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Introduction and Objectives: Baseline hepatitis B surface antigen (HBsAg) levels are associated with the likeli-
hood of achieving HBsAg loss which defines a functional cure. However, optimal HBsAg cut-offs for predict-
ing HBsAg loss have not been systematically investigated. Therefore, in this systematic review and meta-
analysis, we evaluated the impact of baseline levels of HBsAg on achieving a functional cure in patients with
chronic hepatitis B (CHB).

Keywords:
Baseline HBsAg Materials and Methods: We searched PubMed, Embase, and the Cochrane Library up to December 31, 2023, to
HBsAg loss identify studies comparing combination therapy with nucleos(t)ide analogues (NAs) and conventional/pegy-

Optimal HBsAg cut-off
Nucleos(t)ide analogues
Conventional/Pegylated interferon

lated interferon (IFN) versus monotherapy. We pooled the proportions of HBsAg loss among studies stratified
by different 75" percentile of baseline HBsAg levels and other clinical characteristics.
Results: We included 24 studies with 3446 participants. At the end of treatment, studies recruiting patients
with 75 percentile of baseline HBsAg below 500 and 1000 IU/mL had the highest proportions of HBsAg loss
in the combination group, reaching 14 % (95 % CI: 9—-21 %) and 17 % (95 % CI: 10—24 %), respectively. One-
year IFN-NAs combination treatment achieved a higher proportion of HBsAg loss (9 %, 95 % Cl: 6—12 %) than
six-month IFN-NAs treatment (1 %, 95 % CI: 0—2 %). Patients with normal alanine transaminase (ALT) had
higher HBsAg loss (11 %, 95 % Cl: 6—17 %) than those with elevated ALT (4 %, 95 % CI: 2—7 %). Meta-regression
indicated a positive association between male percentage in studies and HBsAg loss.
Conclusions: The optimal baseline HBsAg thresholds would be 500—1000 IU/mL, which represents high-
response subpopulations for achieving a functional cure with currently available therapy.

© 2025 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Chronic hepatitis B (CHB) infection remains a significant global
public health issue, affecting approximately 257.5 million people by
2022 [1]. This disease is a major etiology of cirrhosis, hepatocellular
carcinoma (HCC) and related deaths [2]. Achieving a complete steril-
izing cure for hepatitis B virus (HBV) with the current therapy is
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Bias in Non-randomized Studies of Interventions; RoB 2, Version 2 of the Cochrane
risk-of-bias tool for randomized trials; RD, Risk difference; RCT, Randomized con-
trolled trial; Q1, Quartile 1; Q3, Quartile 3; PRISMA, Preferred Reporting Items for Sys-
tematic Review and Meta-analyses; NRSI, Non-randomized studies of intervention;

NA, Nucleos(t)ide analogue; IFN, Interferon; Peg-IFN, Pegylated interferon; HCC, Hepa-
tocellular carcinoma; HBV, Hepatitis B virus; HBsAg, Hepatitis B surface antigen;
HBeAg, Hepatitis B e antigen; CI, Confidence interval; CHB, Chronic hepatitis B
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unrealistic due to the persistence of covalently closed circular DNA
and the integration of HBV DNA into the host genome. [3]. Currently,
a functional cure, defined by the sustained loss of hepatitis B surface
antigen (HBsAg), is considered a more attainable goal to improve the
clinical outcomes [4].

Combination therapy using nucleos(t)ide analogues (NAs) and
interferon (IFN) may have higher rates of HBsAg loss than mono-
therapy [5]. However, the rates of HBsAg loss exhibit substantial
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variability across different studies, which is largely influenced by dis-
parities in patient characteristics, particularly baseline HBsAg levels
[6]. Previous studies demonstrated an inverse relationship between
baseline HBsAg levels and the rate of HBsAg loss [7]. However, the
optimal baseline HBsAg level for achieving a functional cure remains
to be defined, with reported thresholds widely ranging from 1000 to
3000 IU/mL [8—-10].

Therefore, in the present study we aimed to fill this gap through a
comprehensive systematic review and meta-analysis to identify the
most favorable profiles for achieving HBsAg loss in patients receiving
monotherapy of IFN and NAs or their combination, with focus on
baseline HBsAg levels and other related factors.

2. Materials and Methods

This study was conducted with full adherence to the Preferred
Reporting Items for Systematic Review and Meta-analyses (PRISMA)
statement (Supplementary Methods) [11] and the protocol was regis-
tered with PROSPERO (CRD42023384534).

2.1. Search strategy

PubMed, Embase and Cochrane Library were searched from their
inception to December 31, 2023. The following keywords or descrip-
tors (MeSH & Emtree terms) were used: ‘hepatitis B, chronic’, ‘enteca-
vir’, ‘tenofovir’, ‘tenofovir alafenamide’, ‘interferon’, ‘peginterferon’
and ‘pegylated interferon’. The entire search strategy is available in
Supplementary Methods.

2.2. Inclusion and exclusion criteria

Studies were eligible for inclusion if they met the following crite-
ria: (1) Population: participants were adults with CHB, typically
defined as individuals testing positive for HBsAg for more than six
months; (2) Intervention: the studies involved at least one combina-
tion regimen of IFN and NAs, including de novo combination, add-on
combination, or switch-to therapy, as the intervention group; (3)
Control: monotherapy with either IFN or NAs for at least six months;
(4) Outcome: studies reported baseline HBsAg levels and the number
of individuals who achieved HBsAg loss.

