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a report of 3 cases and review of the literature
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A b s t r a c t 

Peripheral primitive neuroectodermal tumours (PNETs) are rare and highly malignant tumours in the spine, with 
a predilection for young adults. There are no standard guidelines for treating these tumours. Surgical resection com-
bined with postoperative radiotherapy and chemotherapy is a common and effective treatment at present. Even so, 
survival time of patients with these tumours is still very short. In this study, we present three rare cases of thoracic 
epidural PNETs and review the literature. 
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Introduction

Primitive neuroectodermal tumour (PNET) is a kind 
of malignant tumour derived from neuroectoderm 
and composed of undifferentiated small round cells. 
It was first proposed by Hart and Earle in 1973 [11]. 
It has the characteristics of low differentiation, high 
invasiveness, and pleomorphism, often involving the 
central nervous system and mesenchymal tissues 
such as the bone, cartilage, and muscle, and most of 
them have a poor prognosis. It usually occurs in child-
hood and early adulthood, 10 to 20 years old is the 
highest incidence of the age [25]. It is more common 
among males with the incidence twice as high as 
among females [8].

According to the tumour location, PNET can be 
divided into central PNET and peripheral PNET or 
Ewing’s sarcoma/PNET. They originate from the neu-
ral tube and neural crest respectively [4], but have 
similar cellular morphological and genetic charac-

teristics. Peripheral PNET (pPNET) occurs outside 
the central nervous system, involving the chest wall, 
trunk, limbs and other locations. Clinically, pPNET 
is rarely involved in the spine, and many authors 
describe spinal pPNET as “extremely rare”. The most 
commonly involved sites are the lumbar spine, fol-
lowed by the thoracic and cervical vertebrae [2].  
Due to its low incidence, most of the related litera-
ture consists of case reports [19]. This paper reports 
3 cases of primary thoracic epidural pPNET in our 
hospital and reviews the literature.

Case reports
Case 1

Presentation

A  10-year-old female presented with paroxys-
mal burning back pain that occurred 20 days ago 
and radiated to the costal arch without any obvi-
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ous cause. It often occurred at night and lasted for 
20 minutes each time. Four days ago, the child had 
a sudden onset of weakness in both legs accompa-
nied by numbness. Physical examination on admis-
sion revealed tenderness in the T7 spinous process-
es and subcostal hypoesthesia. Muscle strength was 
5/5 in both upper limbs and 3/5 in both lower limbs. 
Both knee reflexes were hyperactive with bilateral 
positive Babinski sign. Magnetic resonance imaging 
(MRI) revealed a 2.3 × 1.1 × 4.5 cm mass shadows 
in the spinal canal at the level of T5-7 and bilateral 
foramina in T5-6, which appeared hypointense on 
T1-weighted image and hyperintense on T2-weight-
ed image (Fig. 1). The boundary with adjacent tis-
sues was clear, and the spinal cord was compressed. 

Lymphoma was considered in the differential diag-
nosis of this disease.

Operation

Considering the rapid progression of symptoms, 
surgical treatment was performed on the first day 
after hospitalization. A  posterior midline incision 
was selected for the operation. The spinous process 
and lamina of T5-T7 were completely removed while 
preserving facet joints, and the tumour was exposed 
to the epidural. Microscopically, the tumour was well 
defined with the spinal cord, the capsule is intact, 
tough and soft, dark red in colour, easy to haem-
orrhage, and the spinal cord is compressed to the 
ventral side. After complete excision of the tumour, 

Fig. 1. Preoperative MR imaging. A) Sagittal T1-weighted MRI; B) Sagittal T2-weighted MRI; and C) Axial 
T2-weighted MRI shows a space-occupying lesion at the T5-T7 level. D) Post-operative sagittal T2-weighted MRI.
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the spinal cord pulsed well, replanted the spinous 
process and lamina, and the specimen was sent to 
pathology.

Pathology

Histopathological analysis: The tumor cells were 
uniform in size and arranged in sheets with a focal 
papillary structure. Immunohistochemical: CD45 (–), 
NSE (+), GFAP (–), Syn (–), CgA (–), Ki-67 (+ 50%), CK (–), 
Vimentin (+), CD99 (+). Pathological diagnosis: Prim-
itive neuroectodermal tumor (PNET).

