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Background: The thresholds of alpha-fetoprotein (AFP) and des-gamma-carboxy prothrom-
bin (PIVKA-II) when detecting hepatocellular carcinoma (HCC) in chronic hepatitis 
B (CHB) patients with antiviral nucleoside analog (NA) remain controversial. A relevant 
integrated nomogram needs to be developed.
Methods: We enrolled a consecutive series of 5666 cases diagnosed with CHB either with 
or without antiviral agents and randomly allocated them to the training set (n=3966, 70.00%) 
and the validation set (n=1700, 30.00%).
Results: In the training set, the levels of AFP and PIVKA-II of NA-treated patients were 
significantly lower than those of untreated patients. The most appropriate cut-off values of AFP 
and PIVKA-II were 151.40 ng/mL (a sensitivity of 39.77% and a specificity of 92.17%) and 35.50 
mAU/mL (a sensitivity of 84.85% and a specificity of 69.43%) for NA-treated patients. As for 
BCLC-0/A HCC, the most appropriate cut-off values of AFP and PIVKA-II were 151.40 ng/mL 
and 32.50 mAU/mL for NA-treated patients, respectively. A logistic regression model composed of 
AFP, PIVKA-II and other clinical parameters to predict the risk of HBV-related HCC for NA- 
treated patients was established and verified to have an AUROC of 0.868 (95% CI, 0.827–0.909) 
for all-stage HCC and an AUROC of 0.856 (95% CI, 0.809–0.903) for BCLC-0/A HCC.
Conclusion: The new detection thresholds of AFP and PIVKA-II might lead to the ability to 
perform early detection for hepatoma in NA-treated patients and the innovative risk predic-
tion model is a valuable tool for identifying high-risk CHB patients.
Keywords: hepatitis B virus, hepatocellular carcinoma, alpha-fetoprotein, des-gamma- 
carboxy prothrombin, antiviral agents, nomogram

Introduction
Hepatocellular carcinoma (HCC) is the third most frequent cause of cancer-related 
mortality and the sixth most common cancer in the world.1 Hepatitis B virus (HBV) 
infection has a profound influence on approximately 292 million people according to 
a study in 2016.2 The dominant role that the hepatitis B virus plays in HCC has been 
proven by previous studies,3 and the effect of antiviral NA treatment in reducing the 
occurrence of HBV-related HCC has been confirmed.4 As a result, surveillance of HBV- 
related HCC and long-term antiviral NA treatments, such as entecavir (ETV) or tenofovir 
(TDF), are recommended for chronic hepatitis B (CHB) patients according to various 
international guidelines.5–7
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Alpha-fetoprotein (AFP) has been extensively used as 
a cheap and convenient biomarker in the surveillance of 
HCC for years,8 even though its unsatisfactory sensitivity 
and specificity.9 On the other hand, several studies have 
demonstrated that Des-gamma-carboxy prothrombin, which 
is also known as protein induced by vitamin K absence or 
antagonist-II, or PIVKA-II, is a significant tumor marker, 
especially for HCC.10−11 However, some studies have shown 
that NA treatment could change levels of serum AFP and 
PIVKA-II in CHB patients and levels of tumor markers 
might be connected with HBV-related HCC.12–14 Thus, we 
further speculated that antiviral NA treatment may have an 
effect on the detection thresholds of serum AFP and PIVKA-II 
for HBV-related HCC.

In addition to antiviral therapy and tumor markers, clinical 
and laboratory parameters have been validated to have 
a relation with HCC.15–18 Risk estimation for hepatocellular 
carcinoma in chronic hepatitis B (REACH-B) was developed 
in Asian cohorts of patients without cirrhosis or NA 
treatment.17 REACH-B score included sex, age, alanine ami-
notransferase (ALT), HBeAg as well as HBV-DNA level, and 
presented an area under the curve (AUROC) of 0.811 at 3 
years in the validation set. Jung et al included NA-treated as 
well as untreated patients, and proposed modified REACH-B 
(mREACH-B) score where liver stiffness (LS) values were 
incorporated into REACH-B instead of serum HBV-DNA 
levels.18 Compared with REACH-B, the modified REACH- 
B score had higher AUROCs for the prediction of HCC but 
did not include tumor markers. PAGE-B, including platelet 
(PLT), age and gender, was generated from Caucasian CHB 
patients with NA treatment and characterized by strong 
operability.16 However, PAGE-B was based on Caucasian 
population only and still did not take tumor markers into 
consideration. Although the present models of risk assessment 
for HBV-related HCC have partly been used as auxiliary bases 
for HCC surveillance, they have not yet attracted enough 
attention to be reflected in the current guidelines.5–7 An inte-
grated model which includes sensitive and specific tumor 
markers to estimate the risk of HCC and even early-stage 
HCC in Asian CHB patients with NA treatment is lacking.

Because the detection thresholds of AFP and PIVKA-II for 
HBV-related HCC remain unclear and models of risk assess-
ment for HBV-related HCC needs further perfection, we con-
ducted a real-world study to address the issues. We compared 
the levels of AFP and PIVKA-II between NA-treated patients 
and untreated patients, as well as determine the thresholds of 
these two biomarkers in NA-treated patients. Furthermore, an 

integrated regression model was established to assess the risk 
of HBV-related HCC in CHB patients.

