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Introduction

Approximately 170 million people are chronically infected with HCV and 350 million are
chronically infected with HBV worldwide. It is estimated that more than one million patients die
from complications related to chronic viral hepatitis, mainly HCC which is one of the most
frequent cancers in many countries, especially Africa, the Middle East and Asia. HCV drug
development has been impressive, and this revolution led to several direct-acting antiviral agents
achieving an HCV cure after only 6-12 weeks. This progress could theorically lead to HCV global
elimination making HCV and its consequences a rarity. HBV research and development programs
can learn from the HCV experience, to achieve an HBV functional or sterilizing cure. This review
will summarize key steps which have been realized for an HCV cure, and discuss the next steps to
achieve for an HCV elimination. And also, how this HCV revolution has inspired scientists and
clinicians to achieve the same for HBV.
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Major steps toward HCV elimination

The replicon system has been an important tool to evaluate direct-acting antiviral agents
(DAAS)

HCYV, identified in 1989, is an enveloped virus with a 9.6 kb single-stranded RNA genome
[1], a member of the Flaviviridae family, genus Hepacivirus. The development of a
subgenomic HCV RNA replicon capable of replication in the human hepatoma cell line,
Huh 7, has been a significant advance in this field [2, 3]. This replicon model, together with
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other replicon-based systems, improve our understanding of HCV replication as well as
resistance and allow evaluation of potential antiviral molecules for efficacy and cytotoxicity
using real-time PCR. The HCV replication cycle begins with virion attachment to its specific
receptor. The HCV RNA genome serves as a template for viral replication and as viral
messenger RNA for viral production. It is translated into a polyprotein that is cleaved by
proteases. Viral assembly then occurs. Potentially, each step of the viral replication cycle
including viral entry is a target for drug development. Knowledge of the structures of HCV
protease and HCV polymerase has allowed structure-based drug design to develop inhibitors
to these enzymes [4, 5].

Direct-acting antivirals (DAA)

The proof-of-concept for the first DAA (a protease inhibitor) was developed in 2002, and
was a revolution in HCV drug discovery [6, 7]. All the HCV enzymes — NS2-3 and NS3-4A
proteases, NS3 helicase and NS5B RdRp — are essential for HCV replication, and are
potential drug discovery targets. In addition, NS5A DAA have produced picomolar HCV
inhibitors such as Daclastavir. Therefore, DAA with different viral targets, including NS3
protease inhibitors, nucleoside/nucleotide analogs and non-nucleoside inhibitors of the
RNA-dependent RNA polymerase and NS5A inhibitors, were developed [8]. There is a
strong rational to combine different DAA for HCV treatment. This allows high efficacy,
reduced risk of resistance and reduced duration of treatment. High priorities achieved with
DAA are listed in Box 1. (please insert Box 1)

Protease inhibitors

The NS3 serine protease is located in the N-terminal region of NS3. The NS3 serine protease
domain is associated with the NS4A cofactor to cleave four specific sites. This enzyme has
been extensively characterized at the biochemical level and its structure is known [4, 5]. The
serine protease activity of NS3 is an attractive target for new drugs that could effectively
block viral replication. The NS3/4A protease inhibitors can be divided into two chemical
classes: macrocyclic inhibitors and linear tetra-peptide a-ketoamid derivatives. In 2003, a
macrocyclic protease inhibitor (BILN 2061; ciluprevir) that blocks HCV replication in the
replicon model was shown to be effective in humans [6, 9].

Although first-generation protease inhibitors are potent, they have several potential
limitations. Protease inhibitors are highly specific and as the amino acid sequence of the
NS3 protease domain differs significantly between HCV genotypes, they exhibit varying
activities across genotypes. The genetic barrier to resistance is defined as the number of
amino acid substitutions required to confer full resistance to a drug. Usually, DAA with a
low genetic barrier to resistance require only one or two amino acid substitutions for high
resistance. DAA with a high barrier to resistance usually require three or more amino acid
substitutions in the same region to confer loss of activity.

