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Abstract
We report a case of primary localized malignant 
biphasic mesothelioma of the liver in a 66-year-
old man associated with asbestosis. The tumor was 
detected as a hepatic nodule, 4 cm in diameter, in the 
right lobe (S8 segment) on CT scan. Histopathological 
examination demonstrated an intrahepatic tumor with 
central necrosis consisting of a papillary epithelioid 
pattern on the surface of the l iver, microcystic 
(microglandular or adenomatoid) pattern mainly 
in the subcapsular area and sarcomatoid pattern 
intermingled with microcystic pattern in the major part 
of the hepatic nodular tumor. Tumor cells, especially of 
epithelioid type, showed distinct immunoreactivity for 
mesothelial markers (WT-1, calretinin, D2-40, CK5/6, 
mesothelin, thrombomodulin) and no immunoreactivity 
for epithelial (adenocarcinoma) markers (CEA, CD15, 
BerEP4, BG8, MOC31). P53 immunoreactivity was 
detected focally in papillary epithelioid tumor cells 
and extensively in microcystic and sarcomatoid 
components, suggesting that the papillary epithelioid 
mesothelioma arose on the surface of the liver, and 
tumor cells showing microcystic and sarcomatoid 

patterns invaded and grew into the liver. To date, this 
is the first case of primary localized malignant biphasic 
mesothelioma of the liver, since all three primary 
hepatic mesotheliomas reported so far were epithelioid 
type.
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INTRODUCTION
Malignant mesothel ioma is a rare neoplasm of  
mesothelial cells arising most frequently in the parietal 
or visceral pleura and much less commonly in the 
peritoneum and pericardium[1-3]. In about 80%-90% 
of  these patients, malignant mesothelioma is related 
to occupational exposure to asbestos in the air. The 
latent development period is long, about 25-40 years 
after initial exposure[3]. The disease is more common in 
men with a mean age of  58 years, with a male to female 
ratio of  4:1[1,4]. Mesothelioma occurring at various sites 
other than pleura, peritoneum and pericardium has 
been reported previously[4-7]. The mesothelial nature 
of  the lesions is supported by immunohistochemical 
or electron microscopic evidence[3]. Most malignant 
mesotheliomas grow widely over the serosal membrane 
surfaces and tumors in the later stages eventually encase 
organs surrounding the involved site. Diffuse malignant 
mesothelioma typically has a poor clinical course 
with death occurring in most patients within 2 years  
of  diagnosis[3]. In contrast, Allen et al[8] have recently 
reported a series of  localized malignant mesotheliomas 
as uncommon sharply circumscribed tumors of  the 
serosal membranes with the microscopic appearance of  
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diffuse malignant mesothelioma. They proposed that 
localized malignant mesotheliomas should be separated 
from diffuse malignant mesotheliomas because of  
their localized presentation, quite different biological 
behavior, and far better prognosis[8].

Primary malignant mesothelioma arising in the liver 
is very rare and there have been only 3 adult cases in 
previous reports[9-12], to our knowledge. In addition, there 
is one reported case of  malignant cystic mesothelioma 
in an infant[11]. Although several primary hepatic tumors 
termed “localized fibrous mesotheliomas” have been 
reported[2,13-17], this type of  tumor is better classified 
as a solitary fibrous tumor rather than mesothelioma 
retrospectively, because of  the characteristic CD34 
immunoreactivity[16] and limited evidence of  a mesothelial 
nature[18].

In this report, we describe a case of  primary localized 
malignant biphasic mesothelioma of  the liver showing 
a nodular hepatic tumor and histologically sarcomatoid 
and epithelioid patterns in a 66-year-old man associated 
with asbestosis, and review the literature on primary 
malignant mesothelioma of  the liver.

