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Abstract: Pleural mesothelioma (PM) is deemed an uncommon tumor, resistant to chemotherapy with
little chance of radical surgery and low survival rates. This review summarizes the latest advances in
biomarker selection for diagnosis and drug treatment, based on search in Medline database carried out in the
period between 1992 and 2020. The main prognostic and predictive biomarker is the histological subtype.
The epithelioid neoplastic form is less aggressive than the sarcomatoid subtype and has a high sensitivity to
chemotherapy, resulting in longer survival than sarcomatoid or biphasic subtypes of PM. Several biomarkers
have been identified for the diagnosis of mesothelioma, but no mesothelial marker has a sensitivity of 100%.
Therefore, panels of different biomarkers are needed, with positive and negative predictive value. New
biomarkers emerging from the literature may be useful in differentiating reactive pleural processes from
malignant ones and PMs from other neoplastic forms. In particular, the role of loss of expression of BAP1,
MTAP and CDKN2A must be highlighted. The presence of frequent inactivating homozygous mutations
of the BAPI locus and the CDKN2A gene has been demonstrated by parallel massive sequencing in
approximately 60% and 62% of cases respectively If simultaneous loss of BAP1 expression and homozygous
deletion of CDKN2A or loss of expression of BAP1 and MTAP are present, sensitivity is much higher
(92-100%). The new perspectives on therapy derive from studies conducted on BAP1 and other homologous
recombination genes and from trials conducted on patients treated with immunotherapy. The inactivation
of BAPI could be used therapeutically, similarly to what has been shown in clinical studies conducted on
patients with ovarian and prostate cancer with mutations in the DNA repair genes. In ongoing clinical trials,
the recruitment of MPM patients will allow to assess the relationship between BAP1 genotype status and
response to PARP inhibitors such as olaparib and niraparib. In addition, mesothelial cancer cells can express
PDLI especially in the epithelioid form and this expression is associated with a worse prognosis. PDL1 has
also been evaluated in other tumor forms as an indicator of immunotherapy efficacy and seems to allow the

best selection of patients affected by mesothelioma.
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Introduction

Mesothelioma is an aggressive tumor arising from the
mesothelial surface. Mesothelioma occurs in the pleural
cavity (PM) and peritoneum in approximately 90% and 10%
of cases, respectively. Primary paratesticular and pericardial
mesothelioma are very rare (1-3). It is considered a relatively
rare neoplasia, accounting of 0.2% of all tumors, with an
incidence of 3.4/100,000 patients. Occupational exposure
to asbestos is considered the main risk factor in adult
patients, since more than 90% of the cases have a history of
asbestos exposure. In the last 10 years, the incidence of PM
has increased slightly, mainly due to the 30-50 years delay
between exposure to asbestos and development of malignant
cell growth. Asbestos fibers, alone or with other risk
factors, such as a particular genetic background and/or viral
infections can cause genetic alterations responsible for the
transformation of normal mesothelial cells (4-6). In most
cases, mesothelioma is a sporadic neoplasm, but familial
neoplastic forms, characterized by germline mutations
of the BAP1 gene have been described. In addition to
mesothelioma, germline BAP1 mutations confer increased
susceptibility for the development of several other tumors
including uveal melanoma, cutaneous melanoma, and renal
cell cancers (7,8).

Patients typically experience weight loss, pain and shortness
of breath. Unilateral serum effusions are also often present on
clinical examination. These signs and symptoms can manifest
themselves for many months. Diagnosis is based on clinical
and radiological characteristics, although it is necessary to have
a detailed professional history. Samples for diagnosis can be
obtained from pleural effusions by thoracentesis.

However, tissue samples obtained by ultrasound-
guided biopsies, video-assisted thoracic surgery (VATS) or
debulking samples should be examined whenever clinically
possible (4-6,9).

Prognosis is poor due to the limited therapeutic options
and difficulty in complete surgical removal. According to
Global Cancer Observatory (World Health Organization)
data [2018], 25,576 patients died for PM. The patients not
treated have a median survival time of 6 months and most
patients die within 24 months of diagnosis (10).

However, the progress of the last years in the knowledge
of genetic and immunophenotype characteristics of
mesothelioma could be useful for innovative pharmacological
treatments in the next future. With this aim, we made a
selection of the most reliable and recent data emerging from
the literature, by searching original articles published in
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indexed journals in MEDLINE in the period between 1992
and 2020, to propose an updated state of the art. Several
other sources have also been considered, including some
most-viewed Web sites (http://www.pathologyoutlines.com/;
http://med.stanford.edu/pathology.html; www.clinicaltrials.
gov) and the latest guidelines [College of American
Pathologists (CAP) guidelines 2017; American Society of
Clinical Oncology (ASCO) 2018; ERS/ESTS/EACTS/
ESTRO guidelines 2020]. We present the following article
in accordance with the Narrative Review reporting checklist
(available at http://dx.doi.org/10.21037/jxym-20-79).

