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Study design
Patients with CHB were assigned to different cohorts: 

Results 
84 patients were recruited, all patients received all
intended doses

Safety

Antiviral activity 

SAEs related to JNJ-3989 between day 0
and day 392 were reported0
The most common treatment-related
AEs were injection site reactions, which
were all transient and mild

At the nadir, HBsAg reduction
≥1 log10 IU/ml from baseline

was observed in:

 

Of patients receiving
100–400 mg Q4W

JNJ-3989 + NA

At day 392, 
HBsAg reduction 
≥1 log10 IU/ml was 
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Of patients receiving
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Of patients receiving
200 mg Q4W JNJ-3989

+ NA + JNJ-6379

Aim:
This phase 2a trial assessed the safety and
antiviral activity of the RNAi JNJ-3989 in
patients with chronic hepatitis B (CHB)

JNJ-3989 + NA, with or without JNJ- 6379, was well-
tolerated and resulted in HBsAg reduction ≥1 log10 IU/ml
that persisted to day 392, 336 days after the last 
JNJ-3989 dose, in many patients

 
    

3 x JNJ-3989 (25, 50, 100, 200, 300 or
400 mg) doses Q4W + NA QD

 

3 x JNJ-3989 100 mg doses
Q2W + NA QD

3 x JNJ-3989 (100, 200 or 300 mg)
doses QW + NA QD

 

3 x JNJ-3989 200 mg doses Q4W
+ JNJ-6379 QD (12 weeks)

+ NA QD

97.5% 100% 38%
Highlights
normal treatment known as nucle-
� Small-interfering RNA (siRNA) lowers HBsAg levels in patients
with CHB.

� Safety and efficacy of 3 siRNA JNJ-3989 doses + a nucleos(t)ide
analogue was studied.

� All JNJ-3989 doses were well tolerated in patients with CHB in
this study.

� Many patients experienced HBsAg declines >−1 log10 IU/ml
from baseline.

� HBsAg reduction persisted 336 days after the last JNJ-3989 dose in
many patients.
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Hepatitis B virus affects people’s
livers and produces particles called
hepatitis B surface antigen (HBsAg)
that damage a person’s liver and
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for a long time, known as chronic
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Combination treatments including the small-interfering RNA
JNJ-3989 induce rapid and sometimes prolonged viral responses in

patients with CHB
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Background & Aims: RNA interference therapy has been shown baseline persisted in 38% of patients 336 days after the last

