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ARTICLE INFO ABSTRACT

Keywords: Background: In this study, we aimed to investigate the performance of GALAD, GALAD-C, and

Hepatocellular C_ardn"ma GAAP models in Chinese population in comparison to our newly build statistical model.

gl'pha'fe_mpmtem Methods: In this study, we built the AALP model based on age, a-fetoprotein (AFP), AFP-L3, and
iagnosis

prothrombin induced by vitamin K absence-II (PIVKA II) to differentiate between patients with
HCC and patients with CLD. We then compared the serum levels of AFP-L3 and PIVKA II in pa-
tients with HCC who were defined as remission or progression and showed the prognostic value of
combined biomarkers.

Results: The AUC value of the AALP model for HCC detection was 0.939 and AALP model
exhibited a sensitivity of 81 % and a high specificity of 95 %. AALP model also exhibited good
performance in the subgroups of patients with CLD. Furthermore, we demonstrated the consis-
tency between imaging results and serum levels of AFP-L3 and PIVKA II.

Conclusions: The AALP model achieved a good diagnostic performance and a high sensitivity for
predicting HCC patients. Our research also showed that AFP-L3 and PIVKA II are complementary
to each other but irreplaceable in the clinical detection and monitoring of HCC.

Prothrombin induced by vitamin K absence-II

1. Introduction

Primary liver cancer is the fifth most common malignant tumor and the second leading cause of mortality in China [1-3]. Primary
liver cancer includes hepatocellular carcinoma (HCC), intrahepatic cholangiocarcinoma (ICC), and combined hep-
atocellular—cholangiocarcinoma. HCC accounts for 75-85 % of all liver cancer cases and ICC accounts for 10%—-20 % [4]. The number
of HCC cases and mortality will increase over the next 20 years [5]. Most patients with hepatocellular carcinoma (HCC) are diagnosed
at an advanced disease stage and the 5-year survival rate is only 12 % [6]. It would be beneficial to identify effective molecular
diagnostic markers that will allow the early detection of cancers and improve long-term survival and patient quality of life [7].

AFP is the most utilized surveillance biomarker for screening HCC. However, the sensitivity and specificity values of AFP for HCC
are only 41%-65 % and 76%-94 %, respectively [8]. AFP levels are not significantly increased in nearly 40 % of patients with HCC,

* Corresponding author. Zhong Yuan Academy of Biological Medicine, Liaocheng People’s Hospital, Liaocheng, 252000, PR China.
** Corresponding author. Department of Hepatobiliary Surgery, Liaocheng People’s Hospital, Liaocheng, 252000, PR China.
E-mail addresses: 1zh8623@163.com (Z. Liu), yangdawei775@163.com (D. Yang).

https://doi.org/10.1016/j.heliyon.2023.e21906
Received 4 August 2023; Received in revised form 31 October 2023; Accepted 31 October 2023

Available online 1 November 2023
2405-8440/© 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:lzh8623@163.com
mailto:yangdawei775@163.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e21906
https://doi.org/10.1016/j.heliyon.2023.e21906
https://doi.org/10.1016/j.heliyon.2023.e21906
http://creativecommons.org/licenses/by-nc-nd/4.0/

T. Ren et al. Heliyon 9 (2023) 21906

whereas AFP levels are increased in patients with CLD [9,10]. Owing to the limited performance of AFP for the diagnosis of HCC in
patients with CLD, AFP, and AFP-L3 combined with prothrombin induced by vitamin K absence-II (PIVKA II) were suggested to in-
crease their diagnostic value for differentiating between patients with HCC patients and patients with CLD [11].

AFP-L3 is a glycol-forms of AFP. The other two glycol-forms are AFP-L1 and AFP-L2 [12]. AFP-L3 is more specific for HCC, whereas
AFP-L1 is correlated with hepatic inflammation and AFP-L2 is correlated with pregnancy [13]. AFP-L3 is calculated as the fraction of
AFP-L3 to total AFP and is usually used as an HCC diagnostic biomarker [14]. Protein induced by the absence of vitamin K or
antagonist-1I (PIVKA II), also known as des-gamma-carboxy prothrombin (DCP), is undetectable in healthy patients and is used as a
biomarker for diagnosing HCC [15]. PIVKA II is recommended as a surveillance biomarker by the Europe Association for the Study of
Liver and the American Association for the Study of liver [16]. However, previous research has shown that PIVKA-II combined with
AFP increased diagnostic accuracy in HCC patients with HCV [17]. To clarify whether combined three biomarker could increase
diagnostic accuracy in HCC patients, we investigated the association of combined biomarkers with diagnostic accuracy. To go a step
further, we continued to consider increasing diagnostic accuracy by designing diagnostic models based on Chinese patients. Johnson
et al. developed the GALAD model which is based on gender, age, and three biomarkers AFP, AFP-L3, and PIVKA II. The performance of
the GALAD model has been validated in Germany and Japan but has not been evaluated in the Chinese population. Liu et al. developed
GALAD-C and GAAP models based on Chinese patients. They showed that GALAD-C is superior to GALAD and GAAP models in Chinese
patients. However, the effectiveness of this scoring model should be further verified in different clinical cohorts. We aimed to construct
a new model based on the Chinese population. We aimed to evaluate the prognostic value of AFP, AFP-L3, and PIVKA II for the
diagnosis of HCC and compare the performance of GALAD, GALAD-C, and GAAP models with our new model. In addition, we aimed to
compare the consistency between serum levels of AFP-L3 and PIVKA II and imaging results included magnetic resonance imaging
(MRI), computed tomography (CT), and angiography.

