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End-of-treatment anti-HBs levels
and HBeAg status identify
durability of HBsAg loss after
PEG-IFN discontinuation
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Background: Hepatitis B surface antigen (HBsAg) loss, namely, the functional cure,
can be achieved through the pegylated interferon (PEG-IFN)-based therapy.
However, it is an unignorable fact that a small proportion of patients who
achieved functional cure develop HBsAg reversion (HRV) and the related factors
are not well described.

Methods: A total of 112 patients who achieved PEG-IFN-induced HBsAg loss were
recruited. HBV biomarkers and biochemical parameters were examined dynamically.
HBV RNA levels were assessed in the cross-sectional analysis. The primary endpoint
was HRV, defined as the reappearance of HBsAg after PEG-IFN discontinuation.

Results: HRV occurred in 17 patients during the follow-up period. Univariable
analysis indicated that hepatitis B e antigen (HBeAg) status, different levels of
hepatitis B surface antibody (anti-HBs), and hepatitis B core antibody (anti-HBc) at
the end of PEG-IFN treatment (EOT) were significantly associated with the
incidence of HRV through using the log-rank test. Additionally, time-dependent
receiver operating characteristic (ROC) analysis showed that the anti-HBs was
superior to anti-HBc in predictive power for the incidence of HRV during the
follow-up period. Multivariable Cox proportional hazard analysis found that anti-
HBs >1.3 logolU/L (hazard ratio (HR), 0.148; 95% confidence interval (Cl), 0.044-
0.502) and HBeAg negativity (HR, 0.183; 95% Cl, 0.052-0.639) at EOT were
independently associated with lower incidence of HRV. Cross-sectional analysis
indicated that the HBV RNA levels were significantly correlated with the HBsAg
levels in patients with HRV (r=0.86, p=0.003).
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Conclusions: EOT HBeAg negativity and anti-HBs >1.3 log;olU/L identify the low
risk of HRV after PEG-IFN discontinuation.
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1 Introduction

Chronic hepatitis B virus (HBV) infection remains a major
global health issue, affecting approximately 250 million people
(WHO., 2017). Currently, hepatitis B surface antigen (HBsAg)
loss with or without hepatitis B surface antibody (anti-HBs) is
considered as the optimal endpoint for antiviral treatment and
referred to as ‘functional cure’, but it is rarely achieved, putting
patients at risk for severe liver diseases, including cirrhosis,
hepatic decompensation, and hepatocellular carcinoma (HCC)
(WHO, 2017).

Nucleos(t)ide analogues (NAs) are the first-line treatment and
can provide sustained suppression of HBV replication (Sarin et al.,
2016; Terrault et al., 2016; European Association for the Study of
the Liver, 2017), but previous studies suggested that patients with
pegylated interferon (PEG-IFN)-based therapy exhibited higher
rates of achieving HBsAg loss compared to patients with NAs
therapy (Marcellin et al., 2016; Yip et al., 2017; Wu et al., 2020; Tout
et al., 2021). Unfortunately, a small proportion of patients who
achieved HBsAg loss develop HBsAg reversion (HRV) during
follow-up. The cumulative probability of HRV was 9.66% for 597
weeks in patients treated with interferon (IFN) (Wu et al., 2020). To
date, however, fewer studies have focused on predicting HRV in
patients with PEG-IFN-induced HBsAg loss.

Considering the likelihood of HRV and subsequent adverse
outcomes, in this study, we focused on evaluating the factors
affecting HRV after PEG-IFN discontinuation. The results of our
study could be useful for clinicians to select the appropriate time to
discontinue PEG-IFN treatment for patients who achieved
HBsAg loss.

