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Aim: We aimed to develop a simple model combining protein induced by vitamin K
antagonist-1I (PIVKA-II) and alpha-fetoprotein (AFP) to detect early hepatocellular carci-
noma (HCC) in liver cirrhosis (LC) patients.

Method: One hundred and sixty-nine newly diagnosed early HCC patients and 242 LC
patients without HCC were enrolled in the current case-control study. All subjects were
randomly divided into analysis group and validation group. Serum levels of PIVKA-II, AFP
and other laboratory parameters were detected. Chi-squared test, #-test and logistic regression
were employed in statistical analysis.

Results: PIVKA-II level in early HCC was significantly higher than that in LC (90.97 mAU/mL
vs 18.00 mAU/mL, P < 0.01), as well as AFP level (15.00 ng/mL vs 2.00 ng/mL, P < 0.01) in
analysis groups. Multivariate analysis showed that PIVAK-II, AFP, gender, and age were
independent risk factors for early HCC detection among LC patients. A logistic regression
model and a simple model combining PIVKA and AFP were conducted to detect early HCC.
The ROC curve showed that among analysis groups, the area under the ROC curve (AUROC) of
the logistic regression model and the simple model were 0.96 (95% CI 0.94-0.98) and 0.94 (95%
CI 0.92-0.97), respectively. At a cut-off value of 56.03 the sensitivity and specificity of the
simple model were 81.1% and 91.4%, respectively. In the validation group, the sensitivity and
specificity of the simple model was 82.4% and 94.2%, respectively. The two models are
comparable statistically for early HCC detection, but the logistic regression requires complex
calculation.

Conclusion: The present study indicates that the simple model combining PIVKA-II and
AFP has comparable diagnostic efficiency in contrast to the logistic model but is easy to use
clinically. It might be helpful for early HCC detection among liver cirrhosis patients.
Keywords: hepatocellular carcinoma, PIVKA-II, AFP, liver cirrhosis

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the second
most common cause of cancer mortality world-wide. It usually develops from
chronic liver diseases such as chronic hepatitis and cirrhosis.' Despite continuous
improvement in recent years, the overall one-year and overall five-year survival rates
remain at 47% and 20%, respectively, which may be due to the advanced stage at the
time of diagnosis.' On the contrary, the median survival of HCC diagnosed at early
stage could achieve about 70% at 5 years treated with surgical resection.”

In order to detect early HCC among liver cirrhosis patients, a semi-annual
surveillance program with abdominal ultrasound (US) and serum alpha-fetoprotein
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(AFP) level were recommended.™® For that, at an early
stage HCC patients could achieve five-year survival rates
of 70% with liver resection, while those with advanced or
late stage such as BCLC C stage are not eligible for resec-
tion and only have a median survival of less than one
year.*” However, it is difficult to detect early HCC by US
examination due to its complicated background in cirrhotic
liver, and the sensitivity of US in HCC detection was only
63% in liver cirrhosis patients according to a meta-analysis
study.®® For another, a number of HCC patients are AFP-
negative and serum AFP level has limited sensitivity for the
diagnosis of early HCC, as small, well-differentiated HCC
is frequently accompanied by normal serum AFP level.'® At
the commonly used cut-off (20 ng/mL), the sensitivity of
AFP is unsatisfactory, especially for the detection of early
HCC.'"" Therefore, more biomarkers of early HCC are
needed to complement US and AFP.