to reduce hepatitis B surface antigen (HBsAg) levels in preclinical
models, which could confer functional cure in patients with
chronic hepatitis B. This phase IIa trial (ClinicalTrials.gov Iden-
tifier: NCT03365947) assessed the safety and efficacy of the
small-interfering RNA JNJ-73763989 (JNJ-3989) plus a nucleos(t)
ide analogue (NA), with/without the capsid assembly modulator
JNJ-56136379 (JNJ-6379) in patients with chronic hepatitis B.
Methods: Treatment-naïve and NA-suppressed patients received
3 subcutaneous JNJ-3989 doses every week (QW; 100, 200, or
300 mg), 2 weeks (Q2W; 100 mg) or 4 weeks (Q4W; 25, 50, 100,
200, 300, or 400 mg), or JNJ-3989 Q4W (200 mg) plus oral
JNJ-6379 250 mg daily for 12 weeks. Patients received
NAs throughout.
Results: Eighty-four patients were recruited. All treatments were
well tolerated, with all 5 serious adverse events considered un-
related to study drugs. JNJ-3989 100 to 400 mg Q4W resulted in
HBsAg reductions >−1 log10 IU/ml from baseline in 39/40 (97.5%)
patients at the nadir. All patients receiving the triple combina-
tion (n = 12) had HBsAg reductions >−1 log10 IU/ml from baseline
at the nadir. HBsAg reductions were similar for HBeAg-positive
(n = 21) and HBeAg-negative (n = 47) patients in all JNJ-3989
Q4W treatment arms, including the triple combination
(n = 68). Smaller HBsAg reductions were seen with 25 mg (n = 8)
and 50 mg (n = 8) than with 100 to 400 mg (n = 40). Shorter
dosing intervals (QW [n = 12] and Q2W [n = 4]) did not improve
response vs. Q4W dosing. HBsAg reductions >−1 log10 IU/ml from
words: Hepatitis B virus; chronic hepatitis B; hepatitis B surface antigen; antiviral
rapy; RNA interference; JNJ-3989.
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JNJ-3989 dose.
Conclusions: JNJ-3989 plus an NA, with/without JNJ-6379, was
well tolerated and resulted in HBsAg reductions up to 336 days
after the last JNJ-3989 Q4W dose.
Clinical trial number: NCT03365947.
Lay summary: Hepatitis B virus affects people’s livers and pro-
duces particles called hepatitis B surface antigen (HBsAg) that
damage a person’s liver and can help the virus infect a person for
a long time, known as chronic hepatitis B (CHB). In this study, a
new treatment called JNJ-3989 was assessed (in combination
with normal treatment known as nucleos(t)ide analogues), for
its safety and effectiveness in reducing the number of HBsAg
particles in people with CHB. The results of this study showed
that treatment with JNJ-3989 could be safe for people with CHB,
lowered their HBsAg levels, and kept HBsAg levels lowered for
336 days in 38% of patients after receiving their last dose of
JNJ-3989.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of Euro-
pean Association for the Study of the Liver. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/
by/4.0/).
Introduction
Approximately 292 million people are chronically infected with
HBV globally.1 Expression of high levels of viral antigens, espe-
cially hepatitis B surface antigen (HBsAg), contributes to chronic
HBV infection by suppressing innate and adaptive immune re-
sponses.2–4 Daily oral nucleos(t)ide analogues (NAs) are
currently the standard of care for chronic hepatitis B (CHB)
treatment.5,6 Although NA treatments are well tolerated and
suppress HBV DNA, their effect on HBV RNA and viral antigen
levels is limited. Functional cure, defined as off-treatment HBsAg
loss and undetectable HBV DNA levels with or without anti-HBs
seroconversion,6,7 is currently the ideal treatment outcome for
22 vol. 77 j 1287–1298
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patients with CHB and is associated with improved long-term
clinical outcomes;8 however, functional cure is achieved in <3%
of patients over 48 to 53 weeks of NA therapy,9 meaning most
patients require chronic treatment. Patients who do not achieve
functional cure have an elevated risk of hepatocellular carcinoma
compared with those who do.10

JNJ-73763989 (JNJ-3989, formerly ARO-HBV) contains 2
short-interfering RNA (siRNA) triggers targeting HBV RNAs
expressed from both covalently closed circular DNA (cccDNA)
and HBV DNA integrated into the host genome. In preclinical
models, JNJ-3989 monotherapy or in combination with entecavir
resulted in reductions in pregenomic RNA (pgRNA), HBsAg,
hepatitis B e antigen (HBeAg) and HBV DNA.11 Single JNJ-3989
doses had a good safety profile in healthy volunteers.12

JNJ-56136379 (JNJ-6379), a class-N capsid assembly modulator
(CAM-N) currently in phase II trials in patients with CHB (Clin-
icalTrials.gov Identifier: NCT03361956),13 interferes with capsid
assembly, thereby inhibiting pgRNA encapsidation and the de
novo formation of cccDNA and, consequently, viral replication.14

Phase I and II data showed JNJ-6379 therapy for up to 24
weeks was well tolerated, and resulted in HBV DNA and RNA
suppression, but did not result in clinically meaningful HBsAg or
HBeAg reductions.13,15 The purpose of this study was to deter-
mine whether a combination therapy comprising siRNA, NA, and
CAM-N might lead to functional cure by direct suppression of
Cohort 1b 25 mg All eligible patients with

All eligible patients with

All eligible patients with

All eligible patients with

All eligible patients with
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NA-naïve patients with HBeAg
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Fig. 1. Study design. CHB, chronic hepatitis B; JNJ-3989, JNJ-73763989; JNJ-6379,
Q4W, every 4 weeks; QW, every week.

