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Abstract: Objective To explore the clinical diagnostic value of combined serum alpha-fetoprotein (AFP), Protein induced by
vitamin K absence or antagonist Il (PIVKA- 1), hepatic fibrosis 4 index (FIB-4) and tyrosine urine test (TUT) in hepatitis B virus
(HBV)-related hepatocellular carcinoma (HCC). Methods Fifty patients with HBV-related HCC, 50 patients with HBV benign liver
disease, and 50 health people in the First Hospital of Changsha from January 2021 to December 2022 were selected as the study
subjects. The differences between serum AFP, PIVKA- Il, FIB-4, and the positive rates of TUT among three groups were
compared. Area under the receiver operating characteristic curve (AUC) of individual detection and combined detection in the
diagnosis of HCC were analyzed, and the clinical application value of combined test in the diagnosis of HBV-related HCC was
evaluated. Results The levels of serum AFP, PIVKA- Il , FIB-4 and the positive rate of TUT among three groups were significantly
different (P<0.05). The levels of AFP, PIVKA- Il , FIB-4 and the positive rate of TUT in the HBV-related HCC were higher than
those in the healthy control group (P<0.05). The levels of AFP, PIVKA- Il and the positive rate of TUT in the HBV-related HCC
group were higher than those in the HBV benign liver disease group (P<0.05), but there was no significant difference in FIB-4
(P>0.05). The levels of PIVKA- Il and FIB-4 in HBV benign liver disease group were significantly higher than those in healthy
control group (P<0.05), while the levels of serum AFP and the positive rates of TUT were not significantly different (£>0.05).
Receiver operating characteristic (ROC) curve analysis showed that the AUC of AFP, PIVKA- Il , FIB-4 and TUT were 0.812, 0.827,
0.722 and 0.761, respectively. The best cut-off values of serum AFP, PIVKA- Il and FIB-4 for diagnosing HCC were 21.1 ng/mL,
41.32 ng/mL and 3.27, respectively. In the single test for diagnosis of HBV-related HCC, the TUT had the highest sensitivity of
82.00% and the AFP had the highest specificity of 95.00%. In the combined test for diagnosis of HBV-related HCC, the serum
AFP+PIVKA- Il +FIB-4+TUT had the maximum AUC of 0.935 and the highest sensitivity of 90.00%, while AFP+PIVKA- Il +FIB-4
had the highest specificity of 97.00%. Conclusion The combined test of serum AFP, PIVKA- Il , FIB-4 and TUT can improve the
diagnostic efficacy of HCC and has a significant clinical value in the early diagnosis of HBV-related HCC.

Keywords: HBV-related hepatocellular carcinoma; alpha-fetoprotein; PIVKA- Il ; Fibrosis 4 score; Urine p-hydroxyphenyl alanine
test

Fund program: Scientific Research Program of Hunan Provincial Health Commission (202103081037); Construction Project of
Regional Medical Centers for Infectious Disease Countries (Changcai Shezhi [2022]) No. 8)

Liver hepatocellular carcinoma (HCC) is one of the
common malignant tumors in China, with hepatitis B virus
(HBV) infection being the leading cause. Approximately
80% of patients are diagnosed at an advanced stage,
leading to a short 5-year survival period. Therefore, early
diagnosis is crucial for improving patient prognosis [1].
Clinical early diagnosis of HCC mainly relies on the
medical history of chronic liver disease, imaging
examinations, and serological tests. Due to the atypical
nature of early HCC on imaging, CT/MRI or other more
sensitive imaging techniques have subjective and
economic limitations. Alpha-fetoprotein (AFP) remains
one of the most common and valuable diagnostic markers
for early HCC screening in clinical practice due to its high
specificity, albeit with low sensitivity [2]. Studies have
shown that multi-marker combined detection can enhance
the value of early HCC diagnosis. Protein induced by
vitamin K absence or antagonist-II (PIVKA-II) is a novel

serum biomarker that is synthesized and released into the
blood in large quantities when hepatocytes undergo
malignant transformation. Recent research has found its
potential in liver cancer screening [3]. The fibrosis-4 index
(FIB-4) is a commonly used non-invasive diagnostic
model in clinical practice for liver fibrosis, with certain
clinical predictive value for both cirrhosis and HCC [4].
Tyrosine urine test (TUT) detects specific metabolic
products in urine that react with special components in
reagents to indicate the presence of abnormal metabolic
reactions associated with malignant tumors, providing a
simple, non-invasive diagnostic method [5]. Currently,
there is no related research on the diagnostic value of
combined detection of serum AFP, FIB-4, PIVKA-II, and
TUT for HBV-related HCC. This study aims to explore the
clinical application value of these markers in the diagnosis
of HBV-related HCC through combined detection.
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1 Material and methods

