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e Differential diagnosis

KEY POINTS

e Diagnosis of malignant mesothelioma is based on assessment of histologic and immunophenotypic

features.

e Classification of malignant mesothelioma (into epithelioid, biphasic, and sarcomatoid types) is
based on assessment of cytologic features and has prognostic value.
e A panel of immunohistochemical markers is needed to distinguish sarcomatoid mesothelioma from

sarcomatoid carcinoma, sarcomas, and mimics.

e Loss of BAP1 nuclear staining, MTAP cytoplasmic staining, and CDKN2A copy number assessment
by fluorescence in situ hybridization may aid in distinguishing malignant mesothelioma from reac-

tive mesothelial proliferations.

e Correlation with clinical, radiologic, and molecular features is helpful in diagnostic conundrums.

INTRODUCTION

Malignant mesothelioma originates from the cells
in the serosal lining that surrounds the body cav-
ities. Of all mesotheliomas, approximately 85%
arise from the pleura, approximately 15% arise
from the peritoneum, and the remainder (<1%)
originates from the pericardium or the tunica vag-
inalis.” In the United States, diffuse malignant
pleural mesothelioma affects approximately 3000
patients each year, with an annual incidence of
approximately 1 in 100,000.2° Diffuse malignant
pleural mesothelioma shows a predilection for
men and affects mostly the elderly,*® although
the age of distribution is wide, with young patients
including adolescents reported.” The signs and
symptoms can be nonspecific and, depending
on the extent of tumor involvement, include pleu-
ritic chest pain, dyspnea, night sweats, and weight
loss.® Patients with diffuse malignant pleural me-
sothelioma are managed by trimodality therapy
including surgery, chemotherapy, and

radiotherapy.®'® The use of immunotherapy is un-
der active clinical investigations."' The clinical
outcome nonetheless remains generally dismal,
with a median overall survival of 1 to 2 years.®
Regarding the pathogenesis of diffuse malignant
pleural mesothelioma, a history of asbestos expo-
sure was noted in approximately 70% of patients.”
Other etiologic factors include exposure to nonas-
bestos mineral fibers,'® therapeutic radiation
exposure for prior malignancy,’®'* and in the
setting of chronic inflammatory conditions.>”
Furthermore, germline alterations in BAP1 and
other tumor suppressors have been implicated in
the development of diffuse malignant pleural me-
sothelioma in a subset of patients.'®1°

The definitive diagnosis of diffuse malignant
pleural mesothelioma is based on the pathologic
assessment of tumor tissue, which is obtained
from core biopsy sampling, pleurectomy, or other
more extensive resections. To establish a patho-
logic diagnosis of malignant mesothelioma, diag-
nostic tools that are used clinically include
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histologic assessment, immunohistochemistry,
electron microscopy, cytogenetics, and molecular
techniques (eg, targeted next-generation
sequencing, fluorescence in situ hybridization,
and single-nucleotide polymorphism arrays).
Despite the multiple diagnostic toolkits, the diag-
nosis of diffuse malignant pleural mesothelioma
relies primarily on proper histologic assessment.
Given its rarity and overlapping microscopic fea-
tures with other benign and neoplastic conditions,
the histologic diagnosis of diffuse malignant
pleural mesothelioma is challenging, with misdiag-
noses reported in greater than 60% of cases in
some regions in the world as determined by retro-
spective review.?? In this review, we discuss the
pathologic features and the differential diagnosis
of diffuse malignant pleural mesothelioma,
including select diagnostic pitfalls.

GROSS FEATURES

Grossly, diffuse malignant pleural mesothelioma
presents with circumferential pleural thickening
or multifocal-to-diffuse pleural nodules that
display a tan-white cut surface (Fig. 1A). Invasion
into adjacent structures, such as diaphragm, chest
wall, pericardium, and interlobular septae of lung,
may be seen. In exceptionally rare cases, diffuse
malignant pleural mesothelioma presents with
diffuse lung parenchymal involvement, with radio-
graphic and gross appearances mimicking an
interstitial lung disease.?"

MICROSCOPIC FEATURES

Diffuse malignant pleural mesothelioma is classi-
fied into three histologic types: (1) epithelioid, (2)
biphasic (mixed), and (3) sarcomatoid.’ The deter-
mination of histologic types is based on the cyto-
logic features of the tumor. Epithelioid
mesothelioma is characterized by epithelioid-to-
round cells (Fig. 1B, C). Sarcomatoid mesotheli-
oma is characterized by spindled cells with
tapered nuclei (Fig. 1E, F). Biphasic mesothelioma
harbors epithelioid and sarcomatoid components
in various proportions, with each comprising at
least 10% of the tumor (Fig. 1D).

