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Case Report

Malignant MesotheliomaWith EWSR1-ATF1
Fusion in Two Adolescent Male Patients
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Abstract

Malignant mesothelioma is a neoplasm of serosal surfaces, most commonly affecting the pleura. The peritoneum, pericar-

dium, and tunica vaginalis are less frequently involved. Malignant mesothelioma with EWSR1-ATF1 fusion in young adults was

recently reported in the literature. Here, we present two pediatric cases of EWSR1-ATF1 translocation-associated malignant

mesothelioma in the peritoneum and pericardium respectively. Both cases lacked a known exposure history. Microscopy in

both cases showed predominantly epithelioid morphology with ample eosinophilic cytoplasm, and immunohistochemistry

was positive for pan-keratin, calretinin, and WT1. Both cases showed EWSR1-ATF1 gene rearrangement by RNA sequencing,

which was instrumental in confirming the diagnosis of malignant mesothelioma and to exclude more common pediatric

sarcomas, especially in the context of limited sampling.
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Introduction

Malignant mesothelioma is a neoplasm of the serosal

surfaces of body cavities. The most common site of

involvement is pleura, then peritoneum. The pericardi-
um or tunica vaginalis is the primary site in less than 5%

of cases.1 Pediatric mesotheliomas comprise less than

5% of total mesotheliomas, with similar anatomical

sites and frequencies of involvement to adults.2

Asbestos and radiation exposure are strong risk factors

for adult pleural mesothelioma, but the association is

weaker with peritoneal mesothelioma, and is only
rarely found in pericardial mesothelioma and in pediat-

ric mesothelioma cases.3,4 Proposed risk factors in chil-

dren include fetal isoniazid exposure, or ataxia-

telangiectasia, but the pathophysiology of pediatric

cases largely remains unknown.5,6

Genomic profiling studies of peritoneal mesothelioma
have demonstrated overlapping genetic alterations with

pleural mesothelioma, such as BAP1 inactivation/loss,

and deletions of CDKN2A and NF2.7–9 The roles of

these genes in pericardial mesothelioma have not been

widely reported. Recently, malignant mesothelioma with

genetic alterations in ALK, EWSR1, FUS1 or YY1 have
been reported.10–13

In this report, two adolescent patients with mesothe-
lioma harboring EWSR1-ATF1 fusion are described,
both of whom were 15 years of age at diagnosis.
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Patient #1 had peritoneal mesothelioma and is the youn-

gest patient to date reported to have peritoneal mesothe-

lioma with EWSR1-ATF1 rearrangement. Patient #2

had pericardial mesothelioma, the first reported pericar-

dial mesothelioma with EWSR1-ATF1 fusion.

Case Reports

Patient #1

This previously healthy 15-year old male presented with a

two-month history of weight loss and constitutional

symptoms. Ultrasound and CT scan showed a mesenteric

mass. Abdominal fluid drainage and incisional biopsy

were performed. After the procedure, he developed

bowel obstruction and underwent a wider resection of

the mass and adjacent small bowel for symptom

management.
Grossly, the resected tumor was solid, tan-white, and

centered in the small bowel mesentery. It abutted themus-

cularis propria but did not invade into the superficial

bowel tissue layers (Figure 1(A)). Microscopically, the

tumor was predominantly composed of nests or sheets of

large epithelioid cells, with round nuclei of variable diam-

eters and eosinophilic (Figure 1(B)) to clear (Figure 1(C))

cytoplasm. Papillary structures were seen in a minority of

sections (Figure 1(D)). Up to 3 mitoses per 10 high power

fields, including atypical mitoses, were counted.
Immunohistochemistry (IHC) was positive for the

epithelial markers AE1/AE3, CAM5.1, and EMA.

Vimentin was strongly positive. Desmin showed patchy

positivity. Multiple mesothelial lineage markers such as

WT-1 (Figure 1(E)), calretinin (Figure 1(F)), and CK5/6

were positive. Markers for melanocytic differentiation

(S100, Melan A, HMB45, and SOX10) were negative.

