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Elebsiran and PEG-IFNα for chronic hepatitis 
B infection: a partially randomized, 
open-label, phase 2 trial
 

Functional cure is a goal for the treatment of chronic hepatitis B virus  
(HBV) infection; however, it is infrequently achieved with currently approved 
treatments. Here we provide a randomized evaluation of the small interfering 
RNA elebsiran, in combination with pegylated interferon alfa (PEG-IFNα), 
compared with PEG-IFNα monotherapy. In addition, this study evaluates 
the potential role of the HBV therapeutic vaccine BRII-179 in identifying 
immunologically responsive patients and improving hepatitis B surface 
antigen (HBsAg) loss rates. In part I (cohorts 1–3), virally suppressed 
participants with chronic HBV infection naive to BRII-179 were randomized 
1:1:1 to receive 48 weekly doses of PEG-IFNα alone or in combination with 13 
doses of elebsiran (200 mg or 100 mg) administered every 4 weeks. In part 
II (cohort 4), participants who had previously received 9 doses of elebsiran 
and BRII-179 in a prospective study (BRII-179-835-001) were categorized as 
BRII-179 anti-HBs responders or nonresponders based on their peak hepatitis 
B surface antibody (anti-HBs) levels (≥10 IU l−1 or <10 IU l−1, respectively) and 
subsequently received 13 doses of elebsiran 100 mg every 4 weeks plus  
48 weekly doses of PEG-IFNα. Primary endpoints were HBsAg loss at the end 
of treatment (EOT) and 24 weeks post-EOT. In part I, at 24 weeks post-EOT, 
HBsAg loss was observed in 4 out of 19 (21.1%) participants receiving 
elebsiran 200 mg plus PEG-IFNα, 6 out of 18 (33.3%) participants receiving 
elebsiran 100 mg plus PEG-IFNα and 1 out of 18 (5.6%) participants receiving 
PEG-IFNα monotherapy. In part II, HBsAg loss was observed in 9 out of 31 
(29.0%) participants at 24 weeks post-EOT, with a higher response among 
BRII-179 anti-HBs responders (8 out of 19 participants, 42.1%) compared 
with nonresponders (1 out of 12 participants, 8.3%). Elebsiran and PEG-IFNα 
combination therapy was generally safe and well tolerated. These results 
demonstrate an additive benefit of elebsiran when combined with PEG-IFNα 
in achieving sustained HBsAg loss. Furthermore, the increased HBsAg loss 
rate in BRII-179 anti-HBs responders suggests that BRII-179 may be a valuable 
tool for immunological profiling to optimize curative outcomes in patients 
with HBV infection. ClinicalTrials.gov registration: NCT05970289.
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was met, and a total of 55 were randomized in a 1:1:1 ratio to cohorts 1–3, 
receiving PEG-IFNα 180 μg, elebsiran 200 mg plus PEG-IFNα 180 μg, 
and elebsiran 100 mg plus PEG-IFNα 180 μg, respectively. At 24 weeks 
post-EOT, 51 participants completed the study (Fig. 1a). The mean (and 
s.d.) age of cohorts 1–3 was 44.0 (8.4) years. Among all randomized 
participants, 85.5% were male, 98.2% were Asian and 78.2% had nega-
tive hepatitis B e-antigen (HBeAg) status at baseline. Baseline HBsAg 
levels ranged from 2.02 to 3.39 log10(IU ml−1), with a mean (s.d.) of 2.78 
(0.37) log10(IU ml−1). Demographic and baseline characteristics were 
generally balanced across cohorts 1–3 (Table 1).

From 24 November 2023 to 29 February 2024, 31 participants who 
completed elebsiran 100 mg and BRII-179 treatment in the previous 
BRII-179-835-001 study15 were enrolled to part II (cohort 4), receiving 
elebsiran 100 mg plus PEG-IFNα 180 μg. The median time between 
completion of treatment in the BRII-179-835-001 study and enrollment 
into cohort 4 was 17.8 months, ranging from 13.8 to 23.7 months. One 
participant discontinued study interventions and withdrew prema-
turely (Fig. 1b). The baseline HBsAg level of all participants (n = 77) 
from the BRII-179-835-001 study who received nine doses of elebsiran 
plus BRII-179 is shown in Extended Data Fig. 2a, by categorization into 
BRII-179 anti-HBs responders or nonresponders based on peak anti-HBs 
titer (≥10 IU l−1 or <10 IU l−1). Among the 31 participants enrolled in 
this study, 19 participants were BRII-179 anti-HBs responders and 12 
participants were nonresponders. Notably, approximately half of the 
BRII-179 anti-HBs responders (9 out of 19, 47.4%) and only one of the 
nonresponders had baseline HBsAg level >1,500 IU ml−1, ranging from 
1,514 to 6,479 IU ml−1 in the BRII-179-835-001 study, indicating that BRII-
179 may elicit anti-HBs responses in participants regardless of baseline 
HBsAg levels (Extended Data Fig. 2b). The mean (s.d.) age for cohort 
4 was 50.3 (8.0) years. Among cohort 4 participants, 74.2% were male, 
93.5% were Asian and 90.3% had negative HBeAg status at baseline. The 
mean (s.d.) baseline HBsAg was 2.45 (0.42) log10(IU ml−1) and was slightly 
higher in anti-HBs responders at 2.53 (0.45) log10(IU ml−1) compared 
with nonresponders at 2.31 (0.35) log10(IU ml−1); and three participants 
had baseline HBsAg ≤100 IU ml−1 (one anti-HBs responder and two 
nonresponders). Eight participants had anti-HBs ≥10 IU l−1 detected 
at the time of enrollment into cohort 4 (Table 1).

Primary efficacy outcome
Cohorts 1–3. At EOT, HBsAg loss was observed in 5 of 19 participants 
(26.3%) administered elebsiran 200 mg plus PEG-IFNα (cohort 2) and 6 
of 18 participants (33.3%) administered elebsiran 100 mg plus PEG-IFNα 
(cohort 3), compared with 1 of 18 participants (5.6%) administered 
PEG-IFNα monotherapy (cohort 1) (Table 2). At 24 weeks post-EOT 
follow-up, HBsAg loss was observed in 4 of 19 participants (21.1%) in 
cohort 2 and 6 of 18 participants (33.3%) in cohort 3, compared with 
1 of 18 participants (5.6%) in cohort 1 (Table 2). The Bayesian analysis 
results further supported the potential benefit of the combination 
therapy, demonstrating over an 85% probability of at least a 10% dif-
ference between either cohort 2 or cohort 3 and cohort 1 at EOT and at 
least a 5% difference between either cohort 2 or cohort 3 and cohort 1 
at 24 weeks post-EOT (Table 2 and Extended Data Table 1).

HBsAg loss rate at either EOT or 24 weeks post-EOT was comparable 
between elebsiran 200 mg (cohort 2) and elebsiran 100 mg (cohort 3).  
Across the three cohorts, all participants achieving HBsAg loss at 
EOT or 24 weeks post-EOT had a baseline HBsAg level <1,500 IU ml−1 
(Supplementary Table 1).

