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Abstract

Ewing’s sarcoma of bone is a primary bone sarcoma found predominantly in
patients during their second decade of life. It is a high-grade aggressive small
round blue cell tumor that is part of the Ewing’s family of tumors. Its exact
eitiology is unknown but it commonly demonstrates reproducible staining of
CD99 and translocations of the EWS gene. Historically, this diagnosis was
associated with near certain metastasis and subsequent mortality. However,
current management consists of extensive chemotherapy in addition to local
control with surgical resection and/or radiation. As a result, survival has
improved to the 55-75% range in those patients who present without known
metastases. Current research aims to continue this improvement by looking
further into the assocated gene abnormalities and possibly targeted therapies.
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1 Introduction

Ewing’s sarcoma of bone is a part of the Ewing’s sarcoma family of tumors, which
includes primitive neuroectodermal tumors, Ewing’s soft tissue sarcomas, and
Askins’ tumors. Each shares similar molecular and histologic findings. It is found
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predominantly in the diaphysis of long bones and pelvis of patients in their second
decade of life. It is a high-grade aggressive lesion that most commonly originates
in bone and is associated with large soft tissue masses and frequent metastases.
Histologically, it presents as sheets of small round blue cells which almost uni-
versally stain for CD99 and demonstrate common translocations of the EWS gene
on chromosome 22. Treatment consists of multiagent systemic chemotherapy and
local control with surgery and/or radiation. Current management has improved
survival to the 55-75 % range in those who present without metastases.

2 History

The sarcoma that we currently call Ewing’s sarcoma was first described in detail
by famed pathologist James Ewing in 1921 [1]. He noted seeing a form of bony
neoplasm that did not fit with the appearance or behavior of other known lesions
such as osteosarcoma or myeloma. He described his first case of a teenage girl who
presented with a pathologic fracture of her forearm in which the tumor had an
impressive response to radium, which was unlike osteosarcoma. Similarly, the
Bence-Jones protein was never found in her urine to suggest myeloma. He goes on
to report six additional cases of teenagers with permeative lesions in the shaft of
long bones. Histology showed small polyhedral cells with hyperchromic nuclei,
pale cytoplasm, and a lack of intercellular stromal material. All of the tumors
seemed to at least temporarily resolve after radiation was administered. Given their
appearance, he surmised the tumors may have originated from the endothelium,
and he named them diffuse endotheliomas of bone [1]. It is impressive that with
the exception of their relationship to endothelium, nearly all of the characteristics
he described remain pathognomonic for Ewing’s sarcoma to this day.

The application of the name Ewing’s sarcoma would come 4 years later in 1925
by Ernest Codman [2]. Codman was one of the first surgeons to promote the use of
registries to further the understanding of rare diseases and to promote the use of
outcomes in guiding surgical practice [3]. As a result, he created the first sarcoma
registry and within its description he refers to the sarcoma as described by Ewing
as a Ewing’s sarcoma. Of note, Codman would be probably best known for his
description of the way aggressive bone tumors elevate periosteum leading to the
radiographic finding of a Codman’s Triangle [4].

While the understanding of Ewing’s sarcoma evolved, there were other neo-
plasms that were felt to be clinically unique and different based on their behavior
and histology that are now known to be related and part of the Ewing’s sarcoma
family of tumors.

The first was described in 1918 by Arthur Stout as a tumor of the ulnar nerve
composed of undifferentiated round cells which formed rosettes. This later became
known as a primitive neuroectodermal soft tissue tumor or PNET. Similarly, Askin
et al. in 1979 described a soft tissue tumor found in the thoracopulmonary region
of adolescents, which was composed of small round cells and was associated with
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high rates of recurrence and mortality, which would come to be known as Askin’s
tumor. Nonosseous forms of Ewing’s sarcoma have also been documented, but are
rare compared to osseous forms.

When molecular studies showed similar genetic profiles and translocations for
these three tumors, they were subsequently felt to be related, as opposed to distinct
entities. As a result, currently they are all considered to be a part of the Ewing’s
Sarcoma Family of tumors. For the purpose of this review, the focus will be on
Ewing’s sarcoma of bone.