The main weaknesses of the first-generation Pls were their low genetic barrier to resistance
and the fact that their effectiveness was limited to GT-1 patients. Second-wave Pls have a
higher barrier to resistance, better potency against multiple genotypes, more convenient
dosing schedules and improved safety and tolerance. Second-generation Pls are broadly
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active against all genotypes and against viral isolates that carry resistance mutations for first-
generation Pls. In combination with NA, the new Pls appear to achieve greater SVR rates
than the first-generation Pls. These new treatments allow for more convenient administration
schedules (one or two administrations per day); this could result in improved
pharmacokinetics and better patient compliance. Besides, the safety profile seems to be
good. The pan-genotypic activity of these new treatments provides new therapeutic options
for a greater number of patients, in particular for those infected with GT-4 [10].

Polymerase inhibitors

Nucleoside polymerase inhibitors in their 5’-triphosphate form interfere with viral
replication by binding to the NS5B RNA-dependent RNA polymerase. NS5B RNA
polymerase inhibitors can be divided into two different types — nucleoside inhibitors (NI)
and non-nucleoside inhibitors (NNI). NI mimic the natural substrates of the polymerase and
are incorporated into the RNA chain causing direct chain termination [11]. NI require
bioconversion to an active triphosphate form. As the active site of NS5B is highly conserved,
NI are generally pan-genotypic (effective against all the different genotypes). However,
single amino acid substitutions in every position of the active site may result in loss of
function of the NI, but resistance to nucleoside analog inhibitors is typically very low in
humans as this virus has reduced fitness.

In contrast, NNI bind to several discrete sites outside of the HCV polymerase active centre,
which results in conformational protein change before the elongation complex is formed
[11]. NS5B is structurally organized in a characteristic ‘right-hand motif’ containing finger,
palm and thumb domains, and offers at least four NNI-binding sites, namely, benzimidazole
(thumb 1)-binding, thiophene (thumb 2)-binding, benzothiadiazine (palm1)-binding and
benzofuran-(palm 2)-binding sites. Resistance is more frequent with NNI compared with NI.
However, mutations at NNI-binding sites do not necessarily lead to impaired function of the
enzyme.

NS5A inhibitors

The NS5A is a membrane-associated phosphoprotein present in basally phosphorylated
(p56) and hyperphosphorylated (p58) forms [12-13]. It was previously reported that only
p58-defective mutants could be complemented in #rans, and NS5A is involved in HCV
virion production, suggesting that different forms of NS5A exert multiple functions at
various stages of the viral replication cycle [12-13]. The N terminus of NS5A (domain 1)
has been crystallized in alternative dimeric forms and contains both zinc- and RNA-binding
domains, properties that have been demonstrated /in vitro. NS5A has been shown to interact
with a number of host proteins and plays a role in interferon resistance /n vivo [12-13].
Daclastavir is active at picomolar concentrations /n vitroin HCV replicons expressing a
broad range of HCV genotypes and acts in an additive to synergistic fashion with interferon
and other DAA [12-13]. The resistance profile of daclastavir reveals inhibitor sensitivity
maps to the N terminus of domain 1 of NS5A [14]. It has been demonstrated that NS5A
inhibitors could block hyperphosphorylation of NS5A, which is believed to play an essential
role in the viral replication cycle.
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What are the Goals obtained by achieving sustained virological response ?

A remarkable revolution has been recently achieved with the availability of DAA with high
chance to cure and good tolerability. The primary goal of treatment is to achieve a sustained
virologcal response (SVR) which is usually defined as undetectable serum HCV RNA 12
weeks after the end of treatment [15]. The SVR has been shown to be durable on long-term
follow-up and associated with the eradication of HCV infection confirmed by undetectable
HCV RNA in serum and the liver [16]. An SVR indicates that viral infection has been cured.
In addition, viral eradication is associated with the regression of fibrosis, the possible
reversibility of cirrhosis as well as significant improvement of the clinical outcome and
survival with a decreased incidence of complications, especially HCC. Goals obtained by
achieving an SVR are listed in Box 2. (please insert Box 2)

Patients with cirrhosis treated with DAAs should continue to be closely monitored for HCC
(ultrasound each 6 months). Surveillance is also advocated in SVR patients with any
histological stage of hepatitis C who carry comorbidities as alcohol cunsomption and
diabetes, which are well-recognized independent risk factors for HCC. The benefit of
treating HCV in patients with past or present HCC is under evaluation.

What are the Gaps to achieve HCV elimination?