1288 Journal of Hepatology 20
viral replication and/or by immune restoration induced by a
reduction in viral antigen levels.3

The primary objective of this phase IIa, open-label trial
(NCT03365947, AROHBV1001) was to determine the safety and
tolerability of JNJ-3989 using multiple ascending doses in pa-
tients with CHB. A secondary objective was to determine the
reduction in HBsAg from Day 0 to post-dose nadir. Exploratory
objectives included: measuring the reduction from Day 0 to post-
dose nadir of HBV RNA, hepatitis B core-related antigen
(HBcrAg), and HBeAg; determining the antiviral activity of
JNJ-3989 plus an NA up to Day 392, or up to Day 168 in patients
also receiving JNJ-6379; evaluating the optimal dosing interval
for JNJ-3989.

Patients and methods
Patient population
Patients with CHB aged 18 to 65 years, with a BMI between 19 to
38 kg/m2 and with circulating HBsAg >−5 IU/ml at screening were
recruited. Full inclusion and exclusion criteria are listed in
Table S1. Patients were screened from Days -60 to -1 prior to
treatment initiation.

Study design
Eligible patients were assigned to cohorts 1b to 12 (4–12 patients
per cohort), to receive 3 subcutaneous JNJ-3989 doses (Fig. 1).
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JNJ-56136379; NA, nucleos(t)ide analogue; QD, once daily; Q2W, every 2 weeks;
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Table 1. Baseline demographics and disease characteristics.

JNJ-3989
dosing
schedule Q4W Q2W QW

Cohort

1b n = 8 1c n = 8 2b n = 8 3b n = 8 4b n = 8 8* n = 4 9** n = 4 5b n = 8 12† n = 12 6 n = 4 7 n = 4 10 n = 4 11 n = 4
All patients

N = 8425 mg 50 mg 100 mg 200 mg 300 mg 300 mg 300 mg 400 mg 200 mg 100 mg 100 mg 200 mg 300 mg

Age - yr-
median
(range)

44.3
(31-52)

49.6
(36-58)

52.7
(32-66)‡

46.6
(41-57)

51.8
(40-63)

29.8
(25-42)

36.2
(30-42)

41.3
(29-61)

44.3
(27-57)

48.2
(40-59)

40.3
(37-48)

53.9
(45-59)

49.0
(39-66)‡

45.5
(25-66)

Male - n (%) 5 (62.5) 6 (75.0) 6 (75.0) 5 (62.5) 8 (100.0) 2 (50.0) 2 (50.0) 6 (75.0) 8 (66.7) 3 (75.0) 3(75.0) 1 (25.0) 3 (75.0) 58 (69.0)
Race - n (%)
Asian 6 (75.0) 6 (75.0) 8 (100.0) 8 (100.0) 5 (62.5) 3 (75.0) 4 (100.0) 6 (75.0) 12 (100.0) 3 (75.0) 1 (25.0) 4 (100.0) 3 (75.0) 69 (82.1)
Caucasian 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (12.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.2)
Other 2 (25.0) 2 (25.0) 0 (0.0) 0 (0.0) 2 (25.0) 1 (25.0) 0 (0.0) 2 (25.0) 0 (0.0) 1 (25.0) 3 (75.0) 0 (0.0) 1 (25.0) 14 (16.7)

BMI - kg/m2

median (range)
24.8

(20.3-43.5)
24.3

(18.0-40.1)
24.0

(21.8-28.8)
24.8

(18.8-31.9)
26.6

(21.3-35.6)
23.9

(18.9-29.8)
25.1

(21.8-32.5)
23.3

(20.5-36.2)
24.6

(20.1-36.4)
24.6

(22.5-31.0)
28.7

(26.8-31.9)
23.9

(21.1-26.6)
23.6

(20.2-25.4)
24.6

(18.0-43.5)
HBeAg-
positive/
negative - n (%)

2 (25.0)/
6 (75.0)

1 (12.5)/
7 (75.0)

1 (12.5)/
7 (87.5)

1 (12.5)/
7 (87.5)

3 (37.5)/
5 (62.5)

4 (100.0)/
0 (0.0)

4 (100.0)/
0 (0.0)

1 (12.5)/
7 (87.5)

4 (33.3)/
8 (66.7)

0 (0.0)/
4 (100.0)

0 (0.0)/
4 (100.0)

1 (25.0)/
3 (75.0)

0 (0.0)/
4 (100.0)

22 (26.2)/
62 (73.8)

