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Abstract

Objective: This study compared the diagnostic performance of alpha-fetoprotein (AFP) and des-

gamma-carboxyprothrombin (DCP) in early-stage hepatitis B virus-related hepatocellular carci-

noma (HBV-HCC) under different backgrounds.

Methods: Patients were enrolled and divided in four groups: chronic HBV infection (CHB), liver

cirrhosis (LC), early-stage CHB-HCC, and early-stage LC-HCC. Serum AFP and DCP levels were

measured. Receiver-operating characteristic (ROC) curve and area under the curve (AUC) anal-

yses were applied to compare the diagnostic performance of DCP and AFP for HCC.

Results: In total, 200 patients were enrolled, including 48, 64, 33, and 55 patients with CHB, LC,

CHB-HCC, and LC-HCC, respectively. ROC curve analysis revealed that the AUCs of AFP, DCP,

and their combination in differentiating early-stage LC-HCC from LC were 0.776, 0.758, and

0.786, respectively. The values of these markers in discriminating early-stage CHB-HCC from

CHB were 0.828, 0.731, and 0.862, respectively.

Conclusions: DCP was inferior to AFP in differentiating early-stage CHB-HCC from CHB.

However, AFP and DCP displayed similar performance in distinguishing early-stage LC-HCC

and LC.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth
most common malignant tumor in adults
globally and the third most common cause
of cancer-related death. Approximately
470,000 new cases of HCC are diagnosed
in China annually, accounting for 55% of
the total incidence worldwide.1,2 The inci-
dence of HCC in China is mainly related
to hepatitis B virus (HBV) infection, hepat-
ic fibrosis, and cirrhosis.3,4 Approximately
2% to 5% of cases of liver cirrhosis per year
progress to HCC.5 At present, strategies for
treating HCC include surgical resection,
interventional embolization, radiofre-
quency ablation, liver transplantation, and
chemotherapy.6 However, postoperative
recurrence and metastasis rates remain
high, and only approximately 10% of
patients survive for more than 5 years. By
contrast, early diagnosis has been accepted
as an effective strategy for improving
the long-term survival rate of HCC. The
current diagnostic methods for HCC are
imaging examinations, including B-scan
ultrasound, CT, and MRI,7 and the detec-
tion of serum tumor markers.8,9

Alpha-fetoprotein (AFP) is the most
commonly used serum biomarker in the
diagnosis and monitoring of HCC global-
ly, especially in China.10 However, several
benign liver diseases, such as chronic hep-
atitis and liver cirrhosis (LC), can also ele-
vate serum AFP levels.11 Furthermore,
AFP levels may be normal in some
patients with HCC. Thus, the sensitivity
and specificity of AFP in diagnosing

HCC is inadequate.12 Des-gamma-

carboxyprothrombin (DCP), a prothrom-

bin precursor, was first reported to be

associated with liver cancer by Liebman

et al. in 1984.13 Then, later research indi-

cated that DCP could be overexpressed in

HCC, suggesting its utility as a serum bio-

marker for liver cancer diagnosis.14–16

However, whether serum DCP has better

accuracy than AFP, a widely applied bio-

marker, in diagnosing early-stage HBV-

related HCC (HBV-HCC) is unclear.
In this study, we compared the

diagnostic performance of AFP and DCP

for early-stage HBV-HCC under different

backgrounds.

Materials and methods

Study design and patients included

The patients included in this cross-sectional

study were enrolled at Beijing Youan

Hospital between June 2010 and March

2020 and divided in four groups: chronic

HBV infection (CHB), LC, early-stage

CHB-HCC, and early-stage LC-HCC. The

inclusion criteria for participants in this

study were as follows: chronic HBV infec-

tion for more than 6 months; age of 18 to

80 years; serum AFP and DCP level meas-

urements before surgery; and the absence of

other viral infections or cancer types. CHB

was diagnosed according to the Guideline

of Prevention and Treatment for Chronic

Hepatitis B (2015 update). LC was diag-

nosed according to the diagnostic criteria
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for chronic hepatitis B (2019 edition) of the

