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Primary intra-axial Ewing sarcoma of the e
central nervous system: report of a rare case
with literature review
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Abstract

Background Primary intra-axial Ewing sarcoma (EWS) is extremely rare and a highly aggressive small blue round cell
tumor in the central nervous system (CNS). We reported a case of primary intra-axial CNS-EWS in a 30-year-old male
and presented an extensive literature review of CNS-EWS cases.

Case presentation A 30-year-old male had been diagnosed with a grade 2 astrocytoma in the left frontal lobe

a year ago and had received chemotherapy and radiotherapy. He presented with a right-sided mass, which was
revealed to be a 6 cm contrast-enhancing lesion with heterogeneous hemorrhagic areas in the right frontal lobe.

The patient underwent emergent craniotomy for surgical excision. Histologically, the tumor was composed of high-
grade, small, blue, round cells forming trabecular islands and rosettes which were separated by fibrovascular tissues.
In immunohistochemical (IHC) examination, the tumor cells were positive for CD99 and FLI-1. Fluorescence in situ
hybridization analysis revealed the presence of EWSRT gene rearrangement. The histopathological, IHC, and molecular
findings were consistent with a diagnosis of EWS. Further imaging did not show evidence of another primary site. The
patient was followed up without further therapy and succumbed to the disease three months after the diagnosis.

Conclusion EWS is very rare but an aggressive neoplasm in the CNS. Chemoradiotherapy may promote secondary
cancers but it is unclear whether the development of EWS was associated with chemoradiotherapy that our case had
received for astrocytoma. EWS should be considered when diagnosing a CNS tumor that shows small, blue, round
cell tumor morphology. A combination of IHC and molecular tests is required for accurate diagnosis to ensure that all
patients receive the most appropriate treatment to optimize outcomes.
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Background

Ewing sarcoma family of tumors are a group of highly
aggressive and recurrent small round-cell neoplasms that
include peripheral primitive neuroectodermal tumor and
Ewing sarcoma (EWS) (Pisconti et al. 2020). These are dif-
ferent forms of the same tumor and share similar genetic
changes (Campbell et al. 2018). With an estimated occur-
rence of 1% amongst children and adolescents, it has
been reported even rarer in adults (Huguenard et al.
2021). The first case of EWS was published in 1921 by
Ewing et al. (Kilpatrick et al. 2018). Since then, a limited
number of central nervous system EWS (CNS-EWS)
have been published (Jiahua Huang and Ghent, Robyn
Levingston 2020).

A combination of histopathological appearance, radio-
graphic findings, and clinical correlation is essential for
the correct diagnosis, appropriate treatment regime, and
improved survival of the patients (Saifuddin et al. 2021).
Clinical presentations of EWS are diverse and depend
on tumor aggressiveness. They may be nonspecific, and
symptoms may be related to high intracranial pressure,
focal neurological deficit, or meningism (Murphey et
al. 2013). Typical symptoms include headache, nausea,
vomiting, pain or fever. Symptoms are often present for
more than six months before diagnosis, often correlat-
ing with advanced disease and metastases (Loarer et al.
2022; Klijanienko et al. 2012). The radiologic features of
CNS-EWS seen on MRI and CT imaging usually tend
to be large with a wide zone of transition/poorly defined
margin. In an intra-axial location, imaging often shows a
supratentorial enhancing mass that contacts the lepto-
meninges (VandenHeuvel et al. 2015). In an extra-axial
location, high attenuation on CT and low signal intensity
on T2-weighted MRI is characteristic (Li et al. 2005). His-
tologically, CNS-EWS consists of small, blue, round cells
showing neuroepithelial differentiation defined by the
presence of rosette formation. They typically show diffuse
positivity for the immunohistochemical (IHC) marker
CD99 in cytoplasmic membrane (Loarer et al. 2022).
The detection of EWSRI gene rearrangement by fluo-
rescence in situ hybridization (FISH) analysis is a com-
mon diagnostic method for EWS. Additionally, reverse
transcription polymerase chain reaction (RT-PCR) or
RNA sequencing can be employed to identify the specific
fusion partners involved in EWS.

