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Abstract

Background: Low-grade posterior fossa ependymomas are
neoplasms that rarely disseminate at the initial presentation
or recurrence.

Methods: We describe a case of low-grade posterior fossa
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ependymoma initially treated with resection and radiation 20
years prior. At the time of presentation, multiple intracranial
and spinal lesions were identified, most notably a non-

WHO: World Health Organization; RT: Radiation Therapy; MRI:
Magnetic Resonance Imaging; CT: Computed Tomography;
PEEK: Polyetheretherketone; PRISMA: Preferred Reporting

enhancing ventral intradural lesion at C6-7.

Results: The 56-year-old presented with progressive
left upper and lower extremity weakness. He underwent
resection of the ventral intradural lesion at C6-7. The
surgery involved a C5-7 corpectomy for resection and a C2-
T3 posterior spinal fusion for stabilization. His weakness
resolved postoperatively.

We then present a systematic review of the literature on the
dissemination of low-grade posterior fossa ependymoma.
Fifteen studies were identified, involving 23 patients.

Conclusion: Late dissemination of low-grade posterior
fossa ependymoma could arise decades after the initial
surgery despite gross-total resection and adjuvant
radiotherapy. Malignant transformation and multicentric
tumor development may also occur after treatment of
the primary ependymoma. A varied extent of resection
and adjuvant therapies have been involved in treating
disseminated conventional posterior fossa ependymoma, with
surgical decisions largely dependent on a multifactorial basis.

Items for Systematic Review Meta-Analyses

Introduction

Ependymomas account for approximately 1.9% of
all primary brain and central nervous system tumors,
originating from the ventricular lining, the central
canal of the spinal cord, the filum terminale, or the
choroid plexus [1,2]. Around 60-70% of intramedullary
tumors in adults are ependymomas [3], while intradural
extramedullary and extradural ependymomas are
less common [4,5]. Historically, ependymomas were
classified as subependymomas (grade I), myxopapillary
ependymomas (grade Il), conventional ependymomas
(grade Il), and anaplastic ependymomas (grade lll)
[6,7]. The 2021 World Health Organization (WHO)
classification system further categorized ependymomas
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into 10 types based on tumor location and molecular
features [8].

Ependymomas occasionally disseminate along the
neuraxis, primarily due to cerebrospinal fluid carriage of
exfoliated cells, while extraneural dissemination is less
likely to occur [9]. High-grade or myxopapillary histology,
younger age, subtotal resections, infratentorial
location, high tumor proliferative indices, and genetic
predispositions may increase the risk of dissemination
[10-12]. Although gross-total resection is associated
with improved survival rate and patient outcome, the
extent of posterior fossa tumor resection could be
limited due to the encasement of cranial nerves and
brainstem vasculature [13].

A paucity of disseminated conventional posterior
fossa ependymomas has been reported, which can
complicate management due to their location and
pathophysiological features. We present a case of drop
metastases at multiple spinal levels from a prior resected
posterior fossa ependymoma, followed by a literature
review of disseminated conventional posterior fossa
ependymomas.

Case Description
Primary tumor and past medical history

The patient underwent resection of a low-grade
posterior fossa ependymoma in 2002 when he was
36 years old. The resection was followed by radiation
therapy (RT). The patient was believed to be in remission
and had not had a recent follow-up. The patient was also
diagnosed with ulcerative colitis versus Crohn's disease,
for which he received a colectomy in 2010, followed
by a reversal a year after. In addition, the patient had
chronic anemia secondary to gastrointestinal bleeding.

Disseminated recurrence

At the age of 56, the patient presented with radicular
pain radiating from the left buttock down the left
lateral thigh, as well as numbness and tingling in the
left posterior thigh, after a fall three months prior.
The physical examination demonstrated full strength
in bilateral upper and lower extremities. Reflexes
were unremarkable. A magnetic resonance imaging
(MRI) with and without gadolinium contrast of the
entire neuraxis, including brain, cervical, thoracic, and
lumbar spines, as well as a computed tomography (CT)
with contrast of the chest, abdomen, and pelvis, was
ordered to evaluate for metastatic disease. MRI of the
brain demonstrated a questionable enhancement in
the posterior fossa resection bed (Figure 1a). MRI of
the cervical and lumbar spines demonstrated a non-
enhancing 1.7 cm lesion anterior to the spinal cord at
the C6-7 levels, a 1.6 cm enhancing lesion eccentric to
the left in the thecal sac at the L4 level, and a 5.6 cm
enhancing lesion in the thecal sac of the sacrum (Figure
1band Figure 1c). These three intradural extramedullary

Figure 1: MRI with gadolinium contrast demonstrating.
(a): The posterior fossa; (b): A non-enhancing lesion at the
C6-7 level; (c): An enhancing lesion at the L4 level and an
enhancing lesion in the sacral thecal sac.

lesions were suggestive of drop metastases from the
patient’s prior ependymoma.

Biopsy of sacral spinal lesion

The ventral C6-7 spinal lesion was most concerning.
However, the patient did not initially present with
symptoms from the ventral C6-7 lesion, and the risks of
such an operation were extremely high. The patient’s
radiculopathy was most consistent with the L4 lesion.
However, resection of the L4 spinal lesion could involve
significantintraoperative cerebrospinalfluid loss, leading
to inferior migration of the spinal cord with respect
to the C6-7 lesion, causing quadriplegia. Therefore, a
biopsy of the sacral lesion without loss of cerebrospinal
fluid was considered the safest option at the time to
determine the etiology of these spinal lesions. Since
the patient did not have bowel or bladder problems,
no resection of the sacral lesion was planned. An S2
laminectomy was performed, followed by opening of
the dura at the midline to expose tumor-like material. A
portion of the tumor was sent for frozen and permanent
sections, and the dura was sewn and sealed without
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cerebrospinal fluid leak. Pathology was consistent with
grade Il ependymoma. Postoperative MRIs showed a
non-enhancing lesion at C6-7 that appeared stable,
while the L4 and sacral lesions were also grossly stable.
In the 1.5-month postoperative follow-up, the patient
developed no additional neurological deficits and
started receiving RT to his lumbar spine.