Protein induced by vitamin K antagonist-II (PIVKA-
II), also known as Des-y-carboxyprothrombin (DCP), is an
abnormal prothrombin protein produced by HCC cells, and
has been found to possess several biological activities in
the development of HCC.'? For instance, PIVKA-II could
bind with cellular mesenchymal—epithelial transition factor
(c-Met), which is an initial event in the progression of
HCC."* Moreover, PIVKA-II plays an important role in
angiogenesis of HCC through the activation of the KDR-
PLC-y-MAPK  signaling pathway.'*'>According to a
recent study on early HCC in France, PIVKA-II demon-
strated more efficient than AFP in the diagnosis of early
HCC and could be used as a predictor of microvascular
invasion (MVI).'® Moreover, in another research in China,
PIVKA-II exhibited the best diagnostic performance in the
early diagnosis of HCC among alpha-fetoprotein (AFP),
lens culinaris agglutinin-reactive AFP (AFP-L3), squa-
mous cell carcinoma antigen, and centromere protein
F autoantibody.'” Therefore, the Japan Society of
Hepatology (JSH) recommends PIVKA-II as an important
surveillance method for HCC in at-risk populations such

as liver cirrthosis and chronic hepatitis B (CHB)

patients.'®1?

Based upon the above findings, we hypothesized that
PIVKA-II may play a critical role in early HCC detection
among liver cirrhosis (LC) patients. In order to verify the
hypothesis, we investigated the diagnostic value of
PIVAKA-II and constructed two models combining
PIVKA-II and AFP to detect early HCC among patients

with LC.

Patients And Methods

Patients

Between October 2017 and March 2019, a total of 411
consecutive patients with early HCC and LC were enrolled
in this study. HCC diagnosis was based on pathology or
typical radiologic results of HCC on two dynamic image
examinations or one dynamic technique with serum AFP
level > 200 ng/mL. Early HCC was diagnosed with the
BCLC staging system, which was defined as a single lesion
between 2 and 5 cm, or <3 lesions each <3 cm.2*?! LC was
diagnosed by histology or on clinical findings with abdom-
inal US, CT and magnetic rsonance imaging (MRI) features
of blunted, nodular liver edge accompanied by splenomegaly
and esophageal varices. Clinicopathologcial and laboratory
data were obtained from all subjects after written informed
consents were obtained.

The study protocol is consistent with the ethical guide-
lines of the 1975 Declaration of Helsinki and it was
approved by the ethical
Provincial Hospital affiliated to Shandong First Medical
University. Written informed consent was obtained from

committee of Shandong

each subject.

Serum Sample Collection And Assays
Peripheral blood samples were collected from each subject
right before surgeries or other treatments, followed by
spinning and storage at —80°C until laboratory tests.
PIVKA-II serum levels were detected with Lumipulse G
PIVKA-II reagent kits (FUJIREBIO Inc., Japan) on a
LUMI-PULSE g1200 automatic immune analyzer accord-
ing to the manufacturer’s manual.

Development Of Logistic Regression
Model

A formula to detect early HCC in L patients was devel-
oped based on the subjects of the analysis group. The
standard logistic regression formula is:

Logit(StexP)=B0+f1X1+p2X2+ ... ... +pnXn. “P” is
the estimated probability of early HCC in the LC cohort,
while “n” is the number of influence factors, “B” repre-
sents the influence coefficient, “X” is the influence factor,
and “B0” is a constant.

Statistical Analysis

Continuous variables with normal distribution examined by
Kolmogorov—Smirnov test are presented as mean =+ standard
deviation and were compared using Student’s #-test, while
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categorical variables are expressed in absolute values and
compared with the chi-square test. Logistic regression ana-
lysis was performed to detect independent variables of risk
factors for early HCC detection. Receiver operating charac-
teristic (ROC) curve analysis was used to measure the diag-
nostic accuracy of developed models for early HCC
detection in LC patients. Statistical analysis was performed
using SPSS version 21.0 (SPSS, Chicago, Illinois), Prism6
(GraphPad software, La Jolla, California), and R software
(version 3.6.1; http://www.Rproject.org). The package used

in R was rms. Statistical analysis was tested on two-sided
settings and P < 0.05 was considered as statistically

significant.

