
Abstract. Background/Aim: Mesothelin (SMRP) is regarded as
a biomarker of malignant pleural mesothelioma (MPM).
Herein, we analyzed the contribution of SMRP detection in
pleural effusion and in serum to the diagnosis of MPM with
non-positive cytology. Materials and Methods: The present
study included 52 cases of MPM, 43 of pleural benign lesions
and 25 of non-MPM pleural metastases. SMRP was measured
by MesoMark ELISA (Cis-Bio International Gif/Yvette; France).
Results: In non-positive cytology, effusion-SMRP showed higher
diagnostic performance than serum-SMRP. We found 38 out of
52 (73.1%) cases of non-positive cytology MPM, out of which
27 (71.0%) were positive for effusion-SMRP (cut-off=12.70 nM)
and 18 (47.4%) for serum-SMRP (cut-off=1.08 nM). When
cytology, effusion- and serum-SMRP were used in combination,
an overall sensitivity in detection of MPM of 78.9% was
achieved. The same sensitivity was obtained by combining
cytology with effusion-SMRP alone, whereas the combination
of serum-SMRP with cytology led to a sensitivity of 61.5%.
Conclusion: Detection of both effusion- and serum-SMRP can
contribute to improve the diagnosis of MPM with non-positive
cytology. However, the analysis of SMRP in effusion makes it
unnecessary to test SMRP in the serum.

Malignant pleural mesothelioma (MPM) is an asbestos-related
tumor arising in the pleural cavity, with a poor prognosis and
a worldwide incidence expected to increase in the next ten

years (1, 2). Diagnosis and treatment at an early stage of
disease significantly improve patient survival (3). 

Pleural effusion is often the primary manifestation of MPM
and can be found in about 90% of patients with MPM at
diagnosis (4). Effusion is obtained by performing pleural
aspiration by thoracentesis and cytological examination is the
most informative laboratory test for diagnosis. Unfortunately,
in MPM, cytology displays a low sensitivity (about 30% using
the Papanicolaou staining) and is not an accurate assay in
differentiating MPM cells from reactive mesothelial cells or
lung cancer cells (5, 6).

To avoid an invasive examination such as thoracoscopy,
soluble tumor-related biomarkers are currently being
investigated and frequently proposed as tools to support
cytology in the diagnosis of MPM (7, 8). Among such
biomarkers, soluble mesothelin-related peptide (SMRP) has
recently received considerable attention (9, 10). SMRP
originates from mesothelin, a 40-kDa cell surface glycoprotein
with putative function in cell-to-cell adhesion (11). Mesothelin
is expressed by normal mesothelial cells and overexpressed by
various types of cancer, such as MPM (12), and may also
provide the opportunity for novel mesothelin therapy (13).

The levels of SMRP has been found to be significantly
increased in serum of patients with MPM (14-23) and, on this
basis, it has been approved by the U.S. Food and Drug
Administration for the diagnosis and monitoring of MPM.

In the present study, we assessed the SMRP levels in serum
and effusion from patients with MPM by using an ELISA test
detection system and analyzed their contribution to routine
cytology in the diagnostic evaluation of suspected MPM. 

Materials and Methods
Patients. All the patients were recruited from the Division of
Pneumology (Azienda Sanitaria Locale n˚ 5 La Spezia; Italy) between
June 2008 and May 2013 and underwent thoracentesis and
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thoracoscopy. Pleural effusion and matched serum were drawn from
each patient. The study protocol was approved by the local Ethics
Committee (approval number 407 10/15/2008) and the informed
consent was obtained from all patients. Diagnosis was on the basis of
clinical signs, imaging data, cytological examination of pleural
effusion and histology of pleural biopsies. Patients were defined as
having benign disease when there were no signs of ongoing neoplasia
and a minimum of one year of follow-up did not show any clinical
evidence of tumour. 

Fifty-two out of 120 (43.3%) samples were from patients with
MPM (the majority being epithelioid, 33/52), 25 (20.8%) samples
were from patients with non-MPM metastatic cancer and 43 (35.8%)
samples were from patients with benign disease, as detailed in Table
I. MPM patients were 46 (88.5%) males and six (11.5%) females,
with a median age of 74.3 (range=61.1-88.9) years; of patients with
metastases, 12 (48.0%) were male and 13 (52.0%) female, with a
median age of 71.5 (range=43.1-86.2) years; patients with benign
disease comprised of 36 (83.7%) males and seven (16.3%) females,
with a median age of 77.4 (range=46.1-85.5) years.

Cytology. Cytology was assessed by standard protocols used in the
Division of Histopathology and Cytopathology (Azienda Sanitaria
Locale n˚ 5 La Spezia; Italy). Briefly, pleural effusion was obtained
by thoracocentesis, collected in sterile tubes without anticoagulant
and rapidly brought to the laboratory. Part of the fluid was subjected
to preparation of a conventional smear and the other part was used
for cytospin slide preparation.