2 Materials and methods

2.1 Patients

A retrospective cohort study was performed in Huashan Hospital
from Jan 2014 to Dec 2019. A total of 163 chronic hepatitis B (CHB)
patients who had at least one undetectable HBsAg result were
consecutively enrolled, and those 112 patients who achieved PEG-
IFN-induced HBsAg loss were ultimately analyzed. Exclusion criteria
were NAs-induced HBsAg loss; conventional IFN-induced HBsAg
loss; unconfirmed HBsAg loss (Figure 1). The study was approved by
the Ethics Committee of Huashan Hospital of Fudan University and
carried out in accordance with the current version of the
Helsinki Declaration.
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2.2 Laboratory measurements

Liver biochemical parameters were determined by a biochemistry
analyzer (7600 Series; Hitachi, Tokyo, Japan). Platelet was measured
by Sysmex XN-2000 (Kobe, Japan). Serum HBsAg, anti-HBs, hepatitis
B e antigen (HBeAg), hepatitis B e antibody (anti-HBe), and hepatitis
B core antibody (anti-HBc) were detected using an enzyme-linked
immunosorbent assay kit (ARCHITECT i2000 SR; Abbott Architect,
USA). Serum HBsAg were retested (Roche Cobas e602; Roche,
Switzerland) when it exceeded the upper linearity limit (250 IU/
mL). HBV DNA was quantified by using a real-time PCR assay
(DAAN Diagnostics, Guangzhou, China). Detection limits of HBsAg,
anti-HBs, HBeAg, anti-HBe, anti-HBc, and HBV DNA were 0.05 IU/
mL, 10 IU/L, 1 S/CO, 1 S/CO, 1 S/CO, 500 TU/mL, respectively. The
upper limit of normal (ULN) of ALT has been defined as 40 U/L for
women and 50 U/L for men. The ULN of bilirubin has been defined as
21 umol/L for women and 26 umol/L for men. The normal range of
albumin was 40-55 g/L. In addition, hepatitis B core-related antigen
(HBcrAg) was not detected due to the lack of serum samples.

2.3 HBV RNA concentration measurement

HBV RNA, as reverse transcribed pre-genomic HBV RNA, was
extracted from 200 uL serum with the nucleic acid extraction or
purification kit (magnetic beads method) (Sansure Biotech,
Changsha, China). Next, the extraction was treated with DNase I
(Thermo Fisher Scientific, Waltham, MA, USA). Finally, DNase-I-
treated HBV RNA was quantitatively measured with the HBV RNA

=1 Undetectable HBsAg results
(N=163 )

Exclusion

1. NAs induced HBsAg loss (N=30)

2. Conventional IFN induced HBsAg loss (N=5 )
3. Unconfirmed HBsAg loss (N=16)

PEG-IFN induced HBsAg loss
(N=112)

End of follow-up

I I

Confirmed HBsAg loss*
(N=95)

HBsAg reversion®
(N=17)

FIGURE 1

Flowchart of patients’ selection process. HBsAg, hepatitis B surface
antigen; NA, nucleos(t)ide analogue; IFN, interferon; PEG-IFN,
pegylated interferon. *Two negative HBsAg results (<0.05 1U/mL) at
least 6 months apart. "Reappearance of HBsAg after HBsAg loss.
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quantitative kit (Sansure Biotech, n0.010106025). The detection limit
of the assay was 100 copies/mL. HBV RNA detection was conducted
in 64 patients, not all patients, due to the lack of serum samples.

2.4 Definitions and endpoints

The primary outcome was the development of HRV. Follow-up
duration was measured from the date of the end of PEG-IFN
treatment (EOT) to the date of HRV or the last follow-up visit.
Consolidation treatment duration was measured from the date of
HBsAg loss to the date of EOT. Confirmed HBsAg loss (CHL) was
defined as two negative HBsAg results (<0.05 IU/mL) at least 6
months apart; HRV was defined as the reappearance of HBsAg after
HBsAg loss. PEG-IFN monotherapy was defined as PEG-IFN therapy
in naive chronic hepatitis B (CHB) patients. Add-on PEG-IFN was
defined as combination therapy after at least 48 weeks of nucleot(s)ide
therapy. Switch-to PEG-IFN was defined as PEG-IFN monotherapy
in patients who received NAs for at least 48 weeks.

