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Abstract
Background: Because of the high malignant degree of pancreatic cancer (PC), the early diagnosis of PC is of great concern.
Macrophage inhibitory cytokine-1 (MIC-1) was reported to be a potential diagnostic biomarker, but its diagnostic value is
indeterminate. Therefore, we performed this meta-analysis to compare it to carbohydrate antigen 19–9 (CA19–9), themost frequently
used serum biomarker in PC.

Material and Methods: After a systematic review of the relevant studies, the pooled diagnostic indices, including sensitivity,
specificity, positive/negative likelihood ratio (PLR/NLR), diagnostic odds ratio (DOR), summary receiver operating characteristic curve
(sROC), and area under the SROC curve (AUC) were used to evaluate the diagnostic value of MIC-1 and CA19–9 for PC. These
indices were pooled with random-effects models. We explored the heterogeneity by meta-regression.

Results:Fourteen studies comprising a total of 2826 subjects were included in our meta-analysis. The summary estimates for MIC-
1 and CA19–9 are listed as follows: sensitivity, 80% [95% confidence interval (CI) 78–82] versus 71% (95% CI 68–73); specificity,
85% (95% CI 83–87) versus 88% (95% CI 86–90); DOR, 24.57 (95% CI 14.00–43.10) versus 17.65 (95% CI 11.65–26.76); area
under sROC (AUC), 0.8945 versus 0.8322; PLR, 5.18 (95% CI 3.24–8.26) versus 5.34 (95% CI 3.78–7.54); and NLR, 0.23 (95% CI
0.19–0.29) versus 0.32 (95% CI 0.28–0.37).

Conclusion: These data demonstrate that serum MIC-1 has a comparable diagnostic accuracy to CA19–9 for PC.

Abbreviations: AUC = area under the SROC curve, CA125 = carbohydrate antigen 125, CA19–9 = carbohydrate antigen 19–9,
CA242= carbohydrate antigen 242, CA72–4= carbohydrate antigen 72–4, CBM =Chinese Biomedical Literature Database, CEA =
carcinoembryonic antigen, CI = confidence interval, CNKI = Chinese National Knowledge Infrastructure, CT = computed
tomography, DOR = diagnostic odds ratio, ERCP = Endoscopic Retrograde Cholangiopancreatography, EUS = Endoscopic
ultrasonography, EUS-FNA = Endoscopic ultrasonography-guided fine-needle aspiration, LAMC2 = laminin gC, MDCT =
multidetector-row CT, MIC-1 =Macrophage inhibitory cytokine-1, MRCP =magnetic resonance cholangiopancreatography, MRI =
magnetic resonance imaging, NLR = negative likelihood ratio, PC = pancreatic cancer, PET = positron emission tomography, PLR =
positive likelihood ratio, QUADAS-2 = Quality Assessment of Diagnostic Accuracy Studies 2, ROC = receiver operating
characteristic, sROC = summary receiver operating characteristic curve, TGF-b = transforming growth factor b, TUS =
transabdominal ultrasonography.
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1. Introduction

Pancreatic cancer (PC) is one of the most malignant carcinoma
with the 5-year survival rate of <5%.[1,2] The incidence of PC is
ranked tenth among all cancers, while PC is the fourth leading
cause of cancer death in western countries and the eighth in
China.[3,4] Lacking of early diagnosis leads that 80% patients
could not get surgical treatment. The prognosis of the other part
of the patients is severely poor in spite of the surgery.[5] The most
effective therapeutic method for PC is surgery at the initial stage,
while the majority of patients are diagnosed at an advanced stage
with distant metastasis and lose the opportunity for radical
resection even chemoradiotherapy.[5,6] Therefore, early diagnosis
of PC may be the only chance to improve the survival of patients.
Although radiological imaging techniques, such as computed
tomography (CT), magnetic resonance imaging (MRI), and so
on, have been obviously advanced, early diagnosis of PC remains
a challenge.[7–9] Nevertheless, an accurate serological test may
contribute to the early diagnosis of PC greatly. In addition to
early diagnosis, it can screen the high-risk population of patients
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at an early stage of PC and improve the monitoring of patients
undergoing treatment.[10]

Carbohydrate antigen 19–9 (CA19–9), a glycolipid and an O-
linked glycoprotein expressed on the surface of cancer cells, is the
most frequently used biomarker for the diagnosis of PC in daily
clinical practice in spite of plenty of limitations.[11,12] The
diagnostic value of CA19–9 cannot meet our expectation for the
reason that CA19–9 rises obviously in patients suffering from
chronic pancreatitis, cholangitis, and even gastrointestinal
cancers.[13,14]

