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Abstract
BACKGROUND 
Myxopapillary ependymoma (MPE) is a pathological grade I tumor that arises in 
the filum terminale. MPE with anaplastic features is extremely rare, and only 5 
cases have shown malignancy at the time of recurrence.

CASE SUMMARY 
The patient (a 46-year-old woman) had undergone a MPE operation 30 years ago. 
After subtotal resection of the tumor located in L4-S1, it had a solid component 
that extended to the adjacent subcutaneous region. Histologically, the tumor 
consisted of a typical MPE with anaplastic features. The anaplastic areas of the 
tumor showed hypercellularity, a rapid mitotic rate, vascular proliferation, and 
connective tissue proliferation. Pleomorphic cells and atypical mitotic figures 
were occasionally observed. The MIB-1 index in this area was 12.3%. The im-
munohistochemical study showed immunoreactivity for vimentin, glial fibrillary 
acidic protein and S100. The morphological pattern and immunohistochemical 
profile were consistent with anaplastic MPE. The patient tolerated surgery well 
without new neurological deficits. She underwent local irradiation for the residual 
tumor and rehabilitation.

CONCLUSION 
Although extremely rare, anaplastic MPE occurs in both pediatric and adult 
patients, similar to other ependymomas. At a minimum, close monitoring is 
recommended, given concerns about aggressive biological potential. In the future, 
further study is needed to determine the WHO classification criteria and genetic 
indicators of tumor progression. The possibility of malignant transformation of 
MPE should be taken into account, and patients with MPE should be treated with 
care and follow-up.
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Core Tip: Myxopapillary ependymoma (MPE) is a pathological grade I tumor that 
develops in the filum terminale. MPEs with anaplastic features are extremely rare; only 
5 cases have shown malignancy when they relapsed. Here we report a case of MPE 
with anaplastic features in local late recurrence in a 46-year-old woman and review 
anaplastic MPE in the published literature. MPEs have the potential for malignant 
transformation after a long period of time despite being a pathological grade I tumor. 
Therefore, the possibility of malignant transformation of the MPE should be 
considered, and patients with MPE should be treated carefully and monitored over a 
long period of time.
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INTRODUCTION 
Myxopapillary ependymomas (MPEs, grade I) account for 9%-13% of ependymal 
tumors and about 83% of ependymomas are found in the area of the filum terminale
[1]. MPEs are typically encapsulated, slow-growing benign neuroepithelial tumors that 
occur primarily in regions of the medullary conus and filum terminale, and removal 
without breaking the capsule is curative[2,3]. The average age at presentation is 
approximately 36 years, with a significant male prediction[1]. They differ morpholo-
gically and biologically from other ependymomas and often require immunohisto-
chemical analysis to distinguish them from phenotypically similar tumors[4]. Despite 
an overall favorable prognosis and classification as a grade I tumor, MPEs have been 
associated with distant metastases, subarachnoid disseminations and local late 
recurrences[5-8].

