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Abstract

In this review, we summarize current approaches to diagnosis of malignant pleural mesothelioma, focusing on the distinction
from benign mesothelial proliferations and other malignant tumors. Current recommendations for reporting histological sub-
type and tumor grade are also reviewed. Particular emphasis is placed on immunohistochemical and molecular tools that may
help in establishing the diagnosis of mesothelioma with greater confidence. Immunohistochemical stains for BRCA1-associated
protein (BAP1) and methylthioadenosine phosphorylase (MTAP) and homozygous deletion of pI16 using fluorescence in situ
hybridization (FISH) are emphasized as important methods for distinguishing benign from malignant mesothelial prolifera-
tions. Conclusions. Diffuse malignant pleural mesothelioma is a heterogeneous group of aggressive pleural tumors for which
histological classification plays an increasingly important role in patient management. Stage and resectability remain key drivers
of therapeutic strategies and outcomes. There is an increasingly robust suite of diagnostic tools, including immunohistochemical
stains for BAP1 and MTAP and p16 FISH, for differentiating benign from malignant mesothelial proliferations in cytology and
tissue specimens.
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Introduction phoma has been identified as another environ-
mental risk factor for MPM.

Mesothelioma most commonly affects individ-
uals 60 years of age or older, with a male predomi-
nance. MPM is very rare in the pediatric popula-
tion, with fewer than 300 cases reported in chil-
dren. MPM commonly presents as an otherwise
unexplained persistent pleural effusion. Features
that tend to favor malignant over benign pleural
disease include chest wall pain, hemorrhagic ef-

i ) o fusion, circumferential pleural thickening that
Incidence and mortality from MPM is highly i, j,des involvement of mediastinal pleura, and

variable from one geographic region to the next, o qular pleural thickening on computed tomog-
and is heavily influenced by the prevalence of raphy (CT) scans of the chest (1).

mining and commercial applications of asbestos
and the long latency periods between exposure
and disease onset. In addition to occupational or
household asbestos exposure, thoracic radiation in
patients with breast carcinoma or Hodgkin lym-

Malignant mesothelioma originates from meso-
thelial cells that line serosal surfaces (i.e., pleura,
pericardium, peritoneum, tunica vaginalis). Pleura
is the most frequently affected site, accounting for
70% to 80% of incident cases. Malignant pleural
mesothelioma (MPM) is the most frequent prima-
ry malignant tumor of the pleura, and is character-
ized by aggressive behavior with mean survivals of
9 to 12 months.

Malignant mesothelioma is a locally aggressive
tumor that infiltrates the chest wall and lung paren-
chyma. Distant metastases are common in late stage
disease. Autopsy studies demonstrate extrapleural
metastases in almost 90% of individuals (2). Nodal
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metastases are a rare presenting manifestation of
MPM and must be distinguished from benign nod-
al inclusions of mesothelial cells in patients with be-
nign pleural or pericardial effusions (3).

The aim of this review article was to summarize
the current approaches to diagnosis of malignant
pleural mesothelioma, with a particular emphasis
on its distinction from benign mesothelial prolif-
erations and other malignant tumors using immu-
nohistochemistry and molecular analyses.

Cytology

Cytological examination of pleural fluid is often
the first, and sometimes the only, opportunity to
identify patients with mesothelioma. Cytologic di-
agnosis alone is more limited than tissue biopsies
in being able to establish specific histological sub-
types or tumor grade, which may not significantly
influence stage-dependent clinical management or
prognosis for some patients. The sensitivity of cy-
tology for MPM ranges from 30% to 75%, mean-
ing that a negative cytology does not exclude the
diagnosis (4). Liquid based processing and/or cell
blocks can improve diagnostic performance (5).
The International Mesothelioma Interest Group
clusters cytology results from patients with MPM
into three categories: 1. Malignant based on cyto-
morphological criteria, 2. Malignant on the basis
of supportive ancillary studies, and 3. Nondiag-
nostic (6). Cytological features of MPM include
hypercellularity of specimen, presence of tissue
fragments, enlarged mesothelial cells with en-
larged nuclei resulting in high nuclear:cytoplasmic
ratios, macronucleoli, papillary three dimensional
spheres, and acidophilic extracellular matrix. A
“cell in a cell” phenomenon and membrane pro-
trusions or blebs have also been described. Ma-
lignant epithelioid mesothelial cells share some
cytologic features with reactive, non-neoplastic
mesothelial cells such as scalloped borders of cell
groups and presence of intercellular windows ex-
hibiting lighter, dense cytoplasm edges. Effusion
specimens characterized by cytologically malig-
nant cells often require immunohistochemical
studies to confirm mesothelial origin (see Table