The EWSRI gene (22ql2) is combined with one of
the individual members of the ETS group of transcrip-
tion factors, such as the FLII gene (11q24) in 85% of
cases or the ERG gene (21q22) in 5-10% of cases, result-
ing in specific chromosomal translocations. Less fre-
quently, FEV (2q36), ETV1 (7p21), or ET'V4 (also known
as E1AF; 17q21) are coupled with EWSRI (Delattre et
al. 1994; Kaneko et al. 1997; Peter et al. 1997; Jeon et
al. 1995; Urano et al. 1998; Shing et al. 2003). There are
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other unusual variants, such as a t(16;21) rearrangement
in the FUS (16pl11) gene compared to the ERG (21q22)
gene (Shing et al. 2003; Berg et al. 2009). Additionally,
it has been shown that the t(2;16)(q36;p11) rearrange-
ment is the cause of the FUS-FEV combination gene (Ng
et al. 2007). Two novel translocations have recently been
discovered: t(4;22), involving EWSRI and SMARCAS
(4q31), and t(20;22), involving EWSRI and NFATC2
(20q13) (Szuhai et al. 2009; Sumegi et al. 2011).

Here, we reported a rare case of a primary intracra-
nial CNS-EWS in a 30-year-old male and discussed the
case with its clinical, radiological, histopathological, and
molecular features. We also presented an extensive lit-
erature review including all intracranial and extracranial
CNS-EWS cases.

Case presentation

A 30-year-old male, who had been diagnosed with a
grade 2 astrocytoma in the left frontal lobe at another
hospital a year ago and had received three cycles of che-
motherapy and radiotherapy, presented with a right-
sided mass. A computed tomography (CT) scan revealed
a 6 cm of contrast-enhancing mass with heterogeneous
hemorrhagic areas in the right frontal lobe. Enhanced
scanning showed that the frontal horns of the right lat-
eral ventricle were obliterated and subfalcine herniation
was present due to the mass effect. The patient under-
went emergent craniotomy for surgical excision of the
lesion. As shown in Fig. 1, histologically, the tumor was
well demarcated from the surrounding brain tissue. It
consisted of uniform, small-blue-round cells with scant
cytoplasm and indistinct cytoplasmic membranes. The
tumor cells formed trabecular islands and rosettes that
were separated by fibrovascular tissues. Immunohisto-
chemically, the tumor cells were positive for CD99 (mem-
branous), FLI-1, NKX2.2, vimentin, S100, CD56, NSE,
p53; and negative for cytokeratin AE1/AE3, cytokeratin
7, cytokeratin 20, synaptophysin, chromogranin, TTF-1,
desmin, EMA, GFAP, Olig-2, CD3, CD20, CD138, SALL-
4, PLAP, and neurofilament. The Ki-67 labelling index of
the tumor was 70%. Fluorescence in situ hybridization
(FISH) analysis revealed EWSRI gene rearrangement
(EWSR1 Dual Color Break Apart Probe, REF Z-2096-200,
LOT P144-PF1, Zytolight). The histopathological, IHC,
and molecular findings were consistent with a diagnosis
of EWS. A subsequent CT scan did not show evidence
of another primary site. Due to the poor overall condi-
tion of our patient, he was followed up without further
therapy and succumbed to the disease three months after
the diagnosis.
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Fig. 1 Diagnostic features of Ewing sarcoma. a The tumor was well demarcated from the surrounding brain tissue. The tumor cells formed trabecular
islands and rosettes that were separated by fibrovascular tissues. b The tumor consisted of uniform, small-blue-round cells with scant cytoplasm and in-
distinct cytoplasmic membranes. Rosette formation is evident. ¢ Immunohistochemically, CD99 showed diffuse membranous positivity. d- Fluorescence

in situ hybridization showed EWSR1 gene rearrangement

Table 1 Review of previous cases of intra-axial primary Ewing sarcomas of the central nervous system

Author/ year  Age/ Location on imaging Presentation Positive IHC Positive molecular Treatment Follow up/
gender results outcome
Jay etal. (1996) 4/M Cerebellum Vomiting, headaches and  NSE, t(11,22) by RT-PCR ~ S+R+C Unknown
ataxia synaptophysin
Weil et al. 21/M T10-11,L1-2, two Thoracic back pain, lower  CD99 t(11;22) by RT-PCR S+R+C Alive at 30
(2001) parietal lesions extremity weakness/ months
spasticity
Keetal. (2017) 15/F Left cerebellopontine  Headache with vomiting ~ CD99, FLIT, EWSR1 FISH nega-  S+R+C 2 years,
angle, meningeal NKX2.2, CD56, tive/ uninterpre- unknown
based vimentin, GFAP,  table (BA probe)
Ki-67
Yang et al. 5/M Parafalcine Nausea, inattention,and ~ Unknown t(11;22) by FISH S+R+C 2 years,
(2018) impaired memory AWND

