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Abstract

Background: Soluble mesothelin-related peptide (sMRP) 
has shown great potential for malignant mesothelioma 
detection. However, data on comparison with other cancer 
and benign diseases as well as with other established lung 
cancer biomarkers are rare.
Methods: In this study, SMRP was investigated in sera 
from 1506 individuals including 147 healthy donors, 285 
patients with diverse benign diseases and 1074 patients 
with mesothelioma (n = 39) and various malignant tumors 
(lung, gastrointestinal, gynecological, urological). For dif-
ferential diagnosis of lung diseases, carcinoembryonic 
antigen, cytokeratin 19-fragments (CYFRA 21-1), neuron-
specific enolase and squamous cell cancer antigen were 
determined additionally.
Results: Ninety-fifth percentiles of sMRP serum levels 
in healthy persons were 1.2 nM, in patients with 

benign diseases between 2.0 and 3.8 nM and in cancer 
patients between 1.5 and 44.3 nM. Highest values were 
observed in mesothelioma (median 2.3 nM; 95th percen-
tile 44.3  nM). When differential diagnostic capacity of 
cancer detection vs. the relevant benign control group 
was tested, sMRP showed best results for mesothelioma 
and ovarian cancer with a sensitivity of 45% and 37%, 
respectively, at 95% specificity. At 100% specificity vs. 
normal controls, sensitivity for mesothelioma detection 
was found to be 59% for sMRP, 73% for CYFRA 21-1 and 
88% for the combination of both. At 95% specificity vs. 
all other lung diseases, sensitivity for mesothelioma was 
48% for sMRP, 15% for CYFRA 21-1 and 46% for the com-
bination of both.
Conclusions: In summary, SMRP is a valuable serum 
biomarker that is specific at high concentrations for the 
detection of malignant mesothelioma. For screening pur-
poses, the combination with CYFRA 21-1 improves the sen-
sitivity at high specificity.

Keywords: CYFRA 21-1; diagnosis; mesothelin; mesothe-
lioma; serum.

Zusammenfassung

Hintergrund: Das lösliche Mesothelin Related Peptide 
(sMRP) zeigt großes Potential für die Detektion von mali-
gnen Mesotheliomen. Jedoch sind wenige Daten zum 
Vergleich mit anderen Tumorarten und benignen Erkran-
kungen wie auch mit anderen etablierten Biomarkern des 
Lungenkarzinoms verfügbar.
Methoden: In dieser Studie wurde sMRP in Sera von 1506 
Personen untersucht, darunter 147 gesunde Kontrollper-
sonen, 285 Patienten mit unterschiedlichen benignen 
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Erkrankungen und 1047 Patienten mit malignem Mesothe-
liom (n = 39) und verschiedenen weiteren malignen Tumor
erkrankungen (Lunge, gastrointestinale, gynäkologische, 
urologische). Zur Differentialdiagnose von Lungenerkran-
kungen wurden zusätzlich das carcinoembryonale Antigen, 
Cytokeratin 19-Fragmente (CYFRA 21-1), die Neuronen-spe-
zifische Enolase und das Squamous Cell Cancer Antigen 
bestimmt.
Ergebnisse: Die 95. Perzentile der sMRP-Serumwerte bei 
gesunden Personen war 1.2 nM, bei Patienten mit beni-
gnen Erkrankungen zwischen 2.0 und 3.8  nM und bei 
Patienten mit einer Tumorerkrankung zwischen 1.5 und 
44.3 nM. Die höchsten Werte wurden beim Mesotheliom 
beobachtet (Median 2.3 nM; 95. Perzentile 44.3 nM). 
Bei der Untersuchung des Potentials für die Differenti-
aldiagnose von Tumoren und den relevanten benignen 
Erkrankungen zeigte sMRP die besten Ergebnisse für 
das Mesotheliom und das Ovarialkarzinom mit Sensiti-
vitäten von 45% und 37% bei einer 95% Spezifität. Bei 
100% Spezifität gegenüber gesunden Kontrollpersonen 
war die Sensitivität für die Erkennung eines Mesotheli-
oms bei 59% für sMRP, 73% für CYFRA 21-1 und 88% für 
die Kombination der beiden Marker. Bei 95% Spezifität 
gegenüber allen anderen Lungenerkrankungen war die 
Sensitivität für das Mesotheliom 48% für sMRP, 15% für 
CYFRA 21-1 und 46% für die Kombination der beiden 
Marker.
Schlussfolgerungen: SMRP ist ein wertvoller Serum-Bio-
marker, welcher in hohen Konzentrationen das maligne 
Mesotheliom spezifisch erkennt. Beim Screening verbes-
sert die Kombination mit CYFRA 21-1 die Sensitivität bei 
hoher Spezifität.

