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Serum markers are needed to be developed to speciﬁcally diagnose Hepatocellular carcinoma (HCC). Des-γ-carboxy
prothrombin (DCP) is a promising tool with limited expense and widely accessibility, but the reported results have been
controversial. In order to review the performance of DCP for the diagnosis of HCC, the meta-analysis was performed. After
a systematic review of relevant studies, the sensitivity, speciﬁcity, positive and negative likelihood ratios (PLR and NLR,
respectively) were pooled using a bivariate meta-analysis. Potential between-study heterogeneity was explored by meta-regression model. The post-test probability and the likelihood ratio scattergram to evaluate clinical usefulness were calculated.
Based on literature review of 20 publications, the overall sensitivity, speciﬁcity, PLR and NLR of DCP for the detection of
HCC were 67% (95%CI, 58%-74%), 92% (95%CI, 88%-94%), 7.9 (95%CI, 5.6-11.2) and 0.36 (95%CI, 0.29-0.46), respectively.
The area under the bivariate summary receiving operating characteristics curve was 0.89 (95%CI, 0.85-0.92). Signiﬁcant
heterogeneity was present. In conclusion, the major role of DCP is the moderate conﬁrmation of HCC. More prospective
studies of DCP are needed in future.
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Hepatocellular carcinoma (HCC) is one of the most common cancers in the world [1], it is the ﬁfth most prevalent
cancer globally and the third leading cause of cancer related
deaths [2]. Some studies reported that the median survival
of HCC was only 3-6 months after the onset of symptoms
[3]. However, if HCC can be detected when tumor lesions
are small and patients asymptomatic, the HCC is potentially
curable [4]. For example, the 5-year overall survival rates
of patients have exceeded 70% after orthotopic liver transplantation [5].
Thus, regular screening among the high risk population
including patients with chronic hepatitis and cirrhosis would
beneﬁt in detecting the disease in an early curable stage, yield
a long-term survival and decrease mortality of HCC [6, 7].
Currently, liver biopsy is the gold standard for this purpose.
Unfortunately, due to its invasiveness, not everyone can
endure it. Imaging technology including ultrasonography,
helical computed tomography, and magnetic resonance imaging have permitted the detection of smaller sized tumors
(1 cm) in early carcinogenesis [8, 9]. However, the diagnostic

