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Abstract: Background and objectives: An increasing number of studies have examined the ability of mesothelin to
be a marker for the diagnosis of pancreatic cancer (PCa). The exact role of mesothelin needs to be elucidated. The
aim of this study is to determine the overall accuracy of mesothelinin PCa through a meta-analysis of published
studies. Materials and methods: Publications addressing the accuracy of mesothelin in the diagnosis of PCa were
selected from Pubmed, Embase, Cochrane Library, Web of Science, and The Chinese Journals Full-text Database
(CNKI). The following indexes of test accuracy were computed for eachstudy: sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR). The diagnostic threshold identified
for each study wasused to plot a summary receiver operating characteristic (SROC) curve. Statistical analysis was
performed by Meta-Disc1.4 and STATA 12.0 software. Results: 12 studies met the inclusion criteria. The summary
estimates for mesothelin in the diagnosis of PCa were: sensitivity 0.71 (95% CI, 0.67-0.75), specificity 0.88 (95% CI,
0.85-0.91), positive likelihood ratio (PLR) 8.53 (95% CI, 3.42-21.27), negative likelihood ratio (NLR) 0.36 (95% CI,
0.28-0.46)and diagnostic odds ratio 33.93 (95% CI, 10.71-107.5). The SROC curveindicated that the maximum joint
sensitivity and specificity (Q-value) was 0.81; the area under the curve was 0.88. Conclusion: Our findings suggest
that mesothelin may be a useful diagnostic adjunctive tool for confirming PCa. However, further large scale studies
are needed to confirm these findings.
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Introduction
Pancreatic cancer (PCa) is one of the most difficult cancers to treat with increasing incidence
and mortality worldwide [1]. Despite surgical
resection, radiation, and chemotherapy, more
than 94% of people with PCado not survive
beyond 5 years [2]. Most PCa patients are diagnosed with metastatic disease at the time of
presentation, with median survival duration
less than 6 months [3]. Therefore, to make an
early and accurate diagnosis will be very importance to the treatment and prognosis of PCa.
Diagnosis of PCa mainly relies upon pathology
findings together with radiological information
or clinical and cytological data [4-7]. However, a
wide range of histopathologic features may
present in PCa and mimic other kinds of cancers. Similarly, cytological analysis requires the
distinction of malignant pancreatic epithelial

cells from reactive pancreatic and bile duct
cells as well as other gastrointestinal contaminants, which often makes the diagnosis difficult
[8]. One potential way of improving diagnostic
accuracy is to use immunohistochemical (IHC)
biomarkers as an adjunct in difficult to diagnose cases [9]. Several diagnostic IHC biomarkers have been investigated both as single biomarkers and as part of biomarker panels to
improve the diagnosis of PCa. Mesothelin, a
40-kD phosphatidyl-inositol linkedcell-surface
glycoprotein, has been observed in an increasing number of human malignancies [10, 11],
but not in normal pancreatic ductal epithelium
[12, 13]. Therefore, mesothelin may have utility
as a marker for discriminating between benign
and malignant pancreatic epithelium.
Although an increasing number of studies have
examined the ability of mesothelin to be a
marker for thediagnosis of PCa [14-25], the
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Figure 1. Flow chart of selection process for eligible articles.

