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Abstract

BACKGROUND
Serum protein induced by vitamin K absence or antagonist-II (PIVKA-II) is a
promising biomarker for hepatocellular carcinoma (HCC) surveillance.

AIM
To identify the contributing factors related to the abnormal elevation of PIVKA-II

level and assess their potential influence on the performance of PIVKA-II in
detecting HCC.

METHODS

This study retrospectively enrolled in 784 chronic liver disease (CLD) patients and
267 HCC patients in Mengchao Hepatobiliary Hospital of Fujian Medical
University from April 2016 to December 2019. Logistic regression and the area
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under the receiver operating characteristic curve (AUC) were used to evaluate the influencing
factors and diagnostic performance of PIVKA-II for HCC, respectively.

RESULTS

Elevated PIVKA-II levels were independently positively associated with alcohol-related liver
disease, serum alkaline phosphatase (ALP), and total bilirubin (TBIL) for CLD patients and
aspartate aminotransferase (AST) and tumor size for HCC patients (all P < 0.05). Serum PIVKA-II
were significantly lower in patients with viral etiology, ALP <1 x upper limit of normal (ULN),
TBIL <1 x ULN, and AST <1 x ULN than in those with nonviral disease and abnormal ALP, TBIL,
or AST (all P < 0.05), but the differences disappeared in patients with early-stage HCC. For
patients with TBIL <1 x ULN, the AUC of PIVKA-II was significantly higher compared to that in
patients with TBIL > 1 x ULN (0.817 vs 0.669, P = 0.015), while the difference between ALP <1 x
ULN and ALP > 1 x ULN was not statistically significant (0.783 vs 0.729, P = 0.398). These trends
were then more prominently perceived in subgroups of patients with viral etiology and HBV
alone.

CONCLUSION
Serum PIVKA-II has better performance in detecting HCC at an early stage for CLD patients with
normal serum TBIL.

Key Words: Protein induced by vitamin K absence or antagonist-II; Chronic liver disease; Total bilirubin;
Hepatocellular carcinoma; Diagnosis; Hepatitis B virus

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study demonstrated that elevated serum protein induced by vitamin K absence or
antagonist-II (PIVKA-II) were positively associated with serum total bilirubin (TBIL) in patients with
chronic liver disease (CLD), and the levels of PIVKA-II in CLD patients with normal serum TBIL were
significantly lower than those in CLD patients with abnormal serum TBIL. Serum PIVKA-II has better
performance in detecting hepatocellular carcinoma (HCC) at an early stage for CLD patients with normal
serum TBIL, which was more prominently perceived in patients with viral etiology and hepatitis B virus
alone. These findings may be important for surveillance counseling of early-stage HCC.

Citation: Qian XJ, Wen ZM, Huang XM, Feng HJ, Lin SS, Liu YN, Li SC, Zhang Y, Peng WG, Yang JR, Zheng
ZY, Zhang L, Zhang DW, Lu FM, Liu LJ, Pan WD. Better performance of PIVKA-II for detecting hepatocellular
carcinoma in patients with chronic liver disease with normal total bilirubin. World J Gastroenterol 2023; 29(8):
1359-1373

URL: https://www.wjgnet.com/1007-9327/full/v29/i8/1359.htm

DOI: https://dx.doi.org/10.3748/wjg.v29.i8.1359

INTRODUCTION

Hepatocellular carcinoma (HCC), a serious issue for global health, is still the sixth most prevalently
diagnosed cancer and the third highest cause of cancer death worldwide[1,2]. Chronic liver disease
(CLD) induced by viral and nonviral factors has been identified as the main cause of HCC, including
chronic infection with hepatitis B virus (HBV) or hepatitis C virus (HCV), alcohol-related liver disease
(ALD), nonalcoholic fatty liver disease (NAFLD), autoimmune liver disease (AILD), and so on, with the
major risk factors varying from region to region[1-3].

In recent years, although great progress has been achieved on cancer treatment with the development
by surgical resection, molecular targeted therapy, and immunotherapy[2,4-6], 5-year survival rate of
HCC remains not satisfactory, with only 15%-17% as reported[7,8]. The main cause of this extremely
poor prognosis is that more than half of HCC patients present with advanced stages once at diagnosis[7,
8]. Detecting HCC at an early stage is an efficacious way for the improvement of long term survival of
HCC patients[2,9,10].

Serum HCC biomarkers as surveillance tools remain controversial because the diagnostic accuracy of
the traditional biomarker for HCC, serum alpha-fetoprotein (AFP), is unsatisfactory[8,11,12]. Serum
AFP is frequently influenced by many noncancerous factors and is falsely raised in non-HCC patients
who have active chronic viral and advanced liver disease[13-15]. Hence, protein induced by vitamin K
absence or antagonist-II (PIVKA-II), has gained increasing attention in recent years since it was first
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reported for the diagnosis of HCC in 1984[2,8,9,16]. PIVKA-II is poorly related to AFP, and the
diagnostic performance of HCC by combining the two biomarkers was higher compared to AFP alone[8,
17]. In addition, the guidelines of the Japan Society of Hepatology has recommended serum PIVKA-II as
one of the HCC surveillance markers in at-risk populations[18,19].

PIVKA-II could also be employed to monitor HCC prognosis, treatment response, and recurrence
because of its possible associations with the tumor size, HCC progression and recurrence[20,21]. Serum
PIVKA-II levels have also been reported to be influenced by several noncancerous factors, such as
vitamin K deficiency[22], ALD[23-26], acute hepatic failure[27], and the use of warfarin or antibiotics[26,
28] by leading to serum PIVKA-II elevation in non-HCC patients.

