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Abstract

We experienced a case of small, round-cell malignant neoplasm diagnosed by
touch smear cytology and histopathology when an open biopsy was performed
in a 50-year-old Japanese woman. She was suspected of having a cervical
spine tumor after surgery for cervical spine foraminal stenosis. After consent,
the cervical spine tumor histologically diagnosed by an open biopsy was con-
firmed to be Ewing sarcoma (EWS) by genetic testing. EWS belongs to a
group of small, round-cell tumors that are morphologically similar and often
difficult to differentiate. After the open biopsy, the present patient received
radiotherapy, and her plasma level of Pro-Gastrin-Releasing-Peptide was de-
creased (217.2 pg/ml before surgery to 30.3 pg/ml; reference value: 0 - 80
pg/ml). We herein report the process for making the final diagnosis by fo-
cusing on the intraoperative cytology, histopathology, and immunohistochem-
ical findings. Our diagnosis was validated by karyotyping and a fluorescence
in-situ hybridization analysis.
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1. Introduction

A small, round-cell sarcoma, Ewing’s sarcoma (EWS), occurs mainly in bone

and soft tissue. EWS is a rare disease with an annual incidence of 1 in 1 million
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[1]. The peak incidence is between 15 and 20 years old, with about 80% of cases
occurring under 18 years old, and only approximately 1% of cases occurring
over 40 years old [1] [2] [3]. The prognosis for EWS depends on the presence or
absence of metastases, with a survival rate of more than 70% for patients without
metastases at the time of the diagnosis [4], and a 5-year survival rate of less than
30% for patients with metastases [5].

Morphologically, EWS belongs to a group of small, round-cell tumors that in-
cludes several histologic types of tumors, such as desmoplastic small, round-cell
tumor, synovial sarcoma, rhabdomyosarcoma, neuroblastoma, Wilms tumor, ma-
lignant lymphoma, and small-cell carcinoma. These tumors are difficult to dif-
ferentiate morphologically and are often difficult to diagnose as well. In 2020
WHO classification of bone and soft tissue tumors [6], EWS is now classified as
undifferentiated small, round-cell sarcoma of the bone and soft tissue, along
with round-cell sarcoma with EWSR1-non-ETS fusions, CIC-rearranged sarco-
ma, and sarcoma with BCOR genetic alterations [6]. For the definitive diagnosis
of these tumors, the detection of fusion genes is necessary [6].

We herein report a case of EWS that developed in the cervical spine of a
50-year-old Japanese woman who was originally diagnosed with cervical spine
foraminal stenosis. After surgery for cervical spine foraminal stenosis, the symp-
toms did not disappear. Therefore, re-operation for an open biopsy to histopa-
thologically diagnose what was suspected of being a cervical spine tumor based
on computed tomography (CT) findings was performed. During the re-operation,
we diagnosed the imprint with a small, round-cell malignant neoplasm based on
the findings of smear cytology, histopathology, and immunohistochemistry, and

finally confirmed it to be EWS by genetic testing.

2. Case Presentation

The patient was a 50-year-old Japanese woman who complained of pain in the
right scapula and upper limbs and paralysis in the same area for 4 months. In-
formed consent was obtained from the patient for this case report. Posterior cer-
vical spine decompression fusion was performed because C4-5 cervical spine
right foraminal stenosis was suspected on magnetic resonance imaging (MRI).
However, her symptoms did not disappear even after the operation. Further-
more, postoperative follow-up CT indicated an osteolytic lesion in the C5 cer-
vical spine that had enlarged by three weeks after the operation (Figure 1(a),
Figure 1(b)). In addition, elevated levels of serum pro-gastrin-releasing-peptide
(ProGRP; 217.2 pg/ml; reference value 0 - 80 pg/ml) were noted. However, the
serum level (13.0 ng/ml) of neuro-specific enolase (NSE) was within the refer-
ence range (0 - 16.3 ng/ml).

Fluorodeoxyglucose-positron emission tomography (**F-FDG-PET)/CT revealed
an increased uptake of '*F-FDG in the osteolytic lesion of the C5 cervical spine
(Figure 2), suggesting the presence of a malignant tumor. Therefore, an intra-

operative frozen section diagnosis was performed to determine whether the C5
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Figure 1. Follow-up CT performed at three weeks after posterior cervical spine decompres-
sion and fusion. Note the osteolytic lesion (arrow) in the C5 vertebra on the (a) sagittal and
(b) axial views of the cervical spine. The osteolytic lesion was enlarged before the surgery for
cervical posterior decompression and fusion, suggesting a malignant tumor.

Figure 2. An axial fused positron-emission tomography/computed tomography (PET/CT)
image shows an increase in the '*F-FDG uptake in an osteolytic lesion at the right side of
the C5 vertebral body and its paravertebral region.

cervical spine lesion was benign or malignant. Intraoperative materials were
processed for touch smear cytology and histopathology. In addition, a chromo-
some analysis including karyotyping (G-banding) and a translocation analysis by
fluorescence in-situ hybridization (FISH) was performed to validate the diagno-
sis made by morphology, immunohistochemistry, and karyotyping.

