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Soluble mesothelin-related peptides levels in
patients with malignant mesothelioma
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Abstract. Soluble mesothelin-related peptides (SMRP) are a potential tumor marker for malignant mesothelioma. The aim of
this study was to determine the differences in SMRP levels in patients with malignant mesothelioma before treatment and in
various responses to treatment and to investigate whether SMRP level could be useful in evaluating tumor response to treatment.
The study included patients with malignant mesothelioma treated at the Institute of Oncology Ljubljana between March 2007
and December 2009. Blood samples were collected before treatment and/or in various responses to treatment. SMRP levels
were determined using ELISA assay based upon a combination of two monoclonal antibodies. Mann-Whitney test was used to
determine the differences in SMRP levels in various responses to treatment.
Median SMRP was 2.80 nmol/L (range 0.00–34.80) before treatment, 0.00 nmol/L (range 0.00–0.00) in complete response,
0.48 nmol/L (range 0.00–4.40) in partial response, 1.65 nmol/L (range 0.00–20.71) in stable disease and 7.15 nmol/L (range
0.44–31.56) in progressive disease. Pre-treatment SMRP levels were significantly higher than in stable disease, partial response
and complete response (p = 0.006), as were SMRP levels in progressive disease compared to stable disease, partial response and
complete response (p < 0.001).
Our findings suggest that SMRP may be a useful tumor marker for detecting the progression of malignant mesothelioma and
evaluating tumor response to treatment.

Keywords: Malignant mesothelioma, Soluble Mesothelin-Related Peptides (SMRP), Tumor marker, Tumor response to treatment,
Asbestos exposure

1. Introduction

Malignant mesothelioma is a highly aggressive tu-
mor of the serosal surfaces [1]. It most commonly
occurs in the pleura, but it may also arise in the peri-
toneum, pericardium, and tunica vaginalis [1,2].

The major cause associated with the development
of this disease is asbestos [1,3]. The association be-
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tween malignant mesothelioma and occupational [4–7]
as well as environmental [8–13] asbestos exposure has
been confirmed in many epidemiological studies. The
latency period between exposure to asbestos and the
onset of malignant mesothelioma is long and can range
from 15 to 60 years [14,15].

An accurate and rapid diagnosis of malignant
mesothelioma is important for therapeutic reasons [1].
However, this aggressive cancer remains difficult to di-
agnose in the early phases of the disease. Therefore,
potential serummarkers that could facilitate an early di-
agnosis and help to evaluate response to treatment have
been extensively investigated; one of these is mesothe-
lin [1,16–22]. Mesothelin is a 40-kDa glycoprotein at-
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tached to the cell surface that is thought to have a role in
cell adhesion and possibly in cell-to-cell signaling [19,
20,23–28]. It exists in a variety of forms that can be
detected in serum by using monoclonal antibody tech-
niques in the form of soluble mesothelin-related pep-
tides (SMRP) [27]. Mesothelin is highly expressed in
malignant mesothelioma [10]. Chang et al. [23] and
Ordonez et al. [29] detected mesothelin in all epithe-
lial mesotheliomas and in the epithelial component of
biphasicmesothelioma, but their research indicated that
it was not expressed in sarcomatousmesotheliomas [23,
29]. Several other studies reported higher levels of
SMRP in patients with malignant mesothelioma and
suggested that SMRP may be a useful marker for the
diagnosis of malignant mesothelioma and in monitor-
ing the disease progression [1,16–21,30]. However,
according to the available literature, there have been
very few studies that investigated SMRP levels in ma-
lignant mesothelioma in relation to varying responses
to treatment [30–35]. We thus decided to study the
differences in serum SMRP levels before treatment and
especially in various responses to treatment (complete
response, partial response, stable disease and progres-
sive disease) and to investigate if SMRP level could be
useful in evaluating tumor response to treatment.

