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The Ewing sarcoma/primitive neuroectodermal tumor (ES/PNET) is highly 
malignant neoplasms composed of undifferentiated small round cells with 
the ability to differentiate into various tissue types. We reported the case of 
an 11-year-old boy who presented with unsteady gait, progressive back pain, 
bilateral lower limb weakness (more pronounced in the left leg), and urinary 
retention. Magnetic resonance imaging (MRI) demonstrated a uniformly 
intense extradural lesion at the T3–5 vertebral level on the left posterolateral 
side of the spinal canal. The lesion measured 1.35 cm × 4.8 cm on pre- 
contrast MRI and 4.8 cm × 1.8 cm × 1.2 cm on post-contrast imaging, causing 
anterior and rightward displacement of the spinal cord with associated 
intramedullary signal changes and moderate post-contrast enhancement. 
Preoperative imaging suggested possible diagnoses of lymphoma or 
lipovascular tumor. However, postoperative histopathological examination 
confirmed the diagnosis of a small round cell malignant tumor consistent 
with an ES/PNET. The rapid progression to intramedullary metastasis and 
poor outcome emphasize the need for early diagnosis and more effective 
treatment strategies. Spinal ES/PNET is extremely rare, and this case highlights 
the clinical presentation, diagnostic challenges, and histopathological features 
of this aggressive tumor, which remain poorly reported in the literature.
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1 Introduction

The Ewing sarcoma/primitive neuroectodermal tumor (ES/PNET) is a group of 
highly malignant neoplasms composed of undifferentiated small round cells with 
significant differentiation potential into various tissue types, including neuronal, 
gliomatous, and mesenchymal elements (1–3). These tumors originate from primitive 
neuroepithelium and are considered rare, particularly in the pediatric population (4).

The clinical presentation of ES/PNET often includes localized pain, which may be 
accompanied by neurological compression symptoms such as weakness, sensory 
deficits, or autonomic dysfunction, depending on the tumor’s location (5). Primary 
spinal ES/PNET, in particular, is exceedingly rare, with only a few cases reported in 
the literature, making them a challenging diagnosis for clinicians (6).
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This case report presents the clinical and radiological findings, 
as well as the histopathological diagnosis, of an 11-year-old boy 
with primary spinal ES/PNET. By documenting this rare case, 
we aim to enhance understanding and awareness of this 
uncommon condition among healthcare professionals.

The informed consent was obtained from the patient’s mother 
prior to the publication of this case report.

2 Case report

A 11-year-old male patient was admitted to the Department of 
Neurosurgery at Siping Central People’s Hospital on March 27, 
2022, due to unsteady gait for 5 days and progressive weakness 
in both lower limbs that developed over the last 10 h (Table 1). 
The patient had been experiencing unsteady gait for 5 days 
prior to admission, but his symptoms were initially ignored by 
his mother, and no medical treatment was sought. On the day 
before admission, the unsteady gait persisted without 
improvement, prompting his mother to urgently seek 
medical attention.

2.1 Clinical presentation

A cranial magnetic resonance imaging (MRI) scan without 
contrast and diffusion-weighted imaging (DWI) suggested the 
possibility of a right temporal arachnoid cyst. However, the 
patient was not hospitalized and was sent home to rest. Ten 
hours before admission, the patient developed back pain, 
bilateral lower limb weakness (more severe in the left leg), and 
urinary retention. As a result, the family returned to the 
outpatient clinic for further evaluation. The patient had no 
significant medical history or family history of genetic diseases.

Upon admission, a physical examination was conducted. The 
patient’s vital signs were as follows: temperature, 36.4°C; pulse, 73 
beats per minute; respiration, 18 breaths per minute; and blood 
pressure, 119/74 mmHg. The patient was conscious, with 
hyperesthesia below the left third rib. Muscle strength was grade 
5 in both upper limbs, grade 3 in the left lower limb, and grade 
4 in the right lower limb. Muscle tone was normal in all limbs, 
and bilateral Babinski signs were absent.

