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Multifocal intradural extramedullary ependymoma, MYCN amplified: illustrative case
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BACKGROUND Ependymomas are the most frequent tumors of the adult spinal cord, representing 1.9% of all central nervous system tumors and
60% of spinal cord tumors. Spinal ependymomas are usually solitary, intramedullary lesions. While intradural extramedullary (IDEM) ependymomas are

infrequent, multifocal IDEM ependymomas are exceptionally rare.

OBSERVATIONS The authors reported the first case in the literature of a patient diagnosed with multifocal IDEM ependymomas who was treated with tumor
resection and brain and spinal radiotherapy. The patient presented with a 10-day history of bilateral leg numbness extending to the umbilicus and gait instability.
Magnetic resonance imaging (MRI) studies revealed multiple enhancing nodular nodules throughout the entire spinal canal. Brain MRI revealed no abnormal
lesions. A World Health Organization grade Il ependymoma was confirmed histologically. At 31 months postoperatively, the patient remained clinically
asymptomatic. Although cervical and thoracic MRl revealed stable intradural nodules and several areas of leptomeningeal enhancement, no malignant cells were
seen in the cerebrospinal fluid (CSF). He underwent genetic testing to determine the appropriate chemotherapeutic agent if activation of the tumor should arise.

LESSONS Because complete resection of multifocal IDEM ependymomas is not feasible, continued monitoring with brain and spine MRI is warranted

to detect potential tumor dissemination in the CSF.

https://thejns.org/doi/abs/10.3171/CASE22141
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Ependymomas are neuroectodermal tumors that arise from the epen-
dymal lining of the ventricles and central canal of the spinal cord.™
Although ependymomas are more frequently located in the cranium
(cranial/spinal tumor ratio 4:1), they are the most common intramedullary
spinal cord neoplasms in adults and are usually solitary lesions.2>*
While intradural extramedullary (IDEM) ependymomas are uncommon,
multifocal IDEM ependymomas are exceedingly rare. IDEM ependymo-
mas may arise from the heterotopic ependymal cell rests that remained
in the IDEM space when the neural tube closed."" Invagination of the
neuraxis into the extramedullary space has been proposed as a mecha-
nism, as supported by tumor encapsulation of pia mater, presence of
arachnoid membrane, and lack of a medullary connection.”™* Another
theory postulates that the intramedullary tumor extends to the extrame-
dullary compartment due to the existence of a medullary connection. It
has been suggested that multifocal IDEM ependymomas may be due to

cerebrospinal fluid (CSF) dissemination resulting from aggressive tumor
behavior or anaplastic transformation of originally benign lesions.™

We present the unique case of a patient with multifocal IDEM ependy-
momas who received resection followed by radiation of the brain and
spine. We discuss the importance of genetic testing to decide the suitable
chemotherapeutic agent that may be used as salvage therapy when sur-
gery and radiotherapy are unsuccessful. The mechanism by which multi-
focal IDEM ependymomas develop and disseminate is also described.

lllustrative Case

History, Physical Examination, Radiological Imaging, and
Laboratory Findings

A 45-year-old man (body mass index 32.92 kg/m?) reported a
10-day history of numbness of the lower extremities bilaterally that

ABBREVIATIONS ACE = angiotensin-converting enzyme; CSF = cerebrospinal fluid; IDEM = intradural extramedullary; MRI = magnetic resonance imaging;

PI3K = phosphatidylinositol 3-kinase.
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was described as a constant “prickling” sensation. The numbness
initially extended from the bilateral knees distally and subsequently
extended to the umbilicus. He also complained of gait instability.
The patient attributed the numbness to buying new work boots. He
had also sustained a fall from a ladder a few weeks prior to the ini-
tiation of his symptoms. On examination, the patient was able to
feel pressure but no pain, vibration, or temperature sensation of the
lower extremities bilaterally. Saddle anesthesia and numbness were
noted in the inguinal region, and a sensory level was noted at T2.
There was no weakness of the legs. The Achilles deep tendon
reflex was absent on the right and 2+ on the left. The Babinski
reflex was muted on the right and down on the left.