1.1 General information

A total of 150 patients who visited the Department of
Infectious Diseases and Outpatient Clinics at the First
Hospital of Changsha from January 2021 to December
2022 were selected. There were 107 males and 43 females,
with an average age of (55.85 = 10.28) years. Among them,
there were 50 patients with HBV-related HCC [41 males
and 9 females, average age of (56.68 + 10.41) years]; 50
patients with HBV benign lesions [including 38 patients
with HBV-related cirrhosis and 12 patients with chronic
hepatitis B, 36 males and 14 females, average age of (56.60
+ 10.00) years]; and 50 healthy individuals undergoing
periodic health examinations [30 males and 20 females,
average age of (54.28 + 10.44) years].

Inclusion criteria: All patients were clinically
diagnosed with HBV-related HCC, HBV-related cirrhosis,
or chronic hepatitis B according to clinical manifestations,
laboratory tests, imaging examinations, and/or liver tissue
pathology, in accordance with the guidelines [6-7].
Exclusion criteria: (1) Pregnant women, lactating women,
and women within 3 days before or after menstruation; (2)
Those who took sedatives, analgesics, antihypertensive
drugs, hormones, central nervous system stimulants, health
supplements, vitamin K, vitamin K antagonists, or
cephalosporin antibiotics within the past month; (3) Those
who consumed high-protein foods, alcohol, engaged in
strenuous exercise, experienced trauma, or had active
bleeding within the past week; (4) Other hepatitis virus
infections, metabolic liver diseases, alcoholic liver disease,
and malignant tumors in other parts of the body; (5) Those
who have undergone liver cancer surgery, radiation therapy,
or chemotherapy, those with incomplete data affecting
specimen quality, or those unable to cooperate or refusing
to participate. This study was approved by the Medical
Ethics Committee of the First Hospital of Changsha (KX-
2020063).

1.2 Serological tests

A fasting venous blood sample of 4 mL was collected,
processed by centrifugation at 4000 r/min with a radius of
15 cm for 10 minutes, and stored in a -80 °C freezer for
testing. Hematology was analyzed using the Shenzhen
Mindray automatic five-category blood analyzer and
corresponding reagents. Liver function tests were
conducted using the Cil6200 automatic biochemical
analyzer (Abbott Laboratories) and its reagents. AFP was
detected using the DXI800 automated chemiluminescence
immunoassay system (Beckman Coulter, Inc.) and its
reagents (reference value < 20 ng/mL). PIVKA-II was
measured using the MQ60 automated chemiluminescence
immunoassay system (Beijing Hotgen Biotech Co., Ltd.)
and its reagents (reference value <40 mAU/mL). FIB-4
was calculated as follows: FIB-4 = Age (years) x AST (U/L)
/ [PLT (x10° /L) x ALT (w/L) x1/2].(AST: aspartate
transaminase; ALT : alanine transaminase; PLT: platelet)

1.3 TUT test

The TUT test kit (Hunan Kang Licheng
Biotechnology Co., Ltd. Xiangxiezhun 20182400087) was
used. At room temperature, 3 mL of fresh clean morning
urine was added to an ampoule containing the test reagent,
shaken well, and allowed to stand for 3-5 minutes. The
color of the precipitate was compared with a standard color
chart by another laboratory technician to determine the
result. Individuals with color blindness or color weakness
were not suitable for conducting this experiment.

