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ABSTRACT

Chronic hepatitis D virus infection is the most severe form of viral hepatitis. Hepatitis delta virus (HDV) is a faulty RNA virus that needs hepatitis B
virus surface antigen (HBsAg) for the completion of its life cycle. Hepatitis B virus (HBV) receptor, sodium taurocholate cotransporting polypeptide
(NTCP), is used by HDV to infect hepatocytes. The replication of the HDV genome, which is a circular single-stranded RNA and encodes for a single
HDAg that occurs in two forms (S-HDAg and L-HDAg), is carried out by the host RNA polymerases. Antiviral therapy is urgently needed to protect
patients from hepatocellular carcinoma or end-stage liver disease and poses an important public health issue in many countries. There is still a need
for efficient pharmacological therapies for chronic hepatitis D (CHD). A good strategy to stop new infections is to stop virus from entering cells. A
new virion entry inhibitor called bulevirtide is now a promising treatment for both infections because it prevents the virion from entering the
hepatocyte through the hepatic sodium/taurocholate cotransporting polypeptide Before bulevirtide's conditional approval by the EMA (European
Medicines Agency) in July 2020 for the treatment of chronic HDV infection in adult patients with compensated liver disease, therapy options were
restricted to the off-label use of pegylated interferon alfa. (NTCP) receptor. We will outline the most recent discoveries about the HDV life cycle that
have prompted the development of noveldrug bulevirtide.
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INTRODUCTION

Hepatitis Delta virus (HDV) is a single-stranded RNA virusoid that
relies on the hepatitis B virus (HBV) for replication and
encapsulation, sustains chronic hepatitis delta (CHD). HDV also
known as RNA satellite virus affects roughly 12-72 million people
globally. When HBV and HDV are co-infected, people with CHD have
a much higher chance of developing cirrhosis and hepatocellular
cancer than those with HBV mono-infection [1]. Cirrhosis,
hepatocellular cancer, and liver transplantation are the most
common outcomes of chronic viral hepatitis globally. The main
culprits are the B, C, and D viruses. Over 290 million people
worldwide have chronic HBV infection. According to current
estimates, 58 million people worldwide have chronic HCV infection.
Infection with the chronic form of the HDV affects between 12 and
60 million people worldwide [2]. HDV has been characterised as the
most severe form of viral hepatitis after chronicity has been
established, progressing to cirrhosis in 10%-15% of patients within
2y and in 70%-80% of patients within 5-10 y [3-5]. Despite this,
there are currently insufficient HDV therapeutic alternatives
available. Pegylated-interferon (peg-INF) is recommended by
current international standards, although its reported sustained
virological response (SVR) rates are only 20% to 30% lower than
those of other treatments [1]. There are significant geographic
variations, with the highest prevalence rates reported in the nations
of Mongolia, Pakistan, Moldova, and Western and Middle Africa [3,
4]. In this review, we will focus on HDV virology and its life cycle,
previous therapeutic modalities and the most recent treatment
options with special consideration on new drugBulevirtide.

Structure and life cycle of HDV

The HDV virion is a tiny RNA virus (36 nm in diameter) with an
inner nucleocapsid that consists of a short (~1.7-kb) single-
stranded, circular RNA and approximately 200 molecules of
hepatitis D antigen (HDAg). The HDV genome is the smallest of all
mammalian viruses and resembles viroids structurally. It produces
the HDAg protein, which are of two different sizes: small HDAg (S-
HDAg) and large HDAg (L-HDAg). The two versions are structurally
similar with the exception of the L-19 HDAg's extra amino acids at

the C-terminus. The HDV virion's exterior coat is made up of HBV-
derived components, necessitating co-infection with HBV and its
small, medium, and large HBsAg. The HDV genome and HDV antigen
isoforms are encased in a lipid envelope, which contains the
isoforms of HBsAg. The big HBsAg is subsequently myristoylated at
the N-terminus to get it ready for cell entrance [1]. All three types of
hepatitis B surface antigen (HBsAg) proteins produced from HBV are
contained within the lipid envelope that surrounds this inner
nucleocapsid. HDV is unable to infect human without HBsAg [5]. The
pre-S1 domain of the big HBsAg must bind to the sodium-
taurocholate co-transporting polypeptide (NTCP), a bile acid
transporter expressed on the basolateral plasma membrane of
human hepatocytes, for the HDV viral life cycle to begin when HBV
and HDV reach the hepatocytes. It is believed that a number of single
nucleotide polymorphisms (SNPs) in the NTCP coding gene,
SLC10A1, affect the binding ability of HBsAg to NTCP. This governs
the susceptibility of hepatocytes to HBV and HDV infection. [6]The
HDV genome is transported to the nucleus by HDAg-mediated
interactions during cell entry and uncoating, where it uses host RNA
polymerase II for genome replication. There are no DNA archiving
events or intermediates. Instead, HDV replication occurs in double
rolling circle mechanism, driven by the catalytic activity of RNA
polymerase II, SHDAg, and an incoming circular negative strand
template genome, to produce linear multimeric copies of
antigenomic RNA. The precise cleavage of these linear multimeric
copies then occurs at a single ribozyme site that is encoded once in
each antigenome. The resulting linear antigenomic monomers are
then linked together to form antigenomic circles, which act as a
template for the synthesis of linear multimers of genomic RNA with
opposite polarity. Through autocatalytic cleavage at a different
ribozyme site encoded once in each genomic RNA, these in turn self-
process into linear genomic monomers. The genomic monomers are
joined together to form rings that can either sustain more
replication cycles or contain developing virions [1, 5, 7, 8]. A smaller
antigenomic sense mRNA is also transcribed off of the genomic
template. This mRNA codes for the two different forms of HDAg. S-
HDAg is carried into the nucleus, where it helps in HDV replication.
Prior to assembly, L-HDAg passes through prenylation, which
prevents HDV replication in the nucleus. New HDAg molecules join
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with fresh genomic RNA transcripts to create RNPs that are exported
to the cytoplasm. Hepatitis B virus (HBV) envelop proteins connect
with new HDV RNPs, which are then formed into HDV virions. The
finished HDV virion is then ready to be released into the trans-golgi
network and infect fresh hepatocytes. After infection, HDV infection
causes hepatocyte damage by direct cytopathic effect or via still
incompletely understood immune-mediated mechanism [5, 8].

