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A B S T R A C T

Hepatitis B surface antigen (HBsAg) clearance is considered as functional cure in patients with chronic hepatitis B
(CHB). This study aimed to assess the durability of HBsAg clearance achieved by interferon-based therapies in
patients with CHB who were originally positive for hepatitis B envelope antigen (HBeAg). In this prospective
study, HBeAg-positive CHB patients with confirmed HBsAg loss under interferon-based therapies were enrolled
within 12 weeks from end of treatment and followed up for 48 weeks. Virological markers, biochemical in-
dicators, and liver imaging examinations were observed every 3–6 months. Sustained functional cure was ana-
lysed as primary outcome. Factor associated with sustained HBsAg loss or reversion was also investigated. The
rate of HBsAg loss sustainability was 91.8% (212/231). Patients receiving consolidation treatment for 12–24
weeks or � 24 weeks had higher rates of sustained HBsAg negativity than those receiving consolidation treatment
for < 12 weeks (98.3% and 91.2% vs. 86.7%, P ¼ 0.068), and the former groups had significantly higher anti-HBs
levels than the later (P < 0.05). The cumulative incidence of HBsAg reversion and HBV DNA reversion was 8.2%
and 3.9%, respectively. Consolidation treatment of � 12 weeks [odd ratio (OR) 3.318, 95% confidence interval
(CI) 1.077–10.224, P ¼ 0.037) was a predictor of sustained functional cure, and HBeAg-positivity at cessation of
treatment (OR 12.271, 95% CI 1.076–139.919, P ¼ 0.043) was a predictor of HBsAg reversion. Interferon-alpha
induced functional cure was durable and a consolidation treatment of � 12–24 weeks was needed after HBsAg
loss in HBeAg-positive CHB patients.
1. Introduction

Chronic hepatitis B virus (HBV)-infected individuals are at high risk
of developing liver cirrhosis, decompensation of liver function, and he-
patocellular carcinoma (HCC) (EASL, 2017; Omata et al., 2017; Terrault
et al., 2018). Current antiviral therapy could effectively reduce hepatic
necroinflammation and liver fibrosis through suppressing viral replica-
tion or clearing HBV by immune control. Oral nucleos(t)ide analogues
(NAs) are currently the mainstay of HBV treatment; however, insufficient
hepatitis B surface antigen (HBsAg) loss has been a conundrum in NA
therapies. Interferon (IFN) based therapy is associated with better sus-
tained virological and serological response and a higher chance of HBsAg
loss (Marcellin et al., 2016). Moreover, IFN-based therapy is more
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capable to reduce incidence of HCC than NAs therapy (Liang et al., 2016;
APASL, 2017). The National Institute for Health and Care Excellence
(NICE) Hepatitis B clinical guideline recommended pegylated IFN-α
(PEG-IFN) as the first-line antiviral drug for patients with chronic hep-
atitis B (CHB) in view of a higher rate of hepatitis B envelope antigen
(HBeAg) seroconversion (National Clinical Guideline, 2013).

HBsAg loss is a desired treatment endpoint in CHB management
because its value, as the surrogate marker, is association with better long-
term outcome in comparison to those with persistent HBsAg anti-
genemia. For patients with CHB, HBsAg loss is the most important in-
dicator of good long-term outcome of liver disease, regardless of route
spontaneous clearance or via antiviral therapy (Pan and Zhang, 2005;
Moucari et al., 2009; EASL, 2017; Tong et al., 2018). Therefore, HBsAg
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loss is regarded as the hallmark of functional cure and an ideal treatment
endpoint in CHB patients (EASL, 2017; Omata et al., 2017; Terrault et al.,
2018). However, the HBsAg loss response achieved after treatment is not
always long-lasting, and there have been reported cases of recurrence
which may cause liver disease relapse (Li et al., 2019; Alawad et al.,
2020). The pattern of HBsAg reappearance, risk factors associated, and
ways of intervention, remain to be fully elucidated. The purpose of our
study was to evaluate the durability of HBsAg clearance obtained by
IFN-based therapies and to investigate factors associated with HBsAg loss
maintenance or reversion in HBeAg-positive CHB patients.