Schlüsselwörter: CYFRA 21-1; Diagnose; Mesothelin; 
Mesotheliom; Serum.

Statement
This study on serum samples of more than 1500 individu-
als shows a comprehensive view of the high diagnostic 
potential of soluble mesothelin-related peptide (sMRP) 
for the detection of mesothelioma and ovarian cancer 
but not for other solid malignancies when compared with 
healthy controls and the organ-specific benign diseases. 
While sMRP outperforms other lung serum biomarkers 
CEA, NSE and SCC with respect to mesothelioma detec-
tion in the screening situation, the combination of sMRP 
with CYFRA 21-1 improves sensitivity at high specificity as 
compared with both markers alone.

Introduction
Malignant mesothelioma is an aggressive tumor that 
is known to be closely associated with the exposure to 
asbestos. It affects serosal surfaces such as the pleura, the 
peritoneum or the pericardium and is often detected by 
chance when unexplained pleural effusion and pleural 
pain are present [1, 2]. Formerly a rare disease, the inci-
dence of malignant mesothelioma is currently increas-
ing worldwide, probably due to the asbestos exposure 
until the late 1980s in modern industrialized nations. As 
cancerogenesis in mesothelioma is known to occur over 
several decades, the peak of the incidence rate is expected 
to peak in 2020 in Europe and 2025 in Japan. In the United 
States the peak is supposed to have already passed in 
2004, whereas in the developing world the still high expo-
sure to asbestos will produce high numbers of mesothe-
lioma patients in future [2].

The median survival of patients with malignant 
mesothelioma from the time of diagnosis is 12  months 
and could not be improved substantially during recent 
decades. However, recent developments in surgical, 
chemotherapeutical and immunotherapeutical treatment 
programs give hope to a more intensified research in this 
field [1–4]. Further reasons for the increasing interest in 
mesothelioma are the expected economic burdens of com-
pensations for asbestos exposure which are supposed to 
account for $200 billion for the United States and $80 
billion for Europe in the next 40 years [2].

Early detection of mesothelioma by clinical and radi-
ological findings is still difficult. However, as biological 
changes during cancerogenesis are supposed to be mir-
rored by blood and bodily fluid markers, new blood-based 
techniques are sought to improve the early detection 
and by earlier treatment, hopefully, also the survival of 
patients suffering from mesothelioma [2, 5]. One promis-
ing approach is the development of assays for the quanti-
fication of soluble mesothelin-related peptide (sMRP) that 
showed an excellent performance for mesothelioma detec-
tion [6–11]. Those assays demonstrated good methodical 
prerequisites [11–13] and enabled the measurement of 
sMRP in serum, pleural effusion and urine [6–15].

The mesothelin antigen is a 40  kDa glycoprotein 
attachted to the cell surface by phosphatidylinositol, 
which has putative functions in cell-to-cell adhesion and 
possibly in cell-to-cell recognition and signalling [16–18]. 
It originates from a precursor 69  kDa protein that forms 
the membrane-bound mesothelin and a soluble protein 
megakaryocyte potentiating factor (MPF) [6, 7]. Mesothe-
lin is recognized by the monoclonal antibody OV569 on 
normal mesothelial cells [16], and is overexpressed on 
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malignant mesothelioma [19, 20], ovarian cancer [17, 19, 
21], pancreatic cancer [22, 23], sarcomas [23], gastrointes-
tinal cancers [19, 24] and lung cancers [19, 25] but not on 
healthy tissues.

