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Abstract

Chronic hepatitis B virus (HBV) infection affects over 295 million people globally
and an estimated 1.6 million people in the United States. It is associated with
significant morbidity and mortality due to cirrhosis, liver failure, and liver cancer.
Antiviral therapy with oral nucleos(t)ide analogues is associated with high rates
of virologic suppression, which in turn has been associated with a decreased risk
of liver complications. However, current antiviral regimens are limited by con-
cerns with adverse effects, adherence, resistance, long-term treatment, and
ongoing risk for liver events. Novel investigational agents are currently in deve-
lopment and are targeted at achieving functional cure with sustained hepatitis B
surface antigen (HBsAg) loss and suppression of HBV DNA. Herein we review
key evidence from phases II and III trials defining the efficacy and safety profiles
for key investigational agents for functional cure of chronic hepatitis B, including
core/capsid inhibitors, entry inhibitors, RNA interference (siRNA/ASO), HBsAg
inhibitors, Toll-like receptor agonists, checkpoint inhibitors, and therapeutic
vaccines.
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Core Tip: Novel investigational agents targeting functional cure [sustained hepatitis B surface antigen (HBsAg) loss and
undetectable hepatitis B virus (HBV) DNA] are currently in clinical trial development. Herein we review key evidence from
phases 2 and 3 trials defining the efficacy and safety profiles for key investigational agents, including core/capsid inhibitors,
entry inhibitors, RNA interference (siRNA/ASO), HBsAg inhibitors, Toll-like receptor agonists, checkpoint inhibitors, and
therapeutic vaccines.
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection is a global health problem with more than 295 million people infected
worldwide and as many as 1.6 million people infected in the United States[1,2]. Complications of chronic HBV infection,
including cirrhosis, hepatocellular carcinoma (HCC), and liver failure, may take years to develop and have led to more
than 800000 deaths each year[3-5].

While the ideal goal of HBV therapy would be a complete sterilizing cure, such a therapy does not exist because it is
difficult to directly target the covalently closed circular DNA (cccDNA) in the hepatocyte nucleus and the integration of
HBV DNA into the host genome. The best that can be achieved with current therapies is a functional cure where there is
loss of HBV surface antigen (HBsAg) with undetectable HBV DNA after 6 months off therapy. This is an important
endpoint given its association with reduced liver necroinflammation, reduced risk of HCC, increased liver fibrosis
regression, normalization of alanine aminotransferase (ALT) levels, reduced risk of liver cirrhosis, and increased survival
[6-11].

Current FDA-approved therapies include pegylated interferons (PEGIFNa) and nucleos(t)ide analogues (NA)[12,13].
PEGIFNa are administered as subcutaneous injections on a once weekly dosing schedule for one year. They exert
antiviral and immunomodulatory activities by enhancing cccDNA degradation and modifying cccDNA transcription.
PEGIFNa therapy has higher rates of HBsAg loss and HBV e-antigen (HBeAg) seroconversion than NA, but are
associated with poor tolerability and risk for depression[14,15]. In contrast, NA are administered orally every day. They
suppress HBV replication by causing chain termination when incorporated into HBV DNA undergoing reverse
transcription. Early NA such as Lamivudine and Adefovir had high rates of antiviral resistance with only a few years of
treatment[16]. NA currently used in clinical practice, namely, Tenofovir disoproxil fumarate (TDF) and Entecavir (ETV),
have potent antiviral activity and a high barrier to resistance[17]. Compared to PEGIFNo therapy, NA are well-tolerated,
but require a long term duration of maintenance therapy[18]. Both PEG-IFNa and NA therapies are unable to eliminate
the HBV because they do not directly target cccDNA and integrated HBV DNA. Consequently, cccDNA persists, which
enables transcription of RNA and translation of viral HBV proteins, such as HBsAg, to continue[19,20].

Rates of a functional cure with PEGIFNa and NA therapies are low. With PEGIFNa treatment, HBsAg loss has only
been reported in approximately 7% of both HBeAg positive and negative patients after a year of treatment[21]. HBsAg
loss is even lower in patients receiving NA, with only 0.3%-5% of HBeAg negative patients and 1.4% of HBeAg positive
patients achieving HBsAg loss after treatment for 5-7 years[22,23]. Given the limitations of existing HBV therapies, there
is great interest in novel HBV therapeutics that can lead to the following outcomes: Functional cure, improvement in
quality of life, and preventing progression of chronic HBV infection to cirrhosis, HCC, and HBV-related mortality.
Herein, this review will focus on novel HBV therapies in active phases II and III clinical trial development.

METHODOLOGY

This paper is a narrative review. Investigational agents for treatment of chronic HBV infection under active phases II and
III development were identified using the National Institutes of Health Clinical Trials directory[24]. This directory
includes details regarding the study design, population, treatment arms, and sponsoring pharmaceutical company for all
publicly supported clinical studies. Information from this website was incorporated in the development of Table 1, which
summarizes information about investigational agents in phases II and III trials without published study results. A
PubMed search was conducted for each investigational agent under active phases II and II development. Data was
retrieved from published original research articles and conference abstracts. The sponsoring pharmaceutical company
website for each investigational agent was reviewed for published presentation slides from international liver meetings.

FUTURE THERAPY FOR HEPATITIS B

A summary of the novel therapies in phases II and III development with study data are listed in Table 2, while therapies
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Table 1 Novel therapeutic agents for treatment of chronic hepatitis B infection in phase Il or lll development

Drug name (therapeutic class)

Drug sponsor

Phase

Core/ capsid inhibitors

JNJ56136379 (JNJ-6379)

ABI-H0731 (Vebicorvir)

Entry inhibitors

Bulevirtide (Hepcludex, formerly Myrcludex)
Small interfering RNA

GSK3228836 (Bepirovirsen)

VIR-2218

VIR-3314

JNJ-73753989 (JNJ-3989, formerly ARO-HBV)
Arbutus-729 (AB-729 or Imdusiran)

HBsAg inhibition

REP 2139/REP 2165

Toll-like receptor agonists

GS-9620 (Vesatolimod)

GS-9688 (Selgantolimod)

Therapeutic vaccines

GS-4774

BRII-179

Janssen Pharmaceutics

Assembly Biosciences

Gilead Sciences

Tonis Pharmaceuticals

Vir Biotechnology

Vir Biotechnology
GlaxoSmithKline Pharmaceuticals

Arbutus Biopharma

Replicor

Gilead Sciences

Gilead Sciences

Gilead Sciences

Brii Biosciences

I

I

1T

I

I

I

II

I

I

II

I

I

I

Table 2 Summary of novel investigational agents in phase Il trials for treatment of chronic hepatitis B infection

Drug name Dru Sample Prima
(therapeutic g Phase Trial ID Study design  Study population . . Intervention and control i
sponsor size outcome
class)
RG6346 Hoffman-La 1I NCT04225715 Randomized, Chronic HBV 280 Control arm: NA; Experi- Percentage of
(siRNA); Roche open-label, infection patients mental arms: (1) CpAM participants
RO7020531 parallel on established NA (RO7049389) + TLR-7 with HBsAg
(TLR-7 agonist) assignment monotherapy for > agonist (RO7020531) + NA;  loss at 24 wk
12 months, HBV (2) siRNA (RG6346) + NA;  after end of
DNA <20 IU/mL, (3) siRNA (RG6346) + PEG-  treatment
ALT <1.5 ULN IFN + NA; (4) siRNA
(RG6346) + TLR
(RO7020531) + NA; (5)
siRNA (RG6346) + PD-L1
LNA (R07191863) + NA
GC1102 Green Cross 1I NCT03801798 Double-blind, = Chronic HBV 42 Control arm: NA + placebo;  Proportion of
(HBsAg Corporation randomized, infection patients Experimental arm: NA + participants
neutralizing placebo- on NA > 24 wk GC1102 with >1 log
antibody) controlled, before screening IU/mL
parallel-group reduction in
HBsAg titer

CpAM: Core Protein Allosteric Modulator; HBV: Hepatitis B Virus; HBsAg: Hepatitis B surface antigen; LLOQ: Lower limit of quantification; NA:
Nucleos(t)ide therapy; TLR: Toll-like receptor; SIRNA: Short interfering RNA; ULN: Upper limit of normal.

without study data are listed in Table 1.

Core/capsid inhibitors

Capsid allosteric modulators directly target the destabilization of HBV core protein, resulting in the formation of
abnormal capsids or morphologically normal capsids lacking genetic material[25]. This prevents further release and

spread of HBV to other hepatocytes.
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JNJ56136379 (JNJ-6379): INJ56136379 (also known as JNJ-6379) targets the HBV capsid assembly process needed for HBV
replication. It accelerates the rate of HBV capsid assembly to form empty, morphologically intact viral capsids and has a
secondary mechanism of inhibiting de novo cccDNA[26].

The JADE study was a randomized, partially blinded, placebo-controlled phase II study evaluating the efficacy and
safety of JNJ-6379 in 232 adults with non-cirrhotic, chronic HBV infection. Participants were virally suppressed or not on
active treatment at the time of entry into the clinical trial. Participants were randomized to receive JNJ-6379, either as
monotherapy or in combination with NA (ETV or TDF), and then compared to a control group of placebo plus NA.
Dosing of JNJ-6379 at 75 mg and 250 mg daily was investigated. Overall, JNJ6379 did not show a clear benefit over NA
monotherapy. The primary endpoint of a 1log IU/mL mean decrease in HBsAg from baseline to week 24 for the JNJ-6379
treatment groups and control was not achieved. Specifically, the mean change in HBsAg compared to baseline for the
JNJ-6379 treatment groups ranged from -0.41 to 0.11 log IU/mL. Among participants who were HBeAg-positive at the
start of the study, there was also a limited reduction of HBeAg of 0.49 and 0.70 log IU/mL for JNJ-6379 75 mg and 250 mg
plus NA treatment groups, respectively. Over the 24-wk follow-up period, the use of JNJ6379 both as monotherapy and
in combination with NA led to a marked reduction in both HBV DNA (mean JNJ-6379 75 mg or 250 mg plus NA HBV
DNA reduction of 5.53 and 5.58 log IU/mL, respectively, compared with 5.21 log IU/mL in the placebo plus NA group)
and HBV RNA (mean JNJ-6379 75 mg and 250 mg plus NA HBV RNA reduction was 2.96 and 3.15 log IU/mL,
respectively, compared with 1.33 log IU/mL in the placebo plus NA group). Both doses of JNJ6379 were safe and well-
tolerated®!.

ABI-HO0731 (Vebicorvir): ABI-H0731 (Vebicorvir/VBR) is an orally administered small molecule that disrupts HBV
replication by inducing altered, non-functional core protein assembly[27].

