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Objective: This study aimed to evaluate the individual and combined diagnostic values of

serum alpha-fetoprotein (AFP), des-gamma-carboxyprothrombin (DCP), glypican-3 (GPC3)

and golgi protein 73 (GP73) in diagnosing hepatitis B virus (HBV)-related hepatocellular

carcinoma (HCC).

Methods: Participants from Beijing YouAn Hospital were enrolled and divided into seven

groups. Serum was collected and the levels of AFP, GPC3, GP73 and DCP were simulta-

neously measured with a protein array. Pearson’s χ2 test was applied to compare the

clinicopathological characteristics. Receiver operating characteristic (ROC) curves were

used to analyse the diagnostic performance of the four markers.

Results: As a single biomarker for differentiating HCC from all controls, AFP had a larger area

under the curve (AUC) (0.798, 95% CI (0.754–0.838) than the other biomarkers, with

a sensitivity of 77.3% and a specificity of 71.1%. Among the other combinations, AFP plus

GPC3 and DCP (0.871, 95% CI (0.833–0.903)) was the best at differentiating HCC from all

controls. In discriminating very early stage and early stage HCC from all controls, the AUC of

GPC3 (0.744, 95% CI (0.690–0.793); sensitivity 62.8%; specificity 83.3%) was better than that

of AFP (0.723, 95% CI (0.668–0.774); sensitivity 67.3%; specificity 71.7%). Among all

biomarker combinations, the combination of AFP, GPC3 and GP73 had the largest AUC

(0.843, 95% CI (0.796–0.883); sensitivity 84.1%; specificity 71.7%). AFP (AUC 0.726, 95%

CI (0.662–0.784)) showed the best performance in the very early diagnosis of HBV-relatedHCC.

Conclusion: As a single biomarker, AFP has an advantage in the very early and early

diagnosis of HBV-related HCC. The combination of AFP, GPC3 and GP73 is the most

suitable marker for the early diagnosis of HBV-related HCC. However, AFP remains the best

biomarker for the very early diagnosis of HBV-related HCC, and the adding of one or more

markers does not significantly improve the diagnostic accuracy.
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Introduction
Liver cancer is estimated to be the second most common cancer in China, resulting

in approximately 38 thousand deaths each year.1,2 In particular, the incidence and

mortality rates of liver cancer in China are approximately twice as high in males as

in females.3 Hepatocellular carcinoma (HCC) is the most frequent subtype of liver

cancer, accounting for 80% of liver cancer cases.4

Although various risk factors, such as aflatoxin B1 exposure, tobacco smoking,

alcohol abuse and hepatitis virus infection, are identified to be closely associated
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with the development of HCC,5 hepatitis B virus (HBV)

infection remains the major contributor to hepatocarcino-

genesis in China.6 Chronic HBV infection can lead to the

development of liver cirrhosis (LC), which can subse-

quently transform to HCC.7 Moreover, the long-term sur-

vival of patients with HCC is largely dependent on the

clinical stage at diagnosis.8 Thus, the most critical

approach for the early diagnosis of HCC is to distinguish

malignant nodules from benign nodules in LC.

Ultrasonography is the preferred screening test, and

dynamic magnetic resonance imaging and computed tomo-

graphy are top choices for confirmation tests in the early

diagnosis of HCC.9,10 However, the per-lesion sensitivity of

magnetic resonance imaging and computed tomography for

nodular HCCs sized 1–2 cm is reported to be 44–47% and

40–44%, respectively.11 Thus, tumour markers, such as

alpha-fetoprotein (AFP),12,13 des-gamma-

carboxyprothrombin (DCP),13 glypican-3 (GPC3)14 and

golgi protein 73 (GP73),15 may be used as complementary

modalities in the surveillance and diagnosis of HCC.

Because increased AFP levels are observed in LC and

active hepatitis,16 AFP has been the most frequently used

tumour biomarker in the diagnosis of HCC since the 1970s.

Liebman et al reported that DCP, an abnormal form of

a coagulation protein, was increased in HCC and was

a highly specific marker of HCC.17 DCP was estimated to

be a better diagnostic marker than AFP for the early diag-

nosis of HCC. The mRNA levels of GPC3, a heparin sulfate

proteoglycan, were found to be increased in HCC.18

Although GP73, a resident Golgi-specific membrane pro-

tein, was found to be increased gradually in chronic liver

disease, it was reported to be the most sensitive biomarker

for the diagnosis of early HCC.19

The combination of several tumour markers may

improve the sensitivity without lowering the specificity.

Thus, this study aimed to evaluate the performance of the

combination of AFP, GPC3, GP73 and DCP in the early

diagnosis of HCC in the context of CHB.

