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ABSTRACT
Chronic hepatitis B virus (HBV) infection is a leading cause of hepatocellular carcinoma (HCC) worldwide. Nucleos(t)ide an-
alogues (NAs) are widely used in chronically HBV-infected patients, but the risk of HCC still remains in NA-treated patients. 
In this study, we aimed to validate the HCC risk scores for HBV-infected patients treated with nucleos(t)ide analogues (NAs). 
Among a total of 360 chronically HBV-infected patients who were treated with NAs, 253 patients without a history of HCC were 
used to validate the PAGE-B, mPAGE-B, PAGED-B, APA-B, and aMAP scores, as well as a recently developed score, the FAL-1 
score, which consists of the FIB-4 index and ALT at 1 year of NA. In this cohort, the cumulative incidence of HCC at 5, 10, and 
15 years was 2.9%, 7.8% and 11.0%, respectively. Most scores significantly stratified the HCC incidence and, for the FAL-1 score, 
the cumulative incidence of HCC at 10 years was 0%, 11.3% and 17.2% for the score-0 (n = 91), score-1 (n = 129) and score-2 (n = 30) 
groups, respectively. Compared with the other scores, the FAL-1 score was shown to efficiently identify patients at very low risk 
of HCC. An analysis using both this validation and the previously reported derivation cohorts demonstrated the utility in patients 
with either HBV genotype B or C. In conclusion, the utility of the FAL-1 score was reproduced in this validation study as well as 
other scores. In particular, the FAL-1 score may be useful to efficiently identify patients with a low risk of HCC.

1   |   Introduction

Hepatitis B virus (HBV) spreads by several routes, including 
vertical transmission and horizontal transmission, despite the 

development of effective vaccines [1]. Chronic HBV infection is 
the leading cause of hepatocellular carcinoma (HCC) worldwide 
[2]. Globally, nearly 257.5 million people were estimated to be 
chronically infected with HBV [3], and the number of incident 
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cases of HCC due to HBV infection was reported to be 219,000 in 
2019 [4]. Nucleos(t)ide analogues (NAs) have been widely used 
for chronic hepatitis B patients, and lower HCC risks have been 
reported in NA-treated patients than in those without NAs [5–7]. 
However, the risk of HCC still remains in NA-treated patients, 
and an effective estimation method is needed to efficiently find 
HCC patients in the early stage.

Several risk scores predicting HCC in HBV-infected patients 
treated with NAs have been reported using the data at baseline 
or during treatment [8]. Most scores include age, sex, and the 
presence of liver cirrhosis or its related factors such as platelets 
(PLT) and albumin [8]. In addition, some scores include alpha-
fetoprotein and the presence of diabetes. We reported that non-
achievement of alanine aminotransferase (ALT) normalisation 
at 1 year of therapy was associated with HCC development [9] 
and, recently, we developed a fibrosis and alanine aminotrans-
ferase-1 (FAL-1) score to predict HCC development in chronic 
hepatitis B patients under NA treatment with a simple method 
using the Fibrosis-4 (FIB-4) index and ALT at 1 year of ther-
apy [10]. However, validation of the FAL-1 score has not been 
performed and its utility remains unknown. In this study, we 
aimed to validate scores that estimate the HCC risk in NA-
treated patients, including the FAL-1 score.

2   |   Patients and Methods

2.1   |   Patients

A total of 360 patients with HBV chronic infection who were 
treated with NAs [lamivudine (LAM), entecavir (ETV), teno-
fovir disoproxil fumarate (TDF), or tenofovir alafenamide 
fumarate (TAF)] were enrolled from 6 hospitals in Aomori, 
Akita, Iwate, Yamagata, Miyagi and Fukushima prefectures in 
the Tohoku Hepatology Research Meeting (THERME) Study 
Group. The six hospitals were not included in the previous study 
that developed the FAL-1 score. After the exclusion of patients 
with hepatitis C virus (HCV) co-infection, very excessive alco-
hol intake (> 120 g/day), a history of HCC development before 
the start of NAs, or HCC development within 1 year, and those 
lacking baseline data, a total of 253 patients were retrospectively 
analysed (Figure 1).