Problems with chronic delta hepatitis treatment

Due to viral hepatitis andits rapid progression to liver cirrhosis and
hepatocellular carcinoma (HCC), the main objectives of therapy are
to lessen the occurrence of severe outcomes, the requirement for
liver transplantation, and, ultimately, the patient's mortality from
liver-related issues. Normalization of transaminases, elimination of
circulating HDV RNA, and HBsAg seroconversion are the
intermediate surrogate objectives. Unfortunately, treating Delta
hepatitis is difficult due to the following factors, firstly, patients
frequently have advanced liver disease that is difficult to treat.
Transaminase flares frequently occur during treatment or after
treatment withdrawal and suppression of HDV replication may be
linked to HBV flares. A lack of standardisation in testing and
response criteria. Common association with autoimmune liver
disease that may make it difficult to use interferon or other
immunomodulating medications. Lastly, the lack of
convenient/effecient HDV infection models has hampered the
development of effective therapeutics. These difficulties are partially
brought on by the lack of new therapeutic options and the subpar
outcomes of the present medications, which are characterised by
low response rates and low efficacy. A>2 log decrease in blood HDV
RNA levels in conjunction with ALT normalisation has been accepted
as a measure of initial treatment success in clinical studies. This is
due to the uncertainty surrounding the long-term beneficial effects
of HDV suppression and the challenges in achieving HBsAg
clearance. These therapeutic intermediate and surrogate endpoints
have made it possible in recent years to examine the effectiveness of
novel investigational medications in treating HDV infection and
HDV-related hepatitis [10].

Over the past few years, various strategies have been tested to
prevent and reduce HDV replication. The three important treatment
mechanisms are: (1) inhibition of HDV prenylation; (2) inhibition of
HBsAg release; and (3) inhibition of cell entry. Nucleos(t)ide
analogues, such as tenofovir disoproxil fumarate (TDF), can
effectively cure chronic hepatitis B, however, they are ineffective for
treating chronic liver disease (CHD). In one out of every four CHD
patients, pegylated interferon alpha (PEG-IFN), when administered
for 48 w, may result in a durable virologic response. PEG-IFN,
however, has significant side effects and should not be used in
people with liver cirrhosis. Therefore, patients with CHD require
therapeutic alternatives that are both efficient and secure. Clinical
trials are being conducted to test various antiviral drugs [11]. Oral
lonafarnib therapy for chronic HDV markedly decreased virus levels,
and the fall in viral replication strongly corresponded with serum
drug concentrations. The drug was administered in a dose of 200 mg
taken twice daily. Unfortunately, there were substantial side effects
that were increased by this dosage. Due to this, additional studies
were conducted with lonafarnib 100 mg twice daily, either alone or
in combination with pegylated interferon and ritonavir. Although
both treatments were linked to a>2 log reduction in HDV viremia, a
sizable portion of patients continued to have negative side effects
[12]. Broad-spectrum antiviral drugs known as nucleic acid
polymers (NAPs) are effective against hepatitis B virus (HBV)
infection because they can prevent the release of the virus' surface
antigen (HBsAg). This pharmaceutical action prevents the
circulation from replenishing with HBsAg, enabling host-mediated
clearance. A nucleic acid polymer called REP 2139 has been
demonstrated to remove HBsAg by preventing the release of
subviral particles. In an uncontrolled phase 2 study, this medication
was assessed for the treatment of HDV infection [13].