2. Materials and methods
2.1. Study design and sample collections

Between 2018 and 2022, we enrolled 1241 patients from the Liaocheng People’s Hospital. The patients were primarily diagnosed
with HCC or had chronic disease (CLD), cirrhosis, or chronic hepatitis. There were a total of 395 patients with HCC and 846 with CLD.
The CLD patients were assigned to 3 subgroups in accordance with their clinical diagnosis—hepatitis carrier (HC) group, chronic
hepatitis B (CHB) group, and liver cirrhosis (LC) group. The HC, CHB, and LC groups included 217, 206, and 423 patients, respectively.
All subjects were informed about the procedures, purpose, and study course, and every participant provided his or her signed written
consent. The research protocol was approved by the Ethics Committee of the Liaocheng People’s Hospital (201803007). This study was
conducted in compliance with the principles of the Declaration of Helsinki and its subsequent amendments.

2.2. Inclusion criteria

The diagnostic standards for HCC issued by the National Health Commission of the People’s Republic of China were as follows: A)
contrast-enhanced ultrasound, computed tomography (CT) or magnetic resonance imaging (MRI) results indicating typical imaging
lesions of HCC, and the lesion site had typical blood flow changes or B) suspected small nodules found using contrast-enhanced ul-
trasound, CT, or MRI were confirmed by positron emission tomography examination; C) pathological examination results were
consistent with the histopathological diagnosis of HCC. The diagnostic criteria for chronic liver diseases (hepatitis or CH) were as
follows: (1) histopathological diagnosis or (2) in the absence of a histological diagnosis, ultrasound, CT, or MRI imaging results
indicated splenomegaly without liver space-occupying lesions. The diagnostic criteria for cirrhosis were as follows: (1) the determi-
nation of liver fibrosis status was carried out utilizing Metavir scoring system. (2) in the case of non-cirrhotic portal hypertension,
endoscopy revealed varices in the esophagogastric or digestive tract that were not in the usual location (3) the characteristics of liver
cirrhosis or portal hypertension were evident in B-ultrasound or CT and other imaging examination such as the presence of an irregular
liver outline, abnormal proportion of liver lobes, or uneven liver density. Indirect indications of liver cirrhosis encompass esophageal
and gastric varices, ascites, and splenomegaly. (4) in patients lacking histological, endoscopic or imaging examinations, the presence of
following abnormalities indicates liver cirrhosis, as suggest by 2 out of 4 following items): 1) platelet count (PLT) < 100 x 10°/L, with
no other evident cause; 2) serum albumin <35 g/L, excluding malnutrition or kidney disease as underlying causes; 3) international
normalized ratio (INR) > 1.3 or prolonged prothrombin time (PT) (after discontinuation of thrombolysis or anticoagulants for more
than 7 days). 4) AST/PLT ratio index (APRI): adult APRI score >2.

2.3. Exclusion criteria

The patients with the following diseases were excluded: (1) autoimmune liver disease; (2) ICC; (3) drug-induced hepatitis; (4)
warfarin or vitamin K treatment; (5) metabolic liver disease; (6) schistosomiasis.

2.4. AFP, AFP-L3, and PIVKA II tests

Blood samples were collected in coagulation tubes and the plasma was separated via centrifugation at 3000 rpm for 10 min. The
plasma was then used for further analyses. The biomarkers were measured using the pTASWako i30 automatic immunofluorescence
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analyzer (FUJIFILM Wako Pure Chemical Corporation, Japanese). The reagent was sourced from the yTASWako i30 Medical Company.
The minimum quantitative limit of AFP was 0.5 ng/mL, while that of AFP-L3% was 0.5 %. The minimum quantitative limit of PIVKA II
was 5 mAU/mL. In the logistic regression analysis, 0.5 % represented AFP-L3 <0.5 %, 99.5 % represented AFP-L3% >99.5 %, and 5 %
represented PIVKA II < 5 mAU/mL.