Chinese Medical Association. These criteria

included current positivity for HBsAg or

anti-HBc and a clear history of chronic

HBV infection as well as liver biopsy

pathology consistent with LC or the pres-

ence of at least two of the following items:

(1) signs of cirrhosis or portal hypertension

on imaging, (2) esophageal and gastric var-

ices on endoscopy, (3) presence of liver stiff-

ness consistent with cirrhosis, (4) reduced

blood albumin levels and prolongation of

the prothrombin time, and (5) a platelet

count of less than 100� 109/L. Moreover,

patients with LC should be followed up for

more than 6 months to exclude the possibil-

ity of HCC. In this study, only patients with

early-stage HBV-HCC were included.

Early-stage HCC was defined by a total

diameter of up to three lesions of �3 cm

without metastasis. Although the initial

diagnosis of HCC might have been made

using B-scan ultrasound or dynamic con-

trast imaging, all cases were confirmed via

postoperative histopathological examina-

tion. In addition, patients with intrahepatic

cholangiocarcinoma, mixed HCC, or HCC

caused by other factors such as hepatitis C

virus, alcoholic liver disease, and biliary cir-

rhosis were excluded. The study was

approved by the ethics committee of Beijing

Youan Hospital, and written informed con-

sent was obtained from all participants.

Measurements of serum AFP and DCP

The LUMIPULSEVR G1200 (Fujirebio Inc.,

Tokyo, Japan), an automated chemilumi-

nescent enzyme immunoassay system, was

applied to measure serum AFP and DCP

levels according to the manufacturer’s

instructions.

Statistical analysis

SPSS version 22.0 (IBM, Armonk, NY,

USA), MedCalc version 15.2.2 (MedCalc

Software Ltd, Ostend, Belgium), and
GraphPad Prism version 7 (GraphPad
Software, San Diego, CA, USA) were
used to analyze the data. Between-group
differences were compared using Student’s
t-test (for normally distributed data) or the
Mann–Whitney test (for non-normally dis-
tributed data). Clinical characteristics were
compared using Pearson’s v2 test and
Fisher’s exact test. The diagnostic value
was evaluated using receiver operating
characteristic (ROC) curve and area under
the curve (AUC) analyses. In all instances,
P< 0.05 denoted statistical significance.

Results

Clinical characteristics of the enrolled
patients

In total, 200 patients were included in this
study, including 48, 64, 33, and 55 patients
with CHB, LC, early-stage CHB-HCC, and
early-stage LC-HCC, respectively. The
detailed characteristics of the patients are
summarized in Table 1. Gender and aspar-
tate aminotransferase levels were well
matched among the groups. Age, Child–
Pugh grade, alanine aminotransferase
levels, and total bilirubin levels significantly
differed among the groups (all P< 0.05).
The median (interquartile range) serum
AFP levels in the CHB, LC, early-stage
CHB-HCC, and early-stage LC-HCC
groups were 2.47 (1.54, 2.99), 2.82 (1.70,
4.76), 8.80 (3.24, 214.1), and 19.46 ng/mL
(3.21, 194.5), respectively. Serum AFP
levels were significantly lower in the CHB
group than in the LC and CHB-HCC
groups (both P< 0.05, Figure 1a).
Meanwhile, AFP levels were significantly
higher in the LC-HCC group than in the
LC group (P< 0.05, Figure 1a). The
median serum (interquartile range)
DCP levels in the CHB, LC, early-stage
CHB-HCC, and early-stage LC-HCC
groups were 223 (18, 27.75), 26 (16, 32),
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36 (22.5, 25.86), and 34 mAU/mL (17.5,
114.3), respectively. Serum DCP levels
were significantly lower in the CHB group
than in the CHB-HCC group (P< 0.05),
whereas its levels were significantly higher
in the LC-HCC group than in the LC group
(P< 0.05, Figure 1b).

