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ABSTRACT

Off-treatment HBsAg reversion occurs in a considerable number of chronic hepatitis B(CHB) patients after
IFN(interferon)-induced HBsAg clearance. HBV vaccination protects the general population against HBV
infection. However, it remains unclear whether HBV vaccination could prevent off-treatment HBsAg
reversion in CHB patients with HBsAg clearance. CHB patients (n=199) with HBsAg clearance were
included in the current study, comprising spontaneous HBsAg clearance group (n=51), NA (nucleoside/
nucleotide analogues)-induced group (n=36) and IFN-induced group (n =112). Log-rank test was per-
formed to compare the cumulative incidences of HBsAg reversion between groups. Cox regression model
was used to identify the factors associated with off-treatment HBsAg reversion. The 5-year cumulative
incidence of HBsAg reversion in IFN-induced group was significantly higher than that in NA-induced
group or spontaneous group (27.6% vs. 3.3% vs. 8.1%, both p <.05). In IFN-induced group, 66.7% of CHB
patients received HBV vaccination. The cumulative incidence of HBsAg reversion in individuals with strong
responses to HBV vaccination (HBsAb level >100mIU/ml) was significantly lower than that in those with
weak responses to HBV vaccination (HBsAb level <100mIU/ml) or without HBV vaccination in IFN-induced
group (7.7% vs. 58.5% vs. 31.9%, both p <.05). Multivariate Cox regression analysis confirmed strong
responses to HBV vaccination were independently associated with a lower cumulative incidence of HBsAg
reversion after IFN-induced HBsAg clearance (HR = 0.246, 95%Cl: 0.066-0.907, p = .035). HBV vaccination
has potential to prevent off-treatment HBsAg reversion in CHB patients after IFN-induced HBsAg clearance
via a sufficiently high level of HBsAb, helping clinicians optimize the clinical management of such
patients.
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Introduction
As we all know, HBV vaccination has made a great con-

Chronic hepatitis B virus (HBV) infection remains a severe
threat to global public health, leading to a high rate of morbid-
ity and mortality." Especially in the Asian-Pacific region, it is
the predominant etiology of liver cirrhosis and hepatocellular
carcinoma (HCC).>™* Functional cure, defined as hepatitis
B surface antigen (HBsAg) clearance with or without hepatitis
B surface antibody (HBsAb) appearance, is regarded as the
ideal endpoint of antiviral treatment in patients with chronic
hepatitis B (CHB), which is associated with a favorable long-
term prognosis.”” It is well known that the functional cure can
be achieved spontaneously or by antiviral agents.® Interferon
(IFN) treatment has remarkable advantages of higher rates of
hepatitis B e antigen (HBeAg) seroconversion and HBsAg
clearance and reduced risk of HCC development over NA
(nucleoside/nucleotide analogues).” ' However, HBsAg rever-
sion occurs in a considerable proportion of patients after IFN-
induced HBsAg clearance.'>'” Pan et al. reported that the
incidences of HBsAg reversion at the end of the 96-week
follow-up were 24.83% or 23.08% in CHB patients treated
with IFN monotherapy or a combination of IFN and NA."?

tribution to preventing maternal-neonatal transmission and
eradicating HBV infection across the world.” It could clear
the circulating HBsAg in the HBsAb-mediated way, providing
long-lasting protection against HBV infection in a generally
healthy population.'* Several previous studies have shown that
the patients with HBsAD levels >100 mIU/ml at the end of IFN-
based therapy were less likely to have HBsAg reversion than
those with HBsAb levels <100 mIU/ml,'>'>'>'® suggesting
HBsAb level is one of the influencing factors for off-
treatment HBsAg reversion. So, HBV vaccination has the
potential to reduce off-treatment HBsAg reversion after
HBsAg clearance by stimulating the generation of HBsAb in
theory. Nevertheless, the data on whether HBV vaccination
could prevent HBsAg reversion in CHB patients with func-
tional cures have not been available to date.

The present study aimed to explore the potential effect of
HBYV vaccination on HBsAg reversion in a long-term follow-up
retrospective cohort of CHB patients with functional cure,
hoping to help clinicians optimize the clinical management of
such a population.
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Patients and methods
Study design and patients

This is a retrospective cohort study. All CHB patients achiev-
ing HBsAg clearance spontaneously or by antiviral agents
were retrospectively screened via our hospital information
system from January 2010 to December 2021. The general
enrollment criteria were: (1) patients aged 18-80 years old; (2)
serum HBsAg positive for >6 months; (3) with functional
cure, defined as HBsAg clearance with or without HBsAb
appearance; (4) follow-up time >24 weeks. The general exclu-
sion criteria were: (1) co-infection with another virus, e.g.
hepatitis A virus, hepatitis C virus, hepatitis D virus or
human immunodeficiency virus; (2) concomitant with other
chronic liver diseases, e.g. autoimmune hepatitis and alco-
holic hepatitis; (3) with HCC or other malignant tumors
before HBsAg clearance; (4) under immunosuppressive ther-
apy or chemotherapy during the follow-up period; (5)
remained under ongoing antiviral treatment; (6) lack of key
data for analysis, e.g. the course of antivirals; (7) with positive
HBeAg at the end of treatment.

