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Abstract: Objective: To investigate the diagnostic value of abnormal prothrombin (PIVKA-II) level combined with al-
pha-fetoprotein (AFP) and AFP-L3% (AFP/AFP-L3 ratio; AFP-L, alpha-fetoprotein heterogeneity) in patients with chron-
ic hepatitis B-related liver cancer. Methods: A total of 442 patients with chronic hepatitis B (CHB) were selected for
this retrospective study, including 144 CHB patients, 167 CHB patients with liver cirrhosis, and 131 CHB patients
with liver cancer. Their PIVKA-II AFP and AFP-L3% levels were tested. Results: In CHB patients with liver cancer, the
PIVKA-II, AFP and AFP-L3% levels were higher than those of other patients (P<0.05). In CHB patients with cirrhosis,
the AFP and AFP-L3% levels were higher than in patients who only had CHB (P<0.05). In diagnosing CHB related liver
cancer, the ROC curve showed that the AUC values of PIVKA-II, AFP and AFP-L3% were 0.855, 0.739, and 0.838,
respectively, which were all significantly lower than the PIVKA-II+AFP+AFP-L3% in non cancer (0.987; P<0.05). The
sensitivity of PIVKA-Il, AFP and AFP-L3% were 0.981, 0.798 and 0.663, while the specificity were 0.640, 0.636,
0.981, respectively. If combining both measures for the diagnosis of CHB related liver cancer, the AUC values of
PIVKA-II+AFP, PIVKA-II+AFP-L3% and AFP+AFP-L3% were 0.906, 0.958, and 0.841, respectively, which were lower
than PIVKA-II+AFP+AFP-L3% alone (P<0.05). Conclusion: The combination of PIVKA-Il, AFP and AFP-L3% has a high
value in the diagnosis of patients with hepatitis B-related liver cancer, and it is worthy of clinical promotion.
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Introduction

Chronic hepatitis B (CHB) is an infectious liver
disease caused by a hepatitis B virus infection.
China is a country with a high incidence of hep-
atitis B virus infection. Patients may experience
clinical symptoms such as reduced diet, ab-
dominal distension, epigastric pain, and fatigue
right after infection [1, 2]. If the control of CHB
is poor, the disease can progress further, caus-
ing cirrhosis, liver failure, and eventually liver
cancer [3, 4]. At present, the incidence of pri-
mary liver cancer in China ranks first among all
cancers, and it is also one of the most lethal
diseases in China [5]. Studies have shown that
the main cause of primary liver cancer in China
is CHB, thus early diagnosis of hepatitis
B-related liver cancer has important clinical sig-
nificance [6, 7].

Alpha-fetoprotein (AFP) is one of the most com-
mon clinical indicators for the diagnosis of liver
diseases. However, about 40% of liver cancer
patients have a normal AFP level, indicating
that the sensitivity of AFP alone is relatively
poor [8]. Abnormal prothrombin (PIVKA-II) is a
biologically inactive protein synthesized under
vitamin K deficiency, which is also a precursor
protein of prothrombin. It is mainly synthesized
by the liver. Studies have shown that PIVKA-II
combined with AFP can improve the diagnosis
rate of liver cancer effectively [9]. The heteroge-
neity of alpha-fetoprotein, AFP-L3, is produced
by the combination of AFP and lentil lectin
(LCA), which is mainly secreted by liver cancer
cells. AFP-L3% is the ratio of AFP and AFP-L3
[10]. Studies have shown AFP-L3% alone had
high specificity in diagnosing primary liver can-
cer [11]. This study explored the diagnosis value
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of the combination of PIVKA-II, AFP AFP-L3% for
hepatitis B-related liver cancer.

Subjects and methods
General information of patients

This retrospective study collected the data of
442 patients with chronic hepatitis B (CHB)
who were admitted to the Second Affiliated
Hospital of Hainan Medical University from April
2017 to April 2020, including 144 CHB patients
(107 males and 37 females, aged 18-76 years
old), 167 CHB patients with cirrhosis (112
males and 55 females, aged 24-77 years old),
131 CHB patients with liver cancer (115 males
and 16 females, aged 26-78 years old). All
patients signed the informed consent. The
study was approved by the Ethics Committee
of the Second Affiliated Hospital of Hainan
Medical University.

