients. Overall, CEs appear to have a relatively favorable prognosis
compared with other supratentorial ependymomas.
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Methods

Erenovmomas represent 2%-9% of all neuroepithelial tumors and most frequently affect
children and young adults.1” Commonly involving the cervicothoracic segment of the spinal
central canal and fourth ventricle, they can occur in any site of the craniospinal axis, even
outside the ventricular system. The current WHO classification of CNS tumors divides
ependymomas into low-grade (Grade I1) and high-grade or anaplastic (Grade 11) lesions,
reserving Grade | for myxopapillary ependymoma, a variant of the filum that has an indolent
biological behavior.1> Tumor location, patient age at diagnosis, and extent of resection are
the most important prognostic factors. 18:19.23 |t has been suggested that ependymal tumors
are perhaps less aggressive the further they occur primarily from the fourth ventricle.18

Cortical ependymomas—supratentorial ependymomas that selectively involve cerebral
cortex—are rare. Only 7 cases have reported to date.1416:2224.32 | a]| published cases, the
patients have presented with seizures, have undergone complete surgical removal, and
tumors have not recurred.? Recently (2007), the AG—a seizure-associated tumor
characterized by an angiocentric pattern of growth, monomorphous bipolar cells, and
features of ependymal differentiation—has been added as a new entity to the WHO
classification. Angiocentric gliomas appear to encompass cases previously described as
monomorphous angiocentric gliomas and angiocentric neuroepithelial tumors.212 Debate is
ongoing as to whether AGs and CEs represent distinct entities and if CEs truly exist or
rather represent examples of misdiagnosed AGs or vice versa.12-14 In a recent case series,
Lehman?3 suggests that AGs and CEs may both represent entities within a spectrum of
“clinically low grade” tumors with ependymal differentiation. Currently there appears to be
only 7 published cases of CEs (accounting for 2 papers by Lehman with 1 patient being
reported on in both articles) and approximately 26 cases of AGs.1:7:13.16,24,27.28,32 Thjg
study reporting on 9 patients with CEs was undertaken to further characterize and
understand the lesion and its relationship to the AG.

Following approval by the Mayo Clinic internal review board, we searched the surgical,
pathology, and clinical patient database at the Mayo Clinic in Rochester, Minnesota, for
ependymomas diagnosed between January 1997 and January 2009, We identified 202 cases
of ependymoma surgically treated at our institution, 49 (24%) being supratentorial. Nine
tumors (4%) were located superficially in the cortex, All cases were reviewed pathologically
by 2 neuropathologists (C.G, and P.C.B.) and the diagnosis of ependymoma was confirmed.
We then retrospectively reviewed in detail the presenting symptoms, radiographic features,
extent of resection, and outcomes in this cohort of patients. Seizure outcome was assessed at
last follow-up based on the Engel classification system.5 Engel classes were designated as
Class I, completely seizure free since surgery; Class I, rare disabling and non-disabling
seizures occurring within 2 years of follow-up as well as nocturnal seizures; Class I,
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worthwhile seizure reduction according to patient self-reporting; and Class 1V, no
appreciable change or seizures worse.

Mean data are presented + SD.

Results

Patient Characteristics

Four patients were male and 5 were female. The mean age at presentation was 27 + 19 years
and that at resection was 36 + 16 years. Four tumors occurred in the left hemisphere and 5 in
the right. The tumors were located in the following lobes: frontal (5 cases), parietal (3
cases), and occipital (I case), None of occurred in the temporal lobe. The mean tumor
volume at presentation was 16.3 + 14.4 cm3. Table 1 summarizes this data combined with
data from previously reported cases.

Presenting Symptoms

Seven patients presented with medically intractable epilepsy. In 2 patients the tumor was
found incidentally during workup for headaches and was not thought to account for the
patient's symptoms.

Radiological Features

Radiological data are summarized in Table 2. Pre-operative MR imaging studies were
available for review in all cases. All tumors, by definition, were located in the cerebral
cortex and exhibited a mixed heterogeneous solid cystlike appearance with hypointensity on
T1-weighted sequences and heterogeneous hyperintensity on T2-weighted sequences (Fig.
1.2A) compared with normal white matter. Imaging revealed a multicystic appearance in 5
cases, a predominantly cystlike appearance in 2, and a solid appearance in only 1. Two
patients underwent CT scanning: one mass was mildly hyperattenuated with scattered
calcifications whereas the other mass was hypoattenuated without calcifications. Both T1-
and T2-weighted MR imaging scattered hypointense areas in one mass, suggesting
calcification or hemorrhage, but no CT study was available for correlation. In one case there
was evidence of exophytic extension from the underlying cortex (Fig. 1.1). One tumor had a
moderate amount of associated vasogenic edema (Fig. 1.3), whereas another had a minimal
amount of surrounding T2 hyperintensity, likely reflective of either gliosis or edema. Seven
patients underwent Gd-enhanced imaging, and all but 1 tumor exhibited at least some
enhancement with the soft-tissue components often enhancing intensely while the cystlike
areas did not enhance. The combination of these features produced a “popcorn” appearance
on the postcontrast images in 2 cases (Fig. 1.2B and C). Progression in tumor size was noted
in 3 of the masses.

