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Abstract

Objective: This study aimed to explore the use of different combinations of alpha-fetoprotein

(AFP), Lens culinaris agglutinin-reactive AFP (AFP-L3), and des-gamma-carboxyprothrombin

(DCP) for the early diagnosis of hepatocellular carcinoma (HCC) in patients with hepatitis B

virus (HBV)-associated liver cirrhosis (LC).

Methods: There were 167 subjects, including 100 with HCC and 67 with LC, who were enrolled

into this study. Serum AFP, AFP-L3, and DCP levels were detected by chemiluminescent enzyme

immunoassay and analyzed using the receiver operating characteristics (ROC) method.

Results: The sensitivity and specificity of AFP and DCP for differentiating between early HCC

and HBV-associated LC were 51.5% and 92.5%, and 60.0% and 84.7%, respectively. Comparative

analysis of ROC curves showed no significant difference in the area under the curve (AUC) for

AFP and DCP. Moreover, the combination of AFP and DCP showed the largest AUC value with a

diagnostic sensitivity and specificity of 67% and 83.1%, respectively.
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Conclusion: These results suggest that AFP is the best single biomarker for distinguishing

between HBV-associated LC and early HCC induced by HBV. However, the combination of

AFP and DCP can enhance the diagnostic value of AFP for differentiating between these diseases.
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Introduction

Hepatocellular carcinoma (HCC) is the
main type of primary liver cancer and the
third leading cause of cancer-related death
worldwide.1,2 The risk factors for HCC
include liver cirrhosis (LC) associated with
hepatitis virus infection, environmental
toxins, metabolic diseases, and alcohol con-
sumption. The major risk factor for HCC in
eastern Asia and sub-Saharan Africa is LC
associated with chronic hepatitis B virus
(HBV) infection.2–4 The estimated preva-
lence of chronic HBV infection globally
varies between 0.1% and 20%.5,6 Up to
40% of patients with chronic HBV infec-
tion progress to LC if untreated,7 with a
progression rate of 2% to 4% per year.8,9

Despite significant improvements in the diag-
nosis and treatment of HCC, its overall prog-
nosis remains poor,10 and the 5-year survival
rate is <15% in patients with advanced
HCC.11 However, few patients are diagnosed
with HCC at an early stage when curative
treatments such as surgical resection are still
possible.12 The results of a meta-analysis sug-
gested a strong link between early tumor
detection and improved prognosis of patients
with HCC in the LC population,13 strongly
suggesting that an early diagnosis of HCC
could improve the therapeutic success rate.

Despite the use of HCC-associated bio-
markers such as alpha-fetoprotein (AFP),
ultrasound, and computed tomography to

screen and monitor HCC among patients

with LC, HCC is still hard to diagnose at

an early stage14,15 because of the difficulty in

distinguishing between small HCC masses

and LC. More effective methods are, there-

fore, needed to differentiate between early

HCC and LC. Current techniques such as

liver biopsy, computed tomography, mag-

netic resonance imaging, and ultrasonogra-

phy are only effective for detecting HCC at

relatively advanced stages.16 There is, thus,

an urgent need to identify reliable serum bio-

markers to expand the window of detection

to early-stage HCC.
Serum biomarkers such as AFP,

des-gamma-carboxyprothrombin (DCP),

and Lens culinaris agglutinin-reactive AFP

(AFP-L3) have been used complementarily

for the early diagnosis of HCC.17 Previous

studies found the sensitivity and accuracy of

AFP for the diagnosis of HCC were low and

varied among etiologies,18–20 although AFP-

L3 and DCP could improve the monitoring

performance of AFP21,22. However, most of

these studies were performed in a mixed

group of HCC patients, and studies investi-

gating the value of serum cancer biomarkers

for the early detection of HCC in relation to

HBV-associated LC are lacking. We, there-

fore, investigated the value of different com-

binations of AFP, AFP-L3, and DCP for the

early diagnosis of HCC in patients with

HBV-associated LC.
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Materials and methods

Specimen collection

Patients diagnosed with LC or HCC at

Qingdao Sixth People’s Hospital from July

2014 to November 2017 were enrolled in

this study. Serum specimens were collected,

centrifuged at 1000 �g for 30 minutes, ali-

quoted into separate vials, and stored at

�80�C. The diagnosis of HCC was made

based on the imaging or histopathology

findings, and patients with HCC were clas-

sified in accordance with the Barcelona

Clinic Liver Cancer (BCLC) staging

system. Patients with BCLC stage 0 with a

single nodule <2 cm in diameter and stage

A patients with a single nodule 2 to 5 cm in

diameter or two to three lesions each <3 cm

in diameter were classified in the early HCC

group. Patients with intrahepatic cholan-

giocarcinoma or mixed HCC were excluded

from this study. Patients with LC were

diagnosed by liver biopsy and also under-

went magnetic resonance imaging or com-

puted tomography screening to exclude the

possibility of HCC. Further follow-up for

at least 12 months was performed to ensure

that no LC patients developed HCC.