Within each histologic type, diffuse malignant
pleural mesothelioma is divided into several sub-
types and patterns based on its cytologic, archi-
tectural, and background stromal features.?? In
epithelioid mesothelioma, tumor cells are usually
epithelioid-to-round; other rare variants include
clear cell, signet ring cell, rhabdoid, deciduoid,
and small cell.?*2° Tumor cells are arranged in
diverse architectural patterns that include tubu-
lopapillary, trabecular, solid, acinar,

micropapillary, or adenomatoid, among others.
In  sarcomatoid mesothelioma, subtypes
described include conventional/spindle cell, des-
moplastic,?®?” and lymphohistiocytoid.?8%° A
subset of sarcomatoid mesothelioma exhibits
heterologous differentiation with osteosarcoma-
tous, chondrosarcomatous, and/or rhabdomyo-
sarcomatous elements.?’

The assignment of histologic type is challenging,
given the intertumoral and intratumoral morpho-
logic heterogeneity. In some cases, it is difficult
to distinguish between neoplastic spindled tumor
cells (sarcomatoid component) and reactive stro-
mal fibroblasts; the diagnosis of biphasic meso-
thelioma and epithelioid mesothelioma with
prominent stroma is challenging.®' Furthermore,
there is considerable interobserver variability in
the recognition of histologic types, even among
mesothelioma expert pathologists, with the lowest
interobserver agreements in biphasic mesotheli-
omas.®'=3% Proper type assignment in malignant
mesothelioma is nonetheless important, given
the prognostic differences among different histo-
logic types. In addition, the accuracy of histologic
types varies with the extent of tissue sam-
pling.34~36 In a study comparing the concordance
between histologic types in initial biopsies with
subsequent resections, the accuracy of typing in-
creases with a higher number of biopsies.*®
Although sarcomatoid histology in biopsies is
highly predictive of sarcomatoid histology in re-
sections, epithelioid histology in biopsies is not
entirely specific and is changed to biphasic or sar-
comatoid types in resections in up to 20% of
patients.3¢

HISTOLOGIC CRITERIA FOR DIFFUSE
MALIGNANT PLEURAL MESOTHELIOMA

In diffuse malignant pleural mesothelioma, the
goals of histologic assessment are to confirm the
pathologic diagnosis and to determine the histo-
logic type, which allows for prognostication and
treatment planning. For the diagnosis of diffuse
malignant pleural mesothelioma, one needs to
establish each of the three conditions discussed
next.

The Lesion Is Diffuse and Not Solitary

First, correlation with clinical and radiologic find-
ings is needed to confirm that the distribution of
the tumor is diffuse rather than solitary. Although
nearly all (>99%) malignant pleural mesotheliomas
are diffuse, rare cases of localized pleural meso-
thelioma have been described, which are solitary,
have a different pathogenesis, and harbor a less
aggressive clinical course.>’~4°
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Fig. 1. Gross and histologic features of diffuse malignant pleural mesothelioma. (A) Gross photograph of diffuse
malignant pleural mesothelioma surrounding lung parenchyma. (B) Epithelioid mesothelioma with tubulopapil-
lary pattern. (C) Epithelioid mesothelioma with prominent vacuolation, mimicking signet ring cell carcinoma. (D)
Biphasic mesothelioma, with sarcomatoid and epithelioid components. (E) Sarcomatoid mesothelioma. (F) Des-
moplastic mesothelioma, with tumor cells scattered among storiform fibrosis.

The Lesional Cells Are Mesothelial

Given the morphologic overlap between malig-
nant mesothelioma and diverse mimics, such
as carcinomas, immunohistochemistry and,
less commonly, electron microscopy is used
to confirm the presence of mesothelial differ-
entiation in the tumor cells. Other tools, such

as cytogenetics and molecular analysis, may
also be helpful in some instances (discussed
later).