Pathological diagnosis and prognosis

Pathological diagnosis of PM, according to the 2015
classification of the World Health Organization, can
sometimes be very complicated, due to the heterogeneity
of neoplastic cells and the propensity of mesothelioma cells
to mimic other forms of cancer. For this reason, it generally
requires a multidisciplinary approach through a correlation
of cytological and histological characteristics with clinical and
radiological data. The “epithelioid” is the main histotype,
accounting for 60-75% of all cases. It is the variant with
the largest number of cytoarchitectural patterns often
mixed together (trabecular, microcystic, papillary, tubulo-
papillary, micropapillary, solid, with clear cells, ring with
bezel or small cells) which mimic an epithelial neoplasm, a
lymphoma or a lymphoepithelial-like carcinoma (Figure I).
Often it causes pleural serum effusions and is related to
a good prognosis (12-27 months after diagnosis) (11).
Sarcomatoid histotype accounts for 10-15% of all cases
of mesotheliomas. It is characterized by the presence of a
proliferation of spindle cells arranged in short bundles with
a history form or disordered pattern that infiltrates the
parietal pleura or the pulmonary parenchyma. The nuclear
atypia and mitosis can be of varying degrees, from absent
to prominent (Figure 2). The presence of tumor necrosis
is relevant for the diagnosis. A variant of sarcomatoid PM
is mentioned as desmoplastic if >50% of the tumor shows
desmoplastic pattern. The desmoplastic variant is usually
the most difficult form to diagnose. It is a mild proliferation
of spindle elements arranged in a disordered manner, in
a hyalinized collagen stroma. Invasion of soft tissue or
lung parenchyma is sometimes difficult to demonstrate,
as immunohistochemical testing for the mesothelium are
often negative. Sarcomatoid phenotype and its desmoplastic
variant are related to an unfavorable prognosis, with an
overall survival of 4-18 months after diagnosis (11).
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Figure 1 Common morphological aspects of epithelioid mesothelioma in 75-year-old patient. (A) Epithelioid mesothelioma with high

dense cellularity and stromal invasion by trabecular structured cells (hematoxyilin-eosin; magnification 10x). (B) Epithelioid mesothelioma

showing atypical cells (hematoxyilin-eosin; magnification 20x).

Figure 2 Conventional morphological features of sarcomatoid mesothelioma in a 70-year-old patient. (A) Sarcomatoid mesothelioma

showing atypical spindle cells in fascicular pattern (hematoxyilin-eosin; magnification 10x). (B) Sarcomatoid mesothelioma with spindle

atypical cells and high mitotic rate (hematoxyilin-eosin; magnification 20x).

The Biphasic form of PM, 10-25% of all cases, is a
combination of the epithelioid and sarcomatoid pattern:
each component should represent at least 10% of the tumor
for the diagnosis of this variant and it is recommended to
indicate the percentages of the respective components in
the report (11). The overall survival of biphasic subtype
varies from 8 to 21 months.

Often, the first biological material available for
pathological diagnosis is the cytological sample, particularly
for patients with epithelioid mesothelioma which have a
serous pleural effusion in up to 90% of cases. Sarcomatoid
and biphasic mesotheliomas rarely cause large pleural
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effusions and, when this occurs, these subtypes do not present
a large exfoliate neoplastic cellular component, the neoplastic
cells are rare and difficult to evaluate (12,13). Diagnosis on
cytological material is reliable but requires the presence of
both cytological characteristics of malignancy and evidence
of the expression of mesothelial biomarkers (14).

The first clinical question for the pathologist is the
origin of the atypical cells and, once the mesothelial origin
has been ascertained, when necessary, it is essential to
distinguish between benign pleural serous effusions, which
can present mesothelial reactive cells, and malignant pleural
effusions. The presence of tumor cells in pleural effusions
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may also depend on a metastatic localization of a known
primary tumor at another site, but also when patients are
affected by other known malignancies, the possibility of
a coexisting mesothelial neoplasms must be taken into
consideration (12-15). It should also be noted that three-
dimensional aggregates of atypical mesothelial cells may be
present in benign effusions related to heart failure, cirrhosis
or benign ovarian pathology (12).

However, cytopathological diagnosis should be
confirmed on tissue obtained by guided ultrasound biopsies,
VATS or debulking surgery. Indeed, the evaluation of
vascular or stromal invasions is necessary for a differential
diagnosis with the pleurisy. To distinguish mesothelioma
from pleurisy, a full-thickness biopsy is required in order to
visualize neoplastic growth from the pleural surface towards
the underlying areas because only in this way it is possible
to recognize the stromal invasion (12,16-18). On the other
hand, invasion can be difficult to recognize when tissue
sample is small. In this case, the presence of infiltrating
neoplastic cells may not be evident due to the difficulties
related to the orientation of small biopsy in paraffin block.
In case of proliferation of atypical mesothelial cells, early
invasive PM should be suspected and if there is no clear sign
of stromal invasion, the diagnosis of “atypical mesothelial
proliferation” should be made and further sampling should
be suggested (16). On the contrary, cell growth sometimes
mimics neoplastic infiltration. This is the case of the “fake
fat” in the pleuritis, a very common diagnostic pitfall due
to a traction artifact caused by biopsy procedure. “Fake
fat” is a pattern characterized by round or elongated
spaces in fibrotic tissue, parallel to the pleural surface with
mesothelial cells in the middle (19).