However, it remains unclear what the factors are regarding different liver disease etiologies, the liver
injury severity, and disease activity degree associated with abnormal PIVKA-II levels in patients with
CLD and HCC. Therefore, we aimed to identify the potential contributing factors and evaluate their
influence on serum PIVKA-II levels and the performance of PIVKA-II for the diagnosis of HCC in
different populations.

MATERIALS AND METHODS

Patients selection

This study eventually retrospectively registered 1051 patients after excluding 80 patients from 1131
registered patients. The mean age of the total cohort was 48.93 years * 13.70 years, and 73.6% of them
were male (n = 773). Supplementary Figure 1 shows the selection flowchart and the analysis process. All
patients were recruited in Mengchao Hepatobiliary Hospital of Fujian Medical University from April
2016 to December 2019.

The patients included following the criteria as: (1) With CLD or HCC of clear etiology diagnosed by
clinical or histological evidence, including chronic hepatitis B (CHB), chronic hepatitis C (CHC), ALD,
NAFLD, and AILD; (2) CHB and CHC were defined as patients with positive hepatitis B surface antigen
(HBsAg) and positive hepatitis C virus (HCV) antibodies and/or HCV RNA for at least 6 months; and
(3) complete and detailed laboratory and clinical information, including serum PIVKA-II, relevant
laboratory tests, and other clearly clinical characteristics and records. The patients excluded following
the criteria as: (1) Patients diagnosed with CHB and ALD simultaneously; (2) patients with liver failure,
esophageal and gastric variceal bleeding, or drug-induced liver disease; (3) patients without sufficient
information on relevant laboratory tests and clinical records; (4) patients without a certain clinical
diagnosis of HCC; (5) patients accepting warfarin or long-term treatment with antibiotics at the time of
enrollment; and (6) patients with other malignant tumors or a prior history of antitumor treatment in
HCC.

According to the Milan criteria, early-stage HCC is defined as a nodule with the diameter less than 5
cm or two to three nodules with the diameter each less than 3 cm and do not have significant vascular
invasion or extrahepatic metastases[2,15,29], and beyond the Milan criteria was considered as late-stage
HCC. A positive lesion discovered by the suggested imaging techniques and contrast agents or
histopathological confirmation were used to determine the diagnosis of HCCJ[2,3,9,15,30]. For CLD
patients at enrollment, the lack of an HCC was determined through that there were no any suspicious
hepatic masses in clinical and imaging evidence, and if with an abnormal PIVKA-II level, a continuous
imaging surveillance within the subsequent months was appropriate.

The existence of cirrhosis was generally determined via imaging, laboratory and clinical character-
istics, or liver biopsy without a routine examination.

The ethics committee of Peking University Health Science Center granted this study approval
(IRB00001052-19081). All procedures carried out in this study had followed the Helsinki declaration or
equivalent ethical principles.

Study variables
Serum PIVKA-II level was quantitatively detected through the chemiluminescence enzyme
immunoassay (LUMIPULSE®G1200, FUJIREBIO INC, Japan) by using Lumipulse® G PIVKA-II reaction
cartridges in the clinical laboratory of Mengchao Hepatobiliary Hospital of Fujian Medical University,
according to manufacturer’s instructions. The lower limit of detection is > 0 mAU/mL, and the upper is
75000 mAU/mL. The upper limit of normal (ULN) was 40 mAU/mL[9]. Furthermore, abnormal
elevation of serum PIVKA-II was defined as its values elevated above 40 mAU/mL (ULN).
Liver-related laboratory tests, including liver enzyme and function and routine blood, were
performed in the clinical laboratory using commercially available kits by manufacturers’ instructions.
Test values would be reviewed if judged as unusual in order to ensure their accuracy.

Statistical analysis

SPSS 24.0 software (New York, NK, United States) was applied to finish the basic statistical analyses.
The mean + SD or median and interquartile range (IQR), as the continuous variables, were analyzed by ¢
or Mann-Whitney test between two groups or Kruskal-Wallis test among three or more groups; y* test
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for categorical variables. Univariate and multivariate (forward) analyses of logistic regression were
constructed to investigate factors associated with the abnormal elevation of serum PIVKA-II for non-
HCC and HCC patients, respectively. Then, GraphPad Prism 7 (California, CA, United States) was used
to plot the distributions of the levels of PIVKA-II in different subgroups and further compare them. The
area under receiver operating characteristic (ROC) curve (AUC) and 95% confidence interval (CI), which
reflecting the PIVKA-II’s performance for HCC, were conducted and calculated by MedCalc version
18.2.1 (Ostend, Belgium). The best cutoff value, sensitivity, specificity, positive likelihood ratio (LR+),
and negative likelihood ratio (LR-) of PIVKA-II levels were also calculated and shown. P < 0.05 was
deemed statistically significant, and all tests and power analyses of significance were two-tailed.

RESULTS

Patient characteristics

The comprehensive clinical and laboratory characteristics of the study population are listed in Table 1. A
total of 595 viral liver disease patients, 189 nonviral liver disease patients, 127 early-stage HCC patients,
and 140 late-stage HCC patients were enrolled in. Compared to viral liver disease patients, patients with
nonviral liver disease had significantly older mean age and higher median serum platelet (PLT) and
GGT levels (P < 0.05); however, their male proportion and median serum ALT, AST and TBIL levels
were significantly lower (P < 0.05). Interestingly, the abnormally elevated proportion of PIVKA-II > 40
mAU/mL (ULN) in patients with nonviral liver disease was significantly higher than that in patients
with viral liver disease (20.6% vs 13.9%, P < 0.050), as well as the substantially higher median levels of
serum PIVKA-II (27.0 vs 23.0, P < 0.001).