Growing cervical spinal lesion and biopsy

Less than two years after the sacral lesion biopsy,
when the patient was 58 years old, he reported
progressive weakness in his left arm and leg without
numbness or tingling, though he endorsed some loss of
vibration sensation in his left leg. He denied radiating
pain in his extremities, saddle anesthesia, or bowel or
bladder problems but reported experiencing urinary
incontinence 3-4 months ago. Slight muscle weakness
was observed in his left upper extremity in addition to
weakness in left hip flexion and knee extension. MRI of
the cervical spine revealed an intradural anterior lesion
at the C6-7 level, eccentric to the left, measuring 2.2 cm
in superior-inferior dimension, representing a 5.4 mm
increase from the original size (Figure 2a and Figure
2b). The lesion occupied more of the spinal canal and
caused a more significant mass effect on the spinal cord
compared to the MRI two years prior. An open biopsy
of the C6-7 lesion was proposed, as this lesion did not
enhance, in contrast to the L4 and sacral lesions. It was
unclear at this time whether the lesion was consistent

with disseminated ependymoma. A C6-7 laminectomy
was performed, and a small portion of the accessible
tumor on the right side was obtained for pathology.
We did not believe it was possible or safe to retract
the spinal cord to attempt resection of the tumor from
a posterior approach. The soft mass was consistent
with low-grade ependymoma. No intraoperative or
immediate postoperative complications were observed.

Gross-total resection of cervical ependymoma

The patient returned to the clinic for a 1.5-month
postoperative follow-up. MRI of the cervical spine taken
after the biopsy continued to show a non-enhancing
intradural anterior lesion at the C6-7 level, eccentric
to the left. A C5-7 corpectomy for resection of the
intradural extramedullary ependymoma would avoid
displacement of the spinal cord, allowing for exposure
of the tumor while visualizing the anterior vasculature
of the spinal cord. It was also unclear whether the
tumor was adherent to the anterior aspect of the spinal
cord. Due to the cervical spinal cord covering nearly the
entire tumor posteriorly, we did not believe a posterior
approach was safe (Figure 2c). The operation was high-
risk but was considered beneficial to the patient as
the progressive weakness in his left upper and lower
extremities would likely continue without surgical
resection of the tumor. An extensive discussion was
conducted with the patient and his wife, who elected
to proceed with an anterior approach for cervical

16.9 mm (2D)

Figure 2: T2-weighted MRI demonstrating a hyperintense lesion without contrast enhancement at the C6-7 level anterior
to the spinal cord, (a): At initial diagnosis measuring 16.9 mm in superior-inferior dimension; (b,c): Two years after initial
diagnosis measuring 22.3 mm in superior-inferior dimension.

Jin H, et al. Neurosurg Cases Rev 2025, 8:178 e Page 3 of 12 e



DOI: 10.23937/2643-4474/1710178

ISSN: 2643-4474

ependymoma resection, followed by a stage two,
posterior spinal fusion, involving C2 to T3.

The anterior approach was assisted by an
otolaryngology-head and neck surgeon. A co-surgeon
from neurological surgery also assisted with this
operation due to its complexity. The operative field
included from the inferior aspect of C4 to the superior
component of T1l. The C5-7 vertebral bodies were
removed. Intraoperative ultrasound visualized the
spinal cord and tumor location. The dura was opened
to expose the tumor, which was under the arachnoid
with tumor-feeding vessels from the spinal cord (Figure
3). Microsurgical techniques created a plane between
the tumor and the spinal cord, and gross-total resection
was accomplished over six hours through debulking
with microsurgical techniques and ultrasonic aspirators
while rolling the tumor from the spinal cord. The
corpectomy was completed with the placement of a
polyetheretherketone (PEEK) cage in the C5-7 defect,
then an anterior cervical plate was placed over the PEEK
cage. PEEK was chosen to decrease metallic artifacts
from future MRIs for tumor surveillance. The patient
was kept intubated in preparation for stage two the
subsequent day. On the following day, neuronavigation
was used to perform a posterior instrumented fusion
from C2 to T3.

Outcome

The patient experienced full resolution of the
weakness in his left upper and lower extremities (Figure
4). He denied neck pain, difficulty swallowing, numbness,
tingling, radiating pain, saddle anesthesia, or problems

Left

Inferior

Right

Figure 3: Intraoperative pictures showing the anterior
tumor under the arachnoid with tumor-feeding vessels
from the spinal cord.

Figure 4: The patient at 1-year postoperative follow-up
with resolution of symptoms.

with bowel or bladder. MRI of the cervical spine
obtained eleven months after the cervical ependymoma
resection showed the prior C5-7 corpectomy procedure
and no obvious evidence of tumor recurrence (Figure
5a). Final Pathology confirmed that the cervical lesion
was consistent with a spinal metastasis from the
patient’s posterior fossa ependymoma, histologic
anaplasia not identified. X-rays of the cervical spine
taken one year postoperatively demonstrated intact
hardware without evidence of complication (Figure 5b).
Other lesions, including a stable right anterior temporal
lesion shown on the MRI of the brain, a dorsal intradural
tumor at the T6-7 level on the MRI of the thoracic spine,
and an intradural tumor at the L4 level in addition to the
tumor in the sacrum on the MRI of the lumbar spine,
are managed nonoperatively as the patient remains
asymptomatic.

Discussion

We present a case of disseminated conventional
posterior fossa ependymoma treated with biopsies
and eventual gross-total resection of a cervical ventral
intradural ependymoma. A systematic review of
posterior fossa grade Il ependymoma dissemination
was conducted on PubMed, Web of Science, and
Scopus databases using the search terms: (“posterior
fossa” OR “infratentorial”) AND “ependymoma” AND
(“disseminated” OR “dissemination” OR “metastasize”
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Figure 5: (a): Postoperative MRI demonstrating complete resection of the cervical ependymoma; (b): Radiographs showing
intact hardware.

OR metastasis”). 495 results were generated and Dissemination at the initial presentation
screened following the Preferred Reporting Items for
Systematic Review Meta-Analyses (PRISMA) (Figure 6).
15 studies, including one prospective clinical trial, six
retrospective cohort studies, and eight case reports,
totaling 23 distinct patients, were identified using the
inclusion criteria of neuraxis dissemination, extraneural
dissemination, or drop metastases of posterior fossa
grade Il ependymoma at first presentation and/
or recurrence (Table 1) [14-23,11,24-27]. Articles
describing other ependymoma subtypes or locations,
involving no dissemination, containing no treatment
information, or written in non-English languages were
excluded. The unique aspects of our illustrative case
are the technical considerations involved and the late

Four cases initially presented with disseminated
infratentorial conventional ependymoma [16,20,23,24].
Disseminated disease could result from under-
screening. The initial diagnosis of all disseminated cases
was prompted by symptom presentation [16,20,23,24].
Diagnostic measures, including CT or MRI imaging,
were typically not part of the standard of care for
asymptomatic patients unless they had a medical
history of ependymomas and were within the period
of recurrence/dissemination monitoring [22,23,28].
Moreover, the lack of imaging other than the primary
tumor site at first diagnosis could misdiagnose a
disseminated disease as a focal lesion [11]. Given
] - i the possibility of dissemination, the literature has
dissemination. We employed a three-level anterior recommended systematic imaging of the entire neuraxis

cerV|c.aI Forpectomy for gross-total resec‘ugn of an when ependymoma is in the differential diagnosis
anterior intradural extramedullary tumor, which led to [29,30]

complete symptom resolution and no recurrence. The
posterior fossa ependymoma resection may represent ~ disseminated ependymoma was reported in three

one of the longest latencies described for dissemination ~ €ases. In Antony, et al. a total of four infratentorial
of conventional ependymoma. relapses occurred involving the cerebellar peduncles
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Table 1: Summary of patient and treatment data for cases of disseminated conventional posterior fossa ependymoma.