One of the phase II studies evaluated the efficacy and safety of VBR in combination with ETV for treatment-naive, non-
cirrhotic, HBeAg positive study participants. In this double-blind, randomized, and placebo-controlled study,
participants either received a combination of once daily VBR 300 mg daily and ETV 0.5 mg daily, or a combination of
placebo and ETV 0.5 mg daily. The study revealed that the combination of VBR and ETV was safe and well-tolerated, and
augmented a reduction of HBV DNA and RNA. The primary endpoint was achieved as there was a significantly greater
mean log reduction in HBV DNA from baseline with VBR plus ETV combination therapy as compared to placebo plus
ETV therapy at both treatment weeks 12 (-4.45 log IU/mL with VBR and ETV vs -3.3 log IU/mL with placebo and ETV)
and 24 (-5.33 log IU/mL with VBR and ETV vs -4.2 log IU/mL with placebo and ETV). Furthermore, a greater proportion
of patients had normalized ALT levels by treatment week 24 among the VBR and ETV combination therapy group (12/13
participants) as compared to the placebo and ETV therapy group (5/12 participants). No resistance breakthrough
occurred with the use of VBR. The study demonstrated that VBR can be combined with current NA therapy to enhance
anti-viral activity in treatment-naive patients with chronic HBV infection[27].

Another phase II study evaluated the efficacy and safety of combination VBR and NA therapy as compared to NA
monotherapy in non-cirrhotic, chronic HBV participants who were virally suppressed by NA for at least 6 months. The 73
enrolled study participants were randomized to receive VBR 300 mg daily plus NA or matching placebo plus NA for 24
wk. Results showed that there was no difference between the two groups for the change in HBsAg or HBeAg from
baseline to treatment week 24. Of note, the combination of VBR plus NA led to a more marked reduction of HBV DNA
and pregenomic RNA at week 24 from baseline compared to the placebo plus NA group, irrespective of HBeAg status.
Among patients with detectable HBV DNA at baseline, there were a greater proportion of patients in the VBR plus NA
group (29/35 HBeAg+ patients, 16/17 HBeAg- patients) compared to the placebo plus NA group (17/59 HBeAg+
patients, 10/14 HBeAg- patients) who achieved undetectable HBV DNA levels at week 24. VBR was found to be safe and
well-tolerated. This clinical study provided further support that even greater levels of viral suppression can occur with
the addition of a VBR core inhibitor to existing NA therapies, although the clinical significance of this is yet to be invest-
igated[28].

Entry inhibitors
Entry inhibitors target the function of HBV surface proteins or host receptors to prevent HBV entry into the host cell
required for infection[29].

Bulevirtide (formerly Myrcludex): Bulevirtide is a synthetic myristoylated peptide entry inhibitor that competitively
binds and blocks a hepatocyte surface protein, sodium taurocholate cotransporting polypeptide (NTCP) receptor, such
that HBsAg is unable to enter the hepatocyte[29]. Hepatitis D virus (HDV) uses the same NTCP receptor as HBV, so
Bulevirtide has been also used to prevent co-infection by HDV[30]. Increases in bile acid level are expected since NTCP
plays a role in bile transport[31].

The MYR-201 study was a phase Ib/Ila, randomized, open-label study investigating the safety and efficacy of
Bulevirtide with regard to the HBV and HDV virologic response and tolerability. The study featured 24 participants
randomized to receive either Bulevirtide for 24 wk followed by PEGIFNa-2a weekly for 48 wk (Bulevirtide cohort), 2 mg
Bulevirtide daily plus PEGIFNa-2a weekly for 24 wk followed by 24 wk of PEGIFNa-2a alone (Bulevirtide-IFN cohort), or
PEGIFNe-2a weekly alone for 48 wk (IFN cohort). Study results revealed that HBsAg levels remained unchanged
compared to baseline throughout the study in all treatment groups. ALT normalized in 6/8 patients in the Bulevirtide
cohort compared to only 1/15 patient in the Bulevirtide-IFN and IFN cohorts. Notably, mean HBV DNA was significantly
reduced by 10'* copies/mL at week 24 from baseline in the Bulevirtide-IFN cohort, with 6/7 patients showing a > 1 log
decline. There was a non-significant decline of the HBV DNA from baseline in the IFN and Bulevirtide cohorts. This was
the first proof-of-concept study showing that Bulevirtide was safe and well-tolerated, and could enhance viral
suppression when used in combination with PEGIFNa-2a[32].
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Another phase II, multicenter, open-label study, known as MYR-202, randomized patients into four groups: 2 mg
subcutaneous Bulevirtide daily with TDF daily, 5 mg subcutaneous Bulevirtide daily with TDF daily, 10 mg
subcutaneous Bulevirtide daily with TDF daily, or TDF alone for a total of 24 wk. Therapeutic impact on HBsAg was
investigated as a secondary endpoint. There was no significant change in HBsAg concentration from baseline in any of
the treatment groups throughout the treatment and follow-up period. Like the MYR-201 study, Bulevirtide in the MYR-
202 study was well-tolerated. Common treatment-related adverse events included elevations in asymptomatic bile salt
levels and ALT levels[33].

MYR-203 assessed the safety and efficacy of Bulevirtide alone or in combination with PEGIFNa for 48 wk. Treatment
arms included PEGIFNa alone weekly, 2 mg Bulevirtide daily plus PEGIFNa weekly, 5 mg Bulevirtide daily plus
PEGIFNa weekly, or 2 mg Bulevirtide daily for a total of 48 wk. This was then followed by a treatment free period of 24
wk. By weeks 48 and 72, there was a > 1 log reduction from baseline or undetectable HBsAg levels in the Bulevirtide plus
PEGIFNa combination groups, but not in the monotherapy groups. Specifically, by 72 wk, 6/15 participants in the
combination arm of the 2 mg Bulevirtide plus PEGIFNa group and 2/15 participants in the 5 mg Bulevirtide plus
PEGIFNa group achieved either a > 1 log IU/mL decline or undetectable levels of HBsAg. MYR-203 study findings
demonstrated a potential role of combination Bulevirtide and PEGIFNa therapy in future HBV cure given that it led to a
large proportion of patients achieving HBsAg loss[34].

The MYR-204 multicenter, randomized phase II trial studied the safety and efficacy of Bulevirtide administered
subcutaneously at 2 mg or 10 mg daily dosing in combination with PEGIFNa weekly compared to Bulevirtide 10 mg
monotherapy over 48 wk. Interim data at the 24-wk mark showed that a > 1 log IU/mL decline in HBsAg levels from
baseline was achieved only in the Bulevirtide and PEGIFNa combination groups (10/100 participants) and the PEGIFNa
alone group (1/24 participants). There was a modest decline in HBV DNA from baseline in the groups that received
Bulevirtide (mean HBV DNA change ranged from -0.3 to -0.7 log IU/mL)[35].

The MYR-301 trial was the first phase III multicenter, randomized, parallel design study of Bulevirtide monotherapy at
2 and 10 mg daily dosing compared to no active anti-HDV treatment for 48 wk, defined as delayed treatments. For HBV
efficacy endpoints at week 48, no patient in any group experienced HBsAg loss and changes in HBsAg from baseline
were minimal. Only a small decline in HBV DNA levels was observed with Bulevirtide treatment. No severe adverse
effects were observed in patients receiving Bulevirtide that led to discontinuation of the drug[36].

Small interfering RNAs

Small interfering RNAs (siRNAs) are short RNA molecules that hybridize to specific viral mRNA sequences and target
bound mRNA for degradation[37]. Effectively, siRNA prevents the expression of HBV proteins needed for replication.

Bepirovirsen (GSK3228836): Bepirovirsen is an antisense oligonucleotide that targets all HBV RNA, including mRNA
and pregenomic RNA, and designates it for degradation[38].

One of the two phase II randomized controlled trials evaluated the safety, tolerability, and antiviral activity of
Bepirovirsen. The study enrolled 24 treatment-naive participants and 7 participants receiving stable NA therapy with
chronic HBV infection. Patients who were treatment-naive were randomized to receive placebo or Bepirovirsen at a dose
of 150 mg or 300 mg. Patients on stable NA therapy were randomized to receive placebo or Bepirovirsen at a dose of 300
mg. Bepirovirsen was administered twice weekly for 2 wk and then once weekly for another 2 wk, after which patients
were followed for 26 wk to assess for a change in HBsAg levels from baseline. After 4 wk of treatment with 300 mg
Bepirovirsen for treatment-naive patients, there was a significant decrease in HBsAg levels and HBV DNA from baseline
compared to placebo; this was not observed in the Bepirovirsen 150 mg group. Specifically, among treatment-naive
subjects, there was a mean 1.56 log IU/mL reduction in HBsAg in the Bepirovirsen 300 mg group from baseline to day 29,
as compared to a 0.5 log IU/mL reduction in the Bepirovirsen 150 mg group and < 0.07 log IU/mL reduction in the
placebo group. The timing of HBsAg reduction in responders occurred rapidly after 4 wk of therapy. Bepirovirsen was
found to have a favorable safety profile and treatment response, which encouraged its use in a larger study cohort[39].

The B-Clear Trial was a phase IIb randomized controlled study investigating the efficacy and safety of Bepirovirsen in
457 enrolled participants with chronic HBV infection when used for 12 and 24 wk. Results revealed that 6/68 participants
and 7/70 participants who received 24 wk of Bepirovirsen once weekly with and without NA therapy, respectively,
achieved HBsAg and HBV DNA loss that persisted for 24 wk following the end of the treatment period. While there were
similar results of HBsAg loss irrespective of NA therapy use or HBeAg status, HBsAg loss among patients who were
HBeAg-positive only occurred in those receiving NA therapy. The study also showed that levels of HBsAg at baseline can
be predictive of response to therapy. Specifically, receiver operating characteristic curve analysis revealed that baseline
HBsAg level < 3000 IU/mL was the cutoff level associated with functional cure when treated with Bepirovirsen. Common
adverse events observed more commonly in the study cohort receiving Bepirovirsen compared to placebo included
injection site reactions, pyrexia, fatigue, and increased ALT levels. A brief increase in HBV DNA observed after stopping
Bepirovirsen raised potential concerns about the durability of treatment response; however, these blips in HBV DNA
levels were postulated to be due to spontaneous release of virions from the hepatic reservoir. Durability of treatment
response will be investigated in future studies with longer follow-up time[40].

VIR-2218: VIR-2218 is a triantennary N-acetyl galactosamine (GalNAc) conjugated siRNA that targets the X region of the
HBYV genome[41]. As the X region contains overlapping HBV gene templates, the use of a single siRNA can effectively
silence all HBV RNA production in this region. VIR-2218 can also suppress the X-mediated upregulation of cccDNA
transcription.

VIR-2218-1001 was a two-part, phase I/1I, randomized, double-blind, and placebo-controlled study. The first part of
the study evaluated the safety and tolerability of a single dose of VIR-2218 at six dosing levels administered to healthy
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adult volunteers. The second part of the study evaluated the safety and therapeutic effect across various increase doses of
VIR-2218 given 4 wk apart. Study participants were non-cirrhotic adults with chronic HBV infection on NA therapy for at
least 6 months and HBV DNA < 90 IU/mL. In both parts of the study, VIR-2218 was well-tolerated across all dose levels
with only mild adverse events, commonly headache, injection site reactions, and mild ALT elevations. The study found a
dose-dependent reduction in HBsAg in all VIR-2218 treatment groups compared to placebo by the 48-wk follow-up. A
total of 12/24 participants across the VIR-2218 cohorts as compared to none in the placebo group achieved a reduction of
HBsAg levels to < 100 IU/mL. The greatest mean reduction of HBsAg (-1.65 log IU/mL) occurred at week 20 for those
receiving the 200 mg VIR-2218. While no participants had serum HBsAg loss or anti-HBs seroconversion by week 48, an
HBsAg level < 100 IU/mL has been associated with a significantly higher chance of HBsAg loss[42]. This study
demonstrated that VIR-2218 is well-tolerated with antiviral effects that could potentially lead to functional cure[43].