2.5 Statistical analysis

Continuous variables were expressed as mean (interquartile
range [IQR]). Categorical variables were expressed as counting
and percentage. Comparison between two-group of continuous
variables was operated using the Student’s t-test or Mann-
Whitney U test. The Chi-squared test was used for categorical

10.3389/fcimb.2023.1120300

variables. Correlations between variables were tested with Pearson
Correlation. The cumulative HRV rates were performed using the
Kaplan-Meier method and comparisons were tested with the log-
rank test. Predictive factors for HRV were evaluated via the
univariable and multivariable Cox proportional hazard analyses.
Variables with p <0.10 in the univariable Cox proportional hazard
analyses were used in multivariable analyses. Time-dependent
receiver operator characteristic (ROC) curve analysis was
conducted to investigate the predictive performance of anti-HBs
and anti-HBc using the “timeROC” package in R (version 4.1.1,
http://www.r-project.org). The optimal cut-off values of anti-HBs
and anti-HBc were determined by ROC analysis. The cut-off value
of the consolidation treatment duration was based on the previous
study (Li et al., 2019). A P-value <0.05 was considered statistically
significant. Analyses were performed using the SPSS version 20.0
(SPSS, Chicago, USA).

3 Results

3.1 Patient characteristics and
HRV development

Clinical characteristics of 112 CHB patients who achieved PEG-
IFN-induced HBsAg loss were presented in Table 1. The median age
of total patients was 37.0 years (IQR, 31.0-43.0 years) and the majority
of the patients were male (91/112, 81.3%). The median duration of
PEG-IFN treatment and consolidation treatment was 48.0 weeks

TABLE 1 Summary of 17 patients with HBsAg reversion after PEG-IFN therapy discontinuation.

Age HBeA Anti- Anti- Anti- Follow-up HBsAg Anti- HBV
Patient ~Gender statusga HBe HBs HBc (s/ time v/ HBs DNA (lu/
J status®  (U/L* o (month  mbLP  (UA®  mLP

1 Male 37 PEG-IFN Negative Negative <10 11.4 29 0.69 <10 <500 14

2 Male 51 PEG-IFN Negative Negative 1423 113 48 250 <10 2.02E+07 225
TDF

3 Female 33 +PEG- Negative Positive 17.9 8.8 12 1.6 <10 <500 9
IEN
TDF

4 Male 46 +PEG- Positive Negative 16.2 5.4 4 0.33 <10 <500 53
IEN
ETV

5 Female 30 +PEG- Positive Negative 30.7 8.8 15 7.92 <10 <500 16
IFN
TDF

6 Male 46 +PEG- Positive Negative 186.7 9.3 24 0.25 <10 <500 29
IEN

7 Female 39 PEG-IFN Negative Positive 47.4 8.9 2 0.32 <10 <500 13
TDF

8 Male 39 +PEG- Negative Positive 14.1 9.3 10 0.08 <10 <500 16
IEN
ETV

9 Male 48 +PEG- Negative Negative <10 7.5 4 0.08 <10 <500 23
IFN

(Continued)
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TABLE 1 Continued

10.3389/fcimb.2023.1120300

Age HBeA Anti- Anti- Anti- Follow-up HBsAg Anti- HBV
Patient Gender (9) e HBe HBs  HBc (s/ time v/ HBs  DNA (IU/
y status*  (IU)°  co®  (month)*  mL®  (UL°  mb)P
ADV
10 Male 4 +PEG- Negative Positive <10 8.1 31 0.26 <10 <500 29
IEN
11 Female 37 PEG-IEN Positive Negative 1438 9.4 12 1.8 5132 <500 10
12 Male 43 PEG-IFN | Negative Positive <10 8.1 3 0.14 <10 <500 31
13 Female 31 PEG-IFN Negative Positive <10 8.9 3 0.75 <10 <500 19
ADV
14 Male 45 +PEG- Negative Positive <10 7.1 1 234 <10 <500 226
IFN
15 Male 38 PEG-IFN Negative Positive <10 9.5 1 0.22 <10 <500 27
16 Female 29 PEG-IFN Negative Positive 60.2 8.2 14 0.13 <10 <500 10
17 Male 40 PEG-IFN Negative Positive <10 — 3 0.07 <10 <500 —

HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; Anti-HBs, hepatitis B surface antibody; Anti-HBc, hepatitis B core antibody; Anti-HBe, hepatitis B e antibody; ALT, alanine

transaminase; PEG-IEN, pegylated interferon; ETV, entecavir; TDF, tenofovir; ADV, adefovir.
At the end of PEG-IFN treatment.