The exclusion criteria were as follows: (1) reviews, editorials, let-
ters, guidelines, protocols, basic research, and articles enrolling
patients with a sample size of less than 30; (2) studies enrolled par-
ticipants who had already developed cirrhosis, decompensation,
HCC, previous liver transplantation; (3) studies included participants
with co-infection of other viruses (hepatitis A/C/D, human immuno-
deficiency virus), or tuberculosis; (4) studies enrolled participants
with comorbidities such as alcohol-related disease, autoimmune dis-
ease, metabolic disease, severe kidney disease, or pregnancy; (5)
studies used non-first-line NAs therapies; (6) studies included over-
lapping data cohorts.

2.3. Data extraction

Two investigators (SL and LCS) independently extracted the data,
with any disagreements resolved by discussion to reach a consensus
or by consulting a senior methodologist (YYK). The extracted infor-
mation included: basic information of the studies including the name
of the first author, year of publication, country, sample size, and study
design; characteristics of participants including mean age, sex, base-
line levels of HBsAg, alanine aminotransferase (ALT), HBV DNA, and
hepatitis B e antigen (HBeAg) status; treatment details including
duration of antiviral treatment, follow-up period, types of IFN
and NAs used, and combination strategies (such as “de novo combina-
tion,” “add-on combination,” or “switch-to”), control regimen (IFN or
NAs), and the number of HBsAg loss in each group.
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Continuous variables were extracted as mean + standard devia-
tion (SD) and categorical variables as percentages. For baseline HBsAg
levels, the median, quartile 1 (Q1), and quartile 3 (Q3) were obtained.
The mean =+ SD was subsequently calculated using established statis-
tical methods based on either the median and interquartile range or
the median along with maximum and minimum values reported in
the original studies [12,13].

2.4. Assessment for risk of bias

The risk of bias was assessed using version 2 of the Cochrane Risk-
of-Bias tool for randomized trials (RoB 2) for randomized controlled
trials (RCTs) [14], and the Risk of Bias in Non-randomized Studies of
Interventions (ROBINS-I) tool for non-randomized studies of inter-
ventions (NRSI) [15]. Assessments were conducted at the study level.
Two investigators (SL and LCS) independently performed the quality
assessment. Discrepancies were resolved by consensus or through
the involvement of an expert hepatologist (JD]) and a senior method-
ologist (YYK).

2.5. Definitions

The primary outcome was HBsAg loss, defined as the loss of
HBsAg (below the lower limit of quantification) with or without the
presence of anti-HBs [4].

Combination therapy is classified into three types: de novo combi-
nation strategy, which involves simultaneously starting nucleos(t)ide
analogues (NAs) and interferon (IFN) for at least six months; add-on
combination strategy, which begins with NAs or IFN and is followed
by the addition of the other agent; and switch-to combination strat-
egy, which starts with NAs and subsequently switches to IFN, with or
without a short period of overlap between the two therapies.|5]

2.6. Statistical analysis

Median (Q1, Q3) values were reported for study characteristics.
Risk difference (RD) and 95% confidence intervals (Cls) were used to
compare HBsAg loss between combination therapy and monother-
apy. The Freeman-Tukey double arcsine transformation was applied
to compute pooled proportions and corresponding 95 % Cls for HBsAg
loss. Heterogeneity between studies was assessed using Q-statistics,
and the P statistic was described the percentage of observed varia-
tion due to heterogeneity, with P values over 50 % indicating sub-
stantial heterogeneity. Due to the observed heterogeneity across the
primary studies, a random-effects model was used to pool the pro-
portions.

To address zero numerators in control groups, RD was used to
compare the efficacy of NAs-IFN combination therapy with mono-
therapy. The 75 percentile of baseline HBsAg (75™ baseline HBsAg)
was used to estimate typical participant levels in each study, as the
maximum value could be skewed by outliers. Various cutoffs of base-
line HBsAg at the 75" percentile were applied to determine the
higher proportion of HBsAg loss for combination therapy versus
monotherapy.

Further analysis was conducted to examine proportions of HBsAg
loss according to different combination strategies and IFN treatment
durations within the combination therapy. Additionally, patient char-
acteristics such as male percentage, ALT levels, and HBeAg status
were evaluated. Meta-regression was conducted for factors with data
from over 10 studies, using means of age, male percentage, levels of
HBV DNA and ALT. Analyses were performed on the data at the end
of treatment and follow-up, with follow-up durations stratified into
six months and one year. Sensitivity analyses excluded NRSI studies.

Publication bias was evaluated using Begg’s test, Egger’s test, and
Funnel plot. All analyses were conducted using R Software version
4.3.1, with a P value <0.05 being considered statistically significant.
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2.7. Ethical statements

This study utilized data from previously published research,
therefore, ethical approval and patient consent were not required.

3. Results
3.1. The characteristics of the included studies and subjects

Initially, 30,314 studies were identified. After removing 9053
duplicates and excluding 20,947 studies based on title and abstract
screening, 314 studies remained for full-text review. Finally, 24 stud-
ies comprising 3446 patients were included (Fig. 1).

