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Abstract

BACKGROUND

Ependymoma with lipomatous differentiation is a rare type of ependymoma. The
ZFTA fusion-positive supratentorial ependymoma is a novel tumor type in the
2021 World Health Organization classification of central nervous system tumors.
ZFTA fusion-positive lipomatous ependymoma has not been reported to date.

CASE SUMMARY

We reported a case of a 15-year-old Chinese male who had a sudden convulsion
lasting approximately six minutes. Magnetic resonance imaging showed a round
cystic shadow of approximately 1.9 cm x 1.5 cm x 1.9 cm under the right parieto-
occipital cortex. Microscopic examination showed characteristic perivascular
pseudorosettes and adipose differentiation in the cytoplasm. Immunohisto-
chemical staining showed that the tumor cells were negative for cytokeratin,
NeuN, Syn and p53, but positive for GFAP, vimentin and S-100 protein. Signi-
ficant punctate intracytoplasmic EMA immunoreactivity was observed. The level
of Ki-67 was about 5%. Genetic analysis revealed ZFTA: RELA fusion. A cranio-
tomy with total excision of the tumor was performed. The follow-up time was 36
months, no evidence of disease recurrence was found in magnetic resonance
imaging.

CONCLUSION

Based on these findings, the patient was diagnosed as a ependymoma with ZFTA
fusion and lipomatous differentiation. This case report provides information on
the microscopic morphological features of ependymoma with ZFTA fusion and
lipomatous differentiation, which can help pathologists to make a definitive
diagnosis of this tumor.
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Core Tip: Ependymoma with lipomatous differentiation is a rare type of ependymoma. The ZFTA fusion-positive suprat-
entorial ependymoma is a novel tumor type in the 2021 World Health Organization classification of central nervous system
tumors. ZFTA fusion-positive lipomatous ependymoma has not been reported to date. This case report provides information
on the microscopic morphological features of ependymoma with ZFTA fusion and lipomatous differentiation, and highlights
the possibility that ZFTA fusion and lipomatous differentiation may co-occur, adding a new layer to the molecular classi-
fication of ependymomas.
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INTRODUCTION

Ependymoma with lipomatous differentiation is a rare type of ependymoma, characterized by well-defined lipomatous
differentiation, whose biological behavior is generally considered to be World Health Organization (WHO) grade 2[1-5].
ZFTA (formerly known as C11orf95) fusion-positive supratentorial ependymoma is a new tumor type listed in the 2021
WHO classification of central nervous system (CNS) tumors[6-8]. To the best of our knowledge, there are no reports of
lipomatous ependymoma with ZFTA fusion-positive. After obtaining informed consent from the patient and the legal
guardian, we discussed one such rare case and reviewed the existing literature to provide further insights into the
clinicopathological nature of this rare tumor.

CASE PRESENTATION

Chief complaints
The patient is a 15-year-old Chinese male who presented with a sudden convulsion lasting approximately six minutes
without an apparent cause.

History of present illness

A 15-year-old boy was admitted to the Department of Neurosurgery at our hospital who presented with a sudden
convulsion lasting approximately six minutes without an apparent cause. Magnetic resonance imaging (MRI) showed a
round cystic shadow of approximately 1.9 cm x 1.5 cm X 1.9 cm under the right parieto-occipital cortex, with a regular
envelope, clear and smooth margins, and slightly compressed surrounding brain tissue.

History of past illness
The patient had been previously healthy.

Personal and family history
No obvious abnormalities were found in the personal and family history.

Physical examination
The patient’s physical examination reveals no abnormalities.

Laboratory examinations

The resected specimens were fixed with 10% neutral-buffered formalin and embedded in paraffin blocks. Then tissue
blocks were cut into 4 pm sections, deparaffinized in xylene, rehydrated with graded alcohols, and immunostained with
the following antibodies: Cytokeratin, GFAP, S-100 protein, vimentin, synaptophysin (Syn), oligodendrocyte trans-
cription factor 2 (Olig-2), neuronal nuclear antigen (NeuN), epithelial membrane antigen (EMA), D2-40, tumor protein 53
(p53), alpha-thalassemia/mental retardation syndrome X and Ki-67 (MaiXin, China). The samples were counterstained
with hematoxylin, dehydrated and then mounted. The negative controls were incubated with phosphate-buffered saline
(PBS), pH 7.4 instead of the primary antibody, as described above.
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Figure 1 Magnetic resonance imaging showed a cystic mass of about 1.9 cm x 1.5 cm x 1.9 cm under the cortex of the right parietal
occipital lobe, with a uniform long T1 and long T2 signal. The cystic mass was regular, the edges were clear and smooth, and the surrounding brain
tissue was slightly compressed. The remaining brain parenchyma showed no abnormal signal shadows. A: Axial T1; B: Axial T2; C: Sagittal T1; D: Sagittal T2.

