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Abstract: The global incidence of malignant mesothelioma (MM) causes considerable disease burden,
suffering and health care costs. Beside preventive measures and ban the use of asbestos, early diagnosis would
largely improve the chance of curative treatment. Current histologic criteria, however, requiring presence of
invasion in the surrounding fatty tissue fail to identify MM in sufficiently early stage. Unilateral accumulation
of pleural effusion is one of the earliest clinical manifestations of MM that occurs in approximately 90% of
the patients. Therapeutic thoracocenthesis is necessary to remove the fluid and to relieve patients’ symptoms.
This effusion is easily accessible and offers early and minimally invasive diagnosis by combining cytology
with immunologic, molecular- and biomarker analyses. Typically, the fluid is rich in malignant cells and cell
groups, but incipient stages of the disease may be difficult to recognize as the malignant cells can be masked
by presence of inflammatory or reactive mesothelial cells. Recurrent, hemorrhagic and cell rich effusion
should always be suspicious for MM and adequately prepared and analyzed to provide necessary information
for subsequent therapy. Importantly, early detection of MM by integrating cytology and molecular
approaches has high sensitivity and positive predictive value and has a major impact on patient survival.

Thus, a conclusive positive MM cytology should lead to treatment without delay. This review summarizes

molecular and diagnostic criteria of MM diagnosis.
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Background

The global incidence and mortality from malignant
mesothelioma (MM) varies greatly over the world (1,2). The
geographic distribution pattern of MM is linked to the use of
various mineral fibers with carcinogenic properties. Clinical
symptoms occur late in the course of the disease and the need
to demonstrate tumor invasion in the surrounding tissue (3)
further delay the diagnosis. Early diagnosis would provide
extended symptom control, better possibility for treatment (4)
and prolonged patient survival (5).

Unilateral accumulation of pleural effusion is one of
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the earliest clinical manifestations of MM that occurs in
up to 90% of the patients. Therapeutic thoracocenthesis
is necessary to remove the fluid and to relieve patients’
symptoms. This effusion is easily accessible and offers early
and minimally invasive diagnosis by combining cytology
with immunologic, molecular- and biomarker analyses.
Typically, the fluid is rich in malignant cells and cell groups,
but incipient stages of the disease may be difficult to
recognize as the malignant cells can be masked by presence
of inflammatory or reactive mesothelial cells. Recurrent,
hemorrhagic and cell rich effusion should always be
suspicious for MM and adequately prepared and analyzed to
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provide necessary information for subsequent therapy.

The molecular landscape of MM

Molecular alterations involved in the development of MM
are accumulated over several decades, finally leading to
malignant transformation of the mesothelial cells. The
typical molecular landscape of MM consists of multiple
chromosomal losses leading to loss or inactivation of several
tumor suppressor genes (6-8). Particularly, chromosomes
3p, 9p and 22q, harboring tumor suppressor genes, are
critically involved in the pathogenesis of MM, leading to
loss of pl6INK4A-p14ARF (CDKN2A) located at 9p21,
neurofibromatosis type 2 (NF2) at 22q12 and BRCA1-
associated protein 1 (BAP-1) at 3p21.31-p21.2.

Homozygous deletion of CDKN2A or loss of BAP-
1 (9,10), are early findings during development of MM. A
considerable long term risk to develop invasive MM exists
in patients with recurrent pleural effusions harboring BAP1
loss which also seem to be an early event, present several
years prior to the finding of an invasive MM. Homozygous
deletion of CDKIN2A is frequent in MM and apart from
FISH analysis of the 9p21 region it can be reliably shown
by immunohistochemistry using MTAP as surrogate
marker (11). Loss of BAP-1 or 9p21 homozygous deletion
results in morphological alteration that reflect these genetic
aberration characteristic for MM (12).

The molecular and epigenetic profiles of MM (13-15)
differ largely from metastatic adenocarcinoma (14,16,17) and
offers a plethora of mutually exclusive molecular markers
to differentiate these two conditions as there are little or no
overlap between them. Only few MM-related alterations are
so far potentially actionable (18). In MM, no single driver
mutation has been identified so far, but each patient has a
unique setting of alterations, motivating an individualized
choice of treatment. Detailed molecular characterization
allows stratification of patients in aggressive or indolent
subgroups: high score of epithelial to mesenchymal
transition (EMT) markers, LATS2 mutation, high AURKA,
homozygous deletion of CDKN2A and low mesothelin
characterizes the aggressive tumor whereas low copy
number alterations, high DNA methylation and high BAP-1
alterations are characteristic of an indolent tumor (19).

