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Abstract

The knowledge of clinical features and, particularly, histopathological spectrum of EWSRI-PATZI-rearranged spindle and
round cell sarcomas (EPS) remains limited. For this reason, we report the largest clinicopathological study of EPS to date.
Nine cases were collected, consisting of four males and five females ranging in age from 10 to 81 years (average: 49 years).
Five tumors occurred in abdominal wall soft tissues, three in the thorax, and one in the back of the neck. Tumor sizes ranged
from 2.5 to 18 cm (average 6.6 cm). Five patients had follow-up with an average of 38 months (range: 18—60 months). Two
patients had no recurrence or metastasis 19 months after diagnosis. Four patients developed multifocal pleural or pulmonary
metastasis and were treated variably by surgery, radiotherapy, and chemotherapy. The latter seemed to have little to no
clinical benefit. One of the four patients was free of disease 60 months after diagnosis, two patients were alive with disease at
18 and 60 months, respectively. Morphologically, low, intermediate, and high-grade sarcomas composed of a variable
mixture of spindled, ovoid, epithelioid, and round cells were seen. The architectural and stromal features also varied,
resulting in a broad morphologic spectrum. Immunohistochemically, the following markers were most consistently
expressed: S100-protein (7/9 cases), GFAP (7/8), MyoD1 (8/9), Pax-7 (4/5), desmin (7/9), and AE1/3 (4/9). By next-
generation sequencing, all cases revealed EWSRI-PATZI gene fusion. In addition, 3/6 cases tested harbored CDKN2A
deletion, while CDKN2B deletion and 7P53 mutation were detected in one case each. Our findings confirm that EPS is a
clinicopathologic entity, albeit with a broad morphologic spectrum. The uneventful outcome in some of our cases indicates
that a subset of EPS might follow a more indolent clinical course than previously appreciated. Additional studies are needed
to validate whether any morphological and/or molecular attributes have a prognostic impact.

Introduction commonly FLII or ERG) represent the molecular under-
pinnings of classic Ewing sarcoma. In contrast, the group
traditionally referred to as ‘Ewing-like sarcomas’ and formally
as undifferentiated round cell sarcomas in the 2013 WHO
classification included round cell sarcomas with EWSRI-non-
ETS fusions as well as round cell sarcomas with CIC and
BCOR gene fusions [1]. However, the latest 2020 WHO
classification of soft tissue and bone tumors recognized CIC-
and BCOR-rearranged sarcomas each as separate, stand-alone

entities and the remaining round cell sarcoma category was

Recurrent gene fusions between the EWSRI or FUS gene and
various members of the ETS transcription factor family (most

Supplementary information The online version of this article (https://
doi.org/10.1038/s41379-020-00684-8) contains supplementary
material, which is available to authorized users.

<1 Michael Michal

michael.michal @biopticka.cz

Extended author information available on the last page of the article

SPRINGER NATURE

renamed ‘round cell sarcomas with EWSRI-non-ETS fusions
[2].” Nonetheless, it continues to incorporate provisional
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molecular entities whose clinicopathological features are in the
early stages of elucidation. It currently includes sarcomas with
EWSRI-NFATC2 and FUS-NFATC?2 gene fusions as well as
spindle and round cell sarcomas with EWSRI-PATZI gene
fusion [2]. While multiple clinicopathological reports have
been published recently on neoplasms with NFATC2 rear-
rangements [3—6], due to their extreme rarity, knowledge of
clinical and, particularly, histopathological features of
EWSRI-PATZ]-rearranged sarcomas (EPS) remains very
limited. To improve our collective understanding of these
unusual neoplasms, we report herein the largest clin-
icopathological study on systemic site EPS to date.

Materials and methods

The nine cases described in this study were retrieved from
the consultation files of six institutions. Clinical information
was abstracted from medical records, and follow-up data
were obtained when possible. Only primary soft tissue
tumors were included, central nervous system (CNS) neo-
plasms with EWSRI-PATZI fusion [7] were not included in
this study. Paraffin blocks (1-3 from each case) were
available for three cases and a limited number of unstained
reserve slides were available in the remaining cases. A punch
biopsy and miniscule (4 x 1-3 mm) incisional biopsy were
available for cases 6 and 9, respectively. In case 7, only the
pulmonary metastasis was available for analysis. Case 3 was
published previously [8] but a more extensive histological
and immunohistochemical characterization as well as upda-
ted follow-up information are provided in the current report.