Even if the exact mechanism of mesothelin release 
from mesothelial cells is not clear yet, it was detected 
in elevated amounts in serum of patients with mesothe-
lioma and ovarian cancer [6–11, 17, 26–28]. These studies 
were based on the OV569 antibody which was shown to 
also detect a third member of the mesothelin family [17]; 
therefore, the antigens measured in blood were named 
sMRP [6]. In several reports, sMRP was shown to specifi-
cally discriminate mesothelioma patients from other lung-
related diseases particularly from individuals who have 
been exposed to asbestos [6–11, 27–29]. Others have com-
pared sMRP with MPF and found similar or better diagnos-
tic performance for sMRP [30, 31]. While osteopontin was 
found to have high diagnostic potential in mesothelioma 
as well [32], a recent study showed that the combination 
of sMRP and ostopontin further improves the diagnos-
tic sensitivity and specificity [33]. In contrast, sMRP was 
superior to hyaluronic acid [34], CA 125 and cytokeratin 
19 fragments (CYFRA 21-1) in the diagnosis of mesotheli-
oma [35]. Further studies showed the relevance of sMRP 
in therapy monitoring and prognosis of mesothelioma [8, 
9, 36]. In addition, the first therapeutic approach to target 
mesothelin-related peptides in mesothelioma using a chi-
meric anti-mesothelin monoclonal antibody MORAb-009 
was reported [37].

Despite the numerous studies on sMRP in mesothe-
lioma and lung diseases, there are only few systematic 
data available on the release of sMRP in various malignant 
and non-malignant diseases so far [11]. However, compre-
hensive knowledge on the marker release would be neces-
sary if sMRP is used as a screening tool for mesothelioma. 
Although earlier studies indicated a role of other lung 
cancer biomarkers for mesothelioma detection such as 
CYFRA 21-1 and carcinoembryonic antigen (CEA) [38–41], 
there are few reports on the direct comparison of sMRP 
with those lung cancer biomarkers [35, 41].

Following the recommendations of the European 
Group on Tumor Markers (EGTM) [42] for the clinical 
investigation of new biomarkers, we started a comprehen-
sive study including patients with a variety of cancer types 
as well as with various benign diseases that potentially 
interfere with the mesothelin metabolism. Further, we 
investigated other serum biomarkers in parallel which are 
already established for lung cancer detection such as CEA, 
CYFRA 21-1, neuron-specific enolase (NSE), and squamous 
cell cancer antigen (SCCA) [43–45] to enable a fair com-
parison with sMRP for differential diagnosis of malignant 

mesothelioma and to test any potential additive value of 
the markers for mesothelioma detection.

Materials and methods
Patient sera

The current study was done retrospectively using 1506 samples of fro-
zen serum stored at –80 °C. We included samples from 147 healthy 
donors, 285 patients with benign diseases and 1074 patients with malig-
nant tumors. The group with benign diseases included 106 patients 
with lung diseases (tuberculosis, sarcoidosis, allergic, autoimmune and 
infectious lung diseases and others), 50 with benign gastrointestinal 
diseases (adenoma, polyposis, colitis, Crohn’s disease, gastritis, pep-
tic ulcer disease, pancreatitis, cholecystolithiasis and others), 49 with 
gynecologic diseases (ovarian cysts, endometriosis, uterus myomatosus 
and others), 50 with breast diseases (mastitis, fibroadenoma and oth-
ers) and 30 with benign urological diseases (nephritis, nephrolithiasis, 
renal insufficiency and others). Serum samples were obtained at time of 
diagnosis or at acute stage of disease before start of the respective ther-
apy, i.e., prior to surgery, anti-inflammatory or antibiotic treatment, etc.

The group with malignant diseases comprised 39 patients with 
pleural mesothelioma, 476 with lung cancer, 69 with nasopharyngeal 
cancer, 214 with gastrointestinal cancers (esophagus, stomach, hepa-
tocellular, pancreatic, colorectal and anal cancer), 171 with gyneco-
logical cancers (ovarian, cervical and uterus cancer), 49 with breast 
cancer and 56 with urological cancers (prostate and renal cell can-
cer). Serum samples from all cancer patients were obtained prior to 
surgery, which was the most frequent treatment modality, or before 
start of chemotherapy or radiotherapy, respectively.

All samples were centrifuged, aliquoted and stored at –80 °C 
at day of collection. They were thawed only once for measurement 
of the markers. Study samples were residues of samples that were 
drawn for routine diagnostics of patients treated at the University 
Hospital Munich; therefore, no additional blood was taken from 
patients beyond that for clinical diagnostic purposes. All clinical 
patient data were anonymized at time of evaluation.