Methods
Patients
This retrospective cross-sectional study initially consecu-
tively enrolled 27,817 cases diagnosed with CHB in the 
Department of Infectious Disease and the Department of 
General Surgery of West China Hospital, Sichuan 
University between January 1, 2012, and October 31, 2019.

The enrolled patients should meet one of the inclusion 
criteria (1)-(3) and simultaneously meet the criterion (4):

(1) Patients with HBV-related HCC were all diagnosed 
by histopathology.

(2) Patients with only CHB were all diagnosed accord-
ing to the AASLD guideline7 and must have an ultrasono-
graphy (US), computed tomography (CT) or magnetic 
resonance imaging (MRI) examination showing no evi-
dence of hepatic mass within 6 months.

(3) CHB-related liver cirrhosis patients without HCC 
were defined as having CHB with a clinical diagnosis of 
liver cirrhosis but not having HCC. Liver cirrhosis was 
diagnosed by 1) histology, or 2) findings characteristic of 
cirrhosis or portal hypertension in cross-sectional imaging 
(nodular configuration of the liver or signs of portal hyper-
tension) and/or thrombocytopenia (PLT<150K).19,20 Those 
patients must have an US, CT or MRI examination show-
ing no evidence of hepatic mass within 6 months.

(4) Patients who were receiving NA treatment (ETV or 
TDF) at the recommended dose (0.5 mg orally daily for ETV 
and 300 mg orally daily for TDF) for at least 6 months and 
were regularly reexamined for HCC surveillance every 3 
months or who had never undergone any NA treatment.

The exclusion criteria were as follows:
(1) Patients previously diagnosed with CHB, hepatitis 

B cirrhosis or HCC and who had received other treat-
ments, such as interferon (IFN).

(2) Any cancer of the digestive system other than HCC.
(3) Patients with other liver diseases, such as schisto-

somiasis cirrhosis, alcoholic cirrhosis, autoimmune liver 
disease (ALD), or viral hepatitis A or C.

(4) Patients with other severe complications or diseases 
such as hepatic failure or acquired immune deficiency 
syndrome (AIDS).

(5) Those taking anticoagulant drugs, vitamin K or 
other drugs that could cause any interference with recent 
laboratory examinations.
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All cases meeting the criteria were randomly allocated 
to one of two sets: a training set or a validation set, at 
a ratio of 7:3.

This study was conducted in accordance with the 
Declaration of Helsinki and was approved by the 
Medical Ethics Committee of West China Hospital (IRB 
number: 2019022). The need for informed consent was 
waived by the Medical Ethics Committee because the 
study was an observational, retrospective study using 
a database from which the patients’ identifying informa-
tion had been removed.

Measurements of Hematology 
Parameters and Tumor Markers
All hematology and biochemistry profiles were derived 
from peripheral blood samples collected at the time of 
initial diagnosis of HCC, hepatitis B cirrhosis or CHB at 
West China Hospital, Sichuan University. All the analyses 
were performed in strict accordance with the manufac-
turer’s instructions by laboratory technicians in the clinical 
laboratory of West China Hospital, Sichuan University. 
The technicians did not know the patients’ clinical 
information.

Statistical Analysis
Continuous variables and nonparametric tests were com-
pared using Mann–Whitney U or Kruskal–Wallis H-tests, 
while categorical data were compared using Chi-square or 
Fisher’s exact tests. The receiver operating characteristic 
(ROC) curves were used to assess sensitivity, specificity, 
positive-predictive value (PPV), negative-predictive 
value (NPV), and the corresponding cut-off values and 
the AUROCs were calculated at a 95% confidence inter-
val (CI). Statistical differences in the AUROCs were 
compared using the method of DeLong et al.21 We 
obtained the optimal cutoff value by maximizing the 
sensitivity and specificity. Logistic regression analysis 
was used to perform univariate and multivariate analyses. 
We used smooth curve fitting to examine whether the 
independent predictors were partitioned into intervals. 
We applied piece-wise regression that was using 
a separate line segment to fit each interval. All the 
reported probability (p) values were 2-tailed, and 
a p<0.05 was considered statistically significant. All the 
statistical analyses were performed using SPSS software, 
version 26.0 (SPSS, Inc.), Empower® (www.empower 

stats.com, X&Y Solutions Inc.) and R (https://www.r-pro 
ject.org).

Results
Baseline Characteristics of Enrolled 
Subjects
We screened 27,817 cases strictly in accordance with the 
inclusion and exclusion criteria, and all the data were 
integrated with no deletions. The final study population 
included 5666 cases randomly allocated to the training set 
and validation set at a ratio of 7:3 (Figure 1). All HBV- 
associated HCC patients were diagnosed with histopathol-
ogy. The baseline characteristics of the two sets showed no 
significant differences except for PLT (Table S1).

For the training set, we performed a specialized com-
parison of the baseline data of patients receiving NA 
treatment and not receiving NA treatment to ensure that 
the two cohorts were comparable (Table S2). The median 
age and percentage of males were similar in NA-treated 
and untreated patients regardless of whether the patients 
had CHB, HBV-induced cirrhosis or HBV-related HCC. 
Most of other baseline characteristics including maximum 
tumor diameter and tumor stage in HBV-related HCC 
patients were balanced between NA-treated patients and 
untreated patients.

For NA-treated patients, we performed a comparison of 
baseline data of patients in the training set and validation 
set (Table S3). Most of the baseline data were balanced 
except for PLT.

