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Objective: To explore the imaging features of meningeal
Ewing sarcoma/peripheral primitive neuroectodermal
tumours (PPNETS).

Methods: The imaging features and pathological charac-
teristics of eight cases of surgically and pathologically
confirmed Ewing sarcoma/pPNET were analysed retro-
spectively in light of recent literature on the disease.
Results: The peak age was between 10 and 20 years. The
lesions tended to be spindle shaped and dural based,
usually widely so. CT showed that the lesions had slightly
uneven high density in five cases and iso-low mixed
density in three cases; marked heterogeneous enhance-
ment was seen in all cases after contrast injection. MRI of
the lesions showed varying proportions of isointense and
hypointense signal in all cases on unenhanced T; weighted
imaging and varying proportions of isointense and hyper-
intense signal on 7, weighted imaging. After contrast

Ewing sarcoma/peripheral primitive neuroectodermal
tumours (pPNETs) are a group of highly malignant small
round cell neoplasms, which include Ewing sarcoma,
Askin tumour and pPNET." We collected eight cases of
meningeal Ewing sarcoma/pPNET confirmed by pa-
thology and immunohistochemistry to review the im-
aging and pathological findings in order to deepen our
understanding and improve the diagnosis of this disease,
and to provide more accurate clinical information.

METHODS AND MATERIALS

Eight cases of meningeal Ewing sarcoma/pPNET were
confirmed by surgery and pathology in the Second Hos-
pital of Lanzhou University, Lanzhou, China, between
November 2005 and December 2011. There were five males
and three females aged between 7 and 23 years (mean age,
15 years). Presenting symptoms had been of 2 weeks to
18 months of duration. There were four cases presenting
with headache, two cases with headache, dizziness and
vomiting and two cases presenting with fever. One case had

injection, marked heterogeneous enhancement was seen
in all cases; three cases showed a short and nodular dural
tail and five cases showed adjacent skull erosion and
osteolysis. Pathological results included high cell density,
haemorrhage and necrosis. The cells resembled lympho-
cytes and spindle cells with transparent cytoplasm. CD99
and vimentin were expressed by all tumour cells.
Conclusion: Features of meningeal Ewing sarcoma/
PPNETSs include peak incidence at 10-20 years of age,
a broad connection to the meninges, a thick dural tail
involved with tumour, skull and scalp erosion and early
metastasis. Necrosis and cystic changes are the common
histological findings.

Advances in knowledge: The imaging features of menin-
geal Ewing sarcoma/pPNETs have not been reported.
The study helps to identify meningeal Ewing sarcoma/
pPNETs and meningioma.

right proptosis, accompanied by visual disturbances. Two
cases were accompanied by physical disabilities. Two cases
had non-tender masses. Pre-operative imaging diagnoses
were meningioma in four cases, metastatic tumour in one
case, hemangiopericytoma in one case and skull osteosar-
coma in one case.

MRI scans were performed with a 1.0-T scanner (Mag-
netom Harmony; Siemens Medical Systems, Erlangen,
Germany) and a 3.0-T scanner (Siemens Verio). The
Siemens Magnetom Harmony 1.0-T MR scanner pro-
tocol included conventional spin-echo (SE) and fast SE
sequences with axial, sagittal and coronal imaging. Scan-
ning parameters were as follows: T; weighted imaging
(T1WI), repetition time (TR)/echo time (TE) 550 ms/
12ms; T, weighted imaging (T2WI), TR/TE, 2200 ms/
90 ms; thickness, 5.0 mm; spacing, 1.5 mm; field of view
(FOV) 320 X 320 mm; matrix, 256 X 256; sagittal and
coronal slice 8.0mm; and layer spacing, 2.0 mm. For the
enhanced scans, a bolus of gadolinium-diethylene triamine
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pentaacetic acid was given intravenously at a dose of 0.1 mmol kg™
with a flow rate of 3mls™". The 3.0-T superconducting MR
scanner protocol included a three-dimensional T fluid-
attenuated inversion recovery sequence: TR/TE, 2200 ms/
25.2 ms; FOV, 240 mm; thickness, 4.0 mm; spacing, 0.5 mm;
matrix, 256 X 256, and diffusion tensor imaging with single-
shot SE echo-planar imaging: TR/TE 10000 ms/112 ms; FOV,
240 mm; thickness, 4.0 mm; spacing, 0.5 mm; and matrix,
128 X 128.

