
PEDIATRIC RADIOLOGICAL CASE

Case Summary 
A teenager presented with a three-

week history of right-sided head-
aches, double vision, intermittent 
somnolence, and left lower extrem-
ity stinging pain and weakness. 
Additionally, there was left lower 
extremity weakness on physical 
examination. The initial imaging in-
cluded MRI of the brain and spine. A 
percutaneous biopsy of the posterior 
right parietal superficial mass was 
performed, with a pathologic diag-
nosis of Ewing Sarcoma (EWS). The 
primary lesion was later confirmed 
to arise from the left fibula (not 
shown) on radiographs, PET/CT and 
MRI where the soft tissue compo-
nent was best seen.

Imaging Findings 
Brain MRI (Figure 1) demonstrat-

ed diffuse calvarial signal abnormali-
ty and multiple bilateral epidural and 
scalp masses, the largest overlying 
the posterior right parietal bone. 
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Spine MRI (Figure 2) demonstrat-
ed multiple abnormally contrast-en-
hancing vertebral bodies and mild 
loss of height at T9 and T11.

 Whole body FDG-PET and axial 
PET/CT through the thorax performed 
one year after diagnosis demonstrat-
ed multifocal FDG uptake in meta-
static pleural-based masses, multiple 
vertebrae, and bilateral extremities. 

Diagnosis
Metastatic Ewing sarcoma. 
The differential diagnoses for 

EWS include osteomyelitis and 
osteosarcoma, both of which can 
have similar clinical presentations 
and appear similarly on imaging. 
Noteworthy imaging features of EWS 
may help distinguish EWS from these 
other common bone lesions. When 
comparing EWS to osteosarcoma, on 
radiography osteosarcoma typically 
has mixed lytic and sclerotic destruc-
tive bone changes with a periosteal 
reaction generally perpendicular to 
the diaphyseal cortex. In contrast, 
EWS is significantly more likely to 
show metadiaphyseal involvement.1,2 
Other noteworthy but not pathog-
nomonic characteristics of EWS on 
radiography include an “onion-skin-
ning” periosteal bone pattern, “hair 

on end” appearance, and cortical 
saucerization.1,2 

Osteomyelitis may be best differ-
entiated from EWS on MRI. EWS is 
significantly more likely to show het-
erogeneous cystic and necrotic areas 
with a contrast-enhancing soft tissue 
mass, a wide transition zone, and 
permeative cortical involvement.1,2 
EWS will not show the serpiginous 
tracks that may be appreciated in os-
teomyelitis.2 When comparing the low 
signal intensity of altered bone on T1 
to the hyperintense signal of normal 
marrow on STIR images, the margins 
between normal bone and affected 
regions tend to be more sharply 
defined in EWS when compared to 
osteomyelitis.3     

Discussion
Ewing sarcoma is a malignant 

tumor of childhood that is described 
by a t(11;22)(q24;q12) translocation 
and “small round blue cells” on his-
tology.6 Ewing sarcoma has an annual 
incidence of one case per million in 
the United states with peak morbidity 
occurring between 15-18 years of age.7 
While similar in histological appear-
ance, EWS is distinct from primitive 
neuroectodermal tumors, since these 
tumors lack the MIC2 gene and do not 
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Figure 1.  (A) Brain MRI axial T2 demonstrating diffuse osseous signal heterogeneity and 
multiple bilateral epidural and scalp masses, the largest overlying the posterior right 
parietal bone (arrow). The epidural component partially compressed the posterior aspect 
of the superior sagittal sinus. (B) Brain MRI axial T1 postcontrast with fat suppression 
demonstrating heterogeneously enhancing diffuse osseous lesions with epidural (*) and scalp 
extension (arrows). Areas without enhancement (blue star) reflect necrosis.