Cohort 4 and cohort 4 subgroups. At EOT, HBsAg loss was observed 
in 13 of 31 participants (41.9%) in cohort 4. In the key subgroup analysis 
evaluating HBsAg loss rates in participants with demonstrated immu-
nological response to previous immunization with BRII-179, HBsAg loss 
occurred in 11 of 19 BRII-179 anti-HBs responders (57.9%) compared with 
2 of 12 nonresponders (16.7%) (Table 3). At 24 weeks post-EOT, HBsAg 
loss was observed in 9 of 31 participants (29.0%) in cohort 4, and by 

Chronic hepatitis B virus (HBV) infection remains a major global public 
health challenge, causing over 1.1 million deaths in 2022 from complica-
tions such as cirrhosis and liver cancer1. An estimated 254 million people 
live with chronic HBV, with 1.2 million new infections annually2. Func-
tional cure, defined as sustained hepatitis B surface antigen (HBsAg) 
loss with or without hepatitis B surface antibody (anti-HBs) serocon-
version and undetectable HBV DNA for at least 24 weeks off therapy3, 
is linked to better clinical outcomes and reduced relapse risk, which 
also helps to alleviate the social stigma of chronic HBV infection4–7, 
thereby, making it a key treatment goal.

Approved treatment options for chronic HBV are limited. Long-term 
nucleos(t)ide reverse transcriptase inhibitor (NRTI) therapy, such as 
tenofovir or entecavir8, effectively suppresses viral replication but rarely 
achieves HBsAg loss9,10, necessitating lifelong treatment. PEG-IFNα offers 
a finite-duration treatment with modest functional cure (<10%)11,12, 
especially in patients with very low baseline HBsAg12. However, its use 
is limited by notable adverse events and tolerability challenges. These 
limitations highlight the urgent need for effective, short-duration thera-
pies. A multifaceted therapeutic approach, combining viral suppression 
and immune restoration or enhancement, may be essential to overcome 
HBV-induced immune dysfunction and achieve functional cure.

Elebsiran (BRII-835/VIR-2218) is a triantennary N-acetyl galactosa-
mine (GalNAc)-conjugated small interfering RNA (siRNA) that is being 
developed for the treatment of chronic HBV infection and chronic 
hepatitis D virus infection. It targets a region of the HBx gene that is 
common to all HBV transcripts and is highly conserved across all HBV 
genotypes. In clinical studies, elebsiran monotherapy demonstrated 
reductions in serum HBsAg levels13. A prior study evaluating elebsiran 
in combination with PEG-IFNα reported an HBsAg loss rate of approxi-
mately 30% at the end of treatment (EOT) in participants with chronic 
HBV infection14. This rate was notably higher than historical HBsAg loss 
rates observed with PEG-IFNα monotherapy11,12. However, this study 
lacked a PEG-IFNα monotherapy control, limiting direct comparison. 
In another study, BRII-179-835-001, elebsiran was investigated with 
or without BRII-179, a therapeutic vaccine composed of PreS1, PreS2 
and S HBV surface antigens. The combination was shown to overcome 
HBV-induced immune dysfunction in a proportion of participants, as 
indicated by robust anti-HBs responses and PreS1/PreS2-specific CD4+ 
helper T cell responses15. As expected, no anti-HBs and/or PreS1/PreS2 
responses were observed in the elebsiran alone cohort. It was hypoth-
esized that individuals with chronic HBV infection who were able to 
overcome HBV-induced immune dysfunction following exposure to 
BRII-179 may have an increased likelihood of mounting an effective 
immune response upon subsequent treatment with elebsiran and 
PEG-IFNα, potentially leading to higher rates of functional cure.

Therefore, we conducted an open-label, phase 2 study (ENSURE, 
NCT05970289) consisting of two parts (Extended Data Fig. 1). Part I was 
a randomized study (cohorts 1–3) evaluating the efficacy and safety 
of elebsiran in combination with PEG-IFNα compared with PEG-IFNα 
monotherapy in virally suppressed participants with chronic HBV 
infection. Part II was a single-arm study (cohort 4) assessing the effi-
cacy of elebsiran plus PEG-IFNα in participants who had previously 
completed nine doses of elebsiran and BRII-179 treatment in the BRII-
179-835-001 study15. These participants were grouped into BRII-179 
anti-HBs responders and nonresponders on the basis of their peak 
anti-HBs titers (≥10 IU l−1 and <10 IU l−1, respectively) by week 44 in 
the previous study. Here, we report ENSURE study results through 
24 weeks post-EOT across cohorts 1–4. The study is still ongoing, with 
all remaining participants currently being monitored during the NRTI 
discontinuation monitoring period (Methods).

Results
Study participant disposition and baseline characteristics
From 9 August 2023 to 5 December 2023, 73 participants were screened 
in part I. Recruitment was paused when the minimal enrollment target 
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Assessed for eligibility (n = 73)

Cohort 1: PEG-IFNα (n = 18)
Received allocated intervention (n = 18)

Randomized (n = 55)

Completed study (n = 16)
mITT analysis (n = 18)
Safety analysis (n = 18)

Discontinued study intervention (n = 1)
• Adverse events (n = 1)

Discontinued study intervention (n = 1)
• Withdrawal by participant (n = 1)

Cohort 2: elebsiran 200 mg + PEG-IFNα (n = 19)
Received allocated intervention (n = 19)

Excluded (n = 18)

Not meeting inclusion criteria (n = 17)
• Screening HBsAg ≤100 or >3,000 IU ml–1

(n = 9†)
• Not willing or unable to comply with the 

study procedures and requirements (n = 3)
• Screening ALT or AST > ULN (n = 3†)
• Not on allowed NRTI therapy with HBV DNA 

< LLOQ for at least 6 months (n = 1)
• Not with positive HBsAg for ≥6 months to 

support the diagnosis of chronic HBV 
infection (n = 1)

• Significant liver fibrosis or cirrhosis (n = 1)

Decline to participate (n = 1)

Cohort 3: elebsiran 100 mg + PEG-IFNα (n = 18)
Received allocated intervention (n = 18)

Discontinued study intervention (n = 2)
• Withdrawal by participant (n = 2)

Completed study (n = 18)
mITT analysis (n = 19)
Safety analysis (n = 19)

Completed study (n = 17)
mITT analysis (n = 18)
Safety analysis (n = 18)

Enrolled to ENSURE cohort 4: elebsiran 100 mg + PEG-IFNα (n = 31)
Received intervention (n = 31)

Completed study (n = 30)
mITT analysis (n = 31)
• Subgroups: Anti-HBs responders (n = 19)

Anti-HBs nonresponders (n = 12)
Modified e¦icacy analysis (n = 28)
• Subgroups: Anti-HBs responders (n = 18)

Anti-HBs nonresponders (n = 10)
Safety analysis (n = 31)

Discontinued study intervention (n = 1)
• Adverse events (n = 1)

Participants enrolled in previous 
BRII-179-835-001 study (n = 90)

Excluded (n = 59)
• Allocated to elebsiran alone cohort not receiving

BRII-179 in BRII-179-835-001 study (n = 10)

• Withdrawal from study intervention and study
prematurely in BRII-179-835-001 study (n = 3) 

• Not signing the informed consent of ENSURE
study (n = 45) 

• Not willing or unable to comply with the study
procedures and requirements of ENSURE study
(n = 1)  

a

b

Fig. 1 | CONSORT flow diagram. a, Cohorts 1–3. The dagger indicates that one 
participant with ALT or AST > ULN also had HBsAg >3,000 IU ml−1. b, Cohort 4. 
The mITT (modified intention-to-treat) analysis set is defined as all participants 
who received at least one dose of study intervention, with at least one post-

baseline visit up to week 48. The modified efficacy analysis set is defined as all 
participants who had baseline HBsAg >100 IU ml−1 and received at least one dose 
of study intervention, with at least one post-baseline visit.
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subgroup, HBsAg loss occurred in 8 of 19 BRII-179 anti-HBs respond-
ers (42.1%) compared with 1 of 12 nonresponders (8.3%) (Table 3). All 
participants who achieved sustained HBsAg loss at 24 weeks post-EOT 
in cohort 4 had a baseline HBsAg level <1,500 IU ml−1 at the beginning of 
the ENSURE study (Supplementary Table 2). However, it is noteworthy 
that four out of eight participants (50.0%) in cohort 4 who were BRII-179 
anti-HBs responders and achieved sustained HBsAg loss had baseline 
HBsAg levels exceeding 1,500 IU ml−1 (range 1,514–3,086 IU ml−1) when 
enrolled in the previous BRII-179-835-001 study. A modified efficacy 
analysis was also conducted for cohort 4, excluding the three partici-
pants with baseline HBsAg levels ≤100 IU ml−1. This analysis yielded a 
comparable result (Extended Data Table 2).