Methods

Serum levels of sMRP were determined by a sandwich ELISA (Fujire-
bio Diagnostics, Malvern, PA, USA) using monoclonal 4H3 as capture 
and monoclonal OV 569 as tracer antibody. In brief, patient sera and 
calibrator control were incubated in microplates coated with 4H3 
antibodies for 1 h. Subsequently, plates were washed and incubated 
with conjugate containing OV 569 antibodies for 1 h. Finally, plates 
were washed and developed using the TMB Peroxidase Substrate Sys-
tem for 15 min. Then HCL stop solution was added, and absorbance 
was measured at 450 nm. Calculation of concentrations was done 
using software of Courbes RD and a four-point calibration curve.

Serum levels of cytokeratin 19 fragments (CYFRA 21-1), CEA and 
NSE were measured by electrochemoluminescense using the Elec-
sys 2010 analyzer (Roche Diagnostics, Mannheim, Germany). SCCA 
was determined at the ImX System (Abbott Diagnostics, Wiesbaden, 
Germany).
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Statistical analysis

SMRP concentrations in sera of healthy individuals, patients with 
benign diseases and cancer patients were expressed graphically as dot 
plots and statistically as median, range, and 75th and 95th percentiles.

To assess the diagnostic capacity of sMRP, receiver operat-
ing characteristic (ROC) curves were established to cover the entire 
spectrum of sensitivity and specificity. This analysis was done for all 
cancer types investigated when compared with the relevant benign 
control group, and areas under the curves (AUC) were given. In addi-
tion, diagnostic sensitivity of sMRP at 95% specificity vs. the relevant 
benign control group was indicated.

To assess the diagnostic capacity of sMRP for mesothelioma detec-
tion in comparison with other established lung cancer biomarkers such 
as CYFRA 21-1, CEA, NSE and SCCA, ROC curves were established for 
all markers using various control groups: healthy individuals, patients 
with benign lung diseases and patients with all (benign and malignant) 
lung diseases. In addition, diagnostic sensitivity of all markers at 95% 
specificity vs. the various control groups were indicated. Finally, these 
calculations were done for the combination of sMRP and CYFRA 21-1, 
too. Combination of two markers in ROC curves was done by testing 
sensitivity and specificity at all possible cutoff combinations. At a given 
specificity the best sensitivity of the combinations was chosen.

Results

Tumor specificity

Serum sMRP levels showed only low concentrations in 
healthy individuals ranging from 0.1 to 1.6  nM with the 
median at 0.5 nM and the 95th percentile at 1.2 nM (Table 1 
and Figure 1). In benign diseases, sMRP levels were only 
slightly higher with medians between 0.7 and 0.8 nM, as 
well as 95th percentiles between 2.0 and 3.8 nM. Highest 
values up to 8.4 nM were observed in single patients with 
benign lung diseases; however, the 95th percentile was 
only at 2.8 nM in this group. Slightly higher at 3.8 nM was 
the 95th percentile in patients with benign gastrointesti-
nal diseases including those with impaired liver function 
potentially relevant for sMRP metabolism. sMRP levels 
in benign gynecological and breast diseases were homo-
geneously low, ranging up to 2.9 and 2.8  nM (95th per-
centiles 2.0 and 2.4 nM, respectively). Benign urological 
diseases such as renal insufficiency potentially involved 
in sMRP elimination did not affect sMRP concentrations, 
too. Highest values observed were 3.5 nM, and the 95th 
percentile was at 2.8 nM (Table 1 and Figure 1).

Organ specificity

Also in various cancer diseases, sMRP levels were only 
slightly elevated. In gastrointestinal cancers, median 

levels ranged between 0.6 nM in gastric cancer and 1.2 nM 
in colorectal cancer. The highest concentrations were 
found in colorectal cancer up to 6.0  nM and a 95th per-
centile at 3.6 nM. Lower were the 95th percentiles in anal 
cancer (3.5  nM), esophagus cancer (2.8 nM), pancreatic 
cancer (2.4 nM), gastric cancer (2.0 nM) and hepatocel-
lular cancer (1.8 nM), respectively. Similarly, low or even 
lower values were observed in breast cancer (median 0.8 
nM; 95th percentile 1.5 nM) and gynecological cancers 
such as cervical cancer (median 0.8 nM; 95th percentile 
2.4 nM) and endometrial cancer (median 0.9 nM; 95th 
percentile 3.2 nM). However, patients with ovarian cancer 
had a considerably higher release of sMRP with concen-
trations up to 24.1 nM (median 1.5 nM; 95th percentile 19.8 
nM). As expected, very high value levels up to 50.0  nM 
were found in mesothelioma patients, too. In this group, 
the median was at 2.3 nM and the 95th percentile at 44.3 
nM. In contrast, other lung tumors showed only slightly 
elevated sMRP levels (median 0.9 nM; 95th percentile 
2.7 nM) (Table 1 and Figure 1A).