The Lesional Cells Are Malignant

Histologic assessment is integral to establish that
the mesothelial cells are malignant. Morphologic
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features that distinguish malignant mesothelioma
from reactive conditions (Fig. 2) include:

e Invasion into adjacent tissue, such as adipose
tissue, skeletal muscle, and lung

e Full-thickness pleural involvement

e Formation of expansile nodules (considered
as a type of stromal invasion)

The presence of invasion is considered to be the
most reliable criterion in distinguishing malignant
mesothelioma from reactive mesothelial prolifera-
tions.*"*?> However, such features as necrosis,
cytologic atypia, and mitoses should be inter-
preted with caution, because each are seen in
reactive pleuritis and do not necessarily indicate
malignancy. Although the diagnosis of malignant
mesothelioma can be straightforward when the
morphologic features are overtly malignant,
some cases are challenging: sarcomatoid/desmo-
plastic mesothelioma may mimic chronic fibrosing
pleuritis. Interpretation is difficult when there is
limited diagnostic tissue, tangential sectioning, ar-
tifacts from histologic processing, and/or entrap-
ment of adjacent structures  mimicking

invasion.*"*® For a mesothelial proliferation that
is suspicious for but not definitive for malignancy,
one may report the findings as “atypical mesothe-
lial proliferation” and recommend rebiopsy and/or
close follow-up. In the distinction between malig-
nant mesothelioma and reactive mesothelial prolif-
erations, the role of ancillary studies had been
limited until recently, when BAP1 or MTAP immu-
nohistochemistry and CDKN2A copy number
assessment by fluorescence in situ hybridization
may aid the distinction in some instances (dis-
cussed later).

IMMUNOHISTOCHEMICAL FEATURES
Diagnostic Markers to Confirm Mesothelial
Differentiation

Immunohistochemistry is integral to the pathologic
diagnosis of malignant pleural mesothelioma in
clinical practice. Useful immunohistochemical
markers include positive markers to confirm
mesothelial differentiation, such as WT1, calreti-
nin, and D2-40 (Fig. 3A-C); and negative markers
to exclude mimics, such as polyclonal CEA, TTF-
1, and claudin-4.446 Broad-spectrum keratins

: e oy
Fig. 2. Diagnostic features of diffuse malignant pleural mesothelioma. (A) Invasion into fibroadipose tissue. (B)

Formation of expansile nodules. (C) Lack of zonation with full-thickness involvement. (D) Immunohistochemistry
for keratin MNF116 in C highlights the increased number of tumor cells.
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Fig. 3. Immunophenotypic features
of diffuse malignant pleural mesothe-
lioma. (A) Nuclear WT1 expression. (B)
Cytoplasmic and nuclear calretinin
staining. (C) Membranous D2-40
staining. (D) Loss of BAP1 nuclear
staining.

are not specific and are expressed in mesotheli-
omas and carcinomas. Other novel markers
recently described include glypican-1 as a positive
marker for epithelioid mesothelioma,*” HEG1 as a
positive marker for mesotheliomas,*®*° and
MUC4 as a negative marker,’®°" although data
on their performance in clinical practice remain
limited. As one of the caveats, no individual immu-
nohistochemical marker is entirely sensitive and
specific. Each of the established mesothelial
markers (WT1, calretinin, and D2-40) is expressed
in a subset of carcinomas. Conversely, epithelial
markers (BerEP4 and MOC31) are expressed in a
subset of mesotheliomas, although TTF1 (for
adenocarcinoma), p40 (for squamous cell carci-
noma), and claudin 4 (for carcinoma)*® are gener-
ally specific although not entirely sensitive. In the
guidelines from the International Mesothelioma
Panel (MesoPath) and International Mesothelioma
Interest Group (iMig), a panel comprising at least
two mesothelial markers (calretinin, WT1, D2-40)
and two epithelial markers (Claudin-4, TTF1, poly-
clonal CEA) should be used to establish the diag-
nosis.>? In the evaluation of positive markers, the
expression of mesothelial markers is focal and
limited (especially in sarcomatoid mesothelioma®?,;
in fact, there is no consensus on the minimum per-
centage of cells needed to show marker expres-
sion).>* A 10% staining cutoff has been proposed
to be most sensitive and specific in using TTF1
and calretinin immunohistochemistry to distin-
guish between epithelioid mesothelioma and lung
adenocarcinoma,®® although whether these cut-
offs are applicable for other antibodies, histologic

types of mesothelioma, and differential diagnoses
remains unclear.

