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ABSTRACT
Objectives Calretinin and mesothelin are molecular 
markers for the detection of malignant mesothelioma at 
early stages. Our objective was the re- evaluation of factors 
influencing calretinin and mesothelin concentrations in 
plasma of cancer- free men in order to minimise false- 
positive tests when using commercial assays approved for 
clinical diagnostics.
Setting This re- evaluation used data and archived blood 
samples of the population- based Heinz Nixdorf Recall 
Study (HNRS) collected from 2011 to 2014.
Participants The present analysis comprised of 569 
cancer- free men at the time of blood sampling (median 
age 70 years) from HNRS.
Primary and secondary outcomes Mesothelin plasma 
concentration was determined using ELISA and CLEIA 
(chemiluminescent enzyme immunoassay). Calretinin 
plasma concentration was assessed using ELISA.
Results Compared with the previous determination of 
concentrations, we detected less false- positive tests using 
the commercial assays. In this analysis, we found nine 
false- positive calretinin tests using the ELISA (specificity 
98.4%, 95% CI 97.0% to 99.2%) and 24 false- positive 
mesothelin tests using both ELISA and CLEIA (specificity 
95.8%, 95% CI 93.8% to 97.2%). We confirmed renal 
dysfunction as major predictor of elevated marker 
concentrations. Mesothelin was additionally affected by 
bronchitis. Furthermore, elevated inflammation values and 
hypertension only affected the mesothelin concentration 
determined by ELISA.
Conclusions The newly available assays of calretinin 
and mesothelin approved for clinical diagnostics showed 
high specificities in the population- based cohort of elderly 
men without a malignant disease. The current evaluation 
provides a basis to consider influencing factors in order to 
further improve the diagnostic procedure.

INTRODUCTION
Malignant mesothelioma is an aggressive 
cancer of the serous membranes mainly 
caused by a former exposure to asbestos. 

Worldwide its incidence is increasing and 
with 38 000 annual deaths mesothelioma 
presents a global health issue.1 Mesothelioma 
is characterised by a very long latency period 
between exposure to asbestos and diagnosis 
and a very poor prognosis with a median 
survival being less than 12 months because 
the majority of patients are diagnosed at 
advanced stages.2 3 It has been shown that 
patients diagnosed earlier and undergoing 
multimodal therapy have longer median 
survival rates in the range of 30–51 months.4 
Thus, the detection of mesothelioma at early 
stages seems to be a promising opportunity to 
improve therapy options and survival.

Currently, calretinin and mesothelin are 
the most prominent blood- based biomarkers 

Strengths and limitations of this study

 ► This is the first study exploring potential predictors 
associated with false- positive tests of blood- based 
markers for malignant mesothelioma in plasma us-
ing assays approved for clinical diagnostics.

 ► The study population was enrolled from the gen-
eral population and not from a cohort of asbestos 
workers.

 ► Determinants influencing marker concentrations 
were identified in order to minimise false- positive 
tests of calretinin and mesothelin for the use of 
these markers in clinical practice to detect malig-
nant mesothelioma at early stages.

 ► Due to the higher incidence of mesothelioma in men 
compared with women, only men were included in 
this study, so possible gender differences could not 
be investigated.

 ► High specificities of mesothelin and calretinin were 
based on small numbers of false- positive tests lim-
iting the power of detecting predictors.
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for mesothelioma.5 6 Notably, imaging is less sensitive in 
detecting this malignant disease.7 For the detection of 
mesothelioma prior to a clinical diagnosis, only the combi-
nation of calretinin and mesothelin has been validated in 
a prospective study so far, showing a sensitivity of 46% at a 
predefined specificity of 98% using plasma samples from 
prediagnostic mesothelioma cases.8 This high specificity 
is necessary in screening with tumour markers to reduce 
false- positive tests in cancer- free subjects to an accept-
able minimum,9 because false- positive tests might result 
in psychological stress and needless invasive diagnostic 
work- up procedures for the individuals concerned. Thus, 
there is an urgent need to identify parameters influencing 
the marker concentrations in subjects without the malig-
nant disease to improve the performance of the markers 
for the routine application in clinical practice. It is known 
that renal dysfunction10–13 and hypertension13 could lead 
to increased mesothelin concentrations. Also calretinin 
might be influenced by renal dysfunction.13

This study re- evaluates a previous analysis of calretinin 
and mesothelin in plasma samples from 569 cancer- free 
men to identify factors influencing their concentrations 
in order to minimise false- positive test results for the 
detection of malignant mesothelioma.13 In contrast to 
the previous analysis, here we only used commercially 
available assays, which are approved for clinical diagnos-
tics, namely a calretinin ELISA, a mesothelin ELISA and a 
mesothelin CLEIA (chemiluminescent enzyme immuno-
assay), to examine predictors of positive tests in order to 
further improve the specificity of these markers.