1). Ancillary studies, such as immunohistochem-
istry for BRCAl-associated protein (BAP1) and
methylthioadenosine phosphorylase (MTAP), and
p16 fluorescence in situ hybridization (FISH), are
often required to establish a cytological diagnosis
of MPM with greater confidence, and can substan-
tially improve diagnostic sensitivity.

Histology

The 2015 WHO classification of pleural tumors
divides diffuse malignant mesothelioma into three
main histological subtypes: Epithelioid (60%-
80%), sarcomatoid (<10%), and biphasic (10%-
15%). The relative frequency is higher for bipha-
sic subtypes and lower for sarcomatoid subtypes
in surgical specimens compared to pre-resection
biopsies, indicating the importance of sampling in
accurate classification of malignant pleural tumors
(7). It is important to distinguish between these
subtypes because of stage-dependent differences
in therapeutic strategies and differences in average
lengths of survival. Retrospective cohorts drawn
from large multi-institutional data sets consistent-
ly show the longest overall survivals in patients
with epithelioid histology, the shortest survivals in
those with sarcomatoid MPM, and intermediate
survival in patients with biphasic MPM (8). Truly
localized mesotheliomas are extremely rare, show
the same range of histologic subtypes, and are af-
filiated with better survivals given the possibility
of complete surgical excision (9).

Epithelioid Mesothelioma

Epithelioid mesothelioma, the most common
form of MPM, usually comprises mildly atypical
low columnar to cuboidal cells resembling reactive
mesothelial cells arranged in a variety of growth
patterns including most commonly a tubulopap-
illary architecture (Figure 1). A recent proposal
from a large international multidisciplinary group
suggested subclassifying epithelioid mesothelioma
by specific architectural patterns and, in some
variants, unique cytological features (10). The
most common architectural patterns include tubu-




Figure 1. Epithelioid mesothelioma. Low magnification
photomicrograph showing tubulopapillary mesothelioma
composed of relatively bland non-mucinous cuboidal cells
forming a combination of tubules (left center), papillae (up-
per left) and small irregularly shaped solid groups and cords
(hematoxylin and eosin stain; original magnification 40x.

lopapillary, solid, and trabecular, while micropap-
illary, adenomatoid (microcystic), clear cell, tran-
sitional, deciduoid, small cell, and lymphobhistio-
cytic variants are relatively rare. Pleomorphic sub-
types are defined as epithelioid mesotheliomas in
which more than 10% of tumor cells show marked
nuclear pleomorphism; this subtype is associ-
ated with the worst overall survival (8.1 months)
among epithelioid MPM (11). The international
proposal includes recommendations for reporting
percentages of the various architectural patterns
and cell types for extrapleural pneumonectomy
and extended pleurectomy/decortication surgical
specimens, a reporting practice for which there is
no evidence regarding its value and therefore not
widely adopted outside of a research setting.

Grading of Epithelioid Mesothelioma

Histological subtype and TNM stage drive thera-
peutic strategies in patients with MPM. Several
retrospective case series have demonstrated lim-
ited utility of histologic grading for epithelioid
mesotheliomas, usually based on some combi-
nation of nuclear grade, mitotic rate, and necro-
sis. Grading of MPM has not yet been adopted
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in routine practice and is not included in current
cancer reporting templates from the College of
American Pathologists. In their previously refer-
enced proposal, an international multidisciplinary
group recommended a two-tier system of grading
based on nuclear grade and necrosis. In this pro-
posed system, low-grade MPM comprises nuclear
grade 1 with or without necrosis and nuclear grade
2 without necrosis; high-grade is reserved for tu-
mors with nuclear grade 2 and necrosis or nuclear
grade 3 with or without necrosis (10). In making a
recommendation for a practice not yet widely ad-
opted the authors suggest that tumor grading may
be of benefit in stratifying patients for clinical tri-
als or adding greater precision to the risk stratifica-
tion currently provided by histological subtyping.
While this may eventually emerge as a standard re-
porting element, in our view it should be optional
for pathology reporting given the absence of com-
pelling evidence regarding its value outside of a
research setting. It also should be emphasized that
this proposed grading system was recommended
only for epithelioid mesothelioma; other types of
MM (sarcomatoid MM, and sarcomatoid parts in
biphasic MM) are inherently more aggressive and
therefore high grade by definition.