Chronic HBV infection was confirmed in

all patients. All enrolled patients with

either LC or HCC were treated with nucle-

oside analogues in accordance with the

EASL 2017 Clinical Practice Guidelines

on the management of HBV infection.

Patients with hepatitis C virus infection,

alcoholic liver disease, and biliary cirrhosis

were also excluded.
This study was approved by the Qingdao

Sixth People’s Hospital Research Ethics

Committee. All patients provided written

informed consent for the collection of the

information, and their clinical samples were

stored and used for research in accordance

with the Declaration of Helsinki (1964) and

subsequent amendments. The methods used

conformed to approved guidelines and
regulations.

Analysis of serum AFP, AFP-L3, and DCP

Serum levels of AFP and DCP were
detected using a fully automated chemilu-
minescent enzyme immunoassay (CLEIA)
system (LUMIPULSEVR G1200, Fujirebio
Inc., Tokyo, Japan). AFP-L3 was enriched
from serum specimens using a Hotgen
Biotech glycosyl capture spin column with
Lens culinaris agglutinin (Beijing Hotgen
Biological Technology Co., Ltd, Beijing,
China) and levels of enriched AFP-L3
were then detected by CLEIA. All proce-
dures were performed in accordance with
the manufacturer’s instructions.

Statistical analysis

Data analysis was performed using SPSS
version 17.0 (SPSS Inc., Chicago, IL,
USA) and GraphPad Software version 6
(GraphPad Software, San Diego, CA,
USA). Differences between two groups
were analyzed using the Mann–Whitney
test for non-normally distributed data and
the Student’s t-test for normally distributed
data. The diagnostic performances of the
biomarkers were evaluated and compared
using receiver-operating curves (ROC) for
each of the biomarkers and their combina-
tions. The sensitivity, specificity, and accura-
cy for each biomarker alone and combined
were also calculated. P<0.05 was considered
to be statistically significant.

Results

There were 167 patients enrolled into this
study, including 100 patients with HCC
and 67 with LC. The patients’ clinical char-
acteristics are shown in Table 1. The HCC
group included 30 patients with BCLC
stage 0 and 70 patients with BCLC stage
A. Child–Pugh class A was more common
compared with other classes in both groups.
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AFP and AFP-L3 levels were significantly
lower in the LC group compared with the
HCC group (Figure 1a and 1b), but there
was no significant difference between HCC
patients with stage 0 and stage A (data not
shown). Serum DCP levels were also

significantly lower in the LC compared
with the HCC group (Figure 1c).

ROCs were plotted to compare the diag-
nostic values of AFP, AFP-L3, and DCP
for distinguishing between HCC and LC
(Figure 2). The optimal cut-off value for

Table 1. Clinical characteristics of study patients

LC HCC

Number 67 100

Sex (male/female) 43/24 77/23

Age, years 45.77� 7.50 53.72� 10.53

TP, g/L 67.28� 8.31 69.20� 6.57

AST, U/L 42.46� 50.17 34.49� 19.93

ALT, U/L 28.49� 21.49 36.62� 27.11

ALP, U/L 88.28� 44.55 88.23� 43.86

GGT, U/L 51.50� 60.52 72.17� 94.06

TBIL, mmol/L 22.21� 15.71 19.95� 16.82

TBV, mmol/L 34.19� 77.07 14.39� 18.66

PLT, 109/L 146.91� 107.17 141.97� 64.57

HBV DNA <2,000 IU/mL 67 100

HBeAg

Positive 48 68

Negative 19 32

Child–Pugh class

A 55 86

B 11 14

C 0 1

BCLC stage

Pre-cancer 67 0

0 0 30

A 0 70

Tumor number

Single 0 88

Multiple 0 12

Tumor size

�2 cm 0 30

>2 cm 0 70

AFP, ng/mL 5.86 (0.9–72) 635.57 (1.1–5558)

AFP-L3, % 0.38 (0–13) 4.31 (0–43)

DCP, mAU/mL 71.77 (2.5–955) 601.17 (9–8980)

Values are presented as the mean� standard deviation, number, or median (range).

