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Abstract: Millions of people of the world suffer from chronic hepatitis B (CHB), a pathological entity
in which the patients are chronically infected with hepatitis B virus (HBV) and express hepatitis B
surface antigen (HBsAg) and HBV DNA, as well as evidence of liver damages. Considerable numbers
of CHB patients develop cirrhosis of the liver and hepatocellular carcinoma if untreated. Two groups
of drugs (interferons and nucleoside analogs) are used to treat CHB patients, but both are endowed
with considerable adverse effects, increased costs, extended duration of therapy, and limited efficacy.
Thus, there is a pressing need to develop new and innovative therapeutics for CHB patients, and
many such drugs have been developed during the last four decades. Some of these drugs have
inspired considerable optimism to be a game-changer for the treatment of CHB. Here, we first discuss
why ongoing therapeutics such as interferon and nucleoside analogs could not stand the test of time.
Next, we dissect the scope and limitation of evolving therapies for CHB by dissecting the cellular and
molecular mechanisms of some of these innovative therapeutics.
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1. Introduction

Hepatitis B virus (HBV) is a DNA virus belonging to the family Hepadnaviridae. HBV-
infected persons may express various HBV-related antigens: hepatitis B surface antigen
(HBsAg), hepatitis B e antigen (HBeAg), and hepatitis B core antigen (HBcAg), as well
as HBV DNA in the sera and different tissues. Based on the expression of various HBV-
related antigens or antibodies, the pathological status of the patients can be ascertained.
An estimated two billion people in the world are infected with HBV at some point in their
life, and usually, antibody to HBcAg (anti-HBc) is detected in their blood. A group of
these patients expressing anti-HBc also express antibodies to HBsAg (anti-HBs). These
HBV-infected subjects with anti-HBs are usually protected from future HBV infection.
However, due to superimposed pathological conditions or the use of immune-suppressive
drugs, these HBV-infected patients with anti-HBs may allow HBV replication and develop
HBV-related complications [1].

The World Health Organization (WHO) estimates that HBV has chronically infected
about 296 million people worldwide. These people express HBsAg and HBV DNA in the
blood. Thus, on the one hand, these people are living and permanent reservoirs of HBV
infection, and they may transmit the virus to healthy persons. The WHO also estimates that
about 12–25% of these patients should be treated immediately, as these patients also show
evidence of liver damages (patients chronic hepatitis B (CHB)). If they remain untreated,
there is a strong possibility of developing complications like cirrhosis of the liver (LC) and
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hepatocellular carcinoma (HCC). In 2015, the WHO proposed a program of “Elimination of
Hepatitis by 2030”. They found that <1% of CHB patients were under some management
strategy. However, the WHO target was to start therapy for several million CHB patients
by 2030 [2].

The management of CHB patients and HBV-infected persons has been provided by
international liver organizations like the American Association for the Study of Liver
Diseases (AASLD) [3], the European Association for the Study of the Liver (EASL) [4], and
the Asia-Pacific Association for the Study of the Liver (APASL) [5]. Most of the regional,
national and local liver organizations usually follow the treatment recommendations of the
AASLD, EASL, and APASL, with some local adjustments. It is now evident that the use of
commercially available antiviral drugs will not be able to meet the target of “Elimination of
Hepatitis by 2030”, as these drugs are endowed some inherent limitations:

1. Drugs of interferon (IFN) groups are costly and require administration by injection.
The efficacy is also limited and mostly unable to block progression to LC and HCC.

2. Nucleoside analogs (NAs) can be given by the oral route and are comparatively cheap,
but these drugs must be given for a prolonged period and even for life. Stopping NAS
may induce a flare of hepatitis, and this may be life-threatening. NAs have limited
efficacy to block complications like LC and HCC.

Thus, there is a pressing need to develop new and novel drugs for chronic HBV
infection. Several drugs, both with antiviral and immunomodulatory capacities, have
been developed within the last 40 years. The review will provide a bird’ eye view of the
scopes and limitations of the ongoing and newly developed treatment options for CHB
patients. To have broad insights into these variables, proper understandings about virology,
epidemiology, and the genesis of therapy for CHB should be briefly described.

