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Purpose: We aimed to explore the clinical diagnostic value of combined detection via protein induced by vitamin K absence or antagonist
II (PIVKA-II), alpha-fetoprotein (AFP), and D-dimer (D-D) in hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC).
Materials and Methods: We analyzed PIVKA-II, AFP, and D-D levels in 291 subjects comprising liver cirrhosis (LC) patients (n =
143) and HCC patients (n = 148). Receiver operating characteristic (ROC) curves were used to analyze and compare the clinical
diagnostic value of the three biomarkers for HBV-related HCC alone and in combination.

Results: The levels of PIVKA-II, AFP, and D-D were positively correlated with tumor size in HCC patients. The levels of PIVKA-II
and AFP in early-stage HCC, advanced HCC, HBV DNA+ HCC, and HBV DNA- HCC patients were higher than those in LC
patients, while the levels of D-D were lower. The area under the curve for combined detection was greater than that for single-index
detection in early-stage HCC, advanced HCC, HBV DNA+ HCC, and HBV DNA- HCC patients.

Conclusion: D-D may be a useful biomarker for the diagnosis of HBV-related HCC. The combined detection of PIVKA-II, AFP, and
D-D had better diagnostic value for different types of HCC than the detection of individual biomarkers.
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Introduction
Primary liver cancer is the sixth most frequently diagnosed cancer and the third most lethal cancer, with approximately
906,000 new cases and 830,000 deaths worldwide.! The incidence of liver cancer is increasing all over the world.Z 1t is
estimated that by 2025, more than 1 million people worldwide will be affected by liver cancer every year.” Hepatocellular
carcinoma (HCC) is the most common type of liver cancer, accounting for approximately 90% of the total number of cases.”
HBYV infection is the most important risk factor for HCC, accounting for approximately 50% of cases.* The annual
incidence of HCC in persons with HCV-related cirrhosis ranges from 0.5-10%.' Between 10% and 20% of HCC cases
in the USA are now attributed to Non-alcoholic fatty liver disease (NAFLD).? The trends of alcohol use and alcoholic liver
disease vary among countries. Liver cirrhosis (LC) associated with HBV infection is a key risk factor for tumorigenesis.’
Early diagnosis of HCC is closely related to its prognosis.” Although imaging techniques such as ultrasound and
magnetic resonance imaging (MRI) greatly improve the diagnostic accuracy of HCC, their applications are limited
because of insensitivity to small tumors.® Among the non-invasive biomarkers, alpha-fetoprotein (AFP) and protein
induced by vitamin K absence or antagonist II (PIVKA-II) have been widely studied in hepatocellular carcinoma.’ '
AFP is a traditional serum marker for HCC, but its diagnostic accuracy is limited because of its high false-negative
detection rate in small and early tumors. AFP levels are increased in non-HCC diseases such as LC, hepatitis, and
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cholangiocarcinoma, and the marker lacks specificity.'* Therefore, AFP alone is not recommended as a primary screen-
ing test for HCC.'*

During the malignant transformation of hepatocytes, the vitamin K-dependent carboxylase system is damaged,
resulting in a carboxylation disorder of the N-terminal glutamate residues of the coagulation factor. This abnormal
coagulation factor, PIVKA-II (also known as de-y-carboxyprothrombin), loses the ability to perform the clotting
function.” In a meta-analysis, regardless of the size of the tumor, the ethnic background of the patient (United States,
Europe, Asia, or Africa), or the etiology of HCC (HBV-related or mixed), PIVKA-II enabled more accurate detection of
HBV-related HCC than AFP."®

D-D is a product of fibrin degradation. An increased level of D-D indicates the presence of hypercoagulable states and
secondary hyperfibrinolysis, which mainly reflects the fibrinolytic function of the body.'” Increasing evidence shows that
there is a relationship between coagulation activation and tumor angiogenesis, progression, and metastasis.'®'? Studies
have shown that D-D may be a potential diagnostic index of HCC and can be used as a simple and effective predictor of
poor tumor characteristics and prognosis of HCC.'7*°

In this study, we investigated whether the combined detection of D-D, PIVKA-II, and AFP has a better diagnostic
value for HBV-related HCC than single-protein detection.

