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Mesothelial tumors are classified into benign or preinvasive tumors, and mesotheliomas. The benign or preinvasive group includes
adenomatoid tumors, well-differentiated papillary mesothelial tumors, and mesothelioma in situ. Malignant tumors are
mesotheliomas and can be localized or diffuse. Histological classification of invasive mesotheliomas into three major subtypes—
epithelioid, sarcomatoid, and biphasic is prognostically important. It also plays a significant role in the treatment decisions of
patients diagnosed with this deadly disease. Grading and subtyping of epithelioid mesotheliomas have been one of the major
changes in the recent WHO classification of pleural tumors. Mesothelioma in situ has emerged as a precisely defined clinico-
pathologic entity that for diagnosis requires demonstration of loss of BAP1 or MTAP by immunohistochemistry, or CDKN2A
homozygous deletion by FISH. The use of these two biomarkers improves the diagnostic sensitivity of effusion specimens and
limited tissue samples and is valuable in establishing the diagnosis of epithelioid mesothelioma. In this review, recent changes in
the histologic classification of pleural mesothelioma, importance of ancillary diagnostic studies, and molecular characteristics of
mesotheliomas are discussed.
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Mesothelial tumors are classified into benign or preinvasive
tumors, and mesotheliomas1. The benign or preinvasive group
includes adenomatoid tumors, well-differentiated papillary
mesothelial tumors and mesothelioma in situ. Malignant tumors
are mesotheliomas and can be localized or diffuse1.
Malignant tumors in many organs have an in situ phase that can

be diagnosed microscopically. In contrast, mesothelioma in situ has
long been a controversial topic. The initial reports that described
what the authors believed was mesothelioma in situ were all seen in
a background of an invasive mesothelioma and probably repre-
sented the surface spread of an invasive mesothelioma2,3. The
concept of mesothelioma in situ as a clinico-pathologic entity was
recently described and for the first time included in the 2021 WHO
classification4–6. Since morphology is insufficient for unequivocal
diagnosis of mesothelioma in situ, demonstration of loss of BAP1 or
MTAP by immunohistochemistry (IHC) or CDKN2A homozygous
deletion is essential. These markers emerged as specific diagnostic
markers of malignancy in mesothelial proliferations and allowed the
diagnosis of mesothelioma in fluid specimens and limited tissue
samples7–14.
Pleural mesothelioma is a rare tumor associated with poor

prognosis. The WHO classifications of pleural mesothelioma
traditionally recognized the three major subtypes of epithelioid,
biphasic, and sarcomatoid. These major subtypes have an impact
on prognosis and treatment of patients diagnosed with this
aggressive tumor15. According to the SEER database, the median
survival in patients diagnosed with epithelioid, biphasic, and
sarcomatoid mesotheliomas of the pleura who underwent surgical
treatment was 19, 12, and 4 months, respectively15. Histologic
subtype also determines the treatment with surgery being
recommended for epithelioid mesothelioma only16,17.

Morphological heterogeneity of epithelioid mesothelioma has
been recognized for a long time, but only recently prognostic
significance of different architectural patterns has been
reported18,19. In addition to architectural patterns, prognostic
significance of nuclear grade, mitotic count and necrosis has been
recognized20–23. Both architectural patterns and grading of
epithelioid mesothelioma may provide better stratification of the
patents in regards to clinical management. In contrast, the criteria
for diagnosis of biphasic and sarcomatoid mesotheliomas remain
unchanged.
This review will provide an update on newly proposed concepts

in the diagnosis of pleural mesothelioma.

