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Aiming for Functional Cure With
Established and Novel Therapies for

Chronic Hepatitis B

Hannah S.J. Choi,! Alexander Tonthat,’ Harry L.A. Jamssen,1 and Norah A. Terrault

Chronic hepatitis B virus (HBV) infection remains difficult to cure due to the persistent, self-replenishing nature of
the viral genome and impaired host immune responses. Current treatment goals for chronic hepatitis B (CHB) are
to prevent or significantly delay liver-related adverse outcomes and death, and two types of treatments are available:
nucleos(t)ide analogues (NAs) and interferons (IFNs). NAs effectively suppress HBV replication, and IFNs improve se-
rological response rates, thereby decreasing the risk of adverse outcomes. However, their efficacy in attaining serological
responses, especially functional cure (i.e., loss of serum hepatitis B surface antigen), is very limited. Various strategies
such as stopping antiviral therapy or combining therapies have been investigated to enhance response, but efficacy is
only modestly improved. Importantly, the development of novel direct-acting antivirals and immunomodulators is un-
derway to improve treatment efficacy and enhance rates of functional cure. The present review provides an overview
of the treatment goals and indications, the possibility of expanding indications, and the safety and efficacy of differ-
ent treatment strategies involving established and/or novel therapies as we continue our search for a cure. (Hepatology

Communications 2022;6:935-949).

hronic hepatitis B virus (HBV) infection

remains a serious global public health con-

cern affecting an estimated 257 million people
worldwide, and together with hepatitis C, contribut-
ing to a death toll of 1.3 million.") The search for
the holy grail of HBV “cure” has been inspired by
the success of hepatitis C therapy. A cure for chronic
HBYV infection poses multiple obstacles: the persistent,
self-replenishing nature of the covalently closed circu-
lar (cccDNA), defective innate and adaptive immune

responses, and integration of HBV DNA into the host
genome. It is most plausible that a cure for chronic
HBYV infection would require both antiviral agents and
immunomodulators.

Current chronic hepatitis B (CHB) treatment
aims to prevent or significantly delay liver-related
morbidity and mortality. Because a complete cure
with the eradication of cccDNA is not a realistic goal
with the current therapeutic options, a functional
cure, defined as durable loss of hepatitis B surface
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antigen (HBsAg) with or without seroconversion, is
considered the optimal treatment endpoint, as it is
associated with significantly improved patient out-
comes.”” Two types of treatment are currently avail-
able for CHB: (pegylated) interferons ([PEG]IFNs)
and nucleos(t)ide analogues (NAs). Of the approved
NAs, entecavir (ETV), tenofovir disoproxil fuma-
rate (TDF), and tenofovir alafenamide are preferred
as first-line therapy because of their high barrier to
HBV resistance. NAs are oral antiviral drugs that
are highly effective in suppressing HBV replication;
however, HBsAg loss is attained in only a small per-
centage. (PEG)IFN-a can induce higher rates of
durable serological response from a finite duration of
therapy but has numerous side effects. Thus, various
treatment strategies such as combining and stopping
NA therapies, and novel therapeutic agents target-
ing different steps in the HBV life cycle, have been
developed to improve treatment efficacy and achieve

HBsAg loss.

Treatment Indications

Treatment indications are largely based on the fol-
lowing factors: serum HBV-DNA levels, serum ala-
nine aminotransferase (ALT) levels, and severity of
the liver disease (Fig. 1). International clinical prac-
tice guidelines unanimously recommend treatment
for patients with: ¥ hepatitis B ¢ antigen (HBeAg)-
positive or HBeAg-negative active CHB, defined
by HBV DNA > 20,000 IU/mL or 22,000 IU/mL,
elevated ALT, and/or moderate to severe liver necro-

inflammation or fibrosis”; and compensated or

decompensated cirrhosis with detectable HBV DNA,
regardless of ALT values.®™
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Expanding Treatment
Indications

IMMUNE-TOLERANT PATIENTS

Treatment is generally not recommended for
patients with HBeAg-positive chronic HBV infec-
tion (i.e., immune-tolerant), characterized by high
HBV-DNA levels (>7 log,, IU/mL) and normal ALT
levels.®™ Although monitoring to identify transition
to the HBeAg-positive active CHB is the preferred
approach, studies have challenged this approach,
primarily due to concerns regarding the association
of high levels of HBV DNA and delayed HBeAg
seroconversion with an increased risk of disease pro-
gression and hepatocellular carcinoma (HCC).¢®
However, a study from Korea recently reported that
the cumulative incidence of HCC at 10 years was 1.9%
in immune-tolerant (HBV DNA > 20,000 IU/mL
and normal ALT) patients without significant fibro-
sis.”) Of note, this study has been criticized due to
its lenient definition of immune tolerance, which led
to inclusion of many patients in an intermittently
active disease state. Thus, whether HCC risk can
be further reduced with antiviral therapy remains
unknown.