Based on the method of HBsAg clearance, the patients
eligible for our retrospective analysis were classified into
three groups: spontaneous HBsAg clearance group, NA-
induced group and IFN-induced group. Patients in the spon-
taneous group never received any antiviral agents, including
NA and IEN. Patients in the NA-induced group only took
nucleoside/nucleotide analogues and were never exposed to
IFN. Patients in the IFN-induced group received standard
interferon or pegylated interferon (PEG-IFN) treatment with
or without NA for >24 weeks.

The study was approved by the Ethics Committee of Ruijin
Hospital, Shanghai Jiaotong University School of Medicine
according to the Declaration of Helsinki (No0.2019-30).
Written informed consent was waived by the Committee con-
sidering the retrospective design.

HBV vaccination procedure

According to Chinese Guideline of Prevention and Treatment
for Chronic Hepatitis B,'” these CHB patients after acquiring
HBsAg clearance were recommended to receive three intra-
muscular injections of recombinant HBV vaccine containing
20 ug HBsAg at months 0, 1, and 6, respectively. As for indivi-
duals who did not respond to a three-dose immunization
series, additional doses of recombinant HBV vaccine would
be administered.

Data collection

All participants were followed up every 12 or 24 weeks. Clinical
data collected in our study included age, sex, blood routine
examination, liver function, renal function, alpha-fetoprotein
(AFP), HBsAg, HBsAb, HBeAg, hepatitis B e antibody
(HBeAb) and serum HBV DNA level. Additionally, the med-
ications used (IFN or NA), their dosage, and start and cessation
dates, were all recorded. Data on HBV vaccination were col-
lected via the medical records and/or telephone calls, compris-
ing patients’ vaccination status (vaccinated or unvaccinated),

the time point of initiation of vaccination, the total doses of
vaccines and the antibody response to vaccination.

Laboratory testing for HBV markers

HBV serological biomarkers (HBsAg, HBsAb, HBeAg, and
HBeAb) were determined using automated chemiluminescent
microparticle immunoassays (CMIA) (Abbott, Chicago, IL,
USA). HBsAg level >0.05 IU/ml, HBsAb level >10 mIU/ml,
HBeAg level >1.0 S/CO and HBeAb level <1.0 S/CO were
defined as positive, respectively. Serum HBV DNA was mea-
sured by using CobasTaqMan96 real-time quantitative PCR
detection reagent (Roche, Pleasanton, CA, USA). Undetectable
HBV DNA was defined as HBV DNA <20 IU/mL.

Study outcomes and definition of events

The outcome of this study was off-treatment HBsAg reversion
in CHB patients after IFN-induced HBsAg clearance. HBsAg
reversion was defined as HBsAg level >0.05 IU/ml after HBsAg
clearance.

The follow-up time of the spontaneous group referred to
the period from the first detection of HBsAg clearance to the
first detection of HBsAg reversion or the last visit to hospitals
in the absence of HBsAg reversion. Follow-up time of IFN-
induced or NA-induced group referred to the period from
cessation of IFN or NA to the first detection of HBsAg rever-
sion or the last visit to hospital in the absence of HBsAg
reversion. Duration of IFN consolidation treatment referred
to the period from the first detection of HBsAg clearance to
the cessation of IFN.

Simultaneous administration of IFN and HBV vaccine was
defined as initiating injection of vaccine between HBsAg clear-
ance and cessation of IFN treatment. Sequential administration
of IFN and HBV vaccine was defined as initiating injection of
vaccine after cessation of IFN treatment.

The individual who had a HBsADb level of 210 mIU/ml
after HBV vaccination was defined as responder. The indi-
vidual who had a HBsAD level of <10 mIU/ml after HBV
vaccination was defined as non-responder. Weak response
to HBV vaccination referred to the highest HBsAb level
<100 mIU/ml after the injection of HBV vaccine (including
the non-responder). Strong response to HBV vaccination
referred to the highest HBsAb level >100 mIU/ml after the
injection of HBV vaccine.

Statistical analysis

Continuous variables were expressed as mean * standard
deviation (SD) or median (interquartile range [IQR]) accord-
ing to data distribution. Categorical variables were shown as
number (percentage). Student’s t-test or Mann-Whitney test
was used to compare continuous variables between two groups.
One-way ANOVA or Kruskal-Wallis test were used to com-
pare continuous variables among three groups, as appropriate.
Differences between categorical variables were determined
using the chi-squared test or Fisher’s exact test. Log-rank test
was performed to compare the cumulative incidences of
HBsAg reversion between two groups. Cox regression model



was used to identify the factors associated with the off-
treatment HBsAg reversion in CHB patients with IFN-
induced HBsAg clearance. Continuous variables in the Cox
regression model were converted to dichotomous variables
based on median values. The method of selecting and eliminat-
ing variables in the Cox regression model was performed by
stepwise method with a P-value of significance level for entry
=0.10 and for stay = 0.05. All statistical analyses were conducted
with SPSS 22.0 software (SPSS Inc., Chicago, IL, USA) and
figures were plotted using GraphPad Prism (version 8.3 for
Windows, San Diego, California, USA). Statistical significance
was achieved when a two-tailed p-value was < .05.
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Results

Clinical characteristics of CHB patients with HBsAg
clearance

A total of 199 CHB patients achieving HBsAg clearance were
eligible for analysis, comprising spontaneous HBsAg clearance
group (n=51), NA-induced group (n=36) and IFN-induced
group (n=112). The details of the screening and enrollment
process of all participants were illustrated in Figure 1.