CASE REPORT
Clinical Findings
The patient (66-year-old man) had been followed up 
for hypertension and pulmonary asbestosis caused by 
occupational exposure to asbestos. At the age of  66, CT 
revealed a hepatic nodule, 4 cm in diameter, in the S8 
segment of  the liver (Figure 1) on periodic examination 
for pulmonary asbestosis. The hepatic nodule was located 
just under the diaphragm, wedge-shaped and slightly low 
density compared to the surrounding hepatic parenchyma 
on plain CT. Peripheral staining of  the hepatic nodule was 
seen on enhanced CT (Figure 1). Cholangiocarcinoma 
or inflammatory pseudotumor was suspected from CT 
findings. The findings signifying pulmonary asbestosis 
showed on chest X-ray and chest CT as previously 
detected, but there were no new lesions suggesting lung 
cancer or pleural mesothelioma (Figure 1). There was no 
finding suggesting peritoneal mesothelioma or a primary 
mesothelioma of  the tunica vaginalis testis. Examination 
using [18F]-fluoro-deoxy-D-glucose positron emission 
tomography (FDG-PET) revealed no additional lesions 
other than the hepatic tumor. At that time, the serum 
levels of  ALT, AST, Al-P, r-GTP and LDH were within 
the normal range. AFP, CEA and CA19-9 were negative. 
Viral markers related to hepatitis B virus (HBV) and 
hepatitis C virus (HCV) infection were negative. The 
patient was not a drinker. The needle biopsy revealed that 
the hepatic tumor was a sarcomatoid malignant tumor 
with immunoreactivity for cytokeratin and vimentin, 
and with faint and focal immunoreactivity for calretinin 
and D2-40. The papillary and microcystic components 
were not included in the biopsy. The patient underwent 
a hepatic segmentectomy (S8). A few sclerotic nodules 
attached to the diaphragm were also removed during the 
operation. Recurrence and metastasis of  the tumor have 
not been detected by 6 mo after the operation.

Gross pathology examination
The resected specimen consisted of  a 12.8 cm × 17 cm 
× 7 cm portion of  the liver (445 g). On the surface faced 
to the diaphragm, a firm, white and slightly depressed 
lesion measuring 4.2 cm × 3 cm was identified (Figure 2).  
On sectioning of  the liver, a yellowish-white tumor of  
4.4 cm × 3.8 cm was identified just under the hepatic 
capsule. The tumor had well-defined borders and 
contained central necrosis (Figure 2). The tumor mainly 
grew within the hepatic parenchyma, not in the surface 
of  liver, and therefore adhesion did not occur between 
the diaphragm and hepatic capsule. There were no 
daughter nodules in the liver and the surgical margin was 
free from tumor. The background liver appeared normal 
macroscopically. 

Histologic findings
Hematoxylin and eosin stained sections showed a 

Figure 1  Radiological findings. A: Plain CT showed a low-density mass 
(asterisk) in S8 segment of the liver; B: The periphery of the mass (asterisk) 
was enhanced in the early phase of enhanced CT, suggesting abundant blood 
supply; C: Chest X-ray showed pulmonary asbestosis and pleural thickening, 
but there were no new lesions suggesting lung cancer or pleural mesothelioma.
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tumor composed of  three main components: (1) 
sarcomatoid, (2) papillary epithelioid and (3) microcystic 
(microglandular or adenomatoid) (Figure 3). The 
sarcomatoid component was predominant and was 
composed of  tumor cells showing trabecular structures 
separated by bands of  fibrous tissue (Figure 3A).  
The tumor cells had abundant eosinophilic or clear 
cytoplasm, indistinct cytoplasmic borders, round 
and atypical nuclei with vesicular fine chromatin and 
variably sized nucleoli (Figure 3A). There were many 
mitoses and atypical mitoses in tumor cells. The tumor 
contained broad coagulation necrosis. Although the 
tumor had well-defined borders, there was no fibrous 
capsule and hepatocytes and bile ducts were entrapped 
in infiltrating tumor cells. In the white lesion on the 
surface, papillary proliferation of  epithelioid tumor 
cells was identified. Epithelioid cells had eosinophilic 
cytoplasm with bland nuclei and distinct nucleoli. 
Near the surface, tumor cells showed microcystic 
structures with a lace-like, adenoid cystic or signet ring 
appearance (microcystic, microglandular or adenomatoid 
component). The microcystic component was located 
adjacent to the papil lary epithelioid component  
(Figure 3B). Furthermore, microcystic component was 
also intermingled with the sarcomatoid component 
even in the deeper area adjacent to the surrounding 
hepatic parenchyma (Figure 3C). The background liver 
showed mild steatofibrosis and there was no intrahepatic 
metastasis of  the tumor. The biopsy site could not be 
identified by gross and histological examination in the 
surgical specimen.