Comparisons of the Levels of AFP and 
PIVKA-II of NA-Treated and Untreated 
Patients in the Training Set
Compared with the patients not receiving NA treatment, 
the levels of AFP and PIVKA-II in patients receiving NA 
treatment were significantly lower regardless of whether 
the patients had CHB, HBV-induced cirrhosis or HBV- 
related HCC (Figure 2).

In addition, we compared the levels of AFP and 
PIVKA-II among patients with CHB, HBV-induced cir-
rhosis and HBV-related HCC (Figure 3). For all the 
patients with CHB, HBV-related cirrhosis and HBV- 
related HCC in the training set, the median levels of 
AFP and PIVKA-II were significantly different (p<0.001 
for AFP and PIVKA-II, Figure 3A and B). When we made 
pairwise comparisons, only the comparison between CHB 
patients and HCC patients and the comparison between 
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cirrhosis patients and HCC patients showed significant 
differences (p<0.001 for AFP and PIVKA-II). For patients 
receiving NA treatment or not receiving NA treatment, 

respective comparisons of the levels of AFP and PIVKA- 
II were performed among the three categories of patients, 
and similar results were found (Figure 3C–F). The levels 

Figure 1 Participant flow diagram.
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Figure 2 Comparisons of levels of AFP and PIVKA-II between NA-treated and untreated patients with CHB, HBV-related cirrhosis or HBV-related HCC in the training set. 
(A) Comparison of AFP between NA-treated and untreated patients with CHB (6.10 ng/mL versus 11.91 ng/mL, p<0.001). (B) Comparison of PIVKA-II between NA-treated 
and untreated patients with CHB (28.00 mAU/mL versus 39.00 mAU/mL, p<0.001). (C) Comparison of AFP between NA-treated and untreated patients with HBV-related 
cirrhosis (13.58 ng/mL versus 18.94 ng/mL, p=0.002). (D) Comparison of PIVKA-II between NA-treated and untreated patients with HBV-related cirrhosis (31.00 mAU/mL 
versus 41.00 mAU/mL, p<0.001). (E) Comparison of AFP between NA-treated and untreated patients with HBV-related HCC (64.05 ng/mL versus 140.05 ng/mL, p=0.003). 
(F) Comparison of PIVKA-II between NA-treated and untreated patients with HBV-related HCC (157.00 mAU/mL versus 343.50 mAU/mL, p=0.002).
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Figure 3 Comparisons of AFP and PIVKA-II levels among patients with CHB, HBV-related cirrhosis and HBV-related HCC in the training set. (A) Comparison of AFP among 
CHB, HBV-related cirrhosis and HBV-related HCC patients with and without NA treatment; (B) Comparison of PIVKA-II among CHB, HBV-related cirrhosis and HBV- 
related HCC patients with and without NA treatment; (C) Comparison of AFP among CHB, HBV-related cirrhosis and HBV-related HCC patients with NA treatment; (D) 
Comparison of PIVKA-II among CHB, HBV-related cirrhosis and HBV-related HCC patients with NA treatment; (E) Comparison of AFP among CHB, HBV-related cirrhosis 
and HBV-related HCC patients without NA treatment; (F) Comparison of PIVKA-II among CHB, HBV-related cirrhosis and HBV-related HCC patients without NA 
treatment.
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of AFP and PIVKA-II in the patients with HBV-related 
HCC were also higher than those with CHB or HBV- 
related cirrhosis (p<0.001 for all comparisons).

Detection Performances of AFP and 
PIVKA-II for NA-Treated and Untreated 
Patients in the Training Set
The ROC curves of AFP, PIVKA-II and the combined two 
tumor markers for NA-treated and untreated patients are 
shown in Figure 4A and B. For patients receiving NA 
treatment, PIVKA-II showed a superior AUROC when 
compared with AFP (p<0.001) or the combination 
(p<0.01). However, no significant differences were found 
between AFP and the combination (Figure 4A). PIVKA-II 
also showed a superior AUROC for untreated patients 
(p<0.001 for both). The AUROC of the combination was 
significantly larger than that of AFP (p<0.01) for untreated 
patients (Figure 4B). When we compared the AUROCs of 
AFP, PIVKA-II or the combination between patients 
receiving therapy and those not receiving therapy, no sig-
nificant differences were observed.

More importantly, we determined that the optimal cut-off 
values of AFP and PIVKA-II were differed distinguishably 
between NA-treated and untreated patients. The optimal cut- 
off values of AFP were 104.60 ng/mL for NA-treated patients 
and 376.70 ng/mL for untreated patients obtained by max-
imizing the sum of sensitivity and specificity. Using a similar 
approach, the optimal cut-off values of PIVKA-II were 47.50 
mAU/mL for NA-treated patients and 67.50 mAU/mL for 
untreated patients (Table 1). Because the optimal cut-off 
value for NA-treated patients was distinctly lower than that 
of untreated patients in the training set, we attempted to 
determine the most appropriate detection thresholds for AFP 
and PIVKA-II, especially for NA-treated patients, based on 
the common surveillance thresholds of AFP and PIVKA-II at 
present. It is generally believed that AFP≥400 ng/mL22,23 and 
PIVKA-II≥40 mAU/mL11,24–26 are thresholds for surveillance 
of HCC and indicate a high probability of HCC. Therefore, we 
kept the sensitivity or specificity as similar as possible when 
respectively adopting AFP=400 ng/mL and PIVKA-II=40 
mAU/mL as common surveillance thresholds for HCC and 
determined the corresponding appropriate detection thresholds 
of AFP and PIVKA-II for NA-treated patients (Table 1). On 
one hand, the sensitivity and specificity were 40.26% and 
92.58%, respectively, at the cut-off of 400 ng/mL for untreated 
patients. On the other hand, we obtained a similar sensitivity 
(40.15%) and a similar specificity (92.62%) at cut-off values 

