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Abstract

Background & Aims: Guidelines recommend hepatocellular carcinoma (HCC) surveillance in 

patients with chronic HBV infection. Several HCC risk prediction models are available to guide 

surveillance decisions, but their comparative performance remains unclear.

Methods: Using a retrospective cohort of patients with HBV treated with nucleos(t)ide analogues 

at 130 Veterans Administration facilities between 9/1/2008 and 12/31/2018, we calculated risk 

scores from 10 HCC risk prediction models (REACH-B, PAGE-B, m-PAGE-B, CU-HCC, HCC-

RESCUE, CAMD, APA-B, REAL-B, AASL-HCC, RWS-HCC). We estimated the models’ 

discrimination and calibration. We calculated HCC incidence in risk categories defined by the 

reported cut-offs for all models.

Results: Of 3,101 patients with HBV (32.2% with cirrhosis), 47.0% were treated with entecavir, 

40.6% tenofovir, and 12.4% received both. During a median follow-up of 4.5 years, 113 patients 

developed HCC at an incidence of 0.75/100 person-years. AUC values for 3-year HCC risk were 

the highest for RWS-HCC, APA-B, REAL-B, and AASL-HCC (all >0.80). Of these, 3 (APA-B, 
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RWS-HCC, REAL-B) incorporated alpha-fetoprotein. AUC values for the other models ranged 

from 0.73 for PAGE-B to 0.79 for CAMD and HCC-RESCUE. Of the 7 models with AUC 

>0.75, only APA-B was poorly calibrated. In total, 10–20% of the cohort was deemed low-risk 

based on the published cut-offs. None of the patients in the low-risk groups defined by PAGE-B, 

m-PAGE-B, AASL-HCC, and REAL-B developed HCC during the study timeframe.

Conclusion: In this national cohort of US-based patients with HBV on antiviral treatment, most 

models performed well in predicting HCC risk. A low-risk group, in which no cases of HCC 

occurred within a 3-year timeframe, was identified by several models (PAGE-B, m-PAGE-B, 

CAMD, AASL-HCC, REAL-B). Further studies are warranted to examine whether these patients 

could be excluded from HCC surveillance.

Lay summary:

Risk prediction models for hepatocellular carcinoma (HCC) in patients infected with hepatitis B 

virus (HBV) could guide HCC surveillance decisions. In this large cohort of US-based patients 

receiving treatment for HBV, most published models discriminated between those who did or 

did not develop HCC, although the RWS-HCC, REAL-B, and AASL-HCC performed the best. 

If confirmed in future studies, these models could help identify a low-risk subset of patients on 

antiviral treatment who could be excluded from HCC surveillance.

Graphical Abstract
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Introduction

Chronic HBV infection is the most common chronic viral infection in the world and 

the leading cause of hepatocellular carcinoma (HCC) globally.1 HCC risk in HBV is 
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characterized by considerable variability related to demographic factors (age, sex, race/

ethnicity), disease severity and activity (fibrosis stage, HBV DNA level, HBeAg status), 

metabolic disease (diabetes, obesity), and lifestyle factors (alcohol, smoking).2 Accurate 

information regarding future risk of HCC is important for clinicians and patients to make 

optimal clinical care decisions, including those related to HCC surveillance.

To enable risk stratification, several risk models have been developed to predict future HCC 

risk among patients with HBV. These include the REACH-B3 (includes age, sex, alanine 

aminotransferase [ALT], HBeAg, HBV DNA); PAGE-B (age, sex, platelet)4; mPAGE-

B5(age, sex, platelet, albumin); CU-HCC6 (age, cirrhosis, albumin, bilirubin, HBV DNA); 

HCC-RESCUE (age, sex, cirrhosis)7; CAMD8 (cirrhosis, age, sex, and diabetes mellitus); 

APA-B9 (age, platelet, alpha-fetoprotein [AFP]); REAL-B10 (age, sex, alcohol use, cirrhosis, 

diabetes mellitus, platelet, AFP); AASL-HCC11(age, albumin, sex, liver cirrhosis); and 

RWS-HCC12 (age, sex, cirrhosis, AFP) scores – the full names of scores are provided in 

the abbreviations section. With the exception of PAGE-B, these models were developed 

and tested in mainly Asian patients infected with HBV, potentially limiting their use for 

risk stratification of patients seen in clinical practice in the US.8,13 This is because there 

are significant differences between Asians and non-Asians in the mode of transmission, 