Treatment studies in immune-tolerant patients
show low rates of serological responses. In a phase 2
study in which patients received TDF with emtricit-
abine or placebo, although more than half of patients
attained virological response, few patients achieved
HBeAg seroconversion, and none cleared HBsAg by
week 192.% Data from the two recent trials from the
Hepatitis B Research Network support these findings.
Only 3% of children achieved the primary endpoint
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FIG. 1. Treatment indications of CHB infection. Color-coded by recommendations (red: Treat; blue: Do not treat, monitor ALT and
HBV-DNA levels every 3-6 months, and annual serology tests; yellow: Monitor, exclude other causes of ALT elevation, and assess disease

severity, treating if significant hepatic fibrosis or inflammation).

(HBeAg loss with HBV DNA < 1,000 IU/mL) and
cleared HBsAg at 48 weeks after receiving ETV
and PEG-TFN-a combination therapy."V In the
parallel trial of adult patients, none met the primary
endpoint and all exFerienced virological relapse after
treatment cessation.'?

Several studies have suggested that immune-
tolerant patients could be at risk for significant fibrosis
despite having normal ALT levels. "> However, it is
important to assess whether patients are truly immune-
tolerant throughout the study duration.®®
rospective Korean study, an increased risk of HCC,
liver transplantation, or death was seen in untreated
immune-tolerant patients compared with NA-treated
19 However, the median age
of the immune-tolerant group was 38 years, and 26%
had HBV DNA < 7 log,, IU/mL, suggesting that
a proportion had transitioned out of the immune-
tolerant phase, a conclusion further supported by the
finding that almost 70% of the available liver samples
from the patients with HCC had stage 3-4 fibrosis.
A prospective study from Hong Kong using paired

biopsies demonstrated that those remaining in the

In a ret-

immune-active patients.

immune-tolerant phase experience minimal fibrosis
progression during 5-year follow-up.”

Despite some conflicting results, there is grow-
ing consensus that the risk of disease progression and
HCC increases with older age in immune-tolerant
patients and the major Western guidelines (American
Association for the Study of Liver Diseases [AASLD]
and European Association for the Study of the Liver
[EASL]) suggest considering treating patients older
than 30-40 years of age. Without long-term follow-up
studies evaluating clinical outcomes after antiviral
therapy, there is insufficient evidence to recommend
treatment in all immune-tolerant patients, as poten-
tial harms (e.g., side effects, cost, development of HBV
resistance) may outweigh benefits. Given the low rates
of HBsAg loss in this group when treated with current
therapies, this is an important target group for future
antiviral therapies aimed at enhancing HBsAg loss.

INACTIVE CARRIERS

HBeAg-negative chronic HBV infection (i.e., inac-
tive CHB phase) is characterized by the absence of
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HBeAg, undetectable or low (<2,000 IU/mL) HBV-
DNA levels, and persistently normal or near-normal
ALT. Current guidelines do not recommend treatment
of inactive carriers but suggest regular follow-up every
3-6 months or 6-12 months. It is important to dis-
tinguish between true inactive carriers and HBeAg-
negative patients with chronic hepatitis with low-level
activity. Quantification of HBsAg <1,000 IU/mL has
been shown to aid the identification of true inactive
carriers who are at extremely low risk of transitioning to
active disease and HBV-related adverse outcomes.*2%)

Among inactive carriers, disease progression is
uncommon in individuals without advanced fibro-
sis. 21 In a study of 4,376 inactive carriers with-
out cirrhosis at baseline, cirrhosis and HCC were
documented in 0.7%-0.9% and 0.1%-0.4% patients,
respectively, during a mean follow-up of 13 years.*¥
The REVEAL study from Taiwan similarly reported
low annual incidence rates of HCC (0.06%) and liver-
related death (0.04%) in inactive carriers followed for
13 years.(zs)

For those inactive carriers with significant fibro-
sis, there is a risk of HCC development despite
low-level viremia and persistently normal ALT. In a
retrospective study of HBeAg-negative patients with
persistently low HBV-DNA levels (<2,000 IU/mL),
14% with cirrhosis on radiologic examinations, the
cumulative incidences of HCC at 7 years were 2.6%
and 15.2% among patients without and with cirrhosis,
respectively.(%) These data underlie guideline recom-
mendations to generally treat all patients with com-
pensated or decompensated cirrhosis, regardless of the
level of HBV-DNA or ALT level®” (conditional for
Asian Pacific Association for the Study of the Liver
[APASL] if hepatic decompensation is seen').