At the time of HBsAg clearance, the IFN-induced group was
younger and had a higher proportion of male patients than the
NA-induced or spontaneous group (both p <.05) (Table 1).

CHB patients with HBsAg clearance
from Jan 2010 to Dec 2021 were retrospectively screened
(n=288)

|

}

Spontaneous group
(n=57)

IFN-induced group
(n=156)

NA-induced group
(n=75)

44 cases excluded
- 5 lost to follow-up

6 cases excluded

- 3 lost to follow-up

- 2 follow-up time <24w
-1 with ICC

- 5 follow-up time <24w

- 13 with ongoing treatment
for consolidation

- 1 concomitant with HCV

- 1 concomitant with
leukemia

- 6 with positive HBeAg at
the end of treatment

- 13 HBsAg clearance
occurred after cessation
of IFN treatment

[T >

39 cases excluded

- 2 lost to follow-up

- 37 with ongoing
treatment for cirrhosis
status or consolidation

Enrolled (n=51) |

| Enrolled (n=112)

Enrolled (n=36)

Figure 1. Flow chart of patient enrollment. Abbreviations: CHB, chronic hepatitis B; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis
B virus; HCV, hepatitis C virus; ICC, intrahepatic cholangiocarcinoma; IFN, interferon; NA, nucleoside/nucleotide analogues; w, weeks.

Table 1. Clinical characteristics of CHB patients with HBsAg clearance.

Characteristics IFN-induced group(n=112)  NA-induced group(n=36)  Spontaneous group(n=51)  P™-value
At the time of HBsAg clearance
Age, years, median (IQR) 36.6 (32.0-42.7) 42 8 (36.3-54.1) 49 7 (40.4-57.0) <.001
Male sex, n (%) 100 (89.3%) 3 (63.9%) 1 (80.4%) .002
HBsAg negativity, n (%) 112 (100%) 6 (100%) 1 (100%) 1.000
HBsAb positivity, n (%) 4 (31.2%) 1 (32.4%) 9 (37.3%) 746
HBsAb level, mIU/ml, n(%) 433
< 10 miU/ml 75 (68.8%) 23 (67.6%) 32 (62.7%)
10-100 mIU/ml 24 (22.0%) 6 (17.6%) 15 (29.4%)
100-1000 mIU/ml 10 (9.2%) 5 (14.7%) 3 (5.9%)
> 1000 mIU/ml 0 (0.0%) 0 (0.0%) 1 (2.0%)
HBeAg positivity, n (%) 6 (5.5%) 2 (5.9%) 0 (0.0%) 179
HBeAb positivity, n (%) 77 (70.6%) 23 (67.6%) 48 (94.1%) .002
Undetectable HBV DNA, n (%) 112 (100%) 36 (100%) 51 (100%) 1.000
At the end of follow-up
Duration of treatment, weeks# or years*, median (IQR) 62.0* (48.0-107.5) 10.0* (4.3-12.0) <0.001"
Follow-up time, weeks, median (IQR) 131.5 (51.8-215.8) 113.5 (66.0-229.5) 217.0 (101.0-355.0) 0.004
HBsAg reversion, n (%) 24 (21.4%) 1(2.8%) 3 (5.9%) 0.003

Abbreviations: HBeAb, hepatitis B e antibody; HBeAg, hepatitis B e antigen; HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HBV, hepatitis
B virus; IFN, interferon; IQR, interquartile range; NA, nucleoside/nucleotide analogues.
Note: HBsAg level > 0.05 IU/ml, HBsAb level >10 mIU/ml, HBeAg level >1.0 S/CO and HBeAb level <1.0 S/CO were defined as positive, respectively. HBsAg reversion was

defined as HBsAg level > 0.05 IU/ml after HBsAg clearance.

"Differences of clinical characteristics among the three groups were examined using Kruskal-Wallis test for continuous variables and chi-square test or Fisher's exact test

for categorical variables.

Differences of duration of treatment between the the former two groups were determined using Mann-Whitney U test.

*Denotes weeks. * Denotes years.
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The spontaneous group had the highest rate of HBeAb posi-
tivity compared to the other two groups (p =.002) (Table 1).
No significant differences were observed in HBsAb positivity,
the distribution of diverse HBsAD levels, HBeAg positivity and
undetectable HBV DNA rates among the three groups at the
time of HBsAg clearance.

At the end of follow-up, HBsAg reversion occurred in 24
(21.4%) patients from the IFN-induced group, 1 (2.8%) patient
from the NA-induced group, and 3 (5.9%) patients from the
spontaneous group (p =.003) (Table 1). The duration of treat-
ment in the IFN-induced group was much shorter than that in
the NA-induced group (p <.001) (Table 1).

Cumulative incidences of HBsAg reversion in different
methods of HBsAg clearance

After a median follow-up time of 131.5 weeks, 113.5 weeks, or
217.0 weeks respectively, the 5-year cumulative incidences of
HBsAg reversion were 27.6% in the IFN-induced group, 3.3%
in the NA-induced group, and 8.1% in the spontaneous group
(Figure 2). The peak of HBsAg reversion in the IFN-induced
group occurred within 96 weeks after cessation of IFN treat-
ment, during which 21 of 24 reversion cases were observed.
The Log-rank test demonstrated that the 5-year cumulative
incidence of HBsAg reversion in the IFN-induced group was
significantly higher than that in the NA-induced group (27.6%
vs. 3.3%, Log-rank p =.015) or the spontaneous group (27.6%
vs. 8.1%, Log-rank p =.008) (Figure 2), whereas there was no
significant difference in 5-year cumulative incidence of HBsAg
reversion between the latter two groups (3.3% vs. 8.1%,
Log-rank p =.718).

