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Objectives

1.To describe the safety and efficacy of siRNA therapy 
for chronic hep B

2.To describe the safety and efficacy of capsid 
assembly modulators for chronic hep B



Background: HIV/HBV Coinfection

Georgios K. Nikolopoulo, Dimitrios Paraskevis, Eleni Hatzitheodorou, Zissis Moschidis, Vana Sypsa, Xenophon Zavitsanos, Victoria Kalapothaki, 
Angelos Hatzakis, Impact of Hepatitis B Virus Infection on the Progression of AIDS and Mortality in HIV-Infected Individuals: A Cohort Study and 
Meta-Analysis, Clinical Infectious Diseases, Volume 48, Issue 12, 15 June 2009, Pages 1763–1771, https://doi.org/10.1086/599110

• Shared pathways for transmission: IDU, maternal to child, and sexual intercourse

• Globally, 5-20% of people living with HIV also have chronic hep B
- Depends on geography (more common in sub-Saharan Africa and Asia)

• HIV coinfection significantly worsens natural history of HBV infection
- Increased risk of chronic HBV
- Higher HBV viral load and infectivity
- Accelerated liver disease progression

• Reduced response to HBV treatment

• More reactivation of HBV

https://doi.org/10.1086/599110


Why is it so hard to cure hepatitis B

• High levels of HBsAg production à immune exhaustion

• cccDNA à difficult for immune system and antivirals to penetrate, remains even 
after sAg loss

• Integrated HBV DNA into host à occurs early in course of infection, leads to 
de novo hepatocarcinogenesis



Review of HBV Lifecycle

C Shih, et al
Trends in Microbiology, April 2018, Vol.26, No. 4
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Hepatitis B virus (HBV) is a common worldwide blood-borne pathogen. Chronic hepatitis B can progress to an
inactive carrier state, and then, in some patients, give rise to cirrhosis and cancer of the liver, leading to death.
An HBV surface-antigen vaccine is effective, but treatments are currently not curative. HBV replicates via reverse
transcription. Itscovalently closedcircular (ccc)DNA in the nucleus encodes a pregenomic RNA (pgRNA), whichcan
beencapsidatedbyHBVpolymerase.Reversetranscription occurs in the capsids byusingthe pgRNAasa template
for the synthesis of single-stranded linear and then partially double-stranded relaxed circular (rc) DNA. Capsids
containing a mature rc DNA genome target to the nucleus for ccc DNA synthesis. Persistent HBV infection is caused
mainly bycccDNA and immune tolerance toHBVantigens in the liver. Unlike acute infection, chroniccarriers contain
only a low level of HBV core-antigen-specific T cell activity, contributing to the lack of viral clearance.
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TAXONOMY AND CLASSIFICATION:
ORDER: Unassigned
FAMILY: Hepadnaviridae
GENUS: Orthohepadnavirus
SPECIES: Hepatitis B virus
Double-stranded DNA virus

KEY FACTS:
No known reservoir. HBV has a tight
species barrier.

Discovered by Dr Baruch Blumberg in
1967 (Nobel Laureate in 1976).

Viral particles are infectious, enveloped
spherical virions (42 nm); there are
excessive numbers of noninfectious
HBs subviral particles (22 nm), and
icosahedral nucleocapsids (27–32 nm).

The HBV genome is 3.2 kb DNA;
partially double-stranded rc DNA
occurs in virions, and ccc DNA occurs
in the nucleus of infected hepatocytes.

Viral antigens include core (HBc),
surface (HBs, Australia Ag), polymerase
(pol contains a reverse transcriptase
domain), and HBx.

HBV animal models include the
chimpanzee, bat, woodchuck, ground
squirrel, and duck.

DISEASE FACTS:
Transmission is blood-borne or through
body fluids; HBV can be transmitted
perinatally (mother-to-infant) or
horizontally through close contacts.

Diagnosis relies on ELISA of serum
HBs, HBe, anti-HBs, and anti-HBc, or
by PCR for serum HBV DNA.

Coinfection occurs less frequently with
HIV, hepatitis C virus, or hepatitis D virus.

During chronic infection, HBs persists
for longer than 6 months.

HBV can cause a wide range of
diseases, including subclinical, acute,
and chronic hepatitis as well as
fibrosis, cirrhosis, hepatocellular
carcinoma, and liver failure.

Hepatitis B vaccine is safe and effective
(95% efficacy). It was the first human
cancer vaccine and the first
recombinant vaccine.

HBV can be treated with nucleos(t)ide
analogs and (PEG)-interferon-
a ! ribavirin.