Diagnostic value of AFP and DCP for
distinguishing early-stage HBV-HCC from
CHB and LC

ROC curve analysis illustrated that the
AUCs of AFP and DCP for distinguishing
early-stage HCC from CHB and LC were
0.794 (95% confidence interval [CI]¼ 0.727

to 0.861) and 0.747 (95% CI¼ 0.674 to
0.821), respectively (Table 2, Figure 2a).
When AFP and DCP were combined, the
AUC was 0.804 (95% CI¼ 0.739 to 0.870,
Table 2, Figure 2a). The comparison of
ROC curves revealed no significant differ-
ences among the AUCs of AFP, DCP, and
their combination in distinguishing early-
stage HCC from CHB and LC.

Diagnostic value of AFP and DCP in
distinguishing early-stage LC-HCC from
LC

ROC curve analysis illustrated that the
AUCs of AFP and DCP for differentiating

Table 1. The clinical characteristics of the included patients.

Items CHB LC

Early-stage

CHB-HCC

Early-stage

LC-HCC P

N 48 64 33 55

Sex

Male 35 42 25 45 0.252

Female 13 22 8 10

Age (years)

�50 30 55 24 35 0.017*

>50 18 9 9 20

Child–Pugh

A 48 47 30 45 0.001*

B 0 14 3 9

C 0 3 0 1

AST (U/L)

�40 37 48 24 43 0.940

>40 11 16 9 12

ALT (U/L)

�50 42 61 25 42 0.003*

>50 6 3 8 13

TBil (mmol/L)

�21 40 33 23 41 0.002*

>21 8 31 10 14

AFP (ng/mL), median

(interquartile range)

2.47 (1.54, 2.99) 2.82 (1.70, 4.76) 8.80 (3.24, 214.1) 19.46 (3.21, 194.5)

DCP (mAU/mL), median

(interquartile range)

23 (18, 27.75) 26 (16, 32) 36 (22.5, 2586) 34 (17.5,114.3) <

Data are presented as numbers unless otherwise indicated.

*, P< 0.05.

CHB, chronic hepatitis B virus infection; LC, liver cirrhosis; HCC, hepatocellular carcinoma; AST, aspartate aminotrans-

ferase; ALT, alanine aminotransferase; TBil, total bilirubin; AFP, alpha-fetoprotein; DCP, des-gamma-carboxyprothrombin.
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early-stage LC-HCC from LC were 0.776

(95% CI¼ 0.687 to 0.865) and 0.758 (95%

CI¼ 0.665 to 0.850), respectively (Table 2,

Figure 2b). When AFP and DCP were com-

bined, the AUC was 0.786 (95% CI¼ 0.698

to 0.873, Table 2, Figure 2b). The compar-

ison of ROC curves revealed no statistical

differences among the AUCs of AFP, DCP,

and their combination in differentiating

early-stage LC-HCC from LC.

Diagnostic value of AFP and DCP in

distinguishing early-stage CHB-HCC

and CHB

ROC curve analysis revealed that the AUCs

of AFP and DCP in discriminating early-

stage CHB-HCC from CHB were 0.828

(95% CI¼ 0.722 to 0.934) and 0.731 (95%

CI¼ 0.611 to 0.851), respectively (Table 2,

Figure 2c). When AFP and DCP were com-

bined, the AUC was 0.862 (95% CI¼ 0.767

to 0.958, Table 2, Figure 2c). The compar-

ison of ROC curves revealed that the AUC

of AFP was not significantly larger than

that of DCP. Conversely, the AUC of the

combination of AFP and DCP was signifi-

cantly larger than that of DCP (P¼ 0.005)

but not AFP.

Discussion

HCC is a serious health problem world-

wide, especially in eastern Asian countries

such as China and Korea, in which hepatitis

virus infection is endemic.17 HCC also has

several clinical characteristics, including

diagnosis at an advanced stage, a lack of

effective treatments, and poor prognosis.