HBV vaccination in IFN-induced group

After four patients without available data on HBV vaccination
were excluded from the IFN-induced group, 108 patients were
included in the final analysis to investigate the potential effect
of HBV vaccination on off-treatment HBsAg reversion. Two-
thirds (66.7%) of these patients received HBV vaccines
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Figure 2. Cumulative incidences of HBsAg reversion according to the different
HBsAg clearance methods. Abbreviations: HBsAg, hepatitis B surface antigen; IFN,
interferon; NA, nucleoside/nucleotide analogues. Notes: * Represents p < .05, **
Represents p < .01, *** Represents p <.001, ns represents no significance.

(Figure 3a). As illustrated in Figure 3b, 68.1% (49/72) of vacci-
nated individuals were administered with IFN and HBV vac-
cine sequentially, while the remaining 31.9% (23/72) received
simultaneous administration of both them. The proportion of
individuals injected with 1 dose, 2 doses or 23 doses of HBV
vaccines was 8.3% (6/72), 23.6% (17/72) or 68.1% (49/72),
respectively (Figure 3c). Among 72 vaccinated patients, the
HBsAD levels were classified into four grades: <10 mIU/ml
(n=4, 5.6%), 10-100 mIU/ml (n=19, 26.4%), 100-~1000
mIU/ml (n =34, 47.2%), and >1000 mIU/ml (n =15, 20.8%)
(Figure 3d). As prespecified, non-responders (<10 mIU/ml) or
responders (=10 mIU/ml) to HBV vaccination accounted for
5.6% (4/72) or 94.4% (68/72), respectively (Figure 3e). 31.9%
(23/72) of patients showed weak response to HBV vaccination
(HBsAD level <100 mIU/ml) and 68.1% (49/72) showed strong
response (HBsAb level >100 mIU/ml) (Figure 3f).

Cumulative incidences of HBsAg reversion according to
HBV vaccination in IFN-induced group

Clinical characteristics of the patients with or without HBV
vaccination in the IFN-induced group were described in
Table 2. The two groups did not differ significantly in age,
sex, the distribution of HBsAb levels, HBeAg positivity, HBeAb
positivity and undetectable HBV DNA rates both at the time of
HBsAg clearance and the end of interferon treatment
(All p > .05). It also showed no significant difference in duration
of IFN treatment and follow-up time between the two groups
(Both p >.05). However, the patients with HBV vaccination had
a higher percentage of combined therapeutic regimen (IFN
+NA) (83.3% vs. 61.1%, p = .011) and a longer median duration
of IFN consolidation treatment (26.0 vs. 17.5 weeks, p =.008)
than those without vaccination.

There was no significant difference in 5-year cumulative
incidences of HBsAg reversion between patients with or with-
out HBV vaccination in the IFN-induced group (27.7% vs.
31.9%, Log-rank p=.753) (Figure 4a). The cumulative inci-
dence of HBsAg reversion in responders to HBV vaccination
was much lower than that in non-responders (24.8% vs. 75.0%,
Log-rank p <.001), but did not differ significantly from that in
patients without HBV vaccination (24.8% vs. 31.9%, Log-rank
p = .459), suggesting the conventional cutoff value of protective
HBsAD level (>10 mIU/ml) is not sufficient for patients after
IFN-induced HBsAg clearance in preventing off-treatment
HBsAg reversion (Figure 4b).

Fortunately, patients with strong response to vaccination
had a much lower 5-year cumulative incidence of HBsAg
reversion in contrast to those without HBV vaccination (7.7%
vs. 31.9%, Log-rank p =.023) or those with weak response to
HBV vaccination (7.7% vs. 58.5%, Log-rank p <.001)
(Figure 4c). In contrast, patients with weak response to vacci-
nation had a higher 5-year cumulative incidence of HBsAg
reversion than those without HBV vaccination (58.5% wvs.
31.9%, Log-rank p =.039).

To rule out the effect of IFN on the increase of HBsAb after
HBsAg clearance, the patients receiving simultaneous admin-
istration of IFN and HBV vaccines were removed from the next
analysis. In individuals receiving sequential administration of
the two agents, patients with strong response to vaccination
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Figure 3. HBV vaccination in IFN-induced group. (a) The proportion of the patients with or without HBV vaccination. (b) The proportion of the patients with sequential
administration vs. simultaneous administration of IFN and HBV vaccine. (c) The proportion of the patients receiving 1 dose, 2 doses or > 3 doses of HBV vaccine. (d) The
proportion of the patients with diverse HBsAb levels following HBV vaccination. (e) The proportion of responders or non-responders to HBV vaccination. (f) The
proportion of the patients with weak or strong response to HBV vaccination. Abbreviations: HBV, hepatitis B virus; IFN, interferon. Notes: Simultaneous administration of
IFN and HBV vaccine was defined as initiating injection of vaccine between HBsAg clearance and cessation of IFN treatment. Sequential administration was defined as
initiating injection of vaccine after cessation of IFN treatment. The individual who had a HBsAb level of =10 mIU/ml or <10 mIU/ml after HBV vaccination was defined as
responder or non-responder, respectively. Weak or strong response to HBV vaccination refers to the highest HBsAb level <100 mIU/ml or >100 mIU/ml after injection of
vaccine, respectively.