*Correspondence:
cshih@ibms.sinica.edu.tw (C. Shih).
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siRNA: Multiple Mechanisms of Action

1. Targeting HBV RNA:

• siRNAs are designed to be complementary to specific sequences within HBV RNA, including pgRNA and mRNA.

2. RNA Interference (RNAi):

• Once inside the cell, siRNAs are processed by the cell's machinery into a RNA-induced silencing complex (RISC).

3. mRNA Degradation:

• The RISC complex, containing the siRNA, then binds to the target HBV mRNA, leading to mRNA degradation and silencing of the targeted gene.

4. Reduced Viral Protein Production:

• By reducing the levels of HBV mRNA, siRNAs effectively lower the production of viral proteins, including HBsAg, HBcAg, HBeAg, and HBV 
polymerase.

5. Suppression of Viral Replication:

• Reduced viral protein production leads to a decrease in viral replication, including the suppression of HBV cccDNA, the stable form of HBV DNA 
responsible for its persistence.

6. Potential Immune Reconstitution:

• By significantly reducing HBV viral antigens, siRNAs may indirectly enhance the host's immune response against the virus, which is a key 
advantage over other antiviral treatments that may only suppress viral replication but not directly target the viral reservoir.

https://www.google.com/search?sca_esv=e4c5c9e55d3f380a&cs=0&q=Targeting+HBV+RNA&sa=X&ved=2ahUKEwj9x6X-o-WNAxUJJDQIHRgPHIkQxccNegQIIRAD&mstk=AUtExfCrEZrgvdKwRrs-hYG22c7yJjDrs0H9cpo4ulfFFGa_VxP_pxwRm5judCvwDxFHiP9kxL91BCRxghsWb5zvFsyF6mPY0iEBztaCZhjb7T9M6maLqzxy76_eRbjWrAwbaSSDR_lEYBmetcc47LN452M0-td8hz55wbwOIQLKmzuvE9HDnWU3Q0pmri9MMWCCRkRv&csui=3
https://www.google.com/search?sca_esv=e4c5c9e55d3f380a&cs=0&q=RNA+Interference+%28RNAi%29&sa=X&ved=2ahUKEwj9x6X-o-WNAxUJJDQIHRgPHIkQxccNegQIKBAD&mstk=AUtExfCrEZrgvdKwRrs-hYG22c7yJjDrs0H9cpo4ulfFFGa_VxP_pxwRm5judCvwDxFHiP9kxL91BCRxghsWb5zvFsyF6mPY0iEBztaCZhjb7T9M6maLqzxy76_eRbjWrAwbaSSDR_lEYBmetcc47LN452M0-td8hz55wbwOIQLKmzuvE9HDnWU3Q0pmri9MMWCCRkRv&csui=3
https://www.google.com/search?sca_esv=e4c5c9e55d3f380a&cs=0&q=RNA-induced+silencing+complex+%28RISC%29&sa=X&ved=2ahUKEwj9x6X-o-WNAxUJJDQIHRgPHIkQxccNegQIJhAB&mstk=AUtExfCrEZrgvdKwRrs-hYG22c7yJjDrs0H9cpo4ulfFFGa_VxP_pxwRm5judCvwDxFHiP9kxL91BCRxghsWb5zvFsyF6mPY0iEBztaCZhjb7T9M6maLqzxy76_eRbjWrAwbaSSDR_lEYBmetcc47LN452M0-td8hz55wbwOIQLKmzuvE9HDnWU3Q0pmri9MMWCCRkRv&csui=3
https://www.google.com/search?sca_esv=e4c5c9e55d3f380a&cs=0&q=mRNA+Degradation&sa=X&ved=2ahUKEwj9x6X-o-WNAxUJJDQIHRgPHIkQxccNegQIJxAD&mstk=AUtExfCrEZrgvdKwRrs-hYG22c7yJjDrs0H9cpo4ulfFFGa_VxP_pxwRm5judCvwDxFHiP9kxL91BCRxghsWb5zvFsyF6mPY0iEBztaCZhjb7T9M6maLqzxy76_eRbjWrAwbaSSDR_lEYBmetcc47LN452M0-td8hz55wbwOIQLKmzuvE9HDnWU3Q0pmri9MMWCCRkRv&csui=3
https://www.google.com/search?sca_esv=e4c5c9e55d3f380a&cs=0&q=Reduced+Viral+Protein+Production&sa=X&ved=2ahUKEwj9x6X-o-WNAxUJJDQIHRgPHIkQxccNegQIHxAD&mstk=AUtExfCrEZrgvdKwRrs-hYG22c7yJjDrs0H9cpo4ulfFFGa_VxP_pxwRm5judCvwDxFHiP9kxL91BCRxghsWb5zvFsyF6mPY0iEBztaCZhjb7T9M6maLqzxy76_eRbjWrAwbaSSDR_lEYBmetcc47LN452M0-td8hz55wbwOIQLKmzuvE9HDnWU3Q0pmri9MMWCCRkRv&csui=3
https://www.google.com/search?sca_esv=e4c5c9e55d3f380a&cs=0&q=Suppression+of+Viral+Replication&sa=X&ved=2ahUKEwj9x6X-o-WNAxUJJDQIHRgPHIkQxccNegQIIBAD&mstk=AUtExfCrEZrgvdKwRrs-hYG22c7yJjDrs0H9cpo4ulfFFGa_VxP_pxwRm5judCvwDxFHiP9kxL91BCRxghsWb5zvFsyF6mPY0iEBztaCZhjb7T9M6maLqzxy76_eRbjWrAwbaSSDR_lEYBmetcc47LN452M0-td8hz55wbwOIQLKmzuvE9HDnWU3Q0pmri9MMWCCRkRv&csui=3
https://www.google.com/search?sca_esv=e4c5c9e55d3f380a&cs=0&q=Potential+Immune+Reconstitution&sa=X&ved=2ahUKEwj9x6X-o-WNAxUJJDQIHRgPHIkQxccNegQIKRAD&mstk=AUtExfCrEZrgvdKwRrs-hYG22c7yJjDrs0H9cpo4ulfFFGa_VxP_pxwRm5judCvwDxFHiP9kxL91BCRxghsWb5zvFsyF6mPY0iEBztaCZhjb7T9M6maLqzxy76_eRbjWrAwbaSSDR_lEYBmetcc47LN452M0-td8hz55wbwOIQLKmzuvE9HDnWU3Q0pmri9MMWCCRkRv&csui=3