Sarcomatoid Mesothelioma

Sarcomatoid mesothelioma is less frequent but
more aggressive than epithelioid mesothelioma,
with mean survivals of 3.5-8 months (12). Dif-
ferentiating between epithelioid and sarcomatoid
MM is important because of stage-dependent
differences in treatment approach (13). Sarcoma-
toid mesothelioma is characterized by neoplastic
spindle cells exhibiting variable numbers of mito-
ses and degrees of cytologic atypia (Figure 2). The
cells are typically arranged in vaguely fascicular
growth patterns thus resembling soft tissue sar-
comas (“sarcomatoid”). Histological subtypes of
sarcomatoid MPM include conventional (44%),
desmoplastic (34%), sarcomatoid with desmoplas-
tic areas (21%), sarcomatoid with heterologous
elements (1%), and lymphohistocytoid mesothe-
liomas (<1%) (14).
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Figure 2. Sarcomatoid mesothelioma. Intermediate mag-
nification photomicrograph showing neoplastic spindles
cells arranged in a loosely organized fascicular growth pat-
tern with invasion into chest wall soft tissue at upper left
(hematoxylin and eosin stain; original magnification 132x).

Desmoplastic mesothelioma is a common subtype
and is the most challenging to distinguish from
benign fibrosing pleuritis, sometimes referred to
as fibrous pleurisy. Desmoplastic MPM is paucic-
ellular, with random variation in cellularity across
a relatively narrow range. The areas showing an
abrupt increase in cellularity comprise mildly
atypical spindle cells with enlarged hyperchro-
matic nuclei arranged in a “patternless pattern of
Stout” with abundant collagenous stroma (Figure
3). Keys to diagnosis are a combination of this dis-
tinctive storiform histology, invasion of chest wall
soft tissue and/or lung parenchyma, bland necro-
sis characterized by dropout of basophilic nuclei,
focal areas with frankly malignant sarcomatoid
histology, and/or distant metastases (15). Immu-
nohistochemical stains for cytokeratins are of lim-
ited value since non-neoplastic reactive spindled
mesothelial cells are also positive, but can be help-
ful in identifying areas of chest wall invasion (16).

Transitional mesothelioma, traditionally consid-
ered a rare architectural and cytological subtype
of epithelioid MPM, comprises cohesive plump
spindle cells with elongated ambiguous cytomor-
phology. Recent studies indicate that transitional
mesothelioma is genetically more closely related
to sarcomatoid MPM, and recommend that it be
considered a subgroup of sarcomatoid mesothe-
lioma (17, 18).

Figure 3. Desmoplastic mesothelioma. A) Low magnifica-
tion photomicrograph showing thickened parietal pleura
with random variation in cellularity and invasion of chest
wall fat (hematoxylin and eosin stain; original magnifica-
tion 27x). B) Intermediate magnification photomicrograph
showing more cellular zone in which neoplastic spindle
cells are arranged in the vaguely storiform “patternless pat-
tern of Stout” (hematoxylin and eosin stain; original magni-
fication 100x).

Biphasic Mesothelioma

Biphasic mesothelioma is defined as showing a
combination of epithelioid and sarcomatoid his-
tologies, with each component comprising more
than 10% of the tumor (Figure 4). A sarcomatoid
component of less than 80% in biphasic MM has
been linked to improved survival. Interobserver
agreement in diagnosis of biphasic mesothelioma
is moderate (Kappa = 0.45), suggesting that updat-
ing the definition of biphasic MPM is needed to
support more consistent risk stratification (19).
Although fibrous stroma in epithelioid MPM is
typically scant, it is sometimes florid and thus can
mimic biphasic MPM. Cases in which it is uncer-
tain whether the sarcomatoid component repre-
sents a benign florid stromal reaction or a prolif-




Figure 4. Biphasic mesothelioma. Photomicrograph show-
ing a glandular epithelial component and a less differenti-
ated stromal component comprising spindle cells (hema-
toxylin and eosin stain; original magnification 100x).

eration of neoplastic mesothelial cells may be re-
solved by demonstrating homozygous deletion of
p16 using a FISH technique (20).

