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Introduction

Abstract Mesothelioma is a peculiar type of malignancy, which is highly related to
asbestos-exposure, because 80 to 90% of the patients with mesothelioma
have a history of occupational and/or environmental exposure to asbestos.
Also, it is known that mesothelioma is a highly aggressive malignancy, and
average survival of the patients has been reported to be only 13 months1).
Effective treatments including chemotherapy and radiotherapy have not been
established so far, therefore, we have to diagnose it at the earlier stage when
the radical surgery including pleuro-pneumonectomy can be performed.
The incidence of mesothelioma is lower rather than those of lung cancer2),
so the clinicians as well as pathologists have fewer experience of diagnosis,
especially at the earlier stage. When a small amount of pleurisy or ascites is
found clinically with no significant thickening of pleura or peritoneum by the
imagings, the diagnosis of mesothelioma is very difficult. Even if the biopsy
specimen consisted of a small piece of tissue can be taken, its pathological
diagnosis has so many difficulties, therefore, the comprehensive judgement
including clinical examination, X-P or CT imaging as well as pathological
findings can be led to an accurate diagnosis of mesothelioma3).
So in this article, the pathology of mesothelioma is presented on the basis of
knowledge presented in the articles previously published. The aim is to
achieve a good understanding on mesothelioma for many pathologists and
clinicians.
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Introduction 


Mesothelioma is a peculiar type of malignancy, which is highly related to asbestos-exposure, be-


cause 80 to 90% of the patients with mesothelioma have a history of occupational and/or envi-


ronmental exposure to asbestos.  Also, it is known that mesothelioma is a highly aggressive ma-


lignancy, and average survival of the patients has been reported to be only 13 months1).  Effec-


tive treatments including chemotherapy and radiotherapy have not been established so far, there-


fore, we have to diagnose it at the earlier stage when the radical surgery including pleu-


ro-pneumonectomy can be performed. 


 


The incidence of mesothelioma is lower rather than those of lung cancer2), so the clinicians as 


well as pathologists have fewer experience of diagnosis, especially at the earlier stage.  When a 


small amount of pleurisy or ascites is found clinically with no significant thickening of pleura or 


peritoneum by the imagings, the diagnosis of mesothelioma is very difficult.  Even if the biopsy 


specimen consisted of a small piece of tissue can be taken, its pathological diagnosis has so many 


difficulties, therefore, the comprehensive judgement including clinical examination, X-P or CT 


imaging as well as pathological findings can be led to an accurate diagnosis of mesothelioma3). 


So in this article, the pathology of mesothelioma is presented on the basis of knowledges pre-


sented in the articles previously published.  The aim is to achieve a good understanding on mes-


othelioma for many pathologists and clinicians. 
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Gross features 


Mesothelioma is a malignancy located in the pleura, the peritoneum, the pericardium and the tu-


nica vaginalis, all of which is normally lined by mesothelial cells.   


In most of the mesothelioma, diffuse spread along the cavity is characteristic.  In the case of 


pleura, it is supposed that there are small nodules in the parietal pleura at the intial stage and im-


mediately tumor begins to spread along the pleural surface, and as the result diffuse pleural 


thickening associated with adhesion between parietal and visceral pleura is induced.  Finally, 


mesothelioma encloses lung parenchyma, which is a classical gross feature of mesothelioma. 


 


Occasionally (probably a few percent) mesothelioma forms a localized tumor with no diffuse 


spread pattern4).  Mesothelioma chiefly extends in the pleural cavity, however sometimes it in-


vades mainly to the chest wall, and as the result, it resembles to chest wall tumor.  Those cases 


are unusual as mesothelioma, and have difficulties to diagnose mesothelioma on the basis of gross 


features, because the possibility that the tumor derives from chest wall (soft tissue or bone) or 


lung cannot be excluded5).   


In the case of peritoneum, most of mesothelioma show diffuse thickening of the peritoneum or 


disseminated small nodules in the peritoneum, and rarely a large nodule may be noticed. 


 


Histological features 


Mesothelial cell primarily has a potential of differentiation to an epithelioid cell lined at the sero-


sal surface as well as a mesenchymal-spindle cell presented under the serosal lining.  Therefore, 


mesothelioma has many histological subtypes, including carcinoma-like (epithelioid) tumor or 


sarcoma-like tumor (sarcomatoid) tumor, or mixed epithelioid and sarcomatoid tumor6).  The 


histological classification of mesothelioma is shown in Table 1.   