performance of these modalities varies widely depending on
the experience of the examiner. Tumor markers for HCC thus
clearly are needed. AFP is the most commonly used serum
marker in diagnosing HCC. However, AFP levels may be
normal in up to 40% of patients with HCC, particularly in
patients with small HCC [10]. Moreover, the elevated AFP
level of some patients with cirrhosis or chronic hepatitis may
be observed as well [11]. There is a need to develop additional
sensitive and speciﬁc serum markers used to diagnose HCC
in an early stage.
In 1984, Liebman et al reported that 69 out of 76 patients
(91%) with HCC had abnormally high levels of DCP. They
also described that only three out of 28 cases (11%) with
chronic active hepatitis showed an increased DCP level [12].
Since then, many studies had evaluated the usefulness of DCP
in the diagnosis of patients with HCC, but results have been
controversial and diﬃcult to convince as small sample size.
Therefore, the objective of this study was to systematically
review the diagnostic accuracy of DCP for HCC with likelihood ratios and other performance indicators, and explore
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reasons behind the heterogeneous results using meta-regression method.
Materials and methods
Search strategy. Serum DCP levels were measured by conventional enzyme immunoassay (EIA) kit (Eitest MONO P-II,
Eisai, Tokyo, Japan) before 1997. Because of its low sensitivity
to detect small HCC, it was replaced by some ELISA kits which
are simple and possess a much higher sensitivity. To ensure
a high quality of the included studies, the literatures using the
conventional kit were excluded from this study.
Literature search was carried out using PubMed, OVID,
the China Biological Medicine Database (CBM) and Chinese
National Knowledge Infrastructure (CNKI) (01/1997-07/2011).
The search terms were used as follows: hepatocellular carcinoma,
small hepatocellular carcinoma, HCC, liver cancer, des-gammacarboxy prothrombin, des-γ-carboxy prothrombin, DCP,
PIVKA-II, Protein Induced by Vitamin K Absence, diagnosis,
detection, early detection. Both free text and MeSH search for
keywords were employed. No language limitations were used.
Additional studies were identiﬁed via a manual review of the
reference lists of identiﬁed studies and review articles.
Studies were included if they met the following inclusion
criteria: [1] The studies evaluated the performance of DCP
for the diagnosis of HCC with prospective or retrospective
design. The performance of DCP could be assessed alone or
in comparison to other tests. [2] The diagnosis of HCC was
made based on histological examination or by the appropriate
imaging characteristics as deﬁned by accepted guidelines [4,
13]. [3] The studies detecting DCP concentration in serum
were included, but the studies addressing detection in tissue
and other body ﬂuids were excluded.
Two reviewers (Ping Gao, Man Li) independently assessed
eligible articles for inclusion. Disagreements were resolved by
discussion.
Data extraction and quality assessment. Data were extracted on: [1] author, year of publication and journal; [2]
study design; [3] performance of the reference standard; [4]
performance of the index test; [5] data for two-by-two table;
[6] characteristics of the patients.
Study quality was assessed using the QUADAS tool which
is structured as a list of 14 questions. Each question should be
answered “yes”, “no”, or “unclear” [14]. Two items were not assessed, one of which is the item of “Were the same clinical data
available when test results were interpreted as would be available when the test is used in practice?”, because the reference
standard in our research did not rely on clinical information;
the other is the item of “Were uninterpretable/intermediate
test results reported?”, because the DCP concentration was
determined by ELISA kits, there was no uninterpretable/intermediate result. Results are presented in graphs. We did not
calculate a summary score estimating the overall quality of an
article since using summary scores to identify high quality
studies is problematic [15].
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Data analysis. Bivariate random eﬀects approach was used
to summarize the sensitivity, speciﬁcity, PLR, NLR, diagnostic
odds ratio (DOR) and construct a bivariate sROC curve [16].
The bivariate model is considered as a more valid statistical
model for diagnostic meta-analysis. Covariates can be added
to the bivariate model and they lead to separate eﬀects on
sensitivity and speciﬁcity. This means that we can explicitly
test whether there is a diﬀerence in sensitivity, speciﬁcity, or
both.
As a potential cause of heterogeneity, threshold/cut oﬀ
eﬀect was tested with the Spearman correlation coeﬃcient.
Heterogeneity induced by factors other than threshold/cut-oﬀ
eﬀect was assessed by means of the Cochran Q method and
by the test of inconsistency (I²) [17]. Meta-regression model
can be used to explore sources of between-study heterogeneity. The following sources of heterogeneity were addressed:
ethnicity (Asian vs. Caucasian), etiology (HBV vs. HCV),
control (CH/LC vs. LC), small HCC (yes vs. no), and gender
(mixed vs. male) as covariates. Once reasons of heterogeneity
were found, summary estimate of sensitivity, speciﬁcity, PLR,
NLR, DOR were also used in the subgroup. The hierarchical
summary receiver operating characteristic (HSROC) curves
of the subgroups were also plotted [18].
Publication bias was examined using Deek’s funnel plot of
lnDOR against 1/sqrt(eﬀective sample size), and associated
regression test of asymmetry [19].
Clinical Utility of the Index test. The clinical or patientrelevant utility of a diagnostic test was evaluated using the
likelihood ratios to calculate post-test probability (PTP). PTP
can be read either from the Probability Modifying Plot [20],
or from the Fagan’s nomogram [21].
The likelihood ratio scattergram was plotted to suggest
whether the diagnostic test is useful for conﬁrmation or
exclusion of HCC [22]. If the summary point of likelihood
ratios is in the Left Upper Quadrant, the Index test is useful
for conﬁrmation and exclusion of the disease; In the Right
Upper Quadrant, it is useful for conﬁrmation only; In the
Left Lower Quadrant, it is useful for exclusion only and in
the Right Lower Quadrant means no role for conﬁrmation
and exclusion.
All analyses were performed using STATA 11.0 (College
Station, TX), and the methodological quality graph was plotted
using the Review Manager 5.0 (The Cochrane Library).
Results
Search results and methodological quality of included
studies. The 193 relevant articles were searched, of which 34
studies were eligible for inclusion, based on title and abstract.
After assessment of the full text articles, 20 relevant articles
(19 in English [23-41] and 1 in Chinese [42]) including 5911
patients were available. A list of all the details abstracted from
included studies was provided in table 1.
Figure 1 showed the overall methodological quality of the
20 included studies. In the 20 studies, only 3 studies evaluated
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Figure 1. Methodological quality graph: Review authors’ judgments about each methodological quality item presented as percentages across all 20
included studies.
Table 1 Characteristics of the Included Studies
Author