Immunohistochemical Stains for Diagnosis

Histopathological diagnosis of MPM begins with
careful examination of routinely stained sections
in an appropriate clinical and radiological context.
Immunohistochemical stains can be extremely
helpful in distinguishing MPM from other ma-
lignancies capable of diffuse pleural involvement
that may mimic mesothelioma (“pseudomesothe-
liomatous”), and in separating MPM from benign
mesothelial proliferations. Pancytokeratin stains
may be useful in separating MPM from other
non-epithelial mimics, such as metastatic mela-
noma or diffuse high-grade lymphomas confined
to the pleura and pleural space. They should be
interpreted with caution, given that reactive spin-
dle cells of mesothelial origin are also keratin and
calretinin positive (Figure 5). A small minority of
sarcomatoid MPM may be keratin negative. Epi-
thelioid MPM is typically positive for cytokeratin 7
as are many of the entities frequently considered in
the differential diagnosis, which may limit its utility.
Epithelioid MPMs are also frequently positive for
high molecular weight cytokeratins using antibod-
ies directed against cytokeratins 5 and 6; staining
for high molecular cytokeratins is less common in
sarcomatoid types (21).
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It is important to first establish a working di-
agnosis based on routinely stained sections and
knowledge of the clinical and radiological findings
before deciding on immunohistochemical stains
likely to be of value. Choice of immunohistochem-
ical markers to distinguish MPM from other enti-
ties with epithelioid phenotypes depends heavily
on the histologic subtype being considered (epi-
thelioid or sarcomatoid), location of the neoplasm
(pleura or peritoneum), and the types of tumors
included in the differential diagnosis (e.g., squa-
mous cell carcinoma, adenocarcinoma, epithelioid
hemangioendothelioma, melanoma). Given that
none of the markers have 100% specificity, a lim-
ited panel that includes antibodies with sensitivity
or specificity of at least 80% is recommended (22).
An immunohistochemical panel should contain
at least two mesothelial markers and two markers
appropriate to the working diagnoses established
on the basis of routinely stained sections and any
pertinent history including previously diagnosed
malignancies. For confirmation of mesothelial
origin in patients suspected of having epitheli-
oid or biphasic MPM, calretinin, WT-1 (nuclear
staining only), cytokeratin 5/6, and D2-40 (podo-
planin) are useful markers (23). Markers useful
for tumors in which metastatic carcinoma is a di-
agnostic possibility include MOC31, BGS8, CEA,
claudin 4, and BerEP4. MOC31 and BerEP4 target
the same transmembrane glycoprotein (EpCAM),
and therefore the final choice of markers should
include one, rather than both of them. In addition
to two general carcinoma markers, immunostains
that are specific for certain carcinoma subtypes
may be helpful. This is dependent not only on the
histologic findings but also on relevant clinical and
radiological information (i.e., previous malignan-
cies or suspicion of other primary sites at presen-
tation). In patients suspected of having metastatic
adenocarcinoma for which no primary is known,
TTF-1 may be helpful since lung is the most fre-
quent source for metastatic adenocarcinomas with
a pseudomesotheliomatous growth pattern (24).
Major differential diagnoses and immunohisto-
chemical markers useful for differentiating MPM
from other malignant neoplasms are summarized
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Figure 5. Metastatic adenocarcinoma of the lung. A) Photomicrograph showing glandular neoplasm infiltrating the pa-
rietal pleura with a variably cellular stromal response resembling biphasic MPM (hematoxylin and eosin stain; original
magnification 100x). B-D) Photomicrographs showing immunostains performed on this pleural biopsy. Both the metastatic
adenocarcinoma and the stromal cells, which include non-neoplastic spindle cells of mesothelial origin, are positive for
cytokeratin 7 (B). Staining for TTF-1 (C) is limited to the adenocarcinoma, and calretinin (D) to non-neoplastic mesothelial

cells (original magnification 100x).

in the Table 1. Immunohistochemistry for BAP1 is
used primarily to separate benign from malignant
mesothelial proliferations (see following section,
Separating malignant from benign mesothelial
proliferations), but can also be helpful in selected
circumstances for distinguishing MPM from car-
cinomas in malignant pleural effusion cytology
specimens, with high sensitivity (87%) and speci-
ficity (98%) (25).

