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Abstract: Objective: To investigate CT and MRI features of peripheral primitive neuroectodermal tumors (pPNETs). 
Methods: Clinical data of 16 patients with pPNETs confirmed by surgical resection who were admitted to The Min-
hang Branch of Zhongshan Hospital from January 2010 to December 2017 were retrospectively reviewed. Among 
those patients, 8 underwent CT scan and 8 underwent MRI scan. The enrolled patients were analyzed for their le-
sion distribution, diagnosis profiles, CT and MRI features, results of pathological examination, and recurrence and 
metastasis. Results: Surgical pathological examination was done on 16 patients that met the criteria for pathologi-
cal examination of pPNETs. CT images showed pPNETs of soft tissue were lesions which had uneven internal struc-
ture density and ill-defined margins, accompanied by cystic degeneration or necrosis, but no calcification. Enhanced 
CT scans showed heterogeneous enhancement. MRI images demonstrated that the tumors were isointense or 
slightly hypo-intense in T1 weighted scan, and they were heterogeneously hyper-intense or slightly hyper-intense in 
T2 weighted scan. Necrotic or cystic lesions showed changes of longer T1 and long T2 signals. Enhanced scan pre-
sented homogeneous or heterogeneous enhancement. The CT images showed pPNETs of bone tissue were lesions 
which had osteolytic bone destruction with ill-defined margins, no periosteal reaction, with or without surrounding 
soft-tissue masses of varying degrees. MRI images revealed that the lesions had disruption of the cortical bone sig-
nals in the disrupted region, and changes in signals in the medullary cavity and surrounding soft tissue. The lesions 
showed slightly hypo-intense or iso-intense signals on T1 weighted images, hyper-intense or slightly hyper-intense 
signals on the T2 weighted images, and heterogeneous signals after enhancement. Results of follow-up post-sur-
gery indicated that 3 patients had recurrence of primary lesions, whereas 2 had pulmonary metastases, 3 had bone 
metastases, 1 had intracranial metastasis, and 6 had no recurrence or metastasis. Conclusion: pPNETs showed 
no specific CT and MRI features, but the disease could be diagnosed by analyzing the extent of tumor involvement, 
recurrence, and metastasis based on the findings of CT or MRI studies. CT and MRI features provide reference value 
for diagnosis differentiation, surgical protocol planning, efficacy evaluation and prognosis.
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Introduction

Peripheral primitive neuroectodermal tumors 
(pPNETs) are malignant tumors with cytologi- 
cal and cellular genetic features that are pres-
ent in the extracranial skeletal system or soft 
tissue. They originate from the neuroectoderm 
and consist of primitive undifferentiated small 
round cells [1-3]. An epidemiological study on 
pPNETs revealed that the disease accounts for 
only 4% of all soft-tissue sarcomas, and chil-
dren and adolescents are a high-risk popula-
tion [4]. However, few reports focused on the 
radiological findings of pPNETs, and misdiagno-
sis of the disease is common in clinical practice 

[5]. In recent years, with the advance in rese- 
arch on clinical and pathological features of 
pPNETs, more relevant reports are available 
[6-8]. Nevertheless, CT and MRI features of 
pPNETs are still indefinite, which is not helpful 
to improve diagnosis of the disease and cannot 
provide imaging basis for planning protocols of 
surgical resection [9, 10]. As a result, in this 
study CT and MRI features of pPNETs were 
investigated and shown to be important supple-
ments in diagnosis of the disease. Therefore, a 
retrospective analysis was conducted regard-
ing the clinical data of 16 patients with surgi-
cally and pathologically confirmed pPNETs who 
admitted to The Minhang Branch of Zhongshan 
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Hospital from January 2010 to December 2017, 
with an aim to improve imaging examination of 
pPNETs and provide experimental evidence for 
diagnosis and treatment of such patients.