2.5. Statistical analysis

SPSS version 24.0 software, GraphPad Prism version 5.0, and MedCalc statistical software were employed to perform the analyses.
p < 0.05 and < 0.01 were considered to indicate statistical significance. Correlations between HCC and sex were calculated by the Chi-
square test. Correlations between HCC and age, TB, AST, ALP, and GGT were analyzed by Mann-Whitney U test. p < 0.05 and <0.01
were considered to indicate statistical significance. The feasibility of using AFP/AFP-L3/PIVKA II as a potential biomarker for dis-
tinguishing patients with HCC from CLD was assessed through receiver operating characteristic (ROC) curve analysis. The ROC curve
analysis was performed by calculating the maximal area under the curve (AUC). Logistic regression analyses adjusted for age, AFP,
AFP-L3, PIVKAII, ALP, AST, GGT, and TB was applied to determine the significant independent predictors of HCC. MedCalc software
was used to analyze the diagnostic performance of the respective tests between each diagnostic model.

3. Results
3.1. The demographic and clinical characteristics of patients

In this study, 1241 patients (395 patients with HCC and 846 with CLD) were enrolled and analyzed. The clinical characteristics of
the patients are shown in Table 1. The inclusion and exclusion criteria of patients are described in the Materials and Methods section.
We found statistically significant differences between HCC and non-HCC groups in the clinical parameters and the patients with HCC
exhibited a higher level of AFP (p < 0.001), AFP-L3 (p < 0.001), PIVKAII (p < 0.001), TB (p < 0.001), DB, ALP, GGT, ALT (p < 0.001),
and AST (p < 0.001) (Table 1).

3.2. Serum levels of AFP, AFP-L3, and PIVKA II in patients with CLD and HCC

To investigate the diagnosis value of AFP, AFP-L3, and PIVKA II in HCC, we compared the serum levels of AFP, AFP-L3, and PIVKA
IT in the HCC group and CLD group. The median levels of AFP, AFP-L3, and PIVKA II in the HCC group were significantly higher than
those in the CLD group (Fig. 1A-C). Subsequently, the CLD group was divided into the following three groups according to the clinical
diagnosis: hepatitis carrier (HC) group, chronic hepatitis B (CHB) group, and liver cirrhosis (LC) group. HC, CHB, and LC groups
contained 217, 206, and 423 patients, respectively. We compared the serum levels of AFP, AFP-L3, and PIVKA II in these three
subgroups. We found that the serum levels of AFP, AFP-L3, and PIVKA II were significantly different in these three subgroups. The
serum levels of AFP, AFP-L3, and PIVKA II in the CHB group were significantly higher than those in the HC group (p < 0.01)
(Fig. 2A-Q). In the LC group, the serum levels of AFP and AFP-L3 were significantly higher than those in the CHB group (p < 0.01)

Table 1

Clinical characteristics of the patients included in the study.
Variables All patients (N = 1241) p-value*

HCC (N = 395) CLD (N = 846)

Age year 59 £ 0.6 51+04 <0.001
Gender male % (N) 1 81.0(320) 74.3 %(629) 0.01
ALT U/L 85.9 + 8.5 45.0 + 3.4 <0.001
AST U/L 110.9 £ 9.0 42.0 £ 3.1 <0.001
Albumin g/L 33.5+0.3 40.5 4+ 0.2 <0.001
Globulin g/L 33.2+0.4 349 + 0.6 0.053
TB pmol/1 54.5 + 4.6 26.0 +1.2 <0.001
DB pmol/1 32.1 +£3.8 8.8+ 0.9 <0.001
ALP IU/L 145.2 + 6.8 83.1+21 <0.001
GGT IU/L 125.7 £ 7.3 43.2+2.8 <0.001
AFP ng/ml 41318.4 + 14,953 43.9 + 44.1 <0.001
AFP-L3 % 40.5 + 1.6 1.6 £0.1 <0.001
PIVKA II mAU/ml 14638.7 + 2244.8 183.6 & 83.6 <0.001
TNM staging system % (N)
I 97(24.6)
I 62(15.7)
111 66(16.7)
v 170(43.0)

HCC, hepatocellular carcinoma, non-HCC, non-hepatocellular carcinoma, TB, Total bilirubin, DB, Direct bilirubin, ALT, glutamic pyruvic trans-
aminase, AST, Glutamic oxaloacetic transaminase, GGT, Glutamyltransferase, ALP, alkaline phosphatase. *, t-test was for independent samples or
Mann-Whitney test. {, chi-square test. Categorical data are presented as whole number and percentage, and continuous data are presented as mean
+ SD.
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Fig. 1. The serum levels of AFP, AFP-L3, and PIVKAII in the HCC and CLD groups. p < 0.001 ***. (A)The serum levels of AFP in HCC and CLD
groups. (B) The serum levels of AFP-L3 in HCC and CLD patients. (C) The serum levels of PIVKAII in HCC and CLD groups.