In the absence of adequate treatment options, the first-in-class entry
inhibitor of HBV and HDV, bulevirtide, has recently been approved
EU for chronic HDV infection in plasma (or serum) HDV RNA-
positive adult patients with compensated liver disease. The
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continuation of clinical trials to verify efficacy and safety for chronic
hepatitis D was part of the accelerated conditional approval as a
priority drug [14]. It is a synthetic lipopeptide made up of 47 amino
acids from the HBV large surface protein's preS1 domain. The
sodium taurocholate co-transporting polypeptide (NTCP), a bile salt
liver transporter that enables the entry of HDV and HBV into
hepatocytes, binds to it and competitively inhibits it. The removal of
infected hepatocytes from the liver may result from this inhibition,
which mayhelps in hepatocyte regeneration and prevent HDV/HBV
reinfection in healthy hepatocytes [15, 16].

Pre-clinical studies

Bulevirtide capacity to prevent the spread of HBV after infection was
studied by Volvz. et al. HBV was transmitted to Urokinase-type
plasminogen  activator/severe = combined immunodeficiency
(uPA/SCID) mice that had been reconstituted with human
hepatocytes. Daily subcutaneous bulevirtide infusions were started
for three days, three weeks, or eight weeks after HBV vaccination.
Immunohistochemistry was used to measure the viral loads in the
liver and serum and to visualise them. The fact that viremia, antigen
levels, and the number of HBcAg-positive human hepatocytes were
not increased six weeks after treatment showed that drug effectively
stopped viral spreading from the initially infected human
hepatocytes. In animals exhibiting modest levels of circulating
virions, the drug effectively inhibited HBV dissemination even when
treatment was initiated during the ramp-up phase of infection. It is
noteworthy that during 6 w of treatment, both the quantity of
HBcAg-positive hepatocytes and intrahepatic covalently closed
circular DNA (cccDNA) burdens remained in line with those
observed in mice euthanized 3 w after infection. Drug
administration had no impact on the human hepatocyte half-life or
changed virion productivity in any of the experimental scenarios
[18].

Engelke et al. conducted their study to get an insights into the early
infection events of the HBV and HDV. This knowledge is limited
because of the lack of a cell culture system supporting the full
replication cycle for these important pathogens. They used the
human hepatoma cell line HepaRGfor experiment as it allows the
experimental induction of a differentiated state, thereby gaining
susceptibility toward HBV and HDV infection. In their previous study
they identified HBV envelope protein-derived lipopeptides. This
comprises of amino acids 2 though 48 of the preS-domain of the L-
surface protein, which block infection already at picomolar
concentrations. To map the responsible sequence for the peptides’
activity, they used an Escherichia coli expression system that
allowsmyristoylation and investigated recombinant HBVpreS-GST
fusion proteins with deletion-and point-mutations for their ability to
prevent HBV and HDV infection. They concluded that firstly, a
myristoylated HBVpreS/2-48-GST fusion protein efficiently
interferes with HBV infection of HepaRG cells. Deletions and point
mutations in the highly conserved preS1 sequence between amino
acids 11 through 21 result in the loss of infection inhibition activity.
Hepatitis B viruses carrying single amino acid exchanges within this
region lose infectivity. Lastly, HDV infection of HepaRG cells can be
inhibited by myristoylatedHBVpreS peptides with the same
specificity. They concluded that HBV and HDV use at least one
common step to enter hepatocytes and require a highly conserved
preS1l-sequence within the L-protein. This step is exceptionally
sensitive toward inactivation by acylated HBVpreS1 peptides, which
therefore represent a novel group of entry inhibitors that could be
used for the treatment of hepatitis B and D [19].

Liitgehetmann et al. in their study used humanised uPA/SCID mice
that were naive and chronically infected with the HBV to create a
small animal model of HBV/HDV coinfection and superinfection. The
GMP form of the myristoylatedpreS-peptide (bulevirtide), a
lipopeptide generated from the pre-S1 domain of the HBV envelope,
was used to stop de novo HBV/HDV coinfection in vivo for preclinical
antiviral drug evaluation. Real-time polymerase chain reaction
(PCR) as well as immunohistochemistry, were used to determine
virological parameters at the serological and intrahepatic levels.
Both HBV-infected and naive chimeric mice were successfully
infected with HDV. HDV superinfection resulted in a median 0.6log
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decrease in HBV viremia, which even though it was not statistically
significant, raises the possibility that HDV may prevent HBV
replication. The majority of human hepatocytes stained HDAg-
positive in the context of HBV/HDV simultaneous infection long
before HBV spreading had finished. This shows that HDV can
replicate intrahepatically even in the absence of HBV infection.
Additionally, compared to animals with HBV mono-infection, the
increase in HBV viremia and intrahepatic cccDNA burdens was
noticeably slower. The occurance of HDV infection in vivo was
effectively prevented by treatment with the HBV entry inhibitor
bulevirtide [20].