of 141.25 ng/mL and 172.10 ng/mL respectively, for the 
treated patients. Next, we obtained 151.40 ng/mL (a sensitivity 
of 39.77% and a specificity of 92.17%) as the most appropriate 
detection threshold between 141.25 ng/mL and 172.10 ng/mL 
by maximizing the Youden index and the diagnostic odds ratio 
(DOR) simultaneously. Similarly, when the sensitivity and 
specificity were 84.39% and 50.25% at the cut-off of 40 
mAU/mL for the untreated patients, close sensitivity 
(84.85%) and specificity (51.05%) could be achieved at the 
cut-off values of 35.50 mAU/mL and 29.50 mAU/mL respec-
tively, for the treated patients. Therefore, we determined 35.50 
mAU/mL (a sensitivity of 84.85% and a specificity of 69.43%) 
as the most appropriate detection threshold between 29.50 
mAU/mL and 35.50 mAU/mL by maximizing the Youden 
index and the DOR simultaneously.

Then we validated that adjusted cut-off values of 
AFP (151.40 ng/mL) and PIVKA-II (35.50 mAU/mL) 
were more appropriate to indicate high suspicion of 
HBV-related HCC for NA-treated patients. In the valida-
tion set, the sensitivity, specificity, PPV, NPV, and accu-
racy were 37.38%, 90.75%, 60.61%, 79.19% and 
76.03%, respectively, at the cut-off of AFP=151.40 ng/ 
mL for treated patients. In contrast, the sensitivity, spe-
cificity, PPV, NPV, and accuracy were 23.36%, 94.31%, 
60.98%, 76.37% and 74.74%, respectively, at the cut-off 
of AFP=400 ng/mL for treated patients in the validation 
set. Similarly, we could achieve a sensitivity of 84.11%, 
a specificity of 71.17%, a PPV of 52.63%, an NPV of 
92.17%, and an accuracy of 74.74% at the cut-off of 
PIVKA-II=35.50 mAU/mL for treated patients in the 
validation set while the sensitivity, specificity, PPV, 
NPV, and accuracy were 77.57%, 73.31%, 52.53%, 
89.57% and 74.48% respectively at the cut-off of 
PIVKA-II=40 mAU/mL.

Using the similar approach, we also conducted 
a subgroup analysis for patients with BCLC-0/A HCC and 
without HCC (Table 1). In the subgroup analysis, we 
obtained AFP=151.40 ng/mL (a sensitivity of 19.72% and 
a specificity of 92.17%) and PIVKA-II=32.50 mAU/mL (a 
sensitivity of 87.32% and a specificity of 58.13%) as the most 
appropriate detection thresholds by maximizing the Youden 
index and the DOR simultaneously. Similarly, we validated 
that adjusted cut-off values of AFP (151.40 ng/mL) and 
PIVKA-II (32.50 mAU/mL) were more appropriate to indi-
cate high suspicion of BCLC-0/A HCC for NA-treated 
patients. In the validation set, the sensitivity, specificity, 
PPV, NPV, and accuracy were 68.97%, 38.08%, 18.69%, 
85.60% and 43.36%, respectively, at the cut-off of 
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AFP=151.40 ng/mL for treated patients. In contrast, the 
sensitivity, specificity, PPV, NPV, and accuracy were 
62.07%, 40.93%, 17.82%, 83.94% and 44.54%, respectively, 
at the cut-off of AFP=400 ng/mL for treated patients in the 
validation set. We could also achieve a sensitivity of 86.21%, 
a specificity of 53.02%, a PPV of 27.47%, an NPV of 94.90%, 
and an accuracy of 58.70% at the cut-off of PIVKA-II=32.50 
mAU/mL for treated patients in the validation set while the 
sensitivity, specificity, PPV, NPV, and accuracy were 
79.31%, 58.72%, 28.40%, 93.22% and 62.24% respectively 
at the cut-off of PIVKA-II=40 mAU/mL.

Logistic Regression Analyses and an 
Integrated Nomogram to Assess the Risk 
of HBV-Related Hepatocellular 
Carcinoma for NA-Treated Patients in 
the Training Set
We performed logistic regression analyses for NA-treated 
patients in the training set to determine the potential correla-
tions between the hematological parameters or clinical para-
meters and HBV-related HCC. The results of regression 
analyses are shown in Table 2. The univariate analysis 
showed that male, old age, high AFP levels, high PIVKA- 
II levels and other factors were predictors of HBV-related 
HCC. The multivariate regression analysis selected male, 
old age, low ALT levels, low international normalized ratio 
(INR) levels, high gamma-glutamyl transferase (GGT) 

levels, low total bilirubin levels, high AFP levels and high 
PIVKA-II levels as independent predictors of HCC.

We next assessed the threshold effect of every inde-
pendent predictor except the gender (Figure S1) and parti-
tioned variables into intervals according to inflection 
points. The multivariate logistic regression model was 
constructed using all the NA-treated patients in the train-
ing set for predicting the risk of HBV-related HCC and the 
nomogram is shown in Figure 5 with an AUROC of 0.914 
(95% CI, 0.893–0.935).