The eight patients underwent total or subtotal resection. The
resected tumour specimens were fixed in 4% formaldehyde for
24h, dehydrated and embedded in paraffin. Each fixed sample
was then cut into slices of 3—4 pm thickness to make five to six
sections. The sections were separately stained with haematoxylin—
eosin, periodic acid schiff, CD99, synaptophysin (Syn), neuron-
specific enolase (NSE), vimentin (Vim) and S-100. The tumour
tissue sections were reviewed by two neuropathologists who were
not aware of the MRI appearance.

RESULTS

The primary tumour sites were the right side of the tentorium,
the right side of the frontal, right temporal pole, right occipital
dura, right top, left frontal dura, left temporal dura, left occipital
dura each in one case. Three patients had distant metastases.
Seven of the eight cases were connected to the dura with a wide
base and were fusiform shaped. CT showed that the lesions had
slightly uneven high density in five cases and iso—low mixed
density in three cases; marked heterogeneous enhancement was
seen in all cases after contrast injection. On MRI, all the lesions
showed mixed signal. On TIWI, six lesions showed mixed
isointense-to-hypointense signal and two cases had mixed
hypointense signal. All cases showed mixed isointense-to-
hyperintense or diffuse, slightly hyperintense signal on T2WI.
There were varying degrees of cystic degeneration and necrosis
(Figures 1-9). One case showed multiple septa (Figure 3). There
was significant heterogeneous enhancement of the masses; three
cases showed a short and nodular dural tail. Five cases had clear
boundaries with brain tissue and a pseudocapsule. Only three
cases showed mild peritumoral oedema (Figures 2 and 5). The
tumours were otherwise aggressive; five cases showed distinct
adjacent skull erosion and osteolysis. One lesion located on the
right side of the tentorium displaced the right temporal (Figures
4-6) and one lesion located in the right frontal dura displaced
the orbit anteriorly (Figures 7-9). Two cases broke through the
outer table of the skull to invade the scalp. The case of metastatic
disease involved a vertebra, which resulted in vertebral body
destruction (Table 1).

The gross appearance of the tumours was yellow or grey-red and
indurated. Five cases had a pseudocapsule. Haemorrhage, ne-
crosis and liquefaction were seen inside the tumours. Histology
showed rich uniform small round cells (Figure 10) with little
cytoplasm and deep nuclear staining (Figure 11), which is the
characteristic of a neuroectodermal neoplasm. There were large
areas of coagulation necrosis; immunohistochemistry showed
that all cases were CD99 positive and Vim positive (Figure 12).
Three cases were Syn positive, one case was weakly Syn positive
and two cases were weakly S-100 protein positive.
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Figure 1. A 14-year-old male with meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumour of the left tem-
poral region. Coronal T; weighted imaging showed mixed low
signal.

Six patients died within 3 months, one patient died within
6 months and one patient was lost to follow-up. All patients
underwent surgery and radiotherapy.

Figure 2. A 14-year-old male with meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumour of the left tem-
poral region. Axial T, weighted imaging showed mixed high
signal. The tumour showed a wide base, adjacent skull erosion
and soft tissue invasion under the scalp.
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Figure 3. A 14-year-old male with meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumour of the left temporal
region. Axial enhanced 7; weighted imaging showed significant
enhancement; multiple septa could be seen inside the tumour.
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Figure 5. An 18-year-old female with meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumour of the right
tentorium. Axial 7, weighted imaging showed heterogeneous
hyperintensity. The lesion border was clear.