For the diagnosis of mesothelioma major and minor
criteria are required. The main criteria are hypercellularity,
solid or diffuse cell growth and a zonation. The so-
called zonation is referred to a pattern characterized by
hypercellularity at the surface while a reduced cellularity is
observed in deep. Cellular atypia, mitoses and the presence
of necrosis are considered to be minor criteria because
they are also present in mesothelial reactive hyperplasia.
However, severe atypia and numerous atypical mitotic

figures are in favor of PM (17-20).

Old and new biomarkers for the diagnosis and prognosis of
mesothelioma

The diagnosis of PM must be based both on morphology
and on an appropriate immunophenotypic characterization
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of neoplastic cells. This allows to carry out a differential
histological diagnosis of PM versus primary lung cancer
or epithelioid/biphasic mesothelioma versus reactive
mesothelial proliferations and sarcomatoid PM versus
fibrinoid pleuritis. Several specific biomarkers for
mesothelial and epithelial cells can be searched on large
tissue resections, small biopsies and cell blocks. Therefore,
an adequate amount of tissue or cells is a crucial parameter
in order to be able to test all needed biomarkers, and a small
biopsy may not be representative of the tumor (12,21).

Malignant mesothelioma vs. malignant epithelial cell
proliferations

The differential diagnosis between mesothelioma and
malignant epithelial neoplasia is sometimes difficult. For
this reason, analysis of multiple biomarkers can allow a
more accurate diagnosis. In some particular cases, it is
advisable to proceed with a multi-step algorithm, based
on the morphological aspect of the neoplasm (22,23).
The first biomarkers to be used are those dedicated to
the identification of the mesothelial cell line. Broadly
speaking, mesothelial neoplastic cells have been reported
to overexpress some proteins and in particular calretinin,
Wilms tumor 1 (WTT1) and-cytokeratins 5 and 6 (Ck5/6)
(Figure 3). Calretinin exhibits immunoreactivity in
the cytoplasm and nucleus of mesothelial cells, while
WTT1 protein shows only nuclear expression and
the immunoreactivity for CK5 and CK6 is evident
only in the cytoplasm. These characteristics must be
considered to recognize tissue artifacts or methodological
defects (24-27). However, the loss of expression of the
aforementioned proteins, does not exclude the diagnosis
of PM because about 30% of mesothelial malignancies
have a “null phenotype” (21). Other markers that are
useful for establishing the mesothelial cell line include
epithelial membrane antigen (EMA), podoplanin (D2-40),
thrombomodulin and more recently HEG1 (28-30). In
recent studies, HEG1 has proven to be the most sensitive
and specific marker in the different variants of mesothelioma
and in the differential diagnosis with pulmonary
adenocarcinoma. EMA is a mucin-like transmembrane
glycoprotein with membrane immunoreactivity.
Thrombomodulin (CD141) is an endothelial transmembrane
glycoprotein localized on the surface of endothelial cells,
while mesothelin is a glycoprotein of the surface of normal
mesothelial cells. Since 2005, several studies reported, in
mesothelial neoplastic cells, the expression of podoplanin,
a transmembrane mucoprotein recognized by the D2-40
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Figure 3 Epithelioid mesothelioma. Diffuse and strong immunoreactivity for pan-cytocheratins (A) (magnification 10x), WT'1 (B)

(magnification 10x), Calretinin (C) (magnification 10x) and absence of immunoreaction of Napsin A (D) (magnification 10x). See the text

for more details.

Table 1 Sensitivity and specificity of main mesothelioma biomarkers
in clinical practice

Mesothelioma marker Sensitivity Specificity
Calretinin >90% 90-95%
CK5/6 75-100% 80-90%
D2-40 90-100% 85%
WT1 70-95% 100%
Mesothelin 90% 60-70%
Thrombomodulin 74% 90-95%
EMA 85% 1%

EMA, epithelial membrane antigen; WT1, Wilms tumor 1.

monoclonal antibody (31-33). Specificity and sensitivity for
these biomarkers are summarized in 7able 1. Unfortunately,
some markers are not so specific for mesothelial cells.
Calretinin and CK5/6 well recognize breast and squamous
cell carcinomas (34). Mesothelin protein can be expressed in
pancreatic adenocarcinoma.

© Journal of Xiangya Medicine. All rights reserved.