Another phase II trial investigated the safety and efficacy of VIR-2218 alone and in combination with PEGIFNo in non-
cirrhotic participants with chronic HBV infection. Inclusion criteria included NA therapy for at least 2 months, HBsAg >
50 IU/mL, and HBV DNA < 90 IU/mL. Preliminary data revealed that VIR-2218 was generally well-tolerated both alone
and in combination with PEGIFNa. Adverse events that occurred were more consistent with known effects of PEGIFNa,
such as mild ALT elevations and reductions in neutrophil and platelet levels. Four of 13 study participants treated with
VIR-2218 combined with PEGIFNa for a longer duration of 48 wk achieved HBsAg seroclearance and anti-HBs serocon-
version. Patients in this longer duration combination group also had the largest mean HBsAg reduction of 2.9 log IU/mL
at the end of therapy. While the study is still ongoing with longer follow-up time, the preliminary results demonstrate
that the antiviral effect of VIR-2218 may be potentiated by PEGIFNa and they show promise as a future combination
therapy[44].

VIR-3434: VIR-3434 is a subcutaneously administered monoclonal antibody that targets an antigenic loop of HBsAg to
block HBV cell entry[45]. In addition to clearing HBsAg, it can stimulate T cells for a vaccinal effect.

The MARCH trial was a phase II study that evaluated the safety, tolerability, and antiviral activity of VIR-2218 and
VIR-3434 either as monotherapy or as combination therapy. Study participants were virally-suppressed, non-cirrhotic
adults on NA therapy with chronic HBV infection. Both VIR-2218 and VIR-3434 were well-tolerated with mild adverse
effects. The study was instrumental in showing that the combination of VIR-2218 and VIR-3434 Led to a marked mean
HBsAg decline of > 2.5 log IU/mL in all cohorts. In fact, most participants were able to achieve an HBsAg level <
10 IU/mL. VIR-3434 has an additive effect to VIR-2218 in achieving a greater HBsAg reduction compared to mono-
therapy; this is consistent with their established complimentary mechanisms of action on HBV replication[46].

JNJ-73753989 (JNJ-3989, formerly ARO-HBV): JNJ-3989 is composed of two siRNAs which target both the S gene and X
gene of the HBV. Consequently, it impairs the production of HBV RNA transcripts which are essential for replication[47].

A phase Ila clinical trial assessed the safety and efficacy of JNJ-3989 both with and without JNJ-6379 in 84 recruited
participants with chronic HBV infection who were treatment-naive or on chronic NA-suppressive therapy. All
participants received an NA throughout the study. JNJ-3989 was well-tolerated across all doses throughout the study
period. By day 112, there was an HBsAg reduction of > 1 log IU/mL from baseline in 39/40 participants who received 100
to 400 mg of JNJ-3989 every 4 wk in combination with an NA daily. Also, 30/40 patients achieved HBsAg < 100 IU/mL
by day 112. A dose-dependent relationship was seen with higher doses of JNJ-3989 achieving higher levels of HBsAg
reductions. More frequent dosing intervals did not change the magnitude and rate of response compared to dosing of
JNJ-3989 every 4 wk. All 12 patients in the triple combination of JNJ-3989, JNJ-6379, and NA therapy achieved a > 1 log
IU/mL HBsAg reduction from baseline to the nadir. The HBsAg reduction was also durable - 15/19 participants
maintained a > 1 log HBsAg reduction for nearly 336 d after their last JNJ-3989 dose. This trial provided support that JN]J-
3989 can be used safely in combination with an NA and that JNJ-6379 is an efficacious and durable HBV therapy[48].

The REEF-1 study was a large multicenter, double-blinded, randomized, phase IIb clinical trial studying the efficacy
and safety of combination therapies of JNJ6379, JNJ-3989, and NA at various doses. The study featured non-cirrhotic
adults with chronic HBV infection who were either treatment-naive or virologically suppressed on NA therapy. The
primary endpoint was the proportion of patients who met NA stopping criteria, as defined as ALT < 3 x upper limit of
normal, HBV DNA less than the lower limit of quantitation, HBeAg negativity, and HBsAg < 10 IU/mL by week 48. Over
the course of 48 wk, JNJ-3989 in combination with NA therapy led to a robust, dose-dependent response for meeting NA
stopping criteria as well as reducing HBsAg and HBV RNA levels. In fact, 94/96 patients in the combination JNJ3989 200
mg every 4 wk and NA group had a >1 log IU/mL HBsAg decline with a mean decline of 2.6 log IU/mL. Most patients
did not reach the NA stopping criteria for two reasons: Failure to achieve HBsAg < 10 IU for those who were HBeAg-
negative at baseline, or not achieving HBeAg seronegative status for patients who were HBeAg-positive at baseline. JNJ-
3989 in combination with NA was safe and well-tolerated. Overall, REEF-1 showed that the combination of novel
therapies, involving JNJ-3989 and/ or JNJ6379, with established NA therapies is insufficient to achieve functional cure, but
can achieve substantial HBsAg reductions[49].

Arbutus-729 (AB-729 or Imdusiran): AB-729 is a subcutaneously administered, GalNAc-conjugated RNA interference
agent that blocks all RNA transcripts and reduces all HBV viral antigens[50]. It has an immunostimulatory component by
enhancing HBV-specific T cell responses following repeat dosing[51].

In the AB-729-001 phase II study, healthy subjects and those with chronic HBV infection were subjected to single and
repeat doses of AB-729 at various doses (60 or 90 mg of AB-729) and frequencies (every 4, 8, or 12 wk). ABI-729 with
repeat dosing was found to be safe and well-tolerated. The most frequent adverse events included injection site events
and asymptomatic ALT elevations which were Grade 2 in severity or lower. There was a robust and persistent decline in
HBsAg in most subjects across cohorts regardless of dose, dosing interval, or HBeAg status; there was a mean reduction
of HBsAg by 1.5 log IU/mL from baseline to 24 wk after the last dose. In fact, 26/34 participants achieved HBsAg < 100
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IU/mL at some point in the study. As well, there was a sustained reduction in HBsAg and HBV DNA in 7 of 9 patients
even after discontinuation of both AB-729 and NA-therapy. Only one subject seroconverted at week 48. These study
findings demonstrated that AB-729 may be considered as a potential therapy for achieving functional cure of chronic
HBYV infection[52].

The AB-729-201 trial was a randomized, open-label, multicenter, phase Ila study which evaluated the safety,
tolerability, and antiviral activity of AB-729 with PEGIFNoa. The 43 non-cirrhotic, HBeAg-negative subjects had virally
suppressed chronic HBV infection and were on stable NA therapy for at least 12 months prior. Patients received 4 doses
of ABI-729 60 mg every 8 wk, and at week 24 were randomized to either of two treatment combinations (AB-729 + NA +
PEGIFNa or NA + IFN) and at two treatment durations (12 wk vs 14 wk) followed by another 24 wk of follow-up where
patients were evaluated to stop NA therapy. Preliminary results showed that by week 24 of treatment, there was a mean
HBsAg decline of 1.6 log IU/mL across all cohorts. As well, 38 of 41 subjects achieved HBsAg levels <100 IU/mL at some
point during the treatment period. The interim data also showed that AB-729 with and without IFN was safe and well-
tolerated with most treatment related adverse events unrelated to AB-729 therapy[53].

HBsAg inhibition

HBsAg is a main surface protein on the envelope of the new HBV virion and subviral particles that maintains chronic
infection via immune exhaustion[54]. HBsAg loss is one primary component required for functional cure[55]. HBsAg
inhibitors disrupt the secretory processes involved in translocating HBsAg to the surface and effectively decrease HBsAg
availability[56].

REP 2139/REP 2165 (Replicor): REP2139 is a nucleic acid polymer (NAP) that stops the assembly of subviral particles in
hepatocytes and blocks the release of HBsAg[57]. REP2165 is a biologically equivalent variant of REP2139 with equivalent
HBYV antiviral activity in vivo. However, it has accelerated clearance which may be useful in cases requiring high
frequency dosing for patients with slow rates of HBsAg clearance[58].

REP401 was an open-label phase 2 study evaluating the safety and efficacy of the combination therapy TDF, PEGIFNa,
and either REP2139 or REP2165. Participants had chronic HBV infection and were HBeAg-negative. Patients received 24
wk of TDF therapy, followed by 24 wk of a control backbone therapy (TDF and PEGIFNo) or combination triple therapy
(TDF, PEGIFNa, and either REP2139 or REP2165). Then participants were monitored for a treatment-free period of 48 wk.
The addition of either REP2139 or REP2165 to TDF and PEGIFNa was safe and well-tolerated. Use of REP2139/REP2165
did not affect PEGIFNa-induced thrombocytopenia and neutropenia. Notably, there was a significantly more frequent
and greater increase in asymptomatic transaminase levels among patients receiving an NAP which correlated with an
initial decrease in HBsAg levels. From weeks 25 to 48, the combination triple therapy led to a rapid 4 to 6 log IU/mL
decline in HBsAg in 15/20 patients by week 35. By week 48, HBsAg was not detected in 10 of 20 patients and HBsAg
seroconversion was achieved in 11/20 patients, all with HBsAg <1 log IU/mL. In contrast, the control backbone therapy
group had an HBsAg decline > 1 log IU/mL in only 3 of 20 patients with no HBsAg seroconversion observed. Both the
triple combination group and control group achieved a similar HBV DNA decline with 18 of 40 participants achieving
HBV DNA less than the lower limit of quantification by week 48. In the 48-wk follow period, functional cure persisted in
14 of the 40 patients. Within the triple combination therapy group, there was no difference in response between REP2139
and REP2165 with regards to HBsAg, hepatitis B surface antibody (anti-HBs), and HBV DNA levels. REP401 showed that
the addition of REP2139 or REP2165 to TDF and PEGIFNa therapy did not affect tolerability and increased rate of
functional cure both during and after therapy[59].

REP301 was an open-label, nonrandomized, phase II trial investigating the use of REP2139 with PEGIFNa-2a in adults
with chronic HBV infection. These participants were HBe Ag-positive, anti-hepatitis D antigen-positive, and HDV RNA-
positive, and had an HBsAg levels > 1000 IU/mL. Study subjects received intravenous (IV) REP2139 once weekly for 15
wk, followed by a combination of IV REP2139 and subcutaneous PEGIFNo-2a once weekly for another 15 wk, and then
finally, PEGIFNo-2a for 33 wk. By the end of treatment, 6/12 subjects had HBsAg < 50 IU/mL, 6/12 subjects had HBsAb
> 10 mIU/mL, and 9/12 subjects had suppressed HBV DNA < 10 IU/mL. The response was durable to 1 year of follow-
up: 5/6 patients maintained HBsAg suppression < 50 IU/mL, all 6/6 patients maintained HbsAb > 10 mIU/mL, and 7/9
patients had HBV DNA < 10 IU/mL. Use of both REP2139 and PEGIFNa-2a was safe and well-tolerated. The most
frequent adverse events with REP2139 monotherapy were pyrexia and chills, while the introduction of PEGIFNa-2a led to
asymptomatic transient elevations in ALT and aspartate aminotransferase (AST). REP301 underscored that combination
REP2139 therapy with PEGIFNo-2a has robust and durable HBV and HDV antiviral effects even after completion of
therapy[60].