Table 2. Clinical characteristics of the patients with or without HBV vaccination in IFN-induced HBsAg clearance group.

Characteristics Without HBV vaccination (n = 36) With HBV vaccination (n=72) p*-value
Status at the time of HBsAg clearance
Age, years, median (IQR) 36.5 (31.0-42.8) 37.0 (33.0-43.8) .559
Male sex, n (%) 32 (88.9%) 64 (88.9%) 1.000
HBsAb level, mlU/ml, n (%) 435

< 10 miU/ml 21 (61.8%) 50 (70.4%)

10-100 mIU/ml 8 (23.5%) 16 (22.5%)

100-1000 mIU/ml 5(14.7%) 5 (7.0%)

> 1000 mIU/ml 0 (0.0%) 0 (0.0%)
HBeAg positivity, n (%) 2 (5.9%) 4 (5.6%) 1.000
HBeAb positivity, n (%) 24 (70.6%) 50 (70.4%) .986
Undetectable HBV DNA, n (%) 36 (100%) 72 (100%) 1.000
Status at the end of IFN treatment
HBsAb level, mlU/ml, n (%) .594

< 10 miU/ml 11 (30.6%) 17 (23.6%)

10-100 mIU/ml 11 (30.6%) 20 (27.8%)

100-1000 mIU/ml 11 (30.6%) 31(43.1%)

> 1000 mIU/ml 3(8.3%) 4 (5.6%)
HBeAg positivity, n (%) 0 (0.0%) 0 (0.0%) 1.000
HBeAb positivity, n (%) 25 (69.4%) 52 (72.2%) .764
Undetectable HBV DNA, n (%) 36 (100%) 72(100%) 1.000
Therapeutic regimen, n (%) .011

IFN+NA 22 (61.1%) 60 (83.3%)

IFN only 14 (38.9%) 12 (16.7%)
Duration of IFN treatment, weeks, median (IQR) 68.0 (48.0-115.3) 61.0 (48.0-103.3) .646
Duration of IFN consolidation treatment, weeks, median (IQR) 17.5 (4.5-31.0) 26.0 (16.0-35.8) .008
Follow-up time, weeks, median (IQR) 132.0 (64.5-208.8) 116.5 (48.3-206.8) 616

Abbreviations: HBeAb, hepatitis B e antibody; HBeAg, hepatitis B e antigen; HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HBV, hepatitis
B virus; IFN, interferon; IQR, interquartile range; NA, nucleoside/nucleotide analogues.

Note: HBsAg level > 0.05 IU/ml, HBsAb level >10 mIU/ml, HBeAg level >1.0 S/CO and HBeAb level <1.0 S/CO were defined as positive, respectively.

*Differences of clinical characteristics between the two groups were determined using Mann-Whitney U test for continuous variables and chi-square test or Fisher's
exact test for categorical variables.

had a much lower 5-year cumulative incidence of HBsAg Cox regression analysis of factors associated with HBsAg
reversion compared to those without HBV vaccination (3.1%  reversion in IFN-induced group

vs. 31.9%, Log-rank p =.012) or those with weak response to
HBV vaccination (3.1% vs. 50.8%, Log-rank p =.001), which
was similar to the results in the entire IFN-induced group
(Figure 4d). There was no significant difference in the cumu-

Univariate Cox regression analysis demonstrated that strong
response to HBV vaccination was identified as the only pro-
tective factor for off-treatment HBsAg reversion (HR = 0.246,
lative incidences of HBsAg reversion between the latter two 95%Cl: 0.066-0.907, p =.035), while weak response to HBV
groups in such a population (31.9% vs. 50.8%, Log-rank vaccination was a risk factor for off-treatment HBsAg rever-
b= 244) sion (HR = 2.448, 95%CI: 1.029-5.823, p=.043) (Table 3).
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Figure 4. Cumulative incidences of HBsAg reversion in IFN-induced group according to HBV vaccination. (a) The patients without HBV vaccination vs. with HBV
vaccination. (b) The patients without HBV vaccination vs. responders to vaccination vs. non-responders to vaccination in the entire IFN-induced group. (c) The patients
without HBV vaccination vs. with weak response to vaccination vs. with strong response to vaccination in the entire IFN-induced group. (d) The patients without HBV
vaccination vs. with weak response to vaccination vs. with strong response to vaccination in individuals receiving sequential administration of IFN and HBV vaccine.
Abbreviations: HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; IFN, interferon. Notes: The individual who had a HBsAb level of =10 mIU/ml or <10 mIU/ml after
HBV vaccination was defined as responder or non-responder, respectively. Weak or strong response to HBV vaccination refers to the highest HBsAb level <100 mIU/ml
or >100 mlU/ml after injection of vaccine, respectively. Sequential administration was defined as initiating injection of vaccine after cessation of IFN treatment. *
represents p < .05, ** represents p <.01, *** represents p <.001, ns represents no significance.