Thoracic magnetic resonance imaging (MRI) with and without
gadolinium contrast demonstrated (1) a 1.2 x 1.5 x 3.5-cm enhan-
cing mass filling the left side of the spinal canal extending from T1
to T3, resulting in marked displacement and compression of the spi-
nal cord; (2) a 1.1 x 1.6 x 3-cm enhancing mass in the left side of
the spinal canal at T11-12, causing moderate displacement and
mild compression of the spinal cord; and (3) a 3.0-mm enhancing
nodule within the posterior aspect of the spinal canal at T7 on the
right (Fig. 1A-C). Lumbar MRI with and without gadolinium contrast
revealed multiple enhancing nodular foci in the spinal canal: (1) an
8.0-mm enhancing nodule in the right posterior aspect of the spinal
canal at the L3 level; (2) two 1.5-cm enhancing nodules filling
most of the spinal canal at the L5-S1 level and extending superiorly
to L5; and (3) a 6.0-mm enhancing nodule within the posterior
aspect of the spinal canal on the left at T12 (Fig. 1D-F). Cervical

FIG. 1. Gadolinium-enhanced thoracic T1-weighted MRI scans. A: Sagittal view demonstrating the T1-3

MRI with and without gadolinium contrast showed the aforemen-
tioned IDEM mass from T1 to the T2-3 level as well as a 2.0- to
3.0-mm IDEM mass at the posterior right side of the cord at C7.
Brain MRI with and without gadolinium contrast revealed no patho-
logical lesions.

CSF findings included protein >3,000 (12 to 60 mg/dL) and
angiotensin-converting enzyme (ACE) 11 U/L (0 to 2.5 U/L). Serum
ACE was 23 (9 to 67 U/L). The germ cell markers beta human
chorionic gonadotropin and alpha fetoprotein were both negative
(<1 UL [0to 3 UL]and 1 ng/mL [0 to 1 ng/mL], respectively).

Surgical Intervention

A laminectomy of T1 and T2 was performed with resection of
the IDEM mass (Fig. 2). A plane was delineated between the lesion
and the cord, and multiple nerve rootlets were observed between
the mass and cord. The lesion was debulked, and the capsule was
resected from the cord. A region of arachnoid membrane clearly
distinct from and caudal to the tumor was biopsied because of its
abnormal appearance.

Histopathological Findings

Large areas of this ependymal tumor demonstrated a tanycytic
phenotype with spindled elongate cells and suggestions of perivas-
cular pseudorosettes (Fig. 3A and B), whereas other locations were
hypercellular with classic ependymal architecture (Fig. 3C). Mitotic
activity was rare, there were areas of necrosis, and microvascular
proliferation was not identified. Tumor cells were strongly and

lesion (arrow). B: Axial view showing the left intradural extramedullary enhancing lesion (arrow) at T1-3
severely compressing and displacing the spinal cord to the right. C: Axial view of the tumor mass (arrow) at
T11-12 displacing the spinal cord from left to right. Gadolinium-enhanced lumbar T1-weighted MRI scans.

D: Sagittal view demonstrating the intradural mass at L3 (upper arrow) and two intradural deposits (lower two
arrows) at L5-S1. E: Axial view of the intradural mass (arrow) at L3 in the midline. F: Axial view at L5-S1

demonstrating the two intradural lesions (arrows).
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FIG. 2. A: Intraoperative microscopic image demonstrating a left eccentric IDEM ependymoma extending
from T1 to T3. B: Intraoperative microscopic image demonstrating well-defined surgical plane (arrowheads)
between the tumor capsule and spinal cord. C: Intraoperative microscopic image demonstrating resection
and underlying previously compressed left-sided nerve rootlets and spinal cord (arrow).

diffusely immunoreactive for glial fibrillary acidic protein (Fig. 3D),
vimentin, and S-100. Epithelial membrane antigen labeled intracyto-
plasmic dot-like microlumina (Fig. 3E). The Ki-67 proliferation index
was low overall, with labeling of up to 10% of tumor cell nuclei
within the hypercellular nodules (Fig. 3F). The tumor showed
MYCN copy number gain, and amplification of the HER-2 gene was
not detected. Tumor cells were negative for somatostatin receptor

2A, SOX-10, STAT-6, and OLIG-2. A World Health Organization
grade Il ependymoma was confirmed. A separate biopsy site of
arachnoid tissue also confirmed ependymoma infiltration.

Adjuvant Therapy

The patient received intensity-modulated radiation therapy rapid
arc to the brain as well as the entire spinal axis (total dose

e

FIG 3. H|stopatholog|cal fmdmgs revealed tanycyt|c ependymal phenotype (A, hematoxylln and eosin [H&E]

original magnification x200), perivascular pseudorosette (B, H&E, original magnification x400), ependymal

architecture (C, H&E, original magnification x200), glial fibrillary acidic protein (D, H&E, original magnification
% 200), epithelial membrane antigen labeled intracytoplasmic dot-like microlumina (E, H&E, original magnifi-

cation x400), and Ki-67 in hypercellular nodules (F, H&E, original magnification x200).
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3,060 cQy) in 17 fractions. He was also treated with an additional 5
fractions of focus radiotherapy to the areas of visible tumor (900 to
1,080 cGy). The patient did not receive chemotherapy.