Methods
Study Population
A total of 374 subjects from Beijing YouAn Hospital were

included in this study and divided into seven groups: the

healthy control(HC), CHB, LC, very early stage HCC, early

stage HCC, advanced stage HCC and late stage HCC

groups. The diagnosis of HCC was confirmed by histologi-

cal examination. The classification of HBV-related HCC

was based on the following principles and the Barcelona

Clinic Liver Cancer staging classification (2012 version):

very early stage HCC: single nodule<2 cm; early stage

HCC: one to three nodules <3 cm; advanced stage HCC:

multiple nodules; and late stage HCC: vascular invasion or

extrahepatic spread. The HCC-related exclusion criteria

were combined hepatocellular and cholangiocarcinoma,

intrahepatic cholangiocarcinoma, mixed HCC, HCC with-

out HBV infection and HCC with HCV infection. Patients

with LC were mainly diagnosed by physical and ultrasound

examinations. LC caused by HCV, alcoholic liver disease or

cholestasis were excluded from this study. Patients in the

LC and CHB groups underwent magnetic resonance ima-

ging and were followed up for six months to exclude poten-

tial HCC. Each person gave 5 mL of serum; blood samples

were taken from patients with HCC before they underwent

surgery. The serum samples were sub-packed, coded and

stored at −80°C. This study was approved by the institu-

tional ethics committee of Beijing YouAn Hospital and the

written informed consent was obtained from each subject in

accordance with the Declaration of Helsinki.

Antibodies, Reagents and Protein

Microarray Procedures
The following antibodies were spotted on aldehyde-coated

microscope slides (Shanghai Baiao, China) by a GeSiMNano-

PlotterTM Micropipetting System (Radeberg, Germany):

mouse monoclonal AFP antibody (1.25 mg/mL, Frpon

Botech Inc, Shenzhen, China), mouse monoclonal GPC3 anti-

body (1mg/mL, R&DBio-techne,Minneapolis, USA), mouse

monoclonal Golgi membrane protein 1 (GOLM1) antibody

(0.5 mg/mL, Novus, Centennial, USA) and mouse monoclo-

nal prothrombin factor II antibody (2.5mg/mL, Fujirebio Inc,

Tokyo, Japan). Bovine serum albumin (BSA, Abcam,

Cambridge, USA) was also spotted as a control. All above

reagents were spotted in triplicate at 8°C with a 50% relative

humidity. Horseradish peroxidase (HRP) conjugation kits and

normal goat serum were purchased from Abcam

(Cambridge, USA).

Chemiluminescent HRP substrate was purchased from

Merck KgaA Ltd, Darmstadt, Germany. Rabbit HRP-

conjugated polyclonal AFP antibody (1 µg/mL, Frpon

Botech Inc, Shenzhen, China), HRP-conjugated prothrom-

bin factor II antibody (20 µg/mL, Fitzgerald, New York,

USA), HRP-conjugated GPC3 antibody (20 µg/mL, R&D

Bio-techne, Minneapolis, USA), and HRP-conjugated poly-

clonal GOLM1 antibody (20 µg/mL, Novus, Centennial,
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USA) were applied as detection antibodies. The imprinted

slides were incubated and blocked by coupling buffer (10%

normal goat serum with 0.1% sodium azide) at 37°C for

90 mins, rinsed with 1 X PBS supplemented with 1%

Tween-20(PBST0.1) three times for three minutes each,

and stored at 4°C until use. Then, 15 µL of each serum

sample was added to the slides, which were then incubated

at 37°C for 30 mins. Fifteen microliters of a detection anti-

body mixture were added to each microscope after it was

washed three times for three minutes each with PBST0.1,

and the slides were incubated at 37°C for 30 mins. The

slides were finally scanned using Chemi DocTM MP

System (Bio-Rad, California, USA) after adding the chemi-

luminescent HRP substrate. Image Lab was used to quantify

the data. The above protein microarray technology was built

and validated previously in our laboratory and was patents

were applied for in China (ZL201410069738.3) and

Australia (201610515896.6). All the samples were measured

at least three times to reduce deviation. Moreover, the inves-

tigators processing the biomarker assays were blinded to the

clinical sample data.

Statistical Analysis
The data were analysed in GraphPad Software version 7

(GraphPad Software, San Diego, California) and SPSS

version 22.0 for Windows (IBM, Armonk, New York,

USA). The clinicopathological characteristics were com-

pared with Pearson’s χ2 test. Significant differences were

identified with Student’s t test for normally distributed data

and the Mann–Whitney test for non-normally distributed

data. A binary logistic regression model was built to

evaluate the calibration power of the biomarkers for

HCC diagnosis. The sensitivity, specificity and accuracy

were calculated using ROC analysis. The best cut-off

value was selected based on the largest value of the

Youden index. The criterion for statistical significances

was P <0.05.

Results
Baseline Participants Characteristics and

Serum AFP, GPC3, GP73 and DCP Levels
A total of 374 persons were recruited for this study and

classified into seven subgroups. The clinicopathological

features of the HC, CHB, LC and HBV-related HCC

groups are presented in Table 1. The seven subgroups

were well matched in age (P=0.08), and there was

a male predominance in most groups (P=0.03). There

were significant differences among the seven subgroups

in total bilirubin (TBil), alanine aminotransferase (ALT),

aspartate aminotransferase (AST) and total protein (TP)

(all P<0.0001).

