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ABSTRACT 

Background and Aims 

Previous studies suggested spontaneous seroclearance of hepatitis B surface antigen (HBsAg) 

after 50 years old was still associated with an increased risk of hepatocellular carcinoma 

(HCC). This study aimed to evaluate the risk of HCC after HBsAg seroclearance and the 

impact of gender on HCC. 

Methods 

All chronic hepatitis B patients under medical care in Hospital Authority, Hong Kong who 

have cleared HBsAg from January 2000 to August 2016 were identified. The age of HBsAg 

seroclearance, gender, and subsequent development of HCC were captured and analyzed. 

Results 

4,568 patients with HBsAg seroclearance were identified; 793 (17.4%) were treated by 

nucleos(t)ide analogues and 60 (1.3%) had received interferon treatment. At a median 

(interquartile range) follow-up of 3.4 (1.5–5.0) years, 54 patients developed HCC; cumulative 

incidence of HCC at 1, 3 and 5 years were 0.9%, 1.3% and 1.5%, respectively. Age above 50 

years (adjusted hazard ratio 4.31, 95% confidence interval 1.72 – 10.84; P=0.002) and male 

gender (2.47, 1.24 – 4.91; P=0.01) were two independent risk factors of HCC. Female 

patients aged ≤50 years (n=545) had zero risk of HCC in 5 years. Male patients aged ≤50 

years (n=769), female patients aged >50 years (n=1,149) and male patients aged >50 years 

(n=2,105) had a 5-year cumulative incidence of HCC 0.7%, 1.0% and 2.5%, respectively. 

Similar findings were observed in patients with spontaneous and antiviral treatment-induced 

HBsAg seroclearance. 

Conclusions 

Female patients aged 50 years or below have zero risk of HCC after HBsAg seroclearance, 

whereas female patients aged above 50 years and all male patients are still at risk of HCC. 
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INTRODUCTION 

Chronic hepatitis B (CHB) is the leading cause of hepatocellular carcinoma (HCC) 

worldwide [1]. Hepatitis B surface antigen (HBsAg) seroclearance is a surrogate of ultimate 

immune control of hepatitis B virus (HBV). The annual incidence of spontaneous HBsAg 

seroclearance varies from 0.12% to 2.38% in Asian cohorts and from 0.54% to 1.98% in 

Western cohorts [2]. The rate and durability of HBsAg seroclearance induced by 

nucleos(t)ide analogues (NA) is recently found to be comparable to those developed 

spontaneously [3]. Patients who achieve this endpoint often have a much favorable clinical 

course and very low risk of hepatocellular carcinoma (HCC) [4-6]. 

 

Despite a favorable clinical course, the risk of HCC still exists in patients achieved HBsAg 

seroclearance. Among all the well-established risk factors, age of HBsAg seroclearance, 

co-infection with hepatitis C and/or D virus, and presence of cirrhosis are the most important 

ones [5, 7, 8]. In particular, age above 50 years at the time of HBsAg seroclearance has been 

considered as a clinically important cutoff in previous studies, and shown to be independently 

associated with the development of HCC after HBsAg seroclearance [9, 10]. However, due to 

the limited sample size on female patients, there has been little data concerning the impact of 

gender, a well-defined risk factor for HCC development in chronic hepatitis B (CHB) patients 

[1, 11], on top of age on the risk of HCC after HBsAg seroclearance. In this large cohort 

study, we aimed to determine the impact of age and gender on the HCC risk in CHB patients 

who achieved HBsAg seroclearance and the potential interaction between these two factors.  

 

METHODS 

Study design and data source 

We performed a retrospective cohort study using data from the Clinical Data Analysis and 
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Reporting System (CDARS) of the Hospital Authority (HA), Hong Kong. CDARS facilitates 

the retrieval of clinical data captured from different operational systems for analysis and 

reporting and provides good quality information to support retrospective clinical and 

management decisions by integrating the clinical data resided in Data Warehouse [12]. All 

subjects with HBsAg checked positive between January 1, 2000 and August 31, 2016 were 

identified. Patients aged below 18 years and those who had incomplete demographic data; 

undergone liver transplantation; HCC before HBsAg seroclearance; and viral hepatitis C 

and/or D co-infection based on viral and/or serological markers were excluded. To avoid 

inadvertent labeling of acute hepatitis B as chronic hepatitis B with HBsAg seroclearance, we 

excluded patients with positive immunoglobulin M to hepatitis B core antigen unless it was 

more than 6 months apart from a positive HBsAg result, and patients converting from 

positive HBsAg result to a negative HBsAg result within 6 months unless there were two 

positive HBsAg results more than 6 months apart before the negative HBsAg result. Patients 

were followed from the date of first documented HBsAg seroclearance to death, diagnosis of 

HCC, last follow-up date (31 October, 2016), or 5 years of follow-up, whichever came first. 