Follow-Up

Within 2 weeks after surgical intervention, the patient attained
significant improvement in both gait and sensation from T2 distally.
At 18 months postoperatively, he reported mild cognitive decline
presumably related to the cranial radiation. He denied any other
neurological complaints. At 18 months after surgery, a brain MRI
revealed no pathological masses. Cervical, thoracic, and lumbar
MRI with and without gadolinium contrast demonstrated stable intra-
dural nodules. Cervical and thoracic MRI showed new areas of lep-
tomeningeal enhancement concerning for disease progression. CSF
findings included protein 198 (12 to 60 mg/dL) with rare mononu-
clear cells and no malignant cells observed on microscopic exami-
nation. The elevated protein was attributed to the history of spinal
surgery and stable spinal lesions.

The patient received genetic testing, which revealed a PIK3CA
mutation (c. 1636C > A, p. Q546K, NM_006218, missense variant
exon 9). PIK3CA encodes the catalytic subunit p100 alpha protein
of the phosphatidylinositol 3-kinase (PI3K) enzyme." The p110
subunit is responsible for the enzyme’s phosphorylation activity and
is involved in the PI3K-AKT-mTOR and the Ras-Raf-MEK-ERK
pathways that mediate cellular growth and survival."®"" Activating
mutations, copy number gains, and overexpression of PIK3CA are
associated with cancer progression. The PI3K pathway is one of
the most frequently activated pathways in cancer.”® PI3Ks trans-
duce signals from growth factors and cytokines, which results in the
phosphorylation and activation of AKT, inducing changes in cell
growth, proliferation, and apoptosis. In the analysis by Rogers and
colleagues’ of the PI3K pathway using gene expression data and
immunohistochemical analysis of phosphorylated AKT in pediatric
ependymoma, they reported that the PI3K pathway could act as a
biomarker to identify patients with a worse prognosis and those
who could be treated with therapies targeted against the pathway.'®
Butt and colleagues have also identified PIK3CA mutation patterns
in a series of patients with ependymoma who received molecular
profiling by next-generation sequencing.®

At 31 months postoperatively, the patient’s only complaints were
increased fatigue and daytime somnolence. Cervical and thoracic
MRI were stable without evidence of disease progression. The
patient will continue to be monitored with brain and total spine MRI.
If there is evidence of disease progression in the future, he may be
a candidate for alpelisib off-label use due to his PI3CK mutation.
He may also be enrolled in clinical trials or receive treatment with
combination temozolomide and lapatinib for recurrent ependymoma.

Discussion

Several features commonly associated with IDEM ependymomas
include diagnosis in the fifth decade, female predominance, thoracic
spine location, encapsulated lesion without attachment to the cen-
tral nervous system, and lack of other neoplastic processes within
the brain or spinal cord."*%79'220 patients often present with
pain and progressive medullary compression. In the study by lunes
and colleagues of 19 patients with IDEM, the time elapsed from
symptom onset to diagnosis ranged between 1 month and 8 years,
with most patients diagnosed in less than 1 year.” MRl is the diag-
nostic gold standard, with gadolinium-contrasted studies commonly
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demonstrating a homogenously enhanced, well-delineated tumor
with a cystic, hemorrhagic, necrotic, and/or calcific component.'??!
Grade I (or “classic”) ependymomas comprise 55%-75% of spinal
lesions and are characterized histologically by pseudorosettes
(80%) and “true” or “ependymal” rosettes (10%).>' The tumor mar-
gins are usually well defined on gross and microscopic examination,
with compression instead of invasion of the adjacent tissue. IDEM
ependymomas often mimic schwannomas, meningiomas, or neuro-
mas, which may delay their diagnosis."~"®

Although IDEM ependymomas are typically benign, they have
been reported to recur, undergo anaplastic transformation, and
seed in the CSF.>*89122" Bacause IDEM ependymomas are usu-
ally solitary and isolated, complete resection is frequently performed
and offers the best prognosis for a full recovery without recurrence.
Adjuvant radiotherapy and chemotherapy remain controversial.
However, the former has been shown to significantly improve over-
all survival, and the latter is usually reserved for salvage therapy if
both surgery and radiotherapy fail #6421