In the 2016 WHO classification of central nervous system tumors, ependymal 
tumors are classified into the following five subtypes: MPE and subependymoma, and 
MPE (grade I), classic ependymoma (grade II), RELA fusion protein positive 
ependymoma (grade II / III) and anaplastic ependymoma (grade III)[1]. MPEs account 
for 9%-13% of ependymal tumors and around 83% of ependymomas are found in the 
area of the filum terminale[2]. MPEs are usually benign, slow growing neuroepithelial 
tumors that occur predominantly as intradural neoplasms in the region of the 
medullary conus, cauda equine, and filum terminale, although rare occurrences have 
been reported in the neck, thoracic spinal cord, lateral ventricles, and cerebral 
parenchyma[3-6,9]. MPEs are usually encapsulated and removal without damaging 
the capsule is curative[2,3]. Distant metastases from MEPs in the brain parenchyma 
and other organs have also been reported[10-20]. They differ morphologically and 
biologically from other ependymomas and immunohistochemical study is often 
required for differential diagnosis from chordomas or chondrosarcomas that morpho-
logically resemble ependymomas[6]. The mean age at manifestation is around 36 
years, with a male predominance[1]. Anaplastic features in glial tumors including 
ependymomas include frequent mitotic figures, hypercellularity, necrosis, vascular 
proliferation, and pleomorphologic cytoplasm and nuclei[21]. However, classification 
and grading of ependymomas with anaplastic features are historically controversial. 
Hence, their diagnosis is difficult and subjective. MPEs with anaplastic features are 
usually locally invasive. They frequently tend to disseminate to other areas of the brain 
and spinal cord via cerebrospinal fluid (CSF), and more frequently recur with a shorter 
survival[1,21]. Grade II gliomas often transform into more malignant types[22]. 
However, grade I gliomas rarely transform into more malignant types[23], and MPEs 
have only shown malignant transformation in 4 cases[24]. MPEs with anaplastic 
features are extremely rare in the literature (20 cases)[25-29] and recurrent MPEs have 
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only shown malignant transformation in 5 cases[29]. We report the case of a 46-year-
old woman with MPE with anaplastic features and local ultra-late recurrence. Clinical 
and histopathological findings are described and the malignant transformation of the 
MPE is discussed.

CASE PRESENTATION 
Chief complaints
Lumbar to sacral pain and weak legs for 6 mo.

History of present illness
The patient (a 46-year-old woman) had lumbar to sacral pain and leg weakness for 6 
mo and attended the Atami Hospital of the International University of Health and 
Welfare.

History of past illness
The patient underwent a subtotal resection for a myxopapillary filum ependymoma 30 
years ago by the same surgeon.

Personal and family history 
No other relevant personal or family history.

Physical examination 
The neurological examination showed bilateral muscle weakness of the gastrocnemius, 
anterior tibia and urethral sphincter as well as sensory disturbances in areas of L4, L5 
and S1.

Laboratory examinations
Laboratory examinations showed normal levels of all parameters tested.

Imaging examinations
Magnetic resonance imaging (MRI) (Figure 1) and computed tomography (CT) 
imaging (Figure 2) studies showed a mass that occupied most of the spinal canal from 
L2 to S1 and extended into the adjacent subcutaneous region.

FINAL DIAGNOSIS 
Examination of the tumor with hematoxylin and eosin staining showed neoplastic cells 
with round nuclei and clear cytoplasm in the background of the fibrillar stroma. These 
neoplastic cells formed two transition structures: A typical MPE area and a high 
quality area with anaplastic features. The low-grade area of the tumor had the 
following appearance: Typical MPE area with a somewhat poor and pointed 
arrangement with Alcian blue-positive myxoid matrix. The MIB-1 index in this area 
was 5.1%. On the other hand, the high-grade anaplastic areas of the tumor showed 
hypercellularity, a rapid mitotic rate, vascular proliferation, and connective tissue 
proliferation. Pleomorphic cells and atypical mitotic figures were occasionally seen. 
The MIB-1 index was 12.3%. The immunohistochemical study showed immunore-
activity for vimentin, glial fibrillary acidic protein (GFAP) and S100, but no immunore-
activity for epithelial membrane antigen and chromogranin A (Figure 3). The morpho-
logical pattern and immunohistochemical profile were consistent with an MPE with 
anaplastic features[29]. The combination of areas of typical MPE-appearing tumor 
interspersed with areas of ependymoma with anaplastic features was consistent with 
the diagnosis of MPE with anaplastic features. The final diagnosis was MPE with 
anaplastic features (Figure 4).

TREATMENT 
Prior to surgical treatment, written informed consent was obtained from the patient. 
After placing the patient in the prone position, a midline incision was made at 15 cm 
from L2 to S2. After exposing the rostral end of the previous laminectomy at L2, the 
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Figure 1 Gadolinium-enhanced T1 weighted magnetic resonance imaging at ultra-late recurrence of a myxopapillary ependymoma. A: 
Sagittal magnetic resonance imaging (MRI) demonstrated an enhanced mass localized at L3-S1 in the intraspinal canal. A part of the mass extended into the spine 
axis and dorsal extraspinal tissues; B-D: Axial MRI demonstrated a slightly enhanced mass from intracanal to extraspinal regions.

