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INTRODUCTION

Biliary tract cancers (BTC) 
include cholangiocarcinoma 
(CC), gallbladder cancer (GBC) 
and ampullary carcinoma (AC) 
[1]. Though the incidence of 
BTC is low (2-3 persons/100,000 
per year in Western countries, 
4-6 persons/100,000 per year 
in Asian countries) [2, 3], its 
prognosis remains dismal with a 
poor 5-year survival rate of only 
3.2% [4], and a median overall 
survival of 5-15 months [5] in 
spite of medical intervention. 

SYSTEMATIC REVIEW AND META-ANALYSIS

ABSTRACT

Background & Aims: Growing evidence has shown that M2-PK is involved in cancer diagnosis and prognosis. 
The overall diagnostic accuracy of the pyruvate kinase isoenzyme type M2 (M2-PK) in biliary tract carcinoma 
(BTC) remains controversial. We performed a meta-analysis to evaluate the diagnostic value of M2-PK for BTC. 
Methods: The online PubMed, Cochrane, Web of Science, and Embase databases were searched for eligible 
studies published until August 8th, 2017. The Quality Assessment for Diagnostic Accuracy Studies 2 
(QUADAS-2) was used to evaluate study quality. All statistical analyses were conducted with Stata 12.0.
Results: We included 7 studies from 5 articles with 410 patients with BTC and 438 controls. The pooled 
sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), diagnostic odds ratio 
(DOR), and AUC for M2-PK in the diagnosis of BTC were 0.79 (95%CI 0.70-0.86), 0.81 (95%CI 0.71-0.88), 
4.1 (95%CI 2.5-6.8), 0.26 (95%CI 0.16-0.41), 17.159 (95%CI 5.468-54.071), and 0.87 (95%CI 0.83-0.89), 
respectively. The same indicators assessed for CA19-9 were as follows: 0.70 (95%CI 0.62-0.77), 0.71 (95%CI 
0.45-0.87), 2.38 (95%CI 1.2-4.73), 0.43 (95%CI 0.34-0.53), 6.28 (95%CI 2.4-16.44) and 0.73 (95%CI 0.69-0.77), 
respectively. Additionally, the diagnostic value of M2-PK varied based on characteristics of golden methods 
and different cut-off values.
Conclusions: This meta-analysis showed that M2-PK had a better diagnostic accuracy for BTC compared 
with CA19-9, with moderate diagnostic performance. However, prospective studies are required to confirm 
its diagnostic value.
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Exceptionally, the 5-year survival rates of AC patients were 
43.3–61.0% [6-8] for early symptoms and curative surgery 
stages [9]. Despite a slight downward trend worldwide over 
the past few decades according to National Cancer Institute 
(SEER Program; http://seer.cancer.gov/) and global cancer 
statics [10], the prevalence of GBC is constantly rising and is 
a substantial cause of mortality in some regions, for example, 
in Shanghai, China [10, 11]. 

These malignancies have a poor prognosis mostly because 
they are advanced when diagnosed, there is no effective 
adjuvant therapy and they have a progressive biological 
behavior. Curative surgery is almost the single effective 
treatment until now; however, 35% of the patients miss the 
timing for surgery at diagnosis and only 50% of those who 
underwent surgery achieved curative or margin-free resection 
(R0) [13]. The relief of biliary obstruction and palliative 
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chemotherapy are the mainstays of therapy. Nevertheless, only 
15-40% of patients with BTC respond to chemotherapy [5]. The 
patients with BTC show a high rate of recurrence and distant 
metastasis, about 60% to 80% [14].