Pathological Features

Morphological features of the tumors are illustrated in Figs. 2-5 and summarized in Table 3.
Histologically, the tumors had a protean appearance, Although classic ependymal features,
with at least focal perivascular pseudorosette formation, were seen in all cases (Fig. 2A),
only 1 (11%) showed true rosette formation (Fig. 3F). Unusual morphological features
included spindly bipolar elements resembling tanycytes (Fig. 2B), as well as epithelioid

(Fig. 2C) and clear cell (Fig. 2D) features. The tanycytic and clear cell features were only
focal and we did not consider the lesions to be either tanycytic or clear cell ependymomas. A
bipolar spindle cell component resembling AG was present in 3 (33%) and “Schwannian-
like” nodules were present in 2 (22%) (Fig. 4). Subpial aggregation and peripheral
infiltration were noted in 4 (44%) of the cases (Fig. 4). According to the WHO classification
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system, 6 tumors were low grade (Grade I1), and 3 were anaplastic (Grade Il1), largely based
on more mitoses (> 6 x 10 hpf) (Fig. 5).

In all patients tumor resection was performed. In 8 of 9 cases, GTR was successfully
achieved; STR was achieved in 1 patient (Table 1). After GTR, there were 2 recurrences,
each in patients with WHO Grade 111 anaplastic tumors and each was local. These 2 patients
underwent reresection, which only demonstrated local recurrence without evidence of
leptomeningeal dissemination. All 3 patients with Grade 111 tumors and 1 patient with a
subtotally resected Grade Il CE received postoperative intensity-modulated radiotherapy.
The mean radiation dose was 5655 cGy in 31-33 fractions. The remaining 5 patients with
Grade 11 tumors did not undergo postoperative radiotherapy. No patients received
postoperative chemotherapy.

Two patients had very mild postoperative deficits that improved. After resection in one
patient, a mild postoperative aphasia developed in the speech-sensitive left frontal
operculum and insula, and this resolved. The second patient had pervasive mild
postoperative stereoagnosis following GTR in the right parietal secondary sensory cortex.
There have been no deaths to date in these patients. Seven patients are alive with no
evidence of disease, and in 2 patients the disease is stable. Five of the 7 patients who
presented with seizures are seizure free (Engel Class I) after surgery (71% seizure-free rate).
The mean age at follow-up was 41 £ 5 years and the mean follow-up duration since surgery
was 5 + 3 years (more precisely, 62 + 38 months). The mean follow-up duration since
presentation was 14 + 12 years (or 171 + 143 months).

Discussion

Here we have reported our experience treating 9 patients with CEs, 7 of whom were
diagnosed with epilepsy-associated lesions. Unlike typical supratentorial ependymomas,
CEs follow what appears to be a relatively benign clinical course and are most commonly
low grade. We did have 3 anaplastic CEs in our series. Pathologically, these tumors had
shown an ample spectrum of morphologies and, in some cases, were quite difficult to
distinguish from ordinary diffusely infiltrative gliomas, which are certainly more frequent at
these sites. Although classic ependymal features, with at least focal perivascular
pseudorosette formation, were seen in all cases, true rosette formation was rare. Less typical
morphological features such as tanycytic, epithelioid, and clear cell features were seen in
some tumors. Three of the lesions showed an additional bipolar spindle cell component
resembling that of AGs and “Schwannian-like” nodules, features that are typical of AGs,
similar to the findings of Lehman.12 The presence of common features between CE and AG
is well known and debated in the neuropathology literature.1® Moreover, in the largest series
of its kind (8 AGs), Wang et al.31 stressed the striking pathological similarity with
ependymomas as well, but it should be emphasized that the radiographic appearance (see
below) and age mean/distribution are not consistent with our series.2” In his study of 6
cases, Lehmanl2 defined criteria to separate between the CE and the AG. Similarly to
Lehman, we propose that the CE is a distinct clinical entity from an AG along a spectrum of
cortically based ependymal tumors.13

The pathogenesis of cortical ependymoma remains elusive. Similar to other ectopic
ependymomas, they occur in sites where a normal ependymal layer is absent, which suggests
that they may originate from a cell type other than terminally differentiated ependyma.24
Hegyi et al.® reported on an ectopic retinal ependymoma that was proposed to arise from
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Muiller cells; this proposition may support the notion that glial cells with progenitor cell
properties are the source of these ependymomas rather than terminally differentiated
ependyma. Extraaxial ependymomas are also believed to derive from progenitor cells, and
their occurrence in teratomas seems to support this view.38:21 A progenitor cell hypothesis
could therefore also be suggested to explain CEs, but whether such progenitor cells result
from a migration defect of subependymal neural progenitors remains to be established.