Few studies have investigated the effect of antivi-
ral therapy in inactive carriers. In a prospective cohort
study of 144 inactive carriers, a significantly higher
proportion of patients achieved HBsAg loss follow-
ing PEG-IFN-a treatment with or without adefovir
dipivoxil (ADV)) than no treatment.” Nonetheless,
the study was limited by a lack of randomization,
short follow-up, and per-protocol analysis assuming
full compliance. In contrast, combination therapy
with PEG-IFN-a plus ADV or TDF was shown to
be ineffective in inducing HBsAg loss in another trial
of 134 HBeAg-negative patients with HBV DNA
<2,000 IU/mL.%® A recent study provided evidence
that short-term PEG-IFN-a therapy can induce
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HBsAg loss in most inactive carriers with very low
HBsAg levels (<20 TU/mL).?”

PEG-IFN-a-based therapy may theoretically be a
desirable therapeutic option to attain HBsAg loss for
inactive carriers. However, considering its low response
rates, toxicity, and because inactive carriers without
significant fibrosis generally have an excellent progno-
sis®*3 with spontaneous HBsAg loss occurring at an
annual rate of 1.0%-1.2%,(23’32) such treatment is not
deemed necessary. All guidelines recommend regular
monitoring to identify transition to an immune-active
phase and/or significant fibrosis progression, in which
treatment should be initiated.

Novel Approaches Using
Approved Therapies

Currently approved antivirals effectively induce
HBV-DNA suppression; however, their efficacy in
attaining serological responses, especially functional
cure, is suboptimal. Therefore, various strategies using
approved therapies have been devised to enhance

HBeAg and HBsAg loss (Fig. 2).

COMBINATION THERAPY

Combination therapy of two different NAs or NA
plus PEG-IFN-a has the potential to enhance treat-
ment efficacy with shorter treatment duration. 3%
Broadly, there are three combination approaches with
NAs and PEG-IFN-a: (1) “de nowvo,” when both
drugs are started at the same time; (2) “add-on,”
when a patient already on treatment with one drug
has a second drug added; and (3) “switch,” when one
therapy is switched to another, with or without some
period of overlap. Available studies are quite hetero-
geneous in terms of patient populations, specific drug
combinations, dose and duration of therapy, and study
outcomes examined. A common finding across these
studies is that rates of HBeAg and HBsAg loss are
modestly enhanced with PEG-IFN-o-based strate-
gies compared with NA monotherapy.

De Novo NA Combination

Few studies have evaluated combinations of NAs. In
a study of 379 treatment-naive HBeAg-positive and
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Combined therapy strategies

Strategy 1:
De novo combination

HBsAg loss 1-15%
at 24 — 720 weeks

Ahn et al. 2018
Yim et al.2020
Lok et al. 2011
Hagiwara et al. 2018
Zheng et al. 2019

Strategy 2:
Add-on combination

HBsAg loss 1-11%
at 48 — 226 weeks

Jindal et al. 2018
Bourliere et al. 2017
Brouwer et al. 2015

Van Campenhout et al. 2019
Lietal. 2015

Strategy 3:
Switch combination

HBsAg loss 1 -33%
at 48 — 72 weeks

Ning et al. 2014
Hsu et al. 2018
Yoshida et al. 2021
Lim et al. 2020

FIG. 2. Combination strategies with approved therapies aiming for a functional cure of CHB infection.

HBeAg-negative patients treated with ETV, with
or without TDF, there was no significant difference
in HBV-DNA suppression, HBeAg seroconversion,
and HBsAg loss between the groups at 96 weeks,
although the rate of HBV-DNA suppression was more
rapid with combination therapy in those with high
baseline HBV-DNA levels.® In a study by Chan
et al., which evaluated TDF plus emtricitabine
combination in HBeAg-positive patients with high
levels of HBV DNA but normal ALT, improved
rates of viral suppression but not HBeAg serocon-
version were seen with the combination versus TDF
alone."” These results raise the question of whether
NA combinations may be more effective in patients
with very high viral loads, but ultimately no bene-
fits to achieving HBeAg or HBsAg loss have been

shown.

De Novo Combination of PEG-IFN-o
Plus NA

Results from early pivotal trials suggest that PEG-
IFN-a plus NA de novo combination therapy leads
to more frequent and earlier loss of HBsAg than NA
alone but offers little advantage over PEG-IFN-a
alone. In a study of 814 HBeAg-positive patients with
CHB treated with PEG-IFN-a plus lamivudine, or
PEG-IFN-a or lamivudine alone, PEG-IFN-a-based