DISCUSSION

PNET was first reported occurring in the ulnar nerve by Stout in
1918;” Ewing sarcoma was reported by Ewing in 1921.” In 1973,
Hart* proposed the concept of origin was from primitive neu-
roectoderm, and it was composed of small round cell and was

Figure 4. An 18-year-old female with meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumour of the right tento-
rium. Unenhanced axial 7; weighted imaging showed mixed
isointense-to-hypointense signal.

a rare, highly aggressive, malignant tumour.>® PNET was further
divided into central type and peripheral type (pPNET) and the
latter occurred outside the central and sympathetic nervous
system.” Meningeal Ewing sarcoma/pPNET was categorized
among the meningeal mesenchymal tumours, and meningioma

Figure 6. An 18-year-old female with meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumour of the right tento-
rium. Enhanced sagittal 7; weighted imaging showed significant
enhancement and prominent vessels.
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Figure 7. A 13-year-old female with meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumour of the right
frontal region. Unenhanced axial T; weighted imaging showed
mixed hypointense-to-isointense signal. FLAIR, fluid-attenuated
inversion recovery.

was categorized into meningeal epithelial tumours.® The patho-
logical diagnosis of Ewing sarcoma/pPNET requires the presence
of Homer-Wright rosettes or immunohistochemical expression
of at least two different neural markers, such as CD99, NSE, Syn,

Figure 8. A 13-year-old female with meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumour of the right frontal
region. Axial T, weighted imaging showed mixed hypointense
signal. High signal was seen around the lesion. TSE, turbo spin
echo.
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Figure 9. A 13-year-old female with meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumour of the right frontal
region. Enhanced coronal 7; weighted imaging showed significant
heterogeneous enhancement.

$-100 and Vim.>'° In our series, all tumours expressed CD99
and Vim.

In our series, five cases of eight patients occurred at the usual age
of onset of 10-20 years old. The mean age was 15 years. The
tumours showed a male predominance with a male to female
ratio of 5:3. The literature has reported that 75% of Ewing
sarcoma/pPNET occurs before the age of 30 years, and males are
affected more frequently than females.'™' Those originating
from the soft tissue or bone occur in older patients with an
average age of 28 years.'”'” The mean age of onset in our group
was slightly lower, but most likely not significant because of the
small sample size. The clinical manifestations of the patients
showed varying degrees of headache, dizziness and vomiting,
which were most likely due to elevated intracranial pressure
caused by oedema and mass effect. The main reason was the mass
effect in our group. Seven patients died within 6 months and one
patient was lost to follow-up. One case presented with vertebral
metastasis and two more patients developed metastases. The
majority of patients with brain and spinal Ewing sarcoma/pPNET
reported in the literature died within 1 year. Ewing sarcoma/
pPNET has a high degree of malignancy, the World Health Or-
ganization (WHO) grade is grade IV, and patients can readily
relapse with resultant high mortality. The longest recorded
survival was 72 months after three resections and chemo/
radiotherapy."’

Intracranial meningeal Ewing sarcoma/pPNET imaging findings
have similarities with those of meningioma and may mimic me-
ningioma. Four of our cases were misdiagnosed as meningioma.

Seven of the cases featured a wide meningeal base and a fusiform
growth pattern along the meninges on MRI. A wide meningeal
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Table 1. Imaging features of meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumours

Imagine features Cases Proportion
gne (n) (%)

Fusiform shaped 7 87.5
CT appearance

Mixed slightly high density 5 62.5

Mixed iso—low density 3 37.5
MR appearance

Mixed

isointense-to-hypointense 6 75.0

signal on TIWI

Mixed hypointense signal on

TIWI 2 25.0

Mixed

isointense-to-hyperintense 8 100.0

on T2WI
Degree of enhancement

Significantly heterogeneous 8 100.0

enhancement

Cystic .degeneratlon and 8 100.0

necrosis

Short and nodular dural tail 3 37.5
Peritumoral oedema

Mild 3 37.5

No significant 5 62.5

Connected to the dura with

a 7 87.5

wide base

Ad)acen.t skull erosion and 5 62.5

osteolysis

TIWI, T; weighted imaging; T2WI, T, weighted imaging.