BAP1 (BRCA1-associated protein-1) is a tumor
suppressor implicated in the pathogenesis of ma-
lignant mesothelioma, uveal melanoma, cholan-
giocarcinoma, and clear cell renal cell
carcinoma.®® Recurrent somatic and/or germline
mutations in BAP1 are present in malignant meso-
thelioma. As a surrogate for BAP1 genomic status,
BAP1 immunohistochemistry is used as a diag-
nostic marker for malignant mesothelioma. Aber-
rant BAP1 protein expression, defined as
complete loss of nuclear BAP1 staining (Fig. 3D;
including absence of staining or the presence of
cytoplasmic BAP1 staining only), is seen in
approximately 50% to 70% of diffuse malignant
pleural mesothelioma, epithelioid type®’~°% but
less than 20% in sarcomatoid type.®* Aberrant
BAP1 expression is seen in 20% of cholangiocar-
cinoma®®; 10% of clear cell renal cell carcinoma®®;
and rarely most other carcinomas, including in less
than 1% of non-small cell lung carcinomas.®”:%8 In
diagnostically problematic cases, aberrant BAP1
expression favors malignant mesothelioma and
excludes lung carcinoma.®”:68

Sarcomatoid mesothelioma and sarcomatoid
(pleomorphic/spindle cell) carcinoma overlap in
their histologic and immunohistochemical fea-
tures, therefore requiring the use of multiple
markers for definitive distinction. Sarcomatoid me-
sothelioma often shows focal to absent expression
for most mesothelial markers, with the most sensi-
tive marker being D2-40/podoplanin.®®%° Immu-
nohistochemical markers that may aid the
distinction between sarcomatoid mesothelioma
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and sarcomatoid carcinoma include p40 and p63
(for squamous cell carcinoma), TTF1 (for adeno-
carcinoma), and calretinin (for mesothelioma).®*
Recently, GATAS has been explored as a potential
diagnostic marker for sarcomatoid mesotheli-
oma,’® with GATA3 expression in only approxi-
mately 10% to 20% of non-small cell lung
carcinomas’" including sarcomatoid carcinoma.”®
One can render an accurate diagnosis of sarcoma-
toid mesothelioma when encountering a spindle/
pleomorphic tumor that expresses multiple meso-
thelial but not epithelial markers; conversely, a
diagnosis of carcinoma is made for a sarcomatoid
tumor that expresses multiple epithelial but not
mesothelial markers. For sarcomatoid tumors
that do not show clear-cut mesothelial or epithelial
differentiation despite extensive immunohisto-
chemistry work-up, one may not render a definitive
diagnosis.>* In these instances, correlation with
clinical, radiologic, and molecular findings may
be helpful.?”

Diagnostic Markers to Confirm a Malignant
Mesothelial Proliferation

Although the distinction between malignant meso-
thelioma and reactive mesothelial proliferations
primarily relies on histologic assessment, this is
challenging in some cases. Immunohistochemical
markers, such as glucose transporter-1 (GLUT1),
insulin-like growth factor I mMRNA binding protein
3 (IMP3), epithelial membrane antigen (EMA), des-
min, and p53, have been explored over the years
as potential diagnostic adjuncts. Because they
are not entirely sensitive or specific, their utility to
distinguish malignant mesothelioma from reactive
proliferations on a case-by-case basis is
limited.”7"3

BAP1 immunohistochemistry is a specific
(although not sensitive) marker to distinguish ma-
lignant mesothelioma from reactive mesothelial
proliferations. Aberrant BAP1 expression (com-
plete loss of staining or cytoplasmic staining
only) is seen in approximately 50% to 70% of
diffuse malignant pleural mesothelioma®’~°3,
whereas, reactive proliferations show intact
BAP1 nuclear staining.5”:°8¢163 |n particular, the
utility of BAP1 to distinguish sarcomatoid meso-
thelioma from reactive pleuritis is limited, because
BAP1 expression loss occurs in less than 20% of
sarcomatoid mesothelioma.®* Of note, in the
absence of corroborative histologic features of
malignancy (ie, invasion), aberrant BAP1 expres-
sion in mesothelial cells alone is not sufficient for
the diagnosis of malignant mesothelioma. Meso-
thelioma in situ, as characterized by a single layer
of surface mesothelial cells showing BAP1

expression loss with no evidence of invasion and
absence of any pleural nodules or masses, has
recently been described and may represent a pre-
cursor lesion to developing malignant mesotheli-
oma, albeit with a protracted course in some
cases.”™

MTAP (methylthioadenosine phosphorylase)
immunohistochemistry has been used as a diag-
nostic marker for malignant mesothelioma. MTAP
is located near CDKN2A on the chromosomal re-
gion 9p21; loss of cytoplasmic MTAP staining is
considered a surrogate for chromosomal 9p
loss as determined by concurrent CDKN2A fluo-
rescence in situ hybridization testing’® and has
been reported in approximately 40% to 60% of
malignant mesothelioma but rarely in reactive
proliferations.®'%% In distinguishing malignant
mesothelioma from reactive mesothelial prolifera-
tions, although MTAP alone is not sensitive, com-
bined use of BAP1 and MTAP
immunohistochemistry may improve the sensi-
tivity and specificity.6'% Of note, because
approximately 10% to 20% of lung adenocarci-
noma shows MTAP loss,®> MTAP immunohisto-
chemistry is not specific in the distinction
between malignant mesothelioma and lung
carcinoma.