Inclusion and exclusion criteria

Inclusion criteria were as follows: Patients were
diagnosed with CHB or CHB combined with cir-
rhosis according to the Chinese Guidelines for
the Prevention and Treatment of Chronic
Hepatitis B (2019 Edition) [12]; patients were
diagnosed with liver cancer which was con-
firmed by pathology according to the diagnostic
criteria of the Chinese Diagnosis and Treatment
of Primary Liver Cancer (2019 Edition) [13];
patients were more than 18 years old; patients
with complete clinical data.

Exclusion criteria were as follows: Patient had
non-Hepatitis B virus infections such as He-
patitis A, Hepatitis C, and Hepatitis E; patients
were taking vitamin K, warfarin, dabigatran or
other drugs that might affect coagulation func-
tion; patients had other gastrointestinal can-
cers that might affect AFP levels; patients had
liver cancer relapse after resection or meta-
static liver cancer.

Methods

Determination of PIVKA-Il, AFP and AFP-L3%
levels: Two tubes of 5 mL venous blood were
collected at the time of admission. The collect-
ed blood samples were stored in the refrigera-
tor at 4°C in a sterile tube with ethylenediami-
netetraacetic acid. After 15 minutes, the sam-
ples were centrifuged at 4,000 rpm for 5 min-
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utes to obtain the serum and plasma, respec-
tively. The plasma was mixed with phosphate
buffer solution containing 40 pL of protease
inhibitor and then stored in a freezer at -40°C.
AFP and PIVKA-II levels were measured using
automatic chemiluminescence immunoassay
analyzer (model i2000SR, Abbott, United
States) according to the instruction of kits pur-
chased from Abbott Trading (Shanghai) Co.,
Ltd., China. AFP-L3 kit was purchased from
Beijing Hotgen Biotech Co., Ltd., China. AFP-
L3% = AFP/AFP-L3 * 100. AFP <9 ng/mL was
defined as negative, AFP >9 ng/mL was defined
as positive. PIVKA-II <40 mAU/mL was defined
as negative, PIVKA-Il 240 mAU/mL was defined
as positive. AFP-L3 <2.5 mg/L was defined as
negative, AFP-L3 >2.5 mg/L was defined as
positive. AFP-L3% <0.1 was defined as nega-
tive, AFP-L3% >0.1 was defined as positive.

Outcome measures

The PIVKA-Il, AFP and AFP-L3% levels of all
patients were measured and compared among
groups. The ROC diagnostic curve was used to
describe the diagnostic efficacy of PIVKA-II,
AFP, AFP-L3% alone, PIVKA-II+AFP, PIVKA-
[I+AFP-L3%, AFP+AFP-L3%, and PIVKA-II+AFP+
AFP-L3% in CHB patients with liver cancer. The
area under curve m(AUC) of ROC was also cal-
culated and compared among groups.

The occurrence of liver cancer was set as the
dependent variable; a multi-factor Logistic
regression model was constructed to analyze
related factors.

Statistical analysis

SPSS 17.0 statistical software was used for
statistical processing. The measurement data
were tested for normality. Data conformed to
normal distribution were expressed using mean
+ standard deviation (X + sd) and tested using
an independent sample t-test. Data that did not
conform to a normal distribution were ex-
pressed using M (P25, P75) and tested using
a rank-sum test. Enumeration data were
expressed as case number and percentage
and tested with Pearson chi-square (x?). ROC
diagnostic curve was adopted to evaluate the
value of diagnosis, and Medcalc software was
used to draw the ROC curve to calculate the
area under the curve. Z test was used to com-
pare the differences between different ROC
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Table 1. Comparison of general information of three groups of patients