HBV genotype, and distribution of other risk factors such as age, race, and obesity which 

may result in differences in natural history and disease progression to HCC. In addition, 

these models were developed in cohorts with varying proportions of patients on antiviral 

treatment (e.g., 0% in the REACH-B cohort, 15.1% in CU-HCC, 100% in the remaining 8 

cohorts) and patients with cirrhosis (e.g., 0% in the REACH-B model to nearly 40% in the 

cohorts for the CU-HCC and AASL-HCC models), making it difficult to apply these models 

in routine clinical practice. To our knowledge, no study has examined the performance of 

HCC risk models in US patients with HBV. There are also no data on the comparative 

effectiveness of different HBV-HCC models in non-Asian patients with HBV. The utility 

of these models in clinical practice also remains unknown. This information could play a 

central role in guiding which model(s) to use for clinical decision-making in US patients 

with HBV.

In this study, we examined and compared the performance of 10 HCC risk prediction models 

in a large cohort of patients with HBV treated with entecavir or tenofovir in routine clinical 

practice at 130 Veterans Administration (VA) facilities and their affiliated clinics.

Patients and methods

Data source

The VA healthcare system is the largest integrated healthcare provider in the US. We used 

data from the national VA Corporate Data Warehouse that includes all laboratory test results, 

pharmacy, and inpatient and outpatient procedures and diagnosis codes for patients utilizing 

the VA for healthcare. We also used the VA Purchased Care database of services paid by but 

rendered outside the VA. The VA Central Cancer Registry (CCR) is a national repository for 

VA patients with cancer. Local registrars manually abstract data using the North American 

Association of Central Cancer Registries standards. We obtained the date of death from 
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the VA Vital Status file that combines death data from Medicare, VA, and Social Security 

(sensitivity 98.3%; specificity 99.8% relative to the National Death Index).14

Study population

The study cohort included patients aged 18 years and older with chronic HBV infection, 

defined by at least 1 positive HBsAg test between September 1, 2008 and December 31, 

2017, who had at least 1 filled prescription for entecavir or tenofovir. We chose September 

1, 2008 as a start study time because tenofovir was first approved by the US Food and Drug 

Administration in September, 2008.15 We utilized the date of the first dispensed prescription 

of entecavir or tenofovir as the index date for follow up. We excluded patients with HIV co-

infection, defined by presence of ICD-9 or ICD-10 codes, and those with HCV co-infection, 

defined based on any positive HCV RNA test any time during study duration. Finally, we 

excluded patients with prevalent HCC defined as HCC diagnosed any time before or during 

the first year after treatment initiation.

HCC definition

We used a multi-step process to identify incident HCC. HCC was initially identified using 

the ICD-9 code (155.0: Malignant neoplasm of liver, primary in the absence of 155.1: 

intrahepatic bile duct carcinoma) and ICD-10 code (C.22.0: Liver cell carcinoma) in the 

VA Corporate Data Warehouse data. We then examined the VA CCR for patients with HCC 

diagnosis based on primary site code C220 with histology codes 817XX through 818XX and 

text searches for liver and hepatocellular carcinoma. For patients who had an ICD-9/10 code 

but were not identified as having HCC in the CCR, we conducted a manual review of the 

VA electronic medical record (EMR) to determine their true HCC status. This hierarchical 

approach ensured high validity of all the captured HCC cases. HCC diagnosis date was 

defined as the date the patient first met our HCC case definition. The study follow-up ended 

at the time of diagnosis of HCC, death, last visit recorded in the VA, or December 31, 2019.

Variables for HBV-HCC models

We obtained data on the individual factors included in 10 HBV-HCC models (Table 

1 and Table S1). Socio-demographic variables included age at the start of antiviral 

treatment (index date), sex, and race/ethnicity (White, African American, Hispanic, 

Asian, and other). For all patients, we extracted data for blood platelet count (103/ul), 

aspartate aminotransferase (AST)/ALT (U/L), albumin (g/dl), bilirubin (mg/dl), international 

normalized ratio, HBeAg, AFP, and HBV DNA tests that were performed within 1 year 

prior and closest to the index date. Cirrhosis was determined based on ICD-9 (456.1, 456.21, 