Toll-like receptor agonists
Toll-like receptor (TLR) agonists act as immunomodulators to enhance the immune response against chronic HBV

infection[61]. They induce the production of interferons, cytokines, and chemokines which upregulate antiviral effects
[62].

Vesatolimod (GS-9620): Vesatolimod selectively activates TLR-7 found in gut-associated plasmacytoid dendritic cells and
B lymphocytes to upregulate T and B cell responses[63].

The first phase II double-blind, randomized, placebo-controlled study evaluated the safety, efficacy, and pharmacody-
namics of Vesatolimod in virally-suppressed, non-cirrhotic patients with chronic HBV infection. The 162 participants
were randomized to receive weekly dosed placebo or Vesatolimod (1 mg, 2 mg, or 4 mg) for various treatment durations
(4, 8, 12, and 48 wk). Vesatolimod was safe and well-tolerated at all doses with no clinically significant adverse events or
lab derangements in the cohorts. Although the biological activity of Vesatolimod was verified with a dose-dependent
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pharmacodynamic induction of the biomarker ISG15, no significant HBsAg decline from baseline was observed in any of
the cohorts by week 48[64].

The second phase II study evaluated the safety and efficacy of Vesatolimod on patients with non-cirrhotic, chronic
HBYV infection who were not on oral antiviral treatment for at least 3 months. Additionally, patients had HBV DNA >
2000 IU/mL. In this multicenter, double blind, randomized, placebo-controlled study, patients were randomized to
receive weekly placebo or oral Vesatolimod (1 mg, 2 mg, or 4 mg) for 12 wk. All subjects also received TDF of 300 mg
daily for 48 wk. Vesatolimod was safe and well-tolerated. None of the patients achieved HBsAg loss or HBsADb serocon-
version in any of the cohorts, and there was no significant difference in the decline of HBsAg among the Vesatolimod
treatment groups compared to placebo. Only three total patients in the Vesatolimod groups had HBeAg loss and HBeAb
seroconversion at week 48. There was no significant difference in HBV DNA decline among the Vesatolimod groups
compared to placebo. Like the first study, a pharmacodynamic response was verified with a consistent dose-dependent
induction of ISG15 biomarker level[65].

Selgantolimod (GS-9688): Selgantolimod is a selective TLR-8 agonist with antiviral activity against chronic HBV
infection. It leads to the production of proinflammatory cytokines, chemokines, and interferons that initiate an innate and
adaptive immune response against HBV[66].

A phase II, randomized, double-blind, placebo-controlled, multicenter study investigated the safety and efficacy of
Selgantolimod in virally suppressed individuals on antiviral therapy with chronic HBV infection. Patients were
randomized to receive once weekly placebo or oral Selgantolimod dosed at 1.5 mg or 3 mg for a total of 24 wk while
continuing oral NA agents. Only one of the 48 participants in the 1.5 mg Selgantolimod group achieved the primary
endpoint of a 21 log IU/mL decline in HBsAg from baseline to week 24. As compared to placebo where no participants
achieved HBsAg or HBeAg loss, 2 of the 39 subjects with HBeAg negative status achieved HBsAg loss and 3 of the 39
subjects had HBeAg loss in the Selgantolimod groups. The largest HBsAg reductions during the study occurred in
patients who received Selgantolimod. In fact, HBsAg declines persisted even after treatment cessation. Selgantolimod was
safe and generally well-tolerated with the most common adverse events including nausea, vomiting, and headache[67].

Therapeutic vaccinations

Therapeutic vaccinations present HBV vaccine antigens in a non-infective form to antigen presenting cells to stimulate a
CD4 and CD8-mediated T cell response against HBV[68]. In comparison to preventative vaccines, therapeutic vaccin-
ations are given during ongoing infection.

GS-4774: GS-4774 is a vaccine composed of heat-inactivated yeast cells expressing HBsAg, hepatitis B core antigen, and
HBV-encoded oncogene X protein as a single fusion protein. Inoculation of individuals with GS-4774 as a subcutaneous
injection elicits a significant T cell response[69].

A phase II study evaluated the safety, tolerability, and efficacy of GS-4774 in non-cirrhotic patients with chronic HBV
infection who were virally suppressed with oral antiviral therapy for at least a year. Subjects were randomized to receive
either oral antivirals alone or a combination therapy of oral antivirals plus GS-4772 (dosed as 2, 10, or 40 yeast units)
subcutaneously every 4 wk until week 20. Subjects continued oral antivirals for the remainder of the study to week 24 and
then followed to week 48. No significant difference in mean HBsAg decline was found from baseline to week 24 or week
48 between any of the GS-4772 combinations therapy groups compared to oral antivirals alone. No patient experienced
loss of HBsAg. Combination therapy of GS-4774 and antivirals was found to be safe and well-tolerated - there was no
virologic breakthrough or treatment discontinuations in any patient and injection site reactions were the most common
adverse event. The study showed that GS-4774 has limited efficacy for functional cure of chronic HBV infection among
virally suppressed patients[70].

Another phase II, open-label, multicenter study evaluated the safety and efficacy of GS-4774 in combination with TDF
in patients who were treatment-naive. Inclusion criteria included positive HBsAg serology for at least 6 months, HBV
DNA levels > 2000 IU/mL, and no use of antiviral therapy within 3 months of study screening. Subjects were randomized
to receive oral TDF alone or in combination with GS5-4774 (dosed 2, 10, or 40 yeast units) every 4 wk until week 20. GS-
4774 was safe and well-tolerated. There was no significant decrease in levels of HBsAg from baseline to weeks 24 and 48
among treatment groups despite a strong immune stimulatory effect on CD8+ T cells[71].

BRII-179: BRII-179 is a virus-like therapeutic vaccine expressing Pre-S1, Pre-S2, and S HBV surface antigens which
stimulates an HBV specific T and B cell-mediated response[72].

In a randomized, open-label phase Ib/Ila study, the safety, antiviral activity, and immunogenicity of subcutaneously-
administered BRII-179 at 20 mcg and 40 mcg doses with and without PEGIFNa was evaluated in subjects with non-
cirrhotic, chronic HBV infection. Subjects did not have detectable levels of HBsAg and were on NA for at least 6 months
prior to the study. Results showed that both doses of BRII-179 were safe and well-tolerated with no severe adverse
events. Limited HBsAg reductions (< 0.2 log HBsAg IU/mL) from baseline were observed after 4 doses of BRI-179 in both
dosing groups. BRII-179 was found to be immunogenic: All BRII-179 treatment groups had increased HBsAb levels by at
least > 30%, as compared to NA therapy alone which elicited no detectable anti-HBs response[72].

BRII-179 was also studied in combination with VIR-2218 for treating chronic HBV infection. An ongoing phase II study
with interim results compared the combination of BRII-179 and VIR-2218 to VIR-2218 alone. Subjects were virally
suppressed on an NA for at least 12 months and had HBV DNA less than the lower limit of quantification. Patients were
followed to week 40. Interim results showed that BRII-179 in combination with VIR-2218 was safe and well-tolerated with
mild adverse events, most commonly an injection site reaction. Although no significant difference in mean HBsAg
reduction from baseline was found between combination therapy and VIR-2218 alone, the combination of BRII-179 and
VIR-2218 led to a potent increase in anti-HBs level of more than 100 IU/L in more than 40% of the subjects compared to
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none in the VIR-2218 alone. Final results will evaluate the long-term therapeutic and immune response to BRII-179 and
VIR-2218 combination therapies[73].

Anti-programmed cell death ligand-1

In chronic HBV infection, there is upregulation of programmed cell death ligand-1 (PD-L1) which is responsible for T-cell
exhaustion and persistence of HBV viral disease[74]. The goal of checkpoint inhibitor therapy that blocks PD-L1 is to
restore the function of HBV-specific T cells[75].

ASC22 (Envafolimab): ASC22 is a subcutaneously administered immunotherapy that blocks the programmed cell death
protein 1 (PD-1)/PD-L1 pathway to restore T cell function. A phase IIb, randomized, single-blind, multicenter clinical
trial was conducted to assess the efficacy and safety of ASC22 in subjects with chronic HBV infection who were virally
suppressed on NA. Included subjects had HBsAg < 10000 IU/mL, HBV DNA < 20 IU/mL, and ALT/AST less than 2 x
upper limit of normal, and were HBeAg-negative. Subjects were randomized to recieve either 1 mg/kg or 2 mg/kg
subcutaneously-administered ASC22 every 2 wk in combination with an NA for 24 wk or placebo with NA. Both groups
then received an additional 24 wk of NA therapy. Interim results of the combination therapy group with 1 mg/kg ASC22
and NA showed a more significant HBsAg reduction as compared to placebo and NA therapy, especially among patients
with a baseline HbsAg level < 100 IU/mL. This response was durably sustained - 3 of the 7 patients with baseline HBsAg
<100 IU/mL in the ASC22 treatment group was able to sustain an HBsAg loss lower than the lower limit of quanti-
fication (0.05 IU/mL) by the end of the follow-up period. ASC22 1 mg/kg combined with NA for up to 24 wk was also
safe and well-tolerated. Low-grade ALT flares were observed in 10/48 patients from the ASC22 group compared to none
in the placebo group; these ALT flares also tended to occur more frequently in patients with a more significant HBsAg
reduction. Thus, ALT flares may be a marker to monitor treatment response[76,77].

CONCLUSION

Current antiviral therapy with PEGIFNa and NA have low rates of functional cure and have limitations with regards to
adverse effects, adherence, resistance, long-term treatment, and ongoing risk for liver events. Innovative clinical trials
have been key in the development of novel therapies with a diverse range of mechanisms that strive to achieve the goal of
functional cure (sustained HBsAg loss and undetectable HBV DNA 24 wk post-treatment). Based on available phases 2
and 3 data, it appears that single agent approaches (e.g., RNAi alone) are unlikely to result in HBsAg loss and therefore
agents combining HBsAg lowering antivirals (e.g., RNAi and monoclonal antibody) +/- immunomodulator +/- NA may
be required. Combination regimens with two drug (RNAi plus NA with bepirovirsen) or three drug approaches (RNAi
plus immunomodulator plus NA with VIR-2218/ PEGIFNa/NA) have demonstrated proof of principle that functional
cure can be achieved. Future randomized controlled trials in larger representative cohorts (HBeAg-positive/negative,
NA-naive/experienced, low vs high HBsAg titer) are needed to further confirm the efficacy/safety profiles of functional
curative regimens and predictors of virologic response.