Authors

Outcome, survival

Age, Sex Initial Presentation 1st Recurrence Additional recurrence(s) R "
(Year) since first surgery
(If (If
o o " different) o Time to different) o o
st
Lgcal/ . WHO grade, 1 2 Time fo 1 Local/Disseminated WHO 1° Treatment 2 subsequent |WHO Lgcal/ . ! 2
Disseminated variant Treatment Treatment | recurrence Treatment Disseminated Treatment Treatment
grade, recurrence(s) |grade,
variant variant
A (symptomatic
. Local; posterior Disseminated; No further spinal
Kim & Fayos, 11, M fossa (4th Well . STR RT 101 mos  thoracolumbar spine L”"Tbar RT recurrence dissemination
(1977) [14] ) differentiated ) ] laminectomy
ventricle) (multiple lesions) reported treated), 5 years
survival
Kim & Fayos Local; Well (r\:ici);stsreer:it::tion No further
Y 40, M posterior fossa . . STR RT 30 mos Disseminated; spine - recurrence E, 30 mos survival
(1977)[14] differentiated discovered at
(cerebellum) reported
autopsy)
Jayawickreme, Local; posterior |Well Local; posterior
et al. (1995) Unknown » P . . STR RT Unknown P Unknown 2" Recurrence E, unknown
[15] 0ssa differentiated fossa
2 mos Dlssemlna.ted; Unknown
lumbar spine
Jayawickreme, . . ’ . .
et al. (1995) Unknown Local; posterior V‘.’e” . GTR RT Unknown Dlssemlna_ted, Unknown 2" Recurrence Unknown
[15] fossa differentiated lumbar spine
1year Local; posterior Unknown
fossa
Local; posterior
Robertson, et [17.3, Local; posterior I STR Chemo, 4 mos fossa Unknown Pe(:::?g?:;re E. 5 mos survival
al. (1998)[16] 'unknown fossa RT Disseminated; CSF ’
. reported
and spine
. . Local; posterior No further
Robertson, et 2.3, Local; posterior 1l STR Chemo, 67 mos fossa Unknown recurrence E, 70 mos survival
al. (1998)[16] 'unknown fossa RT ) . R~
Disseminated; spine reported
Disseminated; . . . No further
Robertson, et 9.2, posterior fossa Il STR Chemo, 9 mos Disseminated; right Unknown recurrence A, 72 mos survival
al. (1998)[16] 'unknown RT temporal lobe
and CSF reported
. . Disseminated; No A (symptom
Nakasu, et al Local; posterior lumbosacral spine recurrence resolution, stable
y 27, M fossa (4th 1l STR 14 years ) . RT . ’
(2001)[17] . and multiple spinal at 18-mos disease), 186 mos
ventricle) i
nodules post-RT survival
Local; posterior . .
Kawabata, et 1, M fossa (4th 1l GTR Chemo, 38 mos Local; posterior Unknown 4™ Recurrence E, 78 mos survival
al. (2005)[18] . RT fossa
ventricle)
Disseminated;
(3 recurrences) Unknown CSF Unknown
. Disseminated;
. Local; posterior . ! No further
Bademci, ot al. 49, M fossa (4th 1l GTR RT 12 years Thoracic (T2-T3) GT.R of both recurrence A, 12 years survival
(2007)[19] ) and lumbar (L5) lesions
ventricle) ) reported
spine
Disseminated; No
posterior recurrence
Lassaletta, et fossa (right at A (complete
al. (2007)[20] 2M cerebellopontine 1 PTR Chemo 6-mos post remission), 6 mos
angle) with LM Chemo
spread completion
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Conter, et al Local; posterior Disseminated; No further
’ " |Unknown P 1 PTR RT Unknown L Unknown recurrence Unknown
(2009) [21] fossa unknown site
reported
Local; posterior No further
Conter, et al. Unknown Local; posterior 1} GTR RT Unknown fo_s sa . Unknown recurrence Unknown
(2009) [21] fossa Disseminated;
. reported
unknown site
. : Resection Local; posterior No further
Conter, et al. Local; posterior fossa
Unknown 1} of unknown RT Unknown ) . . Unknown recurrence Unknown
(2009) [21] fossa Disseminated;
extent . reported
unknown site
Ochiai. et al Local; posterior Disseminated; No further ':e(l:rrr:)‘ljcr)milfadl
’ © 31, F fossa (4th 1l GTR RT 19 yrs thoracic (T2-T5) GTR RT recurrence 9
(2010)[22] . : symptoms), 19 yers
ventricle) spine reported :
survival
Disseminated;
posterior fossa GTR of . . . A (asymptomatic
! Disseminated; . .
Vural, et al. (cervicomedul- all three . disseminated
45, F X . 1 X 3yrs Thoracic, lumbar, None ;
(2010) [24] lary junction) and lesions and sacral spine recurrent disease),
thoracic (T5-T6, P 43 mos survival
T8-T9) spine
Local; Disseminated;
Hong, et al. posterior fossa thoracolumbar GTR of No further A (stable disease),
19, M I GTR RT 14 yrs . 2l thoracolumbar RT recurrence X
(2013)[11] ependymoma (T12-L1) spine, C6- ] 17 yers survival
: ) lesion reported
(4th ventricle) L5 small lesions
GTR, STR,
Disseminated; Local; posterior STR, no No further
Antony, et al. - fossa (cerebellum surgery Chemo, .
6, F posterior fossa | ll, cellular STR Chemo 1.3 mos . recurrence E, 55 mos survival
(2014)[24] ) and medulla) (respectively | RT
and spine reported
(4 recurrences) for each
recurrence)
Alshava. et al Local; posterior If_oc;c;I; (:Lc;tsterlor GTR of cere-
va, T4 M fossa (4th 1l GTR RT 7.5yrs . bellopontine RT 2" Recurrence E, 15 yrs survival
(2015)[25] . cerebellopontine )
ventricle) angle lesion
angle)
Local; GTR of
Disseminated: right Progression of -
2 years right frontal Chemo
frontal lobe LM spread along )
- lobe lesion
right frontal lobe
Disseminated;
left temporal
lobe
3" Recurrence
Local; right
frontal lobe and
4.5 years left temporal RT
lobe
4" Recurrence
Disseminated;
supratentorial Palliative
11 mos -
and midline care
cerebellum
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A (burning
Disseminated: micturition; left
Pradhan & Local; posterior thoracic (T10-!12) GTR of both No further lower extremity
Thapa, (2016) 12, M fossa (4th 11, cellular STR RT 6 yrs . recurrence weakness,
; and lumbar (L2-3) lesions .
[26] ventricle) X reported hyperreflexia,
spine
and decreased
sensation), 6 years
X . . . X No further
Upadhyaya, et Unknown Local; posterior Il PE-EPN-A STR Chemo, 11 yrs Dlssemlnat‘ed, Unknown recurrence E, 3..13 years
al. (2019)[27] fossa RT unknown site survival
reported
Upadhyaya, et Local; posterior Chemo Disseminated; No further A, 8.61 years
padhyaya, Unknown P I, PF-EPN-A|GTR ! 7.26 yrs L Unknown recurrence P Y
al. (2019)[27] fossa RT unknown site survival
reported
Upadhyaya, et Local; posterior Chemo Disseminated,; No further A, 3.01 years
pachyaya, Unknown P I, PF-EPN-A|GTR ’ 212 yrs L Unknown recurrence T Y
al. (2019)[27] fossa RT unknown site reported survival

