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A 43-year-old woman presented with bilateral lower extremity weakness due to an intradural extra-
medullary spinal cord tumor. Surgery revealed Ewing sarcoma, a rare presentation known as primary
intradural extramedullary Ewing sarcoma (PIEES). Despite initial treatment with radiation and chemo-
therapy, tumor recurrence occurred after 17 months. Further interventions included additional surgery,
radiation, and chemotherapy. The disease progressed to leptomeningeal metastases along the spinal
cord, prompting various treatments including targeted spinal radiation and systemic therapies. Brain
metastases subsequently developed, necessitating whole-brain radiation and intrathecal chemothera-
py. This case highlights the aggressive nature of PIEES, its potential for widespread leptomeningeal
metastasis, and the challenges in its management, underscoring the need for multidisciplinary ap-
proaches in treating this rare and aggressive malignancy.
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Keywords

INTRODUCTION

In 1921, James Ewing provided the initial description of Ew-
ing’s sarcoma (ES), identifying it as a malignant tumor with
small, round cells that primarily affects the bone and mani-
fests as an osteolytic lesion [1]. ES, primarily afflicting adoles-
cents and young adults, is an exceptionally aggressive tumor
that predominantly affects the bone and soft tissues and is clas-
sified within a group of neoplasms characterized by the pres-
ence of small round blue cells, including primitive neuroecto-

dermal tumor (PNET) and Askin tumor [2]. While ES typically

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Copyright © 2026 The Korean Brain Tumor Society, The Korean Society for Neuro-
Oncology, and The Korean Society for Pediatric Neuro-Oncology
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originates in long bones, the pelvis, or ribs, there are rare oc-
currences where it emerges in extraskeletal locations, such as
the paravertebral or epidural space. A primary intradural ex-
tramedullary Ewing sarcoma (PIEES) is an extremely rare sub-
type of extraskeletal ES [3]. PIEES is reported to progress rap-
idly and have a poor prognosis.

Here, we report a 43-year-old woman with bilateral lower
extremity weakness who was diagnosed with an intradural
extramedullary (IDEM) tumor in her spinal cord, which was
later identified as ES. Despite treatments including surgery,
radiation therapy, and chemotherapy, the tumor continued
to spread, leading to diffuse leptomeningeal metastases (LM)
and brain metastases.
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CASE REPORT

A 43-year-old woman was referred to our neurosurgical
clinic with a one-week history of bilateral lower extremity
weakness. On initial presentation, neurological examination
of the lower extremities showed motor strength of Grade III
on the right side and Grade IV on the left. Sensory examina-
tion revealed paresthesia in both lower extremities. Deep ten-
don reflexes were normal, and the patient had difficulty both
urinating and defecating. At the time of initial presentation,
the patient had no prior history of malignancy or other rele-
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vant systemic disease. Initial sagittal T2-weighted spine MRI
revealed a 6.0%1.4X1.7 cm sized IDEM mass at the right side
of T11-L1 upper endplate level, with associated compressive
myelopathy (Fig. 1A). Consequently, laminectomy was per-
formed with removal of the IDEM tumor at T11-T12 (Fig.
1B). Histopathological examination of the excised tissue re-
vealed small round cells on hematoxylin and eosin (H&E)
staining. Immunohistochemical examination reconfirmed
the diagnosis, with 25% of tumor cells testing positive for Ki-
67, and diftuse CD99 positivity detected. EWS translocation
was confirmed by fluorescence in situ hybridization (FISH),

Fig. 1. Serial MRI findings. A: Preoperative T2-weighted image obtained in March 2020. B: Postoperative T2-weighted image obtained in
March 2020. C: Contrast-enhanced T1-weighted image showing focal leptomeningeal metastasis in the T7 area obtained in August 2021.
D: Contrast-enhanced T1-weighted image showing focal leptomeningeal metastasis in the T3 and fourth areas obtained in January 2022. E:
Contrast-enhanced T1-weighted image showing diffuse leptomeningeal metastases obtained in January 2023. F: Contrast-enhanced T1-
weighted image showing brain metastases obtained in July 2023.
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leading to the diagnosis of ES (Fig. 2). After the tumor was re-
moved, the patient underwent postoperative radiation therapy
to the thoracic spine, receiving a dose of 45 Gy in 25 fractions.
Subsequently, she received eight cycles of VAC/IE chemother-
apy that consists of vincristine, doxorubicin, cyclophospha-
mide, ifosfamide, and etoposide, but refused further treat-
ment after then. At 17 months after the initial surgery, and 10
months after discontinuing chemotherapy, follow-up spine
MRI revealed a new 5 mm lesion in the T7 lower endplate
level, consistent with focal recurrence (Fig. 1C). Intervention-
al surgery, including laminectomy and removal of the tumor,
was performed. Further treatment was postoperative radia-
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tion therapy of 45 Gy in 25 fractions to the thoracic spine, and
VAC/IE chemotherapy was restarted for a total of 15 cycles. A
schematic sagittal illustration of the radiation fields is shown
in Fig. 3.