Across cohorts 1–4, all participants who achieved HBsAg loss at 
24 weeks post-EOT met the predefined NRTI discontinuation criteria 
(Methods) and entered a 24-week NRTI discontinuation monitoring 
period, except for one participant from cohort 3, who was excluded 
due to HBeAg positivity.

Key secondary efficacy outcomes
Serum HBsAg and change from baseline over time. Cohorts 1–3. 
Throughout both the treatment and follow-up periods, a higher pro-
portion of participants receiving elebsiran plus PEG-IFNα (cohorts 2 

and 3) achieved greater reductions in HBsAg levels and higher rates 
of HBsAg loss compared with those receiving PEG-IFNα monotherapy 
(cohort 1). Among the 18 participants in cohort 1, 7 and 5 participants 
(38.9% and 27.8%) achieved HBsAg <100 IU ml−1 and <10 IU ml−1, respec-
tively, at week 48, and 6 and 2 participants (33.3% and 11.1%) maintained 
these levels at week 72. By contrast, most participants in cohorts 2 and 3 
achieved HBsAg <100 IU ml−1 and <10 IU ml−1 at week 48: 17 of 19 (89.5%) 
and 12 of 19 (63.2%), respectively, in cohort 2, and 14 of 18 (77.8%) and 
14 of 18 (77.8%), respectively in cohort 3. At week 72, HBsAg levels of 
<100 IU ml−1 and <10 IU ml−1 were observed in 12 of 19 (63.2%) and 5 
of 19 (26.3%), respectively, in cohort 2, and 13 of 18 (72.2%) and 8 of 18 
(44.4%), respectively, in cohort 3 (Fig. 2a).

The mean change from baseline in serum HBsAg level through 
week 72 was substantially greater (P < 0.05; Extended Data Table 3) in 
cohorts 2 and 3 compared with cohort 1 (Fig. 2c), indicating enhanced 
HBsAg decline with elebsiran and PEG-IFNα.

Cohort 4 and cohort 4 subgroups. By week 48, 13 of 31 participants 
(41.9%) achieved HBsAg loss at the EOT, with 11 of these (84.6%) reaching 
this endpoint within the first 24 weeks of the 48-week treatment period 
(Fig. 2b). BRII-179 anti-HBs responders achieved higher reductions in 
HBsAg levels and rates of HBsAg loss compared with nonresponders. 

Table 1 | Demographics and baseline characteristics

Randomized part I Single-arm part II

Cohort 1 Cohort 2 Cohort 3 Total Cohort 4

(N = 18) (N = 19) (N = 18) (N = 55) (N = 31)

Age (years)

  Mean (s.d.) 45.2 (8.5) 43.5 (9.0) 43.2 (8.2) 44.0 (8.4) 50.3 (8.0)

Sex n (%)

  Male 16 (88.9) 17 (89.5) 14 (77.8) 47 (85.5) 23 (74.2)

  Female 2 (11.1) 2 (10.5) 4 (22.2) 8 (14.5) 8 (25.8)

Race n (%)

  Asian 18 (100) 18 (94.7) 18 (100) 54 (98.2) 29 (93.5)

  White 0 0 0 0 1 (3.2)

  Other 0 1 (5.3) 0 1 (1.8) 1 (3.2)

BMI at baseline (kg m−2)

  Mean (s.d.) 24.3 (3.4) 23.5 (3.9) 23.8 (2.5) 23.9 (3.3) 24.4 (3.2)

HBsAg (log10) at baseline (IU ml−1)

  Mean (s.d.) 2.80 (0.39) 2.75 (0.41) 2.80 (0.34) 2.78 (0.37) 2.45 (0.42)

  Min, max 2.07, 3.39 2.02, 3.35 2.15, 3.38 2.02, 3.39 1.53, 3.34

HBsAg (IU ml−1) category at baseline n (%)

  ≤100 0 0 0 0 3 (9.7)

  >100 to ≤500 7 (38.9) 8 (42.1) 7 (38.9) 22 (40.0) 17 (54.8)

  >500- to ≤1,500 8 (44.4) 8 (42.1) 8 (44.4) 24 (43.6) 10 (32.3)

  >1,500 to ≤3,000 3 (16.7) 3 (15.8) 3 (16.7) 9 (16.4) 1 (3.2)

Anti-HBs (IU l−1) category at baseline n (%)

  <2 17 (94.4) 19 (100) 18 (100) 54 (98.2) 22 (71.0)

  2 to <10 0 0 0 0 1 (3.2)

  ≥10 1 (5.6) 0 0 1 (1.8) 8 (25.8)

ALT at baseline (U l−1)

  Mean (s.d.) 18.2 (7.1) 20.0 (5.8) 22.2 (7.7) 20.1 (7.0) 20.5 (8.9)

HBeAg at baseline n (%)

  Negative 15 (83.3) 16 (84.2) 12 (66.7) 43 (78.2) 28 (90.3)

  Positive 3 (16.7) 3 (15.8) 6 (33.3) 12 (21.8) 3 (9.7)

Analyses were conducted in the full analysis set.
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At week 48, 24 of 31 participants (77.4%) reached HBsAg levels below 
10 IU ml−1. At week 72, approximately half of participants (15 out of 31, 
48.4%) maintained at this level (Fig. 2b). Subgroup analysis revealed 
that 12 of 19 participants (63.2%) of BRII-179 anti-HBs responders main-
tained HBsAg levels <10 IU ml−1 at week 72, compared with only 3 of 12 
participants (25.0%) in the nonresponders (Fig. 2b).

Interestingly, BRII-179 anti-HBs responders appeared to experi-
ence greater and more rapid HBsAg loss and reductions compared 
with both BRII-179 anti-HBs nonresponders and those in cohorts 2 and 
3 naive to BRII-179 (Fig. 2a–c and Extended Data Fig. 3), suggesting that 
the immunological modification or priming may impact not only the 
magnitude but also the timing of HBsAg loss.

Relationship between HBsAg seroconversion at EOT and 
sustained HBsAg loss at 24 weeks post-EOT
During the 24-week follow-up period after treatment, HBsAg rebound 
was observed across all cohorts in which participants received elebsiran 
and PEG-IFNα (Fig. 2d,e).