1.4 Statistical methods

SPSS 26.0 was used for statistical analysis. The
Kolmogorov-Smirnov (K-S) test was initially used to
analyze whether the data of each group followed a normal
distribution. Normally distributed measurement data were
presented as x +s, and independent sample #-test was used
for comparison between two groups, while one-way
analysis of variance was used for comparison among
multiple groups. Skewed distribution measurement data
were presented as M (P.s, P7s), and comparisons between
two groups were conducted using Mann-Whitney U test.
Categorical variables were presented as case (%), and chi-
square tests were used for comparison. The receiver
operating curve (ROC curve) and the area under the curve
(AUC) were used to evaluate the diagnostic efficacy of
serum AFP, PIVKA-II, FIB-4, and TUT for HCC, the
optimal cutoff value, sensitivity and specificity were
calculated. A significance level of P < 0.05 was considered
statistically significant.

2 Results

2.1 Comparison of AFP, PIVKA-II, FIB-4 levels and
TUT positivity rate

Significant differences were observed in serum AFP
levels, PIVKA-II levels, FIB-4 scores, and TUT positivity
rate among the three groups (P<0.01). The levels of AFP,
PIVKA - II, FIB-4, and TUT positivity in HCC group
were higher than those in healthy examination group
(P<0.05). The levels of AFP, PIVKA- II , and TUT
positivity in the HCC group were higher than those in
benign liver disease group (P<0.05), while there was no
significant difference in FIB-4 (P>0.05). The levels of
PIVKA-II, and FIB-4 in benign liver disease group were
higher than those in healthy examination group (P<0.05),
while there was no significant difference in AFP and TUT
positivity (P>0.05). See Tablel.

2.2 Diagnostic value of serum AFP, PIVKA-II, FIB-4,
and TUT tests for HCC

ROC curves showed that the AUC of serum AFP,
PIVKA-IIL, FIB-4, and TUT in diagnosing HCC was 0.812,
0.827, 0.722, and 0.761, respectively, with the optimal
cutoff values of 21.1 ng/mL for AFP, 41.32 mAU/mL for
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PIVKA-II, and 3.27 for FIB-4. Single marker test showed
PIVKA-II with the highest AUC (0.827), TUT with the
highest sensitivity (82.00%), and AFP with the highest
specificity (95.00%). See Figure 1 and Table 2.

2.3 Diagnostic value of combined detection of makers

Combined test of AFP+PIVKA-II+FIB-4+TUT
showed the highest AUC [0.935, 95%CI: 0.875-0.995)]
and highest sensitivity (90.00%), while AFP+PIVKA-
II+FIB-4 showed the highest specificity (97.00%). Refer
to Table 2 and Figure 2.

Tab.1 Comparison of AFP, PIVKA- Il , FIB and TUT in each group [#=50, M (P25, P75)]

Group AFP (ng/mL) PIVKA-II (mAU/mL) FIB-4 TUT positive [case(%)]
HCC group 29.50(3.92, 99.82) 69.45(34.98, 262.45)® 5.42(2.19, 8.19)® 41(82)®
Benign liver disease group 2.90(2.08, 5.08) 24.00(17.49, 33.92)* 3.44(1.99, 7.28)* 13(26)
Healthy examination group 2.90(2.00, 3.93) 29.97(26.43, 36.62) 1.66(1.29, 2.06) 11(22)

H /? value 38.811 47.249 48.032 45.828

P value <0.001 <0.001 <0.001 <0.001

Note: Compared with healthy examination group, *P<0.05; compared with benign liver disease group, ®P<0.05.
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Fig. 2 ROC curve of serum AFP combined with PIVKA- I,
FIB-4 and TUT for diagnosis of HCC

Tab.2 Comparison of serum AFP, PIVKA - I, FIB-4, TUT
single and combined detection in the diagnosis of HCC

Indicator AUC 95%CI Sensiti- Specifi- P value
vity(%) city(%)
AFP 0.812  0.724-0.901 68.00 95.00 <0.001
PIVKA-II 0.827  0.748-0.905 72.00 87.00 <0.001
FIB-4 0.722  0.637-0.807 66.00 74.00 <0.001
TUT 0.761 0.649-0.873 82.00 76.00 <0.001
AFP+PIVKA- I 0.883  0.802-0.964 86.00 93.00 <0.001
AFP+FIB-4 0.832  0.746-0.918 78.00 76.00 <0.001
AFP+TUT 0.853  0.781-0.926 76.00 83.00 <0.001
AFP+PIVKA- Il +FIB-4 0910  0.851-0.969 80.00 97.00 <0.001
AFP+PIVKA- | +TUT 0916  0.859-0.974 82.00 93.00 <0.001
AFP+FIB-4+TUT 0.879  0.795-0.963 84.00 89.00 <0.001
AFP+ PIVKA Il + FIB- 0935  0.875-0.995 90.00 90.00 <0.001