PAt the time of HBsAg reversion.

“Months from the date of the end of PEG-IFN treatment to the date of HBsAg reversion.

(48.0-60.0 weeks) and 24.0 weeks (12.0-30.0 weeks), respectively. The
median follow-up duration was 12 months (5.3-32.5 months).

17 patients developed HRV during the follow-up period (Table 1).
The HRV peak was within 15 months (13 patients with HRV were
observed). The overall cumulative incidence of HRV by Kaplan-Meier
analysis was shown in Figure 2A. The 6-, 12-, 18-, 24-, 30-, 36-month
cumulative incidence rates of HRV were 7.6%, 12.1%, 15.4%, 17.7%,
20.3%, 22.9% respectively.

3.2 Comparison of clinical characteristics
between patients with CHL and HRV

Of the total patients, 95 (84.8%) remained HBsAg negativity
during the follow-up period whereas 17 (15.2%) experienced HRV
(Table 2). The positivity of anti-HBs at EOT was more frequent in the
CHL group than in the HRV group (87.4% vs. 64.7%, p=0.047).
During the follow-up period, the disappearance of anti-HBs more
commonly occurred in the HRV group (p <0.001).

3.3 Cumulative incidence of HRV based on
HBV markers and ALT level at EOT

The cumulative incidence curves of HRV for each HBV marker and
ALT level at EOT were presented in Figures 2B-F. Based on the ROC
analysis, the optimal cut-off values of anti-HBs and anti-HBc at EOT
were 1.3 log;oIU/L and 9.6 S/CO, respectively (Supplementary Figure 1).
The incidence of HRV differed significantly between the following
subgroups: Anti-HBc 29.6 S/CO vs. <9.6 S/CO (p=0.003); HBeAg
positivity vs. negativity (p=0.039); Anti-HBs >1.3 log;oIU/L vs. <1.3
log;oIU/L (p<0.001). Conversely, the incidence of HRV did not differ
between anti-HBe positivity vs. negativity (p=0.382); ALT =1 upper limit
of normal (ULN) vs. <1 ULN (p=0.611).
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3.4 Time-dependent ROC analysis for
incidence of HRV

The respective ROC curves of the anti-HBs level and anti-HBc at
EOT for the incidence of HRV at 6, 12, 18, 24, 30, and 36 months
after the start of follow-up were shown in Figures 3A, B respectively.
The AUCs for anti-HBs at the above time points were 0.885, 0.882,
0.809, 0.795, 0.757, 0.772, respectively. The AUCs for anti-HBc at
the above time points were 0.774, 0.698, 0.669, 0.714, 0.636,
0.791, respectively.

The plots of AUCs of anti-HBs and anti-HBc for the incidence of
HRYV from 6 to 36 months after the start of follow-up were shown in
Figure 3C. The predictive power of anti-HBs was superior to that of
anti-HBc from 6 to 36 months in general.

3.5 Predictive factors of HRV

Based on the multivariable analysis, anti-HBs >1.3 log;,IU/L at
EOT (hazard ratio (HR), 0.148; 95% confidence interval (CI), 0.044-
0.502; p=0.002) and HBeAg negativity at EOT (HR, 0.183; 95%CI,
0.052-0.639, p=0.008) were independently associated with lower
incidence of HR (Table 3).

We then analyzed the association between the cumulative
incidence of HRV and the combination of HBeAg status and anti-
HBs level at EOT (Figure 4). Among the patients with HBeAg
negativity at EOT, the 36-month cumulative incidence rates of
HRV in patients with anti-HBs >1.3 log;oIU/L and <1.3 log;,IU/L
were 2.8% and 59.1% (P <0.001), respectively. Among the patients
with anti-HBs >1.3 log;oIU/L at EOT, the 36-month cumulative
incidence rates of HRV in patients with HBeAg negativity and
positivity were 2.8% and 52.4% (P=0.001), respectively. Moreover,
the percentage of patients with HRV or CHL based on the different
anti-HBs levels at EOT was shown in Figure 5.
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Kaplan-Meier estimates of cumulative incidence of HBsAg reversion in (A) the entire population, patients with different (B) ALT levels, (C) HBeAg status,
(D) anti-HBe status, (E) anti-HBc level, (F) anti-HBs level at EOT. HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; Anti-HBs, hepatitis B
surface antibody; Anti-HBc, hepatitis B core antibody; Anti-HBe, hepatitis B e antibody; ALT, alanine transaminase; ULN, upper limit of normal; HRV,