Table 3. Cox regression analysis of factors associated with the off-treatment HBsAg reversion in IFN-induced HBsAg clearance group.

Univariate Cox regression

Multivariate Cox regression

Characteristics HR (95% Cl) p-value HR (95% Cl) p-value
Age, years

>37 vs. <37 0.506 (0.216-1.183) .116 - -
Sex

Male vs. female 0.801 (0.238-2.695) 720 - -
Therapeutic regimen

IFN+NA vs. IFN only 1.335 (0.498-3.581) .566 - -
Duration of IFN treatment, weeks

>62 vs. <62 1.294 (0.573-2.922) 535 - -
Duration of IFN consolidation treatment, weeks

>24 vs. <24 0.518 (0.222-1.212) 129 - -
HBV vaccination

Vaccinated vs. unvaccinated 0.876 (0.383-2.002) 753 - -
Weak response to vaccination vs. unvaccinated 2.448 (1.029-5.823) .043 2.448 (1.029-5.823) .043
Strong response to vaccination vs. unvaccinated 0.246 (0.066-0.907) .035 0.246 (0.066-0.907) .035

Abbreviations: Cl, confidence interval; HR, hazard ratio; IFN, interferon; NA, nucleoside/nucleotide analogues.
Note: HBsAg reversion was defined as HBsAg level >0.05 1U/ml after HBsAg clearance. Weak or strong response to HBV vaccination refers to the highest
HBsAb level <100 mIU/ml or > 100 mIU/ml after injection of vaccine, respectively. Continuous variables in the Cox regression model were converted to

dichotomous variables based on median values.

Other factors, including age, sex, therapeutic regimens, dura-
tion of IFN treatment and duration of IFN consolidation
treatment, showed no significant influence on HBsAg rever-
sion (All p >.05). Multivariate Cox regression analysis further
corroborated that strong response to HBV vaccination was
independently associated with a lower risk of off-treatment
HBsAg reversion after IFN-induced HBsAg clearance
(HR = 0.246, 95%CI: 0.066-0.907, p = .035), instead of therapeutic
regimens or duration of IFN consolidation treatment (Table 3).

Cumulative incidences of HBsAg reversion according to
HBV vaccination in NA-induced and spontaneous group

Among all individuals with available data on HBV vaccination,
44.4% (16/36) or 4.1% (2/49) of patients received vaccination
in NA-induced or spontaneous group, respectively
(Supplementary Figure S1). In NA-induced group, there was
no significant difference in cumulative incidences of HBsAg
reversion between patients with or without HBV vaccination
(0% vs. 5.9%, Log-rank p =.382) (Supplementary Figure S2a).



In spontaneous group, the cumulative incidences of HBsAg
reversion also did not differ significantly between patients with
or without HBV vaccination (0% vs. 8.8%, Log-rank p =.671)
(Supplementary Figure S2b).

Discussion

HBsAg reversion occurs in a part of CHB patients achieving
functional cure spontaneously or by antivirals (NA or
IFN).'>'*!8 The IFN-induced HBsAg clearance group appeared
to have a higher cumulative incidence of HBsAg reversion than
the other two groups.'>'>'® Several potential predictors for off-
treatment HBsAg reversion have been reported in patients with
IFN-induced HBsAg clearance, which included HBsAD level,
quantitative hepatitis B core-related antigen (HBcrAg), quanti-
tative hepatitis B core antibody (HBcAb), HBV RNA and dura-
tion of IFN consolidation treatment.'”"'*"*' However, it is
unclear whether HBV vaccination could prevent off-treatment
HBsAg reversion in such a population. Here, a retrospective
cohort of 199 CHB patients achieving functional cure was estab-
lished and consisted of three groups: spontaneous group,
NA-induced group and IFN-induced group. The cumulative
incidences of HBsAg reversion were compared among the
three groups and the potential effect of HBV vaccination on oft-
treatment HBsAg reversion was investigated.

HBsAg clearance serves as the hallmark of functional cure
and is recommended as the ideal endpoint of antiviral treatment
by the guidelines of CHB management, due to its association
with a better clinical outcome compared to those with persistent
HBsAg positivity.*” A meta-analysis of 28 studies suggested that
HBsAg clearance could notably delay the disease progression
and decrease the HCC incidence in CHB patients.*”
Nevertheless, HCC still inevitably occurs in a part of CHB
patients achieving functional cure, and its relevant risk factors
consist of the presence of cirrhosis, male sex, and age =50 years
at the time of HBsAg clearance.”” Therefore, it is of great
importance to achieve a functional cure as early as possible
before the development of liver cirrhosis. In the present study,
we found that the IFN-induced HBsAg clearance group was
younger at the time of HBsAg clearance than the other two
groups and had a much shorter duration of antiviral treatment,
which means IFN-treated CHB patients achieve functional cure
earlier and sooner and avoid the long course of NA treatment.

