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Abstract

Objectives: To develop a novel diagnostic model combining
bilirubin, protein induced by vitamin K absence or
antagonist-II (PIVKA-II), and alpha-fetoprotein (AFP) to
improve hepatocellular carcinoma (HCC) diagnosis.
Methods: The serum levels of PIVKA-II, AFP, and bilirubin
in 718 HCC patients and 2,763 benign liver disease (BLD)
patients were measured. A mathematical model was used as
the combined diagnostic model (PIVKA-II, AFP, and bili-
rubin: PAB combination) for improving HCC diagnosis.
Receiver operating characteristic (ROC) curves were used to
analyse the diagnostic value of the individual markers, the
PIVKA-II and AFP (PA) combination, and the PAB combina-
tion for HCC diagnosis.
Results: With the increase in bilirubin, the positive pre-
dictive value (PPV) of bilirubin in HCC diagnosis decreased
(p<0.001) while the negative predictive value (NPV)
increased (p<0.001). The areas under the ROC curves (AUCs)
of the PAB combination were 0.935 and 0.862 for the diag-
nosis of HCC and HCC<3.0 cm, respectively, which were
significantly higher than those of PIVKA-II, AFP, and the PA

combination (p<0.001). The AUC values for PIVKA-II, AFP,
and the PA combination were significantly decreased for the
diagnosis of HCC and HCC<3.0 cm when serum levels of
PIVKA-II≥40 mAU/mL and/or AFP≥20 ng/mL were used for
diagnosis, while the AUC value of the PAB combination
increased.
Conclusions: Bilirubin is a superior biomarker for diag-
nosing HCC and distinguishing HCC from BLD. The combi-
nation of bilirubin with PIVKA-II and AFP has superior
diagnostic value for HCC and early-stage HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the third-most common
cause of cancer-related death, and the number of deaths due
to HCC is approximately 700,000 every year globally. In
China, HCC is the fourth-most common cancer and the third-
most common cause of cancer death [1, 2]. Of new HCC cases
worldwide, 50 % occur in China annually [3]. Chronic hep-
atitis B (CHB) is associatedwith an increased risk of HCC, and
more than 50 % of global HCC cases and 60–80 % of HCC
cases in Asia and Africa are related to CHB infection [4, 5].

The 5-year survival rate of patients with HCC is closely
related to the stage at which HCC is diagnosed, with the rate
exceeding 70 % for early-stage HCC and a rate lower than
10 % for advanced-stage HCC, and the median survival time
is only 1–2 years [6–8]. Because of the difficulties in diag-
nosing early-stage HCC, most cases are diagnosed at an
advanced stage, which is the main reason for the poor
prognosis of patients with HCC [9, 10].

Alpha-fetoprotein (AFP) and protein induced by a
vitamin K absence or antagonist-II (PIVKA-II) are widely
used in HCC diagnosis [11–13]. These markers have been
included in the guidelines for HCC diagnosis issued by many
national hepatology societies [14–16]. However, in clinical
application, approximately 50 %ofHCC cases and 60–80 %of
early-stage HCC cases do not express AFP, which is the main
reason for the poor sensitivity of AFP in diagnosing HCC
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overall as well as diagnosing early-stage HCC [17, 18].
Moreover, AFP is also expressed in cases involving benign
liver diseases (BLDs), such as cirrhosis and chronic hepatitis
B (CHB) and C (CHC), which complicates the differential
diagnosis of HCC vs. BLD [19, 20]. As a newly discovered
tumour marker in HCC diagnosis, PIVKA-II has a higher
diagnostic value than AFP, with a sensitivity for CHB-related
early-stage HCC that exceeds 50 % and a specificity of
approximately 90 % [21]. Li et al. analysed the data from 49
articles, including 14,118 cases of HCC and 1,544 cases of early
HCC. They demonstrated that the sensitivity levels for AFP
and PIVKA-II were only 59 and 63 %, respectively. The
specificity percentages were only 86 and 91 % for HCC
diagnosis, while the sensitivities were only 48 and 45 %, and
the specificities were only 89 and 95 %, respectively, for
early-stage HCC diagnosis [22].

Bilirubin is the final decomposition product of haemo-
globin, a diagnosticmarker of liver disease and haematological
disease. Because of its antioxidant effect, bilirubin is widely
believed to be a protective factor for inflammation, diabetes,
cardiovascular disease, metabolic syndrome, and chronic liver
disease.Mildunconjugatedhyperbilirubinemiamayplaya role
in preventing cardiovascular diseases and cancer [23–25].
Several studies have shown that the serum level of bilirubin in
HCC patients is far lower than that in BLD patients [19, 26].