PREINVASIVE MESOTHELIAL TUMORS
Mesothelioma in situ
The originally proposed definition of mesothelioma in situ was
based on morphology alone, and was described as a single layer
of small papillary projections of cytologically atypical mesothelial
cells on a pleural surface2,3. These originally reported cases were
seen in a background of invasive mesothelioma, and the
argument was whether this growth truly represented mesothe-
lioma in situ or surface spread of an underlying invasive
mesothelioma. Although it was believed that mesothelioma
in situ must exist, the consensus among experts was that
mesothelioma in situ cannot be distinguished from reactive/
atypical proliferations on morphology alone. Advances in under-
standing of molecular events responsible for development of
malignant mesothelial proliferations particularly BAP1 gene
alterations and CDKN2A homozygous deletion that can be
identified by clinically validated assays allowed identification of
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those early malignant lesions8,24–26. Churg et al. were first to
report the cases of mesothelioma in situ with flat or slightly
papillary single layer surface mesothelial proliferation with BAP1
loss and/or CDKN2A homozygous deletion in patients with
recurrent non-resolving pleural effusions and without evidence
of tumor on imaging or thoracoscopy (Fig. 1)4,5. These changes
tend to occur in the setting of heavy asbestos exposure, post
radiation, and in patients with familial predisposition. Flat
proliferations show no or minimal cytologic atypia, while
moderate-to-severe atypia can be seen in small papillary
proliferations. Mitoses are typically absent. It is worth emphasizing
that morphology is insufficient for diagnosis of mesothelioma
in situ, and demonstration of BAP1 loss by immunohistochemistry
or CDKN2A homozygous deletion by FISH is required for
diagnosis1,4,5. MTAP IHC can be used as a surrogate for CDKN2A
FISH assay7,27,28. It is essential that these assays are rigorously
validated in order to prevent misdiagnosing mesothelioma in situ.
Whole-exome sequencing confirmed that mesothelioma in situ
development is associated with BAP1 somatic mutations/dele-
tions, and suggested that BAP1 alterations represent a very early

event in the development of a subset of mesotheliomas29. It is
currently unknown what other genetic alterations represent an
early event in mesothelioma in situ as BAP1 and CDKN2A loss
occur in up to 70% of cases. Even though the diagnosis of
malignant mesothelial proliferations can be established in fluid
specimens, the diagnosis of mesothelioma in situ cannot be made
in cytology specimens, and the tissue sample is needed to rule out
invasion. The management of patients with mesothelioma in situ
should be discussed with multidisciplinary clinical team as there is
usually a long latency period before patient present with an
invasive mesothelioma, however, after a median follow up of 5
years up to 70% mesotheliomas in situ will progress into invasive
mesothelioma5.

DIFFUSE MESOTHELIOMA
Epithelioid mesothelioma
Table 1 summarizes architectural patterns and cytological features
of epithelioid mesothelioma. Some cases also show myxoid
stromal features. It is important to be aware of morphological

Fig. 1 Mesothelioma in situ. (A) A single layer of monotonous flat mesothelial cells (H&E, ×40) (B) BAP1 loss in neoplastic mesothelial cells,
while intact in stromal and inflammatory cell (IHC, ×20) (C) MTAP IHC loss in mesothelial cells as a surrogate marker for CDKN2A
homozygous deletion (IHC, ×20) (from ref. 5).
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heterogeneity of epithelioid mesothelioma in order to perform
adequate immunohistochemical workup and to avoid misdiagno-
sis. Immunohistochemical diagnostic workup of epithelioid
mesotheliomas has been well established, and extensively
reviewed elsewhere12,30.
Furthermore, prognostic significance of some architectural patterns

has been reported. Two architectural patterns that were considered
epithelioid patterns, but show prognosis similar to sarcomatoid and
biphasic mesotheliomas, are pleomorphic and transitional18,19,31.
These two morphologies are in the 2021 WHO classification
reclassified as cytological features (Table 1)1. Recent transcriptome
study strongly supported reclassification of transitional features as

sarcomatoid31. Transitional features have appearance between
epithelioid and sarcomatoid morphology, showing a sheet-like
elongated but plump cell with well-defined cell borders (Fig. 2). It is
extremely important to recognize this morphology in order to classify
mesothelioma as biphasic, if second epithelioid component is present.
However, the diagnostic interobserver reproducibility is fair based on
H&E alone (wK= 0.40)32. In difficult cases, pathologists may choose to
do reticulin stain which may help to distinguish transitional features
from an epithelioid subtype. Reticulin stain highlights clusters of cells
in epithelioid subtype, while in sarcomatoid and transitional subtypes
single cells are highlighted31. Pleomorphic features, as described in
epithelioid mesothelioma, can also be seen in sarcomatoid

Table 1. Morphological subclassification of epithelioid and sarcomatoid mesotheliomas.