Materials and Methods

Patients

A total of 291 patients admitted to the First Affiliated Hospital of Hunan Normal University from May 2020 to May 2021
were selected, including 148 patients with HBV-related HCC and 143 patients with HBV-related LC. Among the 148
patients with HCC, 59 had early-stage HCC, and 89 had advanced HCC. Among patients with advanced HCC, 63
patients had vascular invasion, distant metastasis, or lymph node invasion. Among the 148 patients with HCC, 72 had
HBV DNA+ HCC, and 76 had HBV DNA- HCC. HBV-related LC patients were divided into the following categories:
HBV DNA+ LC (n = 63) and HBV DNA- LC (n = 70). The diagnosis of HBV-related HCC was based on the diagnostic
criteria of the Guidelines of Chinese Society of Clinical Oncology Hepatocellular Carcinoma (2020).' The main
diagnostic criteria are as follows: 1) a history of primary liver diseases, such as chronic hepatitis or cirrhosis; 2) elevated
AFP, especially with a markedly progressive elevation of AFP; 3) at least two imaging tests to support the diagnosis of
liver cancer, such as enhanced MRI, enhanced CT, color Doppler ultrasound, etc; 4) take a biopsy of atypical liver
nodules, and cancer cells were found under the microscope.”' Early-stage HCC was defined as the presence of only one
tumor less than or equal to 5.0 cm in the liver without vascular infiltration or extrahepatic metastasis.>' LC diagnosis was
made in accordance with the Chinese guidelines for the management of LC.*> The diagnosis of compensated liver
cirrhosis is based on the following: 1) Histology is consistent with the diagnosis of liver cirrhosis; (2) Endoscopy shows
esophagogastric varices or gastrointestinal varices, excluding non-cirrhotic venous hypertension; (3) B-ultrasound or CT
Other imaging examinations suggest the characteristics of liver cirrhosis or venous hypertension; (4) abnormal liver
function and other test indicators suggest the existence of liver cirrhosis. Based on liver cirrhosis, complications of portal
hypertension and/or decreased liver function can be diagnosed as decompensated liver cirrhosis.>? The diagnosis of HBV
infection was based on the Hepatitis B surface antigen and Hepatitis B virus DNA. Tumor size was measured by dynamic
contrast-enhanced MRI or dynamic contrast-enhanced CT scan, combined with the size of the tumor specimen after
surgical resection.

Measurement of PIVKA-Il, AFB, D-D, and HBV DNA Levels

The serum levels of PIVKA II and AFP were detected by electrochemiluminescence immunoassay (Abbott i2000; Abbott
Laboratories, USA). D-D levels were measured by turbidimetric inhibition immunoassay (Coatron 5000; TECO, Inc., Germany).
The concentrations of PIVKA-II, AFP, and D-D were measured in terms of mAU/mL, ng/mL, and pg/L, respectively. HBV
DNA levels were determined using real-time polymerase chain reaction (Light-Cycler 48011; Roche, Inc.). Concentrations of
HBV DNA > 500 IU/mL were considered positive (HBV DNA+); < 500 IU/mL, negative (HBV DNA-).
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Statistical Analysis

Statistical analyses were performed using SPSS 26.0 (IBM, USA). Data are expressed as the median (interquartile range)
or proportion (%). The Mann—Whitney U-test was used to evaluate the differences between the two groups. Pearson’s
chi-square test was used to compare the sexes. The Spearman rank correlation coefficient (r;) was used to evaluate the
correlation between continuous variables. Receiver operating characteristic (ROC) curve analysis was performed to
estimate the value of PIVKA-II, AFP, and D-D, and the area under the curve (AUC), 95% confidence interval (CI), and
corresponding diagnostic sensitivity and specificity were also calculated. DeLong’s test was used to compare the
differences among the AUCs. P < 0.05 was considered statistically significant.

Results

Study Characteristics

A total of 291 patients (148 HCC patients and 143 LC patients) were enrolled. The clinical features are shown in Table 1.
The age of HCC patients was significantly higher than that of LC patients (55 vs 51 years; P < 0.05). The patients in both
groups were predominantly male (89% of HCC patients (131/148) and 77% of LC patients (110/143); P = 0.009). The
serum levels of PIVKA-II and AFP in HCC patients were significantly higher than those in LC patients (P < 0.001). In
contrast, the D-D level in HCC patients was lower than that in LC patients (P < 0.001).

PIVKA-Il, AFP, and D-D Levels in LC, Early-Stage HCC, and Advanced HCC Patients
The levels of PIVKA-II, AFP, and D-D in HCC patients were positively correlated with tumor size (r;= 0.543, P < 0.001;
re=0.331, P<0.001; r,=0.425, P < 0.001; Figure 1A—C). The levels of PIVKA-II, AFP, and D-D in patients with early-stage
HCC were significantly lower than those in patients with advanced HCC (P < 0.001, P < 0.01, P < 0.001). Serum levels of
PIVKA-II and AFP in the HCC group were higher than those in the LC group (P < 0.001, P < 0.05; Figure 1D-E), whereas
D-D levels in the HCC group were lower (P < 0.001, Figure 1F).

