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Abstract
Objectives: Malignant mesothelioma (MM) is the most serious asbestos-related disease. Its increasing incidence is alarm-
ing, suggesting the need for as early diagnosis as possible. This 4.5-year prospective longitudinal study aimed at assessing 
the benefit of measuring serum mesothelin as a marker for diagnosing malignant mesothelioma in individuals with previ-
ous occupational exposure to asbestos, as a part of their clinical follow-up care. Material and Methods: The study com-
prised 309 participants (235 males, 74 females) with a mean age of 58.9 years (standard deviation (SD) = 9.8) and a mean 
duration of exposure to asbestos dust of 13.4 years (SD = 9.3). From 2009 to June 2013, all subjects were followed at a de-
partment of occupational medicine in Olomouc. Apart from the standard parts of medical examination (history, physical 
examination, simple chest radiographs and spirometry), the patients’ serum mesothelin levels were determined by the Me-
somark immunoenzymatic diagnostic assay. Statistical analysis of the validity of serum mesothelin level measurement was 
carried out with respect to the diagnosis of MM. Results: Among the participants, 16 (5.2%) individuals (14 males and 2 fe-
males) were diagnosed with malignant mesothelioma. Based on the detected mesothelin levels, their validity for prediction 
of malignant mesothelioma was calculated as follows: sensitivity – 0.75, specificity – 0.962, positive predictive value – 0.706, 
negative predictive value – 0.969, positive and negative likelihood ratios – 19.95 and 0.26, respectively, and diagnostic odds 
ratio – 76.8, at a 95% confidence interval. Conclusions: The high specificity was identified indicating the low false positivity 
as well. In the case of detecting elevated soluble mesothelin-related peptides (SMRP) levels in formerly asbestos-exposed 
individuals, the possibility of the presence of MM should be included into the clinical consideration. The high negative pre-
dictive value denotes a lower probability of the presence of MM in patients with normal SMRP levels but due to the limiting 
lower sensitivity this possibility cannot be entirely excluded.
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a clinically relevant biomarker with the highest diagnostic 
yield possible. Current options for the diagnosis of this can-
cer include, among others, measurement of the biomarker 
mesothelin in serum or pleural fluid.
In 1992, an antibody against mesothelin was 1st isolated [9]. 
In 2003, Robinson et al. considered mesothelin as a potential 
biomarker for mesothelioma determined by enzyme-linked 
immunosorbent assay (ELISA) [10]. The mesothelin precur-
sor is a 69-kDa protein cleaved into a membrane-bound 40-
kDa cell  surface glycoprotein and a  soluble 31-kDa N-ter-
minal fragment referred to as megakaryocyte potentiating 
factor  (MPF)  or  NH2-terminal-expressed in renal carci-
noma (N-ERC)/mesothelin [2,7,11]. Circulating mesothelin 
is  thought  to  be  associated  with  abnormal  splicing  events 
and enzymatic cleavage from membrane-bound mesothe-
lin [7,12]. However, the exact mechanisms leading to the re-
lease  of  mesothelin  from  the  membrane  are  not  known. 
A total of 3 immunological variants of the soluble fraction 
of  the  mesothelin  gene  product  have  been  described  [2]. 
All soluble forms of mesothelin are referred to as soluble 
mesothelin-related peptides (SMRPs) [2]. In the literature, 
the term mesothelin has the same meaning as SMRP. In se-
rum or pleural fluid, SMRPs may be determined by immuno-
enzymatic diagnostic assays, a very common example being 
Mesomark, as documented in numerous studies [13–16].
Although the role of mesothelin in normal and cancer cells 
still remains unclear [17], it has been suggested that me-
sothelin could be a factor promoting tumor invasion [18]. 
It  has  been  shown  that  under  normal  circumstances, 
mesothelin is present in several human tissues, includ-
ing the mesothelium and is aberrantly expressed mainly 
by MM but also by pancreatic cancer, ovarian cancer or 
some breast and lung cancers [7,12,19]. The drawbacks are 
that SMRP may be also increased in renal failure or hy-
pertension [13] and the fact that the levels are significantly 
increased particularly in patients with epithelioid MM [7].
This prospective longitudinal study aimed at assess-
ing  the  benefit  of  measuring  serum  SMRP  levels  in 