 


Epithelioid mesothelioma shows papillo-tubular pattern of mesothelial cell like-atypical cells in 
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the differentiated type, but in the less-differentiated type, solid growth of atypical epithelioid cells 


is dominant.  Sometimes, the tumor cells produce abundant mucin in the cytoplasm and the mu-


cin-pool background is prominent.  This mucin is positive by alcian-blue stain and is digested by 


hyaluronidase, so those findings indicate this mucin is rich for hyaluronic acid.  In the former 


time, this has been to be considered a diagnostic feature for mesothelioma, but in the present time, 


it is well known this is not a specific finding of mesothelioma7). 


 


Sarcomatoid mesothelioma shows a proliferation of spindle-shaped cells.  Among these cells, 


collagen fibers exist more or less.  Sometimes polygonal or anaplastic cells with abundant cyto-


plasm, which look like-epithelioid cell, are present.  The differentiation between 


less-differentiated epithelioid mesothelioma and sarcomatoid mesothelioma is occasionally diffi-


cult.  Also, by the H&E specimen only, the differentiation between sarcomatoid mesothelioma 


and true sarcoma is very difficult. 


 


In desmoplastic mesothelioma, tumor consists of extensive fibro-collagenous tissue with occa-


sional storiform pattern8).  Tumor cells are scanty and associated with no significant cellular 


atypia in most of areas, however, highly-cellular areas with atypical cells are noted somewhere in 


the tumor.  By examining small biopsy specimen, the diagnosis of desmoplastic mesothelioma is 


difficult.  In those cases, the diagnosis by imaging, especially CT, can help and support the di-


agnosis of desmoplastic mesothelioma.  The CT imaging shows diffuse pleural thickening asso-


ciated with reduction of the affected pleural cavity.  In the peritoneum, the case of desmoplastic 


mesothelioma is very rare9). 


 


Biphasic mesothelioma is diagnosed based on the mixed features of epithelioid and sarcomatoid 


mesothelioma.  The fact that at least 10% of the total area shows another histology of mesothe-


lioma is necessary for the diagnosis of biphasic mesothelioma as a general rule6).  The proportion 
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of three major types is as follows; epithelioid mesothelioma, about 60%, sarcomatoid mesotheli-


oma including several percent of desmoplastic mesothelioma, about 20%, and biphasic mesothe-


lioma, about 20%. 


 


Except for three major types mentioned above, many histological variants are known6).  Lym-


phohistiocytoid mesothelioma is consisted of large histiocytoid cell with some features of meso-


thelial cells, associated with lymphocytic infiltration10).  Deciduoid mesothelioma is consisted of  


large cells with abundant eosinophilic cytoplasm and centrally located-round nucleus like decidu-


al cells11).  The case purely consisted of deciduoid cells are very few, while, in most of the cases, 


the part of tumor shows this particular feature.  Anaplastic mesothelioma has a character of nu-


clear pleomorphism with irregular cellular shape.  These unusual type of mesothelioma neces-


siate a confirmation of phenotype as a mesothelial cell in tumor cells using immunohistochemis-


try. 


On the other hand, well differentiation papillary mesothelioma(WDPM) shows papillary struc-


tures with fibrovascular core.  The lining cells are well-differentiated with no significant atypia, 


therefore, the differential diagnosis from reactive mesothelioid hyperplasia is necessary.  WDPM 


was originally reported in the pleura, and the recent cases reported in the articles include perito-


neal cases12).  The histological criteria of WDPM remains to be obscure, and the clinicopatho-


logical analysis of WDPM should be done using real WDPM cases. 


 


Differential diagnosis 


It is important to rember that there are many diseases to be differentiated when mesothelioma is 


diagnosed.  Table 2 shows the list of other tumors or lesions which have to be differentiated. 


 


In the pleura, the invasion of adenocarcinoma of the lung is common, occasionally associated 


with severe desmoplasia.  Even if the primary carcinoma is small beneath the visceral pleura, a 
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broad extention along the pleura occurs.  This type of tumor is called as pseudomesothelioma-


tous adenocarcinoma (or carcinoma)13).  Also, lung carcinomas with sarcomatoid features are 


common, which are called as sarcomatoid carcinoma or pleomorphic carcinoma in the WHO 


classification.  To make this diagnosis, the primary focus showing adenocarcinoma or squamous 


cell carcinoma has to be detected in the lung parenchyma.  These differentiation should be based 


on the observation of H&E specimen, however, immunohistochemistry using specific antibodies, 


mentioned below, is very useful14). 