456.0, 571.2, 571.5, 571.6, 789.5, 789.60, 789.59, 567.23, 572.2, 572.5, 573.5) or ICD-10 

code (E83.110, G93.40, I85.00, I86.40, I85.10, I85.01, I86.41, I85.11, K65.2, K70.30, 

K70.31, K70.11, K71.91, K71.51, K71.7, K72.11, K74.60, K74.69, K74.3, K74.4, K74.5, 

K76.7, K76.81, R18.8) any time prior to the index or a fibrosis-4 (FIB-4) ≥3.25 within 

1 year of the index date. Our group previously reported that the positive predictive value 

(probability that cirrhosis is present based on EMR reviews among those with a cirrhosis 

ICD code) and negative predictive value (probability that cirrhosis is absent based on EMR 

reviews among those without a cirrhosis ICD code) were 90% and 87%.16 We identified 

diabetes and alcohol abuse based on ICD-9/10 diagnosis codes recorded any time before 
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the index date. We used a combination of ICD codes for alcohol use and results from the 

annual AUDIT-C scores (≥4 in men and ≥3 in women) any time prior to or during study 

follow-up to determine history of alcohol abuse. See Table S2 for the ICD codes used to 

define study variables. We converted HBV DNA reported as picogram/ml or copies/ml to 

IU/ml (1 picogram/ml = 270,000 copies/ml, 1 IU/ml = 5 copies/ml).

HBV-HCC models

We examined 10 published HBV-HCC prediction models: REACH-B,3 PAGE-B,4 mPAGE-

B,5 CU-HCC,6 HCC-RESCUE,7 CAMD,8 APA-B,9 REAL-B,10 AASL-HCC, and RWS-

HCC.12 Except for the PAGE-B model which was developed in Europe, all models were 

developed in Asian patients. REACH-B was developed in patients without cirrhosis. The 

proportion of patients with cirrhosis ranged from 0% in the cohort used for the development 

for the REACH-B model to nearly 40% in the cohorts for the CU-HCC and AASL-HCC 

models. The proportion of patients on antiviral treatment varied from 0% in the REACH-B 

cohort, to 15.1% in CU-HCC, to 100% in the remaining 8 cohorts. Information on the 

specific cut-offs and risk parameters in each model is shown in Table S1. Most models 

relied on information available at the time of antiviral treatment initiation with 1 exception: 

the APA-B model uses platelet and AFP levels at 12 months following initiation of 

HBV treatment. HBV-HCC prediction models were developed for different time-periods 

of risk prediction. AASL-HCC predicted both 3- and 5-year risk; PAGE-B, mPAGE-B, 

CU-HCC, HCC-RESCUE, CAMD, APA-B dicted 5-year risk; REACH-B and REAL-B 

models predicted 3-, 5-, and 10-year risk; and RWS-HCC predicted 10-year risk. In this 

study we examined 3- and 5-year risk since these were the most commonly utilized time 

periods.

Data analysis

We compared the demographic, clinical, and virus-related risk factors between patients 

who developed HCC and those who did not using chi-square or Fisher’s exact tests for 

categorical variables and t test for continuous variables. We assessed performance of the 

HBV-HCC risk prediction models using measures of discrimination and calibration.17 

Discrimination describes the ability of the model to distinguish patients who develop an 

event (HCC) from those who do not. Calibration is the ability of the model to accurately 

estimate the absolute risk.

We used time to event Cox proportional hazard models to examine the association between 

each model and risk of incident HCC. We examined each models’ discrimination using 

the area under the curve receiver-operating characteristic (AUC) curve. We assessed the 

performance of each model for prediction of time to HCC risk within 3 and 5 years to 

examine the different prediction horizons in the original studies from which the risk scores 

were derived. For example, for the 3-year risk, we considered individuals as incident cases if 

they had developed HCC within the first 3 years of follow-up. Patients who developed HCC 

after 3 years of follow-up were included in the 3-year prediction as non-cases.

We examined calibration via plots to visualize the relationship between predicted risk score 

and observed HCC risk within the 3-year time window using a logistic regression model. 
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We plotted the HCC cumulative incidence rate by the risk score for both the predicted and 

observed risk for HCC within 3 years. We also examined the Hosmer-Lemeshow test for 

goodness of fit using the logistic regression model.18,19

To gain insights into the clinical utility of the models, we estimated the cumulative HCC risk 

at 3 and 5 years of follow-up according to risk categories defined by the models’ clinical 

cut-offs using cox-regression analysis.