The study protocol was approved by the Joint Chinese University of Hong Kong - New 

Territories East Cluster Clinical Research Ethics Committee. 

 

Data collection 

Data were retrieved from the CDARS in November 2016. Baseline date was defined as of the 

date of the first HBsAg seroclearance. Demographic data including gender and date of birth 

were captured. At baseline, liver and renal biochemistries, hematological and virologic 

parameters were collected. Thereafter, serial liver and renal biochemistries as well as HBV 

viral markers (HBsAg, anti-HBs, HBV DNA) were collected until the last follow-up. Other 

relevant diagnoses, procedures, concomitant drugs, and laboratory parameters were retrieved 
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and studied.  

 

NA-treated patients were defined as those prescribed and dispensed one or more NA for CHB 

(i.e. lamivudine, adefovir dipivoxil, entecavir, telbivudine, or tenofovir disoproxil fumarate) 

for any duration prior to HBsAg seroclearance. Interferon exposure was also checked by the 

dispensing record of interferon (IFN) alpha-2a/2b or peginterferon (PEG-IFN) 

alpha-2a/2b/lambda-1a. These medications were identified by HA’s internal drug codes 

(Supplementary Table 1).  

 

Definition of HBsAg seroclearance, HCC, and cirrhosis 

HBsAg seroclearance was defined as loss of HBsAg detectability for once or more. HCC was 

identified by ICD-9-CM diagnosis codes for HCC (155.0 - hepatocellular carcinoma and 

155.2 - carcinoma of liver). Cirrhosis was identified by low platelet count (<150 x109/L) at 

baseline, and the ICD-9-CM diagnosis codes for cirrhosis and its related complications prior 

to baseline including portal hypertension, varices, variceal bleeding, ascites, spontaneous 

bacterial peritonitis, hepatic encephalopathy, and hepatorenal syndrome (Supplementary 

Table 2). 

 

Statistical analyses 

Data were analyzed using Statistical Product and Service Solutions (SPSS) version 22.0 

(SPSS, Inc., Chicago, Illinois) and R software (3.3.2; R Foundation for Statistical Computing, 

Vienna, Austria). Continuous variables were expressed in mean ± standard deviation or 

median (interquartile-range [IQR]), as appropriate, while categorical variables were presented 

as number (percentage). Qualitative and quantitative differences between two subgroups were 

analyzed by chi-square test for categorical parameters and Student t test or Mann-Whitney’s 
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test for continuous parameters, as appropriate. Overall, qualitative and quantitative 

differences between three or more subgroups were analyzed by chi-square test for categorical 

parameters and one-way ANOVA or Kruskal-Wallis test for continuous parameters, as 

appropriate. Post-hoc analysis was performed upon overall statistically significant difference 

in subgroups. Kaplan-Meier’s method was used to estimate the cumulative incidence of HCC 

with 95% confidence interval (CI); log-rank test was used to compare the cumulative 

probabilities of different subgroups. On multivariable analyses, adjusted hazard ratios (HR) 

with 95% CIs of HCC incidence were estimated with Cox proportional hazards regression, 

respectively. The accuracy of the CU-HCC score in predicting HCC development for patients 

after HBsAg seroclearance was assessed by the area under the receiver operating 

characteristic curve (AUROC) with 95% CI [13, 14]. Sensitivity analysis was performed to 

evaluate the impact of NA treatment and clearance of HBsAg after 60 years old. All statistical 

tests were two-sided. Statistical significance was taken as P<0.05. P values in post-hoc 

analysis were adjusted by Bonferroni correction. 

