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 Mesothelioma is the most frequent neoplasm 
affecting the pleura and remains a major 
health threat for many years to come.  

 Although the causation by asbestos is firmly 
established since more than 50 years, in many 
world regions, the use of this dangerous 
carcinogen peaked between 1970 and 1990.  

 Although now banned in the USA and most 
European countries, the incidence and the 
mortality rates are still high.  



 Less is known about the cellular and molecular 
mechanisms operative in the evolution of 
asbestos-induced mesothelioma.  

 Several studies have identified sequences of the 
oncogenic SV40 virus in human mesotheliomas, 
but it remains to be shown whether or not SV40 
is causally involved in their etiology. 

 



 Benign (papillary) mesothelioma is a term applied 
historically to solitary lesions of the peritoneum 
and tunica vaginalis. 

 The histological features overlap with well-
differentiated papillary mesothelioma.  

 Analogous localized lesions occur rarely in the 
pleura. 

 Two types of benign mesothelial proliferation are 
common in the peritoneum and genital region, 
but very uncommon in the pleura, are called 
benign multicystic mesothelioma and 
adenomatoid tumor respectively. Few cases of 
both conditions are recorded in the pleura. 



 Malignant mesothelioma is usually seen in older 
adults, sonetimes in young individuals. 

 Familial clustering  was demonstrated.  

 Some cases was reported following radiation 
therapy for Hodgkin lymphoma. 

 Typically, the tumor presents with chest pain and 
pleural effusion which may be hemorrhagic.  

 In most instances the initial involvement is in the 
lower half of a hemithorax, but spread to the rest 
of the pleural cavity is the rule.  



 

 Circumferential pleural thickening with 
involvement of mediastinal pleura combined with 
pleural nodules on CT scans tend to favor 
malignant over benign mesothelial proliferations. 

 Serum levels of osteopontin and mesothelin are 
potentially useful diagnostic biomarkers, but they 
are not yet widely available. 

 



 Grossly, the classic presentation is that of 
multiple gray or white ill-defined nodules in a 
diffusely thickened pleura.  

 It is much rarer to present as a localized pleural 
mass. 

 Microscopically, diffuse pleural mesothelioma can 
be divided into purely epithelioid tumors, purely 
sarcomatoid tumors, and biphasic or mixed 
tumors.  

 



Malignant mesothelioma growing as multiple nodules on the parietal 
pleura. 



Classic pattern 
of spread of 
advanced 
pleural 
mesothelioma 



1. Epithelioid mesotheliomas comprise the 
majority and in their most classic form are 
characterized by neoplastic formations with a 
tubulo-papillary architecture, accompanied 
by solid nests in some cases. 

 The cytoplasm is abundant and acidophilic, 
sometimes resulting in a histiocytoid 
appearance.  

 Variations on this classical histology account 
for myriad (large number) histological 
variants. 

 



Epithelioid Mesotheliomas: Classic malignant pleural 
mesothelioma with predominantly tubulo-papillary 
growth pattern. 



Epithelioid Mesotheliomas: Pleural mesothelioma with focally 
solid growth pattern. 



2. Sarcomatoid mesotheliomas are less common 
than epithelioid tumors, account for 10%–20% of 
cases. 

 Pleural effusion is less common, and distant 
metastases are more frequent at diagnosis.  

 Grossly they show the same diffuse growth 
pattern characteristic of epithelioid 
mesotheliomas with tendency to encase the 
lung.  

 Microscopically, composed of neoplastic spindle 
cells without an identifiable epithelial element. 

 The tumor is highly cellular, formed by 
interwoven bundles of spindle cells.  



 

 Nuclear atypia is present, and mitotic figures are 
common.  

 Rarely they are associated with heterologous 
elements (i.e. rhabdo-, osteo-, and/or 
chondrosarcomatous differentiation), a finding 
that is more common in, but not unique to, 
sarcomatoid variants.  



Sarcomatoid Mesothelioma composed of neoplastic spindle cells. 
 



Sarcomatoid Mesothelioma composed of neoplastic spindle cells. 



 

3. Biphasic mesotheliomas occur more frequent 
than pure sarcomatoid tumors 

 They are characterized by a combination of 
epithelioid and spindle cell components, 
resulting in a histological appearance that may 
mimic synovial sarcoma.  

 The World Health Organization (WHO) tumor 
classification proposes that an epithelioid and 
sarcomatoid component should comprise at 
least 10% of a mesothelioma to merit the 
designation of biphasic. 