METHODS
Study population
The study population comprised of 569 men from the 
second follow- up survey (2011–2014) of the Heinz 
Nixdorf Recall Study (HNRS) within the framework of 
‘Arbeitsmedizinische Forschung in epidemiologischen 
Kohortenstudien’—Occupational medical research in 
epidemiological cohort studies, which aimed at investi-
gating occupational risk factors within HNRS.14 HNRS 
is a prospective population- based cohort study in the 
Ruhr area, an industrial centre in Germany. Its rationale, 
design and implementation have been described before.15 
Notably, at the time of blood collection, all participants 
were without a malignant disease.

Information on sociodemographic characteristics, 
current and chronic diseases (hypertension, bronchial 
asthma, bronchitis, chronic obstructive pulmonary 
disease, pneumoconiosis, pneumonia, pulmonary emphy-
sema, tuberculosis, arthritis, diabetes mellitus, hepatitis 
and cancer), and medications was derived from question-
naires. We further included follow- up information on the 
development of cancer and data on 36 blood parame-
ters analysed in the central laboratory of the University 
Hospital Essen with standard methods.16 The distribution 
of blood parameters in the study population and standard 

values have already been published in our previous study 
(online supplemental table S1).13

Determination of mesothelin and calretinin
Peripheral blood was collected from each partici-
pant in 9.0 mL S- Monovette EDTA gel tubes (Sarstedt, 
Nümbrecht, Germany) and centrifuged at 2000× g for 10 
min. Plasma was separated from the cellular fraction and 
frozen immediately at −80°C until analyses. Calretinin was 
measured between October 2018 and November 2018. 
Mesothelin was determined between September 2019 and 
October 2019 (CLEIA) and October 2019 and November 
2019 (ELISA), respectively.

Plasma calretinin was determined using the Calre-
tinin ELISA kit (DLD Diagnostika, Hamburg, Germany) 
according to the manufacturers’ instructions. The Calre-
tinin ELISA is based on polyclonal anticalretinin anti-
bodies from immunised rabbits.17 The limit of detection 
(LoD) of the Calretinin ELISA is 0.05 ng/mL and the 
overall precision ≤10.4% CV. Marker results were marked 
positive if the calretinin concentrations were above the 
cut- off of 0.6 ng/mL.8 Plasma mesothelin was measured 
with the Lumipulse G Mesothelin assays (Fujirebio, 
Tokyo, Japan) using the CLEIA analyser Lumipulse G600 
II (Fujirebio) and the Mesomark ELISA kit (Fujirebio 
Diagnostics, Malvern, Pennsylvania, USA), respectively, 
according to the manufacturers’ instructions. The LoD of 
the mesothelin CLEIA is 0.03 nM and the overall precision 
≤10.0% CV. The LoD of the mesothelin ELISA is 0.3 nM 
and the overall precision ≤15.0% CV. Marker results were 
marked as positive if mesothelin concentrations were 
≥1.5 nM (mesothelin CLEIA) and ≥2.0 nM (mesothelin 
ELISA), respectively. The mesothelin assays are based on 
the monoclonal antibodies OV569 and 4H3.18 All marker 
kits are CE marked and approved for in vitro diagnostics.

Statistical analysis
Box plots with median and IQR were used to depict the 
distribution of marker concentrations. Whiskers repre-
sent minimum and maximum. Marker concentrations 
were compared using the non- parametric Kruskal- Wallis 
test. Specificity of markers was calculated as amount 
of negative marker results divided by amount of total 
marker results and presented with 95% modified Wald 
confidence limits. Spearman’s correlation coefficients 
(rS) and 95% CIs were used to describe rank correlations 
between variables.

