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The Ewing sarcoma family of tumors includes osseous Ewing sarcoma,
extraskeletal Ewing sarcoma, primitive neuroectodermal tumor, and
Askin tumor. They share a karyotype abnormality with translocation
involving chromosomes 11 and 22. Histologically, these lesions dem-
onstrate crowded sheets of small round blue cells. Imaging features of
osseous Ewing sarcoma often suggest the diagnosis, with aggressive
long-bone destruction in the metadiaphysis of an adolescent or young
adult and an associated soft-tissue mass. Focal areas of cortical destruc-
tion are frequent, allowing continuity between the intraosseous and
extraosseous components. This continuity is also commonly seen as
subtle channels extending through the cortex at computed tomography
or magnetic resonance (MR) imaging, a finding that reflects the under-
lying pathologic appearance. Extraskeletal Ewing sarcoma commonly
demonstrates a nonspecific radiologic appearance of a large soft-tissue
mass affecting the paraspinal region or lower extremity. Askin tumor
represents extraskeletal Ewing sarcoma involving the chest wall. Imag-
ing typically reveals a large pleural-based mass and associated pleural
effusion. Treatment of these tumors is usually a combination of neo-
adjuvant chemotherapy followed by surgical resection, which may be
supplemented with radiation therapy. Imaging, particularly MR, is also
vital to evaluate response to neoadjuvant therapy, direct surgical resec-
tion, and detect local recurrence or metastatic disease.
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Abbreviations: FDG = fluorine 18 fluorodeoxyglucose, H-E = hematoxylin-eosin, PNET = primitive neuroectodermal tumor, RT = radiation therapy,
SUV = standardized uptake value, TR = repetition time
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Introduction
James Ewing described the tumor that would
eventually bear his name as diffuse endothelioma
of bone in 1921 and later as endothelial myeloma
(1). He described the lesion as “differing mark-
edly from osteogenic sarcoma [or] any known
form of myeloma and ... designated by the vague
term round cell sarcoma of unknown origin and
nature” and suggested the probable endothelial
origin of this neoplasm. Dr Ewing was appointed
as the first professor of pathology at Cornell Uni-
versity in 1899 and had extensive interest in and
experience with osseous tumors. He cofounded
the American Society for the Control of Cancer
(now the American Cancer Society) in 1913. His
extensive research on cancer and its treatment led
to him being on the cover of Time magazine in
1931 as “Cancer Man Ewing.”

The initial theory of the cell origin of Ewing sar-
coma included the endothelial cells and undiffer-
entiated mesenchymal cells of bone marrow. The
advent of immunohistochemistry and cytogenetic
evaluation suggested a neuroectodermal origin.
Although Ewing sarcoma was initially described
in bone, an extraskeletal location was reported in
1975 by Angervall and Enzinger (2). Subsequently,
lesions in bone and soft tissue with microscopic
features indistinguishable from those of Ewing
sarcoma, but with histologic rosette formation
and other pathologic features of neural differentia-
tion, were described as primitive neuroectodermal
tumor (PNET) (3,4). Askin and colleagues (5) re-
ported a similar series of lesions involving the chest
wall, referred to as Askin tumors, in 1979. Thus,
there appeared to be two distinct but similar le-
sions, Ewing sarcoma and PNET (including Askin
tumor), that involved bone or soft tissue.

The advent of cytogenetic evaluation of le-
sions demonstrated that Ewing sarcoma, PNET,
and Askin tumor all shared a common karyotype
abnormality. This translocation between the
long arms of chromosomes 11 and 22 (t[11;22]
[a24;q12]) is present in approximately 90% of
these lesions (6,7). Subsequent development
of additional and more sophisticated cytoge-
netic and molecular evaluation techniques has
confirmed the common genetic lineage of these
tumors. Furthermore, Cavazzana and cowork-
ers (8) were able to induce neural differentiation
in Ewing sarcoma in vitro. Thus, it is now nearly
universally agreed that Ewing sarcoma, PNET,
and Askin tumor are cytogenetically closely re-
lated if not identical lesions on a morphologic
continuum, which is referred to as the Ewing sar-
coma family of tumors.

In this article, we review the clinical features,
pathologic appearance, and imaging character-
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istics of the Ewing sarcoma family of tumors.
Treatment and prognosis of these tumors and
posttreatment imaging are also discussed.

Ewing Sarcoma of Bone

Clinical Characteristics

Ewing sarcoma of bone represents the second
most common primary malignant tumor of bone
in children and adolescents, exceeded in preva-
lence only by osteosarcoma (6,9—-11). Overall, it
is the fourth most frequent primary malignant
tumor of bone after multiple myeloma, osteosar-
coma, and chondrosarcoma (6,9—-11). Ewing sar-
coma accounts for approximately 3% of all pedi-
atric cancers (9). The annual incidence of Ewing
sarcoma in the United States is 200 cases, with a
rate of one to three cases per 1 million children
(12-14). Ewing sarcoma is most frequent in the
first 3 decades of life, with 95% of cases reported
between the ages of 4 and 25 years (14,15). The
peak prevalence is between the ages of 10 and 15
years. There is a slight male predilection (male-
to-female ratio, 1.5:1). There is a marked pre-
dominance of Ewing sarcoma in white patients
(95% of cases); this lesion only rarely affects
blacks (0.5%—2% of cases) (6,9,16).

There is a wide skeletal distribution for Ewing
sarcoma. However, the most common affected
sites are the femur (21% of cases), ilium (12%—
13%), tibia (8%—11%), humerus (10%), fibula
(7%—-9%), ribs (8%), and sacrum (6%) (6,9,16).
The pelvis, extremities, and ribs account for ap-
proximately 86% of cases (14,15). Other less
frequently involved skeletal locations include the
mobile portion of the spine (4%—6%), scapula
(4%—-5%), hand or foot (3%—6%), radius or ulna
(3%—-5%), mandible or maxilla (1%-2%), clavicle
(2%), calvaria (1%), facial bones (0.5%), and
sternum (0.2%) (9,15).

Long tubular bone involvement is more com-
mon proximally than distally. While a diaphyseal
location of osseous Ewing sarcoma is often em-
phasized, the majority of long-bone lesions are
actually metadiaphyseal (44%—-59%) (6,9,16).
Diaphyseal lesions account for 33%-35% of
cases, while a Ewing sarcoma confined to the
metaphysis represents 5%—-15% of lesions (14).
Epiphyseal extension may be seen in up to 10%
of cases, although lesions centered in the epiphy-
sis are rare (0.5%—-2%) (6,9,16).

The clinical presentation of Ewing sarcoma
is usually nonspecific, with pain (82%-88% of
patients) and a mass or swelling (60% of pa-
tients) (17-20). Symptoms are often present
for more than 6 months before diagnosis. Fever
(20%—-49% of patients) and increased erythrocyte
sedimentation rate (43% of patients) simulat-
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Figure 1. Gross pathologic and histologic appearance of Ewing sarcoma of bone. (a) Drawing
of the proximal femur shows intramedullary involvement by tumor (M) extending into the soft
tissue (1) through focal cortical destruction (arrows). (b) Drawing reveals intramedullary tumor
(M) permeating through the haversian canals and neurovascular channels (arrowheads). This
pattern of extension allows continuity between the medullary (M) and soft-tissue (7) compo-
nents without large areas of focal cortical destruction. (¢) Photomicrograph (original magnifica-
tion, X250; hematoxylin-eosin [H-E] stain) demonstrates monotonous round blue cells typical of
Ewing sarcoma. There is mild pseudorosette formation (circles). Inset (upper left corner) (origi-
nal magnification, X450) reveals typical indistinct cell membranes, indented nuclei, and scant cy-
toplasm. (Fig 1a and 1b courtesy of Aletta Ann Frazier, MD, American Institute for Radiologic
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Pathology, Silver Spring, Md, and University of Maryland School of Medicine, Baltimore, Md.)

ing an infectious origin are also common clinical
features in Ewing sarcoma patients at presenta-
tion, often correlating with advanced disease
and metastases (14,17,20). Pathologic fractures
are uncommon as an initial clinical presentation
(17,20). Additional clinical manifestations are re-
lated to the site of involvement and include neu-
rologic symptoms (spine and calvarial lesions),
pleuritic chest pain (rib lesions), dental abnor-
malities (facial lesions), and gait disturbances
(lower long-bone lesions).