Macrophage inhibitory cytokine-1 (MIC-1) is a divergent
member of the transforming growth factor b (TGF-b) family of
cytokines, and it was originally identified as a gene expressed in
the context of macrophage activation.[15] MIC-1 is substantially
upregulated in several pathological conditions such as injury
inflammation and kinds of cancers including colon and prostate
cancer.[16–19]

Previously, Koopmann et al[20] reported that MIC-1 was
differentially expressed in PC tissues and elevated in the serum of
PC patients compared with both healthy controls and those with
benign pancreatic neoplasms. It was found to have higher
sensitivity (71%) as that to CA19–9 (59%) in differentiating PC
from other benign diseases and healthy controls but lower
specificity.[20] SerumMIC-1 was found to be superior to CA19–9
in differentiating patients with resectable PC from controls.[21,22]

But the data from the study with a small number of samples
cannot make sure the diagnostic value of the MIC-1 for PC. So,
we performed this meta-analysis.
2. Material and methods

The approval from an ethics committee or institutional review
board is not required for the reason that our meta-analysis was
based on previously published clinical trials.
2.1. Literature search

Without any restrictions in terms of language, year of
publication, and publication status, all relevant primary studies
published on or before May 1, 2017, that focused on the
diagnostic value of MIC-1 for PC were searched from
the following electronic databases: PubMed, Embase, the
Cochrane Library, Chinese National Knowledge Infrastructure
(CNKI), Chinese Biomedical Literature Database (CBM), and
Wan Fang Data. Our search strategy included “pancreatic
tumor or pancreatic cancer or pancreatic carcinoma or
pancreatic neoplasm” and “MIC-1 or Macrophage Inhibitory
Cytokine-1.”
2.2. Inclusion and exclusion criteria

Two independent authors screened all relevant articles on the
basis of titles and abstracts and skimmed the full text for any
reasonable eligibility. Any disagreement was resolved by
discussion with the third author to reach a final consensus.
The inclusion criteria of the current systematic review and
meta-analysis were studies that evaluated the diagnostic
accuracy of serum or plasma MIC-1 and CA19–9 in diagnosis
of PC; sample size of PC and non-PC patients was more than
20, knowing that small sample size studies may be vulnerable
to selection bias; and 2�2 tables for both MIC-1 and CA19–9
could be constructed from the sensitivity and specificity
reported or could be obtained from the receiver operating
2

characteristic (ROC) curve. The exclusion criteria were
applied: animal studies; non-English and non-Chinese pub-
lications; conference, abstracts, or letters to editors, because
they usually presented limited data for analysis; studies had
insufficient data to calculate sensitivity and specificity; and
samples came from tissues or other body fluids. For duplicate
reports, only the study with more detailed information was
included.
2.3. Data extraction and quality assessment

The same 2 independent authors extracted the data and
reached a consensus on all items. If disagreements arose, a
consensus was reached after a full discussion with a third senior
reviewer. The following data were extracted: first author,
publication year, country where the study was conducted,
number of patients and controls, patient characteristics, assay
method of the biomarkers, cut-off values, and raw data in a
4-fold table format.
The quality of eligible studies was independently assessed using

the revised Quality Assessment of Diagnostic Accuracy Studies 2
(QUADAS-2) tool, which is considered reliable for the quality
assessment of diagnostic accuracy test. The QUADAS-2 consists
of 4 key domains that are supported by signaling questions to aid
judgment on the risk of bias, including “patient selection,”
“index test,” “reference standard,” and “flow and timing.”
Simultaneously, the QUADAS-2 rates the risk of bias and
applicability concern as “high,” “unclear,” or “low” and handles
studies in which the reference standard consists of follow-up.[23]

Any disagreement in quality assessment was resolved by
consensus.
2.4. Statistical analysis