Only nine cases of multifocal IDEM ependymomas have been
reported in the literature (Table 1)."*&7131% The mean age was
38 years (range, 26 to 53 years), and five (56%) patients were
female. All patients had either neck and/or low back pain, paresthe-
sia of the lower extremities, and/or gait abnormalities. MRI findings
demonstrated IDEM ependymomas throughout the entire spine in
most cases. Of the nine patients, two were grade | (myxopapillary),
three were grade II, two were grade Il (anaplastic), and one was a
combination of grades Il and Ill. All patients received at least one
laminectomy, and six (67%) patients had adjuvant craniospinal or
spinal radiotherapy. Only two (33%) patients were treated with che-
motherapy, consisting of carboplatin in one case and temozolomide
in one case. The follow-up duration ranged between 8 months and
10 years, with seven (78%) patients attaining excellent improvement
of their symptoms after surgery, radiotherapy, and/or chemotherapy.
One patient developed complete spinal cord syndrome 8 months
after his second surgery and had an overall survival of 105 weeks.
Another patient continued to experience sensory abnormalities of
the legs 1 year postoperatively, which was attributed to postradia-
tion myelopathy.

The mechanism associated with the development of multifocal
IDEM ependymomas has been posited to involve either drop metas-
tasis or CSF migration cranially from a more distal location.>*®
Schurmans and colleagues surmised that the process in their case
was either due to drop metastasis from the cervical IDEM ependy-
moma or that the lumbar IDEM ependymomas may have under-
gone anaplastic transformation with the cells migrating cranially in
the CSF to form the cervical subdural and intracranial metastases.’
Vural and colleagues as well as Honda and colleagues speculated
that the IDEM ependymomas may have disseminated to other spi-
nal cord levels via the CSF or that the tumors may have occurred
at multicentric foci.*® Vural and colleagues further investigated this
concept by performing cytogenetic analysis to confirm the patho-
genesis of tumor multiplicity.* They determined that the tumors at
different locations originated from the same primary tumor, specifi-
cally, the one at the cervicomedullary junction in their particular
case. The tumor at this site was strongly enhancing radiologically,
and the thoracic tumors were weakly enhancing, suggesting that
poor vascularization of the latter may reflect an early stage of a dis-
seminated tumor.



TABLE 1. Multifocal IDEM ependymoma in the literature

Age (yrs)/ Tumor Site/WHO
Authors & Year Sex Presenting Symptoms Grade Treatment Outcome
Schuurmans 29/F Progressive neck pain, C3-6, L4-S1/grade Il C3-6 laminectomy, C4-6 Sensory abnormalities of
et al., 20063 sensory deficit, & corpectomies, lumbar legs 1 yr after spinal
weakness in both arms laminectomy; RT entire op, attributed to
spinal cord; 2 yrs later postradiation
resection of tumor in myelopathy
Sylvian fissure
Vural et al., 45/F Progressive neck & back 4th ventricle-C2, Suboccipital craniectomy Asymptomatic 3 yrs after
2010* pain, difficulty in T5-6, T8-9/grade |l & C1 laminectomy, op, although MR
ambulation T5-6 & T8-9 showed multiple masses
laminectomies; no atT5, T7,T9, T12, L3,
adjuvant therapy S1-2; will undergo op
lunes et al., 32IM Partial medullary Bulbomedullary T7-9 laminectomy; chemo  Complete spinal cord
20117 syndrome junction, C2-3, (4 cycles carboplatin); syndrome 8 mos after
T5-11, L2, L4, L5, 10 mos later T9-10 2nd op; OS 105 wks
sacrum/grade |l laminectomy; RT (whole
brain & neuraxis)
Landriel et al., (1) 30/M (1) Progressive paresthesia (1) C2-3, T2-T4-T5, (1) T1-3 laminectomy; (1) Good neurological
2012 (2) 32iM & paresis in legs; urinary T12-L1/grade | radiotherapy outcome, no residual
sphincter disturbances; (2) C7, T2, T4, T5, (2) T9-10 laminectomy tumor on MRI at 10 yrs
gait instability; ataxia; T8, T10, T11, L1, (2) Good neurological
chronic LBP L3, L5, $1, S2/ outcome, no residual
(2) LBP; paresthesia in rt leg grade | tumor on MRI at 12 mos
Guarnieri et al., 53IM Progressive lower leg Lower cervical, upper  Lower thoracic Improved after 2nd op,
20142 hypoesthesia & lower thoracic laminectomy; 1 mo later able to stand on own
(unspecified levels)/ lower cervical & upper & walk w/o assistance
grade I thoracic laminectomy;
chemo (4 cycles
carboplatin)