Pathologic Features

At gross pathologic evaluation, Ewing sarcoma
is a soft gray-to-white mass that often has rela-
tively well-defined margins, although poorly
defined margins may also be present. Osseous

lesions originate in the central medullary ca-
nal, with early involvement of the soft tissues in
80%—-100% of cases (6,9,10). Soft-tissue masses
are usually large and circumferential about the
involved bone; they may exceed the intraosseous
component in size in 2%—15% of cases (9,16).
The communication between the medullary ca-
nal and soft-tissue components may be through
focal cortical destruction (Fig 1). However, in
our experience, it is more commonly through
permeation of the cortical haversian canal sys-
tem and along neurovascular channels with
small nests of tumor cells (Fig 1). Periosteal el-
evation is common.

Histologic sections show crowded sheets of
small round blue cells or lobules of such cells di-
vided by a small amount of fibrous stroma. The
cells range from 10 pm to 15 pum in diameter and
have scant clear cytoplasm and indistinct cell
membranes. The nuclei are round with indenta-
tions of the nuclear membrane and small nucleoli.
The cells may also form Homer-Wright rosettes,
in which they are arranged around a central fi-
brous core, or pseudorosettes, with arrangement
around a central blood vessel. Historically, greater
than 20% of tumor tissue showing this rosette
formation was used as a criterion for diagnosis of
PNET, although this extent is rare (6,21).
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There may be areas of hemorrhage or necro-
sis with ghost cells. However, extensive necrosis
is uncommon before treatment. The number of
mitotic figures is quite variable but typically not
numerous. New bone formation, often seen on
devitalized bone, has also been described within
the medullary canal (22). Histologic variants of
this classic Ewing sarcoma include large cell sub-
type and those with adamantinoma-like features
(6,9,23,24). After treatment, tumor cells may
show pleomorphic changes including formation
of tumor giant cells, extensive necrosis, and oste-
oid mineralization.

The cytoplasm of the Ewing sarcoma tumor
cells usually contains glycogen; therefore, they are
periodic acid—Schiff stain positive (70%—-100%)
and diastase-sensitive (6,9,25). Immunohisto-
chemical staining for CD99 (MIC2), neuron-
specific enolase, Leu7 (CD57), FL-1 protein, and
vimentin is usually positive (26,27). The MIC2
gene product is present in 90% of Ewing sarco-
mas (6,9,21). Tumor cells may also be positive for
low-molecular-weight keratins or synaptophysin.
Tumor cells are negative for S100, leukocyte
common antigen (CD45), muscle markers, and
vascular markers.

The pathologic differential diagnosis includes
other small round blue cell tumors, such as met-
astatic neuroblastoma, non-Hodgkin lymphoma,
desmoplastic small round cell tumor, embryonal
rhabdomyosarcoma, small cell osteogenic sar-
coma, other primitive neuroectodermal tumors,
and poorly differentiated synovial sarcoma,
which can usually be distinguished by the im-
munohistochemical staining pattern and cytoge-
netic or molecular genetic testing (28). Electron
microscopy is not routinely performed; however,
it demonstrates limited cytoplasmic organelles,
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glycogen, lack of true desmosomes, and rare
dense core granules.

Cytogenetic evaluation is an essential compo-
nent of the diagnostic and prognostic evaluation
of Ewing sarcoma (11,29). The typical cytogenet-
ic aberration, identified in 85%—-95% of lesions, is
the nonrandom reciprocal translocation between
chromosomes 11 and 22 (t[11;22][q24:;q12])
(6,9-11,29,30). The 22q12 locus codes for EWS,
a transcription factor, while the 11g24 site codes
for FLI1 (6,9-11,30). The EWS-FLII fusion
transcript, seen in approximately 85% of cases,
acts as a transactivator of the c-Myc promoter
(9,29-31). Another cytogenetic aberration, seen
in only 5%-10% of Ewing sarcomas, is the trans-
location t(21;22)(q22;q12), which is referred to
as EWS-ERG (6,9,29,30). The fusion protein
derived from EWS-ERG is similar to that of the
EWS-FLII gene product.

Other translocations more rarely encountered
in Ewing sarcoma include t(7;22)(p22;q12)
EWS-ETV1,t(17;22)(q12;q12) EWS-E1AF, and
1(2522)(q33;q12) EWS-FEV (6,9). These translo-
cations may be detected by conventional G band-
ing; however, molecular genetic techniques, such
as reverse transcriptase polymerase chain reac-
tion and fluorescent in situ hybridization, may be
more sensitive and accurate. These cytogenetic
abnormalities and their resultant protein prod-
ucts may downregulate tumor suppressor genes
and allow the Ewing sarcoma family of tumor
cells to avoid programmed cell death (21,32).

Imaging Characteristics

At radiography, Ewing sarcoma of bone reveals
aggressive features, reflecting the high-grade na-
ture of this malignant lesion (9,18,33,34). Bone
destruction with a moth-eaten to permeative pat-
tern is seen in 76%—-82% of lesions (Fig 2), and

a wide zone of transition (poor margination) is
seen in 96% of lesions (6,9,10,15,35). Geograph-
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Figure 2. Ewing sarcoma of bone in the fibular diaphysis in a 16-year-old boy with swelling, pain, and an enlarging

mass in the left distal lower extremity. (a) Frontal radiograph shows a permeative lytic bone lesion in the distal fibular
diaphysis (white oval) with aggressive hair-on-end periosteal reaction (arrows) and Codman triangles (arrowheads).
(b, ¢) Axial (b) and sagittal (¢) computed tomographic (CT) images of the fibula better depict both the hair-on-
end aggressive periosteal reaction (arrow) and Codman triangles (white arrowheads in c) as well as the extensive
involvement of the marrow. A pathologic fracture is also seen. No large focal areas of cortical destruction are identified,
but linear channels of low attenuation are seen extending through the cortex (arrowhead in b, black arrowheads in c),
which allow continuity between the medullary and soft-tissue components. (d—f) Axial T1-weighted (repetition
time [TR] [msec]/echo time [msec] = 400/15) (d), contrast-enhanced T1-weighted (617/15) (e), and T2-weighted
(4766/34) (f) magnetic resonance (MR) images demonstrate the lesion centered in the marrow canal (M) with circum-
ferential soft-tissue extension (S).The lesion is heterogeneously intermediate in signal intensity on both the T'1-
weighted and T2-weighted images with diffuse enhancement on the postcontrast image. Periosteal reaction is better
seen at radiography and CT. Cortical involvement is seen as intermediate-signal-intensity channels extending through
the low-signal-intensity cortex (arrowheads), allowing continuity between the medullary canal and soft-tissue compo-
nents. (g) Photograph of the sagittally sectioned gross specimen reveals identical features as depicted at imaging with
a medullary (M) centered lesion, aggressive periosteal reaction (curved arrows = Codman triangles, straight arrows =
hair-on-end reaction), and soft-tissue extension (§). Linear channels of extension through the cortex are also seen (ar-
rowheads), allowing continuity between the medullary and soft-tissue components. Scale is in centimeters.
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Figure 4. Ewing sarcoma of the proximal humeral metadiaphysis in a 25-year-old man with a skip metastasis.
(a) Frontal radiograph shows a permeative lytic lesion in the proximal humeral metadiaphysis () with a pathologic
fracture and aggressive periosteal reaction (arrows). (b) Static frontal image from whole-body bone scintigraphy reveals
heterogeneous markedly increased uptake of radionuclide (black oval) in the humeral lesion. (¢) Coronal T'1-weighted
MR image (500/15) demonstrates focal marrow replacement in the proximal humeral lesion (*) with focal cortical
destruction and an associated soft-tissue mass (M). A skip metastasis is seen as a separate focus of marrow replacement
(S), which is separated from the primary focus by a small area of normal intervening marrow. (d) Photograph of the
coronally sectioned gross specimen shows the focal marrow replacement (x), cortical destruction (arrowheads), soft-
tissue extension (7), and distal skip metastasis (white oval), findings that correlate with the imaging appearance.
The deformity of the humerus is due to the pathologic fracture.

ic bone destruction with a wide zone of transition (Fig 3) (9,15,35). Periosteal reaction is frequent
is seen in 15% of cases (6,9,10,15,18,35). Corti- (58%—-84%) and usually aggressive in appearance
cal destruction (19%-42%) with an associated (94%), either lamellated (onionskin) (Fig 4) or
soft-tissue mass (56%—-80%) is also common spiculated (sunburst or hair-on-end) (15).

