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Abstract: The clear-cell variant of epithelioid mesothelioma is an extremely rare neoplasm of the
peritoneum. It shares histomorphologic features overlapping with a wide variety of tumors including
carcinomas and other non-epithelial neoplasms. The diagnosis of peritoneal clear-cell mesothelioma
is not always straightforward, despite known immunohistochemistry (IHC) markers. Due to its
rarity, this entity may be diagnostically confused with other clear-cell neoplasms, particularly in
intraoperative frozen sections. Here, we present a case of clear-cell mesothelioma originating in the
uterine serosa that was initially misdiagnosed as clear-cell adenocarcinoma in the intraoperative
frozen section. Microscopically, the tumor showed diffuse tubulocystic spaces of variable size lined
by clear cells with moderate nuclear atypia. Immunohistochemical staining confirmed the diagnosis
of clear-cell mesothelioma. Recognition of this entity, albeit rare, is important as the diagnosis may
significantly affect the management considerations. The judicious use of an IHC panel helps to
distinguish this tumor from other mimickers.
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Table 1. Malignant mesothelioma of the peritoneum in women is 3.5 times less common than the pleu-
ral counterpart [1]. The incidence rate of peritoneal mesothelioma is only 0.1 per 100,000 women [2].
The differential diagnosis of peritoneal mesothelioma includes a wide variety of malignant tumors in
contrast to pleural mesothelioma, which should be distinguished from pulmonary adenocarcinoma in
the majority of cases [3]. Peritoneal mesothelioma has clinical, morphological, and molecular features
that are distinctive from the pleural counterpart [4] (this table). It occurs more commonly in young
women, and the association with asbestos exposure is much less strong than that of pleural mesothe-
lioma [4]. In a large study of 164 cases of peritoneal mesothelioma in women [2], 40 cases (24.4%)
had an initial referral diagnosis of Mullerian-type carcinomas or non-gynecological carcinomas. The
large majority of tumors had epithelioid morphology (80.5%), whereas the remainder (19.5%) had
biphasic morphology (epithelioid and sarcomatoid). Mixed architectural patterns were observed in
92% of cases, including papillary, solid, tubular or glandular, single-cell, and cystic patterns. The
presence of clear cells or hobnail cells was found in a minority of cases (number not specified) [2].
Clear-cell mesothelioma represents an extremely rare subtype of peritoneal mesothelioma [5]. As
the tumor shows clear cytoplasmic features, the histomorphology is overlapping with Mullerian
clear-cell adenocarcinoma of the female genital organs. In this report, we describe a case of clear-cell
mesothelioma originating in the uterine serosa. The morphological features of this tumor closely
mimic clear-cell adenocarcinoma, resulting in an incorrect intraoperative frozen section diagnosis,
which affected the surgical management decision. Comparison of clinico-pathological features of
mesothelioma [1,2,4,6–15].
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Table 1. Cont.

Clinico-Pathological Features Pleural Mesothelioma Peritoneal Mesothelioma Peritoneal Clear-Cell
Mesothelioma

Male: Female ratio 3.9:1 1.3:1 Female

Median age (years) 65–70 49–69
(49 in female) a Limited data

Association with asbestos exposure 70% 33%
(5–23% in female) a Limited data

Association with germline cancer
susceptibility mutations 7% 25% Limited data

Histologic patterns
Epithelioid (55%)
Biphasic (20%)
Sarcomatoid (10%)

Epithelioid (82%)
Biphasic (13%)
Sarcomatoid (5%)

Epithelioid
(limited data)

Loss of BAP1 immunoexpression b 80%a (especially
epithelioid type) 57% a Limited data