As effect estimate for marker concentrations being above 
their cut- offs, we calculated prevalence ORs (PORs) and 
95% CIs. Potential predictors were age, smoking status 
(never, former, current), self- assessed diseases (yes, no), 
development of cancer after blood sampling (yes, no), 
current medication intake (yes, no) and 36 blood param-
eters (within, below or above standard values). First, PORs 
were estimated with univariate logistic regression models 
to identify influencing variables for each marker sepa-
rately. Next, we conducted multiple regression models 
based on our previous analyses and preliminary work.13

https://dx.doi.org/10.1136/bmjopen-2020-039079
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Statistical analyses were done using SAS, V.9.4 (SAS 
Institute). GraphPad Prism V.7.04 (GraphPad Software, 
La Jolla, California, USA) was used to prepare graphs.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

RESULTS
Study population
The study population has been characterised elsewhere.13 
In brief, the median age of the 569 analysed men was 70 
years (range 56–84 years). Most men have ever smoked 
(12% current smokers, 56% former smokers), whereas 
176 men were non- smokers (31%). After blood collec-
tion cancer other than mesothelioma was diagnosed in 
20 men, whereof 9 received a diagnosis within 1 year. The 
most frequently self- reported diseases were hyperten-
sion with 365 cases (64.1%) and diabetes mellitus with 
120 cases (21.1%). Hence, antihypertensive drugs were 
commonly used within the last week before examination 
(61.5%). Most participants with hypertension took anti-
hypertensive drugs (95.9%).

Marker performance
The median calretinin concentration was 0.17 ng/mL 
(IQR 0.12–0.24 ng/mL) and showed nine false- positive 
marker tests (1.6%). Hence, the specificity for calretinin 
was 98.4% (95% CI 97.0% to 99.2%). Median mesothelin 
concentrations were 0.66 nM (IQR 0.49–0.94 nM) and 
0.84 nM (IQR 0.57–1.21 nM) using the mesothelin CLEIA 
and mesothelin ELISA, respectively. In both mesothelin 

assays, positive results were observed for 24 subjects 
(4.2%), resulting in specificities of 95.8% (95% CI 93.8% 
to 97.2%). Twenty- one men (3.7%) were tested marker 
positive with both assays. The distributions of all marker 
concentrations in the study group (online supplemental 
figure 1) and the comparisons with those of previously 
used marker assays (online supplemental figure 2) are 
presented in the online supplemental file.

The Spearman correlations between markers, age and 
blood parameters determined previously are presented in 
table 1. Calretinin and mesothelin were weakly correlated 
whereby the correlation of the calretinin ELISA with the 
mesothelin CLEIA was slightly stronger (rS=0.25, 95% CI 
0.18 to 0.33). The concentrations of calretinin and 
mesothelin increased by age and by blood parameters 
reflecting renal function (cystatin C and creatinine).

Potential predictors of positive test results
Table 2 depicts the results of the univariate logistic regres-
sion models for predictors of marker concentration above 
the cut- offs. Calretinin and mesothelin were affected by 
renal dysfunction as indicated by cystatin C and creati-
nine, as well as brain natriuretic peptide (BNP), haemo-
globin, red blood cells and haematocrit. Additionally, 
mesothelin, determined by CLEIA as well as ELISA, was 
influenced by age, C reactive protein (CRP), fibrinogen, 
current hypertension, current antihypertensive intake 
and current bronchitis as shown by significantly increased 
PORs. Mesothelin determined using the ELISA was addi-
tionally affected by increased triglycerides concentra-
tions, a marker of fat metabolism. Only one participant 
with cancer past blood collection showed an increased 
mesothelin concentration determined by CLEIA and no 

Table 1 Spearman correlations (RS) and 95% CI of calretinin and mesothelin assessed with assays approved for clinical 
diagnostics with age and blood parameters determined previously

Calretinin ELISA (ng/mL) Mesothelin CLEIA (nM) Mesothelin ELISA (nM)

rS (95% CI) rS (95% CI) rS (95% CI)

Mesothelin CLEIA (nM) 0.25 (0.18 to 0.33)

Mesothelin ELISA (nM) 0.21 (0.13 to 0.29) 0.93 (0.92 to 0.94)

Age (years) 0.21 (0.13 to 0.29) 0.27 (0.20 to 0.35) 0.24 (0.16 to 0.32)

C reactive protein (mg/dL) 0.21 (0.13 to 0.29) 0.10 (0.01 to 0.18) 0.08 (0.00 to 0.16)