exact role of mesothelin needs to be elucidated. As meta-analysis is an essential tool for
accurately and reliably summarizing evidence,
we performed this meta-analysis to assess the
potential value of mesothelin in the diagnosis
of PCa, which, to the best of our knowledge,has
not been previously performed.
Material and methods
Search strategy and study selection
Electronic databases Pubmed, Embase, CochraneLibrary, Web of Science, and The Chinese
Journals Full-text Database (CNKI) (updated to
June 30, 2014) were searched for suitable
studies. The search terms were “pancreatic
cancer/pancreatic carcinoma/pancreatic adenocarcinoma/pancreatic ductal adenocarcinoma/pancreatic neoplasm”, “mesothelin”, “sensitivity”, “specificity”, and “diagnosis”. The reference lists of all articles reviewedwere also
searched for eligible studies. A study was
included if it met the following inclusion criteria:
(1) e-clinical studies on evaluation of mesothelin in the diagnosis of PCa, (2) each study contains morethan ten specimens, and (3) studies
must provide sufficient data tocalculate both
sensitivity and specificity. Conference abstracts, reviewsand letters to editor were excluded because of the limited data.
Data extraction and quality assessment The
final set of articles was assessed independentlyby two reviewers. The following data from
each publication were collected: author, publi-
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cation year, study of state, diagnosticstandard, patient number, specimen, test method,
mesothelin expression signature, sensitivity and specificitydata and methodological
quality. The methodological
quality of each study was
assessed by QUADAS (quality
assessment for studies of
diagnostic accuracy, an evidence-based quality assessment tool for use in systematic reviews of diagnostic
accuracy studies, maximum
score 14) [26].
Statistical analysis
The standard methods recommended for diagnostic accuracy were used in this meta-analysis [27]. Analyses were performed using two
statistical software programs: Stata, version
12 (StataCorporation, College Station, TX, USA)
and Meta-Disc 1.4 for Windows (XI Cochrane
Colloquium, Barcelona, Spain). The following
indexes of test accuracy were computed for
eachstudy: sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR),
and diagnostic odds ratio (DOR). The diagnostic
threshold identified for each study was used to
plot a summary receiver operating characteristic (SROC) curve [28]. To detect cut-off threshold effects, the relationship between sensitivity
and specificity was evaluated by the Spearman
correlation coefficient. The chi-square-based Q
test and the inconsistency index I2 were used to
detect statistically significant heterogeneity
across studies. When a significant Q test (p <
0.05 or I2 > 50%) indicated heterogeneity among studies, the random-effectmodel (DerSimonian-Laird method) was conducted for the
meta-analysis to calculate the pooled sensitivity, specificity, and other related indexes of the
studies; otherwise, the fixed-effect model (Mantel-Haenszel method) was chosen. Chi-square
test was usedto detect statistically significant
heterogeneity across studies. If there were
enough studies, meta-regression was performed to investigate the source of heterogeneity
within the included studies (inverse variance
weighted) [29]. Since publication bias is of concern for meta-analyses of diagnostic studies,
we tested for the potential presence of this bias
using Deeks’ funnel plots [30]. All statistical
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Table 1. Summary of the studies included in the meta-analysis
Year

Country

Specimen
type

Cut-off

McCarthy DM 2003

First author

Sample
TP FP FN
size

TN

QUADASscores

America

FNA

Strong cytoplasmic and membranous staining

30

13

1

6

10

10

Zhu QY

2005

China

FNA

Membranous staining

27

14

1

5

7

12

Hornick JL

2005

America

surgical

Membranous staining

60

16

0

9

35

9

Hassan R

2005

America

surgical

≥ 1% cells stained

74

38

1

1

34

10

Jhala N

2006

America

surgical

≥ 5% cells with ≥ 2+ intensity cytoplasmic staining

65

28

0

17

20

10

Baruch AC

2007

America

FNA

Cytoplasmic and membranous staining

36

18

0

10

8

10

Chen ZR

2008

China

surgical

Cytoplasmic and membranous staining

82

32

0

11

39

11

Agarwal B

2008

America

FNA

Cytoplasmic staining

56

20

9

1

26

7

Glass JP

2011

America

FNA

≥ 2+ intensityapical staining

58

24

0

18

16

9

Liu H

2012

America

surgical

≥ 5% cells stained

180

35

28

25

92

9

Dim DC

2014

America

FNA

Cytoplasmic and membranous staining

62

37

8

13

4

11

Ali A

2014

UK

surgical

Cytoplasmic and membranous staining

198

72

4

27

95

8

TP, true positive; FP, false positive; FN, false negative; TN, true negative;FNA, fine-needle aspiration.

Figure 2. Forest plots of the sensitivity and specificity for mesothelin in the diagnosis of PCa for all studies. The point
estimates of sensitivity and specificity for each study are shown as solid circles and the size of each solid circle
indicates the sample size of each study. Error bars are 95% confidence intervals.