Figure 2 Computed tomography at ultra-late recurrence of a myxopapillary ependymoma. A: A plain sagittal image demonstrated the previous 
laminectomy area (L1-S1); B: Three-dimensional image demonstrated a recurrent tumor (dark red) in the previous laminectomy area (L1-S1).

previous laminectomy area up to S2 was exposed. In addition, the lamina sacralis was 
partially drilled. The dura mater was adhered to the granulated soft tissue and 
opened, but no CSF was found. The encapsulated tumor was observed (Figure 3). The 
tumor was dark red mixed with gray and appeared to be highly fibrous and 
hemorrhagic. The filum terminale was compressed by the tumor at the L2 level. Part of 
the filum penetrated the tumor and was scarified by fibrous restriction due to the 
difficult dissection. The tumor was debulked with a Cavitron ultrasonic surgical 
aspirator (Integra Life Science, Dublin, Ireland) and a subtotal resection was 
performed. Postoperatively, the patient was well without any new neurological 
deficits.
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Figure 3 Intraoperative photograph showing an encapsulated tumor (arrow) surrounded by granulated tissues. Right side: Caudal; Left side: 
Rostral.

Figure 4 Microscopic appearance of the tumor. Magnification: 200 ×; scale bar: 50 μm. A: Microphotography with hematoxylin and eosin (HE) stain showed 
the appearance of a typical myxopapillary ependymoma including much mucoid; B: Immunohistochemical microphotography with anti-glial fibrillary acidic protein 
(GFAP) antibody showed distinct expression of GFAP; C: Microphotography with Alcian blue stain showed much Alcian blue positive mucoid; D and E: 
Microphotography with HE stain showed anaplastic features such as hypercellularity, rapid mitotic rate, vascular proliferation, and connective tissue proliferation; F: 
Immunohistochemical microphotography showed a high MIB-1 labeling index (12.3%) in the area with anaplastic features.

OUTCOME AND FOLLOW-UP 
Postoperatively, the patient showed no new neurological deficits; and bladder and 
bowel functions were intact. She presented unchanged motor strength in the lower 
extremities. She had local radiation of the residual tumor and rehabilitation. She was 
examined again and showed no deterioration.

DISCUSSION 
Pathological and genetic anaplastic MPE 
According to a recent report[24], anaplasia of MPE was defined on the basis of 
histopathological findings that are similar to the criteria currently used to define 
anaplasia in classical ependymomas, that is, they have at least two of the following 
features: Mitosis per 10 high power field (HPF), MIB-1 labeling index > 10%, 
microvascular proliferation and spontaneous necrosis. In the present case, the MIB-1 
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index of 12.3% corresponds to previous reports. In addition, endothelial proliferation 
was found in the present case. These pathological findings are compatible with 
anaplastic MPE. The immunohistochemical description of MPE has been reported, 
which, in agreement with the present case, consists of a positivity for GFAP and 
vimentin[16,30,31]. In the present case, interestingly, the histopathological features 
showed anaplastic features mixed with those of three different components of low-
grade ependymoma including MPE. This finding could suggest that an original MPE 
cell has the potential to become different types of ependymomas that are molecularly 
different[32]. Recent genetic analyses have shown that MPE is characterized by 
genome-wide polyploidy, often between several chromosomes[33]. MPE shows 
specific losses of chr16 and chr12 and increases of chr4, chr9 and chr18, while the 
classical grade II ependymoma shows a specific loss of chr16 and an increase of chr12
[34]. MPE differs molecularly, transcriptionally and histologically from classical 2nd 
degree ependymoma. Gene expression profiling also showed that MPEs have a 
Warburg phenotype[33] and increased gene expression of HOXB13 compared to non-
MPEs[34]. The specific familial, epigenetic, or environmental cause that predisposes to 
malignant transformation of MPE has not been identified. In contrast to grade II 
gliomas, which have a high progression to high-grade gliomas, grade I gliomas such as 
pilocytic astrocytoma, ganglioglioma, and MPE rarely undergo malignant 
transformation with a maximum incidence of 10%[22,23]. Malignant transformation 
occurred spontaneously or after radiation therapy in these tumors. The specific 
familial, epigenetic, or environmental cause that predisposes to malignant 
transformation of the MPE has not been identified.