PharmacoKkinetics

Bulevirtide followed non-linear pharmacokinetics in healthy
volunteers, following a two-compartment target-mediated drug
disposition model. Aftersubcutaneous (SC) and intravenous (IV)
doses, bulevirtide exposure increased disproportionately with
increasing dose; clearance and volume of distribution decreased.
The bioavailability after SC dosing was calculated to be 85%. After
the first few weeks of bulevirtide 2 mg dosing, steady state is
anticipated with 2-fold accumulation ratios for the maximum drug
concentration (Cmax) and area under the curve (AUC). Time to Cmax
(tmax) ranged from 0.8 to 10 mg for bulevirtide. Excretion is by a
first-order process and it mainly involve target binding to NTCP with
elimination half-life (t1/2) is 4-7 h. More than 99% of bulevirtide is
bound to plasma proteins in vitro, therefore active metabolites are
not anticipated [21].

Clinical studies

In one of the pilot study (phase Ib/Ila) Bogomolov et al, reported
the interim results of a their trial on chronically infected HDV
patients. In their study 24 patients with CHD infection were equally
randomized (1:1:1) to receive myrcludex B, or PeglFNa-2a or their
combination. Patients were evaluated for virological and
biochemical response and tolerability were assessed at weeks 12
and 24. Although there were no significant differences in HBsAg
levels, the combination arm showed a markedly stronger antiviral
effect. There was a drop in HDV-RNA of >1log and five of seven
patients developing HDV-RNA negativity. The most common adverse
event, which was typically brief and asymptomatic, was an elevation
in total bile acid because bulevirtide binds to the same receptor of
bile salt transporter [22].

In an open-label phase 2b clinical trial conducted by Wedemeyer et
al,120 individuals were divided into four groups and randomly
assigned to receive either tenofovir alone or bulevirtide 2, 5, or 10
mg for 24w followed by a 24w period continuing TDF. Bulevirtide
showed a dose-dependent antiviral efficacy against HDV. This was
also associated with improvements of biochemical activity and liver
stiffness. The drug was well tolerated and apart from bileacids
increase, no specific adverse event was reported [23].

In one of the Phase 2 trial (MYR203 trial) conducted by Wedemeyer
et al, in this study 60 HBeAg negative patients with chronic
HBV/HDV co-infection were randomized in 4 arms. Patients
received 180 pg PEG-IFNa once weekly or bulevirtides. c. at 2 mg or
5 mg once daily plus PEG-IFNa, or bulevirtide alone for 48wks.
Treatment-free follow-up was 24wks. Administration of bulevirtide
for 48wks alone and in combination with PEG-IFNa was found to be
safe. Combination therapy produced HDV RNA decline and induced
profound HBsAg declines in a substantial number of patients. This
study provides first evidence that entry inhibition by bulevirtide in
combination with PEG-IFNa have curative potential for chronic HDV
and HBV infection [24].

24 patients were enrolled in the first phase Ila study and randomly
assigned to receive (I) bulevirtide 2 mg (daily) alone for 24 w,
followed by PEG-IFN 180 g (weekly) for 48 w, (II) bulevirtide 2 mg
(daily) and PEG-IFN 180 g (weekly) combined for 24 w, (III) PEG-
IFN alone for 24 w, or (IV) bulevirt At week 24, HDV RNA
dramatically decreased in all treatment groups. All patients who
received bulevirtide monotherapy saw a drop in HDV RNA levels,
and at week 24, two patients developed HDV RNA negative status. As
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five patients in treatment group II had negative HDV RNA at week
24, it is interesting to note that the addition of PEG-IFN boosted the
number of patients who were HDV RNA negative. Additionally, the
combination group showed a more dramatic quantitative HDV RNA
reduction. At treatment week 12, none of the patients met the
primary goal of>0.5 log decrease of HBsAg [25].

Toni Herta et al, conducted their study to assess efficacy and safety
of Tenofovir Disoproxil Fumarate and Bulevirtide in Chronic
Hepatitis B and D Co-Infection in Real-World Patients. They
examined the course of treatment for patients with chronic hepatitis
delta using BLV (2 mg/day) and tenofovir disoproxil fumarate (TDF)
(245 mg/day) (CHD). After 24 w, treatment responses were
determined virologically (2 log reduction in HDV RNA or
suppression of HDV RNA below the lower limit of detection) and
biochemically (normalisation of serum ALT). There were seven
patients enlisted (four with liver cirrhosis Child-Pugh A). Five of the
seven patients with elevated baseline serum ALT showed a virologic
response after 24 w, and three of the six patients with elevated
baseline serum ALT showed a biochemical response. Three
instances had extended treatment data>48 w available; two of them
showed ongoing virologic and biochemical responses, while the
third showed an HDV-RNA breakthrough. There were no adverse
effects noted [26].