Phase 2 Study of Bepirovirsen

Yuen M-F et al. N Engl J Med 2022;387:1957-1968

Eligibility: adults, qsAg>100 Iu/ml, if on NA HBV DNA <90 IU/ml and ALT <2xULN, if NA naïve HBV DNA>2000 
IU/ml and ALT <3xULN, no HIV, HDV or HCV, no cirrhosis



Results

Among patients with baseline qsAg <3000 Iu/ml, 12-25% had durable sAg loss and 
HBV DNA suppression



Safety Data



ALT Flares

Yuen MF, et al. Nature Med 2021
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with placebo in the bepirovirsen 300 mg treatment group, but not 
in the bepirovirsen 150 mg group. Reductions in HBsAg were also 
seen with bepirovirsen 300 mg treatment in patients on stable NA 

therapy but were not statistically significant. However, the abso-
lute mean change from baseline in patients treated with bepiro-
virsen 300 mg was higher in the NA-treated group than in the 
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Fig. 3 | Profiles and relationships of ALT, HBsAg, HBcrAg and HBV DNA levels in treatment-naïve, NA-treated patients and healthy volunteers receiving 
different doses of bepirovirsen. a,b, HBsAg and ALT (a), and HBcrAg, HBV RNA and HBV DNA (b) in a treatment-naïve patient treated with bepirovirsen 
300!mg. c, HBsAg and ALT in a patient already on entecavir treated with bepirovirsen 300!mg. d, HBsAg and ALT in a treatment-naïve patient treated with 
bepirovirsen 150!mg (vertical lines indicate dose administration days; gray shading indicates NA dosing period for treatment-naïve patients). e, ALT results 
at day 29 categorized by HBsAg reduction from baseline. f, ALT AUC categorized by dose group in patients with CHB (safety population) and healthy 
volunteers (Study CS1 safety population; unpublished data) receiving bepirovirsen (y axis is the AUC of ALT from day 1 to day 113 that is above the AUC 
of baseline ALT maintained for the time period). +, positive for anti-HBsAb; –, negative for anti-HBsAb; ±, indeterminate anti-HBsAb status; anti-HBsAg, 
antibody to HBV surface antigen. Data shown are descriptive, no statistical analysis was conducted.

NATURE MEDICINE | VOL 27 | OCTOBER 2021 | 1725–1734 | www.nature.com/naturemedicine1732



Findings

• In this phase 2b trial, bepirovirsen at a dose of 300 mg per week for 24 weeks 
resulted in sustained HBsAg and HBV DNA loss in 9 to 10% of participants with 
chronic HBV infection

• ALT flares happen on bepirovirsen, typically at time of sAg clearance

• Being on a NA and having a baseline quant sAg <3000 IU/ml are predictive of 
response

• Larger and longer trials are ongoing, enrollment complete



siRNA + immunomodulator: Xalnesiran

Hou J et al. N Engl J Med 2024;391:2098-2109



Results



siRNA treatment summary

• See an initial sAg decline (up to 2-4 log after 48 weeks) but then plateaus

• Need to combine with other agents

• Rebound if stop therapy but see lower pre-set level of HBV DNA and sAg



Capsid Assembly Modulator: Mechanism of Action

Source: V. Taverniti. J. Clin. Med. 2022, 11, 1349. https://doi.org/10.3390/jcm11051349 

• Core protein modulates almost every 
step of the HBV life cycle; hence, it 
represents an attractive target for the 
development of new antiviral 
therapies. 