Effusion cytology enables early diagnosis:

possibilities and challenges

One of the earliest manifestations of MM is a recurrent
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accumulation of hemorrhagic effusions. To reach a
conclusive diagnosis the cytopathologist must be aware
of the spectrum of cellular and molecular alterations
and recognize the malignant cells present in these early
effusions.

The clinical outcome of patients depends largely
on the phenotype of the tumor. In pleural effusions,
the sarcomatoid tumor components are not exfoliated.
Cytomorphology together with adjuvant diagnostic analysis
will make the accurate cytologic diagnosis possible in most
epithelioid and mixed type MMs, the main diagnostic
challenges being the differentiation from benign/reactive
mesothelium and from metastatic adenocarcinoma. The
positive predictive value of such a cytological diagnosis
is as high as for histology (20), and therefore initiation of
treatment shouldn’t be delayed. In many countries, however,
clinical practice still requires histology and demonstration
of invasion of surrounding tissue. This will delay the
diagnosis and thereby the initiation of therapy frequently
with as much as 6-9 months.

Cytomorphological features of reactive
mesothelial hyperplasia versus MM in effusion

In effusions, the exfoliated benign mesothelial cells usually
dissociate and form loosely coherent cell conglomerates
organized in regular monolayers admixed with inflammatory
cells (Figure 1). In some cases the atypia of reactive
mesothelial proliferations can be rather pronounced with
three dimensional papillary cell groups, posing a challenge
to distinguish them from a true malignant process.
Inconclusive samples should be tested further in order
to exclude malignancy and prove absence or presence of
molecular alterations characteristic for MM. Highly cellular
effusions with abundant three-dimensional cell groups
should always raise the suspicion of a malignant process
and should be verified by immunological and/or molecular
markers to reach a conclusive diagnosis.

The diagnostic criteria of a malignant effusion include
the presence of numerous papillary cell groups of varying
size combined with common cytomorphological criteria,
such as pleomorphic cells with hyperchromatic, enlarged
and or/multiple nuclei, high nuclear/cytoplasmic ratio,
presence of macronucleoli, distinct and irregular nuclear
contour and variability in structure of the nuclear chromatin
(21-24). The majority of samples display clearly malignant
cytomorphological characteristics, whereas some cases
might be difficult to distinguish from reactive mesothelial
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Figure 1 Cytomorphology and immunophenotype by immunocytochemistry (ICC) of reactive mesothelium (column 1) and malignant
mesothelioma (column 2). Row 1: May-Griinwald-Giemsa (MGG) stain, Row 2: Papanicolaou stain, Row 3: Calretinin (red)/BerEp4 (brown)
double stain, Row 4: Desmin (brown)/EMA (red) double stain. Desmin positive cells are seen in reactive mesothelial proliferations, whereas
the malignant cells are EMA positive. Row 5: Ploidy analysis by fluorescence in situ hybridization (FISH) showing benign diploid cells
harboring 2 signals of Chromosome 3 (red), Chromosome 7 (green), Chromosome 17 (aqua) and locus 9p21 (gold) coding for p16 (column
1). Homozygous deletion of p16 is represented by the lack of locus 9p21 (gold) in the malignant cells (column 2), Magnifications: Row 1-4:
400x; Row 5: 500x%.
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Figure 2 Concordant immunophenotype of malignant mesothelioma by immunohistochemistry (IHC) seen in histological material (column
1), and by immunocytochemistry (ICC) in effusion cytology rich in papillary groups (column 2) and effusion cytology with completely
dissociated cells (column 3). Row 1: routine stain (Hematoxylin and eosin and Papanicolaou stains, respectively). Row 2: Calretinin
reactivity, cytology specimen with Calretinin (red)/BerEp4 (brown) double stain. Row 3: EMA reactivity, cytology specimen with EMA (red)/
Desmin (brown) double stain). The few scattered reactive mesothelial cells in the background are double positive for Calretinin (red, row 2)
and Desmin (brown, row 3). Row 4: Podoplanin (D2-40). Row 5: WT'1. Magnification: 400x.
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hyperplasia. Paucicellular effusions may be challenging as
the admixture of inflammatory cells and blood might mask
the malignant cells. In these cases, hemolysis and adjuvant
methods are required.

The morphological, molecular and immunophenotypic
features of MM are well defined and they are concordant in
cytology and histology (3,25-28) (Figure 2).

Cytomorphologic findings include protrusions through
the cell membrane (“blebbing”); presence of organophilic
squamoid cells, fine vacuolization of the perinuclear area
and cell-in-cell engulfment. Nuclear grading is a strong
predictor of patient survival (29,30).