2. Patients and methods

The cross sectional prospective study included all
(i.e. 78) patients with malignant mesothelioma treat-
ed at the Institute of Oncology Ljubljana from March
2007 to December 2009. Patients with malignant
pleural mesothelioma were diagnosed by thoracoscopy
and patients with malignant peritoneal mesothelioma
by laparoscopy. The diagnosis was confirmed by a
histopathological examination performed by a pathol-
ogist skilled in diagnosis of this disease. Based
on histopathology, the malignant mesotheliomas were
classified into the epitheloid, biphasic, and sarcoma-
toid subtypes. To verify histopathology, the immuno-
histochemistry methods were used (Cytokeratin 5/6
[CK5/6], Epithelial Membrane Antigen [EMA], Calre-
tinin, Vimentin, Wilms tumor gene–1 [WT1], CD15,
Ber-EP4, B72.3, MOC-31, actin, desmin, S-100, Carci-
noembryonic Antigen [CEA], thyroid transcriptor fac-
tor1 [TTF-1]).

Each patient with pleural mesothelioma was staged
with CT scan using the Union for International Can-
cer Control (UICC) tumor node metastasis (TNM) sys-
tem [36]. The presence of metastatic disease was evalu-

ated for all the patients with pleuralmalignantmesothe-
lioma. The survival time was determined for all the pa-
tients and was defined as time from diagnosis to death.

Most of the patients were treated with 4 to 9 cycles
of chemotherapy consisting of low dose gemcitabine
in prolonged infusion and cisplatin, or pemetrexed and
cisplatin [37–40]. Extrapleural pleuropneumonecto-
my was performed in one patient with pleural malig-
nant mesothelioma before chemotherapy and in four
patients after chemotherapy, and peritonectomy was
carried out in two patients with peritoneal malignant
mesothelioma before chemotherapy and in three pa-
tients after chemotherapy. Four patients received best
supportive care only. Among patients with pleural ma-
lignant mesothelioma, twenty-nine were treated with
second-line chemotherapy and two of them received
palliative radiotherapy. The treatment in more details
is presented in Fig. 1.

The modified Response Evaluation Criteria in Sol-
id Tumors (RECIST) were used to evaluate tumor re-
sponse to treatment [41]. The evaluation was per-
formed after the third (initial evaluation response) and
the sixth (confirmation of initial response) chemother-
apy cycle. Tumor thickness perpendicular to the chest
wall or mediastinum was measured in two positions at
the three separate levels on thoracic CT scans. The sum
of six measurements defined a pleural unidimensional
measure. Its reduction of at least 30% was considered
as partial response and an increase of 20% over the
nadir measurement as progressive disease [41].

Data on patients’ smoking habits, including the du-
ration of smoking and the total pack-years of smoking,
were obtained for all the patients during an interview
using a standardized questionnaire [42,43].

Occupational and/or environmental asbestos expo-
sure was determined for all patients. The data regard-
ing occupational asbestos exposure were collected for
a group of 17 workers who were exposed to asbestos
at an asbestos-cement factory by calculating the cu-
mulative asbestos exposure in fibers/cm3-years; infor-
mation regarding the duration and intensity of expo-
sure was available from a previous study [42]. The
cumulative asbestos exposure data were divided into
five categories (no exposure, very low exposure, low
exposure, medium exposure and high exposure). There
were no available measurements for the rest of the sub-
jects regarding the intensity of exposure to asbestos,
so a thorough work history was obtained with special
attention given to exposure time. These workers’ histo-
ries were used to compare their occupational exposures
with the known exposure intensities from the asbestos-
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Fig. 1. Treatment of patients with malignant mesothelioma enrolled in the study.

cement factory group. That is, the exposure intensities
from the asbestos-cement factory were used as a sur-
rogate for those subjects on whom no exposure inten-
sity information was available. This yielded five cate-
gories, containing time of exposure multiplied by cat-
egory of exposure. Cumulative asbestos exposure for
all patients was then grouped into the following four
semi-quantitative categories: no exposure, low expo-
sure, medium exposure and high exposure. Two cat-
egories (very low and low) from the first group of 17
workers were merged into just one category: low. En-
vironmental asbestos exposure was determined using
questions regarding residential exposure: a residence
near a source of asbestos exposure; the use of asbestos
products or materials indoors (asbestos-cement pipes,
linoleum and fire-proof sheets near heat sources, such
as cookers); the use of asbestos-cement materials in
close proximity to the house (e.g., garden or court-
yard); removal or other types of handling of asbestos-
containing corrugated sheets by owners of the houses
themselves; and living with family members occupa-
tionally exposed to asbestos. Using the same method
already described for occupational exposure, all envi-
ronmental asbestos exposures were classified into the
low exposure category.