This study has been approved by the medical ethics committee 
of Tohoku University (approval no. 2021-1-533). Informed con-
sent was obtained in the form of an opt-out method. This means 
that the content of the study was made public and that the par-
ticipants could withdraw from the study at any time.

2.2   |   Assays of Serological Tests

The FIB-4 index was calculated as follows: FIB-4 = age 
(years) × aspartate aminotransferase (AST, U/l)/[(PLT, 103/
μL) × √alanine aminotransferase (ALT, U/l)] [11]. HBsAg was 
determined by a chemiluminescent immunoassay (CLIA) using 
ARCHITECT (Abbott Japan, Tokyo, Japan) or a chemilumi-
nescent enzyme immunoassay (CLEIA) using LUMIPULSE 
HBsAg-HQ (Fujirebio, Tokyo, Japan). Hepatitis B e antigen 

(HBeAg) was tested by CLIA using ARCHITECT. The HBV 
DNA levels were quantified by real-time PCR assay using Cobas 
TaqMan HBV Auto (Roche Diagnostics, Tokyo, Japan). HBcrAg 
was determined by CLEIA using LUMIPULSE (Fujirebio). HBV 
genotypes were determined using IMMUNIS HBV Genotype 
EIA Kit (Institute of Immunology, Tokyo, Japan).

2.3   |   HCC Surveillance

HCC surveillance was performed as previously reported [10]. 
Basically, an ultrasonography test was performed at least twice 
per year. The presence of hepatic steatosis was assessed by the 
ultrasonography at baseline. If the patient was considered to 
have liver cirrhosis, contrast-enhanced computed tomography 
or magnetic resonance imaging was performed at least once a 
year. Serum alpha-fetoprotein (AFP) was measured at each visit 
at least once every 3 months. Imaging studies were intensified if 
the AFP levels increased.

2.4   |   HCC Risk Scores

The PAGE-B score was calculated using age, sex and PLT data 
as previously reported, and patients were categorised as low-
risk (score ≤ 9), intermediate-risk (score 10–17), and high-risk 
(score ≥ 18) [12]. The mPAGE-B score was calculated using the 
data on age, sex, PLT, and albumin, and patients were cate-
gorised as low-risk (score ≤ 8), intermediate-risk (score 9–12) 
and high-risk (score ≥ 13) [13]. The PAGED-B score was cal-
culated using the data on age, sex, PLT, diabetes mellitus, and 
HBV DNA, and patients were grouped into low-risk (score < 7) 
and high-risk (score ≥ 7) [14]. The APA-B score was calculated 
using the data on age, PLT and AFP at 1 year after initiation 
of NA, and patients were stratified into low-risk (score 0–5), 
intermediate-risk (score 6–9) and high-risk (score 10–15) [15]. 
The aMAP score was calculated using the data on age, sex, total 
bilirubin (T-bil), albumin, and PLT, and patients were catego-
rised as low-risk (score < 50), medium-risk (score 50–60) and 

FIGURE 1    |    Flow chart of patients included in this study. HCC, 
hepatocellular carcinoma; HCV, hepatitis C virus; NA, nucleos(t)ide 
analogue.
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high-risk (score > 60) [16]. The FAL-1 score was determined 
using FIB-4 and ALT at 1 year after the start of NAs, and with 
an applicable number of FIB-4 ≥ 1.58 and ALT ≥ 31, the score 
was determined as 0, 1 and 2 [10].

2.5   |   Statistical Analysis

Statistical analyses were performed using the chi-squared test 
to compare proportions between two groups and the Wilcoxon 
rank-sum test to compare continuous variables between two 
groups. Cumulative incidences were estimated using the 
Kaplan–Meier method and were compared using the log-rank 
test. Differences with p values less than 0.05 were considered 
statistically significant. All statistical analyses were performed 
with JMP version 17.0.0 (SAS Institute Inc., Cary, NC). Data 
were plotted and graphed using GraphPad Prism version 10.3.1 
(GraphPad Software Inc., La Jolla, CA).