Immunohistochemistry for sarcomatoid MPM
often begins with cytokeratin stains to establish an
epithelioid phenotype and exclude soft tissue sar-
comas. In a large retrospective case series of over
300 cases, 93% of sarcomatoid mesotheliomas ex-

pressed cytokeratins; sensitivity increased with use
of an antibody cocktail (e.g., AE1/AE3 £+ CAM5.2),
more extensive tumor sampling, and adequate tis-
sue fixation (14). Keratin staining may be negative
in the osteosarcomatous or chondrosarcomatous
components of sarcomatoid MPM with heterolo-
gous elements (22). Immunohistochemical mark-
ers are less useful for distinguishing sarcomatoid
MPM from sarcomatoid carcinomas. Calretinin is
negative in >50% of sarcomatoid mesotheliomas,
as is nuclear staining for WT-1 (21). Strong diffuse
staining for GATA-3 is nearly universal in sarco-
matoid MPM and, along with radiological distri-
bution of disease (i.e., localized versus diffuse),
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Table 1. Immunohistochemical Stains Useful for Separating MPM from Malignant Mimics

Histologic MPM type Mesothelial markers

Markers more commonly expressed in
non-mesothelial neoplasms

Lung adenocarcinoma (TTF-1 +, napsin A +)

Adenocarcinoma, NOS (CEA+, claudin 4+, MOC31/Ber-EP4+, BG8+)

CK AE1/3 +, calretinin +, WT-1 +,

Squamous cell lung carcinoma (p40 + MOC-31/Ber-EP4+)

£t sl CK5/6 +, mesothelin +, D2-40 +

Renal cell carcinoma (PAX8 +, CAIX +)

Breast carcinoma (ER +, PR+, GCDFP-15+, mammaglobin +, GATA3 +)

Epithelioid hemangioendothelioma (CD31 +, CD34 +, FLI-1 +, ERG +)

Sarcomatoid carcinoma (CK AE1/3 + CAM 5.2 +, GATA3 -).

CK AE1/3 +, CAM5.2 +, D2-40 +,

Sl Ee calretinin +, WT-1 +, GATA3 +

Angiosarcoma (CD31 +, CD34 +, ERG +)

Synovial sarcoma (CD99 +, TLE-1 +)

MPM=Malignant pleural mesothelioma.

can be especially helpful for this frequently chal-
lenging differential diagnosis (26).

Separating Malignant from Benign
Mesothelial Proliferations

There are a number of histological features help-
ful in separating MPM from benign mesothelial
proliferations. Invasion of chest wall soft tissues
and/or pulmonary parenchyma is the single most
helpful finding in establishing a diagnosis of MPM
(Figure 6) (1, 16). Cytokeratin stains may be help-
ful in demonstrating invasion not otherwise eas-
ily observed with routinely stained sections alone.
Reactive mesothelial cells do not invade the sur-
rounding tissues, but “pseudo invasion” may occur
when benign mesothelial cells are entrapped in the
fibrosis characteristic of fibrosing pleuritis result-
ing in a distinctive pattern of layering resembling
the annual growth rings in trees (Figure 7). In-
flammation of the pleura with associated mesothe-
lial hyperplasia tends to have a predictably zonal
distribution of cellularity in which the cellularity is
greatest adjacent to the pleural space and gradually
or abruptly diminishes as it approaches the chest
wall interface. Benign mesothelial proliferations
may include papillary structures but they lack the
complex stratification characteristic of MPM and
instead comprise simple, non-arborizing struc-
tures lined by a single layer of cells. In addition,
reactive proliferations often are accompanied by

surface fibrin and granulation tissue in which cap-
illary sized vascular spaces are arranged in parallel
perpendicular to the pleural surface.

Loss of BAP1 expression and homozygous de-
letion of p16 have become diagnostic methods for
separating benign from malignant mesothelial
proliferations with greater frequency and accura-
cy, thus increasing diagnostic sensitivity for MM.
A growing number of studies attest to their practi-
cal value in the diagnostic process (27).