Discussion and conclusion

Primary CNS-EWS is a very rare entity and only 94
cases have been reported in spinal cord and cranium in
the English literature, as summarized in Table S1 in the
supplementary file. Primary intracranial CNS-EWS is
even rarer that only 31 adult cases reported as of October
2022 (Hu et al. 2022). Our case was a 30-year-old male
patient who had been diagnosed with a grade 2 astrocy-
toma and treated with chemoradiotherapy a year prior to
being diagnosed with primary intra-axial CNS-EWS. The
histological, IHC, and molecular features of the tumor
were typical of those reported in the literature. Histo-
logically, the tumor was composed of high-grade, small,
blue, round cells forming trabecular islands and rosettes

which were separated by fibrovascular tissues. Mitotic
activity was high and focal areas of necrosis were pres-
ent. Immunohistochemically, the tumor cells were posi-
tive for CD99 (membranous), FLI-1, CD56, NSE; and
FISH analysis revealed EWSRI gene rearrangement. The
histopathological, IHC, and molecular findings were
consistent with a diagnosis of CNS-EWS. Table 1 sum-
marizes cases reported in the literature of patients with
intra-axial primary CNS-EWS.

Secondary cancers are distinct from primary tumors
and may arise months or years after the initial treatment.
Alkylating agents such as cisplatin and topoisomerase-
II inhibitors such as etoposide have been implicated
in the etiology of secondary cancers. Moreover, these
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agents have a synergistic effect on secondary leukemia
when combined in chemotherapy (Shimatani et al. 2019).
Ewing sarcomas are rare secondary malignant neoplasms
that have been reported in a few cases following chemo-
therapy for a primary tumor. A study of 3844 patients
treated in the last three international EWS trials revealed
that EWS occurred after a variety of malignancies, mainly
acute lymphoblastic leukemia’s and lymphomas (Kai-
ser et al. 2022). Zengin et al. reported a case of cutane-
ous EWS after two cycles of BEP chemotherapy for testis
tumor (Tanik et al. 2014). Wolpert et al. (2016). Although
chemotherapy is associated with secondary cancer in the
long term, it is unclear whether the development of EWS
is associated with the chemotherapy in our patient who
was diagnosed with astrocytoma a year prior to being
diagnosed with EWS.

Most EWSs are diagnosed in the second decade and
usually occur in the bone and soft tissues. When these
tumors are detected in different age groups and loca-
tions, they may not be suspected clinically and radio-
logically. However, when histopathological examination
reveals a small round blue cell tumor (SBRCT), EWS
should be included in the differential diagnosis. The
diagnosis of EWS can be supported by a few IHC stains.
CD99 is a sensitive IHC marker and is positive in around
95% of EWS cases, however, it lacks specificity. FLI1 is
a relatively specific marker for EWS, but it may also be
expressed in other SBRCTs such as lymphoblastic leu-
kaemia’s, lymphomas, and several soft-tissue sarcomas.
Additionally, about 15% of EWS cases have variant trans-
locations that do not involve FLII. Molecular testing is
essential to confirm the diagnosis. Detection of EWSRI
gene rearrangement by FISH and/or FET-ETS gene
fusions by RT-PCR may suffice for the diagnosis of EWS,
when typical histopatological EWS features are present.
However, some other CNS tumors may show EWSR gene
rearrangement, namely intracranial mesenchymal tumor
with FET::CREB fusion.

The current treatment of choice for patients with EWS
is radical surgical resection followed by chemo-radio-
therapy, radiotherapy or a combination thereof. However,
these tumors have a highly malignant and aggressive phe-
notype and approximately 25% of patients present with
distant metastasis at the time of diagnosis, making com-
plete resection difficult (Jin et al. 2016). In our case, the
patient had been diagnosed with grade 2 astrocytoma in
the left frontal lobe and treated with chemo-radiotherapy.
A vyear later, he developed EWS and died three months
after tumor resection. No additional treatment could be
given because our patient’s overall condition was poor.

In conclusion, EWS is very rare but an aggressive neo-
plasm in the CNS. It should be considered in the dif-
ferential diagnosis of a CNS tumor that shows SBRCT
morphology. A combination of IHC and molecular
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tests is required for accurate diagnosis to ensure that all
patients receive the most appropriate treatment to opti-
mize outcomes.

Abbreviations

CNS Central nervous system

FISH Fluorescence in situ hybridization

EWS Ewing sarcoma

CNS-EWS  Central nervous system-Ewing sarcoma
IHC Immunohistochemical

RT-PCR reverse transcription polymerase chain reaction
cT Computed tomography

SBRCT Small blue round cell tumor

S Surgery

R Radiotherapy

C Chemotherapy

DOD Died of disease

AWD Alive with disease

AWND Alive with no disease
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