2. The Life Cycle of HBV and Development of Evidence-Based Therapeutic for
CHB Patients

Hepatitis B virus (HBV) is a DNA virus belonging to the family Hepadnaviridae and
is mainly a hepatotropic virus, although the HBV has been detected in tissues other than
the liver and among different immunocytes. However, is it elusive if the replication of
HBV takes place in these cells and organs? The HBV enters hepatocytes mainly by sodium
taurocholate transporting a polypeptide (NTCP) receptor. After entry to hepatocytes, the
relaxed circular DNA of the viral genome is released at the nucleus. The HBV virion is
formed by a lipid-based spherical structure, and three envelope proteins (small, middle,
and large) are detected. The large envelope protein containing the receptor-binding domain
is involved in viral entry into the cytoplasm by receptor-mediated endocytosis, and thus, its
role in the entry of the virus into hepatocytes is highly important [6]. In the cytoplasm, the
relaxed circular DNA (rcDNA) genome of HBV is formed. The entry of the virus genome
into the nucleus of the hepatocyte is mediated via microtubule-mediated transport. Various
host factors, most of which are not clearly known, help the rcDNA to be converted into
covalently closed circular DNA (cccDNA) in the nucleus. These cccDNA represents a stable
mini-chromosomes [7]. As and when required by cellular metabolic or other demands,
the cccDNA is transcribed into pre-genomic RNA (pgRNA). This is then translated to the
nucleocapsid protein and serves thereafter as the template for cDNA synthesis. Finally,
the nucleocapsid with partially double-stranded HBV DNA is enveloped, and the virion
is secreted. A part of the nucleocapsid is recycled into the nucleus, and the rcDNA is
converted to cccDNA again, and thus, the pool of cccDNA is maintained over the years [8].
Proper understanding of the entry of HBV DNA into the cytoplasm; their translocation; and
the production of rcDNA, pgRNA, and cccDNA are extremely important for developing
drugs and treating HBV-infected persons.

3. Epidemiology of HBV and Fixing Target Population

About 2 billion people of the world have been infected with HBV at some point in
their life. This can be assessed by evaluating various HBV-related serological markers.
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According to the World Health Organization (WHO) estimates, about 296 million are
chronically infected with HBV. They have expressed hepatitis B surface antigen (HBsAg)
for more than six months in their blood. Most of these chronic HBV-infected persons also
express HBV DNA in the blood. All chronic HBV-infected persons are living, permanent
reservoirs of the HBV and may transmit HBV to healthy, noninfected persons. Thus, they
maintain the permanent pool of future HBV infections [2].

4. Primary Approaches of Repurposing Drugs for CHB

As CHB is induced by HBV, handling HBV has been the main target of therapy of CHB
patients during the last 40 years. However, CHB patients bear two different spectrums.
The first is the persistency of the HBV in the liver and the blood, and the next is the fact
that CHB is associated with liver damages of variable degrees. Initially, it was assumed
that control of the virus would downregulate the extent of liver damages, and all efforts
were centered towards the complete or partial stoppage of HBV replication. This opened
the path for interferon and its derivatives to be used as the first-line of drugs against CHB,
as IFN is well-known to stop the replication of different viruses. Prior to this, IFN has
been used in different viral diseases and cancers. Thus, IFN is the first repurposed drug
recommended for the treatment of CHB [9]. IFN-α has multiple antiviral, antiproliferative,
and immunomodulatory activities. IFN can work by activating different pathways of
antiviral defense in infected and noninfected cells, HBV replication blocking the RNA-
containing core particle formation and accelerating their decay, degrading pre-genomic
RNA, and modulating the nuclear viral mini-chromosome (covalently closed circular
DNA) activity by targeting its epigenetic regulation and both innate and adaptive immune
responses. This is mainly manifested by activating IFN-stimulated genes [10]. However,
IFN has major limitations like cost and route of administration. Moreover, IFN was found
to be only partially efficacious in CHB patients. During the last 45 years, the beneficial
effects of IFN have been clear to all. After careful consideration of all these facts, it is almost
clear that the role of IFN in the treatment of CHB is limited; however, opportunity still
remains for the usage of IFN as a part of combination therapy [11].

During the middle of the 1990s, another group of repurposed drugs, nucleotide(s)
analogs (NAs), started to be used for treating CHB patients. As of today, seven NAs
(lamivudine, telbivudine, adefovir, entecavir, tenofovir disoproxil fumarate, and tenofovir
alafenamide fumarate) are used on the global level. In addition, some NAs are used on a
country basis. Lamivudine is the first NA that has been repurposed for the treatment of
CHB. Lamivudine blocked reverse transcriptase activity and was used to block replication
of the human immune-deficiency virus (HIV). The FDA approved lamivudine for usage
in HIV treatment in 1995, and in 1996, it got approval for use in HIV in Europe. In 1998,
lamivudine was approved for use in CHB patients, as this replication of HBV is dependent
on reverse transcriptase activity. All other NAs also work with the similar principle of
inhibiting polymerase enzyme activity and thus block HBV replication and induce the
downregulation of HBV DNA in the sera [12,13]. The limitations of ongoing antiviral
therapies against CHB are shown in Table 1.