Materials and methods

Study patients

Sixteen patients who had surgically and patho-
logically confirmed pPNETs and were admitted 
to The Minhang Branch of Zhongshan Hospital 
from January 2010 to December 2017 were 
included in this retrospective study. The 
patients included 6 males and 10 females, with 
9 to 37 years of age (mean, 18.6 ± 2.5 years), 
and 5 days to 13 months of courses of disease 
(mean, 6.1 ± 1.4 months). They had the follow-
ing clinical manifestations: partial pain and pro-

follows: 256*256 acquisition matrix, 120 kV 
voltage, 230 mm*230 mm field of view (FOV), 
and 5 mm slice thickness and intersection gap. 
Ultravist (350 mgI/ml) was injected with a high-
pressure syringe at a dose of 1.5 ml/kg via the 
antecubital vein at a rate of 2.5 ml/s.

MR examinations were performed on a GE 1.5T 
signa Excite scanner with images of axial, coro-
nal and Sagittal planes. Conventional MR imag-
ing protocol for lesions included T1-weighted 
spin-echo imaging (TR/TE, 530/15 ms); T2-wei- 
ghted fast spin echo imaging (TR/TE, 4800/120 
ms). Slice thickness was 4 mm with an inter-
section gap of 1.5 mm. Gd-DTPA was injected 
at a dosage of 0.1 mmol in the enhanced MR 
scan via the anterior elbow vein at a rate of 2.5 
ml/s.

Table 1. Basic characteristics of 16 pPNETs patients
Variable Value
Sex (n) 6/10
Age (year) 18.6 ± 2.5
Course of disease (mon) 6.1 ± 1.4
Tumor volume (cm3) 10.4*6.7*5.1
Age distribution (n)
    <10 years old 1
    10-30 years old 9
    30-50 years old 3
    >50 years old 3
Tumor with well-defined margins (n) 7
Tumor with ill-defined margins (n) 9
Solitary tumor (n) 11
Multiple tumor (n) 5

Figure 1. CT findings of pPNETs in soft tissue of the left peritoneal cav-
ity: The tumor showed heterogeneous density and was heterogeneously 
intense in enhanced scan. A: Plain CT scan; B: Enhanced CT scan.

gressive exacerbation (3 cases); 
perceptible soft tissue masses 
(4 cases); abdominal pain and 
distension (2 cases); pelvic pain 
and lower limb discomfort and 
numbness (2 cases); fever and 
cough (1 case); headache, nasal 
congestion and rhinorrhea or 
facial numbness (2 cases); neck 
and shoulder pain, chest and 
back pain associated with numb-
ness of extremities (2 cases). 
Among the 16 patients, 8 pat- 
ients underwent CT plain and 
enhanced scanning, and 8 MRI 
plain and enhanced scanning. 
This study was reviewed and 
approved by the Medical Ethics 
Committee of The Minhang Bra- 
nch of Zhongshan Hospital, and 
all patients submitted written 
informed consent.

All patients were followed up by 
means of telephone calls or out-
patient appointments for 2 years. 
CT and MRI plain and enhanced 
scans were performed every six 
month.

Radiological examination

CT examinations were performed 
on a 64-slice spiral CT scanner 
(Siemens Somatom Definition AS 
128). The parameters were as 
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Pathological examination

Samples were surgically removed from all the 
patients in the study groups, then sampled and 
prepared into pathological sections. The sec-
tions were tested by H&E staining and immuno-
histochemical staining. Neural markers dete- 
cted by immunohistochemical staining includ-
ed CD99, neuron specific enolase (NSE), and 
S-100 protein. The criteria for diagnosing 
pPNETs were visible typical undifferentiated 
small round cells with less cytoplasm, hyper-
chromatic nuclei, and high ratios of nucleus to 
cytoplasm, visible nuclear division with or with-
out formation of visible rosettes. Two or more of 
the mentioned neuronal markers were positive-
ly expressed.

Statistical analysis

All the data in this study were analyzed using 
the SPSS software, version 21.0. Measurement 
data are described as mean ± sd, whereas 
count data was expressed as rates or percent-
ages. P<0.05 was considered significantly 
different.

