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Abstract

Objective This study aims to describe the diagnostic performance of alpha-fetoprotein (AFP), alpha-fetoprotein
L3 isoform (AFP-L3), protein induced by vitamin K absence Il (PIVKA-II), and combined biomarkers for non-B non-C
hepatocellular carcinoma (NBNC-HCQ).

Results A total of 681 newly-diagnosed primary liver disease subjects (385 non-HCC, 296 HCC) who tested negativity
for the hepatitis B surface antigen (HBsAg) and hepatitis C antibody (anti-HCV) enrolled in this study. At the cut-off
point of 3.8 ng/mL, AFP helps to discriminate HCC from non-HCC with an area under the curve (AUC) value of 0.817
(95% confidence interval [Cl]: 0.785-0.849). These values of AFP-L3 (cut-off 0.9%) and PIVKA-II (cut-off 57.7 mAU/

mL) were 0.758 (95%Cl: 0.725-0.791) and 0.866 (95%Cl: 0.836-0.896), respectively. The Bayesian Model Averaging
(BMA) statistic identified the optimal model, including patients'age, aspartate aminotransferase, AFP, and PIVKA-II
combination, which helps to classify HCC with better performance (AUC=0.896, 95%Cl: 0.872-0.920, P<0.001).

The sensitivity and specificity of the optimal model reached 81.1% (95%Cl: 76.1-85.4) and 83.2% (95%Cl: 78.9-86.9),
respectively. Further analyses indicated that AFP and PIVKA-II markers and combined models have good-to-excellent
performance detecting curative resected HCC, separating HCC from chronic hepatitis, dysplastic, and hyperplasia
nodules.
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Introduction

HCC is the third leading cause of cancer-related death
worldwide, which is related most to viral hepatitis B
and C infections (80-90%) [1, 2]. Other factors associ-
ated with HCC development are alcohol consumption,
aflatoxin B1, non-alcoholic fatty liver disease (NAFLD),
non-alcoholic steatohepatitis (NASH), type 2 diabetes,
obesity, and smoking [1, 3]. For the treatment benefit
in the early stage, repeated screening of HCC is rec-
ommended in all at-risk patients, especially those with
hepatitis virus infections and liver cirrhosis [3]. The path-
ological assessment is the current gold-standard method
that requests tumors from biopsy or surgical procedures.
Besides, diagnostic imaging tools such as ultrasonogra-
phy, computed tomography, and magnetic resonance are
used widely in HCC surveillance. Limitations of these
techniques are that equipment quality and operators’
experience can affect diagnostic results.

Some biomarkers are used frequently in HCC screen-
ing, including HBsAg, hepatitis B core antibody, anti-
HCV, albumin, bilirubin, prothrombin, complete blood
count, AFP, and PIVKA-II [3-5]. Numerous studies have
shown that AFP and PIVKA-II serum proteins are accu-
rate biomarkers for HCC surveillance [4-6]. However,
this referred information is for the mixed etiology or viral
hepatitis. A few studies assessed the diagnostic role of
these markers in those without hepatitis B and C viruses
(non-B non-C HCC, NBNC-HCC) [7-12], which tends
to rise in current years [13, 14]. We aim to clarify the role
of AFP, AFP-L3, PIVKA-II, and other markers in the sur-
veillance of NBNC-HCC by real-world data.
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Materials and methods

Study cohort and biomarker measurement

In total, 681 consecutively newly diagnosed patients
(from May 2015 to Dec-2022) enrolled in this study
(Fig. 1). The inclusion criteria were: primary liver diseases
confirmed by histopathological assessment; HBsAg- and
anti-HCV-; and availability of laboratory data within one
week before performing biopsy or surgery, including AFP,
AFP-1L3, PIVKA-II, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), albumin, bilirubin, gly-
cemia, blood nitrogen urea (BUN), creatinine, activated
partial thromboplastin time (APTT), fibrinogen, pro-
thrombin time (PT), and cell blood count parameters.
Among 681 subjects, 385 cases were classified as non-
HCC, including chronic hepatitis, liver cirrhosis, simple
hepatic cyst, hyperplasia nodule, low-high grade dysplas-
tic nodule, intrahepatic stones, necrosis, and normal-
ity results. Two hundred and ninety-six remaining cases
were confirmed with HCC. Details of the study cohort
were presented in the Additional file 1: Table S1. This
study was performed in accordance with the Declaration
of Helsinki and was reviewed and approved by the Eth-
ics Committees of Cho Ray Hospital (approval number:
1496-GCN-HDDD). The written informed consent was
waived due to the retrospective study.