Although there remain several limitations of nucleoside analogs, these are mainly
pronounced in developing and resource-constrained countries. However, this is one side
of the coin. There are many inspiring aspects of NAs. The combined uses of NAs with
another NAs or immune modulators may be effective for the containment of progression
of liver damage. Additionally, a new form of NAs, nucleoside prodrugs, may be of benefit
for CHB patients. Until these variables are properly addressed, it is too early to provide a
notion about the usage of NA in CHB. However, the development of innovative therapy
for CHB remains a pressing need, as the HBV induces noncytopathic and liver damage
progress preferentially in some, but not all, patients [14].
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Table 1. Limitation of ongoing antiviral therapeutics (interferons and nucleoside analogs) for the
treatment of chronic hepatitis B.

1.
The ongoing antiviral drugs (interferons and nucleoside analogs) are repurposed

antiviral drugs. These drugs have not been developed based on the life cycle of HBV
or HBV-induced pathogenesis.

2.
Ongoing therapeutics can reduce or induce the negativity of HBV in the sera but not

in the liver. cccDNA in the liver may act as the template for new viruses as and
when required.

3. The immune-modulatory capacities of antiviral drugs are limited, although these
drugs can restore the host immunity to some extent.

4. The nature of the host immunity that controls liver damage (HBV-specific immunity)
is merely induced by antiviral drugs in CHB patients.

5.
Nucleoside analogs are not patient-friendly, as the treatment duration is infinite. The

implication of these drugs in developing and resource-constrained countries
are limited.

5. Pathogenesis of CHB and Role of Repurposed Drugs for CHB
5.1. Drugs Based on Life Cycle of HBV Are Yet to Be Developed

Chronic HBV infection is not merely a viral infection. The pathogenic process of CHB
is quite complex. In short, CHB is an HBV-induced immune-mediated disease. In CHB
patients, the HBV remains as replicating virus with a constant production of virion particles
and their antigens. These can be estimated in the blood. Additionally, the hepatocytes
contain the cccDNA in the nucleus. One hepatocyte may contain 5–50 cccDNA. The half-
life of cccDNA is about ten days to months, depending on the data of in vitro and in vivo
studies. Using a cccDNA quantitative assay, it has been shown that treatment with adefovir,
entecavir, or lamivudine for 48 weeks may reduce intrahepatic cccDNA by 0.8–1.0 log. HBV
DNA and cccDNA are not cytopathic in nature, and they are unable to induce any direct
damage to hepatocytes [15].

Thus, it is natural to ask what events are responsible for inflammation (hepatitis),
fibrosis (LC), and carcinogenesis (HCC) following HBV infection. In fact, there remain
complex interactions between the host and the virus, and the nature of host immunity
may have some dominant roles in these pathological processes. Many of these cellular and
molecular mechanisms could not be fully explored due to a lack of studies in the proper
model of CHB. Although HBV transgenic mice (HBV TM) have been available since 1985
for analyzing these issues, natural models of HBV TM are not representative of CHB. HBV
TM harbors HBV DNA and various HBV-related antigens, but they do not show evidence
of liver damages, hepatic fibrosis, and hepatocellular carcinoma. Studies in patients with
CHB are also limited to the nature of immunity and its specific role during the pathogenesis,
progression, and regression of CHB. Although some serological data about these factors
are available in the literature, little is known regarding the pathogenic features in the
liver [16,17]. Maini et al. showed that HBV-specific immunity, especially HBcAg-specific
immunity, is protective, whereas polyclonal immunity is usually pathogenic [18]. It is
challenging to reach a consensus about the nature and properties of these immunities,
because there is a paucity of information regarding these controversial issues. Nevertheless,
circumstantial evidence primarily supports these conceptions, and these would provide
blueprints of the development of innovative therapies for CHB.