Results

Baseline Characteristics Of All Subjects
One hundred and sixty-nine newly diagnosed early HCC
patients with LC and 242 LC patients without HCC were
enrolled in the present study. The baseline characteristics
of all patients are summarized in Table 1. The average age
was 54.34 years, and 72.51% of the patients were male.
All HCC patients were BCLC stage 0-A4, with Child-
Pugh A-B.

Table | Baseline Characteristics Of The Study Population

Higher PIVKA-Il And AFP Levels Were
Detected In Early HCC Than In LC
Patients

The characteristics of the analysis group are shown in
Table 2. Elevated serum PIVKA-II and AFP levels were
detected in early HCC patients compared with LC patients
in the analysis group. The serum level of PIVKA-II among
early HCC patients was 90.97 (9.7-30,766.38) mAU/mL,
significantly higher than that of the LC patients 18 (3.49—
626.34) mAU/mL (P <0.01) in the analysis group (Figure 1).
The serum level of AFP among early HCC patients was 15
(0.9-19,549.1) ng/mL, significantly higher than that of the
LC patients [2.00 (0.6-121.8) ng/mL (P < 0.01) in the
analysis group] (Figure 1).

Univariate analysis showed that a serum PIVKA-II level
higher than 29.72 mAU/mL (OR = 43.74, 95% CI 15.53—
123.19) and a serum AFP level higher than 4.05 ng/mL (OR
=15.59, 95% CI 7.16-33.95) were risk factors for diagnosis
of early HCC among LC patients after logarithmic transfor-
mation. According to the ROC curve, PIVKA-II presented a
similar diagnostic value compared with AFP in discriminat-
ing early HCC among LC patients with the AUROC of 0.89
(95% CI 0.85-0.93) and 0.90 (95% CI 0.85-0.94),

Variables All Patients Analysis Group Validation Group P value
Sex FIM 113/298 68/166 45/132 0.44
Age (years) 54.34+10.83 54.37£10.55 54.32+11.23 0.43
ALT 32 (4-1138) 33.5 (6-1138) 31 (4-547) 0.58
AST 36 (10-1217) 35 (10-1217) 38 (13-427) 0.15
GGT 34 (7-1082) 32 (7-1082) 37 (11-304) 0.14
TBIL 22.3 (6.3-573.5) 22.42 (6.3-133) 22.2 (8-573.5) 0.87
ALB 35.64+6.28 35.55+6.06 35.76+6.57 0.11
D-Dimer 0.7 (0.05-28.26) 0.8 (0.1-27.4) 0.6 (0.05-28.26) 0.26
PTA 73.1£16.67 71.88£17.09 74.7£16.02 0.16
PLT (x10°/L) 112.12482.37 107.99+75.02 117.59£91.13 0.15
AFP 3.3 (0.5-19,549.10) 2.95 (0.60-19,549.10) 3.9 (0.50-7679.70) 0.11
PIVKA-II 25.87 (3.49-30,766.38) 25.18 (3.49-30,766.38) 27.96 (4.40-26,785.97) 0.52
Child-Pugh grade
A 290 173 17 0.09
B 121 6l 60
Tumor number
Solitary 156 88 68
Multifocal 13 7 6 0.86
BCLC stage
0 25 15 10 0.68
A 144 80 64
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Table 2 Baseline Characteristics Of Analysis Group

Variables Analysis Group Early HCC Liver Cirrhosis P value
Sex F/IM 68/166 18/77 50/89 0.005
Age (years) 54.37x+10.55 57.01+£9.87 52.56+10.64 0.001
ALT 33.5 (6-1138) 35 (7-728) 33 (6-1138) 0.13
AST 35 (10-1217) 36 (10-1217) 33 (10-598) 0.13
GGT 32 (7-1082) 36 (7-817) 30 (10-1082) 0.12
TBiL 22.42 (6.30-133) 23.50 (6.30-75.10) 21.80 (6.35-133) 0.72
ALB 35.55+6.06 38.08+5.52 33.82+5.81 0.83
D-Dimer (mg/L) 0.80 (0.10-27.4) 0.48 (0.1-20) 0.92 (0.11-27.40) 0.44
PTA 71.88x17.09 80.73+14.96 65.84+15.8 0.51
PLT (x10°/L) 107.99+75.02 113.09+£66.97 104.50+80.10 0.47
AFP (ng/mL) 2.95 (0.60-19,549.10) 15 (0.90-19,549.1) 2 (0.60-121.8) <0.01
PIVKA-II (mAU/mL) 25.18 (3.49-30,766.38) 90.97 (9.7-30,766.38) 18 (3.49-626.34) <0.01
Child—Pugh class

