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Purpose: Several risk models have been developed to predict the hepatocellular carcinoma (HCC) risk in patients with chronic 
hepatitis B (CHB); however, it remains unclear whether these models are useful for risk assessment in patients with hepatitis B virus 
(HBV)-related cirrhosis undergoing antiviral therapy.
Patients and Methods: A total of 252 treatment-naive cirrhosis patients with no history of HCC who underwent treatment with 
nucleos(t)ide analogues between January 2010 and July 2014 were enrolled. Cox proportional hazards model was used to analyze the 
risk factors for HCC. “TimeROC” and “survival ROC” package, written for R, were used to compare the time-dependent area under 
the receiver operating characteristic (AUROC) curves for the predictability of the HCC risk scores.
Results: During the mean follow-up period of 56.96 months, 48 (19.0%) patients developed HCC. Cox multivariate stepwise 
regression analysis revealed that international normalized ratio (hazard ratio [HR] 2.771, 95% confidence interval [CI] 1.462–5.254; 
P=0.002), alpha-fetoprotein (HR 1.001, 95% CI 1.000–1.003; P=0.035), diabetes mellitus (HR 3.061, 95% CI 1.542–6.077; P=0.001), 
and alcohol intake (HR 2.250, 95% CI 1.042–4.856; P=0.039) were independent indicators of the HCC risk. AUROC at 3 (0.739) and 
5 years (0.695) for the REAL-B score were consistently higher than those of the other risk models except RWS-HCC. The time- 
dependent AUROC value at 1 year for the REAL-B score was similar to those of the other risk models. According to REAL-B score 
stratification (0–3, low; 4–7, moderate; and 8–13, high), the HCC risk rates at 1, 3, and 5 years were 2.4%, 5.6%, and 9.0% in the 
intermediate-risk group, and 7.2%, 21.1%, and 26.3% in the high-risk group, respectively (all P<0.001 between each pair).
Conclusion: REAL-B score showed a persistently high prognostic capability in predicting the HCC risk in HBV-related cirrhosis 
patients undergoing antiviral therapy.
Keywords: HBV, antiviral therapy, liver cancer, risk prediction, cirrhosis

Introduction
Liver cancer is the fourth leading cause of cancer-related mortality and was the sixth most prevalent cancer in 2018 
worldwide.1,2 Hepatocellular carcinoma (HCC) represents approximately 90% of all primary liver cancers and constitutes 
a major global health problem.3 Chronic hepatitis B (CHB) is the leading cause of HCC in China.4,5 The annual 
incidence of HCC is estimated to be 0.2% in chronic hepatitis B virus (HBV) inactive carriers, 0.6% in CHB patients 
without cirrhosis, and 3.7% in compensated cirrhotic patients with HBV infection.6 Universal HBV vaccination is the 
cornerstone of primary prevention of HBV-associated HCC.7 Recent advances in antiviral treatment have enabled the 
inhibition of viral replication8–10 and amelioration of necro-inflammation and resultant fibrosis,11,12 and significantly 
attenuated the development of HCC.13,14 Nevertheless, the risk of HCC development is reduced but not eliminated in 
CHB patients undergoing effective antiviral therapy, primarily owing to the complex mechanisms of hepato- 
carcinogenesis.15–17 Accordingly, HBV-related cirrhosis patients receiving maintenance antiviral treatment remain at 
high risk of HCC, and are recommended regular surveillance for early detection of HCC.3,18 Therefore, in patients with 
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HBV-related cirrhosis receiving nucleos(t)ide analogues (NAs), accurate stratification of the risk of hepatocarcinogenesis 
needs cautious surveillance. Given the strong association between HBV infection and HCC development, guidelines 
recommend surveillance for detection of HCC in the early stages to increase the curative opportunity and reduce the 
mortality.7,18

Risk scores may help physicians improve the efficiency and implementation of HCC surveillance strategy. To date, 
several risk models have been constructed for the prediction of HCC development in HBV-related patients.19–28 