3   |   Results

3.1   |   Clinical Characteristics of Patients

The clinical characteristics of the patients (n = 253) in this 
cohort are shown in Table  1. The median age was 58 years 
old and 159 males (65.4%) were included. The median levels 
of PLT, AFP and FIB-4 were 17.4, 3.8 and 2.03, respectively. 
The median observation period was 84 months. Among 
these patients, 14 patients (5.5%) developed HCC (Figure  1). 
Comparison of the characteristics of patients who developed 
HCC and those who did not is shown in Table 1. Patients who 
developed HCC had lower albumin (3.8 vs. 4.1 g/dL), lower 
PLT (12.7 vs. 17.9 × 104/μL) and higher AFP (10.4 vs. 3.6 ng/
mL). In addition, the FIB-4 index was significantly higher in 
patients who developed HCC (5.00 vs. 1.98). There were no dif-
ferences in the frequency of excessive alcohol intake and the 
presence of hepatic steatosis.

TABLE 1    |    Patient characteristics in this study.

Baseline parametera

Total HCC development (+) HCC development (−)

pb(n = 253) (n = 14) (n = 239)

Age (years) 58 (46–68) 60 (56–68) 56 (45–68) 0.192

Sex (male/female) 159/94 11/3 148/91 0.193

Previous IFN (+/-) 8/245 0/14 8/231 0.336

DM (+/-) 29/224 2/12 27/212 0.741

Excessive alcohol intake (+/-)c 20/107 1/9 19/98 0.583

Hepatic steatosis (+/-) 43/152 3/6 40/146 0.425

Initial NA (LAM/ADV/ETV/TDF/TAF) 17/2/161/27/46 2/0/9/2/1 15/2/152/25/45 0.62

T-Bil (mg/dL) 0.7 (0.6–1.0) 0.9 (0.7–1.1) 0.7 (0.6–1.0) 0.137

AST (U/L) 39 (27–72) 44 (35–99) 38 (26–71) 0.243

ALT (U/L) 50 (29–100) 43 (34–96) 51 (28–102) 0.957

Albumin (g/dL) 4.1 (3.8–4.4) 3.8 (3.5–4.2) 4.1 (3.8–4.4) 0.04

Creatinine (mg/dL) 0.7 (0.6–0.8) 0.7 (0.6–0.9) 0.7 (0.6–0.8) 0.645

PLT (×104/μL) 17.4 (14.0–22.0) 12.3 (7.1–14.7) 17.9 (14.3–22.1) < 0.001

AFP (ng/mL) 3.8 (2.7–6.9) 10.4 (4.4–15.7) 3.6 (2.6–5.9) 0.019

HBV DNA (log IU/mL) 5.9 (3.9–7.6) 5.9 (3.8–7.4) 5.9 (3.9–7.7) 0.627

HBsAg (IU/mL) 816 (114–2781) 694 (60–1984) 853 (114–2955) 0.549

HBeAg (+/-) 47/131 2/9 45/122 0.508

HBcrAg (log U/mL) 5.2 (3.7–6.8) 5.5 (4.2–6.8) 5.2 (3.6–6.8) 0.809

HBV genotype (A/B/C) 2/78/75 0/2/5 2/76/70 0.723

FIB-4 index 2.03 (1.21–3.29) 5.0 (3.1–8.0) 1.98 (1.19–3.03) < 0.001

Observation period (months) 84 (48–133) 106 (81–149) 84 (48–132) 0.111

Abbreviations: AFP, alfa-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DM, diabetes mellitus; ETV, entecavir; FIB-4, Fibrosis-4; 
HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; IFN, interferon; LAM, lamivudine; 
NA, nucleos(t)ide analogue; PLT, platelets; TAF, tenofovir alafenamide fumarate; T-Bil, total bilirubin; TDF, tenofovir disoproxil fumarate.
aMedian (interquartile ranges) or patient numbers are shown.
bP values less than 0.05 are shown in bold type.
cMale, ≥ 30 g/day; female, ≥ 20 g/day.
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3.2   |   Kaplan–Meier Analysis of Cumulative HCC 
Incidence With Several Risk Scores That Were 
Previously Reported