Immunohistochemistry

Immunohistochemical results for cases 2, 5-7 and 9 were
provided by the respective contributing institutions. In cases
1, 3, 4, and 8 the immunohistochemical analysis was per-
formed at the Department of Pathology, Charles University,
Faculty of Medicine in Plzen using a Ventana BenchMark
ULTRA (Ventana Medical System, Inc., Tucson, Arizona).
The primary antibodies used in cases 1, 3, 4, and 8, their
clone, dilution, and manufacturer are listed in Supplemen-
tary Table 1. Positive staining results were divided into four
groups based on the percentage of positive tumor cells
(focal: scattered positivity of individual cells (up to 5%); 1
+: 6-33% positive cells; 2+: 34-66%; 3+:67-100%)

Molecular genetic studies
Fluorescence in situ hybridization (FISH)

Previously reported procedures for the detection of EWSRI
gene rearrangement and for the analysis of MDM2 gene

amplification were employed [9, 10]. For EWSRI gene
FISH studies, 100 nuclei were scored, using 10% positive
nuclei as a cut-off. The analysis was performed agnostic of
the intrachromosomal translocation previously detected by
next-generation sequencing (NGS). For the detection of
CDKN2A deletion, factory premixed ZytoLight' SPEC
CDKN2A/CEP9 Dual Color Probe (ZytoVysion Gmbh,
Bremerhaven, Germany) was used. The FISH procedure
was performed as previously described [11]. Samples were
considered to possess a heterozygous deletion when the
ratio between green (CDKNZ2A) and orange (CEP9) was
equal to or less than 0.7 [12]. For homozygous deletion,
samples were considered positive when >29% of nuclei
exhibited loss of both green signals [13]. In cases 1 and 8§,
all 3 FISH analyses were performed, whereas in case 5 only
EWSRI FISH was done.

Detection of EWSR1-PATZ1 fusion and NGS methods

Cases 1, 2, 5, 8, and 9 were analyzed using three different
customized versions of Archer FusionPlex Sarcoma kit
(ArcherDX, Boulder, CO, USA) at the respective con-
tributing institutions. All steps were performed according to
the manufacturer’s instructions, and the libraries were
sequenced on an Illumina platform as described previously
[14]. Cases 3 and 7 were tested by a commercial NGS
platform (Foundation Medicine, Cambridge, MA, USA) as
reported elsewhere [15]. Cases 4 and 6 were analyzed using
TruSight RNA fusion panel (Illumina, Inc., San Diego, CA,
USA) and massively parallel NGS platform, respectively, as
described previously in detail [16, 17].

Results
Clinical findings

The clinical features are summarized in Table 1. There were
four male and five female patients who ranged in age from
10 to 81 years (average: 49 years; mean: 46 years). The
anatomic location of the tumors was available for all cases
and included abdominal wall soft tissues (n = 5), thorax (2
cases in thoracic soft tissues, one in the lung), and subcutis
in the back of the neck. Tumor sizes ranged from 2.5 to 18
cm in the greatest dimension, with an average and mean size
of 6.6 and 5.9 cm, respectively. Patients in cases 1, 3, and 4
were treated only by a complete tumor resection (marginal
excision in cases 1 and 3). A small incisional or punch
biopsy was available for cases 6 and 9 and further treatment
information was lacking. Surgery was part of multimodal
therapy in cases 5, 7, and 8. Complete excision was
achieved in case 7, while a small residual tumor focus was
left behind in case 8. The status of surgical margins was
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unknown in case 5 as well as in case 2. Five patients had
available follow-up with an average of 38 months (range:
18-60 months). Cases 1 and 3 had no evidence of the
disease 19 months after surgery. Besides the 19 months of
detailed follow-up for case 3, according to available
records, the patient was alive 32 months after the operation
(with an unknown disease status). The 10-year-old child in
case 5 had a tumor involving the chest wall with parietal
pleural nodules and visceral pleural implants on the lung
and pericardium. The patient was given a chemotherapy
protocol for Ewing sarcoma, followed by debulking pro-
cedures and rib resection. No effect of the chemotherapy
was noted by imaging or histology. However, presumably
owing to the aggressive surgical treatment, the patient was
without disease 5 years after therapy. In case 7, multiple
pulmonary metastases were detected 3 and 4 years after the
diagnosis of her abdominal wall primary, which was initi-
ally treated by adjuvant radiation and surgery. The patient
underwent right upper and middle lobe wedge resection and
right lower lobectomy. She also started on chemotherapy
(for details on chemotherapy regimens see Table 1) 4 years
after the diagnosis. The patient was alive with a stable 4 mm
lung nodule at last follow-up 5 years after diagnosis. Mul-
tiple pulmonary metastases were also detected in case 8.
The patient received neoadjuvant chemotherapy (with no
effect), followed by surgery and another round of che-
motherapy with concomitant radiotherapy. This approach
initially resulted in stable disease, but progression ensued
4 months later. The patient was alive with disease
18 months after treatment initiation and continued with
another chemotherapy regimen (response yet unknown).
The patient in case 9 had pulmonary metastases at pre-
sentation with no further follow-up available. Follow-up
was also lacking for the recent cases 2, 4, and 6.

Pathological findings

The gross pathology characteristics were available for two
cases. Case 1 was macroscopically well-circumscribed and
had a tan-yellow color, lacking obvious necrotic foci
(Fig. 1a). In contrast, the cut surface in case 8 showed a
widely infiltrative tumor centered at the interface between
skeletal muscle and subcutis. The neoplasm was pre-
dominantly gray-white in color with areas of necrosis
(Fig. 2b).