(Fig. 2A and B). In the LC group, the serum levels of PIVKA II were higher than those in the CHB group (p < 0.05) (Fig. 2C). The serum
levels of AFP, AFP-L3, and PIVKA II in the CHB group were significantly higher than those in the HCC group (p < 0.01) (Fig. 2A-C).
Increased levels of AFP, AFP-L3, and PIVKA Il indicate a high risk of liver disease progression. We also analyzed the association of AFP,
AFP-L3, and PIVKA II with various TNM staging in patients with HCC. We observed that high content of AFP, AFP-L3, and PIVKA II
were associated with advanced TNM stage (Supplementary Fig. 1). These results indicated that AFP, AFP-L3, and PIVKA II can be
potential diagnostic markers for HCC.

A single marker as AFP has been reported in the diagnosis of HCC; however, its diagnostic value is limited by low specificity and
positive predictive value. In this study, we compared the ROC curves based on the cutoff value of 20.0 ng/mL for AFP, AFP-L3 was 10
%, and PIVKAII 40 mAU/mL. The AUC value of AFP, AFP-L3, and PIVKA II was 0.73, 0.851, and 0.839 respectively. Meanwhile, the
AUC value of combined biomarkers was 0.877 (Fig. 3). Compared to the limitation of single biomarker detection, the combined
diagnosis of HCC markers can increase the accuracy of HCC diagnosis.

3.3. The establishment and validation of the AALP model

In this study, we found that AFP, AFP-L3, and PIVKA II were associated with clinical characteristics. To construct a diagnostic
model for HCC, we summarized all the independent potential factors affecting the count of diagnostic models by performing binary
logistic regression analysis. The independent diagnostic factors of patients with HCC were found and analyzed (Table 2). In this model,
age, AFP, AFP-L3, and PIVKAII levels were risk factors for the diagnostic score of HCC. In this model, sex was not a risk factor for the
diagnostic score of HCC (p > 0.05) (Supplementary Table 1). Thus, the diagnostic model was constructed based on age, AFP-L3, AFP,
and PIVKA II. In this model, AFP-L3 scores were converted to 0 if AFP-L3 > 10 %, otherwise, AFP-L3 scores were converted to 1. The
HCC diagnostic score was calculated by the formula as follows: Z = —7.245 4 0.056 x age +0.431 log10 (AFP) + 3.112 x AFP-L3 (O for
AFP-L3 < 10 %, 1 for AFP-L3 > 10 %) + 1.162 x log10 (PIVKA II). Table 3 presents 95 % prediction and confidence intervals. These
results showed that the serum levels of AFP, AFP-L3, and PIVKAII and age could be effective risk factors for HCC with an AUC value of
0.939 using this diagnostic model (Fig. 4 and Table 3). In this model, the p-value of risk factors <0.05, and the p-value of the Hos-
mer-Lemeshow test was 0.782 (>0.05). Therefore, the predictive performance of the established model can be accepted.

3.4. Comparison of GALAD, GALAD-C, GAAP, and AALP model

The GALAD model was described using the following equation [18]:

Z = —10.08 + 0.09 x age+1.67 x sex+2.341og10 (AFP) +0.04 x AFP-L3+1.33 x log10 (PIVKA II), sex = 1 for males and = O for
females.

The GALAD-C model was described using the following equation [19]:

Z =—11.501 + 0.099 x age+0.073 x sex+0.84 1log10 (AFP) +0.073 x AFP-L3+2.364 x logl0 (PIVKA II), sex = 1 for males and =
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Fig. 2. The serum levels of AFP, AFP-L3, and PIVKAII in the subgroups of CLD patients. (A) The serum levels of AFP in the subgroups of CLD groups.
(B) The serum levels of AFP-L3 in the subgroups of CLD groups. (C) The serum levels of PIVKAII in the subgroups of CLD groups. Abbreviations: CLD:
chronic liver disease, HC: Viral hepatitis carrier, CHB: chronic hepatitis B, LC, liver cirrhosis.
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Fig. 3. The ROC curves of AFP, AFP-L3, and PIVKAII and the combined diagnosis. X-axis: Specificity, Y-axis: Sensitivity. The AUC value of AFP,
AFP-L3, and PIVKAII and the combined diagnosis were 0.793, 0.851, 0.839, and 0.877, respectively. Abbreviations: L3: AFP-L3, COMB: com-

bined diagnosis.

Table 2

Significant independent factors affecting the diagnostic values in patients with HCC due to binary logistic regression analysis.

Multivariate analysis for Z score

B SE 95%CI p value
Age 0.056 0.009 1.039-1.076 0.000
Log PIVKAII 1.162 0.135 2.453-4.166 0.000
Log AFP 0.43 0.131 1.19-1.988 0.001
AFP-L3 3.112 0.285 12.854-39.247 0.000

The p value of Hosmer-Lemeshow test was 0.782.
95%CI: 95 % Confidence Interval, SE: standard error, p: standardized coefficients.