therapy was superior to lamivudine monotherapy in

inducing higher rates of HBeAg and HBsAg sero-
conversion, HBV-DNA suppression at 24 weeks
tollowing treatment.*® However, no significant dif-
ference was noted between combination therapy and
PEG-IFN-a monotherapy. Similarly, another trial
involving 307 HBeAg-positive patients showed that
PEG-IFN-a plus lamivudine combination therapy
compared with PEG-IFN-a monotherapy initially
led to improved rates of HBeAg loss and viral sup-
pression at the end of treatment but comparable
rates at 26 weeks after treatment due to relapse.®”
However, a more recent randomized controlled trial of
740 patients receiving TDF plus PEG-IFN-o de novo
combination therapy (48 weeks) or TDF or PEG-
IFN-a monotherapy found cumulative rates of HBsAg
loss at 72 weeks were 9.1%, 0% and 2.8%, respectively,
suggesting that combination therapy may be superior
to PEG-IFN-a monotherapy in inducing a functional
cure.®® A recent study from the Hepatitis B Research
Network of 201 patients with CHB also reported
a higher rate of HBsAg loss of 4.4% at 192 weeks
among patients treated with TDF in combination
with PEG-IFN-a (24 weeks) versus 1.0% among
those treated with TDF alone, although statistically
insignificant (P = 0.20).°” Cumulatively, these data
suggest that PEG-IFN-a plus NA de novo combina-
tion therapy increases rates of HBsAg loss compared
with NA alone and potentially PEG-IFN-a mono-

therapy also, although the enhancement may be more
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pronounced with newer NAs (e.g., TDF). Therefore,
PEG-IFN-a remains a therapeutic option, as it is the
only well-characterized, approved immunomodula-
tor capable of improving serological response from a
finite duration compared with long-term NA therapy.

PEG-IFN-a Add-on to NA

Studies on the addition of PEG-IFN-a to NA
monotherapy in HBeAg-positive patients
reported higher rates of HBeAg seroconversion, but
this advantage becomes less evident with long-term
follow-up. In the ARES study, 175 HBeAg-positive
patients with CHB on ETV were randomized
to receive a PEG-IFN-a add-on for 24 weeks
or continue ETV alone. More patients achieved
HBeAg seroconversion in the combination versus
ETV continuation arm at week 96 (26% vs. 13%,
P = 0.04).“Y However, with long-term follow-up
to 226 weeks, response rates equilibrated.(41) In the
PEGON study, 82 HBeAg-positive patients treated
with 21 year of ETV or TDF were randomized to
receive PEG-IFN-a add-on for 48 weeks or continue
NA monotherapy(42) HBeAg seroconversion with
HBV DNA < 200 IU/mL were seen in 7 of 39 (18%)
of the combination group versus 3 of 38 (8%) of the
monotherapy group (P = 0.31) at week 96. Rates of
HBsAg decline > 0.5 log,, IU/mL in the two groups
were equal (both 13%). Li et al. assessed the effect of
adding PEG-IFN-a for 48 weeks in HBeAg-positive
patients on long-term ETV therapy without HBeAg
seroconversion; at 48 weeks, HBeAg loss was noted in
44% versus 6% amonZ? those who had continued ETV
therapy (P < 0.01).*

In the PEGAN study of 185 HBeAg-negative
patients with undetectable HBV DNA on NA ther-
apy for 21 year, HBsAg loss occurred in 7 of 90
(7.8%) in the PEG-IFN-a add-on versus 3 of 93
(3.2%) in the NA monotherapy group at 96 weeks
(P = 0.15).(44) In the HERMES study, 72 genotype
D, HBeAg-negative patients under NA-induced viral
suppression had PEG-IFN-a added for 48 weeks,
which resulted in 250% HBsAg declines in 67.4% and
50.9% of patients at week 48 and 96, respectively.**
Despite the seemingly high response rates, only 1
patient lost HBsAg. Although these findings suggest
an increased rate of HBsAg loss with PEG-IFN-a
add-on therapy, such small increases in response rates
are not considered sufficient to advocate for the use

have
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of this combination in HBeAg-negative or HBeAg-

positive patients.

Switch

The last combinatory approach involves switching
between NA and PEG-IFN-a therapy. In the OSST
trial, 192 HBeAg-positive patients virally suppressed
on ETV were assigned to switch to PEG-IFN-a or
continue ETV for 48 weeks.*® The switch group
had higher rates of HBeAg seroconversion (14.9%
vs. 6.1%; P = 0.05) and HBsAg loss (9.5% vs. 0%;
P < 0.01) compared with those who continued treat-
ment with ETV. However, the PEG-IFN-a switch
group had less sustained HBV-DNA suppression
(72.0% vs. 98.7%; P < 0.01) compared with the con-
tinuation group, and ALT flares and viral rebounds
were seen in the switch group. It is also important
to note that the study cohort was a highly selected
group of individuals with low HBeAg levels.
In another study of 280 HBeAg-positive treatment-
naive patients randomized to 4 weeks of placebo, or
ETV or ADV alone, followed by a switch to PEG-
IFN-o monotherapy, no significant differences in
HBeAg seroconversion or HBsAg reduction were
observed between the placebo and switch groups
at 48 weeks.”? The recent SWAP study compared
continued NA therapy to the switch approach to
PEG-IFN-a versus add-on in 253 patients with
CHB with undetectable HBV DNA on 21 year of
NA therapy.“®) HBeAg loss and/or >1 log,, TU/mL
HBsAg decline at 24 weeks following PEG-IFN-a
was attained in 3.9%, 33.3% and 26.7%, and HBsAg
loss occurred in 0%, 7.8%, and 10.1% of the NA
monotherapy control, switch, and add-on groups,
respectively. Both PEG-IFN-a-based strategies
(switch and add-on) resulted in higher response
rates versus NA monotherapy (P < 0.01); however,
the add-on strategy was preferred due to improved
safety and comparable efficacy. Of note, several fac-
tors may be associated with response to therapy,
including HBV genotype, baseline HBsAg lev-