HCV elimination is an achievable goal, since several, all oral, IFN-free DAA combinations
are now able to cure HCV in more than 95% of HCV infected individuals after 8 to 12
weeks of treatment. The programme to eradicate HCV must include increased screening
(universal), linkage to care, as well as increased access to treatment worldwide [Box 3].
Reducing DAAs cost will also be important [17]. Real-life data on treatment efficacy,
tolerability and adherence are mandatory. Compliance to drug regimens will become a major
issue to avoid failure. How far we can go with shortened treatment duration remains to be
studied (2, 3, 4, 6 or 8 weeks). However a pilot study conducted in China in genotype 1b
patients with three potent DAA (NA, NS5A and PI) resulted in 100 % SVR [18]. Patients
who failed previous treatment and developed resistance-associated variants (RAV) to NS5A,
should be rescued with future combinations.

HBYV infection

Chronic hepatitis B (CHB) infection affects over 400 million people worldwide, with long-
term morbidity such as cirrhosis and hepatocellular carcinoma (HCC) accounting for around
600,000 deaths annually [19]. Fibrosis is the most important prognosis predictor. Serum
biomarkers to diagnose fibrosis are under development [20].

In the sixties, Blumberg identified the hepatitis B virus (Australia antigen (Ag)) [21-22].
Rapidly after the identification of hepatitis B, vaccines were a large success [23-26].
Blumberg was awarded the Nobel Prize in Medicine in 1976 for both the description of
HBYV and the notion of a life saving effective HBV vaccine.

HBYV Current therapy

The goal of therapy for CHB is to improve quality of life, preventing viral transmission, and
survival by preventing progression to severe disease and HCC [27]. Previously, HBV DNA
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suppression with long-term lamivudine (LAM) was associated with a reduction in the
incidence of hepatic decompensation and HCC [28-29]. Treatment goals can be achieved by
sustained suppression of HBV replication, thereby reducing the histological activity of CHB
and reducing the risk of fibrosis progression. Suppression of HBV replication is critical, but
must be maintained if optimal treatment outcomes are to be achieved. Currently, there are
two main treatment strategies for both hepatitis B “e” (HBe) antigen-positive (HBeAg+ve)
and antigen-negative (HBeAg-ve) patients: 2 finite treatment courses of interferon alpha
(IFN)/pegylated IFN (PEG-IFN) or as long-term therapy with nucleoside analogs (NA). A
one year treatment with PEG-IFN offers the potential for immune-mediated control of HBV
infection, with higher rates of HBe seroconversion and the possibility of off-treatment viral
suppression, with loss of hepatitis B surface antigen (HBsAQ) in a proportion of patients
who maintain undetectable HBV DNA. However, PEG-IFN needs to be administered by
subcutaneous injection and is associated with frequent side effects such as depression; it is
also contraindicated in patients with decompensated cirrhosis or relevant autoimmune
disease, during pregnancy.

In contrast, NA suppress HBV by direct antiviral activity, and if compliance to treatment is
good, more than 95% of patients treated with the newer, highly potent NA tenofovir
disoproxil fumarate (TDF) and entecavir (ETV) achieve virological remission. NAs are
administered orally, and tolerance is good, although the safety of these drugs over lifelong
therapy is unknown. One potentially serious drawback of long-term NA therapy is potential
renal toxicity (in the cse of TDF) and the development of drug resistance; however, although
common with earlier less potent NA such as lamivudine (LAM) and adefovir (ADV),
resistance has become considerably less of a problem with the highly potent NA TDF and
ETV.

HBYV current therapy: What have we learned recently?

Long-term efficacy and real-world data

Long-term clinical data up to six years and beyond are emerging for the newer NA that are
providing reassuring data on their efficacy and safety. There is cumulative evidence that
complete long-term suppression of HBV replication by the most potent drugs (ETV and
TDF) results in an improved long-term outcome with a decreased risk of progression to
cirrhosis and complications such as liver failure, HCC and improved survival. In addition, a
recent study assessing liver histology in patients treated with TDF for 5 years demonstrated
that fibrosis regressed in most patients [30—-31]. Moreover, unlike what is generally believed,
the reversal of cirrhosis was observed during treatment in 75% of patients with cirrhosis,
probably associated with a decreased risk of HCC and improved survival. Further long-term
data are emerging from studies using newer potent NA in routine clinical practice
confirming safety and efficacy of these agents in the “real-world” setting.