In clinical practice, when in doubt, it is mandatory to
consider other primary sites and distinguish mesothelioma
from lung carcinoma or pleural metastasis from other sites
(kidney, breast, ovary etc.) (Tiable 2). To rule out the possibility
of epithelial neoplasia, a variety of biomarkers such as
CEA, MOC-31, B72.3 and BER-EP4 must be tested (35).
In particular, to exclude lung primitivity the most
common biomarkers are TTF1 and Napsin A, which show
immunoreactivity in lung adenocarcinoma, and p40 expressed
in squamous cell carcinoma (35-38) (Figure 3). Based on
MESOPATH studies, TTF1 and calretinin biomarkers
allow to differentiate lung adenocarcinoma from epithelioid
mesothelioma which is positive for calretinin and negative
for TTF1 (39-43). In differential diagnosis with breast
cancer, the expression of estrogen (ER) and progesterone
receptors (PR) is useful, considering that over 75% of breast
carcinomas show immunoreactivity for ER/PR.

Some biomarkers, such as CD15, PAX8 and PAX2, allow
to identify an epithelial kidney cancer (44). Gastrointestinal
tract adenocarcinomas can be recognized for the CDX2
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Table 2 Biomarkers (listed in first line) with positive and negative immunoreactivity in mesothelioma (second line) and in other malignancies (third

line)

Biomarkers

Expression in
mesothelioma (%)

Malignancies with positive immunoreactivity

Sex cord stromal tumors (50-100%), giant cell carcinoma (67 %), large cell (38%),

Carcinomas of the gynecologic tract (e.g., serous carcinomas) (80%), Wilms tumor

Squamous cell carcinoma (77 %), NUT carcinoma (87 %), breast carcinoma (97 %),

Lung squamous cell carcinoma (50%), follicular dendritic cell tumor (100%),
angiosarcoma (94%), seminoma (100%), serous carcinoma (23%), lung

Breast carcinoma (72-94 %), urothelial carcinoma (67-93%)
Adenocarcinoma (10-90%), squamous cell carcinoma (85-100%)
Lung adenocarcinoma (95-100%), most carcinomas (71-90%)
Adenocarcinoma (90-100%), squamous cell carcinoma (75-85%)

Lung adenocarcinoma (80-100%), squamous cell carcinoma (80%), neuroendocrine

Adenocarcinoma (89-100%), squamous cell carcinoma (83%)

Lung adenocarcinoma (99-100%), lung squamous cell carcinoma (78-92%),
sarcomatoid carcinoma (33%)

Lung adenocarcinoma (75-85%), thyroid carcinoma (90-100%)

Lung squamous cell carcinoma (100%), thymic carcinoma (50-100%), NUT carcinoma
(67%), urothelial carcinoma (90-95%)

Lung adenocarcinoma (80%), renal cell carcinoma (83% papillari and 33% clear cell)

Pancreatobiliary adenocarcinoma (22-36%), small intestinal adenocarcinoma (60%),
colorectal adenocarcinoma (86-100%)

Breast carcinoma (depending on subtypes: 80-90%), carcinomas of gynecologic tract

Calretinin (nuclear and 55-90
cytoplasmic) small cell (49%)
CAM 5.2 98-99 Carcinomas (90-100%)
WT1 (nuclear) 64-82
(100%)
CK5, CK5/6 28-93
urothelial carcinoma (63%)
Keratin AE1/AE3 84-100 Carcinomas (98-100%)
Podoplanin (D2-40) 43-80
adenocarcinoma (<15%)
GATAS (nuclear) 32
BerEP4 0-14
MOC31 0-14
B72.3 4-13
pCEA 1-5
tumors (35-70%)
MUC4 0
Claudin 4 0
TTF1 0
p40 2
NAPSIN-A 0
CDX2 0
Estrogen receptor 0
(70-90%)
PAX8 3-13

Renal cell carcinoma (90%), thyroid carcinoma (90%), carcinoma of gynecologic tract
(90-96%)

expression, while prostate carcinoma for the prostate-

specific antigen (PSA) (12,21,45).

EP4, CD115 and ER-a (see below). Therefore, no specific
panel is proposed, but the International Mesothelioma

Recently, the International Mesothelioma Interest Group
reported recommendations on relevant biomarkers and
suggested to use at least 2 positive biomarkers in neoplastic
mesothelial cells such as calretinin, WT'1 protein, keratin
5/6 or podoplanin and 2 positive biomarkers in epithelial
malignancies among TTF1, MOC-31, B72.3, CEA, BER-

© Journal of Xiangya Medicine. All rights reserved.

Group recommends that each laboratory should choose
antibodies with a sensitivity and specificity of at least 80%
for immunohistochemical evaluation (18). In addition,
the selected markers should be supplemented with other
biomarkers for addressing the differential diagnosis in
particular situations (7able 2).
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Epithelioid mesothelioma vs. reactive mesothelial
proliferation

Reactive mesothelial proliferation can be difficult to
distinguish from mesothelioma because it often shows
necrosis, cytological atypia, high proliferation rate, high
cellularity and entrapment of mesothelial cells within fibrosis
with histological aspects that can mimic neoplastic invasion.
The real invasion can be demonstrated by the expression
of pan-cytokeratin and in epithelioid mesothelioma also
by calretinin expression. Indeed, as described above, a very
common diagnostic pitfall is the “fake fat” due to a traction
artifact. This morphological aspect mimics neoplastic
invasion and in difficult cases, the EMA expression with an
accentuated reactivity at the cell membrane level and the
absence of desmin immunoreactivity have been reported as
useful biomarkers for mesothelioma diagnosis. International
studies recommended the combined use of desmin/EMA
staining to overcome difficulties (46).