Across cohorts 1–3, 12 participants achieved HBsAg loss at EOT. 
Among them, ten (83.3%) also achieved HBsAg seroconversion, 
defined as HBsAg loss and anti-HBs titer ≥10 IU l−1, and eight (66.7%) 
had anti-HBs titer ≥100 IU l−1 at EOT. Among these eight participants 
with anti-HBs titer ≥100 IU l−1 at EOT, seven (87.5%) maintained HBsAg 
loss at 24 weeks post-EOT. Among the two participants with anti-HBs 
titer between 10 IU l−1 and 100 IU l−1 at EOT (75 and 16 IU l−1, respectively), 
only the participant with the higher titer sustained HBsAg loss. Notably, 
the two participants who did not achieve HBsAg seroconversion also 
sustained HBsAg loss at 24 weeks post-EOT (Fig. 2d).

In cohort 4, among the 13 participants who achieved HBsAg loss at 
EOT, 12 (92.3%) had HBsAg seroconversion. Eleven of the 12 participants 
with HBsAg seroconversion had anti-HBs titer ≥100 IU l−1, including 10 
participants in the anti-HBs responder group and 1 from the nonre-
sponder group. Among the 11 participants with HBsAg loss and anti-HBs 
titer ≥100 IU l−1 at EOT, 9 (81.8%) sustained HBsAg loss at 24 weeks 
post-EOT and 2 (18.2%) experienced HBsAg rebound. The other two par-
ticipants who rebounded by week 72 had either no detectable anti-HBs 
response or anti-HBs titer <100 IU l−1 at EOT (Fig. 2e). HBsAg rebound 
was observed in both BRII-179 anti-HBs responders and nonresponders.

Safety and tolerability
Adverse events. Most (78 of 86, 90.7%) participants experienced at 
least one treatment-emergent adverse event (TEAE). The incidence of 
TEAEs, either overall or by National Cancer Institute Common Termi-
nology Criteria for Adverse Events grade, was generally comparable in 
participants receiving PEG-IFNα (cohort 1) and elebsiran plus PEG-IFNα 

(cohorts 2, 3 and 4) (Table 4). Most of the TEAEs were of grade 1 or 2 in 
severity. Grade ≥3 TEAEs were reported in 6 of 18 participants (33.3%) 
in cohort 1, compared with 6 of 19 participants (31.6%) in cohort 2, 6 
of 18 participants (33.3%) in cohort 3 and 5 of 31 participants (16.1%) 
in cohort 4 (Table 4). The most common TEAEs are summarized in 
Extended Data Table 4. Most TEAEs were consistent with established 
adverse reactions of PEG-IFNα.

In the 68 participants who received elebsiran plus PEG-IFNα in 
cohorts 2–4, the incidence of elebsiran-related TEAEs per cohort 
ranged from 32.3% (10 of 31) to 72.2% (13 of 18), while the incidence 
of PEG-IFNα-related TEAEs per cohort ranged from 61.3% (19 of 31) 
to 100% (18 of 18); the incidence of treatment-related adverse events 
attributed to both study interventions per cohort ranged from 22.6% (7 
of 31) to 55.6% (10 of 18) (Table 4). The most common (incidence ≥10%) 
elebsiran-related TEAEs, including decrease in neutrophil count and 
platelet count and increase in liver function tests, were consistent with 
the most common PEG-IFNα-related TEAEs. Across cohorts 2–4, four 
(21.1%), five (27.8%) and four (12.9%) participants reported at least one 
elebsiran-related injection site reaction, respectively, all of which were 
grade 1 or 2 in severity. The most common elebsiran-related injection 
site reaction was injection site erythema.

Four serious adverse events (SAEs) were reported in 4 of 86 partici-
pants (4.7%): one seizure and one nodal marginal zone B cell lymphoma 
in cohort 1, one syncope in cohort 2 and one appendicitis in cohort 4. 
None of the four SAEs was considered related to elebsiran by the inves-
tigators; the SAEs of seizure and syncope were attributed to PEG-IFNα, 
while the other two were deemed unrelated to either elebsiran or 
PEG-IFNα (Table 4). All SAEs were resolved except for the participant 
diagnosed with lymphoma who withdrew from the study prematurely.

Laboratory abnormalities. Overall, the incidence of alanine ami-
notransferase (ALT) elevations was comparable between participants 
administered PEG-IFNα (cohort 1: 15 of 18, 83.3%) and elebsiran plus 
PEG-IFNα (cohort 2: 15 of 19, 78.9%; cohort 3: 16 of 18, 88.9%; cohort 4: 
27 of 31, 87.1%). Most of the ALT increases were grade 1 or 2 in severity. 
ALT increases of grade 3 were observed in 2 of 19 (10.5%) of cohort 2 and 
5.6% (1 of 18) of cohort 3 participants (Extended Data Table 5). These 
three participants did not have evidence of liver decompensation, and 
their ALT levels returned to normal by week 72. No participants had ALT 
or aspartate aminotransferase (AST) >10× upper limit of normal (ULN), 
total bilirubin >2× ULN or alkaline phosphatase >1.5× ULN.

Table 2 | Cohorts 1–3 participants with HBsAg loss at EOT 
and 24 weeks post-EOT

Cohort 1 Cohort 2 Cohort 3

(N = 18) (N = 19) (N = 18)

Participants with 
HBsAg loss at EOT, 
n (%)

1 (5.6) 5 (26.3) 6 (33.3)

Point estimate of 
response, % (95% 
CrI)

5.4 (0.1, 18.1) 26.2 (10.3, 45.4) 33.3 (17.1, 49.5)

Participants with 
HBsAg loss at 
24 weeks post-EOT, 
n (%)

1 (5.6) 4 (21.1) 6 (33.3)

Point estimate of 
response, % (95% 
CrI)

5.4 (0.1, 18.1) 20.8 (7.1, 38.7) 32.6 (15.0, 50.8)

The analysis was conducted in the mITT set. The point estimate of response and 95% credible 
interval (CrI) were calculated on the basis of the Bayesian analysis model.

Table 3 | Cohort 4 participants with HBsAg loss at EOT and 
24 weeks post-EOT

Cohort 4 Cohort 4 subgroups

BRII-179 anti-HBs 
responders

BRII-179 anti-HBs 
nonresponders

(N = 31) (N = 19) (N = 12)

Participants with 
HBsAg loss at 
EOT, n (%)

13 (41.9) 11 (57.9) 2 (16.7)

Point estimate 
of response, % 
(95% CrI)

42.2 (25.4, 58.9) 57.4 (36.6, 78.3) 19.2 (1.8, 39.7)

Participants 
with HBsAg 
loss at 24 weeks 
post-EOT, n (%)

9 (29.0) 8 (42.1) 1 (8.3)

Point estimate 
of response, % 
(95% CrI)

29.7 (14.8, 45.4) 42.6 (21.7, 63.5) 11.5 (0.1, 28.5)