Combination therapy (TDF plus PEG-IFN)

In a recent study, Marcellin et al. evaluated HBsAg loss in patients receiving the
combination of TDF and PEG-IFN for a finite duration [32]. In an open-label, active-
controlled study, 740 patients with CHB were randomly assigned to receive TDF plus PEG-
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IFN for 48 weeks (group A), TDF plus PEG-IFN for 16 weeks followed by TDF for 32
weeks (group B), TDF for 120 weeks (group C), or PEG-IFN for 48 weeks (group D). At
week seventy-two, 9.1% of subjects in group A had HBsAg loss compared with 2.8% of
subjects in group B, none of the subjects in group C, and 2.8% of subjects in group D. A
significantly higher proportion of subjects in group A had HBsAg loss than in group C (p <
0.001) or group D (p = 0.003). However, the proportions of subjects with HBsAg loss did
not differ significantly between group B and group C (p = 0.47) or group D (p = 0.88).
HBsAg loss in group A occurred in hepatitis B e antigen-positive and hepatitis B e antigen-
negative patients with all major viral genotypes.

Finally, a significantly greater proportion of patients receiving TDF plus PEG-IFN for 48
weeks had HBsAg loss than those receiving TDF or PEG-IFN alone.

Can we stop therapy of nucleosides?

The European Association for the Study of the Liver (EASL) [27] and the American
Association for the Study of Liver Disease (AASLD) guidelines [33] suggest HBsAg loss as
the ideal end point for oral therapy. However, this rarely occurs and is mainly seen in
HBeAg-negative patients. Therefore, patients should probably be treated for life. On the
other hand, the Asian Pacific Association for the Study of the Liver (APASL)
recommendations [34] for stopping NA are sustained suppression of HBV replication, (three
measurements showing HBeAg loss or undetectable HBV DNA within 1 year), which is
frequent during NAs therapy. Thus, one of the key issues when monitoring patients who are
receiving NA therapy is when can patients stop therapy with no risk of relapse ?

The retrospective study by Chen et a/. [35] in HBeAg-positive and negative patients reports
that end of treatment HBsAg levels < 300 IU/ml, 300-1000 IU/ml and >1000 Ul/ml in
HBeAg-positive patients were associated with sustained HBeAg loss in 55.6%, 7.7% and
3.3%, respectively. EOT HBsAg cut-offs <120 IU/mL, 120-1000 1U/mL and >1000 IU/ml
in HBeAg-negative patients were associated with HBsAg loss in 79.2%, 14.3% and 0%,
respectively, and HBsAg cut-offs < 200 1U/mL, 200-1000 1U/mL and >1000 1U/mL were
associated with an SVR in 93%, 11.1% and 15.4%, respectively. Similar results were
reported in patients whose treatment was discontinued according to APASL guidelines. An
end of treatment HBsAg level <100 1U/mL was associated with high SVR, while >1000
IU/mL was associated with a 1 year post-treatment relapse in 70% [36-38].

HBsAg quantification: a new tool for HBV monitoring

Quantifying HBsAg is certainly an important new tool for predicting the severity of disease,
to distinguish inactive carriers from patients with HBeAg-negative chronic active hepatitis;
and also help tailor follow-up and treatment management [39-40]. In addition, a decline in
quantitative HBsAg during therapy is a strong predictor of SVR after PEG-IFN therapy and
of the probability of HBsAg loss, which is the ultimate goal of therapy [41]. In patients
treated with analogs, a decline in HBsAg levels is also a predictor of HBsAg loss, allowing
therapy to be discontinued.
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Future strategies

There is considerable interest in the potential for finite therapy in patients following
successful HBsAg seroconversion. Studies are underway to determine if it is possible to
successfully combine the potent effects of NA with an immunomodulatory therapy to allow
more patients to stop therapy. Furthermore, there are three drugs, which are all prodrug of
tenofovir, in development. Among these, tenofovir alafenamide, or TAF, is already approved
in the USA for HIV treatment.