2.2 Radiological findings

Blood test results were unremarkable. A three-dimensional 
computed tomography (3D CT) scan of the thoracic spine 
revealed no abnormalities in the intervertebral foramina or in 
the thoracic vertebral bones. On March 27, 2022, a 1T MRI scan 
of the entire spine identified an abnormal extradural signal at 
the T3–5 vertebral level, situated predominantly on the left and 
posterior sides of the spinal canal. The lesion appeared as a 
strip-like structure with long T1 and long T2 signal 
characteristics, uniformly intense, measuring approximately 
1.35 cm × 4.8 cm. The spinal cord was significantly compressed 
and displaced anteriorly to the right, with uneven signals noted 
in the corresponding spinal cord segment.

A follow-up enhanced MRI scan of the thoracic spine showed 
an oval-shaped, long T1 and long T2 signal shadow within the 
extradural space at the T3–5 level. The enhancement was 
moderate after contrast injection, with the lesion measuring 
approximately 4.8 × 1.8 × 1.2 cm. The adjacent dura mater also 
exhibited enhancement. Importantly, the spinal cord remained 
compressed and displaced to the right, but no abnormal signal 
enhancement was observed in the spinal cord itself at the 
corresponding level. The left side of the lesion extended into the 
left intervertebral foramen, forming a “dumbbell” shape. A strip- 
like area of uniform enhancement was also noted in the T5 

TABLE 1 Follow up of the patient.

Timeline Event description Remarks
22/03/2022 First onset of unsteady gait Initial symptom
27/03/2022 Admitted to hospital due to worsening bilateral lower limb weakness Initial diagnosis, MRI revealed thoracic spinal mass
27/03/2022 Underwent thoracic spinal tumor resection Intraoperative frozen pathology suggested malignancy
06/04/2022 Postoperative stabilization; transferred to oncology department Initiated chemotherapy
10/05/2022 Second cycle of chemotherapy (regimen: 

epirubicin + cyclophosphamide + vindesine)
No local recurrence

30/05/2022 Admitted for bacteremia Infectious complication
03/07/2022 Right hypochondrial pain with compression fracture Suggested local recurrence
13/07/2022 Urinary and fecal incontinence Neurological deterioration
18/07/2022 Worsening back pain Advanced terminal stage
20/07/2022 Readmitted; MRI indicated intramedullary metastasis Extensive metastasis
13/08/2022 Respiratory failure Terminal state
14/09/2022 Right hypochondrial pain; Compression fracture; Urinary incontinence; 

Fecal incontinence
Loss of sensation in the lower body

30/10/2022 Numbness in both upper limbs Involvement of the high cervical spinal cord
26/11/2022 Quadriplegia High-level paraplegia due to spinal cord injury
16/12/2022 Development of aspiration pneumonia Involvement of the fifth cervical spinal cord leading to weakened diaphragmatic 

breathing and subsequent aspiration pneumonia
13/01/2023 Death Tumor invasion of upper cervical spinal cord leading to respiratory failure
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transverse process and the spinous muscle (Figure 1). The 
preliminary preoperative diagnosis included lymphoma or 
lipovascular tumor as potential differential diagnoses.

2.3 Surgical procedure and intraoperative 
findings

The treatment plan was to perform a posterior midline 
approach for exploration and resection of the intraspinal 
lesion under general anesthesia. Surgical findings revealed a 

mass located between the T3–5 spinous processes, which was 
bright red in color, firm, and highly vascularized (Figure 2). 
The mass was removed and sent for rapid 
intraoperative pathology.

The intraoperative pathology report suggested the possibility 
of malignant lymphoma. During the procedure, the remaining 
tumor mass was removed as completely as possible under gross 
and microscopic examination. Notably, local fine osteolytic 
destruction, which was not visible on the MRI plain film, was 
still observed. However, the portion of the dura mater attached 
to the tumor was not resected to avoid unnecessary complications.

FIGURE 1 

MRI scan of the thoracic spine showed an oval-shaped, long T1 and long T2 signal shadow within the extradural space at the T3–5 level. (A) 
T1-weighted image. (B) T2-weighted image. (C) and (D) Sagittal and coronal enhanced MRI images. Arrows indicate the locations of the lesions.
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2.4 Histopathological and 
immunohistochemical findings

Postoperative histopathological examination revealed a small 
round cell malignant tumor in the spinal canal, consistent with 
an ES/PNET (Figures 3A,B). Immunohistochemical staining 
further supported this diagnosis, with the following results: 
CD99 diffuse (+), CyclinD1 (+), CD56 (+), and KI-67 index of 
80% (+) (Figures 3C–F). Figure 3G demonstrates positive 
synaptophysin expression, whereas Figure 3H illustrates negative 
expression in the patient’s pathological tissue by 
immunohistochemistry. These findings confirmed the diagnosis 
of ES/PNET as the definitive pathology of the lesion.