Anti-HBs responder was defined as peak anti-HBs titer ≥10 IU l−1 by week 44 after nine doses 
of BRII-179 in the BRII-179-835-001 study. The analysis was conducted on the mITT set. The 
point estimate of response and 95% CrI were calculated on the basis of the Bayesian analysis 
model.
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Fig. 2 | HBsAg levels and anti-HBs titers. a, HBsAg level in participant by study 
visit in cohorts 1–3. The asterisk indicates that, in cohort 3, one participant who 
achieved HBsAg loss at week 48 (EOT) experienced HBsAg rebound after EOT, 
while another participant achieved HBsAg loss at week 56 (8 weeks post-EOT), 
which was sustained through week 72. b, HBsAg level in participant by study 
visit in cohort 4. The asterisk indicates that, in cohort 4 (BRII-179 anti-HBs 
responder group), one participant had HBsAg levels <0.05 IU ml−1 at week 24 
but experienced a rebound before week 48, while two additional participants 
achieved HBsAg loss between week 24 and week 48. c, Mean (s.e.m.) HBsAg 

change from baseline through week 72 from the mITT set. The error bars 
represent s.e.m. Cohort 1, N = 18; cohort 2, N = 19; cohort 3, N = 18; cohort 4 (C4) 
responder, N = 19; C4 nonresponder, N = 12. d, The relationship between anti-HBs 
titer at the EOT and sustained HBsAg loss at 24 weeks post-EOT in cohorts 1–3. 
The dashed line represents anti-HBs levels of 10 and 100 IU l−1. e, The relationship 
between anti-HBs titer at the EOT and sustained HBsAg loss at 24 weeks post-EOT 
in cohort 4 subgroups. The dashed line represents anti-HBs levels of 10 and 
100 IU l−1. Anti-HBs responder was defined as peak anti-HBs titer >10 IU l−1 by  
week 44 after nine doses of BRII-179 in the BRII-179-835-001 study.
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Across the cohorts, 78 of 86 participants (90.7%) had neutrophil 
count decreases; the incidence was similar comparing cohort 1 versus 
cohort 2, 3 or 4. Neutrophil count decreases of grade ≥3 were observed 
in 7 of 18 participants (38.9%) in cohort 1, 7 of 19 participants (36.8%) 
in cohort 2, 4 of 18 participants (22.2%) in cohort 3 and 10 of 31 partici-
pants (32.3%) in cohort 4 (Extended Data Table 5). Platelet decreases 
were observed in 53 of 86 participants (61.6%), with a similar incidence 
across all cohorts. Platelet decreases of grade ≥3 occurred in 1 of 19 
participants (5.3%) in cohort 2 and 1 of 18 participants (5.6%) in cohort 
3 (Extended Data Table 5). No bleeding episodes were reported.

Alpha fetoprotein (AFP) elevation (>20 μg l−1) was observed at the 
EOT in 4 of 19 participants (21.1%) in cohort 2, 6 of 18 participants (33.3%) 
in cohort 3 and 6 of 31 participants (19.4%) in cohort 4, compared with 0 
of 18 participants (0%) in cohort 1. AFP declined to <20 μg l−1 in all these 
participants after the EOT (Extended Data Table 6). Serial ultrasound 
was prospectively conducted; no evidence of malignancy was identified.

Discussion
This randomized, PEG-IFNα-controlled study evaluates the impact 
of the siRNA elebsiran on achieving HBsAg loss in participants with 
chronic HBV infection, clearly establishing its contribution as part 
of a combination regimen for HBV functional cure. In addition, this 
study evaluated the therapeutic vaccine BRII-179 as part of a sequential 
treatment strategy, utilizing immunological markers to identify and 
select patients with a higher probability of achieving HBsAg loss on 
treatment. The results of this study provide important insights into 
both the strengths and limitations of using siRNA to suppress viral 
antigens and HBV-specific therapeutic vaccination to break immune 
tolerance within an HBV functional cure strategy.

The randomized, PEG-IFNα controlled portion of this study 
(cohorts 1–3) evaluated two dosing regimens of elebsiran (100 mg 
and 200 mg every 4 weeks) in combination with weekly PEG-IFNα, 
compared with PEG-IFNα alone, in virally suppressed participants 
with chronic HBV infection. The first key result from this study was 
that elebsiran, when combined with PEG-IFNα, enhanced HBsAg loss 
rates approximately fivefold, 24 weeks following the EOT, compared 
with PEG-IFNα monotherapy. Noting sample size limitations, the 
observed rates of HBsAg loss with the elebsiran and PEG-IFNα com-
bination in this study were similar to those that had been previously 
observed in a noncontrolled study14. It is noted that the response rate 
in the PEG-IFNα control arm in this study is lower than what has been 
observed in some prospective and real-world studies, but falls within 
the range of expected results, and may be influenced by the small sam-
ple size. A second key finding was that all participants who achieved 
HBsAg loss had baseline HBsAg levels below 1,500 IU ml−1, most below 
1,000 IU ml−1. A substrata analysis was conducted by baseline HBsAg 
categories, with no apparent difference observed; however, substrata 
sample sizes were small, limiting interpretation. This observation of a 
baseline HBsAg-dependent response is consistent with findings from 
other contemporary curative regimens, supported by outcomes from 
siRNA plus PEG-IFNα studies16 and phase 2 studies with the antisense 
oligonucleotide bepivirosen17, both of which demonstrated enhanced 
treatment efficacy in participants with lower baseline HBsAg levels. 
In addition, higher anti-HBs titers (≥100 IU l−1) were associated with a 
greater likelihood of sustained HBsAg loss, following completion of 
therapy. This association has also been reported in studies involving 
both PEG-IFNα monotherapy18 and elebsiran plus PEG-IFNα combina-
tion therapy14. However, the mechanisms underlying durable HBsAg 
loss following treatment cessation remain unclear. Notably, one partici-
pant with anti-HBs titers ≥100 IU l−1 experienced virological rebound, 
while two others maintained HBsAg loss despite having no detectable 
anti-HBs responses at any time point, suggesting that additional factors 
may contribute to immunological control and rebound.

The second, nonrandomized portion of this study (cohort 4) 
was an exploratory evaluation utilizing therapeutic vaccination with 
BRII-179 to immunologically prime patients infected with HBV and 
enable categorization of patients on the basis of their ability to gen-
erate anti-HBs response to therapeutic vaccination. One of the core 
features of chronic HBV infection is the interplay between the HBV and 
the immune system, with chronic viral infection leading to immune 
tolerance and immune exhaustion19. BRII-179 was developed to enhance 
HBV-specific B cell and T cell immunity, and to combine with other 
HBV antiviral approaches, ultimately leading to better immunological 
control of the virus and higher rates of functional cure. In prior studies 
with BRII-179 in participants chronically infected with HBV, a majority 
of participants (~60%) treated with repeated immunization (up to nine 
doses) generated robust anti-HBs antibody responses, while approxi-
mately 40% of participants were unable to mount an effective anti-HBs 
response despite repeated immunization15. This differs greatly from 
immunization in healthy participants, when receiving three doses of 
prophylactic PreHevbrio vaccination, with >90% achieving neutralizing 
antibody titers20. We postulated that the ability of patients chronically 
infected with HBV to mount an effective anti-HBs response, following 
repeated immunization with BRII-179, may be an important marker 
for immune fitness in those patients and could potentially predict 
responsiveness to curative therapy. In this sequential study design, 
two overlapping scenarios need to be considered: (1) treatment with 
BRII-179 + elebsiran ‘primes’ the immune system and allows for more 
robust immunological control with subsequent curative therapy, and/
or (2) treatment with BRII-179 + elebsiran primarily aids in the identifi-
cation and selection of patients with chronic HBV infection with more 
intact intrinsic immunity, who are able to mount an anti-HBs response.