The median serum ALT, AST, ALP, GGT, and PLT levels in patients with early-stage HCC were
significantly lower compared to those in patients with late-stage HCC (P < 0.01); and the significantly
smaller tumor size and proportion of the number of tumors > 2 were also observed in early-stage HCC
patients (both P < 0.001), but they had a higher median level of serum ALB (P < 0.05). Furthermore,
patients with early-stage HCC had a significantly lower abnormal proportion of PIVKA-II > 40
mAU/mL (ULN) than patients with late-stage HCC (60.6% vs 93.6%, P < 0.001), as well as significantly
lower median serum PIVKA-II level (58 vs 5124, P < 0.001).

Identify the independent factors related to the abnormal elevation of PIVKA-II level (> 1 x ULN) in non-
HCC and HCC patients

Then, we further analyzed and identified the independent factors related to the abnormal elevation of
PIVKA-II level in non-HCC and HCC patients through logistic regression analyses, respectively. Table 2
and Figure 1A summarize the results of non-HCC patients. ALD etiology (OR: 9.883, 95%CI: 2.216-
44.086, P < 0.001) was an independent positive factor associated with the abnormal elevation of serum
PIVKA-II in non-HCC patients, as well as the factors of ALP/ULN (OR: 2.146, 95%ClI: 1.429-3.221, P <
0.001) and TBIL/ULN (OR: 1.162, 95%CI: 1.080-1.250, P < 0.001). Table 3 and Figure 1B summarize the
results of HCC patients. AST/ULN (OR: 1.759, 95%CI: 1.072-2.887, P = 0.025) was an independent
positive factor associated with the abnormal elevation of serum PIVKA-II in HCC patients, as well as
the factor of tumor size (OR: 1.349, 95%CI: 1.175-1.549, P < 0.001). These findings implied that there
were obvious differences in the factors associated with the abnormal elevation of PIVKA-II level
between non-HCC and HCC patients.

Serum PIVKA-II levels were different among different subgroups of patients with non-HCC, early-
stage HCC, and late-stage HCC

The distributions and comparisons of serum PIVKA-II were further investigated according to the above
results of independent factors associated with the abnormal elevation of PIVKA-II level.

According to Figure 2A, the median PIVKA-II levels among subgroups of different etiologies were
significantly different (P < 0.0001); for viral liver disease without HCC, no difference was observed
between HBV and HCV (23.8 vs 21.5, P > 0.05), but among nonviral liver diseases of NAFLD, ALD and
AILD (28.0 vs 34.5 vs 20.0, P < 0.0001), the differences were significant. Further analysis showed that
compared to CLD patients with HBV or HCV, the median PIVKA-II level in ALD was substantially
higher (both P < 0.0001), and also in NAFLD (both P < 0.05). Meanwhile, AILD patients had
significantly lower PIVKA-II levels than HBV patients (P < 0.05), whereas no difference was observed
between HCV and AILD (P > 0.05). For patients with HCC (Figure 2B), the median PIVKA-II levels
gradually significantly increased as the tumor size changed by <2 cm, >2 cm and £5cm, >5 cm and <
10 cm to > 10 cm (39.5 vs 135.5 vs 1811.0 vs 30987.0, P < 0.0001).

Further analysis revealed that viral liver disease patients had a significantly lower median level of
PIVKA-II than patients with nonviral liver disease (23.0 vs 27.0, P < 0.0001) in non-HCC (Figure 2C), and
there were also similar trends between ALP <1 x ULN and ALP > 1 x ULN (23.0 vs 30.0, P < 0.0001)
(Figure 2D), TBIL <1 x ULN and TBIL > 1 x ULN (23.0 vs 27.0, P < 0.0001) (Figure 2E), AST <1 x ULN
and AST > 1 x ULN (23.0 vs 26.0, P < 0.01) (Figure 2F) in non-HCC. However, similar tendencies were

WJG | https://www.wjgnet.com 1362 February 28,2023 | Volume29 | Issue8 |



Qian X] et al. Early HCC diagnosis by PIVKA-II

Table 1 Clinical characteristics of patients with non-hepatocellular carcinoma and hepatocellular carcinoma

Non-HCC HCC
Variable Viral liver disease ( Nonviral liver S Early stage HCC (n Late stage HCC(n