3 Epidemiology and Etiology

As with other bone cancers, much of the current understanding of the epidemi-
ology of Ewing’s sarcoma in the United States comes from the Surveillance,
Epidemiology, and End Results (SEER) Program from the National Institute of
Health. This is a database of cancer statistics drawn from a variety of cancer
centers throughout the United States in an attempt to provide an accurate cross-
section of the population. Esiashvili et al. have performed the most recent review
of the SEER data from 1973 to 2004 looking specifically at Ewing’s sarcoma.
They found an average annual incidence of about 3 per 1 million, which has been
stable over the past 40 years. The incidence peaks within the second decade of life,
with more than 50 % of cases being diagnosed between the ages of 10-20. Less
than 23 % are found in those younger than 10 and the incidence declines rapidly as
age increases beyond 20 years. Ewing’s sarcoma has a slight predominance in
males at 61 % of the cases diagnosed, and is found almost exclusively in Cau-
casians who represented 92 % of the cases [5, 6].

In terms of location within the body, Ewing’s sarcoma has a predilection for the
diaphysis of tubular bones and the pelvis. The most common location is the
extremities at 46 % of cases, with the lower extremity being more common than
the upper. This is followed by the pelvis at 25 %, trunk including ribs or spine at
22 %, and other sites including soft tissue Ewing’s at 6 % [5, 6]. These epide-
miological findings in the United States are similar to those of Europe based on a
study by Stiller et al. who used the Automated Childhood Cancer Information
System European database to demonstrate concurrent findings regarding the epi-
demiology of Ewing’s sarcoma [7].

The etiology of Ewing’s sarcoma remains unknown. Despite most cases being
associated with reproducible genetic abnormalities such as translocations, most
seem to be sporadic in nature as no hereditary link has been found. Similarly, an
association with environmental factors has yet to be demonstrated.
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4 Patient Presentation

As with other primary bone sarcomas, pain is the most common initial symptom of
patients with Ewing’s sarcoma of bone. As the tumor destroys bone, patients may
notice a deep, dull, aching pain in the involved region or extremity [8]. While
antiinflammatories and pain medicines may initially offer some relief, often their
effect diminishes as the tumor grows. Although some may notice the pain to be
more severe at night, this is certainly not a universal feature with only about 20 %
noting it in one study [9]. If the bone is sufficiently weakened to alter its
mechanical properties, it is common for pain to worsen with activities which put
increased stress on the remaining bone.

Unfortunately, many patients who initially present with pain are initially mis-
diagnosed as having more common benign conditions such as strains or tendinitis.
More than 25 % of Ewing’s patients may have a delay in diagnosis of over 6
months from the time of their first appointment with a physician. Those whose
tumors are sufficiently large may have a palpable mass, leading to a quicker
workup and diagnosis [9].

Systemic symptoms tend to be more commonplace in Ewing’s sarcoma com-
pared to osteosarcoma. It is not uncommon for patients to present with fevers or
weight loss, which in the presence of bone pain may mislead the physician into
misdiagnosing the cause as osteomyelitis. Laboratory findings can promote this as
many Ewing’s patients will have mildly elevated inflammatory markers such as
erythrocyte sedimentation rate, creactive protein, and other cytokines [9-13]. It is
important to note that in general these lab values, while elevated, are lower than
those in patients with true osteomyelitis.

Other abnormal laboratory findings include the presence of anemia as well as
elevated markers of bone turnover such as lactate dehydrogenase (LDH) and
alkaline phosphatase (AP) [10]. The trend in the LDH and AP levels may offer
some indication as to treatment response, but their current utility and role in
standard care is debatable.

5 Histologic and Molecular Pathology

Similar to other bone sarcomas, a definitive diagnosis of Ewing’s sarcoma is based
on tissue biopsy. If possible, it is preferred that the definitive treatment team
participates in the biopsy or its planning in order to assure that sound oncologic
principles are used in obtaining the biopsy, facilitating surgical resection, recon-
struction, and ideally limb-salvage [14].

Grossly, Ewing’s sarcoma has the classic grayish/fleshy appearance of other
sarcomas [1]. It may occasionally be associated with necrosis.

Histologically, Ewing’s sarcoma appears as sheets of homogenous densely
packed small round blue cells. They have a high nuclear to cytoplasm ratio and the
nucleus is associated with fine granular chromatin and pinpoint nucleoli.
The cytoplasm typically has few or small organelles and abundant glycogen [15]
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(Figs. Ic, 2d and 3c). Unfortunately, they appear very histologically similar to other
blue cell tumors so the differential includes other diagnoses such as lymphoma,
leukemia, small cell carcinoma, rhabdomyosarcoma, neuroblastoma, and others.