Knowledge of HBV replication cycle is important for drug development to identify targets.
Goals of therapy is to obtain a virological cure, or at least a functional cure

HBsAg synthesis during the HBV viral replication cycle is complex and usually occurs in
the endoplasmic reticulum [42, 43]. Upon entry into the hepatocyte the virion sheds its
protein coat and its genome is transported into the nucleus where it resides as stable fully
double stranded cccDNA and acts as a template for the transcription of the viral gene [44].
HBsAg is translated from mRNA with the transcriptional template-active cccDNA, which is
the reflection of the number of infected hepatocytes. The clinical relevance of HBsAg levels
is inferred from the relationship of this marker to the intrahepatic amount of cccDNA. There
is a correlation between serum HBsAg concentrations and the intrahepatic levels of
cccDNA, with the highest levels occurring in HBeAg positive hepatitis B and the lowest in
patients with resolved hepatitis [45-47]. Through this association, the amount of circulating
HBsAg is thought to indirectly measure the control of infection by the immunological
response independent from the antiviral response, which can be assessed by measuring HBV
DNA levels in serum. Serum HBsAg can be considered to be a surrogate marker of the
number of infected cells.

Since NA cannot eliminate cccDNA, persisting in the nucleus of hepatocyte, HBV infection
cannot be cured. Currently, there are many compounds in development for chronic hepatitis
B, and they can be categorized into two groups.

The DAA and the host-targeting antiviral agents (HTA). Goals to achieve for future
treatment are listed in Box 4 [48]. (please insert Box 4)

Entry inhibitors

Yan et al. reported in 2012 that sodium taurocholate cotransporting polypeptide (NTCP) is a
major functional receptor for HBV (and HDV) to enter the hepatocyte [49]. Yan et al. started
by isolating primary liver cells from treeshrews, and then used a combination of advanced
purification and mass spectrometry analysis to show that the NTCP on the surface of the
cells interacts with the pre-S1 domain in HBV. The authors then performed a series of gene
knockdown experiments on liver cells of both human and treeshrew origin: when the gene
that codes for NTCP was silenced, HBV infection was greatly reduced. Moreover, they were
able to transfect HepG2 cells—which are widely used in research into liver disease, but are
not susceptible to HBV and HCV infection—with NTCP from humans and treeshrews to
make them susceptible.
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Myrcludex-B is a synthetic lipopeptide that is derived from pre-S1 domain of HBV envelope
protein [50-51]. Since it contains NTCP-binding pre-S1 domain of HBV envelope protein, it
competitively binds to NTCP, thereby inhibit attachment of HBV to NTCP. Currently
Myrcludex-B is in Phase Il clinical trial, and there are other drugs under investigation, such
as cyclosporine A and ezetimibe.

Capsid effectors: nucleocapsid assembly inhibitors affect cccDNA

These drugs inhibit formation and assembly of core particles leading to the failure of mature
viron production as well as blocking cccDNA replenishment (Table 1). (please insert Table
1). cccDNA is an excellent target, since to achieve HBV cure, elimination, suppression or
control of cccDNA is warranted (Box 5) [52-53]. (please insert Box 5)

Capsid effectors disrupt the capsid and indirectly affect the stabiity of cccDNA, by inhibiting
the formation of cccDNA, and/or destroying the cccDNA per se. However, only three of
these drugs (from Novira now J&J, and a Chinese company) have progressed to clinical
trials, but many others are in early preclinical phases [54-56]. GLS4 is currently in Phase |1
study, and the results are awaited [54]. NVR 3-778 is a small molecule that inhibits the HBV
capsid protein by oral administration [56]. Oral HBV core inhibitor NVR 3-778 appears to
be effective against HBV with synergistic activity when combined with NA.

DAA: RNA interference

There are several RNA interference drugs under clinical trial. ARC-520, which is currently
in Phase I1/111 trial, is a compound that contains HBV mRNA-targeting siRNA [57]. Upon
administration, the siRNAs in ARC-520 associates with the viral mMRNA and forms a
double-stranded RNA, leading to degradation. Therefore, it can reduce the production of
viral protein and viral replication per se.

The product targets highly conserved regions of all five of the mRNAs produced by HBV.
This approach potentially interferes with the production of all of the viral proteins, as well as
the stability of the pre-genomic RNA that the virus uses as a template for DNA synthesis.
ARC-520 is claimed to have a dual mechanism of action, both reducing viral replication and
restoring the immune system’s ability to clear the infection from hepatocytes.

A recent report of the phase Ila trial has shown that a single injection of ARC-520 resulted
in significant reduction in HBsAg for up to 43 days. When given as a single, IV
administration, ARC-520 was well tolerated up to and including a dose of 3 mg/kg in CHB
subjects, who were also receiving entecavir, and up to 4 mg/kg in normal volunteers [57]. A
single injection of ARC-520 resulted in significant reduction in HBsAg for up to 43 days.