Under light microscopy, the tumor was composed of 
uniformly small, round, blue cells with high nuclear-to- 
cytoplasmic (N/C) ratios, delicate chromatin, and indistinct 
nucleoli. Mitotic figures were numerous and easily identifiable, 
with an estimated count exceeding 50 mitoses per 10 high- 
power fields (HPF), indicative of a highly proliferative tumor. 
Areas of coagulative necrosis were identified within the tumor. 

These necrotic regions appeared as large geographic or map-like 
zones composed of eosinophilic cellular debris, often with 
collapsed architecture and pyknotic or karyorrhectic nuclear 
fragments. Homer-Wright rosettes were visibly present within 
the tumor (Figures 3A,B).

2.5 Postoperative status

After surgery, the patient regained mobility and was 
transferred to the oncology department on April 6, 2022, for 
chemotherapy after his condition stabilized. The chemotherapy 
regimen included epirubicin, cyclophosphamide, and vincristine 
(7). A second round of chemotherapy was administered on May 
10, 2022, in the oncology department, with no signs of local 
recurrence observed at that time (Figure 4A).

However, the patient experienced complications 
postoperatively. On May 30, 2022, he was hospitalized due to 
bacteremia. On July 3, 2022, he was rehospitalized for one day 
due to discomfort in the right hypochondrium, during which 

FIGURE 2 

The resection and imaging of the intraspinal lesion performed under general anesthesia. The tumor was characterized by a bright red appearance, a 
firm texture, and a rich blood supply.
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imaging revealed a compression fracture, suggesting possible 
tumor recurrence (Figure 4B). Due to the poor response to 
chemotherapy, radiotherapy was initiated.

The patient’s condition continued to deteriorate. On July 13, 
2022, he experienced difficulty with defecation and urination. By 
July 18, 2022, his back pain had worsened significantly, leading 
to readmission on July 20, 2022. An MRI review on August 13, 
2022, indicated intramedullary metastasis (Figure 4C).

The patient’s neurological status progressively declined. On 
September 14, 2022, upon readmission, he exhibited loss of pain 
and touch sensation below the nipple level, with muscle strength 
graded as I in both lower limbs, III in the left upper limb, and 
mild edema in both lower limbs. On October 30, 2022, 

numbness developed in the upper limbs, followed by worsening 
limb dysfunction on November 26, 2022.

In December 2022, the patient developed hypostatic pneumonia, 
which progressed to respiratory failure on January 13, 2023. The 
patient ultimately passed away due to tumor invasion of the high 
cervical spinal cord, leading to respiratory failure.

3 Discussion

The Ewing sarcoma/primitive neuroectodermal tumor is rare, 
aggressive malignancies derived from primitive neuroepithelium, 
predominantly affecting adolescents. These tumors are clinically 

FIGURE 3 

Histopathological and immunohistochemical images. Hematoxylin and Eosin (H&E)-stained histopathological images at (A) 100x & (B) 200× 
magnification: A large number of small round or spindle-shaped primitive cells were densely packed, with hyperchromatic nuclei, scant 
cytoplasm, and focal rosette formations, consistent with a small round cell malignant tumor. Immunohistochemistry (100× magnification) for (C) 
Diffuse positivity for CD99; (D) Positive staining for CyclinD1; (E) Positive expression of CD56; (F) KI67 positivity (80%); (G) Positive staining for 
Synaptophysin; and (H) Negative staining controls for immunohistochemistry in this patient. Scale bars = 50 μm. Arrows indicate rosette-like 
cell clusters.
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challenging due to their rapid growth, high tendency for local 
invasion, and early metastasis, which often result in poor 
outcomes, with survival rates typically limited to less than five 
years. In this case, the preoperative cranial MRI showed no 
abnormalities, excluding metastatic disease and supporting the 
diagnosis of a primary spinal ES/PNET.