Radiographically, the combination of the multicystic appearance, peripheral cortical
location, minimal associated vasogenic edema, and occasional exophytic extension of the
lower-grade tumors (WHO Grade I1) in our series bears a striking resemblance to that noted
in the dysembryoplastic neuroepithelial tumor.10-11 Ganglioglioma, oligodendroglial tumors,
and low-grade astrocytomas may also have similar imaging manifestations, and thus the
differential for these lesions is typically broad preoperatively.* These imaging features have
been observed before, and again were present in our case series.14 These features are very
unusual for typical ependymomas. Fortunately, pathologically, dysembryoplastic
neuroepithelial tumors and CEs look extremely dissimilar. Finally, AGs appear to have
distinct imaging characteristics compared with CEs in that they are usually solid, lack
enhancement, and, finally, have what is believed to be a pathognomonic T2 signal “tail”
connecting with the ventricle, which was seen in none of our patients.1:27.27:31 Therefore, it
appears that radiographically, AGs and CEs are dissimilar.

Our cases represent 56% (9 of 16) of those in the extant literature (Table 1); the
demographic data are comparable with those previously reported12-14.16.22,.24.25.32 The
largest series of ependymomas is based on the SEER (Surveillance, Epidemiology, and End
Results) database, but this database tracks only death associated with tumors, and therefore
it is unlikely to include further cases of CEs because no deaths due to this tumor have been
documented.1® When comparing our series to the largest known series of supratentorial
ependymomas by Metellus et al.,20 it appears that our patients are younger by 8 years on
average.20 Conversely, Metellus et al. reported that parenchymal tumors typically are higher
grade than periventricular tumors, but this finding is not reflected by the present series of
CEs. Furthermore, it is interesting to note that with a mean follow-up period of over 5 years,
none of the 9 patients has died. Metellus et al. reported that the 5-year survival for these
tumors was 57.1% * 8.7%.20 Therefore, cortical ependymomas appear to have a relatively
favorable prognosis compared with other ependymomas.2* However, it is unclear if their
indolent behavior depends on an earlier presentation due cortical involvement, their
accessibility in addition to resectability, or their intrinsic pathobiology.2°

One curious finding is the distinct low frequency of CEs in the temporal lobe (Table 1).
None of the 9 lesions in the present study, and only 1 of 7 in previously reported cases, was
located in the temporal lobe.12-14.16.22.24.32 The 1 published case of temporal lobe CE,
which did not have the typical imaging characteristics we describe in this study, was
reviewed by 2 of our authors (F.R. and C.G.) and was confirmed to have morphological
features consistent with others in this series.13:24 Further lending to the curious absence of
these tumors from the temporal lobe is the lesion’s propensity to present with epilepsy.
Extratemporallobe epilepsy represents only 30% of cases in lesional epilepsy series. Cortical
ependymomas’ rarity in the temporal lobe and high association with epilepsy warrant
vigilance when determining the location of this tumor's origin as more cases are reported.>:3

In none of the 7 previously reported cases was the lesion reported to have recurred (Table 1),
despite a similar follow-up duration to ours of 59 months,.12-14.16.22,24.32 oy standard
treatment approach for patients with ependymomas is to perform involved-field radiotherapy
for anaplastic ependymoma (Grade 111) regardless of resection status, whereas for low-grade
ependymoma (Grade I1) we perform radiotherapy only if GTR has not been achieved.28 In
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the present series, despite achieving GTR in 8 cases, unfortunately there were 2 recurrences,
both in patients presenting with Grade 111 tumors. Only 1 case of Grade 111 CE has been
previously reported.12 This brings to light an unreported phenomenon: there are lesions
confined to the cortex that are Grade 111 tumors (3 in our series). Furthermore, it is possible
that these tumors will recur, as was the case in 2 of our patients,12-14.16.22.24.32 Fina|ly, it has
been argued that radiotherapy is not needed for these tumors, as they are typically peripheral
and may be re-resected on recurrence, However, in Grade 111 tumors, we believe the
standard of therapy should be that postoperative radiotherapy is conducted, even in cases of
GTR, because there exists up to a 30%—-40% chance of leptomeningeal dissemination at
recurrence.?4:26 Despite radiotherapy in our 3 patients, 2 suffered recurrence.

