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other gastrointestinal tumors with liver metastasis, and 101 healthy controls. Receiver

who received interventional treatment were used to evaluate treatment efficacy and
prognosis in HCC.

Results: The concentrations of AFP and PIVKA-II in the HCC group were significantly
higher than those in other groups (p <0.01). The diagnostic value of PIVKA-II in HCC
was better than that of AFP, and combined detection improved the diagnostic sensi-
tivity and specificity. The levels of AFP and PIVKA-II after liver cancer surgery were
significantly lower than those before surgery. Elevated levels of PIVKA-II before sur-
gery predicted disease progression, and patients who remained positive for PIVKA-II
after surgery had worse prognosis than those who became negative after surgery.
Conclusions: Combined detection of AFP and PIVKA-II is superior to both tests alone.
We found that higher serum level of PIVKA-II indicates more severe HCC, with worse

prognosis, while the level of AFP had no correlation with the prognosis.
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1 | INTRODUCTION and third for mortality among malignant tumors worldwide, and is
a serious threat to health and life.™® The onset of liver cancer is in-
Hepatocellular carcinoma (HCC) is one of the most common ma- sidious, and most cases are diagnosed as intermediate or advanced,
lignant tumors of the digestive system. It ranks fifth for morbidity resulting in poor prognosis. Serum alpha -fetoprotein (AFP) is one
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of the main indicators of early screening of liver cancer, and it is
recommended that high-risk groups undergo liver ultrasound and
AFP tests every 6 months*however, the sensitivity and specificity
of AFP for HCC diagnosis are only 68.8% and 87.6%, respectively.®
For patients with AFP-negative and small tumors, biomarkers
with higher sensitivity and specificity are needed to aid diagnosis.
Abnormal prothrombin (PIVKA-II, protein induced by vitamin K
absence/antagonist-1l) is a predictive biomarker for AFP-negative
HCC patients.é'7 Since 1984, when Liebman et al.® first proposed
PIVKA-II, it has increasingly been used as a specific biomarker
for liver cancer. At present, the Japan Society of Hepatology lists
PIVKA-II in its guidelines as an important biological indicator for
liver cancer detection.” The Chinese Guidelines for Prevention
and Treatment of Chronic Hepatitis B'° recommend PIVKA-1I as an
important indicator for diagnosis of HCC, which can be combined
with AFP to facilitate early diagnosis. The main treatment methods
for liver cancer are surgery, interventional chemotherapy, and ra-
diofrequency ablation, but the radical cure rate is low. Recurrence
and metastasis are likely to occur and affect prognosis. AFP and
PIVKA-II are significant in the evaluation of treatment efficacy
and prognosis of HCC. Patients with elevated PIVKA-II are more
prone to recurrence and metastasis.'**? However, there are few

reports on the correlation between serum AFP and PIVKA-II in

the prognosis of HCC patients. In this study, we investigated the
value of serum AFP and PIVKA-II in the diagnosis, treatment and
prognosis of HCC, and aimed to provide a laboratory basis for their

better clinical application.

2 | METHODS

2.1 | Generalinformation

A total of 470 subjects were registered in this retrospective study,
including 145 with HCC 57 with benign liver disease (BLD; Among
them, 33 cases of hepatic hemangioma, 10 cases of hepatic cyst,
2 cases of hepatic abscess, 4 cases of cirrhosis, 8 cases of hepatic
benign tumor), 55 with cholangiocarcinoma and gallbladder can-
cer (CGC), 112 with other gastrointestinal tumors (colorectal, gas-
tric or duodenum) with liver metastasis, and 101 healthy controls
(HCs). HCC was diagnosed by pathology or imaging according to the
Standardization for Diagnosis and Treatment of Primary Hepatic
Carcinoma (2022 edition). None of the subjects took vitamin K, vi-
tamin antagonists or antibiotics, excluding patients with cholestasis,
renal insufficiency and other serious systemic diseases. Incomplete
clinical data due to loss of follow-up and other reasons were not
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TABLE 1 Baseline characteristics for all study groups