Table 3

Diagnostic performance of the GALAD, GALAD-C, GAAP, and AALP model for HCC.

Model AUC (95%CI) p value Standard error
AALP 0.939(0.923-0.955) 0.000 0.008
AFP 0.793(0.763-0.823) 0.000 0.015
AFP-L3 0.851(0.824-0.867) 0.000 0.014
PIVKA II 0.839(0.854-0.899) 0.000 0.014
Combined 0.877(0.854-0.899) 0.000 0.012
GALAD 0.930(0.913-0.947) 0.000 0.009
GALAD-C 0.937(0.920-0.953) 0.000 0.008
GAAP 0.916(0.897-0.934) 0.000 0.010

95%CI: 95 % Confidence Interval, AUC: area under the ROC curve, combined: combined AFP, AFP-L3 and PIVKA II.

0 for females.

The GAAP model was described using the following equation [19]:
Z = -11.203 + 0.094 x age+0.699 x sex+1.076 log10 (AFP) +2.376 x log10 (PIVKA II), sex = 1 for males and = O for females.
The AALP model was described using the following equation:
Z = —7.245 + 0.056 x age+0.431 log10(AFP)+3.112 x AFP-L3(0 for AFP-L3<10 %, 1 for AFP-L3>10 %) +1.162 x log10(PIVKA

ID.

The probability of HCC (P (HCC)) in an individual patient was calculated using the following formula: P (HCC) = exp (Z)/(1+ exp

(2)

The GALAD, GALAD-C, GAAP, and AALP models showed good prognostic value for patients with HBV/HCV having HCC (Fig. 4A).
The GALAD, GALAD-C, GAAP, and AALP models also showed good prognostic value for subgroups of CLD patients (Fig. 4B-D). In the
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Fig. 4. Comparisons of GALAD, GALAD-C, GAAP, and AALP models. (A) The ROC curves for diagnosis of HCC by GALAD, GALAD-C, GAAP, and
ALAP models. (B) The ROC curves for diagnosis of HCC in the four models compared HCC patients with the HC group. (C) The ROC curves for
diagnosis of HCC in these four models compared HCC patients with the CHB group. (D) The ROC curves for the diagnosis of HCC in the four models

compared HCC patients with the LC group. X-axis: Specificity, Y-axis: Sensitivity. CLD: chronic liver disease, HC: Viral hepatitis carrier, CHB: chronic
hepatitis B, LC, liver cirrhosis.

GAAP model, the AUC of the ROC curves was 0.916 (95 % CI = 0.897-0.934, p < 0.001). In the GALAD model, the score was 0.930 (95
% CI = 0.913-0.947, p < 0.001). In the AALP model, the score was 0.937 (95 % CI = 0.920-0.953, p < 0.001). In the GALAD-C model,
the score was 0.939 (95 % CI = 0.923-0.955, p < 0.001) (Table 3 and Fig. 4A). Furthermore, we used MedCalc software to compare
these four models and found that the AALP model was superior to the GALAD-C model and GAAP model (p < 0.01). GALAD-C model
was superior to GALAD model (p < 0.01). The AALP model was not superior to the GALAD model (p > 0.05) (Supplementary Table 2).
The sensitivity and specificity of the AALP model were 0.85 and 0.923 respectively. The difference between the GALAD-C model,
GALAD model, and GAAP model was very less in terms of sensitivity and specificity (Supplementary Table 3). These results indicated
that the AALP model exhibited good sensitivity for predicting the likelihood of HCC.

3.5. The diagnostic value and monitoring recurrence in patients with HCC

The above studies showed that AFP-L3 and PIVKA II serum levels were better predictors of HCC diagnosis than the AFP serum level.
Nevertheless, potential of AFP-L3 and PIVKA II for postoperative recurrence diagnosis has not been systematically studied yet. HCC
recurrence is often detected by imaging examinations [19]. To assess AFP-L3 and PIVKA II levels to detect HCC postoperative
recurrence, we included patients with HCC who underwent various treatment, included ablation, TACE and resection. First, we
compared AFP-L3 and PIVKA II serum levels in patients with HCC showing progression. In most of the patients, either serum levels of
AFP-L3 or PIVKA Il increased according to the line charts (Fig. 5A and B). The AFP-L3 value increased from 0.5 to 40.2 maximally. The
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PIVKA II value increased from 2480 to 51,302 maximally (Supplementary Table 4). Some exceptional changes were observed in
patients showing HCC progression, and AFP-L3 and PIVKA II serum levels did not increase in these patients.