tests were two-sided and p < 0.05 was considered to indicate a statistically significant result.
Results
Quality of reporting and study characteristics
The literature selection process were presented in a flow chart in Figure 1. In accordance
with the inclusion and exclusion criteria, 12
publications dealing with mesothelin for diagnosis of PCa were included in the present metaanalysis. The clinical characteristics of the sestudies, along with QUADAS score, were outlined
in Table 1. Overall, 12 selected studies including 928 patients were available for analysis. All
patients with PCa were diagnosed based on the
histological evaluation of surgically resected
tissue specimens or endoscopic ultrasoundguided fine-needle aspiration (EUS-FNA) biopsy
and/or clinical data. Of the 12 articles included, 7 had QUADAS scores ≥ 10.
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Quantitative data analysis
The I2 of sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR)
and DOR were 71.7% (p = 0.0001), 86% (p <
0.0001), 88% (p < 0.0001), 61.1% (p = 0.0029),
and 78.4% (p < 0.0001), respectively. Since
heterogeneity is obvious in the study, the random effects model was used for calculating
pooled sensitivity, specificity, PLR, NLRand
DOR. The pooled sensitivity and specificity of
mesothelin test for the diagnosis of PCa calculated was 0.71 (95% CI, 0.67-0.75)and 0.88
(95% CI, 0.85-0.91), respectively. The forest
plots of sensitivity and specificity of eachincluded study were shown in Figure 2. The summary
positiveand negative likelihood ratios were
8.53 (95% CI, 3.42-21.27) and 0.36 (95% CI,
0.28-0.46). The pooled diagnostic oddsratio
was 33.93 (95% CI, 10.71-107.5) (Figure 3).
Figure 4 displays the SROC curve, which pres-
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Figure 3. Summary receiver operating characteristic (SROC) curve for mesothelinin the diagnosis of PCa for all studies. Solid circles represent each study included in the meta-analysis. The size of each solid circle indicates the size
of each study. The regression SROC curve summarizes the overall diagnostic accuracy.

corner to the right lower corner
of the ROC space, which corresponds to the highest common value of sensitivity and
specificity for the test. This
point does not indicate the
only or even the best combination of sensitivity and specificity for a particular clinical setting but represents an overall
measure of the discriminatory
power of a test. In the present
meta-analysis, the maximum
joint sensitivity and specificity
was 0.81 (the Q value), the
AUC was 0.88, indicating the
level of overall accuracy was
good.
Figure 4. Forest plots of pooleddiagnostic odds ratio (DOR) for mesothelinin
the diagnosis of PCa for all studies. Solid circles represent each study included in the meta-analysis. The size of each solid circle indicates the size
of each study. Error bars are 95% confidence intervals.

entsa global summary of test performance and
shows the tradeoff between sensitivity and
specificity [31 chest].
As a global measure of test efficacy we used
the Q-value, the intersection point of the SROC
curve with a diagonal line from the left upper
4003