A few sclerotic nodules attached to the diaphragm 
were composed of  dense hyalinized fibrous tissue 
resembling pleural plaques. There were no tumor cells in 
the nodules.

Immunohistochemical and special stains
Formalin-fixed, paraffin-embedded sections were 
stained with periodic acid-Schiff  (PAS) with and without 
diastase digestion, and alcian blue (pH 2.5) with and 
without hyaluronidase digestion. Immunohistochemical 
stains were performed using the Envision methods 

(Dako, Carpinteria, CA, USA) and antibodies as 
described previously[19]. The antibodies included WT-1 
(6F-H2, Dako), calretinin (polyclonal; no dilution; 
Nichirei, Tokyo, Japan), D2-40 (D2-40; dilution 1/100; 
Dako), CK5/6 (D5/16B4, dilution 1/50; Dako), 
mesothelin (5B2, dilution 1/20; Lab vision, Fremont, 
CA, USA), thrombomodulin (1009, dilution 1/20; 
Dako), vimentin (3β4, dilution 1/600; Dako), CD34 
(Immu133, dilution 1/200; Immunotech, Fullerton, 
CA, USA), p53 (DO-7; dilution 1/100; Dako), epithelial 
membrane antigen (EMA) (E29; dilution 1/200; Dako), 
MUC1 (DF3, Toray-Fuji Bionichs, Tokyo, Japan), Ber-
EP4 (Ber-EP4; no dilution; Neomarkers, Fremont, CA, 

Figure 2  Gross appearance of the tumor. A: A firm, white and slightly 
depressed lesion (asterisk) measuring 4.2 cm × 3 cm was identified on the liver 
surface. B: Cross section of the tumor in the liver. A yellowish-white tumor of  
4.4 cm × 3.8 cm was identified just under the hepatic capsule (asterisk). The 
tumor had well-defined borders and an area of central necrosis. Bar indicates  
1 cm.
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Figure 3  Histologic features of the tumor. A: Sarcomatoid component was 
predominant and was composed of tumor cells with abundant eosinophilic or 
clear cytoplasm, indistinct cytoplasmic borders, round and atypical nuclei with 
vesicular fine chromatin and variably sized nucleoli; B: Papillary proliferation 
of epithelioid tumor cells was identified on the surface of the tumor. Epithelioid 
cells had eosinophilic cytoplasm with bland nuclei and distinct nucleoli. Arrows 
indicate microcystic (microglandular or adenomatoid) component; C: In the area 
near the surface, a microcystic (microglandular or adenomatoid) component 
showing microcystic structures with lace-like, adenoid cystic or signet ring 
appearance was detected (arrows) (HE × 400).
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USA), cytokeratin (polyclonal; dilution 1/600; Dako), 
MOC-31 (MOC-31; dilution 1/50; Dako), CK7 (OV-TL 
12/30; dilution 1/50; Dako), CK19 (RCK108; dilution 
1/50; Dako), CEA (II-7, dilution 1/100, Dako), CA19-9 
(C241:5:1:4, dilution 1/100; Novocastra, Newcastle, 
UK), CD15 (C3D-1; dilution 1/50; Dako), BG-8 (F-3; 
dilution 1/200, Signet, Dadham, MA, USA), HepPar1 
(OCH1E5, dilution 1/100; Dako). Heat-induced epitope 
retrieval was used for all antibodies except CD34, 
MUC1, CA19-9 and BG-8. Appropriate positive and 
negative controls were used throughout.