Similarly, we compared AFP-L3 and PIVKA II serum levels in patients with HCC remission. Either AFP-L3 or PIVKA II serum levels
decreased in a majority of patients with HCC remission (Fig. 5C and D). The AFP-L3 value decreased from 99.5 to 0.5 maximally. The
PIVKA II value decreased from 61,831 to 17,167 maximally. However, there were some exceptions. The AFP-L3 value increased from
0.5 to 13 in one patient with HCC who showed no progression, whereas the PIVKA II value increased from 13 to 178 in another patient
showing no progression (Supplementary Table 5).

To verify whether AFP, AFP-L3, and PIVKA II levels could be used for monitoring dynamic disease statuses, we further selected four
patients with HCC and tracked serum levels of these three biomarkers before and after diagnosis or treatment (Table 4). The imaging
results of the patients (CT or MRI) were systematically analyzed. Then, we generated a timeline to assess the consistency between the
imaging results and the serological results. The positive serological test criteria for these three biomarkers were AFP >20 ng/mL, AFP-
L3 > 10 %, and PIVKA II > 40 mAU/mL.

Case 1: Age, 58; Male. The person was diagnosed with HCC in November 2020 and multiple lesions were found (Fig. 6A). AFP-L3
and PIVKA II test results were positive at this point (Table 4). Subsequently, the patient received transhepatic arterial chemotherapy
and embolization (TACE). Only one lesion was observed and the patient was not in remission according to CT (Fig. 6B). However,
remission was observed in August 2021 (Fig. 6C). AFP-L3 and PIVKA II serological test results were negative at this point. During this
process, serum AFP, AFP-L3, and PIVKA II levels decreased gradually. AFP-L3 levels decreased from 82.8 % to 71.3 % and from 71.3 %
to <0.5 %. PIVKA II levels decreased from 294 mAU/mL to 30 mAU/mL and from 30 mAU/mL to 6 mAU/mL (Table 4). AFP levels
decreased from 127.9 ng/mL to 18.8 ng/mL and from 18.8 ng/mL to 3.1 ng/mL.

Case 2: Age, 53; Male. The person initially experienced recurrence after surgical treatment in January 2021 with positive AFP-L3
and PIVKA II results (86.9 % and 743 mAU/mL, respectively) (Table 4). However, liver cancer had progressed according to imaging
results. The tumor size was 3.5 x 3.1 cm (Fig. 6D). In February 2021, the serological test results were 85.1 % and 212 mAU/mL with a
tumor size of 3.2 x 3.0 cm (Fig. 6E). In April 2021, the serological results were 91.5 % and 1402 mAU/mL with a tumor size of 3.5 x
4.0 cm. In May 2021, the serological test results were 91.8 % and 24,565 mAU/mL with a tumor size of 4.9 x 6.1 cm (Fig. 6F).
Moreover, portal vein tumor thrombus (PVTT) was observed (Fig. 6G). Hence, AFP, AFP-L3, and PIVKA II levels increased as time
progressed with an increased size of the lesion (Table 4).

Case 3: Age, 60; Female. The person was initially diagnosed with liver cirrhosis and showed negative results for AFP, AFP-L3, and
PIVKA II in June 2020 (Fig. 6H and Table 4). The disease progressed into liver cancer with AFP-L3-positive and PIVKA II-negative
results in September 2020(Fig. 6I). After receiving radiofrequency ablation, cancer remission was observed and the serum test
turned negative (Fig. 6J). AFP-L3 serum levels increased significantly from <0.5 % to 38.6 %, whereas PIVKA II serum levels were less
than 40 mAU/mL, showing a negative result in clinical testing.

Case 4: Age, 48; Male. The person presented multiple lesions after surgical resection (Fig. 6K). The serological results were PIVKA
II-positive (2480 mAU/mL) and AFP-L3-negative (9.1, <10 %) in January 2019 (Table 4). Later, MRI results showed enlarged multiple
lesions as well as new lesions in December 2019. This case had progression of disease (Fig. 6L). The serological results showed were
PIVKA II-positive (6801 mAU/mL) and AFP-L3-negative (8.4 %) at this time.

Based on the above comparison and analyses, we found that these two independent serum biomarkers showed similar performances
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Fig. 5. The dynamic changing of AFP-L3 and PIVKA II before and after receiving treatment in HCC patients with progression (A and B) and
remission (C and D). The content patterns are presented by line chart according to AFP-L3 and PIVKA II values.
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Table 4
The serum levels of AFP, AFP-L3, and PIVKA II at different time points throughout the treatment course. The positive serological test criteria of these
three biomarkers were AFP >20 ng/mL, AFP-L3 >10 %, and PIVKA II > 40 mAU/mL, respectively.