Clinical features of anaplastic MPE 
Similar to previous reports, the present case showed a large mass occupying the spinal 
canal. In spite of an overall favorable prognosis and classification as a grade I tumor, 
MPEs have been associated with distant metastases, subarachnoid disseminations, and 
local late recurrences in almost half of all patients, regardless of adequate resection[3,4,
6,7,35-40]. In 20 reported cases of anaplastic MPE, including this case, the age of the 
patients ranged from 0.9 to 57 years, with a mean of 24.7 years. The majority of 
patients with anaplastic MPE were under 20 years old, while in a study of 183 patients 
with classic MPE the mean age at diagnosis was 35.5 ± 15.8 years. CSF dissemination 
and involvement of adjacent tissue were observed in 50% and 50% of anaplastic MPEs, 
while distant metastases to the spinal cord and brain were observed in 9.3% and 6% of 
anaplastic MPEs, respectively[6]. Other studies on classical MPEs have reported higher 
rates of CSF dissemination of 35% to 57%[7,41], particularly in pediatric cases of MPE 
and including pediatric dissemination at first presentation in 14%-58% of pediatric 
cases[8,41]. In the present case, aggressive clinical features such as soft tissue invasion 
were identified, while distant metastases were not observed. Therefore, many of these 
patients, particularly those with aggressive clinical features, can undergo radiation 
therapy. Frequent surveillance scans of patients with MPE are recommended for early 
detection of recurrent disease with anaplastic features. The 5-year survival rate of 
patients with non-MPE anaplastic ependymoma has been reported to be less than 20%. 
The classification of ependymal tumors is currently difficult and according to the 
current WHO guidelines of questionable clinical benefit[9].

The histopathological criteria for anaplastic ependymoma are as follows: Mitoses (> 
4/10 per HPF), hypercellularity, endothelial proliferation, and necrosis[42]. In 
addition, it has been suggested that anaplastic ependymoma could be defined by the 
presence of two of these parameters[42]. Large retrospective series of MPE have been 
conducted, including a large multi-institutional series with 183 patients[6] who had a 
10-year overall survival (OS) of 92.4% and a 5- and 10-year progression-free survival 
(PFS) of 69.5% and 61.2%, respectively. Local MPE relapse occurred in 84% of patients 
and leptomeningeal spread was observed in 9.3% of patients.

A strong correlation was found between surgical capsule injury and recurrence[43]. 
A 10-year OS of over 90% was recently confirmed in an epidemiology, surveillance, 
and outcome analysis of 773 MPE patients[44]. Presacral MPE showed a worse 
prognosis than MPE in the filum terminale/cauda equina.