Alcian blue showed posit ive sta ining on the 
surface of  papillary epithelioid cells and the lumen of  
microcystic component, and this positive staining was 
sensitive to digestion with hyaluronidase. Neutral mucin 
stained by PAS stain was not detected on the surface of  
papillary epithelioid cells or the lumen of  the microcystic 
component. Immunohistochemical stains confirmed the 
mesothelial features of  the tumor showing membranous 
D2-40, mesothelin and thrombomodulin and nuclear 
WT-1, in addition to nuclear and cytoplasmic calretinin 
immunoreactivity, mainly in the papillary epithelioid 
and microcystic components (Figure 4). Sarcomatoid 
tumor cel ls showed focal immunoreact ivi ty for 
WT-1, D2-40 and calretinin. When we examined 
the immunoreactivity for D2-40 and calretinin in 23 
intrahepatic cholangiocarcinoma samples for comparison, 
none of  the cholangiocarcinoma showed nuclear 
immunoreactivity for calretinin or immunoreactivity 
for D2-40. Four cholangiocarcinomas showed weak 
cytoplasmic immunoreactivity for calretinin. The 
tumor cells showed focal immunoreactivity for CK5/6. 
The tumor cells showed strong immunoreactivity 
for vimentin, CK7, CK19 and polyclonal cytokeratin  
(Figure 4). Strong EMA and MUC1 immunoreactivity 
was seen on the surface of  papillary epithelioid cells, 
the lumen of  the microcystic component and part of  
the sarcomatoid component (Figure 4). Sarcomatoid 
and microcystic components showed strong nuclear 
immunoreactivity for p53 (Figure 4). A few positive cells 
were also seen in the papillary epithelioid component. 
The tumors showed no immunoreactivity for CEA, 
Ber-EP4, MOC-31, CA19-9, CD15, BG-8, CD34 and 
HepPar1.

DISCUSSION
Primary malignant mesothelioma arising in the liver 
is rare and is currently not listed in the World Health 
Organization classification of  hepatic tumors[20]. Review 
of  the literature disclosed only three previously reported 
adult cases of  primary malignant mesothelioma[9,10,12]. 
The previously reported cases were two men[9,10] and 
a woman[12], ranging in age from 54 to 64 years old 
(mean: 60 years old). Two patients had no history of  
asbestos exposure[9,10] and there was no indication in one 
patient[12]. One case was associated with cirrhosis due to 
hepatitis C viral infection[9]. All tumors arose in the right 
hepatic lobe, located in the subcapsular area of  the liver 
and were 3.2 to 12 cm in diameter (mean: 7 cm).

Histologically malignant mesotheliomas conform 
to one of  three patterns: epithelial (the most common 
type), sarcomatoid and biphasic (mixture of  epithelioid 
and sarcomatoid) types [1,3 ,4]. Al l three repor ted 
mesotheliomas arising in the liver were of  the epithelioid 
type[9,10,12]. One tumor was composed of  sheets of  
cytologically bland polygonal cells containing multiple 
gland-like spaces and microcysts lined by cuboidal to 
columnar epithelium[12]. The other tumors displayed the 
tubular[9,10] and papillary proliferation[10] of  epithelioid 
cells with a desmoplastic stroma[9] or surrounded by 
a densely mixed inflammatory infiltrate[10]. A panel 
of  immunohistochemical markers was applied for 
differential diagnosis in all three tumors as discussed 
below and electron microscopic findings suggested a 
mesothelial cell origin in two tumors[10,12]. One tumor 
was speculated to originate from mesothelial cells of  
Glisson’s capsule[12]. However, no tumors were exposed 
to the peritoneal cavity on the hepatic capsule[9,10,12] and 
were thought to be localized mesothelioma of  the liver, 
not to be localized mesothelioma of  the peritoneum 
with hepatic invasion[9,10,12].

In this report, we have described for the first time 
a malignant mesothelioma of  biphasic type arising in 
the liver in a 66-year-old man with a history of  asbestos 
exposure. The tumor was detected as a hepatic nodular 
lesion in a follow-up examination for asbestosis and 
there was no other lesion suggesting primary tumor in 
the pleura and peritoneum. The tumor arose in the right 
lobe (S8 segment) of  the liver in accordance with the 
reported cases[9,10,12]. In the major part of  the hepatic 
nodular tumor, the tumor cells showed a sarcomatoid 
pattern and a microcystic pattern was intermingled with 
the sarcomatoid pattern. Tumor cells showed a papillary 
epithelioid pattern on the surface of  the liver and a 
microcystic pattern was also seen in the subcapsular area 
near the surface. Since these tumor cells show the profile 
of  mesothelioma even in the deeper area, this tumor is 
diagnosed as a malignant mesothelioma, not as another 
type of  tumor with reactive mesothelial hyperplasia. The 
tumor in the present case may be categorized into the 
entity of  localized malignant mesothelioma because of  
localized presentation[8], and better prognosis may be 
expected in the patient.