Among these, 17 studies were RCTs [6,10,16—30] and 7 were NRSI
studies [9,31—36]). Patients were mainly from Asia, with 14 studies
conducted in China. The mean age of participants ranged from 27 to
56 years, with a median male percentage of 75 %. The included studies
had a median sample size of 56 (interquartile range: 32 to 85; Table 1).
The median of the 75 percentile of baseline HBsAg across the studies
was 7436 IU/mL (interquartile range: 2102 to 12906 IU/mL; Table 1).

Studies identified through database searching:
PubMed=9814, ENBASE=16048, Cochrane
Library=4452.
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The lower limit of quantification for HBsAg ranged from 0.05 to
0.1 [U/mL in most studies (Supplementary Table S1).

3.2. The quality assessment

RoB 2 was used to assess bias in RCTs, revealing that 12 studies
had some concerns of bias overall, while 5 studies had a low risk of
bias overall (Supplementary Table S2). ROBINS-I was employed to
evaluate bias in NRSIs, with all studies exhibiting a moderate risk of
bias overall (Supplementary Table S3).

3.3. The risk difference of HBsAg loss achieved by combination therapy
versus monotherapy

We analyzed 24 studies that reported the proportion of HBsAg
loss at the end of treatment. Of these, 17 studies and 7 studies used
NAs monotherapy and IFN monotherapy as controls, respectively.
Overall, combination therapy showed a higher pooled proportion of
HBsAg loss than monotherapy, with a RD of 4 % (95 % CI: 2—7 %,
=59 %). Specifically, when compared with NAs monotherapy, the RD

A 4

Studies for screening based on title and abstract
(n=21261)

A 4

Removed 9053 duplicates

Removed 20947 studies:
1. Publication as review, letter, editorial, comment, case report;

2. Co-infection with HCV, HDV or HIV;

3. Not chronic hepatitis B patients;

A\ 4

Studies for further full-text review
(n=314)

A 4

4. Age <18 years;
5. No control group;
6. No target treatment strategies (i.e., De nove / add-on / swith-

to combination of IFN and NAs).

Removed 290 studies:
1. IFN treatment duration less than 6 months;

2. Non-first-line NAs;

A 4

Include studies (n=24)

Figure 1. Flow chart of the inclusion and exclusion in the study. HCV, Hepatitis C Virus;
(t)ide Analogues.

A 4

3. Sample size of the study < 30;

4. No baseline HBsAg level reported;
5. No HBsAg loss reported;

6. Overlapping data cohort.

HDV,

Hepatitis D Virus; HIV, Human Immunodeficiency Virus, IFN, Interferon; NAs, Nucleos



Table 1

The characteristics of included studies and subjects.