Subtype Architecural patterns Cytological features Stromal features Grade

Epithelioid • Tubulopapillary
• T rabecular
• Adenomatoid
• Solid
• Micropapillary

• Rhabdoid
• Deciduoid
• Small cell
• Clear cell
• Signet ring
• Lymphohistiocytoid
• Pleomorphic

• Myxoid • Low grade
-Any nuclear grade I
- Nuclear grade II without necrosis

• High grade
-Nuclear grade II with necrosis
- Any nuclear grade III

Nuclear grade:
Nuclear atypia score:
1 mild, 2 moderate, 3 severe
Mitotic count score:
1 low (≤1 mitosis/2mm2)
2 intermediate (2–4 mitosis/2mm2)
3 high (≥5 mitosis/2mm2)
Sum: Nuclear grade I (sum 2 or 3)
Nuclear grade II (sum 4 or 5)
Nuclear grade III (sum 6)

Sarcomatoid • None • Lymphohistiocytoid
• Transitional
• Pleomorphic

• Desmoplastic
• With heterologous differentiation

• None

Fig. 2 Examples of transitional and pleomorphic features. A Transitional features show sheet-like growth of the plump, elongated, cohesive
cells with well-defined borders. (H&E stain, magnification ×40) (from ref. 34). B Pleomorphic features with large cells with abundant cytoplasm
and large highly atypical nuclei (H&E stain, magnification ×40).

Fig. 3 Nucelar grade of epithelioid mesothelioma. Examples of mild, moderate, and severe nuclear atypia used in two-tier grading of
epithelioid mesotheliomas in surgical resections and biopsies.
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mesotheliomas. In contrast to transitional features, emerging genomic
data do not support reclassification of pleomorphic features and the
consensus is to classify it based on the most predominant
morphology as either sarcomatoid or epithelioid1,33.
One of the major changes in the 2021 WHO classification of

epithelioid mesothelioma is grading. Grading has not been
recommended for mesotheliomas previously, and this change is
based on published studies that demonstrated prognostic signifi-
cance of various morphological features such as nuclear atypia,
mitotic count, and necrosis20–23. A two-tier system of low and high
grade that is applicable to resections and biopsies with epithelioid
mesotheliomas has been recommended (Fig. 3 and Table 1)33,34.
This grading system is based on combining nuclear grade (nuclear
atypia and mitotic count) and presence of necrosis (Table 1). Areas
showing the highest grade should be used to assign mesothelioma
grade. Currently, no grading of sarcomatoid or biphasic mesothe-
liomas is recommended. The role of aggressive architectural
patterns in grading is uncertain at this point.

Sarcomatoid mesothelioma
Sarcomatoid mesothelioma is the second most common subtype
and has been associated with only 4 months survival in patients
who underwent surgical treatment15,16. The WHO classification
defines it as a proliferation of spindle cells arranged in fascicles or
in haphazard patterns invading the adipose tissue and/or lung
parenchyma1. Necrosis and atypical mitoses are frequently
present. Heterologous elements such as osteosarcoma, rhabdo-
myosarcoma, or chondrosarcoma can be present in rare cases.
Table 1 summarizes variants and cytological features of sarcoma-
toid mesothelioma. Desmoplastic mesothelioma is diagnostically
most challenging as it shows spindle cells with minimal atypia
arranged haphazardly in a so-called patternless pattern within a
dense hyalinized stroma that resemble pleural hyaline plaque. The
presence of obvious sarcomatoid areas is very helpful in
establishing the diagnosis, as this variant may easily be
interpreted as benign. In difficult cases, ancillary studies,
particularly detection of CDKN2A homozygous deletion or loss of
MTAP by IHC are very helpful, as >90% of sarcomatoid
mesothelioma harbor this alteration7,27,35. In contrast to epithe-
lioid mesotheliomas, BAP1 loss is less frequent in sarcomatoid
mesotheliomas, and therefore, less helpful in distinction from
benign processes36,37.