One of the main ways to distinguish Ewing’s sarcoma from these other diagnoses
is through the use of immunohistochemistry. Most Ewing’s cells stain strongly for
CD99 which is a cell surface glycoprotein encoded by the MIC2 gene [16]. While
CD99 staining is very sensitive for Ewing’s sarcoma, it is not specific as nearly all
small blue cell tumors will at least partially stain for CD99. This makes it imperative
to use it as part of an immunohistochemical panel in order to differentiate
from diagnoses such as lymphoma or rhabdomyoscaroma [17]. Also, this is why
cytogenetic and molecular findings are typically used to confirm the diagnosis.

Cytogenetically there are a small number of characteristic and reproducible
translocations associated with the Ewing’s sarcoma family of tumors. All of them
involve the EWS gene on chromosome 22, which encodes an RNA binding protein,
whose exact role in cellular function is unknown. It is subsequently upregulated
through translocations with the ETS family of transcription factor genes, the most
common being FLI1 on chromosome 11 [18]. This t(11;22)(q24;q12) translocation
produces the EWS-FLII fusion gene which is found in about 85 % of Ewing’s
tumors [19]. The next most common is the t(21;22)(q22;q12) translocation of
the EWS-ERG gene found in another 5-10 % [20]. Other translocations that are
much more rare have also been reported including EWS-ETV1, EWS-FEV, and
EWS-EIAF amongst other translocations and cytogenetic abnormalities [21, 22].

At present, the prognostic value of one translocation over another remains
controversial. Some studies have suggested an improved prognosis with the EWS-
FLI1 translocation, [23] although others have found there to be no discernable
difference in terms of phenotype or prognosis [24, 25].

Currently, these translocations are determined through the use of fluorescent
in situ hybridization (FISH) and reverse transcriptase polymerase chain reaction
(RT-PCR) methods. Both of these methods can be employed to detect the presence
of micrometastases in bone marrow biopsies obtained for staging purposes [26, 27].
The benefit to FISH is that it has been shown to be more sensitive and specific
compared to RT-PCR, but the techniques are complementary [28].

While the EWS translocations remain highly sensitive and specific for the
Ewing’s family of tumors, it is important to note that they have been reported in
other tumors as well, underscoring the importance of the consensus between the
microscopic, immunohistochemical, and molecular characteristics in the diagnosis
of Ewing’s sarcoma [29].

6 Imaging
Imaging studies are critical in the diagnosis, staging, and surveillance of Ewing’s

sarcoma. Even with many advanced imaging techniques available, standard
radiographs remain the first-line choice. As mentioned in the epidemiology section,
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Fig. 1 Seventeen-year old male with left hip and groin pain. a Anteroposterior radiographs of
the pelvis reveal a subtle, but apparent, radiolucent lesion centered on the left superior pubic
ramus. b T1 and STIR Axial images on MRI reveal a large soft tissue mass centered on the left
superior pubic ramus. ¢ Representative H&E histology demonstrates sheets of small blue cells
typical of Ewing’s sarcoma. d Axial postcontrast T1 Fat Saturation image after radiation and neo-
adjuvant chemotherapy reveal significant local response with a significantly reduced soft tissue
mass. e Surgically excised specimen also reveals no discernable soft tissue mass remaining after
neoadjuvant treatment. f Anteroposterior radiographs of the pelvis 5 years after treatment. He has
remained disease free

(d)

Fig. 1 (continued)
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Fig. 1 (continued)

Ewing’s sarcoma of bone is found predominantly in the diaphyseal region of long
bones as well as the pelvis and ribs [5]. Its radiographic appearance can vary, but it
will typically demonstrate aggressive features. The tumor margin is often poorly
defined and permeative in nature [30]. The bone may show areas of radiulucency, or
may demonstrate a mixed lytic/sclerotic appearance [31] (Figs. la, 2a and 3a). In
the majority of patients, a soft tissue mass will be present at diagnosis, but it can be
very difficult to distinguish on radiographs since it does not demonstrate ossification
as is routinely seen in osteosarcoma [30]. As a result, it is not uncommon for plain
radiographs to appear normal, especially when a comparison study is unavailable,
leading to a delay in diagnosis [9]. In fact, an unremarkable plain X-ray of a bone