In addition, recent studies suggested that BRCA-
associated protein-1 (BAP1) and ciclin-dependent kinase
inhibitor 2 (CDKN 2, p16) are very useful in differentiating
benign from malignant mesothelial proliferation. The
absence of BAP1 expression has been associated with
malignant mesothelial proliferations and represents the
most reliable and specific diagnostic marker (when negative)
even on cytological samples, since all reactive mesothelial
processes are positive for the expression of BAP1 (47).

The BAP1 gene is located on the chromosome band
3p21, and encodes BAP1 protein that is a deubiquitinase,
involved in the removal of ubiquitin from H3a (mono-
ubiquitin) and from targets as BRCA1, BARD1 and HCF1,
a transcription co-factor. BAP1 is involved in cellular
growth, regulation of DNA transcription and cell cycle,
response to DNA damage and chromatin remodeling (48).

Indeed, germline BAP1 mutations have been associated
with a familial syndrome characterized by increased
risks to develop different cancer types as skin basal cell
carcinoma, uveal and cutaneous melanoma, breast and
renal cell carcinoma, sarcomas, brain tumors and malignant
mesothelioma. Somatic mutations in the BAPI gene occur
in up to 50% of sporadic mesotheliomas (7,8,48). The
most common gene alterations are point mutations and
bi-allelic inactivating deletions that cause the truncated
protein. The result is a degradation of the BAP1 protein
with loss of expression, easily documented by loss of
immunoreactivity which shows a high concordance with
the presence of the BAP1 mutation. A subset of cases can
only have cytoplasmic staining resulting from the loss of the
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BAP1 autodeubiquitination function and this type of altered
expression should also be considered positive. Loss of BAP1
expression is reported in 60% of epithelioid and biphasic
mesothelioma and in 20% of sarcomatoid type, Therefore,
in clinical practice, BAP1 is an important biomarker as it
allows to distinguish, by immunostaining of tumor sections,
between malignant (loss of BAPlexpression) and benign
(presence of expression) mesothelial proliferations (49-55).

The homozygous deletion of the CDKIN2A gene is
reported in half of the cases of mesothelioma. P16 plays
a very important role in the regulation of the cell cycle
and is recently described in aging. Therefore, the high
mutation frequency could be caused by oxidative stress and
inflammatory background, both induced by exposure to
asbestos. The analysis of CDKIN2a can be performed by
fluorescence in situ hybridization (FISH) and a homozygous
deletion is reported in up to 70% of primary epithelioid
and 90% to 100% of sarcomatoid PM. It is important to
highlight that benign mesothelial reactive proliferation is
not characterized by CDKIN2A deletion with a specificity
of 100%.

Some studies have revealed frequent co-deletion of
the MTAP gene (which encodes methylthioadenosine
phosphorylase) and CDKN2A at the 9p21 locus. The loss of
MTAP protein expression has been described as a surrogate
for CDKN2A deletion and is relatively easy to diagnose,
considering the excellent inter-observer reproducibility
(47,56-58). Loss of cytoplasmic MTAP immunostaining
shows a sensitivity of 65-88% and a specificity of 96-100%
for CDKN2A homozygous deletion. In addition, BAP1
and MTAP expression are documented in PM but not in
mesothelial reactive proliferations with a specificity of 100%
and sensitivity of 60% and 40%, respectively. If BAP1 and
MTAP are evaluated simultaneously, the sensitivity is higher
(77%). Indeed, the recent literature does not report MTAP
loss in benign mesothelial lesions (59,60).

Recently, 5-hmC is described for mesothelioma
diagnosis. It is a modified nucleotide, produced from
5-methylcytosine by the TET family of DNA hydroxylases,
that is the first step for DNA demethylation. Decreased
levels of 5-hmC with loss of staining in greater than 50%
of tumor cells have demonstrated high sensitive (92%) and
100% of specificity for malignancies. Until now, there are
few studies published and a larger multi-institutional study
will be necessary to confirm these data (60,61).

Finally, enhancer of zeste homolog 2 (EZH?2) that is a
component of polycomb repressive complex 2 (PRC2) has
a central role in epigenetic suppression of gene expression

F Xiangya Med 2020;5:40 | http://dx.doi.org/10.21037/jxym-20-79



Page 8 of 16

through trimethylation of a critical lysine residue in
histone 3 (H3K27). EZH2 overexpression is reported in a
range of malignancies, and a link between BAP1 loss and
overexpression of EZH?2 has been described. The first work
showed significantly higher EZH2 expression levels in
malignant mesothelioma compared to reactive mesothelial
pleuritis. Today EZH2 is considered a promising marker
of malignant mesothelioma, however it needs validation in
larger multi-institutional studies (62,63).