2. Materials and methods

2.1. Study design and data source

The study population was from our prospective cohort study at
Hepatology Division 2, Beijing Ditan Hospital from October 2009 to June
2018 (Pan et al., 2021). CHB patients received personalized standard
IFNα 5 MU injection every other day or weekly injection of PEG-IFNα-2a
180 μg, targeting maximal HBsAg reduction until seroclearance.
HBeAg-positive CHB patients who achieved HBsAg loss by IFN or
PEG-IFN based therapy and stopped antiviral drugs were eligible for
recruitment into this clinical observational study. The enrolment criteria
were: 1) HBeAg-positive CHB before treatment initiation; 2) patients who
achieved functional cure as pre-specified: HBsAg-negative (quantitative
HBsAg < 0.05 IU/mL) and undetectable HBV DNA levels (< 20 IU/mL)
confirmed by two consecutive tests 1–3 months apart before treatment
cessation; 3) enrolment within 12 weeks post-treatment. The exclusion
criteria were: 1) patients co-infected with other viruses such as human
immunodeficiency virus (HIV), hepatitis D virus (HDV), hepatitis C virus
(HCV), and without other confounding liver diseases such as alcoholic
liver disease and autoimmune hepatitis; 2) no using of hormone or
immunomodulatory medication during the 48-week follow-up period (Li
et al., 2020). The study was approved by the Human Research Ethics
Committee of Beijing Ditan Hospital (Approval number:
JDL2017-073-02). Written informed consent was obtained from all
participating patients, and the study was registered at clinicaltrials.gov
(Clinical Trials. gov ID: NCT02336399).

2.2. Data collection

Baseline data was defined by the date of enrolment into follow-up
treatment (IFN or PEG-IFN). Demographic data include date of birth
(age), gender, liver and renal biochemistry, haematological readings, and
virological levels (HBV DNA, HBsAg, anti-HBs, HBeAg, anti-HBe, and
anti-HBc). Particularly, the medication used (IFN or PEG-IFN), their
dosage and adjustment, commencement and cessation dates, were all
recorded. Liver ultrasound and CT examination were carried out during
treatment and at the time of enrolment. During the follow-up period,
HBV DNA and serological markers (HBsAg, anti-HBs, HBeAg, anti-HBe),
liver biochemistries, renal function, blood glucose, alpha fetoprotein
(AFP), and blood cells count were performed every three months. Liver
fibrosis test (FibroScan 502, Echosens™, Paris, France), ultrasound
(Acuson Sequoia, Siemens, Erlangen, Germany), or CT examination
(Computed Tomography System, LightSpeed VCT, LightSpeed Pro32,
Tokyo, Japan) were performed every 3–6 months.

2.3. Clinical indicator detection

HBV serological markers were measured by ARCHITECT i2000
HBsAg and HBeAg detection reagents (Architect i2000 analyzer; Abbott
Diagnostics, Abbott Park, IL, USA). HBsAg negativity was defined as
HBsAg level < 0.05 IU/mL, and HBsAg seroconversion was defined as
HBsAg < 0.05 IU/mL plus anti-HBs � 10 mIU/mL; serum HBV DNA was
quantitated by using CobasTaqMan96 real-time quantitative PCR detec-
tion reagent (Limit of detection: 20 IU/mL) (Roche, Pleasanton, CA,
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USA). Tests of liver biochemistries, renal function, AFP, blood glucose,
and blood lipids were performed by using an automated biochemical
analyzer. Full blood test was carried out by using automated blood cell
analyzer (Wako Pure Chemical Industries, Ltd, Tokyo, Japan).

2.4. Study endpoint

The primary endpoint was the rate of sustained functional cure at the
end of the 48-week follow-up. For observation of long term outcomes,
such as development of cirrhosis, liver function failure and the occur-
rence of HCC, 48 weeks of observation is not enough. For diagnosing
sustained viral response or inactive HBsAg carrier, the observation period
was usually 48 weeks. In our study, the sustained functional cure was
defined as HBsAg negative maintained to 48 weeks after cessation of
treatment. The secondary endpoints were as follows: 1) the rate of HBsAg
reversion (HBsAg level return to � 0.05 IU/mL); 2) percentage of HBeAg
reversion (HBeAg level return to � 1.0 S/CO); 3) the rate of virological
reversion (HBV DNA level return to � 20 IU/mL); 4) hepatitis recurrence
(HBV DNA� 2000 IU/mL, HBsAg� 0.05 IU/mL, ALT level� 80 U/L); 5)
incidence of progressive liver diseases (ascites due to cirrhosis, gastro-
intestinal bleeding, hepatic encephalopathy, hepatorenal syndrome) and
hepatocellular carcinoma.

2.5. Statistical analysis

Categorical variables were expressed as percentages. Chi-square test
and nonparametric tests were used for comparison between groups. The
normal distribution continuous variables were represented by mean �
standard deviation (SD), and the non-normal distribution continuous
variables were represented by median and inter-quartile ranges (median,
Q1–Q3). The comparison between groups was performed by Student's t-
test, analysis of variance, and Kruskal Wallis test. The survival rate was
calculated by Kaplan-Meire methodology and compared by log-rank test.
The univariate and multivariate logistic regression analysis were used to
analyze the factors associated with HBsAg reversion with statistical sig-
nificance. The cut-off value of the anti-HBs level, which predicts sus-
tained clinical cure, was determined by receiver operating characteristic
curve (ROC) analysis.