CHB with cirrhosis  CHB with liver

ftem CHB (n=144) (n=167) cancer (n=131)  X/F P
Age (year) 37.3+6.9"* 50.615.8 53.216.7 249.812  <0.001
Gender (male/female) 1077/37 1127/55 115/16 17.245 <0.001
Course of disease (year) 8.73+3.21" 9.79+3.12" 11.23+2.43 24.51 <0.001
Body mass index (kg/m?) 22.36+2.98 21.98+2.78 21.87+3.02 1.098 0.334
Comorbid disease
Hypertension (n) 24 32 39 4.573 0.102
Diabetes (n) 20 26 25 1.422 0.491
Hypoproteinemia (n) 10* 427 85 111.595 <0.001
Stages of liver cancer (I/11/111/1V) 26/58/29/18
HBeAg positive (n) 37 46 39 0.571 0.752

Quantitative HBeAg (IU/mL)

2562.9+1706.3 2687.6+1798.6 2710.1+1839.4 0.754 0.283

Note: Compared with CHB with liver cancer group, “P<0.05; Compared with CHB with cirrhosis group, *P<0.05. CHB: chronic

hepatitis B.

curves. The occurrence of liver cancer was set
as the dependent variable and a multi-factor
Logistic regression model was constructed to
analyze the independent risk factors for the
development of liver cancer. P<0.05 indicated
that the difference was statistically significant.

Results
Comparison of general information

In this study, the average age of patients with
CHB combined cirrhosis group and CHB com-
bined with liver cancer group was higher than
that of the CHB group (P<0.05). The proportion
of males and disease course in CHB with liver
cancer group was higher than that of CHB group
and CHB with liver cirrhosis group (P<0.05).
The incidence of hypoproteinemia in the CHB
with liver cancer group was higher than that in
the CHB group and the CHB with liver cirrhosis
group (P<0.05). There was no statistical differ-
ence in body mass index, HBeAg positive rate,
and HBeAg amount (IU/mL) among the three
groups (P>0.05). See Table 1.

Comparison of PIVKA-II, AFP and AFP-L3%
levels

The PIVKA-II, AFP and AFP-L3% levels of CHB
with liver cancer group were higher than those
of CHB group and CHB with cirrhosis group. The
AFP and AFP-L3% levels of CHB with liver cir-
rhosis group were higher than those of the CHB
group (all P<0.05). See Table 2.
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Comparison of the diagnostic efficacy of the
three different indicators

In the diagnosis of liver cancer, the AUC values
of PIVKA-II, AFP, and AFP-L3% levels alone were
0.855, 0.739, and 0.838, respectively, which
were lower than the combined diagnosis AUC
value of PIVKA-II+AFP+AFP-L3% (0.987). After
combining three indicators, Logistic regression
was used to obtain the best diagnosis model to
evaluate liver cancer risk. The equation was
Logit(P) = - 5.147+9.452 * PIVKA-11+4.598 *
AFP+8.498 * AFP-L3%, The risk probability
value (P) refers to the probability in predicting
the occurrence of liver cancer based on risk
faCtorS, (P) = e-(»5.147+9.452 * PIVKA-11+4.598 * AFP+8.498 * AFP-
3% The sensitivity of PIVKA-II for the diagnosis
of liver cancer is 0.981, the specificity is 0.640.
The sensitivity of AFP for the diagnosis of liver
cancer is 0.798, the specificity is 0.636. The
sensitivity of AFP-L3% for the diagnosis of liver
cancer is 0.663, the specificity is 0.981. When
combining two different indicators to evaluate
liver cancer risk, Logistic regression was also
used to obtain the diagnosis model. For PIVKA-
II+AFP, the equation was Logit(P) = -4.845+
8.126 * PIVKA-II+4.269 * AFP; for PIVKA-II+
AFP-L3%, the equation was Logit(P) = -4.695+
8.024 * PIVKA-11+7.964 * AFP-L3%; for AFP+
AFP-L3%, the equation was Logit(P) = -4.529+
4.364*AFP+8.012*AFP-L3%. The AUC values
of PIVKA-II+AFP, PIVKA-II+AFP-L3% and AFP+
AFP-L3% for the diagnosis of liver cancer were
0.906, 0.958 and 0.841, which were lower
than the combined diagnosis AUC value of
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Table 2. Comparison of the levels of PIVKA-II, AFP and AFP-L3% in three groups of patients