HBeAg at
baseline
(log10 PEIU/ml)
-mean (SD)§

1.17 (2.47) -0.23 (-) 1.94 (-) 2.74 (-) 0.86 (0.60) 2.77 (0.49) 1.55 (1.31) 0.11 (-) 0.65 (1.19) - - 3.00 (-) - 1.47 (1.32)

NA suppressed -
n (%)

4 (50.0) 7 (87.5) 6 (75.0) 8 (100.0) 8 (100.0) 0 (0.0) 4 (100.0) 7 (87.5) 7 (58.3) 4 (100.0) 3 (75.0) 2 (50.0) 3 (75.0) 65 (77.4)

HBsAg at
baseline
(log10 IU/ml) -
mean (SD)

3.13 (1.26) 3.33 (0.66) 2.93 (0.96) 2.50 (1.32) 3.04 (0.85) 4.81 (0.65) 3.76 (0.37) 3.18 (0.80) 3.04 (0.79) 2.72 (0.60) 3.15 (0.24) 3.00 (1.07) 3.24 (0.68) 3.14 (0.95)

HBcrAg at
baseline
(log10 kU/ml) -
mean (SD)||

2.34 (1.87) 1.70 (0.91) 3.02 (2.63) 1.64 (2.45) 2.82 (2.00) 5.98 (0.041) 4.21 (1.25) 1.96 (1.12) 2.34 (1.73) 0.86 (0.71) 1.12 (1.33) 2.62 (2.80) - 2.56 (1.96)

HBV DNA at
baseline
(log10 IU/ml) -
mean (SD)||

5.79 (2.61) 3.79 (3.00) 5.76 (3.07) - 4.82 (2.42) 8.56 (0.55) 2.30 (-) 2.28 (0.85) 4.53 (1.85) - - 3.95 (1.73) 4.27 (-) 5.06 (2.43)

HBV RNA at
baseline
(log10 U/ml) -
mean (SD)||

4.46 (1.79) 2.92 (1.21) 3.22 (1.41) 3.47 (2.48) 5.25 (2.16) 7.72 (0.98) 5.40 (1.64) 2.97 (1.06) 3.39 (1.84) 2.16 (0.16) 2.27 (0.16) 5.92 (3.30) 2.17 (0.62) 3.94 (2.08)

ALT at baseline
(U/L) -
mean (SD)

46.5 (26.6) 24.4 (8.9) 36.4 (25.5) 30.4 (23.4) 33.4 (20.3) 39.8 (5.7) 28.5 (11.7) 29.4 (13.7) 25.5 (11.2) 30.0 (11.8) 30.5 (18.9) 26.0 (7.4) 25.5 (10.6) 31.3 (17.5)

All patients received a daily oral dose of an NA.
ALT, alanine transaminase; HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; LLoQ, lower limit of quantification; NA, nucleos(t)ide analogue; QW, every week; Q2W, every
2 weeks; Q4W, every 4 weeks.
*Patients in cohort 8 were all HBeAg-positive and NA-naïve at baseline.
**Patients in cohort 9 were all HBeAg-positive and NA-experienced at baseline.
†Patients in cohort 12 received a triple combination of JNJ-3989 200 mg, an NA, and JNJ-6379 250 mg.
‡Two patients aged 66 years old had their 66th birthday between screening and the first dose and therefore qualified for the study.
§Includes only patients who are HBeAg positive at baseline.
||Includes only patients with baseline values >LLoQ.
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Patients in cohort 1b to 5b, 8, and 9 received JNJ-3989 (25 mg,
50 mg, 100 mg, 200 mg, 300 mg, or 400 mg) every 4 weeks
(Q4W). Patients in cohort 6 received JNJ-3989 (100 mg) every 2
weeks (Q2W). Patients in cohorts 7, 10, and 11 received JNJ-3989
(100 mg, 200 mg, or 300 mg, respectively) every week (QW).
Patients in cohort 12 received JNJ-3989 200 mg Q4W and oral
JNJ-6379 250 mg once daily (QD) for 12 weeks. All patients
received NA treatment throughout the study. NA-suppressed
patients continued their current therapy (entecavir or tenofo-
vir), NA-naïve patients received entecavir or tenofovir (selection
between the 2 was made at the investigator’s discretion). Pa-
tients visited the clinic for JNJ-3989 dose administration or
safety and efficacy measurements on Days 0, 7, 14, 28, 42, 56, 70,
84, and 112 (end of study). Patients who gave consent for
additional follow-up visited the clinic on Days 168, 224, 280,
336, and 392.