Previously published guidelines and methods on conducting
meta-analysis of diagnostic test evaluations were used.[24–26] The
meta-analysis was performed using Meta DiSc statistical
software v1.4 (http://www.hrc.es/investigacion/metadisc_en.
htm) andweusedWord andReviewManager 5.2 to descriptively
analyze the study characteristics and QUADAS-2 quality
assessment. The following measures of test accuracy, including
sensitivity, specificity, positive likelihood ratio (PLR), negative
likelihood ratio (NLR), diagnostic odds ratio (DOR), and
corresponding 95% confidence interval (CI) were calculated
using the DerSimonian–Laird method and presented in the form
of forest plots. A summary ROC (SROC) curve covering all the
studies was plotted to analyze test accuracy[27,28] and to calculate
the area under curve (AUC). The area under the SROC curve
(AUC) was used for grading the overall diagnostic performance
of MIC-1 and CA19–9 as a potential summary of the SROC
curve. Heterogeneity is usually caused by threshold effect and
nonthreshold effect. There are many ways to determine whether
the threshold effect exists or not, such as observing the ROC
plane plots, which illustrate that threshold effect exists when the
points show a curvilinear pattern. And Spearman correlation
coefficient was also calculated to determine the threshold
effect.[29] Heterogeneity induced by nonthreshold effect was
assessed by means of the Cochran Q method and the test of
inconsistency (I2). If P< .05 or I2>50%, heterogeneity exists.[30]

To explore the sources of heterogeneity, we did ameta-regression
analysis. We used 4 variables (country of origin, publication
year, quality of including studies, and case number) in this
meta-analysis.
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Figure 1. The flow diagram of literature search: 14 eligible studies were included in our meta-analysis.
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3. Results

3.1. Literature search

A total of 125 potentially relevant studies were found after
searching the databases. We scanned the title, keywords, and
abstract of these studies, and removed 103 researches consisting
of the repeated studies, reviews, or the studies whose theme is
prognosis, treatment, or pathology of PC. The remaining 22
articles were read in detail, and it resulted that 20 articles were
quite consistent with our meta-analysis. The 2 articles that were
excluded were from the studies byMa et al [31] andWang et al.[32]

The former is lack of specificity of CA19–9 andMIC-1, the latter
is lack of sensitivity and specificity of CA19–9. Then, we read the
3

full texts of the remaining 20 articles. Eventually, 14 stud-
ies[20,22,33–44] were included and the other 6 was excluded
because of potential duplicate data. The flow diagram of
searching is shown in Fig. 1. Table 1 summarizes the essential
information of the including studies.

3.2. Quality of the studies

The result of the assessment of all the including studies by
QUADAS-2 is presented in Fig. 2. The primary bias of these
eligible researches are concentrated with the patient selection and
index text. Especially, the patient selection augmented the risk of
bias in 14 studies[20,22,33–44] due to the case–control study design
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Table 1

Main characteristics of the studies included in this meta-analysis.

Control

Ref. Year Country PC Gender (M/F) Mean age, y NPC Healthy Gender (M/F) Mean age Sample

Mohamed et al[36] 2015 Egypt 50 32/18 63 0 20 11/9 62 Serum
Özkan et al[44] 2011 Turkey 56 37/19 63.1 0 33 16/17 57.4 Serum
Koopmann et al[20] 2004 Australia 80 45/35 66.4 119 97 NA NA Serum
Koopmann et al[22] 2006 Australia 50 22/28 67.6 0 50 14/36 61.1 Serum
Kaur et al[32] 2013 USA 91 55/36 65.5 0 24 4/20 56 Plasma
Zhou et al[43] 2014 China 152 101/51 56 0 96 72/24 58 Serum
Zeng et al[42] 2012 China 42 31/11 59.82 0 30 15/15 45.54 Serum
Fu et al[31] 2011 China 118 76/42 58 32 120 85/67 47 Serum
Li et al[35] 2014 China 129 75/54 31–72 0 120 67/53 18–66 Serum
Shao et al[37] 2007 China 101 68/33 58.77 0 50 26/24 40.89 Serum
Tao et al[38] 2015 China 86 47/39 63.4 0 90 48/42 50.6 Serum
Wang et al[39] 2007 China 171 108/63 60 27 0 5/22 42.48 Serum
Wang et al[40] 2011 China 552 305/217 57.5 0 200 124/76 47.5 Serum
Yang et al[41] 2014 China 20 10/10 53 0 20 10/10 53 Serum

M/F=male/female, NPC=nonpancreatic cancer, including chronic pancreatitis, adenoma, and benign diseases, PC=pancreatic cancer.