HCC, hepatocellular carcinoma; LC, liver cirrhosis; TP, total protein; ALT, alanine

aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma

glutamyltransferase; TBIL, total bilirubin; TBV, total blood volume; HBV, hepatitis B virus;

HBeAg, hepatitis B e antigen; BCLC, Barcelona Liver Cancer; PLT, platelet count; AFP,

alpha-fetoprotein; AFP-L3, Lens culinaris agglutinin-reactive AFP; DCP, des-gamma-

carboxyprothrombin
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AFP was 10 ng/mL and the area under the
curve (AUC) was 0.76 (95% confidence
interval [CI] 0.69, 0.83) with a sensitivity
of 51.5% and a specificity of 92.5%. The
optimal cut-off value for DCP was 38
mAU/mL and the AUC was 0.75 (95% CI
0.67, 0.83) with a sensitivity of 60% and a
specificity of 84.7% (Table 2). Comparative
analysis of the ROC curves showed no sig-
nificant difference in AUC values for AFP
and DCP. The cut-off value for AFP-L3

was 10%, with an AUC of 0.62 (95% CI
0.53, 0.71). The combination of AFP and
DCP showed a sensitivity and specificity
of 67% and 83.1%, respectively, for the
diagnosis of HCC, with a larger AUC com-
pared with any of the biomarkers alone
(0.81, 95% CI 0.74, 0.88) (Table 2 and
Figure 2). The combination of AFP with
DCP significantly increased the sensitivity
from 51.5% to 67% but decreased the spe-
cificity from 92.5% to 83.1% compared

Figure 1. Comparison of serum levels of AFP (a), AFP-L3 (b), and DCP (c) between patients with liver
cirrhosis and hepatocellular carcinoma. LC, liver cirrhosis; HCC, hepatocellular carcinoma; AFP, alpha-
fetoprotein, AFP-L3, Lens culinaris agglutinin-reactive AFP; DCP, des-gamma-carboxyprothrombin

Figure 2. Receiver operating characteristic curve analysis of AFP, AFP-L3, and DCP alone or combined to
distinguish between liver cirrhosis and hepatitis B virus-related hepatocellular carcinoma. AFP, alpha-feto-
protein, AFP-L3, Lens culinaris agglutinin-reactive AFP; DCP, des-gamma-carboxyprothrombin
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with AFP alone (Table 2). Additionally,

the AUC value for the combination of

AFP, AFP-L3, and DCP was similar to

that of the combination of AFP and DCP

(Table 2).

Discussion

The incidence of HCC was higher in eastern

Asia and sub-Saharan Africa, where the

major risk factor is LC associated with

HBV infection, compared with the inciden-

ces in the USA and Europe.2,23 A previous

report found that the relative risk of devel-

oping HCC among chronic HBV carriers

was 63-times higher compared with that of

uninfected individuals.24 The poor prognosis

of patients with HCC is mainly because of

the delay in diagnosis, and an early diagnosis

is the most important factor in improving

the long-term survival of patients with

HCC. However, early HBV-related HCC is

difficult to differentiate from LC that is

induced by HBV in clinical practice using

imaging techniques alone.
In this study, we evaluated the combined

and isolated performances of AFP, AFP-

L3, and DCP for distinguishing between

early HBV-associated HCC and LC. The

combination of AFP and DCP had the larg-

est AUC for distinguishing between these

conditions, while further addition of

AFP-L3 did not improve the diagnostic

performance compared with the combina-

tion of AFP and DCP (0.810 and 0.810,

respectively). These results suggest that the

combination of AFP and DCP might be the

best and most cost-effective strategy for

monitoring patients for HCC. The combi-

nation of AFP and AFP-L3 showed a sim-

ilar performance to AFP alone in our study

(0.761 and 0.760, respectively). However,

our results were not consistent with previ-

ous reports.25 This apparent discrepancy

may be because the current study partici-

pants had HBV-associated LC, and patients

with chronic HBV, alcohol-related LC, and

hepatitis C virus infection had already been

excluded.
This present study demonstrated that

AFP showed the best performance among

the isolated biomarkers for distinguishing

between HCC and LC. AFP is, thus, cur-

rently considered to be the best biomarker

for HCC surveillance.25 In this study, AFP

showed the largest AUC when used alone,

and there was a slightly lower AUC for

DCP (0.76 and 0.75, respectively). DCP is

used widely to detect early-stage HCC in

clinical studies, but although many previous

studies found superior sensitivity of DCP

compared with AFP for the early diagnosis

Table 2. Diagnostic performances of AFP, DCP, and AFP-L3 for hepatitis B virus-associated hepatocellular
carcinoma

