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Clinical, pathological, and imaging characteristics of primitive 
neuroectodermal tumors of the spine
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MUSCULOSKELETAL IMAGING 
PICTORIAL ESSAY

ABSTRACT 
Primitive neuroectodermal tumors (PNETs) located in the 
spine are extremely rare, and information concerning these 
tumors in the medical literature is limited to single case re-
ports. This pictorial essay presents the clinical, pathological, 
and imaging characteristics of PNET of the spine.

P rimitive neuroectodermal tumors (PNETs) are malignant tumors 
thought to arise from the neural ectoderm and comprise undif-
ferentiated small round cells (1–3). PNETs located in the spine are 

extremely rare, and information concerning these tumors in the med-
ical literature is limited to single case reports (4–5). This pictorial essay 
presents the clinical, pathological, and imaging characteristics of PNET 
of the spine.

Clinical features
PNETs are small round cell malignant tumors arising from the neural 

crest that can be classified as central PNETs (cPNETs) or peripheral PNETs 
(pPNETs) depending on the site of presentation (1–3). Although pPNET 
can occur at any age, it is predominant in childhood or adolescents, and 
its major clinical manifestations involve a soft tissue mass and pain. The 
prognosis of patients with pPNET is very poor, and the average mortal-
ity has been reported to be 70% within three years of diagnosis (6, 7). 
pPNETs of the spine are extremely rare, with information concerning 
these tumors being presented in mainly a few case reports (4, 5). 

Pathological characteristics 
Routine hematoxylin and eosin (H-E) staining and light microsco-

py manifested uniform, small round tumor cells with little cytoplasm. 
These cells mainly had round or oval nuclei and were arranged in a pat-
tern of Homer-Wright rosettes. Immunohistochemical staining revealed 
that three cases were positive for two neural markers, and four cases 
were positive for three markers (Figs. 1–4).

According to Schmidt et al. (8), the pathological confirmation of 
PNET must meet the following criteria: the cells display morphological 
features of malignant, small round cell tumors under a light microscope 
and are in a pattern of Homer-Wright rosettes; and the tumor cells are 
positive for at least two neural markers. 

Both pPNET and Ewing’s sarcoma are known to be composed of small 
round cells and share similar clinical and pathological features. pPNETs 
were formally designated by the World Health Organization (WHO) in 
1993. In a more recent classification of bone tumors published by WHO 
in 2002, Ewing’s sarcoma and osseous PNET were classified together in 
one category known as Ewing’s sarcoma/PNET (9). PNETs can be distin-
guished from Ewing’s sarcoma due to their neural differences detected 
by immunohistochemistry. pPNETs express at least two neural differen-
tiation antigens, whereas Ewing’s sarcoma expresses only one antigen or 
sometimes no antigens. In addition, Homer-Wright rosettes can be found 
in pPNETs but not in Ewing’s sarcoma using light microscopy (9, 10). 
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Figure 1. a–g. A 14-year-old male patient with pPNET located in the third cervical vertebra (C3). Lateral projection of the cervical vertebra (a) 
shows compression and flattening of C3 and no narrowing in the neighboring intervertebral space. Sagittal CT (b) shows compression and 
flattening of the C3 vertebra. Sagittal T1-weighted MR image (c) and T2-weighted MR image (d) show compression and flattening of the C3 
vertebra; the soft-tissue mass within the spinal canal (extramedullary) exhibited high and mixed signals on T2-weighted MR images and low 
signals on T1-weighted MR images. Sagittal contrast-enhanced T1-weighted MR image (e) shows a significantly intensified signal of the soft-
tissue mass and obvious compression on the spinal cord. Hematoxylin and eosin (H-E) staining (×400) (f) shows small round tumor cells, which 
are closely arranged. Neuron-specific enolase staining (×400) (g) shows a positive response.
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Figure 2. a–f. A 15-year-old male patient with pPNETs located in the thoracic vertebrae. Axial CT (a, b) shows osteosclerosis of the right 
transverse process and the paravertebral soft-tissue mass. Axial T1-weighted MR image (c) shows the paravertebral soft-tissue mass and 
low signals. T2-weighted MR image (d) shows high signals. Axial contrast-enhanced T1-weighted MR image (e) shows uneven obvious 
enhancement of the soft-tissue mass. H-E staining (×200) (f) shows small round tumor cells, which are arranged closely together.
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Imaging findings
Few reports have investigated the 

imaging characteristics of pPNET of 
the spine (4, 5, 11, 12). The major im-

aging features involve bone destruc-
tion, a soft tissue mass, uneven signal 
intensity, and infiltrative growth of 
the tumor (Figs. 1–4).