Postoperative course

Postoperatively, the patient reported significant 
relief of back pain, the muscle strength of both lower 
extremities returned to grade IV, and Babinski sign 
turned negative. Subsequently, the patient received 
the local radiotherapy with a dose of 36 Gy/20 f, but 
no regular chemotherapy followed. Six months later, 
the patient was re-examined in our hospital. Imag-
ing examination showed a 1.6 × 1.0 × 3.1 cm mass 
in the spinal canal at the T9-T10 level, with signifi-
cant enhancement and suspected tumor recurrence.  
The patient underwent surgical treatment in our 
department again, and the postoperative patholog-
ical results were confirmed as PNET. Subsequently, 
she was treated with four cycles of cyclophospha-
mide, pirarubicin, and vincristine. However, before 
the fifth chemotherapy, MRI suggested tumor recur-
rence again. The patient’s family decided to forego 
further treatment, after which she was lost to fol-
low-up.

Case 2

Presentation

A previously healthy 35-year-old woman suffered 
from back discomfort for one month. Five days ago, 
the patient developed numbness and weakness in 
both lower limbs, with occasional needling sensa-
tion. A few hours before admission, the patient had 
a sudden immobility of the lower extremities, accom-
panied by incontinence. Neurological examination 
indicated tenderness in the spinous process at the 
T3-T5 level. Lower limb power was 0/5 bilaterally 
associated with truncal weakness while the upper 
limb power was normal. Both deep tendon reflexes 
were present and Babinski signs were equivocal. All 
sensations below T5 were absent. An enhanced MRI 
revealed a 4.8 × 3.9 × 5.4 cm irregular mass observed 
inside and outside the spinal canal at the T3-T5 lev-
els, and the boundary was not clear (Fig. 4). The 
tumour was hypointense on T1 images and hyperin-
tense on T2 images, and enhancement was inhomo-
geneous after contrast injection. The corresponding 
spinal cord was compressed and moved to the right 
with oedema. She began receiving methylpredniso-
lone and was preparing for emergency surgery.

Operation

Laminectomies of the T2-T4 vertebrae were per-
formed with preservation of the facet joints, to fully 
expose the tumour. The lesion was dorsal to the dura 
at the T3-T4 level, showing a greyish-white fish-like 
shape and filling the spinal canal. The lesion grew 
into the thoracic cavity along the left intervertebral 

Fig. 3. Immunohistochemical staining images of 
positive CD99.

Fig. 2. Histopathological images. Diffuse sheets 
of small round blue cells (HE).
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foramen. Using microsurgical techniques, the lesion 
was carefully separated from the normal tissue and 
resected. Since the extraspinal tumour could not be 
safely resected, only the dorsal dural and interverte-
bral foramen lesions were removed in this operation. 
To ensure that there was no residual tumour in the 
spinal canal, the excised tissue was sent to pathology.

Pathology

Histopathological analysis: The tumour cells 
were diffused and arranged in sheets, the cells 
were small, uniform in size and less plasmid (Fig. 5). 
Immunohistochemical findings: CK (–), EMA (–), 
Vimentin (–), CD99 (+), Ki-67 (30% +), NSE (–), Syn (–), 
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Fig. 4. Preoperative MR imaging. A) Sagittal T1-weighted MRI; B) Sagittal T2-weighted MRI; and C) Sagittal 
enhanced T1-weighted MRI show a space-occupying lesion at the T3-T5 level. D) Post-operative sagittal 
T2-weighted MRI.

Smur100 (–), CD3 (–), CD20 (–), Desmin (–), CD56 (–), 
LCA (–), CD38 (–), CD138 (–), GFAP (–), TTF-1 (–) (Fig. 6). 
Pathological diagnosis: Small round cell malignant 
tumour, inclined to primitive neuroectodermal tumour.

Postoperative course

Her preoperative back discomfort was relieved 
but the numbness below the T5 level was the same 
as before. The muscle strength of both lower limbs 
was 1/5, and there was no significant improvement 
until discharge. We recommended a  combination 
of radiotherapy and chemotherapy to the patient, 
but she refused chemotherapy after receiving two 
rounds of radiotherapy (30 Gy/15 f and 16 Gy/18 f). 
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Fig. 5. Histopathological images show diffuse 
sheets of primitive cells with round nuclei and 
scanty cytoplasm.

Fig. 6. Immunohistochemical staining images of 
positive CD99.