• The primary MoA of CAM is to drive 
the nucleocapsid mis-assembly. 

J. Clin. Med. 2022, 11, 1349 4 of 12

nucleic acid chaperone activity. Indeed, in vitro experiments demonstrated the ability of the
core CTD to support the annealing and unwinding of DNA [32]. Moreover, Core is known
to be phosphorylated at serine residues present in the CTD and that the phosphorylation
status influences its chaperone activity, pgRNA encapsidation, as well as other functions,
such as capsid stability and core cellular trafficking [33].
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2.3. Core Interacts with Host Factors for Its Functions
As described above, HBcAg regulates several steps of the HBV life cycle (Figure 2). To

perform such broad and sophisticated functions, Core exploits host-protein properties.
Core dimers interact with human heat shock protein 90 (HSP90). The binding with

this chaperone protein facilitates the formation and stabilization of HBV nucleocapsid, thus,
HSP90 is considered as a proviral host factor [34]. The NXF1/p15 machinery, generally
involved in host RNA nuclear export, directly binds to HBcAg, and drives its export
towards the cytoplasm [35].

The CTD phosphorylation regulates Core functions at different levels. Several host
kinases have been identified to be involved in Core phosphorylation, notably phosphoki-
nase C (PKC), serine arginine protein kinase 1 (SRPK1), cyclin-dependent kinase 2 (CDK2),
SRPKs, Glyceraldehyde-3-phosphate dehydrogenase protein kinase (GAPD-protein kinase),
and PLK1 (reviewed in [33]). On the other hand, Hu and coworkers recently identified
protein phosphatase 1 (PP1) as being responsible of Core dephosphorylation with a puta-
tive implication for pgRNA encapsidation. In this study, the authors found that HBcAg
is present in pgRNA-containing nucleocapsids which is hypophosphorylated, whereas
HBcAg in empty capsids is hyperphosphorylated [36].



Clinical Trials with CAMs: JNJ-56136379

Source: Janssen HLA, Hou J, Asselah T, et al. Gut 2023;72:1385–1398. 
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ABSTRACT
Objective We present the final analysis results of 
the phase 2 JADE study ( ClinicalTrials. gov Identifier: 
NCT03361956).
Design 232 patients with chronic hepatitis B (CHB) 
not currently treated at study start (NCT) at study start 
or virologically suppressed were randomised to receive 
75 mg (part 1) or 250 mg (part 2) JNJ- 56136379, a 
hepatitis B virus (HBV)–capsid assembly modulator, one 
time per day or placebo with nucleos(t)ide analogue 
(NA) (tenofovir disoproxil fumarate/entecavir) or JNJ- 
56136379 alone (NCT- only) for ≥24 and ≤48 weeks.
Results In patients who are NCT hepatitis B e- antigen 
(HBeAg) positive, JNJ- 56136379 75 mg+NA and 250 
mg+NA showed limited mean (SE) hepatitis B surface 
antigen (HBsAg) declines (0.14 (0.10) and 0.41 
(0.15), respectively) from baseline at Week 24 (primary 
endpoint; placebo+NA: 0.25 (0.11) log10 international 
unit (IU)/mL).
In patients who are NCT HBeAg positive, mean (SE) 
HBV DNA declines at Week 24 were 5.53 (0.23) 
and 5.88 (0.34) for JNJ- 56136379 75 mg+NA and 
250 mg+NA, respectively, versus 5.21 (0.42) log10 
IU/mL for placebo+NA. In NCT patients, mean (SE) 
HBV RNA declines were 2.96 (0.23) and 3.15 (0.33) 
versus 1.33 (0.32) log10 copies/mL, respectively.
Patients with HBsAg declines had HBeAg and hepatitis 
B core- related antigen (HBcrAg) declines and some 
early on- treatment isolated alanine aminotransferase 
flares. Viral breakthrough occurred with JNJ- 56136379 
monotherapy with the emerging resistant- variant 
T33N, but not with JNJ- 56136379+NA. JNJ- 56136379 
treatment beyond Week 24 had a generally small 
additional effect on viral markers.
No study treatment- related serious adverse events or 
clinically significant changes in laboratory parameters 
occurred.
Conclusions In patients with non- cirrhotic CHB, JNJ- 
56136379+NA showed pronounced reductions in HBV 
DNA and HBV RNA, limited HBsAg or HBeAg declines 
in patients who are NCT HBeAg positive, and was well 
tolerated, but no clear benefit with regards to efficacy of 
JNJ- 56136379 over NA was observed.