Additional markers, such as cyclin D1 and 5-
hmC  (5-hydroxymethylcytosine), have been
explored as potential tools to distinguish malig-
nant mesothelioma from reactive mesothelial pro-
liferations, although their utility in clinical practice
remains unclear. One study used tissue microar-
rays and found diffuse nuclear cyclin D1 staining,
indicative of Hippo pathway activation, in most
malignant mesotheliomas and minimal to focal
cyclin D1 staining in reactive mesothelial prolifera-
tions.”® Reduction of 5-hmC has been noted in
diverse tumor types including malignant mesothe-
lioma’’; multifocal (>50%) loss of 5-hmC staining
was seen in most malignant mesotheliomas but
not reactive mesothelial proliferations in one
study.”®

ULTRASTRUCTURAL FEATURES

Electron microscopy is performed in fresh tumor
tissue that is saved at the time of gross examina-
tion. In malignant mesothelioma, tumor cells
characteristically display elongated microvilli,
with a length-to-width ratio of greater than 10:1,
on the luminal and abluminal surfaces.”®% Prom-
inent desmosomes and abundant intermediate fil-
aments are present. These ultrastructural
features are prominent in epithelioid mesotheli-
oma but is subtle to absent in sarcomatoid
mesothelioma.®®
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CYTOGENETIC FEATURES

Most diffuse malignant pleural mesotheliomas are
characterized by complex numerical and struc-
tural karyotypic alterations.®’ Although no spe-
cific chromosomal abnormalities are
pathognomonic for malignant mesothelioma,
loss of chromosomal region 9p including
CDKNZ2A or 22q including NF2 is noted in a sub-
set of tumors. With fluorescence in situ hybridiza-
tion testing, homozygous loss of CDKN2A is
found in approximately 60% of diffuse malignant
pleural mesothelioma®-84; hemizygous loss of
NF2 is present in approximately 50% of diffuse
malignant pleural mesothelioma.®® Although the
presence of CDKN2A loss can aid the distinction
of malignant mesothelioma from reactive meso-
thelial proliferations, CDKN2A loss alone is not
useful in separating malignant mesothelioma
from other tumor types, because CDKN2A loss
is found in a substantial fraction of sarcomatoid
mesothelioma, sarcomatoid carcinomas, and
sarcomas.®®

A rare subset of malignant pleural mesothelioma
harbors a peculiar near-haploid karyotype, with
extensive loss-of-heterozygosity involving nearly
all chromosomes except chromosomes 5 and 7.%”

MOLECULAR FEATURES

Most diffuse malignant pleural mesotheliomas are
characterized by recurrent mutations in tumor
suppressors and epigenetic regulators, including
BAP1, NF2, TP53, SETD2, and others.®~°" Alter-
ations are identified in multiple pathways in the
regulation of cell cycle, RNA processing, histone
regulation, and cell growth.®° BAP1 is one of the
most frequently altered genes; mechanisms of
BAPT1 inactivation include point mutations, copy
number loss, inactivating structural rearrange-
ments, and minute chromosomal
deletions.87-89.92-94

Furthermore, a small subset of diffuse malig-
nant pleural mesothelioma harbors unusual ge-
netic alterations: genomic near-haploidization
has been described in rare malignant pleural me-
sotheliomas that harbor mutations in TP53 and/
or SETDB1.8” Oncogenic EWSR1-ATF1 fusion
has been described in a malignant pleural meso-
thelioma from a young female.®® Although ALK
rearrangements have been identified in rare pa-
tients with diffuse malignant peritoneal mesothe-
lioma,’®°8 this has not been identified in
patients  with  diffuse  malignant  pleural
mesothelioma.