3. Results

3.1. Demographics and treatments

In total, 243 patients who had achieved functional cured were
enrolled in this study (168 male, 75 female, mean age 37.3 � 9.1 years).
Among them, 164 patients were treated with PEG-IFN, the other 79
received standard IFN. In regards to treatment history, 171 patients were
treatment naïve for any antiviral therapy and the other 72 patients were
undergoing NAs therapy before add-on of PEG-IFN or standard IFN
[adefovir dipivoxil (ADV): 20, entecavir (ETV): 29, lamivudine (LAM):
18, telbivudine (LdT): 56]. Patients treated with LdT were switched to
ETV prior to add-on of IFN to avoid potential peripheral neuropathy. In
patients received NA adding on PEG-IFN or standard IFN, NA was
stopped as soon as completion of IFN therapy. The consolidation
treatment time was defined as from the time of HBsAg loss confirmed to
treatment cessation. The length of consolidation treatment was
determined as follows: after both HBsAg and HBV DNA were negative
twice at an interval of 12 weeks, the consolidation treatment was con-
ducted for 12–24 weeks according to the levels of HBsAb. Because the
HBsAb level varies from individual to individual, the length of consoli-
dation treatment is different. All patients initiated with dosage according
to label were eligible for personalized treatment adjustment. Although
the recommended time of PEG-IFN treatment is 48 weeks, in this study, if
the HBsAg levels kept decreasing during treatment, patients will receive
extended treatment to pursuit HBsAg loss, followed by a consolidation
treatment for seroconversion or high HBsAb levels. The median

http://clinicaltrials.gov


M. Li et al. Virologica Sinica 37 (2022) 390–397
treatment duration of IFN based therapy was 123.0 weeks (58.0, 189.0),
while the median treatment duration before HBsAg reached undetectable
levels was 93.0 weeks (37.0, 149.5). In our study, 12 cases were lost to
follow up. Statistical analysis was performed on the 231 patients (95.1%)
who completed the full 48-week follow-up (Fig. 1).

3.2. Baseline characteristics

For the 231 patients who completed 48 weeks of follow-up, the me-
dian consolidation treatment period, defined as the duration between
HBsAg clearance and treatment cessation, was 23.5 weeks (12.0, 40.3).
There were 60 (25.9%), 58 (25.1%), and 113 (48.9%) patients who
received consolidation treatment for � 12, 12–24, and � 24 weeks,
respectively. At the end of IFN treatment, when HBsAg was below the
detection limit, 85.3% (197/231) patients had concomitant HBsAg-
seroconversion. In terms of HBeAg status, 15 patients remained
HBeAg-positive at 2.47 � 1.08 S/CO level, 50 patients cleared HBeAg
without appearance of anti-HBe, while the majority 166 (71.9%, 166/
231) patients had HBeAg-seroconversion (Table 1).

To understand whether the various consolidation treatment schemes
affected the rate of HBsAg loss reversion or seroconversion, we carried
out a sub-analysis in patients received different consolidation treatment
time (< 12, 12–24, and � 24 weeks). Compared to the group receiving
consolidation treatment for < 12 weeks, the groups with 12–24 weeks
and � 24 weeks demonstrated significantly higher rates of HBsAg-
seroconversion (89.7% and 93.8% vs. 65.0%, both P < 0.001),
although there was no difference between the 12–24 weeks and � 24
weeks groups (P > 0.05). In terms of HBsAg seroconversion outcome
(appearance of anti-HBs), patients who received consolidation treatment
for 12–24 weeks and � 24 weeks also demonstrated higher anti-HBs
Fig. 1. Patient study flow diagram. HBsAg, hepatitis B surface antigen; PEG
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quantification than patients who received consolidation time < 12
weeks (P < 0.001). At the withdrawal of consolidation treatment, the
proportion of patients with HBeAg-positivity or with HBeAg-
seroconversion was similar among the three groups (Fig. 2).

3.3. Sustained functional cure and changes of viral biomarkers

After the 48-week follow-up, 212 (91.8%, 212/231) patients had a
sustained functional cure. In the subgroup analysis according the treat-
ments strategies, there was no difference in the rate of sustained HBsAg
negative response either between mono IFN treatment (PEG-IFN or
standard IFN) and combination of treatment (NA add on PEG-IFN or
standard IFN) [92.5% (150/162) vs. 89.8% (62/69), χ2 ¼ 0.480, P ¼
0.488], or between PEG-IFN based therapy and standard IFN based
treatment [90.5% (143/158) vs. 94.5% (69/73), χ2 ¼ 1.066, P ¼ 0.302].
Similarly, no difference was found betweenmono PEG-IFN treatment and
NA add on PEG-IFN treatment [90.6% (106/117) vs. 90.2% (37/41),
Fisher, P> 0.999], mono standard IFN treatment and NA add on standard
IFN treatment [97.8% (44/45) vs. 89.3% (25/28), χ2 ¼ 2.403, P ¼
0.121], mono PEG-IFN and standard IFN [90.6% (106/117) vs. 97.8%
(44/45), Fisher, P ¼ 0.182], or NA add on PEG-IFN and NA add on
standard IFN [90.2% (37/41) vs. 89.3% (25/28), Fisher, P > 0.999].