base showed the tumour was close to the meninges, and fusiform
growth pattern might be due to the meninges, blood-brain barrier
and skull affect meningeal Ewing sarcoma/pPNET growth pattern.
Skull invasion was seen in five cases, and two patients suffered
destruction of the outer table of the skull, and these regions could
be seen as rich tumour cells in the microscope. This is consistent
with reports that pPNET can spread along the spinal nerves or the
neighbouring tissue, causing bone and soft tissue destruction.'>'*™¢
However, the fact that the lesions and brain tissue boundaries were
clear might be due to the meninges and blood-brain barrier that
played a role in infringing the tumour of the brain.

Meningeal Ewing sarcoma/pPNET mainly displayed slightly
uneven high density on CT and mainly heterogeneous signal on
MRI. Pathological examination of these regions showed abun-
dant small round cells and high cell density, and some regions
showed a large amount of protein-rich mucus associated with
haemorrhage and necrosis. Therefore, meningeal Ewing
sarcoma/pPNET mainly showed uneven density or signal. An
obvious heterogeneous enhancement because of a rich blood

Figure 10. A 14-year-old male with meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumour of the left tem-
poral region. Tumour was composed of extremely rich uniform
small round cells (haematoxylin-eosin X100).
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supply, similar to pPNET and bone Ewing sarcoma, is reported
in the literature; many authors argued that pPNET and bone
Ewing sarcoma showed obvious heterogeneous enhancement,
commonly with necrosis on histology, usually without ossifica-
tion, calcification or periosteal reaction.'”>° This may be due to

Figure 11. A 14-year-old male with meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumour of the left tem-
poral region. Cell borders are unclear, with sparse transparent
cytoplasm (haematoxylin-eosin X400).
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Figure 12. A 14-year-old male with meningeal Ewing sarcoma/
peripheral primitive neuroectodermal tumour of the left tem-
poral region. Immunohistochemical staining was positive for
CD99 (x400).

the short course of the disease, with little time for calcification.
Most authors report that peritumoral oedema usually indicates
a high degree of malignancy, although in our group of eight
cases only three cases of mild peritumoral oedema occurred. A
thick dural tail was seen in three cases in our group, most likely
because the tumour undermined the surrounding normal me-
ninges. The “dural tail sign” is generally believed to be a benign

Z Jing et al

response to adjacent tumour, but appeared as a thickened
atypical tail in these cases because of the aggressive nature of
Ewing sarcoma/pPNET.

DIFFERENTIAL DIAGNOSIS

Meningiomas are common extra-axial tumours, usually oc-
curring in middle age, affecting females more than males, with
a slow course and a low degree of malignancy. MRI shows
isointense signal and little mass effect. Enhancement is usually
homogeneous and bright. The dural tail sign is commonly
seen. Especially microcapsules meningioma, a pathololgical
subtype of meningiomas, which shows scattered size dis-
tribution of microcapsule structure is easily confused with
meningeal Ewing sarcoma/pPNET. However, microcapsule
meningioma shows significant even hypointense signal on
T1WI, significant even hyperintense signal on T2WI and a grid-
like change after enhanced scan. Moreover, the WHO grade is
grade I, and no obvious signs of invasion are in the surrounding
areas. For intracranial hemangiopericytoma, MRI mainly shows
iso-to-hypointense signal on TIWI and iso-to-hyperintense het-
erogeneous signal on T2WI. Bleeding is common. Enhancement
is heterogeneous. It has a lobulated shape and a narrow base
connected to the dura mater. Skull osteosarcoma is rare. Tumour
bone formation with a radial appearance is common, and the age
of onset is older.

In summary, meningeal Ewing sarcoma/pPNETs was typified by
an age of onset of 10-20 years, rapid disease progression, wide
meningeal base and fusiform shape. It displayed slightly uneven
high density on CT, mainly heterogeneous signal on MRI, with
frequent cystic necrosis, significant heterogeneous enhancement,
a nodular dural tail indicating tumour infiltration and a ten-
dency to invade adjacent skull and soft tissue.
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