The nuclear atypia can be minute in MM, and
in such cases difficult to distinguish from a reactive
condition. When establishing a malignant condition:
immunocytochemistry and ploidy analysis by fluorescence
in situ hybridization (FISH) are commonly used. When
accessible, also biomarker analyses and even electron
microscopy (EM) can be helpful.

Immunocytochemistry (ICC)

Examination of routinely stained cell preparations is
rarely—if ever—entirely diagnostic for MM. The diagnosis
must always be based on a combination of cell morphology
and outcome of adjuvant analyses, most often based on
immunology. ICC will in most cases provide sufficient
information for a specific and reliable diagnosis on the basis
of which therapy can be initiated (20,31). A recent review
presents the performance of the most commonly used
epitopes (32). MM cells sometimes give a definite suspicion
of this kind of cancer, but the atypia of these cells can also
be mild and difficult to recognize as malignant. A frequent
use of ICC is therefore advised as soon as the effusion is
rich in mesothelial cells and cell groups.

There are two diagnostic challenges to diagnose a MM
based on effusion cytology: first to diagnose malignancy
and then to show that the malignant cells are mesothelial.
Routine morphology is sometimes sufficient to establish
malignancy, while adjuvant analyses are necessary in other
cases. ICC is helpful in most of these cases. The antibodies
used in effusion cytology are the same as those used in
histological tumor tissue (3,27).

Several antibodies have been proposed to indicate
benign/reactive conditions and distinguish them from
malignant proliferations (33,34). Benign mesothelial cells
express desmin (33) and BAP1, this expression often being
lost early during carcinogenesis (35). A malignant effusion
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often contains scattered benign mesothelial cells that
serve as internal positive controls. Using these epitopes, it
must be considered that their reactivity can be affected by
fixation (36). It may be that in formalin fixed and paraffin
embedded cell-blocks BAP1 is preferred, while in alcohol
fixed cytospin preparations desmin performs better with a
sensitivity of 98% in our material. A combination of BAP1
and MTAP immunohistochemistry (37) and CDKN2A
FISH (38) are very useful for separating benign from
malignant mesothelial proliferations with sensitivity of 80%
to 90% for epithelial MM in the pleura (39).

Presence of a distinct EMA reactivity distinguishes a
malignant condition from reactive changes. Some expression
of EMA can be seen also in reactive mesothelium and the
combination of EMA and desmin in a double staining
is helpful (Figure 1 and Figure 3: row 4; and Figure 2:
row 3). The EMA reactive cells are in these cases less
abundant than cells containing desmin and the reactivity is
much weaker. In case routine cytomorphology and ICC is
inconclusive regarding malignancy, other measures such as
ploidy analysis by FISH can be useful (see below).

Once malignancy is established the second challenge is
to demonstrate the mesothelial phenotype of the malignant
cells. A large number of epitopes are available to solve
this. A commonly recommended epitope for this purpose
is Calretinin (40) showing strong, general reactivity in
most MMs. Other useful markers of mesothelial lineage
are Mesothelin, Podoplanin (D2-40) (41), Wilms tumor
protein-1 (WT1), Cytokeratin 5, and HBMEL (42). They
all show high sensitivity to MMs, providing an accurate
phenotype diagnosis, when at least two of them show
congruent results.

A common recommendation, when working with both
histological and cytological material, is that the diagnosis
should be supported by at least two markers in favor of
the diagnosis and two markers contradicting MM. In case
the outcome of ICC is incongruent this needs additional
measures to warrant the diagnosis. In particular, antibodies
labelling alien cell populations in the effusion are often
used to exclude an MM. A metastatic carcinoma will most
often express BerEp4/EpCAM and MOC31 antibodies
and reactivity to monoclonal CEA will exclude MM (43).
Thus, for example TTF1 and Napsin A will indicate lung
adenocarcinoma, CDX-2 and CK20 are characteristic
for colorectal carcinoma, ER/PGR are present in breast
cancer and PAXS together with Cal25 is seen in ovarian
carcinomas (44). The latter epitope (Cal25) alone has no
diagnostic importance in effusion cytology, since the protein
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Figure 3 Immunocytochemical (ICC) profiles of the most frequent metastatic adenocarcinoma. Effusions harboring cells from metastatic
lung adenocarcinoma (column 1), mammary carcinoma (column 2) and ovarian carcinoma (column 3) can be distinguished by their
immunophenotype. The metastatic condition is shown by two double stains BerEp4 (brown)/Calretinin (red), row 3; and EMA (red)/Desmin
(brown), row 4. The metastatic tumor cells are BerEp4 (brown, row 3) and EMA (red, row 4) positive, meanwhile the few scattered reactive
mesothelial cells in the background are Calretinin (red, row 3) and Desmin (brown, row 4) positive. The lung adenocarcinoma expresses both
TTF1 (brown) and NapsinA (red) (column 1, row 5) with simultaneous reactivity for PDL-1 (column 1; row 6). The mammary carcinoma is
reactive to estrogen receptors (column 2, row 5) and Her2-neu (column 2, row 6), while the ovarian carcinoma shows simultaneous reactivity to
PAX8 and Cal25 (column 3, row 5). Overexpression of p53 indicates the high-grade state of this tumor (column 3, row 6). Magnification: 250x.
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binds to mesothelin present on the benign mesothelium.
The interpretation of several of these immunoreactions
is endorsed when performed as double stains. Helpful
such combinations are BerEp4/Calretinin, Desmin/EMA,
TTF1/NapsinA and PAX8/Cal25 (Figure 3).