The rates of sustained functional cure among patients receiving
consolidation treatment < 12 weeks, 12–24 weeks and � 24 weeks were
86.7% (52/60), 98.3% (57/58) and 91.2% (103/113), respectively.
Multivariate logistic regression analysis identified consolidation treat-
ment � 12 weeks was an independent factor for the sustained functional
cure [odd ratio (OR) 3.318, 95% confidence interval (CI) 1.077–10.224,
P¼ 0.037). The cumulative incidence of HBsAg reversion and virological
reversion was 8.2% (19/231) and 3.9% (9/231), with average
-IFN, pegylated interferon; IFN, interferon; NA, nucleos(t)ide analogue.



Table 1
Baseline clinical characteristics in patients with sustained functional cure and HBsAg reversion.

Clinical characteristics at baseline All patients (n ¼ 231) Sustained HBsAg
response (n ¼ 212)

HBsAg reversion
(n ¼ 19)

t/Z/χ2 P value

Male gender, n (%) 159 (68.83) 146 (68.88) 13 (68.42) 0.002 0.968
Age (y) 37.32 � 9.10 37.37 � 9.11 36.74 � 9.18 0.291 0.771
Alanine aminotransferase (IU/L), median (IQR) 31.80 (19.10, 45.80) 31.40 (19.13, 45.73) 33.80 (18.40, 48.20) �0.133 0.895
Aspartate aminotransferase (IU/L), median (IQR) 27.50 (22.40, 36.20) 27.40 (22.33, 36.15) 28.30 (23.40, 36.20) 0.204 0.839
Total bilirubin (μmol/L), mean � SD 11.32 � 5.19 11.50 � 5.31 9.26 � 2.83 1.815 0.071
Direct bilirubin (μmol/L), mean � SD 4.16 � 2.65 4.25 � 2.74 3.27 � 1.08 1.542 0.124
Albumin (g/L), mean � SD 46.40 � 3.35 46.46 � 3.32 45.65 � 3.73 1.010 0.313
Glu level (mmol/L), mean � SD 5.63 � 0.70 5.63 � 0.69 5.57 � 0.77 0.370 0.712
PEG-IFN based therapy, n (%)a 158 (68.40) 143 (67.45) 15 (78.95) 1.012 0.314
NA add on PEG-IFN or standard IFN, n (%)b 69 (29.87) 62 (29.25) 7 (36.84) 0.480 0.488
Treatment time before HBsAg loss (wk), median (IQR) 93.00 (38.00, 152.00) 93.00 (37.00, 148.75) 119.00 (81.00, 198.00) �1.334 0.196
Consolidation treatment time after HBsAg loss (wk), median (IQR) 23.50 (12.00, 40.26) 23.00 (12.00, 39.00) 24.00 (0.00, 41.00) 0.403 0.687
Consolidation treatment time � 12 weeks after HBsAg loss, n (%) 171 (74.03) 160 (75.47) 11 (57.89) 2.802 0.094
Consolidation treatment time � 24 weeks after HBsAg loss, n (%) 113 (48.92) 103 (48.58) 10 (52.63) 0.114 0.735
Baseline HBeAg positive, n (%) 15 (6.49) 12 (5.66) 3 (15.79) 2.946 0.086
Baseline HBeAb negative, n (%) 65 (28.13) 61 (28.77) 4 (21.05) 0.514 0.473
Baseline HBeAg seroconversion, n (%) 166 (71.86) 151 (71.23) 15 (78.95) 0.514 0.473
Baseline HBsAg seroconversion, n (%) 197 (85.28) 180 (84.91) 17 (89.47) 0.290 0.590
Anti-HBs level (log10 mIU/mL), mean � SD 2.02 � 0.86 2.00 � 0.87 2.14 � 0.81 1.076 0.283
Negative (< 10 mIU/mL), n (%) 34 (14.72) 32 (15.09) 2 (10.53) 2.898 0.408
Low (10–100 mIU/mL), n (%) 59 (25.54) 53 (25.00) 6 (31.58)
Middle (100–1000 mIU/mL), n (%) 114 (49.35) 103 (48.58) 11 (57.89)
High (> 1000 mIU/mL), n (%) 23 (9.96) 23 (10.85) 0 (0.00)

Cirrhosis, n (%) 5 (2.16) 5 (2.36) 0 (0.00) / /
NAFLD, n (%) 34 (14.72) 31 (14.62) 3 (15.79) 0.019 0.891