Early diagnosis is important for improving

the prognosis of patients with HCC. Serum

tumor markers are commonly used for

tumor diagnosis, efficacy assessments, prog-

nosis prediction, and postoperative moni-

toring of recurrence and metastasis.18

Thus, many studies have focused on

serum tumor markers for the early diagno-

sis of tumors.
To diagnose HCC, emphasis has been

placed on serum tumor markers. Basic

research has identified more than 100

markers related to HCC,19 and several

markers are generally considered to have

diagnostic value, including AFP,11 DCP,

glypican-3,20 Golgi type II transmembrane

protein,21 Lens culinaris agglutinin-reactive

fraction of AFP,22–24 vascular endothelial

growth factor, and hepatocyte growth

factor. AFP is a commonly used biomarker

in the diagnosis of HCC. However, the sen-

sitivity and specificity of serum AFP remain

Figure 1. Serum AFP and DCP in patients with CHB, LC, and early-stage HCC. a, AFP. b, DCP. *, P< 0.05.
**, P< 0.01. ns, not significant.
AFP, alpha-fetoprotein; DCP, des-gamma-carboxyprothrombin; CHB, chronic hepatitis B virus infection; LC:
liver cirrhosis; HCC, hepatocellular carcinoma.
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relatively low.25,26 Thus, new diagnostic

biomarkers are urgently needed for diag-

nosing HCC.
It was reported that DCP is significantly

overexpressed in HCC.14 For instance,

Song et al.27 found that serum DCP levels

were significantly higher in HCC than in

CHB and LC, and DCP levels might asso-

ciated with the tumor diameter as well as

vascular invasion and metastasis in

HCC.28,29 The diagnostic value of serum

DCP in HCC had been intensively investi-

gated. Most researchers believed that

DCP might be a favorable biomarker for

diagnosing HCC with potentially better

performance than AFP.30 For instance, a

meta-analysis determined that the summary

sensitivity and specificity of AFP were 63%

and 59%, respectively, compared with 91%

and 86%, respectively, for DCP.31 Serum

DCP has also been used to diagnose AFP-

negative HCC, especially HBV-related

HCC.30,32,33 However, some studies found

that the diagnostic value of serum DCP

might be inferior that that of AFP and

that DCP might be a complementary bio-

marker to AFP for diagnosing HCC.

Moreover, whether the combination of

DCP and AFP resulted in significantly

better diagnostic results than AFP alone

in HCC remained unclear.12,16,34

In China, most cases of HCC are associ-

ated with chronic HBV infection. Several

previous studies evaluated the diagnostic

Figure 2. Receiver operating characteristic curve analysis of AFP, DCP, and their combinations in diag-
nosing early-stage hepatitis B virus-related HCC. a, early-stage HCC vs. CHB and LC. b, early-stage LC-
HCC vs. LC. c, early-stage CHB-HCC vs. CHB.
AFP, alpha-fetoprotein; DCP, des-gamma-carboxyprothrombin; HCC, hepatocellular carcinoma; CHB,
chronic hepatitis B virus infection; LC: liver cirrhosis.
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value of AFP and DCP by comparing
mixed HCC with LC or CHB.31,35

However, the value of biomarkers in diag-
nosing HCC might differ in the presence or
absence of LC. Serum AFP levels were sig-
nificantly lower in the CHB group than in
the LC and HCC groups. Differing from
previous studies, this study investigated
and compared the value of DCP and AFP
in diagnosing HBV-related HCC under dif-
ferent backgrounds. Our results illustrated
that AFP was the best biomarker for distin-
guishing CHB and early-stage CHB-HCC,
and the addition of DCP did not improve
the diagnostic performance. However,
when differentiating LC and early-stage
LC-HCC, AFP, DCP, and their combina-
tion had similar diagnostic performance.
Thus, serum DCP might have similar per-
formance as AFP in discriminating LC and
early LC-HCC.

This study had some limitations. First,
the included patients were enrolled from
one center, and the total number of partic-
ipants was relatively small. Second, this
study only focused on the diagnostic value
of AFP and DCP in HBV-associated HCC,
and other etiologies were excluded. Thus,
more studies are needed to validate the
results of this study.

In conclusion, we analyzed and com-
pared the diagnostic performance of serum
DCP and AFP in the diagnosis of early-
stage HBV-HCC under different back-
grounds. This study revealed that DCP
might have lower value than AFP in dis-
criminating early-stage CHB-HCC from
CHB. In distinguishing early-stage LC-
HCC and LC, AFP and DCP had similar
performance, but the combination of AFP
and DCP could not significantly improve
the diagnostic value.
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