Figure 2. The quality assessment of the included studies by QUADAS-2.
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and 1 study lacking the information about whether consecu-
tive or random samples of patients were enrolled. For the risk of
bias in the index text, 3 studies[22,40,43] did not pre-set the
threshold. Even though the results of index test were interpreted
without knowledge of the results of the reference standard, we
considered these studies to have a high risk of bias. Regarding the
domain of reference standard, all the studies used histopatholog-
ical method that the world medical community agrees to be the
gold standard to diagnose PC blindly. For patient flow and timing
domains, all patients received the same reference standard and
there was an appropriate interval between index test and
reference standard. In relation to applicability concerns, all the 3
domains (patient selection, index text, and reference standard)
scored well for all the including studies.

3.3. Heterogeneity assessment

It is indispensable for any meta-analysis to do an examination of
the potential sources of heterogeneity before pooling the data
from the included studies into summary assessments.[45] In all
meta-analysis, the heterogeneity within the studies was deter-
mined, which is crucial to the comprehension of the potential
factors that greatly influence accuracy assessments and the
appraisal of the appropriateness of statistical pooling of the
diagnostic accuracy from the various studies.[46] There are 2
causes of heterogeneity. One is the threshold effect, which is
primary and important, and the other one is nonthreshold effect.
We used a Spearman test to explore whether the heterogeneity
caused by the threshold effect ofMIC-1 and CA19–9 exists or not
in all researches. With regard to the MIC-1 researches, Spearman
correlation coefficient was �0.018 and P value was .952. In
addition, regarding to CA19–9 researches, Spearman correlation
coefficient was 0.244 and P value was .401. In conclusion, the
Spearman test that we did made it clear that there was no
heterogeneity caused by threshold effect. Another vital reason
that may be dedicated to the heterogeneity among the researches
is nonthreshold effect. We assessed nonthreshold effect by the
means of the CochranQmethod, Chi-squared test, and the test of
inconsistency (I2). Cochran Q values, х2 values, I2 values for
diagnostic performance indices were shown in the forest plots.
The I2 values were more than 50% as shown in figures, which
4

suggested high heterogeneity from nonthreshold effect among the
included studies.
3.4. The summary diagnostic accuracy of MIC-1 versus
CA19–9 for pancreatic cancer

The result of the including researches is listed in Table 2 and Figs.
3 to 6 show the forest plots of diagnostic indices of MIC-1 and



Table 2

Diagnostic performance of MIC-1 and CA19–9 from individual studies.

Author Year Tumor marker Test method Cutoff level Sen% Spe% TP FP FN TN AUC 95% CI

Mohamed et al[36] 2015 MIC-1 ELISA 2070pg/mL 94 45.8 47 11 3 9 0.917 NA
CA19–9 NA 55U/mL 82 66.7 41 7 9 13 0.904 NA

Özkan et al[44] 2011 MIC-1 ELISA 1259pg/mL 81 73 45 9 11 24 0.88 0.78–0.94
CA19–9 ELISA 34.3U/mL 81 97 45 1 11 32 0.93 0.85–0.97

Koopmann et al[20] 2004 MIC-1 ELISA 1070pg/mL 71 78 57 48 23 168 0.81 0.75–0.86
CA 19–9 ELISA 70U/mL 59 88 47 26 33 190 0.77 0.69–0.83

Koopmann et al[22] 2006 MIC-1 ELISA 1583pg/mL 90 94 45 3 5 47 0.99 NA
CA 19–9 ELISA 37U/mL 62 80 31 10 19 40 0.78 NA

Kaur et al[32] 2013 MIC-1 ELISA 1070pg/mL 90 46 82 13 9 11 NA NA
CA 19–9 RIA 37U/mL 83 67 76 8 15 16 NA NA

Zhou et al[43] 2014 MIC-1 ELISA 642.8pg/mL 89.9 90.3 137 9 15 87 0.958 0.924–0.992
CA 19–9 RIA 18.44U/mL 82 96.8 125 3 27 93 0.883 0.833–0.932

Zeng et al[42] 2012 MIC-1 ELISA 677pg/mL 83.33 93.33 35 2 7 28 0.96 NA
CA 19–9 ECLIA 37U/mL 73.81 90 31 3 11 27 0.85 NA

Fu et al[31] 2011 MIC-1 ELISA 946pg/mL 80.5 90.1 95 15 23 137 0.918 NA
CA 19–9 ECLIA NA 74.6 82.2 88 27 30 125 0.835 NA

Li et al[35] 2014 MIC-1 ELISA 1000pg/mL 73.6 82.5 95 21 34 99 NA NA
CA 19–9 CLIA 37U/mL 69.8 85.8 90 17 39 103 NA NA