<« Figure 3. Ewing sarcoma of the proximal femoral metadiaphysis in a 16-year-old boy with thigh pain. (a) Pelvic
radiograph shows permeative bone destruction in the proximal femoral metadiaphysis and aggressive ill-defined peri-
osteal reaction (arrowheads). (b—d) Axial (b, c¢) and coronal (d) CT images reveal the intramedullary centered lesion
with marrow replacement and an asymmetric circumferential soft-tissue mass (S in b), which is larger anterolaterally.
Low-attenuation channels (arrowheads in ¢ and d) allow continuity between the medullary and soft-tissue components
without large focal areas of cortical destruction. (e, f) Axial MR images before (600/14) (e) and after (700/16) (f)
intravenous contrast material administration also demonstrate intermediate-signal-intensity channels (arrows) extending
through the low-signal-intensity cortex, allowing continuity between the intramedullary (M) and soft-tissue (S) com-
ponents. (g, h) Photographs of the coronally sectioned gross specimen (g) and whole-mount specimen (H-E stain) (h)
reveal the cortex (C), medullary canal involvement (M), and the soft-tissue component (S in g) with continuity, which
is seen as focal channels of cortical permeation (white oval in g, black circles in h).
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Figure 5. Ewing sarcoma of the pelvis with prominent sclerosis in a 20-year-old man. (a) Frontal
radiograph shows a predominantly sclerotic lesion involving the left iliac bone () with displace-
ment of pelvic soft tissues (arrows), suggestive of an associated soft-tissue mass. (b) Whole-body
image from fluorine 18 fluorodeoxyglucose (FDG) positron emission tomography (PET) reveals
hypermetabolic activity in the lesion (arrowhead). (¢) Axial CT image demonstrates intramedullary
sclerosis (M) and a large associated soft-tissue mass ('S), which is larger posteriorly and contains
no calcification. (d) Axial T2-weighted MR image (2000/90) reveals the marrow involvement (M)
with a large associated circumferential soft-tissue mass (S), which is larger posteriorly and later-
ally and intermediate in signal intensity.

Sclerotic components are seen in 32%—40% include cortical thickening (21%), pathologic
of cases (Fig 5) (15,18,36). In our experience, fracture (15%), and expansile bone remodeling
these areas of sclerosis are most frequent in the (13%) (Fig 4) (9,15,18,36). Unusual radio-
intraosseous component of lesions (93%) (Fig 6) graphic manifestations of Ewing sarcoma of bone
and in flat-bone lesions (18,36). Less common include soft-tissue calcification (7%-9%), extrin-
radiographic features of Ewing sarcoma of bone sic cortical erosion or saucerization (6%), honey-

comb appearance (6%), vertebra plana (6%), and
a well-marginated lesion (4%) (9,15,37).
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The moth-eaten or permeative osseous de-
struction typically seen in Ewing sarcoma of
bone may be subtle at radiography, and a soft-
tissue mass may be the predominant abnormal-
ity. Saucerization or extrinsic erosion of the
bone outer cortex is more often seen in cases
extending from the medullary canal. However,
this medullary origin may be difficult to detect
at radiography and is more optimally seen with

Figure 6. Ewing sarcoma in the metatarsal
with prominent sclerosis in a 12-year-old boy.
(a) Frontal radiograph shows a densely sclerotic
bone lesion in the fifth metatarsal with medullary
expansion. (b) Long-axis T1-weighted MR image
(500/20) shows replacement of the fatty marrow
of the fifth metatarsal with soft-tissue extension
(%). (c) Photograph of the sagittally sectioned
gross specimen of the foot shows diffuse replace-
ment of the marrow of the fifth metatarsal with
increased tissue density (), which represents the
sclerosis seen at radiography.

CT and MR imaging. Periosteal Ewing sarcoma
without involvement of the medullary canal is
rare (3% of cases) but can also cause extrinsic
erosion of bone and have a radiographic appear-
ance similar to that of periosteal osteosarcoma
(Fig 7) (38).
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Figure 7. Periosteal Ewing sarcoma of the femoral diaphysis in a 14-year-old boy with pain in the right
thigh. (a) Frontal radiograph shows an apparent permeative lytic bone lesion in the mid femoral diaphysis
with hair-on-end periosteal reaction (arrowheads) and extrinsic erosion of the thickened cortex (arrows).
(b—d) Sagittal T1-weighted (466/16) (b), postcontrast fat-suppressed T'1-weighted (700/9) (c), and T2-
weighted (4366/42) (d) MR images reveal a periosteal soft-tissue mass (S) without marrow involvement
(M) . The mass demonstrates nonspecific intermediate signal intensity on the T'1-weighted image, diffuse
enhancement, and heterogeneous but predominantly high signal intensity on the T2-weighted image.
There are mild areas of marrow abnormality with all pulse sequences, but the signal intensity is not as high
as that of the soft-tissue mass on T2-weighted images. This did not represent tumor at pathologic evalua-
tion and was presumed to be reactive or red marrow. (e¢) Photograph of the sagittally sectioned gross speci-
men demonstrates identical features as shown at imaging, with a subperiosteal soft-tissue mass (S) without
marrow involvement (M). Cortical thickening (7) and extrinsic bone erosion (arrowheads) are also seen.
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The intraosseous sclerosis associated with
Ewing sarcoma arising in bone typically has an
osteoid appearance (dense, cloudlike), repre-
sents reactive bone formation, and is more fre-
quent in lesions affecting flat bones, the hands
or feet, and the ribs (15,18,22,36,39). Spinal
lesions superior to the sacrum (ie, in the mobile
portion of the spine) most commonly affect
the lumbar (53%) or thoracic (22%) segments
(34,40-42). These lesions are more frequently
centered in the posterior elements (70%) with
extension into the vertebral body (86%), while
only 30% are primarily within the vertebrae
(with extension into the posterior elements in
83%) (42). Spinal lesions typically reveal a large
associated soft-tissue mass with spinal canal in-
vasion (91%) (42-47).

Nuclear medicine studies show increased
radionuclide uptake at both bone scintigraphy
and gallium scanning (Fig 4). Blood flow, blood
pool, and delayed static images reveal increased
radionuclide uptake at bone scintigraphy with
only rare reports of photopenia (9,48). FDG
PET also shows increased radionuclide uptake
in the primary lesion, with a mean maximum
standardized uptake value (SUV) ranging from
5.3 (no metastases at presentation) to 11.3
(metastases at presentation) (Fig 5) (47-50).
Coupled with the significantly improved spatial
resolution of CT, FDG PET has been shown
to demonstrate high accuracy, sensitivity, and
specificity in staging and restaging of the Ew-
ing sarcoma family of tumors (51). FDG PET
is superior to bone scintigraphy in identification
of osseous metastases in Ewing sarcoma (37%-—
88% sensitivity) and in primary bone sarcomas
in general (18% not evident at bone scintigraphy
in comparison with FDG PET) (48,52).

The appearance of Ewing sarcoma at CT is
similar to that at radiography, with aggressive
bone destruction and a large associated soft-
tissue mass (96% of cases) (Figs 2, 3) (53-56).
The soft-tissue component is commonly ho-
mogeneous and similar in attenuation to that
of muscle (98% of cases) (54,56,57). The soft-
tissue mass is frequently circumferential but
asymmetric about the osseous involvement (Fig
3). Large areas of focal cortical destruction and
continuity between the intraosseous and soft-
tissue components are common (53% of cases)
(Figs 1, 4) (18,36).
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However, subtle cortical involvement—which
allows communication between the intraosseous
and soft-tissue components, appears as lower-
attenuation linear channels extending through
the high-attenuation cortex, and represents
tumor extending along neurovascular channels
and haversian canals—is also common (66%
of cases) (Fig 1) (18,36). This pattern of intra-
cortical involvement is often subtle at CT, may
require viewing at wide window settings, and is
the only evidence of cortical destruction in 30%
of cases (18,36). In 17% of cases, the cortex
appears intact at CT without apparent con-
nection between the medullary canal and soft-
tissue components (Figs 2, 3) (18,36). Contrast
enhancement is common at CT and is usually
either diffuse or peripheral nodular, in our expe-
rience (18,36).