Fibrinogen (mg/dL) 0.12 (0.04 to 0.20) 0.08 (0.00 to 0.16) 0.09 (0.01 to 0.17)

Cystatin C (mg/L) 0.53 (0.46 to 0.58) 0.33 (0.25 to 0.40) 0.27 (0.20 to 0.35)

Creatinine (mg/dL) 0.41 (0.34 to 0.47) 0.28 (0.20 to 0.35) 0.24 (0.17 to 0.32)

Brain natriuretic peptide (pg/mL) 0.14 (0.06 to 0.22) 0.06 (−0.02 to 0.14) 0.06 (−0.03 to 0.14)

Haemoglobin, (g/L) −1.3 (−0.21 to −0.05) −0.80 (−0.16 to 0.00) −0.70 (−0.15 to 0.01)

Red blood cells (×1012/L) −0.10 (−0.19 to −0.02) −0.11 (−0.19 to −0.02) −0.10 (−0.18 to −0.02)

Haematocrit (L/L) −0.12 (−0.20 to −0.03) −0.04 (−0.12 to 0.04) −0.05 (−0.13 to 0.03)

Triglycerides (mg/dL) 0.19 (0.11 to 0.27) 0.00 (−0.09 to 0.08) −0.02 (−0.10 to 0.07)

Haemoglobin A1c (%) 0.16 (0.08 to 0.24) 0.03 (−0.06 to 0.11) 0.01 (−0.07 to 0.10)

Statistically significant results are marked in bold.
CLEIA, chemiluminescent enzyme immunoassay.
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participant an increased calretinin concentration above 
the cut- off at the time of blood collection (data not 
shown).

The results of the multiple logistic regression models in 
the whole study population are presented in table 3. Calre-
tinin concentration was only affected by cystatin C with 
a POR of 17.5 (95% CI 4.40 to 69.7). Cystatin C (meso-
thelin CLEIA: POR=12.1, 95% CI 4.46 to 33.0; mesothelin 
ELISA: POR=9.58, 95% CI 3.46 to 26.5) and current 
bronchitis (mesothelin CLEIA: POR=6.13, 95% CI 1.10 
to 34.1; mesothelin ELISA: POR=7.38, 95% CI 1.35 to 
40.3) showed an impact on mesothelin. Whereas elevated 
inflammation values (CRP: POR=3.00, 95% CI 1.17 to 
7.67) and current hypertension (POR=4.63, 95% CI 1.01 
to 21.2) only affected the mesothelin concentration 
determined by ELISA.

DISCUSSION
Cancer is frequently diagnosed at late stages of the 
disease when therapy options are limited. One major aim 
in cancer research is to detect cancer at early and hence 
potentially more curative stages. For malignant mesothe-
lioma it is indicated that the determination of mesothelin 
and calretinin in plasma is appropriate for the detec-
tion of the tumour up to about a year before the clinical 
diagnosis.8 Importantly, in screening procedures, false- 
positive tests in cancer- free individuals should be reduced 
to an acceptable minimum in order to avoid an invasive 
diagnostic work- up.9 19 Knowledge regarding the impact 
of influencing factors, for example, benign diseases and 
specific blood parameters, leading to altered marker 
concentrations in subjects without malignant disease, 
is often limited. However, relevant predictors must be 
considered when subjects are examined with the goal to 
detect cancer early.

The move from bench to bedside in routine diagnostics 
might be hampered by a lack of reliable assays, because 

laboratory- developed assays are neither approved for clin-
ical diagnostics nor commercially available and optimised 
to that end. This was particularly true for the laboratory- 
developed calretinin ELISA evaluated in our previous 
study.13 Additionally, the mesothelin ELISA evaluated 
in the previous study is for research use only and not 
approved for use in diagnostic procedures.13 In contrast, 
the calretinin ELISA, mesothelin ELISA and mesothelin 
CLEIA in this study fulfil both criteria. Furthermore, 
the mesothelin CLEIA is an automated assay, another 
important criterion for the application in routine diag-
nostics. Thus, it was necessary to re- evaluate the potential 
influencing factors on calretinin and mesothelin concen-
trations for clinical diagnostics to minimise false- positive 
tests.