In another IIb study (MYR204 trial), 175 patients with compensated
CHD were randomised to 4 arms. The different treatment arms were
180 lg/week of peglFNa monotherapy for 48 w with a post-
treatment follow-up of 48 w; 180 1g/week of peglFNa plus 2 mg/day
bulevirtide for 48 w, followed by 48 w of BLV 2 mg monotherapy;
180 lg/week of peglFNa plus 10 mg/day BLV for 48 w, followed by
48 w of BLV 10 mg/day monotherapy and BLV 10 mg/day
monotherapy for 96 w with a post-treatment follow-up of 48 w for
the 3 last arms. Combination therapy and bulevirtide 10 mg
monotherapy resulted in high rates of HDV RNA decline while drug
alone resulted in the highest rate of ALT normalisation. More than 1
log IU/ml decline of HBsAg levels vs. baseline was achieved only in
the combination group (12% with BLV 2 mg and 8% with BLV 10
mg) and in the pegIFNa monotherapy group (4%) [27].

In one of the longest Phase 3 clinical trial (MYR301 trail) which was
multicenter, open-label, randomized Clinical Study to assess efficacy
and safety of bulevirtide in Patients with Chronic Hepatitis Delta at
240 wks. 150 patients with chronic HBV/HDV coinfection were
randomised to 3 different groups. Control group (48 w no treatment
followed by 96 w 10 mg BLV), second group, 2 mg bulevirtide (144
w of 2 mg BLV followed by 96 w of off-treatment follow-up) and
third group, 10 mg bulevirtide (144 w of 10 mg BLV followed by 96
w of offtreatment follow-up). At week 24, 4%, 55%, and 68% of the
patients had virological responses (a reduction in HDV RNA of>2 log
IU/ml), however only 0%, 6%, and 8% had undetectable HDV RNA,
or 6 IU/ml. In the three groups, HDV RNA levels decreased by 0.079,
2.2, and 2.4 log IU/ml, respectively. The rates of ALT normalisation
rose from 6% in the control group to 53% and 38% in the groups
receiving the active drugs (6% vs. 53%, p 0.0001; 6 vs. 38%, p
0001). In comparison to the control group, the equivalent
frequencies of combined responses were 0%, 37%, and 28% (p
0.001). Therefore, HDV RNA levels significantly decreased and
biochemical disease activity improved after 24 w of treatment with
BLV 2 or 10 mg, but no apparent dosage impact was seen in this
trial. The HBsAg levels were unaffected by bulevirtide monotherapy,
same like in the MYR202 study. Patients with chronic HDV infection
responded well to bulevirtide monotherapy, with few serious
adverse effects (AEs) and the majority of AEs being mild-to-
moderate in severity. Patient-reported outcomes (Hepatitis Quality
of Life Questionnaire [HQLQTM], including SF-36 and 15
supplementary items) were also assessed in this study From
baseline to week 24, BLV 2 mg-treated patients reported
improvements in all domains on the HQLQTM, notably>5-point
improvements in general health, bodily pain, vitality, mental health,
hepatitis specific (HS) limitations, and HS health distress and>4
points in social functioning and role functioning of emotional
domains [28]. The important clinical studies are summarised in the
table 1.
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Table 1: Summary of the clinical studies on Bulevirtide

S.No.  Patients/Groups Authors Status Results
1 e 24 patients with CHD infection Bogomolovetal Phaselb/lla e Strong effect on HDV RNA serum levels
e Randomized (1:1:1) to receive myrcludex B, [22] and induced ALT normalization under
or PeglFNa-2a or their combination monotherapy.
e Evaluation at weeks 12 and 24
2 e 120 individuals Wedemeyer et Phase 2b e Dose-dependent antiviral efficacy against
e Randomly assigned to receive either tenofovir al. [23] HDV associated with improvements of

alone or Bulevirtide 2 mg, 5 mg or 10 mg
e For 24weeks and followed by another
24weeks period.

3 e 60 HBeAg negative patients with chronic
HBV/HDV co-infection al [24]
e Randomized in 4 arms,180 pug PEG-IFNa once
weekly or bulevirtides. c. at 2 mg or 5 mg once
daily plus PEG-IFNa, or bulevirtide alone for
48wks.

4 e 24 patients
e Randomly assigned to receive (I) bulevirtide 2 al [25]
mg (daily) alone for 24 w, followed by PEG-IFN
180 g (weekly) for 48 w, (II) bulevirtide 2 mg
(daily) and PEG-IFN 180 g (weekly) combined for
24 w, (IIT) PEG-IFN alone for 24 w, or (IV)
bulevirtide.

5 e 7 patients
e Treatment arm-bulevirtide (2 mg/day) plus [26]
tenofovir disoproxil fumarate (TDF) (245
mg/day)

6 e 175 patients
e Randomised to four arms, 180 lg/week of [27]
peglFNa monotherapy for 48 w with a post-
treatment follow-up of 48 w; 180 lg/week of
peglFNa plus 2 mg/day bulevirtide for 48 w,
followed by 48 w of bulevirtide 2 mg
monotherapy; 180 lg/week of peglFNa plus 10
mg/day BLV for 48 w, followed by 48 w of BLV
10 mg/day monotherapy and bulevirtide 10
mg/day monotherapy for 96 w with a post-
treatment follow-up of 48 w for the 3 last arms

7 e 150 patients with chronic HBV/HDV
coinfection
e Randomised to 3 different groups. Control
group (48 w no treatment followed by 96 w 10
mg BLV), second group, 2 mg bulevirtide (144 w
of 2 mg BLV followed by 96 w ofoff-treatment
follow-up) and third group, 10 mg bulevirtide
(144 w of 10 mg followed by 96 w of off
treatment follow-up).