Accordingly, we hypothesized that bilirubin could be
used as a biomarker in the differential diagnosis of HCC from
BLD. We investigated whether a mathematical model
incorporating PIVKA-II, AFP, and bilirubin could improve
the efficiency of HCC diagnosis, especially early-stage HCC
diagnosis, and the differential diagnosis of HCC from BLD.

Materials and methods

Study setting and patients

A total of 3,481 patients, including 718 HCC patients and 2,763 BLD pa-
tients, were retrospectively enrolled at the Affiliated Hospital of
Northern Sichuan Medical College from May 2016 to November 2020.
The diagnostic criteria for HCC followed the guidelines for the diagnosis
and treatment of primary HCC issued by the Chinese Society of Clinical
Oncology (2018. V1) [14]. The 2,763 BLD patients who were enrolled
included 986 patients with CHB, three patients with CHC, 541 patients
with hepatitis B or C-related cirrhosis, 16 patients with alcoholic hepa-
titis, 90 patients with alcoholic cirrhosis, 80 patients with drug-induced
hepatitis, 43 patients with drug-induced cirrhosis, 245 patients with
calculous cholangitis, 411 patients with calculous cholecystitis, 39 pa-
tients with gallbladder polyps, six patients with liver tuberculosis, 67
patients with a liver cyst, 38 patients with liver abscesses, two patients
with liver leiomyosarcoma, 135 patients with liver haemangioma, 14
patients with fatty liver, 34 patients with primary biliary cirrhosis, eight
patients with autoimmune hepatitis and five patients with primary
biliary cholangitis. All the BLD patients were followed up for at least six

months, and none developed HCC during the follow-up period. Before
their blood samples were collected, none of the HCC or BLD patients
received any clinical treatment related to HCC and BLD.

Detecting serum levels of PIVKA-II, AFP, and bilirubin

Serum levels of PIVKA-II were detected by chemiluminescent micro-
particle immunoassay (Architect i1000, Abbott Laboratories, Chicago,
IL, USA), and serum levels of AFP were detected by electro-
chemiluminescence immunoassay (Cobas E602, Roche, Inc., Mannheim,
Germany). Serum levels of bilirubin were detected by biochemical rate
assay (AU5800, Beckman Coulter, Inc., Brea, CA, USA).

Data processing mode for the combined application of
PIVKA-II and AFP

The cut-off value for PIVKA-II and AFP in diagnosing HCC was deter-
mined using receiver operating characteristic (ROC) curves. The multi-
ple serum levels of PIVKA-II and AFP relative to their corresponding cut-
off value were expressed by Mcut-off. This study evaluated the perfor-
mance of PIVKA-II combinedwithAFP (PA combination) in the diagnosis
of HCC by analysing the Mcut-off sums of PIVKA-II and AFP [27, 28].

Statistical analysis

Data are expressed as the median (interquartile range) or the number
(%). The mathematical model of PIVKA-II2 × AFP/Bilirubin3 was used as
the combined diagnostic model, incorporating PIVKA-II, AFP, and bili-
rubin (PAB combination) in the diagnosis of HCC, and the method for
establishing mathematical model was based on the fact that the serum
levels of PIVKA-IIandAFP inHCC patientswere higher than those of BLD
patients, while the serum levels of bilirubin were lower than those of
BLD patients. Pearson’s chi-square test was used to compare the
enumeration data between two or multiple groups. The Mann–Whitney
U test was used to compare measurement data between the two groups.
Pearson’s correlation analysis was used for two-factor correlation
analysis. ROC curves were used to determine the cut-off values, the area
under the ROC curves (AUCS), sensitivity, and specificity of different
diagnostic models in the diagnosis of HCC. Statistical analyses were
performed using SPSS version 19.0 (IBMSPSS Inc., Armonk,NY, USA) and
MedCalc version 12.3 (MedCalc Software bvba, Ostend, Belgium). The
statistical significance of all the testswas defined as p<0.05 based on two-
tailed tests.