A 173 71 102 0.82
B 6l 24 37

respectively. The sensitivity of PIVKA-II was 84.20%, the
specificity of PIVKA-II 82.00%, while the sensitivity of AFP
was 85.30%, and the specificity 85.60% (Figure 2).

Moreover, multivariate analysis also showed that male
gender (OR =2.70, 95% CI 1.01-7.16) and age (OR = 1.04,
95% CI 1.00-1.08) were independent risk factors for diag-
nosis of early HCC among LC patients (Table 3).

Development Of A Logistic Regression
Model And A Simple Model In The
Analysis Group

A total of 95 early HCC with LC and 139 LC patients in the

analysis group were enrolled to build a logistic regression
model combining PIVKA-II, AFP, gender, and age. The
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Figure | Difference of PIVKA and AFP plasma levels after logarithmic transforma-
tion between early HCC patients and liver cirrhosis in the analysis group. (A)
Serum level of PIVKA-Il among early HCC patients was 90.97 (9.7-30,766.38)
mAU/mL, significantly higher than that of LC patients at 18 (3.49-626.34) mAU/
mL (P < 0.01) in analysis group. (B) Serum level of AFP among early HCC patients
was |5 (0.9-19,549.1) ng/mL, significantly higher than that of LC patients at 2.00
(0.6-121.8) ng/mL (P < 0.01) in analysis group.

o
@
1
~—
.

Sensitivity
—h,

o
Y
L

— PIVKA-I [AUC=0.89]

AFP [AUC=0.90]

Logistic model [AUC=0.96]
— Simple model [AUC=0.94]
— Reference line

00 T T T T
00 02 04 06 08 10

1 - Specificity

Figure 2 Diagnostic values of AFP (green), PIVKA-II (purple), the logistic regres-
sion model (blue), and the simple model (red) for early HCC detection among ILC
patients in the analysis group.

results of univariate logistic analysis and multivariate logis-
tic analysis are presented in Table 3. The final logistic
regression model for predicting early HCC with liver cir-
rhosis was: Logit (P) = (-10.13) + 3.12(PIVKA) + 2.54
(AFP) + 0.73(gender) +0.04(age). The performance of the
model was good with an AUROC of 0.96 (95% CI 0.94-
0.98, P <0.01) (Figure 2). At a cut-off probability of 0.31
[Logit (P) = —0.80], the sensitivity and specificity of the
model for early HCC detection were 87.4% and 87.8%,
respectively.
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Table 3 Univariate And Multivariate Analyses Of All Characteristics In Analysis Group
Characteristic Univariate Analysis Multivariate Analysis
OR (95% CI) P value OR (95% CI) P value
Sex F/M 2.11(1.15, 3.85) 0.02 270 (1.01, 7.16) 0.047
Age (years) 1.04 (1.01, 1.06) <00l 1.04 (1.00, 1.08) 0.031
ALT 1.00 (0.99, 1.01) 0.13 -
AST 0.99 (0.98, 1.02) 0.17 -
GGT 1.00 (0.99, 1.01) 0.28 -
TBiL 0.99 (0.98, 1.00) 0.33 -
ALB 0.89 (0.76, 1.14) 0.27 -
D-Dimer (mg/L) 1.04 (0.98, I.11) 021 -
PTA 0.96 (0.91, 1.05) 0.14 -
PLT (x10°/L) 1.00 (0.99, 1.01) 0.39 -
AFP (ng/mL) 1.04 (1.02, 1.06) <00l 1.03 (1.01, 1.05) 0.001
PIVKA-II (mAU/mL) 1.02 (1.01, 1.03) <00l 1.02 (1.01, 1.03) <00l
Child—Pugh class 0.88 (0.76, 1.10) 0.37 - -