 


In the peritoneum, ovarian or peritoneal serous carcinoma is difficult to be differentiated3).  On 


the basis of knowledges of embryology, the ovarian surface cell is very closed to mesothelial cell 


with common origin of coelomic epithelium16).  So, immunohistochemistry for differentiation is 


necessary to ascertain phenotype of tumor cells15). 


 


Various types of sarcoma have to be differentiated from sarcomatoid mesothelioma in the perito-


neum as well as pleura, although sarcomatoid mesothelioma of peritoneum is very rare9). 


 


For the dicision of treatment, the differentiation between benign lesion and mesothelioma is very 


important.  In the pleura, misdiagnosis of desmoplastic mesothelioma occur very often3).  Fi-


brous pleuritis sometimes shows diffuse pleural thickening and the histological examination on 


small pieces of tissue cannot be denied to be malignant.  The important criteria about the differ-


entiation is shown in the Table 3.  The clinicians should give an abundant and perpendicular-


ly-deep specimen to the pathologists.  Among some criteria, zonation pattern is most im-


portant16).  In fibrous pleuritis, superficial area (pleural surface-side) shows relatively higher 


cellularity.  The spindle cells (fibroblastic cells) have mild to moderate nuclear atypia, and ca-


pillaries perpendicular to pleural surface are common.  Also, inflammatory cells, mainly lym-


phocyte are mixed.  However, the cellularity in the deep area (chest wall-side), is low with no 
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atypia among spindle cells.  In general, collagen fibers run parallel to the surface.  On the other 


hand, desmoplastic mesothelioma shows no uniformity in the running of collagen fibers, and it 


does haphazardly or forms a storiform-like pattern. 


 


Useful immunohistochemistry for the differential diagnosis 


As mentioned above, the diagnosis as mesothelioma is very difficult because of the differentiation 


from many malignancies and lesions.  Many antibodies with higher specificity for a mesothelial 


cell have been developed, as well as many antibodies for detection of lung cancer, sarcoma or 


other malignancy.  However, there is no single antibody, which can be definitely diagnosed as 


mesothelioma, therefore, the comprehensive judgement by the results using the combination of 


antibodies including positive or negative markers is required in general3).  The list of useful an-


tibodies is shown in Table 4. 


Among the markers for differentiation to mesothelial cell, calretinin is the most reliable, when the 


nucleus is strongly positive and the cytoplasm is weakly positive.  The case with only cytoplas-


mic positivity is doubtful for mesothelioma17).  In the cytoplasmic membrane of mesothelial cell, 


D2-40, thrombomodulin or EMA is positive18), but in the case of less- differentiated epithelioid 


mesothelioma and sarcomatoid mesothelioma those markers are weakly-positive or negative.  In 


spite of the degree of differentiation, the positivity of cytokeratin (CAM5.2 or AE1/AE3) is well 


preserved, even if in the case of sarcomatoid mesothelioma.  It is  very often that cytokeratin is 


only a positive marker in sarcomatoid mesothelioma19).  In those cases, many negative markers, 


which are specific for each of sarcoma, such as CD31 for endothelial marker, desmin for myo-


genic marker, and S-100 for nerve-sheath cell marker, have to be examined20). 


 


The immunohistochemistry is useful for the differentiation between benign lesions and mesothe-


lioma21).  Table 5 shows useful markers for differentiation between reactive mesothelial hyper-


plasia and epithelioid mesothelioma with no invasion.  These findings are not uniform, and 
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therefore, comprehensive judgement is necessary.  The antibody for differentiation between fi-


brous pleuritis and desmoplastic mesothelioma is limited.  In the cases with fibrous pleuritis, 


desmin as well as cytokeratin is mostly positive in fibroblastic cells22).  It is supposed that those 


spindle cells show the character of myofibroblastic cells as well as the phenotype of mesothelial 


cell23).  On the other hand, desmin is negative in the desmoplastic mesothelioma, although 


α-smooth muscle actin (SMA) as well as cytokeratin are positive in tumor cells. 