Ewing’s Sarcoma of Bone

101

Fig. 2 Sixteen-year old
female with left thigh pain.
a Anteroposterior and lateral
radiographs of the left femur
reveal an eccentric, poorly
marginated radiolucent lesion
involving the mid-diaphysis
of the femur. b T1 and STIR
Axial images on MRI reveal
extensive marrow changes
around the lesion with a soft
tissue mass not appreciated
on the plain radiographs. ¢ T'1
and STIR Coronal images on
MRI. d A biopsy revealed a
small blue cell tumor and
immunohistochemical
staining that was positive for
FLI-1. e Axial T1 and sagittal
STIR imaging of the lesion
after neoadjuvant
chemotherapy with visible
shrinkage of the soft tissue
mass. f Intraoperative images
of the surgical removal of the
diaphyseal segment of the left
femur with the tumor
followed by allograft
reconstruction.

g Anteroposterior radiographs
2 years after surgery reveal
healing of the allograft
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Fig. 2 (continued)
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Fig. 2 (continued)

with an MRI demonstrating a bony lesion with an associated large soft tissue mass
can be highly suggestive of a blue cell tumor such as Ewing’s.

The soft tissue mass may be visualized on X-ray via its interaction with the
periosteum. As it expands it will elevate normal periosteum which will subse-
quently ossify, leading to an “onion-skinning” appearance, or similarly, Codman’s
triangle [30-32]. Codman’s triangle occurs when the soft tissue component of the
tumor elevates the periosteum of the involved bone, causing new bone to form in
the apex where the periosteum contacts the bone and where it has been elevated by
tumor [4]. These periosteal reactions are not unique to Ewing’s sarcoma, but rather
demonstrate its aggressive nature.

MRI is the most sensitive imaging technique for evaluating Ewing’s sarcoma,
and can be especially helpful in cases where the radiographs are indeterminate.
Ewing’s is often heterogenous in its appearance, and is dark on T1 sequences, and
mostly bright or heterogeneous on T2. It will enhance if the study is performed
with gadolinium (Figs. 1b,d, 2b,c and 3b). MRI is also helpful in determining the
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Fig. 3 Thirteen-year old
female with right ankle pain
and swelling.

a Anteroposterior radiographs
of the right ankle before (left)
and after (right) neoadjuvant
chemotherapy. b T2 Axial
MRI images of the right
ankle before (left) and after
(right) neoadjuvant
chemotherapy. ¢ A biopsy
revealed a small blue cell
tumor and
immunohistochemical
staining and subsequent FISH
(not shown) revealed the
11:22 EWS-FLI-1 fusion
gene. d Intraoperative images
of the surgical removal of the
right distal fibula with no
subsequent reconstruction. (b)
e Anteroposterior radiographs
10 years after surgery reveal
no local recurrence or ankle
instability
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(d)

Fig. 3 (continued)

extent of the soft tissue mass and its relationship to adjacent structures. These
factors become critical if a surgical resection and reconstruction is to be consid-
ered. It is important to include the entire involved bone in the MRI study to
evaluate for skip metastases, which are noncontiguous tumors present within the
same bone, and may be present in 10-20 % of patients [31].

While radiographs and an MRI of the involved bone are essential in the eval-
uation of Ewing’s sarcoma, CT of the tumor is generally less helpful. Its main
advantage is the ability to look at the degree of bony destruction, or if combined
with angiography, to evaluate vascular structures that may be altered by the tumor.

Radiographic studies are also important to evaluate for distant sites of disease.
As with other sarcomas, the most common site of Ewing’s metastases are the
lungs, followed by other bones or soft tissues [8].
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Unfortunately, the studies used in the staging of Ewing’s sarcoma are somewhat
institution dependent. The National Comprehensive Cancer Network guidelines
for Ewing’s staging account for some of this variability [14]. They recommend
that all patients should have at least an MRI of the known primary tumor, plus X-
rays or a CT if indicated. For pulmonary disease, they recommend a CT scan of the
chest and to evaluate for osseous metastases, either a PET scan or bone scan. In
addition, they also recommend either an MRI of the spine or a bone marrow
biopsy, and possibly molecular studies to look for micrometastases.

Much of the staging debate currently revolves around the role and accuracy of
PET scans. Position emission tomography (PET) scanning represents a newer
modality which has shown promise in the diagnosis and monitoring of Ewing’s
sarcoma. They rely on radio-labeled glucose molecules, which are taken up
preferentially in tumors with higher metabolic rates. Increased PET uptake at
diagnosis has been shown to be associated with a worse prognosis and improve-
ment in PET uptake after treatment can be suggestive of tumor necrosis [33-35].