Subjects with combination therapy

Subjects with monotherapy

First author Study Region Treatment Follow-up n°  Regimen Age (year)® Male HBsAg HBeAg (+) HBV DNA n® Regimen Age (year)® Male HBsAg HBeAg (+) HBV DNA
(year)* design duration  duration (n, %) (IU/mL)° (log10 IU/mL) & (n, %) (IU/mL)° (log10 IU/mL) &
(week) (week)
Chen, X.F.(2013) RCT  China 48 0 27 Denovocomb 31.8+7.7 20(74.1) 45709 NR NR 30 NAs 324+7.1 21(70.0) 46774 NR NR
[16] (2168.2,6974.0) (1918.7,7436.0)
Xie, Q.(2014) [17] RCT ~ China 48 24 73 Add-on comb” 29.2+69  57(78.1) 10000.0 NR 7.9+2.0 72 NAs 29.5+8.1 56(77.8) 125893 NR 7.9+1.6
(9992.7,10007.0) (12583.5,12595.0)
He,L.T.(2016) RCT  China 48 0 44  Switch-to IFN  354+£12.3 30(68.2) 6168.9 29/15 NR 44 NAs 354+10.2 30(68.2) 5879.5 27/17 NR
[18] (4803.3,7534.5) (4567.3,7191.7)
Marcellin, P. RCT  France 48 24 186 Denovocomb 38.0+16.7 127(68.3) 7943.3 108/78 7.1£1.5 185 NAs 36.0+£10.9 121(654) 79433 109/76 7.0£1.5
(2016)[19] (7936.0,7951.0) (7936.0,7950.5)
Marcellin, P. RCT France 48 24 186 Denovocomb 38.0+16.7 127(68.3) 7943.3 108/78 7.1+£15 185 IFN 38.0+£10.5 119(64.3) 6309.6 106/79 6.9+1.6
(2016)[19] (7936.0,7951.0) (6302.3,6316.8)
Martinot- RCT  France 48 0 32 Denovocomb 47.0+10.0 24(75.0) 21135 NR 5.0+1.6 30 IFN 47.0+£9.0 20(66.7) 3981.1 NR 5.8+15
Peignoux, M. (2109.3,2118.0) (3975.0,3987.2)
(2016) [20]
Tangkijvanich, P. RCT  Thailand 48 48 63  Denovocomb 403+9.8 46(73.0) 31623 NR 54+0.8 63 IFN 40.0+9.3  43(68.3) 2511.9 NR 5.5+0.8
(2016) [21] (3158.6,3166.0) (2508.2,2515.5)
van Campenhout, RCT  Netherlands 48 24 85 Add-oncomb 32.0+£10.0 63(74.1) 15848.9 NR 7.8+1.3 90 NAs 31.0+£9.0 62(68.9) 125893 NR 7.8+1.1
M.]. H. (2016) (15841.7,15856.0) (12582.0,12596.5)
[22]
Al Ashgar, H. RCT  SaudiArabia 52 52 23 Denovocomb 43.5+114 22(95.7) 4515.0 NR 1.0+1.3 25 IFN 4434122  21(84.0) 5958.0 NR 1.9+25
(2017)[23] (2872.3,12924.0) (4342.0,14612.1)
Li, H.(2017)[31] NRSI  China 48 24 62 Denovocomb 28.0+8.0 47(75.8) 125.9(121.6,130.0) 31/31 59+1.6 44 IFN 27.0+£6.0  32(72.7) 109.6(101.9,117.4) 24/20 6.3+1.6
Cannizzo, E. S. RCT  Italy 48 36 10 Add-oncomb 48.0+63 7(70.0) 1905.5 0/10 <1.0 20 NAs 56.0+11.7 12(60.0) 602.6(594.0,611.1) 0/20 <1.0
(2018) [24] (1894.0,1917.0)
Jindal, A.(2018) NRSI  India 72 36 53 Add-oncomb 29.1+13.0 45(84.9) 251189 53/0 7.1£1.2 53 NAs 38.0+164 45(84.9) 158489 53/0 6.7+1.3
[32] (12589.3,79433.0) (3162.3,25118.9)
Wu, D. (2019) RCT  China 48 24 33 Switch-toIFN 36.5+9.7 25(75.8) 1659.6 33/0 3.3+1.2 27 NAs 3504105 21(77.8) 776.2(768.5,784.0) 27/0 3.2+13
[25] (1655.8,1663.0)
Zheng, C.(2019) NRSI  China 48 0 77 Denovocomb 303+7.3 55(714) 3.6(2.25.0) 77/0 7.4+5.0 66 IFN 29.6+£5.5  48(72.7) 3.7(2.8/4.6) 66/0 7.7£1.9
[33]
Yang,J. M. (2020) RCT  China 52 52 73 Add-oncomb 42.9+12.2 48(65.8) 1995.3(831.8,8913.0) 32/41 56+1.4 56 NAs 455+12.7 35(62.5) 1819.7(660.7,5128.6) 28/28 57+1.2
[26]
Ahmad, Y. (2021) NRSI Indonesia 48 0 24 Denovocomb NR NR >100.0 NR NR 29 NAs NR NR >100.0 NR NR
[34]
Chen,S.(2021) RCT  China 52 26 105 Add-oncomb 35.04£9.0 79(752) 50119 77/29 6.8+1.6 46 NAs 39.0+£11.0 NR 5011.9 36/10 6.5+2.3
[27] (1995.3,15849.0) (1995.3,15848.9)
Hu, C.(2021) [35] NRSI  China 48 24 104 Denovocomb 29.2+4.7  71(68.3) 10000.0 88/16 6.9+1.3 106 IFN 289+6.2  83(783) 79433 78/28 6.7+1.4
(9996.4,10004.0) (7939.6,7946.9)
Hu, C.(2021) [35] NRSI  China 48 24 104 Denovocomb 292+4.7 71(68.3) 10000.0 88/16 6.9+1.3 120 NAs 30.5+7.1 77 (64.1) 79433 93/27 6.6+1.5
(9996.4,10004.0) (7938.7,7947.9)
Jia,R.(2021)[9] NRSI  China 48 0 72  Denovocomb 39.7+93  61(84.7) 331.1(323.0,339.0) 25/47 NR 26 NAs 389499  22(84.6) 602.6(596.7,608.5) 11/11 NR
Li, J. (2021) [6] RCT  China 48 48 44  Denovocomb 329+£57  30(68.2) 12302.7 44/0 7.5+£0.9 62  NAs 343+7.8  37(59.7) 128825 62/0 7.5+0.9
(12293.1,12312.0) (12877.4,12887.6)
Li, J. (2021) [6] RCT  China 96 0 27 Add-oncomb 33.7+4.8  21(77.8) 17782.8 27/0 7.6+0.8 62  NAs 343+7.9  37(59.7) 128825 62/0 7.54+0.9
(17779.7,17786.0) (12877.4,12887.6)
Lim,S.G.(2022) RCT  Singapore 48 24 103 Switch-to[FN 47.7+£12.0 84(81.6) 1064.1(443.1,2155.0) 37/66 NR 51 NAs 50.0+12.2 40(78.4) 726.2(445.5,2251.3) 16/35 NR
[29]
Lim,S.G.(2022) RCT  Singapore 48 24 99 Add-oncomb 503+12.0 80(80.8) 707.2(181.3,2116.0) 29/70 NR 51 NAs 50.0+12.2 40(78.4) 726.2(445.5.2251.3) 16/35 NR
[29]
Hu, Q. (2022)[10] RCT  China 48 24 50 Add-oncomb 38.1+10.0 40(80.0) 1737.8(891.3,2455.0) 50/0 <17 51 NAs 389+84  39(76.5) 1479.1(933.3,2089.3) 51/0 <17
Hu, Q. (2022)[10] RCT  China 48 24 52 Switch-toIFN 36.0+9.2 39(75.0) 1737.8(891.3,2455.0) 52/0 <17 51 NAs 38.9+8.5  39(76.5) 1479.1(933.3,2089.3) 51/0 <17
Lian, J.(2022) [28] RCT ~ China 48 24 97 Denovocomb 31.0+6.7 75(77.3) 131826 97/0 7.6+1.4 84 IFN 32.0+6.8 60(71.4) 9120.1 84/0 7.3+13
(13178.6,13187.0) (9114.7,9125.5)
Terrault, N. A. RCT  United States 24 216 99 Denovocomb 41.7+12  59(59.6) 3981.1 49/50 6.5+2.0 102 NAs 414+113  71(69.6) 79433 54/48 6.7+2.3
(2023) [30] (1000.0,79433.0) (1000.0,31622.8)
Wang, W. X. NRSI  China 48 0 58 Add-oncomb 39.1+11.3 49(84.5) 389.0(93.3,891.0) 17/41 <13 18 NAs 40.1+11.1  14(77.8) 616.6(190.5,1071.5) 8/10 <13
(2023) [36]