This study was conducted in accordance with the Declaration
of Helsinki, Good Clinical Practice, and applicable regulatory
requirements. The protocol was reviewed by Independent Ethics
Committees or Institutional Review Boards and modifications
were approved by the Health and Disabilities Committee or the
local equivalent. Patients provided informed written consent.

Safety assessments
Safety assessments, including physical examination, vital signs,
electrocardiograms, and clinical laboratory tests were performed
during study visits. All adverse events (AEs) were recorded from
Day 0 to end of follow-up and classified by severity as Grade 1, 2,
3, or 4. The incidence and frequency of AEs and serious AEs
(SAEs), their relationship to study drug, including those leading
to patient withdrawal, dose modification, or treatment discon-
tinuation were categorized by dose and treatment group.
Treatment-emergent AEs (TEAEs) were summarized using the
latest version of the Medical Dictionary for Regulatory Activities,
and severity was classified as mild, moderate, or severe.

Virology assessments
Blood samples collected during clinic visits underwent quantita-
tive assays for HBsAg (Roche Elecsys, lower limit of quantification
[LLoQ] = 0.05 IU/ml),16 HBeAg (Diasorin Liaison, LLoQ = 0.01 Paul-
Ehrlich-Institute units [PEIU]/ml),17 HBcrAg (Fujirebio Lumipulse,
LLoQ = 1 kU/ml),18 HBV RNA (Abbott m2000, LLoQ = 1.65 log10
U/ml),19 and HBV DNA (Roche Cobas, LLoQ = 20 IU/ml).20

Statistical analysis
As this study was a proof-of-principle study, no formal sample
size was calculated. Safety analyses were summarized by cohort
and treatment group. We present quantitative log10 changes in
HBsAg, (and when >LLoQ at Day 0), HBeAg, HBcrAg, HBV DNA,
and HBV RNA from baseline to Day 112, and nadir to Day 168
(end-of-follow-up for triple therapy) and to Day 392 (end-of-
follow-up for dual therapy HBsAg response). Imputation rules
for censored values are detailed in Table S2. Sustained response
was defined as HBsAg reduction of >−1.0 log10 from Day 0 at Day
392. All other viral parameters were assessed based on
HBsAg response.

Results
Patient demographics and disposition
Overall, 105 patients were screened and 84 were recruited
(Fig. S1). Baseline demographics and disease characteristics are
2 vol. 77 j 1287–1298
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Fig. 2. Mean and individual changes in HBsAg. (A) Mean change in HBsAg from Day 0 to Day 168 in JNJ-3989 dual combination Q4W dose cohorts. (B) Individual
nadir of HBsAg change from Day 0 to end of follow-up in the dual combination Q4W dose cohorts vs. dose (Day 392) and the triple combination therapy cohort
(Day 168). Solid black line in Fig. 2B connects the mean nadir of each dose. HBsAg, hepatitis B surface antigen; pos, positive; Q4W, every 4 weeks; vir, virologically;
suppr, suppressed.
shown in Table 1. Most patients were male (69.0%), Asian (82.1%),
receiving NA treatment (77.4%), and HBeAg-negative (73.8%),
with a median age of 45.5 years (range, 25–66). All patients
received all intended doses without dosing interruptions
or reductions.

Safety and tolerability
Three JNJ-3989 doses plus an NA were generally well tolerated
through Day 112. Three SAEs through Day 112 were reported in 2
patients; all considered unrelated to study drug (Table 2). The
Journal of Hepatology 20
most common AEs possibly related to JNJ-3989 were AEs at the
injection site including discolouration, erythema, bruising, and
rash, which were all transient and mild. One AE of mild, Stage 1,
acute kidney injury was reported as related to JNJ-3989. This
patient, in cohort 5b (receiving JNJ-3989 400 mg), developed an
increase of serum creatinine from 1.10 mg/dl at baseline to
1.55 mg/dl on Day 7 in the context of creatine supplementation.
Serum creatinine levels returned to 1.06 mg/dl on Day 14
following a creatine supplementation dose reduction. No AEs
reported between Days 112 to 392 were considered related to
22 vol. 77 j 1287–1298 1291
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JNJ-3989. One SAE of hyperthyroidism in a patient in cohort 11
and 1 SAE of retroperitoneal mass (histology: benign Schwan-
noma) in a patient in cohort 12 were reported after Day 112, both
SAEs were considered unrelated to JNJ-3989.