n = 595) disease (n = 189) =127) =140)
Age (yr) 46.2+134 49.6+13.5 0.003 56.5+£10.8 55.5+12.1 0.488
Male, 1 (%) 418 (70.3) 117 (61.9) 0.032 113 (89.0) 125 (89.3) 0.935
Etiology - 0.333
HBV 561 (94.3) = 115 (90.6) 130 (92.9)
HCV 34 (5.7) = 2(1.6) 2(14)
NAFLD = 56 (29.6) 2 (1.6) =
ALD = 82 (43.4) 6 (47) 8(5.7)
AILD = 51 (27.0) 2 (1.6) =
Cirrhosis, 11 (%) 274 (46.1) 75 (39.7) 0125 112 (88.2) 120 (85.7) 0.550
ALT (U/L) 48 (25,171) 40 (24, 74) <0.001 31 (22, 42) 40 (25, 67) 0.003
AST (U/L) 44 (27,101) 38 (25, 60) 0.007 32 (24, 47) 60 (35, 95) <0.001
ALP (U/L) 92 (75,122) 97 (72, 141) 0153 90 (70, 120) 112 (88, 177) <0.001
GGT (U/L) 50 (28, 113) 94 (39, 241) <0.001 44 (25,78) 113 (57, 208) <0.001
TBIL (umol /L) 19.8 (13.2, 31.6) 16.1 (10.5, 35.0) 0.006 18.4 (11.6, 29.4) 19.3 (13.6,30.2) 0277
ALB (g/L) 38.8+6.3 38777 0.834 383+7.0 36.6 6.0 0.036
PLT (10°/L) 161 (104, 199) 206 (124, 273) <0.001 145 (87, 178) 188 (132, 242) <0.001
Tumor size (cm) = = . 22(15,29) 93 (5.8,13.2) <0.001
Number of tumors (1/2- - - - 115/12/0 62/33/45 <0.001
3/>3)
Vascular invasion - - - - 53 (37.9) -
Extrahepatic metastases - - - - 13 (9.3) -
PIVKA II > 40 83 (13.9) 39 (20.6) 0.027 77 (60.6) 131 (93.6) <0.001
mAU/mL, n (%)
PIVKA Il (mAU/mL)  23.0 (18.0,31.0) 27.0 (20.0, 38.0) <0.001 58.0 (25.0, 228.0) 5124 (691.0,36245.0) < 0.001

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Nonalcoholic fatty liver disease; ALD: Alcohol-related liver
disease; AILD: Autoimmune liver disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma-
glutamyltranspeptidase; TBIL: Total bilirubin; ALB: Albumin; PLT: Platelet; PIVKA-II: Protein induced by vitamin K absence or antagonist-II.
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not observed in early-stage HCC patients, and the PIVKA-II levels between the above subgroups did
not differ significantly. Furthermore, for late-stage HCC, the median level of PIVKA-II of ALP <1 x
ULN was significantly lower compared to that of ALP > 1 x ULN (2129 vs 11992, P < 0.01), and also
between AST <1 x ULN and AST >1 x ULN (593.0 vs 15164, P < 0.0001); however, between viral and
nonviral liver disease, a significant difference was not observed, nor between TBIL <1 x ULN and TBIL
>1 x ULN.

Additionally, Supplementary Table 1 shows that irrespective of the subgroups of etiology (viral and
nonviral liver disease), ALP (€1 x ULN and > 1 x ULN), TBIL (1 x ULN and > 1 x ULN), AST (£ 1 x
ULN and > 1 x ULN), serum PIVKA-II levels differed significantly among non-HCC, early-stage and
late-stage HCC.

Significant influence of serum TBIL on the performance of PIVKA-II in diagnosing early-stage HCC

but not for late-stage HCC

The above findings suggested that abnormally elevated PIVKA-II level was independently positively
associated with etiology, ALP, and TBIL for non-HCC patients and AST and tumor size for HCC
patients. Then, the AUCs of serum PIVKA-II for the diagnosis of early-stage HCC and late-stage HCC
were further analyzed for each subgroup of patients by etiology, ALP, TBIL, and AST.
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Table 2 Factors associated with abnormally elevated protein induced by vitamin K absence or antagonist-ll by univariate and

multivariate logistic analysis in non-hepatocellular carcinoma patients

Univariate Multivariate
Non-HCC
OR (95%Cl) P value OR (95%Cl) P value
Age (yr) 1.009 (0.995, 1.024) 0.195
Gender (M) 2.102 (1.308, 3.379) 0.002
Etiology <0.001 <0.001
NAFLD = .
HBV 4.556 (1.089, 19.055) 3.214 (0.762, 13.548)
HCV 1.687 (0.227, 12.571) 1.528 (0.204, 11.442)
ALD 15.577 (3.542, 68.507) 9.883 (2.216, 44.086)
AILD 4.295 (0.849, 21.729) 1.993 (0.368, 10.792)
Cirrhosis (+) 1.848 (1.250, 2.731) 0.002
ALT/ULN 1.026 (0.991, 1.063) 0.150
AST/ULN 1.076 (1.029, 1.126) 0.001
ALP/ULN 2.630 (1.823, 3.795) <0.001 2.146 (1.429, 3.221) <0.001
GGT/ULN 1.105 (1.050, 1.163) <0.001
TBIL/ULN 1.228 (1.142, 1.321) <0.001 1.162 (1.080, 1.250) <0.001
ALB/LLN 0.063 (0.024, 0.166) <0.001
PLT/LLN 0.618 (0.445, 0.857) 0.004

HCC: Hepatocellular carcinoma; OR: Odds ratio; CI: Confidence interval; M: male; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Nonalcoholic
fatty liver disease; ALD: Alcohol-related liver disease; AILD: Autoimmune liver disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
ALP: Alkaline phosphatase; GGT: Gamma-glutamyltranspeptidase; TBIL: Total bilirubin; ALB: Albumin; PLT: Platelet; ULN: Upper limit of normal; LLN:
Lower limit of normal.

In Table 4, serum PIVKA-II had the best performance for diagnosing early-stage HCC in TBIL <1 x
ULN subgroup, and the AUC of PIVKA-II in TBIL <1 x ULN subgroup was significantly higher than
that in TBIL > 1 x ULN subgroup (0.817 vs 0.669, P = 0.015). When compared with the subgroup of
nonviral liver disease, the AUC of PIVKA-II in the subgroup of viral liver disease for diagnosing early-
stage HCC was only marginally higher (0.783 vs 0.736, P = 0.678), the difference was not significant, nor
was the difference between ALP <1 x ULN and ALP > 1 x ULN (0.783 vs 0.729, P = 0.398). However, the
AUC of PIVKA-II in AST <1 x ULN subgroup was almost the same to AST >1 x ULN subgroup (0.774
vs 0.778, P = 0.941) in diagnosing early-stage HCC. Figure 3 shows the corresponding ROC curves of
PIVKA-II for diagnosing early-stage HCC in different subgroups.