Owing to its superior contrast resolution, MR
imaging is the optimal radiologic modality in
evaluation of bone and soft-tissue tumors, in-
cluding Ewing sarcoma. MR imaging of Ewing
sarcoma of bone reveals marrow replacement
(100%) and cortical destruction (92%), with an
associated soft-tissue mass in 96% of cases (Figs
2,3) (18,34,36,58-62). The soft-tissue mass
is commonly circumferential but asymmetric
about the osseous involvement (Figs 2, 3).

The signal intensity is usually homogeneous
(73%) and intermediate (95%) on T1-weighted
images (18,35,36). On T2-weighted images,
Ewing sarcoma is typically homogeneous
(86%) and low to intermediate in signal inten-
sity (68%) (Figs 2, 3) (18,35,36). This signal
intensity and homogeneity are likely related
to the high degree of cellularity in Ewing sar-
coma. Heterogeneity is seen in 27% of cases on
T1-weighted images and 14% on T2-weighted
images (18,36). High signal intensity predomi-
nates in 32% of Ewing sarcomas of bone on
T2-weighted images (36). Heterogeneity and
high signal intensity on long TR images are
more common in larger lesions and represent
hemorrhage or necrosis, in our experience (36).
Fluid levels may also be seen as a result of hem-
orrhage, although this is more common after
treatment.
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Large areas of focal cortical destruction and
continuity between the medullary and soft-tissue
components are common at MR imaging (50%
of cases) (Fig 4) (18,35,36). However, as at CT,
subtle cortical involvement—with linear interme-
diate signal intensity channels that extend through
the low signal intensity cortex, represent tumor
extending along the haversian canals and neuro-
vascular channels, and allow connection between
the medullary canal and soft-tissue component—is
also frequent (Figs 2, 3) (74% of cases) (18,36).
This pattern may be the only evidence of corti-
cal involvement and destruction in 40% of cases
at MR imaging (36). In our opinion, this pattern
of cortical involvement and destruction at either
CT or MR imaging, while not specific, strongly
suggests a small round blue cell tumor such as
Ewing sarcoma or lymphoma or leukemia. In 4%
of cases, the cortex between the medullary canal
and soft-tissue components appears intact at MR
imaging (36). Subperiosteal Ewing sarcoma shows
a soft-tissue mass beneath the periosteum without
involvement of the medullary canal at CT or MR
imaging (Fig 7) (34,38,63-65).

Contrast enhancement is seen in all cases at
MR imaging of Ewing sarcoma and is usually
either diffuse or peripheral nodular in pattern,
in our experience (Figs 2, 3) (18,35,36). Neuro-
vascular and joint involvement by the soft-tissue
component is not uncommon. Although patients
may present clinically with inflammatory symp-
toms, edema surrounding Ewing sarcoma at MR
imaging is unusual before treatment, unless there
is an associated pathologic fracture.

Extraskeletal Ewing Sarcoma
Historically, Ewing sarcoma of soft tissue has
included extraskeletal Ewing sarcoma and soft-
tissue PNET (6,9-11). In addition, extraskeletal
Ewing sarcoma of the thoracopulmonary region
is often referred to as Askin tumor (5,6,9-11).
Tefft and coworkers (66) described extraskeletal
Ewing sarcoma in 1969 and reported four pa-
tients with paravertebral soft-tissue tumors that
histologically resembled Ewing sarcoma.

As with osseous lesions, soft-tissue PNET
and Askin tumor were previously considered to
be distinct tumors from extraskeletal Ewing sar-
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coma. However, just as with Ewing sarcoma of
bone, multiple studies support chromosomal and
histologic similarities with lack of differentiation,
and these lesions (extraskeletal Ewing sarcoma,
soft-tissue PNET, and Askin tumor) are also now
considered to be in the Ewing sarcoma family of
tumors (2,6,9-11,67). These lesions are sarcomas
likely of neuroectodermal origin that share the
same cytogenetic marker, with translocation of
chromosomes t(11;22)(q24:;q12) (5,60,68-70).
The pathologic appearance is identical to that
described earlier for Ewing sarcoma of bone.

Extraskeletal Ewing sarcoma is rare in com-
parison with Ewing sarcoma of bone (71). The
prevalence of extraskeletal Ewing sarcoma is
generally accepted to be between 15% and 20%
of that of Ewing sarcoma of bone (60,70). PNET
has also been rarely reported in a previous site of
irradiation (72).

Extraskeletal Ewing sarcoma usually manifests
in young patients, with 85% of cases detected
between 20 months and 30 years of age (70).
However, historically and as with osseous le-
sions, in soft-tissue PNET the age range has been
reported to be wider, from 1 month to 81 years
(6,9—-11,72). The age range was 20 months to 63
years in Angervall and Enzinger’s (2) evaluation
of 39 patients. The median age of onset was 20
years in that study (2). As with osseous lesions,
extraskeletal Ewing sarcoma is rare in the black
population (2,15).

Clinically, patients often have a large, rapidly
growing, solitary, superficial or deep soft-tissue
mass measuring 5-10 cm at initial presentation
(2,73). In Angervall and Enzinger’s (2) series
of 39 patients, 92% of lesions were deep seated
and only 8% were subcutaneous. Pain or ten-
derness has been reported in 49% of patients
(2). The most commonly reported locations of
extraskeletal Ewing sarcoma include the para-
vertebral region (32%), lower extremities (26%),
chest wall (18%), retroperitoneum (11%), pel-
vis and hip (11%), and upper extremities (3%)
(2,67,73-75).

Paravertebral masses can manifest as an in-
tradural extramedullary or extradural mass (75).
The most common clinical symptoms at pre-
sentation for paravertebral extraskeletal Ewing
sarcoma include back pain, radicular pain, lower
extremity paresis, sensory disturbances, and
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bladder or bowel dysfunction (75). Patients with
a paravertebral mass at presentation can have
symptoms of cord compression due to epidural
space involvement, scoliosis, and extremity weak-
ness (2,66,73). Tests for urine catecholamine
metabolites are generally negative, unlike in ex-
traadrenal neuroblastoma (5,68) which can also
be in the differential diagnosis for a paraspinal
mass. Cervical masses can be large enough to
cause mass effect on the airway and displacement
of the adjacent vasculature (73).

Extraskeletal Ewing sarcoma has been re-
ported to show some differences in comparison
with Ewing sarcoma of bone, including the fol-
lowing: (a) it does not show as distinct a pre-
dilection for male patients, but is more equally
distributed between the sexes (although several
studies have shown that male patients may be
slightly more commonly affected); (b) patients
are often slightly older (averaging around 20
years of age) by approximately 5-10 years; and
(¢) it more commonly affects the trunk rather
than the lower limbs (2,15,73,76).

The following criteria are proposed for the
diagnosis of extraskeletal Ewing sarcoma: (a) no
osseous involvement at MR imaging; (6) no in-
creased uptake in bone or periosteum adjacent
to the tumor on static images from bone scin-
tigraphy; (¢) a lesion composed histologically
of small round blue tumor cells with no differ-
entiating features at light microscopy, immuno-
histochemical analysis, or electron microscopys;
and (d) demonstration of cytoplasmic glycogen
(70,71). Meister and Gokel (76) reported three
cases of extraskeletal Ewing sarcoma with the le-
sion located adjacent to the periosteum and with
the presence of extrinsic bone erosion or perios-
teal reaction, but with no evidence of the tumor
involving the marrow space.