Add-on comb add-on combination, De novo comb de novo combination, IFN interferon, NAs nucleos(t)ide analogues, NR not reported, NRSI nonrandomized studies of interventions, RCT randomized controlled trial.
* Some studies may have utilized multiple combination strategies or included multiple monotherapies as control groups, therefore presented in multiple rows.

#

&
O
[¢]

Add-on combination includes two types of treatment regimen, where the one marked with “#” represents adding NAs to IFN, the rests refer to adding IFN to NAs.
The data were presented as the mean + standard deviation.
The data were presented as the median (Q1, Q3).
The sample size were extracted at the end of the treatment.
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NAs+IFN NAs/IFN Weight Weight
Study Events Total Events Total Risk Difference RD 95%-Cl (common) (random)
NAs+IFN vs. NAs
Yang, J. M. 2020 0 73 1 56 —'l— -0.02 [-0.06; 0.03] 4.3% 6.1%
Wu, D. 2019 1 33 1 27 —'l— -0.01 [-0.10; 0.09] 2.0% 3.6%
Li, J. 2021 0 44 0 62 _i_ 0.00 [-0.04;0.04] 3.5% 6.6%
Chen, S. 2021 1 105 0 46 R 0.01 [-0.03;0.05] 4.3% 6.7%
van Campenhout, M. J. H. 2016 1 85 0 90 T'_ 0.01 [-0.02; 0.04] 5.9% 7.0%
Terrault, N. A. 2023 2 99 0 102 = 0.02 [-0.01;0.05] 6.7% 6.9%
Xie, Q. 2014 5 73 3 72 —— 0.03 [-0.05;0.10] 4.8% 4.5%
Marcellin, P. 2016 11 186 0 185 [ 0.06 [0.02;0.09] 12.4% 6.8%
Hu, Q. 2022* 3 50 0 51 — 0.06 [-0.01;0.13] 3.4% 4.5%
Chen, X. F. 2013 2 27 0 30 e 0.07 [-0.04; 0.19] 2.0% 2.8%
Hu, Q. 2022 4 52 0 51 [ 0.08 [-0.00; 0.16] 3.5% 4.2%
Li, J. 2021* 3 27 0 62 T 0.11 [-0.01;0.24] 2.6% 2.5%
Ahmad, Y. 2021 3 24 0 29 T 0.12 [-0.02; 0.27] 1.8% 2.0%
He, L. T. 2016 7 44 0 44 —— 0.16 [0.05;0.27] 3.0% 2.8%
Cannizzo, E. S. 2018 2 10 0 20 —+———— 0.20 [-0.06; 0.46] 1.0% 0.8%
Jia, R. 2021 15 72 0 26 — 0.21 [0.10; 0.32] 2.6% 3.1%
Wang, W. X. 2023 15 58 0 18 | 0.26 [0.13; 0.39] 1.9% 2.3%
Common effect model 1062 971 j<> 0.06 [ 0.04;0.08] 65.6% -
Random effects model << 0.06 [0.03; 0.09] - 73.1%
Heterogeneity: /2 = 66%, 12 = 0.0029, p < 0.01
NAs+IFN vs. IFN
Tangkijvanich, P. 2016 2 63 6 63 —*—— -0.06 [-0.15;0.02] 4.2% 4.0%
MartinotPeignoux, M. 2016 6 32 7 30 —_— -0.05 [-0.25; 0.16] 2.1% 1.2%
Lian, J. 2022 5 97 4 84 — 0.00 [-0.06; 0.07] 6.0% 5.1%
Marcellin, P. 2016 11 186 5 185 = 0.03 [-0.01;0.07] 12.3% 6.4%
Al Ashgar, H. 2017 1 23 0 25 —— 0.04 [-0.07;0.15] 1.7% 2.9%
Li, H. 2017 6 62 2 44 o 0.05 [-0.04;0.15] 3.4% 3.5%
Zheng, C. 2019 10 77 2 66 —HE— 0.10 [0.01;0.19] 4.7% 3.9%
Common effect model 540 497 <t 0.02 [-0.01; 0.05] 34.4% -
Random effects model :> 0.02 [-0.01; 0.06] - 26.9%
Heterogeneity: /2 = 30%, 12 = 0.0007, p = 0.20
Common effect model 1602 1468 5) 0.05 [0.03; 0.06] 100.0% -
Random effects model | : & : | 0.04 [0.02; 0.07] --  100.0%
Heterogeneity: /2 = 59%, 12 = 0.0019, p < 0.01 -04 -02 0 02 04

Test for subgroup differences (common effect): xi =4.44,df =1 (p =0.04)
Test for subgroup differences (random effects): 7 = 1.89, df =1 (p = 0.17)

Figure 2. Pooled risk differences of HBsAg loss at the end of treatment by comparing NAs-IFN combination therapy with NAs or IFN monotherapy.

increased to 6 % (95 % Cl: 3—9 %, ’=66 %). In contrast, the RD was 2 %
(95 % Cl: —1—6 %, =30 %) when compared with IFN monotherapy
(Fig. 2). Sensitivity analysis showed that the RD comparing combina-
tion therapy with monotherapy was 7 % (95 % Cl: 3—10 %, =66 %) in
Asian population, 7 % (95 % CI: 3—12 %, ’=67 %) in Chinese popula-
tion, and 2 % (95 % CI: 1-4 %, P=22 %) in European population at the
end of treatment (Fig. S1).