Statistical analysis was performed by chi-square test for count data and t-test or non-parametric test for measurement data in the comparison of difference in variables
between the two groups.
PEG-IFN, pegylated interferon; IFN, interferon; HBsAg, hepatitis B surface antigen; HBsAb, hepatitis B surface antibody; HBeAg, hepatitis B envelope antigen; HBeAb,
hepatitis B e antibody; NA, nucleos(t)ide analogue; NAFLD, non-alcoholic fatty liver disease; IQR, inter-quartile range; SD, standard deviation.

a PEG-IFN based therapy vs. standard IFN based therapy.
b NA add on PEG-IFN or standard IFN vs. monotherapy of PEG-IFN or standard IFN.
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quantification of 0.15 (0.08, 0.86) IU/mL and 2.52 � 1.42 log10 IU/mL,
respectively (Fig. 3).

Among the 197 (85.2%, 197/231) patients with an anti-HBs presence
at enrolment (anti-HBs � 10 mIU/mL), 15 (7.6%) had disappearance of
anti-HBs at the end of follow-up. Among these, 5 lost anti-HBs but main-
tained functional cure, while the other 10 had a concomitant recurrence of
serum HBsAg. The rates of anti-HBs disappearance were significantly
different between the groups receiving< 12 and� 12 weeks consolidation
treatment [20.5% (8/39) vs. 4.4% (7/158), χ2 ¼ 11.501, P ¼ 0.001].

On the contrary, among the 34 (14.8%, 34/231) patients without
anti-HBs at enrolment, 19 (55.9%, 19/34) developed detectable anti-HBs
during the follow-up period. Intriguingly, the proportion of anti-HBs
development during follow-up in the group receiving consolidation
treatment for < 12 weeks was numerically higher than that from the
group undergoing consolidation treatment for � 12 weeks [66.7% (14/
21) vs. 38.5% (5/13), χ2 ¼ 2.591, P ¼ 0.107].

Regarding HBeAg status, there were 216 patients in total who
achieved HBeAg loss while the rest 15 remained HBeAg positive as at
enrolment. During the full follow-up period, 1 patient experienced
HBeAg reappearance, while 2 of the 15 patients who were originally
HBeAg positive achieved HBeAg clearance. In this study, two patients
had confirmed hepatitis B recurrence per pre-specified definition. One
was HBeAg positive, and the other was HBeAg negative before
treatment initiation. No patient developed an indication of liver
decompensation or HCC during the full treatment and follow-up
period.

3.4. Factors associated with HBsAg and virological reversion

In order to identify any host or viral parameters which are potentially
associated with HBsAg or HBV DNA reversion, we conducted a stratifi-
cation analysis in patients with or without HBsAg seroreversion during
the follow-up period. Numerically, the group with durable HBsAg
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clearance had a relatively higher proportion of patients receiving
consolidation treatment � 12 weeks and fewer were HBeAg positive at
the end of treatment. Univariate logistic regression analysis, however,
did not demonstrate that consolidation treatment duration or HBeAg
positivity at treatment cessation was associated with the sustainability of
HBsAg clearance (Table 2). For multi-variables logistics regression
analysis of HBsAg seroreversion after follow-up, we further conducted a
multivariate logistic regression analysis incorporating other host, treat-
ment, and viral factors, including age, sex, type of IFN (PEG-IFN), IFN
combined with NA (NA add on IFN), baseline HBeAg-positive, baseline
HBeAb-negative, baseline HBsAg seroconversion, baseline HBsAb level,
and consolidation treatment time < 12 weeks. Results showed that
consolidation treatment < 12 weeks (OR 3.142, 95% CI 1.037–9.520, P
¼ 0.043) and HBeAg-positivity (OR 12.271, 95% CI 1.076–139.919, P ¼
0.043) at the cessation of treatment were independent factors for HBsAg
seroreversion (Table 2).

We also investigated HBV DNA reversion during follow-up. Univari-
ate logistic regression analysis demonstrated that HBeAg positivity at the
end of treatment was a relevant risk factor (OR 8.750, 95% CI
1.946–39.334, P ¼ 0.005). Multivariate logistic regression analysis did
not identify any factor correlated to HBV DNA reversion. All nine cases of
HBV DNA reversion occurred in patients with concurrent HBsAg rever-
sion. Due to insufficient sample size, the correlation analysis was not
implemented to investigate factors attributing to hepatitis recurrence.

4. Discussion

Viral clearance of HBV after acute infection or functional cure from
previously established chronic infection mainly depends on the host
immune responses (Li et al., 2017a; Li et al., 2018; Li M. et al., 2021; Li
et al., 2021a; Li et al., 2021b). HBsAg seroclearance is a surrogate marker
and may represent the enhanced or even successful immune control by
host of HBV covalently closed circular DNA (cccDNA) moiety (Chu and



Fig. 2. HBsAg and HBeAg responses in patients who received different consolidation treatment. HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; NS,
not significant.