Opverall, imaging features of extraskeletal Ew-
ing sarcoma are nonspecific. At radiography,
extraskeletal Ewing sarcoma may manifest as a
large soft-tissue mass (50% of cases) or dem-
onstrate a normal appearance. Adjacent bone
erosion, cortical thickening, osseous invasion, or
aggressive periosteal reaction may also be present
(25%—42% of cases) (2,74,77). Similarly, lesion
calcification may be identified in up to 25% of
cases (2,74,77). Paravertebral masses can cause
extrinsic bone erosion and secondary bone reac-
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tion in the adjacent vertebral body (66). At angi-
ography, lesions are typically hypervascular.

Nuclear medicine studies including bone scin-
tigraphy and FDG PET typically reveal increased
radionuclide uptake in extraskeletal Ewing sar-
coma (49,74,78,79). However, as with Ewing sar-
coma of bone, photopenia has also been reported
rarely (80). At bone scintigraphy, increased radio-
nuclide activity is typically more prominent on
the blood flow and blood pool images than on the
delayed static images. FDG PET is also useful for
detection of the primary lesion as well as residual
or recurrent tumor and metastases to the lung or
pleura, bone, liver, or soft tissue (49,78-80). Gy-
orke and colleagues (49) also reported that FDG
PET is superior to bone scintigraphy in detection
of bone metastases in Ewing sarcoma, although
it is inferior to CT in detection of pulmonary
metastases owing to the small size of pulmonary
nodules.

At ultrasonography (US), O’Keeffe and col-
leagues (57) reported that extraskeletal Ewing
sarcoma lesions are most frequently hypoechoic.
Anechoic areas may also be present, likely repre-
senting hemorrhage or necrosis (57,77). Increased
Doppler blood flow is also present in extraskeletal
Ewing sarcoma, in our experience (77).

CT demonstrates a nonspecific soft-tissue
mass, most commonly of similar attenuation to
that of muscle (87% of cases) (57,77). Low at-
tenuation may also be seen, likely correspond-
ing to areas of hemorrhage or necrosis (57,77).
Lesion margins are often poorly defined at CT
(60% of cases), which is likely a reflection of the
more limited contrast resolution of CT in com-
parison with that of MR imaging (77). Calcifica-
tion is seen in 25%—-30% of cases (77). Osseous
involvement of the bone surface with cortical
erosion or periosteal reaction is seen in 40% of
cases (77). However, the medullary cavity retains
its normal fatty marrow attenuation, a finding
reflecting lack of involvement (57,77).

MR imaging features are also nonspecific in
evaluation of extraskeletal Ewing sarcoma (Fig
8). MR imaging demonstrates a soft-tissue mass
with heterogeneous signal intensity (91%) similar
to that of skeletal muscle on T'1-weighted images
and intermediate to high signal intensity on
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Figure 8. Extraskeletal Ewing sarcoma in a periscapular location in a 21-year-old man with an enlarg-
ing painless mass. (a—c) Axial precontrast fat-suppressed T1-weighted (600/25) (a), postcontrast fat-
suppressed T'1-weighted (600/30) (b), and fat-suppressed T2-weighted (4100/60) (c) MR images show a

periscapular soft-tissue mass (arrowheads). There are multiple fluid levels (arrows in a and ¢) that represent

hemorrhage, resulting in predominantly heterogeneous intermediate signal intensity with all pulse se-
quences and diffuse heterogeneous enhancement. No osseous involvement is seen. (d) Photograph of the

axially sectioned gross specimen demonstrates the periscapular mass (arrows) with hemorrhagic areas ()

adjacent to the scapula (S) but without osseous involvement. Scale is in centimeters.

T2-weighted images in 100% of cases (Fig 9) rhage appear as high signal intensity on all pulse
(77). High signal intensity on long TR images sequences and are not uncommon; fluid levels
predominates in 64% of cases (Fig 9) (77). may also be evident (Fig 8). Focal areas of ne-
Intermediate-signal-intensity areas seen on long crosis with low signal intensity on T 1-weighted
TR images are likely due to a high degree of cel- images and high signal intensity on T2-weighted
lularity, as in osseous lesions. Areas of hemor- images are also frequent (77). As in other soft-tis-

sue masses, MR imaging is also useful for tumor
staging and to evaluate the extent of involvement
of surrounding structures (73).
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Figure 9. Extraskeletal Ewing sarcoma in an 11-year-old boy with an enlarging axillary soft-tissue
mass. (a—c) Axial T1-weighted (500/30) (a), postcontrast fat-suppressed T 1-weighted (600/25) (b),
and T2-weighted (2500/90) (c) MR images show a soft-tissue mass (arrows) in the axillary subcuta-
neous tissue. It has intermediate signal intensity on the T'1-weighted image and high signal intensity
on the T2-weighted image. Serpentine areas of low signal intensity on the T2-weighted image (ar-
rowheads in ¢) suggest a high-flow vessel component. There is prominent diffuse enhancement after
administration of intravenous contrast material. (d) Photograph of the sectioned gross specimen
demonstrates several prominent intrinsic vascular channels (arrowheads), findings that correspond

to the imaging appearance. Scale is in centimeters.

An additional imaging feature that we have
recognized at MR imaging of extraskeletal Ewing
sarcoma is the presence of serpentine high-flow
vascular channels, which have low signal intensity
with all pulse sequences in 90% of cases (Fig 9)
(77). This finding is not unique to extraskeletal
Ewing sarcoma and can be seen in higher-grade
vascular lesions (hemangioendothelioma, heman-

giopericytoma, and angiosarcoma), rhabdomyo-
sarcoma, synovial sarcoma, and alveolar soft-part
sarcoma. However, the presence of this feature in
a young person with a large intramuscular mass
should raise the possibility of extraskeletal Ewing
sarcoma (77).
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Figure 10. Askin tumor in a 20-year-old man with right lower rib pain and mild tenderness. (a) Frontal scout im-
age from CT shows a well-circumscribed mass at the right costophrenic angle (arrows) and subtle bone destruction
(arrowhead). (b) Images from bone scintigraphy show intense uptake at the right seventh rib. LAO = left anterior
oblique, RAO = right anterior oblique. (c¢) Axial CT image (bone window) reveals a well-circumscribed pleural-based
mass (arrowheads) with adjacent bone destruction and periosteal reaction (arrows). (d) Photograph of the gross speci-
men demonstrates three ribs (R) with involvement (M) of one rib and an associated pleural-based soft-tissue mass (S),
findings that correspond to the imaging appearance. Scale is in centimeters.

As with other soft-tissue masses, both benign
and malignant, a pseudocapsule with relatively
well-defined margins may be seen at MR imaging
of extraskeletal Ewing sarcoma (36% of cases)
(77). An infiltrative pattern of growth with ill-
defined margins is seen at MR imaging in 45% of
cases, and neurovascular involvement is seen in
73% (77). Direct invasion of bone is more com-
mon in the terminal stage of the disease (2,73).
Prominent contrast enhancement is seen at both
CT and MR imaging (77).

Askin Tumor

Extraskeletal Ewing sarcoma or PNET located in
the thoracopulmonary region is often referred to
as Askin tumor (81). In 1979, Askin and cowork-
ers (5) described a malignant small round blue
cell tumor in the thoracopulmonary region. This
tumor is now believed to develop from embryo-
nal migrating cells of the neural crest (81).

This rare malignant neoplasm is usually
seen in young adults and children and typically
manifests as a large tumor involving the chest
wall and pleura (81). The patients in the study
of Askin et al (5) consisted of 20 young children
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Figure 11. Large Askin tumor of the chest wall in a 26-year-old
man with lower back pain and difficulty walking. (a) Chest radio-
graph shows a large mass in the lower right hemithorax, a large
pleural effusion, and subtle bone destruction of the posterior
ninth rib (arrows). (b) Axial CT image (soft-tissue window) re-
veals a large paravertebral mass with internal coarse calcifications
(arrows) and a large pleural effusion (E), which displaces the
heart and right lung to the left. (¢) Axial T2-weighted MR image
(4025/16) of the thoracic spine shows a paraspinal mass (arrows)
of heterogeneous predominantly low to intermediate signal inten-
sity with a large pleural effusion (E) and intradural extension (i),
which effaces the cerebrospinal fluid space and causes mass effect
on the spinal cord and rib destruction (arrowheads).

and adolescents; their age range at diagnosis
was 4 months to 20 years, with a mean of 14.5
years and median of 11 years. A large, unilat-
eral, pleural-based mass with or without pain is
the most common clinical presentation (5,68)
and was reported in all patients in the study of
Winer-Muram and colleagues (81). Patients
can also present with constitutional symptoms
such as fever, anorexia, and weight loss (82).
In contradistinction to osseous Ewing sarcoma,
Askin tumor is more commonly seen in female
patients (75% of cases) (5,81).