Fig. 7. Preoperative MR imaging. A) Sagittal T1-weighted MRI; and B) Sagittal T2-weighted MRI shows 
a space-occupying lesion at the T1-T3 level. C) Axial T2-weighted MRI shows the extraspinal extension 
of the tumour through the neural foramen, forming a dumbbell-shaped mass. D) Post-operative sagittal 
T2-weighted MRI shows the resection of the intraspinal tumour part.
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Three months later, a  postoperative MRI showed 
that the tumour outside the spinal canal was signifi-
cantly larger than before. Unfortunately, the patient 
did not continue the treatment in our hospital and 
was lost to follow-up.

Case 3

Presentation

A 10-month-old male child presented with weak-
ness in lower limbs 4 days before admission. At first, 
the patient was unable to stand on his own, but 
immediately progressed to being unable to crawl and 
sit alone, and he was unable to turn over when he 
was admitted to the hospital. The muscle strength 
of both lower limbs was grade 3/5 and the tendon 
reflex was hyperactive. MRI revealed that there was 
a long T1 and long T2 mass signal shadow inside and 
outside the spinal canal at the level of the T1-3 ver-
tebral body. The lesion size in the spinal canal was 
about 3.1 × 0.6 × 1.4 cm, and the lesion size in the 
right thoracic cavity was about 4.5 × 3.3 × 4.8 cm, the 
adjacent spinal cord was compressed (Fig. 7).

Operation

A midline posterior incision was performed, and 
the C7-T3 spinous process, lamina, and the outer 
margin of the transverse process were exposed. The 
spinous process and lamina were removed to expose 
the dura. The tumour was located ventral to the epi-
dural of the spinal cord. The tumour was greyish-red, 
soft, and adhered to nerve roots, compressing the 
spinal cord. The adhesions between the tumour and 
peripheral nerves were carefully separated under the 
microscope, and the tumour was completely removed 
in sections and all specimens were sent to patholo-
gy. After the operation, the patient was successfully 
extubated and returned to the ward.

Pathology

Histopathological analysis: Diffuse sheets of 
small round cells with increased mitosis. Immuno-
histochemical findings: CK (–), Vimentin (+), Syn (–), 
NF (–), CD34 (–), NeuN (–), GFAP (–), NSE (–), EMA (–), 
Smur100 (–), Ki-67 (80% +), LCA (–), MP0 (–), CD117 (+), 
CD43 (–), CD99 (+). Pathological diagnosis: Small 
round cell malignant tumour, considering primitive 
neuroectodermal tumour (PNET) (Fig. 8).

Postoperative course

Post-operatively, the patient had an uneventful 
recovery, with muscle strength returning to grade 4/5 
and can turn over by himself. After the patient’s 
physical conditions permitted and with parental con-
sent, he received chemotherapy immediately. He was 
treated with 4 cycles of VDC (vincristine, doxorubicin, 
cyclophosphamide) and IE (ifosfamide, etoposide).  
At a follow-up visit 5 months after surgery, the patient’s 
condition remains stable and there was no tumour 
recurrence [3]. 

Discussion

Classification

The nomenclature and diagnostics of PNET were 
first proposed by Hart and Earle in 1973 [11]. It was 
originally used to describe undifferentiated tumours 
originating from primitive neuroectoderm in the brain, 
which is very rare and highly malignant. In general, 
PNET can be further divided into two types according 
to the location of tumour: central PNET (cPNET) and 
peripheral PNET (pPNET). Although both have similar 
cellular morphological and genetic characteristics, 
more and more studies have shown that there are dif-
ferences between them in genetics, pathology, metas-
tasis pathway, and treatment regimen [5].

pPNET, which originates from the neural crest, is 
a  small round cell tumour of peripheral soft tissue. 
Under light microscopy, pPNET and Ewing’s sarcoma 
have similar small round blue cells, and both have the 
same chromosomal translocation t(11; 22)(q24; q12). 
Therefore, it is generally believed that pPNET belongs 
to the EWS family. In 2002, the World Health Organi-

Fig. 8. Histopathological images. Diffuse sheets 
of small round cells with increased mitosis.
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zation (WHO) classified Ewing’s sarcoma and pPNET 
under the same category in the classification of soft 
tissue tumours, collectively referred to as ESFT/pPNET 
(Ewing’s sarcoma family tumours/peripheral PNET) 
[9]. However, it is very difficult to distinguish pPNET 
from Ewing’s sarcoma, which largely depends on the 
presence of neural differentiation in immunohisto-
chemistry or ultrastructure [30]. In immunohisto-
chemistry, Ewing’s sarcoma has almost no expression 
of neural markers, and the tumour cells are more 
primitive. However, pPNET expressed at least two 
neural markers, and there was evidence of differenti-
ation [23]. At present, in the latest WHO classification 
of soft tissue and bone tumours in 2013, PNET is no 
longer used as a synonym for Ewing’s sarcoma [6].