INI-1 (SMARCB1) protein expression was retained.

No cytoplasmic inclusions were identified on PAS-D.

In light of the positive mesothelial markers, BAP1

immunohistochemistry was performed, and tumor cells

showed retention of this protein.
Breakapart FISH was positive for EWSR1 gene rear-

rangement. RNA sequencing using Illumina TruSight

RNA Fusion Panel identified EWSR1-ATF1 fusion

with the breakpoints located in exon 13 of EWSR1

and exon 5 of ATF1. Ultrastructural analysis revealed

a poorly differentiated tumor with epithelioid features

including microvilli and desmosomes (Figure 1(G)), as

well as basement membrane formation (Figure 1(H)).

Based on these data, a final diagnosis of malignant peri-

toneal mesothelioma was made.

Patient #2

This 15-year-old male patient presented with a pericardial

mass. Core needle biopsies were performed.

Microscopically, the tumor showed infiltrating cords
and nests of monomorphic epithelioid cells within a scle-
rotic stroma (Figure 2). The tumor cells showed ample
eosinophilic cytoplasm with hyperchromatic eccentric
nuclei. IHC was positive for pan-keratin, calretinin and
WT-1, supporting amesothelial lineage. RNA sequencing
using Illumina TruSight RNA Fusion Panel also identi-
fied EWSR1-ATF1 fusion with breakpoints in exon 8 of
EWSR1 and exon 4 of ATF1. These results supported a
final diagnosis of primary pericardial mesothelioma.

Discussion

This report describes two cases of pediatric mesothelio-
ma with EWSR1-ATF1 fusion. Both cases showed the
typical histology and immunohistochemistry profile of
malignant mesothelioma. Because mesothelioma is rare
in children, and because some more common pediatric
malignancies may show at least focally similar histology
to mesothelioma, or have similar immunohistochemistry
markers to mesothelioma, there is a differential diagno-
sis that should be considered. In particular, Patient #1’s
tumor, which was extensively sampled and showed var-
iable morphology, had areas with focal cytoplasmic
clearing and nested growth pattern that was reminiscent
of clear cell sarcoma (CCS). However, the tumor showed
no immunohistochemistry or ultrastructural evidence of
melanocytic differentiation. Another sarcoma with a
nested growth pattern is alveolar soft part sarcoma,
but no characteristic PAS-D cytoplasmic inclusions
were identified in this patient’s tumor. The positive epi-
thelial and mesenchymal IHC markers were similar to
those of desmoplastic small round cell tumor (DSRCT),
but the histomorphology of the tumor was not that of
DSRCT. Finally, poorly differentiated carcinoma was a
consideration, but would be highly unusual in this age
group. RNA sequencing was crucial for confirming the
final diagnosis of malignant mesothelioma with EWSR1
gene rearrangement. This malignancy was characterized
in a case series by Desmeules et al., which included four
patients with EWSR1-ATF1 or FUS-ATF1 fusion-
positive malignant mesotheliomas, three of whom had
peritoneal-based disease. The age of presentation
ranged from 21-34 years, and the three patients with
available clinical information had no asbestos exposure
history. Three cases in which BAP1 IHC was performed
showed retained expression.11

EWSR1 is a multifunctional RNA-binding protein
belonging to the FET (FUS/TLS, EWS, and TAF15)
protein family, which also includes FUS and TAF15.
Both the EWSR1 and FUS genes are involved in tumor-
igenesis by fusing with various transcription factor
coding genes, leading to fusion oncogene formation.
EWSR1 or FUS fusing with various CREB-
transcription factor family members (ATF1, CREB1,
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and CREM) leads to a wide variety of neoplasms,
including CCS, clear cell-like tumor of the gastrointesti-
nal tract (CCLTGT), angiomatoid fibrous histiocytoma
(AFH), primary pulmonary myxoid sarcoma (PPMS),
soft tissue myoepithelial tumor (SMET), hyalinizing
clear cell carcinoma (HCCC), angiosarcoma of the
parotid, and a group of malignant epithelioid neoplasms

with predilection for mesothelial-lined cavities.14–17

Though the fusion proteins driving these neoplasms
may be the same, these tumors can be separated by care-
ful consideration of clinical presentation, histomorphol-
ogy, and immunohistochemistry. For example, AFH
and angiosarcoma of the parotid both show minimal
morphologic resemblance to mesothelioma and are