Performing the measurements using the approved 
assays for calretinin (ELISA) and mesothelin (ELISA, 
CLEIA), we observed specificities of 98.4% and 95.8%, 
respectively. Whereas the obtained specificity for meso-
thelin confirmed the results of the previous study, an 
increased specificity from 94.0% to 98.4% was observed 
for calretinin.13 Hence, the commercially available 
ELISA, which was based on the antibodies of the original 
laboratory- developed ELISA by Raiko et al,17 is less suscep-
tible to influencing factors and makes the marker more 
reliable for clinical diagnostics. Five men were presented 
with a positive calretinin ELISA and a positive mesothelin 
CLEIA test (99.1% specificity) and only four men with a 
positive calretinin ELISA and a positive mesothelin ELISA 
test (99.3% specificity), confirming the results of our 
previous study for the general population.13 However, the 
specificity in the target population, that is, subjects with 
a former exposure to asbestos and/or asbestos- related 
diseases, might be lower—as indicated by Cui et al.6 In 
our study, we initially chose to focus on men, because the 
risk to develop mesothelioma is higher in men than in 
women, due to a higher probability of an occupational 

Table 3 Results of multiple logistic regression models for increased calretinin and mesothelin

Variable Effect

Calretinin ELISA ≥0.6 ng/mL Mesothelin CLEIA ≥1.5 nM Mesothelin ELISA ≥2.0 nM

n* POR† 95% CI n* POR† 95% CI n* POR† 95% CI

Age (years) – – 23 1.06 0.99 to 1.14 23 1.07 1.00 to 1.16

Cystatin C (mg/dL) 
(reference: ≤sv‡)

>sv‡ 5 17.5 4.40 to 69.7 11 12.1 4.46 to 33.0 10 9.58 3.46 to 26.5

C reactive protein (mg/dL) 
(reference: ≤sv‡)

>sv‡ – – 11 2.25 0.87 to 5.84 12 3.00 1.17 to 7.67

Haemoglobin A1c (%) 
(reference: ≤sv‡)

>sv‡ – – 11 0.76 0.28 to 2.03 10 0.60 0.22 to 1.64

Current hypertension 
(reference: no)

Yes 8 3.00 0.36 to 25.3 21 4.40 0.95 to 20.4 21 4.63 1.01 to 21.2

Current bronchitis
(reference: no)

Yes – – 3 6.13 1.10 to 34.1 3 7.38 1.35 to 40.3

Statistically significant results are marked in bold.
*Men with positive marker result and with blood parameters above/below standard values (sv) or disease.
†Prevalence ORs (PORs) with 95% CI.
‡The sv of blood parameters are given in online supplemental table S1.
CLEIA, chemiluminescent enzyme immunoassay.
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exposure to asbestos. From the general population of 
Germany, a gender ratio of about 3.8 to 1 can be observed 
for the incidence of malignant mesothelioma.20 However, 
future studies including women are warranted.

Nevertheless, an advantage of the examined population- 
based cohort is the comprehensive set of data on influ-
encing factors in contrast to the more limited data 
recorded in clinical routine.9 This enables the identifica-
tion of determinants with an impact on marker concen-
trations. It is well known that renal dysfunction affects 
the mesothelin concentration11–13 and this was confirmed 
in this study, as well as for calretinin.13 In more detail, 
we showed that indicators of renal dysfunction, namely 
cystatin C and creatinine, and BNP were increased 
whereas anaemia- related parameters (haemoglobin, red 
blood cells and haematocrit) were decreased in individ-
uals with increased calretinin and mesothelin concen-
trations. Thus, to keep specificity in clinical diagnostics 
high, it might be meaningful to determine established 
markers of renal dysfunction, for example, cystatin C or 
creatinine in addition to the cancer markers. Notably, 
cystatin C might be superior to creatinine because it 
is not affected by age, gender and muscle mass.21 22 In 
contrast, BNP, primarily a marker associated with heart 
failure, can also be increased by advanced renal dysfunc-
tion23 and an increased concentration of BNP in pleural 
effusions has recently been associated with malignant 
mesothelioma.24 Hypertension is strongly associated with 
chronic kidney disease20 and was already indicated as an 
influencing factor for mesothelin.10 In this study, subjects 
with hypertension showed a fourfold higher chance of 
increased mesothelin, independently of the assay used, in 
comparison with non- hypertonic men when considering 
other factors as well. This effect is lower in comparison 
with the previous evaluation.13 Notably, using a higher 
cut- off of 2.9 nM for the mesothelin ELISA, as suggested 
for the early diagnosis of mesothelioma in a high- risk 
cohort of asbestos workers,8 no major differences could 
be observed compared with the lower cut- off, only the 
effect of BNP did no longer exist (online supplemental 
table S2). However, hypertension could not be adequately 
analysed, because all participants with a positive marker 
result suffered from high blood pressure. Overall, hyper-
tension is prevalent in elderly men.25 However, calretinin 
was not affected by hypertension. This supports the deter-
mination of calretinin within the marker panel to detect 
mesothelioma at early stages.