Results

Patient characteristics

The HCC and BLD patients were predominantly middle-aged
or older andmale. Themedian age of theHCCpatientswas 58
(49–67) years old, whichwas significantly higher than that of
the BLD patients (52 [44–62] years old) (p<0.001). The serum
levels of PIVKA-II, AFP, and the PAB combination in HCC
patients were higher than those in BLD patients (p<0.001),
while the serum levels of bilirubin in HCC patients were
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lower than those in BLD patients (p<0.001). The proportion of
HCC patients with serum levels of PIVKA-II≥40mAU/mL
and/or AFP≥20 ng/mL was higher than that in BLD patients

(p<0.001). The serum levels of PIVKA-II, AFP, and PAB in
combination were positively correlated with tumour size
(r=0.456, 0.315, and 0.150; p<0.001) (Figure 1). The correlation

Figure 1: Correlations of serum levels of PIVKA-II (A), AFP
(B), and the PAB combination (C) with tumour size in HCC
patients.
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between the PAB combination and tumour size was signifi-
cantly weaker than that of PIVKA-II and AFP (p<0.001). The
clinical characteristics of the 3,481 patients are shown in
Table 1.

Expression of bilirubin in HCC and BLD
patients

Table 2 shows the proportion of cases with serum levels
of bilirubin≥20.0 μmol/L, ≥50.0 μmol/L, ≥100.0 μmol/L,
and ≥200.0 μmol/L in the BLD and HCC groups and the corre-
sponding positive predictive value (PPV) and negative predic-
tive value (NPV). The proportions of cases with these different
serumbilirubin levelswerehigher in theBLDgroup than in the
HCC group (all p<0.05). The proportions of cases in the BLD
group with these different serum bilirubin levels who also had
serum levels of PIVKA-II≥40mAU/mL and/or AFP≥20 ng/mL
were significantly higher than those in the total BLD group for
the corresponding serum bilirubin levels (all p<0.001). The
proportions of cases in the HCC group with serum bilirubin
levels of ≥20.0 μmol/L, ≥100.0 μmol/L, and ≥200.0 μmol/L
who also had serum levels of PIVKA-II≥40mAU/mL and/or
AFP≥20 ng/mL were not significantly different from that of
the total HCC group for the corresponding serum bilirubin
levels (all p>0.05). However, the proportion of HCC cases with
serum bilirubin levels of ≥50.00 μmol/L who also had serum
PIVKA-II≥40mAU/mL and/or AFP≥20 ng/mL was different
from that in the total HCC group for this serum bilirubin level
(p=0.004). The proportions of BLD and HCC cases decreased
with increasing serum bilirubin levels (p<0.001). As the serum
bilirubin levels increased, the negative predictive value grad-
ually increased, while the positive predictive value gradually
decreased (both p<0.001).

Serum levels of PIVKA-II and AFP correlated positively
with serum levels of bilirubin in BLD patients (r=0.107,
p<0.001; r=0.167, p<0.001); their correlation coefficients were
slightly higher than those in HCC patients (r=0.084, p=0.025;
r=0.120, p=0.001) (Figure 2), although these differences were
not statistically significant (p>0.05)

Performance of the PAB combination in
diagnosing HCC

When using BLD cases as the control group, the AUC of the
PA combination for diagnosing HCC was 0.883 (95 % CI:
0.867–0.899), whichwas significantly higher than that of AFP
(0.815: 0.795–0.834) (p<0.001) but not significantly different
from that of PIVKA-II (0.883 vs. 0.884) (p=0.934) (Figure 3A).

Table : Clinical characteristics of the , patients.

Characteristics HCC (n=) BLD (n=,) p-Value

Age, years  (–)  (–) <.
Sex (male:female) : ,:, <.
PIVKA-II, mAU/mL ,. (.–.) . (.–.) <.
AFP, ng/mL . (.–,.) . (.–.) <.
Bilirubin, μmol/L . (.–.) . (.–.) <.
PAB combination (log) . (.–.) ‒. (−. to −.) <.
PIVKA-II≥mAU/mL and/or AFP≥ ng/mL, n (%)  (.%)  (.%) <.
Tumour size, cm . (.–.) NA NA
HCC< cm, n (%)  (.%) NA NA

Data are expressed asmedian (interquartile range) or number (%); NA, not applicable; PIVKA-II, protein induced by vitamin K absence or antagonist-II; AFP,
alpha-fetoprotein; PAB combination, PIVKA-II, and AFP combined with bilirubin; HCC, hepatocellular carcinoma; BLD, benign liver disease.

Table : Expression characteristics of bilirubin in HCC and BLD patients.

Bilirubin HCC, n (%) BLD, n (%) PPV, % NPV, %

All cases

≥. μmol/L  (.%) , (.%) . .
≥. μmol/L  (.%)  (.%) . .
≥. μmol/L  (.%)  (.%) . .
≥. μmol/L  (.%)  (.%) . .