There were no reports of alanine transaminase (ALT) ele-
vations >3x upper limit of normal and total bilirubin >2x upper
limit of normal. Two patients (2.4%) developed mild hyper-
bilirubinemia on the first day of study treatment, which
lasted for 5 and 7 days and were considered possibly and
probably related to JNJ-3989, respectively, and were not
associated with other clinically relevant laboratory findings
(Table 2). Five mild ALT elevations were reported across co-
horts 3b, 4b, 5b, and 8, 2 of which were reported as AEs: 1
asymptomatic non-drug-related peak ALT at 130 U/L on
Day 85 in cohort 3b and 1 possibly drug-related, abnormal
serum ALT, which peaked at ALT 136 U/L on Day 69 in cohort
4b, representing the highest treatment-emergent ALT eleva-
tions through Day 112.

Three JNJ-3989 doses combined with an NA plus JNJ-6379
(cohort 12) were well tolerated. In cohort 12, no discontinua-
tions were reported. Grade 1, transient isolated ALT elevations
occurred in 5 patients (57–122 U/L) and resolved during
continued dosing.

Antiviral activity
Treatment with JNJ-3989 plus an NA resulted in HBsAg re-
ductions from Day 0 to Day 112 in all Q4W dose cohorts (Fig. 2,
Fig. 3A, and Table S3). Smaller mean HBsAg reductions were seen
with 25 mg (1.00 log10 IU/ml) and 50 mg (1.18 log10 IU/ml) vs.100
to 400 mg (1.48 to 2.39 log10 IU/ml) JNJ-3989 dosing. HBsAg
responses in patients receiving 100 to 400 mg of JNJ-3989 were
similar (Fig. 2A), suggesting the dose-response plateaued above
100 mg. The mean reduction of HBsAg from Day 0 to nadir was
also greater in patients receiving JNJ-3989 100 to 400 mg Q4W
than JNJ-3989 25 to 50 mg Q4W (mean [SEM] = 1.93 [0.10] log10
IU/ml vs. 1.19 [0.10] log10 IU/ml, respectively). Of patients who
Journal of Hepatology 20
received 100 to 400 mg of JNJ-3989 Q4W, 39/40 (97.5%) achieved
a >−1 log10 IU/ml reduction in HBsAg from Day 0 to the post-dose
nadir (Fig. 2B), and 30/40 patients (75%) had HBsAg <100 IU/ml
at Day 112.

In cohorts with Q4W dosing, no significant difference in the
extent of HBsAg reductions were seen with respect to HBeAg
status or treatment history, though interpretation should
consider the limited number of HBeAg-positive patients (Fig. 2B
and Fig. S2). Similar HBsAg declines were observed in HBeAg-
positive patients who were NA-naïve (cohort 8) or NA-
suppressed (cohort 9) prior to study initiation. QW and Q2W
JNJ-3989 dosing regimens showed comparable HBsAg reductions
to Q4W dosing (Fig. 4).

HBeAg, HBcrAg, and HBV RNA declines from Day 0 to Day 112
were observed in most patients who had quantifiable baseline
values of these parameters. In patients with baseline levels >1
log above LLoQ for the respective marker, the mean
HBeAg reduction was 1.47 log10 PEIU/ml compared with
2.12 log10 IU/ml for HBsAg in the same patients, the mean
HBcrAg reduction was 1.20 log10 kU/ml compared with 1.97 log10
IU/ml for HBsAg, and the mean HBV RNA reduction was
1.93 log10 U/ml compared with 1.86 log10 IU/ml for HBsAg (Fig. 3,
Fig. 5, and Table S3). While the mean declines in HBeAg and
HBcrAg were less pronounced than those of HBsAg and HBV
RNA, in some patients HBeAg and/or HBcrAg declines were
similar or even more pronounced than HBsAg and/or HBV RNA
declines (Fig. S3 and Fig. S4).