Ploidy analysis by FISH

When routine cytomorphology and ICC is insufficient to
establish malignancy, the analysis of ploidy, using FISH is
recommended (45-49) for the definitive diagnosis.

The Urovysion® test (Abbot, Wiesbaden, Germany) will
be diagnostic in this respect in the majority of cases (46,50).
"Two patterns indicate malignancy, either the homozygous
deletion of 9p21, or gains of at least two centromeric
signals. Care must, however, be taken with the latter
criteria not to misinterpret tetraploidization during reactive
proliferation as samples where all probes show 3—4 signals
may well represent a benign proliferative condition. In this
way aneuploidy can be proved with 80-90% sensitivity
and 100% positive predictive value. A homozygous loss of
the 9p21 signals has a 100% positive predictive value, as it
is present only in malignant and premalignant lesions but
never in reactive mesothelial cell proliferation. The finding
of homozygous loss of the 9p21 signals is common in MM,
although this is not specific for this tumor.

Other ancillary analyses

With the above-mentioned ancillary analyses, epithelioid
and mixed type MM can be diagnosed by effusion cytology
in the majority of cases. The sensitivity can be improved
by using ultrastructure analysis and analyzing soluble
biomarkers in effusion supernatant. These techniques
are not available in every center, and will be only briefly
described here.

Ultrastructure analysis by electron microscopy

Electron microscopy (EM) was previously considered
gold standard for the diagnosis of MM, with well-known
characteristics of MM cells (51). Cells from an effusion cell
pellet are well suited for ultrastructural analysis, provided
that a portion of the cell pellet is glutaraldehyde fixed early
in the process (52).

Several findings such as long slender microvilli without
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signs of a glycocalyx indicate mesothelial lineage and
other findings such as apical membranes baso-laterally
or intracellular vesicles or neolumina are only seen in
malignant conditions. The access to the technique and
the time needed for preparing the ultrathin sections are
the main limiting factors, EM being used when the other
analyses remain inconclusive.

Soluble biomarkers

The ICC analyses demonstrate cell bound biomarkers.
MMs also produce diagnostically useful soluble biomarkers
that are secreted to the effusion supernatant or are released
into the effusion fluid by cell decay. The analysis of such
compounds can provide useful adjuncts to the diagnosis of
MM. The two most established biomarkers are hyaluronan
and mesothelin (53-58). Receiver operating characteristic
(ROC) analysis of these two markers combined in a logistic
model gives an area under curve (AUC) of 0.99 (58),
indicating very high diagnostic accuracy. This analysis
should, however, only be used as an adjuvant to the

morphological diagnosis of MM.

Conclusions

Since the effusion often is the first diagnostic material
available in patients with MM, cytology provides a
possibility for earlier diagnosis. A diagnosis based already on
the first effusion, would allow better effect of chemotherapy,
since early treatment has shown to improve the clinical
outcome (59). The cytological diagnosis of MM can be
obtained with a high positive predictive value, applying
the criteria defined in the guidelines in clinical routine. In
our cohort, the median survival after a diagnosis of MM by
effusion cytology was 20 months (53-58), while for those
diagnosed by histology it was 12 months. It thus seems that
cases that are possible to diagnose by cytology, including
epithelioid and mixed subtypes, represent a sub-group of
patients with a somewhat better prognosis. Therefore,
in combination with the earlier diagnosis, a better effect
of chemotherapy can be expected, providing therapy is
initiated without delay in cases where effusion cytology is
diagnostic. When using guideline criteria together with a
liberal use of adjuvant analyses in 10 year’s clinical routine,
the positive predictive value of a cytological diagnosis

fulfilling these criteria was 100% (31). Thus, when a MM
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can be diagnosed in this way, this diagnosis is reliable and
provides on its own sufficient ground for initiating therapy.
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