At low power microscopy, the tumor in case 8 was
infiltrative, whereas cases 1, 3, and 4 were (in the available
tissue sections) relatively well-circumscribed and at least
partially encapsulated by a variably thick fibrous tissue. In
cases 2, 5, 6, 7, and 9 this parameter could not be assessed.
The neoplasms formed either a single tumor mass (n = 6) or
were divided by variably thick sclerotic bands into multiple
uneven lobules. Based on the histological assessment of the

Fig. 1 Gross pathology was available for two cases. Case 1 was
macroscopically well circumscribed and had a tan-yellow color,
lacking obvious necrotic foci (a). In contrast, the cut surface in case
8 showed a widely infiltrative tumor centered at the interface between
skeletal muscle and subcutis. The neoplasm was predominantly
gray—white in color with some areas of necrosis (b).

neoplastic cells’ shape and nuclear grade, the nine tumors
could be roughly divided into three morphologic subgroups.
However, overlapping features between cases from different
subgroups were often seen, confirming that the morphologic
spectrum is continuous, and no precise boundaries can be
drawn. In addition to figures provided in the manuscript, all
nine tumors are comprehensively illustrated in Supplemen-
tary figures available online.

Low-grade spindle/round cell tumors

Tumors from the first subgroup, encompassing cases 1-4, are
illustrated in Fig. 2 (cases 1 and 2) and Fig. 3 (cases 3 and 4).
It included tumors composed of a variable mixture of spin-
dled, ovoid, round, and epithelioid cells. The cellularity
varied greatly in different areas but was predominantly
moderate. Cases 3 and 4 had hypercellular stroma-poor areas
consisting purely of relatively bland round cells with a low
mitotic activity. The stroma of these tumors was otherwise
hyalinized or focally myxohyaline. Cases 2 and 3 contained
ropey collagen bundles, while cases 1 and 2 showed an
admixture of adipocytes. Large pseudocystic spaces, some of
them filled with an eosinophilic substance as well as areas
with microcystic/reticular change were present in cases 3 and
4. The vasculature in cases 1 and 2 was inconspicuous and
only isolated hemangiopericytoma-like vessels could be
detected, while hyalinized small vessels were found in cases
3 and 4. The neoplastic cells showed moderate variation in
size and shape. Case 2 contained infrequent giant cells. The
nuclei of all cases had predominantly bland nuclear features
with fine chromatin and 0-1 mitoses/10 high-power fields
(HPF). The nucleoli were either inapparent or pinpoint-sized.
Large nucleoli were rare. Scant, lightly eosinophilic or clear
cytoplasm was seen in most cells. However, a variably
prominent epithelioid cell population with more ample clear
or eosinophilic cytoplasm was present in all four cases. Three
cases also showed conspicuous eosinophilic collagen

SPRINGER NATURE
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Fig. 2 Low-grade spindle/
round cell tumors, cases 1 (a—
d) and 2 (e-g). Tumors in this
group were composed of a
variable mixture of spindled,
ovoid, round, and epithelioid
cells. The cellularity was highly
variable in different areas but
was predominantly moderate (a,
e). The stroma of these tumors
was hyalinized (a, b, e, g). Case
2 contained abundant ropey
collagen bundles (f, g). Both
cases also contained an
admixture of adipocytes (a, b, e,
f) and an inconspicuous
vasculature, distinguished only
by isolated
hemangiopericytoma-like
vessels (a). The neoplastic cells
showed mostly moderate
variation in size and shape and
their nuclei had predominantly
bland nuclear features with fine
chromatin (b, ¢, f). Case 2
contained infrequent giant cells
(f). Low amount of lightly
eosinophilic or clear cytoplasm
was seen in most cells (b, f).
However, variably prominent
epithelioid cell population with a
more ample clear or eosinophilic
cytoplasm and collagen
accentuation around cytoplasmic
membranes was present in case
1 (c). Purely spindle cell areas
were occasionally present in this
case as well (d). Both cases
vaguely resembled solitary
fibrous tumor. Case 2 had also
some features of spindle cell/
pleomorphic lipoma.

accentuation around cell membranes within these epithelioid
areas. No necrosis was evident in any of the tumors. Overall,
the four cases gave the impression of at most a low-grade
sarcoma.

Predominantly round cell sarcomas

Cases 5-7 were included in the second subgroup and are
illustrated in Fig. 4. They had predominantly round or ovoid
cell morphology. In case 5, about two-thirds of the tumor
showed minimal stromal matrix. Such foci consisted solely
of solid sheets of round/ovoid cells that in some areas dis-
integrated to form minute empty spaces with a microcystic
appearance or when more advanced, medium-sized