hazard ratio; Cl, confidence interval; EOT, end of PEG-IFN treatment

3.6 Cross-sectional analysis of serum
HBV RNA level

To understand the serum HBV RNA level in patients with CHL
and HRYV, a cross-sectional analysis of serum HBV RNA levels was
performed in samples of 64 patients (Supplementary Table 1). There
were 55 patients with CHL and 9 patients with HRV. No significant
difference between the CHL and HRV groups (p=0.1502) (Figure 6A).
Among the patients with CHL, the HBV RNA levels in patients at 24-
60 months after the start of follow-up was significantly higher than
that in patients at 0-6 months (p=0.0135), 6-13 months (p=0.0019),
and 14-24 months (p=0.0052) (Figure 6B). Different therapeutic
regimens including “PEG-IFN monotherapy”, “Add-on”, and
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“Switch-to” showed no difference in HBV RNA level (Figure 6C).
HBV RNA levels were strongly correlated with HBsAg levels in
patients with HRV (r=0.86, p=0.003) (Figure 6D). Anti-HBs titers
of 64 patients were not correlated with HBV RNA levels (r=-0.24,
p=0.0536) (Figure 6E).

4 Discussion

This retrospective cohort study mainly identified predictive
factors associated with HRV in CHB patients who achieved PEG-
IFN-induced HBsAg loss. Univariable analysis using the log-rank test
showed that the status or level of HBeAg, anti-HBs, and anti-HBc
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TABLE 2 Clinical characteristics of 112 CHB patients with HBsAg loss during and post PEG-IFN treatment.

Confirmed HBsAg loss (CHL)®

10.3389/fcimb.2023.1120300

HBsAg reversion (HRV)b

N=95 N=17 P value

Age (years) 37.0 (31.0-43.0) 36.0 (30.0-43.0) 39.0 (35.0-45.5) 0.355
Male, n (%) 91 (81.3%) 79 (83.2%) 12 (70.6%) 0.376
ALT (U/L) 36.0 (26.5-58.0) 36.5 (27.0-58.5) 33.0 (23.0-52.0) 0.516
HBeAg negativity, n (%) 98 (87.5%) 86 (90.5%) 13 (76.5%) 0.750
Therapeutic regimen, n (%) 0.636
PEG-IFN monotherapy 35 (31.2%) 29 (30.5%) 6 (35.3%)

Add-on PEG-IFN® 46 (41.1%) 38 (40.0%) 8 (47.1%)

Switch-to PEG-IFN¢ 31 (27.7%) 28 (29.5%) 3 (17.6%)

Therapeutic medication, n (%) 0.393
PEG-IFN only 66 (58.9%) 57 (60%) 9 (52.9%)

ETV+PEG-IFN 5 (4.5%) 3 (3.2%) 2 (11.8%)

TDF+PEG-IFN 28 (25%) 24 (25.3%) 4 (23.5%)

TAF+PEG-IFN 1 (0.9%) 1(1.1%) 0 (0%)

LAM+PEG-IFN 5 (4.5%) 5 (5.3%) 0 (0%)

ADV+PEG-IEN 7 (6.3%) 5 (5.3%) 2 (11.8%)