5.2. Why NAs Are Unable to Cure CHB in a Majority of Patients

NA has an inhibitory action on the polymerase activity of HBV in CHB patients. Thus,
NA can inhibit viral replication, and the usage of NA leads to a reduction of HBV DNA.
Even HBV DNA negativity may be an outcome of NA usage in CHB patients. The role of
NA on cccDNA is not prominent. NA cannot eradicate cccDNA from infected hepatocytes.
However, the regular usage of NA may keep cccDNA within the control, and thus, the
prolonged usage of NA is required. Taken together, NA is a potent antiviral agent for
CHB patients. However, a drug has not been developed to take care of cccDNA, the most
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critical viral variable of CHB patients. Moreover, inflammation of the liver is not induced
directly by HBV or cccDNA. Instead, it is an immune-mediated fact. Let us check the
immune-modulatory capacity of NA. NA induces the restoration of immunity. However,
the restored immunity is of an antigen-nonspecific type, and that is polyclonal [19] in nature.
Studies have revealed that antigen-nonspecific immunity may not be protective for CHB
patients. Taken together, NA has prominent action on replicating HBV DNA, minimal sup-
pressive properties on cccDNA, and endowed some capacity to restore antigen-nonspecific
immunity. However, protective immunity in CHB patients requires the induction and
restoration of HBV-specific immunity. Thus, NA has limited beneficial activity on CHB
patients, even if NAs are used for a prolonged duration. The reality is that no antiviral
drug has been developed based on the complex life cycle of HBV. Although several liver
organizations are updating their recommendations of NA usage for more benefits, the
fundamental limitation of NA for the treatment of CHB is eminent. In addition to these
facts, NA is not patient-friendly for CHB patients of developing and resource-constrained
countries. It should be used for an infinite duration. Periodic follow-up is required during
the use of NA. Paradoxically, most of the CHB patients of the world live in these countries
of Asia and Africa. Most of these people are unaware of their HBV infection status and
the dangerous outcome of being a CHB patient. However, if the missing millions of CHB
patients are exposed, one major limitation will be the ability of the health services of these
countries to treat these patients [20]. Thus, the target of “Elimination of Hepatitis by 2030”
assumes that starting therapy for 65% of CHB patients by 2030 is an unrealistic goal, and
this should be optimized based on reality and evidence.

5.3. Realistic Situation of CHB and Ongoing Antiviral Therapy

Although IFNs and NAs are endowed with severe limitations for treating CHB, there
remains almost no drug at hand for the treatment of millions of CHB patients. NAs have
been on the market for more than two decades, and several trials have been accomplished
with these drugs. We know NAs more than any other antiviral drugs for CHB patients. The
good side of NAs include their oral usage and low cost compared to IFNs. As the cellular
and molecular mechanisms of CHB are becoming clearer day by day, the time has come
to develop new and innovative drugs that can replace NAs. A short description of the
evolving and innovative drugs will be provided.

Inference: The ongoing therapeutic approaches for treating CHB are directed
towards the containment of HBV. It seems that CHB is regarded as merely a viral
infection. Drugs have been developed to contain the virus. However, no drug has
been developed based on the life cycle of HBV. Only some drugs that have been
used for other pathological conditions have been repurposed for CHB. Neither
IFNs nor the NAs can destroy all forms of HBV, including cccDNA. In addition,
CHB is an HBV-induced, immune-mediated pathology. HBV DNA’s reduction
or negativity by ongoing available antiviral drugs may be associated with the
containment of liver damages, but that is not the rule. Future drug development
should consider either three spectrums or one or two of these steps: (1) complete
eradication of all forms of HBV, including cccDNA, the (2) downregulation of liver
damages, and (3) blocking progression to hepatic fibrosis and carcinogenesis. It
is not an easy task, but proper insights about cellular and molecular mechanisms
underlying the pathogenesis of CHB and the natural course of HBV infection
may help attain the goal.

6. Innovative Therapy (Scope and Limitation)
6.1. Therapies Targeting Viral Factors

These types of therapies are summarized in Figure 1. The points of interferences are
shown. An ideal innovative therapy should have the following characteristics shown in
Table 2.
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Figure 1. Points of interference by innovative therapy targeting HBV [21].

Table 2. Nature of ideal innovative antiviral drugs.

1. The drug must be developed on the basis of the life cycle of HBV.

2. The new and innovative drugs should be able to eradicate all forms of HBV from
CHB patients. These include replicating HBV, cccDNA, and extra-hepatic HBV.

3. The drugs should have immune modulatory capacity, and the nature of immune
modulation should consist of the induction of HBV-specific immunity.