Germline mutations are overall present in
approximately 10% of patients with diffuse

malignant pleural mesothelioma and primarily
involve genes in the DNA repair and cell cycle
regulation, such as BAP1, BRCA2, CDKNZ2A,
TMEM127, VHL, WT1, MRE11A, and MSH®6.%°:1%0
Germline mutations seem to be enriched in pa-
tients who are young, with family history of meso-
thelioma, or with peritoneal
mesothelioma.®%-101.102

Consistent with its histomorphologic heteroge-
neity, diffuse malignant pleural mesothelioma
shows an impressive molecular diversity.
Several research groups have proposed various
molecular classification schemes to establish
molecular groups of malignant mesothelioma,
using data from genomics, transcriptomics, pro-
teomics, epigenomics, immune features, or a
combination of these approaches.?7-8%103-105 |
addition, one study analyzed the data using a
decomposition approach and proposed a histo-
molecular continuum in diffuse malignant pleural
mesothelioma, with each tumor comprising
epithelioid-like and sarcomatoid-like molecular
features.®°

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of malignant pleural
mesothelioma depends on the histologic type
(epithelioid, biphasic, or sarcomatoid) under
consideration (Box 1, Figs. 4 and 5). Diffuse
malignant pleural mesothelioma can resemble

reactive pleuritis or diverse tumor types,
including carcinomas, melanoma, and
sarcomas.

In addition to diffuse malignant pleural mesothe-
lioma, the World Health Organization recognizes
additional types of mesothelial lesions: localized
malignant mesothelioma, well-differentiated papil-
lary mesothelioma, and adenomatoid tumor.’
Localized pleural mesothelioma is microscopically
identical to diffuse malignant mesothelioma,
although it is radiographically and grossly solitary
and circumscribed® =3, genetically, localized
pleural mesothelioma comprises three groups
(BAP1-mutant, TRAF7-mutant, and near-haploid),
with similarities but also differences from diffuse
malignant  pleural  mesothelioma.*®  Well-
differentiated  papillary mesothelioma (see
Fig. 4E), often an incidental finding in the perito-
neum of women, can occur in the pleura'®® and
is genetically characterized by recurrent mutations
in TRAF7 or CDC42."°" Rarely, well-differentiated
papillary mesothelioma shows back-to-back
papillae with foci of invasion,’®® morphologically
mimicking diffuse malignant mesothelioma.
Furthermore, distinction between a malignant me-
sothelioma with prominent papillary surface
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Box 1
Differential diagnosis

Differential diagnosis of epithelioid malignant
mesothelioma
e Metastatic carcinoma

o Expresses epithelial markers (eg, claudin-4,
MOC31, and MUC4)

o Rarely or does not express mesothelial
markers (eg, WT1, calretinin, and D2-40)

o Most lung adenocarcinomas express TTF-1
and Napsin A

o Most squamous cell carcinomas express p40
and p63

o CK5/6 is expressed in squamous cell carci-
noma and epithelioid mesothelioma and
is not useful for distinction

o ldentification of genetic alterations charac-
teristic of lung carcinomas (eg, EGFR acti-
vating or MET exon 14 skipping
mutations) supports carcinomas and ex-
cludes sarcomatoid mesothelioma

e Metastatic melanoma

o Variable architectural patterns and promi-
nent nucleoli

o Expresses melanocytic markers (eg, S-100
protein, SOX10, and HMB45)

e Epithelioid hemangioendothelioma
o Rare distinctive malignant vascular tumor

o Cord-like pattern, myxohyaline matrix, in-
tracytoplasmic vacuoles

o Expresses vascular markers (eg, ERG, CD31,
and CD34) and CAMTAT1 in most cases'>*

o D2-40 is expressed in malignant mesotheli-
oma and epithelioid hemangioendothe-
lioma and is not useful for distinction

o Recurrent WWTRT-CAMTAT or rarely YAP1-
TFE3 fusion'>136

e Well-differentiated papillary mesothelioma

o Papillae with myxoid cores and single
mesothelial cell layers

o Recurrent TRAF7 or CDC42 mutations'®’
e Adenomatoid tumor

o Microcystic architecture, with tubules and
cords of epithelioid vacuolated cells

o Recurrent TRAF7 mutations'%®

Differential diagnosis of sarcomatoid malig-
nant mesothelioma

e Sarcomatoid carcinoma

o Expresses epithelial markers (eg, claudin-4,
MOC31, and MUC4)