The latency period defined as the time between the
first asbestos exposure and the diagnosis of malignant
mesothelioma was also calculated for each patient.

Blood samples for the present study were collected
from patients before the treatment (before the 1st cycle
of chemotherapy or surgery) and/or after the treatment
(after the third and/or the sixth cycle of chemotherapy or
surgical procedure) and/or at the progress of the disease.
Altogether, 134 blood samples from 78 patients were
collected in different periods of treatment and disease.
For 32 patients, blood samples were collected both
before and after treatment and/or at the progress of the
disease, for 5 only before the treatment, while for 41
patients who entered the study during or after treatment
the blood samples were collected only after treatment
and/or at the progress of the disease. The range of
samples taken per patient was 1 to 4. One blood sample
was collected in 43 patients, two blood samples in 17
patients, three blood samples in 15 patients and four
blood samples in 3 patients.

Serum was prepared immediately after blood sam-
pling and stored in aliquots frozen at −30◦C until the
SMRP assay was performed. Serum SMRP levels were
determined by sandwich ELISA assay (MezomarkTM)
using two monoclonal antibodies (4H3 and OV569)
and following the manufacturer’s protocol (Fujirebio
Europe BV, Breda, The Netherlands). According to the
previously published literature [44] and manufacturer’s
data (Mezomark, Fujirebio Diagnostics), we consid-
ered 1.50 nmol/L as a cut-off value and divided SMRP
into two categories: < 1.50 nmol/L and � 1.50 nmol/L.
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Table 1
Patients with malignant mesothelioma by gender, age,
smoking and asbestos exposure

N (%)

All 78
Gender

Female 57 (73)
Male 21 (27)

Age Mean (SD)
All (years) 64.48 (10.68)

Smoking
N (%)

Never smokers 43 (55.1)
Ever smokers 35 (44.9)

Mean (SD)
Cigarettes per day 16.29 (6.50)
Years of smoking 22.63 (15.07)
Pack-years 19.30 (13.72)

Exposure
Categories N (%)
low 24 (30.8)
median 21 (26.9)
high 22 (28.2)
no exposure 11 (14.1)

Mean (SD)
Duration of exposure (month) 141.32 (149.79)

Because SMRP levels are also known to increase as
a result of renal failure [45], serum creatinine levels
were determined simultaneously.

Standard descriptive statistics were used to describe
each variable. Considering that the number of enrolled
patients and collected blood samples in different phas-
es of the disease was too small for comparing changes
within patients, the differences in SMRP levels in var-
ious responses to treatment were analyzed across pa-
tients by the non-parametric Mann-Whitney (U) test.
The correlation between survival and SMRP levels was
calculated using Pearson’s correlation coefficient.

The study was approved by the Slovenian Ethics
Committee for Research in Medicine and was carried
out according to the Helsinki Declaration. All the pa-
tients gave informed consent to participate in the study.

3. Results

The patient characteristics of all 78 patients includ-
ing gender, age, smoking and asbestos exposure are
presented in Table 1 and the patient clinical character-
istics in Table 2. At the time of censoring, 8 patients
were alive and the mean survival for the overall group
was 23 months (Table 2).