However, subsequent analysis of Supplementary Table 2 showed that the above factors, including
etiology, ALP, TBIL, and AST, had almost no influence on the performance of PIVKA-II for the
diagnosis of late-stage HCC. The AUCs of PIVKA-II did not differ significantly between subgroups in
etiology (viral vs nonviral), ALP (€1 x ULN vs >1 x ULN), TBIL (€1 x ULN vs > 1 x ULN) and AST (<1
x ULN vs > 1 x ULN) (P all > 0.05). Supplementary Figure 2 also shows the corresponding ROC curves
of PIVKA-II for diagnosing late-stage HCC in different subgroups.

Furthermore, we also analyzed the AUCs of PIVKA-II for HCC between viral and ALD etiologies.
Supplementary Figure 3 shows that compared to the subgroup of viral etiology, the AUC of PIVKA-II
for early-stage HCC was lower in ALD etiology (0.783 vs 0.655, P = 0.470), and also for late-stage HCC
(0.970 vs 0.909, P = 0.361).

Serum PIVKA-II had better performance in diagnosing early-stage HCC for patients with TBIL < 1 x
ULN, both of viral etiology and HBV alone

Different etiologies of liver disease might induce diverse progression of liver injuries and changes in
indicators of liver function, such as serum ALP and TBIL. Then, we further analyzed the AUCs of ROC
curves of PIVKA-II by each subgroup of ALP and TBIL in patients of viral etiology and HBV alone,
respectively, but not in patients with nonviral etiology on account of the limited cases of HCC.

Figure 4 shows that patients with TBIL <1 x ULN of viral etiology had substantially higher AUC of
PIVKA-II for diagnosing early-stage HCC (0.837 vs 0.677, P = 0.012) than patients with TBIL > TULN.
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Table 3 Factors associated with abnormally elevated protein induced by vitamin K absence or antagonist-ll by univariate and

multivariate logistic analyses in hepatocellular carcinoma patients

Univariate Multivariate
HCC
OR (95%Cl) P value OR (95%Cl) P value
Age (yr) 1.002 (0.977, 1.027) 0.895
Gender (M) 1.692 (0.726, 3.944) 0.223
Etiology (viral) 1.008 (0.319, 3.185) 0.989
Cirrhosis (+) 0.712 (0.280, 1.810) 0.475
ALT/ULN 2.242 (1.235, 4.068) 0.008
AST/ULN 2.745 (1.573, 4.788) <0.001 1.759 (1.072, 2.887) 0.025
ALP/ULN 3.542 (1.478, 8.490) 0.005
GGT/ULN 1.436 (1.120, 1.843) 0.004
TBIL/ULN 1.287 (0.947, 1.749) 0.108
ALB/LLN 0.202 (0.042, 0.974) 0.046
PLT/LLN 1.558 (0.985, 2.464) 0.058
Tumor size (cm) 1.394 (1.221, 1.592) <0.001 1.349 (1.175, 1.549) <0.001
Number of tumors (1/2-3/> 3) 2.242 (1.340, 3.752) 0.002
Vascular invasion (+) 5.907 (1.772,19.696) 0.004
Extrahepatic metastases (+) 3.551 (0.452, 27.887) 0.228

HCC: Hepatocellular carcinoma; OR: Odds ratio; CI: Confidence interval; M: Male; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP:
Alkaline phosphatase; GGT: Gamma-glutamyltranspeptidase; TBIL: Total bilirubin; ALB: Albumin; PLT: Platelet; ULN: Upper limit of normal; LLN: Lower

limit of normal.
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Also, for patients with viral etiology, the AUC of PIVKA-II in ALP <1 x ULN was higher (0.800 vs 0.731,
P =0.318) than that in ALP > 1 x ULN, but no statistical significance was found. Supplementary Table 3
further shows the detailed value of AUC, best cutoff value, sensitivity, specificity, LR+, and LR- in each
subgroup.

Furthermore, similar tendencies were also validated in patients with HBV alone. As shown in
Supplementary Table 4, for patients with HBV alone, the AUCs of PIVKA-II were 0.832 and 0.676 (P =
0.015) in TBIL <1 x ULN and TBIL > 1 x ULN, and 0.794 and 0.732 (P = 0.368) in ALP <1 x ULN and
ALP >1 x ULN, respectively.

When the cutoff value of PIVKA-II for detecting early-stage HCC was set at 40 mAU/mL (ULN), the
sensitivity, specificity, LR+, and LR- were further analyzed in patients with viral etiology and HBV
alone. As shown in Table 5, compared to TBIL > 1 x ULN of viral etiology, the sensitivity of PIVKA-II in
TBIL <1 x ULN of viral etiology increased from 30.30% to 57.47%, and the LR+ increased from 3.80 to
6.66, without compromising the corresponding specificity (92.02% vs 91.37%). Similarly, for patients
with HBV alone, the sensitivity of PIVKA-II in TBIL <1 x ULN was also significantly higher than that in
TBIL > 1 x ULN (57.14% vs 30.77%), as well as LR+ (6.16 vs 3.73), with similar specificity (90.72% vs
91.76%). Noticeably, the sensitivities in TBIL < 1 x ULN have consistently been greater than those in
ALP< 1 x ULN, both for patients with viral etiology (57.47% vs 52.88%) and HBV alone (57.14% vs
53.00%), and the corresponding specificities were almost the same. However, this tendency
disappeared, and the sensitivities tended to be the same between TBIL > 1 x ULN and ALP > 1 x ULN,
regardless of viral etiology (30.30% vs 30.61%) and HBV alone (30.77% vs 30.61%).