Figure 1. Patient #1, presenting with a peritoneal mass. A, Grossly, the resected tumor was a solid tanwhite mass centered in the small
bowel mesentery, abutting the muscularis propria but not invading into the superficial bowel tissue layers. On hematoxylin and eosin
stained microscopic sections, the tumor was predominantly composed of nests or sheets of epithelioid cells with round vesicular nuclei of
varying diameters and (B) eosinophilic or (C) clear cytoplasm. D, Papillary structures were seen in a minority of sections.
Immunohistochemistry for (E) WT-1 and (F) calretinin was positive in tumor cells. Electron microscopy revealed a poorly differentiated
tumor with (G) microvilli (arrowhead) and desmosomes (arrow). H, There was evidence of basement membrane formation (arrowhead).
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negative for mesothelial markers. CCS and CCLTGT
can be ruled out by negative melanocytic markers.
HCCC is a low grade neoplasm of the salivary gland
that has not been described in the peritoneum or peri-
cardium. PPMS and SMET can be separated from meso-
thelioma based on their site and lack of mesothelial
immunohistochemistry profile. Recently, Argani et al.16

published a case series of malignant epithelioid neo-
plasms with predilection for mesothelial-lined cavities.
In these tumors, EWSR1 or FUS was fused to CREB
transcription factors, and showed histologic features
intermediate between AFH and epithelioid mesothelio-
ma. The epithelioid component of the tumors described
in Argani et al. showed morphologic resemblance to the
tumors that we describe in this report, but calretinin was
negative. In contrast, both of our cases were strongly
positive for calretinin, supporting their mesothelial line-
age. Furthermore, ultrastructural analysis of one of our
cases clearly demonstrated epithelial or mesothelial ele-
ments such as desmosomes, basement membranes, and
microvilli, while the tumors described in Argani et al. did
not show ultrastructural evidence of mesothelial
differentiation.

Mesothelioma with EWSR1/FUS-ATF1 fusion is
likely a distinct subgroup of mesothelioma with an alter-
native pathogenesis that does not involve common path-
ways such as BAP1, CDKN2A and NF2.
Morphologically, translocation-associated mesothelio-
mas show histologic overlap with non-translocated
mesotheliomas. Both can have epithelioid morphology
with variable papillary, nested, and solid growth pat-
terns. While non-translocated mesothelioma can have
sarcomatoid morphology, to date only epithelioid his-
tology has been described in mesotheliomas with

EWSR1-ATF1 or FUS-ATF1. Both of the cases in our
report showed epithelioid morphology.

To conclude, the two patients with EWSR1-ATF1
associated mesothelioma described in this report are
the youngest patients reported with this malignancy.
This report highlights the importance of including malig-
nant mesothelioma in the differential diagnosis of pedi-
atric tumors with EWSR1-ATF1 gene rearrangements.
In the pediatric population, sarcomas with EWSR1 gene
rearrangement occur more frequently than mesothelio-
ma. Correlating the correct tumor morphology with the
underlying genetic alteration is essential, due to the exis-
tence of tumors with similar morphology or immunohis-
tochemistry profiles. Furthermore, the clinical context,
such as age, location, and past medical history, can con-
siderably narrow down a broad differential diagnosis.
Finally, RNA sequencing is a complementary and pow-
erful tool that can identify the fusion gene driving the
malignancy and help to establish a definitive diagnosis.
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Figure 2. Patient #2, presenting with a pericardial mass. On hematoxylin and eosin stained microscopic sections, the tumor showed
infiltrating cords and nests of epithelioid cells within a sclerotic stroma. The cells were monomorphic with hyperchromatic eccentric nuclei
and eosinophilic cytoplasm. Photomicrograph taken at 100� original magnification.
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