Clinical manifestations

The clinical manifestations of intraspinal pPNET 
usually have no obvious specificity, so it is difficult 
to distinguish them from other tumours in the spi-
nal canal by their clinical manifestations. The clinical 
symptoms of primary intraspinal pPNET are mainly 
determined by tumour growth location, degree of 
invasion and structure involved [27], which can be 
manifested as local pain, limb weakness, hypoes-
thesia and urination and defecation dysfunction. 
Due to the high degree of malignancy, pPNET usually 
progresses rapidly, showing a  progressive worsen-
ing trend in a short time. In this paper, all 3 patients 
showed a progressive decrease in the muscle strength 
of both lower limbs in a short period of time, and one 
of them developed acute incontinence symptoms.

MRI characteristics

MRI is a crucial imaging modality for the evalua-
tion of spinal tumour, and is usually the first choice 
for the diagnosis of pPNET. The location of pPNET 
in the spinal cord is intramedullary, extramedullary 
intradural, or extradural with a  paraspinal compo-
nent [28,30]. It can occur at all levels of the spine, 
mainly in the lumbar vertebrae, and accounts for 
about half of all reported cases [22]. In our cases, 
all 3 lesions occurred in the thoracic epidural region, 
and 2 of them had extraspinal tissue invasion.

However, the radiological manifestations of 
pPNET in the spinal canal are not specific, and it is 
difficult to distinguish it from other tumours. In most 
reports, pPNET shows hypointense or isointense on 
T1-weighted imaging and hyperintense on T2-weight-

ed imaging, with heterogeneous enhancement [30], 
which is consistent with our report. In addition, the 
epidural pPNET is irregular, which can grow out of 
the spinal canal through the intervertebral foramen, 
invading the vertebral body or paraspinal soft tissue 
and involving both inside and outside of the spinal 
canal at the same time. The extraspinal part of the 
lesion is usually larger than the intraspinal part [7]. 
Previous studies [8,26] have found that based on pre-
operative MRI findings, pPNET is often misdiagnosed 
as schwannoma, meningioma, neurofibroma, lym-
phoma, metastasis, etc. Although it is impossible to 
distinguish PNET from other primary spinal lesions by 
MRI results, it can help doctors understand the loca-
tion of the tumour and the degree of nerve compres-
sion, which is still a necessary examination method.

Molecular mechanism

Approximately 85% of tumours diagnosed as PNET 
have translocations t(11;22)(q24;q12). At the molecular 
genetic level, the chromosome 22q12 breakpoint is clus-
tered within a single gene called EWS, and the chromo-
some 11q24 breakpoint is located in a gene called FLI1 
[1,29]. The consistent presence of EWS-FLI1 molecules in 
PNET suggests a critical role in tumour biology. In exper-
iments assessing the ability of fusion proteins to induce 
tumour transformation, chimeric proteins have been 
shown to affect the growth characteristics of certain cell 
lines. Transfection of EWS-FLI1 or EWS-ERG can induce 
the transform mouse NIH3T3 fibroblasts, allowing 
them to acquire tumour-like properties. The conversion 
activity requires both EWS and FLI1 domains [15,16]. 
Transfection of wild-type FLI1 does not lead to cellular 
transformation, suggesting that EWS-FLI1 is functional-
ly distinct. EWS-FLI1 may also exert tumorigenic effects 
via deregulation of programmed cell death. Some paper 
reported that antisense inhibition of EWS-FLI1 leads to 
increased susceptibility of PNET cell lines to chemother-
apy-induced apoptosis [31]. These indicated EWS-FLI1 
affected the cell death and played an important role in 
tumour progression. 