4+TUT

3 Discission

In China, approximately 410,000 new cases of HCC
are reported annually, with around 390,000 deaths,
accounting for approximately 50% of global cases [8].
Although the overall incidence has shown a decreasing
trend in recent years, most patients are diagnosed in the
intermediate to advanced stages, resulting in a substantial
disease burden [1,9]. Therefore, early detection is crucial.
AFP remains one of the most important serum markers for
early screening of HCC in clinical practice due to its high
specificity, detecting cases up to 6-12 months before
clinical symptoms appear. However, its sensitivity is
limited, leading to potential missed diagnoses [10]. Studies
have reported an AFP miss rate of 40% in early-stage HCC.
Additionally, 15% to 30% of advanced HCC patients still
have normal AFP levels, particularly those with tumors
smaller than 3 cm, which delays early diagnosis and
treatment opportunities for many HCC patients [10-11].
Multi-marker combined testing has been studied to
enhance early HCC detection.

PIVKA-II, also known as des-y-carboxy prothrombin,
is a newly discovered serum marker in recent years. It is
significantly elevated in the serum when hepatocytes
undergo malignant transformation and necrosis, inhibiting
the y-carboxylation process of prothrombin precursor,
which leads to its abundant synthesis and release into the
blood [4]. Studies have found that PIVKA-II can
significantly promote the proliferation and invasion of
liver cancer cells, and its expression levels increase with
tumor staging, serving as an independent risk factor for
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assessing the prognosis of HCC patients [12-15].
Monitoring changes in PIVKA-II levels during follow-up
of HCC patients is more valuable than AFP in predicting
prognosis, with higher sensitivity but slightly lower
specificity compared to AFP. Combined use of PIVKA-II
and AFP can improve early HCC detection, especially in
AFP-negative patients, complementing AFP in clinical
HCC screening [16-19]. Most studies have found no
significant correlation between PIVKA-II and serum AFP
levels [15,17-19], consistent with the findings of this study.
Furthermore, this study found that serum PIVKA-II levels
in the HBV benign liver disease group were also higher
than those in the healthy group, likely due to severe
hepatocellular damage in enrolled patients. The maximum
AUC for PIVKA-II in single marker testing was 0.827,
demonstrating better sensitivity for diagnosing HCC
compared to AFP. When combined with AFP, sensitivity
increases, with the optimal cutoff value for diagnosing
HCC being 41.32 mAU/mL, consistent with previous
research results [13-19].

FIB-4 is a commonly used serological method in
clinical practice for assessing liver fibrosis diagnosis and
staging. It is based on patient age, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and platelet
count. FIB-4 data are noted for their simplicity, ease of
access, objective quantifiability, and good reproducibility.
Importantly, it holds clinical value in assessing the
condition and prognosis of patients with cirrhosis and
hepatocellular carcinoma (HCC) [3,20]. Current clinical
research has focused extensively on the correlation
between FIB-4 and HCC. A large retrospective study
indicated that FIB-4 can identify chronic HBV-infected
individuals at lower risk of HCC [21]. Research suggested
that FIB-4 was a predictive factor for HCC in a majority
(85%) of untreated chronic hepatitis B surface antigen
(HBsAg) carriers [22]. Meta-analyses by He ez al. [23] also
demonstrated that baseline and post-antiviral treatment
FIB-4 levels could predict HCC. Furthermore, researchers
have found that in patients with cirrhosis, higher Child-
Pugh grades correlated with higher FIB-4 levels,
corresponding to an increased risk of future HCC
development [24]. This study found that FIB-4 levels were
higher in both HCC group and benign liver disease group
compared to healthy group. There was no significant
difference in FIB-4 levels between the HCC group and
benign liver disease group, likely due to a predominance
of cirrhotic patients in the study, many of whom were in
the decompensated stage. ROC curve analysis indicated
that combined detection of FIB-4 and AFP improved
sensitivity in diagnosing HCC, with an AUC of 0.722 and
an optimal cutoff value of 3.27, consistent with the initially
proposed cutoff for predicting significant liver fibrosis by
Sterling et al. [25]. The combined detection of FIB-4 and
AFP will increase the AUC for diagnosing HCC to 0.832.