4. The drugs should have a finite usage regimen.

6.1.1. Entry Inhibitors

As NAs can mostly reduce replicating HBV, investigators have checked for other
antiviral compounds that can be effective in different forms of HBV. One such approach is
to target the entry of the virus through sodium taurocholate cotransporting polypeptide
(NTCP) that acts as an entry receptor of HBV into hepatocytes. NTCP inhibitors bind to
NTCP, and thus, de novo infection with the HBV can be blocked. The use of this entry
inhibitor reduced the HBV DNA levels, but the eradication of HBV DNA could not be
achieved. Patients enrolled in clinical trials with both HBV and HDV have shown a loss of
HBsAg by the entry inhibitor and pegylated IFN. The entry inhibitor, bulevertile and other
drugs, has been approved for clinical usage to block the entry of HBsAg and hepatitis delta
virus into hepatocytes [22–25]. Some of the data are inspiring regarding the control of viral
replication. However, it is not clear if this drug would have any role in containing liver
damages or progression to LC and HCC. Clinical trials have recently started with entry
inhibitors, and future data should be checked properly about their scope and limitation.
When the management of CHB is dependent on controlling cccDNA, and the mechanism
of immune-mediated liver damages is most relevant, what roles can entry inhibitors play
by inhibiting HBV entry in vivo? However, as a complex mechanism prevailing in CHB
pathogenesis, entry inhibitors may be used as a part of combination therapy in the future,
with other treatment modalities accomplishing other immune-mediated jobs.

6.1.2. RNA Interference

Another mode of control of HBV replication may be accomplished by RNA interference
(RNAi). RNAi can target HBV transcripts directly, which may lead to their degradation of
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the viral genome. Overall, this may reduce the HBV DNA levels in the sera. RNAi has been
shown to block HBsAg production [26]. The role of HBsAg in the immune regulation of
CHB patients has been shown, and thus, it is assumed that, by blocking HBsAg production,
RNAi may restore the host immunity. Thus, we come back to the need to restore an effective
immune system that will ultimately bring the liver damage under control. It is still not
clear what type of immunity would be restored by RNAi. If that is HBV-specific immunity,
then the therapeutic effect may be sustained. However, if that is polyclonal in nature, more
damage and inflammation may follow.

6.1.3. Capsid Assembly Modulator

The HBV core protein is essential for HBV pgRNA packaging and reverses transcrip-
tion. Several compounds that are able to modulate the assembly of the core protein capsid
may have potential utility in the treatment of CHB patients, especially for containing HBV
replication [27]. This drug has been used with pegylated IFN, and it revealed its potent
antiviral capacity. However, like all other innovative antiviral drugs, this one also lacks any
capacity to modulate liver damages.

6.1.4. Drug Targeting Inhibition of HBsAg Release

HBsAg is a vital antigen of CHB patients, as immunity to HBsAg is protective in
nature. On the other hand, HBsAg is the most useful marker of HBV infection. HBsAg
is produced in the cytoplasm of hepatocytes and released into the blood. However, cir-
culating HBsAg comes mainly from noninfectious HBV subviral particles (SVPs). Thus,
the production of HBsAg is not representative of the viral load. On the other hand, excess
HBsAg seems to be responsible for the impaired immunity of CHB patients. This has led
the investigators to develop nucleic acid polymers (REP 2139) to block HBsAg release
from infective hepatocytes [28]. Thus, by using these polymers, the levels of HBsAg will
be reduced in the blood. Now, the questions are how a reduction of HBsAg would help
to cure CHB patients, whereas the pathogenesis of CHB is not dependent on the HBsAg
levels. One solution might explain that low levels of HBsAg would allow having adequate
HBsAg-specific immunity. However, the protective nature of this immunity has yet to be
assessed. Moreover, HBsAg-specific immunity that has been induced by vaccine therapy
was not able to have therapeutic outcomes in CHB patients. Finally, the investigators have
not checked the outcome of REP 2139 regarding immune restoration. However, the impor-
tance of HBsAg levels is confusing. Any direct role of HBsAg could not be substantiated.
Several patients with very high levels of HBsAg exhibit no evidence of liver damages.

On the other hand, patients developing LC and HCC harbor shallow levels of HBsAg.
The importance of HBsAg reduction bears some implications when HBsAg is reduced due
to antiviral therapy. The reduction of HBsAg by antiviral therapy versus the inhibition
of HBsAg by polymers is not of similar clinical significance. The reduction by antiviral
therapy indicates a reduction of cccDNA or silence towards the replication cycle of HBsAg
from cccDNA. This seems to be meaningful, as the HBsAg levels show a progressive decline
by antiviral therapy. The major problem with the advent of innovative therapy seems to be
related to the misunderstanding about the pathogenesis of CHB and attempts to develop
drugs on the basis of elusive considerations.