INTRODUCTION
Occupational exposure to asbestos dust  is associated with 
the potential development of diseases that in the Czech Re-
public may be recognized as occupational: malignant meso-
thelioma (MM), pleural hyalinosis, asbestosis, lung cancer, 
laryngeal cancer and ovarian cancer. Despite the fact that 
in 2005, the use of asbestos was banned in Europe and most 
developed countries [1], damage to the health of individu-
als previously exposed to asbestos still constitutes a global 
problem as especially MM is characterized by a long clinical 
latency period of 20–40 years from the time of initial asbes-
tos exposure [2]. Male mortality rates for malignant pleural 
mesothelioma (MPM) have been rising in most Western 
European countries [3]. In 2018, approximately 9000 males 
are estimated  to die of MPM (as  compared with 5000  in 
the  year  1998)  [3]. High  incidence  rates  for MM  are  re-
ported  in  the  United  Kingdom,  Belgium  and  the  Neth-
erlands  and  lower  rates  in  the  other Western  European 
countries, with the peak incidence being expected around 
the year 2020 [3]. High mortality rates were also observed 
in Australia and New Zealand [4].
Prognostically, MM is the most serious of all asbestos-re-
lated diseases. It is a highly malignant, locally aggressive 
type of cancer involving the pleura, peritoneum or, rarely, 
pericardium  and  tunica  vaginalis  of  the  testis  [5].  There 
are 3 main histological subtypes of MM: epithelioid (60%), 
sarcomatoid  (10%)  and  biphasic  (30%),  with  the  latter 
combining features of both the epithelioid and sarcomatoid 
subtypes [6]. The median survival from the time of diagnosis 
is 7–9 months [1]. The therapeutic options (chemotherapy 
and,  in  some cases,  surgery) are  still  limited  [5,7].  Initial-
ly, MM spreads along the pleural and peritoneal surfaces 
with no large masses being present; therefore, it is difficult 
to diagnose  [8]. The  clinical  symptoms are often nonspe-
cific and may indicate already advanced disease. Typically, 
there is pleural effusion associated with chest wall pain, dys-
pnea or cough; at the time of diagnosis, a negative feature 
is weight loss and fatigue [6]. Therefore, there is a need for 
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The results were statistically processed and validity of se-
rum SMRP level measurement was analyzed with respect 
to the diagnosis of MM.

Mesothelin (SMRP) measurement
Serum SMRP levels were detected by ELISA (Mesomark; 
Fujirebio Diagnostics, USA); the test was performed ac-
cording  to  the  manufacturer’s  instructions.  Soluble  me-
sothelin-related peptides levels ≤ 1.5 nmol/l cut-off value 
were considered normal; those > 1.5 nmol/l were consid-
ered elevated.

Statistics
The obtained data were analyzed using the IBM SPSS Sta-
tistics  version  22  software  (USA).  To  predict MM  from 
increased  SMRP  levels,  sensitivity,  specificity,  positive 
predictive value (PPV), negative predictive value (NPV), 
false positivity, false negativity, positive and negative 
likelihood ratio (LR) and diagnostic odds ratio (DOR) 
including 95% confidence intervals (CI) were calculated. 
The Mann-Whitney U  test was  used  to  compare  SMRP 
levels in patients with and without MM.

RESULTS
Serum SMRP concentrations were  studied  in  309 patients; 
of those, 47 (15.2%) had increased levels. The mean se-
rum SMRP level in these patients was 2.74 nmol/l. In a group 
of  16  MM  patients,  serum  SMRP  levels  were  increased 
in  12  cases  (75%) with  the mean SMRP  level  4.06  nmol/l. 
Among  patients  with  confirmed  epithelioid  MM,  which 
was  the most  abundant  histologic  type,  10  (83.3%) had  el-
evated SMRP concentrations. In one single case of biphasic 
mesothelioma, SMRP level was above the cut-off value. Out 
of  the  3  histologically  unspecified  mesotheliomas,  SMRP 
concentrations  were  elevated  in  2  cases.  It  was  found 
out  that  SMRP  concentrations  among  patients  with  MM 
were significantly higher (p < 0.0001, Mann-Whitney U test) 
than in the other remaining asbestos-exposed persons.

the detection and diagnosis of MM in patients with past 
occupational exposure to asbestos as a part of their follow-
up and preventive care.