els, and duration of NA pretreatment.

STOPPING NA THERAPY

Withdrawal of NA treatment is considered a strategy
to enhance HBsAg loss. In recent years, a significant
number of studies have evaluated NA discontinuation
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FIG. 3. Discontinuation of NA treatment in patients with HBeAg-positive CHB infection (A) and HBeAg-negative CHB infection (B).

as a therapeutic strategy to achieve a functional cure,
although most are retrospective studies.

Current treatment guidelines recommend consid-
ering NA discontinuation in selected HBeAg-positive
patients after achieving durable HBeAg serocon-
version. AASLD and EASL guidance recommend
>1 year of consolidation therapy after HBeAg sero-
conversion, whereas the APASL recommends up to
3 years of consolidation therapy (Fig. 3A).%™ Longer
consolidation therapy has been associated with lower
rates of virological and clinical relapse, but the optimal
duration has not been empirically evaluated. Moreover,
whether NA discontinuation accelerates HBsAg loss
compared with continuous long-term therapy remains
unclear. Thus, the primary reason to stop NAs
in HBeAg-positive patients after seroconversion would
be to achieve disease remission with finite therapy. For
HBeAg-negative patients, the AASLD guidance rec-
ommends against discontinuation before HBsAg loss,
whereas the EASL guidance indicates withdrawal
can be considered in select patients after >3 years
of HBV-DNA suppression and APASL states with-
drawal can be undertaken after >2 years with unde-
tectable HBV DNA (Fig. 3B).®™ Both retrospective
and prospective studies have evaluated clinical relapse
and HBsAg loss after discontinuation of therapy
(Table 1). Comparison between studies is hampered
by differing definitions of relapse and retreatment cri-
teria and heterogeneity of study populations.

In the FINITE trial, 43 HBeAg-negative European
patients without cirrhosis were randomized to stop or
continue TDF after 23.5 years of viral suppression for

up to 144 weeks.*” Of those who discontinued TDF,
13 of 21 (62%) remained off therapy to 144 weeks;
the rest qualified to restart therapy either due to HBV
flares or persistent viremia. At week 144, 4 of 21
(19%) patients had HBsAg loss off treatment versus
0% among those who remained on TDF (P = 0.02).
Similarly, in the recent STOP-NUC trial of 158
HBeAg-negative European patients, 10.3% of patients
in the NA discontinuation arm achieved HBsAg loss
versus 0% in the continue- arm (P < 0.01), and 67.9%
of those who stopped remained without an indication
for retreatment at week 96.°” Although these find-
ings suggest a potential for patients to discontinue
NA therapy, other studies have demonstrated less
tavorable results. In a randomized trial from Canada
of 67 patients who had achieved virological suppres-
sion on 21 year of NA therapy, remission (HBV-
DNA level < 2,000 IU/mL and normal ALT) was
seen in 13 of 45 (29%) versus 18 of 22 (82%) in the
stop and continue groups, respectively, with no differ-
ence in HBsAg loss rates.®” In Taiwan, lower rates
of HBsAg loss and limited HBsAg declines were
also found when compared with European studies.
Jeng et al. followed 691 Asian patients for a median
of 155 weeks after NA discontinuation and found
an annual incidence of HBsAg loss of 1.78% ver-
sus 0.15% in those continuing NA.®? Other prospec-
tive cohort studies have reported rates of HBsAg loss
ranging from 1%-20% with off-treatment follow-up
duration ranging from 1 to 5 years.(53’54) These studies
also highlight that a significant proportion of patients
who stop antiviral therapy experience serious flares
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TABLE 1. PREDICTORS OF HBSAG LOSS IN HBEAG-NEGATIVE PATIENTS