The origin of  tumor cells showing mesothelial 
features in the liver is not clear, since mesothelial cells 
are not present in livers under normal physiological 
conditions. The mesothelioma cells might originate 
from other types by transition, although there has been 
no evidence of  transition to mesothelial cells, so far. In 
contrast to the reported cases in which tumor cells did 
not expose to the peritoneal cavity, a papillary epithelioid 
component was also seen on the surface of  the hepatic 
capsule adjacent to the hepatic nodular tumor. This 
finding suggests that the present tumor may originate 
from mesothelial cells of  the Glisson’s capsule which 
subsequently invaded into the liver. A reported tumor 
was also speculated to originate from mesothelial cells of  
the Glisson’s capsule, although there was no evidence[10]. 
From a standpoint of  p53 immunoreactivity, a few 
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Figure 4  Immunohistochemical and special stains. Alcian blue (pH 2.5) showed positive staining on the lumen of adenomatoid tumors (A). This positive staining 
was sensitive to digestion with hyaluronidase (B). Nuclear WT-1 immunoreactivity (arrows) was detected focally in sarcomatoid (C), papillary epithelioid (D) and 
microcystic (E) components. Immunostaining for WT-1 and methyl green. Sarcomatoid tumor cells showed focal membranous immunoreactivity for D2-40 (F). 
Membranous D2-40 immunoreactivity was detected in the papillary epithelioid (G) and microcystic (H) components. Immunostaining for D2-40 and hematoxylin. 
Sarcomatoid tumor cells showed focal and rather weak immunoreactivity for calretinin (I). Nuclear calretinin immunoreactivity (arrows) was detected in the papillary 
epithelioid (J) and microcystic (K) components. Immunostaining for calretinin and hematoxylin. Immunoreactivity for CA19-9 was not detected in sarcomatoid (L), 
papillary epithelioid (M) and microcystic (N) components. The apical surface of the entrapped bile duct showed immunoreactivity for CA19-9 (L, upper right corner). 
Immunostaining for CA19-9 and hematoxylin. Sarcomatoid (O) and microcystic (P) components showed strong nuclear immunoreactivity for p53. A few papillary 
epithelioid cells showed nuclear immunoreactivity for p53 (Q). (Immunostaining for p53 and hematoxylin, × 400).
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cells showed faint p53 immunoreactivity in papillary 
epithelioid components, whereas most tumor cells 
showed strong p53 immunoreacitivity in microcystic and 
sarcomatoid components. Therefore, it is conceivable 
that the mesothelioma of  papillary epithelioid type 
initially arose on the surface of  the liver and tumor cells 
showing microcystic and sarcomatoid patterns invaded 
and grew into the liver with more aggressive features 
originating from p53 mutation in the present case. 
Since this tumor was located on the hepatic capsule 
just under the diaphragm and compressed, it may be 
easier for tumor cells to grow into hepatic parenchyma 
than spreading in the surface of  the liver, and therefore 
adhesion did not occur between the diaphragm and 
hepatic capsule. Taken together, a localized mesothelioma 
of  the liver may arise as a localized mesothelioma of  the 
Glisson’s capsule (peritoneum) and may subsequently 
show an intrahepatic nodular growth.