The analysis of SMRP levels in 37 patients before
treatment showed that levels for the epitheloid subtype
were significantly higher compared to the combined

Table 2
Clinical characteristics of patients with malignant meso-
thelioma

N (%)

Location of disease
Pleura 70 (89.7)
Peritoneum 8 (10.3)

Histopathology
Epitheloid 64 (82.0)
Biphasic 7 (9.0)
Sarcomatoid 7 (9.0)

Tumor stage
I 5 (6.4)
II 17 (21.8)
III 28 (35.9)
IV 20 (25.6)
Not determined (peritoneum) 8 (10.3)

Month (range)
Mean survival 23.15 (2.83–86.10)

Years (range)
Mean latency period 38.34 (14–56)

biphasic and sarcomatoid subtypes (U = 75.00, p =
0.020) (Table 3). The SMRP levels before treatment
at different tumor stages and according to the presence
of metastatic disease in 33 patients with pleural malig-
nant mesothelioma are shown in Table 3. The highest
median SMRP level was detected in stage IV (Table 3).
Nevertheless, no significant difference in SMRP levels
was observed between different tumor stages, except
for a borderline significant difference between SMRP
levels in stage III and stage IV (U = 34.00, p = 0.07)
(Table 3). There was no significant difference in SM-
RP levels before treatment in patients with and without
evidence of metastatic disease (U = 53.00, p = 0.09),
however, the median SMRP level was higher in pa-
tients with metastatic disease (Table 3). No correlation
was found between SMRP levels before treatment and
survival (r = 0.028; p = 0.87).

The results of the descriptive statistics for SMRP
levels before treatment and/or in different responses to
treatment for all 78 malignant mesothelioma patients
are shown in Table 4. Considering the SMRP cutoff
level of 1.50 nmol/L, 23 (62.2%) samples were above
that level before treatment, no samples were in com-
plete response, 6 (46.2%) samples in partial response,
18 (51.4%) samples in stable disease and 41 (91.1%)
samples in progressive disease (Fig. 2).

SMRP levels before treatment were significantly
higher than the levels in complete response (U = 8.00,
p = 0.001) and partial response (U = 135.00, p =
0.009), while a borderline significant difference was
observed between levels before treatment and stable
disease (U = 519.50, p = 0.075). Similarly, higher
SMRP levels were found in progressive disease com-
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Table 3
SMRP levels (nmol/L) before treatment at different histopathological subtypes, at different tumor stages and according to the
presence of metastatic disease in patients with malignant mesothelioma

Characteristics Mean SD Median Range Inter-quartile Mann-Whitney (U) test p value

Subtype
Epitheloid (N = 27) 7.13 8.62 3.85 0.00–34.80 1.17–9.87 75.00a 0.020
Biphasic (N = 6) 0.91 1.72 0.099 0.00–4.35 0.00–1.76
Sarcomatoid (N = 4) 3.64 2.23 4.02 0.88–5.64 1.36–5.54

Tumor stageb

Ic (N = 1)
II (N = 8) 3.44 3.74 2.32 0.00–9.84 0.30–7.20 18.00d 0.16
III (N = 16) 4.31 8.69 1.03 0.00–34.80 0.28–4.05 34.00e 0.07
IV (N = 8) 8.63 8.33 5.44 0.07–24.83 1.96–13.95

Metastatic diseaseb

Present (N = 7) 9.12 8.88 5.64 0.07–24.83 1.17–14.01 53.00f 0.09
Not present (N = 26) 4.10 7.03 1.78 0.00–34.80 0.39–4.84

N = number of serum samples;
aMann-Whitney (U) test calculated for epitheloid subtype vs. biphasic + sarcomatoid subtype;
bPleural malignant mesothelioma only;
cStage I was found only for one patient with SMRP level 4.70 nmol/L;
dMann-Whitney (U) test calculated for stage II vs. IV;
eMann-Whitney (U) test calculated for stage III vs. IV;
fMann-Whitney (U) test calculated for metastatic disease present vs. not present.