Age Follow-up ~ HBsAg
Source Country N (Mean) Male (%) NA Used (Weeks)  Loss (%) Predictors of HBsAg Loss
Berg et ol Germany 42 45 33 TDF 144 10 N/A
Jengetal.®®  Taiwan 691 52 86 ETV,TDF, ADV, LMV 2-614 6.1 Time to undetectable HBV
DNA < 12 weeks
HBsAg reduction > 1 log,, IU/mL
HBsAg level < 100 IU/mL at EOT
Hung etal.®?  Taiwan 73 52 78 LMV, ETV, TBV 48-288 27.4 HBsAg level at EQT
HBsAg decline from baseline to EOT
Discontinuing vs. continuing NA
Papatheodoridi  Greece 57 60 65 ETV,TDF 76 21.5 HBsAg level at EOT
et al.*” ALT level at month 1
IP10 level at month 1
HBsAg level at month 1
Yao et al.®® Taiwan 119 52 79 LMV, ETV 48-312 37 HBV genotype C vs. B
HBsAg level at EOT
Liemetal®D  NorthAmerica 45 49 58 TDF, ETV 72 2.2 N/A

Abbreviations: EOT, end of treatment; IP10, IFN-y-induced protein 10; N/A, not applicable.

with clinical relapse. Liver-related mortality follow-
ing NA withdrawal has been reported in 0.2%-1.6%
of patients.®” Both AASLD and EASL guidelines
counsel against discontinuation of NAs in patients
with cirrhosis—primarily due to concerns for hepatic
decompensation associated with flares and clinical
relapse.(s’s)

HBsAg levels at the time of treatment withdrawal
have been most consistently associated with HBsAg
loss (Table 1), but optimal cutoffs have not been deter-
mined.®**">? In the RETRACT-B meta-analysis
using individual patient data, rates of HBsAg loss were
significantly higher among Caucasians versus Asians
and patients with HBsAg levels < 100 IU/mL at the
end of therapy.®® As the criteria used to define relapse
vary by study, retreatment rates may allow for greater
insight into the frequency of “clinically relevant”
relapse. Retreatment rates range from 22%-53% with
off-treatment follow-up periods of 1.5 years.®>¥
However, it is important to note that retreatment
rates could also be affected by other factors such as
reimbursement criteria, especially in Asia. The overall
modest rate of HBsAg loss under withdrawal of NAs
and the lack of validated predictors of harms (severe
flares) and benefits (HBsAg loss or inactive CHB)
have led to heterogeneity in the guidelines on when
to consider stopping treatment in CHB patients. At
this time, NA withdrawal should only be considered in

those without cirrhosis, under close monitoring.
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Emerging HBV Curative
Therapies

There are numerous new HBV drugs in the pipe-
line. There are two main therapeutic strategies in the
approach to HBV cure: (1) direct-acting antivirals tar-
geting various stages of the HBV life cycle and (2)
immunomodulators that aim to improve host immune
response (Fig. 4). Here, we focus on novel agents in
phase 2/3 trials with published data on human sub-
jects, as these agents are further down the pipeline
and have the potential to reach clinical care sooner

(Table 2).

DIRECT-ACTING ANTIVIRALS

Inhibiting HBV Entry
Inhibiting HBV and/or hepatitis D virus (HDV)

entry via sodium taurocholate co-transporting poly-
peptide (NTCP) receptor blocks infection of new
hepatocytes, which is hypothesized to subsequently
deplete the cccDNA pool. Bulevirtide (also known
as Hepcludex or Myrcludex B) is a first-in-class
entry inhibitor, primarily studied in HDV-coinfected
patients. In phase 1b/2a and 2 studies, both bule-
virtide monotherapy and combination therapy with
PEG-IFN-a resulted in significant decreases in serum

HDV-RNA levels by 24 weeks of treatment.®*%? In
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FIG. 4. Targets for novel direct-acting antivirals and immunomodulators in chronic HBV infection. Abbreviation: rcDNA, relaxed
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the open-label phase 2 study in patients with chronic
HDV, 27% of patients achieved undetectable levels
of HBsAg at 24 weeks after bulevirtide and PEG-
IFN-o combination therapy, compared with 0% in
the monotherapy arms.®Y It should be noted that
increased levels of bile salts were seen with bulevirtide,
an anticipated consequence of blocking the NTCP
receptor. Bulevirtide as suppressive therapy was condi-
tionally approved by the European Medicines Agency
for the treatment of chronic HDV infection in July
2020, setting a milestone for its care, as there is no
other therapeutic option available for this disease.
Its curative efficacy in chronic HBV infection is still
under investigation.

Gene Silencing

Small interfering RNAs (siRNAs) and antisense
oligonucleotides (ASOs) have been developed to target
viral transcripts and induce their degradation, thereby
lowering the viral antigen burden. Several agents have
reached phase 2 trials, including the siRNAs, VIR-
2218 (also known as ALN HBV02), RG6346 (DCR-
HBYVS), and JNJ-3989 (ARO-HBV), and the ASO,
GSK3228836 (IONIS-HBVRx).