Shao et al[37] 2007 MIC-1 ELISA 617pg/mL 8l.2 94 82 3 19 47 0.92 NA
CA 19–9 ECLIA 37U/mL 72.4 89.6 71 5 27 43 0.86 NA

Tao et al[38] 2015 MIC-1 ELISA 1000pg/mL 79.07 78.89 68 19 18 71 NA NA
CA 19–9 CLIA 35U/mL 70.93 85.56 61 13 25 77 NA NA

Wang et al[39] 2007 MIC-1 ELISA 615.7pg/mL 83.6 88.9 143 3 28 24 0.923 NA
CA 19–9 ELISA 37U/mL 76.6 80.8 131 5 40 21 0.808 NA

Wang et al[40] 2011 MIC-1 ELISA 1000pg/mL 73.9 97 386 6 136 194 0.945 NA
CA 19–9 ECLIA 37U/mL 61.9 97 323 6 199 194 0.836 NA

Yang et al[41] 2014 MIC-1 ELISA NA 62.32 68.56 12 6 8 14 0.68 NA
CA 19–9 ELISA NA 72.45 83.29 14 3 6 17 0.83 NA

95% CI=95% confidence interval, AUC= area under curve, CA19–9=carbohydrate antigen 19–9, CLIA= chemiluminescent immunoassay, ECLIA= electrochemiluminescence immunoassay, ELISA=
enzyme-linked immunosorbent assay, FN= false negative, FP= false positive, MIC-1=microphage inhibitory cytokine-1, NA=not available, RIA= radioimmunoassay, Sen= sensitivity, Spe= specificity, TN=
true negative, TP= true positive.
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CA19–9 for PC. The sensitivity that these studies observed
ranged from 60% to 94% (summary 80%; 95%CI 78–82), 59%
to 84% (summary 71%; 95%CI 68–73) forMIC-1 (Fig. 3A) and
CA19–9 (Fig. 4A) levels in the diagnosis of PC, respectively, while
the specificity ranged from 45% to 97% (summary 85%; 95%CI
83–87) (Fig. 3B), 65% to 97% (summary 88%; 95% CI 86–90)
(Fig. 4B). As a result of this, the pooled sensitivity of CA19–9 is
observably higher than MIC-1, while with regard to the pooled
specificity, MIC-1 had a significantly higher result than CA19–9.
In addition, the pooled PLR and NLR were 5.18 (95% CI, 3.24–
8.26) and 0.23 (95% CI, 0.19–0.29) versus 5.34 (95% CI, 3.78–
7.54) and 0.32 (95% CI, 0.28–0.37) for MIC-1 (Fig. 5A, B)
and CA19–9 (Fig. 6A, B) levels in the diagnosis of PC, which
indicated that each had its own merits.
Overall diagnostic accuracy was assessed by the pooled DOR

and AUC. Their values for MIC-1 versus CA19–9 levels in the
diagnosis of PC were 24.57 (95% CI, 14.00–43.10) (Fig. 5C)
versus 17.65 (95% CI, 11.65–26.76) (Fig. 6C) and 0.8945
(Fig. 7A) versus 0.8322 (Fig. 7B), respectively, suggesting that
the diagnostic value of MIC-1 is of a stroke above that of
CA19–9. Summary of the pooled diagnostic indices is provided
in Table 3.

3.5. Meta-regression

Inconsistency (1-square) values namely I2 values for the
diagnostic performance indices, as the figure follows, were more
than 50% without exception, indicating that high heterogeneity
5

from nonthreshold effect among the included studies exists.
Therefore, a meta-regression that was based on country of origin
(Asia or non-Asia), publication year (before 2010 or after 2010),
quality of including studies (high, medium or low), and case
number (<100 or ≥100) was performed to explore the possible
sources of heterogeneity. The results of this meta-regression are
summarized in Table 4, indicating that none of the above
covariates was found to be the significant source of heterogeneity
(all P> .05).
4. Discussion