Study/Center
Description

TP

FP

FN

TN

N

Threshold

Wang et al.(2005)
Retrospective, one center
47
9
14
57 127 40mAU/ml
Marrero et al.(2003) Retrospective, one center
50
5
5
99 159 125mAU/ml
Sharma et al.(2010)
Retrospective, one center
57
3
13
65 138 6.98ng/ml
Cui et al.(2003)
Retrospective, one center
64
13
56
77 210 40mAU/ml
Okuda et al.(1999)
Retrospective, Unclear
36
9
24 108 177 40mAU/ml
Mita et al.(1998)
Retrospective, Unclear
56
3
35
54 148 40mAU/ml
Sterling et al.(2009)
Prospective, 7 centers
29
31
45 267 372
7.5ng/ml
Durazo et al.(2008)
Retrospective, one center 125
14
19
82 240 84mAU/ml
Nakamura et al.(2006) Retrospective, multicenter 790
10 571 338 1709 40mAU/ml
Sassa et al.(1999)
Retrospective, one center
27
2
34 132 195 40mAU/ml
Volk et al.(2007)
Retrospective, one center
72
12
12 157 253 150mAU/ml
Yoon et al.(2009)
Prospective, one center
55
3
51
97 206 40mAU/ml
Kuromatsu et al.(1997) Retrospective, Unclear
58
6
71
77 212 40mAU/ml
Beale et al.(2008)
Retrospective, Unclear
39
8
11
33
91 20.24ng/ml
Nomura et al.(1999) Retrospective, Unclear
10
2
26
47
85 40mAU/ml
Baek et al.(2009)
Retrospective, one center 189
32
38
68 327 40mAU/ml
Bachtiar et al.(2010) Retrospective, 4 centers
92
5
32
91 220
4.5ng/ml
Lok et al.(2010)
Prospective, multicenter
29
11
10
66 116 40mAU/ml
Marrero et al.(2009) Retrospective, 7 centers
310 125 109 292 836 150mAU/ml
XH et al.(2002)
Retrospective, one center
31
4
29
26
90 40mAU/ml
Note: TP, true positive; FP, false positive; FN, false negative; TN, true negative.
a
Mixed refers to the etiology including HBV infection, HCV infection, alcohol and others.
b
ALD and NAFLD, alcoholic and non-alcoholic fatty liver diseases.
c
Small HCC, all of the tumors were ≤3 cm in diameter.

Blind
Design
No
Yes
No
No
No
No
Yes
Yes
No
No
Yes
No
No
No
No
No
No
Yes
Yes
No

Ethnicity

Etiology

Asian
HBV/HCV
Caucasian
HCV
Asian
HBV/HCV
Asian
HBV
Asian
HCV
Asian
HCV
Caucasian
HCV
Asian
HBV/HCV
Asian
HCV
Asian
HCV
Caucasian
Mixeda
Asian
HBV
Asian
HCV
Caucasian ALD and NAFLDb
Asian
Mixeda
Asian
HBV
Asian
HBV/HCV
Caucasian
HCV
Caucasian
Mixeda
Asian
HBV

Small
HCCc
No
No
No
No
No
Yes
No
No
No
Yes
No
No
No
No
Yes
No
Unclear
Yes
No
No
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Figure 2. SROC curves from the bivariate model. The smaller region (conﬁdence contour) contains likely combinations of the mean value of sensitivity
and speciﬁcity. The wider region (prediction contour) demonstrates more uncertainty as to where the likely values of sensitivity and speciﬁcity might
occur for individual studies. Note: SROC, summary receiver operating characteristic; SENS, sensitivity; SPEC, speciﬁcity.