BAP1 is a cellular enzyme with tumor suppres-
sor functions. It is involved in cycle-cell progres-
sion, repairing ionizing radiation-induced DNA
damage, regulation of gene expression and chroma-
tin remodeling. Early studies showed lack of BAP1
immunoreactivity due to somatic BAPI genetic al-
terations, such as deletions or point mutations, in
more than 40% of MPMs (28). More recent studies
show loss of BAP1 expression in nearly 75% of epi-

Figure 6. Epithelioid mesothelioma with chest wall invasion
(hematoxylin and eosin stain; original magnification 19x).
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Figure 7. Fibrosing pleuritis (“fibrous pleurisy”) with layer-
ing of entrapped mesothelial cells. A) Low magnification
photomicrograph showing fibrous thickening of parietal
pleura and a sharp interface with chest wall adipose tissue.
Entrapped mesothelial cells are arranged in a linear fashion
in the lower third without the random variation in cellular-
ity and invasive growth patterns more characteristic of me-
sothelioma (hematoxylin and eosin stain; original magnifi-
cation 20x). B) Photomicrograph of immunohistochemical
stain for cytokeratins (AE1/AE3 and CAM5.2 cocktail) show-
ing the layering of entrapped mesothelial cells and the ab-
sence of chest wall invasion (original magnification 40x).

thelioid MPM with lower sensitivities on the order
of 50% for biphasic and 10% or less for sarcoma-
toid MPM. Loss of BAP1 expression has been as-

sociated with younger age at onset and improved
median survival in MPM, although BAP1 expres-
sion as a prognostic biomarker remains controver-
sial (29). Loss of BAP1 expression is manifested as
complete, and rarely partial, loss of nuclear stain-
ing in tumor cells with positive staining of internal
controls (i.e., inflammatory cells and stromal cells)
(Figure 8). BAPI loss occurs in both sporadic and
familial MPM, the latter linked to germline BAPI
mutations (30, 31). BAPI loss has consistently
shown 100% specificity for distinguishing ma-
lignant from benign mesothelial proliferations;
benign reactive mesothelial proliferations always
retain nuclear BAP1 expression. BAP1 expression
is also retained in adenomatoid tumors, a lesion
that only rarely occurs in the chest although ad-
enomatoid tumor-like histology has been well de-
scribed in MPM (32). In a comparison of two ret-
rospective cohorts, Erber showed that BAP1 loss
occurred only in mesotheliomas and was retained
in all 42 genital adenomatoid tumors (33). BAP1
immunohistochemistry is a powerful addition to
the growing portfolio of diagnostic tools for atypi-
cal mesothelial proliferations, but it is important
to remember that the variable sensitivity of BAP1
loss in MPM limits its negative predictive value:
retention of BAP1 expression by itself cannot be
used to exclude a diagnosis of mesothelioma.

Loss of nuclear expression of 5-hydroxymeth-
ylcytosine (5-hmC) has shown promise as an ad-
ditional immunohistochemical stain for distin-
guishing malignant from benign mesothelial pro-
liferations with high (92%) sensitivity and 100%
specificity, although this has not yet been widely
adopted (34). Several other markers, including
desmin, epithelial membrane antigen (EMA), p53,
IMP3, GLUT-1, CD146, and CD147, have shown
only limited diagnostic value and are unlikely to
be useful in individual cases (1).

Homozygous deletion of 9p21 is an important
method for separating benign from malignant
mesothelial proliferations. This region comprises
genes for two cyclin-dependent inhibitor kinases,
CDKNAZ2A (p16) and CDKN2B, and MTAP. CDK-
N2A is present in normal cells where it is involved
in cell cycle regulation. Deletion of p16 is present
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Figure 8. Immunohistochemical markers for separating me-
sothelioma from benign mesothelial proliferations. A) High
magnification photomicrograph showing two- dimensional
groups of atypical mesothelial cells in a cell block prepared
from pleural fluid (hematoxylin and eosin; original magnifi-
cation 400x). B-C) Immunohistochemical stains performed
on the same cell block showed loss of nuclear staining for
BAP1 (B) and loss of both cytoplasmic and nuclear staining
for MTAP (C) with appropriately staining internal controls
(original magnification 400x).
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in as many as 90% of sarcomatoid mesotheliomas,
and about 70% of desmoplastic subtypes, but tends
to be less common in epithelioid and biphasic me-
sotheliomas. Practically, p16 deletion is useful for
distinguishing benign mesothelial proliferations
from MPM, but cannot reliably distinguish MPM
from other carcinomas in which p16 may also be
deleted (35, 36).