It is critical to identify PC early in the clinical course to provide
timely and accurate treatment for patients, for the reason that PC
is one of the lethal disease with an unfavorable prognosis.
Nevertheless, the patients who are suffering from PC always
cannot be diagnosed definitely for the asymptomatic clinical
performance until the disease develops to an advanced stage.
Therefore, the only thing we have to do is get down to find some
powerful markers and confirm its diagnostic value to solve the
problem about early diagnosis when we have no idea about that
whether PC exists or not. Serum MIC-1 was reported in a few
studies to be a promising candidate biomarker to dedicate to the
diagnosis of PC in contrast to CA19–9, a traditional serum
biomarker. But studies have given confusing results about their
diagnostic performance. Some studies[20,22,36] consider that the
diagnostic value of MIC-1 for PC is better than that of CA19–9.
However, some[41,44] hold the opposite view. To definitize the
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Figure 3. Forest plots of (A) sensitivity and (B) specificity for MIC-1 in the diagnosis of PC of the included 14 studies.
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diagnostic performance of the 2 biomarkers, we did this meta-
analysis. We found and assessed 14 studies that directly
compared the diagnostic accuracy of serum MIC-1 and CA19–
9 in the same patient population, and the results demonstrate that
MIC-1 is a comparable marker for PC to CA19–9.
Currently, it is universally acknowledged that CA19–9 is the

most commonly used and most extensively validated serum
biomarker for detecting PC. CA19–9 is a sialylated Lewis blood
group antigen, which is absent from the blood stream of 5% to
10% of the population who are unable to express sialylated
Lewis antigens.[47] Although CA19–9 is the most commonly used
antigen for detecting PC, it is also elevated in a variety of other
conditions, including malignancies such as cholangiocarcinoma,
hepatocellular carcinoma, and colorectal adenocarcinoma aswell
as nonmalignant processes such as pancreatitis, pseudocyst,
6

choledocholithiasis, and cirrhosis. Therefore, the diagnostic
value of CA19–9 is suboptimal. Our meta-analysis indicated that
MIC-1 was performed with a higher sensitivity than CA19–9,
with a lower rate of missed diagnoses than CA19–9 in the
meantime. As for the specificity, MIC-1 is slightly lower than
CA19–9. The rate of misdiagnosis for MIC-1 is 15%, which is
higher than CA19–9. These findings demonstrate thatMIC-1 and
CA19–9 could play different roles in the diagnosis of PC. DOR is
a single indicator of test accuracy that combines the data from
sensitivity and specificity into a single number. The value of DOR
ranges from 0 to infinity, and higher values indicate better
discriminatory test performance.[26] In our study, the DOR value
for MIC-1 is 24.57, which is obviously higher than that for
CA19–9 of 17.65. Another indicator of diagnostic accuracy is
AUC that was calculated by SROC curve that assesses overall test



Figure 4. Forest plots of (A) sensitivity and (B) specificity for CA19–9 in the diagnosis of PC of the included 14 studies.
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performance by showing the trade-off between sensitivity and
specificity.[49] In the same way, MIC-1 had an AUC of 0.8945,
more than CA19–9 of 0.8322. Both the findings of DOR and that
of AUC prompt that MIC-1 have a more exact diagnostic
accuracy for diagnosing PC comparing with CA19–9.We further
examined the diagnostic accuracy of MIC-1 and CA19–9 by
calculating PLR andNLR, which can be easier to relate to clinical
practice than SROC and DOR. The pooled PLR value for MIC-1
of 5.18 suggests that patients with cancer have about 5-fold
higher chance of being MIC-1 positive than patients without
cancer. In the clinical practice, the larger the PLR value, the
better. Thus, CA19–9 is a little better than MIC-1 with the PLR
value of 5.34. The pooled NLR for MIC-1 was 0.23, suggesting
that a negative MIC-1 result is still 23% likely to be a false
negative, which is not low enough to rule out PC. That is to say,
7

the lower the NLR, the easier to rule out PC. Now, we can say
that MIC-1 can help to rule out PC more easily than CA19–9 on
account of its NLR value of 0.32. Thereby forMIC-1 and CA19–
9, each in his own way has made an important contribution in
this field in spite of the tiny difference of LR values.
Currently, there are plenty of serum biomarkers such as

carcinoembryonic antigen (CEA),[50] carbohydrate antigen 72–4
(CA72–4),[50] carbohydrate antigen 242 (CA242),[51] carbohy-
drate antigen 125 (CA125),[52] laminin gC (LAMC2)[52] was
found to be devoted to clinical diagnosis of PCmore or less. These
markers sometimes perform alone, sometimes are combined with
other markers, and form a panel to identify PC. Although some
serum biomarkers or biomarker panels can be of high diagnostic
value, it cannot meet the strict diagnostic criteria in clinical
practice. In addition to serum biomarkers, other markers such as