For conventional smear, the effusion was centrifuged at 450 g for
10 min and the sediment stained with the Papanicolau method and
hematoxilin/eosin. To perform cytospin preparations, 0.5 ml of the
effusion was cytocentrifuged at 450 g for 10 min and stained with
hematoxilin/eosin. 

Smear and cytospin slides were reviewed by three cytopathologists
(P.D, A.V and F.F) and the specimens were considered negative if
there was no atypia and the number of mesothelial cells was not

increased. In contrast, a positive cytology was defined as presence of
hypercellularity and marked atypia of mesothelial cells, with
enlargement of the cells, nuclei and the presence of nucleoli.
Specimens were considered suspicious if the cells did not display any
marked atypia as shown in cytology-positive samples, or in the
presence of consistent atypia with too many cells to formulate a
definitive diagnosis (Figure 1).

Histology and immunohistochemistry. Standard protocols at the
Division of Histopathology and Cytopathology (Azienda Sanitaria
Locale n˚ 5 La Spezia; Italy) were used to assess histology and
immunohistochemistry. To perform immunohistochemistry, 5-μm-thick
paraffin sections were mounted on slides and deparaffinized. Antigens
were localized by means of a Ventana Medical System/view™ DAB
detection Kit (Ventana Medical Systems, S.A. Strasbourg, France).
Immunostaining was performed using an automated immunostainer,
PathVision (Ventana Medical Systems) programmed for antigen
retrieval. Strong reactivity for calretinin (CONFIRM rabbit monoclonal
primary antibody to calretinin, clone SP65) and cytokeratin 5/6 (mouse
monoclonal primary antibody to cytokeratin 5/6, clone D5/16B4,)
associated with negative reactivity for carcinoembryonic antigen
(CEA) (mouse primary antibody for CEA, clone TF3H8-1), epithelial
membrane antigen (EMA) (CONFIRM mouse monoclonal primary
antibody to EMA, clone E-29) and thyroid transcription factor-1
(TTF1) (CONFIRM mouse monoclonal antibody to TTF1, clone
8G7G3/1) (all from Ventana Medical Systems) is considered to be
supportive of the diagnosis of MPM. 

Detection assay for SMRP. Effusion and serum were processed by
centrifugation and stored at −20˚C. SMRP levels were measured by
the MesoMark ELISA kit (Cis-Bio International Gif/Yvette, France;
Fujirebio Diagnostic, Malvern, PA, USA) according to manufacturers’
instructions. All effusion and serum samples were tested in duplicate.
The cut-off level of mesothelin for MPM discrimination vs. all other
pathologies (benign plus metastatic disease) was 12.70 nM and 
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Table I. Correlation between non-positive cytology for pleural effusion
and pathology.

Pathology Cases, Cytology, n (%)
n (%)

Negative Suspicious

Mesothelioma 52 (43.3) 30 (57.7) 8 (15.4)
Epithelioid 33 17 (51.5) 6 (18.2)
Sarcomatoid 10 7 (70.0) 1 (10.0)
Biphasic 5 4 (80.0) 0 (0.0)
Papillary 2 0 (0.0) 1 (50.0)
Desmoplastic 2 2 (100.0) 0 (0.0)
Metastasisa 25 (20.8) 14 (56.0) 0 (0.0)
Benignb 43 (35.8) 43 (100.0) 0 (0.0)

All samples 120 (100.0) 87 (72.5) 8 (6.7)

Suspicious: Cases for which a precise diagnosis of mesothelioma could
not be established (see Materials and Methods). aLung (n=11), breast
(n=5), ovarian (n=1), lymphoma/leukaemia (n=3), sarcoma (n=2),
prostatic (n=1), unknown origin (n=2); bpneumonia (n=33), heart failure
(n=2), tuberculosis (n=4), post-traumatic (n=1), asbestosis (n=3). 

Figure 1. Sensitivity of cytology combined with serum-SMRP or
effusion-SMRP, alone or together, in the diagnosis of mesothelioma.
Mesothelin detection in both serum and pleural effusion increased the
sensitivity of cytology (sensitivity=78%). The same sensitivity was found
when cytology was combined with effusion-SMRP alone.



1.08 nM for SMRP in effusion and serum, respectively, as reported
in a previous study (14). 

Statistical analyses. The diagnostic performance of SMRP was
estimated through receiver operating characteristic (ROC) analysis
and the area under the ROC curve (AUC) was used as a measure of
accuracy for patients’ classification. The Mann–Whitney test was
applied to assess whether each AUC was statistically greater than 0.50
(level of non-discrimination or chance line). In addition, the exact
binomial standard error of AUC was used to compute corresponding
the 95% confidence interval (95% CI) (24). In order to provide a
measure of association between the study biomarker and disease
status, the diagnostic odds ratio (DOR) and corresponding 95% CI
were also calculated (25).