6.1.5. Drug Targeting cccDNA

Even after containing HBV DNA and ensuring HBV DNA negativity in CHB patients,
the patient is not cured, because cccDNA acts as a template for new viral particles. From this
point of view, if the production of cccDNA can be controlled, an effective therapeutic option
may arise for CHB patients. However, concerns will remain about managing liver damages,
as it is unlikely that reducing the cccDNA would alter the course of liver damages due to
the reduction of cccDNA. Numerous small molecules can block the formation, enhance the
destruction, and silence the transcription of cccDNA while stimulating cell division [29].
These include cleaving sequence-specific DNA targets and gene-editing using the clustered
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regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated 9 (Cas9)
system. However, these maneuvers are in development, and their real implication for CHB
patients is yet to be evaluated.

Inference: Innovative therapies targeting the virus represent novel approaches,
but the design should be such that it can eradicate all forms of HBV, including
cccDNA. One or two inspiring studies are beneficial, but preclinical studies
should be followed by phase I, II, and III clinical trials. Additionally, follow-up
data are required for designing new studies. The nature of an ideal innovative
therapy targeting viral factors is shown in Table 2.

6.2. Immune Therapy Targeting the Host
6.2.1. HBV Antigen-Nonspecific Polyclonal Immune Therapy

It is well-accepted that HBV infection leads to the dysfunction of immunocytes. Almost
all immune system cells were found to have impaired or defective functions in animal
models of chronic HBV infection or patients with CHB. However, some differences like
the defect were also visible, due to the study design. This led to developing immune
therapy for CHB patients. Immune therapy for CHB can be divided into two major
disciplines: polyclonal immune modulators-based immune therapy and HBV antigen-
based immune therapy. Initially, it was assumed that the immune responses of CHB
patients are diminished because they are unable to induce the immunity to circulating HBV-
related antigens, such as HBsAg. These facts are relevant, as all patients with CHB harbor
moderate-to-high levels of HBsAg in the blood. However, anti-HBs are not usually detected
in the sera. These findings led to the foundation of immune therapy in CHB patients. There
were a wide range of polyclonal immune modulators (HBV antigen-nonspecific), such as
interleukin (IL)-2, IL-12, granulocyte–macrophage colony-stimulating factor, levamisole,
thymus humoral factor-gamma 2, alpha galactosylceramide, propagermanium, liver extract,
thymosin-alpha 1, and others, used for CHB patients during the 1990s [30–39]. If the
outcome of these immune therapeutic approaches is compiled, it seems that either a
biologically active dose of IL-2 treatment was of no therapeutic value or recombinant IL-2
was not useful as a monotherapy for the treatment of CHB patients. The treatment of
CHB by IL-12 therapy has been endowed with considerable adverse effects, or the role of a
granulocyte–macrophage colony-stimulating factor did not have therapeutic implications
in CHB patients. Similarly, the combination of levamisole with IFN or thymus humoral
factor-gamma 2 or alpha-galactosylceramide or propagermanium or liver extracted proteins
or thymosin alpha did not show any notable clinical effects in CHB patients. However,
these immune modulators upregulated the immune systems of CHB patients. Thus, a mere
increase in the immune status would not be sufficient for CHB patients. When the adverse
outcomes of these therapeutic approaches were analyzed, it was found that the study design
was of some pilot study, follow-up data were mostly unavailable, and the mechanism of
action was not explored. Thus, the potential benefits of non-antigen-specific immune
therapy by polyclonal immune modulators, if any, for CHB patients remain undissected
until now. However, the present information does not have a favorable concept about the
use of polyclonal immune modulators as treatment options for CHB.