 

 



Biphasic Mesothelioma with both epithelioid and spindle cell components. 
 



Biphasic Mesothelioma with both epithelioid and spindle cell components. 



Biphasic Mesothelioma with both epithelioid and spindle cell components. 
 



Biphasic Mesothelioma with both epithelioid and spindle cell components. 
 



4. Well-differentiated papillary mesotheliomas, it is 
multicentric, extensive, and/or associated with 
pleural effusion. 

 It should be regarded with great caution, given 
that these features can be seen focally in typical 
epithelioid mesotheliomas.  

 In rare cases the histological features are 
identical to the much more common well-
differentiated papillary mesotheliomas of the 
peritoneum: prominent formation of papillae 
lined by bland mesothelial cells with minimal or 
no invasion.  



 They are generally associated with an indolent 
clinical course and long survival but have the 
capacity to spread widely and behave more 
aggressively than their peritoneal counterparts. 



Well-Differentiated Papillary Mesothelioma. 



5. Deciduoid mesothelioma is characterized by 
the presence of large tumor cells with an 
abundant ground-glass cytoplasm that 
simulates the appearance of decidual cells. 

 Originally described in the abdominal cavity of 
young women. 

 It is now also seen in the pleural cavity, in an 
older age group, and in patients of both sexes. 

 High-grade cytology predicted shorter 
survivals. 

 

 



6. Mesothelioma with clear cell features can be 
confused with lung carcinoma and metastatic 
carcinoma, particularly from the kidney.  

 The cytoplasmic clearing is most often due to 
accumulation of glycogen, in which case the 
alternative term glycogen-rich mesothelioma 
has been used. 



7. Mesothelioma with rhabdoid features 
combines areas of typical mesothelioma 
(usually of epithelioid type) with areas rich in 
rhabdoid cells. 

 As it is true for rhabdoid cell tumors in other 
sites, this mesothelioma variant has a 
markedly aggressive course. 

  

 



8. Small cell variant of malignant mesothelioma. 

 The small cell component may predominate in 
small biopsies but is overshadowed by 
histologically classical features in thoroughly 
sampled surgical specimens.  

 Most cases were immunoreactive for keratin 
and mesothelial markers, including calretinin, 
CK5/6, WT1, and podoplanin. 

 Some cases also stained for neuron-specific 
enolase (NSE) and occasionally Leu7 (CD57). 

 



9. Lymphohistiocytoid mesothelioma is 
characterized by diffuse proliferation of atypical 
histiocyte-like malignant mesothelial cells 
admixed with numerous lymphocytes (almost of 
T-cell type) and a lesser number of plasma cells.  

 The phenotype of histiocyte-like elements 
reflects their mesothelial nature.  

 The behavior of this tumor is aggressive, as is 
true for nearly all diffuse mesotheliomas of the 
pleura, but more closely matches that of 
conventional epithelioid tumors, suggesting that 
it is a variant of epithelioid, rather than 
sarcomatoid mesothelioma. 



10. Pleomorphic mesothelioma is considered a 
variant of epithelioid mesothelioma. 

 It is characterized by pleomorphic large cells 
with abundant eosinophilic cytoplasm and 
single or multiple nuclei with marked variation 
in size and shape and large nucleoli. 

 They are positive for pankeratin and cytokeratin 
7, but staining for traditional mesothelioma 
markers like calretinin, CK5/6, and WT1 is 
variable. 

 Some considered this tumor a variant of 
sarcomatoid or biphasic, rather than 
epithelioid, mesothelioma based on a 
characteristic aggressive course more typical of 
sarcomatoid tumors. 



11. Desmoplastic mesothelioma is a subtype of 
sarcomatoid  mesothelioma accompanied by 
abundant deposition of fibrous tissue with a 
storiform or “patternless pattern of Stout” 
arrangement of neoplastic spindle cells.  

 Differential diagnosis is with benign fibrous 
lesions of the pleura and more cellular types of 
solitary fibrous tumors.  

 IHC positivity for keratin, calretinin, and WT1is 
the best evidence in favor of mesothelioma 
over solitary fibrous tumor but does not 
establish a diagnosis of malignancy, given that 
reactive submesothelial fibroblasts frequently 
acquire mesothelial immunophenotype.  