Group PIVKA- Il (m AU/mL) AFP (ng/mL) AFP-L3%
CHB (n=144) 22.82+11.23 3.26 (2.19-15.23) 4.89+1.53
CHB with cirrhosis (n=167) 25.32+8.82 20.13 (3.67-98.89)" 7.07+2.56"
CHB with liver cancer (n=131) 447.23 (57.23, 7293.67)"* 412.54 (9.27, 2021.76)"* 14.23+6.23"*
F 1245.76 789.34 221.21

P <0.001 <0.001 <0.001

Note: Compared with CHB with liver cancer group, “P<0.05; Compared with CHB with cirrhosis group, #P<0.05. CHB: chronic
hepatitis B; AFP: Alpha-fetoproteins.
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ing characteristic.
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PIVKA-1I+AFP+AFP-L3%
(0.987). See Figures 1, 2 and
Table 3.

Multivariate logistic regres-
sion analysis of patients

Factors with statistically sig-
nificant differences in univari-
ate analysis were further scr-
eened for multivariate logistic
regression analysis. The de-
pendent variable was the oc-
currence of liver cancer. The
independent variables were
age, gender, disease course,
PIVKA-Il, AFP and AFP-L3%
levels. Results showed that
PIVKA-Il, AFP and AFP-L3%
levels were independent risk
factors for the development of
liver cancer (P<0.05). See
Tables 4 and 5.

Discussion

In 2018, 780,000 people died
of hepatocellular carcinoma
worldwide and hepatocellular
carcinoma is the most lethal
cancer in China [5]. Studies
showed that the incidence of
liver cancer is higher in males
and by 2030, the prevalence
of primary liver cancer may
reach its peak in China [14].
Our study also confirmed that
the majority of patients with
CHB and liver cancer were
male. The male proportion
was higher in patients with
CHB alone or CHB combined
with cirrhosis. The average
age of liver cancer patients
was older, likely because that
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Table 3. AUC and comparison of PIVKA-II, AFP and AFP-L3% in predict-

ing liver cancer

poor prognosis. The level
of AFP in the human bo-

dy is closely related to

Item AUC sD 95% Cl
PIVKA-II 0.855 0026  0.803-0.907 the occurrence and devel-
AFP 0.739" 0031  0.737-0.857 E‘xg\?; OfSO“r‘T’]‘Z gfun dciig
AFP-L3% 0.838% 0029  0.781-0.895 have. shown that about
PIVKA-I+AFP 0.906" ### 0021  0.865-0.948 40% of liver cancer pa-
PIVKA-II+AFP-L3% 0.958"###ass 0013  0.932-0.983 tients had normal AFP,
AFP+AFP-L3% 0.841 e 0030  0.779-0.897 and its diagnostic value in
Combined of three indicators 0.978" " ###&&aabecc (9 010 0.960-0.997 liver cancer <3 cm is poor.

Note: Compared with PIVKA-II AUC, "P<0.05, "*P<0.01, """P<0.001; Compared with
AFP AUC, #P<0.01, *#*P<0.001; Compared with AFP-L3% AUC, ¥P<0.05, P<0.01,
&&p<(0.001; Compared with PIVKA-II+AFP AUC, ?P<0.05, 22P<0.01; Compared with PIV-
KA-II+AFP-L3% AUC, °P<0.05, **P<0.01; Compared with AFP+AFP-L3% AUC, °°P<0.001.
AFP: Alpha-fetoproteins; AUC: area under the curve. Cl: confidence interval.