Thus, early diagnosis is one of the important steps to 
improve the medical interventions and survival of BTC [15]. 
Until now, imaging methods, such as ultrasound or computed 
tomography (CT), were the main diagnostic modality for 
BTC, but with little promise for early diagnosis in cases with 
atypical symptoms or without a discernible mass. Meanwhile, 
no individual and single specific diagnostic tumor biomarkers 
exist for imaging conflicting results [16, 17]. The National 
Comprehensive Cancer Network (NCCN) guidelines only take 
carbohydrate antigen 19-9 (CA19-9) as a baseline of continuous 
surveillance and do not recommend other tumor markers as 
diagnostic indicators [18]. CA19-9 has a wide variation in 
sensitivity (50–90%) and specificity (54–98%) [17, 19-23], is 
falsely elevated in benign biliary diseases, is relieved in biliary 
obstruction and sepsis, and undetectable in Lewis antigen 
negative population [17]. Thus, the early diagnosis of BTC 
remains challenging [24, 25]. In addition, it is often difficult to 
differentiate between malignant and benign biliary strictures, 
such as primary sclerosing cholangitis (PSC) [9, 26]. 

Consequently, there is a strong need for better reliable 
tumor biomarkers in addition to the current diagnostic work up 
for BTC. One such potential biomarker is the pyruvate kinase 
isoenzyme type M2 (M2-PK) [26]. Pyruvate kinase (PK) in 
mammals has four isoforms (L, R, M1, and M2). The M2-PK 
is found primarily in embryonic tissues and specifically in 
tumor cells, participating in the glycolysis, as the key enzyme 
to product lactate from pyruvate, known as “aerobic glycolysis” 
[27, 28]. Therefore, M2-PK specifically assists survival and 
development of cellular growth of tumor cells [29]. Its role 
as a diagnostic marker has been explored in many different 
cancers and diseases such as Barret’s esophageal cancer [30, 
31], glioma [32], gastric cancer [29, 33], colon cancer [34, 35], 
non-small cell lung cancer [36, 37], exocrine pancreatic cancer 
[38], ovarian cancer [39] and advanced renal cancer [40], with 
diagnostic sensitivity levels ranging from 43 to 95%.

Several studies have addressed the potential value of M2-PK 
as a repeatable and non-invasive “liquid biopsy” for BTC. Its 

diagnostic role remains equivocal. Moreover, these studies have 
not been systematically reviewed. Hence, this meta-analysis 
aimed to quantitatively evaluate the diagnostic efficiency of 
M2-PK to provide a better understanding of its diagnostic 
value in BTC.

METHODS 

Data sources and search 
We performed this systematic review and meta-analysis in 

accordance with the PRISMA 2009 guidelines. On August 8th, 
2017 we systematically searched online PubMed, Cochrane, 
Web of Science, and Embase databases. Search terms used in our 
study included biliary tract malignancy, cholangiocarcinoma, 
gallbladder cancer, ampullary carcinoma, M2 Pyruvate Kinase, 
M2-PK, sensitivity, specificity and accuracy. We used free 
terms, MeSH terms as well as abbreviations and synonyms as 
keywords. We also manually searched the references of eligible 
articles and relevant reviews to find out other potential articles 
of interest. 

The full electronic search strategy for Pubmed was listed 
in Table I.

Selection of the studies 
We included English written articles; studies in humans; 

research articles; studies about diagnostic performance of M2-
PK in BTC; studies with BTC diagnosed based on pathological 
examination; only published literature which provided 
sufficient data to construct the diagnostic 2-by-2 tables. 

 The exclusion criteria were: duplicate articles; letters, 
reviews, meta-analyses, editorials, case reports, and studies 
without sufficient diagnostic data. Two researchers (WWQ and 
WPH) independently assessed any related articles carefully. 
Discrepancies were resolved by discussion. 

Data extraction and quality assessment 
We reviewed the included studies and extracted the details 

of studies (first author, published date, and country), the 
clinical characteristics of subjects (number of participants, 
number of males/females, and pathology of subjects), details 
about the detection method (specimen type, cut-off value), and 

Table I. Full electronic search strategy for Pubmed

Number Search items Item count

﹟1 Pyruvate Kinase[MeSH Terms]  ti.ab 6255

﹟2 (((((M-Type Pyruvate Kinase) OR M Type Pyruvate Kinase) OR 
Pyruvate Kinase, M-Type) OR M2-Type Pyruvate Kinase) OR M2 
Type Pyruvate Kinase) OR Pyruvate Kinase, M2-Type ti.ab