Diagnostic Value of Single-Index and Combined Detection of PIVKA-II, AFP, and D-D
For the comparison of early-stage HCC and LC patients, PIVKA-II exhibited the best diagnostic value (AUC = 0.871),
followed by D-D (AUC = 0.837) and AFP (AUC = 0.599) (Figure 2A; Table 2). When pairwise combined detection was
performed, PIVKA-II + D-D demonstrated the best performance (AUC = 0.957), and the diagnostic value was higher
than that of single-index detection. The AUC of three-index combined detection was 0.957, which was greater than that
of PIVKA-II + AFP (AUC = 0.863; P < 0.001; Figure 2B; Table 2). For the comparison of patients with advanced HCC
and LC, PIVKA-II again demonstrated the best single-index diagnostic value (AUC = 0.929; Figure 2C; Table 2), and
PIVKA-II + D-D demonstrated the best result (AUC = 0.958) for pairwise combined detection. The AUC of the three
combined markers was 0.960, greater than that of PIVKA-II + AFP combined detection (P < 0.001; Figure 2D; Table 2).

Table | Characteristics of the Patients Included in the Study

Characteristic HCC LC p value
Patients, n 148 143 NA
Age (years) 55(48-62) 51(44-60) 0.011
Sex (male:female) 131:17 110:33 0.009
PIVKA-II (mAU/mL) 938.28(126.24-6793.68) 26.16(16.11-47.54) <0.001
AFP (ng/mL) 204.59(9.59-1041.97) 25.85(4.66—138.39) <0.001
D-D(ug/L) 600.00(242.50-877.50) 1400.00(580.00-3110.00) <0.001
HBV DNA+, n (%) 72(48.65%) 63(44.06%) NA
Early-stage HCC, n(%) 59(39.86%) NA NA
Advanced HCC, n(%) 89(60.14%) NA NA

Note: Data is represented in a median (interquartile ranges) or numbers (%).
Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; PIVKA-II, protein induced by vitamin K absence or antagonist II; AFP,

alpha-fetoprotein; D-D, D-dimer.
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Figure | Analysis of PIVKA-II, AFP, and D-D. (A—C) Correlations between PIVKA-II, AFP, and D-D with tumor size; (D—F) Comparison of PIVKA-II, AFP, and D-D levels in
early-stage HCC patients, advanced HCC patients, and LC patients (*P<0.5; **P<0.01; ***P<0.001).
Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; PIVKA-II, protein induced by vitamin K absence or antagonist II; AFP, alpha-fetoprotein; D-D, D-dimer.
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Figure 2 ROC curves of PIVKA-II, AFP, and D-D, and their combinations in HCC patients. (A and B) ROC curves of PIVKA-II, AFP, and D-D, and their combinations in early-stage
HCC patients, LC patients served as controls; (C and D) ROC curves of PIVKA-II, AFP, and D-D, and their combinations in advanced HCC patients, LC patients served as controls.
Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; PIVKA-II, protein induced by vitamin K absence or antagonist II; AFP, alpha-fetoprotein; D-D, D-dimer.

Diagnostic Value of PIVKA-II, AFP, and D-D in HBY DNA- HCC and HBV DNA+

HCC Patients
Serum levels of PIVKA-II and AFP in HBV DNA- or HBV DNA+ HCC patients were higher than those in HBV DNA-
or HBV DNA+ LC patients (P < 0.001), while the level of D-D in HCC patients was lower (P < 0.001; Figure 3A-C;
Figure 4A-C).

In HBV DNA- HCC patients, the AUCs of PIVKA-II, AFP, and D-D were 0.866 (95% CI: 0.805-0.926), 0.731 (95% CI:
0.648-0.815), and 0.821 (95% CI: 0.749-0.893), respectively (Figure 3D). In HBV DNA+ HCC patients, the AUCs of PIVKA-
II, AFP, and D-D were 0.936 (95% CI: 0.901-0.971), 0.700 (95% CI: 0.612—-0.788), and 0.689 (95% CI: 0.606-0.772),
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Table 2 Performance Value of PIVKA-II, AFP, and D-D in Patients with Early-Stage HCC and Advanced HCC