Sarcomatoid mesothelioma versus fibrous pleuritis
When there is a proliferation of spindle cells, the
stromal invasion can sometimes be difficult to recognize,
but reactive fibrous pleurisy can be highlighted with
pancytokeratin staining. It is important to note that CK7 is
more expressed in sarcomatoid mesothelioma compared to
reactive spindle cell proliferations. In these cases, it is really
important to identify where pancytokeratin positive cells are
localized. If the immunoreactive cells are present in adipose
tissue or skeletal muscle tissue or lung tissue, it is possible
to formulate a diagnosis of mesothelioma (64).

In some cases of organizing pleuritis, cytokeratin
positive cells, horizontally oriented, may be present around
the fat like spaces. Additional biomarkers such as S100
protein, laminin and collagen IV may help to differentiate
sarcomatoid mesothelioma from “fake fat” which shows no
expression of these biomarkers (12,21,65).

Sarcomatoid mesothelioma versus other malignancies
The heaviest diagnostic difficulties are encountered
with sarcomatoid/desmoplastic mesothelioma forms
because most sarcomatoid mesotheliomas tend to lose the
expression of the classic mesothelial markers and maintain
only the positivity for cytokeratins (CAMS5.2 low molecular
weight cytokeratin cocktail or other cocktails such as AE1/
AE3 and MNF116). For this reason, these biomarkers
have been included in CAP guidelines. The positive
immunoreactivity for cytokeratins can be particular useful
for detecting neoplastic cells and infiltration of these cells
into soft tissues. The other biomarkers previously described
in epithelioid mesothelioma as CK5/6, WT1, claudin
4, CEA, Ber-EP4 and MOC31 are not useful because
they are completely negative in the sarcomatoid subtype.
Sarcomatoid mesothelioma can exhibit calretinin expression
in around 30% of the cases and podoplanin in a variable
percentage of the cases (21).

The differential diagnosis with other malignant tumors
includes mainly the sarcomatoid carcinoma of lung and
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kidney, synovial sarcoma, angiosarcoma and melanoma. For
sarcomatoid lung carcinoma, a panel of biomarkers including
TTF1, napsin-A and p40/p63 can be used (66). In addition,
GATA-3 may be useful in the differential diagnosis between
sarcomatoid or desmoplastic mesothelioma, both positive
in most cases, and sarcomatoid carcinoma of the lung,
generally negative for GATA-3 expression (67,68). Renal
sarcomatoid lesions can exhibit the expression of PAX?2
and PAX8 genes, but not CK5/6 protein expression (21).
Synovial sarcoma is characterized by the cromosomal
traslocation (X;18) and CD99 immunoreactivity (69).
Indeed, other biomarkers have been tested for other
sarcomas including CD31, ERG, FLI1 (angiosarcoma),
CD34, STATG (solitary fibrous malignant tumor), desmin,
myoglobin (myogenic sarcoma), S100 (liposarcoma) and
SOX10 (neurogenic tumors). Muscle specific actin can be
expressed in sarcomatoid mesothelioma. On the contrary,
desmin expression is very rare in sarcomatoid mesothelioma
but it is present in reactive mesothelial cells (21,70).
Regarding the utility of BAP1 and pl6 in sarcomatoid
mesothelioma, the literature data are discordant and need
yet to be confirmed. However, in sarcomatoid lesion,
few cases have shown the loss of BAP1 expression, while
homozygous deletion in the 9p21 region is seen in around
90-100% of cases (54,56,60).

Prognostic biomarkers

Some markers are studied for their prognostic value, as
BAPI1, P16, RTK-AXL, c-MET, p16, MDM2, WTTI,
p53 and EZH2 (60). Patients with BAP1 inactivation by
mutation and copy number variation are younger, with
epithelioid mesotheliomas and better prognosis. Multiple
studies have shown that homozygous deletion of CDKN2A
is associated with shorter survival in both pleural and
peritoneal mesothelioma, but it is linked with increased
survival post-chemotherapy. A similar prognostic value for
MTAP has been assumed but has not yet been validated
(60,71-73).

c-MET is an important receptor tyrosine kinase (RTK),
overexpressed in some cancer types, also including PM.
In a MESOPATH study, a higher c-MET expression and
its localization to the membrane, compared to exclusively
cytoplasmic localization or co-expression at the membrane
and cytoplasm, were found to be linked with longer overall
survival (74). Other biomarkers significantly associated
with good prognosis, increased survival and epithelioid
morphology, if overexpressed, are Axl and Syndecan-1. Axl
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is a RTK which is involved in cell survival and in epithelial-
to-mesenchymal transition (EMT) (75). On the other
hand, Syndecan acts as tumor inhibitor, preventing cellular
proliferation of tumor cell, and play a role in cell adhesion
and cytoskeletal organization (76). Other studies reported
that neurotensin, CD9 and aquaporin are biomarkers of
good prognosis, whilst increased expression of caveolin
is associated with poor prognosis. In addition, diagnostic
biomarkers as WT'1 and calretinin, are also linked with
good prognosis (60,77).