However, few of them are widely used in clinical practice due to the differences in the selective population character-
istics. Toronto hepatocellular carcinoma risk index (THRI) has been used to predict HCC in patients with cirrhosis of 
various categories.29 Meanwhile, aMAP score has been reported to predict HCC development in patients with chronic 
hepatitis.30 REACH-B26 has been developed in only non-cirrhotic patients. GAG-HCC,20 liver stiffness measurement 
(LSM)-HCC,23 mREACH-B,21 CU-HCC score,24 NGM-HCC,27 PAGE-B,22 mPAGE-B,19 CAMD,25 and AASL-HCC28 

were based on mixed patient populations with different cirrhosis proportions. Some determinants, including core 
promoter mutations (from GAG-HCC20) and liver stiffness measurements (from LSM-HCC23 and mREACH-B21) 
were not easy to acquire. A small number of studies have verified the prognostic value of the HCC prediction 
models.31–34 However, the usefulness of these models has not been fully verified in patients with HBV-related cirrhosis.

In this study, we aimed to examine the usefulness of the prediction scores for HCC development in HBV-related 
cirrhosis patients undergoing antiviral therapy.

Patients and Methods
Patients
This retrospective study enrolled 252 patients with HBV-associated cirrhosis, who were treated with NAs and admitted to 
Peking University First Hospital between January 2010 and July 2014. Liver cirrhosis was confirmed by liver biopsy, 
presence of esophageal or gastric varices on endoscopy, decompensated performance (ascites, variceal bleeding, or 
hepatic encephalopathy), or meeting at least two of the following four criteria: a. medical imaging findings of liver 
surface nodularity and echogenicity; b. platelets (PLT) < 100×109/L with no other cause; c. serum albumin (ALB)<35.0 
g/L or international normalized ratio (INR)>1.3; d. LSM >12.4 kPa (when alanine amino transferase [ALT] < 5 × upper 
limit of normal [ULN]). The inclusion criteria were as follows: (1) aged 18–75 years; (2) serologically positive for 
hepatitis B surface antigen (HBsAg) for at least 6 months with no antiviral treatment received before. The exclusion 
criteria were as follows: (1) other causes of chronic liver disease; (2) presence of HCC or other malignancies; (3) any 
other significant medical illness; (4) previous organ transplantation. The study protocol conformed to the ethical 
guidelines of the Declaration of Helsinki and was approved by the institutional review board of Peking University 
First Hospital, Beijing, China (approval no. 2020363). Written informed consent was obtained from the patients or their 
relatives to participate in the study, and data were analyzed anonymously.

Hepatocellular Carcinoma Surveillance and Diagnosis
Blood tests, including alpha-fetoprotein (AFP), and ultrasonography were performed every 6 months for HCC surveil-
lance. Contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI) were undertaken when the 
AFP level was abnormally elevated and/or ultrasonography detected a nodule suspected to be HCC. Liver biopsy was 
used to diagnose HCC without the typical imaging findings. The diagnosis of HCC was defined according to the 
American Association for the Study of Liver Diseases.35

Selection and Scoring of HCC Prediction Models
LSM-HCC23 and mREACH-B21 were excluded because of lack of transient elastography (TE). GAG-HCC20 was not 
investigated owing to insufficient data regarding the basal core promoter mutation. REACH-B26 was excluded because it 
was developed in only non-cirrhotic patients. We selected the HCC risk scores calculated based on the published 
formulae including THRI,29 aMAP,30 CU-HCC,24 NGM-HCC,27 PAGE-B,22 mPAGE-B,19 CAMD,25 RWS-HCC,36 

REAL-B,37 and AASL-HCC,28 (Supplementary Table 1) at baseline and every year after NA therapy.
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Data Collection
Demographic characteristics of all patients, including age, sex, family history of HCC, coexisting diabetes mellitus, and 
alcohol intake were recorded within 24 hours of admission. Laboratory test results, including ALB, total bilirubin 
(TBIL), ALT, aspartate aminotransferase (AST), alkaline phosphatase (ALP), γ-glutamyl transpeptidase (GGT), high- 
density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), PLT, INR, AFP, serum creatinine (Scr), 
hepatitis B e antigen (HBeAg), and HBV-DNA, were collected at baseline and every year until the last follow-up date.