Wedemeyer et.

Bogomolov P et

Herta T et al

Asselah A et al.

Gilead press
release [28]

biochemical activity and liver stiffness

Phase 2 trial e Administration of Bulevirtide for
(MYR-203 trial) 48weeks alone and in combination with
PEG-IFNa was found to be safe.
e Combination therapy produced HDV RNA
decline and induced profound HBsAg
declines in a substantial number of patients.
Phase Ila e Bulevirtide monotherapy results in drop
in HDV RNA levels
e Attreatment week 12, none of the
patients met the primary goal of>0.5 log
decrease of HBsAg

The first real-life data of the approved
dosage of 2 mg of BLV in combination with
TDF confirm the safety, tolerability, and
efficacy of the registrational trial MYR-202
for a treatment period of 24 w and beyond.

Phase IIb Combination therapy and bulevirtide 10 mg

(MYR-204 trial) monotherapy resulted in high rates of HDV
RNA decline while drug alone resulted in the
highest rate of ALT normalisation.

Patients with chronic HDV infection
responded well to bulevirtide monotherapy,
with few serious adverse effects (AEs) with
the majority of them being mild-to-moderate
in severity.

e Phase Il
clinical trial
(MYR-301 trail)
e Multicenter,
open-label,
randomized
clinical study

CONCLUSION

Since the discovery of HDV, the first anti-HDV treatment has only
been conditionally approved by the EMA and US-FDA has not yet
granted approval. With the development of viral entry inhibitors,
farnesylation inhibitors, viral particle formation blockers and
interferon lambda, new promising treatment options are becoming
available for patients with CHD. Bluvertide, the first-in-class entry
inhibitor, has shown to reduce HDV replication and normalise ALT
levels in a significant proportion of patients with compensated CHD,
either as monotherapy or combined with peglFNa. Overall, a favorable
safety profile as well as a marked biochemical and virological response
were reported by the trials. However, there are still a lot of
unanswered questions regarding bulevirtide treatment. Given the
relatively high costs of treatment (around 13.000 Euro per month), it
is especially important to determine the ideal length of time for
treatment, although there is no clear suggestion on this subject. The
absence of HBsAg level reduction and HDV-RNA relapse upon
treatment cessation indicate the need for additional research
concentrating on the ideal treatment schedule while also indicating
that bulevirtide probably needs to be administered lifelong. To assess
the effect of bulevirtide medication on clinical outcomes in hepatitis
delta patients, further long-term data (studies) are required.

ETHIC STATEMENT

Not applicable
ACKNOWLEDGEMENT

None

FUNDING

Nil

AUTHORS CONTRIBUTIONS
All the authors have contributed equally.
CONFLICT OF INTERESTS
Declared none

REFERENCES

1. Da BL, Heller T, Koh C. Hepatitis D infection: from initial
discovery to current investigational therapies. Gastroenterol
Rep (Oxf). 2019 Jun 23;7(4):231-45. doi:
10.1093/gastro/goz023, PMID 32477569, PMCID
PMC6691517.


https://doi.org/10.1093/gastro/goz023�
http://www.ncbi.nlm.nih.gov/pubmed/32477569�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6691517�

10.

11.

12.

13.

14.

15.

16.

S.A.K.&M.S.

Soriano V, de Mendoza C, Trevino A, Ramos Rincon JM, Moreno
Torres V, Corral O. Treatment of hepatitis delta and HIV
infection. Liver Int. 2022 Jun 24. doi: 10.1111/1iv.15345. PMID
35748639.

Rizzetto M, Canese MG, Arico S, Crivelli O, Trepo C, Bonino F.
Immunofluorescence detection of new antigen-antibody
system (delta/anti-delta) associated to hepatitis B virus in liver
and in serum of HBsAg carriers. Gut. 1977;18(12):997-1003.
doi: 10.1136/gut.18.12.997, PMID 75123.

Stockdale A], Kreuels B, Henrion MYR, Giorgi E, Kyomuhangi I,
de Martel C. The global prevalence of hepatitis D virus
infection: systematic review and meta-analysis. ] Hepatol.
2020;73(3):523-32. doi: 10.1016/j.jhep.2020.04.008, PMID
32335166.

Koh C, Da BL, Glenn JS. HBV/HDV coinfection: A challenge for
therapeutics. Clin Liver Dis. 2019 Aug;23(3):557-72. doi:
10.1016/j.c1d.2019.04.005. PMID 31266627, PMCID
PMC6659751.

Yan H, Zhong G, Xu G, He W, Jing Z, Gao Z. Sodium taurocholate
cotransporting polypeptide is a functional receptor for human
hepatitis B and D virus. eLife. 2012 Nov 13;1:e00049. doi:
10.7554/eLife.00049. Erratum in: eLife. PMID: 23150796;
PM(3485615.2014;3:e05570.