Tumor screening via urine analysis has gained
widespread attention due to its convenience and simplicity.
Studies have found that levels of tyrosine, a metabolite in
urine, are significantly elevated in nearly all patients with
malignant tumors. Monitoring changes in the
concentration of 3-hydroxyphenylalanine (tyrosine) in

urine can indicate the metabolic activity of malignant
tumor cells, thereby assessing the risk of malignancy. This
method can be used for early detection of primary tumors,
screening high-risk populations, evaluating treatment
efficacy, monitoring, and prognostic assessment [26-27].
The TUT reagent reacts with tyrosine to produce a brick-
red precipitate, indicating abnormal metabolic reactions in
the subject's body and thus diagnosing malignant tumors.
Domestic scholars have found that TUT positivity rates are
significantly higher in digestive tract tumors, breast tumors,
urological tumors, and lung cancer, demonstrating good
sensitivity for tumor screening [27-30]. This study found
that TUT positivity rates were markedly higher in HBV-
related HCC compared to benign lesion and healthy
control groups, while there was no difference in positivity
rates among non-tumor patients. Single-test sensitivity for
HCC diagnosis was highest with TUT at 82.00%, though
its specificity was relatively low. However, when
combined with other indicators, sensitivity for diagnosing
HCC significantly increased without a substantial decrease
in specificity, thereby reducing missed diagnoses and
improving diagnostic accuracy.

In summary, AFP demonstrated the highest specificity
when tested individually, while TUT showed the highest
sensitivity. AUC values for AFP combined with other tests
were higher than those for individual tests, with the
combination of AFP, PIVKA-II, FIB-4, and TUT yielding
the highest AUC of 0.935. This combination exhibited
good sensitivity and specificity, underscoring its practical
value in HCC diagnosis and providing guidance for early
clinical diagnosis. This study has limitations, including its
single-center origin, small sample size, focus primarily on
HBV-related HCC, lack of tumor staging, absence of long-
term follow-up and outcomes assessment in cirrhotic
patients, and absence of dynamic monitoring of indicators.
Future research should expand the sample size and monitor
changes in various indicators across different tumor stages
and fibrosis stages in non-HCC patients to
comprehensively evaluate their value in early HCC
detection and prognosis.
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TG 242 L (P>0.05) , ROC Hi k70 s IfiLiE AFP PIVKA-TI \FIB-4 TUT BIG 40 A9 AUC 435124 0.812
0.827.0.722.0.761, i3 AFP PIVKA-TI .FIB-4 i2Wr HCC A4 f 4 8 W {8 43 591~ 21.1 ng/ml 41.32 mAU/mL
3.27, FRIGURIN TUT (4 R4 5055 (82.00% ) , AFP [R5 B 1555 (95.00% ) o k-G R A I AFP+PIVKA-I[+FIB-
4+TUT () AUC 55K (0.935) , RAUE 5755 (90.00% ) , L AFP+PIVKA- T +FIB-4 4% 5 i 1 25 (97.00% ) , #5118 1L
& AFP PIVKA-TI \FIB-4 J TUT 84K m] $2 5 %t HCC (2 Wi 3L Bk, 72 HCC 1) 7 10342 Wi v EL AT 3 22 14 I IR
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Diagnostic value of the combined detection of AFP and other three indexes in