Then we used all the untreated patients and NA-treated 
patients in the validation set to assess the validity of the logistic 
regression model respectively. When the nomogram was 
applied to untreated patients, the AUROC was 0.864 (95% 
CI, 0.854–0.875). The corresponding ROCs and comparison 
of calibration curves are shown in Figure 6A and B. When the 
nomogram was validated in NA-treated patients in the valida-
tion set, we got an AUROC of 0.868 (95% CI, 0.827–0.909). 
The ROCs and calibration curves are shown in Figure 6C and 
D. In addition, we purposely applied the nomogram to NA- 
treated patients with BCLC-0/A HCC and without HCC in the 
validation set to validate the performance of the nomogram in 
early-stage (BCLC-0/A) HBV-related HCC. The AUROC 
was 0.856 (95% CI, 0.809–0.903). The corresponding ROCs 
and calibration curves are shown in Figure 6E and F. The ROC 
curve analysis and outcomes of calibration curves showed that 
the regression model could indicate a high risk of HBV-related 
HCC with relatively satisfactory AUROC and fitting effect, 

Figure 4 ROC curves of indicators and regression model for detecting HBV-related HCC. ROC curves of AFP, PIVKA-II and the combination of two tumor markers for 
detecting HBV-related HCC in the training set. (A) ROC curves of patients receiving NA treatment with AUROCs of 0.696 (95% CI, 0.657–0.736) for AFP, 0.847 (95% CI, 
0.815–0.879) for PIVKA-II and 0.733 (95% CI, 0.695–0.770) for the combined two markers; (B) ROC curves of patients not receiving NA treatment with AUROCs of 0.692 
(95% CI, 0.673–0.711) for AFP, 0.809 (95% CI, 0.792–0.826) for PIVKA-II and 0.751 (95% CI, 0.733–0.768) for the combination.
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especially for NA-treated patients. The analyses of ROCs and 
calibration curves also indicate that the nomogram could be 
used as a convenient and affordable screening tool to detect 
early-stage HBV-related HCC.

Additionally, we also compared the nomogram with 
AFP, PIVKA-II and the combination of AFP and PIVKA- 
II in NA-treated patients in the validation set. The ROC 
curves and decision curve analysis (DCA) curves are 
shown in Figure 7. The comprehensive comparison by 

considering AUROCs and DCA curves simultaneously 
indicated that the detection performance of the new logis-
tic regression model was better than that of AFP, PIVKA- 
II or the combination of both.

Discussion
In this real-world study, we compared the levels of serum 
AFP and PIVKA-II between patients receiving NA treat-
ment and those not receiving NA treatment, determined 

Table 1 HBV-Related HCC Detection Thresholds of Serum AFP and PIVKA-II in the Training Set

NA Therapy Cut-Off Value Sensitivity 
(%)

Specificity 
(%)

PPV (%) NPV (%) Accuracy (%)

AFP

Untreated 400 ng/mL* 40.26 92.58 83.17 62.99 67.64

For patients with and without HCC

NA-treated 104.60 ng/mL† 45.08 87.80 59.50 80.08 75.65

Untreated 376.70 ng/mL† 41.16 92.45 83.24 63.31 68.01
NA-treated 141.25 ng/mL‡ 40.15 91.27 64.63 79.32 76.72

NA-treated 172.10 ng/mL‡ 35.98 92.62 65.97 78.44 76.51

NA-treated 151.40 ng/mL§ 39.77 92.17 66.88 79.38 77.26

For patients with BCLC-0/A HCC and without HCC

NA-treated 151.40ng/mL† 19.72 92.17 35.00 84.30 79.40

Untreated 18.43ng/mL† 52.20 48.68 31.72 69.05 49.78

NA-treated 16.72ng/mL‡ 40.85 57.08 16.91 81.86 54.22
NA-treated 168.05ng/mL‡ 16.20 92.62 31.94 83.79 79.16

NA-treated 151.40ng/mL§ 19.72 92.17 35.00 84.30 79.40

PIVKA-II

Untreated 40 mAU/mL* 84.39 50.25 60.71 77.95 66.52

For patients with and without HCC

NA-treated 47.50 mAU/mL† 76.52 88.70 72.92 90.48 85.24

Untreated 67.50 mAU/mL† 74.72 89.94 87.12 79.62 82.69

NA-treated 35.50 mAU/mL‡ 84.85 69.43 52.46 92.02 73.81
NA-treated 29.50 mAU/mL‡ 91.29 51.05 42.58 93.65 62.50

NA-treated 35.50 mAU/mL§ 84.85 69.43 52.46 92.02 73.81

For patients with BCLC-0/A HCC and without HCC

NA-treated 43.50 mAU/mL† 70.42 87.05 53.76 93.23 84.12
Untreated 67.50mAU/mL† 66.53 89.94 75.12 85.48 82.60

NA-treated 32.50mAU/mL‡ 87.32 58.13 30.85 95.54 63.28

NA-treated 29.50mAU/mL‡ 90.14 51.05 28.26 96.03 57.94
NA-treated 32.50mAU/mL§ 87.32 58.13 30.85 95.54 63.28