Spinal ES/PNET can arise in various locations within the 
spinal canal, including the extradural space, subdural 
extramedullary region, intramedullary space, or outside the 
spinal canal at any spinal segment (8, 9). Lesions in the 
extradural space lack specific imaging features, making them 
difficult to differentiate from other spinal tumors, such as Ewing 
sarcoma (8). On MRI, both can appear as low, iso-, or 
hyperintense signals on T1-weighted imaging (T1WI), low or 
hyperintense signals on T2-weighted imaging (T2WI), and 
exhibit uneven enhancement. Hemorrhage or necrosis, which 
are sometimes present, may further complicate differentiation 
based on imaging alone. MRI remains the most effective 
modality for evaluating tumor extension and its relationship to 
surrounding structures, although definitive diagnosis relies on 
histopathological examination (10).

The diagnosis of spinal ES/PNET is primarily based on 
pathological analysis, with immunohistochemical studies playing 
a crucial role in distinguishing it from other conditions, such as 
lymphoma, eosinophilic granuloma, spinal Rosai-Dorfman 
disease, and vascular lipoma (8). Grossly, the tumor often 
appears as a purple-red or gray-white mass, with a soft or firm 
texture and abundant blood supply. Microscopically, spinal ES/ 
PNET is characterized by densely packed small round or 
spindle-shaped primitive cells with hyperchromatic nuclei, scant 
cytoplasm, and occasional rosette formations (11).

This patient’s immunohistochemical results revealed the 
following: CD99 diffuse (+), CyclinD1 (+), CD56 (+), and KI-67 
index of 80% (+). Immunohistochemistry is particularly useful 
for distinguishing PNET subtypes. Peripheral PNETs (pPNETs) 
typically express CD99, while central PNETs (cPNETs) do not. 

Since the lesion in this patient was CD99-positive, it was 
consistent with a diagnosis of pPNET. Additionally, genetic 
studies have shown that over 90% of pPNETs exhibit the 
characteristic t(11;22)(q24;q12) chromosomal translocation, 
which is not observed in cPNETs (12, 13). While BRAF 
mutations are rarely seen in PNETs (approximately 3% of 
cases), their presence does not correlate with prognosis (8, 14).

A principal limitation of this case is the inability to perform 
molecular testing for the EWSR1-FLI1 gene fusion, which is the 
current diagnostic standard for definitive diagnosis of Ewing 
sarcoma (2, 3, 15). This limitation was due to constraints in our 
hospital’s molecular pathology laboratory resources and testing 
capabilities at the time of diagnosis. Another limitation is the 
lack of an extended immunohistochemical (IHC) panel in the 
initial diagnostic workup, which could have further refined the 
differential diagnosis of small round blue cell tumors (SRBCTs) 
(2, 3). Specifically, immunohistochemical markers such as 
Desmin (a marker of rhabdomyoblastic differentiation), 
Myogenin (specific for skeletal muscle lineage), INI1 (loss of 
expression observed in rhabdoid tumors and certain SRBCTs), 
FLI-1 (a sensitive marker for Ewing sarcoma), and NB84 
(a marker for neuroblastoma) were not assessed. This was 
primarily due to institutional IHC protocol limitations and 
sample-related considerations at the time. Consequently, the 
diagnosis was established based on histopathological findings, 
immunohistochemical staining (including strong and diffuse 
CD99 positivity), and clinical correlation, with particular 
attention to the patient’s age and the anatomical location of 
the lesion.

Modern proton therapy represents a significant advancement 
in the treatment of spinal ES/PNET. This highly precise 
modality minimizes radiation exposure to surrounding normal 
tissues while delivering high doses to the tumor, resulting in 
improved tumor control and better quality of life for patients. 
Proton therapy has shown particular promise in the treatment 
of pediatric malignancies, head and neck cancers, chordomas, 

FIGURE 4 

MRI imaging after treatment. (A) After the second cycle of chemotherapy, MRI showed no detectable signs of recurrence. (B) Due to poor response 
to chemotherapy, radiotherapy was initiated. However, tumor recurrence was observed, along with vertebral body fracture and spinal cord 
compression. (C) Evidence of intramedullary metastasis was noted on subsequent imaging. Arrows indicate the locations of the lesions.
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and cervical cancers (16). International case reports have 
described patients with dorsal ES/PNET who, despite local 
recurrence, remained disease-free for up to 10 years after 
receiving extensive radiotherapy.