the DCP performance by prospective design and 17 studies
used the retrospective design. Diagnostic test accuracy may be
overestimated in retrospective design, so these were regarded
as not having a representative patient spectrum. Only 3 studies
clearly stated that the DCP test results were interpreted blind
to the results of the reference standard, 10 studies reported sufﬁcient details of the index test and 5 studies clearly explained
why patients withdraw from the study. The other items were
reported well.
Data analysis. After analysis using the bivariate random
eﬀect model, the pooled sensitivity and speciﬁcity were 67%
(95%CI, 58%-74%) and 92% (95%CI, 88%-94%) respectively,
the pooled PLR and NLR were 7.9 (95%CI, 5.6-11.2) and 0.36
(95%CI, 0.29-0.46) respectively, and the pooled DOR was 22
(95%CI, 14-34).
Figure 2 showed the bivariate sROC curve for the diagnostic
accuracy of DCP, the area under the curve (AUC) was 0.89
(95%CI, 0.85-0.92). Figure 2 also showed the summary point
estimate of sensitivity and speciﬁcity. The smaller region (95%
conﬁdence contour) contains likely combinations of the mean
value of sensitivity and speciﬁcity. The wider region (95% prediction contour) demonstrates more uncertainty as to where
the likely values of sensitivity and speciﬁcity might occur for
individual studies.

The Spearman correlation coeﬃcient was 0.353, P=0.126,
thus there was no eﬀect of cut-oﬀ value. By means of the
Cochran Q method and the test of I², Cochran-Q=282.91,
P=0.000; I²=99% (95%CI, 99%-100%), which suggested signiﬁcantly heterogeneity induced by factors other than cut-oﬀ
eﬀect.
With the bivariate random eﬀect model, eﬀects of covariates on sensitivity and speciﬁcity can be modelled separately.
According to the meta-regression analysis, it was found that
the covariates which had an eﬀect on neither sensitivity
nor speciﬁcity were: etiology (sensitivity P=0.18; speciﬁcity
P=0.57), gender (P=0.64 for sensitivity and P=0.07 for speciﬁcity) and small HCC (P=0.08 for sensitivity and P=0.26
for speciﬁcity). The eﬀects of ethnicity were signiﬁcant on
both sensitivity (P=0.02) and speciﬁcity (P=0.03). The eﬀect
of control was signiﬁcant for speciﬁcity (P=0.01), but not for
sensitivity (P=0.53). Therefore, subgroup analysis of ethnicity
and control was made.
Table 2 showed the results of the subgroup analysis. Based
on ethnicity, sensitivities calculated separately by studies of
Asian and Caucasian were 63% (95%CI, 53%-72%) and 76%
(95%CI, 61%-87%), speciﬁcities were 93% (95%CI, 89%-96%)
and 88% (95%CI, 80%-93%). Based on control, 9 studies used
patients with chronic hepatitis and cirrhosis as control, pooled
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Table 2 Results of the subgroup analysis
covariate

Number of studies

Sens(95%)

Spec(95%)

DOR(95%)

PLR(95%)

0.63
0.93
22.78
9.05
14
Asian
(0.53-0.72)
(0.89-0.96)
(14.76-35.16)
(6.08-13.49)
Ethnicity
0.76
0.88
22.70
6.16
Caucasian
6
(0.61-0.87)
(0.80-0.93)
(8.07-63.85)
(3.41-11.12)
0.70
0.94
39.34
12.21
CH and Cirrhosis
9
(0.59-0.81)
(0.91-0.96)
(23.65-65.43)
(8.29-17.97)
Control
0.63
0.88
13.15
5.43
Cirrhosis
11
(0.52-0.74)
(0.82-0.93)
(8.00-21.63)
(3.64-8.10)
Note: Sens, sensitivity; Spec, speciﬁcity; DOR, diagnostic odds ratio; PLR, positive likelihood ratio; NLR, negative likelihood ratio.