VIR-2218 is designed to silence all HBV transcripts
from both cccDNA and integrated DNA. In an ongo-
ing phase 2 trial, two monthly doses of the drug imme-
diately led to significant dose-dependent reductions in
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serum HBsAg levels (mean -1.4 log,, IU/mL with the
highest dose) at week 243 JNJ-3989 also has been
shown to induce 21-log reduction of HBsAg at the
nadir in 85% of patients on NA therapy; however, due
to gradual rebounds, only 34% of patients showed a sus-
tained effect at 48 weeks after the last dose.®* In a phase
1b/2a study, RG6346, added to NA, induced HBsAg
reductions 21.5 log,, IU/mL in 75% of patients.(és) At
1 month following treatment, mean reductions ranged
between 1.4 and 1.8 log,, IU/mL in the three dose
groups studied. The effects were largely maintained
for up to day 488 in patients who entered conditional
follow-up by achieving >1-log reduction. No clinically
significant ALT elevations were observed with these
siRNAs, especially among those receiving NAs.

GSK3228836 is an ASO that targets all HBV RNAs
for degradation and requires more frequent dosing than
siRNAs. In a phase 2a study involving patients with
CHB on stable NA regimen and NA-naive patients
with CHB, GSK3228836 resulted in robust declines in
serum HBsAg compared with placebo.(éé) In the NA-
naive group, 3 of 12 patients had HBsAg reductions
>3 log,, IU/mL (2 achieved HBsAg < 0.05 IU/mL). In
the NA-treated group, all 3 patients who remained on
the study drug had HBsAg reductions > 3 log, , IU/mL
(2 achieved HBsAg < 0.05 IU/mL). Asymptomatic
and self-resolving ALT flares associated with HBsAg
reductions were observed in both NA-naive and expe-
rienced patients after therapy.*®

The off-treatment sustainability of the HBsAg
responses with siRNAs and ASOs remains to be inves-
tigated. In the absence of an effective immune response,
HBsAg declines may be considered artificial and thus
prone to relapse without proper immune control. These
compounds are given subcutaneously, and apart from
injection site reaction, side effects are limited thus far.

Capsid Assembly Modulation

The HBV core protein forms viral capsids that
contain pregenomic RNA (pgRNA), which is reverse-
transcribed to viral DNA. Capsid assembly modula-
tors (CAMs) are inhibitors that target the core protein
to induce the formation of aberrant nucleocapsids
(class I) or empty nucleocapsids (class II). CAMs
thus interfere with the encapsidation of pgRNA, pro-
duction of virions and extracellular RNA, and HBV-
DNA replication, and inhibition of de novo cccDNA

formation.¢76%)

CHOIETAL.

JNJ-56136379,  ABI-H0731, and  GLS4
(Morphothiadin) are currently the furthest along in
development. Interim results from the phase 2 trial of
JNJ-6379 given in combination with an NA led to more
profound HBV DNA and/or HBV-RNA reductions
over NA monotherapy in both previously untreated
and virally suppressed patients at weck 24.¢% ABI-
HO0731 plus NA given for 24 weeks was also shown
to induce more rapid and profound declines in HBV-
RNA and HBV-DNA levels by the end of treatment
compared with NA alone.”” Prolonged treatment
demonstrated continued declines in HBV DNA
and RNA but minimal effect on HBsAg levels.”"
Similarly, GLS4 given together with ritonavir and
ETV versus ETV monotherapy led to significantly
greater reductions in HBV DNA among previously
untreated patients at week 12.7? HBV-RNA declines
were more profound in all patients (whether untreated
or NA-suppressed) treated with GLS4/ritonavir and
ETV versus ETV alone. CAMs are given orally and
are generally well-tolerated. Nevertheless, overall,
CAMs have a minimal effect on HBsAg levels, do not
give a sustained off-treatment response, and are prone
to resistance. For such reasons, CAMs will have to be
given in combination with other compounds to aim
for a functional cure.

Inhibiting HBsAg Secretion

REP 2139 and REP 2165 are nucleic acid poly-
mers (NAPs) that are considered to block the release
of HBsAg from infected hepatocytes. In patients
coinfected with HBV/HDV, REP 2139 plus PEG-
IFN-a therapy resulted in significant HBsAg declines
accompanied by HDV-RNA clearance.” A phase
2 trial of REP 2139 and REP 2165 demonstrated
that the addition of either one to a backbone therapy
of TDF and PEG-IFN-a was effective in attaining
HBsAg levels < 1 IU/mL in 14 of 20 and serocon-
version in 11 of 20 patients with CHB in the first
24 weeks."” HBsAg declines occurred immediately
and rapidly after the introduction of NAPs. Eventually,
all patients in the control arm crossed over to triple
combination therapy. By the end of treatment, 24 of
40 subjects achieved HBsAg < 0.05 IU/mL, which
persisted throughout 48 weeks of off-treatment fol-
low-up in 14 subjects. One patient experienced viral
rebound accompanied by hepatic decompensation
at off-treatment week 12. NAPs were frequently
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associated with ALT flares, which were reported to
be asymptomatic and related to profound HBsAg
declines. Additional studies are needed to investigate
the mechanism of action, the safety with regard to
flares, the sustainability of response, and the potential
intracellular accumulation of HBsAg in humans.