Intraoperative touch smear cytology and the histological diagnosis

When cytologic specimens of the osteolytic lesion of the C5 cervical spine were
stained with the Papanicolaou and Giemsa methods, small, round tumor cells with
an extremely high nuclear-cytoplasmic (N/C) ratio were present in small clusters
and/or isolated. The nuclear chromatin of the tumor cells was dense and granular-
ly fine. Their nucleoli were inconspicuous. In some areas, nuclear crush artifacts

were observed (Figures 3(a)-(d)). We cytologically diagnosed the entity as a small,
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Figure 3. Intraoperative touch smear cytology made from a cervical spine lesion. (a)-(c)
Small round tumor cells with extremely high N/C ratio are present in small clusters. The
nuclear chromatin of the tumor cells is dense and granularly fine. Their nucleoli are in-
conspicuous. (d) The tumor cells are positive for PAS staining in their cytoplasm. (a) and
(b) Papanicolaou stain, (c¢) May-Gruenwald Giemsa Stain, (d) Periodic acid-Schiff reac-
tion, bars = 10 pm.

round-cell malignant neoplasm, possibly small-cell carcinoma.

Frozen section specimens stained with hematoxylin and eosin (H & E) showed
similar findings of diffuse growth of small round tumor cells with a high N/C ra-
tio, and in some areas nuclear crush artifacts were present (data not shown). We
again suspected a small, round-cell malignant neoplasm, including small-cell
carcinoma and malignant lymphoma. To confirm this diagnosis, we added im-
munohistochemical and PAS staining to the permanent specimens.

The histopathological examination of the cervical spine lesions

Formalin-fixed paraffin-embedded (FFPE) permanent specimens were stained
with H&E. Growth and invasion of small, round tumor cells with a high N/C ra-
tio were observed with hemorrhaging (Figure 4(a)). The histological features
were similar to those of the frozen section specimens used for the intraoperative
pathological diagnosis. The cytoplasm of the tumor cells was positive on PAS
staining (Figure 4(b)), suggesting that the tumor was not small-cell carcinoma.
Immunohistochemically, the tumor cell membrane was positive for CD99
(Figure 4(c)) and CD56 (Figure 4(d)), but negative for synaptophysin, chro-
mogranin A, AE1/AE3, and 34pE12. The MIB-1-positive index of the tumor
cells was approximately 20%. We ultimately suspected EWS or CD99-positive
lymphoblastic lymphoma.

Karyotyping by G-banding
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G-banded karyotyping was performed to determine chromosomal abnormali-
ties. The karyotype showed chromosomal aberration at t (11;22) (q24;q12)
(Figure 5), suggesting EWS.

An EWSR1 22q12 translocation analysis by the FISH method

An EWSRI1 22q12 translocation analysis by FISH was performed for EWSR1
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Figure 4. Histopathology and immunohistochemistry of a cervical spine lesion obtained
during re-operation for an open biopsy. (a) The lesion consists of small tumor cells with a
round shape and high N/C ratio. (b) The PAS stain shows a positive cytoplasmic reaction.
Tumor cells show a membranous positive reaction against (¢) CD99 and (d) CD56. (a)
Hematoxylin and eosin (H&E) stain, bar = 10 um, (b) Periodic acid-Schiff (PAS) reaction,
(c) CD99 immunohistochemistry, and (d) CD56 immunohistochemistry. Bars = 10 pm.
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Figure 5. G-banded karyotyping shows chromosomal aberrations (arrows) in t (11; 22Xq24; q12).
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Figure 6. A dual-color break-apart FISH assay for the analysis of EWSRI1 fusion using the
probes (EWSR1-3” and EWSR1+5’) for EWSR1 (22q12, Abbott Molecular Inc., IL, USA).
The 5" and 3’ ends are labeled with FITC and Texas Red, respectively. This image shows
the fusion (arrow-head) and, red (arrow), and green (arrow) signal patterns indicative of
a rearrangement of one copy of the EWSRI region.

rearrangement (arrows in Figure 6). A translocation analysis using the EWSR1
probe detected a split signal in the 22q12 region (arrow-head in Figure 6).

Based on the results described above, our final diagnosis of this case was EWS
with an EWSRI-FLI1 fusion gene by t(11; 22) (q24; q12): Stage II, TINOMO,
Undifferentiated. Radiotherapy (a total of 54.2 Gy) after the open biopsy resulted
in a decrease of the serum level (30.3 pg/ml) of ProGRP (the normal rage, 0-80
pg/ml). The patient then followed by the VDC-IE chemotherapy: a total of 14
cycles with 2 weeks of interval; VDC consisted of cyclophosphamide (1,200 mg/ m?),
doxorubicin (75 mg/m?), and vincristine (1.5 mg/m?); and IE included ifosfa-
mide (9,000 mg/m?) and etoposide (500 mg/m?*). During the chemotherapy, the
patient had slight digestive symptoms such as nausea or vomiting. Although the
tumor did not completely regress at one year after her diagnosis of EWS, she

showed an uneventful clinical course without metastasis.