DISCUSSION

In the current study, 1051 patients in total were analyzed, and we determined the independent variables
linked to elevated serum PIVKA-II levels in CLD and HCC patients, with the purpose of expounding
their influence on the PIVKA-II performance for early-stage HCC and late-stage HCC detection. For
patients with CLD, abnormally increased PIVKA-II levels were independently positively associated
with ALD etiology, serum ALP and TBIL, but serum AST and tumor size for HCC patients. Compared
to subgroups of nonviral etiology, ALP >1 x ULN, TBIL > 1 x ULN and AST >1 x ULN, serum PIVKA-
II levels were significantly lower in subgroups of viral etiology, ALP <1 x ULN, TBIL <1 x ULN, and
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Table 4 Performance characteristics of serum protein induced by vitamin K absence or antagonist-Il in diagnosing early-stage

hepatocellular carcinoma in different subgroups

Early HCC AUC (95%Cl) Cutoff value (mAU/mL) Se (%) Sp (%) LR+ LR- Pvalue
All early 0765 (0.714,0.815)  41.0 60.63 85.08 4.06 0.46

Etiology 0.678
Viral 0783 (0.732,0.835)  42.8 58.97 87.73 4.81 0.47

Nonviral 0736 (0.519,0.952)  177.0 60.00 94.18 1031 0.42

ALP 0.398
<1ULN 0783 (0.725,0.840)  41.0 58.42 89.95 5.81 0.46

>1ULN 0.729 (0.618,0.841)  42.0 69.23 71.07 239 0.43

TBIL 0.015
<1ULN 0.817 (0.762,0.872)  41.0 60.67 91.73 7.34 0.43

>1ULN 0.669 (0.563,0.775)  42.0 60.53 73.19 2.26 0.54

AST 0.941
<1ULN 0.774 (0.712,0.836)  41.0 57.95 88.08 4.86 0.48

>1ULN 0.778 (0.691,0.864)  41.0 66.67 82.41 3.79 0.40

AUC: Area under the ROC curve; CI: Confidence interval; Se: Sensitivity; Sp: Specificity; LR+: Positive likelihood ratio; LR-: Negative likelihood ratio; ALP:
Alkaline phosphatase; TBIL: Total bilirubin; AST: Aspartate aminotransferase; ULN: Upper limit of normal.

Table 5 Sensitivity, specificity, positive/negative likelihood ratio of protein induced by vitamin K absence or antagonist-ll in diagnosing

early-stage hepatocellular carcinoma at the cutoff value of 40 mAU/mL in patients with viral etiology and hepatitis B virus alone,

respectively

Cutoff value Viral etiology HBV

(mAU/mL) Se (%) Sp (%) +LR -LR Se (%) Sp (%) +LR -LR
ALP
<1ULN 40 52.88 91.39 6.14 052 53.00 90.80 5.76 0.52
1ULN 40 30.61 92.45 4.06 0.75 30.61 92.23 3.94 0.75
TBIL
<1ULN 40 57.47 91.37 6.66 0.47 57.14 90.72 6.16 0.47
1ULN 40 30.30 92.02 3.80 0.76 30.77 91.76 3.73 0.75

HBV: Hepatitis B virus; Se: Sensitivity; Sp: Specificity; LR+: Positive likelihood ratio; LR-: Negative likelihood ratio; ALP: Alkaline phosphatase; TBIL: Total
bilirubin; ULN: Upper limit of normal.
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AST <1 x ULN in CLD patients; however, these differences disappeared in early-stage HCC.
Furthermore, serum PIVKA-II in a subgroup of TBIL <1 x ULN always had the highest AUCs and the
best performance in detecting early-stage HCC than TBIL > 1 x ULN, irrespective of all patients, viral
etiology or HBV alone. However, the above factors, including etiology, ALP, TBIL, and AST, had almost
no influence on PIVKA-II performance for late-stage HCC detection.

Four previous studies found that ALD patients had higher levels of PIVKA-II compared to viral
hepatitis-related CLD patients[23-26], and ALD was also verified to be a significant factor related to
positive serum PIVKA-II by a retrospective case-control study[26]. Consistently, in this study, patients
with CLD with ALD etiology had the highest median level of PIVKA-II compared to those with other
etiologies of HBV, HCV, NAFLD, and AILD, and was demonstrated to be independently associated
with abnormally elevated PIVKA-II levels. A recent study enrolled 130 cases and showed that patients
with CHB, CHC, and nonviral CLD had no significant differences in PIVKA-II levels (32 mAU/mL vs 35
mAU/mL vs 35 mAU/mL, any two P > 0.05)[31]. In the current study, however, a significant difference
was observed in PIVKA-II levels between viral and nonviral CLD patients; meanwhile, PIVKA-II levels
in NAFLD and ALD patients were significantly higher compared to those in HBV and HCV patients,
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Figure 1 Forest plots of factors associated with abnormally elevated protein induced by vitamin K absence or antagonist-ll by univariate
and multivariate logistic analysis in patients with non-hepatocellular carcinoma and hepatocellular carcinoma. A: In non- hepatocellular
carcinoma (HCC) patients; B: In HCC patients. HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Nonalcoholic fatty liver disease; ALD: Alcohol-related liver
disease; AILD: Autoimmune liver disease; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; ULN: Upper limit of normal;
TBIL: Total bilirubin; PLT: Platelet; LLN: Lower limit of normal; 95%Cl: 95% confidence interval; OR: Odds ratio.
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and AILD patients had the lowest PIVKA-II levels than those of other CLD patients.