Abbreviations: WHO: World Health Organization; STR: Subtotal Resection; RT: Radiotherapy; A: Alive; E: Expired. GTR: Gross-total resection; Chemo: Chemotherapy; CSF: Cerebrospinal Fluid;

PTR: Partial Resection; LM: Leptomeningeal; VP: Ventriculoperitoneal; CV: Cerebrovascular

aAnaplastic ependymoma

Identification

Screening

Included

[ Identification of studies via databases and registers

Records identified from:
PubMed (n = 88)
Web of Science (n = 176)
Scopus (n = 231)

v

l

Title/Abstract screened (n = 357)

!

Full-text articles assessed for eligibility

(n=97)

v

Studies included in review (n = 15)

Records removed before screening:
Duplicate records removed (n = 138)

Records excluded (n = 260)

(n=38)

Full-text articles excluded:
Other/unclear ependymoma subtypes

No dissemination (n = 28)
Not posterior fossa (n = 8)
Not in English (n = 8)

Figure 6: PRISMA flowchart showing the literature review process.
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and the medulla, each of which was treated with surgical  ventricle, with the most likely point of origin being the
resection, except the last recurrence that preceded the floor [36,37].

patient’s death [24]. The other two patients developed
disseminated recurrent disease. Robertson, et al.
reported dissemination to the right temporal lobe after
subtotal resection of the primary posterior fossa tumor
and adjuvant therapies [16]. Dissemination leading to
multiple discrete spinal lesions was reported by Vural,
et al. despite gross-total resection of all the initial
disseminated ependymomas [23]. The disseminated Anaplastic transformation and development of
recurrent disease was asymptomatic; therefore, the different ependymoma types

patient did not engage in any additional follow-up or Most recurrent ependymomas, whether local or
treatment [23]. Surveillance imaging has identified 60-  disseminated, tend to retain the same histologic grade.
70% of recurrent ependymomas prior to symptom onset  However, Hong, et al. reported the development of
[24,31]. Given the risk of progression in asymptomatic  grade Il anaplastic ependymoma at disease recurrence
recurrences, long-term routine surveillance imaging [11].

following initial treatment has been recommended
regardless of symptom presentation to facilitate timely
intervention and optimized outcomes [31-33].

Similar to our case, spinal cord recurrences were
reported in 12 cases [14,17-19,22,23,11,24,26]. Spinal
metastases have been reported in 10-25% of patients
with primary intracranial ependymoma, with posterior
fossa locations associated with higher metastatic risks
[16,38].

Though quite rare, anaplasia has been observed in
ependymoma recurrences [39]. In Armstrong, et al. two

out of 79 patients with grade Il spinal ependymomas
Dissemination at the time of recurrence developed grade Il lesions at recurrence [35].

In the 19 cases that presented an initial focal lesion, “Anaplastic” features, including increased cellularity,
disseminated disease developed at the first recurrence ~ Mitotic  activity, microvascular proliferation, and
in 17 cases and by the second recurrence in one case [14-  Necrosis, are typically found in grade Il tumors,
17,19-23,11,24-27]. Exfoliated ependymoma cells were in contrast to the more organized architecture of
detected in the cerebrospinal fluid in one patient at the ~ conventional ependymomas [39]. Management could
fourth recurrence, preceded by three local relapses [18].  differ, with adjuvant RT largely recommended for
The number of recurrences ranged from one to four, treatinganaplasticependymoma, while its use in treating
with a median of one, in contrast to the median of two ~ conventional ~ependymomas remains controversial
and a maximum of nine reported in the retrospective and dependent on infratentorial versus supratentorial
cohort study of intracranial ependymomas by Antony, tumor location [40]. Histopathologic evaluation at
et al. [24] Among the 22 cases that involved recurrent ~ recurrence could assist with an accurate diagnosis that
disease, time to first recurrence was reported in 17 impacts treatment planning and prognosis.

cases, with the median being 67 months compared to Moreover, Nicely, et al. reported an uncommon case
21 months reported by Armstrong, et al., who reviewed  of myxopapillary ependymoma arising more than 20
112 cases of conventional intracranial and spinal years after resection of the initial grade Il posterior fossa
ependymomas [14,16-19,22,23,11,24-27,34,35]. Time  ependymoma [41]. However, it was unlikely that the
to recurrence ranged from 1.3 months to 19 years, all of  pew myxopapillary ependymoma was a drop metastasis
which had a shorter interval between initial surgeryand  from the conventional posterior fossa ependymoma due
first recurrence than the case we present [22,24]. Given o their distinct histological differences. Based on our

the potential for dissemination, long-term monitoring interpretation, we considered the new myxopapillary
of conventional ependymomas could be critical even  ependymoma a separate tumor.

in the absence of local recurrence [22,25]. The median
time to first recurrence after gross-total resection
of the primary tumor was 89 months, compared to Resections are classified based on the extent of
30 months after incomplete resections, suggesting a tumor removal: biopsy (< 10%), partial resection
delayed recurrence with gross-total resection [14,16- (10-50%), subtotal resection (51-90%), near-total
19,22,23,11,24-27]. resection (> 90%), and gross-total resection (~100%)
[42]. The literature has largely recommended gross-
total resection, with en bloc resection preferred over