Median overall survival time (months) 17–20 53 Limited data
a Data in female patients. b Surrogate marker for BAP1 mutation.
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Figure 1. A 28-year-old Thai pregnant woman underwent an uneventful cesarean section at a local 
hospital. A 6 cm mass, right lateral to the uterus, was incidentally found. Follow-up computed to-
mography of the whole abdomen showed a 9.1 cm cystic mass with irregularly thick septation in 
the right adnexal region, consistent with an ovarian tumor. The patient was referred to Maharaj 
Nakorn Chiang Mai Hospital for further management two months after delivery. The patient had 
no clinical history of asbestos exposure or underlying diseases. Her family history was unremarka-
ble. Preoperative laboratory investigations revealed a slight elevation of the CA125 tumor marker 
(70.6 U/mL; normal 0–35 U/mL). Intraoperatively, a large tumor protruding from uterine serosa was 
seen. Total abdominal hysterectomy was performed, and the uterus was sent for an intraoperative 
frozen section. Macroscopically, a 9 × 7 × 5.5 cm serosal tumor was found at the right posterolateral 
wall, as presented in (A). Cut surface of the tumor was dark red and revealed predominantly thin-
walled multicystic to spongy tissue containing blood, as presented in (B), with focal tan solid area 
at the periphery ((B), inset). Frozen section diagnosis was clear-cell adenocarcinoma involving uter-
ine serosa. Then, the patient underwent a complete surgical staging procedure, including bilateral 
salpingo-oophorectomy (BSO), bilateral pelvic node biopsy, omental biopsy, and peritoneal wash-
ing. Such intraoperative diagnosis was the main reason for complete surgical staging including im-
mediate BSO and lymphadenectomy, which may not be the necessary surgical procedure for meso-
thelioma in young women in whom preservation of ovarian function is of concern. This figure and 
Figure 2 demonstrate the macroscopic and microscopic appearance of clear-cell mesothelioma that 
has led to the intraoperative diagnosis of clear-cell adenocarcinoma. The occurrence of extragenital 
clear-cell adenocarcinoma, although uncommon, could be expected, as clear-cell adenocarcinoma is 
common in the Eastern world, accounting for up to 27% of ovarian epithelial cancers in Japan [6], 
and this tumor can arise from non-ovarian endometriosis. While the diagnosis of clear-cell adeno-
carcinoma in the endometrium or the ovary may not require or depend on immunohistochemistry, 
the diagnosis of clear-cell adenocarcinoma of peritoneal origin needs to be supported by an appro-
priate and extensive immunohistochemical panel. The differential diagnoses of clear-cell mesothe-
lioma include Mullerian-type adenocarcinomas with clear-cell features, non-Mullerian clear-cell 
carcinomas with relatively occult origin (e.g., clear-cell renal cell carcinoma), and other non-epithe-
lial clear-cell neoplasms. 

Figure 1. A 28-year-old Thai pregnant woman underwent an uneventful cesarean section at a local
hospital. A 6 cm mass, right lateral to the uterus, was incidentally found. Follow-up computed
tomography of the whole abdomen showed a 9.1 cm cystic mass with irregularly thick septation
in the right adnexal region, consistent with an ovarian tumor. The patient was referred to Maharaj
Nakorn Chiang Mai Hospital for further management two months after delivery. The patient had
no clinical history of asbestos exposure or underlying diseases. Her family history was unremark-
able. Preoperative laboratory investigations revealed a slight elevation of the CA125 tumor marker
(70.6 U/mL; normal 0–35 U/mL). Intraoperatively, a large tumor protruding from uterine serosa was
seen. Total abdominal hysterectomy was performed, and the uterus was sent for an intraoperative
frozen section. Macroscopically, a 9 × 7 × 5.5 cm serosal tumor was found at the right posterolat-
eral wall, as presented in (A). Cut surface of the tumor was dark red and revealed predominantly
thin-walled multicystic to spongy tissue containing blood, as presented in (B), with focal tan solid
area at the periphery ((B), inset). Frozen section diagnosis was clear-cell adenocarcinoma involving
uterine serosa. Then, the patient underwent a complete surgical staging procedure, including bilateral
salpingo-oophorectomy (BSO), bilateral pelvic node biopsy, omental biopsy, and peritoneal washing.
Such intraoperative diagnosis was the main reason for complete surgical staging including immediate
BSO and lymphadenectomy, which may not be the necessary surgical procedure for mesothelioma
in young women in whom preservation of ovarian function is of concern. This figure and Figure 2
demonstrate the macroscopic and microscopic appearance of clear-cell mesothelioma that has led to
the intraoperative diagnosis of clear-cell adenocarcinoma. The occurrence of extragenital clear-cell
adenocarcinoma, although uncommon, could be expected, as clear-cell adenocarcinoma is common
in the Eastern world, accounting for up to 27% of ovarian epithelial cancers in Japan [6], and this
tumor can arise from non-ovarian endometriosis. While the diagnosis of clear-cell adenocarcinoma in
the endometrium or the ovary may not require or depend on immunohistochemistry, the diagnosis of
clear-cell adenocarcinoma of peritoneal origin needs to be supported by an appropriate and extensive
immunohistochemical panel. The differential diagnoses of clear-cell mesothelioma include Mullerian-
type adenocarcinomas with clear-cell features, non-Mullerian clear-cell carcinomas with relatively
occult origin (e.g., clear-cell renal cell carcinoma), and other non-epithelial clear-cell neoplasms.
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Figure 2. Histologic findings of clear-cell mesothelioma. The tumor showed an infiltrative border 
involving the outer myometrial wall (A) (H&E, 40×). The tumor was composed of diffuse tubulocys-
tic spaces of varying size lined by monotonously uniform clear cells (B) (H&E, 100×). These cells 
exhibited abundant clear cytoplasm and hyperchromatic nuclei with moderate atypia and occa-
sional distinct nucleoli (C) (H&E, 400×) or had a hobnail appearance (D) (H&E, 400×). Mitoses were 
rare (<1 in 10 high power fields). Scattered hemorrhage and hemosiderin deposits were present in 
fibrous septa ((B), arrow), but endometriosis was not identified. The tubulocystic pattern of this 
tumor is indistinguishable from that of clear-cell adenocarcinoma. However, the tumor lacks other 
common features of clear-cell adenocarcinoma including papillary architecture, hyalinized stromal 
material, adenofibromatous component, and the association with endometriotic focus. The absence 
of these features and the extraovarian location led to serious consideration for other tumors with 
clear-cell morphology. In the absence of a clinically identifiable primary site in any visceral organs, 
the exclusion of mesothelioma is necessary. 