 

RESULTS 

We identified 73,493 subjects who had positive HBsAg result for at least once; 68,925 were 

excluded according to the inclusion and exclusion criteria (Figure 1). Finally, 4,568 CHB 

patients with HBsAg seroclearance were included for analysis (Table 1). Their mean age was 

56.7 ± 13.8 years, and 2,874 (62.9%) patients were male. Most patients had compensated 

liver function and normal alanine aminotransferase (ALT) level at the time of HBsAg 

seroclearance; their mean serum albumin was 41.4 ± 5.9 g/L, total bilirubin was 15.5 ± 29.3 

µmol/L, and median (IQR) ALT was 21.0 (15.0 – 33.0) IU/L. NA was prescribed to 793 

(17.4%) patients, whereas 60 (1.3%) patients had received (PEG)-IFN therapy prior HBsAg 

seroclearance. 
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Cumulative incidence of HCC 

At a median (IQR) follow-up of 3.4 (1.5 – 5.0) years, 54 (2.9%) patients developed HCC. 

The cumulative incidence rates of HCC at 1, 3 and 5 years after HBsAg seroclearance were 

0.9% (95% CI: 0.6% to 1.2%), 1.3% (1.0% to 1.7%) and 1.5% (1.1% to 1.9%), respectively 

in the entire cohort (Figure 2A).  

 

Impact of age and gender on HCC risk 

Age ≤50 versus >50 years 

Patients in the subgroup older than 50 years old (n=3,254) were more likely to be male, had 

lower platelet count, lower serum albumin and higher serum ALT, and less likely to receive 

NA treatment when compared to the counterpart of age 50 or below at the time of HBsAg 

seroclearance (Table 1). Five patients with HBsAg seroclearance at 50 years old or younger 

developed HCC; whereas 49 patients with HBsAg seroclearance older than 50 years old 

developed HCC. The cumulative incidence rates of HCC at 1, 3 and 5 years after HBsAg 

seroclearance were 0.3% (95% CI: 0.1% to 0.8%), 0.4% (0.2% to 1.0%) and 0.4% (0.2% to 

1.0%), respectively in the ≤50 years old subgroup; the corresponding rates were 1.1% (0.8% 

to 1.5%), 1.7% (1.2% to 2.2%) and 2.0% (1.5% to 2.7%) in the >50 years old subgroup 

(Figure 2B). Patients who had HBsAg seroclearance at age >50 years old had significantly 

higher risk of HCC than those at age ≤50 years old (log-rank test, P<0.001). Patients who had 

HBsAg seroclearance at age above 60 years old had significantly higher risk of HCC than 

those at age ≤60 years old (log-rank test, P=0.006) (Supplementary Figure 2A). 

 

Male versus female 

Male patients (n=2,874) were older, had lower platelet count, slightly higher serum albumin, 
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higher total bilirubin and higher serum ALT, and more likely to receive NA when compared 

to the female patients (Table 1). Ten female and 44 male patients developed HCC after 

HBsAg seroclearance. The cumulative incidence rates of HCC at 1, 3 and 5 years after 

HBsAg seroclearance were 0.5% (95% CI: 0.3% to 1.1%), 0.7% (0.3% to 1.2%) and 0.7% 

(0.3% to 1.2%), respectively in female subgroup; the corresponding rates were 1.1% (0.7% to 

1.5%), 1.6% (1.2% to 2.2%) and 1.9% (1.4% to 2.6%) in male subgroup (Figure 2C). Male 

patients had a significantly higher risk of developing HCC than female patients after HBsAg 

seroclearance (log-rank test, P=0.005). 

 

Interaction between age and gender 

Four subgroups defined with age and gender showed different risks of HCC (log-rank test, 

P<0.001), and the risk is the highest in male patients with HBsAg seroclearance older than 50 

years old. The corresponding cumulative incidence rates of HCC at 1, 3 and 5 years after 

HBsAg seroclearance were 1.3% (95% CI: 0.9% to 1.9%), 2.0% (1.4% to 2.8%) and 2.5% 

(1.8% to 3.5%), respectively. Female patients with HBsAg seroclearance at 50 years old or 

younger had the lowest and zero risk of HCC up to 5 years. The other two subgroups, female 

patients with HBsAg seroclearance older than 50 years old and male patients with HBsAg 

seroclearance at 50 years old or younger had intermediate and comparable risks of HCC. The 

cumulative incidence rates of HCC at 1, 3 and 5 years after HBsAg seroclearance were 0.8% 