6.2.2. Toll-like Receptor Agonists

TLR-mediated pathways may be used to suppress HBV replication and restore HBV-
specific adaptive immunity. GS-9688, a TLR-8 agonist, is now in a phase II study. Although
it reduced the HBV DNA, the HBsAg loss was not notable [40]. Another study with
TLR agonist plus TAF against a placebo plus TAF in patients with CHB showed that
selgantolimod is safe and well-tolerated, with a decline in HBsAg. However, there cannot
be a proper assessment until a phase III study with these immune therapeutic agents
is completed.
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6.2.3. Immune Checkpoint Inhibitors

The efficacy of targeting checkpoint inhibitors, such as programmed cell death protein
1 (PD-1) and programmed death-ligand 1 (PD-L1), has been widely used in cancer patients.
Anti-PD-L1 may be a therapeutic candidate in patients with CHB, as it is expected to
restore the antiviral T-cell functions. In combination with entecavir treatment and DNA
vaccination, the in vivo blockade of the PD-1/PD-L1 pathway in CD8 T cells was shown to
enhance the function of virus-specific T cells [41]. A phase I pilot study evaluated anti-PD-1
(nivolumab) treatment with or without GS-4774 (therapeutic vaccine) in HBeAg-negative
CHB patients. At week 24, 14% (3/22) of the patients had >0.5 log 10 reduction in the
HBsAg levels [42]. However, follow-up data are mostly unavailable about this trial.

6.3. HBV Antigen-Specific Immune Therapy for CHB
6.3.1. HBsAg-Based Immune Therapy for CHB

HBsAg-based immunotherapy was first reported by Pol et al. in 1994 [43]. Sub-
sequently, several clinical trials of HBsAg-based vaccines have been performed in CHB
patients. As the commercially available HB vaccine has been used as a source of HBsAg,
this therapy has been named “vaccine therapy” [44–49]. If these data are analyzed as a
holistic approach, it is clear that HBsAg-based immune therapy is mostly safe and results
in reduced HBV DNA levels, HBeAg negativity, and anti-HBe seroconversion in some
CHB patients. However, sustained effects of the HBsAg-based vaccine on HBV DNA, ALT,
fibrosis, and HCC could not be documented. Furthermore, there is a paucity of information
regarding the effect’s therapeutic vaccination during the follow-up period. Most of these
were pilot studies and exhibited considerable heterogeneity in the dose and composition
of the vaccine and the treatment duration. Moreover, the mechanism of action of vaccine
therapy has remained chiefly elusive.

6.3.2. Other Faces of HBV Antigen-Based Immune Therapy

Attempts were made to develop different types of antigen-based immune therapy
for CHB patients. This led to the production of the antigen–antibody complex vaccine,
DNA-based vaccine expressing HBsAg, and a combination of antiviral and HBV antigen-
based vaccines. However, the final outcome was not inspiring in CHB patients, and a
phase III study has not been accomplished to formulate an immune therapeutic strategy
for clinical usage.

6.3.3. HBsAg/HBcAg-Based Vaccine Therapy

Recently, insights have been gained into the importance of hepatitis B core antigen
(HBcAg)-based immunity in CHB patients concerning the control of HBV replication and
the containment of liver damage. The study of Maini et al. revealed that patients with CHB
who control HBV replication and contain progressive liver damage harbor significantly
higher numbers of HBcAg-specific cytotoxic T lymphocytes in the liver than patients with
CHB who are unable to control HBV replication and exhibit liver damage. Heathcote et al.
used an HBcAg-based epitope vaccine to treat CHB patients in the 1990s [50]. However,
a follow-up study was not found later. As both HBsAg and HBcAg-specific immunity
is essential for the control of HBV replication and the containment of liver damage in
CHB patients, a therapeutic vaccine containing both HBsAg and HBcAg (HBsAg/HBcAg)
(NASVAC) has been used in CHB patients. NASVAC has been designed to use as a
therapeutic vaccine in a systematic manner. It was first assessed in HBV transgenic mice [51].
Then, the safety and efficacy were tested in normal volunteers [52]. This was followed
up by a phase-I/II clinical trial in CHB patients, and the study reported that NASVAC
was safe and induced HBV DNA negativity in 50% of CHB patients [53]. Additionally,
the persistent normalization of ALT was recorded in all patients in this study. A phase III
clinical trial of NASVAC revealed sustained HBV DNA control, ALT normalization, and
reduced fibrosis in CHB patients. The mechanism of action revealed that the activation
of antigen-presenting dendritic cells and development of antigen-specific immunocytes
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prevailed in NASVAC recipients compared to the controls [54]. NASVAC can be given
by the nasal route, and now, a NASVAC trial is going on in Japan in NUC-experienced
patients. NASVAC has been registered in some countries as an immune therapeutic drug.
Long-term follow-up data of NASVAC is warranted to develop insights about the scope
and limitation of NASVAC as a therapeutic vaccine.