Figure 2. Spine MRI T1 postcontrast with 
fat suppression demonstrating multiple 
enhancing vertebral bodies with loss of height 
at the T9 and T11 levels (*).
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express CD99.4  Primary EWS most 
commonly arises in the diaphysis of 
long bones but may also present in 
the ribs, flat bones of the pelvis, and 
spinal column.6 Distant metastasis 
most commonly occurs in the lungs 
(38%), spine (31%), and bone marrow 
(11%), with skull metastasis being 
the rarest presentation, occurring in 
only 2-9% of cases.8,9  

Definitive diagnosis of EWS can 
be made with cytogenetic testing 
for the EWSR1 gene, which acts as a 
transcription factor created by fusion 
of the EWS gene located on 22q12 
and friend of leukemia virus integra-
tion 1 (FLI1) gene, located on 11q24, 
forming a t(11;22)(q24;q12) EWS-FLI1 
translocation.4 Cell surface protein 
CD99, though highly sensitive for 
EWS, is a non-specific marker also 
seen in lymphoblastic lymphoma, 
rhabdomyosarcoma, and ependymo-
ma.4 The presence of other reported 
markers in combination with CD99, 
such as NKX2-2, a downstream target 
of EWS-FLI1, is highly specific for 
EWS.5  These markers can aid in the 
differentiation of EWS from other 
closely related head and neck malig-
nancies such as adamantinoma-like 
Ewing sarcoma that cannot be differ-
entiated on imaging.5 

Clinical features include non-
specific constitutional signs and 
symptoms such as fever, anemia, 
fatigue, nausea, and vomiting.6,8,9 In 
the case of calvarial involvement, 
local symptoms include headache and 

papilledema due to high intracranial 
pressures, ear drainage, facial muscle 
weakness and paralysis. An enlarging, 
often immobile, non-tender mass 
may be present on examination.6,8,9 
Lab values may reveal neutrophilia 
and leukocytosis.6    

Radiographic features of EWS 
show bone destruction with an asso-
ciated large soft tissue mass. The as-
sociated bone destruction has a mul-
tilayered “onion-skin” like pattern 
of new periosteal bone formation.6  
However, this finding is not usually 
appreciated on skull lesions and has 
otherwise been reported as a lytic 
mass with mottled bone destruction.8 
MRI findings of primary cranial 
EWS appear as hypointense on T1, 
and hypo- to hyperintense on T2.9 
Affected bone margins have very low 
signal intensity on T1 images, while 
normal bone has a high signal in-
tensity on T2 or STIR images, which 
creates a sharply defined margin 
helping to distinguish EWS from oth-
er primary malignant bone tumors.3 

For evaluation of the primary 
lesion and osseous metastasis, the 

Figure 3.  (A) Whole body FDG-PET and (B) axial PET/CT through thorax one year after 
diagnosis demonstrate multifocal FDG uptake in metastatic pleural-based masses 
(asterisks), multiple vertebrae, and bilateral extremities (arrows). Note the recurrent large 
soft tissue mass in the right lateral calf region.
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Children’s Oncology Group recom-
mends obtaining imaging studies 
both at time of presentation, at 
baseline once local control has been 
achieved, surveillance while on che-
motherapy, and upon completion of 
the treatment regimen. Anterior-pos-
terior and lateral radiographs as well 
as contrast-enhanced MRI or CT are 
often the initial imaging studies. 
Technetium-99m-methylene-diphos-
phonate bone scintigraphy or Fluoro-
deoxyglucose PET is the modality of 
choice for whole body evaluation. 

Treatment for EWS involves 
chemotherapy in combination with 
radiotherapy. The standard che-
motherapeutic protocol typically 
includes vincristine, doxorubicin, 
cyclophosphamide, ifosfamide and 
etoposide.9 Radiotherapy may be 
used in combination with surgery, as 
warranted.6     

Conclusions 
Ewing sarcoma with skull me-

tastasis is a rare occurrence. The 

aggressive nature of this tumor and 
poor prognosis in the case of skull 
metastasis makes early detection and 
treatment paramount. 

Characteristic findings of EWS on 
plain radiograph can help in differ-
entiating EWS from osteosarcoma, 
while MRI can aid in distinguishing 
EWS from osteomyelitis. Imaging is 
essential for locating the lesion(s), 
establishing a baseline, and monitor-
ing for recurrence throughout and 
following the course of treatment. 
Definitive diagnosis of EWS can be 
made with cytogenetic testing. 
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