MDM2, E3 ubiquitin ligase, is an important regulator
of P53 activity and stability. Overexpression of MDM?2
can lead to degradation of P53 with a loss of its function
and this is common in some tumors as lung, breast, colon,
stomach and hepatocellular carcinomas. It is described that
approximately 20% of all PM show strong nuclear MDM?2
expression, especially epithelioid PM or the epithelioid
component of biphasic PM. MDM2 positivity in PM is
significantly associated with decreased overall survival. P14/
AREF is the physiological inhibitor of MDM2. If P14/ARF
activity is lost, it may have a similar effect as loss of P53.
P14/ARF is recognized as a tumor suppressor inducing
cell cycle arrest in a both P53-dependent and independent
manner. A recent study indicates that MDM2 mRNA and
protein expression correlated significantly with overall and
progression-free survival in PM, showing a poor prognosis
for patients with elevated MDM?2 expression. In this study,
MDM2 has been indicated as a prognostic and predictive
marker for a platin-pemetrexed therapy of patients with
PM; at the same time, downregulation of P14/ARF
expression seems to contribute to MDM2 overexpression-
mediated P53 inactivation in such patients (78).

In 8% of PM it is described the loss of P53, that is
important for cell protection against oxidative stress, caused
by chronic inflammation related to asbestos exposure (79).

The prognostic role of EZH2 in relation to protein
expression levels was examined in a study in which patients
with high EZH? expression had poorer survival (60,63). This
correlation has not been confirmed by other studies (80).
Therefore, more solid data on larger case histories are
needed to establish the prognostic role of EZH2 (60).

New perspectives: targeted therapies and
immunotherapies

The therapeutic approach for mesothelioma patients
is unsatisfactory for several reasons: the diagnosis is
often delayed, the tumor unresectable and the available
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pharmacological options are limited (4,9,81). At present,
the strategies include surgery, chemotherapy and
radiotherapy or a combination of them based on the clinical
characteristics and stage. In patients with inoperable
advanced PM, and candidates for systemic treatment,
chemotherapy represents the cardinal treatment. The Food
and Drug Administration (FDA) has approved cisplatin
and pemetrexed for pharmacological approach with or
without the addition of anti-VEGF (vascular endothelial
growth factor) drugs, such as bevacizumab or nintedanib,
as reported in MAPS and LUME-Meso trials respectively
(82,83). As an alternative to cisplatin, carboplatin is
indicated, above all, in the elderly population for the better
tolerability. Generally, the epithelioid neoplastic form is
less aggressive than sarcomatoid subtype, highly sensitive
to chemotherapy and with a longer survival than the
sarcomatoid or biphasic subtypes of PM (81,84,85).

Regarding new therapeutic options offered by
molecular target therapy, phase I and phase II trials,
which tested tyrosine kinase receptor inhibitors (RTK)
in PM patients, with impaired regulation of EGFR and
VEGFR pathways, have given poor results (86). To
date, the best results are achieved with the combination
of bevacizumab and chemotherapy with an increase in
survival of 2.6 months compared to patients who have not
received bevacizumab (87).

Deep-sequencing analysis, of 216 biopsies with PM
diagnosis, has let to identify frequent gene fusions and
splicing alterations causing inactivation of BAP1, NF2
and SETD2 and genetic mutations in Hippo, mTOR, p53
signaling, histone methylation and RNA helicase (88).
These alterations could be new targets in the future and
are being investigated. Recently, it has been demonstrated,
by next-generation sequencing, high frequent homozygous
inactivating mutations of the BAP1 locus in approximately
60% of mesothelioma patients (89). BAP1 gene codes for
a protein binding to the breast cancer type 1 susceptibility
protein (BRCALI) and the BRCAl-associated RING domain
protein 1 (BARD1) (90). BAP1 is involved in many pathways
including cell death, DNA damage response, homologous
recombination and repair of defective DNA (91). It has been
demonstrated in cell lines with loss of function of BAP1
that, by inducing synthetic lethality of alternate DNA repair
pathways, poly-ADP ribose polymerase (PARP) inhibitors
can cause cell death (92). The role of BAP1 in homologous
recombination could be used therapeutically in a wide PM
setting, similarly to what has been shown in clinical studies
conducted on patients affected by ovarian or prostate cancer
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with mutations in the DNA repair genes. In clinical trials,
the recruitment of PM patients is ongoing to examine the
relationship between BAP1 genotype and response to PARP
inhibitors such as olaparib (NCT03531840) and niraparib
(NCT03207347) (93). The latter study is recruiting
cancer patients, including those with mesothelioma, with
alterations in the BAPI gene and other deficiencies in the
DNA damage response (DDR) pathway. On the contrary
with what already observed in ovarian and breast cancer
patients with inherited mutations in BRCA1 and BRCA2,
BAP1 mutant mesothelioma cell lines resulted significantly
less sensitive than BAP1 wild type cells to gemcitabine (91).