10 studies recorded the primary tumor site within the piecemeal due to the reduced risk of dissemination,
posteriorfossafor11patients[14,17-20,22,23,11,25,26].  \when possible under maximal safety [13,34]. Among
Among the locations of the initial focal lesion, the 19 reviewed cases of initial focal ependymoma, 9
eight cases involved the fourth ventricle [14,17- jnyolved gross-total resection [15,18,19,21,22,11,25-
19,22,11,25,26). One case involved the cerebellum, one  77]. pespite gross-total resection, dissemination may
involved the cerebellopontine angle, and one involved || occur, sometimes necessitating repeated resection.

the cervicomedullary junction [14,20,23]. The majority  Similar to our case, Alshaya, et al. and Hong, et al.
of posterior fossa ependymomas are of the fourth
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reported gross-total resection of the primary symptom-  Conclusions
causing tumor in disseminated recurrent diseases while
sparing the rest for adjuvant therapies and continued
monitoring [11,25]. Gross-total resection of the entire
disseminated recurrent disease has been achieved
when only one or two distinct masses were identified
[19,22,26].

We present a case of drop metastases from posterior
fossa grade Il ependymoma discovered two decades
later that was successfully treated with three-level
anterior cervical corpectomy for gross-total resection of
the symptom-causing anterior cervical tumor. Although
gross-total resection followed by adjuvant therapies has

Adjuvant therapies, including radiation therapy (RT)  been utilized in focal and disseminated conventional
and chemotherapy, have demonstrated effectiveness posterior fossa ependymomas, thorough evaluations
in slowing disease progression and dissemination, of risks and benefits remain essential to individualized
particularly after incomplete resections [3,43,44]. RT  treatment planning.
has been reported following all types of resections

. References

and has shown improved local control compared to

gross-total resection alone [14-16,18,19,21,22,11,25- 1. Ostrom QT, Gittleman H, Fulop J, Liu M, Blanda R, et

27,45]. The National Comprehensive Cancer Network al. (2015) CBTRUS statistical report: Primary brain and

uidelines recommend craniospinal irradiation for central nervous system tumors diagnosed in the United

g aniosp States in 2008-2012. Neuro Oncol 17 iv1-iv62.

upfront management of disseminated ependymoma » o heim JS. St RC. Mormin J. Sachdey VP
. . . ppenheim , Strauss , Mormino J, Sachdev ,

[4,6]' In Nakasu, et al. RT p.reven‘ted disease progres§|on Rothman AS (1994) Ependymomas of the third ventricle.

without surgery for the disseminated recurrent lesions Neurosurgery 34: 350-352.

[17]. However, local recurrence following adjuvant RT

. . 3. Chaskis E, Bouchaala M, David P, Parker F, Aghakhani
should prompt evaluation for repeat resection and/or 9

N, et al. (2023) Long-term outcomes after incomplete

re-irradiation [47]. Moreover, chemotherapy following resection of intramedullary grade Il ependymomas: Is
completion of RT has been associated with prolonged adjuvant radiotherapy justified? Cancers 15: 3674.

progression-free survival, while chemotherapy without 4 Moriwaki T, Iwatsuki K, Ohnishi Y, Umegaki M, Ishihara M,
RT could also prevent relapse [20,48]. Successful etal. (2013) Intradural extramedullary spinal ependymoma:
remission was reported in a two-year-old boy after A case report of malignant transformation occurring. Asian

treatment of disseminated conventional posterior Spine J 7: 139-142.

fossa ependymoma with partial resection followed by 5. Fassett DR, Schmidt MH (2003) Lumbosacral
chemotherapy [20]. However, chemotherapy in adults ependymomas: A review of the management of intradural
should be considered only when surgery and RT have and extradural tumors. Neurosurg Focus 15: E13.

been exhausted, such as after multiple recurrences or  6- :’VieS“er OVI\DI’ |SdCh|if|fer|t|a, SOOHS S:{V (2(();?0) Epepdyma;
. . umours. World Hea rganization Classification o
increased malignancy [13]. Tumours. Pathology and Genetics. Tumours of the
Limitations Nervous System 71-81.

The generalizability of this case report and literature /- Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, et

. o . . . . al. (2021) The 2021 WHO classification of tumors of the
review is limited by the rarity of disseminated posterior central nervous system: A summary. Neuro Oncol 23:

fossa grade Il ependymoma in the literature. Although 1231-1251.
treatment strategies were discussed, we refrained from

. . ] 8. Kresbach C, Neyazi S, Schiiller U (2022) Updates in the
making recommendations as this was not our focus

classification of ependymal neoplasms: The 2021 WHO

and would require an extensive review of randomized classification and beyond. Brain Pathol 32: e13068.
conjcr.olled trials and ev.ldence-t.)ased guulit.elln.es. Surg|.cal 9. Palmisciano P, Ferini G, Barone F, Chavda V, Romano
decisions should consider patient-specific risks, which F, et al. (2022) Extra-neural metastases from primary
may render gross-total resection less optimal than intracranial ependymomas: A systematic review. Front
incomplete resections if maximal safety cannot be Oncol 12.
ensured. Moreover, management may vary by age, such  10. Rezai AR, Woo HH, Lee M, Cohen H, Zagzag D, et al.
as the use of adjuvant RT or neoadjuvant chemotherapy (1996) Disseminated ependymomas of the central nervous
in pediatric ependymoma, where the evidence remains system. J Neurosurg 85: 618-624.
conflicting [49,50]. 11. Hong S, Choe WJ, Moon CT (2013) Multiple spinal cord
recurrences of an intracranial ependymoma after 14 years.
Furthermore, articles written before the 2021 WHO J Korean Neurosurg Soc 54: 521-524.
classificationsystemupdatemayhaveemployeddifferent 1, . iicon L Das JM, Mesfin FB (2024) Intramedullary

classification schemes. The lack of molecular details spinal cord tumors. StatPearls.

in mest .artlcle‘s made it challenging to match previous 13. Ruda R, Bruno F. Pellerino A, Soffieti R (2022)
publications with the current taxonomy. Therefore, our Ependymoma: Evaluation and management updates. Curr
literature review emphasized dissemination of posterior Oncol Rep 24: 985-993.

fossa grade Il ependymomas rather than a specific type 44 kim YH, Fayos JV (1977) Intracranial ependymomas.
in the 2021 WHO classification. Radiology 124.