<o Rarely or does not express mesothelial
markers (eg, WT1, calretinin, and D2-
40)

o Aberrant BAP1 expression favors sarcoma-
toid mesothelioma over sarcomatoid
carcinoma

o Ildentification of genetic alterations charac-
teristic of lung carcinomas (eg, EGFR acti-
vating or MET exon 14 skipping
mutations) supports carcinomas and ex-
cludes sarcomatoid mesothelioma

e Chronic fibrosing pleuritis

o Does not show dense cellularity, expansile
nodules, or absence of zonation effect

o Invasion is the most reliable criterion to
exclude a reactive process and to confirm
malignancy

e Synovial sarcoma

o Monophasic, biphasic, or poorly differenti-
ated histology

o Recurrent SYT-S5X1 or SYT-S5X2 fusion in
most cases’3’

o TLE1 is expressed in synovial sarcoma and
malignant mesothelioma® and is thus
not specific for distinction

e Solitary fibrous tumor

o Collagenous background,
hemangiopericytoma-like staghorn vessels,
and monomorphic spindle cells

o Recurrent NAB2-STAT6 fusion'3%140

o Expresses STAT6 by
immunohistochemistry'#!

Differential diagnosis of biphasic malignant
mesothelioma

e Biphasic synovial sarcoma
o Recurrent SYT-SSX1 fusion in most cases

o TLE1 is expressed in synovial sarcoma and
malignant mesothelioma'® and is thus
not specific for distinction

e Epithelioid hemangioendothelioma
o Rare distinctive malignant vascular tumor

o Cord-like pattern, myxohyaline matrix, in-
tracytoplasmic vacuoles

o Expresses vascular markers (eg, ERG, CD31,
and CD34) and CAMTA1 in most cases'>*

o D2-40 is expressed in malignant mesotheli-
oma and epithelioid hemangioendothe-
lioma and is not useful for distinction

o Recurrent WWTR1-CAMTAT or rarely YAP1-
TFE3 fusion'>13¢




Pathology of Malignant Pleural Mesothelioma

®
|5 )
b Y 2

®
LG

epithelioid mesothelioma. (B) Tumor cells in A show diffuse strong TTF1 expression and lacks mesothelial marker
expression (not shown), confirming the diagnosis. (C) Epithelioid hemangioendothelioma, with cord-like growth
pattern and rare vacuoles. (D) Tumor cells in C show diffuse strong ERG expression, along with expression of
vascular markers CD31 and CAMTA1 (not shown), confirming the diagnosis. (E) Well-differentiated papillary me-
sothelioma, characterized by papillary architecture with each core lined by a single cell layer. (F) Adenomatoid
tumor, characterized by a microcystic appearance with epithelioid-to-vacuolated tumor cells.

projections and well-differentiated papillary meso-
thelioma is challenging, particularly in small super-
ficial biopsies. Adenomatoid tumor (see Fig. 4F)
primarily affects the genital tracts but rarely can
involve the pleura; recurrent mutations in TRAF7
have been described in adenomatoid tumors of
genital-type.'%®

EMERGING PROGNOSTIC AND PREDICTIVE
FACTORS

In diffuse malignant pleural mesothelioma, histo-
logic type is an integral prognostic indicator: pa-
tients with epithelioid, biphasic, and sarcomatoid
mesotheliomas have an overall median survival
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Fig. 5. Histologic mimics of diffuse
malignant pleural mesothelioma. (A)
Pleural plaque, showing orderly
arrangement of mesothelial cells. (B)
Desmoplastic mesothelioma, charac-
terized by storiform arrangement of
tumor cells, mimicking a pleural pla-
que or fibrosis. (C) Solitary fibrous tu-
mor, mimicking sarcomatoid
mesothelioma. (D) Tumor cells in C
show diffuse strong STAT6 expression,
along with absence of mesothelial
marker expression (not shown), con-
firming the diagnosis.

of approximately 14, 10, and 5 months, respec-
tively.® 119111 Qver the years, additional histologic,
immunohistochemical, molecular, and immune
features have been described to be prognostic
or predictive of select therapy.