Hughes SA, Wedemeyer H, Harrison PM. Hepatitis delta
virus. Lancet. 2011;378(9785):73-85. doi: 10.1016/S0140-
6736(10)61931-9, PMID 21511329.

Chang J, Nie X, Chang HE, Han Z, Taylor ]. Transcription of hepatitis
delta virus RNA by RNA polymerase 1] Virol. 2008;82(3):1118-
27. doi: 10.1128/JV1.01758-07, PMID 18032511.

Lai MM. The molecular biology of hepatitis delta virus. Annu
Rev Biochem. 1995;64:259-86. doi:
10.1146/annurev.bi.64.070195.001355, PMID 7574482.
Brillanti S. Management of delta hepatitis 45 Years after the
discovery of HDV. ] Clin Med. 2022 Mar 13;11(6):1587. doi:
10.3390/jcm11061587, PMID 35329913, PMCID PM(C8953848.
Farci P, Anna Niro GG. Current and future management of
chronic hepatitis D. Gastroenterol Hepatol (NY). 2018
Jun;14(6):342-51. PMID 30166948, PMCID PMC6111511.
Yurdaydin C, Keskin O, Kalkan C, Karakaya F, Caliskan A,
Karatayli E. Optimizing lonafarnib treatment for the
management of chronic delta hepatitis: the LOWR HDV-1
study. Hepatology. 2018;67(4):1224-36. doi:
10.1002/hep.29658, PMID 29152762.

Bazinet M, Pantea V, Cebotarescu V, Cojuhari L, Jimbei P,
Albrecht ]J. Safety and efficacy of REP 2139 and pegylated
interferon alfa-2a for treatment-naive patients with chronic
hepatitis B virus and hepatitis D virus co-infection (REP 301
and REP 301-LTF): a non-randomised, open-label, phase 2
trial. Lancet Gastroenterol Hepatol.2017;2(12):877-89. doi:
10.1016/S2468-1253(17)30288-1.

Sauter M, Blank A, Stoll F, Lutz N, Haefeli WE, Burhenne J. Intact
plasma quantification of the large therapeutic lipopeptide
bulevirtide. Anal Bioanal Chem. 2021 Sep;413(22):5645-54.
doi: 10.1007/s00216-021-03384-7. PMID 34018034, PMCID
PM(C8410713.

European Medicines Agency. Hepcludex (bulevirtide) powder
for solution for injection: EU summary of product
characteristics; 2020.

Blank A, Markert C, Hohmann N, Carls A, Mikus G, Lehr T. First-
in-human application of the novel hepatitis B and hepatitis D
virus entry inhibitor Myrcludex B. ] Hepatol. 2016;65(3):483-9.
doi: 10.1016/j.jhep.2016.04.013, PMID 27132172.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Int J Curr Pharm Res, Vol 15, Issue 1, 6-10

European medicine agency. Home page in Internet. Committee
for Medicinal Products for Human Use (CHMP) Assessment
report of bulevirtide. Available from:
https://www.ema.europa.eu/en/documents/assessment-
report/hepcludex-epar-public-assessment-report_en.pdf.

Volz T, Allweiss L, Ben MBarek M, Warlich M, Lohse AW, Pollok
JM. The entry inhibitor Myrcludex-B efficiently blocks
intrahepatic virus spreading in humanized mice previously
infected with hepatitis B virus. ] Hepatol. 2013;58(5):861-7.
doi: 10.1016/j.jhep.2012.12.008. PMID 23246506.

Engelke M, Mills K, Seitz S, Simon P, Gripon P, Schnolzer M.
Characterization of a hepatitis B and hepatitis delta virus
receptor binding site. Hepatology. 2006;43(4):750-60. doi:
10.1002/hep.21112, PMID 16557545.

Litgehetmann M, Mancke LV, Volz T, Helbig M, Allweiss L,
Bornscheuer T. Humanized chimeric uPA mouse model for the
study of hepatitis B and D virus interactions and preclinical
drug evaluation. Hepatology. 2012;55(3):685-94. doi:
10.1002/hep.24758, PMID 22031488.

Kang C, Syed YY. Bulevirtide: first approval. Drugs.
2020;80(15):1601-5. doi: 10.1007/s40265-020-01400-1, PMID
32926353.

Bogomolov P, Alexandrov A, Voronkova N, Macievich M, Kokina
K, Petrachenkova M. Treatment of chronic hepatitis D with the
entry inhibitor myrcludex B: first results of a phase Ib/Ila
study. ] Hepatol. 2016;65(3):490-8. doi:
10.1016/j.jhep.2016.04.016, PMID 27132170.

Wedemeyer H, Bogomolov P, Blank A, Allweiss L, Dandri
Petersen M, Bremer B. Final results of a multicenter, open-label
phase 2b clinical trial to assess safety and efficacy of Myrcludex
B in combination with tenofovir in patients with chronic
HBV/HDV co-infection. ] Hepatol. 2018;68 Suppl 3. doi:
10.1016/S0168-8278(18)30224-1.