Figure 2. Histologic findings of clear-cell mesothelioma. The tumor showed an infiltrative border
involving the outer myometrial wall (A) (H&E, 40×). The tumor was composed of diffuse tubulocys-
tic spaces of varying size lined by monotonously uniform clear cells (B) (H&E, 100×). These cells
exhibited abundant clear cytoplasm and hyperchromatic nuclei with moderate atypia and occasional
distinct nucleoli (C) (H&E, 400×) or had a hobnail appearance (D) (H&E, 400×). Mitoses were
rare (<1 in 10 high power fields). Scattered hemorrhage and hemosiderin deposits were present in
fibrous septa ((B), arrow), but endometriosis was not identified. The tubulocystic pattern of this
tumor is indistinguishable from that of clear-cell adenocarcinoma. However, the tumor lacks other
common features of clear-cell adenocarcinoma including papillary architecture, hyalinized stromal
material, adenofibromatous component, and the association with endometriotic focus. The absence
of these features and the extraovarian location led to serious consideration for other tumors with
clear-cell morphology. In the absence of a clinically identifiable primary site in any visceral organs,
the exclusion of mesothelioma is necessary.
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Figure 3. Immunohistochemical profile of clear-cell mesothelioma. Diffuse immunopositivity was 
observed for calretinin (A), Wilms’ tumor-1 (WT-1) (B), cytokeratin (CK) 5/6 (C), and vimentin. 
There was focal staining of epithelial membrane antigen (EMA) and CD10 (non-luminal pattern), 
whereas the staining for epithelial-cell adhesion molecule (Ep-CAM, BerEP4) (D)), PAX8, Napsin-
A, estrogen receptor (ER), renal cell carcinoma antibody (RCC), inhibin, GATA3, and thyroid tran-
scription factor-1 (TTF-1) was negative. The tumor exhibited wild-type expression of p53. Ki-67 pro-
liferative index was 5–10% of cells. The panel of immunohistochemical stains, including the markers 
supporting mesothelial origin (e.g., calretinin, CK5/6, podoplanin (D2-40), WT1, mesothelin, Hector 
Battifora mesothelial-1 (HBME-1), or thrombomodulin) and the markers for non-mesothelial neo-
plasms, is usually helpful in distinguishing mesothelioma from other tumors with similar morphol-
ogy. It is important to note that if mesothelioma is not considered in the list of differential diagnosis 
and mesothelial markers are not included, the immunoprofile of mesothelioma can partially overlap 
with clear-cell adenocarcinoma or other Mullerian-type adenocarcinomas with clear-cell-like fea-
tures. Mullerian-type adenocarcinomas and mesothelioma are positive for CK7 and EMA. Although 
negativity for PAX8 and Napsin A is unusual for clear-cell adenocarcinoma, it should be noted that 
some peritoneal mesotheliomas are positive for PAX8 [8] and Napsin A may be negative in almost 
30% of clear-cell adenocarcinomas [16]. WT-1 positivity, as seen in mesothelioma, is characteristic 
of Mullerian-type serous adenocarcinoma but is unusual for clear-cell adenocarcinoma. Negativity 
for ER and wild-type p53 pattern is similarly observed in most clear-cell adenocarcinoma and mes-
othelioma, whereas ER expression is common in serous and endometrioid adenocarcinomas, and 
abnormal p53 pattern is characteristic of high-grade serous adenocarcinoma [10]. Current recom-
mendations to distinguish mesothelioma from carcinoma is the immunoreactivity for two mesothe-
lial markers and shows negativity for two epithelial carcinoma markers [3]. In this patient, the im-
munoprofile of calretinin, CK5/6, BerEp4, and PAX8 help exclude clear-cell adenocarcinoma. The 
location of the tumor in the posterolateral aspect of uterus should also raise the differential diagnosis 
of rare tumors with mesonephric-related origin, mesonephric carcinoma and Wolffian tumor of 
uterine ligament. The tumors in this group share similar calretinin positivity. Mesonephric carci-
noma is immunopositive for PAX8, GATA3, TTF1 and CD10 (luminal pattern), whereas Wolffian 