Histological specificity

Among the various histological lung cancer subtypes, 
medians were in a comparable range between 0.7 and 
1.1 nM. However, 95th percentiles were highest for adeno-
carcinoma (4.1 nM) and large-cell cancer (5.4 nM), which 
are known to be the most relevant ones for differential 
diagnosis of malignant mesothelioma. In these sub-
groups, single patients showed serum sMRP levels up to 
13.7 nM (Table 1 and Figure 1B).

Diagnostic sensitivity for cancer detection

Following the recommendations of the EGTM [42] for the 
clinical investigation of new biomarkers, the diagnos-
tic capacity of sMRP for the detection of various cancers 
was assessed by ROC curves when compared with the 
relevant benign control groups (Table 2 and Figure 3). 
Corresponding with the low sMRP value ranges found in 
most cancer types, the differential diagnostic potential of 
sMRP was poor, particularly for esophageal, gastric, hepa-
tocellular, pancreatic, anal, breast, cervical, endometrial, 
renal, nasopharyngeal and lung cancer, respectively, with 
AUCs  < 0.60. Accordingly, the diagnostic sensitivity for 
cancer detection at 95% specificity vs. the relevant benign 
control group was lower than 10% for all these cancer 
types. Higher diagnostic sensitivities were only found for 
the detection of mesothelioma with an AUC of 0.77 and a 
diagnostic sensitivity of 45% at 95% specificity vs. benign 
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Table 1: SMRP levels in sera of healthy individuals and patients with various benign and cancer diseases.

Diagnosis Subtype n Median, nM Range, nM 75th percentile, nM 95th percentile, nM

Healthy individuals 147 0.5 0.1–1.6 0.7 1.2
Benign gastrointestinal diseases 50 0.8 0.2–5.5 1.2 3.8
Benign breast diseases 50 0.8 0.3–2.8 0.8 2.4
Benign gynecological diseases 49 0.7 0.1–2.9 1.1 2.0
Benign urological diseases 30 0.7 0.3–3.5 0.9 2.8
Benign lung diseases 106 0.8 0.2–8.4 1.6 2.8
Esophagus cancer 49 0.7 0.1–3.8 1.1 2.8
Stomach cancer 19 0.6 0.3–2.0 1.0 2.0
Hepatocellular cancer 33 1.0 0.3–1.9 1.2 1.8
Pancreatic cancer 47 0.7 0.1–2.8 0.9 2.4
Colorectal cancer 47 1.2 0.4–6.0 1.9 3.6
Anal cancer 19 0.7 0.1–3.5 1.3 3.5
Breast cancer 49 0.8 0.3–1.8 1.0 1.5
Ovarian cancer 50 1.5 0.3–24.1 4.1 19.8
Cervix cancer 90 0.8 0.1–3.2 1.1 2.4
Endometrial cancer 31 0.9 0.4–3.8 1.2 3.2
Prostate cancer 28 0.9 0.2–2.0 1.5 2.0
Renal cell cancer 28 0.8 0.2–4.1 1.0 3.5
ENT cancer 69 0.8 0.2–3.9 1.3 2.7
Lung cancer 476 0.9 0.1–13.7 1.4 2.7

SCC 195 0.9 0.1–4.9 1.4 2.5
ACC 119 1.1 0.3–8.7 1.7 4.1
LCC 59 1.0 0.3–13.7 1.5 5.4
SCLC 86 0.7 0.3–3.6 1.1 2.3
Other histologies 17

Mesothelioma 39 2.3 0.4–50.0 6.3 44.3

lung diseases, for ovarian cancer with an AUC of 0.71 and a 
diagnostic sensitivity of 37% at 95% specificity vs. benign 
gynecological diseases, and for colorectal cancer with an 
AUC of 0.72 but only a diagnostic sensitivity of 4% at the 
high specificity level of 95% vs. benign gastrointestinal 
diseases (Table 2 and Figure 2).

