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Potential role of serum mesothelin in predicting survival
of patients with malignant pleural mesothelioma
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Abstract. Malignant pleural mesothelioma (MPM) is an
aggressive tumor with poor survival rates. Therefore, it is
essential to have effective biological markers predicting the
course of the disease and prognosis. The aim of the present
study was to highlight the prognostic significance of serum
soluble mesothelin-related protein (Se-SMRP) in patients with
MPM at diagnosis. Se-SMRP was determined in 60 patients
using an ELISA commercial kit. Se-SMRP levels were
subdivided into three tertile-based categories and in each
category overall survival (OS) indexes were determined using
the Kaplan-Meier and Cox regression analyses. The associa-
tion between Se-SMRP levels and OS was also assessed by
restricted cubic spline (RCS) analysis. No notable differences
in the Kaplan-Meier probabilities were identified across the
Se-SMRP categories (<0.66 nM, 0.66-1.46 nM, >1.46 nM)
although an upward trend in death rate ratios (RR) was
pointed out by comparing the higher (RR=1.95) and interme-
diate (RR=1.86) categories with the lower category (RR=1.00).
In addition, such an increasing tendency, particularly when the
biomarker exceeded 1.0 nM, was confirmed by an RCS func-
tion of Se-SMPR levels fitted to survival data using the Cox
regression equation. The present study provided evidence in
favor of a prognostic value of Se-SMRP in patients with MPM.

Introduction
Malignant pleural mesothelioma (MPM) is a highly aggressive

tumor of pleural mesothelial cell associated with asbestos expo-
sure (1,2) with a long latency period (~30-40 years), an incidence
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expected to increase worldwide prior to 2025 (3,4) and a poor
life expectancy (median survival time of ~12 months) (2).

MPM can be divided into three major histological
subtypes: Epithelioid, accounting for ~60% of MPM and
characterized by a longer survival time (range, 12-27 months);
sarcomatoid, representing ~20% of all MPM and showing a
shorter survival time (range, 7-18 months); biphasic (a combi-
nation of epithelioid and sarcomatoid histology), including
the residual 20% with an intermediate survival time (range,
8-21 months) (5).

Determination of prognostic markers of MPM at diagnosis
may aid in managing the patient in the therapeutic and
follow-up settings (6,7).

For determining MPM prognosis, the scoring systems of
the Cancer and Leukemia Group B (CALGB) and the European
Organization for Research and Treatment of Cancer (EORTC)
are the most useful among those currently available. These
systems identify a low performance status score, a non-epithe-
lioid histology, weight loss, male sex, leukocytosis and low
hemoglobin as factors associated with a poor prognosis (6-8).

However, performance status and histology are considered,
by clinicians, to have the main prognostic role (6-8).

Despite these scoring systems, there is a requirement for
novel, highly sensitive and specific biological markers for
MPM (9).

Genetic markers with diagnostic or prognostic value
are currently under investigation in MPM tumor tissues.
Chromosomal alterations, DNA mutations, gene expression
profile and the deregulation of microRNA are very promising
markers (10-12). Moreover, interesting results derive also from
studies on circulating tumor cells, free DNA and microRNA
present in body fluids (6).

In recent years, other biomarkers have been proposed in
body fluids, including osteopontin, fibulin-3 and vascular
endothelial growth factor evaluated in plasma, serum and
pleural effusion, in addition to hyaluronic acid evaluated in
serum and pleural effusion and the high mobility group box 1
detected only in serum (6,13,14). They showed a low prognostic
significance.

However, due to the small number of samples and the
heterogeneity of patients analyzed in the individual studies,
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the clinical application of all the markers mentioned above, in
MPM, requires further confirmation (6,13,14).

The soluble mesothelin-related protein (SMRP) serves
an important role in the diagnosis of MPM as its levels in
pleural effusion (PE-SMRP) and in serum (Se-SMRP) have
been found to be significantly increased and associated
with tumor size (15,16). Therefore, the US Food and Drug
Administration approved the SMRP measurement as a routine
test (Mesomark™ ELISA) to aid in diagnosing and monitoring
of patients with epithelioid or biphasic MPM.