Fig. 3. Kaplan-Meier analysis of the cumulative rates of HBsAg reversion and
virologic reversion during follow-up period. HBsAg, hepatitis B surface antigen.
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Liaw, 2010; Li et al., 2017b; Li M. et al., 2021). Previous studies have
demonstrated that HBsAg seroclearance could be augmented in certain
patients under NA- or IFN-based treatment; however, an uncertain pro-
portion of patients may experience HBsAg seroreversion (Li et al., 2017b;
Yip et al., 2017). The present study aimed to assess the sustained func-
tional cure response in HBeAg positive CHB patients who achieved
HBsAg loss and undetectable HBV DNA under IFN-based therapy. We
further investigated the risk factors associated with HBsAg reversion or
virological relapse during a 48-week follow-up after treatment cessation.

Based on the WHO reference standard, 1 IU/mL of HBsAg is equiva-
lent to 1–10 ng/mL, 2� 108 subviral particles, or 5� 107 progeny virions
(Hollinger, 2008). Therefore, clinical cut-off using < 0.05 IU/mL to
indicate HBsAg seroclearance may not rule out the possibility of very low
HBsAg antigenemia. In our study, quantitative HBsAg was performed on
any patients who were HBsAg negative. From a clinical perspective, we
thus analysed the sustainability of HBsAg loss that reflects an effective
immune control against viral replication. It's reported that the rate of
HBsAg reversion at one year off-treatment was 7.6% and 6.8% in NA- and
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IFN-based therapies, respectively (Kim et al., 2014; Wu et al., 2020). To
the best of our knowledge, the present study is one of the largest cohorts
rendering a sufficient number of qualified patients for assessment of
sustained functional cure achieved under IFN-based therapy in HBeAg
positive CHB patients. The proportion of patients with sustained func-
tional cure after one year since treatment cessation was 91.8%. Although
there were four kinds of treatments in this study, they were all IFN-based
therapy, and there was no significant difference in the rate of sustained
HBsAg negative response among these groups. Moreover, the association
of treatments regiment with sustained HBsAg negative after treatment
cessation was not found by logistic regression analysis. The results
indicated that various IFN-based treatment options may not affect the
maintenance of HBsAg negative after treatment was stopped. All patients
who maintained HBsAg negativity simultaneously displayed undetect-
able HBV DNA. These findings indicate that a functional cure resulting
from IFN treatment was durable in most HBeAg-positive CHB patients.

The presence of anti-HBs showing B-cell functional restoration in-
dicates significant immune control in HBV-infected patients following
HBsAg clearance (van Campenhout and Janssen, 2015). Among HBV
inactive carriers who spontaneously cleared HBsAg, subjects harboring
anti-HBs had a lower chance of detectable HBV viremia compared to
patients without anti-HBs during long-term follow-up (Chu and Liaw,
2012). In the present study, 85.3% patients achieved both HBsAg loss
and production of anti-HBs after receiving personalized IFN-based
treatment. Under the NA treatment scheme, such HBsAg seroconver-
sion was reported as 67.4% in those who cleared HBsAg (Yip et al.,
2017), which is lower than our results. Subsequent analysis of subsets
under various consolidation treatment lengths revealed that patients who
underwent � 12 weeks of treatment were associated with an augmented
HBsAg seroconversion rate and greater quantitative anti-HBs than those
who received consolidation treatment for < 12 weeks. As expected, the
group who received consolidation treatment for � 12 weeks had a
significantly lower rate of anti-HBs disappearance after treatment
discontinuation. HBsAg-negativity has been shown to be more durable in
patients with accompanied presence of anti-HBs (Yip et al., 2017). Our
results revealed an association of anti-HBs with higher durability of
HBsAg loss, although not statistically significant. Our data also implied
for the first time, that consolidation treatment of � 12–24 weeks might



Table 2
Logistic regression analyses for predictors of HBsAg reversion.

Variables for HBsAg reversion OR 95% CI P-values

Male gender 1.021 0.372–2.803 0.968
Age (y) 0.992 0.941–1.046 0.770
Alanine aminotransferase (IU/L) 1.001 0.989–1.013 0.915
Aspartate aminotransferase (IU/L) 1.002 0.984–1.020 0.838
Total bilirubin (μmol/L) 0.869 0.752–1.005 0.058
Direct bilirubin (μmol/L) 0.710 0.499–1.010 0.057
Albumin (g/L) 0.936 0.823–1.064 0.313
Glu level (mmol/L) 0.874 0.429–1.778 0.710
PEG-IFN based therapya 1.809 0.579–5.656 0.308
NA add on PEG-IFN or standard IFNb 1.411 0.531–3.753 0.490
Treatment time before HBsAg loss (wk) 1.003 0.998–1.009 0.204
Consolidation treatment time after HBsAg
loss (wk)