Sensitivity and subgroup analyses—Few laboratory values were missing in more than 

2% of patients (Table 1). Specifically, HBeAg tests were missing in 8.8%, HBV DNA in 

10.2%, platelet count 5.8%, AST 6.2%, ALT 5.6%, albumin 14.2%, bilirubin 2.0%, and 

AFP in 27.5% of the cohort. We used complete-case analysis as our primary approach. 

However, in a sensitivity analysis, we imputed missing data using multiple imputation and 

repeated all analyses to assess the degree to which our results were sensitive to missing data. 

The imputation model included outcomes and all covariates. Estimates from regressions 

performed on 5 imputed data sets were combined using Rubin’s rule.20

To examine whether each models’ performance was different in key racial/ethnic groups, 

we conducted subgroup analyses in White and African American patients. We used SAS 

version 9.4 and R studio version 1.2.5019 for all analyses. p values <0.05 were considered 

significant. This study was approved by the Institutional Review Boards of Baylor College 

of Medicine and Michael E. DeBakey Veterans Affairs Hospital, Houston, Texas. The data 

that support the findings of this study are available on request from the corresponding 

author, [FK]. The data are not publicly available due to privacy/ethical restrictions.

Results

Demographic characteristics

Our study included 3,101 patients with chronic HBV on entecavir (47.0%), tenofovir 

(40.6%), or both treatments (12.4%) (Table 1). On average, patients were on antiviral 

treatment for 3.1 years (SD 2.8 year) with 23 (SD, 22) prescriptions per patient during the 

follow-up period. In total, 28.5% of patients received less than 1 year of treatment.

The mean age at the index date was 56.8 years (SD 13.1) and 94.9% were men. 

Approximately 39.5% were White, 36.3% African American, and 13.6% were Asians. A 

total of 32.2% of patients had a diagnosis of cirrhosis, 38.8% were positive for HBeAg, and 

54.8% had HBV DNA levels greater than 2,000 IU/ml. The mean AST and ALT values were 

86.2 (SD, 141.6) and 101.1 (SD, 163.7) U/L, respectively. Approximately a quarter of the 

study population had diabetes (26.9%) and one-third had a history of alcohol abuse (30.2%).

During a median follow-up of 4.5 years (IQR 2.15–7.57) and an overall follow-up of 15,159 

person-years, 113 (3.6%) patients developed HCC at an incidence rate of 0.75 (95% CI 

0.61–0.90) per 100 person-years. Patients with cirrhosis developed HCC at an incidence of 

1.74 (95% CI 1.35–2.20) per 100 person-years, whereas HCC incidence was 0.40 (95% CI 

0.29–0.54) per 100 person-years in patients without cirrhosis.
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In the unadjusted analyses, compared to patients without HCC, those who developed HCC 

were older, more likely to be African American, and had cirrhosis. Patients who developed 

HCC also had lower platelet count and albumin level at the time of treatment initiation than 

those who did not. There were no statistical differences in the baseline values of AFP, HBV 

DNA, HBeAg status, AST, or ALT between the 2 groups. The type of HBV treatment was 

not significantly different in those who developed HCC compared to those who did not.

Model discrimination

Table 2 shows the AUC values for the 10 HBV-HCC prediction models. Except for the 

REACH-B model (AUC value 0.57, 95% CI 0.49–0.65 for 3-year HCC risk and 0.58, 

95% CI 0.52–0.64 for 5-year HCC risk), the AUC values of all models were greater than 

0.70. The AUC value for 3-year HCC risk was the highest for RWS-HCC (0.89, 95% CI 

0.85–0.93), followed by APA-B (0.87, 95% CI 0.83–0.91), AASL-HCC (0.86, 95% CI 0.82–

0.90), and REAL-B (0.84, 95% CI 0.78–0.90). The AUC values for 3-year HCC risk were 

between 0.73 and 0.80 for CU-HCC, HCC-RESCU, and CAMD. There were no significant 

differences in AUC among these 9 models. The AUC values for 5-year risk showed trends 

that were similar to those for 3-year risk (Table 2).

These results did not change in the sensitivity analysis after multiple imputation with the 

highest AUC value of 0.91 (95% CI 0.87–0.95) for the RWS-HCC model (Table S3). In 

the subgroup analyses by race/ethnicity (White vs. African American patients), there was no 

significant difference in AUC values by race/ethnicity. RWS-HCC, AASL-HCC, REAL-B, 

and APA-B had AUC values >0.80 in both subgroups (Table 4).