The cumulative incidence of HCC was evaluated with Kaplan–
Meier analysis using the data from the entire cohort, and the 

incidence was 2.9%, 7.8% and 11.0% at 5, 10 and 15 years of NA 
treatment, respectively (Figure  2A). Using this cohort, we eval-
uated several reported scores predictive of HCC risk during NA 
treatment, including a PAGE-B score [12], a mPAGE-B score [13], 
a PAGED-B score [14] and an APA-B score [15] as well as a FAL-1 
score [10]. In addition, we evaluated an aMAP score, which has 

FIGURE 2    |    Kaplan–Meier analyses of the cumulative HCC incidences in NA-treated patients with chronic HBV infection. (A) Result of overall pa-
tients. (B–G) Results of PAGE-B (B), mPAGE-B (C), PAGED-B (D), APA-B (E), aMAP (F), and FAL-1 (G) scores according to each risk group are shown.
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been reported to predict HCC risk in various chronic liver dis-
eases, including chronic hepatitis B patients treated with NAs, 
chronic hepatitis C patients, and patients with non-alcoholic fatty 
liver disease [16]. In an evaluation of the PAGE-B score, 45, 127, 
and 77 patients were categorised into low-risk, intermediate-risk, 
and high-risk groups, respectively. Kaplan–Meier analysis showed 
that the cumulative incidence of HCC in each group was 0%, 2.3% 
and 22.4% at 10 years, respectively (p < 0.001, Figure 2B). Next, the 
mPAGE-B score was evaluated, and 47, 85 and 117 patients were 
divided into low-risk, intermediate-risk and high-risk groups, 
respectively. The cumulative incidence of HCC in each group 
was 2.5%, 2.0% and 15.4% at 10 years, respectively (Figure  2C, 
p = 0.006). When the recently reported PAGED-B score was evalu-
ated, 141 and 96 patients were classified as the low-risk and high-
risk groups, respectively. The cumulative incidence of HCC in each 
group was 3.2% and 15.1% at 10 years, respectively (Figure  2D, 
p = 0.024). In the analysis of the APA-B score, a portion of the pa-
tients could not be evaluated due to the lack of AFP data at 1 year 
of NA treatment. As a result, 136, 25 and 9 patients were classified 
as low-risk, intermediate-risk, and high-risk groups, respectively. 
The cumulative incidence of HCC in each group was 5.1%, 14.3%, 
and 40.0% at 10 years, respectively (Figure 2E, p = 0.002). Based on 
the aMAP score, 72, 85 and 91 patients were categorised into low-
risk, medium-risk and high-risk groups, respectively. The cumula-
tive incidence of HCC in each group was 1.7%, 9.3% and 11.7% at 
10 years, respectively (Figure 2F, p = 0.060).

3.3   |   Analysis of Cumulative Incidences of HCC 
With the FAL-1 Score

When the FAL-1 score was evaluated, 91, 129 and 30 patients 
had a score of 0, 1 and 2, respectively. The cumulative incidence 
of HCC in each group was 0%, 11.3% and 17.2% at 10 years, re-
spectively (Figure 2G, p = 0.006). The Kaplan–Meier curve was 
similar to that in the derivation cohort [10], showing that the 
patients with score 2 developed HCC relatively rapidly within a 
few years, and that the HCC incidence in the patients with score 
1 gradually increased to 17.4% at 12 years. Interestingly, the HCC 
incidence of the score-2 patients reached a plateau at 5 years, 
and the incidence of the score-1 patients caught up with that of 
score-2 patients at 12 years. Notably, there were no patients who 
developed HCC among the score-0 patients. The FAL-1 score is 
potentially affected by hepatic steatosis, but the result excluding 
patients with hepatic steatosis was similar (Figure S1).