Comparison of diagnostic sensitivity for 
mesothelioma with other lung cancer 
biomarkers

According to the recommendations of the EGTM [42], the 
diagnostic capacity of sMRP for the detection of mesothe-
lioma was compared with other established lung cancer 
biomarkers such as CYFRA 21-1, CEA, NSE and SCCA vs. 
various control groups. Against healthy individuals, sMRP 
(AUC 0.90; 71% sensitivity at 95% specificity) and CYFRA 
21-1 (AUC 0.93; 75% sensitivity at 95% specificity) turned 
out to be the best parameters followed by NSE (AUC 0.87; 
66% sensitivity at 95% specificity). In contrast, CEA and 
SCCA showed “negative” ROC curves with AUCs of 0.44 for 
CEA and even 0.12 for SCCA, meaning that mesothelioma 
patients had lower marker levels than healthy individuals. 

If a combination of the best markers sMRP and CYFRA 21-1 
was established, results were further improved, reaching 
an AUC of 0.97 and a diagnostic sensitivity of 88% at 95% 
specificity (Table 3 and Figure 3A).

When benign lung diseases, which are known to be 
associated with higher serum concentrations of biomark-
ers than healthy individuals, were considered as control 
group, the resulting AUCs were somewhat lower. Once 
again, sMRP (AUC 0.77; 45% sensitivity at 95% specific-
ity) and CYFRA 21-1 (AUC 0.82; 46% sensitivity at 95% 
specificity) turned out to be the best parameters. The 
combination of both improved the AUC to 0.89 and the 
diagnostic sensitivity to 50% at 95% specificity (Table 3 
and Figure 3B).

The differential diagnosis of mesothelioma from other 
lung cancers by serum markers is supposed to be diffi-
cult, because various lung cancer subtypes are known to 
release high amounts of various biomarkers. Therefore, 
when lung cancers were considered as control group, the 
diagnostic sensitivity of most markers for mesothelioma 
detection dropped down such as for CYFRA 21-1 (AUC 0.61; 
only 11% sensitivity at 95% specificity), NSE (AUC 0.62; 
only 8% sensitivity at 95% specificity), CEA (AUC 0.12; 0% 
sensitivity at 95% specificity) and SCCA (AUC 0.30; 0% 
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Figure 1: Serum levels of sMRP.
(A) Serum levels of sMRP in healthy individuals, patients with benign diseases and patients with malignant tumors. (B) Serum levels of 
sMRP in healthy individuals and in patients with benign lung diseases and with lung cancer and its various histological subtypes (SCC, 
squamous cell cancer; SCLC, small cell lung cancer; LCC, large-cell cancer; ACC, adeno cell cancer) and with mesothelioma.

sensitivity at 95% specificity). However, because sMRP is 
released only rarely by other lung tumors, its diagnostic 
sensitivity for mesothelioma remained high with an AUC 
of 0.75 and a sensitivity of 48% at 95% specificity. Here, 
the combination with CYFRA 21-1 achieved only a mar-
ginal improvement (AUC 0.81; 46% sensitivity at 95% 
specificity) (Table 3).

If, finally, mesothelioma was differentiated from all 
other lung diseases, being benign or malignant, sMRP 
was clearly still superior to CYFRA 21-1 (AUC 0.76 vs. 
0.64; 48% vs. 15% sensitivity at 95% specificity). Once 
again, the combination of both markers resulted in an 
only slightly higher AUC of 0.82. However, the diag-
nostic sensitivity (46%) at 95% specificity could not be 
improved with respect to the sole use of sMRP (Table 3 
and Figure 3C).

Diagnostic sensitivity for mesothelioma 
screening

Specific preconditions are given if biomarkers are used 
for screening purposes. Most individuals investigated 
will be healthy or will, at least, not have severe dis-
eases. If a marker is relevant in this setting, it should 
provide a high sensitivity at an extremely high specific-
ity, to achieve as few false positive results as possible. 
Therefore, the diagnostic sensitivity of all markers for 
mesothelioma detection was tested at a specificity level 
of 100% against healthy individuals. Then, the highest 
sensitivities were found for CYFRA 21-1 with 73%, NSE 
with 60% and sMRP with 59%. However, if CYFRA 21-1 
and sMRP were combined, diagnostic sensitivity was 
improved to 88% (Table 3 and Figure 3A).
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Figure 2: ROC curves illustrating the diagnostic capacity of sMRP for the detection of various cancers vs. the respective benign control 
group over the whole spectrum of sensitivity and specificity.