Five months after the second surgery, subsequent MRI dem-
onstrated a newly appeared enhancing lesion along the dorsal
surface of the spinal cord, specifically at the T3 and T4 levels
(Fig. 1D). Because this lesion showed a gradual increase, sal-
vage radiation therapy to the T3-T4 area was administered at
a dose of 39 Gy in 13 fractions after another 5 months.

Six months later, follow-up spine MRI showed diffuse lep-
tomeningeal spread extending from the T5 level to the cauda

Fig. 2. Pathological examination of the excised tissue. A: Small round cells on H&E staining. B: Immunohistochemical staining demonstrat-
ing diffuse CD99 positivity. C: EWS translocation confirmed by fluorescence in situ hybridization (FISH).

C cx Locatl

Fig. 3. Sagittal illustration of the radiation fields at different time points during the clinical course. A: Postoperative adjuvant radiation therapy
(RT) delivering 45 Gy to T10-L1 (April-May 2020). B: Postoperative RT for disease progression delivering 45 Gy to T6-T9 (September—
November 2021). C: Palliative RT delivering 12 Gy to T12—-L5 (May 2023). D: Palliative RT delivering 27 Gy to L2-L5 (May 2023).
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Table 1. Treatment timeline
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Time point

Event

Month 0 (Mar 2020)

Month 1-2 (Apr 2020-May 2020)
Month 2-7 (May 2020-Oct 2020)
Month 17 (Aug 2021)

Month 18-20 (Sep 2021-Nov 2021)
Month 20-34 (Nov 2021-Jan 2023)
Month 27 (Jun 2022)

Month 34-37 (Jan 2023-Apr 2023)
Month 38 (May 2023)

Month 38-40 (May 2023-Jul 2023)
Month 40-41 (Jul 2023-Aug 2023)
Month 40-43 (Jul 2023-Oct 2023)

Initial diagnosis and 1st surgery

Postoperative RT (T10-L1)

VAC/IE chemotherapy

Focal recurrence (T7) and 2nd surgery
Postoperative RT (T6-T9)

VAC/IE chemotherapy

Palliative RT (T2-T5)

Diffuse LM and gemcitabine/docetaxel chemotherapy
Palliative RT (C2-C7, T12-L5)

Cabozantinib

New hemorrhagic BM and palliative whole brain RT
Intrathecal methotrexate, intrathecal thiotepa

RT, radiation therapy; VAC/IE chemotherapy, vincristine, doxorubicin, cyclophosphamide, ifosfamide, and etoposide; LM, leptomeningeal

metastases, BM, brain metastases.

Table 2. Detailed description of radiation therapy

Radiation course Site Setting Clinical target volume (cm”) Dose (Gy) Fractionation
#1 (Mar 2020) T10-L1 Postoperative 138.8 45 25
#2 (Sep 2021) T6-T9 Postoperative 59.0 45 25
#3 (Jun 2022) T2-T5 Palliative 27.2 39 13
#4 (May 2023) C2-C7, T12-L5* Palliative 2D 39 13
#5 (Jul 2023) Whole brain Palliative 2D 30 10

*12 Gy/4 fractions for T12-L1.

equina (Fig. 1E). Cerebrospinal fluid (CSF) analysis was not
performed at this point and second-line treatment with gem-
citabine/docetaxel was administered for four cycles, and the
follow-up spine MRI showed disease progression with inter-
val increase in LM along the whole spinal cord.

In light of the evolving disease, salvage radiation therapy
was carried out on the cervical spine and lumbosacral spine
ata dose of 39 Gy in 13 fractions. Concurrently, cabozantinib
treatment was initiated. Unfortunately, two months later, the
patient returned to the emergency room with complaints of
lower extremity weakness. Subsequent MRI demonstrated
further progression of LM with newly developed hemorrhagic
brain metastases involving the bilateral anterior temporal lobes,
left dentate gyrus, midbrain, and cerebellum (Fig. 1F). Despite
widespread LM observed on MRI, CSF analysis showed no
specific findings of LM and cytology was negative. Following
hospitalization, intrathecal methotrexate was administered
twice weekly after Ommaya reservoir insertion, while whole-
brain radiation therapy was conducted at a dose of 30 Gy in
10 fractions. The patient’s disease progressed despite 3 months
of intrathecal chemotherapy with methotrexate and thiotepa.
She was transferred to a hospice center 44 months after her
initial diagnosis. The detailed treatment timeline and radia-
tion therapy details are summarized in Tables 1 and 2.

zr'j ‘turnitin Page 8 of 11 - Integrity Submission

DISCUSSION

PIEES represents an exceptionally rare manifestation of ES/
PNET, with only a limited number of cases reported in the lit-
erature. While ES most commonly arises in bone or paraspi-
nal soft tissues, intraspinal intradural development remains
extremely uncommon and continues to pose substantial diag-
nostic and therapeutic challenges.