The AFP, AFP-L3, and PIVKA-II concentrations were
measured by the pTASWako platform (FUJIFILM Wako
GmbH, Neuss, Germany) or the ARCHITECT i2000SR
(Abbott Laboratories, Illinois, USA). The biochemical
tests, blood cell count, and coagulation parameters were
done with the ARCHITECT ¢16000, Alinity-HQ (Abbott
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Laboratories, Illinois, USA), and STA R Max (Stago, Inc.,
NJ, USA), respectively.

Statistical analysis

We used the Wilcoxon rank-sum test to compare the
median value of each marker between groups. The
receiver operating characteristic curve was constructed
and defined the optimal cut-off point, then calculated
diagnostic values (AUC value, sensitivity, and specificity)
of each marker in screening HCC. Moreover, the BMA
statistic was used to select biomarkers and build an opti-
mal model for HCC diagnosis. Besides, the accuracy of
the model was appraised by the calibration test. All data
analyses were done with R statistical software v.4.2.2 (R
foundation, 1020 Vienna, Austria). P<0.05 was consid-
ered statistically significant.

Results

Patients’ characteristics

All 681 patients (235 female and 446 male) enrolled in
this study were negative with HBsAg and anti-HCV
markers. The median age of non-HCC was 57 years
which was lower than HCC (63 years, P<0.001). The
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diagnostic tests at presentation showed that fibrinogen,
glycemia, BUN, creatinine, ALT, AST, and bilirubin con-
centrations were significantly higher in HCC compared
to non-HCC (Additional file 2: Table S2 and Fig. 2). Also,
HCC patients have a higher level of AFP, AFP-L3, and
PIVKA-II concentration (P<0.001).

The diagnostic performance of markers for HCC

The diagnostic values of markers for NBNC-HCC are
shown in Additional file 3: Table S3. The analyses dem-
onstrated that a high level of AFP serum protein (=3.8
ng/mL) helps to distinguish HCC from primary liver dis-
eases with the AUC value of 0.817 (95%CI: 0.785-0.849),
68.6% sensitivity (95%ClL: 62.9-73.8), and 78.2% specific-
ity (95%CI: 73.7-82.2). These values of AFP-L3 (cut-off
0.9%) were 0.758 (95%CIL: 0.725-0.791), 61.0% (95%CL:
55.1-66.6), and 87.0% (95%CI: 83.2-90.2), respectively.
For the PIVKA-II performance (cut-off 57.7 mAU/mL),
an AUC value of 0.866 (95%CI: 0.836—-0.896), 73.9% sen-
sitivity (95%Cl: 68.4—78.8), and 88.8% specificity (95%Cl:
85.1-91.9) were observed. Moreover, the combina-
tion of AFP and PIVKA-II improved diagnostic perfor-
mance (AUC=0.887, 95%CI: 0.860—-0.914) compared to
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the single biomarker (P<0.001). Notably, We found the
highest AUC value (0.896, P<0.001) resulted from the
AFP+PIVKA-II+AST+Age combined model that was
identified by the multivariable logistic regression (Fig. 3A
and B). The sensitivity and specificity of this model
reached 81.1% (95%CI: 76.1-85.4) and 83.2% (95%ClL:
78.9-86.9), respectively. Positive and negative values are
acceptable (79.7% and 84.4%, Additional file 3: Table S3).
Calibration analysis with a small Brier score (0.126) indi-
cated that this optimal model is accurate in clinical prac-
tice (Fig. 3C).