The results from cohort 4 provide supportive evidence for both of 
these scenarios, while larger and more definitive studies are required 

Table 4 | Safety summary

Cohort 1 
(N = 18)

Cohort 2 
(N = 19)

Cohort 3 
(N = 18)

Cohort 4 
(N = 31)

n (%) n (%) n (%) n (%)

Any TEAEs 18 (100) 18 (94.7) 18 (100) 24 (77.4)

  Grade 1 18 (100) 18 (94.7) 18 (100) 22 (71.0)

  Grade 2 15 (83.3) 16 (84.2) 15 (83.3) 14 (45.2)

  Grade 3 6 (33.3) 6 (31.6) 5 (27.8) 5 (16.1)

  Grade 4 2 (11.1) 0 1 (5.6) 0

Treatment-related TEAEs 17 (94.4) 18 (94.7) 18 (100) 20 (64.5)

  Elebsiran related NA 10 (52.6) 13 (72.2) 10 (32.3)

  PEG-IFNα related 17 (94.4) 18 (94.7) 18 (100) 19 (61.3)

  Both elebsiran and 
PEG-IFNα related

NA 9 (47.4) 10 (55.6) 7 (22.6)

SAEs 2 (11.1) 1 (5.3) 0 1 (3.2)

  Elebsiran related NA 0 0 0

  PEG-IFNα related 1 (5.6) 1 (5.3) 0 0

  Both elebsiran and 
PEG-IFNα related

NA 0 0 0

TEAEs leading to deaths 0 0 0 0

TEAEs leading to 
discontinuation of study 
intervention

1 (5.6) 0 0 1 (3.2)

  Leading to elebsiran 
discontinuation

NA 0 0 0

  Leading to PEG-IFNα 
discontinuation

1 (5.6) 0 0 1 (3.2)

TEAEs leading to 
discontinuation from study

1 (5.6) 0 0 1 (3.2)

The analysis was conducted on the safety analysis set. NA, not applicable.
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to further define these results. In cohort 4, HBsAg loss was observed 
in 11 of 19 participants (57.9%) in the BRII-179 anti-HBs responder sub-
group, compared with 2 of 12 participants (16.7%) in the nonresponder 
subgroup. This outcome suggests that BRII-179 could be used to iden-
tify patients with a higher probability of achieving HBsAg loss, by 
screening anti-HBs levels following dosing. A more practical dosing 
and screening strategy exploring 3 months and 6 months of BRII-179 
with or without elebsiran is being evaluated, in the ongoing phase 2 
ENRICH and ENHANCE studies. An additional observation from cohort 
4 (Extended Data Fig. 2b) was that anti-HBs responses were preferen-
tially induced by BRII-179 in participants with baseline HBsAg levels 
in the prior study with a median around 1,400 IU ml−1. This suggests 
that using immunological marker stratification following therapeutic 
vaccination could expand the repertoire of patients eligible for future 
curative regimens, with treatment options for patients with higher 
baseline HBsAg levels. Evidence that treatment with BRII-179 + eleb-
siran may be contributing to enhanced immunity against HBV comes 
in part from the observation of a faster decline and loss of HBsAg levels 
in participants who were previously treated versus those that were not 
(Fig. 2a,b), suggesting the possibility that the participants with prior 
BRII-179 treatment may be primed to respond better to the subsequent 
curative therapy with an improved functional cure rate. Translational 
immunological studies are in progress to investigate whether additional 
immune markersare associated with antiviral efficacy and durability.

This study has some limitations. Approximately 1.5 years, on aver-
age, elapsed between the BRII-179-835-001 study and the ENSURE study, 
and the impact of this gap in time is unknown. In addition, cohort 4 
participants received prior treatment with BRII-179 plus elebsiran rather 
than BRII-179 alone, requiring further investigation as to whether the 
combination differs from monotherapy with respect to immune activa-
tion. It has been observed that elebsiran alone does not lead to anti-HBs 
titer increase and induction of PreS1/PreS2-specific CD4 T cells15; how-
ever, it cannot be fully ruled out that combination with BRII-179 may 
induce other responses not measured, such as changes in HBsAg set 
point. Other studies utilizing siRNA have shown prolonged HBsAg 
reduction from baseline or changes in HBsAg set point during long-term 
follow up21,22. The ongoing ENRICH and ENHANCE phase 2 trials are 
designed to address these limitations. ENRICH is evaluating a sequential 
treatment of BRII-179 alone, followed directly by 48 weeks of elebsiran 
plus PEG-IFNα. ENHANCE has three cohorts, evaluating the triple com-
bination of BRII-179 plus elebsiran and PEG-IFNα given concurrently for 
48 weeks, a sequential treatment of BRII-179 plus elebsiran for 24 weeks, 
followed by the triple combination for 24 weeks, versus 48 weeks of 
PEG-IFNα monotherapy. Both ENRICH and ENHANCE are prospective 
studies with sequential treatments, eliminating the time gap between 
the BRII-179-835-001 study and the ENSURE cohort 4 study. These stud-
ies were well designed to address the questions arising from the ENSURE 
study and further confirm the clinical benefits observed in cohort 4.

This study provides direct evidence supporting the benefit of eleb-
siran, in combination with PEG-IFNα, in enhancing HBsAg clearance 
rates in patients with chronic HBV infection. Furthermore, this study 
has highlighted the possibility that utilizing the therapeutic vaccine 
BRII-179 can help to identify and select patients on the basis of their 
immunological profiling, thereby resulting in a higher probability of 
cure in immune-responsive patients with a broader range of HBsAg 
levels. To our knowledge, this represents a unique HBV treatment para-
digm for patient enrichment. Follow-up studies are ongoing to further 
validate these findings, with the goal of increasing the proportion of 
patients with chronic HBV infection who are eligible for, and could 
benefit from, curative therapy.
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Methods
Study design
This ongoing, open-label, phase 2 study (NCT05970289) was initiated 
in August 2023 at 26 sites across 7 countries/regions in Asia-Pacific 
region. The study was approved by an independent ethics commit-
tee or institutional review board at each site (see ‘Ethics committees/
institutional review boards that approved the study protocol’ in the 
Supplementary Information) and was conducted in accordance with 
the Declaration of Helsinki and International Conference on Harmonisa-
tion Good Clinical Practice. All participants provided written informed 
consent to participate in the study before any study-specific procedures 
were conducted. The trial design was conducted and is reported in 
accordance with the protocol and statistical analysis plan (SAP), which 
are provided in ‘ENSURE study protocol and statistical analysis plan’ in 
the Supplementary Information. The study adhered to the Consolidated 
Standards of Reporting Trials (CONSORT) guidelines. No computer code 
was used for data collection.

This study was designed to evaluate the efficacy and safety of 
elebsiran and PEG-IFNα combination therapy in participants with 
chronic HBV infection without cirrhosis receiving NRTI as background 
therapy. It consists of two parts:

A randomized part I (cohorts 1–3): Eligible participants were rand-
omized at 1:1:1 to cohort 1 (48 weekly doses of PEG-IFNα 180 μg admin-
istered subcutaneously (SC) every week (QW) starting on day 1), cohort 
2 (48 doses of PEG-IFNα 180 μg administered SC QW and 13 doses of 
elebsiran 200 mg administered SC every 4 weeks (Q4W), both start-
ing on day 1) and cohort 3 (48 doses of PEG-IFNα 180 μg administered 
SC QW and 13 doses of elebsiran 100 mg administered SC Q4W, both 
starting on day 1), using an Interactive Response Technology system. 
The randomization code was generated through a validated comput-
erized system. Participants were stratified at randomization by their 
HBsAg level at screening (>100 to ≤500 IU ml−1, >500 to ≤1,500 IU ml−1 
and >1,500 to ≤3,000 IU ml−1).