11550

﹟3 Biliary Tract Neoplasms[MeSH Terms]  ti.ab 25079

﹟4 ((((((((Biliary Tract Neoplasm) OR Neoplasm, Biliary Tract) OR 
Neoplasms, Biliary Tract) OR Biliary Tract Cancer) OR Biliary Tract 
Cancers) OR Cancer, Biliary Tract) OR Cancers, Biliary Tract) OR 
Cancer of the Biliary Tract) OR Cancer of Biliary Tract ti.ab

28257

﹟5 ﹟1 OR﹟2 11550

﹟6 ﹟3 OR﹟4 37615

﹟7 ﹟5 AND ﹟6 5

ti: title; ab: abstraction (only search strategy of Pyruvate Kinase and biliary tact neoplasm are shown 
in the  table; the strategy was same with other terms. MeSH term and free term of each key word was 
combined by “OR”. Then M2-PK and BTC and diagnosis was combined using “AND”)
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diagnostic performance (sensitivity, specificity, and data of 2 
by 2 tables). If the study contained the training and validating 
cohorts, each cohort was considered as an individual study. 
Study quality was evaluated with the Quality Assessment of 
Diagnostic Accuracy Studies-2 (QUADAS-2). The QUADAS-2 
form is composed of four domains: (1) patient selection, (2) 
index test, (3) reference standard and (4) flow and timing. For 
each domain, the risk of bias and concerns about applicability 
(the latter not applying to the flow and timing domains) were 
analyzed and rated as low, high and unclear risk. This is a 
validated tool for the assessment of methodological quality and 
applicability of diagnostic accuracy studies and to investigate 
potential sources of heterogeneity [41]. Two reviewers (CJZ and 
CJM) performed the data extraction and quality assessment 
independently. Any disagreements were resolved by consensus.

Statistical analysis
Stata 12 was used for all analyses. The sensitivity, specificity, 

diagnostic odds ratio (DOR), positive likelihood ratio 
(PLR), and negative diagnostic likelihood ratio (NLR) were 
graphically displayed after bivariate analysis. The heterogeneity 
was assessed using the bivariate model via the Spearman 
correlation analysis method, Cochran-Q, and inconsistency 
index (I2) tests, respectively. A p value (< 0.05) and I2 value 
(≥50%) indicated significant heterogeneity. When significant 
heterogeneity existed across studies, a random-effect model 
was conducted. We conducted covariates in addition to the 
bivariate model to examine whether sensitivity and specificity 
were different for the following study characteristics: sample 
size, specimen type, golden standard, pathology of subject, 
test method procedure.  

We performed a graphical evaluation of reporting bias 
using a funnel plot specifically designed for reviews of 
diagnostic test accuracy, representing the log (DOR) of each 
study against the inverse of the square root of the effective 
sample size: ESS=4n1n2/(n1+n2)42, where n1 and n2 are the 
number of subjects, respectively. We then performed the test 
on asymmetry proposed by Deeks et al. [42] on the slope of a 
ESS-weighted regression of log(DOR) against 1 /√ESS , which 
is known as Deeks publication bias plot [43]. A p value < 0.05 
indicates statistical significance.

RESULTS 

Literature selection
The number of searched articles relating to M2-PK 

diagnosis and BTC were 37,615 and 11,550 from Pubmed, 
1,364394 and 43,397 from EMBASE, 237 and 618,679 from 
Web of Science, 0 and 59,304 from Cochrane library.

Twenty four articles concerning the M2-PK and BTC 
were primarily identified from four databases (Fig. 1). After 
13 duplicated articles were excluded, we screened the titles 
and abstracts of 11 researches. Six articles were selected for 
full-text review after excluding 6 articles for the following 
reasons: letters, reviews, or irrelevant research topic, without 
valuable data or non-full test. Finally, 5 eligible articles [24-26, 
44, 45] containing 7 studies were identified and included in 
the meta-analysis.