In this case, the patient’s clinical course points out the 
aggressive nature of spinal ES/PNET. Postoperatively, the patient 
initially showed improvement and was started on chemotherapy. 
However, the tumor recurred, as evidenced by imaging findings 
of intramedullary metastasis and later complications, including 
hypostatic pneumonia, respiratory failure, and eventual death. 
These outcomes highlight the challenges associated with 
managing spinal ES/PNET in adolescents.

ES/PNET has been reported in the literature in a number of 
previous cases (17, 18). The standard treatment for ES/PNET 
combines systemic and local therapies, including multiagent 
chemotherapy, surgical resection, and radiotherapy, to control 
the primary tumor and address potential metastases (19, 20). 
Despite improvements in conventional therapy, survival 
outcomes for spinal ES/PNET remain poor. Recent studies and 
case reports have investigated novel approaches such as targeted 
agents against EWSR1-FLI1, the PI3K-Akt-mTOR pathway, and 
CD99, as well as immunotherapies including checkpoint 
inhibitors and CAR T-cell therapy, which have shown early 
promise in refractory or relapsed cases (21–24). Prognosis is 
shaped by several factors consistently reported in both series 
and case reports. Metastasis at presentation is the most 
significant adverse predictor, with gross total resection linked to 
better local control and survival than subtotal resection or 
biopsy alone (19). Younger patients generally have more 
favorable outcomes than adults (25, 26), and while the 
EWSR1-FLI1 fusion is diagnostic, additional genetic alterations 
may offer further prognostic stratification (21, 27, 28).

This case presents several novel aspects compared to previously 
reported cases of spinal ES/PNET. First, the absence of cranial 
abnormalities on preoperative imaging excluded metastatic disease 
and supported the diagnosis of a primary spinal ES/PNET, which 
is relatively rare. Additionally, the lesion’s unique “dumbbell” 
shape with extension into the left intervertebral foramen and its 
progression to intramedullary metastasis postoperatively highlight 
the aggressive and atypical behavior of this tumor. These findings 
are less commonly reported and emphasize the challenges in 
diagnosing and managing spinal ES/PNET with such 
presentations. Another notable difference is the development of 
multiple complications postoperatively, including bacteremia, 
compression fracture, and hypostatic pneumonia, which ultimately 
contributed to the patient’s poor outcome. These complications 
emphasize the need for comprehensive perioperative care and 
close monitoring in patients with spinal ES/PNET. Clinically, this 
case highlights the importance of early diagnosis and the 
limitations of current treatment modalities, including surgery, 
chemotherapy, and radiotherapy, in achieving long-term control 
of this aggressive tumor. It also reveals the potential role of 
advanced imaging techniques and novel therapies, such as proton 
therapy or gene therapy, in improving outcomes for patients with 
spinal ES/PNET. Overall, this case adds valuable insights into the 
clinical presentation, diagnostic challenges, and management 

strategies for spinal ES/PNET, particularly in pediatric and 
adolescent populations.

Spinal ES/PNET typically present as extradural masses with 
CT findings of medium-density soft tissue and MRI findings of 
low T1WI and iso- or hypointense T2WI signals, often with 
cystic changes (29). The final diagnosis, however, is based on 
histopathological and immunohistochemical findings. In 
adolescents presenting with a single extradural spinal mass 
accompanied by extraspinal components, irregular CT density, 
or MRI signal with significant uneven enhancement, ES/PNET 
should be included in the differential diagnosis (30, 31).

Despite advances in multimodal treatment, including surgery, 
radiation therapy, and chemotherapy, the prognosis for spinal ES/ 
PNET remains poor, with short survival times (32). Molecular 
targeted therapy may hold promise as a future treatment option, 
potentially offering more effective management of this 
aggressive disease (19).

Data availability statement

The original contributions presented in the study are included 
in the article/Supplementary Material, further inquiries can be 
directed to the corresponding author.

Ethics statement

Ethical approval was not required for the study involving human 
samples in accordance with the local legislation and institutional 
requirements because this case report involved retrospective 
analysis of de-identified clinical information obtained during 
routine medical care, with no additional interventions or 
experimental procedures performed. Written informed consent for 
participation in this study was provided by the participants’ legal 
guardians/next of kin. Written informed consent was obtained 
from the minor(s)’ legal guardian/next of kin for the publication of 
any potentially identifiable images or data included in this article.