Many studies have been performed directly comparing the sensitivity of
detecting osseous metastases of both PET and bone scans. Most support that PET
scans are similar if not superior to bone scans in terms of accuracy [36-38].
However, PET scans are much more expensive, and studies also exist which
demonstrate that bone scans continue to be more sensitive [39].

7 Staging and Workup

One of the first steps after a patient has been diagnosed with a Ewing’s sarcoma is
to determine if there are other sites of disease as this impacts both their future
therapies as well as prognosis. Ewing’s is similar to osteosarcoma in the sense that
even though most patients do not initially present with overt metastatic disease, the
majority have subclinical micrometastases that will become apparent in the future
if the patient does not receive systemic treatment. This is known because prior to
systemic treatments, radical surgical excision alone resulted in dismal cure rates of
about 10 % [40].

The staging workup of a patient diagnosed with Ewing’s sarcoma starts with a
thorough history and physical exam. Baseline laboratory studies are ordered
including a CBC, BMP, ESR, and LDH. There are a variety of imaging studies
performed to characterize the primary tumor and look for sites of metastatic disease.

One unique staging aspect of Ewing’s sarcoma compared to other primary bone
sarcomas is the evaluation of micrometastatic disease. Traditionally, this has been
achieved by performing either a unilateral or bilateral bone marrow biopsy or
aspiration looking for malignant cells. There is little evidence to suggest the utility
of this and its use is somewhat institution dependent. Some authors have recently
argued that PET scans and or MRI’s of the entire body may be as accurate as a bone
marrow biopsy in detecting metastatic disease with much less morbidity [36, 38].



Ewing’s Sarcoma of Bone 107

Also, molecular tests as described in the pathology section are increasingly being
used in determining the presence of micrometastases.

In regards to staging systems, there is no system that is unique to Ewing’s sar-
coma. Rather the two most commonly used systems for Ewing’s sarcoma of bone are
designed for bone tumors in general. The first was created by Enneking et al. in 1980
and is the Surgical Staging System of Musculoskeletal Tumors [41]. The second was
later created by the American Joint Committee on Cancer (AJCC) based on an
adaptation of its system for carcinomas which relies on a TNM or tumor, node,
metastasis methodology [42]. These systems are similar in that they are predomi-
nantly concerned with tumor size, grade, and the presence of metastases.

Both consider low-grade tumors to be Stage I and high-grade tumors to be at least
Stage II. Ewing’s sarcoma by nature is a high-grade tumor, so all are at least Stage II.
These stages are further divided into A or B based on the size of the tumor with IIA/B
being intra or extra-compartmental in the Enneking system or less than or greater
than 8 cm in the AJCC system. In the Enneking system, Stage III implies metastatic
disease; whereas, Stage III disease in the AJCC system is used to describe patients
with skip metastases to the same bone, with no other sites of disease. Finally, stage IV
in the AJCC implies distant metastases and is further subdivided based on the
location. In general, a higher stage is suggestive of a poorer prognosis [5].

8 Treatment

Since the time of Ewing’s description of Ewing’s sarcoma, treatment and sub-
sequent prognosis have improved dramatically. Surgery and radiation continue to
play an important role in the control of local disease. However, major advances in
survival have occurred with the addition of systemic chemotherapy. Prior to the use
of systemic treatment, almost 80-90 % of patients would develop distant metas-
tases despite the use of aggressive local control measures such as amputation [5].
Currently, the standard treatment of Ewing’s sarcoma of bone involves neoadjuvant
chemotherapy, followed by local treatment with either surgery and/or radiation
depending on tumor characteristics such as size, proximity to critical structures, and
resectability. This is then followed by a course of adjuvant chemotherapy.

8.1 Chemotherapy

Since the majority of patients who present with a localized Ewing’s sarcoma will
develop distant metastases with the use of local control alone, systemic chemo-
therapy is crucial to killing subclinical micrometastatic cells within the body in an
attempt to cure.