The serum levels of AFP, GPC3, GP73 and DCP in

all subgroups are presented in Table 1 and Figure 1. AFP

levels were significantly higher in the very early stage

HCC group than in the HC, CHB and LC groups (all

P<0.0001) (Figure 1A). However, AFP levels in the

advanced stage and late stage HCC groups, but not the

early stage HCC group, were significantly higher than

those in the very early stage HCC group (P<0.0001)

(Figure 1A). Compared with the HC group, the CHB,

LC and very early stage HCC groups had significantly

higher serum GPC3 levels (Figure 1B). GPC3 levels were

significantly higher in the advanced stage and late stage

HCC groups than in the very early stage HCC group

(Figure 1B). However, there were no significant differ-

ences in GPC3 levels between the very early stage HCC

group and the CHB, LC and advanced stage HCC groups

(Figure 1B). For GP73, there were no significant differ-

ences among the very early stage HCC, LC, CHB and

HC groups, whereas GP73 levels were significantly lower

in the very early stage HCC group than in the early,

advanced and late stage HCC groups, indicating that

GP73 may not be a good biomarker for the very early

diagnosis of HBV-related HCC (Figure 1C). For DCP,

there were no significant differences between the LC and

very early stage HCC groups (Figure 1D). DCP levels

were significantly higher in the late stage HCC group

than in the very early, early and advanced stage HCC

groups, indicating that an elevated serum DCP level may

be a biomarker of poor prognosis in HBV-related HCC

(Figure 1D). Typical representative images of the biomar-

kers in each group are presented in Figure 1E.

The Ability of AFP, GPC3, GP73 and DCP

to Differentiate HBV-Related HCC from

Controls
The ROC curve analysis showed that as a single biomar-

ker for differentiating HCC from all controls, AFP had

a larger AUC value (0.798, 95% CI (0.754–0.838)) than

GPC3, GP73 and DCP, with a sensitivity of 77.3% and

a specificity of 71.1%. AFP plus GPC3, GP73 or DCP

had a higher AUC value, sensitivity and specificity than

AFP alone in differentiating HCC from all controls

(Table 2 and Figure 2A). However, AFP plus two of
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GPC3, GP73 or DCP had an even higher AUC value,

with no increase or even a decrease in sensitivity, than

AFP plus GPC3 in differentiating HCC from all controls

(Table 2 and Figure 2A). The combination of the four

markers showed the same trend in the diagnosis of HCC.

AFP plus GPC3 and GP73 (AUC 0.871, 95% CI (0.-

833–0.8903), sensitivity 70.2%, specificity 89.4%) was

the best combination for differentiating HCC from all

controls; this combination was better than AFP plus

GPC3(AUC 0.863, 95% CI (0.824–0.896), sensitivity

86.9%, specificity 71.7%) (Table 2 and Figure 2A).

When differentiating HCC from LC and CHB, AFP

plus GPC3 and GP73 had a larger AUC (0.841, 95% CI

(0.796–0.879), sensitivity 70.2%, specificity 85.4%) than

AFP alone (AUC 0.765, 95% CI (0.715–0.810), sensitivity

61.6%, specificity 73.1%) (Table 2 and Figure 2B). When

differentiating HCC from LC, AFP plus GPC3 and GP73

(AUC 0.835, 95% CI (0.785–0.877), sensitivity 70.2%,

specificity 82.7%) remained the best diagnostic combina-

tion among individual and combined markers, including

AFP (AUC 0.775, 95% CI (0.721–0.824), sensitivity

77.3%, specificity 66.7%) (Table 2 and Figure 2C).

Table 1 The Clinicopathological Characteristics of the Study Population

Features HC

n=50

CHB

n=50

LC

n=76

Very Stage HCC

n=40

Early Stage HCC

n=73

Advanced HCC

n=45

Late Stage HCC

n=40

P value

Age, years

≤55 37 31 46 22 37 23 18 0.08

>55 13 19 30 18 36 22 22

Gender

Male 30 24 44 28 56 37 23 0.03

Female 20 26 32 12 17 8 17

Child-pugh

A 50 50 59 35 64 45 32 < 0.0001

B 0 0 12 5 8 0 8

C 0 0 5 0 1 0 0

TBil, umol/L

≤21 50 47 46 25 53 37 30 < 0.0001

>21 0 3 30 15 20 8 10

ALT, U/L

≤50 50 50 54 33 54 34 31 < 0.0001

>50 0 0 22 7 19 11 9

AST, U/L

≤40 50 40 59 33 53 23 23 < 0.0001

>40 0 10 17 7 20 22 17

TP, g/L

≤65 0 2 19 10 26 13 9 < 0.0001

>65 50 48 57 30 47 32 31

Tumor differentiation

Well and moderately 28 48 16 18 0.01

Poorly 12 25 29 22

Cirrhosis

Yes 0 0 76 25 45 20 18 < 0.0001

No 50 50 0 15 28 25 22

Markers, median (range)

AFP (int) 0(0,0) 0(0,5431) 0(0,9831) 575(0,23,249) 309.3(0,30,402) 7036(0,53,824) 12,051(0,43,395) < 0.0001

GPC3(int) 0(0,0) 0(0,2309) 0(0,5800) 0(0,3272) 0(0,6067) 0(0,4807) 0(0,10,988) < 0.0001

GP73(int) 0(0,0) 0(0,0) 0(0,4626) 0(0,0) 0(0,1558) 0(0,4657) 0(0,3181) < 0.0001

DCP(int) 0(0,0) 0(0,202.7) 0(0,9421) 0(0,1181) 0(0,5424) 0(0,4813) 0(0,9535) < 0.0001

Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; CHB, chronic hepatitis B virus infection; HC, healthy controls; TBil, total bilirubin ALT, alanine

aminotransferase; AST, aspartate aminotransferase; TP, total protein; AFP, α-fetoprotein; GPC3, glypican 3; GP73, golgi protein 73; DCP, des-γ-carboxy prothrombin.
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Figure 1 The levels of serum AFP, GPC3, GP73 and DCP in each subgroup. (A) AFP. (B) GPC3. (C) GP73. (D) DCP. (E) Representative image of each subgroup. *P<0.05,
**P <0.01.

Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; CHB, chronic hepatitis B virus infection; HC, healthy controls; AFP, α-fetoprotein; GPC3, glypican 3;

GP73, golgi protein 73; DCP, des-γ-carboxy prothrombin; ns, no significance; int, intensity.
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Table 2 The Value of Serum AFP, GPC3, GP73 and DCP in the Diagnosis of HCC (Including All HCC Patients)

Biomarkers AUC(95% CI) P value Sen(%) Spe (%) PPV(%) NPV(%)

vs LC,CHB,HC

AFP 0.798(0.754–0.838) <0.0001 77.3 71.1 74.6 74.0

GPC3 0.731(0.684–0.775) <0.0001 58.6 84.4 80.6 65.0

GP73 0.616(0.565–0.665) <0.0001 23.7 99.4 97.9 54.2

DCP 0.634(0.583–0.683) <0.0001 29.8 97.2 92.2 55.7

AFP+GPC3 0.863(0.824–0.896) <0.0001 86.9 71.7 77.1 83.2

AFP+GP73 0.831(0.790–0.868) <0.0001 60.1 95.6 93.7 68.5

AFP+DCP 0.810(0.767–0.848) <0.0001 80.8 70.6 75.1 77.0

GPC3+GP73 0.758(0.712–0.801) <0.0001 62.6 84.4 81.6 67.3

GPC3+DCP 0.753(0.706–0.796) <0.0001 64.1 83.3 80.9 67.9

GP73+DCP 0.684(0.635–0.731) <0.0001 39.4 97.2 94.0 59.3

AFP+GPC3+GP73 0.871(0.833–0.903) <0.0001 70.2 89.4 88.0 73.2

AFP+GPC3+DCP 0.863(0.824–0.896) <0.0001 86.9 71.7 77.1 83.2

GPC3+GP73+DCP 0.771(0.725–0.812) <0.0001 66.2 83.3 81.4 69.1

AFP+GPC3+GP73+DCP 0.867(0.829–0.900) <0.0001 69.7 89.4 87.9 72.9

vs LC,CHB

AFP 0.765(0.715–0.810) <0.0001 61.6 73.1 77.7 55.6

GPC3 0.706(0.653–0.754) <0.0001 58.6 78.5 80.6 55.4

GP73 0.614(0.559–0.667) <0.0001 23.7 99.2 97.9 46.1

DCP 0.628(0.574–0.681) <0.0001 29.8 96.2 92.2 47.3

AFP+GPC3 0.830(0.785–0.869) <0.0001 63.6 87.7 88.7 61.3

AFP+GP73 0.802(0.755–0.844) <0.0001 60.1 93.8 93.7 60.7

AFP+DCP 0.774(0.725–0.818) <0.0001 51.5 93.8 92.7 56.0

GPC3+GP73 0.735(0.684–0.782) <0.0001 62.6 78.5 81.6 58.0

GPC3+DCP 0.725(0.673–0.773) <0.0001 64.1 76.9 80.9 58.5

GP73+DCP 0.679(0.626–0.729) <0.0001 39.4 96.2 94.0 51.0

AFP+GPC3+GP73 0.841(0.796–0.879) <0.0001 70.2 85.4 88.0 65.3

AFP+GPC3+DCP 0.830(0.785–0.869) <0.0001 63.6 87.7 88.7 61.3

GPC3+GP73+DCP 0.746(0.695–0.792) <0.0001 66.2 76.9 81.4 59.9

AFP+GPC3+GP73+DCP 0.837(0.793–0.876) <0.0001 64.1 91.5 92.0 62.6

vs LC

AFP 0.775(0.721–0.824) <0.0001 77.3 66.7 86.0 52.6

GPC3 0.696(0.638–0.750) <0.0001 58.6 77.3 87.2 41.4

GP73 0.611(0.551–0.670) <0.0001 23.7 98.7 97.9 32.9

DCP 0.624(0.564–0.682) <0.0001 29.8 96.0 95.2 34.1

AFP+GPC3 0.824(0.774–0.868) <0.0001 68.2 81.3 90.1 48.8

AFP+GP73 0.810(0.758–0.855) <0.0001 60.1 92.0 95.2 46.6

AFP+DCP 0.784(0.730–0.831) <0.0001 80.8 65.3 86.0 56.3

GPC3+GP73 0.727(0.670–0.779) <0.0001 62.6 77.3 87.9 43.9

GPC3+DCP 0.709(0.651–0.762) <0.0001 64.1 74.7 87.0 44.1

GP73+DCP 0.675(0.616–0.730) <0.0001 39.4 96.0 96.3 37.5

AFP+GPC3+GP73 0.835(0.785–0.877) <0.0001 70.2 82.7 91.4 51.2

AFP+GPC3+DCP 0.825(0.774–0.868) <0.0001 66.7 82.7 91.0 48.4

GPC3+GP73+DCP 0.731(0.674–0.783) <0.0001 66.2 74.7 87.3 45.5

AFP+GPC3+GP73+DCP 0.833(0.783–0.875) <0.0001 64.1 89.3 94.1 48.6

Abbreviations: AFP, α-fetoprotein; GPC3, glypican 3; GP73, golgi protein 73; DCP, des-γ-carboxy prothrombin; AUC, area under curve; Sen, sensitivity; Sep, specificity;