Figure 3. Immunohistochemical profile of clear-cell mesothelioma. Diffuse immunopositivity was
observed for calretinin (A), (100×), Wilms’ tumor-1 (WT-1) (B), (100×), cytokeratin (CK) 5/6 (C),
(100×), and vimentin. There was focal staining of epithelial membrane antigen (EMA) and CD10
(non-luminal pattern), whereas the staining for epithelial-cell adhesion molecule (Ep-CAM, BerEP4)
(D)), (100×), PAX8, Napsin-A, estrogen receptor (ER), renal cell carcinoma antibody (RCC), inhibin,
GATA3, and thyroid transcription factor-1 (TTF-1) was negative. The tumor exhibited wild-type
expression of p53. Ki-67 proliferative index was 5–10% of cells. The panel of immunohistochemical
stains, including the markers supporting mesothelial origin (e.g., calretinin, CK5/6, podoplanin (D2-
40), WT1, mesothelin, Hector Battifora mesothelial-1 (HBME-1), or thrombomodulin) and the markers
for non-mesothelial neoplasms, is usually helpful in distinguishing mesothelioma from other tumors
with similar morphology. It is important to note that if mesothelioma is not considered in the list of
differential diagnosis and mesothelial markers are not included, the immunoprofile of mesothelioma
can partially overlap with clear-cell adenocarcinoma or other Mullerian-type adenocarcinomas with
clear-cell-like features. Mullerian-type adenocarcinomas and mesothelioma are positive for CK7
and EMA. Although negativity for PAX8 and Napsin A is unusual for clear-cell adenocarcinoma, it
should be noted that some peritoneal mesotheliomas are positive for PAX8 [8] and Napsin A may be
negative in almost 30% of clear-cell adenocarcinomas [16]. WT-1 positivity, as seen in mesothelioma, is
characteristic of Mullerian-type serous adenocarcinoma but is unusual for clear-cell adenocarcinoma.
Negativity for ER and wild-type p53 pattern is similarly observed in most clear-cell adenocarcinoma
and mesothelioma, whereas ER expression is common in serous and endometrioid adenocarcinomas,
and abnormal p53 pattern is characteristic of high-grade serous adenocarcinoma [10]. Current
recommendations to distinguish mesothelioma from carcinoma is the immunoreactivity for two
mesothelial markers and shows negativity for two epithelial carcinoma markers [3]. In this patient,
the immunoprofile of calretinin, CK5/6, BerEp4, and PAX8 help exclude clear-cell adenocarcinoma.
The location of the tumor in the posterolateral aspect of uterus should also raise the differential
diagnosis of rare tumors with mesonephric-related origin, mesonephric carcinoma and Wolffian
tumor of uterine ligament. The tumors in this group share similar calretinin positivity. Mesonephric
carcinoma is immunopositive for PAX8, GATA3, TTF1 and CD10 (luminal pattern), whereas Wolffian
tumor is mostly negative with PAX8 and GATA3. Wolffian tumor is also positive for CK7 and sex
cord-stromal markers such as inhibin and FOXL2 [17]. This figure shows the immunohistochemical
stains that confirm the diagnosis of clear-cell mesothelioma.
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adjuvant chemotherapy and hormonal replacement therapy. She remained well without evidence 
of disease 12 months after surgery. This figure represents the additional findings after extensive 
histologic examination of the uterus and both adnexa. A single metastatic focus of the tumor was 
identified in the contralateral ovarian surface (A). In general, localized mesothelioma appears to 
have a more favorable clinical course than diffuse mesothelioma[6,18]. The prognosis of peritoneal 
mesothelioma could not be predicted by histomorphology alone, although deciduoid morphology 
or nuclear grade 3 has been reported to be an independent unfavorable prognostic predictor [2]. 
Based on NCCN guidelines 2022, epithelioid subtype, Ki-67 index < 9%, peritoneal cancer index of 
17 or less, absence of lymph node involvement, and complete cytoreduction are favorable prognos-
tic features [7]. More recently, a novel VHL gene mutation has been reported in peritoneal clear-cell 
mesothelioma with an indolent clinical behavior [5]. Given the rarity of this entity, the clinical 
course, prognostic predictors, pathogenesis, and molecular profiles remain to be clarified. This pa-
tient had co-existing adenoid basal carcinoma of the uterine cervix (B). In a recent series of 18 women 
with localized peritoneal mesothelioma, a history of other cancers (breast, endometrial, and ovarian) 
was found in 4 of 13 cases (31%) with available data [6]. Family history available in 11 patients also 
noted the presence of cancer in their family members in all cases, 82% of which were first-degree 
relatives. In women with peritoneal mesothelioma, the presence of another tumor should also be 
monitored [2,6]. In conclusion, clear-cell mesothelioma represents a diagnostic challenge for 