Additionally, for 13 studies reporting HBsAg loss during follow-up
of six months or less, the pooled RD was 6 % (95 % Cl: 3-8 %, P =62 %)
at the end of follow-up and 3 % (95 % CI: 1-5 %, ¥ = 0 %) at the end of
treatment (Fig. S2). For the six studies with follow-up exceeding six
months, no significant pooled RD was detected at either the end of
follow-up or the end of treatment (Fig. S2).

3.4. The impact of baseline HBsAg levels on HBsAg loss

We evaluated the proportions of HBsAg loss at the end of treat-
ment by stratifying studies by their 75" percentile of baseline HBsAg
levels. Overall, studies recruiting patients with lower baseline HBsAg
levels demonstrated a higher likelihood of achieving HBsAg loss in
the combination therapy group as shown in Fig. 3.

Notably, studies recruiting patients with 75™ percentile of base-
line HBsAg below 500 and 1000 IU/mL had the highest pooled

proportions of HBsAg loss at 14 % (95 % CI: 9—21 %) and 17 % (95 % CI:
10-24 %), respectively, for combination therapy group (Fig. 3). In
contrast, studies recruiting patients with higher 75 percentile of
baseline HBsAg levels (1000-2000 IU/mL, 2000—3000 IU/mL, and
above 3000 IU/mL) had significantly lower pooled proportions of
HBsAg loss, with point estimates at or below 10 % (Fig. 3).

For studies recruiting patients receiving IFN or NAs monothera-
pies, we did not observe statistically significant differences in HBsAg
loss across different 75™ percentile of baseline HBsAg levels (Fig. 3).
Similarly, in the 11 studies reporting HBsAg loss at the end of follow-
up for six months or less, no significant differences were found based
on baseline HBsAg levels (Figure S3). For the 6 studies with a follow-
up duration exceeding six months, the 75" percentile of baseline
HBsAg levels were all above 3000 IU/mL, precluding further stratifica-
tion by lower thresholds.

3.5. The impact of combination strategies on HBsAg loss

No statistically significant differences in HBsAg loss were
observed across the three different combination strategies (de novo,
add-on, and switch-to) at the end of treatment (22 studies) or follow-
up (17 studies) (Fig. 4 and Fig. S4). However, when the 75™ percentile
of the baseline HBsAg was < 2000 IU/mL, the add-on combination
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75th percentile of
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Regi f E Total P i %Cl) 2 P val
egimen HBsAg (1U/ml) # of study Event/ Tota roportion (95%ClI) value
NAs+IFN  Total 22 102/1392 —_ 0.06 (0.04 t0 0.10) 0.76
Cut off as 100
>100 21 92/1315 _ 0.06 (0.03t0 0.10) 0.76 0.10
<=100 1 10/77 0.13 (0.06 to 0.22)
Cut off as 500
>500 19 71/1181 —_— 0.05 (0.03t0 0.09) 0.76 0.01
<=500 3 31/211 _ 0.14 (0.09 to 0.21)

Cut off as 1000

>1000 18 56/1123 — 0.04 (0.02t0 0.07) 0.76 <0.001
<=1000 4 46/269 0.17 (0.10 to 0.24)

Cut off as 1000, 2000
>2000 16 53/1080 —_ 0.04 (0.02t0 0.07) 0.76 0.001
1000~2000 2 3/43 0.08 (0.00 to 0.31)
<=1000 4 46/269 0.17 (0.10 to 0.24)

Cut off as 2000,3000
>3000 13 40/946 —_ 0.03 (0.01t0 0.06) 0.76 0.001
2000~3000 3 13/134 0.10 (0.04 to 0.17)
<=2000 6 49/312 0.14 (0.08 to 0.22)

NAs Total 14 5/829 H 0.00 (0.00 to 0.01) 0.00

Cut off as 1000
>1000 11 4/756 H 0.00 (0.00 to 0.01) 0.00 0.27
<=1000 3 1/73 - 0.01 (0.00 to 0.05)

Cut off as 3000
>3000 9 4/687 A 0.00 (0.00t0 0.01) 0.00 0.48
<=3000 5 1/142 — 0.00 (0.00 to 0.02)

IFN Total 7 26/497 _— 0.05 (0.02t0 0.10) 0.64

Cut off as 1000
>1000 5 22/387 0.06 (0.01t0 0.14) 0.64 0.50
<=1000 2 4/110 _ 0.04 (0.01 to 0.08)

[ I I |
0 0.1 0.2 0.3

Proportion

Figure 3. The proportions of HBsAg loss at the end of treatment stratified by studies with different baseline 75 percentile of HBsAg. IFN, Interferon; NAs, Nucleos(t)ide Analogues.

therapy showed a notably higher pooled proportion of HBsAg loss at
24 % (95 % Cl: 14-36 %).