According to the multivariate analysis, PIVKA and AFP
were two critical independent risk factors for detection of
early HCC in LC patients. Therefore, we developed a simple
model: PIVKA+AFP, the performance of which was good
with AUROC of 0.94 (95% CI 0.92-0.97, P< 0.01)
(Figure 2). At a cut-off value of 56.03 the sensitivity and
specificity of the model for early HCC detection was 81.1%
and 91.4%, respectively.

Validation Of The Two Models For Early
HCC Detection In Liver Cirrhosis Patients

The characteristics of the validation group are shown in
Table 4. To validate the diagnostic value of the logistic

Table 4 Baseline Characteristics Of Validation Group

regression model in detection of early HCC in LC patients,
a ROC curve was conducted in the validation group. The
AUROC of the logistic regression model was 0.97 (95%
CI 0.94-0.99, P< 0.01) (Figure 3). The sensitivity and
specificity of the cut-off value Logit (P) = —0.80 were
89.30% and 93.1%, respectively. The mistake diagnostic
rate was 6.9%, the omission diagnostic rate 10.7%, the
total consist rate 91.53%. The Concordance (C) index
value of the logistic model was 0.97 and the calibration
curve demonstrated good agreement between predictions
and actual observations (Figure 4).

The AUROC of the simple model: PIVKA-II + AFP in
the validation group was 0.95 (95% CI 0.92-0.98, P < 0.01)

Variables Validation Group Early HCC Liver Cirrhosis P value
Sex FIM 45/132 9/65 36/67 0.001
Age (years) 54.32%11.23 56.24+10.70 52.94x11.46 0.04
ALT 31 (4-547) 34.05 (4-547) 28 (6-252) 0.19
AST 38 (13-427) 39.5 (13-252) 36 (13-427) 0.84
GGT 37 (11-304) 42.5 (14-9¢6) 34 (11-304) 0.06
TBiL 22.2 (8-573.5) 20.68 (8.67—67.70) 22.80 (8.00-573.5) 0.23
ALB 35.76+6.57 35.13+5.73 36.22+7.11 0.26
D-Dimer (mg/L) 0.6 (0.05-28.26) 0.41 (0.07-11.44) 0.69 (0.05-28.26) 0.17
PTA 74.7£16.02 72.64+13.29 76.19+17.64 0.15
PLT (x10°/L) 117.59£91.13 127.01£59.67 110.82+108.03 0.20
AFP (ng/mL) 3.9 (0.50-7679.70) 20 (1.2-7679.7) 2.5 (0.50-16.8) <0.01
PIVKA-II (mAU/mL) 27.96 (4.40-26,785.97) 108.32 (4.4-26,785.97) 20.14 (5.00-237.00) <0.01
Child—Pugh class
A 110 47 63 0.88
B 67 27 40
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Figure 3 Diagnostic values of the logistic regression model and the simple model
for early HCC detection among LC patients in the validation group.

(Figure 3). The sensitivity and specificity of the cut-off value
of 56.03 was 82.4% and 94.2%, respectively. The mistake
diagnostic rate was 5.8%, the omission diagnostic rate
17.6%, the total consist rate 89.27%. The C index value of
the simple model was 0.95 and the calibration curve demon-
strated good agreements between predictions and actual
observations (Figure 4).
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Discussion

Diagnosis of HCC at an early stage is critical for the five-
year survival rate of HCC patients. Recent studies have
indicated that diagnostic accuracy of US and AFP is limited
in early HCC detection, especially among LC patients.*
Therefore, it is a great challenge to identify novel biomar-
kers or models for early-stage HCC diagnosis.