Magnetic resonance imaging (MRI) 
has revealed slightly decreased sig-
nal intensity on T1-weighted imaging 
and slightly increased signal intensity 

Figure 3. a–g. A 21-year-old male patient with pPNET located in the seventh thoracic vertebra (T7). The X-ray plain film (a) shows bone 
destruction of the right vertebral T7. Axial CT (b) shows bone destruction of the right vertebral arch and right transverse process, and the 
paravertebral soft-tissue mass. Axial positron emission tomography-CT image (c) shows a focal fluorodeoxyglucose-avid area (maximum 
standardized uptake value, 8.8). T2-weighted MR image (d) and fat suppression T2-weighted MR image (e) show bone marrow signal 
abnormalities and the paravertebral soft-tissue mass, as well as slightly high signals. Axial contrast-enhanced T1-weighted MR image (f) shows 
uneven obvious enhancement of the lesions. H-E staining (×200) (g) shows small round tumor cells, which are closely arranged.
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Figure 4. a–f. A 23-year-old female patient with pPNET located in the first sacral vertebra (S1). Axial (a) and sagittal (b) CT images show 
bone destruction and osteosclerosis of the S1. MR images (c, d) show bone marrow signal abnormalities and the intraspinal soft-tissue mass 
(extramedullary), as well as slightly high signals on T2-weighted MR image (c) and slightly low signals on T1-weighted MR image (d). Sagittal 
contrast-enhanced T1-weighted MR image (e) shows slight enhancement of the lesions. H-E staining (×200) (f) shows small round tumor cells, 
which are arranged closely together.
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on T2-weighted imaging, with non-
uniform significant enhancement on 
contrast-enhanced imaging. Moreover, 
the boundary between the tumor and 
surrounding tissues is not clearly iden-
tified, resulting in difficulty in separa-
tion during surgery (4, 13). 

Computed tomography (CT) is effec-
tive for displaying bone and can also 
be used to evaluate bone destruction, 
periosteal reaction, and calcification. 
Due to high soft-tissue resolution, MRI 
is useful to show the interior structure 
of tumors, invasion of adjacent tissues, 
and distant metastasis. 

Thus, CT and MRI play important 
roles in the evaluation of the interior 
structure and invasive range of tumors, 
assessment of the feasibility of surgical 
excision, and development of the sur-
gical plan, as well as identification of 
tumor recurrence and metastasis.

Differential diagnosis
It is necessary to distinguish spinal 

pPNET from eosinophilic granuloma, 
lymphoma, and metastatic tumors 
(14). Eosinophilic granuloma mainly 
occurs in individuals aged less than 
20 years and is associated with mild 
clinical symptoms; the major imaging 
features include wedge-shaped chang-
es or coin-like lesions in the vertebral 
body, with less involvement in the 
accessories or intervertebral disc (14). 
Lymphoma is usually found in mid-
dle-aged and older individuals and is 
very rare in children aged less than 10 
years; the major imaging characteris-
tics involve worm-eaten bone destruc-
tion and osteosclerosis, accompanied 
by an ectosteal soft-tissue mass (14). 
With a medical history of a primary 
tumor, metastatic tumors also occur 
predominantly in middle-aged and 
older individuals (14). The common 
manifestations include bone destruc-

tion and reactive osteosclerosis, which 
usually involve the vertebral body and 
accessories, as well as the presence of a 
soft-tissue mass.

Conclusion
Spinal pPNET occurs predominant-

ly in children and adolescents. Im-
munohistochemical staining reveals 
apparent neural differentiation and 
positive staining for at least two neu-
ral markers, as well as the presence of 
Homer-Wright rosettes. The imaging 
features included osteolytic bone de-
struction and an apparent soft-tissue 
mass, whereas little evidence exists of 
periosteal reaction, calcification, or os-
sification. MRI and CT show the interi-
or structure of tumors and can be used 
to define the invasive range. In addi-
tion, these imaging modalities play a 
significant role in the identification of 
the feasibility of surgical excision of 
the tumors, detection of distant metas-
tasis, and evaluation of the efficacy of 
therapeutic interventions. 

In clinical practice, it is necessary to 
consider the possibility of pPNET in 
children and adolescents with osteo-
lytic bone destruction and an apparent 
soft-tissue mass located in the spine.
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