Immunohistochemical workup of sarcomatoid mesotheliomas is
usually more extensive and different from epithelioid
mesotheliomas12,38. It should include, in addition to cytokeratins
and mesothelial markers, a panel of mesenchymal markers such as
desmin, S-100 protein, myogenin, STAT6, CD34, ERG, CD31, FLI1,
and also melanoma markers (SOX10, HMB45, and melan A)12.
Carcinoma markers such as claudin 4, MOC31, Ber-EP4, and CEA
are not very helpful in the differential diagnosis of sarcomatoid
tumors and do not need to be included in the panel, particularly if
tissue is limited12. In the differential diagnosis from sarcomatoid
carcinomas, organ site and differentiation specific markers such as
TTF-1 and p40 may be helpful. D2–40 (podoplanin) has been
shown higher sensitivity in comparison to other markers in
establishing the diagnosis of sarcomatoid mesothelioma33,39

Recently, GATA3 immunohistochemistry was suggested as a
marker for distinguishing sarcomatoid mesothelioma from sarco-
matoid lung carcinoma40,41 Strong and diffuse GATA3 expression
is observed in mesotheliomas, while sarcomatoid carcinomas are
largely negative or show weak and patchy staining. In cases with
focal keratin expression, sarcomas are in the differential diagnosis
and the workup should include either FISH or PCR-based studies
for sarcoma-specific diagnostic gene fusions.

Biphasic mesothelioma
Biphasic mesotheliomas are composed of both epithelioid and
sarcomatoid components. At least 10% of each component is
required for definitive diagnosis in resection specimens (extended
pleural decortication/extrapleural pneumonectomy). The reported
prognostic cutoffs for sarcomatoid component range from 50% to
80%42. However, more data are needed before cutoff changes can
be made to the WHO definition. The diagnosis of biphasic
mesothelioma, regardless of percentages of each component, can
be made in small biopsies33,42. The recommendation is to report
percentage of each component in the biopsy33. Cytokeratin
expression can be helpful in the assessment of the amount of
sarcomatoid component32,42. Cytokeratin expression highlights
spindle cell morphology and tends to be more intense in
malignant than in benign reactive spindle mesothelial prolifera-
tions. As mentioned above, in difficult cases where the distinction
between malignant and benign mesothelial spindle cell prolifera-
tions are challenging, demonstrations of CDKN2A homozygous
deletion or in some cases BAP1 IHC can be helpful.

Fig. 4 Diagnostic workup of pleural effusion and small biopsy specimens with atypical mesothelial proliferations. Initial
immunohistochemical work-up to confirm mesothelial proliferation should be followed by markers of malignant mesothelial proliferations
BAP1 immunohistochemistry and/or FISH for CDKN2A homozygous deletion or MTAP immunohistochemistry as surrogate marker (modified
from ref. 30).
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DIAGNOSTIC ROLE OF CYTOLOGY AND SMALL SAMPLES
The diagnosis of mesothelioma on morphology alone in body
fluid effusion specimens and small biopsies can be challenging43.
Similar to surgical specimens, immunohistochemical workup
should be performed to establish mesothelial origin of the
proliferation. This practice emphasize the importance of cell block
preparations for fluid samples. The 2018 American Society of
Clinical Oncology clinical guidelines for the diagnosis of pleural
mesothelioma stated that the cytological evaluation of pleural
fluid can be an initial screening test for mesothelioma, but it is not
a sufficiently sensitive diagnostic test17. As a result, many cases
will be subjected to biopsy procedures even though their yield is
variable44,45.
Common features of malignancy such as cytologic atypia,