 


Conclusion 


The pathological diagnosis as mesothelioma is very difficult, because many other malignancies or 


lesions should be differentiated.  The immunohistochemistry using many antibodies as positive 


or negative markers of mesothelioma is useful, however the single result of immunohistochemis-


try is not enough to make an accurate diagnosis and the comprehensive judgement of the results is 


necessary. 
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Table 1. Histological classification of mesothelioma 


1. Epithelioid mesothelioma 


2. Sarcomatoid mesothelioma 


(1) Desmoplastic mesothelioma 


3. Biphasic mesothelioma 


4. Variants 


(1) Lymphohistiocytoid mesothelioma 


(2) Deciduoid mesothelioma 


(3) Anaplastic mesothelioma 


(4) Well differentiated papillary mesothelioma 


 (5) Others 
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Table 2. Differential diagnosis of mesothelioma 


1. Epithelioid mesothelioma 


In the case of pleura: 


1) Adenocarcinoma of lung with invasion to pleura 


2) Metastatic adenocarcinoma involving pleura 


          (ex:renal cell carcinoma) 


3) Reactive mesothelial hyperplasia 


In the case of peritoneum: 


1) Serous papillary adenocarcinoma of ovary 


2) Serous surface papillary adenocarcinoma of peritoneum 


3) Metastatic (disseminated) adenocarcinoma involving peritoneum 


2. Sarcomatoid mesothelioma 


In the case of pleura: 


1) Sarcomatoid carcinoma of lung with invasion to pleura 


2) Sarcoma, pleura, lung or chest wall primary 


In the case of peritoneum: 


1) Sarcoma, peritoneum, GI tract or abdominal wall primary 


3. Desmoplastic mesothelioma 


In the case of pleura: 


1) Fibrous pleuritis 


4. Biphasic mesothelioma 


In the case of pleura: 


1) Carcinosarcoma or pulmonary blastoma of lung with invasion to pleura 


2) Biphasic synovial sarcoma, pleura primary or metastatic 


In the case of peritoneum: 


  1) Carcinosarcoma of ovary or uterus with invasion to peritoneum 
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Table 3. The criteria for differentiation between fibrous pleuritis and desmoplastic mesothelioma 


Findings Fibrous pleuritis Desmoplastic mesothelioma 


Zonation pattern Present Absent 


Capillary pattern Rich,  long perpendicular to pleural surface Poor 


Cellular atypia Present in only superficial zone Present in occasional cellular area 


Collagen pattern Parallel to the surface Not parallel, occasional storiform pattern


Invasion to adipose Absent Present 


tissue 


Inflammatory reaction  Occasionally present Absent 


in border to adipose tissue     
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Table 4. Antibodies used in the immunohistochemistry for the differential diagnosis 


Type of mesothelioma Positive markers Negative markers 


    -In the case of pleura- 


Epithelioid type Calretinin ( N* ) CEA ( C ) 


WT1 ( N ) TTF-1 ( N ) 


D2-40 ( M* ) NapsinA ( C ) 


Thrombomodulin ( M ) Surfactant apoprotein A ( C ) 


EMA ( M ) Ber-EP4 ( M ) 


CAM5.2 ( C* ) MOC31 ( M ) 


AE1/AE3 ( C ) -In the case of peritoneum- 


ER ( N ) 


Ber-EP4 ( M ) 


MOC31 ( M ) 


Sarcomatoid type CAM5.2 ( C ) CD34


AE1/AE3 ( C ) CD31


D2-40 ( M ) Factor VIII 


WT-1 ( N ) Desmin 


Calretinin  ( N ) h-caldesmon 


MyoD1 


Myogenin 


S-100


    Others (specific for each sarcoma) 


*Location of positive findings 


    N: in the nucleus 


    M: in the cytoplasmic membrane 


    C: in the cytoplasm 
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Table 5. The markers (antibodies used in immunohistochemistry) useful for the differential diagnosis between reactive 


mesothelioma hyperplasia and epithelioid mesothelioma with no invasion 


  Reactive mesothelial hyperplasia Epithelioid mesothelioma with no invasion 


Desmin + - 


EMA - + 


p53 - + or - 


Glut-1 - + 


IMP3 - + or - 


p16 + - 


CD146 - + 
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