Results

Basic characteristics of patients

Of the 16 patients enrolled in this study, the 
lesions were located in the pelvis in 2 patients, 

chest wall in 2 patients, chest cavity in one 
patient, soft tissue of the lower limbs in 2 
patients, spinal canal in 2 patients, paranasal 
sinuses in 2 patients, abdominal cavity in 2 
patients, and osseous tissue in 3 patients. The 
tumors ranged in volume from 22*15*10 cm3 
to 5*4*3 cm3, with a mean diameter of 
10.4*6.7*5.1 cm3. One patient was aged 
younger than 10 years, whereas 9 were 10 to 
30 years, 3 were 30 to 50 years, and 3 were 
older than 50 years. Tumors with well-defined 
margins were found in 7 patients, and tumors 
with ill-defined margins in 9 patients. Multiple 
tumors were observed in 5 patients, and soli-
tary tumor in 11 patients (Table 1).

Analysis of CT and MRI features

CT findings of pPNETs in soft tissue showed 
uneven density with ill-defined margins, necro-
sis and cystic degeneration, but no calcifica-
tion. The tumor was significantly heterogeneous 
in enhanced scan, as shown in Figure 1. CT 
findings of pPNETs in bone tissue presented 
osteolytic bone destruction with ill-defined 
margins, no periosteal reaction, with or without 
surrounding soft-tissue masses (Figure 2).

MRI findings of pPNETs in soft tissue showed 
the lesions were isointense or slightly hypo-
intense to muscle signals on T1WI. On T2WI, 
the tumor masses revealed heterogeneously 
hyper-intense or slightly hyper-intense signals. 
Necrotic or cystic lesions showed changes of 
longer T1 and long T2 signals. Enhanced scan 
demonstrated homogeneous or heterogeneous 
signals, as shown in Figure 3. MRI findings of 
pPNETs in the bone tissue were characterized 
by disruption of the cortical bone signals in the 
disrupted regions and changes in the signals in 
the medullary cavity and surrounding soft tis-
sue. The masses demonstrated slightly hypo-
intense or isointense signals on T1WI, and 
hyper-intense or slightly hyper-intense signals 
on T2WI. Enhanced MRI scan demonstrated 
homogeneous or heterogeneous signals, as 
seen in Figure 4.

Findings of pathological examination

Surgically, the lesions were formed into lobu-
lated or nodular masses of varying sizes, with 
ill-defined margins with the surrounding tissue 
and involving the surrounding substantia 
ossea. Under a light microscope, the tumor 
cells were small and uniform in size, with less 

Figure 2. CT findings of pPNETs in bone tissue: osteo-
lytic bone destruction was visible in the right ilium, 
no periosteal reaction, nor evident surrounding soft 
tissue masses.
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cytoplasm, common hyperchromatic nuclei and 
typical Homer-Wright type rosettes (Figure 5). 
Findings of pathological examination of the 
patient tumors met the criteria for pathological 
diagnosis of pPNETs.

Recurrence and metastasis analysis

The mean follow-up period was 24.2 ± 2.7 
months. After which, 6 patients had recurrent 
primary lesions, 1 had pulmonary metastasis, 
1 had bone metastasis, 1 had intracranial 
metastasis, and 7 had no recurrence or metas-
tasis after surgery.

Discussion

pPNETs are rare and extremely pernicious 
malignant tumors [11]. Although they are most 

of pPNETs enrolled in this study were confirmed 
by HE staining and neural markers of immuno-
histochemical staining, which manifested dis-
tinct pathological characteristics. Under a light 
microscope, the cells of pPNETs were small and 
uniform in size, with less cytoplasm, common 
karyokinesis, and typical rosettes formation. 
Immunohistochemical staining confirmed that 
at least two of the neural markers (including 
CD99, NSE, Vimentin, S-100, and Syn) were 
expressed, but malignant schwannomas and 
neuroblastomas were basically unexpressed, 
which is consistent with the result of Tan et al. 
[17].

pPNETs are extremely malignant, invasive, and 
susceptible to postoperative recurrence and 
metastasis, with poor prognosis. To improve 

Figure 3. CT findings of pPNETs in soft tissue of left foot: the masses showed 
ill-defined margins; isointense signals were visible on T1WI and slightly hy-
per-intense signals on T2WI.