 

 Histological features helpful in separating 
desmoplastic mesothelioma from benign fibrous 
proliferations include invasion of chest wall soft 
tissue or lung parenchyma, bland necrosis, 
frank sarcomatoid areas with cytological atypia, 
and the characteristic storiform growth pattern 
in the context of random variation in cellularity. 

 



Desmoplastic Mesothelioma showing characteristic random 
variation in cellularity, “patternless pattern of Stout,” and invasion 
of chest wall fat. 



I. Mesothelial tumors 

A. Diffuse malignant mesothelioma  

1. Epithelioid mesothelioma 

2. Sarcomatoid mesothelioma  

3. Desmoplastic mesothelioma  

4. Biphasic mesothelioma  

B. Localized malignant mesothelioma 

C. Other tumors of mesothelial origin 

1. Well differentiated papillary mesothelioma  

2. Adenomatoid tumor  



II. Lymphoproliferative disorders 

1. Primary effusion lymphoma 

2. Pyothorax-associated lymphoma 

 

III. Mesenchymal tumors 

1. Epithelioid hemangioendothelioma 

 Angiosarcoma 

2. Synovial sarcoma 

a) Monophasic 

b) Biphasic 

3. Solitary fibrous tumor 

4. Calcifying tumor of the pleura 

5. Desmoplastic round cell tumor 

 



 While the histological classification of pleural 
malignant mesothelioma remains the same in 
2015 WHO classification as it was in 2004 WHO 
classification, multiple new observations were 
recorded. 

1. First, detailed study was performed of 
histological subtyping of epithelioid 
mesothelioma.  

 In particular, it was recognized that the 
pleomorphic subtype is associated with poor 
prognosis, similar to that of sarcomatoid 
malignant mesothelioma. 



2. Second, there is improved understanding of 
the role of IHC in distinguishing mesothelioma 
from carcinomas of various sites.  

3. Third, the criteria for distinguishing malignant 
mesothelioma from reactive mesothelial 
proliferations were refined. 

4. Fourth, studies of sarcomatoid mesothelioma 
have defined the frequency and spectrum of 
various histological and IHC features, including 
heterologous elements.  

5. Finally, pleural well-differentiated papillary 
mesotheliomas are better defined and cases 
with invasive foci are recognized.  



 A preliminary study of grading, suggested that 
nuclear atypia and mitotic count are 
independent prognostic markers. 

 Discovery of inactivating mutations in BRCA1 
gene, in conjunction with p16, in sporadic and 
hereditary mesothelioma helps diagnosis, and 
separates mesothelioma from reactive 
mesothelial proliferations.  

 This led to development of STAT6 that is a 
reliable IHC marker for solitary fibrous tumors.  

 

 



 WWTR1–CAMTA1 gene fusions are useful 
diagnostic markers for epithelioid 
hemangioendotheliomas, which can present as 
pleural masses.  

 Finally, desmoid fibromatosis, a locally 
aggressive tumor that can present in the pleura, 
hasCTNNB1 gene mutations and express b-
catenin by IHC. 

 NAB2–STAT6 fusion is characteristic of solitary 
fibrous tumors. 

 Precise criteria are recognized to distinguish 
malignant mesothelioma from reactive 
mesothelial proliferations.  

 

 



 BAP1 gene led to exciting new clinical and 
molecular studies.  

 Revision of pleural tumors was made by the 
French National Health Institute and the French 
National Cancer Institute in supporting the 
International Mesothelioma Panel (IMP) over the 
past 20 years. 

 



I. Mesothelial tumors 

1. Diffuse malignant mesothelioma 

2. Epithelioid mesothelioma 

3. Sarcomatoid mesothelioma 

 Desmoplastic mesothelioma 

4. Biphasic mesothelioma 

5. Localized malignant mesothelioma 

a) Epithelioid mesothelioma 

b) Sarcomatoid mesothelioma 

c) Biphasic mesothelioma 



6. Well differentiated papillary mesothelioma 

7. Adenomatoid tumor 

 

II. Lymphoproliferative disorders 

1. Primary effusion lymphoma 

2. Diffuse large B-cell lymphoma associated with 
chronic inflammation 



III. Mesenchymal tumors 

1. Epithelioid hemangioendothelioma 

2. Angiosarcoma 

3. Synovial sarcoma 

4. Solitary fibrous tumor 

 Malignant solitary fibrous tumor 

5. Desmoid-type fibromatosis 

6. Calcifying fibrous tumor 

7. Desmoplastic round cell tumor 



 Morphology codes are taken from the 
International Classification of Diseases for 
Oncology (ICD-O). 