3.4   |   Comparison of Each Risk Score 
for the Identification of Patients at Low Risk of HCC

Next, we analysed the ability of each score to efficiently identify 
a group of patients with a low risk of HCC. The percentage of pa-
tients in the low-risk group in each score (x-axis) and the 10-year 
HCC incidence in the group (y-axis) are plotted in Figure 3. The 
dots in the right and lower area are considered to indicate that 
the score has a good ability to efficiently identify patients with 
a low risk of HCC. Then, the low-risk group in the FAL-1 score 
accounted for 36.3%, and the HCC incidence was 0%, and the 
FAL-1 score is considered to be a better score than other scores 
from this point of view. To verify the result, the FAL-1 score data 
of the derivation cohort were also plotted in Figure 3. The HCC 

incidence in the low-risk group was 0.7%, which was similar to 
that in this validation cohort.

3.5   |   Utility of the FAL-1 Score in Patients With 
Either Genotype B or C

To confirm the utility of the FAL-1 score regardless of HBV 
genotype, we combined the derivation cohort [10] and this val-
idation cohort (Figure 4). A total of 725 patients were included, 
and among patients whose HBV genotype could be determined, 
8 patients had genotype A, 232 patients had genotype B, and 
330 patients had genotype C. In the analysis of cumulative HCC 

FIGURE 3    |    Analysis o thef efficiency to identify patients with low 
risk of HCC in each risk score. A dot plot of the percentage of patients in 
the low-risk groups (x-axis) and HCC incidence at 10 years in the group 
(y-axis) by the HCC scores including PAGE-B, mPAGE-B, PAGED-B, 
APA-B, aMAP, and FAL-1 scores. Blue dots are based on this validation 
cohort and a green dot is a data of the FAL-1 score in the derivation co-
hort that was previously reported [10].

FIGURE 4    |    Flow chart of patients in the analysis by HBV genotype 
using the validation cohort in this study and the previously reported 
derivation cohort [10].
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incidence according to the genotype, there was no significant 
difference (Figure 5A). Overall, 259, 349, and 113 patients had 
FAL-1 scores of 0, 1 and 2, respectively. The cumulative inci-
dence of HCC was significantly stratified (p < 0.001), and the 
10-year incidences in each group were 0.5%, 10.6% and 22.2%, 
respectively (Figure 5B). When genotype C patients were ana-
lysed, the cumulative incidence of HCC in each group was 0%, 
11.2% and 24.8% at 10 years, respectively (Figure 5C), similar to 
the overall result (p < 0.001). In the analysis of genotype B pa-
tients, the cumulative incidence of HCC in each group was 1.5%, 
8.7% and 20.6% at 10 years, respectively (Figure 5D). The FAL-1 
score also stratified the HCC risk in genotype B (p = 0.002), but 
the curve of score-1 patients was different from that of genotype 
C: the incidence increased sharply to 13.5% at approximately 
10 years.

4   |   Discussion

This study analysed the usefulness of the reported HCC risk 
scores in HBV-infected patients treated with NA in a validation 
cohort, and scores other than the aMAP score were shown to 
significantly stratify the HCC risk. In particular, our recently 
developed FAL-1 score showed almost the same result as the der-
ivation cohort. The common findings of the FAL-1 score in the 
two cohorts were: (1) the score-2 patients developed HCC rapidly 
in the 5 years, and the HCC incidence reached a plateau; (2) the 
HCC incidence of the score-1 patients gradually increased, and 
the incidence caught up with that of the score-2 patients; (3) the 

HCC incidence of the score-0 patients was very low (0.7% in the 
derivation cohort and 0% in this validation cohort). In particular, 
the efficiency for identifying low-risk patients (more than 35%) 
was considered to be better than the other previously reported 
scores. In clinical practice, the FAL-1 score-2 patients should re-
ceive more intensive HCC surveillance during the first 5 years of 
NA treatment. Also, the score-0 patients, who account for one-
third of NA-treated patients, can avoid frequent HCC surveil-
lance. Another strength of the FAL-1 score is the simplicity: only 
two parameters, FIB-4 index and ALT after 1 year of NA treat-
ment, are required. The FIB-4 index consists of four parameters 
that are obtained in routine practice, and its usefulness as a non-
invasive test for liver fibrosis in various chronic liver diseases, 
including chronic hepatitis B, has been established [17].