Chemotherapy was first used to treat Ewing’s sarcoma in the early 1960s, when it
was discovered that cyclophosphamide therapy provided a survival benefit [43, 44].
Subsequent randomized trials throughout the 1970s and 1980s looked at the benefit
of adding additional systemic agents. These studies found that survival was increased
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with the use of multiagent regimens incorporating vincristine, doxorubicin, cyclo-
phosphamide, and dactinomycin (VACD), with reported 5 year survival rates in
the 50-60 % range for localized disease [45—48]. VACD therapy has become the
mainstay of systemic treatment to this day. Subsequent studies have examined
the benefit of using additional drugs, including ifosfamide and etoposide and have
shown a modest improvement in survival. For example, Grier et al. showed an
improvement in 5 year event-free survival from 54 to 69 % in patients who under-
went alternating cycles of ifosfamide and etoposide with VACD, compared to
VACD alone for those with localized disease. Interestingly, no improvement in
survival has been shown for those who presented with metastatic disease [49, 50].

Despite significant improvement in survival with the use of multiagent thera-
pies, patients who present with known metastases continue to have poor 5 year
survival figures in the 25 % range [45]. One of the methods explored to overcome
this was the use of dose-intensive regimens where chemotherapy cycles were
given in either higher doses or more rapidly. Included in this was the use of very
high-dose treatments with a subsequent bone marrow transplant. In general, these
techniques subjected patients to very high toxicities and complications with very
little survival benefit [S1-53]. One area which has shown some promise is the use
of granulocyte colony stimulating factor in between cycles of treatment in order to
offset bone marrow toxicity and restore blood counts more rapidly to decrease the
time between chemotherapy cycles [54].

Like other malignancies, the latest area of interest has been the application of
targeted therapies. Given that Ewing’s sarcoma demonstrates common genetic
translocations and abnormalities, it would seem an ideal disease for molecular
therapies. However, much remains unknown about the role of the EWS fusion genes
or their cellular pathways. As aresult, it has been difficult to exploit the unique fusion
protein in Ewing’s sarcoma as a target for treatment and at this time no drugs have
been approved for clinical use outside of trials [55, 56]. Certain drugs have shown
promise in clinical trials, such as molecular targets for the insulin-like growth factor-I
receptor. These have demonstrated the ability to decrease or stabilize some tumors,
but have had little effect on others [57]. Conversely, other drugs such as the tyrosine
kinase inhibitor Imatinib, which has been so efficacious in other malignancies, has
demonstrated little effect in the treatment of Ewing’s sarcoma [58]. Despite this,
targeted therapy development continues to be an area of intense research.

8.2 Local Control

Ewing’s sarcoma of bone is unique compared to other common primary bone
sarcomas such as osteosarcoma or chondrosarcoma in that it is very radiosensitive.
This was an observation that initially helped James Ewing distinguish it from
osteosarcoma [1]. As a result, prior to the use of routine chemotherapy, it was
primarily treated with external beam radiation. Radiation was often successful in
halting the progression of the tumor and even causing it to shrink. However, most
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patients eventually succumbed to metastatic disease. Since chemotherapy has
significantly improved overall survival, the complications of radiation have
become more apparent, especially since patients are treated at a young age.

Most patients who receive radiation therapy will receive a total dose of about 60
Gy fractionated over 6 weeks [59]. The main advantage of radiation is that it
avoids the morbidity associated with surgical intervention. However, it is asso-
ciated with many complications both short-term and long-term. The short-term
side-effects are often transient and include dermatitis, fatigue, and nausea. The
long-term effects include fracture, growth arrest, joint stiffness, and secondary
malignancies, all of which can have devastating effects on function and are par-
ticularly concerning in skeletally immature patients [59-61].

In the past, surgical resection was recommended for “expendable” bones. With
more data on the long-term effects of radiation, this opinion has evolved. Contro-
versy has developed over what defined an “expendable” bone as well as which
local treatment, radiation or surgery, results in improved survival and local control.
Most of the data regarding this comes from the pelvis, since its anatomic location
makes it difficult to resect with negative margins and equally difficult to reconstruct.

A multitude of studies have examined outcomes in pelvic Ewing’s sarcomas
and they generally demonstrate improved survival and local control rates when
surgical resection is performed compared to radiation alone [45, 62-67]. Yang
et al. found that the overall survival in pelvic cases was 51 % with surgical
resection compared to 18 % with radiation alone [62]. Similarily Frassica et al.
showed 5 year overall survival was 75 % with surgery versus 25 % for radiation
[63]. Local control also appears improved with surgery at 83 % compared to 67 %
[66]. Surgical resection also has been shown to be superior to radiation alone with
improved survival in the extremities [67, 68, 69].