(0.4% to 1.6%), 1.0% (0.5% to 1.8%) and 1.0% (0.5% to 1.8%), respectively in female >50 

subgroup; the corresponding rates were 0.5% (0.2% to 1.4%), 0.7% (0.3% to 1.6%) and 0.7% 

(0.3% to 1.6%) in male ≤50 years old subgroup (Figure 2D). On multivariable analysis, both 

age >50 years old and male gender were independent risk factors of HCC development in 

patients with HBsAg seroclearance; the adjusted HRs (95% CI) were 4.31 (1.72 – 10.84; 

P=0.002) and 2.47 (1.24 – 4.91; P=0.01), respectively.  
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Compared to patients who developed HCC despite HBsAg seroclearance after the age of 50, 

the 5 male patients with HCC after HBsAg seroclearance at age 50 years or younger tend to 

have lower platelet count, higher total bilirubin, lower serum albumin and higher serum ALT; 

four had liver cirrhosis at baseline under the definition (Table 2). 

 

Performance of the CU-HCC score  

Eight hundred and thirty-nine (18.4%) patients were identified with cirrhosis among 4,568 

patients with HBsAg seroclearance. CU-HCC score achieved an AUROC (95% CI) of 0.73 

(0.67 – 0.80). Under the recommended dual cutoffs of 5 and 20, 3,335 patients (73.0%), 626 

patients (13.7%) and 607 patients (13.3%) were classified into the low risk, intermediate risk 

and high risk groups, respectively. In the corresponding risk groups, 21 (0.6%), 12 (1.9%) 

and 21 (3.5%) developed HCC over 5 years after HBsAg seroclearance; the 5-year 

cumulative incidence rates were 0.9, 2.3% and 4.1%, respectively (log-rank test, P<0.001) 

(Supplementary Figure 2C). CU-HCC score achieved 61% (95% CI 47% – 74%) sensitivity 

and 87% (86% – 88%) specificity with corresponding negative predictive value of 99% (99% 

– 100%) and positive predictive value of 3% (2% – 5%) under the dual cutoffs.  

 

Sensitivity analysis - spontaneous versus NA-induced HBsAg seroclearance 

Similar impact of age and gender on HCC risk was observed in the subgroup of patients with 

spontaneous HBsAg seroclearance (n=3,775) (Figure 2E). In the subgroup of patients with 

NA-induced HBsAg seroclearance (n=793), HCC developed only among male patients of 

age >50 years at the time of HBsAg seroclearance; whereas all female patients and male 

patients of age ≤50 years at the time of HBsAg seroclearance did not develop HCC up to 5 

years (Figure 2F). 
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Sensitivity analysis - interaction between 60 years of age and gender 

Different risks of HCC were consistently observed in four subgroups defined with 60 years of 

age and gender (log-rank test, P=0.001). Female patients with HBsAg seroclearance at 60 

years old or younger had minimal risk of HCC up to 5 years, with a 5-year cumulative 

incidence rate of 0.1% (0% to 0.7%). The risk was the highest in male patients who cleared 

HBsAg after 60 years old; the cumulative incidence rates of HCC at 1, 3 and 5 years after 

HBsAg seroclearance were 1.2% (95% CI: 0.7% to 2.1%), 1.9% (1.2% to 3.0%) and 2.4% 

(1.5% to 3.9%), respectively. The other two subgroups, female patients with HBsAg 

seroclearance after 60 years old and male patients with HBsAg seroclearance at 60 years old 

or younger had intermediate and comparable risks of HCC. The cumulative incidence rates of 

HCC at 1, 3 and 5 years after HBsAg seroclearance were 1.3% (0.6% to 2.5%), 1.6% (0.8% 

to 3.1%) and 1.6% (0.8% to 3.1%), respectively in female >60 subgroup; the corresponding 

rates were 0.9% (0.6% to 1.5%), 1.4% (0.9% to 2.2%) and 1.6% (1.1% to 2.5%) in male ≤60 

years old subgroup (Supplementary Figure 2B). On multivariable analysis, both age >60 

years old and male gender were independent risk factors of HCC development in patients 

with HBsAg seroclearance; the adjusted HRs (95% CI) were 2.05 (1.20 – 3.51; P=0.009) and 

2.56 (1.29 – 5.08; P=0.007), respectively.  