3.6. The impact of IFN treatment durations on HBsAg loss in
combination therapy

In studies involving NAs-IFN combination therapy, the duration of
IFN treatment varied. At the end of treatment, studies with a one-
year IFN treatment showed a significantly higher pooled proportion
of HBsAg loss (9 %, 95 % CI: 6—12 %) than those with a six-month IFN
treatment (1 %, 95 % CI: 0—2 %) (P < 0.01, Table 2 and Fig. S5). Similar
results were observed for studies reporting HBsAg loss at the end of
follow-up (with follow-up durations of no more than six months).
However, no significant differences were found in studies reporting
HBsAg loss at the end of follow-up with durations longer than six
months (Fig. S6).

3.7. The major baseline characteristics of CHB patients associated with
HBsAg loss

Among studies with patients receiving NAs-IFN combination
therapy, those studies with normal baseline ALT levels (< 40 IU/mL)
exhibited a significantly higher proportion of HBsAg loss at 11 %
(95 % CI: 617 %) than those with elevated baseline ALT levels
(P=0.02). No statistically significant differences were found in HBsAg
loss based on male percentage or baseline HBeAg status at the study
level (Table 2, Figs. S7-S8).

In meta-regression analysis considering baseline mean age, male
percentage, genotype A percentage, mean ALT, and mean HBV DNA
of a study, the male percentage and the genotype A percentage
were statistically associated with a higher proportion of HBsAg loss
(B =0.79, P = 0.03, 22 studies; 8 = 2.40, P = 0.01, 5 studies, respec-
tively; Fig. S9).
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Studies Regimen # of study Event/ Total Proportion (95%Cl) 2 P value
All De novo comb 11 60/782 _ 0.07 (0.03t0 0.11) 0.76 0.84
Add-on comb 8 30/481 [ m— 0.06 (0.01to 0.13)
Switch-to IFN 3 12/129 _ 0.09 (0.03 to 0.16)
HBsAg* <=1000 IlU/ml  De novo comb 3 31/211 [ — 0.14 (0.09to 0.21) 0.57 0.07
Add-on comb 1 15/58 0.26 (0.15 to 0.38)
HBsAg* <=2000 IlU/ml  De novo comb 3 31/211 [ — 0.14 (0.09t0 0.21) 0.62 0.01
Add-on comb 2 17/68 0.24 (0.14 to 0.36)
Switch—to IFN 1 1/33 _ 0.03 (0.00 to 0.13)
HBsAg* <=3000 IlU/ml  De novo comb 4 37/243 _— 0.15(0.10t0 0.21) 0.58 0.07
Add-on comb 3 20/118 0.15 (0.04 to 0.32)
Switch-to IFN 2 5/85 _ 0.06 (0.01 to 0.12)
[ I I I 1
0 0.1 0.2 0.3 0.4
Proportion

Figure 4. Comparing the proportions of HBsAg loss among patients receiving combination therapy by different combination strategies of NAs and IFN at the end of treatment. Add-
on comb add-on combination, De nove comb de novo combination, IFN interferon, NAs nucleos(t)ide analogues.

3.8. Publication bias and sensitivity analysis

Funnel plots and Egger’s tests indicated no significant publication
bias (Fig. S10). Sensitivity analyses, excluding non-randomized stud-
ies of interventions, showed consistent results with the primary
meta-analyses regarding the risk difference in HBsAg loss when com-
pared combination therapy with monotherapy (Figs. S11-S12).

4. Discussion

This systematic review and meta-analysis demonstrated that
nearly one-fifth of patients with the 75" percentile of baseline HBsAg
levels within 500~1000 IU/mL achieved HBsAg loss at the end of
NAs-IFN combination therapy. Moreover, we observed a positive
association between the male percentage in a study and the likeli-
hood of HBsAg loss.

Our findings showed that combination therapy was more effective
than monotherapy, particularly NA monotherapy, in achieving HBsAg
loss, consistent with previous studies [5]. The overall pooled RD for
HBsAg loss was 6 % compared with NAs monotherapy and 2 % com-
pared with IFN monotherapy. However, we observed considerable
heterogeneity across studies comparing IFN-NAs combination versus
monotherapy (P=59 %, Fig. 2), likely driven by variations in patient
characteristics, study designs, and treatment protocols. Regarding

Table 2

the heterogeneity of the included studies with limited sample sizes,
this finding warrants further validation through large RCTs. Sensitiv-
ity analysis also showed that this finding was particularly evident for
Asian or Chinese populations, rather than European population.
These results suggest that genetic factors of different populations
may influence the efficacy of combination therapy [37]. Despite the
high rate of virologic recurrence and the low HBsAg loss rate associ-
ated with NAs monotherapy [38], the majority of CHB patients still
benefit from long-term NAs monotherapy through histological
improvements and reduced risk of HCC [39].

Although combination therapy was more effective in achieving
HBsAg loss, the overall proportions of HBsAg loss were below 10% in all
studies, and below 20% even in studies recruiting patients with 75™ per-
centile of baseline HBsAg levels less than 1000 IU/mL. Moreover, we did
not find a significant difference across different combination strategies.
These findings support the superiority of combination therapy while
highlighting the need for developing more potent novel therapy to
achieve a higher probability of HBsAg loss [40].