At radiography, a large chest mass is a com-
mon finding and represents a combination of a
pleural-based mass and pleural fluid (Figs 10,
11) (66,68,82). The associated pleural effusion
is often large; it can be loculated and form a
pseudotumor (81,82). Pulmonary parenchymal

disease may also be apparent in 25% of cases (5).

Calcification is uncommon and is seen in only

10% of cases (Fig 11) (5). Ipsilateral hilar and
mediastinal adenopathy and pneumothorax are
other associated findings (5,68,82).

Rib destruction is frequently associated with
Askin tumor (63% of cases) and is associated
with increased activity at bone scintigraphy (Fig
10) (68,81,82). A recent case report of Askin tu-
mor demonstrated avid uptake with indium 111
(*1In) pentetreotide and technetium 99m (**™T¢)
sestamibi (MIBI); however, no uptake was seen
at FDG PET (83). Subsequent *»Tc-MIBI and
MIn-pentetreotide scans after surgical resection
and chemotherapy were negative, suggesting pos-
sible use of these radiopharmaceuticals for follow-
up imaging of treatment response (83).

CT often demonstrates a large unilateral chest
wall mass with heterogeneous attenuation, which
is frequently associated with rib destruction and
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pleural effusions (Fig 11) (81). Tumors often
have both intrathoracic and extrathoracic com-
ponents with pleural, pericardial, diaphragmatic,
and vertebral or spinal extension and involvement
(Fig 11) (81,82).

MR imaging often reveals a large heteroge-
neous mass with predominantly intermediate
signal intensity on T'1-weighted images and high
signal intensity on T2-weighted images (Fig 11)
(81). Prominent areas of high signal intensity
compared with that of muscle on bothT'1- and
T2-weighted images are also frequent and repre-
sent hemorrhage or necrosis. Direct invasion of
the chest wall musculature, mediastinum, or lung
is also common (81). Pulmonary involvement can
lead to lung collapse (81). Prominent vascular
enhancement after intravenous contrast material
administration is often demonstrated and reflects
tumor hypervascularity (81).

Treatment and Prognosis
Multidisciplinary management is the mainstay of
successful treatment of Ewing sarcoma involving
bone or soft tissue. After biopsy to confirm the
diagnosis, therapy primarily involves initial use
of neoadjuvant chemotherapy for the purpose of
eliminating micrometastases and reducing the size
of the primary tumor. Reducing the size of the pri-
mary tumor improves local control, which includes
surgical resection, radiation therapy (RT), or both.

Chemotherapeutic treatment of Ewing sar-
coma includes neoadjuvant (before local control)
and adjuvant (after local control) therapy over
approximately 6 months to 1 year (14). Chemo-
therapeutic agents commonly used in treatment
of Ewing sarcoma include vincristine, doxorubi-
cin, and cyclophosphamide alternated with ifos-
famide and etoposide (14,20,84-86). Although
specific protocols vary, neoadjuvant chemo-
therapy is typically given in four to eight cycles
in 3-week intervals (85). Future treatment will
likely employ molecular therapeutics directed by
the cytogenetic aberrations in the Ewing sarcoma
family of tumors (87,88).

Surgical treatment of the Ewing sarcoma fam-
ily of tumors is often the primary method of local
control. The goal of surgical resection is to maxi-
mize local control and prevent late recurrence
resulting from small islands of chemotherapy-
resistant cells (89). An additional advantage of
surgery is the ability to assess the degree of tumor
necrosis in response to neoadjuvant chemotherapy.
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However, this laudable goal must be balanced with
the need to maintain maximum function and limit
local mechanical failure.

Factors that should be considered to deter-
mine whether surgery can be performed for lo-
cal control are primarily those of lesion staging.
These include patient age; tumor location; tumor
extent, size, and volume; involvement of vital
soft tissues; relationship to the neurovascular
bundle; and whether the tumor can be removed
completely with acceptable margins, particularly
in expendable and reconstructable locations
(14,35). Advances in techniques that preserve or
restore limb function (limb salvage techniques)
have now made this the preferred surgical treat-
ment for Ewing sarcoma as opposed to amputa-
tion, which was commonly employed in the past.

In general, survival rates with limb salvage
techniques have been shown to be the same as
with amputation, but with the benefit of im-
proved functional outcome and an acceptable
risk of complications. Amputation may be neces-
sary in situations where limb salvage procedures
are not feasible, including involvement of vital
structures by the primary tumor, very large le-
sions, patients who have not responded to che-
motherapy, lesions in the extremities such as the
ankle or foot, and cases of a complicated or dis-
placed pathologic fracture (14,90,91).

Surgical treatment as the primary therapy for
local control requires complete resection with
wide or radical margins to optimize outcome.
Wide margins contain normal tissue within the
plane of dissection, and the tumor and pseudo-
capsule are both entirely resected. Radical mar-
gins excise all compartments that contain tumor
en bloc. In bone, negative margins are defined as
having at least a 1-cm rim of surrounding normal
tissue, although 2-5-cm margins are recommend-
ed (14,35,85,88,92-97). In soft tissue, at least 5
mm of fat or muscle is required for negative mar-
gins, with 2 mm through fascial planes and the
margins being through noninflamed tissue.

The importance of lesion margin was demon-
strated in the study by Sluga and colleagues (92),
which revealed that overall survival at 5 years was
60% for wide or radical resection versus 40% for
intralesional or marginal resection. Other stud-
ies show that this is true only in centrally located
tumors; with extremity tumors, no statistically
significant difference in local recurrence rates
was seen between patients with adequate surgical
margins and those with inadequate margins (8%
and 10%, respectively) (97). The highest rates of
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inadequate surgical margins are associated with
central tumors occurring in the scapula (75%),
pelvis or sacrum (60%), and ribs (44%) (97).

There are numerous limb salvage surgical re-
section options available for resection of Ewing
sarcoma. The specific reconstruction technique
is beyond the scope of this article but is largely
dependent on lesion location and stage. These
limb salvage options include use of a vascular-
ized bone graft, primary resection of a diaphyseal
lesion with segmental sterilization by radiation
followed by reimplantation, intercalary allograft,
endoprosthetic reconstruction, rotationplasty,
expandable prosthesis, or a combination of these
techniques (35,88,90).

The surgical treatment of both skeletal and
extraskeletal Ewing sarcoma is generally similar.
Lee and coworkers (96) found that when both
groups of patients were treated with the same
protocol, including local control measures with
surgery, RT, or both, the outcomes were com-
parable. Pradhan and colleagues (98) reported
similar findings, with no difference in overall sur-
vival between patients with skeletal and patients
with extraskeletal Ewing sarcoma (64% and 61%,
respectively) when the same treatment approach
was used. Oncologic outcomes were determined
primarily by tumor characteristics rather than the
site of origin.

Surgical resection combined with chemo-
therapy is often the treatment of choice for Ewing
sarcoma amenable to a wide excision margin.
RT is frequently used to promote improved local
control in lesions that are not resectable, in cases
with inadequate surgical margins, or in patients
with a poor response to chemotherapy (14,98).
A preoperative RT dose of 55-60 Gy with a 2—-3-
cm margin beyond the affected tissue is typically
employed (93,98-102). Complications of RT
including limb length discrepancy, joint contrac-
ture, muscle atrophy, pathologic fracture, and
radiation-induced sarcoma have been reported in
up to 63% of patients and are more prominent in
skeletally immature patients (14,103).