PPV, positive predictive value; NPV, negative predictive value; HCC, hepatocellular carcinoma; LC, liver cirrhosis; CHB, chronic hepatitis B virus infection; HC, healthy

controls.
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Figure 2 Assessment of the diagnostic value of serum AFP, GPC3, GP73 and DCP in differentiating HBV-related HCC from controls. (A) All HCC vs LC, CHB, HC. (B) All
HCC vs LC, CHB. (C) All HCC vs LC. (D) Very early and early stage HCC vs LC, CHB, HC. (E) Very early and early stage HCC vs LC, CHB. (F) Very early and early stage

HCC vs LC.

Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; CHB, chronic hepatitis B virus infection; HC, healthy controls; AFP, α-fetoprotein; GPC3, glypican 3;

GP73, golgi protein 73; DCP, des-γ-carboxy prothrombin.
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The Ability of AFP, GPC3, GP73 and DCP

to Differentiate Very Early and Early Stage

HBV-Related HCC from Controls
In discriminating very early and early stage HCC from all

controls, the AUC values of AFP and GPC3 were 0.723

(95% CI (0.668–0.774), sensitivity 67.3%, specificity

71.7%), 0.744 (95% CI (0.690–0.793), sensitivity 62.8%,

specificity 83.3%), respectively (Table 3 and Figure 2D).

The combination of AFP and GPC3 had a better AUC

(0.833, 95% CI (0.786–0.874), sensitivity 84.1%, specifi-

city 71.7%) than AFP, GPC3, AFP plus GP73 (AUC

0.773, 95% CI (0.721–0.820)) or AFP plus DCP (AUC

0.740, 95% CI (0.686–0.790)) (Table 3 and Figure 2D).

The combination of AFP, GPC3 and GP73 had a larger

AUC (0.843, 95% CI (0.796–0.883), sensitivity 84.1%,

specificity 71.7%) than the other combinations of markers

(Table 3 and Figure 2D). The above trends in markers

performance were similar to those for distinguishing very

early and early stage HCC from LC with or without CHB

(Table 3 and Figure 2E and F).

The Ability of AFP, GPC3, GP73 and DCP

to Differentiate Very Early Stage

HBV-Related HCC from Controls
As a single marker, AFP (AUC 0.726, 95% CI (0.662–0.784),

sensitivity 65.0%, specificity 76.7%) showed the best perfor-

mance in differentiating very early stage HCC from all con-

trols. Among the biomarker combinations, AFP plus GPC3

(AUC 0.751, 95% CI (0.688–0.807), sensitivity 75.0%, speci-

ficity 71.7%) and AFP plus GPC3 and GP73(AUC 0.752,

95% CI (0.689–0.807), sensitivity 75.0%, specificity 71.7%)

had similar diagnostic performance. However, a comparison

of the ROC curves showed no significant differences among

the AUC values for AFP, AFP plus GPC3, AFP plus GPC3

and GP73, and the four-marker combination(P>0.05) (Table 4

and Figure 3A). When differentiating very early stage HBV-

related HCC from LC and CHB, the AUC values of AFP and

AFP plus GPC3 were 0.688 (95% CI (0.613–0.757), sensitiv-

ity 42.5%, specificity 96.2%) and 0.703 (95% CI

(0.629–0.771), sensitivity 42.5%, specificity 96.2%); those

markers showed the best diagnostic performance. However,

all biomarker combinations had the same low sensitivity

(42.5%). Moreover, a comparisons of the ROC curves showed

that the AUC values of AFP plus GCP3 and of AFP, GPC3

and GP73 or DCP were not significantly higher than that of

AFP (P>0.05) (Table 4 and Figure 3B). When differentiating

very early stage HBV-related HCC from LC, the AUC of AFP

was 0.708 (95%CI (0.616–0.789)), with a sensitivity of 75.0%

and a specificity of 62.7%, and the addition of one or more

markers did not improve the diagnostic accuracy (Table 4 and

Figure 3C).

Discussion
In the current study, we investigated the role of four com-

mon liver cancer serum markers (AFP, DCP, GPC3 and

GP73) in the diagnosis of liver cancer and other benign

liver diseases caused by HBV. We found that when

a single marker was used to diagnose HBV-related HCC

in general or at an early stage, AFP was a relatively and

effective discriminator compared to the other three biomar-

kers, with good sensitivity and specificity. Regarding the

associated diagnosis, AFP combined with GPC3 and GP73

had the largest AUC value in differentiating HBV-related

HCC from controls with or without LC, and continuing to

increase the number of markers to four, did not increase, or

even decreased the overall diagnostic efficiency. The strict

control of the temperature and humidity for chip preparation

and incubation, appropriate concentrations of antibodies,

appropriate rinse temperature and rinse time are required

for the accuracy of measurement results. (To reviewer 1)

In contrast to previous studies, the study involved

a detailed subgroup analysis of the enrolled population.