Platelet (x10°/L) 129.5 (103.8-171) 129.5 (104.0-163.8) 120.5 (90.0-181.5) 0.748
Albumin (g/L) 45.8 (45.0-48.7) 47.0 (45.0-49.0) 46.0 (44.0-47.8) 0.314
Bilirubin (umol/L) 10.7 (8.0-15.4) 11.0 (8.1-16.1) 8.9 (8.0-13.0) 0.319
g‘;ii‘;g?:fﬁ;;t the time of 49 (43.8%) 42 (44.2%) 7 (41.2%) 0.816
Positive anti-HBs at EOT, n (%) 94 (83.9%) 83 (87.4%) 11 (64.7%) 0.047
gisr?ggeﬂa:ea’f‘:l?o(jir;ﬁ};z?;d’ ) 17 (15.2%) 8 (10.1%) 9 (81.8%) <0.001
Positive anti-HBe, n (%) 78 (69.6%) 69 (73.4%) 9 (52.9%) 0.089
Anti-HBc (S/CO) 9.3 (8.1-10.1) 9.4 (8.2-10.1) 8.9 (8.1-9.4) 0.157
Undetectable HBV DNA 112 (100%) 95 (100%) 17 (100%) >0.05
Consolidation treatment duration (weeks)® 24.0 (12.0-30.0) 24.0 (12.0-36.0) 12.0 (4.0-24.0) 0.177
PEG-IEN duration (weeks) 48.0 (48.0-72.0) 48.0 (48.0-72.0) 48.0 (48.0-80.0) 0.517
Follow-up duration (months)f 12.0 (5.3-32.5) 14.0 (6.0-35.0) 10.0 (3.0-19.5) 0.061

ALT, alanine transaminase; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; Anti-HBs, hepatitis B surface antibody; Anti-HBc, hepatitis B core antibody; Anti-HBe, hepatitis B e
antibody; PEG-IFN, pegylated interferon; ETV, entecavir; TDF, tenofovir; TAF, tenofovir alafenamide; LAM, lamivudine; ADV, adefovir; EOT, end of PEG-IFN treatment.
“Two negative HBsAg results (<0.05 IU/mL) at least 6 months apart.

Reappearance of HBsAg after HBsAg loss.

“Combination therapy after at least 48 weeks of nucleot(s)ide therapy.
4PEG-IFN monotherapy in patients who received NAs for at least 48 weeks.

“Weeks from the date of HBsAg loss to the date of the end of PEG-IFN treatment.

‘Months from the date of the end of PEG-IFN treatment to the date of HR or the last follow-up visit.

were significantly associated with the incidence of HRV. The
predictive power of anti-HBs was superior to that of anti-HBc
during the follow-up period (from 6 to 36 months) in general.
Furthermore, multivariable Cox proportional hazard analysis
showed that anti-HBs >1.3 log;oIU/L, and HBeAg negativity at
EOT were independently associated with lower incidence of HRV.
The role of the anti-HBs in the durability of HBsAg loss remains
controversial (Paul et al., 2017; Yip et al., 2017; Li et al., 2019; Alawad
et al.,, 2020; Wu et al., 2020; Song et al., 2021; Huang et al., 2022). For
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patients with PEG-IFN-induced HBsAg loss, Wu et al. reported in
their retrospective cohort study that the average HRV time for anti-
HBs >100 IU/L was longer than that for anti-HBs <100 IU/L (107
weeks vs. 41 weeks, P <0.001) (Wu et al., 2020). Li et al. reported that
consolidation treatment =12 weeks and high anti-HBs levels were
strong predictors of HRV in HBeAg-negative patients (Li et al., 2019).
Huang et al. reported that HBcrAg <4 log;oU/mL and anti-HBs >2
log;oIU/L could predict the sustained functional cure (Huang et al.,
2022). However, for patients with spontaneous HBsAg loss and NAs-
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FIGURE 3
Time-dependent ROC curves of anti-HBs (A) and anti-HBc (B) at EOT for HRV incidence at 6, 12, 18, 24, 30, and 36 months after the start of follow-up. Plots
of AUCs of anti-HBs and anti-HBc at the same time point as above (C). ROC, receiver operating characteristic curve; Anti-HBs, hepatitis B surface antibody;
Anti-HBc, hepatitis B core antibody; HRV, HBsAg reversion; AUC, area under the receiver operating characteristic curve; EOT, end of PEG-IFN treatment.

TABLE 3 Predictive factors of HBsAg reversion.