INTRODUCTION
Approximately 296 million people worldwide are 
infected with chronic hepatitis B (CHB), which 
left untreated is associated with a high risk of 
death from cirrhosis and hepatocellular carcinoma 
(HCC).1 The ultimate clinical goal for patients 
with CHB is to achieve a ‘functional cure’, defined 
as undetectable serum hepatitis B surface antigen 
(HBsAg) and hepatitis B virus (HBV) DNA that 
is sustained when off treatment for ≥24 weeks, 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ First- line antiviral therapies for chronic hepatitis 
B (CHB) are nucleos(t)ide analogues (NA) and 
pegylated interferon alpha.

 ⇒ However, these treatments only provide low 
rates of functional cure, which highlights the 
need for novel therapeutic strategies.

WHAT THIS STUDY ADDS
 ⇒ JNJ- 56136379, a class- N capsid assembly 
modulator (CAM), plus an NA resulted in 
pronounced reductions in hepatitis B virus 
(HBV) DNA and HBV RNA over 24–48 weeks in 
patients with CHB and was well tolerated.

 ⇒ A limited reduction in hepatitis B surface 
antigen and hepatitis B e- antigen (HBeAg) in 
HBeAg- positive patients who were currently not 
treated for their infection was observed.

 ⇒ Viral breakthrough occurred with JNJ- 56136379 
monotherapy with emerging resistant- variant 
T33N.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The findings provide Week 48 data for a CAM 
in combination with/without NA and showed 
pronounced HBV DNA and HBV RNA reduction 
but limited to no effect on HBsAg and HBeAg 
with a risk of viral resistance when given as 
long- term monotherapy.

Protected by copyright, including for uses related to text and data m
ining, AI training, and sim

ilar technologies. 
.

by guest
 

on August 29, 2025
 

http://gut.bm
j.com

/
Dow

nloaded from
 

25 January 2023. 
10.1136/gutjnl-2022-328041 on 

G
ut: first published as 



Study Design

• Phase 2, randomized, placebo-
controlled trial of both eAg+ and 
eAg- chronic hep B adult patients

• With and without a nucleoside 
analog (NA: Entecavir or TDF)

• NCT = not currently on therapy

• VS = virally suppressed

• No cirrhosis

• Outcome: >1 log decline in qsAg 
after 24 wks
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Efficacy
Levels of HBsAg, HBeAg, HBV DNA and HBV RNA were 
measured in plasma samples collected prior to dosing on 
Day 1 and at predefined time points throughout the study. 
Additional details for assessments are described in the online 
supplemental methods.

Safety
Safety and tolerability were assessed in all patients during 
study participation. Adverse events (AEs) and serious AEs 
(SAEs) were monitored. Physical examinations, vital signs 
measurements, 12- lead triplicate electrocardiograms and 
clinical laboratory tests were conducted at predefined time 
points.

Pharmacokinetics
Venous blood samples were collected to determine plasma 
concentrations of total JNJ- 56136379 and NA using a validated 
liquid chromatography–mass spectrometry/mass spectrometry 
method. Urine samples were obtained at 24 hours in ≈35% 

of the participants (PK subgroup at selected sites) to determine 
concentrations of JNJ- 56136379 and NA.

HBV genome sequencing
HBV DNA was extracted from plasma samples, and next- 
generation sequencing (Illumina) with a 1% cut- off was 
performed for the full HBV genome.

Statistical analyses
No formal statistical hypotheses were evaluated. The target 
sample size was 220 patients, with 110 patients in each part 
(NCT: n=70; VS: n=40). Enrolment was planned to include 
≈40% of the NCT patients and ≈30% of VS patients who were 
HBeAg positive. The probability to detect a treatment effect of 
1 mean log10 IU/mL decline in HBsAg from baseline to Week 24 
for JNJ- 56136379+NA versus placebo+NA, with ≥90% confi-
dence, was 0.84 and 0.89 for patients who are HBeAg nega-
tive in the NCT and VS groups, respectively, and 0.64 and 0.57, 
respectively, for patients who are HBeAg positive.