In epithelioid mesothelioma, poor prognostic
features described include the presence of micro-
papillary or solid patterns.’'? Pleomorphic meso-
thelioma is characterized by anaplasia and/or
multinucleated tumor giant cells comprising at
least 10% of the tumor.''® Historically considered
as a subtype of epithelioid mesothelioma including
in the World Health Organization 2015 classifica-
tion,! pleomorphic mesothelioma has an aggres-
sive  clinical behavior comparable with
sarcomatoid mesothelioma.''* Another emerging
pattern to recognize is the transitional subtype,
characterized by sheet-like growth of elongated
plump tumor cells with well-defined cell borders
and cohesion.®® Although the histologic interob-
server concordance is fair-to-moderate, transi-
tional mesothelioma shows a poor prognosis
comparable with sarcomatoid mesothelioma.®*""®
In addition to the assessment of architectural pat-
terns, various three- or two-tiered grading
schemes have been described over the years
and include the assessment of mitotic activity, ne-
crosis, 21167121 gnd, in one system, Ki67 prolifer-
ation index.’?® The recent European Reference
Network for Rare Adult Solid Cancers/International
Association for the Study of Lung Cancer proposal
for histologic classification for epithelioid pleural
mesothelioma has proposed that diagnostic re-
ports should include the assessment of nuclear

atypia, mitotic count, and necrosis and assign tu-
mors into low and high grades.'??

Recent studies explored immunohistochemical
targets as potential prognostic and predictive
markers. In a study of diffuse malignant pleural
mesothelioma patients with epithelioid histology,
prolonged survival has been noted in tumors with
loss of BAP1 and retained p16 expression in uni-
variate and multivariate analyses.'?® Certain mo-
lecular features seem to be prognostic in diffuse
malignant pleural mesothelioma. In particular, pa-
tients with mesothelioma with germline BAPT mu-
tations show a prolonged survival.'°%24 Patients
with mesothelioma with germline mutations in
one of the DNA repair genes also respond better
to platinum chemotherapy as compared with pa-
tients without germline mutations,’® thus high-
lighting the prognostic and predictive value of
these mutations in patients with diffuse malignant
pleural mesothelioma. Of note, although the pres-
ence of ALK gene rearrangements in rare patients
with diffuse malignant peritoneal mesotheli-
oma®®® raises the possibility of targeted treat-
ment with ALK inhibitors,’® this has not been
demonstrated in patients with diffuse malignant
pleural mesothelioma to date.

Programmed death-ligand 1 (PD-L1; CD274), a
negative regulator of immune checkpoint, repre-
sents a target in immunotherapy, with PD-L1
immunohistochemistry evaluated as a predictive
biomarker in diverse tumor types.'?® PD-L1
expression generally seems higher in sarcomatoid
mesothelioma than in epithelioid mesotheli-
oma.’”"13% |ncreased PD-L1 expression has
been noted in sarcomatoid mesothelioma but not
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in reactive mesothelial proliferations,! suggest-

ing PD-L1 immunohistochemistry as a potential
tool to separate sarcomatoid mesothelioma from
reactive mesothelial proliferations.’®! In terms of
its predictive value, the utility of PD-L1 immunohis-
tochemistry and optimal assessment criteria in
diffuse malignant pleural mesothelioma remain
unclear.

Epithelioid mesothelioma rarely expresses PD-
L1 but seems to rely on VISTA (V-domain Ig Sup-
pressor of T-cell Activation; VSIR [V-set immuno-
regulatory receptor]) for immune blockade.®”-%°
Immunohistochemistry for VISTA shows high
expression in epithelioid mesothelioma but not in
sarcomatoid mesothelioma. 2133 Because VISTA
is expressed in benign mesothelial cells, VISTA
immunohistochemistry cannot distinguish be-
tween malignant epithelioid mesothelioma and
reactive mesothelial proliferations.’>> However,
non-small cell lung carcinomas do not seem to ex-
press VISTA, 32 suggesting a potential diagnostic
role of using VISTA immunohistochemistry to
distinguish epithelioid mesothelioma from lung
carcinomas. In patients with diffuse malignant
pleural mesothelioma, whereas PD-L1 expression
correlates with worse survival,’®® VISTA expres-
sion correlates with better survival'®>>'2® and may
suggest potential immunotherapy targets in these
patients.

CLINICS CARE POINTS

e Histologic diagnosis of malignant mesotheli-
oma is based on assessment of histologic
and immunophenotypic features.

e Histologic typing of malignant mesothelioma
(into epithelioid, biphasic, and sarcomatoid
types) is based on assessment of cytologic
features and has prognostic value.

e A panel of immunohistochemical markers is
needed to distinguish sarcomatoid mesotheli-
oma from sarcomatoid carcinoma and
mimics.

e Loss of nuclear BAP1 staining by immunohis-
tochemistry is specific but not sensitive in dis-
tinguishing malignant mesothelioma from
reactive mesothelial proliferations.

e Correlation with clinical, radiologic, and mo-
lecular features is helpful in certain chal-
lenging diagnostic situations.
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