IMMUNOMODULATORS
A hallmark of chronic HBV infection is a weak

immune response, and more specifically, T-cell exhaus-
tion, characterized by impaired proliferative capacity
and effector functions and increased expression of
inhibitory molecules such as programmed death 1
(PD-1). The need for a robust immune response for
sustained viral control has driven the development
of immunomodulators that aim to improve immune
response and subsequent treatment response rates
without significant side effects. Although most of the
immune-modulatory approaches are not very success-
ful in inducing functional control on their own, they
may be much more effective in the setting of com-
bination with direct-acting antivirals, which strongly
inhibit viral replication and viral protein production.

Pattern Recognition Receptors

Toll-like receptors (TLRs) are the most studied
pattern recognition receptors in HBV infection that
play a key role in sensing the initial invasion and
activating innate immune responses. Selgantolimod
(GS-9688) is an oral TLR-8 agonist that has been
shown in preclinical studies to induce the produc-
tion of antiviral cytokines,” but in a phase 1b study
did not lead to significant HBsAg declines in neither
virally suppressed patients with CHB nor patients
with viremic CHB."® Similarly, phase 2 interim
results showed that selgantolimod induced only mod-
est HBsAg declines in virally suppressed patients at
week 48.77). Although this TLR agonist can be given
orally and has limited side effects, the therapeutic
window of such compounds may be limited, hamper-
ing the balance between efficacy and potential side
effects, such as flares.

Therapeutic Vaccines

The idea behind therapeutic vaccination is to rein-
vigorate immune responses by introducing modified
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HBV antigens. GS-4774, a yeast-based T-cell vac-
cine, was able to induce a profound immune reaction
as indicated by increased cytokine production, but
this was not associated with any significant changes
in HBsAg levels in virally suppressed patients.(78) In
another phase 2 trial involving previously untreated
patients, GS-4774 was safe and well-tolerated, with
rare and self-limiting ALT flares.”” However, GS-
4774 plus TDF similarly did not induce significant
HBsAg declines by 48 weeks. GS-4774 had potent
stimulatory effects on CD8+ T cells, but the overall
HBV-specific T-cell response failed to induce sub-
stantial antiviral effects. NASVAC is another ther-
apeutic vaccine that is nasally administered. Modest
HBsAg reductions (median 0.16-0.30 log,, IU/mL)
were seen at 18 months following treatment; 2 (9%)
and 4 (12%) cases of HBsAg loss were observed
among NA-suppressed and treatment-naive patients
remaining in the study, respectively.®
open-label trial included no controls. To date, thera-
peutic vaccines have been shown to have only minimal
effects on viral markers.

) However, this

Checkpoint Inhibition

In patients with chronic HBV infection, T cells
overexpress inhibitory receptors, namely, PD-1.
PD-1 blockade has been associated with increased
T-cell response in vitro.®Y In a pilot study of
nivolumab, a PD-1 inhibitor, a mean HBsAg decline
of -0.30 log,, IU/mL was seen at week 12 in the
higher dose group, and 1 patient achieved HBsAg
loss.®? The study also included a nivolumab plus
(GS-4774 combination arm; the addition of GS-
4774 had negligible effects on HBsAg levels (mean
-0.16 log,, IU/mL). A note of caution is war-
ranted, as immune-related adverse events, includ-
ing autoimmune-like hepatitis, have been associated
with checkpoint inhibitors.®

Conclusion

Current therapies for chronic HBV infection
are safe and well-tolerated and effectively induce
viral suppression. However, the challenges in reach-
ing a functional cure remain difficult to overcome.
Combination strategies using NAs and PEG-IFN-a

achieve only modest enhancement in rates of HBsAg
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loss. Stopping antiviral therapy in patients who have
been under long-term viral suppression requires
further studies to identify the patients best served
by this approach to maximize benefit over risk. As
chronic HBV infection poses multiple obstacles to
achieving a cure, an HBV cure likely requires dura-
ble, concerted action from different classes of agents
with various virological and immunological targets,
and such trials with new HBV drugs are underway.
With collaborative efforts, we can anticipate moving
forward on the road to a cure.
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