Statistical Analysis
Statistical analysis was conducted by SPSS for Windows (version 22.0, IBM, Armonk, NY). Univariate analysis was 
performed to assess the significance of the characteristics. Multivariable Cox regression analysis was carried out to 
identify the prognostic predictors of HCC development, with calculation of the adjusted hazard ratio (HR) and 95% 
confidence interval (CI). Cumulative incidence rates of HCC were calculated using Kaplan–Meier analysis and compared 
using the Log rank test. The survival curves were generated using MedCalc software version 18.2. Two-tailed P<0.05 
was considered significant. Time-dependent receiver operating characteristic (ROC) curves were calculated to assess the 
discriminative abilities of these risk scores in predicting long-term HCC development. The analysis of the ROC curves 
and comparison of the area under the ROC curves (AUROCs) were performed using R software version 4.0.5, (http:// 
www.r-project.org) with the “survival ROC” and the “time ROC” packages.

Results
Patient Characteristics
Between January 2010 and July 2014, a total of 528 patients with HBV-related cirrhosis who received antiviral therapy with 
NAs were eligible for our study. After applying the exclusion criteria, 252 patients were finally selected for the statistical 
analysis (Supplementary Figure 1). The baseline characteristics of the study population are summarized in Table 1. The mean 
age was 52.13±10.24 years, 195 (77.3%) patients were men, 89 (35.3%) patients were HBeAg-positive, and 108 (42.9%) 
patients received entecavir (ETV). During a mean follow-up of 56.96 months, 48 patients developed HCC. The 1-year, 
3-year, and 5-year cumulative incidence rates of HCC were 4.8%, 13.0%, and 17.7%, respectively (Figure 1).

At the baseline, compared to patients who did not develop HCC, those with HCC were more likely to have a higher 
AFP, mPAGE-B, PAGE-B, and REAL-B score. Age, sex, body mass index (BMI), HBeAg status, baseline HBV-DNA, 
PLT, ALT, AST, ALB, TBIL, ALP, GGT, HDL, LDL, Scr, INR, AASL-H, aMAP, CU-HCC, CAMD, RWS-HCC, REAL- 
B, and THRI were similar in the two groups (Table 1).

Factors Affecting the Risk of HCC Development in Patients with NA Therapy
HCC occurred in 48 of the 252 patients during the treatment period. Variables for the Cox regression analysis were 
selected from the clinical and laboratory findings. The results showed that decompensation, INR, AFP, diabetes, and 
alcohol intake were associated with HCC (Table 2). Based on this, Cox multivariate stepwise regression analysis 
identified INR (HR 2.771, 95% CI 1.462–5.254; P=0.002), AFP (HR 1.001, 95% CI 1.000–1.003; P=0.035), diabetes 
(HR 3.061, 95% CI 1.542–6.077; P=0.001), and alcohol intake (HR 2.250, 95% CI 1.042–4.856; P=0.039) as the 
independent indicators of the risk of HCC development (Table 2). In our study, age, sex, ALT, PLT, ALB, TBIL, HBV- 
DNA, and positive HBeAg, which are common components of the risk models, were not identified as significant 
predictors of HCC development.

Predictive Performances of the Risk Models for HCC Development
Time-dependent AUROCs were calculated for comparing the accuracy of the predictive performances of the risk models 
for HCC development. Table 3 shows the predictive performances of AASL-H, aMAP, CAMD, CU-HCC, mPAGE-B, 
PAGE-B, REAL-B, RWS-HCC, and THRI. The predictive performance of the REAL-B score was similar to RWS-HCC, 
and significantly better than that of the other models, including AASL-H, aMAP, CAMD, CU-HCC, mPAGE-B, PAGE- 
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B, and THRI at 3 and 5 years (Figure 2B and C). The AUROC value at 1 year for the REAL-B score was similar to that 
of the other risk models (Figure 2A).

The cumulative incidence rates of HCC based on the REAL-B score (Figure 3) were calculated using the Kaplan– 
Meier method. Patients were classified into three risk stratifications according to the REAL-B score using the cut-off 
values recommended by the original studies: low-risk group (score 0–3) vs intermediate-risk group (score 4–7) vs high- 
risk group (score 8–13). There were 13 (10.24%) and 35 (28%) patients in the intermediate-risk and high-risk groups, 
respectively. There were no patients in the low-risk group. High-risk group patients had a significantly higher probability 
of developing HCC (P<0.001). Using the REAL-B score, the HCC risk rates at 1, 3, and 5 years were 2.4%, 5.6%, and 
9.0% in the intermediate-risk group, and 7.2%, 21.1%, and 26.3% in the high-risk group, respectively.