mitoses, necrosis, and high cellularity can be seen in benign
reactive mesothelial proliferations and are not as helpful in
separation from malignant mesothelioma. It has to be kept in
mind that BAP1/MTAP IHC and FISH for CDKN2A homozygous
deletion are valuable diagnostic tools for diagnosing mesothelio-
mas in body fluid cytology or limited tissue biopsies and should be
strongly considered in the workup of mesothelial proliferations
(Fig. 4). Recently, it was demonstrated that the use of those two
markers in the diagnostic workup of effusion specimens can
establish the diagnosis of mesothelioma earlier even before the
fully developed clinical picture8. Traditionally, tissue invasion was
required for the diagnosis of mesothelioma, but implementation
of testing for BAP1/MTAP and/or CDKN2A eliminates the need for
this diagnostic criterion. Also the issue of entrapped mesothelial
cells in reactive process that can be overinterpreted as invasion
becomes less of an issue if those ancillary studies are informative.

MOLECULAR PATHOLOGY
Testing for predictive biomarkers of response to non-surgical
therapies is not recommended at this time17. In contrast to
numerous molecular studies in other tumor types such as lung
adenocarcinoma, genomic studies in mesothelioma are still
relatively limited24,25,46–48. Somatic mutation burden in malignant
mesothelioma is low, usually <2 non-synonymous mutations per
megabase, and with no difference between histologic
subtypes24,25. Somatic copy number alterations primarily dele-
tions, most frequently CDKN2A are the most common genetic
events24,25. CDKN2A homozygous loss most frequently occurs in
sarcomatoid mesotheliomas, followed by biphasic and epithelioid.
The comprehensive genomic analyses demonstrated that most

frequently mutated genes are BAP1, NF2, TP53, SETD2, DDX3X,
ULK2, RYR2, CFAP45, SETDB1, and DDX5124,25. Somatic mutations in
the BAP1 gene located on chromosome 3p21 occur in over 50% of
pleural mesotheliomas, mostly epithelioid, and are often asso-
ciated with concurrent loss of heterozygosity on chromosome
3p2124,26,49. In the TCGA cohort, a subset of mesotheliomas with
TP53 and SETDB1 co-mutations associated with genome-wide LOH
that affects more than 80% of the genome (“genomic near-
haploidization”) was identified mostly in young female patients24.
ALK gene rearrangements were reported in peritoneal mesothe-
liomas occurring in young women and children, but no such
reports exist in pleural mesothelioma50–52. EWSR1 fusions have
been found in rare cases of epithelioid pleural and peritoneal
mesotheliomas in younger patients without history of asbestos
exposure53,54.
There were several sequencing efforts in the past several years.

Bueno et al. reported four cluster groups of mesothelioma based
on expression patterns that mostly matched the 2015 WHO
histologic classification and correlated with overall survival25.
Those clusters included sarcomatoid, epithelioid, biphasic-epithe-
lioid, and biphasic-sarcomatoid. These groups essentially recapi-
tulated epithelial-to-mesenchymal transition. Similarly, the TCGA

cohort identified four distinct prognostic groups based on
genomic, transcriptomic, and epigenomic analysis24. Blum et al.
by combining transcriptome, methylome, and miRNome analysis,
demonstrated that pleural mesotheliomas have different propor-
tions of epithelioid and sarcomatoid components (E- score and S-
score)46. The same group also showed the link between those
scores and the mesothelioma microenvironment.47 The S-score
correlated with the presence of T cells, monocytes, fibroblasts,
endothelial cells, and high expression of PD-L1. The E-score was
associated with infiltration of NK cells, complement pathway and
VISTA overexpression. These results are consistent with reports of
frequent association of PD-L1 protein expression and sarcomatoid
mesotheliomas, poor prognosis, and increased lymphocytic
inflammation55–61.
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