Model calibration

Among the 7 models with useful discrimination (AUC >0.75), most (CU-HCC, HCC-

RESCUE, CMAD, REAL-B, AASL-HCC and RWS-HCC) were well calibrated (see 

Hosmer-Lemeshow p values, Table 2). Only APA-B demonstrated poor calibration. Most 

models underestimated the actual risk in patients with 3-year cumulative incidence of 10% 

or higher (Fig. 1).

Cumulative HCC risk by each model's risk category

The cumulative HCC risk based on the risk categories defined by clinical cut-offs from 

each model showed clear discrimination except for the REACH-B model (for HCC risk at 

3 years: low risk group: 0%-2.5%, intermediate risk group: 0.8%-6.4%, high risk group: 

2.6%-13.6%; for HCC risk at 5 years, low risk: 0%-3.0%, intermediate risk: 1.4%-12.8%, 

and high risk: 2.6%-15.9%) (Table 3). In total, approximately 10–20% of the cohort was 

deemed a low-risk group by the reported clinical cut-offs of most models. None of the 

patients in the low-risk groups defined by PAGE-B (n = 287, 9.7%), m-PAGE-B (n = 344, 

13.5%), AASL-HCC (n = 294, 11.1%) and REAL-B (n = 355 16.4%) developed HCC 

during the study timeframe. Of all models, CAMD identified the largest group of patients 

deemed at low risk for HCC (n = 677, 21.8%); of these, no patient progressed to HCC within 

3 years although 1 had developed HCC at the 5-year follow-up. For the high-risk groups, the 

3-year risk of HCC was as high as 13.6% (95% CI 7.2–24.8) defined by APA-B followed by 

6.5% (95% CI 4.4–9.6) based on REAL-B.
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Discussion

Accurate information regarding patients’ risk of HCC is fundamental to optimal surveillance 

and risk reduction. Our study examined 10 published HBV-HCC prediction models and 

evaluated their predictive performance in a large multiracial US-based cohort of patients 

with HBV treated with entecavir or tenofovir as part of routine clinical care. This 

comparative evaluation is important to guide the selection of the best available models for 

risk stratification, to inform patient-centered decisions about the risk and benefits of HCC 

surveillance, and to guide patient selection for future clinical trials.

We found that most models showed good overall discrimination with AUC values of 0.75 

or greater for 7 of the 10 models (CAMD, APA-B, HCC-RESCUE, CU-HCC, AASL-HCC, 

RWS-HCC, REAL-B). AUC values of 3 models that incorporated AFP as a variable (APA-

B, RWS-HCC, and REAL-B) were the highest (all >0.80), suggesting that incorporating 

HCC biomarker data is important for risk prediction in HBV. Indeed, several other risk 

stratification models for HCC, such as the HES model and the GALAD score rely on 

AFP testing in their algorithms.21,22 One model, REACH-B, did not perform well, with 

an AUC value of 0.57 (95% CI 0.49–0.65). The REACH-B3 model was developed in a 

cohort of untreated patients without cirrhosis and did not accurately differentiate patients 

who developed HCC from those who did not in our cohort of patients (32.2% cirrhosis) who 

were on antiviral treatment. Wu et al. also reported that the AUC value of REACH-B in 

a Chinese external validation cohort was the lowest among existing HBV-HCC prediction 

models (AUC 0.68; 95% CI 0.51–0.85).23

Discrimination alone is insufficient to assess a model’s prediction capability. Calibration 

allows assessment of model’s ability to predict the absolute magnitude of risk. Of the 7 

models with good discrimination (AUC >0.75), all except APA-B were well calibrated 

based on a non-significant Hosmer-Lemeshow goodness of fit test. Of these, CU-HCC, 

CAMD, AASL-HCC and RWS-HCC models appeared better calibrated based on the visual 

inspection of plots (Fig. 1). Most models were accurate at estimating 3-year HCC risk for 

patients in the range from 0% to 10%, but under-estimated risks among patients with 3-year 

cumulative risk of 10% or higher. Such poor calibration among patients with higher risk 

may not be a problem since the annual HCC incidence threshold for decision making for 

HCC surveillance in patients with HBV ranges from 0.2% to 1.0%. Most models accurately 

predicted HCC risk at the lower end of the risk spectrum.