SPRINGER NATURE

pseudocysts similar to cases 3 and 4. The rest of the tumor
showed more abundant hyaline stroma, focally with epi-
thelioid cells again exhibiting a small amount of peri-
membranous collagen deposition. Most of the neoplastic
cells were relatively uniform, had fine chromatin, small
nucleoli and were thus akin to the round cells seen in the
tumors from the first subgroup. However, a subset of cells
in certain areas exhibited high-grade cytological features
with hyperchromatic nuclei showing more variability in size
and shape. Three mitoses per 10/HPF were identified.
Necrosis was absent. Overall, case 5 was morphologically
somewhere in between the low-grade tumors from the first
subgroup and the high-grade round cell sarcomas in cases 6
and 7. Due to the scarcity of stromal matrix in case 6, only
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Fig. 3 Low-grade spindle/
round cell tumors, cases 3 (a—
e) and 4 (f-i). These tumors
were also composed of a
variable mixture of spindled,
ovoid, round, and epithelioid
cells. The cellularity was highly
variable in different areas but
was predominantly moderate (a,
b, e, h). The stroma of these
tumors was hyalinized (a, b, e,
h) or focally myxohyaline (f).
Case 3 contained abundant
ropey collagen bundles (a). Case
4 showed multiple
fibrocollagenous stromal bands
(g) as well as large macro/
microcystic areas (f). Both
depicted cases contained
innumerable small hyalinized
vessels (a, i). The neoplastic
cells showed mostly moderate
variation in size and shape and
their nuclei had predominantly
bland nuclear features with fine
chromatin (a, b, d, h, i). Both
cases also exhibited very cellular
stroma-poor areas consisting
purely of relatively bland round
cells with low mitotic activity (c,
d, i). Occasionally,
predominantly spindle cell areas
were present (e). Low amount of
lightly eosinophilic or clear
cytoplasm was seen in most cells
(a, d, e, i). However, variably
prominent epithelioid cell
population with a more ample
clear or eosinophilic cytoplasm
and collagen accentuation
around cytoplasmic membranes
was present in each case (b, h).
Only very low mitotic activity
(0—1 mitoses/10 HPF) was
observed in all four neoplasms
included in this subgroup (b).

highly cellular sheets of relatively uniform round to oval
cells with scant cytoplasm, hyperchromatic nuclei and
inconspicuous nucleoli were present. Spindle cells were
rare. Five mitoses per 10 HPF were detected. Mildly hya-
linized vessels occasionally with a staghorn shape were
present. However, very little tissue was available and areas
with a different appearance might have been unsampled.
The pulmonary metastasis in case 7 exhibited an almost
identical morphology, characterized by a monotonous pro-
liferation of high-grade round cells with numerous small
hyalinized vessels and one small necrotic focus. Six mito-
ses/10 HPF were present. A single markedly sclerotic area
was the only other distinctive feature of this case.

High-grade spindle/round cell sarcomas

The third subgroup was represented by cases 8 and 9, which
are illustrated in Fig. 5. Although the major cell type in both
neoplasms was both spindle and round cells, the entire
cellular population was relatively pleomorphic. The pre-
sence of variably thick sclerotic bands was a remarkable
low power feature in both cases. They divided the tumors
into multiple unevenly shaped neoplastic lobules or tumor
nests. A small pre-treatment incisional biopsy was available
for case 8. It showed abundant fibrocollagenous tissue
infiltrated by a small round cell neoplasm (Supplementary
figures, Fig. 8). In contrast, the post-chemotherapy resection

SPRINGER NATURE
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Fig. 4 Predominantly round
cells sarcomas, cases 5 (a—d), 6
(e, f) and 7 (g-i). All three cases
had predominantly round or
ovoid cell morphology. About
two-thirds of the tumor in case
5 showed a very little stromal
matrix (a, ¢, d). Such foci
consisted only of solid sheets of
round/ovoid cells (¢, d) that in
some areas disintegrated to form
minute empty spaces with a
microcystic appearance (c) or,
when more advanced, medium-
sized pseudocysts similar to
cases 3 and 4 (a). The rest of the
tumor showed more abundant
hyaline stroma, focally with
slightly epithelioid cells again
exhibiting perimembranous
collagen deposition (b). Most of
the neoplastic cells were
relatively uniform, had fine
chromatin, small nucleoli and
were thus akin to the round cells
seen in the tumors from the
previous subgroup (b, c).
However, a subset of cells in
certain areas exhibited high-
grade cytological features with
hyperchromatic nuclei and more
variability in size and shape (d).
Overall, this case was
morphologically somewhere in
between the low-grade tumors
from the first subgroup and the
high-grade round cell sarcomas
in cases 6 and 7. Due to the
scarcity of stromal matrix in case
6, only highly cellular sheets of
relatively uniform round to oval
cells with scanty cytoplasm,
hyperchromatic nuclei and
inconspicuous nucleoli were
present. Spindle cells were rare
(e, f). Mildly hyalinized vessels,
occasionally with a staghorn
shape were present (e, f). The
pulmonary metastasis in case 7
exhibited an almost identical
morphology characterized by a
monotonous proliferation of
high-grade round cells with
numerous small hyalinized
vessels (g, i). A single markedly
sclerotic area was the only other
distinct feature found in this case

(h).

specimen featured virtually all possible cell types including
rhabdoid and epithelioid cells, the latter focally endowed
with perimembranous collagen accentuation. Some areas
again showed the microcystic/reticular change and