Cases with PIVKA-II≥mAU/mL and/or AFP≥ ng/mL

≥. μmol/L  (.%)  (.%) . .
≥. μmol/L  (.%)  (.%) . .
≥. μmol/L  (.%)  (.%) . .
≥. μmol/L  (.%)  (.%) . .

Data are expressed as numbers (%). PIVKA-II, protein induced by vitamin K
absence or antagonist-II; AFP, alpha-fetoprotein; HCC, hepatocellular
carcinoma; BLD, benign liver disease; PPV, positive predictive value; NPV,
negative predictive value.
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When using the PAB combination in the diagnosis of HCC,
the AUC increased to 0.935 (95 % CI: 0.923–0.947) (Figure 3A),
which was significantly higher than that of the PA combi-
nation (p<0.001). The sensitivity, specificity, PPV, and NPV of
the PAB combination for HCC diagnosis were 82.45 , 95.77,
83.51, and 95.45 %, respectively, which were better than
those of the PIVKA-II, AFP, and PA combination (Table 3).

There were 906 cases of BLD and 646 cases of HCC with
serum levels of PIVKA-II≥40mAU/mL and/or AFP≥20 ng/mL.
BLDcaseswith serumPIVKA-II≥40mAU/mLand/orAFP≥20 ng/
mL as the control group, the AUCs of PIVKA-II, AFP, and PA
combination in diagnosing HCCwith serum PIVKA-II≥40mAU/
mL and/or AFP≥20 ng/mL were 0.870 (95% CI: 0.851–0.888),
0.738 (95% CI: 0.712–0.764), and 0.879 (95% CI: 0.861–0.897)
(Figure 3B), which were slightly decreased compared to the
HCCvalues. TheAUCof thePABcombination in thediagnosis of
HCC with serum levels of PIVKA-II≥40mAU/mL and/or
AFP≥20 ng/mL was further increased to 0.965 (95% CI: 0.956–
0.973) (Figure 3B), which was significantly higher than that of
the PA combination (p<0.001). The sensitivity, specificity, PPV,
and NPV of the PAB combination for diagnosing HCC with
serumPIVKA-II≥40mAU/mLand/orAFP≥20 ng/mLwere 86.38 ,
94.92, 92.38, and 90.72%, respectively, which were better than
those of PIVKA-II alone, AFP alone, and the PA combination
(Table 3).

Figure 2: Correlations of serum levels of
PIVKA-II (A) and AFP (B) with bilirubin in HCC
and BLD patients.

Figure 3: ROC curves of PIVKA-II, AFP, the PA
combination, and the PAB combination in HCC
patients (A) and HCC patients with serum
PIVKA-II≥40 mAU/mL and/or AFP≥20 ng/mL
(B).

Table : Performance value of different diagnostic models in diagnosing
HCC.

Parameter PIVKA‒II,
mAU/mL

AFP, ng/mL PA
combination

PAB
combination

HCC

Cut-off . . . .
AUC
(% CI)

.
(.–.)

.
(.–.)

.
(.–.)

.
(.–.)

Sensitivity, % . . . .
Specificity, % . . . .
PPV, % . . . .
NPV, % . . . .

HCC (PIVKA-II≥mAU/mL and/or AFP≥ ng/mL)

Cut-off . . . .
AUC
(% CI)

.
(.–.)

.
(.–.)

.
(.–.)

.
(.–.)

Sensitivity, % . . . .
Specificity, % . . . .
PPV, % . . . .
NPV, % . . . .

PIVKA-II, protein induced by vitamin K absence or antagonist-II; AFP, alpha-
fetoprotein; PA combination, PIVKA-II combined with AFP; PAB
combination, PIVKA-II, and AFP combined with bilirubin; AUC, the area
under the receiver operating characteristic curve; CI, confidence interval;
HCC, hepatocellular carcinoma; PPV, positive predictive value; NPV,
negative predictive value.
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Performance value of the PAB combination
in diagnosing HCC<3.0 cm