Management of anaplastic MPE 
According to the 2017 EANO guideline for ependymal tumors, with the exception of 
gross-total removal (GTR), no factors have been defined that influence the prognosis of 
spinal cord ependymomas other than MPE[45]. Advances in microsurgical techniques 
have enabled en bloc GTR, which is the standard treatment for spinal cord 
ependymoma. GTR mostly resulted in good functional outcomes, and a good 
functional result was related to small tumor size and little neurological deficit at 
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surgery. Therefore, surgery at an early stage should be considered[46,47]. If GTR 
cannot be performed due to infiltration of the spinal cord or nerve roots, postoperative 
local radiation therapy is often used. Multivariate analysis showed that the tumor 
grade and the extent of resection were independent prognostic factors for OS and PFS, 
and that radiation therapy extended PFS in patients undergoing subtotal removal 
(STR). Studies suggest that doses > 50 Gy lead to either better or equivalent results[48,
51]. With respect to conventional chemotherapy, it is reported that continuous oral 
etoposide for recurrent intramedullary ependymomas is well tolerated[53]. 
Bevacizumab may be of clinical benefit in some patients[52]. Large retrospective series 
of MPE suggested that the extent of resection was an important independent factor in 
forecasting local control, while younger age (< 36 years) was a negative prognostic 
factor. On the other hand, the irregular shape surrounding nerve roots and the 
formation of a myxoid matrix are related to the risk of postoperative neurological 
disability[43]. In the treatment of MPE, it has been shown that postoperative radiation 
therapy with high doses (≥ 50 Gy), compared to patients treated with only one 
procedure, leads to better local control and longer PFS without significant late toxicity
[51,52]. In a small series of adult patients with spinal MPE, it was shown that patients 
treated with GTR followed by adjuvant radiation therapy had better local control than 
patients treated with GTR alone[3]. Although patients often have a disseminated 
tumor and/or develop recurrent or progressive disease after treatment[54], OS is 
estimated to be 97% and 95% after 5 and 10 years, respectively[55]. A recent series 
from the Johns Hopkins Hospital[56] showed a significant reduction in local failure in 
patients receiving radiation therapy after STR or GTR. A smaller series[57] also 
confirmed good local control with surgery and radiation therapy compared to GTR 
alone. In summary, according to the 2017 EANO guideline for ependymal tumors[45], 
the following key recommendations for the treatment of WHO grade I and anaplastic 
(WHO grades II and III) MPEs are proposed: Total resection is the goal of MPE-
surgery (II B). MRI after surgery should be performed to assess the extent of the 
resection (N/A). Since all patients with newly diagnosed ependymoma are at risk of 
CSF dissemination, disease staging, including craniospinal MRI and CSF cytology, is 
recommended after surgery (N/A). A watch-and-wait strategy is recommended for 
WHO grade II ependymomas after total resection (IIIC). In the case of anaplastic 
(WHO grade II and III) MPE, postoperative radiation therapy with doses of 45-54 Gy is 
recommended, irrespective of the extent of the resection (IIIC). Following the 
incomplete resection of an MPE of WHO grade I, postoperative local radiation therapy 
with a dose of 50 Gy is recommended (IIB). In the event of relapse, reoperation, re-
radiation, and chemotherapy should be considered (IIIC). As the risk of later relapse 
exists, patients should be followed up with an enhanced MRI over a long period 
(N/A).

Review of anaplastic MPE 
Anaplastic MPE is an extremely rare event and 19 cases have been reported in the 
literature[24-29]. In 20 reported cases of anaplastic MPE, including this case, the 
patients ranged in age from 0.9 years to 57 years, with a mean of 24.7 years. The 
majority of patients with anaplastic MPE were under 20 years old, while in a study of 
183 patients with classic MPE the mean age at diagnosis was 35.5 ± 15.8 years. Of the 
previously reported MPEs with anaplastic features, anaplasia was present in only 5 
cases with only one recurrence. In addition, the present case is the most recent relapse 
in the literature. Similar to previous reports, the present case showed a large mass 
occupying the spinal canal, and aggressive clinical features such as soft tissue invasion 
were identified, while distant metastases and CSF dissemination were not observed 
(Table 1). Despite being histological grade 1 tumors, typical MPEs are often associated 
with distant metastases, CSF disseminations and local late recurrences. Therefore, 
patients with a typical MPE can be irradiated after surgery, and it is recommended 
that patients with MPE be monitored regularly to detect distant metastases or local 
recurrences[1,2]. In the present case, the patient was not irradiated after the previous 
operation 30 years ago due to the lack of histological anaplasia. If the patient had been 
irradiated after the previous operation, recurrence could have been avoided. A 5-year 
survival rate of less than 20% has been reported for anaplastic ependymoma without 
MPE. The histopathological parameters of anaplastic ependymoma include > 4 mitoses 
per 10 HPF, endothelial proliferation, hypercellularity, and necrosis, and the presence 
of two of these parameters define the diagnosis of anaplastic ependymoma[42]. 
However, the classification of ependymomas with pathologically anaplastic features 
remains controversial. Hence, diagnosing these tumors is difficult and subjective at 
times. Anaplastic ependymomas often recur and survival time is reduced[2]. In 
addition, the tumors often spread to other regions of the central nervous system 
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Table 1 Summary of the clinicopathologic features of myxopapillary ependymomas with anaplasia