HBV DNA reductions from Day 0 to Day 112 were seen across
all cohorts in patients with quantifiable levels at baseline, all of
whom received concurrent NA treatment.

The mean (SEM) reductions from Day 0 to the nadir in HBeAg
(1.75 [0.27] log10 PEIU/ml vs. 0.51 [0.25] log10 PEIU/ml), HBcrAg
(1.35 [0.22] log10 kU/ml vs. 0.86 [0.23] log10 kU/ml) and HBV RNA
(2.34 [0.18] log10 IU/ml vs. 1.90 [0.22] log10 U/ml) were also
greater in patients receiving JNJ-3989 100 to 400 mg Q4W vs.
JNJ-3989 25 to 50 mg Q4W, respectively.
22 vol. 77 j 1287–1298 1293
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Fig. 5. Mean changes in serologic markers of HBV infection from Day 0 to Day 168 in dual combination Q4W 100 to 400 mg dose cohort patients with
baseline levels >1 log10 above LLoQ of the respective assay. (A) HBsAg and HBeAg change in patients with baseline HBeAg >1.11 PEIU/ml (n = 13). (B) HBsAg and
HBcrAg change in patients with baseline HBcrAg >10 kU/ml (n = 18). (C) HBsAg and HBV RNA change in patients with baseline HBV RNA >2.65 log10 U/ml (n = 21).
HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; LLoQ, lower limit of quantification; PEIU, Paul-Ehrlich-
Institute units; Q4W, every 4 weeks.
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Of the 40 patients receiving JNJ-3989 100 to 400 mg Q4W, 39
had follow-up data until day 392. Fifteen of the 39 patients
(38.0%) were sustained HBsAg responders defined as maintaining
>−1 log10 IU/ml HBsAg reductions to Day 392, 336 days after the
last JNJ-3989 dose. The mean [SEM] HBsAg reductions were 1.96
(0.20) log10 IU/ml in sustained responders and 0.63 (0.05) log10
1294 Journal of Hepatology 20
IU/ml in non-sustained responders (Fig. 6 A). Fewer ALT eleva-
tions were seen in HBsAg-sustained responders vs. non-sustained
responders. All ALT elevations were relatively minor (Fig. S5).

In patients receiving JNJ-3989 100 to 400 mg Q4W, mean
(SEM) reductions at Day 392 were more pronounced in HBsAg-
sustained responders vs. non-responders for HBeAg (1.71 [0.45]
22 vol. 77 j 1287–1298
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log10 PEIU/ml vs. 0.77 [0.22] log10 PEIU/ml), HBcrAg (2.20 [0.43]
log10 kU/ml vs. 0.43 [0.15] log10 kU/ml), and HBV RNA (2.36 [0.46]
log10 U/ml vs. 0.78 [0.20] log10 U/ml), respectively (Fig. 6B-D).
Mean reductions across all 4 serologic parameters were similar
for patients with the same HBsAg responder status.

All 12 patients receiving triple combination therapy achieved
HBsAg decline of >−1 log10 IU/ml at the nadir (mean [SEM] HBsAg
log10 IU/ml reduction, 1.75 [0.12]) (Fig. 2B). In the limited number
of patients with quantifiable parameters at Day 0, reductions
from Day 0 to post-dose nadir in HBeAg (0.81 [0.30] log10 PEIU/
ml, n = 4) and HBcrAg (0.78 [0.16] log10 kU/ml, n = 8) were less
pronounced than for HBsAg or HBV RNA (2.6 [0.38] log10 U/ml,
n = 9) (Fig. 6A-D and Fig. S6A-D). An increase in HBV RNA was
seen in some patients after the last JNJ-6379 dose, consistent
with other studies using CAMs.15,21,22 Patients with quantifiable
HBV DNA levels at Day 0 (n = 7) had robust reductions through
Day 168 (Fig. S6E and Fig. S7E).