Although, in MPM, Se-SMRP shows a lower diagnostic
performance with respect to PE-SMRP (15), its levels have
been used to distinguish patients with MPM from indi-
viduals with benign pleural diseases (17) and from patients
with pleural metastases of different types (18). However, the
diagnostic performance of Se-SMRP appears limited by poor
sensitivity (6).

SMRP is derived from the mesothelin protein (MSLN).
MSLN is encoded by the MSLN gene (chromosome 16p13.3)
as a precursor protein of 71-kDa that is physiologically cleaved
into the 31-kDa megakaryocyte potentiating factor and the
40-kDa mesothelin that is anchored by glycosylphosphati-
dylinositol to the membrane of mesothelial cells and shed into
the biological fluids in which it is referred to as SMRP (19,20).
The production of SMRP may be due to abnormal splicing that
results in a secreted form or to cleavage from the membrane by
the TNFa-converting enzyme ADAM17 (20).

Mesothelin expression was identified in ~90% of
epithelioid MPM and in other cancer types, including lung
adenocarcinoma (60%), and breast (25%), esophageal (35%),
ovarian (60%), pancreatic, gastric (50%) and colon (40%)
cancer (19,21). Mesothelin expression is more prevalent in
aggressive histological subtypes of lung, breast (triple negative)
and esophageal (high-grade dysplasia) cancer (21).

Given that the expression of mesothelin is rather limited
in numerous normal tissues but elevated in solid tumors, it
represents a potential antigen target for therapy in various
cancer types, including mesothelioma, pancreatic, breast,
colorectal and lung cancer (5,22). In this regard, several thera-
peutic approaches are under investigation which include the
anti-mesothelin immunotoxins SS1P, the chimeric monoclonal
antibody amatuximab, the antibody-drug conjugate anetumab
ravtansine, the cancer CRS-207 vaccine and chimeric antigen
receptors T-cells therapies (5,22).

The prognostic value of Se-SMRP and PE-SMRP levels
has also been investigated, but clinical results on this remain
uncertain and further studies are required to obtain definitive
conclusions (23-34).

The aim of the present study was to highlight the prog-
nostic significance of Se-SMRP in a cohort of Italian patients
with MPM. In addition, using a flexible, data-driven model of
survival probabilities, the functional form (linear or non-linear)
of the dose-response association between Se-SMRP levels and
MPM death rates was investigated which, to the best of our
knowledge, had not been previously reported in the literature.

Materials and methods

Patients. The present study included 60 patients with MPM
whose sera were collected at diagnosis prior to any treatment

in the Pneumology Department of Azienda Sanitaria Locale 5
(ASL 5), La Spezia, Italy, between March 2008 and July 2011.
The study period ended in November 2016. Definitive diagnosis
was made on the basis of clinical signs, imaging data, cytolog-
ical examination of PE and tumor biopsy examination staining
with hematoxylin-eosin and immunohistochemistry. The
characteristics of the patients were collected retrospectively
(Table I).

Patient treatment. All patients were treated in the Oncology
Department of ASL 5. Thirty-three patients (55.0%) received
first-line therapy, of which 32 (53.3%) had pemetrexed plus
cisplatin or carboplatin and 1 (1.7%) had gemcitabine plus
carboplatin.

Fifteen patients (25.0%) were treated with pemetrexed plus
cisplatin in second-line therapy, while 13 (21.7%) had only
supportive care and 14 (23.3%) were treated in other hospitals.

Soluble mesothelin-related protein (SMRP) detection assay.
The analysis of SMRP was performed in the Clinical Pathology
Department of ASL 5. Aliquots from sera were centrifuged
(1,500 x g for 10 mins at 4°C) and the supernatant was stored
at -20°C until the SMRP analysis was performed.

The determination of Se-SMRP concentrations was
performed in duplicate by an ELISA test (ELISA kit
‘Mesomark’; cat. no. 801-900; Fujirebio Diagnostic), which
has a detection limit of 0.1 ng/ml.