3. Discussion

Most cases of EWS occur in the upper and lower limbs and pelvis [7], and verte-
bral occurrence is low with an incidence of 9.8% [8]. The distribution in such
cases has been reported to be to the sacral spine (53.2%), lumbar spine (25%),
thoracic spine (10.5%), and cervical spine (3.2%) [8]. Soft-tissue EWS occurs
mainly in the paraspinal region and deep soft tissues of the proximal extremities.
However, it is difficult to determine whether the primary lesion is bone or soft
tissue because of the bone involvement of spinal tumors. The present case, where
EWS occurred in the cervical spine of a 50-year-old patient, is a rare one consi-
dering the age and region affected. Whether the primary site was the cervical
spine or soft tissue surrounding the cervical spine was unclear, but PET-CT
showed the accumulation of FDG throughout the cervical spine, suggesting that
the primary site was the cervical spine.

Recent immunostaining and ultrastructural studies have revealed that EWS is
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a tumor derived from the neuroectodermal lobe. The characteristic transloca-
tions t (11; 22) (q24; q12) and shared genetic aberrations with chimeric genes of
ETS family genes such as EWSR1 and FLI1 suggest that EWS has the same cel-
lular origin as peripheral primitive neuroectodermal tumor (pPNET), although
their histopathology is different [9]. EWS and pPNET, both showing some neu-
roectodermal traits, are considered to lie at the poorly and well-differentiated
ends of the round-cell sarcoma spectrum, respectively [9] [10]. On the EWS side
of the histopathological spectrum, the tumor cells consist of small tumor cells
with round to oval nuclei, well-defined nuclear membranes, small nucleoli, and
poorly defined cytoplasm with indistinct borders [9]. On the pPNET side of the
pathomorphologic spectrum, tumor cells have more abundant eosinophilic cy-
toplasm and well-defined nucleoli [6] [11]. In more differentiated tumors, many
rosette structures are observed, while intracellular glycogen is present in many
undifferentiated cases [6] [11]. In less than half of EWS/pPNETS, rosette forma-
tion by tumor cells with PAS-positive cytoplasm is observed.

The tumor cells in the present case were morphologically and genetically di-
agnosed as EWS, because they contained the EWSR1-FLII1 fusion gene by t (11;
22) (q24; q12) according to G-banded karyotyping and an EWSR1 22q12 trans-
location analysis by FISH. The intraoperative cytological diagnosis of this case
was a small, round-cell malignant neoplasm, possibly small-cell carcinoma. On
the imprint cytological specimens, we noted no rosette formation by tumor cells,
but nuclear crush artifacts were seen.

Based on the above findings as well as the high serum level of ProGRP, we
suspected small cell carcinoma. However, PAS reaction was positive in the cy-
toplasm of tumor cells on the tissue specimens where there was no rosettes for-
mation. Therefore, we attempted to stain the PAS reaction on the Papanico-
laou-stained stamp slides after removing the color, resulting in the observation
of cytoplasmic positive staining in the tumor cells. These findings indicated that
the tumor was on the EWS side (poorly differentiated) and did not differentiate
into the neuroectodermal lobe.

Morphologically, EWS belongs to the small, round-cell tumor group, which
contains several types of malignant tumors; however, these lesions are some-
times difficult to differentiate morphologically. For conclusive differentiation,
immunohistochemistry using several antibodies is useful and practical [12].
CD99 is a useful for diagnosing EWS, as strong membrane positivity of CD99 is
noted in EWS tumor cells, regardless of the degree of differentiation. However,
CD99 is also positive in many other round tumors, such as synovial sarcoma,
Merkel cell tumor, lymphoblastic lymphoma, rhabdomyosarcoma, mesenchymal
chondrosarcoma, solitary fibrous tumor, and desmoplastic round-cell tumor
[13] [14], although it is often negative in central PNETs [15]. Interestingly,
NKX2.2 immunohistochemistry has been reported to be useful for diagnosing
EWS [16].

Another interesting finding is the elevation of the serum level of ProGRP, a
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tumor marker for small-cell carcinoma. After the open biopsy and radiotherapy,
the level decreased to the normal range, suggesting that the tumor cells were
producing ProGRP. In 2015, Yamaguchi et al [17] first reported the usefulness
of ProGRP as a tumor marker for EWS. They subsequently reported that serum
ProGRP levels were high in 8 of 16 patients with EWS, and the serum NSE level
was elevated in 14 of 16 EWS patients [18]. Furthermore, during treatment. the
ProGRP level correlated with the tumor volume, indicating that ProGRP is a
useful marker for both the diagnosis and evaluation of the therapeutic effects of
EWS [18]. Plasma NSE levels in our patient were within the normal range, while
the serum ProGRP level was elevated. This may suggest that the serum level of

NSE in this case reflected the poor differentiation of tumor cells into nerves.

4. Conclusion

When cytologically and histopathologically diagnosing, small round-cell tumors,
it is often difficult to make a morphological differential diagnosis. To validate
the morphological diagnosis and make a definitive diagnosis of small, round-cell

neoplasms, certain genetic analyses are necessary, as described in this case.
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