SPRINGER NATURE

hyalinized vessels. The cytologic features of both neo-
plasms were high-grade with pleomorphic and hyperchro-
matic nuclei, including some bizarre multinucleated forms
in case 8. The nucleoli of most cells were prominent in both
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Fig. 5 High-grade spindle/
round cell sarcoma, cases 8 (a—
e) and 9 (f, g). Although the
major cell type in both
neoplasms in this group was a
spindle and round cell, the
whole cellular population was
relatively pleomorphic (b—e, g).
The presence of variably thick
sclerotic bands was a remarkable
low power feature in both cases.
They divided the tumors into
multiple unevenly shaped
neoplastic lobules or tumor nests
(a, f). Case 8 featured virtually
all possible cell types including
rhabdoid and epithelioid cells
(b, e), the latter focally with
perimembranous collagen
accentuation as seen in the low-
grade tumors (b). Some areas
again showed microcystic/
reticular change (c) and
hyalinized vessels (d). The
cytologic features of both
neoplasms were high-grade with
pleomorphic and
hyperchromatic nuclei (b-e, g).
The nucleoli of most cells were
prominent in both cases (b, e, g).

cases. The mitotic rate was 6/10 HPF in the former and
around 2-4/10 in the latter case but the smudged nuclei and
low tissue amount in case 9 hampered accurate measure-
ment. Case 8 showed a minor necrotic area which might,
however, be attributable to neoadjuvant chemotherapy.

Immunohistochemical findings

The immunohistochemical results are summarized in
Table 2 and illustrated in Fig. 6. In general, the staining was
often heterogeneous among different portions of the tumors.
As a result, areas with potentially positive staining might

have been unsampled in cases 6 and 9 for which only
limited tissue was available. The most consistent markers
were S100-protein and GFAP, which were expressed at
least focally in 7/9 and 7/8 cases, and skeletal muscle
markers. Regarding the latter, the most reliable proved to be
MyoD1, Pax-7, and desmin, which were positive in 8/9, 4/
5, and 7/9 cases, respectively. In contrast, myogenin deco-
rated a small percentage of cells in only 2/9 cases. Inter-
estingly, broad-spectrum cytokeratins (AE1/3) showed a
very discreet perinuclear staining of a subset of cells in 4/9
cases. Case 8 showed the same type of perinuclear
expression and also exhibited cytoplasmic AE1/3 staining.

SPRINGER NATURE
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Fig. 6 Immunohistochemical features. In general, the staining was
very heterogeneous among different portions of the tumors (a, c¢). The
most consistent markers were S100-protein (a), GFAP (b), desmin (c),
MyoD1 (d), and Pax-7 (e). Interestingly, broad-spectrum cytokeratins
(AE1/3) showed a very discreet perinuclear staining of a subset of cells

OLIG2 showed diffuse, strong nuclear expression in 2/5
cases. While cytoplasmic WTT1 staining was encountered 6/

in almost half of cases (g). Case 7 showed the same type of perinuclear
expression and was the only case to also exhibit cytoplasmic AE1/
3 staining (f). One of three tested cases showed a near complete loss of
H3K27me2 (h). Strong diffuse nuclear OLIG2 staining (i).

7 cases with the N-terminus antibody, nuclear expression
was absent. The same staining pattern was present in 1 case
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tested with C-terminus antibody. One of three tested cases
showed a near-complete loss of H3K27me2, one case
showed partial loss, whereas intact expression was noted in
the third case. CD34 and smooth muscle actin were mostly
focally positive in 2/8 and 3/6 cases, respectively. Case
4 showed strong nuclear SOX-10 expression at the tumor
periphery; all other six tested cases were negative. A minor
subpopulation of neoplastic cells in 2/3 cases showed
nuclear MDM?2 staining. Synaptophysin and CD56 showed
weak expression in 2/7 and 1/2 tested cases, respectively.
Pan-TRK staining exhibited weak cytoplasmic positivity in
1/3 cases. H-caldesmon was diffusely positive in 1/2 cases.
Conflicting results likely related to different antibodies and/
or staining procedures employed were obtained for CD99.
While all four cases stained at one institution were negative
for CD99, results from other institutions ranged from
negative, patchy membranous and/or cytoplasmic expres-
sion to diffuse and strong membranous staining detected in
two cases. Negative results were obtained for all other
tested markers which included EMA, 348E12, HMB45,
BCOR, NKX2.2, NKX3.1, STAT6, SSX, SS18, chromo-
granin, calretinin, inhibin, ERG, CD31, TTF1, CD45,
CD20, and CD3 (and some other markers tested in indivi-
dual cases as listed Table 2). Ki-67 proliferation index
ranged from 1% in cases 1 and 3 to 50% in case 8.

Molecular genetic findings
FISH results

Three cases showed 8/100 nuclei with a break-apart signal
using an EWSRI break-apart probe and were rendered as
negative for EWSRI gene rearrangement. One case showed
9/100 nuclei with a break just falling short of the positive
test result (10% cut-off) and was also rendered as negative.
CDKNZ2A heterozygous and homozygous gene deletion
were detected in cases 1 and 8, respectively. Both cases
were negative for MDM?2 gene amplification. A previously
reported analysis of case 3 did not detect CDKN2A gene
loss or MDM?2 gene amplification [8].