Discussion
In this phase IIa study, 3 doses of JNJ-3989 siRNA therapy plus a
NA, with/without the CAM-N JNJ-6379, were well tolerated in
patients with CHB and resulted in robust HBsAg, HBV RNA,
HBeAg, and HBcrAg reductions. Both HBsAg reductions >−1 log10
from baseline and HBsAg levels <100 IU/ml in patients treated
with NAs have been associated with an increased incidence of
off-treatment HBsAg seroclearance.13 In the present study,
JNJ-3989 Q4W 100 to 400 mg dosing resulted in >−1 log10 HBsAg
reductions in all but 1 patient, and 30/40 patients (75%) had
HBsAg <100 IU/ml at Day 112. Dosing QW or Q2W did not result
in faster or greater HBsAg reductions vs. Q4W dosing. This may
be consistent with preclinical findings with other N-acetylga-
lactosamine-conjugated siRNAs targeted to asialoglycoprotein
receptors on hepatocytes, which accumulate in acidic intracel-
lular compartments and release slowly into the cytoplasm.23

Here, they are loaded into the RNA-induced silencing complex
to degrade all viral RNA, resulting in HBV protein knockdown
including HBsAg decline, decreased HBV replication due to
pgRNA decline, and decreased HBx expression that might lead to
lower cccDNA levels and/or transcription.

No SAEs related to the study drug were reported through Day
392. In combination with an NA, all JNJ-3989 doses had similar
safety profiles. ALT elevations were infrequent, mild, self-
resolving, and not correlatedwith the extent of HBsAg reductions.

The kinetics of HBsAg decline varied among patients. Greater
reductions in HBsAg vs. HBeAg and HBcrAg were generally seen,
while HBV RNA reductions were similar to HBsAg in the dual
combination therapy cohorts. Causes of such variability are not
yet understood; however, they may be due to HBsAg production
from cccDNA and integrated DNA, while other viral proteins are
only produced by cccDNA.24–27 Alternatively, RNA species may
differ in their susceptibility to the siRNA mechanism due to the
secondary structure of the RNA.

JNJ-3989 treatment resulted in HBsAg reductions with no
significant difference regarding HBeAg status or antiviral treat-
ment status, indicating that JNJ-3989 is pharmacologically active
in the major CHB subpopulations. Transient HBsAg seroclearance
(HBsAg <0.05 IU/ml) was observed in 2 patients (data
not shown).

With slow hepatic siRNA trigger clearance and corresponding
persistence of pharmacodynamic activity, a gradual return to
baseline is commonly observed with N-acetylgalactosamine-
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siRNAs against endogenous liver targets.28 However, sustained
reduction of all viral markers under continued NA treatment was
seen in a sub-group of patients through Day 392, 336 days after
the last JNJ-3989 dose. Whether the profound HBsAg reductions
induced by this siRNA can lead to sustained host control of HBV
remains to be examined in future studies.

A cohort exploring the combination of JNJ-3989, an NA, and
JNJ-6379 was introduced to assess the safety and tolerability of
this combination. The safety profile of the triple combination
seen in this study is aligned with that reported previously for
JNJ-6379 and CAMs.13,15,29,30 All ALT elevations reported in cohort
12 were isolated, transient, and mild and no new AEs of concern
were noted in this 12-patient cohort. The antiviral activity in
cohort 12 was comparable to other cohorts with Q4W dosing of
JNJ-3989 in this study. However, characterizing the antiviral ef-
fect of JNJ-6379 in this regimen was difficult due to the short
treatment duration, as loss of cccDNA results from hepatic cell
turnover, which occurs over a longer time frame. Large re-
ductions in HBV RNA were observed that were likely due to
direct inhibition of HBV RNA release by JNJ-6379.31

As this was a phase IIa proof-of-principle study, it was not
double-blinded or placebo-controlled and relatively few patients
were recruited. The study population was predominantly Asian,
which may limit the generalizability of these results to non-
Asians. Phase II studies including REEF-1 (NCT03982186) and
REEF-2 (NCT04129554) are currently underway to investigate
the safety and efficacy of therapies comprising JNJ-3989 in
combination with NAs, with or without JNJ-6379, in multi-ethnic
cohorts of patients with CHB.

In conclusion, there were no safety concerns associated with
the use of the dual and triple combination regimens. Three
JNJ-3989 doses in combination with an NA, with or without
JNJ-6379, resulted in pronounced HBsAg, HBeAg, HBcrAg, HBV
DNA, and HBV RNA declines that persisted in many patients,
supporting further investigation of longer duration regimens of
JNJ-3989 in combination with an NA and JNJ-6379 in larger,
multi-ethnic populations of patients with CHB.
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