In this study, tumor size was an independent factor relevant to abnormally elevated PIVKA-II levels
in HCC patients, and the median levels of PIVKA-II gradually significantly increased as the tumor size
changed by <2 cm, >2 cm and <5 cm, > 5 cm and <10 em to > 10 cm, which was consistent with the
results of previous studies[32,33]. Moreover, the number of tumors and vascular invasion were
associated with the abnormal elevation of PIVKA-II level which was only perceived in the univariate
analysis. The results imply that tumor size had more influence on the PIVKA-II level than the number of
tumors and vascular invasion.

Prior researches had reported that PIVKA-II serum levels are not elevated in hepatic flares and are
influenced by liver regeneration triggered by necroinflammation in patients with active CLD, and have
paid little attention to the confounding factors of liver injury and function that influence the levels of
PIVKA-II[12,31]. Nonetheless, this is the first study to our knowledge to demonstrate that the abnormal
PIVKA-II levels are significantly associated with serum ALP and TBIL in CLD patients and serum AST
in HCC patients. Furthermore, in patients with CLD, the median PIVKA-II levels differed significantly
between the subgroups of ALP <1 x ULN and ALP >1 x ULN, as well as between TBIL <1 x ULN and
TBIL > 1 x ULN; and in patients with late-stage HCC, the differences in PIVKA-II median levels were
also observed between the subgroups of ALP and AST classified by 1 x ULN. However, these changes
in PIVKA-II serum levels disappeared in early-stage HCC patients in the same situation.

Regretfully, the underlying mechanism behind the associations of ALD, ALP, and TBIL with elevated
PIVKA-II levels in CLD patients remains unclear. Although vitamin K insufficiency may arise in chronic
alcoholics[34], prior studies[23,25] found there was no direct correlation between PIVKA-II serum levels
and vitamin K serum concentration. For ALP and TBIL, one likely explanation is that abnormalities in
serum ALP and TBIL were always seen in all types of liver disorders and cholestasis. Vitamin K
deficiency, as one of the fat-soluble vitamin deficiencies, is also a typical complication in chronic
cholestasis patients, and vitamin levels were inversely correlated with serum TBIL levels[35-37].
Interestingly, one recent study also reported that hepatitis E patients in the raised PIVKA-II subgroup
had significantly greater TBIL levels than those in the normal PIVKA-II subgroup (P < 0.05), and the
trend of changes in serum PIVKA and TBIL were similar and related to the disease course[38].

It has been reported that the PIVKA-II's AUC for HCC in the CHB group was the highest compared
to those in CHC and nonviral CLD patients (0.833 vs 0.732 vs 0.806)[31]. Similarly, in the current study,
the AUC of PIVKA-II was slightly higher in patients with viral etiology compared to that in patients
with nonviral etiology, irrespective of whether the HCC is in its early or late stages. Patients with ALD
etiology had much lower AUCs of PIVKA-II for detecting HCC than patients with viral etiology,
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Figure 2 Distributions and comparisons of serum protein induced by vitamin K absence or antagonist-ll in different subgroups. A: Different
etiologies of hepatitis B virus (HBV), HCV, nonalcoholic fatty liver disease, alcohol-related liver disease (ALD), autoimmune liver disease; B: Different tumor sizes of <
2cm(n=60),>2cmand <5cm (n=288),>5cmand <10 cm (n = 65), > 10 cm (n = 54); C: Subgroups between viral and nonviral liver diseases; D: Subgroups
between alkaline phosphatase (ALP) < 1 x upper limit of normal (ULN) and ALP > 1 x ULN; E: Subgroups between total bilirubin (TBIL) < 1 x ULN and TBIL > 1 x
ULN; F: Subgroups between aspartate aminotransferase (AST) < 1 x ULN and AST > 1 x ULN. HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV:
Hepatitis C virus; NAFLD: Nonalcoholic fatty liver disease; ALD: Alcohol-related liver disease; AILD: Autoimmune liver disease; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; ALP: Alkaline phosphatase; ULN: Upper limit of normal; TBIL: Total bilirubin.

especially for early-stage HCC. However, in previous literature, the influences of serum ALP and TBIL
on the performance of PIVKA-II for the detection of HCC have not been evaluated. In this study, we
provided evidence that patients in TBIL <1 x ULN subgroup had the best performance of PIVKA-II for
detecting early-stage HCC, and the AUC of PIVKA-II in TBIL <1 x ULN subgroup was significantly
higher compared to that in TBIL > 1 x ULN subgroup. Between ALP <1 x ULN and ALP >1 x ULN, a
similar trend was also observed, although the difference was not significant. However, no significant
influences of serum ALP and TBIL were observed on the performance of PIVKA-II for late-stage HCC.
Further analysis also showed that the above changes and differences in the performance of PIVKA-II
for the detection of early-stage HCC still existed between different subgroups of ALP and TBIL in
patients with viral etiology and HBV alone. Moreover, when 40 mAU/mL (ULN) was set as the cutoff
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Figure 3 Comparisons of receiver operating characteristic curves of serum protein induced by vitamin K absence or antagonist-Il for
diagnosing early-stage hepatocellular carcinoma in different subgroups. A: For all early-stage patients; B: Between viral and nonviral subgroups; C:
Between alkaline phosphatase < 1 x upper limit of normal (ULN) and alkaline phosphatase > 1 x ULN subgroups; D: Between total bilirubin (TBIL) < 1 x ULN and
TBIL > 1 x ULN subgroups; E: Between aspartate aminotransferase (AST) <1 x ULN and AST > 1 x ULN subgroups. ULN: Upper limit of normal; TBIL: Total
bilirubin; HCC: Hepatocellular carcinoma; AUC: Area under the receiver operating characteristic curve; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase.