There were 95 cases of HCC with tumour sizes<3.0 cm
(HCC<3.0 cm). In the 2,763 BLD cases used as the control
group, the AUC of the PA combination in the diagnosis of
HCC<3.0 cm was 0.808 (95 % confidence interval (CI): 0.763–
0.853), which was slightly higher than that of PIVKA-II (0.756
[95 % CI: 0.696–0.817]) and AFP (0.749 [95 % CI: 0.697–0.801]),
but without a statistically significant difference (p=0.178 and
p=0.096) (Figure 4A). The AUC of the PAB combination for
diagnosing HCC<3.0 cm was 0.862 (95 % CI: 0.815–0.910),
which was slightly higher than that of the PA combination
but without a statistically significant difference (p=0.104)
(Figure 4A). The sensitivity, specificity, PPV, and NPV of the
PAB combination in diagnosing HCC<3.0 cm were 71.58 ,
93.45, 27.31, and 98.97 %, respectively. Except that the sensi-
tivity of the PAB combination was lower than that of the PA
combination (81.05 %), the other diagnostic performance
parameter values were better for the PAB combination than
for the PIVKA-II, AFP, and PA combination (Table 4).

There were 80 cases of HCC<3.0 cm with serum levels of
PIVKA-II≥40 mAU/mL and/or AFP≥20 ng/mL. For 906 BLD
cases with serum levels of PIVKA-II≥40mAU/mL and/or
AFP≥20 ng/mL as the control group, the AUCs of PIVKA-II,
AFP, and PA combination used in the diagnosis of
HCC<3.0 cm were 0.695 (95 % CI: 0.630–0.759), 0.636 (95 % CI:
0.570–0.703), and 0.732 (95 % CI: 0.673–0.790), respectively
(Figure 4B). The AUC of the PAB combination for diagnosing
HCC<3.0 cm with serum PIVKA-II≥40mAU/mL and/or
AFP≥20 ng/mL was 0.910 (95 % CI: 0.878–0.943), which was

higher than that of the PA combination (p<0.001) (Figure 4B).
The sensitivity, specificity, PPV, and NPV of the PAB combi-
nation used in the diagnosis of HCC<3.0 cmwith serum levels
of PIVKA-II≥40mAU/mL and/or AFP≥20 ng/mL were 86.25 ,

Figure 4: ROC curves of PIVKA-II, AFP, the PA combination, and the PAB combination in HCC<3.0 cm patients (A) and HCC<3.0 cm patients with serum
levels of PIVKA-II≥40 mAU/mL and/or AFP≥20 ng/mL (B).

Table : Performance value of different diagnostic models in diagnosing
HCC<. cm.

Parameter PIVKA‒II,
mAU/mL

AFP, ng/mL PA
combination

PAB
combination

HCC<. cm

Cut-off . . . .
AUC
(% CI)

.
(.–.)

.
(.–.)

.
(.–.)

.
(.–.)

Sensitivity, % . . . .
Specificity, % . . . .
PPV, % . . . .
NPV, % . . . .

HCC<. cm (PIVKA-II≥mAU/mL and/or AFP≥ ng/mL)

Cut-off . . . .
AUC
(% CI)

.
(.–.)

.
(.–.)

.
(.–.)

.
(.–.)

Sensitivity, % . . . .
Specificity, % . . . .
PPV, % . . . .
NPV, % . . . .

PIVKA-II, protein induced by vitamin K absence or antagonist-II; AFP, alpha-
fetoprotein; PA combination, PIVKA-II combined with AFP; PAB
combination, PIVKA-II, and AFP combined with Bilirubin; AUC, the area
under the receiver operating characteristic curve; CI, confidence interval;
HCC, hepatocellular carcinoma; PPV, positive predictive value; NPV,
negative predictive value.
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85.10, 33.82, and 98.59 %, respectively. Except that the spec-
ificity of the PAB combination was lower than that of AFP
(91.06 %), the other diagnostic performance parameter
values of the PAB combination were better than those of the
PIVKA-II, AFP, and PA combination (Table 4).

Discussion

This study established a combined mathematical diagnostic
model by incorporating the levels of PIVKA-II and AFP
combined with the bilirubin levels for HCC diagnosis. The
ROC curve analysis showed that the performance of the PAB
combination in the diagnosis of HCC and early-stage HCC
was better than that of the PIVKA-II, AFP, or PA combination,
with sensitivity exceeding 70 % and specificity exceeding
90 %, which was better than our previous research data [27].
Moreover, the performance of the PAB combination in the
diagnosis of HCC and early-stage HCC with serum levels of
PIVKA-II≥40 mAU/mL and/or AFP≥20 ng/mL was further
improved. These results indicated that bilirubin was a su-
perior biomarker for diagnosing HCC and for its differential
diagnosis from BLD. Bilirubin combined with PIVKA-II and
AFP in the diagnosis of HCC can improve the probability of
detecting HCC at an early stage and reduce the occurrence of
missed diagnosis and misdiagnosis to improve the survival
time and quality of life of HCC patients.