MATERIAL AND METHODS
Patients and procedures
The study comprised 309 participants (235 males, 74 fe-
males)  with  a  mean  age  of  58.9  years  (standard  devia-
tion (SD) = 9.8) and a mean duration of exposure to as-
bestos dust of 13.4 years (SD = 9.3). The vast majority of 
them were employed  in 2 asbestos manufacturing plants 
(processing  both  chrysotile  and  crocidolite);  only  11  in-
dividuals were exposed  in other workplaces handling as-
bestos products (e.g., cutting asbestos boards). From 2009 
to  June  2013,  all  subjects  received  preventive  care  or 
were followed after having been diagnosed with diseases 
caused by exposure to asbestos. Apart from their history, 
physical examination, simple chest radiographs and basic 
spirometry were performed and  the patients’  serum me-
sothelin  levels  were  measured  with  the  Mesomark  im-
munoenzymatic diagnostic assay. In some patients previ-
ously exposed to asbestos, SMRP levels were repeatedly 
measured;  therefore,  data  from  their  last  follow-up  visit 
were included in the study. In patients with MM, data ob-
tained at the time of diagnosis were analyzed. Individuals 
with  increased mesothelin  level  (>  1.5  nmol/l)  or  those 
with  clinical  symptoms  (dyspnea,  cough,  chest  pain)  or 
even minimal  radiographic  signs underwent high-resolu-
tion computed  tomography (HRCT) of  the  lungs and/or 
positron  emission  tomography  /  computed  tomography 
(PET/CT)  scans.  The  scans were  assessed  by  both  radi-
ologists with experience  in describing changes caused by 
fibrogenic dusts and occupational physicians using the In-
ternational Labour Organization standard classification of 
radiographs of pneumoconioses [20]. In patients with con-
firmed pathological findings and suspected of having MM, 
morphological (histological) examination was carried out 
to make a definite diagnosis.
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The validity parameters are presented in Table 2.
It  should  be  added  that  the  participants  were  also  di-
agnosed  with  pleural  hyalinosis  of  varying  severity 
(69  cases,  22.3%; of  those,  21  cases met  the  criteria  for 

Soluble  mesothelin-related  peptides  levels  were  also 
increased in 2 (out of 3 detected) cases of other malig-
nancies, 1 case each of pancreatic cancer and breast can-
cer. The basic descriptive  characteristics of  the  subjects, 
prevalence of MM and the number of individuals with in-
creased SMRP levels in the entire group and in the MM 
subgroup are shown in Table 1.
The results included the high specificity and NPV and the 
lower sensitivity of SMRP for MM. Specificity was 0.962 
(95% CI:  0.914–0.988),  sensitivity  0.75  (95% CI:  0.476–
0.927),  false  negativity  0.25  (95%  CI:  0.073–0.524)  and 
false positivity was 0.038 (95% CI: 0.012–0.086).
The  high  NPV  was  equal  to  0.969  (95%  CI:  0.924–
0.992).  Positive  predictive  value  was  lower  again:  0.706 
(95%  CI:  0.44–0.897).  Calculated  results  of  positive 
and  negative  likelihood  ratios  (PLR,  NLR)  were  19.95 
(95% CI:  8.17–49.33)  and  0.26  (95% CI:  0.11–0.61),  re-
spectively, and DOR was 76.8 (95% CI: 18.2–325).

Table 1. Characteristics of the group and the prevalence of malignant mesothelioma (MM)

Variable Respondents
(N = 309)

Sex [n (%)]
male 235 (76.10)
female 74 (23.90)

Age [years] (M±SD) 58.90±9.80
Exposure to asbestos dust [years] (M±SD) 13.40±9.30
MM cases [n (%)] 16 (5.20)
Epithelioid MM [n (%)] 12 (3.90)
Latency period of MM [years] (M±SD) 40.80±8.90
Increased SMRP level
total [n (%)] 47 (15.20)
serum SMRP level [nmol/l] (M) 2.74

in MM [n (%)] 12 (75.00)
serum SMRP level [nmol/l] (M) 4.06

in epithelioid MM [n (%)] 10 (83.30)
in other malignancies [n (%)] 2 (0.70)

M – mean; SD – standard deviation.
SMRP – soluble mesothelin-related peptide.
The SMRP cut-off value was 1.5 nmol/l.

