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Summary Clear cell variant of epithelioid mesothelioma is an extremely rare tumor with only isolated cases
reported so far in the peritoneum. Here, we report a case of peritoneal epithelioid mesothelioma, clear cell
variant, in a 63-year-old female patient with a novel VHL gene mutation and an unusual indolent clinical
course. The patient, who has no clinical history of asbestos exposure, presented with a 27.2-cm upper ab-
dominal mass and a 5.5-cm liver lesion. Retrospective review of the patient's abdominal computed tomo-
graphic scan 4 years ago showed 2 small abdominal lesions that were felt clinically to represent
hemangiomas. These were retrospectively considered to have grown in size and represented the current ab-
dominal mass. Bothmasses were subsequently biopsied and showed a proliferation of monomorphic epithe-
lioid cells with distinct cell membranes, fine chromatin, and clear to finely vacuolated pale eosinophilic
cytoplasm arranged in nests and solid sheets. Immunohistochemical staining confirmed it to be malignant
mesothelioma. Clear cell variant of peritoneal epithelioid mesothelioma should always be considered in pa-
tients with an abdominal or pelvic mass with clear cell features. Given the rarity of such entity, its clinical
course and prognosis remains unclear.
© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Malignant mesothelioma (MM) is a rare entity that most
commonly arises from the pleura. Although less frequently
seen, MM can occur in other organs lined by mesothelial cells,
including the peritoneum, pericardium, and tunica vaginalis
[1]. MM has a wide range of histologic subtypes that are gen-
erally grouped under 1 of 3 major patterns: epithelioid,
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sarcomatoid, and bipahasic [1]. The epithelioid type of meso-
thelioma is frequently seen with papillary or tubular compo-
nents; however, a very rare entity, which has only been
described in a few case reports, is the clear cell variant [2,3].
Because clear cell morphology can occur in almost any type
of tumor, to diagnose a clear cell tumor as mesothelioma can
be exceedingly difficult and often requires numerous immuno-
histochemical stains. This is especially true when it is arising
in the peritoneum because of the numerous entities that are
characteristically associated with clear cells in this anatomical
region. In addition, because of the few reported cases of this
subtype, little is known about the prognosis, molecular profile,
and the disease pathogenesis [4].
cle under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-
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Fig. 1 Computed tomographic scans of the abdomen and pelvis
show a right hepatic heterogeneous mass.

Fig. 3 Higher-power magnification showing the fine nuclear chro-
matin and cytoplasmic clearing (hematoxylin-eosin, original magnifi-
cations ×20).
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2. Case description

A 63-year-old woman presented to her primary care pro-
vider complaining of abdominal and right flank pain. A urinal-
ysis was performed and found to be positive for hematuria.
The patient was sent for imaging, and on computed tomogra-
phy (CT) of the abdomen and pelvis with contrast, a complex
heterogeneous mass measuring 27.2 cm was identified. The
mass was extending superiorly to the liver, gallbladder, and
stomach, and there was questionable anterior wall involve-
ment of the mid to distal stomach and possible involvement
of the anterior margin of the transverse colon (Fig. 1). An ad-
ditional lesion in the liver measuring 5.5 cm in greatest dimen-
sion was also found. The gallbladder, pancreas, adrenal gland,
kidneys, small bowel, bladder, uterus/adnexa, and remainder
of colon were negative for any significant pathology. A CT
of the thorax with contrast showed the chest wall to be grossly
Fig. 2 Low-power magnification showing nested proliferation of
monomorphic epithelioid cells (hematoxylin-eosin, original magnifi-
cations ×4).
normal, with no mediastinal lymphadenopathy, and negative
findings in the pericardium or pleura.

Retrospective review of a CT performed in January of 2014
for a hematuria workup found 2 abdominal masses, one of
which had been previously described in 2010 when it was in-
cidentally found on a lumbar spine CT. At the time, it was felt
that these were likely hemangiomas, and no further investiga-
tion was conducted. In light of these new findings, it is felt that
these abdominal lesions represent the current abdominal mass,
which had grown in size over several years. Both the abdom-
inal and liver masses were subsequently biopsied and showed
a proliferation of monomorphic epithelioid cells with distinct
cell membranes, fine chromatin, and clear to finely vacuolated
pale eosinophilic cytoplasm arranged in nests and solid sheets
(Figs. 2 and 3). The tumor cells were immunoreactive for
calretinin (Fig. 4), D2-40 (Fig. 5), HBME-1, CK5/6 (Fig. 6),
CK19, CK7, and WT-1 (Fig. 7). Periodic acid–Schiff
Fig. 4 Strong calretinin positivity seen in tumor cells (original
magnifications ×20).