Non-HCC controls included HCs, patients with CHB and

LC caused by HBV. This study provides a good reference

for the diagnosis and identification of a specific types of

HBV-related HCC over the entire disease course. The serum

levels of these four serum markers showed significant

changes in different subpopulations and the overall levels

showed similar trends as those in previous studies. That is,

GP73 was significantly increased in only patients with

HCC, while the other three markers were at certain levels

in patients with CHB and HBV-LC. However, all four

markers were significantly elevated in patients with late

stage HCC. Therefore, we selected these four markers for

subsequent diagnostic analysis. Interestingly, in the non-

HCC group, which included HCs and patients with CHB,

the overall results were consistent regardless of biomarker

combination. In the early diagnosis of HBV-related HCC,

AFP remained the best individual marker and the combina-

tion of AFP, GPC3 and GP73 had the highest diagnostic

value; the addition of more markers did not increase; and

some cases even reduced, the sensitivity and specificity.

Moreover, AFP remained the most suitable marker for the

very early diagnosis of HBV-related HCC.
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AFP is the most widely utilized serologic marker for

HCC, and our data support its diagnostic advantage over

the other three markers. However, the diagnostic value of

the other three markers in this study was slightly different

from what has been previously reported. Jorge A. Marrero

et al reported that DCP had a better sensitivity (89%; 95%

CI, 77%-95%) and specificity (95%; 95% CI, 82%-96%)

than AFP for differentiating patients with HCC from those

with cirrhosis and CHB.20 However, some scholars have

suggested that DCP is not effective in the early diagnosis

of liver cancer,21 and that AFP has an absolute advantage

over DCP in the diagnosis of early or very early liver

cancer,22 and this advantage is more obvious in the early

diagnosis of HCC.23 Diagnosis using a combination of

Table 3 The Value of Serum AFP, GPC3, GP73 and DCP in the Early Diagnosis of HCC (Including the Very Early HCC)

Biomarkers AUC (95% CI) P value Sen (%) Spe (%) PPV (%) NPV (%)