Table 2: Diagnostic capacity of sMRP for the detection of various 
cancers indicated by the AUC of the ROC curves and the sensitivity 
at 95% specificity versus the relevant benign comparison group.

Diagnosis n Sensitivity at 95% 
specificity vs. the relevant 
benign comparison group

AUC

Esophagus cancer 49 2% 0.445
Stomach cancer 19 0% 0.446
Hepatocell. cancer 33 0% 0.574
Pancreatic cancer 47 0% 0.447
Colorectal cancer 47 4% 0.721
Anal cancer 19 0% 0.516
Breast cancer 49 0% 0.593
Ovarian cancer 50 37% 0.707
Cervical cancer 90 8% 0.536
Endometrial cancer 31 9% 0.591
Renal cell cancer 28 10% 0.505
ENT cancer 69 3% 0.491
Lung cancer 476 4% 0.541
Mesothelioma 39 45% 0.771

Discussion
Because of its increasing incidence as a consequence of 
widespread asbestos exposure during the recent decades 
and its limited therapeutic options, malignant mesothe-
lioma is a persistent medical challenge. In addition, high 
economic compensations are expected in many modern 

industrialized nations for asbestos-related diseases in 
the next years [1, 2]. However, diagnosis of malignant 
mesothelioma by clinical investigation and imaging 
techniques remains difficult [1, 5]. Because the shedding 
of tumor-related proteins is an early feature in cancero-
genesis, much emphasis has been given to the research 
and development of new mesothelioma serum markers 
[6, 46]. Two molecules, the sMRP and osteopontin [6, 7, 
32], have shown great potential for mesothelioma detec-
tion. sMRP was elevated in more than 80% of mesotheli-
oma patients when compared with healthy persons and/
or patients with benign lung diseases at a specificity of 
more than 80% [6, 27]. Similar results were obtained for 
osteopontin with a sensitivity for mesothelioma detec-
tion of 78% at a specificity of 86% vs. asbestos exposed 
individuals [32]. Recently, the combination of sMRP and 
osteopontin was shown to have additive impact, and an 
index of both markers was proposed to improve diagnos-
tic accuracy [33].

Despite these promising results, release of sMRP in 
various malignant and non-malignant diseases have been 
investigated only sporadically so far [11, 17]. Therefore, it 
was the aim of this study to test a representative number 
of a variety of cancer entities and benign diseases which 
might interfere with the mesothelin metabolism to evalu-
ate the differential diagnostic relevance sMRP for other 
cancer diseases. Further, a comparison with other lung 
cancer biomarkers should clarify the specific role of sMRP 
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Figure 3: ROC curves illustrating the diagnostic capacity of sMRP, CYFRA 21-1, CEA, NSE, SCC and the combination of sMRP and CYFRA 21-1 
for the detection of malignant mesothelioma when compared (A) with the group of healthy individuals, (B) with the group of patients with 
benign lung diseases, and (C) with the group of patients with all other lung diseases being benign or malignant.

Table 3: Diagnostic capacity of sMRP, CYFRA 21-1, CEA, NSE, SCC and the combination of sMRP and CYFRA 21-1 for the detection of 
malignant mesothelioma given by the AUC of the ROC curve and the sensitivity at 95% specificity versus healthy individuals, benign lung 
diseases, lung cancer and all lung diseases, respectively.

Marker Mesothelioma vs.  
healthy individuals

Mesothelioma vs. 
benign lung diseases

Mesothelioma vs. 
lung cancer

Mesothelioma vs. 
all lung diseases

Sensitivity at 
95% specificity

Sensitivity at 
100% specificity

AUC Sensitivity at 
95% specificity

AUC Sensitivity at 
95% specificity

AUC Sensitivity at 
95% specificity

AUC

SMRP 71% 59% 0.902 45% 0.771 48% 0.751 48% 0.755
CYFRA 21-1 75% 73% 0.928 46% 0.817 11% 0.610 15% 0.639
NSE 66% 60% 0.869 32% 0.733 8% 0.615 8% 0.635
CEA 8% 0% 0.440 0% 0.274 0% 0.119 0% 0.145
SCC 0% 0% 0.120 0% 0.372 0% 0.300 0% 0.313
SMRP a/o CYFRA 21-1 88% 88% 0.880 50% 0.893 46% 0.807 46% 0.819

for mesothelioma detection and/or the potential addi-
tive value of a marker panel as it is recommended by the 
guidelines of the EGTM [42].