No influence of age could be observed for calretinin, 
confirming previous results.13 17 26 In contrast, a weak 
influence of age on mesothelin could be observed as indi-
cated by a POR of 1.07 (95% CI 1.00 to 1.14) using the 
mesothelin ELISA and a POR of 1.08 (95% CI 1.01 to 
1.15) using the mesothelin CLEIA. However, published 
results regarding the association of age and mesothelin 
are still inconsistent. No differences of mesothelin 
concentrations regarding age could be observed by Pass 
et al,27 whereas age was a statistical predictor of meso-
thelin in three recent studies.26 28 29 Notably, using the 

higher cut- off as applied by Johnen et al,8 the effect of 
age on mesothelin levels was no longer apparent, but the 
result was based on a small number of affected individ-
uals. Nevertheless, it might be meaningful to consider age 
for the assessment of mesothelin results, for example, by 
using an age- depended cut- off.

In normal tissue, mesothelin is expressed at low levels 
and is not detectable. Usually, its release into serum 
results from malignant mesothelioma, but also by some 
other cancers (eg, pancreatic adenocarcinoma or ovarian 
cancers) but not from other inflammatory or pleural 
diseases.30–32 Here, bronchitis was marginally associated 
with increased mesothelin concentrations, confirming the 
results of our previous study.13 Thus, the current health 
status of the patients should be considered, when plasma 
samples are collected. In contrast to the previous study,13 
bronchial asthma was not associated with increased calre-
tinin or mesothelin concentrations.

Additionally, elevated concentrations of triglycerides 
in participants were marginally associated with increased 
mesothelin concentrations using the mesothelin ELISA. 
This is not necessarily in contrast to a previous study 
where triglycerides and other potentially interfering 
substances were added artificially to serum samples in 
order to determine possible disruptive effects on the 
performance of the assay.10 In our previous study and 
when using the mesothelin CLEIA, we did not observe 
an effect of triglycerides on mesothelin concentrations. 
Because these findings are based on small numbers of 
affected individuals and no other parameter of the fat 
metabolism (total high- density lipoprotein and low- 
density lipoprotein cholesterol) had an impact on 
elevated mesothelin concentrations (data not shown), 
this could also be a random finding.

In contrast to laboratory- developed assays, the use 
of commercially available ELISAs and CLEIAs enables 
a quality- assured measurement in the clinical routine 
of calretinin and mesothelin in at- risk groups in order 
to detect malignant mesothelioma at earlier stages. 
The results of this study additionally support the 
clinicians for a better assessment of the patients and 
obtained marker results in order to guide the subse-
quent proceedings. However, larger studies are needed 
to validate these results in order to potentially incorpo-
rate confounding marker values in a reliable formula 
to calculate the probability of a diagnosis of malignant 
mesothelioma.

Some limitations of our study are noteworthy. The high 
observed specificities of calretinin (98%) and mesothelin 
(95%) were based on small numbers of false positives 
which limit the power of detecting predictors. Only men 
were considered in this study, so possible gender differ-
ences could not be investigated. In addition, the study 
population was recruited from the general population 
and not from a cohort of asbestos workers with a higher 
prevalence of asbestosis.

https://dx.doi.org/10.1136/bmjopen-2020-039079
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CONCLUSIONS
Both calretinin and mesothelin showed high specifici-
ties in this population- based cohort of cancer- free men. 
Whereas calretinin was only affected by renal dysfunc-
tion, mesothelin was affected by renal dysfunction as well 
as hypertension, age and current bronchitis. The applica-
tion of biomarkers for early detection of mesothelioma 
requires reliable assays that have been approved for clin-
ical diagnostics. The current evaluation of newly available 
assays for calretinin and mesothelin provides a basis to 
consider influencing factors in order to further improve 
the diagnostic procedure.
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