A single-arm part II (cohort 4): Eligible participants who had com-
pleted 9 doses of elebsiran and BRII-179 approximately 1.5 years ago 
on average in the BRII-179-835-001 study were enrolled to cohort 4 
and received 48 doses of PEG-IFNα 180 μg administered SC QW and 13 
doses of elebsiran 100 mg administered SC Q4W, both starting on day 1.

After completing the 48-week treatment period, all participants 
from the four cohorts continued NRTI treatment and were followed 
for an additional 24 weeks until week 72. At week 72, participants were 
assessed for eligibility to discontinue NRTI therapy. Those who met all 
the predefined NRTI discontinuation criteria (HBsAg < lower limit of 
quantification (LLOQ); HBV DNA < LLOQ; negative HBeAg; and ALT ≤ 2× 
ULN) for at least two consecutive visits at week 72 stopped NRTI and 
entered a 24-week NRTI discontinuation monitoring period. Partici-
pants who did not meet the criteria for NRTI discontinuation continued 
NRTI therapy and completed the study at week 72 (Extended Data Fig. 1).

Cohort 4 was separated into two subgroups for exploratory 
analysis, BRII-179 anti-HBs responders and nonresponders, based 
on anti-HBs titer in the BRII-179-835-001 study. BRII-179 anti-HBs 
responder was defined as peak anti-HBs titer ≥10 IU l−1 through week 
44, namely 4 weeks after the last dose of BRII-179 in the previous study. 
The threshold of anti-HBs titer ≥10 IU l−1 and the time point of 4 weeks 
after last dose was selected based on its use as the standard indicator 
of protective immunity against HBV for preventive HBV vaccines.

Objectives and endpoints
The primary objective of the study was to evaluate the efficacy and 
safety of elebsiran and PEG-IFNα combination therapy in participants 
with chronic HBV infection. Primary endpoints were:

	 (1)	Proportion of participants with HBsAg loss at EOT;
	 (2)	Proportion of participants with HBsAg loss at 24 weeks post-EOT;
	 (3)	Proportion of participants with TEAEs; proportion of partici-

pants with SAEs.

Secondary objectives were to assess the antiviral activity of eleb-
siran and PEG-IFNα combination therapy, and to assess elebsiran phar-
macokinetics exposure (endpoint: plasma concentrations of elebsiran 
and its metabolite at selected time points) and evaluate antidrug anti-
body to elebsiran (endpoint: the occurrence of antidrug antibody to 
elebsiran and associated titer, if positive). Key secondary endpoints 
reported in this Article included:

	 (1)	Proportion of participants with HBsAg loss at week 48;
	 (2)	Absolute serum HBsAg and change from baseline over time 

through 24 weeks post-EOT;
	 (3)	Proportion of participants with HBsAg seroconversion at any 

time point.

Key eligibility criteria
Inclusion criteria. Cohorts 1–3. Participants were eligible if they met all 
of the following criteria: had chronic HBV infection defined by a positive 
serum HBsAg for ≥6 months; were on NRTI therapy (entecavir, tenofovir 
disoproxil, tenofovir alafenamide or tenofovir amibufenamide) with 
HBV DNA < LLOQ for at least 6 months with screening HBV DNA < LLOQ, 
HBsAg >100 IU ml−1 and ≤3,000 IU ml−1, and ALT and AST ≤ ULN; age 
18–60 years old (inclusive); male and female (based on medical record), 
body mass index (BMI) 18–32 kg m−2 (inclusive).

Cohort 4. Participants were eligible if they met all of the following cri-
teria: completed BRII-179 treatment in BRII-179-835-001 study; were 
on NRTI therapy (entecavir, tenofovir disoproxil, tenofovir alafena-
mide or tenofovir amibufenamide) with HBV DNA < LLOQ for at least 
6 months and screening HBV DNA < LLOQ, HBsAg >0.05 IU ml−1, and ALT 
and AST ≤ ULN; age ≥18 years old; male and female (based on medical 
record); BMI 18–32 kg m−2 (inclusive).

Exclusion criteria. Participants were excluded if they met any of the fol-
lowing criteria: received siRNA, antisense oligonucleotide or interferon 
within 12 months before screening; received any HBV therapeutic vac-
cines before screening for cohorts 1–3; clinically important liver fibrosis 
or cirrhosis defined as liver stiffness >9 kPa at screening; history of drug 
or alcohol abuse; history of clinically meaningful chronic liver disease 
other than chronic HBV infection; history of hepatic decompensation; 
diagnosed or suspected hepatocellular carcinoma; history of uncon-
trolled thyroid disease, immunological function impairment, uncon-
trolled diabetes/hypertension, advanced-stage heart failure, psychiatric 
condition, cancer; current or past infection of human immunodeficiency 
virus, hepatitis C virus or hepatitis D virus; renal impairment defined as 
estimated glomerular filtration rate ≤60 ml min−1 1.73 m−2; any labora-
tory test abnormalities that may contradict treatment with PEG-IFNα; 
intolerance or hypersensitivity to interferon or siRNA/GalNAc.

Full eligibility criteria are listed in ‘ENSURE study protocol and 
statistical analysis plan’ in the Supplementary Information.

Assessments
Blood samples for quantitative HBsAg assessment that served the 
evaluation of primary efficacy endpoints, were collected at each visit 
except for week 2. Blood samples for quantitative anti-HBs assessment 
were collected at screening, predose day 1, weeks 16, 24, 32, 40, 48, 56, 
64 and 72, or visit of EOT and/or end of study (EOS). Blood samples 
for quantitative HBV DNA assessment were collected at screening, 
predose day 1, weeks 12, 24, 36, 48, 56 and 72, or visit of EOT and/or 
EOS. Blood samples for qualitative HBeAg and hepatitis B e antibody 
(anti-HBe) assessment were collected at predose day 1, weeks 16, 32, 
48 and 72, or visit of EOT and/or EOS. Qualitative HBeAg assessments 
at visits after day 1 were performed only for participants with positive 
baseline HBeAg. All abovementioned virology assessments served the 
evaluation of antiviral activity secondary endpoints.

Virology assessments included quantitative measurement of 
serum HBsAg (Cobas, ELECSYS HBsAg II quant II (Roche); LLOQ: 
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0.05 IU ml−1), serum HBV DNA (Cobas, Cobas HBV kit (COBAS); 
LLOQ: 10 IU ml−1), anti-HBs (Cobas, ELECSYS anti-HBs (Roche); LLOQ: 
2.0 IU l−1); and qualitative measurements of serum HBeAg (Cobas, 
ELECSYS HBeAg (Roche)), anti-HBe (Cobas, ELECSYS anti-HBe (Roche)).

Primary safety endpoints were TEAEs and SAEs that were collected 
through the study with information on such as severity and causal rela-
tionship with study intervention(s). Adverse events were coded using 
Medical Dictionary for Regulatory Activities (MedDRA) version 27.1 
and graded by the investigators according to CTCAE version 5.0. Other 
safety assessments in the study included incidence and magnitude of 
abnormal findings from laboratory tests, physical examination, vital 
signs, liver stiffness and ultrasound, which were conducted through 
the study per scheduled assessment.

All laboratory tests were performed by central laboratories from 
IQVIA Laboratories (formerly Q Squared Solutions Beijing) in Bei-
jing for sites of China mainland and IQVIA Laboratories Asia Pte. Ltd 
(formerly Q Squared Solutions Pte Ltd) in Singapore for sites of the 
Asian-Pacific region.