Changes in the Risk Models Over Time
The HCC risk models and components constituting each HCC prediction model were examined. The median changes in each 
HCC prediction score between the baseline and 1 year after NA administration are shown in Table 4. At 1 year after treatment, 

Table 1 Baseline Characteristics of Patients with HBV-Related Cirrhosis

Parameters Total (n=252) Without HCC (n=204) With HCC (n=48) P-value

Age (year) 52.13±10.24 51.78±10.32 53.63±9.85 0.355
Male, n (%) 195 (77.3%) 161 (78.9%) 34 (70.8%) 0.228

Follow-up (month) 56.96±23.52 62.94±19.71 31.58±21.52 0.000*

BMI (kg/m2) 24.2 (4.14) 24.27 (4.16) 24.19 (4.28) 0.569
HBV DNA (log10 IU/mL) 4.35 (2.85) 4.45 (2.88) 3.81 (2.68) 0.195

HBeAg(+), n (%) 89 (35.3%) 68 (33.3%) 21 (43.7%) 0.174

PLT, ×109/L 79 (62) 82 (67) 71 (41.5) 0.096
ALT, IU/L 36 (40.75) 36 (42.25) 34.5 (35.75) 0.801

AST, IU/L 45 (45.5) 45 (44.75) 44.5 (52) 0.944
Scr, μmol/L 78 (20) 78 (19.75) 79 (18.07) 0.889

TBIL, μmol/L 22 (23.63) 22.7 (25.08) 19.2 (17.33) 0.152

ALB, g/L 34.9 (11) 35.25 (11.53) 34.35 (10.1) 0.745
ALP, IU/L 90 (46) 88.5 (46.75) 95.5 (41.25) 0.871

GGT, IU/L 47 (57.75) 44.5 (58.5) 51 (57.25) 0.568

HDL,mmol/L 1.02 (0.53) 1.03 (0.55) 0.96 (0.46) 0.442
LDL,mmol/L 1.94 (1.09) 1.96 (1.06) 1.84 (1.1) 0.431

INR 1.19 (0.23) 1.18 (0.22) 1.26 (0.27) 0.259

AFP, ng/mL 4.97 (24.11) 4.31 (13.54) 21.86 (256.27) <0.001*
Decompensation, n (%) 111 (44%) 85 (41.7%) 26 (54.1%) 0.117

VR at year 1, n (%) 187 (74.2%) 154 (75.7%) 33 (68.7%) 0.337

VB, n (%) 25 (9.9%) 17 (8.3%) 8 (16.6%) 0.082
ETV treatment, n (%) 108 (42.9%) 90 (44.1%) 18 (37.5%) 0.405

AASL-H 20 (4) 20 (5) 21 (3) 0.625

aMAP 63.74 (8) 63.16 (8.74) 64.78 (6.4) 0.205
CU-HCC 35 (20.5) 23.5 (20.5) 35 (20.75) 0.163

CAMD 16 (4) 16 (4) 16 (3) 0.266

mPAGE-B 14 (4) 14 (4) 15 (2) 0.009*
PAGE-B 18 (5) 18 (5) 19 (5) 0.041*

RWS-HCC 6 (2.5) 5.5 (2.5) 7 (1.87) 0.082

REAL-B 7 (2) 7 (2) 8 (2) <0.001*
THRI 297 (69) 291.5 (69) 297 (77.25) 0.219

Note: *Statistically significant P values. 
Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine amino transferase; AST, aspartate aminotransferase; ALP, alkaline 
phosphatase; BMI, body mass index; GGT, γ-glutamyl transpeptidase; HBeAg, hepatitis B e antigen; HCC, hepatocellular carcinoma; HDL, 
High-density lipoprotein cholesterol; INR, international normalized ratio; LDL, Low-density lipoprotein cholesterol; PLT, blood platelet; 
Scr, serum creatinine; TBIL, total bilirubin; VB, virologic breakthrough; VR, virologic response.
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HBV DNA, ALT, AST, GGT, AFP, and ALB were ameliorated significantly (P<0.05 for all). Nevertheless, the HCC risk 
scores, except for AASL-HCC and CU-HCC, did not change significantly at 1 year after NA treatment. In patients who 
developed HCC, all risk scores did not significantly alter at 1 year after NA treatment (P>0.05 for all, Table 5).