FOOTNOTES

Author contributions: Lam R collected the data; Lam R and Lim JK wrote and revised the manuscript.

Conflict-of-interest statement: Robert Lam reports no conflict of interest; Joseph K Lim has received research funding (to Yale University)
from Gilead, Intercept, Inventiva, Novo Nordisk, Pfizer, and Viking.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country/Territory of origin: United States
ORCID number: Joseph K Lim 0000-0003-1037-5773.

S-Editor: Liu JH
L-Editor: Wang TQ
P-Editor: Zheng XM

REFERENCES

1 Lim JK, Nguyen MH, Kim WR, Gish R, Perumalswami P, Jacobson IM. Prevalence of Chronic Hepatitis B Virus Infection in the United
States. Am J Gastroenterol 2020; 115: 1429-1438 [PMID: 32483003 DOI: 10.14309/aj2.0000000000000651]
2 Cui F, Blach S, Manzengo Mingiedi C, Gonzalez MA, Sabry Alaama A, Mozalevskis A, Séguy N, Rewari BB, Chan PL, Le LV, Doherty M,

gﬁ;@ WIH | https://www.wjgnet.com 339 March 27,2024 | Volume16 | Issue3 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-1037-5773
http://orcid.org/0000-0003-1037-5773
http://www.ncbi.nlm.nih.gov/pubmed/32483003
https://dx.doi.org/10.14309/ajg.0000000000000651

Lam R et al. Novel therapies for chronic HBV infection

6

16

20

21

28

29

Luhmann N, Easterbrook P, Dirac M, de Martel C, Nayagam S, Hallett TB, Vickerman P, Razavi H, Lesi O, Low-Beer D. Global reporting of
progress towards elimination of hepatitis B and hepatitis C. Lancet Gastroenterol Hepatol 2023; 8: 332-342 [PMID: 36764320 DOI:
10.1016/S2468-1253(22)00386-7]

Lok AS, McMahon BJ. Chronic hepatitis B: update 2009. Hepatology 2009; 50: 661-662 [PMID: 19714720 DOI: 10.1002/hep.23190]
McMahon BJ. The natural history of chronic hepatitis B virus infection. Hepatology 2009; 49: S45-S55 [PMID: 19399792 DOI:
10.1002/hep.22898]

Polaris Observatory Collaborators. Global prevalence, treatment, and prevention of hepatitis B virus infection in 2016: a modelling study.
Lancet Gastroenterol Hepatol 2018; 3: 383-403 [PMID: 29599078 DOI: 10.1016/S2468-1253(18)30056-6]

Chu CM, Liaw YF. Hepatitis B surface antigen seroclearance during chronic HBV infection. Antivir Ther 2010; 15: 133-143 [PMID:
20386068 DOI: 10.3851/IMP1497]

Arase Y, lkeda K, Suzuki F, Suzuki Y, Saitoh S, Kobayashi M, Akuta N, Someya T, Hosaka T, Sezaki H, Kumada H. Long-term outcome
after hepatitis B surface antigen seroclearance in patients with chronic hepatitis B. 4m J Med 2006; 119: 71.9-71.16 [PMID: 16431195 DOI:
10.1016/j.amjmed.2005.02.033]

Liu J, Yang HI, Lee MH, Lu SN, Jen CL, Batrla-Utermann R, Wang LY, You SL, Hsiao CK, Chen PJ, Chen CJ; R. E.V.E.A.L.-HBV Study
Group. Spontaneous seroclearance of hepatitis B seromarkers and subsequent risk of hepatocellular carcinoma. Gur 2014; 63: 1648-1657
[PMID: 24225939 DOI: 10.1136/gutjnl-2013-305785]

Moucari R, Marcellin P. [HBsAg seroclearance: prognostic value for the response to treatment and the long-term outcome]. Gastroenterol
Clin Biol 2010; 34 Suppl 2: S119-S125 [PMID: 21095515 DOI: 10.1016/S0399-8320(10)70031-2]

Yuen MF, Wong DK, Fung J, Ip P, But D, Hung I, Lau K, Yuen JC, Lai CL. HBsAg Seroclearance in chronic hepatitis B in Asian patients:
replicative level and risk of hepatocellular carcinoma. Gastroenterology 2008; 135: 1192-1199 [PMID: 18722377 DOI:
10.1053/j.gastro.2008.07.008]

Yuen MF, Wong DK, Sablon E, Tse E, Ng 10, Yuan HJ, Siu CW, Sander TJ, Bourne EJ, Hall JG, Condreay LD, Lai CL. HBsAg
seroclearance in chronic hepatitis B in the Chinese: virological, histological, and clinical aspects. Hepatology 2004; 39: 1694-1701 [PMID:
15185311 DOI: 10.1002/hep.20240]

Zhang W, Zhang D, Dou X, Xie Q, Jiang J, Chen X, Ren H. Consensus on Pegylated Interferon Alpha in Treatment of Chronic Hepatitis B. J
Clin Transl Hepatol 2018; 6: 1-10 [PMID: 29577026 DOI: 10.14218/JCTH.2017.00073]

Kim S8, Cheong JY, Cho SW. Current Nucleos(t)ide Analogue Therapy for Chronic Hepatitis B. Gut Liver 2011; 5: 278-287 [PMID:
21927654 DOI: 10.5009/gnl.2011.5.3.278]

Craxi A, Cooksley WG. Pegylated interferons for chronic hepatitis B. Antiviral Res 2003; 60: 87-89 [PMID: 14638403 DOI:
10.1016/j.antiviral.2003.08.015]

Yang JF, Kao YH, Dai CY, Huang JF, Hsich MY, Lin ZY, Chen SC, Wang LY, Chuang WL, Yu ML. Comparison of adverse effects related
to pegylated interferon-based therapy for patients with chronic hepatitis B and chronic hepatitis C in Taiwan. Hepatol Int 2010; 4: 732-740
[PMID: 21286344 DOI: 10.1007/s12072-010-9208-0]

Ryu SH, Chung YH. [Resistance to adefovir in patients with chronic hepatitis B]. Korean J Hepatol 2006; 12: 484-492 [PMID: 17237626]
Lam YF, Yuen MF, Seto WK, Lai CL. Current Antiviral Therapy of Chronic Hepatitis B: Efficacy and Safety. Curr Hepat Rep 2011; 10: 235-
243 [PMID: 22131901 DOI: 10.1007/s11901-011-0109-7]

Choi MS, Yoo BC. Management of chronic hepatitis B with nucleoside or nucleotide analogues: a review of current guidelines. Gut Liver
2010; 4: 15-24 [PMID: 20479908 DOI: 10.5009/gnl.2010.4.1.15]

Yang HC, Kao JH. Persistence of hepatitis B virus covalently closed circular DNA in hepatocytes: molecular mechanisms and clinical
significance. Emerg Microbes Infect 2014; 3: e64 [PMID: 26038757 DOI: 10.1038/emi.2014.64]

Martinez MG, Villeret F, Testoni B, Zoulim F. Can we cure hepatitis B virus with novel direct-acting antivirals? Liver Int 2020; 40 Suppl 1:
27-34 [PMID: 32077597 DOL: 10.1111/1iv.14364]

Flink HJ, van Zonneveld M, Hansen BE, de Man RA, Schalm SW, Janssen HL; HBV 99-01 Study Group. Treatment with Peg-interferon
alpha-2b for HBeAg-positive chronic hepatitis B: HBsAg loss is associated with HBV genotype. Am J Gastroenterol 2006; 101: 297-303
[PMID: 16454834 DOI: 10.1111/§.1572-0241.2006.00418.x]

Chang TT, Lai CL, Kew Yoon S, Lee SS, Coelho HS, Carrilho FJ, Poordad F, Halota W, Horsmans Y, Tsai N, Zhang H, Tenney DJ, Tamez
R, Iloeje U. Entecavir treatment for up to 5 years in patients with hepatitis B e antigen-positive chronic hepatitis B. Hepatology 2010; 51: 422-
430 [PMID: 20049753 DOI: 10.1002/hep.23327]

Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, Chang TT, Kitis G, Rizzetto M, Marcellin P, Lim SG, Goodman Z, Ma J, Brosgart CL,
Borroto-Esoda K, Arterburn S, Chuck SL; Adefovir Dipivoxil 438 Study Group. Long-term therapy with adefovir dipivoxil for HBeAg-
negative chronic hepatitis B for up to 5 years. Gastroenterology 2006; 131: 1743-1751 [PMID: 17087951 DOI: 10.1053/j.gastr0.2006.09.020]
National Institutes of Health. U.S. Government, 2023. Available from: https://clinicaltrials.gov

Fanning GC, Zoulim F, Hou J, Bertoletti A. Therapeutic strategies for hepatitis B virus infection: towards a cure. Nat Rev Drug Discov 2019;
18: 827-844 [PMID: 31455905 DOI: 10.1038/s41573-019-0037-0]

Berke JM, Dehertogh P, Vergauwen K, Van Damme E, Mostmans W, Vandyck K, Pauwels F. Capsid Assembly Modulators Have a Dual
Mechanism of Action in Primary Human Hepatocytes Infected with Hepatitis B Virus. Antimicrob Agents Chemother 2017; 61 [PMID:
28584155 DOI: 10.1128/AAC.00560-17]

Sulkowski MS, Agarwal K, Ma X, Nguyen TT, Schiff ER, Hann HL, Dieterich DT, Nahass RG, Park JS, Chan S, Han SB, Gane EJ, Bennett
M, Alves K, Evanchik M, Yan R, Huang Q, Lopatin U, Colonno R, Ma J, Knox SJ, Stamm LM, Bonacini M, Jacobson IM, Ayoub WS, Weilert
F, Ravendhran N, Ramji A, Kwo PY, Elkhashab M, Hassanein T, Bae HS, Lalezari JP, Fung SK, Yuen MF. Safety and efficacy of vebicorvir
administered with entecavir in treatment-naive patients with chronic hepatitis B virus infection. J Hepatol 2022; 77: 1265-1275 [PMID:
35697332 DOI: 10.1016/j.jhep.2022.05.027]

Yuen MF, Agarwal K, Ma X, Nguyen TT, Schiff ER, Hann HL, Dieterich DT, Nahass RG, Park JS, Chan S, Han SB, Gane EJ, Bennett M,
Alves K, Evanchik M, Yan R, Huang Q, Lopatin U, Colonno R, Ma J, Knox SJ, Stamm LM, Bonacini M, Jacobson IM, Ayoub WS, Weilert F,
Ravendhran N, Ramji A, Kwo PY, Elkhashab M, Hassanein T, Bae HS, Lalezari JP, Fung SK, Sulkowski MS. Safety and efficacy of
vebicorvir in virologically suppressed patients with chronic hepatitis B virus infection. J Hepatol 2022; 77: 642-652 [PMID: 35460726 DOI:
10.1016/j.jhep.2022.04.005]

Yardeni D, Koh C. Bulevirtide for HBV and HDV infections. Drugs Today (Barc) 2021; 57: 433-448 [PMID: 34268531 DOI:
10.1358/d0t.2021.57.7.3283861]