Notes: *The common surveillance threshold for HCC (AFP=400 ng/mL or PIVKA-II=40 mAU/mL). †The optimal cut-off values of AFP and PIVKA-II were obtained by 
maximizing the sum of sensitivity and specificity in patients with and without NA therapy. ‡The cut-off values of AFP and PIVKA-II of which the sensitivity or specificity was 
similar to the common surveillance threshold for HCC (AFP=400 ng/mL or PIVKA-II=40 mAU/mL). §The most appropriate detection thresholds of AFP and PIVKA-II 
between ‡were obtained by maximizing the Youden index and maximizing the diagnostic odds ratio (DOR) simultaneously in patients with NA therapy. 
Abbreviations: HCC, hepatocellular carcinoma; HBV, hepatitis B virus; NA, nucleoside analog; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K absence or 
antagonist-II; PPV, positive predictive value; NPV, negative predictive value; BCLC, Barcelona Clinic Liver Cancer.
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the more reasonable detection thresholds of AFP and 
PIVKA-II for NA-treated patients, and built a logistic 
regression model to assess the risk of HBV-related HCC 
in patients with CHB.

When we made comparisons for patients with CHB, 
cirrhosis or HCC, the results indicated that NA treatment 
might reduce the levels of serum AFP and PIVKA-II in CHB 
patients, which became the basis of our subsequent study. 
A few studies have investigated the relationship between 
NAs and AFP or PIVKA-II in CHB patients and reached 
the similar results.13,14 Some researchers have tried to clarify 
the associated mechanisms.12 Zhang et al found that the 
expression of the AFP gene in hepatic cells was reported to 
be activated and to participate in hepatitis B virus x protein 
(HBx)-induced hepatocarcinogenesis.27

We also compared AFP and PIVKA-II among patients 
with CHB, HBV-induced cirrhosis and HBV-related HCC 
and obtained lower serum AFP and PIVKA-II levels in 
CHB and HBV-related cirrhosis patients than in HBV- 
related HCC patients, which corroborates findings from 
previous studies.28

In this study, we compared the detection performances 
of AFP, PIVKA-II and the combined two markers in NA- 
treated and untreated patients. We determined that serum 
PIVKA-II showed the best AUROC in both NA-treated 
and untreated patients. However, significant differences in 
detection performance between AFP and the combination 
were not observed in the treated patients but were 
observed in the untreated patients. The comparison 
between the detection performance of AFP and PIVKA- 
II remains controversial.26,29 Nevertheless, more studies 
have reported that PIVKA-II is superior to AFP for HCC 
surveillance,8,10 especially for HBV-related HCC.30 It is 
still disputable whether the combination of AFP and 
PIVKA-II can improve the diagnostic effectiveness.29 

However, Durazo et al showed that the combination was 
no more accurate than PIVKA-II alone, which is similar to 
our finding.10

By maximizing the Youden index, we determined that the 
optimal cut-off values for AFP were 104.60 ng/mL for NA- 
treated patients and 376.70 ng/mL for untreated patients. The 
optimal cut-off values for PIVKA-II were 47.50 mAU/mL 

Table 2 Logistic Regression Analysis of Predictors of HBV-Related HCC for NA-Treated Patients

Parameters Univariate Multivariate Final Model*

OR (95% CI) P-value OR (95% CI) P-value Selected Parameters OR (95% CI) P-value

Male sex 2.213 (1.501,3.261) <0.001 3.619 (2.080,6.296) <0.001 Male vs Female 2.895 (1.687,4.966) <0.001

Age, yr 1.042 (1.030,1.055) <0.001 1.046 (1.028,1.064) <0.001 >51 vs ≤51 3.326 (2.142,5.164) <0.001

ALT, IU/L 0.995 (0.994,0.997) <0.001 0.996 (0.993,0.998) 0.004 ≤225 vs >225 6.686 (3.103,14.405) <0.001

AST, IU/L 0.995 (0.993,0.997) <0.001 1.001 (0.997,1.004) 0.733 - - -

INR 0.082 (0.043,0.158) <0.001 0.234 (0.095,0.575) 0.002 ≤1.53 vs >1.53 3.543 (1.726,7.270) <0.001

ALB, g/L 1.049 (1.033,1.066) <0.001 1.014 (0.991,1.038) 0.246 - - -

GGT, IU/L 1.001 (1.000,1.002) 0.062 1.001 (1.000,1.002) 0.114 - - -

ALP, IU/L 0.998 (0.996,1.001) 0.119 1.000 (0.997,1.004) 0.872 - - -

PLT, 109/L 1.001 (0.999,1.002) 0.514 0.999 (0.996,1.002) 0.540 - - -

TBIL, μmol/L 0.990 (0.987,0.993) <0.001 0.993 (0.989,0.996) <0.001 ≤113.8 vs >113.8 8.456 (3.937,18.164) <0.001

Log AFP, log ng/mL 2.451 (2.057,2.922) <0.001 2.456 (1.890,3.192) <0.001 >11.12, ≤97.57 vs ≤11.12 1.953 (1.183,3.225) 0.009

>97.57 vs ≤11.12 4.969 (2.773,8.905) <0.001

Log PIVKA-II, log mAU/mL 5.036 (3.851,6.585) <0.001 3.355 (2.462,4.571) <0.001 >26, ≤107 vs ≤26 4.175 (2.298,7.584) <0.001