Seven studies from 5 articles including 410 BTC and 
438 matched controls from 4 countries were included. The 
characteristics of each study are presented in Table II. The size 
of case and control groups ranged from 6 to 115 and 11 to 165, 

Fig. 1. Flow diagram of the study selection process
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respectively. One study was conducted in China, 2 in the USA, 3 
in UK, and 1 in Mexico; the patients with BTC were confirmed 
by pathological and cytological examination; among these 
studies, M2-PK levels were detected with the ELISA method. 
All these studies included subjects with benign biliary diseases 
as controls, and two studies also included healthy individuals 
as controls. 

Methodological quality of the included studies 
Overall, the quality of the included study cohorts was 

good though with slight methodological flaws (QUADAS-2 
summary plot is presented in Fig. 2). All studies adopted 
different prespecified thresholds for differential diagnosis. All 
studies detailed the procedure adopted to measure M2-PK. 
Regarding applicability concerns for the index test, all studies 
met the predefined criteria. For the flow and timing domain, 
there was an appropriate interval between the index tests and 
reference standard, and all the measurements of M2-PK were 
done ahead of the pathology. 

Concerning the domain of patient selection bias, three 
studies did not explicitly report that the patients were 
consecutive [24-26]. Similarly, one study [26] did not explicitly 
report whether the measurement of the M2-PK value was 
interpreted without the knowledge of the results of the surgical-
pathological evaluation. In one study, the imaging results were 
taken as a diagnostic standard [24], hence a different diagnostic 
method could have introduced bias. Furthermore, four studies 
did not explicitly state if the pathological evaluation of the 
specimen was based on fine needle aspiration biopsy / cytology 
or on histology, as they performed both procedures [25, 26, 45]. 

According to the criteria, all the 7 studies from 5 articles 
achieved QUADAS-2 standard (Table II), indicating moderate 
quality. The details of the quality assessment of each article are 
presented in Supplementary Table I. 

Diagnostic accuracy
To estimate the diagnostic accuracy of M2-PK in BTC, 

the pooled sensitivity, specificity, PLR, NLR, and DOR 
were determined. The values were as follows:  0.79 (95%CI 
0.70-0.86), 0.81 (95%CI 0.71-0.88), 4.1 (95%CI 2.5-6.8), 
0.26 (95%CI 0.16-0.41), and 17.159 (95%CI 5.468-54.071), 
respectively (Fig. 3). The summary receiver operator 
characteristic curve (SROC) was also plotted (Fig. 4). M2-PK 
achieved an area-under-curve (AUC) of 0.87 (95%CI 0.83-
0.89), suggesting a moderate accuracy in BTC diagnosis. The 
same indicators determined for CA19-9 were: 0.70 (95%CI 
0.62-0.77), 0.71 (95%CI 0.45-0.87), 2.38 (95%CI 1.2-4.73), 
0.43 (95%CI 0.34-0.53), 6.28 (95%CI 2.4-16.44), and AUC 
0.73 (95%CI 0.69-0.77). 

Threshold analysis
Further, threshold effects were assessed in our study. 

The Spearman correlation coefficient was 0.98 (p=0.96), 
suggesting no obvious heterogeneity from threshold effect. 
Then heterogeneity from non-threshold was evaluated 
by I2. There was a substantial heterogeneity in the pooled 
sensitivity (I2=80.75, p<0.001) and pooled specificity 
(I2= 84.72%, p <0.01), thus, a random-effect model was 
conducted.

Non-threshold analysis
The forest plot in Fig. 5 depicts the sensitivity and specificity 

of the M2-PK test stratified by the sample size, specimen, same 
method, index test, subjects, and cut-off value.