3%9@) WIH | https://www.wjgnet.com 340 March 27,2024 | Volume16 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/36764320
https://dx.doi.org/10.1016/S2468-1253(22)00386-7
http://www.ncbi.nlm.nih.gov/pubmed/19714720
https://dx.doi.org/10.1002/hep.23190
http://www.ncbi.nlm.nih.gov/pubmed/19399792
https://dx.doi.org/10.1002/hep.22898
http://www.ncbi.nlm.nih.gov/pubmed/29599078
https://dx.doi.org/10.1016/S2468-1253(18)30056-6
http://www.ncbi.nlm.nih.gov/pubmed/20386068
https://dx.doi.org/10.3851/IMP1497
http://www.ncbi.nlm.nih.gov/pubmed/16431195
https://dx.doi.org/10.1016/j.amjmed.2005.02.033
http://www.ncbi.nlm.nih.gov/pubmed/24225939
https://dx.doi.org/10.1136/gutjnl-2013-305785
http://www.ncbi.nlm.nih.gov/pubmed/21095515
https://dx.doi.org/10.1016/S0399-8320(10)70031-2
http://www.ncbi.nlm.nih.gov/pubmed/18722377
https://dx.doi.org/10.1053/j.gastro.2008.07.008
http://www.ncbi.nlm.nih.gov/pubmed/15185311
https://dx.doi.org/10.1002/hep.20240
http://www.ncbi.nlm.nih.gov/pubmed/29577026
https://dx.doi.org/10.14218/JCTH.2017.00073
http://www.ncbi.nlm.nih.gov/pubmed/21927654
https://dx.doi.org/10.5009/gnl.2011.5.3.278
http://www.ncbi.nlm.nih.gov/pubmed/14638403
https://dx.doi.org/10.1016/j.antiviral.2003.08.015
http://www.ncbi.nlm.nih.gov/pubmed/21286344
https://dx.doi.org/10.1007/s12072-010-9208-0
http://www.ncbi.nlm.nih.gov/pubmed/17237626
http://www.ncbi.nlm.nih.gov/pubmed/22131901
https://dx.doi.org/10.1007/s11901-011-0109-z
http://www.ncbi.nlm.nih.gov/pubmed/20479908
https://dx.doi.org/10.5009/gnl.2010.4.1.15
http://www.ncbi.nlm.nih.gov/pubmed/26038757
https://dx.doi.org/10.1038/emi.2014.64
http://www.ncbi.nlm.nih.gov/pubmed/32077597
https://dx.doi.org/10.1111/liv.14364
http://www.ncbi.nlm.nih.gov/pubmed/16454834
https://dx.doi.org/10.1111/j.1572-0241.2006.00418.x
http://www.ncbi.nlm.nih.gov/pubmed/20049753
https://dx.doi.org/10.1002/hep.23327
http://www.ncbi.nlm.nih.gov/pubmed/17087951
https://dx.doi.org/10.1053/j.gastro.2006.09.020
https://clinicaltrials.gov
http://www.ncbi.nlm.nih.gov/pubmed/31455905
https://dx.doi.org/10.1038/s41573-019-0037-0
http://www.ncbi.nlm.nih.gov/pubmed/28584155
https://dx.doi.org/10.1128/AAC.00560-17
http://www.ncbi.nlm.nih.gov/pubmed/35697332
https://dx.doi.org/10.1016/j.jhep.2022.05.027
http://www.ncbi.nlm.nih.gov/pubmed/35460726
https://dx.doi.org/10.1016/j.jhep.2022.04.005
http://www.ncbi.nlm.nih.gov/pubmed/34268531
https://dx.doi.org/10.1358/dot.2021.57.7.3283861

(98)
=

w
W

(%)
oo}

39

41

4

44

N
(VY

46

47

48

49

50

Lam R et al. Novel therapies for chronic HBV infection

Ferenci P, Reiberger T, Jachs M. Treatment of Chronic Hepatitis D with Bulevirtide-A Fight against Two Foes-An Update. Cells 2022; 11
[PMID: 36428959 DOI: 10.3390/cells11223531]

Deterding K, Xu C, Port K, Dietz-Fricke C, Xun J, Maasoumy B, Cornberg M, Wedemeyer H. Bile acid increase during bulevirtide treatment
of hepatitis D is not associated with a decline in HDV RNA. J Viral Hepat 2023; 30: 597-606 [PMID: 36924318 DOL: 10.1111/jvh.13831]
Bogomolov P, Alexandrov A, Voronkova N, Macievich M, Kokina K, Petrachenkova M, Lehr T, Lempp FA, Wedemeyer H, Haag M, Schwab
M, Haefeli WE, Blank A, Urban S. Treatment of chronic hepatitis D with the entry inhibitor myrcludex B: First results of a phase Ib/Ila study.
J Hepatol 2016; 65: 490-498 [PMID: 27132170 DOI: 10.1016/j.jhep.2016.04.016]

Wedemeyer H, Schoneweis K, Bogomolov P, Blank A, Voronkova N, Stepanova T, Sagalova O, Chulanov V, Osipenko M, Morozov V,
Geyvandova N, Sleptsova S, Bakulin IG, Khaertynova I, Rusanova M, Pathil A, Merle U, Bremer B, Allweiss L, Lempp FA, Port K, Haag M,
Schwab M, Zur Wiesch JS, Cornberg M, Haefeli WE, Dandri M, Alexandrov A, Urban S. Safety and efficacy of bulevirtide in combination
with tenofovir disoproxil fumarate in patients with hepatitis B virus and hepatitis D virus coinfection (MYR202): a multicentre, randomised,
parallel-group, open-label, phase 2 trial. Lancet Infect Dis 2023; 23: 117-129 [PMID: 36113537 DOI: 10.1016/S1473-3099(22)00318-8]
Wedemeyer H, Schoneweis K, Bogomolov PO, Voronkova N, Chulanov VP, Stepanova T, Bremer B, Allweiss L, Dandri M, Burhenne J,
Haefeli WE, Ciesek S, Dittmer U, Alexandrov A, Urban S. GS-13-Final results of a multicenter, open-label phase 2 clinical trial (MYR203) to
assess safety and efficacy of myrcludex B in cwith PEG-interferon Alpha 2a in patients with chronic HBV/HDV co-infection. J Hepatol 2019
[DOLI: 10.1016/S0618-8278(19)30141-0]

Asselah T, Arama SS, Bogomolov P, Bourliere M, Fontaine H, Gherlan S, Gorodin V, Hilleret M-N, Lazar S, Mamonova N. Safety and
efficacy of bulevirtide monotherapy and in combination with peginterferon alfa-2a in patients with chronic hepatitis delta: 24 wk interim data
of MYR204 phase 2b study. J Hepatol 2021; 75 (Suppl 2): S291

Wedemeyer H, Aleman S, Brunetto M, Blank A, Andreone P, Bogomolov P, Chulanov V, Mamonova N, Geyvandova N, Viacheslav M,
Sagalova O, Stepanova T, Manuilov D, Suri V, An Q, Flaherty J, Osinusi A, Schulze zur Wiesch J, Cornberg M, Lampertico P. Efficacy and
safety of bulevirtide monotherapy given at 2 mg or 10 mg dose level once daily for treatment of chronic hepatitis delta: week 48 primary end
point results from a phase 3 randomized, multicenter, parallel design study. J Hepatol 2022; 77: S4-S5 [DOI:
10.1016/S0168-8278(22)00433-0]

Mak LY, Seto WK, Yuen MF. Novel Antivirals in Clinical Development for Chronic Hepatitis B Infection. Viruses 2021; 13 [PMID:
34207458 DOI: 10.3390/v13061169]

Mak LY, Hui RW, Fung J, Seto WK, Yuen MF. Bepirovirsen (GSK3228836) in chronic hepatitis B infection: an evaluation of phase IT
progress. Expert Opin Investig Drugs 2023; 32: 971-983 [PMID: 37902953 DOI: 10.1080/13543784.2023.2277389]

Yuen MF, Heo J, Jang JW, Yoon JH, Kweon YO, Park SJ, Tami Y, You S, Yates P, Tao Y, Cremer J, Campbell F, Elston R, Theodore D, Paff
M, Bennett CF, Kwoh TJ. Safety, tolerability and antiviral activity of the antisense oligonucleotide bepirovirsen in patients with chronic
hepatitis B: a phase 2 randomized controlled trial. Nat Med 2021; 27: 1725-1734 [PMID: 34642494 DOI: 10.1038/s41591-021-01513-4]
Yuen MF, Lim SG, Plesniak R, Tsuji K, Janssen HLA, Pojoga C, Gadano A, Popescu CP, Stepanova T, Asselah T, Diaconescu G, Yim HJ,
Heo J, Janczewska E, Wong A, Idriz N, Imamura M, Rizzardini G, Takaguchi K, Andreone P, Arbune M, Hou J, Park SJ, Vata A, Cremer J,
Elston R, Luki¢ T, Quinn G, Maynard L, Kendrick S, Plein H, Campbell F, Paff M, Theodore D; B-Clear Study Group. Efficacy and Safety of
Bepirovirsen in Chronic Hepatitis B Infection. N Engl J Med 2022; 387: 1957-1968 [PMID: 36346079 DOI: 10.1056/NEJMo0a2210027]
Gupta SV, Fanget MC, MacLauchlin C, Clausen VA, Li J, Cloutier D, Shen L, Robbie GJ, Mogalian E. Clinical and Preclinical Single-Dose
Pharmacokinetics of VIR-2218, an RNAi Therapeutic Targeting HBV Infection. Drugs R D 2021; 21: 455-465 [PMID: 34741731 DOI:
10.1007/s40268-021-00369-w]

Tseng TC, Liu CJ, Su TH, Wang CC, Chen CL, Chen PJ, Chen DS, Kao JH. Serum hepatitis B surface antigen levels predict surface antigen
loss in hepatitis B e antigen seroconverters. Gastroenterology 2011; 141: 517-525, 525.e1 [PMID: 21672542 DOI:
10.1053/j.gastro.2011.04.046]

Gane E, Lim YS, Kim JB, Jadhav V, Shen L, Bakardjiev Al, Huang SA, Cathcart AL, Lempp FA, Janas MM, Cloutier DJ, Kaittanis C, Sepp-
Lorenzino L, Hinkle G, Taubel J, Haslett P, Milstein S, Anglero-Rodriguez Y1, Hebner CM, Pang PS, Yuen MF. Evaluation of RNAi
therapeutics VIR-2218 and ALN-HBYV for chronic hepatitis B: Results from randomized clinical trials. J Hepatol 2023; 79: 924-932 [PMID:
37290591 DOI: 10.1016/j.jhep.2023.05.023]

Gane E, Lim YS, Tangkijvanich P, O'Beirne J, Lim TH, Bakardjiev A, Ding X, Connolly L, Huang S, Kim J. Preliminary safety and antiviral
activity of VIR-2218, an X-targeting HBV RNAI therapeutic, in chronic hepatitis B patients. Proceedings of the Digital International Liver
Congress (Digital ILC 2020; 2020. Elsevier BV [DOI: 10.1016/S0168-8278(20)30647-4]