 

DISCUSSION 

This is one of the largest cohorts of CHB patients with HBsAg seroclearance aiming to 

examine the effects of gender on top of age and their interaction on the risk of HCC after 

HBsAg seroclearance. Our findings showed that CHB patients who achieve HBsAg 

seroclearance were associated with low yet definite risk of HCC, with a 5-year incidence of 

1.5%. We further established male gender as an independent risk factor of HCC in patients 
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with HBsAg seroclearance on top of the well-established risk factor of age above 50 years. 

We demonstrated that female patients with seroclearance at 50 years or younger had zero risk 

of HCC up to 5 years. Male patients with seroclearance at 50 years or younger and female 

patients with seroclearance older than 50 years had mild and comparable risks of HCC, i.e. 

5-year cumulative incidences of 0.7% and 1.0%, when compared to that of male patients with 

seroclearance older than 50 years, showing a 5-year incidence of 2.5%. The persistent risk of 

developing HCC in male patients with HBsAg seroclearance at 50 years or younger is most 

likely related to the presence of cirrhosis as reflected by the diagnosis codes, as well as the 

lower platelet count, higher total bilirubin, and lower serum albumin in the patients 

developed HCC when compared to other age and gender subgroups. 

 

While the clearance of covalently closed circular DNA in CHB patients is almost impossible 

with current NA treatment [15], HBsAg seroclearance is regarded as a surrogate of ultimate 

immune control of HBV and a realistic antiviral treatment endpoint, as it leads to reduced risk 

of HCC [16-18]. However, the risk of HCC persists in patients achieved HBsAg 

seroclearance. One of the possible reasons is the integration of the viral DNA into host 

genome, leading to insertional mutagenesis and genomic instability [19]. The reactivation of 

the intrahepatic replicative activity of covalently closed circular DNA after HBsAg 

seroclearance to produce HBV pregenomic RNA for HBV replication acts as another reason 

for disease progression. On the other hand, the presence of cirrhosis is still a major risk factor 

for HCC ever after HBsAg seroclearance [5, 8]. NA-induced HBsAg seroclearance may have 

abolished the HCC risk in all female and young male patients; however a small risk still 

persist in male patients above 50 years old at the time of HBsAg seroclearance. 

 



  

13 

 

HCC surveillance is considered to be cost-effective when the annual risk of HCC exceeds 

0.2% in CHB patient according to American Association for the Study of Liver Diseases 

(AASLD) guideline [20]. Our findings suggest that HCC surveillance can be omitted from 

female patients with HBsAg seroclearance at 50 years or younger, whereas it remains 

cost-effective over time in male patients with seroclearance older than 50 years old, who had 

an annual HCC incidence of 0.5%. These are in line with the recommendation of current 

guidelines on HCC surveillance. For CHB patients, AASLD guideline recommends that 

Asian males over age 40 and females over age 50 to receive HCC surveillance, while the 

AASLD, Asian Pacific Association for the Study of the Liver (APASL) and European 

Association for the Study of the Liver (EASL) guidelines recommend patients with cirrhosis 

to receive HCC surveillance [20-22]. Therefore, HCC surveillance may also be required in 

male patients who cleared HBsAg at 50 years or younger unless cirrhosis has been 

confidently excluded. In contrast, our findings show that a higher threshold of age for HCC 

surveillance may be considered for female who have lost HBsAg. The risk of HCC in female 

patients who cleared HBsAg at 60 years old or younger was so low that HCC surveillance 

may not be cost-effective, whereas HCC surveillance may be cost-effective in female patients 

with HBsAg seroclearance after 60 years old, whose annual HCC incidence was 0.32%. As 

our study could not clearly differentiate cirrhotic patients from non-cirrhotic patients, it is 

possible for patients without liver cirrhosis to have a much lower risk of HCC after HBsAg 

seroclearance and thus HCC surveillance may not be cost-effective.  

 

CU-HCC score was originally derived to predict the risk of HCC for CHB patients using 

patients’ age, HBV DNA level, albumin level, bilirubin level, and presence of cirrhosis. It has 

been validated in different cohorts of CHB patients, with or without receiving antiviral 

therapy, on the prediction of HCC development in 5 years [13, 14]. Our findings show that 
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CU-HCC score is still predictive on the development of HCC for patients who cleared 

HBsAg with an AUROC of 0.73. An apparently lower AUROC when compared to other 

validation cohorts of CHB patients may be a result of inaccuracy in the identification of 

cirrhosis, difference in disease course and lower incidence of HCC after HBsAg 

seroclearance. Adjustment on current HCC risk scores may be required to better capture the 

patients after HBsAg seroclearance on their risk of HCC development.  