GROUP HCC BLD CGC HCs OGTLM

N 145 57 55 101 112

Gender n(%)

Male 121(83.4%) 14(24.6%) 26(47.3%) 44(43.6%) 81(72.3%)

Female 24(16.6%) 43(75.4%) 29(52.7%) 57(56.4%) 31(27.7)

Age(years) 58.9+10.8 48.1+11.6 64+10.3 39.8+11.3 58.7+10.3
PIVKA-II (mAU/ml)  1068.54(152.26~8049.18) 23.11(19.15~28.58) 28.95(19.75~75.17) 25.22(21.42~31.67) 32.19(25.08~42.57)
AFP (ng/ml) 52.8(6.15~1546.6) 1.9(1.05~2.85) 2.4(1.1~3.9) 1.7(0.85~3.0) 2.8(1.93~4.9)

Abbreviations: AFP, alpha-fetoprotein; BLD, benign liver disease; CGC, cholangiocarcinoma and gallbladder carcinoma; HCC, hepatocellular
carcinoma; HCs, healthy controls; N, number of patients; OGTLM, other gastrointestinal tumors with liver metastasis, PIVKA-II, prothrombin induced
by vitamin K absence Il.

TABLE 2 Correlation of serum PIVKA-II and AFP with clinical characteristics of HCC

Characteristics N PIVKA-I1<40mAU/ml PIVKA-II>40 mAU/ml  p value AFP <8 ng/ml AFP>8ng/ml pvalue
Age (years)
<50 27 4 23 0.864 4 23 0.209
>50 118 16 102 31 87
Sex
Male 121 13 108 0.017* 28 93 0.529
Female 24 7 17 7 17

Tumor size(cm)

<5 64 14 50 0.012* 20 44 0.075
>5 81 6 75 15 66

CNLC stage
I-lla 84 16 68 0.031* 26 58 0.024*
lIb-1V 61 4 57 9 52

Tumor number

Single 99 17 82 0.083 27 72 0.196
Multiple 46 3 43 8 38

PVTT
No 108 18 90 0.086 il 77 0.028*
Yes 37 2 35 4 33

Lymphatic metastasis

No 97 13 84 0.846 26 71 0.286
Yes 48 7 41 9 39

Hepatitis B
No 37 6 31 0.080 13 24 0.070
Yes 108 14 94 22 86

Hepatic cirrhosis
No 94 12 82 0.626 27 67 0.080
Yes 51 8 43 8 43

Abbreviations: AFP, alpha-fetoprotein; N, number of patients; PIVKA-II, prothrombin induced by vitamin K absence II; PVTT, portal vein tumor
thrombus.

*Significant difference (p <0.05).

included. The trial was carried out according to the Declaration of The flow chart of all subjects is shown in Figure 1. Tables 1 and 2
Helsinki (revised in 2013). This study was approved by the local summarize the baseline characteristics of all subjects and the clinical
Ethics Committee of the Zhejiang Cancer Hospital (IRB-2022-389). characteristics in the HCC group.
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2.2 | Instrumentation and specimen processing
Alpha-fetoprotein was measured using the Centaur XP immuno-
chemiluminescence instrument (Siemens), and PIVKA-II was meas-
ured using the Alinity immuno-chemiluminescence instrument
(Laboratories). Fasting blood samples were collected from patients,
and the serum was centrifuged at 318 6 g for 10 min (Allegra X-
12; Beckman), and the tests for each index were completed within
2 h. All specimens were free of chyle and hemolysis, and the assays
were strictly performed according to the standard operating proce-
dure (SOP) of the project. The manufacturer set the normal values
of <8 ng/ml for AFP and <40 mAU/ml for PIVKA-II.

2.3 | Data processing and follow-up

Sixty-four patients in the HCC group were followed up at the outpa-
tient clinic or by telephone after discharge. (The deadline is June 31,
2022). We recorded disease control, progression or death within the
cut-off date from the date of first blood collection after admission, and
calculated progression-free survival (PFS). The observation period was
from December 1, 2020 to June 31, 2022, and the average follow-up
time was 297 days. There was no loss to follow-up in this study.