Considering the paucity of cohort studies investigating the optimal
HBsAg cut-off and other relevant factors in the literature, we conducted
a meta-analysis using the 75 percentile of baseline HBsAg as an esti-
mate to identify the optimal cut-off. Compared with the low rate of
HBsAg loss (about 1-3 % per year) [4,41] achieved by long-term NAs
monotherapy, our findings indicated that studies with patients having a

The proportion of HBsAg loss at the end of treatment stratified by the potential risk factors for

patients receiving NAs-IFN combination therapy.

Number of  Event/total  Proportion P-value P
studies [95% CI]
Male percentage
<0.7 20/446 0.03[0.00; 0.09]  0.11 0.76
0.7-0.8 13 48743 0.06 [0.03; 0.09]
>0.8 4 34/203 0.14[0.05; 0.26]
ALT (IU/mL)
<40 1U/mL 48/359 0.11[0.06;0.17]  0.02 0.77
>40 IU/mL 13 52/1023 0.04 [0.02; 0.07]
HBeAg
Positive 10 38/646 0.05[0.03;0.08] 0.34 0.49
Negative 4 14/183 0.08 [0.02; 0.18]
IFN treatment duration®
Half a year 4 4/362 0.01[0.00; 0.02]  <0.001 0.76
One year 19 101/1054 0.09 [0.06; 0.12]

¢ The treatment duration of IFN in patients receiving combination therapy.

7
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75™ percentile of baseline HBsAg less than 500~1000 IU/mL showed
the highest HBsAg loss proportion(17 %) by the end of treatment. This
inverse trend between baseline HBsAg levels and HBsAg loss is consis-
tent with previous studies [7,42]. These thresholds would of clinical rel-
evance for selecting favorable CHB patients for NAs-IFN combination
therapy to achieve a functional cure, as a substantial proportion of the
patients on long-term NAs monotherapy could achieve HBsAg levels
below 1000 IU/mL [43]. Given the limited effectiveness of current HBV
therapy in achieving a functional cure for CHB patients, and the poten-
tial side effects associated with IFN, our study offers valuable clinical
insights to avoid the futile use in patients with unfavorable profiles. Spe-
cifically, we identified a baseline HBsAg level of 500—1000 IU/mL as the
optimal threshold for initiating IFN and NAs combination therapy to
enhance the likelihood of achieving a functional cure. These results
could provide valuable evidence for selecting optimal patients for future
clinical trials of new treatments.

Despite a clear positive association between ALT levels and HBeAg
loss [44], the precise role of ALT in achieving HBsAg loss remains
unclear. Some studies suggest that higher ALT are associated with a
higher probability of HBsAg loss [45], while others indicate that normal
ALT levels are associated with a higher chance of HBsAg loss [46]. Our
findings support the latter, which showed that patients with baseline
normal ALT levels had a significantly higher proportion of HBsAg loss.
However, the underlying mechanism behind this association remains to
be elucidated. Additionally, we did not find a significant difference in
HBsAg loss between HBeAg-positive and HBeAg-negative patients at
baseline, despite a higher point estimate of pooled HBsAg loss risk in
HBeAg-negative patients as reported previously [47].

The meta-regression revealed a positive association between the
male percentage in a study and HBsAg loss, though this may not
apply at the individual level, where previous findings have been
inconsistent [48]. Additionally, we found a positive association
between the percentage of genotype A in a study and HBsAg loss,
consistent with previous findings [49]. However, given the limited
number of studies with HBV genotype included, further research is
needed. Similarly, we did not find an association between mean age
or HBV DNA levels and HBsAg loss, which does not rule out the possi-
bility that such associations may exist within individual studies. To
better understand the potential influences of demographic and base-
line clinical characteristics on predicting HBsAg loss, future studies
with patients further stratified by novel biomarkers are warranted.

This study has several limitations. First, there are few studies on
patients with CHB and very low baseline HBsAg levels, particularly
below 100 IU/mL, precluding further investigation into these lower
thresholds. Second, due to study-level investigation limitations, we
used the 75™ percentile of baseline HBsAg as an estimate, which may
not represent all participants. Third, some studies only reported overall
HBsAg loss during follow-up, precluding the analysis on the persistence
of HBsAg loss after treatment cessation. Fourth, regarding the heteroge-
neity observed in studies comparing combination versus monotherapy,
future analysis on results of RCTs with large individual-level data are
warranted to better assess the robustness of these findings. Fifth, the
characteristics of elite CHB patients identified for [FN-NAs combination
therapy in the study, such as normal ALT levels and male gender, indi-
cate that these patients have higher odds of achieving HBsAg loss using
IFN-NAs combination strategy. However, this does not imply that other
patients should be overlooked; rather, they may benefit from alternative
strategies [50]. Further investigation is needed to explore the exorability
of these findings into different patient populations.

5. Conclusions

In conclusion, our systematic review and meta-analysis indicate
that patients with baseline HBsAg levels below 500~1000 IU/mL
have a higher likelihood of achieving HBsAg loss (17%) when treated
with NAs-IFN combination regimen. These findings highlight the

Annals of Hepatology 30 (2025) 101921

importance of quantifying the baseline HBsAg levels in the manage-
ment of CHB to optimize therapeutic outcomes in terms of HBsAg
loss.
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