All statistical analyses were performed using Stata (Stata Statistical
Software Release 11.2; Stata Corporation, College Station, TX, USA). 

Results

Contribution of effusion-SMRP and serum-SMRP to improving
the diagnosis of MPM with non-positive cytology. Cytology,
effusion-SMRP and serum-SMRP detection were performed
in 52 patients with MPM, 25 patients with metastases and 43
patients with benign disease. The origin of cancer in patients
with MPM and metastases was ascertained by histology and
immunohistochemistry on biopsy under thoracoscopy. 

Cytology was unable to provide a diagnosis in 38/52
(73.1%) specimens, out of which 30 (57.7%) were cytology-
negative and 8 (15.4%) were suspicious on cytology (Table I).
Effusion-SMRP was positive (cut-off=12.70 nM) in 22/30
(73.30%) of the cytology-negative and in 5/8 (62.5%) of the
cytology-suspicious specimens (Table II). Serum-SRMP was
positive (cut-off=1.08 nM) in 16/30 (53.3%) and in 2/8
(25.0%) of the cytology-negative and -suspicious specimens,
respectively (Table II). 

Diagnostic performance parameters of effusion-SMRP and
serum-SMRP for MPM with non-positive cytology. The
performance of both effusion- and serum-SMRP tests for
MPM with non-positive cytology maintained the same clinical
significance found in a previous study (14) which analyzed a
subset of patients included in the present study group. Indeed,
effusion-SMRP had an overall diagnostic accuracy
(AUC=84.0%) higher than that of serum-SMRP (AUC=
71.3.0%) (Table III). Using the above mentioned biomarker
thresholds, effusion-SMPR had a sensitivity of 71.1%, which
was higher than that obtained for serum-SMRP (47.4%). In
addition, comparable values for specificity were found for
both biomarkers (87.7% for effusion-SMRP, 82.5% for serum-
SMRP) and the DOR analysis confirmed the better diagnostic
performance of effusion-SMRP as biomarker (effusion-SMRP:
DOR=17.5; serum-SMRP: DOR=4.2) (Table III).

Combined sensitivity of cytology, effusion-SMRP and serum-
SMRP for MPM with non-positive cytology. Patients with

MPM were evaluated using all tests sequentially. In this
context, cytology combined with serum-SMRP and effusion-
SMRP had a global sensitivity of 78.9%. However, the
contribution of serum-SMRP was practically negligible since
effusion-SMRP by itself was able to reach the highest value
for sensitivity of 78.9%, whereas cytology combined with
serum-SMRP had a sensitivity of 61.5% (Figure 1). The
combined values of serum and cytology, as well as those of
effusion and cytology, had a higher sensitivity than that
observed considering the two markers individually.

Discussion

Every patient who has been directly exposed to asbestos and
presents with pleural effusion may be suspected as having
MPM. Indeed, pleural effusion is often the first presenting sign
in MPM in a high percentage of patients (4). However,
establishing the diagnosis of MPM through analysis of pleural
effusion continues to be a clinical problem (5-6). When
malignancy is suspected and the cytology is negative,
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Table II. Mesothelin detection in serum and pleural effusion of
mesotheliomas with non-positive cytology.

Cytology Mesothelin-positive 

Effusion, n (%) Serum, n (%)

Non-positive (n=38)a 27 (71.0) 18 (47.4)
Negative (n=30) 22 (73.3)b 16 (53.3)d

Suspicious (n=8) 5 (62.5)c 2 (25.0)e

Mesothelin-positive: Mesothelin level >cut-off=12.70 nM for effusion
and 1.08 nM for serum; Cytology suspicious: cases for which a precise
diagnosis of mesothelioma by cytology could not be established (see
Materials and Methods). aSee Table I; bepithelioid (n=14), sarcomatoid
(n=4), biphasic (n=4); cepithelioid (n=4), papillary (n=1); depithelioid
(n=8), sarcomatoid (n=4), biphasic (n=4); eepithelioid (n=1), papillary
(n=1).

Table III. Estimate of diagnostic performance parameters for mesothelin
levels in serum and pleural effusion of mesotheliomas with non-positive
cytology. 