Figure 4. The additional findings in uterus and both adnexa. A cluster of atypical clear cells (less than
0.2 mm) was identified on the surface of left ovary, consistent with metastatic clear-cell mesothelioma
(A) (H&E, 400×). The cervix showed an incidental adenoid basal carcinoma in the right lateral wall
(B) (H&E, 100×), measuring 4.5 mm in depth and without lymphovascular involvement (FIGO
stage IA2). No neoplastic lesion was seen in the corpus, right ovary, bilateral fallopian tubes, pelvic
lymph nodes, omentum, and peritoneal washing cytology. The patient received six cycles of adjuvant
chemotherapy and hormonal replacement therapy. She remained well without evidence of disease
12 months after surgery. This figure represents the additional findings after extensive histologic
examination of the uterus and both adnexa. A single metastatic focus of the tumor was identified in the
contralateral ovarian surface (A). In general, localized mesothelioma appears to have a more favorable
clinical course than diffuse mesothelioma [6,18]. The prognosis of peritoneal mesothelioma could not
be predicted by histomorphology alone, although deciduoid morphology or nuclear grade 3 has been
reported to be an independent unfavorable prognostic predictor [2]. Based on NCCN guidelines 2022,
epithelioid subtype, Ki-67 index < 9%, peritoneal cancer index of 17 or less, absence of lymph node
involvement, and complete cytoreduction are favorable prognostic features [7]. More recently, a novel
VHL gene mutation has been reported in peritoneal clear-cell mesothelioma with an indolent clinical
behavior [5]. Given the rarity of this entity, the clinical course, prognostic predictors, pathogenesis,
and molecular profiles remain to be clarified. This patient had co-existing adenoid basal carcinoma
of the uterine cervix (B). In a recent series of 18 women with localized peritoneal mesothelioma, a
history of other cancers (breast, endometrial, and ovarian) was found in 4 of 13 cases (31%) with
available data [6]. Family history available in 11 patients also noted the presence of cancer in their
family members in all cases, 82% of which were first-degree relatives. In women with peritoneal
mesothelioma, the presence of another tumor should also be monitored [2,6]. In conclusion, clear-cell
mesothelioma represents a diagnostic challenge for pathologists. Recognition of this entity, albeit
rare, is important as the diagnosis may significantly affect the management considerations.
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