hepatocellular carcinoma related to hepatitis B virus
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Abstract: Objective To explore the clinical diagnostic value of combined serum alpha-fetoprotein ( AFP ), protein
induced by vitamin K absence or antagonist- [ (PIVKA-1I ), hepatic fibrosis 4 index (FIB-4) and tyrosine urine test
(TUT) in hepatitis B virus ( HBV ) -related hepatocellular carcinoma ( HCC). Methods Fifty patients with HBV-
related HCC, 50 patients with HBV-related benign liver diseases and 50 healthy people in the First Hospital of Changsha
from January 2021 to December 2022 were selected as the study subjects. The differences of serum AFP, PIVKA-II ,
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FIB-4, and the positive rates of TUT among three groups were compared. The area under the receiver operating
characteristic curve (AUC) of individual detection and combined detection in the diagnosis of HCC were analyzed, and
the clinical application value of combined detection in the diagnosis of HBV-related HCC was evaluated. Results The
levels of serum AFP, PIVKA-II, FIB-4 and the positive rate of TUT among three groups were significantly different
(P<0.05). The levels of AFP, PIVKA-II, FIB-4 and the positive rate of TUT in the HBV-related HCC were higher
than those in the healthy control group (P<0.05). The levels of AFP, PIVKA-I and the positive rate of TUT in the
HBV-related HCC group were higher than those in the HBV-related benign liver disease group ( P<0.05), but there was
no significant difference in FIB-4 (P>0.05). The levels of PIVKA-]I and FIB-4 in HBV-related benign liver disease
group were significantly higher than those in healthy control group (P<0.05), while the levels of serum AFP and the
positive rates of TUT were not significantly different ( P>0.05). Receiver operating characteristic (ROC) curve analysis
showed that the AUC of AFP, PIVKA-]I , FIB-4 and TUT were 0.812, 0.827, 0.722 and 0.761, respectively. The best
cut-off values of serum AFP, PIVKA-]I and FIB-4 for diagnosing HCC were 21.1 ng/mL, 41.32 mAU/mL and 3.27,
respectively. In the single test for diagnosis of HBV-related HCC, the TUT had the highest sensitivity of 82.00% and the
AFP had the highest specificity of 95.00%. In the combined test for diagnosis of HBV-related HCC, the serum AFP+
PIVKA- ]I +FIB-4+TUT had the maximum AUC of 0.935 and the highest sensitivity of 90.00% , while AFP+PIVKA- ]I +
FIB-4 had the highest specificity of 97.00%. Conclusion The combined test of serum AFP, PIVKA-II, FIB-4 and
TUT can improve the diagnostic efficacy of HCC and has a significant clinical value in the early diagnosis of HBV-
related HCC.

Keywords: HBV-related hepatocellular carcinoma; Alpha-fetoprotein; Protein induced by vitamin K absence or
antagonist- I ; Hepatic fibrosis 4 index; Tyrosine urine test

Fund program: Scientific Research Program of Hunan Provincial Health Commission (202103081037) ; Construction
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1.3 TUT Al R ) e B ST 80 A M0 Rk 0F il £2
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Tab. 1 Comparison of AFP, PIVKA-II , FIB and TUT in each group
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Fig. 1 ROC curve of serum AFP, PIVKA-I ,
FIB-4 and TUT for diagnosis of HCC

&2 AFP PIVKA-II \FIB-4 TUT FAT0 &%
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Tab. 2 Diagnostic value of single and combined detection of

AFP, PIVKA-T , FIB-4 and TUT in HCC
R FeRpE

e b e oswer S g P{H
AFP 0.812 0.724~0.901 68.00 95.00 <0.001
PIVKA- I 0.827 0.748~0.905 72.00 87.00 <0.001
FIB-4 0.722 0.637~0.807 66.00 74.00 <0.001
TUT 0.761 0.649~0.873 82.00 76.00 <0.001
AFP+PIVKA-TI 0.883 0.802~0.964 86.00 93.00 <0.001
AFP+FIB-4 0.832 0.746~0.918 78.00 76.00 <0.001
AFP+TUT 0.853 0.781~0.926 76.00 83.00 <0.001
AFP+PIVKA- T +FIB-4 0.910 0.851~0.969 80.00 97.00 <0.001
AFP+PIVKA- T +TUT 0.916 0.859~0.974 82.00 93.00 <0.001
AFP+FIB-4+TUT 0.879 0.795~0.963 84.00 89.00 <0.001

AFP+PIVKA- I +FIB-4+TUT 0.935 0.875~0.995 90.00 90.00 <0.001

1.0
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Fig. 2 ROC curve of combined detection of AFP,
PIVKA-II', FIB-4 and TUT for diagnosing HCC
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