Table 2. Validity of soluble mesothelin-related peptide (SMRP) 
levels with respect to malignant mesothelioma (MM)

Parameter Validity (95% CI)
Sensitivity  0.750 (0.476–0.927)
Specificity  0.962 (0.914–0.988)
False positivity 0.038 (0.012–0.086)
False negativity 0.250 (0.073–0.524)
Positive predictive value 0.706 (0.440–0.897)
Negative predictive value 0.969 (0.924–0.992)
Positive likelihood ratio 19.950 (8.170–49.330)
Negative likelihood ratio  0.260 (0.110–0.610)
Diagnostic odds ratio 76.800 (18.20–325.00)

CI – confidence interval.
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the development of MM in advance has so far been quite 
debatable and more or less supported by single cases [24]. 
Based on the results of their study, Filiberti et al. do not 
support this ability for a time interval of 1 year [25], while 
Rodríguez Portal et al. concluded that serum SMRP levels 
could serve as a marker of exposure to asbestos [26].
In a 2010 meta-analysis by Luo et al., the sensitivity 
of  SMRP with  respect  to MM was determined  at  0.64, 
specificity at 0.89, positive LR at 7.1, negative LR at 0.39 
and diagnostic OR at 19.35  [14]. However,  the authors 
have  claimed  that  serum  SMRP  determination  plays 
a role in the diagnosis of MM and SMRP concentrations 
should be interpreted in parallel with clinical findings and 
results of conventional tests. In their 2014 updated meta-
analysis, Cui et al. were less positive about the accuracy 
of SMRP measurements  in  serum and pleural fluid  for 
diagnosing MPM [7]. After careful selection, 30 studies 
were included in the meta-analysis. The pooled sensitivity 
of serum SMRP measurements was 0.61, specificity 0.87, 
positive LR 5.71, negative LR 0.43 and DOR 14.43. 
Cui et al. [7] have concluded that both serum and pleural 
fluid SMRP levels are helpful markers for the diagnosis 
of MPM. As shown above, the usefulness of SMRP con-
centration  measurements  for  diagnosing MM  was  bet-
ter in the present study than in the latest meta-analy-
sis  [7]. However,  the  difference  is  not  significant  given 
the large confidence intervals (in particular for sensitiv-
ity, PPV, positive LR and DOR, as  it  has been already 
discussed), mainly due to the low number of MM cases 
in the present study.
Numerous  other  studies  have  confirmed  the  diagnos-
tic  yield  and  convenience  of  the  use  of  SMRP  concen-
trations for the diagnosis of MM, often recommending 
consideration of further diagnostic steps in case of posi-
tive results [5,13,27–30]. For instance, in a recent review, 
Cristaudo et al. have stated that SMRP levels seem to be 
the most adequate biomarker for MM in spite of the fact 
that they may be genetically and clinically affected [2].

recognition of the condition as occupational disease), as-
bestosis (4 cases) and lung adenocarcinoma (1 case).

DISCUSSION
The results of the present study points to the high specific-
ity of the test, which also indicates the low false positivity. 
Practically, this means that in the case of detecting elevat-
ed SMRP levels in formerly asbestos-exposed individuals, 
the possibility of the presence of MM should be included 
into the clinical consideration. The high NPV then signi-
fies a high probability of the absence of the disease when 
the result is negative, but the prevalence in the popula-
tion tested limits the diagnostic value of this result. Sen-
sitivity of  the  test  is  lower and associated with  the  large 
confidence interval. This is caused by the low number of 
patients with MM.
The high PLR means almost the 20 times higher prob-
ability of being SMRP-positive in relation to the presence 
of MM. The result of NLR indicates that the probability 
of suffering from MM when the test was negative was 26% 
and high DOR would  represent a useful diagnostic  test. 
However, the added diagnostic value of these parameters 
including sensitivity, false negativity and PPV is markedly 
attenuated  owing  to  the  considerably  large  confidence 
intervals  whose  estimation  was  strongly  influenced  by 
the low number of patients with MM in our test group.
Despite minor  differences  in  the  findings  of  studies  per-
formed in populations with occupational exposure to asbes-
tos, the use of SMRP concentrations in the detection and 
diagnosis of MM seems quite beneficial. An Italian study 
by Filiberti et al. comprising approximately 1700 persons 
exposed to asbestos displayed a rather reluctant attitude of 
the authors towards the use of SMRP levels as a screening 
marker for MM, who stated that other clinical and demo-
graphic factors must be considered such as age, smoking 
status, a positive history of cancer and others  [21];  this  is 
consistent with some other studies of asbestos-exposed per-
sons [22,23]. The ability of SMRP concentrations to predict 
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estimates [7,28,32,37,44,45]. Grigoriu et al. reported that 
while increasing serum SMRP levels were associated with 
disease progression and worse outcome, stable or decreas-
ing concentrations suggested response to treatment [44]. 
According to Cristaudo et al., high SMRP levels could be 
considered an independent negative prognostic factor in 
patients with MM [28].
Another remarkable option that has been at the forefront 
of investigators’ interest in recent years is the therapeu-
tic use of mesothelin in the form of mesothelin-targeted 
immunotherapies. For these purposes, the use of recom-
binant immunotoxins, monoclonal antibodies and T-cell 
therapy has been studied, all in potential combination 
with chemotherapy, as well as of antimesothelin vaccines 
or antibody-conjugates [46–49]. Most recently, gene-based 
targeted therapy considering mesothelin a key molecular 
target has been suggested [17].
Generally, it may be concluded that more recent studies 
suggest  the  use  of  SMRP  levels  as  a  suitable marker  in 
association with the effectiveness of MM therapy and in-
vestigate the potential for further improvement of the di-
agnostic accuracy of SMRP levels by combining them with 
other markers. A very important area of recent research is 
mesothelin-targeted immunotherapy.