Imaging examinations
MRI showed a round cystic shadow of approximately 1.9 cm x 1.5 cm x 1.9 cm under the right parieto-occipital cortex,
with a regular envelope, clear and smooth margins, and slightly compressed surrounding brain tissue (Figure 1).

MULTIDISCIPLINARY EXPERT CONSULTATION
Pathological findings

Microscopic examination showed that the tissue boundary in the cystic wall-like structure was clear, and density of
tumor cells in the cyst cavity was moderate, with no obvious necrosis. Calcifications were seen on the cyst wall, and large
vacuoles were seen in the cytoplasm of tumor cells on the cyst wall. Characteristic perivascular pseudorosettes were seen.
We also observed localized vascular endothelial cell proliferation, resembling a glomerular structure. The tumors were
irregularly arranged and primarily sheet-like, and the cytoplasm of most tumor cells contained large vacuoles of different
sizes, pushing the crescentic nucleus along the cell membrane to the periphery, similar to signet ring cells. The mitosis
was rare (Figure 2). Immunohistochemical staining showed that the tumor cells were negative for cytokeratin, NeuN, Syn
and p53, but positive for GFAP, vimentin and S-100 protein. The tumor cells were negative and individual cells were
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Figure 2 Histopathological findings. A: The tissue boundary in the cystic wall-like structure was clear [hematoxylin and eosin (HE) x 40]; B: Calcifications were
seen on the cyst wall (HE x 100); C: Large vacuoles were seen in the cytoplasm of tumor cells on the cyst wall (HE x 400); D: Characteristic perivascular
pseudorosettes (HE x 200); E: Vascular endothelial cell proliferation was seen, resembling a glomerular structure (HE x 200); F: Vacuoles in the cytoplasm pushed
the crescentic nucleus, similar to signet ring cells (HE x 1000).

positive for Olig-2. Moreover, significant punctate intracytoplasmic EMA immunoreactivity was observed. The level of
Ki-67 immunoreactivity was about 5% (Figure 3).

Genetic findings
Total DNA was extracted from formalin-fixed, paraffin-embedded sections. The targets of examined genes or chromo-
somes were IDH1 (R132), IDH2 (R172), TERT, BRAF, H3F3A /HIST1H3B/HIST1H3C, ATRX, TP53, EGFR, CDKN2A/B,
RELA, YAP1, MYB, 1p/19q, chromosome 7 and chromosome 10.

Genetic analysis revealed ZFTA: RELA fusion (Figure 4), while no homozygous deletion of CDKN2A and/or
CDKN2B, mutations in IDH1 or IDH2, TERT promoter mutations, KIAA1549-BRAF fusion or deletion of 1p/19q were
found.

FINAL DIAGNOSIS

Based on these findings, the patient was diagnosed as WHO grade 2 ependymoma with ZFTA fusion and lipomatous
differentiation.

TREATMENT

A craniotomy with total excision of the tumor was performed.

OUTCOME AND FOLLOW-UP

The follow-up time was 36 months, no evidence of disease recurrence was found in MRI.
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Figure 3 Inmunohistochemistry findings. A: The tumor cells were positive for GFAP [Immunohistochemistry (IHC) x 400]; B: Individual cells were positive for
Olig-2 (IHC x 200); C: Significant punctate intracytoplasmic EMA immunoreactivity was observed (IHC x 400); D: The Ki-67 proliferation index was about 5% (IHC x
400).

DISCUSSION

Ependymoma is a relatively rare CNS tumor that originates in the spina ventricles or central canal as a glioma composed
of tumorigenic ventricular meningeal cells that can occur at any age, but is more common in children. Ependymomas
account for 2% of all CNS tumors and 3%-5% of gliomas in adults[9]. Among them, ependymoma with lipomatous differ-
entiation is a more rare histological type seen in young patients, mainly in the supratentorial (ST) location. Ruchoux et al
[5] in 1998 first described three cases of classical ependymoma with lipomatous differentiation. Histologically, scattered
single or patchy mature adipose-like cells were seen. The vacuoles within the tumor cells varied in size but were all
single. The nucleus was pushed to the periphery by a large single cytoplasmic vesicle, which formed a ring-like pattern.