Univariate analysis Multivariable analysis®
Variables 95% Cl 95% Cl p value
Age 236.5 years 1.761 0.551 to 5.626 0.340
Male 0.460 0.161 to 1.314 0.147
HBeAg negativity at EOT 0.323 0.104 to 1.007 0.051 0.183 0.052 to 0.639 0.008
ALT 21 ULN at EOT 0.562 0.182 to 1.711 0.316
Consolidation treatment
12 weeks® 0.529 0.195 to 1.439 0.212
Anti-HBs >1.3 log,,[U/L at EOT 0214 0.078 to 0.583 0.003 0.148 0.044 to 0.502 0.002
Anti-HBe positivity at EOT 0.652 0.248 to 1.718 0.387
Anti-HBc 9.6 $/CO at EOT 0.134 0.029 to 0.622 0.010 0.328 0.064 to 1.682 0.181
NA-experienced 0.958 0.353 to 2.602 0.933

ALT, alanine transaminase; HBeAg, hepatitis B e antigen; Anti-HBs, hepatitis B surface antibody; Anti-HBc, hepatitis B core antibody; Anti-HBe, hepatitis B e antibody; EOT, end of PEG-IFN
treatment; NA, nucleos(t)ide analogue; HR, hazard ratio; CI, confidence interval; ULN, upper limit of normal.

“Multivariable analysis including variables with p<0.10 at univariate analysis.

"Weeks from the date of HBsAg loss to the date of the end of PEG-IEN treatment.
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FIGURE 4

Kaplan-Meier estimates of cumulative incidence of HBsAg reversion
based on HBeAg status and anti-HBs of 1.3 log10IU/L at EOT. HBsAg,
hepatitis B surface antigen; HBeAg, hepatitis B e antigen; Anti-HBs,
hepatitis B surface antibody; EOT, end of PEG-IFN treatment.

induced HBsAg loss, Yip et al. reported that anti-HBs negativity at
EOT was not associated with HRV (Yip et al., 2017). In the present
study, we found that not only was anti-HBs disappearance more
common in the HRV group but also the anti-HBs levels at EOT were
associated with HRV in univariable and multivariable analyses. The
cut-off anti-HBs level at EOT for predicting HRV was 1.3 log;oIU/L
with a sensitivity of 0.65 and a specificity of 0.80 in our cohort. In
addition, the optimal anti-HBs titer for predicting sustained
functional cure remained unclear. We also used the cut-off anti-
HBs level (2 log;oIU/L) based on previous studies (Wu et al., 2020;
Huang et al., 2022). The incidence of HRV in patients with anti-HBs
>2 log;oIU/L was significantly lower than that in patients with anti-
HBs <2 log;oIU/L (p=0.002) (Supplementary Figure 2). The
multivariable analysis also showed that anti-HBs >2 log;oIU/L and
HBeAg negativity at EOT were significantly associated with HRV
(Supplementary Table 2). Furthermore, to our knowledge, no
previous studies have used time-dependent ROC analysis to
evaluate anti-HBs or anti-HBc in terms of their association with the
incidence of HRV after PEG-IFN discontinuation. We used this
analysis to show that the anti-HBs level was mainly superior to the

50

Percentage of patients (%)

<10

Anti-HBs titre (IU/L)

FIGURE 5

Percentage of patients with HRV according to different anti-HBs levels at EOT. HRV, HBsAg reversion; Anti-HBs, hepatitis B surface antibody; EOT, end of

PEG-IFN treatment.
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anti-HBc level regarding the predictive power for HRV over 36
months. Collectively, our results highlighted the clinical significance
of anti-HBs levels at EOT in predicting HRV. However, the
underlying mechanisms remain unclear. In contrast to the constant
production of anti-HBc, the anti-HBs production displays functional
defects in CHB patients. In a study on the HBV humoral immunity,
researchers found that HBcAg-specific B cells exhibited higher
frequency and more mature phenotype than HBsAg-specific B cells
(Le Bert et al, 2020). The appearance of anti-HBs may indicate
sustained and profound anti-HBV immunity elicited by PEG-IFN
treatment, NAs treatment, or other factors, which need to be
examined in great detail.