AUC (95%CI) Cut-off SEN SPE PPV NPV

AFP 0.76 (0.69,0.83) 10 (ng/mL) 51.5% 92.5% 91.1% 56.4%

AFP-L3 0.62 (0.53,0.71) 0.1 28.3% 95.5% 90.3% 47.4%

DCP 0.75 (0.67,0.83) 38 (mAU/mL) 60.0% 84.7% 87.0% 55.6%

AFPþDCP 0.81 (0.74,0.88) 0.49* 67.0% 83.1% 87.0% 59.8%

AFPþAFP-L3 0.76 (0.69,0.83) 0.51* 53.5% 89.6% 88.3% 56.6%

AFPþAFP-L3þDCP 0.81 (0.75,0.88) 0.48* 66.7% 83.1% 86.8% 59.8%

AFP, alpha-fetoprotein; AFP-L3, Lens culinaris agglutinin-reactive AFP; DCP, des-gamma-carboxy-prothrombin; AUC, area

under the curve; CI: confidence interval; SEN, sensitivity; SPE, specificity; PPV, positive predictive value; NPV, negative

predictive value

*The optimal probability was calculated by applying the logistic regression model that showed the highest value of

sensitivityþ specificity�1.
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of HCC,19,20,26 the specificity of DCP
remained lower compared with that of
AFP and AFP-L3 in our study. A previous
meta-analysis showed that the pooled
sensitivity and specificity of DCP for diag-
nosing HBV-related HCC were 0.71 (95%
CI: 0.59, 0.80) and 0.93 (95% CI: 0.87,
0.96), respectively,27 which is consistent
with the diagnostic value of DCP in this
study. DCP might be a good complementa-
ry biomarker for diagnosing early HBV-
related HCC. AFP-L3 was considered to
be an effective biomarker for distinguishing
HCC with relatively low AFP levels.28

AFP-L3 was also found to be more specific
than AFP and DCP for diagnosing early
HBV-related HCC in the present study;
however, its low sensitivity might limit its
clinical use. In 2019, Choi and colleagues
proposed that DCP, AFP-L3, and AFP
could identify early-stage HCC, using opti-
mal cut-off values of 20 mAU/mL, 4%, and
5 ng/mL, respectively, which were far lower
than the serum marker cut-off values in the
current study.25 However, their research
was based on a dynamic large-scale longi-
tudinal observational study in participants
with chronic hepatitis B and/or LC. It has
also been reported that about 30% to 40%
of patients with early-stage HCC display
normal serum AFP levels,20,29 and DCP
was used to distinguish between HCC and
LC in AFP-negative patients.20 AFP-L3
was complementary to AFP for distinguish-
ing between AFP-negative HCC and LC
patients.29

Consistent with the current results, Feng
et al.30 reported that the combination of
AFP and DCP could greatly improve the
sensitivity for diagnosing HCC, but with
decreased specificity, compared with their
individual uses. Sensitivity may be more
important than specificity in terms of the
surveillance for HCC in patients with LC
because a delayed HCC diagnosis might
result in its progression from an early to
an advanced stage. The widespread use of

antiviral drugs has increased the rate of
viral suppression along with normalization
of alanine aminotransferase, and reduced
the rate of false elevation of tumor bio-
markers in most patients. It is, therefore,
necessary to adapt the cut-off values for
biomarkers to a lower level to maintain
their sensitivity in the surveillance of
HCC, especially in its early stage.

This study had some limitations including
the relatively low numbers of patients, retro-
spective design, and lack of different algo-
rithms to analyze the biomarkers. Further
studies are, therefore, needed to address
these issues. We also did not assess the role
of longitudinal changes in serum biomarkers
for detecting early-stage HCC, and this
aspect also needs further investigation.

In conclusion, this study demonstrated
that AFP remains the best single biomarker
for distinguishing between HBV-associated
LC and early HCC induced by HBV.
However, the combination of AFP and
DCP may provide improved diagnostic per-
formance for differentiating between these
diseases.
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