Subgroup analysis and meta-regression showed that the 
studies which used the same gold standard tended to have 
significantly lower specificity (0.72) than the other ones (0.88) 
(p<0.01). However, the difference between sensitivities was not 
significant (p=0.19, 0.79 vs. 0.77). The joint model showed a   

Fig. 2. Methodological evaluation according to QUADAS-2 of the included studies
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Table II. The main characteristics of the 7 studies included in the meta-analysis

Author (Year) 
[Ref]

ID Country Study 
type

Blind 
method

Study 
population

Gold standard Disease Specimen Cases 
number 

(malignant/
benign)

Cut-
off
(U/
mL)

Se % Sp %

Goonetilleke 
KS et al. (2007) 
[44]

1 United 
Kingdom

prospec-
tive

- - histology Peri-
ampullary 

cancer

plasma 115 (76/67) 27.2 66 58

Li YG et al. 
(2009) [45]

2 China prospec-
tive

- continuous histology/
FNA†/

cytology

Cholangio-
carcinoma

plasma 280 
(115/165)

18 84 90

Dhar et al. 
(2013) [26]

3 United 
Kingdom

- - - histology/
cytology

Cholangio-
carcinoma/
gallbladder 

cancer

plasma 167 (88/79) 31.7 90.3 84.3

Dhar D et al. 
(2013) [26]

3 United 
Kingdom

- - - histology/
cytology

Cholangio-
carcinoma/
gallbladder 

cancer

Bile 167 (88/79) 24.4 71.0 69.9

Navaneethan 
U et al. (2015) 
[25]

4 USA prospec-
tive

- - histologically/
cytology/FNA  

Cholangio-
carcinoma/
Pancreatic 

cancer

Bile 
(discovery 

cohort)

34 (17/17) 109.1 52.9 94.1

Navaneethan 
U et al. (2015) 
[25]

4 USA prospec-
tive

- - Cholangio-
carcinoma/
Pancreatic 

cancer

Bile 
(validation 

cohort)

40 (20/20) 109.1 95 80

Aguilar-Olivos 
NE et al. (2016) 
[24]

5 Mexico prospec-
tive

- - clinical, 
radiological/
histological 

- Bile 20 (6/11) 0.0216 66.70 90.90

† Fine needle aspiration; - not available; Se: sensitivity; Sp: specificity

Fig. 3. Pooled results of the meta-analysis. Forest plot shows sensitivity and specificity with 
corresponding 95% CIs. Studies are ordered chronologically. CI: confidence intervals; TP: true 
positive; FN: false negative; FP: false positive; TN: true negative; Sn: sensitivity; Sp: specificity.

p=0.03. Besides, the subgroup categorized into a higher cutoff 
(≥25U/ml) showed lower sensitivity (0.75) than low M2-PK 
subgroup (0.81) with statistical significance (p=0.03), while the 
specificity was similar between the two groups (0.79 vs. 0.82, 
p=0.19). Sensitivity and specificity did not change significantly, 
regardless of other covariates.

Publication bias
Deeks funnel plot asymmetry test was performed to evaluate 

publication bias (Fig. 6). The slope coefficient did not reveal 
obvious evidence of asymmetry (p=0.94). Potential publication 
bias among studies cannot be excluded due to their inherent 
under-power based on the small number of included articles.
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Fig. 4. The summary receiver operator characteristic curve of M2-PK. 
M2-PK achieved an AUC of 0.87 indicating a moderate accuracy in 
BTC diagnosis.

Fig. 5. Subgroup analysis and meta-regression. Sample size (Yes: larger 
than 100 cases; No: less than 100 cases); Specimen (Yes: plasma; No: 
bile); Same method (Yes: the same gold standard; No: more than one 
gold standard); Ref test (Yes: detailed description of the test method; 
No: not detailed description of the test method); Subject (Yes: detailed 
description of the subject; No: not detailed description of the subject); 
Cut-off (Yes: above 25U/ml; No: below 25U/ml).

Fig. 6. Deeks funnel plot of publication bias. The dotted line represents 
the regression line of log (DOR) against root 1/ESS.ESS (effective 
sample size). The Deeks test for asymmetry is not significant. DC: 
discovery cohort; VC: validation cohort.