In subgroup analyses, AFP, PIVKA-II, AFP+PIVKA-
II, and AFP+AFP-L3+PIVKA-II+ALT+Age models
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showed good capabilities in differentiating HCC from
chronic hepatitis (AUC values were 0.814, 0.869, 0.885,
and 0.922, respectively, Additional file 4: Table S4). Simi-
larly, in separating HCC from dysplastic and hyperplasia
nodules, AFP and PIVKA-II models served with AUC
values above 0.81 (Additional file 5: Table S5). Further-
more, We investigated marker capacity for those under-
going tumor resection and noted an extremely high
performance of PIVKA-II (AUC=0.930), AFP+PIVKA-
II (AUC=0.936), and AFP+PIVKA-II+AST models
(AUC=0.966, P=0.044, Additional file 6: Table S6).
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Fig. 3 Selection of diagnostic tests by the BMA statistic (A), the performance of optimal model versus individual markers (B), and calibration analysis (C)
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Discussion

NBNC-HCC is a small proportion of total HCC but has
been increasing continuously [13, 14]. Without aware-
ness of HBsAg and anti-HCV markers, HCC screening in
communities becomes difficult. It is more arduous when
most cases do not have any signs or symptoms before
detecting HCC at the advanced stages [14]. AFP, AFP-
L3, and PIVKA-II are important biomarkers (low-cost,
non-invasiveness, rapid and easy implementation, stan-
dardization, and accepted performance) that have been
globally recognized and applied for many years, but few
studies dealt with the NBNC-HCC group [7-12]. We
investigated and showed that the AFP+PIVKA-II model
combined with AST and patients’ age exhibited good
diagnostic accuracy, sensitivity, specificity, and positive
and negative predictive values in classifying NBNC-HCC
(Additional file 3: Table S3). These results are comparable
to the data of mixed etiologies and viral HCC detection
[4—6]. This model is different from the findings of Nouso
K (FIB4A model: AST+ALT +platelets+age+AFP)
[7], Best ] (GALAD model: age+gender+AFP+AFP-
L3+PIVKA-II) [9], Caviglia GP (age+gender+PIVKA-
II+glypican-3+adiponectin) [10], and Guan MC
(AFP+PIVKA-II) [11]. It is easy to see that subjects of
these studies (diabetes, NAFLD, and NASH) are different
from our populations (chronic hepatitis, simple hepatic
cyst, necrosis, hyperplasia, dysplastic nodules...), which
may lead to distinct observations. Importantly, analyses
indicated that our model is accurate clinically based on
good classification capacity, sensitivity, specificity, small
Brier score, and fitted actual values with predicted prob-
abilities (Fig. 3C). These results suggest clinicians should
request AFP and PIVKA-II parallel to routine tests (AST,
ALT, albumin, bilirubin...) and ultrasound in regular
examinations. This integration can allow us to detect
NBNC-HCC earlier, thus improving prognosis and long-
term survival for patients.

Impressively, We found that AFP and PIVKA-II mod-
els separate NBNC-HCC well from hyperplasia and
dysplastic nodules, which are pre-cancerous stages, prog-
ress to the HCC in several months to years [15, 16]. To
our knowledge, this has not been shown in any studies
before. Additionally, AFP and PIVKA-II models display
excellent performance in distinguishing resected tumor
HCC (Additional file 6: Table S6), comparable to the
observation of Li Y [8].

Conclusion

The results of this study indicated that patients’ age and
fibrinogen, glycemia, BUN, creatinine, ALT, AST, biliru-
bin, AFP, AFP-L3, and PIVKA-II serum levels are higher
in NBNC-HCC compared to the non-HCC. Besides,
the AFP+PIVKA-II model combined with patients’
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age and AST can help classify NBNC-HCC with good
performance.

Limitations

This study highlights the diagnostic power of AFP and
PIVKA-II models for NBNC-HCC by analysis of a large
cohort, however, have some limitations. Because of a ret-
rospective study, We did not collect enough data from
medical records such as imaging results, clinical stage,
and metastasis variable, which help categorize patients
and further analyses. In addition, treatment therapy with
vitamin K, which affects PIVKA-II serum concentration,
was not collected. A prospective study with adequate
clinical variables should be conducted to confirm our
findings.
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95%Cl 95% confidence interval

AFP Alpha-fetoprotein
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ALT Alanine aminotransferase
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