However, caution should be used when interpreting these studies as there is
definite selection bias in their design. All of them are retrospective, nonrandom-
ized studies where radiation alone was often reserved for those cases where sur-
gical resection with negative margins would be unlikely. Unfortunately, a
randomized clinical trial evaluating this would be difficult to justify in light of
existing data.

Therefore, the current treatment strategy employed by most orthopedic oncol-
ogists is to surgically resect Ewing’s sarcoma of bone when adequate margins are
obtainable and the reconstructive result will leave the patient with a satisfactorily
functional limb. If there are positive margins after resection, then postoperative
radiation should be considered. Radiation alone is typically reserved for tumors
where the resection offers no meaningful reconstructive options necessitating
amputation, or in certain cases of certain pelvic or spinal tumors.

In terms of postresection reconstruction, modern techniques make limb-salvage
feasible in the majority of cases. Common reconstructive options include the use of
large endoprostheses, bulk allografts, and allograft-prosthetic composites (APCs).

While endoprostheses required custom manufacturing in the past, most are
currently modular and can be assembled at the time of surgery using off-the-shelf
components. These endoprostheses are typically reserved for tumors involving the
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metaphyseal or epiphyseal sections of bones in which the articular surface must be
resected with the tumor. Therefore, these devices can be used to reconstruct the
joint. Like all implants, they are prone to wear and failure over time and have high
rates of infection depending on surgical and anatomic factors such as soft tissue
coverage [70-72].

Bulk allografts are commonly employed for tumors in the diaphysis of long
bones, where resection can be performed and an intercalary allograft can be put in
its place (Figs. 2f,g). The advantage with this technique is that is spares the
patient’s articular surfaces and once it is incorporated can allow for full activities.
However, they also have high rates of complications including resorption, non-
unions, fractures, and infections [73-75]. Another option employed at some cen-
ters, primarily in Asia, is to resect the involved bone, submit it to high
extracorporeal doses of radiation to kill the tumor cells, and subsequently use this
autograft bone to reconstruct the defect. This has been shown to result in good
local control, but is associated with many of the same complications associated
with cadaveric allografts [76].

Allograft-prosthetic composites are felt to be a compromise between allografts
and endoprosthetics, in which articular segments are reconstructed with an allo-
graft junction at the metaphysis and a prosthetic joint. These are most commonly
employed in Ewing’s sarcomas of the pelvis whereby the bone is reconstructed
with allograft and the hip is replaced with a total hip prosthesis. While they have
advantages, they suffer from similar complications unique to both allografts and
prostheses [77, 78].

8.3 Metastatic Disease

Patients with who present with metastatic disease or who develop it later have much
worse survival outcomes. However, their survival can be improved with aggressive
management of metastatic lesions, especially if there is only a single site. The most
common sites of metastasis are the lungs, bone, and soft tissues [5, 6]. Lung
metastases can be treated with thoracotomy if there is a single lesion, or whole lung
radiation if there are multiple lesions [79]. Similarly, a single bony metastasis
should be treated as if it is a primary tumor with radiation or surgery depending on
its location.

9 Prognosis

Overall the prognosis of a patient diagnosed with Ewing’s sarcoma of bone has
improved dramatically since it was first described. Prior to the use of systemic
chemotherapy and local control, the overall survival was minimal at best. How-
ever, modern methods have increased the 5 year event-free survival statistics for
those who present without metastases to the 55-75 % range, with overall survival
being slightly less [45, 61, 62, 80—82]. Those who present with metastases or who
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subsequently develop a recurrence have much worse survival in the 20 % range.
Also, not all metastases are equal, as metastases to the lungs have shown a survival
advantage compared to those in bone [61].

In regards to negative prognostic factors, advanced age, large tumor volume,
axial skeleton involvement, and lack of surgical resection have all been associated
with worse outcomes [61, 80-82].

10 Summary

In summary, since first described by James Ewing almost 95 years ago, there has
been a dramatic increase in our understanding and treatment of Ewing’s sarcoma.
Despite major improvements in survival with systemic chemotherapy and local
control with surgery and/or radiation, there continues to be much room for
improvement, especially in those patients who present with metastases or develop
a recurrence. Current research aims to characterize and target the EWS fusion
protein in order to develop new treatments that will improve survival and reduce
the toxicity and morbidity associated with current treatment options.
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