1.000 0.987–1.013 0.999

Consolidation treatment time � 12 weeks
after HBsAg loss

0.447 0.171–1.171 0.101

Consolidation treatment time � 24 weeks
after HBsAg loss

1.176 0.459–3.010 0.736

Baseline HBeAg positive 3.125 0.799–12.222 0.102
Baseline HBeAb negative 0.660 0.211–2.069 0.476
Baseline HBeAg seroconversion 1.515 0.483–4.748 0.476
Baseline HBsAg seroconversion 1.511 0.333–6.858 0.593
Anti-HBs level (log10 mIU/mL) 1.222 0.681–2.192 0.501
Cirrhosis / / /
NAFLD 1.044 0.441–2.471 0.922
Multi-variables logistics regression analysis for HBsAg seroreversion after follow-up c

Baseline HBeAg-positive for HBsAg
seroreversion

12.271 1.076–139.919 0.043

Consolidation treatment time < 12 weeks
after HBsAg loss for HBsAg seroreversion

3.142 1.037–9.520 0.043

Statistical analysis was performed by single-factor logistics regression analysis
for single-factor analysis, and variables with P < 0.1 in the single-factor analysis
were included. Independent factors associated with HBsAg seroreversion were
obtained by multi-factor logistics regression analysis.
PEG-IFN, pegylated interferon; IFN, interferon; HBsAg, hepatitis B surface anti-
gen; HBsAb, hepatitis B surface antibody; HBeAg, hepatitis B envelope antigen;
HBeAb, hepatitis B e antibody; NA, nucleos(t)ide analogue; NAFLD, non-alcoholic
fatty liver disease.

a PEG-IFN based therapy vs. standard IFN based therapy.
b NA add on PEG-IFN or standard IFN vs. monotherapy of PEG-IFN or standard

IFN.
c Including age, sex, type of interferon (PEG-IFN), NA add on IFN, basline

HBeAg-positive, baseline HBeAb-negative, baseline HBsAg seroconversion,
baseline HBsAb level, and consolidation treatment time < 12 weeks for analysis.
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be optimal in sustaining anti-HBs and HBsAg loss introduced after
IFN-based regimens. This finding provides a guide to clinical practice for
avoiding the typical lengthy consolidation treatment of 12 month after
HBsAg loss is achieved under NA therapies.

The cumulative incidence of HBsAg reversion in this study was 8.2%,
and the rate of virological reversion was 3.9% during 48 weeks of follow-
up. All virological reversion occurred in patients who had concurrent
HBsAg reversion. Univariate logistic regression analysis did not find any
factor predicting HBsAg reversion, However, multivariate logistic regres-
sion analysis showed consolidation treatment < 12 weeks and HBeAg
positivity were independent factors associated with incidental HBsAg
reversion. Also, univariate logistic regression analysis showed HBeAg
positive at the end of treatment was a relevant risk factor for virological
reversion. Results indicated that signal parameter might neglect the effects
of other factors and was not enough to predict HBsAg seroreversion during
follow up. In order to reduce the occurrence of HBsAg seroreversion after
cessation of treatment, patients should receive� 12weeks of consolidation
treatment and get HBeAg loss. HBeAg production is dependent upon
cccDNA moiety activation and transcription (Zhou et al., 2006). In case
withwild typevirus strain andwithout nucleic acidmutation, theHBVDNA
load, HBeAg and HBsAg level are matched, and the HBsAg loss usually
occurs after HBeAg loss and HBVDNA turn negative. The reason for HBeAg
positive after HBsAg loss could be considered the mutation of nucleic acid
of viral genome to reduce the production of HBsAg (Hao et al., 2019; Shen
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et al., 2019), thus leads to HBeAg being positive at the time of HBsAg loss
during antiviral therapy. Excessive HBe antigenemia may impair the gen-
eration, maturation, and functioning of dendritic cells (Hatipoglu et al.,
2014; Li et al., 2021b). HBeAg may also induce activation of Treg while
inhibiting the secretion of IFN-γ by nature killer cells (Jegaskanda et al.,
2014). In our study, there were 6.5% of patients remained HBeAg positive
despite having achieved HBsAg clearance under interferon treatment,
suggesting that patientsmay not have reached complete immune control of
HBV. Our results therefore provided additional evidence that HBsAg
clearance did not necessarily accompany HBeAg loss. To further maximize
the durability ofHBsAg seroclearance,we suggest that patientsmay require
a consolidation treatment of � 12–24 weeks if pursuit of HBeAg loss is
deemed necessary. In patients who achieved HBsAg loss under NA treat-
ment, 21.2% experienced detectable HBV DNA (Yip et al., 2017), and in
some patients, HBsAg loss was induced by resistance HBV mutant (Kim
et al., 2014). In our study, all patients who achieved HBsAg loss had un-
detectable HBV DNA before the cessation of treatment. All virological
relapse occurred in the patients who simultaneously experienced HBsAg
reversion. Our results indicate that HBsAg clearance induced by IFN-based
therapy is more a result of control of viral cccDNA activities. Instead, the
observation of undetectable HBsAg during NA treatment may be attributed
to a potential mutation in pre-S1, pre-S2, or the major hydrophilic region
(MHR) of the S gene. In our study, among those patientswho achieved only
HBsAg loss, 55.9% developed anti-HBs during the follow-up period. Sur-
prisingly, patients receiving consolidation treatment for < 12 weeks actu-
ally demonstrated a relatively higher chance of development of anti-HBs
compared to those receiving treatment for � 12 weeks.