Statistical methods
Up to 75 participants were planned to be randomized in a 1:1:1 ratio across 
cohorts 1–3. The actual sample size was informed by a Bayesian statistical 
model. Specifically, with 15 participants per cohort, the lower bounds of 
the 95% CrI would exclude a response rate of 10%, provided the observed 
response rate was greater than 27%. The post probability of true response 
rate >0.15 is more than 90%. Up to 45 participants were to be enrolled in 
cohort 4, and no formal sample size was calculated. No formal statistical 
interim monitoring for sample size adjustment was planned.

All participants assigned to study intervention will be included 
in the full analysis set. The safety analysis set included all participants 
assigned to study intervention and who received at least one dose of 
study intervention. The safety analyses included descriptive summaries 
of adverse event incidence and laboratory data.

The mITT analysis set was defined as all participants assigned to 
the study intervention who received at least one dose and had at least 
one post-baseline visit through week 48. The modified efficacy analysis 
set was defined as all participants who had baseline HBsAg >100 IU ml−1 
and received at least one dose of study intervention, with at least one 
post-baseline visit through week 48. The efficacy analysis was performed 
within the mITT analysis set. Participants of cohort 4 were also analyzed on 
the basis of the modified efficacy analysis set as a supplementary analysis.

For the primary efficacy endpoints, an estimation approach with no 
hypothesis testing was used for analysis. A Bayesian hierarchical model 
was used as the primary analysis to estimate the posterior probability of 
the response rate for each of cohorts 1–3, incorporating the screening 
HBsAg level as a stratification factor. The point estimate of the primary 
outcome and 95% equal-tailed CrI were drawn from the model. The 
posterior distribution of the group-level response rate was derived 
using a mixture of the posterior distributions of response rate for each 
analysis stratum in that group. The weights were proportional to the 
sample size of each stratum. Samples from the posterior distribution 
of response rates in each of cohorts 1–3 were used to calculate posterior 
probabilities of interest—for example, the probability that the difference 
in the proportion achieving the primary endpoint between two cohorts 
exceeds a given threshold. Thresholds such as 5%, 10%, 15%, 20% or other 
percentiles of interest were explored. For cohort 4, an unstratified Bayes-
ian estimation was conducted as no stratification factor was planned in 
this cohort. For cohorts 1–3, changes from baseline in HBsAg (on a log10 
scale) at all scheduled visits were statistically analyzed using a mixed 
model for repeated measures. No formal statistical testing was planned.

SAS version 9.4 was used for data analyses in this study.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
Study protocol and statistical analysis plan are available in ‘ENSURE 
Study Protocol and Statistical Analysis Plan’ in the Supplementary Infor-
mation. Owing to the ongoing nature of the ENSURE study, the deiden-
tified individual participant data that underlie the results reported in 
this Article will be shared on request, or after the completion of the trial 
within the timeframe as required by ClinicalTrial.gov (NCT05970289). 
Study completion is expected in the second half of 2026. For inquiries, 
the contact person is Z.H. Source data are provided with this paper.
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Extended Data Fig. 1 | ENSURE Study Schema. Gray solid lines represent 
PEG-IFNα 180 μg subcutaneous weekly administration for 48 doses, closed 
circles represent elebsiran 200 mg (orange) and 100 mg (blue) administered 
subcutaneously every 4 weeks for 13 doses. Randomization for Cohorts 1-3 was 
stratified by screening HBsAg levels of the eligible participants. Upon completion 

of dosing, all participants were maintained on NRTI therapy for 24 weeks. Those 
who met the predefined criteria for NRTI discontinuation subsequently entered a 
24-week monitoring period, during which all medications were withdrawn. NRTI, 
nucleos(t)ide reverse transcriptase inhibitor.
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Extended Data Fig. 2 | Baseline HBsAg level in BRII-179-835-001 study 
participants by subgroups. Baseline HBsAg level in a, all BRII-179-835-001 
study participants receiving 9 doses of elebsiran + BRII-179 (n = 77). b, a subset of 
BRII-179-835-001 study participants enrolled in ENSURE Cohort 4 (n = 31). Dark 

blue dots indicate BRII-179 anti-HBs responders; light blue dots indicate BRII-179 
anti-HBs non-responders. Horizontal lines indicate summary statistics: Thick 
horizontal lines represent the median values, while thin horizontal lines denote 
the first (Q1) and third (Q3) quartiles.
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Extended Data Fig. 3 | Individual serum HBsAg over time in BRII-179 anti-HBs 
responders (a) and anti-HBs non-responders (b). Serum HBsAg levels over time 
in each individual participant from Cohort 4 are presented grouped by BRII-179 
anti-HBs responders and anti-HBs non-responders. The red line represents 

participants who achieved sustained HBsAg loss at 24 weeks post EOT. The 
horizontal dashed line represents the LLOQ of quantitative HBsAg assay  
(0.05 IU/mL). The vertical dashed line represents the EOT (Week 48). LLOQ,  
lower limit of quantification; EOT, end of treatment.

http://www.nature.com/naturemedicine


Nature Medicine

Article https://doi.org/10.1038/s41591-025-04049-z

Extended Data Table 1 | Probability of success estimated based on HBsAg loss at EOT and 24 weeks post-EOT – Cohorts 1-3

Bayesian hierarchical model incorporating the screening HBsAg level stratification factor (>100 - ≤500 IU/mL, >500 - ≤1,500 IU/mL and >1,500 - ≤3,000 IU/mL) was used to estimate the 
probability of success. The analysis was conducted in the mITT set. C, Cohort; EOT, end of treatment.
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Extended Data Table 2 | Cohort 4 participants with HBsAg loss at EOT and 24 weeks post-EOT in modified 
efficacy population

BRII-179 anti-HBs responder was defined as peak anti-HBs titer ≥ 10 IU/L by Week 44 after 9 doses of BRII-179 in BRII-179-835-001 study. The analysis was conducted in the modified efficacy 
analysis set defined as all participants who had baseline HBsAg levels >100 IU/mL and received at least 1 dose of study intervention, with at least 1 post-baseline visit. EOT, end of treatment.
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Extended Data Table 3 | Serum HBsAg log10 (IU/mL) and change from baseline over time through Week 72 in Cohorts 1-3

The analysis was conducted in the mITT set. LSMD: least squares mean difference; CI: confidence interval; SD, standard deviation. The difference of change from baseline to Week 72 in HBsAg 
(log base 10 scale) was analyzed using a Mixed Model for Repeated Measures. In this model log base 10 scale HBsAg baseline as a covariate, cohort, visit, cohort by visit as fixed effects, and 
within-participant errors were modelled with a heterogeneous autoregressive (1) variance matrix.
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Extended Data Table 4 | Summary of TEAEs reported in ≥10% participants by SOC and PT

Percentages are based on the number of participants in the cohort. The analysis was conducted in the safety analysis set. PT, preferred term; SOC, system organ class.
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Extended Data Table 5 | Summary of key treatment emergent laboratory abnormalities

* Per investigation, pre-analytical issues could not be ruled out for the CTCAE Grade 4 result at Week 28, and the result was considered as non-clinically significant. For each individual 
laboratory test, the most severe graded abnormality for that test was counted for a participant. The analysis was conducted in the safety analysis set. ALT, alanine aminotransferase; AST, 
aspartate aminotransferase.
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Extended Data Table 6 | Summary of AFP elevation by study visit

The analysis was conducted in the safety analysis set. AFP, alpha fetoprotein.
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