Detection of EWSR1-PATZ1 fusion and NGS methods

Chromosome 22 harbored an intrachromosomal rearrange-
ment between exon 8 (with or without part of intron 8 as noted
previously [8]) and exon 1 of PATZI in all nine cases.
Comprehensive DNA testing in case 6 also revealed a
pathogenic TP53 (p.C275Y) gene mutation and low muta-
tional burden (<5 mutations/Mb). Low tumor mutation burden
was also detected in case 3 (2 mutation/Mb). NGS sequencing
in case 7 detected CDKN2A/B gene loss, while cases 3, 4, and
6 were negative for this aberration. In cases 1, 2, 5, 8, and 9,
these genes were not covered by the NGS panel used.
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Discussion

Although the first case of this unique neoplasm was
described 20 years ago [18], it was not until the recent
advent of high-throughput NGS techniques when more
cases of EPS began to appear in the literature. As of 2018,
18 more cases have been published [8, 19-22]. Combining
our current data with those reported previously allows some
general observations to be made.

Clinically, EPS have an equal gender distribution and
occur over a very broad age range (1-81 years) with a mean
age of 44 years. The most characteristic and diagnostically
useful clinical feature of EPS is its marked predilection for
soft tissues of the trunk, especially for thoracic soft tissues
and/or lungs. In fact, 12 out of 25 reported cases with
available data affected this anatomical area. Another eight
cases occurred in the abdominal soft tissues (including both
abdominal wall and intraabdominal sites) and 3 tumors
involved the soft tissues of the head and neck. It is note-
worthy that only 2/25 cases of EPS so far reported occurred
on the limbs (thigh and shoulder) and none affected the
skeleton [20, 23].

While a subset of EPS exhibits almost exclusively round
cell morphology, similar to most other members within the
most recent 2020 WHO classification category of “undif-
ferentiated small round cell sarcomas of bone and soft tis-
sue” (i.e., CIC-rearranged sarcoma, sarcoma with BCOR
alterations, EWSRI/FUS-NFATC2-rearranged sarcomas)
[2], EPS features variable mixture of spindled, ovoid,
round, and epithelioid cells. The architectural and stromal
features also vary and as a result, the morphologic spectrum
is very broad. The nine cases in our cohort (and according
to available figures probably all cases reported so far) could
be roughly divided into three subgroups based on the pre-
dominant shape and nuclear grade of the neoplastic cells.
While even then, the morphology within these subsets is not
entirely homogeneous and the clinical impact of such sub-
division is not known, we found this approach very useful
for differential diagnostic purposes.

The first group included low-grade appearing tumors
composed of spindled, ovoid, round, and epithelioid cells,
which grew within predominantly hyaline stroma. These
tumors were somewhat reminiscent of solitary fibrous
tumors (when more spindled) or myoepitheliomas (when
round/epithelioid cells predominated). The second group
encompassed intermediate/high-grade tumors with a round
or ovoid cell phenotype, few spindled cells and a less
prominent stromal component. The differential diagnosis
included other small round cell tumors. High-grade sarco-
mas with mixed spindled and round cell morphology were
included in the last group. Rhabdomyosarcoma and sarco-
mas with BCOR and CIC gene rearrangements constitute
the most likely differential diagnosis for these cases. It
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remains unclear whether the morphologically low-grade
tumors can transform into the higher-grade variety or if the
latter arise de novo. Two low-grade cases (cases 3 and 4) in
our study showed areas with pure round cell morphology
but the round cells were relatively bland and had low
mitotic activity and a clear-cut transition to high-grade areas
was not seen. However, the possibility of progression from
lower-grade to higher-grade sarcoma with different mor-
phology and prognosis cannot be excluded; albeit unusual it
is a well-described feature of fusion-associated sarcomas
and can be seen for example in myxoid/round cell lipo-
sarcomas. Despite the aforementioned differences, there
were also several recurring traits shared by tumors across
these categories, some of which were also noted previously
[8, 19-21]. Besides the variability in cell shape, the most
striking feature seen in six cases were variably thick bands
of fibrocollagenous tissue, which divided the tumors into
nests or lobules. Microcystic/macrocystic change and pro-
minent hyalinized vessels represented another distinct fea-
ture and were found in 4 and 5 cases, respectively. A
previously unreported feature present in 5 cases was situ-
ated in the epithelioid cell areas and consisted of peri-
membranous collagen accentuation, which emphasized the
boundaries of individual cells. According to all available
data, 9/14 cases had a mitotic count of less than 1 mitosis
per 10 HPF, whereas the remaining cases showed 3-6
mitoses per 10 HPF [8, 19, 21]. In line with a predominantly
low mitotic rate, necrosis was rare, with two cases showing
a single small necrotic focus and only one reported case
containing more prominent areas of necrosis [8].

The immunohistochemical features of EPS are unique
and in contrast to morphology, they are much more con-
sistent between individual cases. Our study corroborates
findings of several previous reports, which found most EPS
to stain with S100-protein, GFAP and with the myogenic
markers desmin and MyoD1 [8, 19, 21]. A novel finding in
this study was frequent Pax-7 expression detected in 4/5
analyzed cases. In contrast to a previous report, myogenin
was the least sensitive skeletal muscle marker as it stained
only 2/9 cases [19]. Another novel and diagnostically useful
finding was dot-like perinuclear keratin expression detected
with AE1/3 antibody in 4/9 cases. Only 1 other reported
tumor was keratin positive, which is likely attributable to
the great discreetness of this finding in most cases, as only 1
of the 4 positive tumors also showed more prominent
cytoplasmic keratin staining [18].