Clinically, affected patients most often present with axial
pain and progressive neurological deficits related to spinal
cord or nerve root compression, including motor weakness,
sensory disturbance, and sphincter dysfunction [4]. Histopath-
ologically, PIEES is characterized by sheets of small round blue
cells, occasionally forming Homer Wright pseudorosettes [5].
Immunohistochemistry typically demonstrates strong expres-
sion of CD99 and FLI-1; however, CD99 lacks absolute spec-
ificity. Consequently, molecular confirmation—most com-
monly identification of the EWSR1-FLI1 fusion resulting
from t(11;22)(q24;q12)—is widely regarded as a critical diag-
nostic feature to reliably distinguish PIEES from other intra-
dural tumors such as meningioma or schwannoma [5,6].

Based on more than 50 cases reported in the literature,
PIEES appears to predominantly affect young adults and
most frequently involves the lumbosacral spine [7,8]. Gross
total resection (GTR) was achieved in approximately two-
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thirds of reported cases and these patients mostly received ad-
juvant radiotherapy and chemotherapy, but recurrence and
distant metastases were frequent even after aggressive multi-
modal management. Selected representative cases illustrate
the marked heterogeneity in clinical outcomes. For instance,
durable disease control has been described following GTR in
some patients, whereas others have experienced rapid pro-
gression despite subtotal resection and adjuvant radiothera-
py- Notably, cases complicated by leptomeningeal dissemina-
tion and/or brain metastases, including the present patient,
have generally been associated with particularly poor out-
comes, suggesting an aggressive biological behavior in dis-
seminated PIEES. We have summarized all available cases of
recurrent PIEES with LM and/or brain metastases in Table 3
[3,4,8-16].

In the absence of standardized treatment guidelines, current
management strategies are largely extrapolated from limited
case reports and institutional experience. Multimodal treat-
ment incorporating surgery, systemic chemotherapy, and ra-
diation therapy has most commonly been employed. First-line
chemotherapy generally follows conventional ES protocols,
most frequently VAC/IE, in accordance with NCCN recom-
mendations [17]. For relapsed or metastatic disease, second-line
regimens such as cyclophosphamide/topotecan, irinotecan/
temozolomide, or gemcitabine/docetaxel may be considered,
while targeted agents including cabozantinib and regorafenib
have demonstrated modest activity in selected patients. In the
study on cabozantinib efficacy in ES called CABONE study,
the objective response rate was 26% (95% confidence interval,
13-42) [18]. Unfortunately, our patient did not show response
to cabozantinib.

Radiation therapy appears to play an important adjuvant
role but is constrained by spinal cord tolerance [8,15]. The rec-
ommended spinal cord dose (50-55 Gy) may be suboptimal
for gross residual disease, necessitating individualized treat-
ment planning. In our case, repeated spinal radiation therapy
with both adjuvant and palliative aim was performed with
careful consideration of cumulative spinal cord tolerance. Al-
though doses of approximately 50 Gy have been reported to
be effective in non-metastatic PIEES, outcomes remain poor
in patients with disseminated disease. Despite its limited effi-
cacy, radiation therapy is also the main treatment modality
for LM. A recent randomized phase II trial demonstrated im-
proved central nervous system progression-free survival and
overall survival with proton craniospinal irradiation com-
pared with involved-field radiotherapy in lung and breast can-
cer patients with LM [19]. This approach may improve out-
comes for various types of malignancies with LM in the near
future.

The role of intrathecal chemotherapy in sarcoma-associat-
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ed LM remains poorly defined [20,21]. Agents such as meth-
otrexate, cytarabine, and thiotepa may provide limited benefit
in selected patients but are often ineffective against solid tumor
deposits and may be associated with neurotoxicity. In our pa-
tient, intrathecal therapy did not result in meaningful clinical
improvement.

In summary, PIEES is a rare and aggressive entity with highly
heterogeneous outcomes. Based on limited published reports,
GTR combined with systemic chemotherapy and radiation
therapy appears to be a commonly employed therapeutic ap-
proach; however, recurrence and metastasis remain frequent,
particularly within the central nervous system. Early molecu-
lar diagnosis, careful multidisciplinary planning, and further
accumulation of well-documented cases are essential to im-
prove understanding and optimize management strategies for
this challenging disease.
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