Figure 1 Cumulative incidence rates of hepatocellular carcinoma (Kaplan–Meier curve).

Table 2 Univariate and Multivariate Analyses of Predictive Factors Associated 
with HCC

Parameters Univariate Analysis

HR (95% CI) P value

Age (year) 1.025 (0.996 1.054) 0.089
Male, n (%) 0.707 (0.380 1.318) 0.276

BMI (kg/m2) 1.042 (0.958 1.134) 0.336

HBV DNA (log10 IU/mL) 0.864 (0.719 1.039) 0.120
HBeAg(+), n (%) 1.462 (0.827 2.587) 0.192

PLT, ×109/L 0.997 (0.991 1.003) 0.261
ALT, IU/L 0.998 (0.995 1.001) 0.241

AST, IU/L 0.999 (0.997 1.002) 0.697

Scr, μmol/L 0.998 (0.991 1.006) 0.624
TBIL, μmol/L 0.995 (0.984 1.006) 0.369

ALB, g/L 0.989 (0.951 1.029) 0.588

INR 2.063 (1.140 3.733) 0.017*
ALP, IU/L 1.000 (0.993 1.007) 0.962

GGT, IU/L 1.000 (0.997 1.004) 0.885

HDL, mmol/L 0.680 (0.334 1.384) 0.287
AFP, ng/mL 1.002 (1.001 1.003) 0.000*

ETV treatment, n (%) 0.799 (0.445 1.433) 0.451

Decompensation, n (%) 1.862 (1.054 3.291) 0.032*

(Continued)
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For further analysis, we defined risk downgrade as the change from a high-risk group to a moderate-risk or low- 
risk group, and risk upgrade as the change from a moderate-risk group to a high-risk group at 1 year after NA 
treatment. The rate of HCC development was 16.7% in high-risk patients who experienced a downgrade to moderate 
risk (n=30), whereas it was 29.4% in moderate-risk patients who experienced an upgrade to the high-risk 
group (n=17).

Discussion
A previous study found that the overall HCC incidence per 100,000 kept increasing over three decades.38 HCC 
surveillance is effective in prognostication and curative treatment of patients with cirrhosis. HCC screening is recom-
mended in patients with an annual HCC risk threshold > 1.5%.35,39,40 Although the annual HCC risk in patients with 
baseline cirrhosis decreases after antiviral therapy, it remains above the cut-off value of 1.5%.41 While the utility of HCC 
risk prediction models in CHB has been reported, their utility in patients with cirrhosis during NA treatment has not been 
fully examined, as cirrhotic patients were usually excluded from previous studies. Therefore, we evaluated the known 
risk prediction models using data obtained during NA treatment and examined their utility.

In our study, ALT, ALB, TBIL, and viral factors (HBV-DNA and HBeAg) were not found to be predictors of HCC. 
We surmise that these factors may be greatly altered during NA treatment in most patients. INR and AFP were found to 

Table 3 Discrimination of the Prognostic Models

Parameters 1-Year tdROC (95% CI) 3-Year tdROC (95% CI) 5-Year tdROC (95% CI)

REAL-B 0.720 (0.523 0.917) 0.739 (0.628 0.851) 0.695 (0.597 0.792)

Aasl-hcc 0.674 (0.543 0.805) 0.568 (0.469 0.668) 0.524 (0.431 0.617)

aMAP 0.703 (0.527 0.879) 0.598 (0.487 0.709) 0.582 (0.483 0.681)
CAMD 0.644 (0.491 0.798) 0.647 (0.544 0.749) 0.582 (0.484 0.681)

CU-HCC 0.583 (0.421 0.744) 0.488 (0.376 0.599) 0.481 (0.384 0.579)

mPAGE-B 0.681 (0.515 0.847) 0.609 (0.500 0.717) 0.571 (0.474 0.667)
PAGE-B 0.660 (0.471 0.850) 0.599 (0.480 0.719) 0.564 (0.456 0.672)

RWS-HCC 0.670 (0.499 0.841) 0.679 (0.579 0.779) 0.667 (0.575 0.758)

THRI 0.664 (0.489 0.839) 0.581 (0.471 0.691) 0.574 (0.473 0.674)

Abbreviation: tdROC, time-dependent receiver operating characteristic.