Gene editing approaches: CRISPR/Cas 9

Using lentiviral transduction of a bacterial Cas9 gene and single guide RNA (sgRNA)
specific for HBV, effective inhibition of HBV DNA production in /n vitro models of both
chronic and de novo HBV infection can be observed. Cas9/sgRNA combinations specific for
HBV can reduce total viral DNA levels by up to 1,000-fold and HBV cccDNA levels by up
to 10-fold and also mutationally inactivates the majority of the residual viral DNA [58, 59].
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There has been a revolution in the treatment of HCV infection. Several oral regimens
combining direct-acting antiviral (DAA) agents result in an increase in SVR rates to above
95% and reduce the duration of treatment from 12 to 8 weeks. Remaining issues include
increasing screening and access to care. Resolution of these issues will result in access to
care so that HCV may become the first chronic viral infection eradicated worldwide.

There is increasing research in the field of HBV infection. The new goal of HBV therapy is
to achieve “functional cure” or even “absolute cure” with HBsAg loss/seroconversion and
clearance of cccDNA. New agents (DAA and HTA) for CHB are starting to emerge: HBV
entry inhibitors, small interfering RNA, capsid inhibitors, CRISPR/Cas9 are promising, but
early in development. New drugs aimed to decrease or eliminate cccDNA and/or HbsAg are
promising.
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Abbreviations

AE adverse event
ALT alanine aminotransferase
AST aspartate aminotransferase

cccDNA covalently closed circular DNA

CHB chronic hepatitis B
CHC chronic hepatitis C
DAA direct-acting antivirals
EOT end of treatment

ETV entecavir

GT genotype

HBeAg hepatitis B e antigen

HBsAg hepatitis B surface antigen

HBV hepatitis B virus

HCC hepatocellular carinoma
HCV hepatitis C virus

HTA host-targeting antiviral agents
IFN interferon
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BOX 1

Top Priorities for Direct-Acting Antivirals
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BOX 2
Goals obtained by achieving Sustained Virological Response (SVR) = cure
. Eradicate the virus (HCV clearance)
. Reduce Necroinflammation
. Stop Fibrosis progression
. Prevent Cirrhosis & complications
. Prevent Hepatocellular carcinoma
. Reduce extra-hepatic manifestations
. Increase Survival
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BOX 3

Strategies for HCV elimination
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BOX 4

Functional cure

Absolute cure — virologic cure

Definition of a cure

Sustained off-drug suppression of serum HBsAg, HBeAg, viral DNA,
and cccDNA.

Normalization of liver function (normal levels of serum ALT and AST).

Comparable with individuals with naturally resolved infection.

Sustained off-drug suppression of serum HBsAg, HBeAg, and viral
DNA.

Normalization of liver function (normal levels of serum ALT and AST).
Elimination of cccDNA.
Presence of HBsAD.

Comparable with uninfected individuals.
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BOX 5

Relevance of cccDNA as a targuet
cccDNA persistence is the cause of chronic HBV disease
cccDNA exists as a minichromosome in the nucleus
cccDNA persists in the absence of active viral replication

cccDNA levels reduced, but not eliminated with treatment/liver
regeneration

HBV Cure: elimination, suppression or control of cccDNA
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HCV cure

HBYV cure

KEY POINTS

Combining DAAs results in high SVR (>95%) and short duration (6—
12 weeks).

Shortened duration treatments (3 to 8 weeks) are under evaluation.

HCV elimination require improvement in screening, prevention and
access to treatment.

The new goal of HBV therapy is to achieve “virological cure” with
HBsAg loss/seroconversion and cccDNA clearance.

cccDNA is an excellent target, since elimination/control of cccDNA
lead to HBV cure.

Inhibitors of nucleocapsid inhibit formation and assembly of core
particles leading to the failure of mature viron production as well as
blocking cccDNA replenishment.
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Table 1
DAAs: Inhibitors of nucleocapsid assembly
Drug name Target Compound Stage of Development
GLs4 Interfere with capsid formation/stability ~ Heteroaryldihydropyrimidine (HAPs)  Phase 11
Bay 41-4109 Viral nucleocapsid inhibitor HAPs Phase |
AT-130 Inhibition of HBV capsid assembly Phenylpropenamide derivatives Preclinical and early clinical
phase
NVR-3-778 (NVR1221)  Inhibition of HBV capsid assembly Small molecule Phase Ib
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