Table 4
SMRP levels (nmol/L) before treatment and in different responses to treatment in 78 patients with malignant mesothelioma

Disease phase Mean SD Median Range Inter-quartile Mann-Whitney (U) test p value

All phases (N = 134) 5.71 7.33 2.85 0.00–34.80 0.89–8.01
Before treatment (N = 37) 5.75 7.77 2.80 0.00–34.80 0.71–8.76 662.50a 0.006
Complete response or after surgery (N = 4) 0.00 0.00 0.00 0.00–0.00 0.00–0.00
Partial response (N = 13) 1.33 1.54 0.48 0.00–4.40 0.00–2.60
Stable disease (N = 35) 2.97 4.11 1.65 0.00–20.71 0.55–3.04
Progressive disease (N = 45) 9.67 8.34 7.15 0.44–31.56 3.78–11.86 332.00b < 0.001

N = number of serum samples;
aMann-Whitney (U) test calculated for SMRP before treatment vs. stable disease + partial response + complete response or after surgery;
bMann-Whitney (U) test calculated for SMRP in progressive disease vs. stable disease + partial response + complete response or after surgery.

pared to complete response (U = 0.00, p < 0.001),
partial response (U = 47.00, p < 0.001) and stable
disease (U = 285.00, p < 0.001). A significant differ-
ence in SMRP levels was also observed between com-
plete and partial responses (U = 8.00, p = 0.029),
complete response and stable disease (U = 12.00, p =
0.003), as well as between levels in progressive disease
and before treatment (U = 500.00, p = 0.001). No
significant difference was found between SMRP levels
in partial response and stable disease (U = 169, p =
0.088). Combining SMRP levels in different phases
of the disease showed that the levels were significantly
higher before treatment as compared to the combined
levels in stable disease, partial response and complete
response to treatment (U = 662.50, p = 0.006). This
was also the case in progressive disease compared to
the combined levels in stable disease, partial response
and complete response to treatment (U = 332.00, p <
0.001) (Table 4).

The same analysis was also performed separately
for epitheloid mesothelioma. In this case, the Mann-
Whitney test showed a borderline significant difference
between SMRP levels in complete and partial responses
to treatment (U = 4.00, p = 0.071), and between levels
before treatment and in partial response to treatment
(U = 47.00, p = 0.058). Other results did not differ
importantly from the results observed in all histopatho-
logical subtypes together. Serum creatinine levels for
all the collected samples were within reference ranges,
with a mean value of 83.55µmol/L (SD = 23.68). They
did not exceed the reference value in any of the patients.

4. Discussion

The results of this study as well as the findings of oth-
er studies published on the subject [4–9,11–13,46,47]
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Fig. 2. SMRP levels < 1.5 nmol/L and � 1.5 nmol/L before treatment and in different responses to treatment in patients with malignant
mesothelioma.

have confirmed asbestos exposure in a high percentage
of malignant mesothelioma patients.

Several studies have investigated SMRP levels in pa-
tients with malignant mesothelioma and have suggest-
ed that SMRP may be useful for the detection of this
malignoma [1,10,16–19,21,30–33,45]. To our knowl-
edge, however, only a few studies have so far investi-
gated SMRP as a potential tumor marker in relation to
varying responses to treatment [30–35].

As expected, the highest median SMRP levels were
observed in patients with progressive disease and be-
fore treatment. The lowest median levels were found in
complete response to treatment or after surgery, where
SMRP was zero in all cases, followed by partial re-
sponse and stable disease. Considering the tumor re-
sponse criteria [41] and taking into account the sug-
gestion that SMRP levels are directly related to tumor
mass [19,27], our results could be biologically plausi-
ble. These facts could therefore explain our findings
of a significant difference between the serum SMRP
levels in progressive disease compared to the levels
in stable disease and partial and complete responses
to treatment. Similarly, the difference in malignant
mesothelioma tumor mass could also clarify the higher
median SMRP level before treatment compared to the
levels in partial and complete responses to treatment.
Our findings are in agreement with Wheatley-Price et
al. [33], who found lower postoperative SMRP levels
in patients with malignant mesothelioma compared to
preoperative levels, and rising SMRP levels in all the
patients with radiologic disease progression. Grigo-
riu et al. [31] also reported increasing serum levels of

mesothelin in disease progression and worse outcomes
in malignant mesothelioma, whereas stable or decreas-
ing values suggested positive response to treatment.
Schneider et al. suggested SMRP as a useful measure
in treatment [34], which is similar to the observation of
the current study. Recently, Craney et al. [35] reported
the potential value of changes in mesothelin levels for
monitoring treatment response as well as for prognos-
tication in mesothelioma. Regardless of slightly differ-
ent results from various studies, it seems that the direc-
tion of all studies, including our study, is similar: SM-
RP appears to be a good tumor marker for evaluating
tumor response to treatment.