A 1001 ) B 100-
so4 S 80
z z
2604 AT 2 604 T
(%} [%)
c c
() (] i
(9] wn

40

20|
ils .-—TBIL < 1ULN AUC: 0.837

] ,»';ALP < 1ULN AUC: 0.800
" --—-ALP > 1ULN AUC: 0.731 ----TBIL > 1ULN AUC: 0.677
— L S o e e R |

— T T T 1 T
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity

DOI: 10.3748/wjg.v29.i8.1359 Copyright ©The Author(s) 2023.

Figure 4 Comparisons of receiver operating characteristic curves of serum protein induced by vitamin K absence or antagonist-Il for
diagnosing early-stage hepatocellular carcinoma in subgroups of alkaline phosphatase and total bilirubin for patients with viral etiology.
A: Between alkaline phosphatase (ALP) < 1 x upper limit of normal (ULN) and ALP > 1 x ULN subgroups; B: Between total bilirubin (TBIL) < 1 x ULN and TBIL > 1 x
ULN subgroups. ULN: Upper limit of normal; TBIL: Total bilirubin; ALP: Alkaline phosphatase; AUC: Area under the receiver operating characteristic curve.

value of PIVKA-II, for patients with TBIL <1 x ULN, serum PIVKA-II had the highest sensitivities in
detecting early-stage HCC than other subgroups and enough high specificities at the same time,
irrespective of viral etiology or HBV alone. These results strongly suggest that serum PIVKA-II would
have better performance in detecting HCC at an early-stage for patients with normal serum TBIL.

The current study had a number of limitations. Firstly, it was a retrospective design, and some
unidentified potential biases might exist, although we completely ruled out the possible interferences on
serum PIVKA-II by the potential confounding factors in the exclusion criteria. Then, the limited sample
size, including HCC patients with CHC, ALD, NAFLD, and AILD, does not allow us to independently
evaluate the influences of these factors on the performance of PIVKA-II in HCC patients with CHC,
NAFLD, and AILD, and decrease the reliability of that in HCC patients with ALD. Finally, further
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multicenter research with more participants are required to validate the above findings.

CONCLUSION

The present study suggests that abnormally elevated PIVKA-II levels were independently positively
associated with ALD etiology, serum ALP and TBIL for non-HCC CLD patients and serum AST and
tumor size for HCC patients. Better performance of PIVKA-II for discriminating HCC at an early stage
from patients with CLD would be achieved in patients with normal TBIL, and more attention should be
given to the availability of PIVKA-II in HCC surveillance for at-risk patients with elevated serum TBIL.

ARTICLE HIGHLIGHTS

Research background
Serum protein induced by vitamin K absence or antagonist-II (PIVKA-II) is a promising biomarker for
hepatocellular carcinoma (HCC) surveillance.

Research motivation

Investigate those unclear factors regarding different liver disease etiologies, the liver injury severity, and
disease activity associated with the abnormal levels of serum PIVKA-II in chronic liver disease (CLD)
and HCC patients.

Research objectives
Identify the potential contributing factors and evaluate their influence on serum PIVKA-II levels and the
performance of PIVKA-II for the diagnosis of HCC in different populations.

Research methods

This study retrospectively enrolled in 784 CLD patients and 267 HCC patients in Mengchao Hepato-
biliary Hospital of Fujian Medical University from April 2016 to December 2019. Logistic regression and
the area under the receiver operating characteristic curve (AUC) were used to evaluate the influencing
factors and diagnostic performance of PIVKA-II for HCC, respectively.

Research results

Elevated PIVKA-II levels were independently positively associated with alcohol-related liver disease
(ALD), serum alkaline phosphatase (ALP), and total bilirubin (TBIL) for CLD patients and aspartate
aminotransferase (AST) and tumor size for HCC patients (all P < 0.05). Serum PIVKA-II were
significantly lower in patients with viral etiology, ALP <1 x upper limit of normal (ULN), TBIL <1 x
ULN, and AST <1 x ULN than in those with nonviral disease and abnormal ALP, TBIL, or AST (all P <
0.05), but the differences disappeared in patients with early-stage HCC. For patients with TBIL <1 x
ULN, the AUC of PIVKA-II was significantly higher compared to that in patients with TBIL >1 x ULN
(0.817 vs 0.669, P = 0.015), while the difference between ALP <1 x ULN and ALP > 1 x ULN was not
statistically significant found between ALP <1 x ULN and ALP > 1 x ULN (0.783 vs 0.729, P = 0.398).
These trends were then more prominently perceived in subgroups of patients with viral etiology and
HBYV alone.

Research conclusions

Abnormally elevated PIVKA-II levels were independently positively associated with ALD etiology,
serum ALP and TBIL for non-HCC CLD patients and serum AST and tumor size for HCC patients.
Better performance of PIVKA-II for discriminating HCC at an early stage from patients with CLD would
be achieved in patients with normal TBIL.

Research perspectives
More attention should be given to the availability of PIVKA-II in HCC surveillance for at-risk patients
with elevated serum TBIL, which may be important for surveillance counseling of early-stage HCC.
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