Lempp FA, Volz T, Cameroni E, Benigni F, Zhou J, Rosen LE, Noack J, Zatta F, Kaiser H, Bianchi S, Lombardo G, Jaconi S, Vincenzetti L,
Imam H, Soriaga LB, Passini N, Belnap DM, Schulze A, Liitgehetmann M, Telenti A, Cathcart AL, Snell G, Purcell LA, Hebner CM, Urban S,
Dandri M, Corti D, Schmid MA. Potent broadly neutralizing antibody VIR-3434 controls hepatitis B and D virus infection and reduces HBsAg
in humanized mice. J Hepatol 2023; 79: 1129-1138 [PMID: 37459920 DOI: 10.1016/j.jhep.2023.07.003]

Gane E, Jucov A, Dobryanska M, Yoon KT, Lim TH, Arizpe A, Cloutier D, Shen L, Gupta SV, Lau AH. Safety, tolerability, and antiviral
activity of the siRNA VIR-2218 in combination with the investigational neutralizing monoclonal antibody VIR-3434 for the treatment of
chronic hepatitis B virus infection: preliminary results from the phase 2 march trial. Proceedings of the Hepatology; 2022. WILEY 111 RIVER
ST, HOBOKEN 07030-5774, NJ USA: S18-S19

Li H, Niu X, Zhang Y, Zhang D, Wang L, Miao Y, Jiang Y, Ji J, Chen Q, Wu X, Ediage EN, Kakuda TN, Biermer M. Pharmacokinetics,
Safety, and Tolerability of the sSiRNA JNJ-73763989 in Healthy Chinese Adult Participants. Clin Pharmacol Drug Dev 2023; 12: 175-180
[PMID: 36415122 DOI: 10.1002/cpdd.1197]

Yuen MF, Locarnini S, Lim TH, Strasser SI, Sievert W, Cheng W, Thompson AJ, Given BD, Schluep T, Hamilton J, Biermer M, Kalmeijer R,
Beumont M, Lenz O, De Ridder F, Cloherty G, Ka-Ho Wong D, Schwabe C, Jackson K, Lai CL, Gish RG, Gane E. Combination treatments
including the small-interfering RNA JNJ-3989 induce rapid and sometimes prolonged viral responses in patients with CHB. J Hepatol 2022;
77: 1287-1298 [PMID: 35870702 DOL: 10.1016/j.jhep.2022.07.010]

Yuen MF, Asselah T, Jacobson IM, Brunetto MR, Janssen HLA, Takehara T, Hou JL, Kakuda TN, Lambrecht T, Beumont M, Kalmeijer R,
Guinard-Azadian C, Mayer C, Jezorwski J, Verbinnen T, Lenz O, Shukla U, Biermer M; REEF-1 Study Group. Efficacy and safety of the
siRNA JNJ-73763989 and the capsid assembly modulator INJ-56136379 (bersacapavir) with nucleos(t)ide analogues for the treatment of
chronic hepatitis B virus infection (REEF-1): a multicentre, double-blind, active-controlled, randomised, phase 2b trial. Lancet Gastroenterol
Hepatol 2023; 8: 790-802 [PMID: 37442152 DOIL: 10.1016/S2468-1253(23)00148-6]

Hui RW, Mak LY, Seto WK, Yuen MF. RNA interference as a novel treatment strategy for chronic hepatitis B infection. Clin Mol Hepatol

3%9@) WIH | https://www.wjgnet.com 341 March 27,2024 | Volume16 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/36428959
https://dx.doi.org/10.3390/cells11223531
http://www.ncbi.nlm.nih.gov/pubmed/36924318
https://dx.doi.org/10.1111/jvh.13831
http://www.ncbi.nlm.nih.gov/pubmed/27132170
https://dx.doi.org/10.1016/j.jhep.2016.04.016
http://www.ncbi.nlm.nih.gov/pubmed/36113537
https://dx.doi.org/10.1016/S1473-3099(22)00318-8
https://dx.doi.org/10.1016/S0618-8278(19)30141-0
https://dx.doi.org/10.1016/S0168-8278(22)00433-0
http://www.ncbi.nlm.nih.gov/pubmed/34207458
https://dx.doi.org/10.3390/v13061169
http://www.ncbi.nlm.nih.gov/pubmed/37902953
https://dx.doi.org/10.1080/13543784.2023.2277389
http://www.ncbi.nlm.nih.gov/pubmed/34642494
https://dx.doi.org/10.1038/s41591-021-01513-4
http://www.ncbi.nlm.nih.gov/pubmed/36346079
https://dx.doi.org/10.1056/NEJMoa2210027
http://www.ncbi.nlm.nih.gov/pubmed/34741731
https://dx.doi.org/10.1007/s40268-021-00369-w
http://www.ncbi.nlm.nih.gov/pubmed/21672542
https://dx.doi.org/10.1053/j.gastro.2011.04.046
http://www.ncbi.nlm.nih.gov/pubmed/37290591
https://dx.doi.org/10.1016/j.jhep.2023.05.023
https://dx.doi.org/10.1016/S0168-8278(20)30647-4
http://www.ncbi.nlm.nih.gov/pubmed/37459920
https://dx.doi.org/10.1016/j.jhep.2023.07.003
http://www.ncbi.nlm.nih.gov/pubmed/36415122
https://dx.doi.org/10.1002/cpdd.1197
http://www.ncbi.nlm.nih.gov/pubmed/35870702
https://dx.doi.org/10.1016/j.jhep.2022.07.010
http://www.ncbi.nlm.nih.gov/pubmed/37442152
https://dx.doi.org/10.1016/S2468-1253(23)00148-6

Lam R et al. Novel therapies for chronic HBV infection

W
[N}

W
[%8)

59

60

61

63

64

66

67

68

69

71

2022; 28: 408-424 [PMID: 35172540 DOI: 10.3350/cmh.2022.0012]

Paratala B, Park JJ, Ganchua SC, Gane E, Yuen R, Lee AC, Moore C, Lam AM, Sevinsky H, Sims K. Inhibition of hepatitis B surface
antigen in chronic hepatitis B subjects by RNA interference therapeutic AB-729 is accompanied by upregulation of HBV-specific T cell
activation markers. Proceedings of the The International Liver Congress 2021 (ILC 2021); 2021. Elsevier BV

Yuen R, Berliba E, Sukeepaisarnjaroen W, Holmes J, Leerapun A, Tangkijvanich P, Strasser S, Jucov A, Gane E, Thi E. Long-term
suppression maintained after cessation of AB-729 treatment and comparable on-treatment response observed in HBeAg+ subjects. Poster
Presentation (SAT443). J Hepatol 2022 [DOI: 10.1016/S0168-8278(22)02045-1]

Yuen M-F, Heo J, Nahass RG, Wong GL-H, Burda T, Bhamidimarri KR, Hu T-H, Nguyen T, Lim Y-S, Chen C-Y. LBP-38-Preliminary safety
and antiviral activity of AB-729 combination treatment with pegylated interferon alfa-2a in virally suppressed, HBeAg-negative subjects with
chronic HBV infection. J Hepatol 2023; 78: S125-S125 [DOI: 10.1016/S0168-8278(23)00618-9]

Carman WF. The clinical significance of surface antigen variants of hepatitis B virus. J Viral Hepat 1997; 4 Suppl 1: 11-20 [PMID: 9097273
DOI: 10.1111/j.1365-2893.1997.tb00155.x]

Cornberg M, Lok AS, Terrault NA, Zoulim F; 2019 EASL-AASLD HBV Treatment Endpoints Conference Faculty. Guidance for design and
endpoints of clinical trials in chronic hepatitis B - Report from the 2019 EASL-AASLD HBV Treatment Endpoints Conference. Hepatology
2019 [PMID: 31713892 DOI: 10.1002/hep.31030]

Baugh SDP. Inhibiting the Secretion of Hepatitis B Surface Antigen (HBsAg) to Treat Hepatitis B Infection- a Review. Infect Disord Drug
Targets 2017; 17: 24-35 [PMID: 28056752 DOI: 10.2174/1871526517666170104113730]

Vaillant A. REP 2139: Antiviral Mechanisms and Applications in Achieving Functional Control of HBV and HDV Infection. ACS Infect Dis
2019; 5: 675-687 [PMID: 30199230 DOI: 10.1021/acsinfecdis.8b00156]

Vaillant A. Editorial: In vitro mechanistic evaluation of nucleic acid polymers: A cautionary tale. Mol Ther Nucleic Acids 2022; 28: 168-174
[PMID: 35402067 DOI: 10.1016/j.omtn.2022.03.002]

Bazinet M, Pantea V, Placinta G, Moscalu I, Cebotarescu V, Cojuhari L, Jimbei P, Iarovoi L, Smesnoi V, Musteata T, Jucov A, Dittmer U,
Krawczyk A, Vaillant A. Safety and Efficacy of 48 Weeks REP 2139 or REP 2165, Tenofovir Disoproxil, and Pegylated Interferon Alfa-2a in
Patients With Chronic HBV Infection Naive to Nucleos(t)ide Therapy. Gastroenterology 2020; 158: 2180-2194 [PMID: 32147484 DOI:
10.1053/j.gastro.2020.02.058]

Bazinet M, Pantea V, Cebotarescu V, Cojuhari L, Jimbei P, Albrecht J, Schmid P, Le Gal F, Gordien E, Krawczyk A, Mijocevi¢ H,
Karimzadeh H, Roggendorf M, Vaillant A. Safety and efficacy of REP 2139 and pegylated interferon alfa-2a for treatment-naive patients with
chronic hepatitis B virus and hepatitis D virus co-infection (REP 301 and REP 301-LTF): a non-randomised, open-label, phase 2 trial. Lancet
Gastroenterol Hepatol 2017; 2: 877-889 [PMID: 28964701 DOI: 10.1016/S2468-1253(17)30288-1]

Ma Z, Cao Q, Xiong Y, Zhang E, Lu M. Interaction between Hepatitis B Virus and Toll-Like Receptors: Current Status and Potential
Therapeutic Use for Chronic Hepatitis B. Vaccines (Basel) 2018; 6 [PMID: 29337856 DOI: 10.3390/vaccines6010006]

Isogawa M, Robek MD, Furuichi Y, Chisari FV. Toll-like receptor signaling inhibits hepatitis B virus replication in vivo. J Virol 2005; 79:
7269-7272 [PMID: 15890966 DOIL: 10.1128/jvi.79.11.7269-7272.2005]

Riddler SA, Para M, Benson CA, Mills A, Ramgopal M, Delesus E, Brinson C, Cyktor J, Jacobs J, Koontz D, Mellors JW, Laird GM, Wrin T,
Patel H, Guo S, Wallin J, Boice J, Zhang L, Humeniuk R, Begley R, German P, Graham H, Geleziunas R, Brainard DM, SenGupta D.
Vesatolimod, a Toll-like Receptor 7 Agonist, Induces Immune Activation in Virally Suppressed Adults Living With Human Immunodeficiency
Virus-1. Clin Infect Dis 2021; 72: e815-¢824 [PMID: 33043969 DOI: 10.1093/cid/ciaal534]