vs LC, CHB, HC

AFP 0.723(0.668–0.774) <0.0001 67.3 71.7 59.4 77.6

GPC3 0.744(0.690–0.793) <0.0001 62.8 83.3 70.3 78.1

DCP 0.613(0.555–0.669) <0.0001 25.7 97.2 85.3 67.6

AFP+GPC3 0.833(0.786–0.874) <0.0001 84.1 71.7 65.1 87.7

AFP+GP73 0.773(0.721–0.820) <0.0001 52.2 93.3 83.1 75.7

AFP+DCP 0.740(0.686–0.790) <0.0001 72.6 70.6 60.7 80.4

GPC3+GP73 0.766(0.713–0.813) <0.0001 65.5 83.3 72.0 78.8

GPC3+DCP 0.759(0.705–0.806) <0.0001 67.3 82.2 70.4 80.0

GP73+DCP 0.672(0.616–0.726) <0.0001 37.2 97.2 89.4 71.1

AFP+GPC3+GP73 0.843(0.796–0.883) <0.0001 84.1 71.7 63.8 85.5

AFP+GPC3+DCP 0.833(0.785–0.874) <0.0001 84.1 71.7 65.1 87.8

GPC3+GP73+DCP 0.773(0.720–0.819) <0.0001 68.1 82.2 70.1 79.6

AFP+GPC3+GP73+DCP 0.837(0.789–0.877) <0.0001 83.2 71.7 64.8 87.2

vs LC, CHB

AFP 0.680(0.617–0.738) <0.0001 57.5 64.6 58.6 63.6

GPC3 0.717(0.656–0.773) <0.0001 62.8 76.9 70.3 70.4

DCP 0.607(0.543–0.669) <0.0001 25.7 96.2 85.3 59.8

AFP+GPC3 0.793(0.737–0.842) <0.0001 84.1 60.8 65.1 81.4

AFP+GP73 0.737(0.677–0.791) <0.0001 49.6 93.8 87.5 68.2

AFP+DCP 0.693(0.631–0.750) <0.0001 38.1 93.8 84.3 63.5

GPC3+GP73 0.742(0.683–0.796) <0.0001 65.5 76.9 72.0 71.3

GPC3+DCP 0.729(0.668–0.783) <0.0001 67.3 75.4 70.4 72.6

GP73+DCP 0.667(0.604–0.726) <0.0001 37.2 96.2 89.4 63.8

AFP+GPC3+GP73 0.806(0.751–0.854) <0.0001 62.8 85.4 78.9 72.5

AFP+GPC3+DCP 0.739(0.736–0.842) <0.0001 84.1 60.8 65.1 81.4

GPC3+GP73+DCP 0.747(0.687–0.800) <0.0001 68.1 75.4 71.4 72.5

AFP+GPC3+GP73+DCP 0.801(0.746–0.850) <0.0001 62.8 85.4 78.9 72.5

vs LC

AFP 0.697(0.625–0.761) <0.0001 67.26 66.67 75.2 57.5

GPC3 0.707(0.636–0.771) <0.0001 62.8 76.0 79.8 57.6

DCP 0.603(0.530–0.674) <0.0001 25.7 96.0 90.6 46.2

AFP+GPC3 0.789(0.723–0.845) <0.0001 84.07 61.33 76.6 71.9

AFP+GP73 0.749(0.680–0.809) <0.0001 49.6 92.0 90.3 54.8

AFP+DCP 0.653(0.580–0.721) <0.0001 37.2 94.7 91.3 50.0

GPC3+GP73 0.733(0.664–0.795) <0.0001 65.5 76.0 80.0 58.2

GPC3+DCP 0.695(0.624–0.760) <0.0001 62.8 76.0 79.8 57.6

AFP+GPC3+GP73 0.802(0.738–0.856) <0.0001 63.7 82.7 84.7 60.2

AFP+GPC3+DCP 0.777(0.710–0.834) <0.0001 63.7 81.3 83.7 59.8

GPC3+GP73+DCP 0.720(0.650–0.783) <0.0001 64.6 76.0 80.2 58.8

AFP+GPC3+GP73+DCP 0.790(0.724–0.846) <0.0001 62.8 84.0 85.5 60.0

Note: AUC value of biomarkers < 0.6 is not presented.

Abbreviations: AFP, α-fetoprotein; GPC3, glypican 3; GP73, golgi protein 73; DCP, des-γ-carboxy prothrombin; AUC, area under curve; Sen, sensitivity; Sep, specificity; PPV,

positive predictive value; NPV, negative predictive value; HCC, hepatocellular carcinoma; LC, liver cirrhosis; CHB, chronic hepatitis B virus infection; HC, healthy controls.
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these two markers has been proposed; although neither

AFP nor DCP is good at early diagnosis, their combination

showed a significantly improved diagnosis and treatment

effect,24 similar to our conclusion. In addition to increas-

ing the utility for early diagnosis, the combination of the

two markers showed an improvement in the diagnostic

efficacy,25 which may be related to the sensitivity of

DCP.26 For GPC3, a specific increase in mRNA levels in

liver cancer tissue leads to an increase in protein levels.

Therefore, clinically, many clinical tools, such as tissue

biopsy27 or immunohistochemistry,28 are available.

However, there is a current trend in serological testing.

Early reports show that AFP combined with GPC3 can

significantly increase the detection rate of early HCC,14

consistent with our findings. Finally, for GP73, our find-

ings differ greatly from those previously published. Our

data showed that serum GP73 levels were not high, and its

AUC value was less than 0.6 in all the sub-groups,

indicating limited power to discriminate patients with

and without liver cancer. However, in 2005, Jorge

A. Marrero et al reported that GP73 was significantly

better than AFP in the early diagnosis of liver cancer,

with an AUC value of 0.79 vs 0.61.19 Moreover, GP73

was significantly superior to AFP in detecting the post-

operative recurrence of liver cancer.15 We speculate that

these differences may be mainly caused by the following

factors: one, the subjects included in the different studies

were from different countries, with ethnic and geographi-

cal differences, which will have a certain impact on the

results; and two, our study included a single HBV-related

non-HCC control group (including CHB and HBV-related

LC) and the HCC groups, while other studies did not have

clearly refined groups. The non-cancer group may have

included patients with various types of hepatitis and cir-

rhosis caused by different factors, such as alcohol, drugs

and bile damage, etc., and the cancer group may have

Table 4 The Value of Serum AFP, GPC3, GP73 and DCP in the Very Early Diagnosis of HCC

Biomarkers AUC (95% CI) P value Sen (%) Spe (%) PPV (%) NPV (%)