Author contributions

LM: Conceptualization, Data curation, Formal analysis, 
Funding acquisition, Investigation, Methodology, Writing – 
original draft, Writing – review & editing. XL: 
Conceptualization, Investigation, Methodology, Writing – 
original draft, Writing – review & editing. FM: Investigation, 
Writing – review & editing. SW: Investigation, Writing – review 
& editing. FW: Conceptualization, Investigation, Supervision, 
Writing – original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for 
the research and/or publication of this article. This work was 
supported by Department of Neurosurgery, Siping City Central 

Ma et al.                                                                                                                                                                 10.3389/fped.2025.1603099

Frontiers in Pediatrics 07 frontiersin.org

https://doi.org/10.3389/fped.2025.1603099


People’s hospital and Department of Anaesthesiology, School of 
Clinical Medicine, Li Ka Shing Faculty of Medicine, The 
University of Hong Kong.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of 
artificial intelligence and reasonable efforts have been made to 
ensure accuracy, including review by the authors wherever 
possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed 
or endorsed by the publisher.

References

1. Dehner L. Peripheral and central primitive neuroectodermal tumors. A nosologic 
concept seeking a consensus. Arch Pathol Lab Med. (1986) 110(11):997–1005.

2. Choi JH, Ro JY. The 2020 who classification of tumors of bone: an updated 
review. Adv Anat Pathol. (2021) 28(3):119–38. doi: 10.1097/PAP.0000000000000293

3. Choi JH, Ro JY. The 2020 who classification of tumors of soft tissue: selected 
changes and new entities. Adv Anat Pathol. (2021) 28(1):44–58. doi: 10.1097/PAP. 
0000000000000284

4. Praveen B, Das S, Gupta M, Joshi D, Panwar H. Primary spinal intradural 
extramedullary Ewing’s sarcoma/peripheral neuroectodermal tumour masquerading 
clinically as a neurogenic tumour: a case report and review of literature. Ann 
Neurosci. (2023) 30(4):251–5. doi: 10.1177/09727531231190979

5. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, et al. The 
2021 who classification of tumors of the central nervous system: a summary. Neuro 
Oncol. (2021) 23(8):1231–51. doi: 10.1093/neuonc/noab106

6. Mechtler LL, Nandigam K. Spinal cord tumors: new views and future directions. 
Neurol Clin. (2013) 31(1):241–68. doi: 10.1016/j.ncl.2012.09.011

7. Requilé A, Clement PM, Bechter OE, Dumez H, Verbiest A, Sciot R, et al. Single- 
centre experience of systemic treatment with vincristine, ifosfamide, and doxorubicin 
alternating with etoposide, ifosfamide, and cisplatin in adult patients with ewing 
sarcoma. Sarcoma. (2017) 2017(1):1781087. doi: 10.1155/2017/1781087

8. Louis DN, Perry A, Reifenberger G, Von Deimling A, Figarella-Branger D, 
Cavenee WK, et al. The 2016 world health organization classification of tumors of 
the central nervous system: a summary. Acta Neuropathol. (2016) 131:803–20. 
doi: 10.1007/s00401-016-1545-1

9. Grier HE, Krailo MD, Tarbell NJ, Link MP, Fryer CJ, Pritchard DJ, et al. 
Addition of ifosfamide and etoposide to standard chemotherapy for Ewing’s 
sarcoma and primitive neuroectodermal tumor of bone. N Engl J Med. (2003) 
348(8):694–701. doi: 10.1056/NEJMoa020890

10. Houssaini AS, Lahfidi A, Guennouni A, Kettani N, Fikri M, Touarsa F, et al. 
Primitive neuroectodermal tumor of the lumbosacral nerve Plexus: a case report. 
Radiol Case Rep. (2024) 19(11):5058–62. doi: 10.1016/j.radcr.2024.07.134

11. Parham DM, Hijazi Y, Steinberg SM, Meyer WH, Horowitz M, Tzen C-Y, et al. 
Neuroectodermal differentiation in Ewing’s sarcoma family of tumors does not 
predict tumor behavior. Hum Pathol. (1999) 30(8):911–8. doi: 10.1016/S0046-8177 
(99)90244-7

12. Delattre O, Zucman J, Plougastel B, Desmaze C, Melot T, Peter M, et al. Gene 
fusion with an ets DNA-binding domain caused by chromosome translocation in 
human tumours. Nature. (1992) 359(6391):162–5. doi: 10.1038/359162a0

