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Abstract

Ewing’s sarcoma is an aggressive fatal
malignancy of bones and soft-tissue. It pre-
dominantly affects the young population,
with a worldwide incidence of three cases
per million. The pelvis, extremities, and ribs
are the most common sites. We present a
case of massive Ewing’s sarcoma of the
right femur with metastasis to bones and
lungs. The patient was treated with
chemotherapy. However, he succumbed to
his illness before completion of therapy. In
conclusion, Ewing’s sarcoma with distant
metastasis is a high risk case with poor
prognosis. Integrating novel molecular tar-
gets with conventional chemotherapeutic
agents holds a promise for high-risk
Ewing’s sarcoma patients.

Introduction

Ewing’s sarcoma is an aggressive bone
or soft-tissue sarcoma that primarily afflicts
children and adolescents, with peak occur-
rence between ages 10 and 20.' Fusion
between the 5’ segment of the Ewing sarco-
ma breakpoint region 1 (EWSR1) gene and
the 3’ portion of the Friend leukemia virus
integration site 1 (FLI1) gene is detected in
around 85% cases of Ewing’s sarcoma.’
Other rarer translocation abnormalities have
also been implicated in the pathogenesis of
Ewing’s sarcoma. Translocations give rise
to chimeric genes, which act as aberrant
transcription factors and promote tumorige-
nesis.* Common sites of primary disease
include pelvis, ribs, and long-bone extremi-
ties.* Approximately 20-25% of patients
present with metastasis at diagnosis.” We
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present a case of massive Ewing’s sarcoma
of the right femur in a 5-year-old child with
metastasis to the lungs and bones. We have
also briefly discussed the novel therapeutic
agents in the pipeline.

Case Report

A 5-year-old child presented to the
department of pediatrics with a swelling at
his right lower limb. The swelling was first
noticed around 10 months back and had
been gradually increasing since then. Pain
at the site of the swelling was initially inter-
mittent but had become persistent since the
past 5 months. In addition, the patient also
complained of fever, weight loss, and non-
productive cough. There was no history of
trauma, fever, and night sweats. General
examination was unremarkable except for
the presence of mild pallor. On local exam-
ination, the size of the swelling was around
25 cm in height and had a circumference of
around 40 cm (Figures 1 and 2). Blood
investigations revealed leukocytosis and
raised erythrocyte sedimentation rate. Tests
for tuberculosis were negative. X-ray of the
femur showed an ill-defined lytic lesion at
the lower one-third of the femur with areas
of bone destruction in center and periosteal
reaction on the outer side. Magnetic reso-
nance imaging on both T1 and T2 weighted
signals showed an ill-defined mass of
increased heterogeneity infiltrating into the
adjacent tissue with surrounding edema.
Fine-needle biopsy of the lesion revealed
nests of small round hyperchromatic cells
with increased nuclear-cytoplasmic ratio.
Periodic acid-Schiff staining demonstrated
the presence of intracytoplasmic glycogen.
Immunohistochemical staining was positive
for CD99 and was negative for antileuko-
cyte common antigen, neuron specific eno-
lase, and desmin. Bone scan showed sec-
ondary lesions at the upper one-third of the
right femur, and L, L, bodies. X-ray of the
chest appeared normal. High resolution
computed tomography scan of the chest
showed presence of two nodules at the left
lower lobe, one at the left hilum, and two at
the right lower lobe. Due to the limited
affordability of the patient, we could not
conduct molecular studies for identifying
the underlying genetic abnormalities. Based
on history, examination and investigations,
a diagnosis of Ewing’s sarcoma with pul-
monary/bone metastasis was reached.
Neoadjuvant chemotherapy consisting of 6
cycles of vincristine (V), adriamycin (D),
actinomycin-D (A), cyclophosphamide (C)
alternating with ifosfamide (I) and etopo-
side (E) was planned for the patient, fol-
lowed by local wide resection and radio-
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therapy. The response to neoadjuvant
chemotherapy was to be assessed
histopathologically preoperatively, accord-
ing to the Salzer-Kuntschik grading scale.
However, at the end of the 2" cycle of
chemotherapy the patient developed acute
respiratory distress and succumbed to his
illness.