 Behavior is coded /0 for benign tumors, /1 for 
unspecified, borderline, or uncertain behavior, /2 
for carcinoma in situ and grade III intraepithelial 
neoplasia, and /3 for malignant tumors. 



 Solitary fibrous tumor of the pleura (formerly called 
solitary fibrous mesothelioma) is symptomatic in 
about half of patients, including most commonly 
cough, chest pain, dyspnea, and pulmonary 
osteoarthropathy.  

 Hypoglycemia is an uncommon manifestation of 
solitary fibrous tumor (Doege-Potter syndrome) 
resulting from secretion of insulin-like growth factor 
II  (IGT-II) by neoplastic cells and is resolved with 
complete excision. 

 Solitary fibrous tumor is not associated with asbestos 
exposure.  

 On rare occasions, it is found together with similar 
tumor in the peritoneum or retroperitoneum. 



 Grossly, the lesion is well circumscribed, firm, 
lobulated, gray–white to yellow–white, with 
frequent whorling and fasciculation. 

 The mean diameter is 6 cm, but some are very 
large, completely opacifying the hemithorax.  

 The gross appearance is reminiscent of uterine 
leiomyoma.  

 Cystic degeneration is very unusual, but solitary 
fibrous tumor can present as a mural nodule 
within a large pleural-lined cyst.  



 The majority are attached to the visceral or 
parietal pleura, within the interlobar fissure, or 
within the lung parenchyma without pleural 
connection. 

 Lesions with an identical microscopic appearance 
occur in large number of sites e.g., peritoneum, 
retroperitoneum (including kidney), 
mediastinum, nasopharynx, oral cavity, orbit, 
soft tissues, pancreas, prostate, and breast. 

 



 Microscopically, both benign and malignant 
forms occur, the former greatly predominats. 

 The distinction between them is difficult given 
the absence of clear criteria of predicting 
behavior. 

 Malignant tumors are characterized by various 
combinations of increased cellularity, 
cytological atypia that includes nuclear 
hyperchromasia, pleomorphism, mitoses, and 
necrosis. 



 In the typical benign case, there is tangled 
network of fibroblast-like cells, squeezed in 
between abundant collagen fibers, many of which 
have a keloid-like quality, resulting in what 
referred to as patternless pattern of Stout.  

 The degree of cellularity varies from area to area. 

 Hemangiopericytoma-like changes are frequent 
in the more cellular zones, and some tumors 
have prominent myxoid features. 

 The differential diagnosis of sclerotic types of 
solitary fibrous tumor include fibromatosis 
(desmoid tumor), and calcifying fibrous 
pseudotumor.  

 



 Myxoid tumors need to be distinguished from 
low-grade myxofibrosarcoma and low-grade 
fibromyxoid tumor.  

 Cellular types may be misdiagnosed as 
fibrosarcoma or malignant peripheral nerve 
sheath tumor (MPNST).  

 Proper attention to lack of nuclear aberrations 
and rarity or absence of mitoses, should be 
made to avoid confusion.  

 In some instances, entrapped non-neoplastic 
epithelial cells are found at the periphery of 
predominantly fibrous tumors; these represent 
entrapped mesothelium or respiratory 
epithelium and should not be misconstrued as 
truly biphasic neoplasm.  
 



 Malignant solitary fibrous tumors are 
characterized by increased cellularity, atypia, 
mitotic activity, and necrosis.  

 This neoplasm was regarded historically as a 
form of mesothelioma, on the basis of pattern of 
growth that tumor cells exhibit in tissue culture. 

 However, on EM examination these cells show 
fibroblast-like rather than mesothelial-like 
features, and by IHC their filament profile 
includes vimentin and sometimes desmin but not 
keratin.  

 



 The most likely interpretation therefore, is that it 
arises from noncommitted mesenchymal cells 
present in the areolar tissue subjacent to the 
mesothelial lining.  

 This has led to the proposal of alternative terms, 
such as submesothelioma or submesothelial 
fibroma, which, however, are hard to apply to 
tumors located away from any mesothelial-lined 
surfaces. 

 Tumor cells of this lesion stain strongly for CD34 
and BCL-2. 

 Fusion of NAB2 and STAT6 on chromosome 12q 
was identified as a unique mutation in solitary 
fibrous tumors. 

 

 



 The fusion product is overexpressed using STAT6 
antibody and is characterized by diffuse nuclear 
staining.  