Table 4. Independent variable assignment table of risk factors of liver

cancer after hepatitis B infection

In those cases, other indi-
cators were often com-
bined to eventually diag-
nose the disease [15].
Recently, the value of
PIVKA-Il in the diagnosis
of liver cancer has raised
clinical attention. Studies

have confirmed that pa-
tients with AFP-negative

Factor Indepgndent Assignment

variable
Age X1 >50 years old =1, <50 years old =0
Gender X2 Male =1, Female =0
Course of disease X3 >10 years =1, <10 years =0
PIVKA-II X4 Positive =1, Negative =0
AFP X5 Positive =1, Negative =0
AFP-L3% X6 Positive =1, Negative =0

liver cancer could use
PIVKA-II, which also show-
ed similar efficacy in AFP-
positive liver cancer, for
cancer diagnosis. The sen-
sitivity of PIVKA-II alone
was reported to be 72.8%,

Note: AFP: Alpha-fetoprotein.

Table 5. Multivariate logistic regression analysis of patients with liver

cancer after hepatitis B infection

the specificity was 88.2%,
the AUC was 0.858, which
was consistent with our
results [16]. Some studies
have also shown that

Variable b S, Waldx? PValue _9_5% o — PIVKA-Il was more sensi-

Upper limit _Lower limit tive than AFP in the diag-
Age 0.702 1.622 1.624 0156  0.075 47.265 nosis of liver cancer [17].
Gender 0.526 0.684 2.698 0.524  0.169 2.068 It is generally believed
Course of disease 0.704 1.529 1.614 0.178  0.086 7.598 that PIVKA-II can be used
PIVKA-II 0.765 0.342 9532 0.000 1113 4136 with AFP for the diagnosis
AFP 0.266 0.078 5.108 0.017 1.126 1.532 of liver cancer [18]. Some
AFP-L3% 0.495 0.127 8135 0.003  1.269 2.109 studies have shown that

Note: AFP: Alpha-fetoprotein; Cl: confidence interval.

liver disease is a slow-progressing process.
Since its high morbidity and high mortality, it is
of great significance to diagnose and treat liver
cancer early.

Early stages of liver cancer often lack clinical
symptoms. Most patients were found to be in
the middle and late stages of liver cancer when
diagnosed, and thus patients have missed the
best time to treat cancer and generally have a
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the diagnostic efficacy of
PIVKA-II alone was lower
than that of PIVKA-Il and
AFP combined [19-21]. Other studies have
shown that PIVKA-II alone is insufficient for the
diagnosis of liver cancer [22, 23].

AFP-L3% is a glycoprotein produced by hepato-
cytes, studies have shown that AFP-L3% could
be used to identify early liver cancer even
before the appearance of cancer imaging. It
has a high specificity and great value of predict-
ing progression-free survival, thus it is consid-
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ered clinically as a new marker of liver cancer
[24]. A study adopted the above three indica-
tors to diagnose liver cancer with an AUC of
0.929, which reflected a great diagnostic effi-
cacy in diagnosing liver cancer [25]. However,
the relationship between those three indicators
and relevant risk factors for the occurrence of
liver cancer has not yet been studied. The
results of our study showed that PIVKA-II, AFP,
and AFP-L3% levels in the CHB with liver cancer
group were higher than those in the CHB and
CHB with cirrhosis group. It was also found that
PIVKA-II had better sensitivity and AFP-L3%
had better specificity. Further analysis found
that the diagnosis performance of PIVKA-
II+AFP-L3% combination was superior to other
two combinations. The combination of three
different indicators had better diagnosis value
than three indicators alone or two of them com-
bined, suggesting PIVKA-II+AFP+AFP-L3%, the
combination of three different indicators had
good diagnostic efficacy and clinical value. This
combination of PIVKA-Il, AFP and AFP-L3%
could become a complementary role in the
diagnosis of liver cancer.

However, there are some limitations of this
study. For example, this study had a small sam-
ple size, which needs to be further expanded.
Besides, this study was a retrospective study,
which was subjected to many external factors,
such as different treatment options, differenc-
es in diagnosis time. There may be selection
bias, and further multi-center randomized con-
trolled studies can be conducted.

In summary, PIVKA-II combined with AFP and
AFP-L3% showed its high diagnosis value in
patients with hepatitis B-related liver cirrhosis
and liver cancer, and it is worthy of clinical
application.
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