HBV-HCC models could be clinically valuable if they can be used to identify low-risk 

patients. None of the patients in the low-risk groups defined by PAGE-B (n = 287, 9.7%), 

m-PAGE-B (n = 344, 13.5%), AASL-HCC (n = 294, 11.1%) and REAL-B (n = 355 

16.4%) developed HCC during the study timeframe (Table 4). The clinical utility of the risk 

prediction scores is driven not only by their ability to identify the lowest risk group but also 

by the absolute size of this low-risk group; these patients can be potentially excluded from 

HCC surveillance, thereby enhancing the overall cost-effectiveness of HCC surveillance. 

Of all models, CAMD identified the largest group of patients deemed at low risk for HCC 

(n = 677, 21.8%); of these, no patient progressed to HCC within 3 years although 1 had 

developed HCC at the 5-year follow-up.
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We also found that model performance was not different in subgroups defined based on 

race/ethnicity. Our study provides the first comprehensive data on the performance of 

the HBV-HCC prediction models in African American patients with HBV and fills in an 

important evidence gap.

Our study has several limitations. Our analysis was restricted to patients diagnosed and 

treated in the VA healthcare system, thus generalizability to other US patients, especially 

female patients, requires further evaluation. We did not have complete information on HBV 

DNA and AFP on all patients given variations in testing practices, although we used multiple 

imputation to overcome this missingness.24 In addition, we could not conduct meaningful 

subgroup analyses by race/ethnic group, especially for Asians, due to insufficient sample 

sizes (Only 6 HCC cases among 428 Asians). Our study is limited by the observational 

retrospective nature of its design and missing some variables such as family history of HCC. 

We are also limited by the accuracy of the ICD code-based diagnosis for key variables. Yet, 

we confirmed each HCC case in the patients’ EMR and calculated FIB-4 to complement our 

definition of cirrhosis.

In conclusion, in this national multi-racial/ethnic cohort of US-based patients with treated 

HBV, most published models identified patients at high risk of progressing to HCC. These 

included CAMD, APA-B, HCC-RESCUE, CU-HCC, AASL-HCC, RWS-HCC, REAL-B 

model. Of these, RWS-HCC, REAL-B, and AASL-HCC had the highest AUC values and 

also predicted the actual risk of HCC closely. All low-risk patients (~10–20% of the cohort) 

defined by PAGE-B, m-PAGE-B, AASL-HCC, CMAD and REAL-B models did not develop 

HCC during the first 3-years of follow-up. Further studies are warranted to examine whether 

this low-risk group may be excluded from HCC surveillance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ALT alanine aminotransferase

APA-B age, platelet, AFP

AST aspartate aminotransferase

CAMD cirrhosis, age, male sex, and diabetes mellitus

CU-HCC Chinese University HCC

EMR electronic medical record

FIB-4 fibrosis-4

HCC hepatocellular carcinoma

HCC-RESCUE HCC-Risk Estimating Score in CHB patients Under 

Entecavir

mPAGE-B modified PAGE-B

REACH-B Risk estimation for hepatocellular carcinoma in chronic 

hepatitis B

REAL-B Real-World Effectiveness From the Asia Pacific Rim Liver 

Consortium for HBV Risk Score

RWS-HCC Real-world risk score for hepatocellular carcinoma

VA Veterans Affairs.
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Highlights

• CAMD, APA-B, HCC-RESCUE, CU-HCC, AASL-HCC, RWS-HCC, 

REAL-B models identified patients at high risk of developing HCC.

• RWS-HCC, REAL-B, and AASL-HCC had the highest AUCs and also 

predicted the actual risk of HCC closely.

• No low-risk patients (~10–20% of cohort) defined by PAGE-B, m-PAGE-B, 

AASL-HCC, CMAD and REAL-B models developed HCC within 3 years.