Mesothelin

Effusiona Serumb

Value (95% CI) Value (95% CI)

AUC 84.0% (74.9-93.0%) 71.3% (60.3-82.2%)
Sensitivity 71.1% (54.1-84.6%) 47.4% (31.0-64.2%)
Specificity 87.7% (76.3-94.9%) 82.5% (70.1-91.3%)
DOR 17.5 (6.2-49.7) 4.2 (1.7-10.6)

AUC, Area under the curve; 95% CI, 95% confidence interval; DOR,
diagnostic odds ratio. aCut-off=12.70 nM, bcut-off=1.08 nM.



thoracoscopy should be performed. Thoracoscopy is the
established method which provides the possibility of
visualising the pleural cavity and directly obtaining biopsy
specimens for histological and immunohistochemical analyses
(26). Thoracoscopy is recognized as the gold standard for the
diagnosis of MPM (27). However, it represents an invasive
method which should be avoided whenever possible (26, 27).
Indeed, the investigation of soluble tumor biomarkers in serum
and effusion, which can be performed through a minimally
invasive procedure, has been proposed as a tool to support
cytology in the diagnosis of MPM (7, 8).

In the present study, we focused our attention on the
contribution that serum- and effusion-SMRP can make to the
diagnosis of MPM with non-positive cytology (negative and
suspicious) and consequently to the choice of proceeding or
not with thoracoscopy. 

On our previous study, performed on a subset of the cohort
analyzed herein, we assessed, by the Youden index, the best
cut-off point to discriminate MPM from the other diseases
(effusion-SMRP cut-off=12.70 nM and serum-SMRP cut-
off=1.08 nM). In the present study, the same cut-off values
were used to discriminate negative and positive SMRP
samples (14). 

In this regard, our findings confirm previous reports that the
diagnosis of MPM using effusion by cytology has a low
sensitivity (about 30%) and that the combined use with other
biological markers is needed to improve the accuracy of final
diagnosis (5-8).

Moreover, our results show that SMRP detection in serum
and effusion may provide a means for reducing the
discrepancies in diagnosing MPM. Indeed, SMRP detection
allows diagnosis in about 73% for effusion and 53% for serum
of specimens from patients with non-positive cytology. Similar
conclusions were also reported by Filiberti et al. adopting a
cut-off value of 12.0 nM, finding sensitivity of 76% (10); by
Davies et al. with a cut-off=20.0 nM, finding sensitivity of
60% (20); and by Creaney et al. who, at a cut-off of 20.0 nM,
found sensitivity of 77% (19). Furthermore, detection in serum
reduced the discrepancy with cytology in diagnosing MPM. A
similar conclusion was drawn by Creaney et al. who found
sensitivity of 46% for serum-SMRP in MPM (19). In our
study, we confirm that in patients with non-positive cytology
for effusions, the diagnostic accuracy of effusion-SMRP is
superior to that of serum-SMRP and that the lack of
contribution of serum-SMRP to the overall diagnostic
sensitivity makes this test unnecessary in the presence of
effusion-SMRP.

The contribution of both tests (effusion- and serum-SMRP)
to MPM diagnosis can also be important for confirming cases
found to be suspicious by cytology. We recorded eight
patients for whom cytology, performed on three recurrent
effusion samples, was not diagnostic of MPM but was
suspicious for MPM. In 2/8 serum and in 5/8 effusion

specimens, SMRP detection was positive. Although the
number of suspicious cases in this study is small and
therefore this finding warrants further validation, it suggests
an additional clinical utility of SMRP for supporting the
pathologist in making a diagnosis of MPM. 

It is established that histological subtypes of MPM are
associated with different sensitivity of cytology (6). Cytology
has lower sensitivity for sarcomatoid and biphasic variants of
MPM compared to the epithelioid variants (6). The findings
of our study show that effusion- and serum-SMRP detection
improves the final diagnosis by cytology of 100% for biphasic
and of about 50% for sarcomatoid samples.

We also found that the sensitivity of cytology combined
with serum/effusion-SMRP, was higher than that of serum and
effusion alone. This finding confirms that SMRP detection in
both fluids cannot be an alternative to cytology, but only
additional to it for MPM diagnosis using effusions. 

Other markers have been proposed for the indirect diagnosis
of MPM by effusion. They include osteopontin (28),
megakaryocyte potentiating factor (28) and fibulin-3 (29).
However, none of these markers alone had, like mesothelin,
the specificity and the sensitivity required for an accurate
diagnosis. Therefore, we believe that a panel with combination
of all (or some) of these markers may be a useful approach for
the diagnosis of MPM. Recently, research in this area has
pointed out that microRNAs, a class of short non-coding
RNAs regulating gene expression post-transcriptionally,
undergo characteristic alterations in MPM. Thus, many
authors are proposing detection of these molecules in blood
and effusions for diagnosis of MPM and promising studies are
ongoing (30).

In summary, the results of the current study confirm, in a
cohort of Italian patients, that detection of both effusion- and
serum-SMRP can be helpful but cannot be an alternative to
cytology. Therefore, we suggest that SMRP, especially
effusion-SMRP, may represent a useful initial test in patients
with suspected MPM since it can provide additional
information that may reduce the need for proceeding with
thoracoscopy. 
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