2.4 | Statistical methods

Statistical analysis was performed using SPSS version 22.0 (IBM),
and metrological data were expressed as mean+standard devia-
tion (normally distributed data) or median (skewed distribution data).
Metrological data were analyzed by t test or rank sum test, and com-
parison between groups of numerical data was by;(2 test. p<0.05 was
considered statistically significant. The receiver operating characteristic
(ROC) curve was plotted, and the area under the curve (AUC) was calcu-
lated. Survival analysis was performed using the Kaplan-Meier method.

3 | RESULTS

3.1 | Serum AFP and PIVKA-II levels in HCC
patients

In the analysis of the five groups, serum AFP and PIVKA-Il in HCC were
significantly higher than those in the other groups (p<0.01). The levels
of PIVKA-Il in the CGC group were significantly higher than those in the
BLD and HC groups (p<0.05), but there was no significant difference
between the BLD and HC groups (p>0.05). As shown in Figure 2a,b.

3.2 | Diagnostic performance of AFP and PIVKA-II
in HCC patients

To study the diagnostic value of AFP and PIVKA-II in HCC patients,
ROC curve analysis was performed in the HCC, BLD and HC groups.

We compared the diagnostic performance of AFP. PIVKA-II and
AFP +PIVKA-II. In comparison of HCC and BLD, the AUC of AFP,
PIVKA-II and their combination was 0.903 (0.862_0.944), 0.945
(0.915_0.975) and 0.975 (0.956_0.994), respectively. The optimal
cut-off values for AFP and PIVKA-Il were 5.6 ng/ml and 38.91 mAU/
ml, respectively. The diagnostic sensitivity of AFP, PIVKA-II and their
combination was 76.6%,88.3%and 92.4%, and the diagnostic speci-
ficity was 98.2%,96.5% and 96.5%, respectively. In comparison of
HCC and HCs, the AUC of AFP, PIVKA-II and their combination were
0.901 (0.861_0.940), 0.938 (0.907_0.970) and 0.972 (0.954_0.991),
respectively. The optimal cut-off values of AFP was 6 ng/ml, and
PIVKA-II was 49.74mAU/ml. The diagnostic sensitivity of AFP,
PIVKA-II and their combination were 75.9%,86.2% and 91.0%, and
the diagnostic specificity was 96%, 100% and 98%, respectively. The
results showed that a combination of AFP and PIVKA-II improved
the diagnostic efficiency. As shown in Figure 2c,d.

3.3 | Application of AFP and PIVKA-II for
assessment of curative effect in HCC patients

Among 145 HCC patients, AFP and PIVKA-II levels were detected
before and 1 month after treatment. There were 47 patients in the
surgery group and 77 in the intervention group. Serum AFP level
after surgery was significantly lower than preoperatively (p <0.05),
as was PIVKA-II (p<0.01). PIVKA-Il was more sensitive than AFP in
assessing the response to surgery (Figure 3). According to the mRE-
SIST criteria,® 1 month after interventional treatment without any
target lesion enhancement was defined as effective. There were 43
patients in the treatment effective group and 34 in the treatment in-
effective group. Compared with before surgery, postoperative serum
levels of AFP and PIVKA-II in the effective interventional treatment
group were lower (p<0.05). The preoperative and postoperative
differences in the treatment ineffective group were not significant
(p>0.05).