DISCUSSION

We performed the first meta-analysis on the diagnostic 
accuracy of M2-PK for detection of BTC based on unique 
studies. Generally, a correct diagnosis could often be made 
based on M2-PK assays, with a pooled sensitivity and specificity 
of 0.79 and 0.81, respectively. The AUC of SROC curves was 
well above common standards for diagnostic procedures 
at 0.87 (> 0.8). The compared sensitivity and specificity of 
CA19-9 in the same study population of 4 studies were 0.70 

and 0.71, respectively, and the AUC for CA19-9 was 0.73. In 
other independent studies, CA19-9 exhibited varied diagnostic 
performance with a sensitivity of 40–90%, specificity 50–98% 
[17,19-23], and positive predictive value (PPV) of 16-40% 
depending on cut-off values [20, 22, 23]. Regarding the other 
traditional serum markers, the estimated sensitivity and 
specificity of carcinoembryonic antigen (CEA) were 20%-68% 
and 82-100%, respectively [15, 46], while for cancer antigen 
125 (CA125) sensitivity and specificity were 31.25%, and 96% 
[47], respectively. The accuracy of the M2-PK assay appears to 
be modestly stronger than either of these traditional markers.

In grouped analyses stratified by plasma and serum, the 
sensitivity and specificity of the plasma M2-PK were 0.75 (95% 
CI,0.63-0.86) and 0.75 (95% CI,0.63-0.88), while those of bile 
M2-PK were 0.83 (95% CI,0.69-0.97) and 0.86 (95% CI,0.73-
0.99). Though bile M2-PK seemed to have better sensitivity 
and specificity, no statistical significance was reached (p=0.12 
and 0.09, respectively) (Supplementary Table II).   

The DOR was further calculated to evaluate diagnostic 
effectiveness [48]. The value of DOR >10 represents a good 
discriminatory test performance. In this meta-analysis, the 
DOR for M2-PK assays was 17.195, while the compared DOR 
for CA19-9 was 6.28 indicating a better ability to correctly 
discriminate BTC cases from benign lesions by using M2-PK 
assays. But the fact that M2-PK may rise in patients with benign 
diseases should not be ignored. This limits the potential use of 
the M2-PK assay as a diagnostic marker. For example, M2-PK 
was also elevated in patients with benign pancreatic diseases, 
inflammatory lung diseases, and even in normal tissues (i.e. 
normal fresh colonic epithelium) [36, 49, 50].

M2-PK showed a better diagnostic performance than the 
traditional markers used in other gastrointestinal (GI) cancers, 
except pancreatic cancer. Its diagnostic specificity was 89% and 
sensitivity ranged from 48% to 73% [51, 52]. Especially in colon 
cancer, there are several studies and a meta-analysis about stool 
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M2-PK providing a high sensitivity (0.78) and specificity (0.77) 
[34, 35]. However, in pancreatic cancer, M2-PK had an overall 
specificity of 60% and a sensitivity of 95%, similar to those of 
CA19-9 [38]. Regarding the nonGI cancers, the sensitivity of 
M2-PK for detecting ovarian cancer was 70% with a specificity 
of 65% at a cut-off value of 22 U/ml [39]. In lung cancer, a meta-
analysis revealed that M2-PK can be a potential biomarker for 
diagnosis of non-small cell lung cancer with pooled sensitivity, 
specificity, positive likelihood ratio (PLR), negative likelihood 
ratio (NLR) of 0.69 (0.65-0.72), 0.92 (0.89-0.94), 7.84 (5.92-
10.38), and 0.36 (0.32-0.40) [37]. In addition to the previous 
non-metastatic cancers, plasma M2-PK concentrations might 
be a potential biomarker of advanced renal cell cancer with a 
sensitivity of 66.7% and specificity of 95% [40]. 

Positive LR and NLR are also important indicators to 
present overall diagnostic accuracy [53]. Likelihood ratios of 
a PLR > 10 and an NLR < 0.1 present high accuracy. A PLR 
value of 4.1 for the M2-PK assays suggests that patients with 
BTC have more than a 4-fold higher chance of being M2-PK 
assay-positive compared with benign cases. The NLR was 0.26, 
implying that one fourth of cases with negative M2-PK test may 
have BTC. These data suggest that the results of M2-PK for 
BTC diagnosis should cautiously be interpreted and not used 
alone. PLR and NLR for CA19-9 were 2.38 (95%CI 1.2-4.73), 
and 0.43 (95%CI 0.34-0.53) respectively, indicating a worse 
diagnostic performance than M2-PK.