13. Sorensen PH, Lessnick SL, Lopez-Terrada D, Liu XF, Triche TJ, Denny CT. A 
second Ewing’s sarcoma translocation, T (21; 22), fuses the ews gene to another ets– 
family transcription factor. Erg Nat Genet. (1994) 6(2):146–51. doi: 10.1038/ng0294- 
146

14. Sturm D, Orr BA, Toprak UH, Hovestadt V, Jones DT, Capper D, et al. New 
brain tumor entities emerge from molecular classification of cns-pnets. Cell. (2016) 
164(5):1060–72. doi: 10.1016/j.cell.2016.01.015

15. Grünewald TG, Cidre-Aranaz F, Surdez D, Tomazou EM, de Álava E, Kovar H, 
et al. Ewing sarcoma. Nat Rev Dis Primers. (2018) 4(1):5. doi: 10.1038/s41572-018- 
0003-x

16. Gaikwad U, Biswas S, Shamurailatpam D, Patro K, Sawant M, Jalali R. 
Challenging case of a re-irradiation in a dorsal spine primitive neuroectodermal 
tumor: role of modern image-guided pencil beam proton therapy. J Cancer Res 
Ther. (2022) 18(1):312–5. doi: 10.4103/jcrt.JCRT_515_20

17. Gao L, Zhu Y, Shi X, Gao Z, Chen X. Peripheral primitive neuroectodermal 
tumors: a retrospective analysis of 89 cases and literature review. Oncol Lett. (2019) 
18(6):6885–90. doi: 10.3892/ol.2019.11011

18. Peng J, Han XM. The prognostic factors of ewing sarcoma/peripheral primitive 
neuroectodermal tumor: a retrospective analysis of 67 patients at a single center. 
Medicine (Baltimore). (2022) 101(29):e29564. doi: 10.1097/MD.0000000000029564

19. Kelleher FC, Thomas DM. Molecular pathogenesis and targeted therapeutics in 
ewing sarcoma/primitive neuroectodermal tumours. Clin Sarcoma Res. (2012) 2(1):6. 
doi: 10.1186/2045-3329-2-6

20. Pisconti S, Della Vittoria Scarpati G, Buonerba C, Messinese S, Carella R, Di 
Marzo M, et al. Management of ewing sarcoma family of tumors: a short 
description of a rare primitive uterine ppnet and literature review. Onco Targets 
Ther. (2020) 13:1179–84. doi: 10.2147/OTT.S213233

21. Casey DL, Lin T-Y, Cheung N-KV. Exploiting signaling pathways and immune 
targets beyond the standard of care for ewing sarcoma. Front Oncol. (2019) 9:537. 
doi: 10.3389/fonc.2019.00537

22. Li D-F, Yuan Y, Tu M-J, Hu X, Li Y-Z, Yi W-R, et al. The optimal outcome of 
suppressing ewing sarcoma growth in vivo with biocompatible bioengineered Mir- 
34a-5p prodrug. Front Oncol. (2020) 10:222. doi: 10.3389/fonc.2020.00222

23. Strauss SJ, Berlanga P, McCabe MG. Emerging therapies in ewing sarcoma. 
Curr Opin Oncol. (2024) 36(4):297–304. doi: 10.1097/CCO.0000000000001048

24. Konen JM, Rodriguez BL, Fradette JJ, Gibson L, Davis D, Minelli R, et al. Ntrk1 
promotes resistance to pd-1 checkpoint blockade in mesenchymal Kras/P53 mutant 
lung cancer. Cancers. (2019) 11(4):462. doi: 10.3390/cancers11040462

25. Danieau G, Morice S, Rédini F, Verrecchia F, Brounais-Le Royer B. New 
insights about the Wnt/Β-catenin signaling pathway in primary bone tumors and 
their microenvironment: a promising target to develop therapeutic strategies? Int 
J Mol Sci. (2019) 20(15):3751. doi: 10.3390/ijms20153751

26. Baldini EH, Demetri GD, Fletcher CD, Foran J, Marcus KC, Singer S. Adults 
with Ewing’s sarcoma/primitive neuroectodermal tumor: adverse effect of older age 
and primary extraosseous disease on outcome. Ann Surg. (1999) 230(1):79. doi: 10. 
1097/00000658-199907000-00012