As expected, serum sMRP levels were low in healthy 
individuals but considerably elevated in mesothelioma 
and ovarian cancer patients. In other benign and malig-
nant diseases, only single patients showed elevated sMRP 

values; medians were mostly comparable with those of 
healthy persons. This fact appears to be highly relevant 
if sMRP is used as screening tool for mesothelioma detec-
tion. Neither any other cancer disease nor hepatic, renal, 
infectious or other benign pathologies interfere with the 
release and/or the concentration of sMRP in patients’ 
serum. In contrast to our findings, a recent report indicates 
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some effect of renal function and also of age and body 
mass index on sMRP values [47]. In consequence, diag-
nostic capacity of sMRP for the detection of most cancer 
types compared with the relevant benign control groups 
was poor. It was only for mesothelioma and ovarian 
cancer that satisfying results were obtained with sensitivi-
ties of 45% and 37% at a 95% specificity vs. the relevant 
benign control group.

Earlier studies have found higher sensitivities of sMRP 
for mesothelioma detection but at a considerably lower 
cutoff discrimination level [6, 11, 27]. A very high diagnos-
tic capacity of sMRP for the diagnosis of mesothelioma 
was found in our study when healthy individuals served 
as control group. Then, a sensitivity of 71% at a specific-
ity of 95% was obtained. Even better was the performance 
of CYFRA 21-1 (75% sensitivity at 95% specificity) and the 
combination of both markers (88% sensitivity at 95% 
specificity). Interestingly, CEA and SCCA showed a nega-
tive ROC curve indicating that mesothelioma patients had 
even lower serum levels than healthy individuals. This is 
in line with earlier reports on CEA negativity in pleural 
effusion of mesothelioma patients [41, 48].

When mesothelioma should be differentiated from all 
lung diseases being benign or malignant, sMRP was clearly 
superior to CYFRA 21-1. The drop of diagnostic sensitivity 
of CYFRA 21-1 in this comparison was expected because of 
the well-known increased release of this marker in other 
lung cancer diseases [43–45]. The non-release of sMRP 
in other lung cancer histologies, however, underlined its 
high specificity for mesothelioma in high value levels. 
Here, the combination of both markers could not improve 
the diagnostic capacity to the sole use of sMRP.

As cancer diagnosis in the screening situation is 
associated with numerous consecutive and sometimes 
invasive investigations as well as with an enormous psy-
chological burden, particularly if the tested individuals 
feel healthy, the diagnostic method has to be highly spe-
cific for a defined tumor disease. If in our study a specific-
ity of 100% vs. normal controls was required, the single 
parameters sMRP and CYFRA 21-1 achieved a sensitivity 
of 59% and 73%, and the combination of both markers 
resulted in a sensitivity of 88%. As it is known for many 
tumor-related molecules that median serum concentra-
tions of healthy persons but also of tumor patients are 
far below the so-called reference range and the release of 
these biomarkers during carcinogenesis occurs already at 
low value levels [44], it seems to be promising to include 
sMRP and CYFRA 21-1 kinetics in future trials to enhance 
the diagnostic sensitivity at a high specificity. Additional 
options are the inclusion of further biomarkers such 
as osteopontin, MPF, the vascular endothelial growth 

factor and microRNA biomarkers that have shown high 
diagnostic and/or prognostic power in mesothelioma 
management [32, 49, 50].

Conclusions
Taken together, our study provides comprehensive infor-
mation regarding the clinical value of sMRP analysis in 
various benign and malignant diseases. We demonstrate 
that sMRP has high potential for the differential diagnosis 
of mesothelioma and ovarian cancer. In other cancer types 
the diagnostic potential is, as expected, very low. Specific 
interferences by benign diseases have not been observed. 
Depending on the control group, sMRP and CYFRA 21-1 
achieved the best sensitivity for mesothelioma detection 
and had a clear additive sensitivity. To our knowledge, 
these comprehensive data show for the first time the high 
diagnostic power of the combination of sMPR and CYFRA 
21-1 for the detection of malignant mesothelioma. The 
inclusion of longitudinal sMRP and CYFRA 21-1 values in 
prospective trials might further strengthen their relevance 
for mesothelioma screening.
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