Jin H, et al. Neurosurg Cases Rev 2025, 8:178 e Page 10 of 12 »


https://pubmed.ncbi.nlm.nih.gov/26511214/
https://pubmed.ncbi.nlm.nih.gov/26511214/
https://pubmed.ncbi.nlm.nih.gov/26511214/
https://pubmed.ncbi.nlm.nih.gov/26511214/
https://pubmed.ncbi.nlm.nih.gov/8177398/
https://pubmed.ncbi.nlm.nih.gov/8177398/
https://pubmed.ncbi.nlm.nih.gov/8177398/
https://pubmed.ncbi.nlm.nih.gov/37509335/
https://pubmed.ncbi.nlm.nih.gov/37509335/
https://pubmed.ncbi.nlm.nih.gov/37509335/
https://pubmed.ncbi.nlm.nih.gov/37509335/
https://pubmed.ncbi.nlm.nih.gov/23741554/
https://pubmed.ncbi.nlm.nih.gov/23741554/
https://pubmed.ncbi.nlm.nih.gov/23741554/
https://pubmed.ncbi.nlm.nih.gov/23741554/
https://pubmed.ncbi.nlm.nih.gov/15323470/
https://pubmed.ncbi.nlm.nih.gov/15323470/
https://pubmed.ncbi.nlm.nih.gov/15323470/
https://pubmed.ncbi.nlm.nih.gov/34185076/
https://pubmed.ncbi.nlm.nih.gov/34185076/
https://pubmed.ncbi.nlm.nih.gov/34185076/
https://pubmed.ncbi.nlm.nih.gov/34185076/
https://pubmed.ncbi.nlm.nih.gov/35307892/
https://pubmed.ncbi.nlm.nih.gov/35307892/
https://pubmed.ncbi.nlm.nih.gov/35307892/
https://pubmed.ncbi.nlm.nih.gov/35574408/
https://pubmed.ncbi.nlm.nih.gov/35574408/
https://pubmed.ncbi.nlm.nih.gov/35574408/
https://pubmed.ncbi.nlm.nih.gov/35574408/
https://pubmed.ncbi.nlm.nih.gov/8814165/
https://pubmed.ncbi.nlm.nih.gov/8814165/
https://pubmed.ncbi.nlm.nih.gov/8814165/
https://pubmed.ncbi.nlm.nih.gov/24527198/
https://pubmed.ncbi.nlm.nih.gov/24527198/
https://pubmed.ncbi.nlm.nih.gov/24527198/
https://www.ncbi.nlm.nih.gov/books/NBK442031/
https://www.ncbi.nlm.nih.gov/books/NBK442031/
https://pubmed.ncbi.nlm.nih.gov/35384591/
https://pubmed.ncbi.nlm.nih.gov/35384591/
https://pubmed.ncbi.nlm.nih.gov/35384591/
https://pubs.rsna.org/doi/abs/10.1148/124.3.805
https://pubs.rsna.org/doi/abs/10.1148/124.3.805

DOI: 10.23937/2643-4474/1710178

ISSN: 2643-4474

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Jayawickreme DP, Hayward RD, Harkness WF (1995)
Intracranial ependymomas in childhood: A report of 24
cases followed for 5 years. Childs Nerv Syst 11: 409-413.

Robertson PL, Zeltzer PM, Boyett JM, Rorke LB, Allen
JC, et al. (1998) Survival and prognostic factors following
radiation therapy and chemotherapy for ependymomas
in children: A report of the Children's Cancer Group. J
Neurosurg 88: 695-703.

Nakasu S, Ohashi M, Suzuki F, Matsuda M (2001) Late
dissemination of fourth ventricle ependymoma: a case
report. J Neurooncol 55: 117-120.

Kawabata Y, Takahashi JA, Arakawa Y, Hashimoto
N (2005) Long-term outcome in patients harboring
intracranial ependymoma. J Neurosurg 103: 31-37.

Bademci G, Tun K, Erden E, Evliyaoglu C, Unlu A
(2007) Late dissemination of ependymoma: Case report.
Neurocirugia 18: 333-336.

Lassaletta A, Perez-Olleros P, Scaglione C, Sirvent S, De
Prada I, et al. (2007) Successful treatment of intracranial
ependymoma with leptomeningeal spread with systemic
chemotherapy and intrathecal liposomal cytarabine in a
two-year-old child. J Neurooncol 83: 303-306.

Conter C, Carrie C, Bernier V, Geoffray A, Pagnier A, et
al. (2009) Intracranial ependymomas in children: society
of pediatric oncology experience with postoperative
hyperfractionated local radiotherapy. Int J Radiat Oncol
Biol Phys 74: 1536-1542.

Ochiai H, Yamakawa Y, Kawano H, Shimao Y, Hayashi
T (2010) Late spinal cord metastasis of fourth ventricle
ependymoma appeared nineteen years after the initial
treatment. J Neurooncol 96: 295-299.

Vural M, Arslantas A, Ciftci E, Artan S, Adapinar B (2010)
Multiple intradural-extramedullary ependymomas: proven
dissemination by genetic analysis. J Neurosurg Spine 12:
467-473.

Antony R, Wong KE, Patel M, Olch AJ, McComb G, et al.
(2014) A retrospective analysis of recurrent intracranial
ependymoma. Pediatr Blood Cancer 61: 1195-1201.

Alshaya W, Mehta V, Wilson BA, Chafe S, Aronyk KE, et
al. (2015) Low-grade ependymoma with late metastasis:
autopsy case study and literature review. Childs Nerv Syst
31: 1565-1572.

Pradhan BR, Thapa BK (2016) Intramedullary spinal cord
ependymoma after posterior fossa ependymoma resection:
A case report Nepal Journal of Neuroscience 13.

Upadhyaya SA, Robinson GW, Onar-Thomas A, Orr BA,
Billups CA, et al. (2019) Molecular grouping and outcomes
of young children with newly diagnosed ependymoma
treated on the multi-institutional SJYCO7 trial. Neuro Oncol
21:1319-1330.

Garg K, Sharma R, Dash C, Agrawal D, Sharma BS
(2019) Spinal intradural extramedullary ependymoma with
intracranial metastasis and leptomeningeal spread: A case
report and comprehensive review of literature. Neurol India
67: 1352-1357.

Varrassi M, Bellisari FC, De Donato MC, Tommasino E, Di
Sibio A, et al. (2021) Intracranial ependymomas: The role
of advanced neuroimaging in diagnosis and management.
Neuroradiol J 34: 80-92.