Conclusions

Cortical ependymomas are rare ependymomas occurring within the cortical ribbon and
morphologically exhibit a broad spectrum of features, The cases of CE raise the question of
whether “cortical ependymoma” is a topographic description—that is, any ependymoma in
the cortex, regardless of histological features—or a term implying a set of specific
histological features. On one hand, it is the latter because some CEs are classic
ependymomas whereas others are not. On the other hand, there may not be such a
dichotomous division into classic and nonclassic ependymal tumors but rather a spectrum,
with classic ependymomas at one end and a “new” WHO entity, “angiocentric glioma,” at
the other. Most CEs are low grade and are cured with resection, Anaplastic (WHO Grade
111) tumors occur and may recur locally despite radiation therapy.12-14.16.22.24.32 Cortical
ependymomas frequently, but not always, present with seizures, and despite their high
association with epilepsy, are distinctly uncommon in the temporal lobe 12-14.16.22,24,32
Overall, CEs appear to have a relatively favorable prognosis compared with other
supratentorial ependymomas.

Abbreviations used in this paper

AG angiocentric glioma

CE cortical ependymoma

GTR gross-total resection

STR subtotal resection
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Fig. 1.

1.1. Case 5. A-C: Small exophytic CE. Noncontrast axial T1-weighted image showing small
focal exophytic cystlike mass extending from cortical margin of right frontal lobe
(arrowheads, A), axial T2-weighted image revealing hyperintensity of the mass similar to
fluid signal intensity (B), and noncontrast coronal T1-weighted image demonstrating a small
rim of cortex around the margin of the mass (arrows, C). 1.2. Case 7. A-C: Left parietal CE.
Axial T2-weighted image revealing a bubbly appearance reminiscent of dysembryoplastic
neuroepithelial tumor (multicystic) (A), postcontrast axial T1-weighted image demonstrating
enhancement (asterisk, B), and postcontrast coronal T1-weighted image demonstrating
popcorn enhancement (asterisk, C). 1.3. Case 3. A-C: Cortical ependymoma with
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surrounding edema. Noncontrast axial T1-weighted image showing hypointense mass
(arrows) and surrounding edema (arrowheads, A), axial FLAIR image highlights
surrounding vasogenic edema (B), and postcontrast axial T1-weighted image showing
intense enhancement of the mass with scattered curvilinear nonenhancing areas
(arrowheads) along the medial margin, which may represent calcification (C).
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Fig. 2.

Photomicrographs illustrating the spectrum of CE morphologies, varying from classic with
pseudorosette formation as seen in Case 1 (A), to tanycytic as seen in Case 2 (B), and to
epithelioid (C) and clear cell (D) in Case 7. H & E, original magnification x 20.
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Fig. 3.

Case 9. Left-sided frontal CE. A: Axial FLAIR image showing slight gyral enlargement and
flair signal change. B: Coronal FLAIR image demonstrating a hyperattenuated supraorbital
abnormality. C: Postcontrast axial T1-weighted image revealing wispy enhancement
(arrow) of the cortical margin of the tumor. D: Gross pathological postfixation specimen
exhibiting a whitish expanded cortical area overlying the lesion associated with this tumor.
E: Gross and low-power microscopic appearance of this largely cortical lesion, relatively
demarcated and stained with the glial marker GFAP (upper right) but not with neuronal
marker synaptophysin (lower right). F: Photomicrographs showing a solid cellular
component with formation of true rosettes (single asterisk) as well as a fasciculated spindle
cell component (double asterisks). H & E, original magnification x 10 (single asterisk) and
x 20 (double asterisks). G: The glial marker GFAP is strongly expressed in tumor cells.
Original magnification x 20. H: Epithelial membrane antigen stain highlights the presence
of a typical dotlike pattern of stains, typically corresponding to cytoplasmic microlumina.
Original magnification x 20.
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Fig. 4.

Case 6. Photomicrographs of exophytic CE demonstrating peripheral infiltration with
perivascular aggregates (A) and subpial extension (B). Two photomicrographs
demonstrating examples of spindle cell “Schwannian-like” nodules (C and D). H & E,
original magnification x 20.
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Fig. 5.

Case 3. Anaplastic ependymoma. Left: Low-power H & E-stained photomicrograph
demonstrating classic features of ependymoma, Original magnification x 20. Right: High-
power H & E-stained photomicrograph showing high mitotic activity (mitotic figures
indicated by arrows) supporting the diagnosis of anaplastic ependymoma (WHO Grade III).
Original magnification x 40.
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