Fig. 5 D2-40–positive staining in tumor cells (original magnifica-
tions ×50).

Fig. 7 Nuclear positivity is seen with WT1 (original magnifica-
tions ×50).
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(Fig. 8) highlighted the intracytoplasmic glycogen deposits,
which disappeared when treated with diastase. The tumor cells
were negative for GATA-3, CK20, inhibin, arginase, HMB45,
p63, glypican-3, CD117, DOG1, CDX2, Pax8, TTF-1, CEA
and BER-EP4, chromogranin, synaptophysin, and
albumin in situ. Based on the immunophenotype and morphol-
ogy, the tumor was diagnosed as epithelioid mesothelioma,
clear cell variant. Further molecular testing using an
investigational polymerase chain reaction panel showed a
VHL gene alteration involving exon 2 (exon2 p.F136Nfs 25
[c.401_405dupAATTA]), which is considered a novel genetic
finding in MM. None of the common mesothelioma-associ-
ated molecular alterations (BAP1, p16/CDKN2A, NF2,
LATS2, SETD2, and DDX3X) were positive in the clinical po-
lymerase chain reaction panel.

The patient underwent wide excision of the mesenteric
mass and partial liver resection at the end of February 2018.
She was also placed on a chemotherapy regiment. On clinical
follow-up, 2 months later, the patient was found to be doing
well without evidence of any new lesions.
Fig. 6 CK5/6-positive membranous staining in tumor cells (origi-
nal magnifications ×10).
3. Discussion

Clear cell mesothelioma, also called glycogen-rich or
foamy mesothelioma, is considered a variant of epithelioid
MM. It is a rare entity that was first described by Ordoñez et
al [2,5] in 1996, with only isolated cases reported so far in
the pleura [2,3,5-7], peritoneum [2,8,9], and testis [10].

Given the rarity of such entity, the final diagnosis of clear
cell mesothelioma, in our case, was reached after excluding
more common intra-abdominal tumors with clear cell mor-
phology that entered the differential diagnosis, which included
carcinomas arising from upper or lower gastrointestinal tract,
pancreas, adrenal, kidney, liver and Müllerian system/primary
peritoneum, or metastatic carcinomas from breast or lung ori-
gins. Other intra-abdominal tumors with clear cell morphol-
ogy, within the differential diagnosis, included myoepithelial
carcinoma, epithelioid leiomyosarcoma, melanoma, perivas-
cular epithelioid cell tumor, paraganglioma, gastrointestinal
Fig. 8 Periodic acid–Schiff demonstrating intracytoplasmic glyco-
gen deposits, confirmed with periodic acid–Schiff–diastase (original
magnifications ×20).



Table List of intra-abdominal tumors with clear cell morphology and their corresponding immunostains

Intra-abdominal tumor(s) with clear cell morphology Corresponding immunostain(s) Immunostain(s) results Tumor(s)
ruled in/out

Clear cell mesothelioma Calretinin, D2-40, HBME-1, CK5/6,
CK7, WT-1

Positive Ruled in

Upper and lower GI tract carcinoma/pancreatic carcinoma CK7, CK20, CDX-2 Negative (except for CK7) Ruled out
Urothelial/metastatic breast carcinoma/paraganglioma GATA3 Negative Ruled out
Renal carcinoma Pax-8 Negative Ruled out
Müllerian system/primary peritoneal carcinoma Pax-8, B72.3, Ber-EP4, poly-CEA Negative Ruled out
Adrenal carcinoma Inhibin, synaptophysin Negative Ruled out
Hepatocellular carcinoma Glypican 3, HepPar-1, arginase 1,

albumin in situ
Negative Ruled out

Metastatic lung adenocarcinoma TTF-1, B72.3, Ber-EP4, poly-CEA Negative Ruled out
GIST CD117, DOG-1 Negative Ruled out
Melanoma S100, HMB-45 Negative Ruled out
Epithelioid angiosarcoma ERG/FLI-1 Negative Ruled out
Epithelioid sarcoma INI-1 Positive (retained) Ruled out
Epithelioid leiomyosarcoma SMA, Desmin Negative Ruled out
Myoepithelial carcinoma SMA, p63 Negative Ruled out
PEComa SMA, HMB-45 Negative Ruled out