Inference: Host-targeting therapy and immune therapies are of paramount in-
terest, as these therapies combined with viral-targeting drugs may ultimately
resolve the complex problem of CHB. However, if an immune modulator is found
to be safe, clinical trials with follow-up data are necessary, even if those seem to
be negative data.

7. Summary

The number of patients with chronic HBV infection is about 290 million in the world,
and the majority of these patients reside in the developing and resource-constrained
countries of Asia and Africa. About 30–70 million HBV-infected people are CHB, indicating
that these patients are express HBV DNA and HBsAg, and they also exhibit the exacerbation
and remission of hepatitis (measured by fluctuating ALT).

The 290 million chronic HBV-infected patients are living and permanent reservoirs of
HBV infection and transmit the infection to healthy individuals. On the other hand, millions
of CHB patients will spread HBV infection, and considerable numbers will eventually
develop complications like LC and HCC. As of 2019, about 892,000 patients have died due
to HBV-related complications. The study presented here concentrated on the scope and
limitation of ongoing and innovative therapies for CHB patients.

IFNs and NAs may have beneficial effects for CHB patients of developed and ad-
vanced countries; where the health insurance systems support the treatment of the patients,
periodic follow-up is possible, and treatment for the infinite duration is feasible. Even the
safety and efficacy outcome would give some benefits to merely 10–20% of patients. Only a
minor population of CHB patients of developing and resource-constrained countries can
use IFNs and NAs. This is clear from the statistics of the WHO, which reveal that <1% of
patients are under some treatment at the global level.

Several innovative therapies following two lines have been developed during the
last 40 years. One of them has targeted the viral factor, and these therapeutic modalities
may have limited scope, as already available NAs are potent inhibitors of HBV replication
but cannot stand the test of time as a therapeutic option for CHB patients (Table 3). The
other innovative therapy has targeted the host factors; however, most studies are a pilot
study in nature or limited-scale clinical trials. There should be phase I/II/II clinical trials
to explore the mechanisms of action to validate their usage as therapeutic modalities. CHB
is a complex pathological entity. The development of drugs for CHB will be more complex,
and scientific evidence should be followed to develop innovative therapy (Table 4).

Table 3. Visible limitation of innovative drugs targeting viral factors.

1. Entry inhibitors

Even if these drugs can block de novo entry of
HBV into hepatocytes, they will not affect cccDNA

accumulating in the nucleus of the liver. Even if
they stop HBV entry, the use of these drugs would
impact damage liver or progression of fibrosis or

development of hepatocellular carcinoma.
However, there remains an option of its usage as

combination therapy with other drugs.
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Table 3. Cont.

2. RNA interference and Capsid
assembly modulators

Even if these drugs can block the replication of
HBV almost completely, their action on cccDNA

has not been shown. As control of HBV replication
is not the main target of treatment of CHB, the role
of these agents for controlling liver damage needs

to be shown in experimental models and by
clinical trials.

3. Drug targeting inhibiting HBsAg release

Decrease of HBsAg in the sera by antiviral therapy
has some prognostic implications. However,
blocking HBsAg by inhibitors would neither

reduce HBV replication nor control cccDNA. There
is an urgent need to show that a decrease of
HBsAg by HBsAg inhibitor would restore

HBV-specific immunity and contain liver damage.

4. Drug targeting cccDNA

This may be an interesting approach if it may lead
to completely eradicating HBV. However, cccDNA
is not a cytopathic agent, and clinical trials should

expose if reduction or complete blockage of
cccDNA results in a reduction of inflammation,

fibrosis, and cancers.

Table 4. Visible limitation of innovative immune therapy.

1. Polyclonal immune modulators

Induced cytokines caused liver damage; serious
concerns remain about safety. We need to explore
if polyclonal immune modulators lead to adaptive

HBV-specific immunity.

2. HBsAg-based vaccine therapy

HBsAg is an antigen for a prophylactic vaccine.
HBsAg-based vaccine induces anti-HBs in some
trials but could not give beneficial effects to CHB
patients.Various modifications of HBsAg-based

immune therapy (HBsAg/anti-HBs complex, DNA
vaccine, and cell-based vaccine) could not stand

the test of time.

3. HBcAg-based vaccine If there remains a potentiality of these vaccines, the
mechanisms should be explored.

4. HBsAg/HBcAg-based vaccine

Long-term follow-up data, mechanism of action
and exploration of dose, duration, and route of

administration should be optimized in large
multicenter trials.
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