Pathology

The diagnosis of pPNET can only be determined by 
pathological examination, and histopathological analy-
sis alone is not enough, but also needs to be combined 
with immunohistochemistry [12]. In gross pathology, 
pPNET is usually a fish-like greyish-red mass. Under the 
microscope, small and round undifferentiated cells can 
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be seen, with uniform in size, compact arrangement, 
hyperchromatic nucleoli, scanty cytoplasm, eosinophilic, 
tumour necrosis, and Homer-Wright rosette structure 
[3]. In immunohistochemical analysis, CD99 was dif-
fusely expressed on almost all pPNET cell membrane. 
CD99 is the product of the MIC2 gene in pPNET tissues, 
and is almost not expressed in cPNET. In addition, pos-
itive expressions of other immunohistochemical mark-
ers such as neuron-specific enolase (NSE), S-100, glial 
fibrillary acidic protein (GFAP), Vimentin and nestin, 
etc., often indicate the presence of neuroectodermal 
differentiation in tumour and support the diagnosis of 
pPNET [13]. In this paper, the postoperative pathology 
of 3 cases showed CD99 positive, and the expression 
of neural differentiation antigen was found in all cases, 
which was consistent with the pPNET diagnosis.

Treatment

Due to the low incidence of primary spinal pPNETs, 
there are no standard treatment guidelines currently. 
Most scholars believe that surgery is the first choice for 
the treatment of pPNET. One study showed that total 
tumour resection can improve the 2-year survival rate 
and prolong the median survival time of patients with 
pPNET [21]. The principle of surgical treatment is the 
same as most spinal tumours: decompression is the 
primary goal to prevent further decline of neurological 
function; resect as much tumour as is safe; obtain suf-
ficient samples for pathological examination [8]. The 
three patients in our report all developed symptoms 
of nerve compression with rapid progressive course. 
In order to relieve the symptoms and avoid irrevers-
ible nerve damage, surgical treatment was performed 
as soon as possible after admission, and their symp-
toms were improved after surgery. Laminectomy with 
preservation of the facet joint was selected in all oper-
ations. In case, we replanted the spinous process and 
lamina to ensure spinal stability and improve the prog-
nosis and quality of life of the patient. 

However, surgery alone cannot prolong the long-
term survival rate of patients with pPNET, and the 
recurrence rate is high. Most reports have chosen 
surgery combined with radiotherapy and chemother-
apy [24]. Most studies have shown that postoperative 
adjuvant radiotherapy is an important method for the 
treatment of spinal pPNET, and its therapeutic effect 
is superior to that of postoperative adjuvant chemo-
therapy [21,31]. Currently, the optimal radiotherapy 
regimen for pPNET is controversial. In the literature, 
the total dose of radiotherapy is 30-60 Gy [8]. Howev-

er, for children, radiotherapy should be used with cau-
tion or not for the time being in consideration of the 
impact on the central nervous system and endocrine 
system [14]. In recent years, chemotherapy has had 
a good effect on the treatment of pPNET. At present, 
the standard chemotherapy regimens of pPNET are 
alternately VDC (vincristine, doxorubicin and cyclo-
phosphamide) and IE (ifosfamide and etoposide). The 
total course of treatment is 6-9 months, and there 
is no difference in chemotherapy regimens between 
adults and children [10]. According to existing reports, 
the overall prognosis of spinal pPNET patients is still 
not ideal even if treated with surgery, radiotherapy 
and chemotherapy [17]. The metastasis or infiltration 
of pPNET to organs outside the central nervous sys-
tem is more common, and it is easy to metastasize 
to lung tissue and bone tissue [18,20]. Perry et al. 
reported that the average survival time of primary 
intraspinal pPNET was only 22 months [20]. In case 1 
and case 2, two patients only received radiothera-
py without chemotherapy after surgery, and their 
tumours recurred several months later. In case 3, the 
patient was actively treated with chemotherapy after 
the operation. At present, there were no obvious signs 
of tumour recurrence during the 3-month follow-up, 
the patient’s condition was stable.

Conclusions

In summary, primary spinal pPNET is a rare malig-
nant tumour, but with increasing reports of pPNET, 
doctors should pay attention to this disease as one of 
the possible diagnoses. The symptoms and imaging 
results of the patients are usually not specific, and 
diagnosis requires histopathological examination 
and immunocytochemical analysis. At present, there 
is still no standard treatment guideline for spinal 
pPNET. Surgical resection, individualized radiotherapy 
and chemotherapy are still the mainstream treatment 
methods. The prognosis of patients with this disease 
is poor and further research is needed in the future.
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