In anatomic sites that are not readily amenable
to surgical resection without extensive morbidity
(pelvis and axial skeleton), chemotherapy and RT
without surgery may be employed in the treatment
of Ewing sarcoma. These lesions have a higher
prevalence of concomitant metastatic disease and
lower survival rates (40% at 5 years vs as high
as 85% at 5 years for extremity tumors) in some
studies (14,89,100,104,105). In general, many
studies have shown improved local control and
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survival with surgery and chemotherapy (with or
without RT) versus RT and chemotherapy alone
(25% vs 15% 5-year survival and 5%—-10% vs 35%
local recurrence rate, respectively) (14,104,105).
These aggressive therapies have resulted in
an overall improved 5-year survival from 63% to
82% in patients with localized disease and from
25% to 39% in patients with metastatic disease
at clinical presentation (14,85,100,106—-112).
Unfortunately, 15%-30% of patients with Ew-
ing sarcoma demonstrate metastatic disease at
presentation (9,14,111), most commonly affect-
ing bone, the liver, or the lung (14,113,114).
Metastasis to the lung (12%—-36% alone at pre-
sentation) or bone (7%—-37% alone at presenta-
tion) has been reported in 18%—41% of patients
at presentation (21% have both bone and lung
involvement) (14,17,35,45,111,115-117).The
most frequent sites of osseous metastatic disease
in Ewing sarcoma are the pelvis (26%), femur
(20%), tibia or fibula (18%), chest wall (16%),
upper extremity (9%), and spine (6%) (48,85).
These patients reveal a significantly worsened
prognosis, although Miser and colleagues (118)
reported an 8-year event-free survival of 20%
and cure rate of 14%—-28%. The identification of
multiple metastases is associated with a worsened
prognosis in comparison with the presence of a
single metastasis (114). Haeusler and cowork-
ers (113) demonstrated improved event-free
survival at 3 years when aggressive local control
for extrapulmonary metastases was undertaken,
in particular with both surgery and RT (56%) in
comparison with either modality alone (34%).
Pulmonary metastases are optimally treated with
RT versus metastasectomy (14,113,119,120).
The overall prognosis of Askin tumor is poor
in comparison with Ewing sarcoma at other sites,
with a median survival reported by Askin and
coworkers (5) in 1979 of only 8 months. More
recent reports show that the prognosis is usu-
ally poor, with 2-year and 6-year survival rates of
38% and 14%, respectively (121). Recurrence is
seen in more than 50% of cases, manifesting as
local disease, mediastinal lymphadenopathy, or
pulmonary nodules (66). Recurrent thoracic dis-
ease with direct extension into the pleura or lungs
and pulmonary nodules is the most common
manifestation of initial treatment failure (68).
Pulmonary metastasis was seen in 38% of cases
of Askin tumor at presentation, and mediastinal
lymphadenopathy was seen in 25% (81).
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Figure 12. Radiographic response to
treatment in a 21-year-old man. (a) Frontal
radiograph at initial diagnosis shows a per-
meative lytic bone lesion in the mid diaphy-
sis of the femur and hair-on-end periosteal
reaction (white oval). (b) Frontal radiograph
of the femur 6 months after chemotherapy
and RT reveals increased sclerosis and
maturation of periosteal reaction (arrow-
heads), findings that represent a favorable
response to therapy. (¢) Photomicrograph
(original magnification, X250; H-E stain)
shows extensive necrosis of tumor (red
areas) with only small foci of viable blue
tumor cells (arrows). (d) Photograph of
the coronally sectioned gross specimen
demonstrates similar findings of sclerosis
(). Scale is in centimeters.

CT is the superior modality for diagnosis of
pulmonary metastasis and local recurrence (81).
Osteoblastic bone metastasis is seen in approxi-
mately 25% of patients (68). Metastasis to the
sympathetic chain has also been reported and
may support the neuroectodermal origin of the
tumor (68). Hepatic and adrenal metastases have
also been rarely described (68).

Local recurrence of Ewing sarcoma typically
occurs within 5 years after diagnosis in 85%-90%
of cases (14,97). The prognosis in patients with
recurrence or progressive disease is poor, with
less than 10% survival (14,122). Local recur-
rence is typically treated with radical resection or
amputation.
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The risk of secondary malignancy in patients
with Ewing sarcoma is also significant, with 1%-—
2% of survivors developing acute myeloid leuke-
mia or myelodysplastic syndrome (14,123-125).
In addition, there is a cumulative risk of 20% (at
20 years) for development of a second bone sar-
coma (14,126).

Numerous factors have been associated with
a worsened prognosis in patients with the Ewing
sarcoma family of tumors. These include tumor
size greater than 8 cm at presentation, central
location (pelvis), older patient age, type of cytoge-
netic aberration, increased level of serum lactate
dehydrogenase, metastatic disease at presentation,
recurrence within 2 years, and—perhaps most im-
portant—Iless than 90% necrosis with neoadjuvant
chemotherapy (14,94,105,127,128).
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Figure 13. Extraskeletal Ewing sarcoma involving the left thigh in a 22-year-old man. (a) Maximum intensity projection
(MIP) image from staging whole-body FDG PET demonstrates a dominant left thigh mass (arrow) with widespread
metastases to lymph nodes (arrowheads) and the lungs. (b) Follow-up MIP image from restaging whole-body FDG
PET after 1.5 months of chemotherapy reveals a marked decrease in hypermetabolic activity at both the primary and
metastatic sites. (¢) MIP image from restaging whole-body FDG PET 4.5 months after initiation of therapy reveals a new
right pulmonary metastasis (arrow) despite continuation of therapy. The patient died approximately 2 months later.

Posttreatment Imaging
Imaging after institution of neoadjuvant therapy
(chemotherapy, RT, or both) is important to eval-
uate response to treatment. At radiography, com-
mon findings that are associated with a favorable
response to therapy of osseous Ewing sarcoma
at the tumor primary site include maturation of
periosteal reaction, coarsening of the bone tra-
beculae, reconstitution of the cortex, increasing
osseous sclerosis and progressive mineralization,
and decrease in the size of the soft-tissue com-
ponent of the lesion (Fig 12) (9,18,129). These
features of healing are typically complete by ap-
proximately 1 year after initiation of treatment,
although reconstitution of the cortex may contin-
ue for 2 years (18,129,130). Unfortunately, these
radiographic features of a favorable response to
neoadjuvant therapy cannot be quantitated as to
degree of tumor necrosis or used to predict treat-
ment outcome.

In contradistinction, absence of these ra-
diographic findings of healing and presence of
increasing bone destruction after treatment of os-
seous Ewing sarcoma suggest lack of a favorable
response to neoadjuvant therapy and tumor pro-
gression (18,130). Lytic areas that are more widely

distributed may be seen with radiation osteitis
(18). Osseous metastases may be lytic, sclerotic,
or mixed at radiography. Skip metastasis, tumor in
the same bone as the primary lesion but separated
from it by normal intervening marrow, has been
reported in 4%—6% of Ewing sarcomas (116).
Evaluation of skip metastases requires assessment
of the entire long bone at the primary site with
MR imaging, bone scintigraphy, or FDG PET
(Fig 4). Overall, metastases are best evaluated with
abdominal CT, bone scintigraphy, FDG PET, or
whole-body MR imaging. Daldrup-Link and col-
leagues (131) found FDG PET (90% sensitivity)
superior to bone scintigraphy (82% sensitivity)

or whole-body MR imaging (71% sensitivity) in
evaluation of bone metastases in children.