vs LC, CHB, HC

AFP 0.726(0.662–0.784) <0.0001 65.0 76.7 38.2 90.8

GPC3 0.601(0.533–0.666) 0.017 35.0 85.0 34.1 85.5

AFP+GPC3 0.751(0.688–0.807) <0.0001 75.0 71.7 37.0 92.8

AFP+GP73 0.725(0.661–0.783) <0.0001 65.0 76.7 38.2 90.8

AFP+DCP 0.742(0.679–0.798) <0.0001 65.0 76.1 37.7 90.7

GPC3+GP73 0.601(0.533–0.666) 0.0177 35.0 85.0 34.1 85.5

AFP+GPC3+GP73 0.750(0.688–0.806) <0.0001 75.0 71.7 33.3 89.7

AFP+GPC3+DCP 0.752(0.689–0.807) <0.0001 75.0 71.7 37.0 92.8

AFP+GPC3+GP73+DCP 0.750(0.687–0.806) <0.0001 75.0 71.7 37.0 92.8

vs LC,CHB

AFP 0.688(0.613–0.757) 0.0002 42.5 93.8 68.0 84.1

AFP+GPC3 0.703(0.629–0.771) <0.0001 42.5 96.2 76.2 83.9

AFP+GP73 0.687(0.611–0.756) <0.0001 42.5 93.8 68.0 84.1

AFP+DCP 0.700(0.626–0.768) 0.0001 42.5 93.8 68.0 84.1

AFP+GPC3+GP73 0.702(0.627–0.770) <0.0001 42.5 93.8 68.0 84.1

AFP+GPC3+DCP 0.704(0.629–0.771) <0.0001 42.5 96.2 77.3 84.5

AFP+GPC3+GP73+DCP 0.702(0.627–0.770) <0.0001 42.5 94.6 70.8 84.2

vs LC

AFP 0.704(0.612–0.785) <0.0001 65.0 70.7 54.2 79.1

AFP+GPC3 0.704(0.611–0.785) <0.0001 75.0 61.3 50.8 82.1

AFP+GP73 0.701(0.609–0.783) <0.0001 65.0 70.7 54.2 79.1

AFP+DCP 0.692(0.599–0.774) <0.001 42.5 94.7 81.0 75.5

AFP+GPC3+GP73 0.702(0.610–0.784) <0.0001 75.0 61.3 50.8 82.1

AFP+GPC3+DCP 0.708(0.616–0.789) <0.0001 75.0 62.7 51.7 82.5

AFP+GPC3+GP73+DCP 0.703(0.611–0.785) <0.0001 42.5 94.7 81.0 75.5

Note: AUC value of biomarkers < 0.6 is not presented.

Abbreviations: AFP, α-fetoprotein; GPC3, glypican 3; GP73, golgi protein 73; DCP, des-γ-carboxy prothrombin; AUC, area under curve; Sen, sensitivity; Sep, specificity;

PPV, positive predictive value; NPV, negative predictive value; HCC, hepatocellular carcinoma; LC, liver cirrhosis; CHB, chronic hepatitis B virus infection; HC, healthy

controls.
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included various mixed types of HCC, leading to major

differences in inclusions and exclusion criteria.

Liquid biopsy has considerable advantages over tissue

biopsy, it is easy to perform and avoids the issue of tumour

heterogeneity tissue samples making it a good source of

tumor markers. Currently, the commonly used markers are

nucleic acids such as non-coding RNA (lncRNA and

miRNA) and cfDNA, proteins and circulating tumour

cells (CTCs). Nucleic acid markers such as non-coding

RNA and cfDNA are highly sensitive and can be detected

at a very early stage in the development of liver cancer,29–34

but these markers have certain drawbacks. Non-coding

RNAs single-stranded and do not have sufficient stability.

cfDNA originates from not only tumuor cells, but also many

ageing cells and inflammatory cells. Thus, specificity is

affected to some extent. Therefore, nucleic acid markers

are now largely developed towards based on their biology,

such as methylation35,36 and mutation,37–39 to provide

insight into treatment choice or potential drug resistance.

As complete cells, CTCs can provide all the same informa-

tion as nucleic acids. Tumuor cells that enter the blood are

more malignant than primary tumour cells. Research on

CTCs has focused more on targeted anticancer therapy.

However, due to the characteristics of intact cells,

Figure 3 The value of serum AFP, GPC3, GP73 and DCP in the very early diagnosis of HBV-related HCC. (A) Very early stage HCC vs LC, CHB, HC. (B) Very early stage vs
LC, CHB. (C) Very early stage vs LC.
Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; CHB, chronic hepatitis B virus infection; HC, healthy controls; AFP, α-fetoprotein; GPC3, glypican 3;

GP73, golgi protein 73; DCP, des-γ-carboxy prothrombin.
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a certain degree of malignancy must be reached before

primary tumuor will enter the blood, which limits the appli-

cation of CTCs in the early diagnosis of liver cancer. At

present, the application of CTCs in liver cancer is basically

limited to staging, prognosis40 and therapeutic response

evaluation.41–44 Protein markers are classic tumuor markers

with known stability. In general, good protein markers have

considerable advantages in sensitivity and specificity. In the

future, we can combine these various markers to better

monitor the occurrence and development of liver cancer.

(To reviewer 1)

Our results are very encouraging but there are several

important limitations of our study. We divided the non-

cancer groups and cancer groups into many sub-categories.

Although the total number of enrolled patients was appro-

priate, the average number of participants in each sub-

group was relatively small. In addition, all the included

subjects were Chinese; this study was conducted at single-

center with participants of a single ethnicity.

Conclusions
In conclusion, our data show that as an individual marker,

AFP has an advantage over the other three serum markers

in the very early and early diagnosis of HBV-related HCC.

When AFP was combined with one of the other three

markers (DCP, GPC3 and GP73), the AUC, sensitivity

and specificity could be increased. AFP remained the

best marker for the very early diagnosis of HBV-related

HCC, and the addition of one or more markers did not

significantly improve the diagnostic accuracy. Additional

studies are needed to determine whether the same diag-

nostic method can be applied to all ethnic groups and all

underlying aetiologies of liver disease; this information

would have great clinical significance.

Abbreviations
AFP, alpha-fetoprotein; DCP, des-gamma-carboxyprothrom-

bin; GPC3, gypican-3; GP73, Golgi protein 73; HCC, hepa-

tocellular carcinoma; HBV, hepatitis B virus; CHB, chronical

HBV infection; LC, liver cirrhosis; ROC, receiver operating

characteristics; AUC, area under curve; TBil, total bilirubin;

ALT, alanine aminotransferase; AST, aspartate aminotrans-

ferase; TP, total protein.
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