http://www.md-journal.com


Figure 5. Forest plots of (A) PLR, (B) NLR and (C) DOR for MIC-1 in the diagnosis of PC of the included 14 studies.
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clinical presentation, signs, symptoms, imaging characteristics,
some signs of invasive examinations, and gene detection are
widely used. The study by Keane et al[53] suggested that PC is
associated with 12 alarm symptoms: weight loss, abdominal
pain, nausea and vomiting, bloating, dyspepsia, new-onset
8

diabetes, changes in bowel habit, pruritus, lethargy, back pain,
shoulder pain, and jaundice. Diagnostic ability of ultrasonogra-
phy greatly depends on the operator’s experience and the
patient’s condition in terms of obesity and bowel gas, which leads
to uncertain sensitivity and specificity. It is necessary to combine



Figure 6. Forest plots of (A) PLR, (B) NLR and (C) DOR for CA19–9 in the diagnosis of PC of the included 14 studies.
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some other imaging tests such as CT, multidetector-row CT
(MDCT), positron emission tomography (PET), MRI, or
magnetic resonance cholangiopancreatography (MRCP) and
some invasive examinations such as endoscopic retrograde
cholangiopancreatography (ERCP), endoscopic ultrasonography
(EUS), and endoscopic ultrasonography-guided fine-needle
9

aspiration (EUS-FNA) with transabdominal ultrasonography
(TUS) to evaluate all aspects of PC. There are a number of
studies[54] that combine several imaging diagnostic methods to
diagnose PC in order to improve the accuracy of the diagnosis, as
the individual tests are generally of little value. At last, it was
found that EUS and EUS-FNA offer high diagnostic ability for
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Figure 7. SROC curve for (A) MIC-1 and (B) CA19–9 in the diagnosis of PC of the included 14 studies.
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PC. Some patients with PC were found to have gene
mutations, such as KRAS, P16INK4A, p53, SMAD4, and so
on. What is more, microRNAs can be detected in patients’ tissues
or plasma. These combined panels can help the diagnosis of PC.
Diagnosis of PC is still largely based on histopathological
examination, but we just need some accurate noninvasive
examinations.
However, our meta-analysis had numerous limitations and

we should interpret the results with caution for this reason. In
spite of that our meta-analysis was strengthened by the use of a
standard protocol, strict inclusion criteria, standardized data
extraction, independent reviewers, and a random-effects
10
model, we can do nothing about other uncontrollable
factors. These factors are as follows: First, we only included the
studies published in English or Chinese in only a few databases.
Our results may be biased by our omission of studies published
in journals not indexed in the databases we searched, studies
published in other languages and unpublished studies. Second,
this meta-analysis mostly included case–control studies, which
may be prone to spectrum bias because of the limitation
of selecting controls. At last, the heterogeneity of our
meta-analysis was obvious. Although we had carried on the
meta-regression analysis, we could not find the source of
heterogeneity.
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Table 4

Meta-regression of the effects of methodological characteristics on diagnostic accuracy.

MIC-1 CA19–9

Covariates Coefficient SE P Coefficient SE P

Country 0.754 0.5957 .2297 0.706 0.3935 .0982
Year �0.77 0.6575 .2663 0.397 0.4472 .3935
Quality �0.163 0.5485 .7737 �0.108 0.374 .7777
Case 0.49 0.7705 .5388 �0.036 0.6475 .9566

Table 3

Summary of the pooled diagnostic indices of MIC-1 and CA19–9 for PC.

Summary MIC-1 95%CI CA19–9 95% CI

Sen 0.8 0.78–0.82 0.71 0.68–0.73
Spe 0.85 0.83–0.87 0.88 0.86–0.90
PLR 5.18 3.24–8.26 5.34 3.78–7.54
NLR 0.23 0.19–0.29 0.32 0.28–0.37
DOR 24.57 14.00–43.10 17.65 11.65–26.76
AUC 0.8945 – 0.8322 –

AUC= area under the SROC curve, DOR=diagnostic odds ratio, NLR=negative likelihood ratio, PLR=positive likelihood ratio.
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5. Conclusion

Our meta-analysis found that MIC-1 is a comparable biomarker
to CA19–9 as an individual diagnostic tool for PC and each
performs its own functions. The diagnostic value of MIC-1
combined with CA19–9 in diagnosis of PC is still worth
exploring.
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