On the other hand, considering that SMRP level was
above 1.5 nmol/L in only 62.2% of samples taken be-
fore treatment, SMRP seems unlikely to prove signifi-
cantly useful in screening for malignant mesothelioma,
which is in agreement with previous observations [45,
46].

The assessment of treatment response using conven-
tional criteria based upon computed tomography mea-
surements is limited due to the circumferential and ax-
ial pattern of growth of malignant mesothelioma [48,
49]. Although the use of fluorodeoxyglucose positron
emission tomography (FDG-PET) to assess response to
chemotherapy is promising [35,49], new tumor mark-
ers, such as SMRP, could also have a particular value
in evaluating tumor response to treatment, especially in
patients with no measurable disease.

Most of the patients in our study had epitheloid
mesothelioma. Among various histopathological sub-
types, the highest SMRP levels for blood samples taken



A. Franko et al. / SMRP and malignant mesothelioma 129

before treatment were observed in patients with epith-
eloid mesothelioma as compared to the biphasic and
sarcomatoid subtypes. The findings of relatively high
values of SMRP in the sacomatoid subgroup although
only in 3 cases out of 4 seem to be surprising consider-
ing that mesothelin is described not to be expressed in
sarcomatoid mesotheliomas [23,29]. However, SMRP
levels higher than 1 nmol/L were also observed in two
cases of malignant mesthelioma classified as sarcoma-
toid in the study of Grigoriu et al. [31] and SMRP levels
above 2.5 nmol/L in several patients with sarcomatoid
mesothelioma in the study of Creaney et al. [45]. In
any case, the number of patients included in studies has
been too small for a reliable conclusion to be drawn.

In this study, no significant difference in SMRP lev-
els before treatment was observed between different
tumor stages, although we could not neglect the higher
median SMRP level in stage IV. Creaney et al. reported
a correlation of baseline serum mesothelin levels with
tumor stage; however, they noticed that “some individ-
uals with stage IV had low serum mesothelin” [35]. It
should be stressed that there are important interindi-
vidual differences in SMRP levels and this could be
the reason that comparing SMRP levels between tumor
stages among different patients is not significant. The
present study found that the median SMRP level before
treatment was three times higher in patients with the
evidence of metastatic disease compared to those with-
out metastatic disease; however, the difference was not
statistically significant. Mesothelin levels did not differ
between the patients with and without identified metas-
tases also in the study of Creaney et al. [35]. Contrary
to the observation of Creaney et al. [35] that patients
with high baseline mesothelin levels have a significant-
ly reduced survival, our analysis did not demonstrate
any correlation between patients’ survival and baseline
SMRP levels. This could be explained by a small num-
ber of patients entering the study before treatment and
previously mentioned interindividual differences.

Limitations to this study include a small number of
patients and the comparison of SMRP levels across pa-
tients. We are aware that the comparing changes within
patients would be extremely important, especially af-
ter we found significant difference in SMRP levels be-
tween different responses to treatment across patients.
However, we have assessed that the number of enrolled
patients and collected blood samples in different phas-
es of the disease is too small for this kind of compar-
ison. Therefore more subjects followed continuously
are needed to draw a persuasive conclusion in a future
study.

5. Conclusion

In conclusion, the study findings suggest that SM-
RP may be a useful tumor marker for detecting the
progression of malignant mesothelioma and in evalu-
ating tumor response to treatment. To confirm these
results, more cases are needed to increase the power
of the study and to be able to conduct a thorough an-
alytical follow-up study that will also include possible
confounders and modifiers of exposure and disease.

Although our results show statistically significant
differences between the SMRP levels in patients with
a complete response and those in other phases of the
disease, it is still an open question whether SMRP is a
good marker for a routine evaluation of tumor response
to treatment in individual malignant mesothelioma cas-
es.
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