Ref.
Age (yr) at MPE with 
anaplasia (age at typical 
MPE) 

Sex Location of MPE 
with anaplasia

Adjacent 
tissues 
involved

CSF 
diss

MIB-1 
Index MVP Treatment

Initial Recurrence

Awaya et al[25], 
2003

15 M Th12-L2 No No 10% Yes GTR No

Beschorner et al
[26], 2007

3 M Subcutaneous 
sacrococcyx

Yes No 40% Yes GTR No

Vega-Orozco et al
[27], 2011

38 (22) M Inguinal node 
metastasis

Yes Yes NA Yes STR, RT RT

Chakraborti et al
[28], 2012

0.9 F Subcutaneous 
sacrococcyx

Yes No 70% Yes GTR, CT No

Huynh et al[29], 
2018

24 F L2-3 Yes Yes 8%-38% Yes GTR GTR

Lee et al[24], 2019 6 F L4-S1 No No 20% Yes GTR, RT No

Lee et al[24], 2019 7 F T12-L3 No No 11% Yes STR, RT No

Lee et al[24], 2019 10 M L1-2 Yes No 34% Yes GTR, RT No

Lee et al[24], 2019 10 M S1-2 No No 15% Yes GTR, RT No

Lee et al[24], 2019 11 M L4-S3 No No 14% Yes GTR No

Lee et al[24], 2019 12 M Lumbo-sacral Yes Yes 10% Yes GTR GTR, RT

Lee et al[24], 2019 13 M L1-2 No Yes 8% Yes STR, RT No

Lee et al[24], 2019 20 (16) F L3-S1 No Yes 10% No GTR RT

Lee et al[24], 2019 32 (31) M S1 No Yes 10% Yes STR, CT, 
RT

RT

Lee et al[24], 2019 40 F 4th ventricle No No 20% Yes STR, RT No

Lee et al[24], 2019 45 (31) F Extraspinal pelvic Yes Yes 40% Yes STR, RT GTR, CT

Lee et al[24], 2019 50 M L5-S3 Yes Yes 10% Yes GTR, RT No

Lee et al[24], 2019 55 F L1-2 No Yes 20% Yes GTR, RT No

Lee et al[24], 2019 57 (45) M T8-L5 Yes Yes 26% Yes STR, RT GTR, RT

Kanno et al, 2021 46 (16) F L4-S1 Yes No 12% Yes STR STR, RT

CSF diss: Cerebrospinal fluid dissemination; MVP: Microvascular proliferation; F: Female; M: Male; GTR: Gross total resection; STR: Subtotal resection; 
Chem: Chemotherapy; RT: Radiation therapy; CT: Chemotherapy; NA: Not available.

through CSF and are usually locally invasive. Recently, it was suggested that the 
diagnostic criteria for anaplastic MPE should be based on histopathological findings 
that include at least two of the following parameters: > 5 mitoses per 10 HPF, > 10% 
MIB-1 labeling index, spontaneous necrosis, and, microvascular proliferation. In the 
present case, the MIB-1 index of 12.3% is compatible with previous reports. In 
addition, endothelial proliferation was found in the present case. These pathological 
findings were consistent with anaplastic MPE[32]. Malignant transformation of MPE 
can occur in both pediatric and adult patients and is associated with either relapse, 
local invasion, CSF spread, or metastatic disease. These anaplastic clinical features 
indicate a more aggressive biological potential than classic MPE. Therefore, regular 
close observation is recommended. Further studies are needed to refine the proposed 
assessment criteria for anaplastic MPE and to identify the genetic biomarkers of 
tumorigenesis and malignant transformation of MPE[33].

CONCLUSION 
MPE has the potential for malignant transformation after a long period of time despite 
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being a pathological grade I tumor. Therefore, the possibility of malignant 
transformation of MPE should be considered, and patients with MPE should be 
carefully managed and followed up over a long period of time.
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