Date AFP (ng/mL) AFP-L3(%) PIVKA II (mAU/mL) Disease status
Case 1 2020.11 127.9 82.8 294 HCC, multiple lesions
2021.2 18.8 71.3 30 Single lesions
Tumor size 10.5 x 9.5 cm
2021.8 3.1 <0.5 6 Remission
Case 2 2021.1 18.5 86.9 743 HCC
Tumor size 3.5 x 3.1 cm
2021.2 32.6 85.1 212 HCC
Tumor size 3.2 x 3.0 cm
2021.4 128 91.5 1402 HCC
Tumor size 3.5 x 4.0 cm
2021.5 465.5 91.8 24,565 HCC

Tumor size 4.9 x 6.1 cm
Portal vein tumor thrombus

Case 3 2020.3 6.1 <0.5 13 liver cirrhosis

2020.12 7.9 38.6 15 HCC, single lesions
Tumor size 2.1 x 2.1 x 1.7 cm
2021.4 3.5 <0.5 27 Remission
Case 4 2019.1 6.7 9.1 2480 HCC, multiple lesions
2019.12 8.2 8.4 6801 progression

Fig. 6. Dynamic imaging results from 4 clinical cases. (A-C) Case 1, this case became remission. (D-G) Case 2, this case progressed with enlarged
tumor. (H-J) Case 3, this case progressed from liver cirrhosis to HCC and finally became remission. (K-L) Case 4, this case progressed with new
lesions. (A)Case 1, initial imaging results with elevated AFP, AFP-L3, and PIVKA II. MRI showing two lesions of HCC (arrows). (B) Case 1, CT
showing a tumor with parenchymal iodized oil deposition (tumor size 10.5 x 9.5 cm) (arrow). (C) Case 1, CT showing an inactive lesion. (D) Case 2,
MRI showing an active lesion, tumor size 3.5 x 3.1 cm (arrow). (E) Case 2, MRI showing this lesion size becoming 3.2 x 3.0 cm after radiofrequency
therapy. (F) Case 2, a larger lesion size was observed (arrow), with tumor size 3.5 x 4.0 cm. (G) Case 2, this pre-present lesion became larger (4.9 x
6.1 cm) and PVTT appeared. (H) Case 3, MRI showing no HCC detection in this case. (I) Case 3, this case was diagnosed as HCC with a single lesion
(arrow). (J) Case 3, No active lesion was observed and this case went into remission. (K) Case 4, multiple lesions were located in the right liver lobe
(arrows). (L) Case 4, a new lesion was detected in the right liver lobe relative to that before MRI imaging (arrows).

PVTT, portal vein tumor thrombus.
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and were complementary to the diagnosis and monitoring of HCC. Thus, AFP-L3 and PIVKA II can be considered potential prognostic
biomarkers.

4. Discussion

The majority of HCC arises from liver cirrhosis and chronic liver diseases (CLDs) [20]. The common risk factors for HCC included
viral hepatitis (HBV/HCV), alcoholic abuse, and non-alcoholic fatty liver disease [5,21]. HCC diagnosis and staging are predominantly
based on pathological and imaging studies. HCC should be screened routinely via abdominal ultrasound and evaluation of serum
alpha-fetoprotein (AFP) levels every 6 months [22]. However, pathological analysis is invasive and has certain disadvantages, such as
obtaining adequate tissues is difficult and surgical risks may exist. Serological testing has the advantages of being non-invasive and
allowing real-time monitoring; thus, it can be a potential alternative to pathological testing. AFP is used to diagnose, monitor, and
terminate HCC; however, it has limited sensitivity and specificity. To improve the prognosis of patients with HCC, identifying more
effective biomarkers is essential. A systematic review suggested that AFP and AFP-L3 combined with PIVKA II could potentially be a
valuable prognosis tool for patients with HCC [23].

Here, we evaluated the diagnostic value of AFP-L3 and PIVKA II levels in patients with HCC. The diagnostic value of serum AFP-L3
and PIVKA II levels was found to be better than that of serum AFP levels. Moreover, we showed that the AUC value of the combination
of AFP, AFP-L3, and PIVKA II was 0.877, the sensitivity was 81.0, and the specificity was 95.5. The combined diagnosis of the three
markers greatly improved the early diagnosis accuracy of HCC. This finding is consistent with other study findings [24-26]. AFP
combined with AFP-L3 and PIVKA II can improve the sensitivity of HCC diagnosis, especially for patients with AFP-negative HCC.

To improve the diagnostic accuracy, an HCC prediction model, AALP, was established based on age and the three markers. In the
binary logistic regression model, these three biomarkers were significantly related to patients with HCC. The identified signature was
integrated with clinical features to establish a composite diagnostic model, which reliably demonstrated accurate diagnostic pre-
dictions for patients with CLD and HCC. The AUC value of the AALP model was 0.939 (95 % CIL: 0.923-0.955), which indicated that
AALP model performed good in predicting HCC accurately. The AALP model also showed good performance in differentiating patients
with HCC from subgroups of patients with CLD.