Figure 4. MRI findings of pPNETs in bone tissue: bone destruction was vis-
ible in the right ilium, surrounded by evident soft tissue masses; isointense 
signals were visible on T1WI and slightly hyper-intense signals on T2WI. A: 
T1WI; B: T2WI.

common in children and ado-
lescents, they can also be 
present in all parts of body of 
patients at various ages, sho- 
wing no clinically specific fea-
tures. Previous studies dem-
onstrate that pPNETs can 
occur in various organs and 
the adjacent parts of body, 
more prevalent in the limbs, 
chest walls, paravertebral sit- 
es [12, 13]. In the present 
study, clinical data of 16 pat- 
ients with pPNETs were retro-
spectively analyzed. The res- 
ults reveal that the patients 
ranged in age from 10 to 30 
years old (mean, 18.6 ± 2.5 
years). The lesions were locat-
ed in the pelvis (2 cases), 
chest wall (2 cases), chest 
cavity (1 case), soft tissue of 
the lower extremity (2 cases), 
intraspinal canal (2 cases), 
paranasal sinuses (2 cases), 
peritoneal cavity (2 cases), 
and bone tissue (3 cases). 
This implied the scattered 
location and the young age of 
onset of pPNETs, which is 
basically consistent with that 
reported by Kumar et al. [14]. 
Additionally, the histological 
features of pPNETs are extra- 
ordinarily similar to those of 
other small round malignant 
tumors [15, 16]. The 16 cases 
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radiological diagnosis of pPNETs is clinically 
significant to guide the treatment of the tumors. 
However, fewer reports and literature are 
focused on the CT and MRI features of pPNETs. 
In the present study, pPNETs of soft tissue pre-
sented soft tissue masses of varying degrees, 
infiltrative proliferation and involving the sur-
rounding tissue. The masses had ill-defined 
margins and heterogeneous internal density. 
CT scan showed the masses manifested het-
erogeneously density, visible cystic degenera-
tion and necrosis. In enhanced scan, the mass-
es showed obvious cystic degeneration and 
necrosis, and enhanced unevenness. MRI 
scans revealed iso-intense signals on T1WI, 
and iso-intense signals on T2WI, and heteroge-
neously intense signals in enhanced scan. CT 
findings of pPNETs in bone tissue showed 
osteolytic bone destruction with ill-defined 
margins, no periosteal reaction, with or without 
surrounding soft tissue masses of varying 
degrees. MRI findings of pPNETs in bone tissue 
were characterized by discontinuity of the corti-
cal bone signals in the disrupted region and 
signal changes in the medullary cavity and sur-
rounding soft tissue. The masses presented 
slightly hypo-intense or isointense signals on 
T1WI and hyper-intense or slightly hyper-intense 
signals on T2WI. They were heterogeneously 
intense in enhanced scan, which is basically 
consistent with that reported by Duan et al. 
[18].

pPNETs are mainly treated by surgical resec-
tion. A study stated that although postoperative 
adjuvant radiochemotherapy prolonged the 
survival time of patients, the rates of local 
recurrence and metastasis remained high after 
surgery [19, 20]. In the present study, patients 
with pPNETs were followed up for 2 years. There 
were 7 patients without postoperative recur-
rence or metastasis. Recurrence of primary 
lesions occurred in 6 patients and tumor 
metastasis in 3 patients, indicating that the 
rates of recurrence and metastasis of pPNETs 
are high.

In conclusion, radiological patterns of pPNETs 
on CT and MRI scans were specific, but CT and 
MR examination could display tumor density 
and signal characteristics, providing reliable 
evidence for planning of surgical protocols and 
assessment of therapeutic effects. Neverthe- 
less, there are still some limitations in the pres-
ent study, such as a small sample size, single 
center, and unavailability of long-term follow-up 
results. In the future research, additional multi-
center studies with larger sample size and long-
term follow-ups are required for further 
validation.
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