Table 2 (Continued). 

Parameters Univariate Analysis

HR (95% CI) P value

VB, n (%) 1.737 (0.813 3.713) 0.154
HBV-DNA positivity at year 1 of the treatment 1.463 (0.794 2.695) 0.222

Diabetes, n (%) 2.540 (1.358 4.217) 0.003*

Alcohol drinking, n (%) 1.883 (1.056 3.358) 0.032*

Multivariate analyses: Predictors of HCC

INR 2.771 (1.462 5.254) 0.002*

AFP, ng/mL 1.001 (1.000 1.003) 0.035*

Diabetes, n (%) 3.061 (1.542 6.077) 0.001*
Alcohol drinking, n (%) 2.250 (1.042 4.856) 0.039*

Note: *Statistically significant P values. 
Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine amino transferase; AST, aspartate 
aminotransferase; ALP, alkaline phosphatase; BMI, body mass index; GGT, γ-glutamyl transpeptidase; 
HBeAg, hepatitis B e antigen; HCC, hepatocellular carcinoma; HDL, High-density lipoprotein choles-
terol; INR, international normalized ratio; PLT, blood platelet; Scr, serum creatinine; TBIL, total 
bilirubin; VB, virologic breakthrough.

https://doi.org/10.2147/JHC.S377435                                                                                                                                                                                                                                   

DovePress                                                                                                                                             

Journal of Hepatocellular Carcinoma 2022:9 992

Cheng and Xu                                                                                                                                                        Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


be associated with HCC development in our study. This might be the reason why AFP, which is associated with 
necroinflammation and hepatocarcinogenesis, and INR, which is related to the severity of liver dysfunction, were found 
to be the leading factors associated with HCC. Furthermore, our results indicate that diabetes and alcohol intake may 
have a good predictive ability for HCC development in patients with cirrhosis, which was in line with the results of 
previous studies on CHB patients.42 Therefore, the importance of diabetes and alcohol intake cannot be overemphasized 
in the cirrhotic population.

Our second aim was to determine the risk score that could best identify CHB patients with high-risk of HCC. We focused 
on the risk models that used routine clinical data, and found that REAL-B score in patients with baseline cirrhosis could 
identify the high-risk patients, and was more effective than other models in predicting HCC development during antiviral 
therapy. REAL-B score is calculated using age, sex, baseline PLT, baseline AFP, alcohol use, cirrhosis status, and diabetes 
mellitus at baseline, and is effective for the stratification of HCC risk in patients receiving NA treatment. According to our 

Figure 2 Time-dependent area under the receiver operating characteristic curves (AUROCs) for predicting hepatocellular carcinoma development; (A) time-dependent 
AUROCs for predicting hepatocellular carcinoma development at 1 year; (B) time-dependent AUROCs for predicting hepatocellular carcinoma development at 3 years; (C) 
time-dependent AUROCs for predicting hepatocellular carcinoma development at 5 years.

Figure 3 Cumulative incidence rates of hepatocellular carcinoma based on the REAL-B score.
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results, none of the cirrhotic patients could be classified into the low-risk group. Therefore, all cirrhotic patients should be 
advised to undergo HCC surveillance for life. It should be noted that the validity of all risk scores for HCC prediction may 
decrease over time. Thus, reassessment of the HCC risk scores is required after 5 years of follow-up.

Previous studies have shown that a dynamic change is more important than unstable baseline viral load and/or 
biochemical parameters to predict HCC in the antiviral era. It was found that HBV DNA, ALT, AST, GGT, AFP, and 
ALB were significantly altered at 1 year after treatment, resulting in a decrease in AASL-HCC and CU-HCC, whereas 
the other scores did not change. In patients who developed HCC, none of the risk scores changed significantly at 1 year 
after NA treatment. Various variables that can be influenced by prolonged antiviral therapy include ALT, ALB, TBIL, 