In the AALP model, age and AFP, AFP-L3, and PIVKA II levels were risk factors and these results were consistent with previous
published findings [19]. For example, the incidence of HCC increases with age, and older age is independently associated with HCC
development [11,27,28]. AFP-L3 has been suggested as a biomarker for early HCC detection due to its higher specificity than AFP [11].
PIVKA II exhibits higher specificity and sensitivity than AFP for HCC diagnostic [22]. Furthermore, increased AFP, AFP-L3, and PIVKA
II serum levels have been observed in patients with HCC than in patients with CLD [11,13,29].

However, in this model, sex was not a risk factor unlike it was in the other three models. This finding is inconsistent with previous
findings [11,18]. There may be several possible reasons for this result. One possible reason is differences in populations enrolled in the
studies. Another possible reason is the different methodological approaches used in the studies. Herein, binary logistic regression was
performed using the stepwise backward method. Furthermore, unlike other models, AFP-L3 was calculated as 0 or 1 in the AALP
model. These reasons may explain why sex was not a risk factor in the present model.

To validate the performance of the AALP model, we compared it with the other three models. Liu et al. built the GALAD-C model for
Chinese patients with HCC and validated that GALAD-C showed better performance than the GALAD model built for patients from the
USA [19]. This finding is consistent with our findings and the hypothesis that enrolling different populations results in different
diagnostic models has been confirmed. Another study also revealed that differences in demographic and biochemical characteristics
led to different results. Further scientific studies based on a multicenter clinical trial are required to verify the present findings.

Further, to validate the performance of the combination of AFP, AFP-L3, and PIVKA II for diagnosing and monitoring patients with
HCC, we collected the clinical samples and disease statuses of the patients. By comparing the serological results with the imaging
results, we subsequently validated the diagnostic capabilities of the combination of AFP, AFP-L3, and PIVKA II for detecting and
monitoring HCC. HCC always develops in response to chronic inflammation of the liver, and AFP levels are closely related to tumor
size, stage, and pathological grade [30]. Patients undergoing surgical resection with recurrence often present increased AFP levels
[31]. Similar results could be found for AFP-L3 and PIVKAII [32,33]. Decreased AFP-L3 and/or PIVKA II levels generally indicate a
good prognosis, whereas increased AFP-L3 and/or PIVKA II levels suggest a poor prognosis [34-36]. Here, patients with HCC were
categorized into three subgroups: increased AFP-L3 and PIVKA II levels, increased AFP-L3 levels, and increased PIVKA II levels. In Case
1 and Case 2, when tumors were present, or tumor recurrence occurred, AFP-L3 and PIVKA II tests were positive. In Case 3, when the
tumor was observed by imaging results, AFP-L3 was positive and PIVKA II was negative. After treatment, remission was observed in
this patient with AFP-L3-negative results. In Case 4, when local tumor progression was observed, the serum AFP-L3 test was negative
and PIVKA II was positive. AFP-L3 and PIVKA II levels can predict CLD progressing to HCC. These cases also showed the utility of
AFP-L3 and PIVKA II levels in monitoring recurrence in patients with HCC who were clinically treated. Previous studies showed that
the correlation between AFP-L3 and PIVKA II levels was low and they were two independent biomarkers [37,38]. AFP-L3 is partic-
ularly useful in predicting HCC recurrence after receiving radiofrequency ablation [39]. PIVKA II is particularly useful in predicting
HCC with PVTT [40]. AFP-L3 and PIVKA II are useful in patients with low levels of AFP (<20 ng/mL). Overall, the present study shows
that two biomarkers, AFP-L3 and PIVKA II, complement each other and are not irreplaceable. Further, both these biomarkers are
recommended to use in clinical applications. Nevertheless, several limitations should be noted. First, this research was a single center
research. further this new model should be validated in multicenter studies. Second, we were unable to analyze combined biomarkers
according to pathological stage.
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5. Conclusion

In conclusion, we developed and validated the AALP model to predict CLD in patients with HCC. The proposed model yielded
statistically significant results, which were better than those yielded by the current GALAD-C model. The present results suggest that
AFP combined with AFP-L3 and PIVKA II can be used as a prognosis biomarker and can increase the accuracy of HCC diagnosis.
Moreover, AFP-L3 and PIVKA II levels are complementary to each other but irreplaceable. These results provide a valuable theoretical
basis for the utility of AFP-L3 and PIVKA II levels for diagnosing HCC and monitoring its recurrence.
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AFP alpha-fetoprotein

AFP-L3 lens culinaris agglutinin-reactive fraction of AFP
PIVKA II protein induced by vitamin K absence or antagonist-II

CLD chronic liver disease

HCC hepatocellular carcinoma

ROC receiver operating characteristics
AUC area under the curve

CI confidence interval

CT computed tomography

MRI magnetic resonance imaging

PVTT portal vein tumor thrombus
TACE transcatheter arterial chemoembolization and embolization
RFA received radiofrequency ablation
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