Bone scintigraphy may reveal diminishing
uptake of radionuclide in response to therapy
(15,35). FDG PET is more useful in evalua-
tion of tumor response to treatment, with its
ability to depict molecular changes before the
morphologic abnormalities evaluated with cross-
sectional imaging (Fig 13). The maximum SUV
is generally regarded as a reliable marker of
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Figure 14. Use of PET/CT 3,
for restaging after neoadjuvant
chemotherapy in an 18-year-old
woman with a history of Askin
tumor. (a) Left: Restaging axial
CT image shows a lytic bone
lesion (arrow) in a thoracic ver-
tebral body. Right: Fused PET/
CT image demonstrates intense
hypermetabolic activity in the
lesion (arrow). (b) Left: Axial
CT image shows a new left pel-
vic lymph node (arrow). Right:
Fused PET/CT image reveals
intense hypermetabolic activi-
ty in the lymph node (arrow).
These findings were proved
to represent bone and lymph
node metastases at biopsy.

disease activity (48,50). Franzius and colleagues
(46) showed that patients with a good response
to chemotherapy (>90% necrosis) in primary
bone sarcomas had a greater than 30% decrease
in tumoral-to-nontumoral activity. Hawkins and
colleagues (132) found that a maximum SUV of
less than 2.5 after chemotherapy was associated
with increased progression-free survival and a
positive predictive value for favorable response
(<10% viable tumor) of 79% in osseous Ew-
ing sarcoma. Similar features are reported with
FDG PET in extraskeletal Ewing sarcoma (Fig
14) (70,133).

FDG PET also demonstrates high accuracy in
detection of tumor recurrence locally and distally
(Fig 14). Franzius and coworkers (46) reported
a sensitivity of 96%, specificity of 81%, and ac-
curacy of 90% in detecting tumor recurrence in a
series of 27 primary osseous sarcomas (21 Ewing
sarcomas). Similarly, Arush and colleagues (134)

showed that in 19 malignant bone and soft-tissue
sarcomas (nine Ewing sarcomas), FDG PET
helped detect 80% of cases of recurrent disease
and was the only modality to demonstrate distant
metastases in 15% of the patients (Fig 14). Gas-
ton and colleagues (50) more recently suggested
that the metabolic tumor volume (MTV) is a
better predictor of treatment response than SUV
at FDG PET. In their study, a 90% reduction in
MTYV was predictive of a good response to che-
motherapy for Ewing sarcoma (50).

CT reveals similar osseous features of a favor-
able response to therapy as discussed earlier for
radiography (18,35,62,129). CT is superior to
radiography in assessment of the soft-tissue com-
ponent but inferior to MR imaging. A decrease in
the size of the extraosseous component represents
a favorable response to treatment (62,135,136).
CT findings of a poor response include enlarge-
ment of the soft-tissue component, progressive
bone destruction, and an increase in the extent of
marrow involvement (18,57,129).
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Figure 15. Effects of chemotherapy in an 11-year-old boy with Ewing sarcoma of the proximal fibula.
(a) Axial postcontrast T'1-weighted MR image (600/25) shows medullary involvement in the fibular meta-
diaphysis with a large asymmetric soft-tissue component (i), which is most prominent laterally. (b) Axial
T2-weighted MR image (3825/40) after 3 months of chemotherapy reveals near-complete resolution
of the entire soft-tissue component, with small subperiosteal residua anteromedially (x). (¢) Photograph
of the sectioned gross specimen demonstrates a similar marked reduction in lesion size, with sclerosis
(arrows) and a small subperiosteal component (arrowheads). Scale is in centimeters. (d) Photomicro-
graph (original magnification, X100; H-E stain) shows a largely necrotic tumor (red areas) between tra-
becular bone (7) with small islands of viable tumor (arrows), findings that represent a good response to
chemotherapy (>90% necrosis).

includes reduction in the size of the extraosseous
component, overall decreased signal intensity of
the soft-tissue component on T2-weighted images,
development of a circumferential rim of low signal
intensity, increased signal intensity of bone mar-
row on T2-weighted images, and increasing areas
of hemorrhage or necrosis (9,18,35,59,137,138).
While these findings are indicative of a favorable

© response to neoadjuvant therapy, they lack sensi-
tivity for detection of greater than 90% necrosis
MR imaging is the optimal radiologic modality related to treatment (the definition of a positive
for assessment of treatment effects in Ewing sar- response), which is associated with improved long-
coma due to its superior contrast resolution (Fig term survival (Fig 15).

15). A favorable response to neoadjuvant therapy
for both osseous and extraosseous Ewing sarcoma
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Dynamic contrast-enhanced MR imaging has
been used to quantitate the degree of necrosis
corresponding to a positive response histologi-
cally (9,30,138,139). The general concept of
dynamic contrast-enhanced MR imaging in post-
therapy imaging is that areas of rapid enhance-
ment (<6 seconds) with a steeper slope on a
time-intensity curve represent viable tumor and
can be quantitated with regions of interest. This
allows quantitative assessment of tumor necro-
sis. In Ewing sarcoma, a good response (>90%
necrosis) is predicted by the presence of only
a small cuff of residual enhancement without
nodularity at dynamic contrast-enhanced MR
imaging (138-140). In contradistinction, a poor
response is indicated by a limited reduction in
tumor volume (<25%) and enhancing nodules
greater than 3 mm in size (138,140).

Doppler US can be used similarly to evalu-
ate response to therapy in Ewing sarcoma but is
limited to assessment of the extraosseous com-
ponent. Increased peripheral resistance and sig-
nificant decrease in Doppler shift are associated
with a good therapy response, whereas decreased
peripheral resistance and high-frequency Dop-
pler shifts are characteristic of a poor response
(138,139). The potential use of diffusion-
weighted MR imaging with apparent diffusion
coefficient (ADC) maps has also been described
in monitoring small differences in variable
chemotherapeutic regimens in Ewing sarcoma
(139,141).

Summary
The Ewing sarcoma family of tumors includes
Ewing sarcoma of bone, extraskeletal Ewing
sarcoma, PNET, and Askin tumor. While these
lesions were previously considered distinct neo-
plasms, the advent of cytogenetic evaluation has
allowed identification of a common karyotype
abnormality with a translocation involving chro-
mosomes 11 and 22.This shared cytogenetic
aberration has led to near-universal agreement
that these neoplasms are closely related if not
identical, and they are referred to as the Ewing
sarcoma family of tumors. Histologically, these
lesions demonstrate crowded sheets of small
round blue cells.

radiographics.rsna.org

Imaging features of osseous Ewing sarcoma
often suggest the diagnosis. They include the
aggressive characteristics of moth-eaten to per-
meative bone destruction in the metadiaphysis
or diaphysis of a long bone in an adolescent or
young adult with an associated, often large, soft-
tissue mass. Large focal areas of cortical destruc-
tion are frequent, allowing continuity between
the intraosseous and extraosseous components.
However, this continuity is also commonly seen
as subtle channels of bone destruction extending
through the cortex at CT or MR imaging. This
imaging feature suggests a small round blue cell
tumor and is a reflection of the underlying patho-
logic appearance.

Extraskeletal Ewing sarcoma commonly dem-
onstrates a nonspecific radiologic appearance of
a large soft-tissue mass affecting the paraspinal
region or lower extremity. Detection of high-flow
vessels within the lesion at MR imaging, while
not specific, is an additional finding suggestive of
this diagnosis. Askin tumor represents extraskel-
etal Ewing sarcoma involving the chest wall.
Imaging typically reveals a large pleural-based
soft-tissue mass and associated pleural effusion.

Treatment of the Ewing sarcoma family of
tumors is usually a combination of neoadjuvant
chemotherapy followed by surgical resection,
which may be supplemented with RT. Imaging,
particularly MR imaging, is also vital to evaluate
response to neoadjuvant therapy, direct surgical
resection, and detect local recurrence or meta-
static disease.
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Page 804

Thus, it is now nearly universally agreed that Ewing sarcoma, PNET, and Askin tumor are cytogenetical-
ly closely related if not identical lesions on a morphologic continuum, which is referred to as the Ewing
sarcoma family of tumors.

Page 806

The typical cytogenetic aberration, identified in 85%-95% of lesions, is the nonrandom reciprocal trans-
location between chromosomes 11 and 22 (t[11;22][q24;q12]).

Pages 806
Bone destruction with a moth-eaten to permeative pattern is seen in 76%—-82% of lesions, and a wide
zone of transition (poor margination) is seen in 96% of lesions.

Page 813
MR imaging of Ewing sarcoma of bone reveals marrow replacement (100%) and cortical destruction
(92%), with an associated soft-tissue mass in 96% of cases.

Page 820
After biopsy to confirm the diagnosis, therapy primarily involves initial use of neoadjuvant chemotherapy
for the purpose of eliminating micrometastases and reducing the size of the primary tumor.