Biomarker Early-Stage HCC Advanced HCC

AUC,95% CI Cut-off Se(%) Sp(%) AUC(%),95% CI Cut-off Se(%) Sp(%)
PIVKA-II (mAU/mL) 0.871,0.818-0.923 >199.9 61.02 95.80 0.929,0.890-0.968 > 2747 78.65 99.30
AFP (ng/mL) 0.599,0.509-0.689 >619.3 28.81 97.90 0.744,0.673-0.815 > 646.6 49.44 98.60
D-D(ug/L) 0.837,0.781-0.894 <985.0 93.22 60.14 0.702,0.636-0.768 < 1315.0 92.13 52.45
PIVKA-II+AFP 0.863,0.803-0.923 NA 69.49 9231 0.932,0.892-0.971 NA 83.15 97.20
PIVKA-II+D-D 0.957,0.930-0.984 NA 93.22 83.92 0.958,0.932-0.984 NA 86.52 95.10
AFP+D-D 0.839,0.783-0.896 NA 62.71 88.11 0.844,0.795-0.894 NA 66.29 85.31
PIVKA-II+AFP+D-D 0.957,0.930-0.984 NA 93.22 83.92 0.960,0.934-0.986 NA 89.89 94.41

Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; PIVKA-II, protein induced by vitamin K absence or antagonist II; AFP, alpha-fetoprotein; D-D, D-dimer.

respectively (Figure 4D). The AUC of PIVKA-II in HBV DNA- HCC patients was lower than that in HBV DNA+ HCC patients
(0.866 vs 0.936), while the AUC of AFP in HBV DNA- HCC patients was higher (0.731 vs 0.700).

In HBV DNA+ HCC and HBV DNA- HCC patients, when PIVKA-II, AFP, and D-D were detected jointly, the AUC
was higher than it was for the single-index tests (Figures 3E and 4E). However, there was no significant difference in the
AUC between HBV DNA+ HCC and HBV DNA- HCC patients. The diagnostic performance of PIVKA-II, AFP, and
D-D in HBV DNA+ and HBV DNA- HCC is shown in Table 3.

Discussion

Early diagnosis of HCC is important for improving the survival rate. Therefore, systematic screening of high-risk groups
is necessary. At present, HCC-related biomarkers have been widely studied to improve the diagnosis of early-stage HCC
in patients with LC.>** AFP is a commonly used biomarker for HCC, but its sensitivity and specificity are not
satisfactory, especially in the diagnosis of early-stage HCC.>*

Therefore, it is necessary to combine serological markers for the early diagnosis of high-risk patients. PIVKA-II,
abnormal prothrombin, is a specific marker for HCC. Previous studies have shown that its diagnostic sensitivity and
specificity are superior to those of AFP.>>® D-D is an important index that reflects the blood coagulation state of the
body. In the process of malignant tumors, due to the infiltration, metastasis, and destruction of tumor cells, a large
number of procoagulant substances enter the blood, causing the body to enter a hypercoagulable state.?” Therefore, we
evaluated whether D-D can be used as a diagnostic marker for HBV-related HCC and whether the diagnostic accuracy is
improved when D-D is detected in combination with PIVKA-II and AFP.

The levels of PIVKA-II, AFP, and D-D in patients with HBV-related HCC were significantly different from those in
patients with HBV-related LC. When PIVKA-II, AFP, and D-D were used individually to detect HCC, the diagnostic
value of PIVKA-II was better than that of AFP and D-D, consistent with the findings of Xu et al.”® The diagnostic value
of D-D for the diagnosis of early-stage HCC is better than that of AFP. In early-stage and advanced HCC, the AUCs of
PIVKA-II as a single index were 0.871 and 0.929, respectively, and the AUCs of PIVKA-II combined with AFP were
0.863 and 0.932, respectively. There was no significant improvement in the diagnostic value, which is not consistent with
the findings of Si et al.?’ The reason for this may be that LC patients comprised the control group in our study; some LC
patients have varying degrees of increase in AFP levels due to hepatocyte regeneration, while some patients with HCC do
not secrete AFP.

We also noticed that PIVKA-II and AFP levels were positively correlated with HCC tumor size (Figure 1A and B),
which is an important reason why the diagnostic value of PIVKA-II and AFP in early-stage HCC was lower than that in
advanced HCC. The diagnostic value of PIVKA-II and D-D in early-stage HCC was significantly higher than that of
AFP, and the diagnostic value of combined detection was higher than that of single-index detection. Therefore, serum
D-D and PIVKA-II levels can be used for the diagnosis of early-stage liver cancer.
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Figure 3 Diagnostic value of PIVKA-II, AFP, and D-D in HBV DNA- HCC. (A—C) PIVKA-Il, AFP, and D-D were compared between HBY DNA- HCC patients and LC
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Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; PIVKA-II, protein induced by vitamin K absence or antagonist II; AFP, alpha-fetoprotein; D-D, D-dimer.
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Abbreviations: HCC, hepatocellular carcinoma; LC, liver cirrhosis; PIVKA-II, protein induced by vitamin K absence or antagonist II; AFP, alpha-fetoprotein; D-D, D-dimer.
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Table 3 Diagnostic Accuracy of PIVKA-II, AFP, and D-D in HBY DNA Negative or HBY DNA Positive HCC Patients