NLR(95%)
0.40
(0.31-0.50)
0.27
(0.16-0.47)
0.31
(0.21-0.45)
0.41
(0.31-0.55)

Figure 3. HSROC curve of the subgroup analysis. (A) HSROC curve of the subgroup of Asian. (B) HSROC curve of the subgroup of Caucasian. (C)
HSROC curve of the subgroup in which patients with chronic hepatitis and cirrhosis were served as control. (D) HSROC curve of the subgroup in which
patients with cirrhosis were served as control. Note: HSROC, hierarchical summary receiver operating characteristic.
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Figure 4. Deeks’s funnel plot based on the data of the 20 studies. Note: ESS, eﬀective sample size.

sensitivity and speciﬁcity calculated by these studies were 70%
(95%CI, 59%-81%) and 94% (95%CI, 91%-96%) respectively;
11 studies used patients with cirrhosis as control, pooled sensitivity and speciﬁcity were 63% (95%CI, 52%-74%) and 88%
(95%CI, 82%-93%) respectively. HSROC curves were also
plotted to present the subgroup results (Figure 3).
The funnel plot of Deeks seemed symmetrical with a P=0.88,
which suggested a low risk of publication bias (Figure 4).
Clinical Utility of the Index test. Figure 5A was the
Probability Modifying Plot. Because HCC ultimately arises
in 10-25% of patients with cirrhosis [43], 15% was selected
as the pre-test probability. When a vertical line was drawn
from 0.15, it was found that the probability of HCC was approximately 0.6 if results were positive and the probability of
HCC was 0.05 if negative. Fagan’s nomograms demonstrated
the same result (Figure 5B).
The likelihood ratio scattergram (Figure 6) showed that
DCP is not useful for conﬁrmation of HCC (when positive) and not for its exclusion (when negative) according to
the summary point of likelihood ratios in the Right Lower
Quadrant.
Discussion
As the number of HCC markers is growing rapidly, many
clinicians, patients, researchers, and policy makers are confused as to the optimal measure. Serum DCP has attracted
more attention because of its high speciﬁcity and lack of

correlation with serum AFP levels. In this systematic review,
the diagnostic accuracy of DCP for HCC was summarized.
After rigorous screening, 20 studies (19 in English and 1 in
Chinese) including a total of 5911 patients were eligible for
inclusion. The pooled sensitivity and speciﬁcity were 67%
(95%CI, 58%-74%) and 92% (95%CI, 88%-94%) respectively,
the pooled PLR and NLR were 7.9 (95%CI, 5.6-11.2) and
0.36 (95%CI, 0.29-0.46) respectively, the pooled DOR was
22 (95%CI, 14-34), AUC was 0.89 (95%CI, 0.85-0.92). The
results of this meta-analysis suggested that the accuracy of
DCP is perhaps less than initially described. In Marrero and
colleagues’ original study [31], the sensitivity and speciﬁcity
were 89% and 95% respectively, AUC was 0.92, all of the data
were higher than those in our analysis. Because these studies
were point estimates, we calculated summary sensitivities and
speciﬁcities.
The clinical usefulness of a diagnostic test is largely determined by the accuracy with which it identiﬁes its target
disorder, and the accuracy measure relies on the likelihood
ratios. Likelihood ratios of >10 or <0.1 generate large and often
conclusive shifts from pre-test to post-test probability (indicating high accuracy); 5 to 10 or 0.1 to 0.2 generate moderate
shifts in pre-test to post-test probability; 2 to 5 or 0.2 to 0.5
generate small changes in probability [44]. A PLR value of 7.9
suggests that the patients with HCC have an approximately
8-fold higher chance of positive DCP assay compared with
patients without HCC. High speciﬁcity is considered useful
for conﬁrmation of target disease, speciﬁcity in our review
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Figure 5. Post-test probabilities (PTPs) calculation. (A) Probability Modifying Plot for calculating PTPs. A vertical line was drawn from the selected
pre-test probability to the appropriate likelihood ratio line and then reads the post-test probability oﬀ the vertical scale. (B) Fagan’s nomogram for
calculating post-test probabilities (PTPs). A straight edge was used to link the pretest probability of Hepatocellular carcinoma (HCC) with the PTP, by
crossing the likelihood ratio line at a point that describes the results obtained.