Figure 1 Study design. aJNJ- 56136379 treatment was extended to 48 weeks if response criteria were met, which were patients who completed 
the 24- week treatment phase and demonstrated a virological response by Week 20 (HBV DNA <200 IU/mL), without any safety concerns precluding 
continued treatment. The exceptions to this were the open label JNJ- 56136379 monotherapy arms: the 75 mg arm was terminated early, and all 
patients switched to NA monotherapy and entered follow- up, while the 250 mg arm had NA added during treatment extension. Patients undergoing 
24 weeks of treatment and choosing not to participate in the treatment extension phase, or not satisfying treatment extension criteria, switched 
to NA monotherapy and entered a 24- week follow- up phase. bPatients who satisfied treatment completion criteria (normal ALT levels or elevated 
ALT levels that in the opinion of the investigator are not attributed to chronic HBV activity; and HBV DNA<LLOQ; and HBeAg negative; and HBsAg 
≤500 IU/mL; and ≥1 log10 IU/mL decline in HBsAg from baseline) after 48 weeks stopped all treatment and entered a 48- week follow- up phase. NA 
treatment (either ETV or TDF), according to local standard of care, was restarted during this period if a patient satisfied any one of the retreatment 
criteria (confirmed post- treatment increases in HBV DNA >2000 IU/mL and ALT >2 x ULN; or confirmed post- treatment increases in HBV DNA 
>20 000 IU/mL; or worsening signs of liver function during follow- up assessments). Patients who did not satisfy treatment completion criteria after 48 
weeks switched to NA monotherapy and entered a 24- week follow- up phase. For patients who did not continue or start NA treatment at Week 24 or 
did not meet the treatment completion criteria and did not start or continue NA treatment at Week 48, an additional 24- week follow- up (as per local 
treatment guidelines) by their primary care physician, outside of the study, was recommended after study completion. ALT, alanine aminotransferase; 
ETV, entecavir; HBeAg, hepatitis B e- antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; IU, international unit; LLOQ, lower limit of 
quantification; NA, nucleos(t)ide analogue; NCT, not currently treated at study start; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal; VS, 
virologically suppressed; W, week.
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Results
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Efficacy and safety analyses were conducted for all randomised 
patients who received ≥1 dose of study drug. Comparisons 
among the pooled placebo+NA, JNJ- 56136379 75 mg+NA 
and JNJ- 56136379 250 mg+NA treatment arms were 
described. Non- compartmental PK analyses of plasma and urine 
concentration- time data were performed. Descriptive statis-
tics were used to compare plasma PK parameters for different 
treatments.

RESULTS
Patient disposition and characteristics
The first patient was enrolled in February 2018; last observation 
for the last patient was in August 2020. Overall, 488 patients 
were screened and 232 (NCT: n=148; VS: n=84) were enrolled 
and randomised (figure 2). Patients were ineligible for the study 
due to failure to meet eligibility criteria (250 (51%)), patient 
withdrawal (4 (0.8%)), HBeAg enrolment target met (1 (0.2%)) 
and lost to follow- up (1 (0.2%)). Screen failure rate was mainly 
high in NCT patients (patients not meeting the NCT criteria). 
It was particularly high at the beginning of the study (≈88%) 
and decreased over time during study conduct. The placebo/ 
JNJ- 56136379+NA treatment arms included 172 patients  
(NCT: n=88; VS: n=84), where 43, 66 and 63 patients were 

included in the pooled placebo+NA arms, JNJ- 56136379 75 
mg+NA and JNJ- 56136379 250 mg+NA arms, respectively.

Sixty patients received JNJ- 56136379 open- label mono-
therapy via staggered randomisation, where patients 
received 75 mg in part 1 and 250 mg in part 2 (75 mg: n=28;  
250 mg: n=32). Following a viral breakthrough in five 
patients receiving the 75 mg dose between Weeks 16–20,  
JNJ- 56136379 was discontinued in all 28 patients, and patients 
received NA. In the 250 mg monotherapy arm, viral break-
through in one patient at Week 8 was followed by initiation 
of NA treatment plus ongoing JNJ- 56136379 therapy in all 
patients.

Demographics and disease characteristics for patients in the 
NCT group of each treatment arm were broadly comparable, as 
were those for the VS patients in each arm (table 1 and online 
supplemental table S2). Across the treatment arms, the mean age 
was 39.7 years, 70% were men, 49% were Asian and 44% White 
and 37% were HBeAg positive. A numerically higher proportion 
of patients received TDF than ETV (69% vs 31%).