Table 4 Changes in Factors Constituting HCC Prediction Model

Parameters Baseline (n=252) 1 year of NA Therapy (n=252) P-value

PLT, ×109/L 79 (62) 85.5 (64.25) 0.570
ALT, IU/L 36 (40.75) 26 (20.75) <0.001*

AST, IU/L 45 (45.5) 35 (21.75) <0.001*

Scr, μmol/L 78 (20) 82 (22) 0.003*
TBIL, μmol/L 22 (23.63) 19.6 (18.08) 0.178

ALB, g/L 34.9 (11) 38.5 (11.38) <0.001*

ALP, IU/L 90 (46) 83.5 (55.75) 0.541
GGT, IU/L 47 (57.75) 33.5 (37.5) <0.001*

HDL,mmol/L 1.02 (0.53) 1.01 (0.48) 0.946
LDL,mmol/L 1.94 (1.09) 2.01 (1.06) 0.422

INR 1.19 (0.23) 1.17 (0.24) 0.572

AFP, ng/mL 4.97 (24.13) 4.12 (7.11) 0.010*
HBV-DNA(log10 IU/mL) 4.35 (2.85) 0 (2) <0.001*

AASL-HCC 20 (4) 20 (4) 0.030*

aMAP 63.74 (8) 69.97 (7.43) 0.093
CU-HCC 35 (20.5) 20.5 (20) 0.010*

CAMD 16 (4) 16 (4) 1.000

mPAGE-B 14 (4) 14 (4) 0.062
PAGE-B 18 (5) 18 (6) 0.748

RWS-HCC 6 (2.5) 5.5 (2.5) 0.385

REAL-B 7 (2) 7 (2) 0.733
THRI 297 (69) 297 (69) 0.777

Note: *Statistically significant P values. 
Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine amino transferase; AST, aspartate aminotrans-
ferase; ALP, alkaline phosphatase; BMI, body mass index; GGT, γ-glutamyl transpeptidase; HCC, hepatocellular 
carcinoma; HDL, High-density lipoprotein cholesterol; INR, international normalized ratio; LDL, Low-density 
lipoprotein cholesterol; NA, nucleos(t)ide analogs; PLT, blood platelet; Scr, serum creatinine; TBIL, total bilirubin.

Table 5 Changes in Prediction Model of HCC

Parameters Baseline (n=48) 1 Year of NA Therapy (n=48) P-value

AASL-HCC 21 (3) 21 (2.75) 0.573

aMAP 64.78 (6.4) 65.04 (5.61) 0.889

CU-HCC 35 (20.75) 29.25 (20) 0.766
CAMD 16 (3) 16 (3) 1.000

mPAGE-B 15 (2) 15 (3) 0.832

PAGE-B 19 (5) 19 (5) 0.691
RWS-HCC 7 (1.87) 6.25 (2.5) 0.181

REAL-B 8 (2) 8 (2) 0.561

THRI 297 (77.25) 297 (69) 0.787

Abbreviation: NA, nucleos(t)ide analogs.
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degree of fibrotic burden, and viral status. NA therapy effectively suppresses viral replication and reduces the risk of 
HCC. Nevertheless, high-risk patients still have a higher risk of HCC development despite a significant reduction in the 
risk score than low-risk patients who experience no changes in the risk score.43

There are some limitations to our study. First, this was a single-center retrospective study. Second, many patients 
included in the study were initially treated with the low-genetic barrier NAs. Finally, cirrhosis was usually diagnosed 
based on clinical judgment using different criteria (liver biopsy, LSM, or videography). This bias cannot be eliminated.

Conclusions
The REAL-B score calculated using age, sex, alcohol use, cirrhosis status at baseline, presence of diabetes mellitus, 
baseline PLT, and baseline AFP demonstrated a high diagnostic accuracy for HCC development in patients with cirrhosis 
at all time points during NA treatment, indicating its potential usefulness for real-time monitoring of HCC development.

Abbreviations
AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine amino transferase; AST, aspartate aminotransferase; ALP, alkaline 
phosphatase; AUROC, area under the receiver operating characteristic; BMI, body mass index; CHB, chronic hepatitis B; 
CI, confidence interval; CT, computed tomography; DNA, deoxyribonucleic acid; ETV, entecavir; GGT, γ-glutamyl 
transpeptidase; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; HCC, 
hepatocellular carcinoma; HDL, High-density lipoprotein cholesterol; HR, hazard ratio; INR, international normalized 
ratio; LDL, Low-density lipoprotein cholesterol; MRI, magnetic resonance imaging; NA, Nucleos(t)ide analogs; PLT, 
blood platelet; Scr, serum creatinine; TBIL, total bilirubin; TE, transient elastography; ULN, upper limit of normal.
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