Homozygous pl6 deletion is demonstrated
with a FISH technique using centromere 9 and
CDKN2A probes, and can be applied to both cy-
tology and histology specimens. Overall sensitiv-
ity of p16 FISH in effusion cytology specimens is
between 56% and 79% with a high (100%) positive
predictive value given 100% specificity. False nega-
tive p16 FISH may occur due to admixed reactive
mesothelial cells that may be morphologically in-
distinguishable from malignant mesothelial cells
(22). In histology specimens, the sensitivity of p16
FISH for epithelioid and biphasic MM ranges be-
tween 45% and 85%. Homozygous p16 deletion
has been associated with shorter overall survival.

MTAP, a tumor suppressor gene co-located
with CDKN2A, is often deleted with pI16, making
immunohistochemical staining for MTAP protein
a reasonable surrogate for p16 FISH (37). Nega-
tive cytoplasmic staining for MTAP in tumor cells
with positive cytoplasmic and nuclear staining in
positive internal controls, such as inflammatory
and stromal cells, favors the diagnosis of MM with
100% specificity and a sensitivity of around 45% in
tissue sections and cytology cell blocks. Combina-
tion with BAP1 immunohistochemistry increases
sensitivity to around 75% to 80% (37).

Other emerging methods that are used less fre-
quently, in part because of technological challeng-
es that serve as barriers to access, include hemi-
zygous deletion of neurofibromatosis type 2 (NF2
gene) on 22ql2 and gene expression arrays (38,
39). Bruno and colleagues showed that expression
analysis of 117 genes using a nanoString System in
a relatively small number of cases performed bet-
ter than BAP1 and p16 FISH, with overall sensitiv-
ity of 95.6% and 100% specificity (38). There are
no currently recommended predictive biomarkers
for patients with MPM, although that may change
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as research continues with the hope of identify-
ing more personalized treatment strategies (10). A
number of clinical trials using immune checkpoint
inhibitors are underway and have shown limited
utility for PD-L1 testing in identifying those most
likely to respond.

Malignant Mesothelioma in Situ

Malignant mesothelioma in situ is a preinvasive le-
sion defined as a single layer of atypical mesothe-
lial cells lining the pleural surface and character-
ized by loss of BAP1 and/or MTAP expression us-
ing immunohistochemistry. Criteria for diagnosis
include recurrent pleural effusions, lack of pleural
thickening and nodularity on chest imaging, and
either no or only incidental findings at video-as-
sisted thoracoscopic surgery (VATS) or thoracoto-
my. Given these criteria, diagnosis requires a mul-
tidisciplinary approach (40). Churg et al. showed
that seven of ten patients with well-defined meso-
thelioma in situ developed MPM during a follow-
up period of 12-92 months (40).

Conclusions

Diftuse MPM is a heterogeneous group of aggres-
sive pleural tumors for which histological clas-
sification plays an increasingly important role
in patient management and survival. Update of
epithelioid mesothelioma includes pleomorphic
subtypes, in which more than 10% of tumor cells
show marked nuclear pleomorphism; this subtype
is associated with the worst overall survival among
epithelioid MPM. Considering that transitional
mesothelioma is genetically closely related to sar-
comatoid MPM, recent studies recommend it to
be within a subgroup of sarcomatoid mesothelio-
mas. Stage and resectability remain key drivers of
therapeutic strategies and outcomes. Given that
none of the immunohistochemical markers has
100% specificity, an immunohistochemical panel
should contain at least two mesothelial markers
and two markers appropriate to the working diag-
noses established based on routinely stained sec-
tions and any pertinent history including previ-

ously diagnosed malignancies. There is an increas-
ingly robust suite of diagnostic tools, including
immunohistochemical stains for BAP1 and MTAP
and p16 FISH, for differentiating benign from ma-
lignant mesothelial proliferations in cytology and
tissue specimens. Mesothelioma in situ has been
recognized as a distinct clinicopathological entity
for which more evidence is required to understand
its natural history and treatment strategies that are
proportional and targeted to the risk.
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