Mean (SD) HBsAg levels at baseline were 0.5 log10 IU/mL 
higher in NCT than VS patients (table 1) and highest in NCT 
patients who are HBeAg positive (4.40 (0.68) log10 IU/mL). 
Mean (SD) HBeAg baseline levels (in patients who are HBeAg 

Pooled
placebo + NA

N=43
(100%)

41
(95.3%)

33
(76.7%)

JNJ-56136379
75 mg open

label

N=28
(100%)

15
(53.6%)

3
(10.7%)

JNJ-56136379
75 mg + NA

N=66
(100%)

65
(98.5%)

43
(65.2%)

JNJ-56136379
250 mg open

label

N=32
(100%)

30
(93.8%)

20
(62.5%)

JNJ-56136379
250 mg + NA

N=63
(100%)

57
(90.5%)

48
(76.2%)

Participants randomised and treated
N=232 (100%)

Completed Week 24 study treatment

Treatment group

*Patients may be counted for more than one reason for not entering the treatment extension phase.

Entered treatment extension phase

31 (72.1%) 0 41 (62.1%) 18 (56.3%) 46 (73.0%)Completed treatment extension

Reason for not entering
treatment extension phase*

No virologic response by Week 20 7 (16.3%) 11 (39.3%) 22 (33.3%) 10 (31.3%) 9 (14.3%)

Discontinued treatment extension 2 (4.7%) 3 (10.7%) 2 (3.0%) 2 (6.3%) 2 (3.2%)

Withdrawal by participant
Adverse events

Non-compliance with study drug
Lack of efficacy
Other reasons

1 (2.3%)
0

1 (2.3%)
0
0

0
0
0

1 (3.6%)
2 (7.1%)

1 (1.5%)
1 (1.5%)

0
0
0

0
1 (3.1%)

0
0

1 (3.1%)

1 (1.6%)
0

1 (1.6%)
0
0

No consent to participate in
treatment extension phase

2 (4.7%) 2 (7.1%) 0 1 (3.1%) 1 (1.6%)

Figure 2 Patient disposition. The majority of patients were assessed with the initial extension criteria (<20 IU/mL). IU, international unit;  
NA, nucleos(t)ide analogue.
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Results: Biggest benefit in eAg+ and higher dosage

1391Janssen HLA, et al. Gut 2023;72:1385–1398. doi:10.1136/gutjnl-2022-328041

Hepatology

HBeAg
In NCT patients who are HBeAg positive, JNJ- 56136379 75 mg 
and 250 mg+NA resulted in mean (SE) HBeAg declines from 
baseline of 0.49 (0.09) and 0.70 (0.20) log10 IU/mL, respec-
tively, versus 0.81 (0.28) for placebo+NA at Week 24 (table 2; 
figure 3B; online supplemental figure S4). For VS patients who 
are HBeAg positive, mean reductions in HBeAg levels were 
smaller. In patients who are HBeAg positive, the proportion 
with a >0.3 log10 IU/mL reduction in HBeAg from baseline at 
Week 24 for NCT patients was higher in the combined JNJ- 
56136379+NA treatments arms than for placebo+NA (19/23 

(83%) vs 5/8 (63%), respectively) and also in VS patients (6/19 
(32%) vs 1/5 (20%), respectively) suggesting a trend of more 
consistent declines across patients (table 2).

Observed declines in HBeAg at Week 24 mostly correlated 
with declines in HBsAg and early on- treatment isolated 
alanine aminotransferase (ALT) elevations (ALT flares) 
(figure 3; online supplemental figure S5). Maximal individual 
HBsAg and HBeAg reductions were 1.28 and 1.8 log10 IU/mL 
at Week 24, respectively, in the JNJ- 56136379+NA groups 
and occurred in the patients with the most pronounced HBV 
DNA declines at Week 24.