27. Boland JM, Folpe AL. Cutaneous neoplasms showing Ewsr1 rearrangement. 
Adv Anat Pathol. (2013) 20(2):75–85. doi: 10.1097/PAP.0b013e31828625bf

28. Campbell K, Shulman D, Janeway KA, DuBois SG. Comparison of 
epidemiology, clinical features, and outcomes of patients with reported ewing 
sarcoma and pnet over 40 years justifies current who classification and treatment 
approaches. Sarcoma. (2018) 2018(1):1712964. doi: 10.1155/2018/1712964

Ma et al.                                                                                                                                                                 10.3389/fped.2025.1603099

Frontiers in Pediatrics 08 frontiersin.org

https://doi.org/10.1097/PAP.0000000000000293
https://doi.org/10.1097/PAP.0000000000000284
https://doi.org/10.1097/PAP.0000000000000284
https://doi.org/10.1177/09727531231190979
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1016/j.ncl.2012.09.011
https://doi.org/10.1155/2017/1781087
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1056/NEJMoa020890
https://doi.org/10.1016/j.radcr.2024.07.134
https://doi.org/10.1016/S0046-8177(99)90244-7
https://doi.org/10.1016/S0046-8177(99)90244-7
https://doi.org/10.1038/359162a0
https://doi.org/10.1038/ng0294-146
https://doi.org/10.1038/ng0294-146
https://doi.org/10.1016/j.cell.2016.01.015
https://doi.org/10.1038/s41572-018-0003-x
https://doi.org/10.1038/s41572-018-0003-x
https://doi.org/10.4103/jcrt.JCRT_515_20
https://doi.org/10.3892/ol.2019.11011
https://doi.org/10.1097/MD.0000000000029564
https://doi.org/10.1186/2045-3329-2-6
https://doi.org/10.2147/OTT.S213233
https://doi.org/10.3389/fonc.2019.00537
https://doi.org/10.3389/fonc.2020.00222
https://doi.org/10.1097/CCO.0000000000001048
https://doi.org/10.3390/cancers11040462
https://doi.org/10.3390/ijms20153751
https://doi.org/10.1097/00000658-199907000-00012
https://doi.org/10.1097/00000658-199907000-00012
https://doi.org/10.1097/PAP.0b013e31828625bf
https://doi.org/10.1155/2018/1712964
https://doi.org/10.3389/fped.2025.1603099


29. Hespel AM, de Swarte M, Anderson K, Weiss R, Hathcock J. Features of a rare 
peripheral primitive neuroectodermal tumour arising from the thoracic spine in a 
juvenile canine patient. Vet Med Sci. (2021) 7(3):680–5. doi: 10.1002/vms3.449

30. Muhuesein TM, Ilangovan G, Pitchai ADPA, Parthasarathy EA, Anand R, 
Khalil-Khan A, et al. Extraskeletal Ewing’s sarcoma with vertebral metastasis: a 
case report. Cureus. (2022) 14(10):e30878. doi: 10.7759/cureus.30878

31. Itoi T, Kutara K, Mitsui I, Akashi N, Kanda T, Sugimoto K, et al. Magnetic 
resonance imaging findings of the primitive neuroectodermal tumour in lumbosacral 
spinal cord in a cat. Vet Med Sci. (2023) 9(6):2399–403. doi: 10.1002/vms3.1283

32. Farooq M, Mustafa B, Sultan KA, Ashraf M, Ashraf N, Siddique A. Extraosseous 
extradural ewing sarcoma of the thoracic spine: case report and literature review. Surg 
Neurol Int. (2021) 12:542. doi: 10.25259/SNI_790_2021

Ma et al.                                                                                                                                                                 10.3389/fped.2025.1603099

Frontiers in Pediatrics 09 frontiersin.org

https://doi.org/10.1002/vms3.449
https://doi.org/10.7759/cureus.30878
https://doi.org/10.1002/vms3.1283
https://doi.org/10.25259/SNI_790_2021
https://doi.org/10.3389/fped.2025.1603099

	Pediatric thoracic spinal Ewing sarcoma/primitive neuroectodermal tumor: a case report and literature review
	Introduction
	Case report
	Clinical presentation
	Radiological findings
	Surgical procedure and intraoperative findings
	Histopathological and immunohistochemical findings
	Postoperative status

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