Abbreviations: GI, gastrointestinal; GIST, gastrointestinal stromal tumor; PEComa, perivascular epithelioid cell tumor.
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stromal tumor, epithelioid angiosarcoma, and epithelioid sar-
coma. Carcinomas in general were excluded by absent immu-
nostaining for B72.3, Ber-EP4, and poly-CEA
immunomarkers [1,11]. Further immunostains were used to
eliminate specific intra-abdominal tumors with clear cell mor-
phology (see Table). Ultimately, positivity of the tumor cells
for the mesothelioma markers calretinin, D2-40, HBME-1,
CK5/6, CK19, CK7, and WT-1 and negativity for all of the
listed immunomarkers favored the diagnosis of clear cell me-
sothelioma [1,4,11].

Although the risk factors for malignant peritoneal mesothe-
lioma are not very well defined, patients with the disease are
more commonly younger women and have a better prognosis
compared with patients with pleural mesothelioma [12]. In ad-
dition, although most pleural mesotheliomas occur in patients
with a history of asbestos exposure, there has been some recent
evidence that suggests that peritoneal mesothelioma in women
is rarely associated with asbestos exposure [13,14]. Having lo-
calized disease, as seen in our case, has been suggested to add
an additional layer of prognostic benefit, as there has been ev-
idence that localized MMs are biologically different in their
behavior and have a markedly better prognosis than their dif-
fuse counterpart. This may partially explain the seemingly in-
dolent course that our patient has had [15].

According to the latest report from the National Cancer
Institute's Surveillance, Epidemiology, and End Results Pro-
gram, epithelioid mesotheliomas have a median survival of
12 to 24 months, with epithelioid morphology being more fa-
vorable than sarcomatoid and biphasic morphologies. How-
ever, in our case, the patient's tumor had an unusually
indolent clinical course and was assumed to be present for al-
most 4 years with gradual increase in size. In addition, unlike
our case whereby the liver was the main metastatic focus, liver
metastasis is thought to be uncommon in mesotheliomas, with
the most common site of metastasis being to regional lymph
nodes [16].

At the molecular level, mesotheliomas have been linked to
several alterations, which seem to vary in frequency depending
on both location and morphologic subtype, in general, the
most frequent being homozygous deletions of p16/CDKN2A
at 9p21, approximately 75% of pleural mesothelioma cases
[17]. BAP1 (BRCA-associated protein 1) mutations or dele-
tions, however, can be seen in up to 80% of epithelioid meso-
thelioma cases [18]. Other alterations include inactivating
mutations in NF2 gene (20%-40% of cases), mutations in
LATS2 gene at 13q21 (b10% of cases), and inactivating muta-
tions of SETD2 (8% of cases) and DDX3X (4% of cases) [19-
21].

In a study performed at the University of California by Jo-
seph et al [19], genomic profiling of malignant peritoneal me-
sotheliomas revealed recurrent alterations in epigenetic
regulatory genes BAP1 (85% of cases), SETD2 (15% of
cases), and DDX3X (15% of cases). Apparently, BAP1 muta-
tion is the most frequent somatic event in peritonealMMs [22],
being more often present in the epithelioid type (80%) than the
nonepithelioid type (15%) [23]. However, no study so far has
reported the presence of VHL mutation in peritoneal mesothe-
liomas, more specifically primary epithelioid peritoneal meso-
theliomas. Mutations involving the VHL gene have been
reported in 2 cases of pleural mesothelioma; these mutations
are, however, different from the missense mutation that was
found in our case [24].

The presence of a VHL gene alteration involving exon 2
and the absence of the common MM molecular alteration
markers including BAP1, p16/CDKN2A, NF2, SETD2, and
DDX3X are considered a novel finding in our case.
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It is unclear at this point in time whether the clear cell mor-
phology of the epithelioid peritoneal mesothelioma in our case
is related to the presence of the VHL genemutation or not. Fur-
ther genome-wide studies of genetic and epigenetic alterations
are needed to determine this relationship.
4. Conclusions

In conclusion, we report a rare case of primary peritoneal
epithelioid mesothelioma of clear cell type with a novel VHL
gene mutation. This mesothelioma variant should always be
considered in patients with an abdominal or pelvic mass with
clear cell features. Given the rarity of such entity, its clinical
course, prognosis, pathogenesis, and molecular profile remain
unclear.
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