Statistical analyses. Overall survival (OS) time was calcu-
lated as the interval between the date of diagnosis and the
date of mortality or the last follow-up. Kaplan-Meier analysis
was applied to describe and investigate OS probabilities
according to tertile-based categories (33rd and 66th percen-
tile) of Se-SMRP and the log-rank test was used to statistically
assess differences among OS probabilities. Multivariable
Cox regression analysis was performed to estimate death
rate ratios (RR) and corresponding 95% confidence limits
(95% CL). Differences among death rates were assessed using
the likelihood ratio test (35). In order to highlight a linear or
non-linear dose-response association, potentially overlooked
because of the categorization process, a Cox regression model
with a restricted cubic spline (RCS) function of Se-SMRP
levels was fitted to the OS data. The use of RCS has been
widely described as a valid strategy to analyze dose-response
associations as it provides greater flexibility for fitting data and
modeling more complex associations while adjusting for other
covariates (36).

Se-SMRP levels were also log-transformed in order to
decrease the influence that outlying measurements may unduly
exert on the statistical indexes.

All tests were two tailed and a P<0.05 was considered
to indicate a statistically significant difference. All statis-
tical analyses were performed using Stata (StataCorp. Stata
Statistical Software; version 14.2).

Results
Patient characteristics. A total of 60 patients with MPM were

studied at diagnosis, prior to any treatment. The patients' mean
age was 73 years (range, 60-90 years) and 55 (91.6%) were
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Table I. Characteristics of patients with malignant pleural
mesothelioma analyzed for Se-SMRP.

Patient characteristic n (%)
Age, years, at diagnosis, median (range) 73 (60-90)
Sex

Male 55 (91.6)
Female 5 (84
Smoking habit

Non-smoker 28 (46.7)
Current/former smoker 32 (53.3)
Asbestos exposure

Unexposed 21 (350)
Exposed 39 (65.0)
Symptoms

Dyspnea 35 (58.3)
Chest pain 16 (26.7)
Unknown 9 (150)
IMIG stage

I 26 (43.3)
II 18 (30.0)
/v 15 (25.0)
Unknown 1 (1.7)
ECOG-PS

0 26 (43.3)
1 22 (36.7)
2/3 12 (20.0)
Granulocyte/lymphocyte ratio, 3.0 (0.1-40.1)
median (range)

<2.70 23 (38.3)
2.70-4.13 16 (26.7)
>4.13 21 (350)
Platelet count, x103/u1, median (range) 285 (119-857)
<245 18 (30.0)
245-317 23 (38.3)
>317 19 (31.7)
Histological subtype

Epithelioid 43 (71.7)
Sarcomatoid 11 (18.3)
Biphasic 6 (10.0)
Chemotherapy

Yes 33 (550)
No 13 (21.7)
Unknown 14 (23.3)
Se-SMRP, nM, median (range) 1.24 (0.05-13.5)
<0.66 17 (28.3)
0.66-1.46 18 (30.0)
>1.46 25 (41.7)
Whole sample 60 (100.0)

IMIG, International Mesothelioma Interest Group staging system
adopted by the American Joint Commission on Cancer (AJCC) in the
sixth edition of its Cancer Staging Manual and by the International
Union Against Cancer (UICC); ECOG-PS, Eastern Cooperative
Oncology Group-performance status; Se-SMRP, serum soluble
mesothelin-related protein. All data are presented as n (%) unless
otherwise stated.
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Figure 1. Overall survival probabilities of patients with malignant pleural
mesothelioma according to serum soluble mesothelin-related protein levels
(<0.66 nM; 0.66-1.46 nM; >1.46 nM) estimated through the Kaplan-Meier
survival analysis.

male. The MPM histology was composed of 43 epithelioid,
11 sarcomatoid and 6 biphasic subtypes. According to the
International Mesothelioma Interest Group stage classifica-
tion, 26 (43.3%), 18 (30.0%) and 15 (25.0%) patients had MPM
at stage I, I and III/IV respectively, while one patient (1.7%)
had a missing value. Twenty-six patients (43.3%) had an
ECOG-PS score of 0, 22 patients (36.7%) had an ECOG-PS
score of 1 and 12 patients (20.0%) had an ECOG-PS
score >1. Other patient characteristics are summarized in
Table I. At the end of the study period, the median follow-up
time was 13.9 months (range, 0.7-61.4 months). A total of
54 patients (90.0%) died and the median survival time was
13.4 months (95% CL=10.1-19.4; Table II).