The genotypes of HBV are known to affect the outcome of the 
disease [18], and the prevalence of HBV genotype varies in areas 
of the world [19]. In Japan, genotype C HBV was reported to be 
the most prevalent (79.0%) and genotype B followed (16.2%) in 
2015–2016 [20]. In this cohort, the prevalence of genotype B was 
50.3% and higher than the whole of Japan. A previous report 
showed a high prevalence of genotype B HBV in the same area, 
the Tohoku district [20–22], but the percentage of genotype B 
in this cohort was even higher. As a feature of this cohort, data 
from all six prefectures in the Tohoku district were included and, 
in particular, the percentage of genotype B was more than 50% 
in Aomori, Akita, and Yamagata prefectures, which are located 
in the western part of the Tohoku district (data not shown). Such 
a deviation of the HBV genotype distribution may exist even 

FIGURE 5    |    Kaplan–Meier analyses of cumulative HCC incidences by HBV genotype using both the derivation and the validation cohorts. (A) 
Result of HCC incidences in patients with genotypes A, B, and C. (B) Result of HCC incidences in total patients including both cohorts, according to 
FAL-1 score 0, 1, and 2 groups. (C, D) Result of HCC incidences in genotype C patients (C) and genotype B patients (D), according to FAL-1 score 0, 
1, and 2 groups.
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within the Tohoku district, and inclusion of such areas may 
affect the high percentage of genotype B. The high percentage 
of patients with genotype B HBV is one of the strengths of this 
study, making it reliable to compare the characteristics of geno-
type B and those of genotype C.

There was no significant difference in the cumulative HCC 
incidence between genotype B and C. However, patients with 
genotype B were older, and our previous study with age- and sex-
matched study showed a significantly lower HCC incidence in 
genotype B than in genotype C [22]. The HCC incidence in gen-
otype B could be stratified by the FAL-1 score, but the curve of 
the score-1 patients was distinctive, and it increased suddenly at 
around 10 years. The reason is unclear, but it corresponds to the 
previous result that the HCC incidence of genotype B patients 
increased later than that of genotype C [22, 23]. Therefore, the 
score-1 patients should receive careful surveillance of HCC for a 
long time, regardless of the HBV genotype, B or C.

The PAGE-B, mPAGE-B, PAGED-B, APA-B and aMAP scores 
were validated in this study (Figures  2 and 3). Among these 
scores, the PAGE-B score appears to be better at predicting HCC 
at long-term follow-up; the incidence of HCC in the high-risk 
group increased to 28% at 12 years and that in the low-risk group 
was 0%. We suggest that patients with low/intermediate risk of 
the PAGE-B score should be evaluated with the FAL-1 score at 
1 year of NA, and if the score was 0, the frequency of HCC sur-
veillance can be reduced (e.g., ultrasonography once a year) or 
followed up by a general practitioner. Our tentative proposal for 
HCC surveillance is shown in Figure  S2. So far, several other 
scores have been reported to predict the HCC risk in NA-treated 
chronic hepatitis B patients, such as HCC-RESCUE [24], CAMD 
[25], AASL-HCC [26], REAL-B [27] and ASPAM-B [28]. As a lim-
itation of this study, we could not analyse these scores because 
there were many missing data regarding the presence of liver 
cirrhosis, alcohol consumption and M2BPGi. In another cohort 
with such data, these scores should be compared with the FAL-1 
score. Another limitation is that the number of patients in the 
validation cohort is relatively small. Further large studies in dif-
ferent areas should be performed in the future.

In conclusion, this study validated the utility of various reported 
HCC scores in NA-treated patients with chronic HBV infection. 
The FAL-1 score was useful to efficiently identify the very low-
risk patients regardless of the HBV genotypes, B or C.
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