>107 vs ≤26 30.910 (15.515,61.578) <0.001

Notes: *We used smooth curve fitting to assess the threshold effect of variables and partitioned them into intervals according to inflection points. The final model was then 
constructed using all the NA-treated patients in the training set and the nomogram is shown in Figure 5. 
Abbreviations: HBV, hepatitis B virus; HCC, hepatocellular carcinoma; OR, odds ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, international 
normalized ratio; ALB, albumin; GGT, gamma-glutamyl transferase; ALP, alkaline phosphatase; PLT, platelet; TBIL, total bilirubin; AFP, alpha-fetoprotein; PIVKA-II, protein 
induced by vitamin K absence or antagonist-II.
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for NA-treated patients and 67.50 mAU/mL for untreated 
patients in the training set. Previous studies have determined 
a range of 10 to 400 ng/mL as the cut-off values of serum 
AFP.31,32 However, a very recent meta-analysis and the 
recent standardization for diagnosis and treatment in China 
recommended that AFP=400 ng/mL should be adopted as the 
threshold for HCC detection.22,23 Regarding PIVKA-II, most 
studies have recommended 40 mAU/mL as the cut-off 
value,24–26 especially in Asian countries.11 Therefore, we 
determined that the appropriate detection threshold of AFP 
was 151.40 ng/mL and that of PIVKA-II was 35.50 mAU/ 
mL for NA-treated patients under the premise of maintaining 
sensitivity or specificity similar to recommended thresholds 
(AFP=400 ng/mL and PIVKAII=40 mAU/mL) and maxi-
mizing the Youden index and the DOR simultaneously. 

Except for Kobashi et al14 hardly any other similar studies 
regarding NA-treated patients could be found. Furthermore, 
we also use the same approach to conduct a subgroup analy-
sis to determine the appropriate early detection thresholds of 
AFP (151.40 ng/mL) and PIVKA-II (32.50 mAU/mL) for 
BCLC-0/A HCC patients who were treated by NAs. For 
patients with BCLC-0/A HCC and without HCC in the 
training set, we found that the optimal cut-off values of 
AFP for untreated patients (18.43 ng/mL) was lower than 
NA-treated patients (151.40 ng/mL). The reasons for this 
may be manifold. On the one hand, it has been reported 
that the level of AFP in early-stage HCC was lower than in 
middle-stage HCC or late-stage HCC.33,34 On the other hand, 
Yuan et al35 found that after a 12-month antiviral treatment 
for CHB patients with positive AFP, more than half of 

Figure 5 The nomogram predicting the risk of HBV-related HCC for NA-treated patients. The nomogram maps the predicted probability of HBV-related HCC on a scale of 
0 to 400. For each covariate, please draw a vertical line upwards and note down the corresponding points. This is repeated for each covariate ending with a total score that 
corresponds to a predicted probability of HBV-related HCC at the bottom of the nomogram.
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Figure 6 ROC curves and calibration curves for the validation of the nomogram (A) The comparison of ROC curves between NA-treated patients in the training set and all untreated 
patients. The AUROCs were 0.914 (95% CI, 0.893–0.935) and 0.864 (95% CI, 0.854–0.875) respectively. (B) The comparison of calibration curves between NA-treated patients in the 
training set and all untreated patients. (C) The comparison of ROC curves between NA-treated patients in the training set and NA-treated patients in the validation set. The AUROCs 
were 0.914 (95% CI, 0.893–0.935) and 0.868 (95% CI, 0.827–0.909) respectively. (D) The comparison of calibration curves between NA-treated patients in the training set and NA- 
treated patients in the validation set. (E) The comparison of ROC curves between NA-treated patients in the training set and NA-treated patients with BCLC-0/A HCC and without 
HCC in the validation set. The AUROCs were 0.914 (95% CI, 0.893–0.935) and 0.856 (95% CI, 0.809–0.903) respectively. (F) The comparison of calibration curves between NA-treated 
patients in the training set and NA-treated patients with BCLC-0/A HCC and without HCC in the validation set.
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Figure 7 ROC curves and decision curve analysis (DCA) curves for the comparison among the nomogram, AFP and PIVKA-II. (A and B): The comparison of ROC curves and DCA 
curves among the nomogram, AFP.C and LogAFP in NA-treated patients in the validation set. The AUROCs were 0.868 (95% CI, 0.827–0.909), 0.625 (95% CI, 0.574–0.676) and 0.651 
(95% CI, 0.587–0.715) respectively. (C and D): The comparison of ROC curves and DCA curves among the nomogram, PIVKA-II.C and LogPIVKA-II in NA-treated patients in the 
validation set. The AUROCs were 0.868 (95% CI, 0.827–0.909), 0.790 (95% CI, 0.745–0.836) and 0.822 (95% CI, 0.768–0.877) respectively. (E and F): The comparison of ROC curves 
and DCA curves among the nomogram, the combination of AFP.C and PIVKA-II.C and the combination of LogAFP and LogPIVKA-II in NA-treated patients in the validation set. The 
AUROCs were 0.868 (95% CI, 0.827–0.909), 0.804 (95% CI, 0.759–0.850) and 0.785 (95% CI, 0.731–0.840) respectively. AFP.C means that AFP≥100 ng/mL was adopted as the cut-off 
value for the diagnosis of HCC. PIVKA-II.C means that PIVKA-II≥40 mAU/mL was adopted as the cut-off value for the diagnosis of HCC.
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individuals remained AFP-positive and non-AFP response to 
antiviral treatment was independent factors associated with 
HCC occurrence, which may partially explain the results. In 
addition, AFP levels of patients with hepatic necro- 
inflammation were often elevated and the liver cell regenera-
tion process upon liver injury was always accompanied by 
AFP production.36,37 Previous studies have reported that NA 
treatment may lead to immune regulation, inflammation 
response or even abnormal liver function for CHB 
patients.38–40 This is perhaps another reason for the higher 
AFP level in NA-treated patients than untreated patients. The 
new detection thresholds, which are lower than the pre-
viously recommended thresholds, are validated to be able 
to indicate high suspicion of HBV-related HCC and BCLC-0/ 
A HCC with a relatively larger Youden index and DOR, 
especially for NA-treated patients.