 

Our study has the strength of a large sample size and the provision of clinically important 

data on the impact of gender on top of age on the risk of HCC after HBsAg seroclearance. We 

also adopted stringent exclusion criteria to minimize bias. Data from real-life cohorts 

represent a spectrum of patients wider than those in randomized controlled trials, in which 

patients at multiple co-morbidities are often excluded, and are applicable to routine clinical 

practice. However, our study has a few limitations. First, we could not avoid missing data and 

irregular intervals of laboratory measurement as in other retrospective studies, though these 

biases can partly be compensated by our large cohort size. Second, we were not able to 

correctly identify cirrhotic patients in this analysis. In real-life clinical practice, physicians 

may use different criteria to diagnose liver cirrhosis, which may affect their coding of liver 

cirrhosis in the computer system. Liver biopsy is not a routine clinical practice, and liver 

stiffness measurement is not widely available across public hospitals in Hong Kong. We fully 

acknowledge that some of our patients who developed HCC after HBsAg seroclearance had 

underlying liver cirrhosis, but it can partly be reflected by their age of clearing HBsAg and 

male gender. Third, we did not have information on the HBV genotype of the patients. 

Previous studies have shown that the majority of CHB patients in Hong Kong have either 

genotype B or C HBV, and genotype C HBV is associated with a higher risk of HCC [23, 24]. 

Fourth, we did not have information on the menstruation status. The risk of HCC is known to 
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be lower in pre-menopausal females and rises after menopause [25]. A study in Hong Kong 

mentioned the median age of peri-menopausal female was 48 years, ranging from 40 to 60 

years [26]. Therefore, the analysis on the risk of HCC for female patients with age over 50 

and 60 years can partly reflect the impact of menopause on the risk of HCC development 

after clearance of HBsAg. 

 

In conclusion, the results of this study have laid down some guidance on HCC surveillance 

for CHB patients achieved HBsAg seroclearance. Risk of HCC may still persist in CHB 

patients who achieved HBsAg seroclearance. HCC surveillance may not be necessary for 

female patients with HBsAg seroclearance at 50 years or younger, but may still be 

cost-effective for other patients.  
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Table 1. Clinical characteristic at the time of hepatitis B surface antigen (HBsAg) seroclearance. 

 

Clinical Characteristic  

 

All patients 

N=4,568 

Age ≤50 

N=1,314 

Age >50 

N=3,254 
P values# Female 

N=1,694 

Male 

N=2,874 
P values* 

Age (years) 56.7 ± 13.8 40.0 ± 7.6 63.5 ± 9.4 <0.001 55.8 ± 14.9 57.3 ± 13.2 0.001 

Male sex (n, %) 2,874 (62.9) 769 (58.5) 2105 (64.7) <0.001 - - - 

Platelet (x10
9
/L)

 
210.5 ± 78.5 222.0 ± 74.2 206.1 ± 79.6 <0.001 217.7 ± 78.4 206.2 ± 78.3 <0.001 

Missing (%) 11.9 15.8 10.4  11.5 12.2  

Albumin (g/L) 41.4 ± 5.9 43.0 ± 4.9 40.9 ± 6.1 <0.001 41.2 ± 5.5 41.6 ± 6.1 0.029 

Missing (%) 1.8 4.9 0.6  4.0 0.5  

Total bilirubin (µmol/L) 15.5 ± 29.3 14.6 ± 30.2 15.9 ± 28.9 0.213 12.3 ± 13.6 17.4 ± 35.1 <0.001 

Missing (%) 1.8 4.9 0.5  3.9 0.5  

Alanine aminotransferase (IU/L) 21.0 (15.0-33.0) 20.0 (13.0-31.0) 22.0 (15.0-34.0) 0.001 18.0 (13.0-26.0) 24.0 (16.0-36.0) <0.001 

Missing (%) 1.7 4.8 0.5  3.8 0.5  

Follow-up duration (years) 3.4 (1.5-5.0) 4.9 (2.4-5.0) 3.0 (1.2-5.0) <0.001 3.4 (1.5-5.0) 3.4 (1.5-5.0) 0.535 