The differential diagnosis of  primary malignant 
mesothelioma of  the liver includes primary liver cancers 
and metastases from pleural malignant mesothelioma. 
In particular, it is important but may be difficult to 
distinguish from intrahepatic cholangiocarcinoma. 
Since both malignant mesothelioma of  epithelioid type 
and cholangiocarcinoma show a tubular and papillary 
structure[3,20], a similar panel of  immunohistochemical 
markers may be useful in the differential diagnosis 
between p leura l mesothe l ioma and pulmonar y 
adenocarcinoma, which is sometimes difficult[3,21-23]. 
There is no single absolute marker for mesothelioma, so 
far[3]; therefore, a combination of  two or more positive 
immunohistochemical mesothelial markers (CK5/6, 
calretinin and Wilms tumor gene-1 (WT1)) with negative 
epithelial (adenocarcinoma) markers (CEA, CD15, 
BerEP4, B72.3, BG8, MOC31) is recommended for 
a diagnosis of  pleural mesothelioma[3,21,23]. Since both 
malignant mesothelioma and cholangiocarcinoma 
show immunoreacitivity for CK7, CK19, polyclonal 
cytokeratin, EMA (a glycosylated form of  MUC1) 
and unglycosylated form of  MUC1 detected by DF3, 
these markers are not helpful for differential diagnosis. 
Recently, D2-40 was reported to be a sensitive marker for 
cells of  mesothelial origin, and useful in the differential 
diagnosis of  epithelioid malignant mesothelioma 
vs adenocarcinoma[22]. In previous reports[9,10,12], the 
diagnosis of  primary hepatic mesotheliomas has 
been made based on positive immunoreactivity for 
calretinin[9,10,12], HBME-1[9], D2-40[10], thrombomodulin[10], 
vimentin[10,12] and cytokeratins[9,10,12] and negative 
immunoreactivity for CEA[9,10], LeuM1 (Lewis X)[9], 
CD34[9,10,12], CA19-9[10] and Ber-EP4[10]. There have been 
no reports regarding immunoreactivity for calretinin 
and D2-40 in intrahepatic cholangiocarcinoma, so 
far. In our preliminary study, cytoplasmic, but not 
nuclear calretinin immunoreactivity was detected in 
some intrahepatic cholangiocarcinomas and D2-40 
imunoreactivity was not detected in any intrahepatic 
cholangiocarcinomas examined. Since the expression of  
CEA and LeuM1 (Lewis X) is less frequent in poorly 
differentiated intrahepatic cholangiocarcinoma[24] and 

the specificity of  HBME-1 for mesothelioma is rather 
low (45%)[21], a combination of  calretinin, HBME-1, 
CEA and LeuM1 may not be enough for a definite 
diagnosis of  mesothelioma in the previously reported 
primary hepatic mesothelioma arising in a patient with 
cirrhosis and chronic hepatitis C[9]. The possibility 
of  cholangiocarcinoma associated with cirrhosis and 
chronic hepatitis C[25] should be excluded in the reported 
case[9].

In the present case, tumor cells, especially of  
epithelioid type, showed distinct immunoreactivity 
for mesothelial markers (WT-1, calretinin, D2-40, 
mesothelin, thrombomodulin) and no immunoreactivity 
for epithel ia l (adenocarcinoma) markers (CEA, 
CD15, BerEP4, BG8, MOC31). Markers suggesting 
other types of  tumor such as CD34, CD31, HepPar1 
were totally negative; therefore the tumor fulfills 
the immunohistochemical diagnostic criteria for 
mesothelioma. However, it was quite difficult to reach a 
final diagnosis from a needle biopsy specimen including 
only the sarcomatoid component with immunoreactivity 
for cytokeratin and vimentin, and faint and focal 
immunoreactivity for calretinin and D2-40. It is reported 
that intrahepatic cholangiocarcinoma shows only 
occasional sarcomatous change[20,26]. In this type, tumor 
cells show immunoreactivity for both epithelial markers 
(cytokeratins and EMA) and vimentin[20,26]. Clinical 
information about asbestos exposure was important to 
raise the possibility of  mesothelioma.

In summary, we presented for the first time a 
localized malignant biphasic mesothelioma arising in 
the liver in a 66-year-old man with a history of  asbestos 
exposure. A panel of  immunohistochemical markers 
to distinguish pleural mesothelioma from pulmonary 
mesothelioma was useful for diagnosis. Malignant 
mesothelioma should be included in the differential 
diagnosis of  primary hepatic tumor, especially in 
patients with a history of  asbestosis exposure. Because 
of  unusual localization of  the tumor, a very careful 
histological and immunohistochemical examination 
was required to reach the final diagnosis in the present 
case. Accumulation of  more cases similar to the 
present case is important to characterize the features 
of  mesothelioma of  the liver, including the biological 
behavior and the prognosis.
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