Meta-regression and publication Bias

As I2 test for the pooled sensitivity, specificity, NLR and DOR
showed a significant heterogeneity between the studies, a meta-regression
analysis was performed to explore the possible
reasons for the heterogeneity. We used specimen type (surgical or fine-needle aspiration
(FNA) specimens), sample size (≥ 100 or < 100)
and QUADAS scores (≥ 10 or < 10) as covariates in our meta-regression. In the present
Int J Clin Exp Med 2014;7(11):4000-4007
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study designs, sample size,
statistical methods, etc [32].
As meta-analysis is an essential tool for accurately and reliably summarizing evidence,
we performed this meta-analysis to comprehensively assess the diagnostic accuracy of
mesothelin for PCa.
In our meta-analysis, the data
has shown that the pooled
sensitivity and specificity were
0.71 and 0.88, respectively,
suggesting its potentia diagnosis value of PCa, though the
relatively low sensitivity of
mesothelin may be not sufficient to screen PCa. The SROC
Figure 5. Funnel graph for the assessment of potential publication bias of
curve presents a global sumthe 12 included studies. The funnel graph plots the log of the diagnostic
mary of test performance, and
oddsratio (DOR) against the standard error of the log ofthe DOR (an indicashows the trade-off between
tor of sample size). Solid circles represent each study in the meta-analysis.
sensitivity and specificity. The
The line indicates the regression line.
DOR, the ratio of the odds of
positivity in disease relative to
study, none of the above covariates were found
the odds of positivity in the non-diseased, is a
single indicator of diagnostic test performance
to be the significant source of heterogeneity (p
[33] that combines the data from sensitivity
= 0.4432, 0.3987 and 0.8775, respectively).
and specificity into a single number. The value
Publication bias was explored through Deeks’
of a DOR ranges from 0 to infinity, with higher
funnel plots. The shape of the funnel plot of the
values indicating better discriminatory test perpooled DOR of mesothelin for the diagnosis of
formance (higher accuracy). A DOR of 1.0 indiPCa did not reveal any evidence of obvious
cates that a test cannot discriminate between
asymmetry (Figure 5), while the Deeks’ test
patients with the disorder and those without it.
showed a statistically non-significant value (p =
In this meta-analysis, the maximum joint sensi0.96), indicating that there was no potential
tivity and specificity (Q value) was 0.81 while
publication bias.
the AUC was 0.88, and the pooled DOR was
33.93, suggesting a moderate diagnostic accuDiscussion
racy for diagnosing PCa. However, the SROC
curve and the DOR are not easy to interpret and
The diagnosis of PCa is an important clinical
use in clinical practice, while the likelihood ratio
challenge because of the late clinical presenta(PLR and NLR) is more clinically meaningful for
tion with advanced disease. In recent years,
our measures of diagnostic accuracy. A PLR
molecular techniques such as serial analysis of
value of 8.53 suggests that patients with PCa
gene expression and RNA-based global gene
have about 9-fold higher chance of being mesoexpression profiling have identified several pothelin-positive compared to non-PCa, and this
tential new markers of pancreatic cancer. Amowas high enough for the clinical practice. On
ng these, mesothelin expression isreported to
the other hand, the NLR was 0.36, which means
distinguish benign from malignant pancreatic
that the probability of having PCa in mesothetissue [12, 13] and an increasing number of
lin-negative patients is 36% in theory, which is
diagnostic tests have focused on the value of
not low enough to rule out PCa.
mesothelin in the differential diagnosis of
The results of the present meta-analysis sugbenign and malignant pancreatic diseases, but
gest that mesothelin may, to a certain extent,
the results remain controversial because of
play a role in the diagnosis of malignant effuseveral factors, including the differences in
4004
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sions. However, no single biomarker is 100%
perfect; therefore, different biomarkers should
be investigated in various combinations, toselect an optimum panel for potential clinical
application. Some biomarkers were proved to
be useful in distinguishing PCa from other
benign pancreatic diseases. For instance, Lok
Tet al. have reported that S100 Pand MUC5AC
were frequently expressed in pancreatic ductal
adenocarcinomas, seen in 95% and 67% cases,
respectively [34]. In addition, it has been
reported that using a panel of KOC, S100P and
mesothelin with at least 2 positive biomarkers
achieved almost 100% sensitivity and specificity in detecting pancreatico-biliary adenocarcinomas [25]. Nevertheless, due to the varying
degrees of diagnostic accuracy of identical
markers reported between studies, it remains
unclear which marker has a superior performance. Therefore, more immunomarkers should be comprehensively evaluated for their
diagnostic accuracy and larger sample-size
diagnostic tests are needed to find the optimum panel of antibodies for the diagnosis of
malignant effusions [35].

Despite the above limitations, our meta-analysis used a statistical approach to combine the
results of multiple studies. The data demonstrated that mesothelin may be a useful adjunct
to conventional diagnostic tools for detecting
PCa, while the results of immunostaining
should be interpreted in parallel with the gold
standard of morphology and clinical findings.

This meta-analysis has limitations. First of all,
we excluded conference abstracts and letters
to the editor, which may have contributed to the
observed publication bias. Secondly, the small
sample-sized studies appeared to overestimate the true diagnostic accuracy of mesothelin for the diagnosis of PCa and might be vulnerable to selection bias. Third, the diagnosis of
PCa was made by histological assessment
(gold standard) insome studies, while other
PCa patients were diagnosed on thebasis of
clinical course. This issue of diagnostic accuracy may have caused non-random misclassification, leading to biased results. Also, because of
a lack of required data reported in the original
publications, it was not possible to analyze the
effect of factors such as laboratory infrastructure, expertise with immunological technique,
patient spectrum and setting on the accuracy
of the mesothelin measurements. And for the
same reason, we could not explore whether the
study design, such as blinded, cross-sectional,
consecutive/random and prospective design,
affects the diagnostic accuracy, either. Therefore, further studies are still needed to evaluate
the diagnostic accuracy of mesothelin in clinical applications.
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