Benomar A, Khellaf A, Kadi L, Ferreira J, Lavergne P, et al.
(2024) Giant metastatic mixed-type spinal ependymoma
presenting with hydrocephalus. Radiol Case Rep 19:
4751-4754.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Klawinski D, Indelicato DJ, Hossain J, Sandler E (2020)
Surveillance imaging in pediatric ependymoma. Pediatr
Blood Cancer 67: €28622.

Seo SH, Paul SK, Shikder M, Khanam M, Ghosh P, et
al. (2021) An insight into pathophysiological features and
therapeutic advances on ependymoma. Cancers 13: 3221.

Good CD, Wade AM, Hayward RD, Phipps KP, Michalski
AJ, et al. (2001) Surveillance neuroimaging in childhood
intracranial ependymoma: How effective, how often, and
for how long? J Neurosurg 94: 27-32.

Yuh EL, Barkovich AJ, Gupta N (2009) Imaging of
ependymomas: MRI and CT. Childs Nerv Syst 25: 1203-
1213.

Armstrong TS, Vera-Bolanos E, Bekele BN, Aldape K,
Gilbert MR (2010) Adult ependymal tumors: Prognosis
and the M. D. anderson cancer center experience. Neuro
Oncol 12: 862-870.

Fokes EC, Earle KM (1969) Ependymomas: Clinical and
pathological aspects. J Neurosurg 30: 585-594.

MuW, Dahmoush H (2023) Classification and neuroimaging
of ependymal tumors. Front Pediatr 11.

Lombardi G, Della Puppa A, Pizzi M, Cerretti G, Bonaudo
C, et al. (2021) An overview of intracranial ependymomas
in adults. Cancers 13: 6128.

Ellison DW, Kocak M, Figarella-Branger D, Felice G,
Catherine G, et al. (2011) Histopathological grading
of pediatric ependymoma: reproducibility and clinical
relevance in European trial cohorts. J Negat Results
Biomed 10.

Gramatzki D, Roth P, Felsberg J, Hofer S, Rushing EJ, et
al. (2016) Chemotherapy for intracranial ependymoma in
adults. BMC Cancer 16: 287.

Nicely LG, Baxter M, Banerjee S, Lord H (2023) Sacral
ependymoma presents 20 years after initial posterior fossa
lesion. BMJ Case Rep 16: €256611.

Wisoff JH, Boyett JM, Berger MS, Brant C, Li H, et al.
(1998) Current neurosurgical management and the impact
of the extent of resection in the treatment of malignant
gliomas of childhood: A report of the Children's Cancer
Group trial no. CCG-945. J Neurosurg 89: 52-59.

Zuccato JA, Algan O, Nair VJ, Gunter T, Glenn CA, et
al. (2021) Resection and radiotherapy for intracranial
ependymoma: A multiinstitutional 50-year experience. J
Neurosurg 137: 525-532.

Van Veelen-Vincent MLC, Pierre-Kahn A, Kalifa C, Sainte-
Rose C, Zerah M, et al. (2002) Ependymoma in childhood:
Prognostic factors, extent of surgery, and adjuvant therapy.
J Neurosurg 97: 827-835.

Rogers L, Pueschel J, Spetzler R, Shapiro W, Coons S,
et al. (2005) Is gross-total resection sufficient treatment for
posterior fossa ependymomas? J Neurosurg 102: 629-636.

(2025) NCCN Clinical practice guidelines in oncology.
National Comprehensive Cancer Network (NCCN).

Mak DY, Laperriere N, Ramaswamy V, Bouffet E, Murray
JC, et al. (2021) Reevaluating surgery and re-irradiation
for locally recurrent pediatric ependymoma-a multi-
institutional study. Neurooncol Adv 3: vdab158.

Needle MN, Goldwein JW, Grass J, Cnhaan A, Bergman
I, et al. (1997) Adjuvant chemotherapy for the treatment
of intracranial ependymoma of childhood. Cancer 80: 341-
347.

Jin H, et al. Neurosurg Cases Rev 2025, 8:178 e Page 11 of 12 »