In addition to anti-HBs levels, patients with HBeAg positivity at
EOT showed a significantly higher incidence of HRV. Moreover,
HBeAg status at EOT was also identified as an independent predictor
of HRV by multivariable analysis. However, a recent prospective
study suggested that HBeAg at EOT was not indispensable for
maintaining PEG-IFN-induced HBsAg loss (Huang et al., 2022).
The inconsistency may partly be ascribed to the following
differences in our patient cohort: (a) The cut-off value of HBeAg
was based on negativity (<1 S/CO) and positivity (>1 S/CO) rather
than the Youden’s index; (b) Our patient cohort was relatively large;
and (c) HBeAg was still positive in a small proportion of patients at
EOT. Intriguingly, the same study reported that hepatitis B core-
related antigen (HBcrAg) <4 log;oU/mL was one of the significant
protectors from HRV during the off-treatment follow-up.
Furthermore, the HBcrAg level was positively correlated with the
HBeAglevel at EOT (Huang et al,, 2022). Further studies with a larger
population are warranted to clarify the role of HBeAg and HBcrAg in
the durability of HBsAg loss.

Consolidation treatment duration has been reported to be
associated with HRV following therapy discontinuation (Yip et al.,
2017; Li et al, 2019). Conversely, the duration of consolidation
treatment displayed no significant difference between the CHL and
the HRV group in this study. We further analyzed the incidence of
HRV using 12 weeks as the cut-off value, the incidence of HRV did
not differ between patients with consolidation treatment <12 weeks
vs. 212 weeks (Supplementary Figure 3).

mm HBsAg reversion
== Confirmed HBsAg loss
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Cross-sectional analysis of serum HBV RNA level. Comparison of HBV RNA level in patients between (A) the CHL and HRV group, (B) different follow-up
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Serum HBV RNA is regarded as an alternative biomarker for
cccDNA activity (Wang et al., 2016; Gao et al., 2017; Huang et al.,
2018). In this regard, several studies have suggested that HBV RNA
can be used to predict virologic and clinical relapse after
discontinuation of antiviral therapy (Wang et al., 2016; Carey
et al., 2020; Fan et al.,, 2020). Nonetheless, HBV RNA alone may
not be insufficient to assess sustained response, researchers found
that many patients experiencing HBV RNA decline during PEG-
IFN treatment did not achieve HBsAg and/or HBcrAg decline
(Brakenhoff et al., 2021). In the present study, there were
significant associations between higher HBV RNA levels and
HBsAg levels in patients with HRV, in line with previous studies
(Lin et al., 2020; Ghany et al., 2021). Thus, low HBsAg levels in the
HRV group may account for no significant difference between the
CHL and HRV groups. We also found that there was a trend that
anti-HBs level in patients with CHL was negatively correlated with
HBYV RNA. For patients with CHL, HBV RNA levels did not differ
across different therapeutic regimens, consistent with the
observation that there was no statistical difference in the
therapeutic regimens between the CHL and HRV groups.
Similarly, Pan et al. also reported that add-on interferon
treatment and interferon monotherapy exhibited equivalent
efficacy in sustained functional cure (Pan et al., 2021).
Additionally, HBV RNA at 24-60 months had higher HBV RNA

Frontiers in Cellular and Infection Microbiology

levels than in other periods. The exact reasons for the discrepancy
are unclear. Longitudinal studies on HBV RNA levels after PEG-IFN
discontinuation are warranted to validate these above results.

This study has several limitations. First, this was a retrospective
study and not all patients were regularly monitored. Thus, we cannot
exclude the possibility of transient HRV between adjacent visits.
Second, genotype data cannot be obtained in this study. Whether
the genotype plays a role in the durability of HBsAg loss has not been
determined. Third, as another novel biomarker, HBcrAg may be
associated with HRV and could not be analyzed because serum
samples were not available (Huang et al., 2022). Fourth, serum
HBV RNA was investigated in a cross-sectional analysis. We could
not analyze the longitudinal changes of this novel biomarker,
especially after the PEG-IFN discontinuation in patients with CHL.

In conclusion, HBeAg status (negativity) and anti-HBs level (1.3
log;oIU/L) at EOT were associated with durability of PEG-IFN-
induced HBsAg loss. These findings should be further investigated
on a larger sample size.
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