 STAT6 staining can also be seen in other 
potential mimics, including synovial sarcoma, 
and therefore should be interpreted with caution. 

 The vast majority of solitary fibrous tumors of 
the pleura are cured with complete surgical 
excision and tumor-free margins. 

 Relapse can present as recurrent intrathoracic or 
widely metastatic disease, the latter restricted to 
cases with malignant histological features. 

 

 



 In a scoring system intended to predict risk of 
recurrence, Tapias et al. (2015) proposed 
parietal vs. visceral origin, sessile vs. 
pedunculated gross morphology, size (≥10 cm), 
hypercellularity (i.e. crowded tumor cells with 
back-to-back and/or overlapping nuclei and 
minimal/absent matrix), necrosis or 
hemorrhage, and high (≥4/10 HPF) mitotic rate 
as adverse prognostic factors (≥3 = “high risk”). 

 However, high mitotic rate was the only factor 
significantly associated with recurrence in 
multivariate analysis. 



 Primary mucoepidermoid carcinoma was 
reported, as a localized pleural mass. 

 Soft tissue tumors of various types can occur in 
the pleura. 

 These need to be distinguished from the more 
common sarcomatoid mesothelioma and the 
malignant form of solitary fibrous tumor. 

 Synovial sarcoma sometimes arising in the pleura 
and is the most common soft tissue sarcomas 
present as primary intrathoracic neoplasms. 



 In the past, these cases were diagnosed as 
malignant mesotheliomas or malignant solitary 
fibrous tumors.  

 Both biphasic and monophasic forms occur. 

 SYT–SSX gene fusion characterizes this tumor 
confirm the diagnosis.  

 Other soft tissue tumors and tumor-like 
conditions reported in the pleura are desmoid 
tumor (fibromatosis), calcifying fibrous pseudo-
tumor, liposarcoma, chondrosarcoma, 
pleomorphic undifferentiated sarcoma (formerly 
termed MFH), GIST, desmoplastic small round 
cell tumor, primitive neuroectodermal tumor 
(Askin tumor), and liposarcoma. 



 Epithelioid hemangioendothelioma and 
angiosarcoma may diffusely infiltrate the pleura in a 
fashion simulating mesothelioma. 

 Rarely angiosarcomas occurred against background 
of chronic pyothorax. 

 Malignant lymphoma involving the pleura is usually 
associated with systemic disease.  

 The most frequent type is diffuse large B-cell 
lymphoma, followed by follicular lymphoma. 

 Lymphoma in the pleural cavity may complicate 
longstanding pyothorax, a variant referred to as 
pyothorax-associated lymphoma.  

 This is an EBV-related diffuse large B-cell lymphoma 
distinguished not only by its peculiar presentation 
but also frequent plasmacytoid features and aberrant 
expression of T-cell markers. 

 



 Pyothorax associated lymphoma is unrelated to 
human herpes virus 8 (HHV8), a feature that sets 
it apart from primary effusion lymphoma.  

 Primary effusion lymphoma occurs in the setting 
of immunodeficiency and does not result in 
tumor mass formation as in pyothorax-
associated lymphoma.  

 It is composed of large pleomorphic lymphoid 
cells that frequently demonstrates a null or 
ambiguous immunophenotype that may include 
expression of T-cell associated antigens. 



 Molecular studies show rearrangements of 
immunoglobulin heavy chain genes consistent 
with a B-cell lineage lymphoma in nearly all 
cases. 

 Primary effusion lymphoma, like pyothorax 
associated lymphoma, is EBV related but differs 
in being invariably associated with HHV8 virus. 

 Thymoma can also present as a primary pleural 
mass, resulting in possible diagnostic confusion 
with mesothelioma. 

 



 Most malignant tumors involving the pleura are 
of metastatic nature; of these, about 75% are 
metastatic carcinomas.  

 They are second only to congestive heart failure 
as the cause of pleural effusions in patients over 
50 years of age. 

 Dyspnea, cough, and chest pain are the most 
common presenting symptoms.  

 Most malignant pleural effusions are greater 
than 500 mL.  



 The fluid is most often serous to sero-
sanguineous, but it may be frankly hemorrhagic.  

 The most common sites for the primary lesion 
are lung, breast, and stomach. 

 Approximately 90% of the lung, breast, and 
ovarian malignant effusions are ipsi-lateral to 
the primary lesion.  

 Malignant pleural effusion may be the first 
evidence of the existence of cancer. 

 