Association between Se-SMRP levels and OS. The base-
line median Se-SMRP concentration was 1.24 nM (range,
0.05-13.5 nM; Table I). Kaplan-Meier OS probabilities
estimated according to the tertile-based categorization of
Se-SMRP levels (<0.66 nM; 0.66-1.46 nM; >1.46 nM) did
not show statistically significant differences (P=0.628; Fig. 1).
In addition, Cox regression analysis, adjusted for sex, age at
diagnosis, disease stage, histological subtype and ECOG-PS,
highlighted that patients belonging to the intermediate and
higher categories had an RR of 1.87 (95% CL=0.75-4.67)
and 1.95 (95% CL=0.78-4.92), respectively, compared with
patients in the lower category, assumed as reference (Table II).
On average, this result corresponds to a death rate increase of
~30% (RR=1.30; 95% CL=0.73-2.33) per 5 nM unit increase
in Se-SMPR (Table II).

Dose-response association between Se-SMRP and mortality
rates. In order to identify a dose-response association between
Se-SMRP and mortality rates, a multivariable Cox regression
model with a RCS function of log-transformed Se-SMRP
was used. This method allowed further evidence of a positive
association between high Se-SMRP levels and mortality rates
to be obtained. In particular, a notably increasing non-linear
tendency in mortality rates was estimated when Se-SMRP
levels exceeded 1.00 nM (Fig. 2).
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Table II. Effect of Se-SMRP on MPM mortality rates estimated through the Cox regression analysis.
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Follow-up time,

Survival time,

months months
Se-SMRP, nM N Mortalities (%) Median Range Median 95% CL RR 95% CL P-value
<0.66 17 16 (94.1) 144 0.7-60.4 144 10.1-25.3 1.00 (Ref.) 0.199
0.66-1.46 18 15 (83.3) 17.9 3.3-59.6 16.3 6.8-324 1.87 0.75-4.67
>1.46 25 23 (92.0) 11.8 1.0-61.4 11.8 6.6-20.5 1.95 0.78-4.92
Whole sample 60 54 (90.0) 139 0.7-614 134 10.1-194 1.30*  0.73-2.33 0.378

Se-SMRP, soluble mesothelin-related protein in serum; N, patients entered the study; RR, mortality rate ratios adjusted for sex, age at diagnosis,
disease stage, histological subtype and ECOG-PS; 95% CL, 95% confidence limits for the median survival times and RR; Ref., reference

category. “RR per 5 nM unit increase in Se-SMRP.
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Figure 2. Association between log-transformed Se-SMRP levels and
malignant pleural mesothelioma RR estimated through the Cox regression
analysis, adjusted for sex, age at diagnosis, disease stage, histological subtype
and ECOG-PS, using a three-knot restricted cubic splines. Se-SMRP levels
were log-transformed to decrease the influential effect of potential outlying
data points. 95% confidence limits for RR are presented at the top of the
figure. 95%-Low (RR) and 95%-Upp (RR), 95% lower and upper limits for
RR. RR, mortality risk; Se-SMRP, serum soluble mesothelin-related protein.

Discussion

The CALGB and EORTC identify ECOG-PS and histological
subtypes as the two main prognostic factors of MPM. The
ECOG-PS incorporates the patient history and their physical
condition to assign a score value according to the deteriora-
tion in their health status. However, the ECOG-PS scale is
subjective, prone to bias and affected by high inter-observer
variability (2,9). By contrast, MPM histological subtypes are
carefully defined by a team of pathologists and are considered
a more accurate and objective criterion. However, the evalu-
ation of the pathological assessment is performed on tumor
material, usually taken by invasive procedures at diagnosis
as thoracoscopic biopsies or computed tomography-guided
biopsy. These techniques, although tested and efficient,
are associated with considerable morbidity and cost, and
cannot always be performed due to specific patient condi-
tions (37,38).