Figure 6. Likelihood ratio scatter gram.
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was 92%, however due to its low sensitivity (sensitivity=67%),
the PLR did not reach 10, therefore the DCP test had modest
conﬁrmation of HCC. On the other hand, NLR was found
to be 0.36 in the present meta-analysis. It is suggested that if
the DCP assay result was negative, the probability that this
patient suﬀers from HCC is approximately 36%, which is not
low enough to rule out HCC.
Heterogeneity is a potential problem when interpreting the
results of all meta-analysis. It is one of the most important goals
to explore the sources of heterogeneity in the meta-analysis.
The heterogeneity may come from clinical characteristics such
as ethnicity, etiology, tumor diameter, et al and methodological
heterogeneity such as study design, blind, et al in the meta-analysis. As a result, the eﬀects of ethnicity were signiﬁcant on both
sensitivity and speciﬁcity. The eﬀect of control was signiﬁcant
for speciﬁcity, but not signiﬁcant for sensitivity. In the subgroup
analysis by ethnicity, sensitivity of Asian was lower than that of
Caucasian, however the speciﬁcity was the reverse. This may be
related to higher DCP values among Caucasian subjects without
liver disease [31]. In the subgroup analysis by control, sensitivity
and speciﬁcity of studies used patients with chronic hepatitis
and cirrhosis as control were 70% (95%CI, 59%-81%) and 94%
(95%CI, 91%-96%), which were both higher than the overall
sensitivity and speciﬁcity. In this subgroup, the PLR reached
12.21, which generated large and often conclusive shifts from
pre-test to post-test probability, suggesting that the DCP analysis
was more useful in this subgroup.
To our knowledge, this meta-analysis was the ﬁrst report
that assessed the diagnostic ability of serum markers used for
diagnosing HCC. Before this, only one article [45] attempted
to assess the accuracy of AFP, but due to the widely variation,
no summary estimates of sensitivity and speciﬁcity were obtainable. Also in this article, the accuracy of ultrasound scan
(US), spiral computed (CT) and magnetic resonance imaging
(MRI) had been systematically assessed. With respect to US,
the sensitivity, speciﬁcity, PLR and NLR were 60%, 97%, 18
and 0.5 respectively. With respect to CT, the sensitivity, speciﬁcity, PLR and NLR were 68%, 93%, 6 and 0.4 respectively.
With respect to MRI, the sensitivity, speciﬁcity, PLR and NLR
were 81%, 85%, 3.9 and 0.3 respectively. Based on these results, DCP shows less diagnostic accuracy than US, but shows
similar accuracy with CT, higher than MRI. Although DCP
does not show excellent diagnostic value than other imaging technologies, DCP is still an attractive estimate of HCC.
Besides, other serum markers should be assessed.
The strengths of this systematic review were its well deﬁned
search strategy, rigorous selection of study literature according to the inclusion criteria and more valid statistical model
for diagnostic meta-analysis in the presence of heterogeneity.
Of course, our review inevitably had a number of limitations.
Firstly, in the 20 studies, 17 studies were retrospective design,
only 3 were prospective design. Case–control study tends to
overestimate or underestimate the diagnostic yield of a test,
producing spectrum bias. Although it was not a covariate
(sensitivity, P=0.17; speciﬁcity, P=0.07) in our meta-analysis,
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more prospective studies are needed in future. Secondly, HCC
patients were few in some studies, this will lead to broad variance about sensitivity. Finally, although subgroup analysis and
sensitivity analysis were performed by covariates, the heterogeneity was not wholly eliminated. If heterogeneity analysis
was performed in the subgroup, potential bias might occur
due to few studies were included.
In summary, our systematic review suggests that DCP has
moderate diagnostic utility for the diagnosis of HCC. Its major
role appears to be the moderate conﬁrmation of HCC. More prospective studies of DCP are needed in future. Then meta-analysis
should perform more accurately. Besides, novel HCC biomarker
with improved accuracy should be applied in future.
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