Figure 3 Mean (SE) change from baseline in HBsAg over 24 weeks of treatment. (A) Mean (SE) change from baseline in HBsAg over 24 weeks of 
treatment (pooled placebo/JNJ- 56136379+NA treatment arms) in NCT and VS patients by HBeAg status. HBsAg assessed using an Abbott Architect 
assay; HBsAg lower limit of quantification: 0.05 IU/mL and ULOQ: >249 750 000 IU/mL. HBsAg values >ULOQ were set to 5.1 log10 IU/mL. (B) Mean 
(SE) change from baseline in HBeAg over 24 weeks of treatment in patients who are HBeAg positive (pooled placebo/JNJ- 56136379+NA treatment 
arms) by prior treatment. HBeAg assessed using an Abbott Architect assay; HBeAg lower limit of quantification: 0.11 IU/mL and ULOQ: 1400 IU/mL; 
HBeAg values >ULOQ (1400 IU/mL) were imputed with 1540 IU/mL. HBeAg, hepatitis B e- antigen; HBsAg, hepatitis B surface antigen; IU, international 
unit; NA, nucleos(t)ide analogue; NCT, not currently treated at study start; ULOQ, upper limit of quantification; VS, virologically suppressed.
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Results: Longer Tail
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HBV RNA
In NCT and VS patients, reductions from baseline in mean HBV 
RNA levels were observed for the JNJ- 56136379+NA combina-
tion arms (table 2 and figure 5B). In NCT patients, JNJ- 56136379 
75 mg and 250 mg+NA showed a pronounced decline at Week 24 
in mean (SE) HBV RNA (2.96 (0.23) and 3.15 (0.33) log10 copies/
mL, respectively) versus placebo+NA (1.33 (0.32) log10 copies/mL). 
HBV RNA was target not detected at Week 24 in 19/33 (58%), 
23/30 (77%) and 9/21 (43%) patients, respectively (table 2). All VS 
patients with detectable HBV RNA at baseline treated with JNJ- 
56136379+NA achieved HBV RNA target not detected at Week 
24 (21/21; 100%) vs 1/7 (14%) for placebo+NA patients (table 2).

HBcrAg
No clear differences in hepatitis B core- related antigen (HBcrAg) 
changes from baseline were observed between the treatment 
arms (table 2; online supplemental figure S6).

Efficacy post-Week 24 of treatment
Treatment extension with JNJ- 56136379 beyond Week 24 
had limited additional effect on viral markers (online supple-
mental table S4). HBsAg and HBeAg declines predominantly 
occurred early during treatment, but some NCT patients who 
are HBeAg positive in the JNJ- 56136379 250 mg+NA arm 

Figure 4 Change from baseline in HBsAg throughout the study in NCT patients, by HBeAg status. (A) Per treatment extension including 
monotherapy arms in patients who are HBeAg positive and (B) per treatment extension including monotherapy arms in patients who are HBeAg 
negative. HBsAg assessed using an Abbott Architect assay; HBsAg lower limit of quantification: 0.05 IU/mL and ULOQ: >249 750 000 IU/mL. HBsAg 
values >ULOQ were set to 5.1 log10 IU/mL. Dotted vertical lines indicate the end of the treatment phase at Week 24 and the end of extended 
treatment phase at Week 48. Treatment in the 75 mg and 250 mg JNJ- 56136379 monotherapy arms was changed during the study to NA and JNJ- 
56136379+NA, respectively. BL, baseline visit; FU, follow- up; HBeAg, hepatitis B e- antigen; HBsAg, hepatitis B surface antigen; IU, international unit; 
NA, nucleos(t)ide analogue; NCT, not currently treated at study start; Scr, screening visit; ULOQ, upper limit of quantification; W, Week.
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Results: Safety

• Most treatment-emergent AEs were Grade 1 or 2

• Two patients on CAM discontinued treatment due to AEs 
- streptococcal toxic shock syndrome, acute cardiac failure, myocarditis and muscle necrosis
- weight loss 

• Seventeen patients had ≥Grade 3 AEs (13 (7%) in the pooled JNJ-56136379 
treatment versus four (9%) in the pooled placebo+NA arms)

• Most commonly increased ALT and aspartate aminotransferase (AST) (six (3%) and 
five (3%) patients, respectively) in the pooled JNJ-56136379 treatment arms versus 
no patients in the pooled placebo+NA arm

• None of the eight reported SAEs were considered related to study treatment 



Conclusion

“In patients with non-cirrhotic CHB, JNJ- 56136379+NA 
showed pronounced reductions in HBV DNA and HBV RNA, 
limited HBsAg or HBeAg declines in patients who are NCT 
HBeAg positive, and was well tolerated, but no clear benefit 
with regards to efficacy of JNJ-56136379 over NA was 
observed.”



Summary

• Capsid assembly modulators represent a viable new antiviral target 
with potential long tail

• ALT flares will be more common

• Stay tuned for results of phase 2 trials!

• Check out Hep B foundation for latest on hep B drugs in development: 
https://www.hepb.org/treatment-and-management/drug-watch/



Treatment Paradigm: Combination Therapy

Nucleoside 
analog

Novel 
antiviral

Immune 
Active Agent

TDF
TAF
Entecavir

siRNA
Entry inhibitor
Capsid inhibitor
Antisense 
molecule

Therapeutic vaccine
Monoclonal Ab
TLR 8 or 9 agonist
Interferon
Checkpoint inhibitor



Summary

• Promising improvement in HBV therapy with surface Ag clearance rates 
approaching 25-30% after one year

• More complicated!

• More expensive-will pharma continue antiviral development?

• Interferon coming back?

• Importance of testing for quant sAg for future therapies
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