Discussion

Ewing’s sarcoma was first described by
James Ewing in the year 1921. It is the sec-
ond most common bone tumor in childhood
and adolescence, after osteosarcoma.®
Although debatable, several reports indicate
that the mesenchymal stem cells are the
original progenitors of Ewing’s sarcoma.’
The molecular event which triggers
Ewing’s sarcoma is a chromosomal translo-
cation, which fuses the EWSR1 gene to one
of the five genes of the E twenty-six (ETS)
family which includes FLI1, v-ets avian
erythroblastosis virus E26 oncogene
homolog (ERG), ETS variant 1 (ETV1),
E1A enhancer binding protein (ETV4), and
fifth Ewing sarcoma variant (FEV).*# These
translocations are  t(11;22)(q24;q12),
%(21;22)(q22;q12), %(7:22)(q22;q12),
t(17;22)(q21;q12), and t(2,22)(q35:;q12)
which give rise to the fusion genes EWSR1-
FLI1 (85% of cases), EWSRI1-ERG (10%
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of cases), EWSRI-ETV1 (<1% of cases),
EWSRI-ETV4 (<1% of case), and EWSI-
FEV (<1% of cases), respectively.* The
resultant fusion gene functions as a consti-
tutively active transcription factor, encodes
a chimeric protein and regulates numerous
other genes, responsible for the oncogenic
behavior of Ewing’s sarcoma.!'-3

Patients usually present with a tumor
mass or localized pain. Other systemic
symptoms may include fever, malaise, and
weight loss, as found in our patient. In west-
ern countries, the duration between the
onset of the initial symptom and diagnosis
is around 5 months.* However, in our case it
was around 10 months as the patient sought
medical care from folkloric practitioners in
his village.

Blood investigations may reveal leuko-
cytosis, anemia, and raised lactate dehydro-
genase level.*” Plain X-rays of the tumor
site usually depict permeative destruction of
the affected bone by the tumor mass along
with onionskin periostitis, as seen in our
case. MRI further helps in defining the
tumor mass, involvement of the surround-
ing soft-tissue, and bone marrow metasta-
sis. CT scan of the lungs and whole-body
bone scan help in detection of metastasis at
the lungs and bones, respectively.” Common

Figure 1. 5-year-old child with massive
Ewing’s sarcoma of the right lower limb.

Figure 2. Large size of the tumor causing
difficulty in standing.
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sites for metastasis of Ewing’s sarcoma
include lungs, bone, and bone marrow.*?
Histologically, sheets of uniform small
round tumor cells with round nuclei and lit-
tle cytoplasm are seen, which may form a
rosette. In over 90% cases of Ewing’s sarco-
ma, CD99 is positive, as found in our
patient. Other markers such as S-100,
PGP9.5, and vimentin are also sometimes
detected.* CD99 expression is not specific
for Ewing’s sarcoma as it is also detected in
several other malignancies such as acute
lymphoblastic leukemia, lymphoma, and
synovial sarcoma. Hence, identification of
chromosomal translocations and chimeric
genes specific to Ewing’s sarcoma, as dis-
cussed earlier, via molecular techniques flu-
orescence in situ hybridization, and poly-
merase chain reaction is considered the gold
standard of diagnosis.*®* However, these
molecular diagnostics are rarely utilized in
economically-deprived countries due to
their high cost.

Factors decreasing prognosis include
presence of multiple metastasis, systemic
symptoms (fever, weight loss), leukocyto-
sis, increased lactate dehydrogenase levels,
tumor size (>8 cm), tumor volume (>200
mL), and site of tumor (pelvis).!” As our
patient was positive for all the above men-
tioned prognostic factors, he was consid-
ered as a high-risk patient and neoadjuvant
chemotherapy with alternating cycles of
vincristine, adriamycin, actinomycin-D,
cyclophosphamide (VDAC) and ifos-
famide, etoposide (IE) was chosen.*>!10
Recently, histopathological response to
neoadjuvant chemotherapy (poor response
defined as >10% viable tumor cells as per
Salzer-Kuntschik grading system) has
emerged as the strongest prognostic factor
overriding tumor size, tumor volume, or
tumor location in localized Ewing’s sarco-
ma.'? Stratification of the histopathological
response to neoadjuvant chemotherapy also
helps in grading and individualizing the
chemotherapy, in the postoperative period.