Furthermore, the material taken may be inadequate
because it is derived from non-tumor areas of the pleura or
quantitatively insufficient for histological analysis to be
performed.

Additionally, the biphasic subtype may not be diagnosed
because the sarcomatoid component, characterized by the
morphology of the spindle cells, can be scarce and difficult to
be detected (14,39).

Previous studies have focused on identifying novel
markers measurable in biological fluids, including serum and
PE (6,13,14). Serum is easily obtainable with minimal stress
for patients, while PE is present in the majority of MPM
patients at diagnosis and routinely withdrawn for diagnosis
and therapeutic purposes.

The ideal prognostic biomarker to be determined in serum
or PE has not yet been identified. Several biomarkers have
been proposed but, to date, none of them can be considered
adequate to evaluate the prognosis of MPM because of hetero-
geneous clinical results in various published studies (6,13,14).
By contrast, SMRP may be a prognostic marker for MPM
as reported for other malignancies, including ovarian, lung,
breast and esophageal cancers (19,21).

A previous study demonstrated that PE-SMRP did not
aid in defining the prognosis of MPM. Additionally, the Cox
regression modeling, including an RCS had only showed a
moderately increasing non-linear trend in the mortality rate.
Therefore, it was concluded that PE-SMRP is not recom-
mended for routine use in the clinical management of patients
with MPM (40).

In the present study, using the same statistical meth-
odology, the analysis was extended to determine whether
Se-SMRP, unlike PE-SMRP, may have a clinical applica-
tion.

The prognostic value of Se-SMRP is currently highly
debated and remains unclear. In a meta-analysis based on
results from another study involving 579 patients (18,23-29),
Tian et al (30) demonstrated that high levels of Se-SMRP
represent a negative, statistically significant prognostic factor
for MPM, as assessed in univariate analysis (pooled RR=1.96,
95% CI: 1.53-2.50, P<0.001), Furthermore, some of these
studies demonstrated that the aforementioned association was
significant in a multivariable context (18,23-25).
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Pass et al (31), using EDTA plasma, reported that higher
levels of plasma SMRP in MPM were associated with a poor
prognosis following adjusting for the ECOG-PS, histology, sex,
pre-treatment and white blood cell count and suggested SMRP
as a possible biomarker to improve the prognostic capability of
the EORTC-index (31).

Plasma-SMRP detection is to be considered in the same
way as Se-SMRP. Creaney et al (41) reported a significant
correlation between the levels of SMRP in serum and plasma
(Pearson's coefficient=0.91; P<0.001).

By contrast, other studies have supported the hypothesis
that Se-SMRP has no prognostic significance (18,32-34).

In the present study, using a Cox model including
tertile-based categorical terms for Se-SMRP (cut-off points:
0.66 and 1.46 nM), a positive association between Se-SMRP
levels and mortality rates was identified. Such an association was
also confirmed using a conservative, flexible and data-driven
fitting procedure, namely a RCS function of Se-SMRP, which
highlighted a net increase in mortality rates particularly for
concentrations of Se-SMRP higher than 1.0 nM.

The major limitations of the present study are due to the
low statistical power and the high level of patient heteroge-
neity, with particular reference to the therapeutic treatments.
Although such limitations are common to numerous other
investigations in this field, it is worth noting that they are two
important but distinct issues: The former depends mainly on
the small sample size due to the rarity of MPM; the latter on
imbalances in the individual baseline characteristics, given
the observational (non-experimental) structure of the study
design. In the first case, only further and wider investiga-
tions, supported by meta-analyses, will be able to confirm
the results of the present study from a statistical point of
view. In the second case, the use of statistical modeling,
including the multivariable Cox regression, is able to mitigate
the confounding effect that the aforementioned imbalances
can exert on the study association (life expectancy vs.
Se-SMRP levels).

In conclusion, the present study provides interesting
evidence that Se-SMRP may be considered a prognostic
biomarker in patients with MPM. Ultimately, future multi-
center studies based on larger cohorts, allowing more powerful
statistical analyses, may aid in recognizing Se-SMRP as a
prognostic marker useful in routine applications for clinical
management of patients with MPM.
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