We found some heterogeneity in the sensitivity and 
specificity of M2-PK tests among the studies. Considering that 
positive results have more chance to be published, the Deek’s 
funnel plot asymmetry, which tests the effect of publication 
bias was conducted, but it did not indicate publication bias. 
However, we found a higher sensitivity and specificity in the 
non-same gold standard subgroup rather than in the same 
method group, suggesting a major source of heterogeneity. 
Besides, the subgroup categorized into high M2-PK (≥25U/ml) 
showed lower sensitivity than the low M2-PK subgroup with 
statistical significance (p=0.03), while the specificity was similar, 
without significant difference (p=0.19). Though joint p was 
0.70, difference among the cut-off values was another potential 
source of heterogeneity. However, the other study characteristics 
including case number, specimen, the measurement of the 
index test, and the subject of these studies did not contribute to 
the heterogeneity. The heterogeneity could have been derived 
from other different methodological characters not included 
in meta-regression analysis due to incomplete information 
provided by the primary studies, such as jaundice and TNM 
staging of patients enrolled. Only one study [44] mentioned 
that the M2-PK test is unaffected by the presence of jaundice 
in control patients. In addition, two studies included less than 
20 cancer patients [24, 25], which may also have contributed to 
the poor robustness. Overall, the insignificant publication bias 
suggested that the heterogeneity of the included studies had 
been mostly dependent on the objective quality of the research.

Currently, the use of M2-PK in the BTC differential 
diagnosis is a matter of debate. Hence, we conducted a 
comprehensive meta-analysis to evaluate the diagnostic 
accuracy of M2-PK assays, and we concluded that M2-PK has 
a higher accuracy than the routinely used biomarkers CA19-
9 and CA125. The mean sensitivity and specificity (0.76 and 

0.80) of M2-PK were even higher than those of ERCP (0.74 
and 0.70) [54], the current benchmark of BTC pretreatment 
diagnosis [4]. Though the LR showed imperfect robustness 
as a lonely marker [39–41, 51–53], this easy available M2-PK 
test is highly recommended alongside conventional cytological 
and histological examinations for BTC by Navaneethan et al. 
They found that a combination of markers - elevated M2-PK 
(>109.1 U/l) or CA 19-9 (>33 U/ml) or positive biliary brushing  
increased the sensitivity (88.2%) and the specificity (88.2%) in 
diagnosing malignant biliary strictures, with an AUC of 0.89 
[25]. In another study, combined M2-PK with CA19-9 did 
not improve the diagnostic sensitivity and specificity over the 
M2-PK alone [26]. 

Our meta-analysis had some limitations. Firstly, it 
was impossible to determine all sources of heterogeneity. 
The potential covariates data that may contribute to the 
heterogeneity were not available from the selected articles 
including the jaundice, cholangitis, tumor size, metastasis, 
TNM staging, flow and timing of these studies. One study 
included healthy subjects as control cases [45] and other 
studies included different benign diseases as controls. Secondly, 
a small number of studies were included in the qualitative 
analysis group though we performed a thorough literature 
search. Bias may have resulted from incomplete retrieval of 
this identified research. For example, one study concluded 
that M2-PK did not have a different expression in benign and 
malignant diseases, thus no valid data was obtained [45] . The 
number of the patients was small in the majority of studies due 
to the low frequency of BTC. This might have weakened the 
statistical significance. Thirdly, publishing and reporting bias 
should not be ignored as well. Though the Deeks funnel plot 
asymmetry test did not reveal obvious evidences of asymmetry, 
potential publication bias among studies cannot be excluded 
due to their inherent under-power based on a small number 
of included articles. Even including only English-language 
studies might have introduced publishing bias. The papers 
with positive results tend to be published which may be a 
reason for the unavoidable bias. Consequently, prospective, 
large scale and comprehensive studies are required to further 
confirm the effectiveness and the ease of this diagnostic strategy 
and potential covariate influences before its implementation 
in clinical practice.