Regrettably, our results revealed that the IFN-induced
HBsAg clearance group had the highest 5-year cumulative
incidence of HBsAg reversion among the three groups. The
5-year cumulative incidence of HBsAg reversion was 27.6% in
the IFN-induced group, 3.3% in the NA-induced group and
8.1% in the spontaneous group, respectively, which were simi-
lar to other studies. Yip et al. performed a large-scale study,
including 3,563 patients with spontaneous HBsAg clearance
and 475 with NA-induced clearance, and reported that the
5-year cumulative incidence of confirmed HBsAg clearance
was 88.1% vs. 92.2% in spontaneous or NA-induced group
(p =.964). That is to say, the cumulative incidences of HBsAg
reversion were 11.9% vs. 7.8% in the two groups, respectively.'®
Other studies presented an HBsAg reversion incidence of 8.2%
or 12.79% in HBeAg-positive or HBeAg-negative CHB patients
with IFN-based therapy during the 48-week follow-up after
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treatment cessation.'®*' 24.83% or 23.08% of CHB patients
treated with IFN monotherapy or a combination of IFN and
NA underwent HBsAg reversions at the end of the 96-week
follow-up.'” The cumulative incidences of HBsAg reversion in
our study were 11.9% for 48 weeks and 21.0% for 96 weeks,
which were very close to the results from other studies. With
the follow-up time increasing, the cumulative incidences of
HBsAg reversion in this present study were 22.3%, 22.3% and
27.6% for 144, 192 and 240 weeks, respectively. Thus, the
follow-up time for the determination of HBsAg reversion
should be extended to 96 weeks due to its reversion peak
occurring within 96 weeks.

To reduce the relatively high incidence of HBsAg reversion
after cessation of IFN treatment, preventative measures need
to be explored urgently. It has been proven that extending the
duration of IFN consolidation treatment contributed to pre-
venting HBsAg reversion.”’ The favorable role of HBsAb in
maintaining a sustained functional cure of CHB was also
validated by other studies.'>'>1% Nevertheless, there were no
reports on whether HBV vaccination could prevent off-
treatment HBsAg reversion in CHB patients after IFN-
induced HBsAg clearance. Our study showed that patients
with strong response to HBV vaccination had a much lower
5-year cumulative incidence of HBsAg reversion in contrast
to those without HBV vaccination or those with weak
response to HBV vaccination. Furthermore, multivariate
Cox regression analysis confirmed that strong response to
HBV vaccination was independently associated with a lower
HBsAg reversion risk, instead of therapeutic regimens or
duration of IFN consolidation treatment. In line with other
reports, therapeutic regimens (IFN only versus the combina-
tion of IFN and NA) did not have a significant impact on
HBsAg reversion.'>?' But there is an inconsistency in the role
of duration of IFN consolidation treatment between our
results and prior studies.”’ The possible reasons for this
inconsistency are attributed to the differences in follow-up
time, statistical regression model, sample size and heteroge-
neity of participants.

With regard to the underlying mechanism behind the
protective role of strong response to HBV vaccination, it
could be partly explained in terms of immunology. HBsAg
clearance reflects an effective immune control against HBV
replication, and the appearance of HBsAb indicates the
restoration of humoral immunity, which was evidenced by
the stable proportion and activation of total and memory
B cells in CHB patients maintaining sustained response
from a recent study.'? Strong response to HBV vaccination
after achieving HBsAg clearance indicates a potent and dur-
able restoration of humoral immunity predicting a pretty low
incidence of HBsAg reversion, while weak response to HBV
vaccination indicates a fragile and unstable restoration of
humoral immunity leading to an unacceptably high incidence
of HBsAg reversion. Hence, we have reasons to speculate that
the higher the HBsAb level is, the better the restoration of
humoral immunity is, and the lower the HBsAg reversion
incidence will be.

Combining our data with other studies, a new deci-
sion-making roadmap has been proposed to evaluate the risk of
HBsAg reversion in CHB patients achieving functional cure by

15,16,18,21
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different methods and to illustrate the application of HBV vac-
cine in reducing HBsAg reversion (Figure 5). Patients with
spontaneous HBsAg clearance or those with NA-induced
HBsAg clearance after a sufficient duration of consolidation
treatment should be considered as the population at low risk of
HBsAg reversion regardless of any levels of HBsAb. Patients
with IFN-induced HBsAg clearance who have finished
a sufficient duration of IFN consolidation treatment and
obtained an HBsAb level >100 mIU/ml at the end of treatment
should be considered as at low risk of HBsAg reversion. Patients
with I[FN-induced HBsAg clearance who have an HBsAbD level
<100 mIU/ml at the end of treatment should be regarded as at
high risk of HBsAg reversion and be suggested to receive HBV
vaccination sequentially to raise HBsAb level as high as possible.
After HBV vaccination, those who show strong response to
vaccination (HBsADb level increasing to >100 mIU/ml) are cate-
gorized into a subgroup at low risk of HBsAg reversion. Those
who show weak response to vaccination (HBsAD level remaining
<100 mIU/ml) are still at high risk of HBsAg reversion, among
whom additional doses of the HBV vaccine are needed to reach
the target of HBsAD level >100 mIU/ml. Bianchi et al. reported
that 96.2% of non-responders to the booster dose of HBV
vaccine developed a positive titer of HBsAb following two addi-
tional doses of vaccine,® providing a feasible and effective strat-
egy for the management of non-responders. The optimal
application method of HBV vaccines in reducing HBsAg rever-
sion, e.g. the best total number of doses or appropriate single
dosage at each vaccination, deserves further exploration.
Individuals at low risk of HBsAg reversion are recommended
to receive regular monitoring every 6 months. In contrast, those
at high risk of HBsAg reversion are strongly recommended to
take close monitoring every 3 months within 2 years after

| CHB patients with HBsAg clearance

v

v

v

cessation of IFN treatment for detecting HBsAg reversion as
early as possible.