An improvement of the therapeutic possibilities
comes from immunotherapy which is based on the use of
checkpoint inhibitor anticancer drugs that are emerging as a
front-line treatment for several types of malignancies. The
most studied mechanism of checkpoint signaling is the one
involving the programmed cell death-1 (PD1) receptor and
its programmed cell death-1 ligand-1 (PDL1) ligand, which
normally limits the activity of T lymphocytes in the tissues,
subsequently to an inflammatory or autoimmune response.
It is now recognized that this pathway is used in tumors
to block the immune response to cancer growth since the
PD1-PDL1 binding blocks the proliferation of activated T
lymphocytes causing a “T-cell exhaustion” (94,95).

Recently, it has emerged that neoplastic cells, in
mesothelioma, can express PDL1 protein especially in the
epithelioid form and this expression is associated with a
worse prognosis. In contrast, sarcomatoid mesotheliomas
show PDLI expression in a low percentage of cases that is
around 30%.

Phase II clinical trials investigated PD1 and PDLI
inhibitor drugs such as pembrolizumab (already approved
for NSCLC and melanoma), nivolumab, avelumab,
durvalumab and CTLA4 inhibitors such as tremelimumab.

The main phase II clinical studies include the
PROMISE-meso study (pembrolizumab versus second-
line chemotherapy) and MAPS2 (nivolumab versus
nivolumab plus ipilimumab). In monotherapy, the efficacy
of pembrolizumab in unresectable patients is being analyzed
in the phase Ib study, KEYNOTE-028, while the efficacy
of nivolumab is being evaluated in the MERIT study. The
first emerging data report a clinical benefit in a subset of
patients in which there is an average increase in survival of
5-6 months (96,97). Further studies are also underway in
patients with recurrence of mesothelioma.

The phase II MESOT-TREM-2008 and MESOT-
TREM2012 trials have shown encouraging results
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and for this reason a larger randomized controlled
trial, DETERMINE, has been designed with high
doses of tremelimumab (98-100). The first results have
been promising, as a trend has emerged in the group
of sarcomatoid mesothelioma patients treated with
tremelimumab. This therapeutic approach could be
important for these patients characterized by a very poor
prognosis. Other information comes from trials based on
combined therapies such as the MAPS-II trial (nivolumab
alone or nivolumab and ipilimumab) and tremelimumab
with durvalumab (anti PDL1), tested on the first and second
lines in the NIBT trial (101). We are waiting for the results
of durvalumab together with standard chemotherapy in the
phase II DREAM study (102).

Currently there are several phase III trials which have
to evaluate the efficacy of immunotherapeutic approach in
the first line, as Checkmate 743, IND-227 (NCT02784171)
and ETOP BEAT-meso trial NCT03762018) (93-103).

The final results of the studies mentioned above will
help us to know which biomarkers will be useful to select
patients with mesothelioma for immunotherapy treatment.
At the present time, PDL1 is the only biomarker evaluated
with an immunohistochemical assay in other neoplastic
forms, and seems to allow the best selection of patients
for immunotherapy. Literature data report that PDLI
is expressed in about 40-60% of mesotheliomas and
when expressed it is associated with a worse prognosis.
In many studies, the expression of PDL1 correlates with
the response to PDL1 inhibitors with or without CTLA
inhibitors (104-106). Patients treated with pembrolizumab
and tumoral expression of PDL1 >1%, had response
rates between 19% and 44%, while tumors with PDL1
expression <1% show clinical responses around 10% of
cases (107).

However, in literature there are other studies reporting
different data regarding the category of patients with PDL1
<1% which show an ORR of 27-33% or even response rates
similar to those of patients with PDL1 expression >1% if
treated with a combination of immunotherapy drugs (108).
These data could be explained by the presence of a low
number of tumor infiltrating CD8 + lymphocytes (TIL) in
patients with poor response. Mesotheliomas with a high
number of TTLs show tumor cell apoptosis, low clinical stage
and increased survival. A greater number of cases with PDL1
>1% and CD8 positive TILs are reported in the subset of
sarcomatoid mesothelioma patients and this observation
would explain the best response of patients with this type
of mesothelioma to checkpoint inhibitor therapy (109).
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In conclusion, immunotherapy could represent in the near
future a therapeutic option in selected groups of patients
with mesothelioma, although it is necessary to identify one
or more biomarkers for a wider selection of patients to be
treated (110,111).

Conclusions

Mesothelioma currently remains a serious disease, not
sensitive to chemotherapy, with little chance of surgical
radicality which results in a low overall survival rate. The
various morphological patterns require the analysis of
multiple biomarkers for an accurate diagnosis. Recent
and important advances in the molecular field allow
the pathologist to better characterize the lesion both
morphologically and genetically for address patients towards
new clinical trials for innovative therapeutic possibilities.
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