EWSRI and PATZI genes are both located on chromo-
some 22 only about 2 Mb apart and such a close genomic
proximity results in significant visualization and inter-
pretation difficulties of the break-apart FISH signals [2].
This was evidenced in our study by negative EWSRI break-
apart FISH results in all four cases tested. Therefore, other

techniques such as NGS should be preferably used for
molecular confirmation. The gene expression profiling
analysis of small round cell sarcomas performed by Watson
et al. showed EPS to form a distinct tight cluster, separate
from all other tumors included in the study cohort [20].
These molecular data lend further support to suggest that
EPS represents a unique entity, different from EWSRI/FUS-
NFATC?2 sarcomas or any other round cell tumor [19, 20].
However, the study did not include the recently described
pediatric CNS tumors harboring an identical intrachromo-
somal fusion between exon 8 of EWSRI/ and exon 1 of
PATZI [7, 8, 24-26]. After reviewing the only two histo-
logically documented cases of CNS tumors with
EWSRI-PATZI fusion as well as one such case from our
files, several similarities can be found [7]. The neoplastic
cells also have spindled, round or epithelioid shape and are
surrounded by hyalinized stroma and vessels. Co-
expression of S100-protein and GFAP was found in 1/1
cases, and 2/2 cases showed staining with OLIG2 [7]. Since
OLIG?2 is a transcription factor involved in differentiation
of cells in the oligodendroglial lineage, positive OLIG2
staining strongly suggests a primary CNS neoplasm [27].
Surprisingly, however, when stained with OLIG2, two out
of five cases of EPS exhibited diffuse strong nuclear posi-
tivity as well. OLIG2 expression in sarcomas has not been
investigated apart from a recent study reporting high
OLIG2 specificity among rhabdomyosarcomas for alveolar
rhabdomyosarcomas harboring PAX3/7-FOXO1 fusion
[28, 29]. Nonetheless, along with other immunomorpholo-
gical similarities, OLIG2 staining in some EPS supports the
notion that the EWSRI-PATZI fusion event may give rise to
identical neoplasms both in the CNS and elsewhere in the
body, analogous to some other fusion-associated sarcomas
such as Ewing sarcoma [30], CIC-rearranged sarcomas [31—
33], or Desmoplastic small round cell tumor (DSRCT) [34].
However, further clinicopathological studies of the CNS
neoplasms are necessary in this regard.

Due to variable spindle and/or round cell morphology
with different levels of atypia, the complete list of differ-
ential diagnostic entities is extraordinarily broad. The co-
expression of S100-protein, GFAP, desmin, and MyoD1
found in most cases of EPS is very unusual and therefore
suggestive of the diagnosis. Nonetheless, some cases of
EPS may lack this characteristic immunoprofile and in such
cases, molecular detection of the fusion is required for
diagnosis. Based on similar clinical, morphological, and/or
immunohistochemical features, solitary fibrous tumor,
myoepithelioma, desmoplastic small round cell tumor
(DSRCT), Ewing sarcoma, BCOR or CIC-rearranged sar-
comas, rhabdomyosarcoma and malignant peripheral nerve
sheath tumor (MPNST) with skeletal muscle differentiation
are among the entities most likely to be confused with EPS.
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Solitary fibrous tumor frequently arises on the pleura and
may mimic low-grade examples of EPS. It also has a rare
round cell variant that may be confused with the round cell
subtype of EPS. Positivity with the above-mentioned mar-
kers in the absence of STAT6 expression strongly supports
the diagnosis of EPS. Although typical Ewing sarcoma is
composed of uniform round cells, the atypical variant may
also show a partially spindle cell morphology [35]. EPS
may occasionally show membranous CD99 expression but
diffuse strong membranous expression typical for Ewing
sarcoma is rare. While MyoD1 staining is absent in Ewing
sarcoma, Pax-7 is consistently expressed [36]. Ewing sar-
coma may also infrequently show focal expression of S100-
protein or desmin but prominent co-expression of these two
markers is not present [23, 35]. Both BCOR and CIC-
rearranged sarcomas show variably spindled and round cell
morphology. However, both are highly mitotically active
tumors and do not generally express desmin and S100-
protein, whereas BCOR sarcomas express BCOR and CIC-
sarcomas show WTI nuclear staining in most cases (with
the N-terminus antibody) [37, 38]. It is not rare to encounter
focal S100-protein expression in rhabdomyosarcomas but
prominent co-expression of both S100-protein and GFAP in
any rhabdomyosarcoma subtype would be very unusual
[39]. Due to similarities in anatomical distribution, mor-
phology and immunohistochemical features (desmin and
keratin expression, including occasional dot-like expression
of the latter [40]), DSRCT can closely mimic the morpho-
logically high-grade subtype of EPS. Nevertheless, the
fibrocollagenous bands in DSRCT are usually more pro-
minent than in EPS. The tumor nests in DSRCT are also
composed of more uniform cells, often with central necro-
sis, which is usually absent in EPS. Significant expression
of S100-protein, GFAP, and of skeletal muscle markers
such as MyoD1 is not present [41, 42]. The nuclear
expression of the C-terminus WT1 antibody, which typifies
DSRCT, was not present in the single case of EPS tested.
Although exceedingly rare, MPNST with rhabdomyoblastic
differentiation may look very similar to the high-grade
spindle cell subtype of EPS, both morphologically and
immunohistochemically. The history of type 1 neurofi-
bromatosis, origin from a nerve or from a preexisting neu-
rofibroma are features strongly favoring MPNST.
Immunohistochemically, GFAP expression is rarely
observed in MPNST [43, 44], whereas complete loss of
histone H3K27me2 and/or H3K27me3 supports the diag-
nosis MPNST [19]. However, 1/3 EPS in our study showed
almost a complete loss of H3K27me2 as well, questioning
its reliability. Interestingly, Benini et al. recently reported a
case of MPNST with rhabdomyosarcomatous and chon-
drosarcomatous differentiation harboring a novel EWSRI-
VEZF1 fusion [45]. This case showed a mixed spindle and
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round cell morphology and immunohistochemical positivity
with desmin, myogenin, SOX10, and EMA, while being
negative with S100-protein, GFAP, and AE1/3 [45]. Akin
to PATZI, VEZFI gene also encodes a Cys2/His2-type zinc
finger protein with transcriptional regulatory function, has a
similar structure, and is considered a paralogue of PATZI
[46, 47]. Very recently, another case of EWSRI-VEZFI
sarcoma was included (lacking details) in a large study of
round cell sarcomas [22]. Given the morphologic, immu-
nohistochemical, and molecular genetic similarities, we
believe that rather than MPNST, EWSRI-VEZF1 fusion-
associated sarcomas might represent another round cell
sarcoma with skeletal muscle differentiation, closely related
to EPS. Nevertheless, more cases of this exceedingly rare
neoplasm are again needed to support this conjecture.