In our study, some patients with HBsAg clearance could not
reach the target of HBsAb level >100 mIU/ml even after receiving
additional doses of HBsAg vaccine, with an unacceptably high
incidence of HBsAg reversion. Effective measures are needed for
these patients to prevent HBsAg reversion. Previous studies using
conventional HBsAg vaccines in chronic HBV carriers showed
that there was no significant difference in achieving HBV DNA
clearance, HBeAg seroconversion or HBsAg loss between vacci-
nated and unvaccinated groups.”*"** Nowadays, various novel
HBV therapeutic vaccines have been developed for functional
cure of CHB, including protein (HBsAg/HBcAg/hepatitis
B X protein), DNA and viral vector-based vaccines.?”?8
A number of clinical trials using these novel vaccines have been
conducted to evaluate their efficacy in the treatment of CHB
patients,”” > such as GS-4774 (NCT02174276), NASVAC
(NCT10374308), and YIC (ChiCTR-TRC-11003189). In a phase
I, multicenter, randomized, controlled open-label study, GS-
4774, a yeast-derived vaccine containing HBsAg, HBcAg and
hepatitis B X, did not significantly reduce levels of HBsAg in
CHB patients, although it showed a strong immune stimulatory
effect on HBV-specific CD8* T cells.”” A phase III, controlled
open-label and randomized clinical trial was performed to evalu-
ate the efficacy of a novel intranasal therapeutic vaccine contain-
ing HBsAg and HBcAg (NASVAC) versus Peg-IFN in naive CHB
patients, demonstrating that sustained control of HBV DNA and
HBeAg clearance were significantly more frequent in NASVAC
group compared to Peg-IFN group.”® These novel therapeutic
vaccines may be an effectively alternative option for those who
showed weak responses to conventional HBsAg vaccines, which is
an interesting direction for future studies.

Spontaneous or NA-induced group |

| IFN-induced group |

HBsAb >100mIU/ml

HBsAb =100mIU/ml

| Administration of HBV vaccine |

HBsAb >100mIU/ml HBsAb < 100mIU/ml

| Additional doses of HBV vaccine |

At low risk of HBsAg reversion

v : v
HBsAb >100mIU/ml HBsAb < 100mIU/ml

1 Close monitoring in an interval of 3 months
| within 2 years post cessation of treatment

Figure 5. A new decision-making roadmap proposed to evaluate the risk of HBsAg reversion in CHB patients achieving HBsAg clearance by the different methods and to
illustrate the application of HBV vaccine in reducing HBsAg reversion. Abbreviations: CHB, chronic hepatitis B; HBsAb, hepatitis B surface antibody; HBsAg, hepatitis
B surface antigen; HBV, hepatitis B virus; IFN, interferon; NA, nucleoside/nucleotide analogues.



Our study demonstrated conventional recombinant HBsAg
vaccines could prevent off-treatment HBsAg reversion in
patients with HBsAg clearance, while clinical trials using the
novel therapeutic vaccines achieved little success in inducing
functional cure among CHB patients to date. The different
outcomes may result from different study subjects: the patients
achieving HBsAg clearance versus patients with ongoing
chronic HBV infection. Dysfunctional HBV-specific immune
cells were recovered to some extent in the patients achieving
HBsAg clearance,'” and yielded a good antibody response
following HBV vaccination in most of these patients in our
study. In contrast, driven by repetitive antigen stimulation over
long periods, the patients with chronic HBV infection have
both B and T cell dysfunction, which may result in under-
production of HBsAb and reduced HBsAg neutralization.””
These novel HBV therapeutic vaccines are unable to induce
HBV-specific immune responses of adequate magnitude for
functional cure in established chronic HBV infection.”” Thus,
new strategies are required to improve the efficacy of novel
therapeutic vaccines in chronic HBV infection in future.

It must be acknowledged that there are some limitations
in this retrospective study. First, due to a fairly low rate of
HBsAg clearance and the dilemma of obtaining a large
number of samples for analysis, we provided a relatively
small sample size in our single center. Second, other factors
before initiation of antivirals, including the duration of
HBV infection, HBsAg level, HBV DNA level and HBV
genotypes, were unable to be collected in all participants
for analysis. Third, in addition to humoral immunity, HBV-
specific CD8" T cells play a critical role in controlling HBV
infection.”® Regrettably, our study lacked data related to the
role of cellular immunity in HBsAg reversion, which will be
investigated in the future. Fourth, data on HBV vaccination
status collected by phone calls in some participants may
suffer from recall bias, which is a common methodological
limitation of retrospective studies and could affect the
accuracy of data. Lastly, the optimal application method
of HBV vaccines in preventing HBsAg reversion needs
further exploration in different dosages and time interval.
However, the present study is the first one to investigate
the role of HBV vaccination in preventing off-treatment
HBsAg reversion although it is preliminary and explora-
tory. A prospective, large-scale and multicenter study is
required to further validate our findings.

In conclusion, HBV vaccination has the potential to pre-
vent off-treatment HBsAg reversion in CHB patients after
IFN-induced HBsAg clearance via a sufficiently high level of
HBsAb, which will help clinicians optimize the clinical man-
agement of such a population.
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