https://pubmed.ncbi.nlm.nih.gov/7585670/
https://pubmed.ncbi.nlm.nih.gov/7585670/
https://pubmed.ncbi.nlm.nih.gov/7585670/
https://pubmed.ncbi.nlm.nih.gov/9525716/
https://pubmed.ncbi.nlm.nih.gov/9525716/
https://pubmed.ncbi.nlm.nih.gov/9525716/
https://pubmed.ncbi.nlm.nih.gov/9525716/
https://pubmed.ncbi.nlm.nih.gov/9525716/
https://pubmed.ncbi.nlm.nih.gov/11817702/
https://pubmed.ncbi.nlm.nih.gov/11817702/
https://pubmed.ncbi.nlm.nih.gov/11817702/
https://pubmed.ncbi.nlm.nih.gov/16121970/
https://pubmed.ncbi.nlm.nih.gov/16121970/
https://pubmed.ncbi.nlm.nih.gov/16121970/
https://pubmed.ncbi.nlm.nih.gov/17882342/
https://pubmed.ncbi.nlm.nih.gov/17882342/
https://pubmed.ncbi.nlm.nih.gov/17882342/
https://pubmed.ncbi.nlm.nih.gov/17245619/
https://pubmed.ncbi.nlm.nih.gov/17245619/
https://pubmed.ncbi.nlm.nih.gov/17245619/
https://pubmed.ncbi.nlm.nih.gov/17245619/
https://pubmed.ncbi.nlm.nih.gov/17245619/
https://pubmed.ncbi.nlm.nih.gov/19362789/
https://pubmed.ncbi.nlm.nih.gov/19362789/
https://pubmed.ncbi.nlm.nih.gov/19362789/
https://pubmed.ncbi.nlm.nih.gov/19362789/
https://pubmed.ncbi.nlm.nih.gov/19362789/
https://pubmed.ncbi.nlm.nih.gov/19629395/
https://pubmed.ncbi.nlm.nih.gov/19629395/
https://pubmed.ncbi.nlm.nih.gov/19629395/
https://pubmed.ncbi.nlm.nih.gov/19629395/
https://pubmed.ncbi.nlm.nih.gov/20433294/
https://pubmed.ncbi.nlm.nih.gov/20433294/
https://pubmed.ncbi.nlm.nih.gov/20433294/
https://pubmed.ncbi.nlm.nih.gov/20433294/
https://pubmed.ncbi.nlm.nih.gov/24615997/
https://pubmed.ncbi.nlm.nih.gov/24615997/
https://pubmed.ncbi.nlm.nih.gov/24615997/
https://pubmed.ncbi.nlm.nih.gov/25957762/
https://pubmed.ncbi.nlm.nih.gov/25957762/
https://pubmed.ncbi.nlm.nih.gov/25957762/
https://pubmed.ncbi.nlm.nih.gov/25957762/
https://nepjol.info/index.php/NJN/article/view/15913
https://nepjol.info/index.php/NJN/article/view/15913
https://nepjol.info/index.php/NJN/article/view/15913
https://pubmed.ncbi.nlm.nih.gov/30976811/
https://pubmed.ncbi.nlm.nih.gov/30976811/
https://pubmed.ncbi.nlm.nih.gov/30976811/
https://pubmed.ncbi.nlm.nih.gov/30976811/
https://pubmed.ncbi.nlm.nih.gov/30976811/
https://pubmed.ncbi.nlm.nih.gov/31744975/
https://pubmed.ncbi.nlm.nih.gov/31744975/
https://pubmed.ncbi.nlm.nih.gov/31744975/
https://pubmed.ncbi.nlm.nih.gov/31744975/
https://pubmed.ncbi.nlm.nih.gov/31744975/
https://pubmed.ncbi.nlm.nih.gov/33525963/
https://pubmed.ncbi.nlm.nih.gov/33525963/
https://pubmed.ncbi.nlm.nih.gov/33525963/
https://pubmed.ncbi.nlm.nih.gov/33525963/
https://pubmed.ncbi.nlm.nih.gov/39228951/
https://pubmed.ncbi.nlm.nih.gov/39228951/
https://pubmed.ncbi.nlm.nih.gov/39228951/
https://pubmed.ncbi.nlm.nih.gov/39228951/
https://pubmed.ncbi.nlm.nih.gov/32743915/
https://pubmed.ncbi.nlm.nih.gov/32743915/
https://pubmed.ncbi.nlm.nih.gov/32743915/
https://pubmed.ncbi.nlm.nih.gov/34203272/
https://pubmed.ncbi.nlm.nih.gov/34203272/
https://pubmed.ncbi.nlm.nih.gov/34203272/
https://pubmed.ncbi.nlm.nih.gov/11147894/
https://pubmed.ncbi.nlm.nih.gov/11147894/
https://pubmed.ncbi.nlm.nih.gov/11147894/
https://pubmed.ncbi.nlm.nih.gov/11147894/
https://pubmed.ncbi.nlm.nih.gov/19360419/
https://pubmed.ncbi.nlm.nih.gov/19360419/
https://pubmed.ncbi.nlm.nih.gov/19360419/
https://pubmed.ncbi.nlm.nih.gov/20511182/
https://pubmed.ncbi.nlm.nih.gov/20511182/
https://pubmed.ncbi.nlm.nih.gov/20511182/
https://pubmed.ncbi.nlm.nih.gov/20511182/
https://pubmed.ncbi.nlm.nih.gov/5305351/
https://pubmed.ncbi.nlm.nih.gov/5305351/
https://www.frontiersin.org/journals/pediatrics/articles/10.3389/fped.2023.1181211/full
https://www.frontiersin.org/journals/pediatrics/articles/10.3389/fped.2023.1181211/full
https://pubmed.ncbi.nlm.nih.gov/34885237/
https://pubmed.ncbi.nlm.nih.gov/34885237/
https://pubmed.ncbi.nlm.nih.gov/34885237/
https://pubmed.ncbi.nlm.nih.gov/21627842/
https://pubmed.ncbi.nlm.nih.gov/21627842/
https://pubmed.ncbi.nlm.nih.gov/21627842/
https://pubmed.ncbi.nlm.nih.gov/21627842/
https://pubmed.ncbi.nlm.nih.gov/21627842/
https://pubmed.ncbi.nlm.nih.gov/27108407/
https://pubmed.ncbi.nlm.nih.gov/27108407/
https://pubmed.ncbi.nlm.nih.gov/27108407/
https://pubmed.ncbi.nlm.nih.gov/37857539/
https://pubmed.ncbi.nlm.nih.gov/37857539/
https://pubmed.ncbi.nlm.nih.gov/37857539/
https://pubmed.ncbi.nlm.nih.gov/9647172/
https://pubmed.ncbi.nlm.nih.gov/9647172/
https://pubmed.ncbi.nlm.nih.gov/9647172/
https://pubmed.ncbi.nlm.nih.gov/9647172/
https://pubmed.ncbi.nlm.nih.gov/9647172/
https://pubmed.ncbi.nlm.nih.gov/34952512/
https://pubmed.ncbi.nlm.nih.gov/34952512/
https://pubmed.ncbi.nlm.nih.gov/34952512/
https://pubmed.ncbi.nlm.nih.gov/34952512/
https://pubmed.ncbi.nlm.nih.gov/12405370/
https://pubmed.ncbi.nlm.nih.gov/12405370/
https://pubmed.ncbi.nlm.nih.gov/12405370/
https://pubmed.ncbi.nlm.nih.gov/12405370/
https://pubmed.ncbi.nlm.nih.gov/15871504/
https://pubmed.ncbi.nlm.nih.gov/15871504/
https://pubmed.ncbi.nlm.nih.gov/15871504/
https://www.nccn.org/guidelines/category_1
https://www.nccn.org/guidelines/category_1
https://pubmed.ncbi.nlm.nih.gov/34988448/
https://pubmed.ncbi.nlm.nih.gov/34988448/
https://pubmed.ncbi.nlm.nih.gov/34988448/
https://pubmed.ncbi.nlm.nih.gov/34988448/
https://pubmed.ncbi.nlm.nih.gov/9217048/
https://pubmed.ncbi.nlm.nih.gov/9217048/
https://pubmed.ncbi.nlm.nih.gov/9217048/
https://pubmed.ncbi.nlm.nih.gov/9217048/

DOI: 10.23937/2643-4474/1710178 ISSN: 2643-4474

49. Korones DN (2023) Pediatric ependymomas: Something  50. Jinger ST, Timmermann B, Pietsch T (2021) Pediatric
old, something new. Pediatric Hematology Oncology ependymoma: An overview of a complex disease. Childs
Journal 8: 114-120. Nerv Syst 37: 2451-2463.

CLINMED

INTERNATIONAL LIBRARY

%%

Jin H, et al. Neurosurg Cases Rev 2025, 8:178 e Page 12 of 12 »



https://www.sciencedirect.com/science/article/pii/S2468124523000232
https://www.sciencedirect.com/science/article/pii/S2468124523000232
https://www.sciencedirect.com/science/article/pii/S2468124523000232
https://pubmed.ncbi.nlm.nih.gov/34008056/
https://pubmed.ncbi.nlm.nih.gov/34008056/
https://pubmed.ncbi.nlm.nih.gov/34008056/

	Corresponding author
	Abstract