Previous reports suggested very aggressive clinical
behavior in most cases of EPS as 4/5 patients with follow-
up either died or experienced distant metastasis within
2-30 months. The only patient with follow-up (19 months)
that was alive without any adverse event was an 81-year-old
female in a study by Bridge et al. [8]. This case was also
included in the current report (case 3) and although no
further clinical examination has been performed since the
previous study, per available data, the patient is alive at
32 months from the initial diagnosis. Importantly, Bridge
et al. performed comprehensive DNA and RNA sequencing,
which revealed copy number loss or deletion of CDKN2A/
CDKN?2B genes and MDM?2 gene amplification in 2/2 and 1/
2 cases with fatal outcome, respectively. In contrast, none of
these changes were found in the single case with a favorable
clinical course. In our study, the two high-grade sarcomas in
cases 7 and 8 harbored CDKN2A/B gene loss (unknown
whether homozygous or heterozygous) in case 7, whereas
homozygous CDKNZ2A gene deletion was observed in case
8. However, a heterozygous gene deletion was also seen in
the morphologically low-grade case 1 with 19 months of
uneventful follow-up. Moreover, the 18 cm large and mor-
phologically malignant case 6 lacked any CDKN2A/B gene
aberrations by NGS. On the other hand, this case harbored
TP53 gene mutation, which might also have a potential
prognostic relevance.

Apart from secondary molecular abnormalities, our data
indicate that certain morphological features might be asso-
ciated with a more favorable prognosis. The above-
discussed case 3 as well as case 1 were both well-circum-
scribed, partially encapsulated tumors with negligible
mitotic activity and similar low-grade morphology. Both
tumors were completely excised, and the patients were free
of disease 19 months after initial diagnosis. Notably, neither
of them received any adjuvant therapy. However, despite
intermediate-grade morphology, higher mitotic activity (3
mitoses/10 HPF) and widespread parietal and visceral
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pleural involvement at presentation, the patient in case 5
was free of disease 5 years after tumor resection. Adjuvant
chemotherapy was administered as well but no response
was noted by imaging or histology. Similarly, chemother-
apy in four other published cases and in the aggressive case
8 in the current study showed little to no clinical benefit
[8, 19]. The role of chemotherapy remains unclear in case 7
where chemotherapy was administered after the resection of
multiple lung metastases. The patient was alive with a
single 4-mm nonprogressive pulmonary nodule after 1 year.
In summary, we have presented the largest clin-
icopathological analysis of EPS to date, which confirms
these tumors to have a very wide morphological spectrum
with recurrent microscopic features. They also have a
characteristic immunophenotype distinguished mainly by
the co-expression of neural (S100-protein, GFAP) and
skeletal muscle (desmin, MyoD1, Pax-7) markers in most
cases. Both findings, as well as gene expression data from
previous studies confirm that EPS is a distinct clin-
icopathologic entity which may also include the CNS
tumors harboring EWSRI-PATZI fusion. The uneventful
outcome in some of our cases indicate that a subset of EPS
might follow a more indolent clinical course than previously
appreciated. Additional studies with comprehensive clin-
ical, morphological and molecular data are needed to vali-
date whether any morphological and/or molecular attributes
have a prognostic impact and to confirm whether che-
motherapy has no clinical benefit for the patients.
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