In patients who had HBsAg reversion, except two patients occurred
hepatitis B recurrence, the others remain at very low HBsAg and/or HBV
DNA levels, which means they are unable to maintain the status of func-
tional cure, but are still in the immune control period. The long term
outcome need be further followed up. Patients with HBsAg seroreversion,
even patients with sustained functional cure, should take liver function and
imaging examination, and the viral biomarker be monitored regularly.

In patients with CHB, relapse of hepatitis after therapy discontinuation
depends on the degree of clearance of cccDNA and immune control to viral
replication. Somestudiesdemonstrated thathepatitisB core-relatedantigen
(HBcrAg) levelaloneor combinedwithHBsAg level canpredict thehepatitis
relapse after discontinuation of antiviral drugs. In patients treated with
LAM, especially in HBeAg negative cases, HBcrAg level was a better pre-
dictor in non-reactivation of hepatitis after discontinued treatment than
HBVDNA load at end of treatment. Patientswith lowerHBcrAg levels had a
lower rate of hepatitis relapse, and the ability for predicting non hepatitis
relapsewas of sensitivity 0.8 and specificity0.8 (Matsumoto et al., 2007). In
another study in HBeAg negative patients who achieved HBV DNA < 3.0
log10 copiers/mL after NA treatment, it was demonstrated that HBsAg and
HBcrAg levels were independent predictors for hepatitis relapse after
treatment discontinuation, and the lower antigen levels, the lower rates of
hepatitis relapse (Matsumoto et al., 2012). In CHB patients switching NA
treatment to PEG-IFN, the baseline HBsAg and HBcrAg levels at PEG-IFN
initial treatment were associated with the response and were the indepen-
dent predictors for the efficacies of PEG-IFN, and the combination can
enhance the predicting ability. In group of patients with response, the
HBsAg andHBcrAg levels decreased continually. In contrast, theHBsAg and
HBcrAg levels increased in non-responders during post-PEG-IFN therapy
follow-up. Meanwhile, levels of HBsAg and HBcrAg at the end of PEG-IFN
therapy can still predict response to the subsequent treatment (Matsu-
moto et al., 2018). In our study, all patients achieved HBsAg loss and un-
detectable HBV DNA load. Results showed that the duration of
consolidation therapy and HBeAg negative at stop treatment were corre-
latedwith sustainedHBsAgnegative response.Unfortunately, HBcrAg level
wasnot detected. Since the levelofHBcrAgcorrelateswith the cccDNA level
in liver cell, and in peripheral blood the rate of virus particles to subvirus
particles, which is composed of HBsAg, differs greatly among individuals
and among virus strain (1:102–105 times) (Seeger et al., 2000; Schaller
et al., 1991), it is reasonable to believe that the predictive ability for
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sustained functional cure would be improved if HBcrAg level is combined.
To further improve the predictive ability of sustained HBsAg-negative
response, HBcrAg and pgRNA testing should be performed at the end of
treatment.

There are some limitations in our study. Since some subjects had
started antiviral therapy before entering our research, a number of
baseline factors were failed to collect. First, HBV genotypes were not well
recorded due to technical restriction when the study was initially
designed. As such, we could not neglect potential impact of genotypes on
the sustained functional cure, although the major prevalent genotypes in
China were B and C (Su et al., 2020). Second, this study did not collect
data of HBV DNA, HBsAg, and HBeAg before initiation of treatment.
Therefore, any association of virological parameters with sustained
functional cure could not be analysed. Third, the follow-up period was
initially designed for 48 weeks. We'll collect the data beyond 48 weeks
and report the long term outcomes in future studies.

Our study explored some factors associated with the durability of
HBsAg clearance achieved by IFN-based therapies. The results showed
consolidation treatment of � 12 weeks was a predictor of sustained
functional cure, and HBeAg-positivity at cessation of treatment was a
predictor of HBsAg reversion. The high proportion of HBsAg sustain-
ability with consolidation treatment of � 12 weeks may provide more
evidence to guide clinical practice.

5. Conclusions

In summary, IFN-α induced functional cure was durable and a
consolidation treatment of � 12–24 weeks was needed after HBsAg loss
in HBeAg-positive CHB patients.
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