In the current study, we demonstrated that the serum
PIVKA-II level was significantly higher in early HCC
patients compared with LC patients, which is consistent
with a recent study in a French cohort.'® These findings
indicate that PIVKA-II may play a crucial role in the
diagnosis of early HCC and hepatocarcinogenesis. Indeed,
Wang et al. showed that serum PIVKA-II level could be a
potential marker for early diagnosis and improve assess-
ment of tumor prognosis.”> Moreover, PIVKA-II could
promote HCC growth and metastasis through interaction
with human vascular endothelial cells.'*** Univariate ana-
lysis in our study shows that both PIVKA-II and AFP are
important predictors for early HCC detection. We further
compared the value of PIVKA and AFP in early HCC
detection by ROC curve and found that PIVKA-II
(AUROC = 0.89) was not superior to AFP (AUROC =
0.90). In contrast to our findings, the above study in
France showed that both PIVKA-II and AFP were efficient
for the diagnosis of early HCC, but PIVKA gave a better
performance than AFP for early HCC diagnosis with an
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Figure 4 Validity of the predictive performance of the logistic model (A) and the simple model (B) in estimating the probabilities of early HCC in the validation group (n= 177).
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AUROC 0.81."® This difference may be due to our early
HCC patients all having a background of LC or different
geographical origin.

We hypothesized that PIVKA-II and AFP may be com-
plementary in early HCC detection. Therefore, both serum
levels of PIVKA-II and AFP were employed in combination
to develop a logistic regression and a simple model. The
logistic regression model conducted in our study possesses
an AUROC of 0.96, a sensitivity of 87.4%, and a specificity
of 87.8%. Consistent with our results, a model that combined
AFP and PIVKA-II, age, and gender developed by Random
Forest (RF) classification showed a good AUROC of 0.95
(0.95, 95% CI 0.93-0.98), with a sensitivity of 93% and a
specificity of 84% for early HCC detection in a recent study
carried out in the USA.* In another recent research in liver
cirrhosis patients, Patel et al. derived a multivariate logistic
regression model incorporating AFP and FIB-4 (a marker of
fibrosis) for early HCC detection among LC patients, and
found that the model had good discriminatory power with
c-statistics of 0.78.%° In contrast to our findings, Chen et al.
also demonstrated a multimarker algorithm explored by
logistic regression models consisted of PIVKA-II and AFP,
which showed good ability in discriminating early HCC
among LC AUROC of 0.81, while the AUROC of our
model is 0.93."” The different findings between our research
and the above study may be due to our early HCC patients
being all accompanied by liver cirrhosis.

Although the above logistic models demonstrate great
value in early HCC diagnosis, they are not easy to use in
clinical practice. Therefore, we developed an easy-to-use
model: PIVKA + AFP, which could achieve an AUROC of
0.94, a sensitivity of 81.1%, a specificity of 91.4%, at a
cut-off value of 56.03 for early HCC detection among liver
cirrhosis. In line with our findings, a nested case-control
study also combined PIVKA-II and AFP and showed that
the sensitivity for early HCC detection achieved about
91% at month 0, and 73% at month 12, and the researcher
concluded that the two biomarkers are needed to comple-
ment ultrasound in early HCC detection.?” According to
the current study, we consider that the simple model is
comparable with the logistic model in statistics, but it is
easy to use clinically. Given the retrospective nature of our
study, it has some limitations. For instance, it was limited
by possible unexpected confounders or missing data and it
was a single-center study.

In conclusion, the diagnosis of early HCC is crucial and
novel models are urgently needed in clinical practice. Our
study suggests that a simple model of PIVKA-II + AFP could

improve the accuracy of early HCC detection among liver
cirrhosis patients. Further studies are necessary to validate
our simple model in multicenters and more subjects.
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