3.4 | Evaluation of AFP and PIVKA-Il in
prognosis of HCC patients

Sixty-four patients with HCC surgery were followed up at outpatient
clinics or by telephone (cut-off date June 31, 2022), and PFS was cal-
culated by recording disease control, progression or death between
admission and follow-up. AFP <8 ng/ml and PIVKA-II<40 mAU/ml
were defined as the negative group; AFP >8 ng/ml and PIVKA-II > 40
mAU/ml were defined as the positive group (Figure 4a,b). The pa-
tients whose PIVKA-Il remained positive at 1 month after surgery
had shorter PFS than those in whom PIVKA-II became negative after
surgery (negative group, mean 448 (95% Cl: 165.1-730.8) days; posi-
tive group, mean 163 (0.0-418.6) days; log rank p = 0.011). That is,
patients who remained positive after surgery had poor prognosis.
AFP had no prognostic value in patients (p >0.05). After interven-
tional therapy, patients who responded to treatment were followed
up. AFP and PIVKA-II levels decreased in six cases, but increased
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FIGURE 2 (A) Expression level of serum AFP in each group. (B) Expression level of serum PIVKA-II in each group. * p<0.05; ** p<0.01;
***p<0.001; "p>0.05. (C) ROC curves of PIVKA-II, AFP and PIVKAII+AFP in the diagnosis of HCC and benign liver disease; (D) ROC
curves of PIVKA-II, AFP and PIVKA-Il1+ AFP in the diagnosis of HCC and healthy controls. AFP, alpha-fetoprotein; HCC, hepatocellular

carcinoma; PIVKA-II, prothrombin induced by vitamin K absence Il

again when HCC relapsed, (Figure 4c,d). Post-treatment follow-up
detection using serum biomarkers is beneficial for monitoring and

prognostic assessment of HCC relapse.

4 | DISCUSSION

Hepatocellular carcinoma is a malignant tumor with high morbidity
and mortality. The incidence of liver cancer is gradually increas-
ing worldwide.’* Abnormal prothrombin (PIVKA-II; also known as
y-carboxy prothrombin) is produced in HCC, because of the lack
of y-carboxylated amino acid residues, produced by insufficient

blood coagulation. Normal liver produces prothrombin under vi-
tamin K action, but abnormal prothrombin is produced in patients
with vitamin K deficiency or HCC. AFP is mainly synthesized by
fetal liver cells and yolk sac, and has a high concentration in fetal
blood circulation, but decreases after birth. Sixty to 70 percent of
patients with primary liver cancer have elevated AFP levels. AFP
is produced by undifferentiated hepatocytes, and is one of the
most commonly used biomarkers to detect primary liver cancer.'®
PIVKA-II is not related to the function of AFP, so it can be used as
to supplement diagnosis using AFP.X78 AFP shows a transient in-
crease in pregnancy and active hepatitis, which has also been the
case for a few secondary liver cancers. In our study, the analysis
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included five groups, and serum AFP and PIVKA-II concentrations
in HCC patients were significantly higher compared with those
in the control groups. ROC curve analysis showed that for com-
parison between HCC and HCs, the AUC of AFP +PIVKA-II was
0.972, the sensitivity was 91% and specificity was 98%. PIVKA-II
alone was superior to AFP, and their combined efficacy was bet-
ter, which is consistent with the literature.?°=22 For comparison of
HCC and BLD, AFP +PIVKA-II had an AUC of 0.975, sensitivity of
92.4% and specificity of 96.5%. This can be used as a differential
diagnostic index of HCC and liver metastatic carcinoma and BLD.
The level of plasma PIVKA-II in CGC patients was significantly
higher than that in the BLD and HC groups, and this may serve as
a potential biomarker for diagnosis of CGC.

The serum half-life (40-72h) of PIVKA-II is shorter than that of
AFP (5-7days), which can better monitor their efficacy in HCC.?
Judging from the levels of AFP and PIVKA-II in patients 1 month
after surgery, the decrease of PIVKA-II was significantly lower than
that of AFP, and it was more sensitive than AFP in evaluating the
efficacy of surgery for HCC. In the evaluation of the effectiveness
of interventional therapy, AFP and PIVKA-II also showed advan-
tages. Serum AFP and PIVKA-II levels in the effective group after
treatment were significantly lower than those before treatment.
However, in the ineffective group, the difference before and after
treatment was not significant. AFP and PIVKA-II decreased in six
patients with effective interventional therapy under continuous
monitoring, but increased again upon relapse. Therefore, AFP and
PIVKA-II can be used to evaluate the curative effect in HCC and are