Janssen HLA, Brunetto MR, Kim YJ, Ferrari C, Massetto B, Nguyen AH, Joshi A, Woo J, Lau AH, Gaggar A, Subramanian GM, Yoshida
EM, Ahn SH, Tsai NCS, Fung S, Gane EJ. Safety, efficacy and pharmacodynamics of vesatolimod (GS-9620) in virally suppressed patients
with chronic hepatitis B. J Hepatol 2018; 68: 431-440 [PMID: 29104121 DOI: 10.1016/j.jhep.2017.10.027]

Agarwal K, Ahn SH, Elkhashab M, Lau AH, Gaggar A, Bulusu A, Tian X, Cathcart AL, Woo J, Subramanian GM, Andreone P, Kim HJ,
Chuang WL, Nguyen MH. Safety and efficacy of vesatolimod (GS-9620) in patients with chronic hepatitis B who are not currently on antiviral
treatment. J Viral Hepat 2018; 25: 1331-1340 [PMID: 29851204 DOI: 10.1111/jvh.12942]

Ayithan N, Ghosh A, Dwivedi A, Wallin JJ, Tan SK, Chen D, Kottilil S, Poonia B. Oral Selective TLR8 Agonist Selgantolimod Induces
Multiple Immune Cell Responses in Humans. Viruses 2021; 13 [PMID: 34960669 DOI: 10.3390/v13122400]

Gane EJ, Dunbar PR, Brooks AE, Zhang F, Chen D, Wallin JJ, van Buuren N, Arora P, Fletcher SP, Tan SK, Yang JC, Gaggar A, Kottilil S,
Tang L. Safety and efficacy of the oral TLR8 agonist selgantolimod in individuals with chronic hepatitis B under viral suppression. J Hepatol
2023; 78: 513-523 [PMID: 38133554 DOI: 10.1016/j.jhep.2022.09.027]

Cargill T, Barnes E. Therapeutic vaccination for treatment of chronic hepatitis B. Clin Exp Immunol 2021; 205: 106-118 [PMID: 33969474
DOI: 10.1111/cei.13614]

Gaggar A, Coeshott C, Apelian D, Rodell T, Armstrong BR, Shen G, Subramanian GM, McHutchison JG. Safety, tolerability and
immunogenicity of GS-4774, a hepatitis B virus-specific therapeutic vaccine, in healthy subjects: a randomized study. Vaccine 2014; 32: 4925-
4931 [PMID: 25045824 DOI: 10.1016/j.vaccine.2014.07.027]

Lok AS, Pan CQ, Han SH, Trinh HN, Fessel WJ, Rodell T, Massetto B, Lin L, Gaggar A, Subramanian GM, McHutchison JG, Ferrari C, Lee
H, Gordon SC, Gane EJ. Randomized phase II study of GS-4774 as a therapeutic vaccine in virally suppressed patients with chronic hepatitis
B. J Hepatol 2016; 65: 509-516 [PMID: 27210427 DOI: 10.1016/j.jhep.2016.05.016]

Boni C, Janssen HLA, Rossi M, Yoon SK, Vecchi A, Barili V, Yoshida EM, Trinh H, Rodell TC, Laccabue D, Alfieri A, Brillo F, Fisicaro P,
Acerbi G, Pedrazzi G, Andreone P, Cursaro C, Margotti M, Santoro R, Piazzolla V, Brunetto MR, Coco B, Cavallone D, Zhao Y, Joshi A, Woo
J, Lau AH, Gaggar A, Subramanian GM, Massetto B, Fung S, Ahn SH, Ma X, Mangia A, Ferrari C. Combined GS-4774 and Tenofovir
Therapy Can Improve HBV-Specific T-Cell Responses in Patients With Chronic Hepatitis. Gastroenterology 2019; 157: 227-241.e7 [PMID:
30930022 DOI: 10.1053/j.gastro.2019.03.044]

Ma H, Lim TH, Leerapun A, Weltman M, Jia J, Lim YS, Tangkijvanich P, Sukeepaisarnjaroen W, Ji Y, Le Bert N, Li D, Zhang Y, Hamatake
R, Tan N, Li C, Strasser SI, Ding H, Yoon JH, Stace NH, Ahmed T, Anderson DE, Yan L, Bertoletti A, Zhu Q, Yuen MF. Therapeutic vaccine
BRII-179 restores HBV-specific immune responses in patients with chronic HBV in a phase Ib/Ila study. JHEP Rep 2021; 3: 100361 [PMID:
34661089 DOI: 10.1016/j.jhepr.2021.100361]

Yuen MF, Wong GLH, Douglas M, Ma H, Zhu C, Ji Y, Liu W, Chen X, Zhu Q. Preliminary Safety and Efficacy of the Combination Therapy
of BRII-835 (VIR-2218) and BRII-179 (VBI-2601) Treating Chronic HBV Infection. Proceedings of the 32nd Annual Conference of the Asian
Pacific Association for the Study of the Liver (APASL) 2023; Taipei. Available from: https://www.vbivaccines.com/wp-content/uploads/2023/

uiedenge  VWIH | https:/ /www.wjgnet.com 342 March 27,2024 | Volume16 | Issue3 |


http://www.ncbi.nlm.nih.gov/pubmed/35172540
https://dx.doi.org/10.3350/cmh.2022.0012
https://dx.doi.org/10.1016/S0168-8278(22)02045-1
https://dx.doi.org/10.1016/S0168-8278(23)00618-9
http://www.ncbi.nlm.nih.gov/pubmed/9097273
https://dx.doi.org/10.1111/j.1365-2893.1997.tb00155.x
http://www.ncbi.nlm.nih.gov/pubmed/31713892
https://dx.doi.org/10.1002/hep.31030
http://www.ncbi.nlm.nih.gov/pubmed/28056752
https://dx.doi.org/10.2174/1871526517666170104113730
http://www.ncbi.nlm.nih.gov/pubmed/30199230
https://dx.doi.org/10.1021/acsinfecdis.8b00156
http://www.ncbi.nlm.nih.gov/pubmed/35402067
https://dx.doi.org/10.1016/j.omtn.2022.03.002
http://www.ncbi.nlm.nih.gov/pubmed/32147484
https://dx.doi.org/10.1053/j.gastro.2020.02.058
http://www.ncbi.nlm.nih.gov/pubmed/28964701
https://dx.doi.org/10.1016/S2468-1253(17)30288-1
http://www.ncbi.nlm.nih.gov/pubmed/29337856
https://dx.doi.org/10.3390/vaccines6010006
http://www.ncbi.nlm.nih.gov/pubmed/15890966
https://dx.doi.org/10.1128/jvi.79.11.7269-7272.2005
http://www.ncbi.nlm.nih.gov/pubmed/33043969
https://dx.doi.org/10.1093/cid/ciaa1534
http://www.ncbi.nlm.nih.gov/pubmed/29104121
https://dx.doi.org/10.1016/j.jhep.2017.10.027
http://www.ncbi.nlm.nih.gov/pubmed/29851204
https://dx.doi.org/10.1111/jvh.12942
http://www.ncbi.nlm.nih.gov/pubmed/34960669
https://dx.doi.org/10.3390/v13122400
http://www.ncbi.nlm.nih.gov/pubmed/38133554
https://dx.doi.org/10.1016/j.jhep.2022.09.027
http://www.ncbi.nlm.nih.gov/pubmed/33969474
https://dx.doi.org/10.1111/cei.13614
http://www.ncbi.nlm.nih.gov/pubmed/25045824
https://dx.doi.org/10.1016/j.vaccine.2014.07.027
http://www.ncbi.nlm.nih.gov/pubmed/27210427
https://dx.doi.org/10.1016/j.jhep.2016.05.016
http://www.ncbi.nlm.nih.gov/pubmed/30930022
https://dx.doi.org/10.1053/j.gastro.2019.03.044
http://www.ncbi.nlm.nih.gov/pubmed/34661089
https://dx.doi.org/10.1016/j.jhepr.2021.100361
https://www.vbivaccines.com/wp-content/uploads/2023/03/APASL-2023-Oral-Presentation.pdf

74

75

76

77

Lam R et al. Novel therapies for chronic HBV infection

03/APASL-2023-Oral-Presentation.pdf

Féray C, Lopez-Labrador FX. Is PD-1 blockade a potential therapy for HBV? JHEP Rep 2019; 1: 142-144 [PMID: 32040093 DOI:
10.1016/j.jhepr.2019.07.007]

Bertoletti A, Le Bert N. Immunotherapy for Chronic Hepatitis B Virus Infection. Gut Liver 2018; 12: 497-507 [PMID: 29316747 DOI:
10.5009/gn117233]

Wang G, Cui Y, Xie Y, Mao Q, Xie Q, GuY, Chen X, Hu G, Yang Y, He HW. Effects of Subcutaneous PD-L1 Antibody ASC22
(Envafolimab) Plus nucleos(t)ide analogs on HBsAg reduction in patients with chronic hepatitis B infection are correlated with pre-treatment
HBsAg level. Proceedings of the Asian Pacific Association for the Study of the Liver Annual Meeting 2023; Taipei. Available from: https:/
Www.prnewswire.com/news-releases/subcutaneously-administered-pd-11-antibody-asc22-envafolimab-is-safe-and-well-tolerated-in-phase-iia-
hbv-study-301186235.html

Wang G. ALT flares were linked to HBsAg reduction, seroclearance and seroconversion: interim results from a phase IIb study in chronic
hepatitis B patients with 24-week treatment of subcutaneous PD-L1 antibody ASC22 (Envafolimab) plus nucleos(t)ide analogs. Proceedings of
the EASL International Liver Congress 2022 [DOI: 10.1016/S0168-8278(22)00538-4]

3%’@) WIH | https://www.wjgnet.com 343 March 27,2024 | Volume16 | Issue3


https://www.vbivaccines.com/wp-content/uploads/2023/03/APASL-2023-Oral-Presentation.pdf
http://www.ncbi.nlm.nih.gov/pubmed/32040093
https://dx.doi.org/10.1016/j.jhepr.2019.07.007
http://www.ncbi.nlm.nih.gov/pubmed/29316747
https://dx.doi.org/10.5009/gnl17233
https://www.prnewswire.com/news-releases/subcutaneously-administered-pd-l1-antibody-asc22-envafolimab-is-safe-and-well-tolerated-in-phase-iia-hbv-study-301186235.html
https://www.prnewswire.com/news-releases/subcutaneously-administered-pd-l1-antibody-asc22-envafolimab-is-safe-and-well-tolerated-in-phase-iia-hbv-study-301186235.html
https://www.prnewswire.com/news-releases/subcutaneously-administered-pd-l1-antibody-asc22-envafolimab-is-safe-and-well-tolerated-in-phase-iia-hbv-study-301186235.html
https://dx.doi.org/10.1016/S0168-8278(22)00538-4

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	METHODOLOGY
	FUTURE THERAPY FOR HEPATITIS B
	Core/capsid inhibitors
	Entry inhibitors
	Small interfering RNAs
	HBsAg inhibition
	Toll-like receptor agonists
	Therapeutic vaccinations
	Anti-programmed cell death ligand-1

	CONCLUSION
	FOOTNOTES
	REFERENCES