Because NA treatment has been recommended for 
CHB patients,5–7 we should pay more attention to the 
patients receiving NA treatment when predicting the risk 
of HBV-related HCC. Another significant finding is the 
risk prediction model for HBV-related HCC, in which, 
AFP and PIVKA-II play important roles. Previous studies 
tended to incorporate age, sex, and hepatic function and 
the AUROCs of models ranged from about 0.78 to about 
0.935.15–17,41 In 2014, Johnson et al42 developed the 
GALAD model and the diagnostic performance of the 
GALAD model has been validated in China, the UK, 
Germany, Japan and the USA.20,43,44 A recent study per-
formed external validations to compare the predictability 
of REACH-B, PAGE-B, mPAGE-B and CU-HCC in 
patients with CHB in China and the AUROCs of those 
scores ranged from 0.703 to 0.825.45 Compared to pre-
vious studies, our model includes a larger number of NA- 
treated patients, includes more comprehensive partitioned 
indicators which were convenient for practical application, 
and achieves better detection performance for HBV- 
related HCC especially in NA-treated patients. It is 
worth mentioning that our model was validated to be 
able to detect early-stage (BCLC-0/A) HCC with rela-
tively good AUROC and fitting effect, which will further 
help in the early diagnosis and early treatment of HBV- 
related HCC. ALT≤225IU/L and total bilirubin 
(TBIL)≤113.8μmol/L were found to be correlated with 
HCC in the nomogram. It might be attributed to the 
close association between high ALT or TBIL levels and 
liver failure,46,47 and we initially excluded patients with 
hepatic failure and other severe complications as the 
exclusion criteria.

However, there are still some limitations in our study. 
First, our study was a retrospective cross-sectional design 
using patients from a single center and we had not per-
formed propensity score matching. More longitudinal fol-
low-up data will improve the grade evidence of the 
outcomes and long-term follow-up prospective multicenter 
studies are needed to support our conclusions. Second, 
most of patients included were Chinese and the applicabil-
ity of our outcomes to people in different countries 
remains to be verified. Third, some indicators such as 
Lens culinaris agglutinin-reactive fraction of alpha- 
fetoprotein (AFP-L3) and osteopontin (OPN) were not 
included due to higher examination costs of patients. 
Fourth, compared with previous studies,48,49 the newly 
established AFP cut-off value provided limited sensitivity 
when solely diagnosing HCC. This could be partly due to 
the heterogeneity of the different populations and partly 
due to the approach for obtaining the thresholds. When 
determining the thresholds, we adopted AFP=400 ng/mL 
as the reference and the cut-off value of AFP in our study 
was determined by maximizing the Youden index and the 
DOR simultaneously, which took both the sensitivity and 
specificity into account.

Conclusions
In conclusion, we demonstrated that the levels of AFP 
and PIVKA-II in NA-treated patients were significantly 
lower than those in untreated patients, regardless of 
whether the patients had CHB, HBV-induced cirrhosis 
or HBV-related HCC. Moreover, this study showed that 
the optimal detection thresholds of AFP and PIVKA-II 
were 104.60 ng/mL and 47.50 mAU/mL, respectively, 
and the most appropriate thresholds changed to become 
151.40 ng/mL and 35.50 mAU/mL, respectively, based 
on the present common detection thresholds, which indi-
cated the markedly elevated risk of HBV-related HCC 
for NA-treated patients. As for BCLC-0/A HCC, detec-
tion thresholds of AFP and PIVKA-II should change to 
be 151.40 ng/mL and 32.50 mAU/mL. In addition, we 
constructed a logistic regression model composed of 
gender, age, ALT, INR, TBIL, AFP and PIVKA-II that 
can better predict the risk of HBV-related HCC and 
early-stage (BCLB-0/A) HCC for NA-treated CHB 
patients.

Abbreviations
AFP, alpha-fetoprotein; PIVKA-II, des-gamma-carboxy 
prothrombin; HCC, hepatocellular carcinoma; CHB, 
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chronic hepatitis B; NA, nucleoside analog; HBV, 
Hepatitis B virus; ETV, entecavir; TDF, tenofovir; LS, 
liver stiffness; ALT, alanine aminotransferase; INR, inter-
national normalized ratio; PLT, platelet; TBIL, total bilir-
ubin; GGT, gamma-glutamyl transferase; US, 
ultrasonography; CT, computed tomography; MRI, mag-
netic resonance imaging; IFN, interferon; ALD, autoim-
mune liver disease; AIDS, acquired immune deficiency 
syndrome; ROC, receiver operating characteristic; PPV, 
positive-predictive value; NPV, negative-predictive value; 
AUROC, area under the receiver operating characteristic 
curve; CI, confidence interval; DOR, diagnostic odds ratio; 
DCA, decision curve analysis; OPN, osteopontin.
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