CONCLUSION

Our meta-analysis showed that M2-PK had a better 
diagnostic accuracy for BTC compared with CA19-9, with 
moderate diagnostic performance. 
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Supplementary Table I  
  QUADAS-2 ITEMS 

 
 
 
 Study Was a 

consecutive 

or random 

sample of 

patients 

enrolled? 

Wasa 

case–control 

design 

avoided? 

Did the 

study avoid 

inappropriate 

exclusions? 

Were the 

index test 

results 

interpreted 

without 

knowledge 

of the 

results of 

the 

reference 

standard? 

If a 

threshold 

was used, 

was it 

prespecified? 

Is the 

reference 

standard 

likely to 

correctly 

classify 

the target 

condition? 

Were the 

reference 

standard 

results 

interpreted 

without 

knowledge 

of the 

results of 

the index 

test? 

Was there 

an 

appropriate 

interval 

between 

index tests 

and 

reference 

standard? 

Did all 

patients 

receive a 

reference 

standard? 

Did all 

patients 

receive 

the same 

reference 

standard? 

Were all 

patients 

included 

in the 

analysis? 

Goonetilleke, K.S(2007) Y Y Y Y N Y U Y Y Y Y 

Y.G. Lia(2009) Y Y Y Y N Y U U Y N Y 

Dhar, Damink et al(2013) U U U U N Y U Y Y N N 

Dhar, Damink et al(2013) U U U U N Y U Y Y N  

Navaneethan, Lourdusamy et al.(2015) Y Y Y Y N Y U Y N N N 

Navaneethan, Lourdusamy et al.(2015) Y Y Y Y N Y U Y N N N 

Aguilar-Olivos, N.E.(2016) U Y U Y N U U Y Y N U 

Y, Yes; U, Unclear; N ,No. 

 
 
 
 



Supplementary Table II. The meta-regression and subgroup analysis 

Subgroup  Sensitivity (95%CI) P1 Specificity (95%CI) P2 

Yes Sample size 

No 

0.79（0/70-0.88） 

0.75 (0.58 - 0.92) 

0.47 0.79 (0.68-0.89) 

0.88 (0.77 - 1.00) 

0.07 

Yes Specimen 

No 

0.75 (0.63 - 0.86) 

0.83 (0.69 - 0.97) 

0.12 0.75 (0.63 - 0.88)  

0.86 (0.73 - 0.99)      

0.09 

Yes Same method 

No 

0.77 (0.65 - 0.90) 

0.79 (0.67 - 0.92) 

0.19 0.72 (0.61 - 0.82)  

  0.88 (0.82 - 0.95)   

0.00 

Yes Ref test 

No 

0.79 (0.71 - 0.87) 

0.67 (0.24 - 1.00) 

0.53 0.80 (0.71 - 0.89) 

0.92 (0.73 - 1.00) 

0.59 

Yes Subject 

No 

0.79 (0.71 - 0.87) 

0.67 (0.24 - 1.00) 

0.53 0.80 (0.71 - 0.89) 

  0.92 (0.73 - 1.00)      

0.59 

Yes Cut-off 

No 

0.78 (0.68 - 0.88)  

0.82 (0.67 - 0.97)  

0.19 0.75 (0.66 - 0.84) 

0.89 (0.81 - 0.97) 

0.00 

Sample siz：Yes：larger than 100 cases；No：less than 100 cases 

Specimen: Yes：plasma； No：bile 

Same method：Yes：the same golden standard； No：more than one golden standard 

Ref test：Yes： detailed description of the test method； No：not detailed description of the test method 

Subject：Yes：detailed description of the subject； No：not detailed description of the subject 

Cut-off：Yes：above 25U/ml；No：below 25U/ml 

 

 

 