prognostic factors in liver cancer.?*2°

The level of PIVKA-II is associated with early recurrence and
is an independent risk factor for recurrence. Active treatment and
close monitoring are recommended after liver cancer resection.?
This study showed that patients whose PIVKA-II remained posi-
tive at 1 month after surgery had a shorter PFS than those whose
PIVKA-II was negative after surgery. Patients with high preop-
erative PIVKA-II and those who remained positive for PIVKA-II
postoperatively had poor prognosis, and AFP failed to show any
advantage. This confirmed the importance of PIVKA-II as a bio-
marker for postoperative prognostic evaluation of liver cancer,
which has rarely been reported. PIVKA-Il is a good prognostic
biological marker for early monitoring of treatment in HCC pa-
tients.?” Our results provide further support for clinically assisted
assessment of liver cancer prognosis. In studies of the prognostic
value of HCC surgery, C-reactive protein/albumin ratio 20.037 can
also be used as an independent prognostic factor in HCC patients
and is superior to other inflammatory indicators.?® Other studies
have performed continuous follow-up monitoring of serum AFP
and PIVKA-II in HCC patients undergoing liver transplantation.
Among the 242 HCC patients followed up, recurrence was found
in 41 (16.9%). Almost half of the patients who had recurrence had
one or more elevated tumor markers, and elevation of both mark-
ers was suggestive of post-transplantation recurrence.?’ PIVKA-II
was elevated in a small number of patients with intrahepatic chol-
angiocarcinoma, and the nomogram (including AFP, PIVKA-II,
CA125, CA199 and HBV) based on the study of Si et al. better dis-
tinguished HCC from intrahepatic cholangiocart:inoma‘30 PIVKA-II

has made progress in the diagnosis and prediction of other tumors,
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such as gastric or pancreatic cancer.®*33 As a serological indicator
of liver cancer prognosis, the advantages of PIVKA-II are gradually
being reported.

This study had several advantages over previous studies. First, in
previous studies, the three main groups comprised patients with HCC
or BLD and healthy individuals, but since PIVKA-Il is also elevated in
some other gastrointestinal tumors, there is still some controversy
about the diagnostic accuracy of PIVKA-II. To elucidate the diagnostic
role of AFP and PIVKA-Il in HCC, we included 470 subjects, including
145 patients with HCC, 57 with BLD, 55 with CGC, 112 with other
gastrointestinal tumors with liver metastases, and 101 HCs. Second,
we fully validated the responsiveness of serum AFP and PIVKA-II in
HCC treatment. By dividing patients into surgery and interventional
treatment groups, serum AFP and PIVKA-II could be used to assess
the efficacy of HCC treatment, with PIVKA-Il being more sensitive.
Third, the correlation between serum AFP and PIVKA-II expression
levels and prognosis in HCC patients has been rarely studied. AFP
has been widely accepted as a traditional diagnostic marker, but our

study found that PIVKA-II, another serum marker used as a comple-
mentary diagnostic for AFP, was significantly correlated with progno-
sis 1 month after surgery in HCC treated with surgery, and the higher
the PIVKA-II, the worse the prognosis. In contrast, there was no cor-
relation between the level of AFP and patient prognosis. In order to
prolong survival of liver cancer, it is advisable to use serum PIVKA-II
as an indicator for monitoring the prognosis of HCC treatment; be-
cause of its advantages of being economic, minimally invasive, and
convenient, it can dynamically monitor postoperative patients and
evaluate treatment efficacy.

However, there were also some limitations to this study. First,
this was a single-center retrospective study with a small sample
size. There was some bias, so more accurate conclusions cannot be
drawn. It is necessary to verify the results in a multicenter, large-
sample randomized controlled study. Second, the in-depth internal
related tumor biological mechanisms still need to be studied. Third,
we did not follow up longer to dynamically observe the correla-
tion between changes in serum PIVKA-II after HCC treatment and
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prognosis. Although serum biomarkers are not widely accepted in
clinical practice, they should be recognized for early diagnosis, treat-

ment monitoring, and prognostic analysis.

5 | CONCLUSIONS

In summary, serum AFP and PIVKA-II levels are good biological in-
dicators for diagnosis and assessment of treatment efficacy in HCC
patients. Elevation of PIVKA-II has greater value than AFP in pre-
dicting disease progression, and can provide a reference for predict-
ing the survival of patients.
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