Bilirubin is considered a protective factor for BLD, and it
plays a role in preventing tumorigenesis [23–25]. The data in
this study showed that the serum levels of bilirubin in BLD
cases were significantly higher than those in HCC cases. The
proportion of elevated serum bilirubin in BLD cases was
significantly higher than that in HCC cases, which was
consistent with existing research reports [19, 26]. Interest-
ingly, the correlations between serum PIVKA-II, AFP, and
bilirubin in BLD cases were slightly stronger than those in
HCC cases. Additionally, among BLD and HCC patients with
serum PIVKA-II≥40mAU/mL and/or AFP≥20 ng/mL, the
proportions of BLD cases with high bilirubin were signifi-
cantly higher than those of HCC cases. It is unclear whether
this observation reflects the initial liver compensation
mechanism in BLDpatients and ahepatoprotectivemeasure,
which is worth further study. PIVKA-II and AFP are highly
expressed in some BLD cases, which is essential in the dif-
ficulty of making a differential diagnosis between HCC and
BLD [19, 20, 29]. As shown in Table 2, with the increase in
serum bilirubin levels, the PPV of bilirubin in diagnosing
HCC decreased gradually, and the NPV increased gradually,
indicating that bilirubin can be used as a biomarker in the
differential diagnosis of HCC from BLD; a higher serum

bilirubin level indicates a lower probability of HCC and a
higher probability of BLD. However, because of the poor
performance of bilirubin in diagnosing HCC, and based on
the characteristics of the difference in bilirubin serum levels
between BLD patients and HCC patients, we established a
mathematical model in which bilirubin is combined with
PIVKA-II and AFP for HCC diagnosis and differential diag-
nosis of HCC from BLD. The sensitivity and specificity of the
PAB combination in diagnosing HCC and HCC<3.0 cm were
significantly improved, indicating that the PAB combination
could facilitate HCC diagnosis and the differential diagnosis
of HCC from BLD. As shown in Figure 1, the correlation be-
tween the PAB combination and the tumour size was
markedly weaker than that of PIVKA-II and AFP, indicating
that the PAB combination was more suitable than PIVKA-II
and AFP in diagnosing early-stage HCC.

PIVKA-II≥40mAU/mL and AFP≥20 ng/mL are often used
as cut-off values in HCC diagnosis [30–32]. Generally, before
the appearance of clinical symptoms, abnormal PIVKA-II or
AFP levels should attract the attention of clinicians and pa-
tients. Moreover, HCC and HCC<3 cm cases with PIVKA-II
and/or AFP levels account for more than 80 % of all HCC and
of all HCC<3.0 cm cases, respectively. Therefore, we evalu-
ated the performance of the PAB combination in diagnosing
HCC and HCC<3.0 cm cases in those with serum
PIVKA-II≥40 mAU/mL and/or AFP≥20 ng/mL. In these HCC
and HCC<3.0 cm cases, the performance parameter values of
the PIVKA-II, AFP, and PA combination decreased, while the
corresponding values of the PAB combination improved. The
results indicated that PIVKA-II, AFP, and PA combinations
were less effective in differentiating between BLD and HCC,
particularly early-stage HCC, in which the serum levels of
PIVKA-II and AFP are far lower than those in the middle and
late stages of HCC [27], which complicates the differential
diagnosis. The PAB combination will thus be more suitable
for diagnosing HCCwith abnormal PIVKA-II and AFP results.

Undeniably, this study had some limitations. The PPV of
the PAB combination for diagnosing HCC<3.0 cm was only
approximately 30 %, which may be related to the small
number of HCC<3.0 cm cases (accounting for only 13.23 % of
all HCC cases from the same period).

Conclusions

We derived a model in which HCC can be diagnosed earlier
and distinguished from BLD. Follow-up monitoring of
PIVKA-II, AFP, and bilirubin should be strengthened in high-
risk populations, such as patients with CHB infection or liver
cirrhosis, to improve the diagnosis and treatment of HCC at
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an earlier stage and thereby improve the survival rate,
prognosis, and quality of life of HCC patients. Meanwhile, as
a superior biomarker for diagnosing HCC and distinguishing
HCC from BLD, the level of bilirubin should be observed
when abnormal AFP and/or PIVKA-II were found, and the
higher level of bilirubin indicated the higher possibility of
BLD, and the lower level of bilirubin indicated the higher
possibility of HCC.
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