The VDAC + IE regimen has a 5-year
survival of 15-20% in high-risk patients
with distant metastasis.> Neoadjuvant
chemotherapy eradicates any micrometasta-
sis, reduces the size of the primary tumor to
facilitate excision, and helps in selecting
appropriate chemotherapy following sur-
gery/radiotherapy.* Neoadjuvant
chemotherapy for 9 weeks is usually fol-
lowed by local treatment which includes
surgery (amputation, limb salvage, or
organ-sparing surgery) with or without
radiotherapy. Ewing’s sarcoma in children
is treated with radiation doses ranging from
36-60 Gy. The choice of the local treatment
is influenced by multiple factors such as age
of the patient, site and size of the tumor,
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metastasis pattern, response to chemothera-
py, preference of surgeon/patient, etc. Local
therapy is usually followed by mainte-
nance/consolidation therapy, which usually
includes adjuvant chemotherapy for 44-48
weeks with or without radiotherapy to
improve recurrence/relapse/survival
rates.*>10

Despite intensive multimodal therapy,
almost 70% of patients with advanced
Ewing’s sarcoma succumb to their ill-
ness.>!” Novel molecular targets for
Ewing’s sarcoma being evaluated include
drugs/biologicals inhibiting various types of
tyrosine kinases such as insulin-like growth
factor 1 receptor (R1507, cixutumumab,
figitumumab,  ganitumab, linsitinib),
platelet-derived growth factor receptor
(imatinib), epidermal growth factor recep-
tor (gefitinib, erlotinib), and vascular
growth factor receptor (cediranib, vande-
tanib, bevacizumab, sorafinib, pazopanib,
axitinib, cabozantinib, regorafenib).!->8
ESW-FLII-related targets include RNA
helicase A inhibitors (YK-4-279, TK216),
poly ADP ribose polymerase 1 inhibitors
(olaparib, talazoparib, niraparib), histone
deacetylase inhibitors (romidepsin, entinos-
tat), lysine-specific demethylase inhibitors
(HCI-2509), aurora kinase A inhibitors
(alisertib), forkhead box O activators
(methylseleninic acid), cholecystokinin
inhibitors (devazepide), Gli protein
inhibitors (arsenic trioxide), mammalian
target of rapamycin inhibitors (deforolimus,
irinotecan, temsirolimus, temozolomide),
RNA polymerase II inhibitors (lubinecte-
din), cyclin dependent kinase inhibitors
(abemaciclib), and protein kinase C beta
inhibitors.2¢®  Immunotherapy targets
include development of EWS-FLI1 cancer
vaccine, T cell and natural killer cell-based
immunotherapies, cluster of differentiation
99 antibodies, 1gG4 programmed cell death
protein 1 antibodies (nivolumab), cytotoxic
T-lymphocyte associated protein 4 antibod-
ies (iplimumab), diganglioside GD2 anti-
bodies (hul4, 18K322A), and tumor necro-
sis factor-related apoptosis-inducing ligand
antibodies.>%!® Molecules acting on the
bone tumor microenvironment such as
osteoclast inhibitors (bisphosphonates) and
receptor activator of nuclear factor kappa-B
blockers (denosumab, bisphosphonates) are
also being explored.>!°

Molecular diagnostics to detect abnor-
mal expression of various genes/proteins
and transcription factors/modulators, pro-
moting tumorigenesis in Ewing’s sarcoma
patients, could help create a personalized
chemotherapy regimen, consisting of novel
targeted agents along with standard anti-
cancer agents.® However, as most of the
above mentioned targeted therapies are in
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various phases of clinical trials, it would
take several years more to determine their
overall impact in improving the survival
outcome, especially in advanced cases.>?

Conclusions

Ewing’s sarcoma with multiple distant
metastasis has a dismal prognosis. Hence,
early diagnosis and initiation of therapy
helps improve survival/relapse/recurrence
rates. Integrating conventional therapy with
novel therapeutic agents holds a promise for
high-risk patients with Ewing’s sarcoma.
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