CONCLUSIONS
Given the risks associated with former occupational ex-
posure to asbestos, careful preventive care is of crucial 
importance. The use of adequate examination methods 
considerably increases the probability of disease detec-
tion. In the present study, the high specificity of the test 
was identified indicating the low false positivity as well. 
Practically, this means that in the case of detecting el-
evated SMRP  levels  in  formerly  asbestos-exposed  indi-
viduals, the possibility of the presence of MM should be 
included  into  the  clinical  consideration. The high NPV 
denotes  a  lower  probability  of  the  presence  of MM  in 
patients with normal SMRP levels but due to the limiting 

Given  the  generally  lower  limiting  sensitivity  of  SMRP 
levels,  other  possibilities  combining  SMRPs  and  other 
markers continue to be investigated. According to some 
authors, combinations of several markers could increase 
the  diagnostic  accuracy  [2,31,32];  however,  this  hypoth-
esis  is not supported by all studies [30]. Thus, numerous 
markers have already been tested in this context, mostly 
megakaryocyte-potentiating factor (MPF), usually con-
sidered a component of the soluble fraction of meso-
thelin  (see  above)  and  osteopontin  [2,11,30,31,33–38]. 
The  highest  yield  seems  to  be  associated with MPF de-
termination. According to Cui et al., the diagnostic ac-
curacy  of  serum  MPF  concentrations  was  even  higher 
than that of SMRP levels [7]. Some authors even suggest 
that MPF can be used interchangeably with SMRP [2,33]. 
This  conclusion  is  supported  by  a  large  Japanese  study 
by  Hirohashi  et  al.  who  determined  N-ERC/mesothelin 
or MPF levels in 40 000 asbestos-exposed participants. 
These were shown to be a potentially useful blood tumor 
markers for the early diagnosis of MM in asbestos-ex-
posed populations, even in case of mass examination [38]. 
Although  osteopontin  alone  showed  insufficient  speci-
ficity  [2],  some  studies  support  the  utility  of  SMRP  lev-
els  combined  with  osteopontin  concentrations  [11,31]. 
Other investigated markers included, for instance, CY-
FRA 21-1 (cytokeratin 19-fragments), cancer anti-
gen 15.3 (CA), CA 125 (MUC 16), calretinin, carcinoem-
bryonic antigen, intelectin-1, human mammoglobin, tissue 
polypeptide antigen, VEGF (vascular endothelial growth 
factor), EMA (endomysial antibody), Ber-Ep4 (mouse 
monoclonal EpCAM antibody), TTF-1 (thyroid transcrip-
tion factor-1) or hyaluronic acid  [30,31,39–42]. So-called 
pleural  fluid  DNA  integrity  index  is  another  candidate 
biomarker for diagnosing malignant pleural effusions, 
including mesothelioma [43].
A very promising approach in the nearest future 
seems  to  be  determination  of  SMRP  levels  as  a  part 
of treatment response monitoring or even prognosis 
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related  mesothelioma:  Serum  diagnostic  markers.  Pathol 

lower  sensitivity,  this  possibility  cannot  be  entirely  ex-
cluded.  The  use  of  serum  SMRP  level  measurements 
in the care for previously asbestos-exposed persons ap-
pears to be a beneficial supportive diagnostic tool when 
combined  with  other  diagnostic,  in  particular  imaging, 
methods.
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