Biomarker HCC (HBV DNA+) HCC (HBV DNA.)
AUC,95% ClI Cut-off | Se (%) | Sp(%) | AUC (%),95% Cl | Cut-off | Se (%) | Sp (%)
PIVKA-Il (mAU/mL) | 0.936,0901-0.971 | >1985 77.63 94.94 0.866,0.805-0.926 >190.00 | 68.06 96.83
AFP (ng/mL) 0.700,0.612-0.788 | >646.1 53.95 97.50 0.731,0.648-0.815 >11.85 66.67 69.84
D-D(ug/L) 0.689,0.606-0.772 | <995.0 81.58 56.25 0.821,0.749-0.893 <1030 93.06 65.08
PIVKA-II+AFP 0.879,0.822-0936 | NA 7222 93.65 0.933,0.891-0.974 NA 85.53 93.75
PIVKA-II+D-D 0.955,0.926-0984 | NA 83.33 96.83 0.964,0.937-0.991 NA 89.47 96.25
AFP+D-D 0.853,0.789-0916 | NA 97.22 65.08 0.823,0.759-0.886 NA 51.32 98.75
PIVKA-II+AFP+D-D | 0.957,0.928-0.985 | NA 83.10 95.24 0.962,0.933-0.991 NA 90.28 93.75

Abbreviations: SEN, sensitivity; SPE, specificity; HCC, hepatocellular carcinoma; PIVKA-II, protein induced by vitamin K absence or antagonist Il; AFP, alpha-fetoprotein;
D-D, D-dimer.

The serum levels of PIVKA-II and AFP in patients with HBV DNA+ HCC and HBV DNA+ LC were significantly
higher than those in patients with HBV DNA- HCC and HBV DNA- LC, respectively, which was consistent with the
results of Wang et al.'? It is suggested that the replication of HBV may increase the expression of PIVKA-II and AFP in
abnormal hepatocytes. This may also be the main reason why the cut-off of HBV DNA+ HCC (> 646.1 ng/mL) is
significantly larger than that of HBV DNA- HCC (> 11.85 ng/mL).

In the single-index detection test, the diagnostic value of PIVKA-II was the highest, followed by that of D-D and
AFP. In the pairwise combined detection tests, the diagnostic values of PIVKA-II + D-D and AFP + D-D were higher
than those of PIVKA-II and AFP, suggesting that the addition of D-D was beneficial. In addition, the diagnostic value of
PIVKA-II in HBV DNA+ HCC was higher than that in HBV DNA- HCC. The AUC of AFP in patients with HBV DNA-
HCC was greater than that in patients with HBV DNA+ HCC; therefore, PIVKA-II had the strongest diagnostic ability in
HBV DNA+ HCC, while AFP had the strongest diagnostic ability in HBV DNA- HCC. The combined detection of
PIVKA-II, AFP, and D-D can improve the diagnostic value for different types of HCC.

We also found that the level of D-D in HCC patients was lower than that in LC patients. Fibrinogen is an acute-
phase reactant produced by the liver during uncontrollable tumor or systemic inflammation, and D-D is a degradation
product of fibrin; therefore, D-D levels increase with an increase in fibrinolysis.’*>*! Hence, in LC patients, the
destruction of normal liver function weakens the ability of the liver to produce fibrinogen, and D-D levels increase
significantly. Conversely, in HCC patients, as a result of the response to malignant tumors, the increase in the
D-D level is smaller than that in LC patients. Our results also showed that the D-D level was positively correlated
with tumor size, suggesting that D-D is similar to PIVKA-II and AFP and is another indicator of HCC progression.
Therefore, it is necessary to investigate the role of D-D in the progression and prognosis of HCC patients. However,
our study did not include a detailed staging system for advanced HCC, which needs to be further investigated by
follow-up experiments.

Conclusion

In conclusion, D-D may be a useful biomarker for the diagnosis of early-stage HCC. PIVKA-II and AFP exhibited the
best diagnostic value in HBV DNA+ HCC and HBV DNA- HCC, respectively. Compared to single-index detection,
the combined detection of PIVKA-II, AFP, and D-D demonstrated improved diagnostic value for different types
of HCC.
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