• Further studies are warranted to examine whether this low-risk group may be 

excluded from HCC surveillance.
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Fig. 1. Calibration plot of HBV-HCC prediction models for HCC risk at 3 years.
X axis denotes the scores of HBV-HCC prediction model and Y axis denotes HCC 

cumulative incidence rate, ranging from 0 to 1. Calibration plots were made to visualize 

the relationship between predicted risk score and observed HCC risk within the 3-year 

time window using a logistic regression model. AASL-HCC, age, albumin, sex, liver 

cirrhosis-HCC; AFP, alpha-fetoprotein; APA-B, age, platelet, AFP; CAMD, cirrhosis, age, 

male sex, and diabetes mellitus; CU-HCC, Chinese University HCC; HCC, hepatocellular 

carcinoma; HCC-RESCUE, HCC-Risk Estimating Score in CHB patients Under Entecavir; 

mPAGE-B, modified PAGE-B; REACH-B, Risk estimation for hepatocellular carcinoma in 

chronic hepatitis B; REAL-B, Real-World Effectiveness From the Asia Pacific Rim Liver 

Consortium for HBV Risk Score; RWS-HCC, Real-world risk score for hepatocellular 

carcinoma.
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Table 3.

Cumulative HCC risk by risk category of HBV-HCC models.

Models HCC risk at 3 years
(%, 95% CI)

HCC risk at 5 years
(%, 95% CI)

REACH-B

 Low 2.5% (1.0–2.4) 3.0% (2.1–4.2)

 Intermediate 2.5% (1.6–3.8) 5.2% (3.7–7.3)

 High 2.6% (0.4–17.2) 2.6% (0.4–17.2)

PAGE-B

 Low 0% (n.a.)* 0% (n.a.)*

 Intermediate 0.8% (0.4–1.5) 1.9% (1.2–3.1)

 High 4.5% (3.5–5.9) 6.5% (5.0–8.3)

mPAGE-B

 Low 0% (n.a.)* 0% (n.a.)*

 Intermediate 1.0% (0.4–2.2) 1.4% (0.7–2.9)

 High 3.0% (2.2–4.3) 6.6% (5.1–8.5)

CU-HCC

 Low 0.6% (0.2–1.6) 1.1% (0.5–2.4)

 Intermediate 1.5% (0.7–3.1) 4.2% (2.5–6.8)

 High 3.9% (2.7–5.7) 7.3% (5.4–10.0)

HCC-RESCUE

 Low 0% (n.a.)* 0.2% (0–1.4)

 Intermediate 1.3% (0.8–2.3) 3.4% (2.4–4.8)

 High 4.0% (2.9–5.7) 6.9% (5.1–9.2)

CMAD

 Low 0% (n.a.)* 0.2% (0.0–1.6)

 Intermediate 1.2% (0.7–2.0) 3.1% (2.2–4.3)

 High 5.0% (3.5–7.2) 8.3% (6.1–11.2)

APA-B

 Low 1.0% (0.6–1.8) 2.2% (1.5–3.4)

 Intermediate 6.4% (0.4–11.1) 12.8% (8.0–18.1)

 High 13.6% (7.2–24.8) 15.9% (8.7–28.1)

REAL-B

 Low 0% (n.a.)* 0% (n.a.)*

 Intermediate 1.3% (0.8–2.2) 3.1% (2.2–4.5)

 High 6.5% (4.4–9.6) 10.7% (7.6–14.8)

AASL-HCC

 Low 0% (n.a.)* 0% (n.a.)*

 Intermediate 1.0% (0.6–1.7) 2.5% (1.8–3.7)

 High 5.2% (3.5–7.6) 9.5% (7.0–12.9)

RWS-HCC
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Models HCC risk at 3 years
(%, 95% CI)

HCC risk at 5 years
(%, 95% CI)

 Low 0.3% (0.1–1.0) 1.2% (0.6–2.2)

 High 4.1% (3.0–5.7) 7.4% (5.6–9.6)

Cox-proportional hazard models were used to calculate HCC risk at 3 years and 5 years. AASL-HCC, age, albumin, sex, liver cirrhosis-HCC; 
AFP, alpha-fetoprotein; APA-B, age, platelet, AFP; CAMD, cirrhosis, age, male sex, and diabetes mellitus; CU-HCC, Chinese University HCC; 
HCC, hepatocellular carcinoma; HCC-RESCUE, HCC-Risk Estimating Score in CHB patients Under Entecavir; mPAGE-B, modified PAGE-B; 
REACH-B, Risk estimation for hepatocellular carcinoma in chronic hepatitis B; REAL-B, Real-World Effectiveness From the Asia Pacific Rim 
Liver Consortium for HBV Risk Score; RWS-HCC, Real-world risk score for hepatocellular carcinoma.

*
n.a.: not applicable due to no case in the category.
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