Vats et al., 49/F Neck pain, spastic C1-2, C6-7, T4-L3/ C5-7 laminectomy, T7-9 Patient “doing well” at 11
2015" quadriparesis grade |l laminectomy; RT mos postoperative
Chakravorty 47IF Gluteal, thigh, & groin >10 lesions in CMJ, Sacral laminectomy; 1 yr Asymptomatic 4 yrs after

et al., 2017 pain; groin paresthesia cervical, thoracic, later T4—6 laminectomy; presentation
lumbar, sacral, cauda craniospinal RT
equina (unspecified
levels)/grade IlI
Honda et al., 26/F Difficulty walking due to Thoracic (7 lesions, T34 laminectomy (resected  Improved neurological
20178 progressive paresis, unspecified levels)/ 2 lesions upper thoracic); condition & able to
pain in trunk, leg both grades Il & Il 5 wks later T5-10 walk w/o support 3 yrs
numbness laminectomy (resected 5 after 2nd op, no
residual lesions); recurrence or
craniospinal RT; chemo dissemination on MR
(temozolomide)
Present case 45M Numbness both legs to C7, T1-3, 17, T12, T1-2 laminectomy; RT Improvement of gait &

umbilicus, gait
instability

L3, L5-S1/grade |l

brain & entire spine

sensation T4 distally 2
wks after op, mild
cognitive decline 18
mos after op attributed
to cranial radiation, no
tumor progression on
cervical/thoracic MRI
31 mos postoperative

Chemo = chemotherapy; CMJ = cervicomedullary junction; LBP = low back pain; op = surgery; OS = overall survival; RT = radiotherapy; WHO = World Health

Organization.
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Observations

The present case is the first to describe a patient diagnosed
with a multifocal IDEM ependymoma who was treated with a tumor
resection followed by radiation and received genetic testing to
ascertain an appropriate chemotherapeutic agent. It has been
reported that trauma in multifocal IDEM is known to cause hemor-
rhage, tumor rupture, and dissemination.® It is unknown whether
the fall from a ladder that our patient sustained weeks before the
initiation of his symptoms may have contributed to the CSF dissem-
ination of the ependymal cells, although this mechanism is possible.
Because the patient had several IDEM ependymomas throughout
his entire spine, the tumor resection was performed at the spinal
level that localized to the patient's neurological signs and symp-
toms, specifically, a T1-2 laminectomy. Although the brain MRI
demonstrated no pathologic lesions, craniospinal radiation was per-
formed in case there was a subclinical cerebral ependymoma. Intra-
cranial ependymomas tend to be friable with a propensity to seed
tumor cells in a cranial-caudal direction to the thoracic and lumbar
subarachnoid space. Occult intracranial lesions could conceivably
have been present in our case leading to these multiple drop
metastases. We propose that the large lesion at T1-3 most likely
had friable surface tumor cells that seeded caudally, causing the
multifocal IDEM ependymomas.

While previous patients with multifocal IDEM ependymomas
have been treated with carboplatin and temozolomide, our patient’s
genetic testing revealed a PIK3CA mutation, enabling him to be a
candidate for alpelisib. This personalized chemotherapy determina-
tion after testing for cancer gene alterations may prove invaluable
when chemotherapy is deemed necessary. At 18 months postopera-
tively, the patient denied any neurological complaints apart from
mild cognitive decline attributed to cranial radiation. Although cervi-
cal and thoracic MRI revealed stable intradural nodules and new
areas of leptomeningeal enhancement, no malignant cells were
seen in the CSF. At 31 months postoperatively, his only complaints
were increased fatigue and daytime somnolence. Cervical and tho-
racic MRIs were stable without evidence of disease progression.

Lessons

Although a complete resection is the preferred treatment for a
solitary IDEM ependymoma, it is not the most practical surgical
option for multifocal IDEM ependymomas. Decompression of the
lesion causing mass effect on the spinal cord is the ideal treatment,
followed by adjunct radiotherapy and/or chemotherapy. Patients
with multifocal IDEM ependymomas necessitate close monitoring
with brain and total spine MRI studies to detect anaplastic transfor-
mation, recurrence, or CSF dissemination of these lesions.
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