Antiviral therapy (n, %)        

NA prior HBsAg seroclearance 793 (17.4) 272 (20.7) 521 (16.0) <0.001 232 (13.7) 561 (19.5) <0.001 

(PEG)-IFN prior HBsAg 60 (1.3) 34 (2.6) 26 (0.8) <0.001 16 (0.9) 44 (1.5) 0.093 

# P values compared patients ≤50 years old with patients >50 years old. 

* P values compared female patients with male patients. 
Alanine aminotransferase and duration of exposure were expressed in median (interquartile range), whereas other continuous variables were 

expressed in mean ± standard deviation. Percentages were based on non-missing data. 
NA = nucleos(t)ide analogue; (PEG)-IFN = (peg)interferon. 
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Table 2. Clinical characteristic of patients who developed hepatocellular carcinoma (HCC) after hepatitis B surface antigen (HBsAg) 

seroclearance. 

 

Clinical Characteristic  

 

All HCC 

N=54 

Male, age ≤50 

N=5 

Female, age >50 

N=10 

Male, age >50 

N=39 
P values

#
 

Age (years) 63.3 ± 11.0 46.4 ± 3.9 70.2 ± 8.9 63.7 ± 9.9 - 

Male sex (n, %) 44 (81.5) - - - - 

Platelet (x10
9
/L)

 
191.0 ± 106.5 146.6 ± 88.4 259.1 ± 166.1 178.3 ± 80.3 0.062 

Missing (%) 5.6 0 0 7.7  

Albumin (g/L) 37.7 ± 7.4 34.5 ± 9.0 34.5 ± 7.1 39.0 ± 7.1 0.138 

Missing (%) 0 0 0 0  

Total bilirubin (µmol/L) 40.8 ± 78.6 74.1 ± 121.4 43.4 ± 69.9 35.8 ± 75.8 0.596 

Missing (%) 0 0 0 0  

Alanine aminotransferase (IU/L) 35.0 (19.0-47.3) 39.0 (19.5-50.3) 37.5 (20.3-48.0) 35.0 (19.0-48.0) 1.000 

Missing (%) 0 0 0 0  

Follow-up duration (months) 3.7 (0.6-20.1) 4.0 (1.8-12.9) 0.9 (0.6-5.9) 6.7 (0.6-25.9) 0.485 

Antiviral therapy (n, %)      

NA prior HBsAg seroclearance 5 (9.3) 0 (0) 0 (0) 5 (12.8) 0.347 

(PEG)-IFN prior HBsAg 0 (0) 0 (0) 0 (0) 0 (0) - 

# P values compared male patients of age ≤50, female patients of age >50 and male patients of age >50. 
Alanine aminotransferase and duration of exposure were expressed in median (interquartile range), whereas other continuous variables were 

expressed in mean ± standard deviation. Percentages were based on non-missing data. 
NA = nucleos(t)ide analogue; (PEG)-IFN = (peg)interferon.
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FIGURE LEGENDS 

 

Figure 1. Patient flowchart. HBsAg = hepatitis B surface antigen; CHB= chronic hepatitis B; 

HCV = hepatitis C virus; HDV = hepatitis D virus; NA = nucleos(t)ide analogue. 

 

Figure 2. Kaplan–Meier analysis of HCC in A. entire cohort; B. age ≤50 versus >50 years; 

C. male versus female; D. four subgroups based on age and gender; E. four subgroups in 

patients with spontaneous HBsAg seroclearance; and F. four subgroups in patients with 

nucleos(t)ide analogue-induced HBsAg seroclearance. HBsAg = hepatitis B surface antigen; 

HCC = hepatocellular carcinoma. 
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Figure 1.   
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Figure 2A. 

 

 

Figure 2B. 
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Figure 2C. 

 

Figure 2D. 
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Figure 2E. 

 

 

Figure 2F. 
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Highlights 

• In patients with seroclearance of hepatitis B surface antigen (HBsAg), age above 50 

years and male gender were two independent risk factors of hepatocellular carcinoma 

(HCC). 

• Female patients aged 50 years or below had zero risk of HCC in 5 years. 

• Female patients aged above 50 years and all male patients are still at risk of HCC. 

 

 