The accompanying lipomatous changes may be due to differentiation or disturbance of cellular metabolism rather than
as a result of metaplasia[2]. The vacuoles in ependymoma were thought to be microrosettes and degenerated and swollen
cytoplasmic processes of tumor cells[3]. The diagnosis of ependymoma with lipomatous differentiation requires differen-
tiation from other intracranial tumors with lipomatous differentiation. In primary CNS tumors, tumor cell adipocyte
differentiation morphology is mainly seen in meningiomas, medulloblastomas and neurocytomas[10-12]. Lipomatous
meningioma microscopic presentation typically shows a meningioma-like region and adipocyte-like cell mixture. It can
be identified by immunomarkers such as GFAP and somatostatin receptor 2 (SSTR2). The latter two types of tumors
generally have neuronal differentiation and are therefore easier to distinguish by histopathological observation and
immunomarkers.

According to research statistics, half of the lipomatous ependymomas reported to date have recurred, the follow-up
duration is 8 months to 4 years, and most cases were histological grade 3[1]. The current case showed no necrosis and the
Ki-67 index was about 3%, so this case was classified as WHO grade 2. To date, only 30 cases of lipomatous ependy-
momas have been reported worldwide[4], so the relationship between the presence or absence of adipose differentiation
and the prognosis of ependymoma remains unclear[1,2]. Since both lipomatous ependymoma and ependymoma with
ZFTA fusion-positive are rare, and this report is the first case of lipomatous ependymoma with ZFTA fusion-positive, so
the relationship between the presence or absence of adipose differentiation and ependymoma with ZFTA fusion-positive
remains unclear.

Before 2015, the classification of ependymal tumor was mainly based on histopathological features, which was
classified as WHO grade 1-3. However, the correlation between this grade and prognosis is unclear, and it cannot
effectively judge and predict the malignancy of tumors and the survival of patients[13]. Moreover, ependymal tumors
show significant heterogeneity in their histopathological and molecular characteristics, so it is difficult to obtain a
definitive diagnosis primarily based on morphology. Histopathological variants described separately in the 2016 WHO
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Figure 4 Genetic analysis revealed ZFTA: RELA fusion.

classification of CNS tumors are no longer classified as subtypes of ependymoma because it has been recognized that
tanycytic, papillary, or clear cell morphology has no clinical value by itself[14].

Recent large-scale genome sequencing studies of ependymal tumor identified nine molecular subsets associated with
different genomic alterations, clinical behavior, age distribution, and anatomical locations[15]. The 2021 WHO classi-
fication of the CNS is a new classification system for ependymal tumors based on the anatomical location and molecular
characteristics of CNS tumors[6-8]. Based on the results obtained by genetic and epigenetic profiling studies, there are at
least nine molecular groups of ependymal tumors in three CNS locations[16]. ST ependymoma has two high-frequency
fusion genes, ZFTA: RELA fusion and YAP1: MAMLDI1 fusion. Parker et al[17] found that ZFTA: RELA fusion of the 11q
chromosome was the most recurrent genetic alteration in ependymoma, affecting more than 70% of ST tumors and
predominantly occurring in older patients, which may be caused by chromothripsis. ZFTA: RELA fusion is capable of
cellular transformation and tumor initiation when expressed in the developing mouse brain or when neural stem cells are
expressed after transplantation[17]. RELA is a well-known major transcription factor in the NF-xB pathway, which is
intimately associated with various pathophysiological processes such as inflammation and cancer[18]. While the normal
molecular function of the ZFTA protein is currently unknown, studies have shown that the zinc finger domain of this
gene plays an important role in the pathogenesis of tumors that may lead to new DNA binding and transcriptional
regulation[17]. These findings suggest that the ZFTA: RELA fusion protein and its direct target gene may be candidates
for therapy and may provide clues for future treatments.

Studies have found that ST ependymoma with ZFTA: RELA fusion-positive has a poor prognosis, and the survival rate
of patients is remarkably lower than that of ST ependymoma with YAP1 fusion-positive[8,15]. Recent retrospective
studies suggested that progression-free survival in ependymal tumor with non-RELA: ZFTA fusion-positive might be
worse than in ependymal tumor with ZFTA: RELA fusion-positive[19]. Additionally, homozygous deletion of CDKN2A
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on 9p21.3 is a powerful independent indicator of unfavorable prognosis[20]. In our patient, no homozygous deletion of
CDKN2A was detected and no recurrence or metastasis was found for 36 months after surgery. The prognosis of
ependymoma with ZFTA: RELA fusion-positive remains unknown.

CONCLUSION

In this paper, we reported the first case of lipomatous ependymoma with ZFTA fusion-positive. Since both lipomatous
ependymoma and ependymoma with ZFTA fusion-positive are rare, more case reports and long-term follow-up studies
are needed on the prognostic impact of adipose differentiation and ZFTA fusion-positive and whether they are linked.
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