Wedemeyer H, Schoneweis K, Bogomolov PO, Voronkova N,
Chulanov V, Stepanova T. GS-13-Final results of a multicenter,
open-label phase 2 clinical trial (MYR203) to assess safety and
efficacy of myrcludex B in cwith PEG-interferon Alpha 2a in
patients with chronic HBV/HDV co-infection. ] Hepatol.
2019;70(1):e81-e132. doi: 10.1016/S0618-8278(19)30141-0.
Bogomolov P, Alexandrov A, Voronkova N, Macievich M, Kokina
K, Petrachenkova M. Treatment of chronic hepatitis D with the
entry inhibitor myrcludex B: first results of a phase Ib/Ila
study. ] Hepatol. 2016;65(3):490-8. doi:
10.1016/j.jhep.2016.04.016, PMID 27132170.

Herta T, Hahn M, Maier M, Fischer ], Niemeyer ], Honemann M.
Efficacy and safety of bulevirtide plus tenofovir disoproxil
fumarate in real-world patients with chronic hepatitis B and D
co-infection. Pathogens. 2022 Apr 27;11(5):517. doi:
10.3390/pathogens11050517, PMID 35631038, PMC9143982.
Asselah A, Stefan Arama S, Bogomolov P, Bourliere M, Fontaine
H, Gherlanet GS. Safety and efficacy of bulevirtide monotherapy
and in combination with peginterferon alfa-2a in patients with
chronic hepatitis delta: 24-week interim data of MYR204 Phase
2b study. ] Hepatol. 2021;75:5S291.

Gilead. Gilead press release Treatment with Hepcludex®
(Bulevirtide) Meets Primary Endpoint and Achieves Significant
Response in Chronic Hepatitis Delta Virus at 48 Whttps: 2022.
Available from://www.com/news-and-press/press-
room/press-releases/2022/6 /treatment-with-hepcludex-
bulevirtide-meets-primary-endpoint-and-achieves-significant-
response-in-chronic-hepatitis-delta-virus-at-48-weeks.  [Last
accessed on 29 Sep 2022].

10


https://doi.org/10.1111/liv.15345�
http://www.ncbi.nlm.nih.gov/pubmed/35748639�
https://doi.org/10.1136/gut.18.12.997�
https://www.ncbi.nlm.nih.gov/pubmed/75123�
https://doi.org/10.1016/j.jhep.2020.04.008�
https://www.ncbi.nlm.nih.gov/pubmed/32335166�
https://doi.org/10.1016/j.cld.2019.04.005�
http://www.ncbi.nlm.nih.gov/pubmed/31266627�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6659751�
https://doi.org/10.7554/elife.00049�
https://doi.org/10.1016/S0140-6736(10)61931-9�
https://doi.org/10.1016/S0140-6736(10)61931-9�
https://www.ncbi.nlm.nih.gov/pubmed/21511329�
https://doi.org/10.1128/JVI.01758-07�
https://www.ncbi.nlm.nih.gov/pubmed/18032511�
https://doi.org/10.1146/annurev.bi.64.070195.001355�
https://www.ncbi.nlm.nih.gov/pubmed/7574482�
https://doi.org/10.3390/jcm11061587�
http://www.ncbi.nlm.nih.gov/pubmed/35329913�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8953848�
http://www.ncbi.nlm.nih.gov/pubmed/30166948�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6111511�
https://doi.org/10.1002/hep.29658�
https://www.ncbi.nlm.nih.gov/pubmed/29152762�
https://doi.org/10.1016/s2468-1253(17)30288-1�
https://doi.org/10.1007/s00216-021-03384-7�
http://www.ncbi.nlm.nih.gov/pubmed/34018034�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8410713�
https://doi.org/10.1016/j.jhep.2016.04.013�
https://www.ncbi.nlm.nih.gov/pubmed/27132172�
https://doi.org/10.1016/j.jhep.2012.12.008�
https://www.ncbi.nlm.nih.gov/pubmed/23246506�
https://doi.org/10.1002/hep.21112�
https://www.ncbi.nlm.nih.gov/pubmed/16557545�
https://doi.org/10.1002/hep.24758�
https://www.ncbi.nlm.nih.gov/pubmed/22031488�
https://doi.org/10.1007/s40265-020-01400-1�
https://www.ncbi.nlm.nih.gov/pubmed/32926353�
https://doi.org/10.1016/j.jhep.2016.04.016�
https://www.ncbi.nlm.nih.gov/pubmed/27132170�
https://doi.org/10.1016/S0168-8278(18)30224-1�
https://doi.org/10.1016/S0618-8278(19)30141-0�
https://doi.org/10.1016/j.jhep.2016.04.016�
https://www.ncbi.nlm.nih.gov/pubmed/27132170�
https://doi.org/10.3390/pathogens11050517�
http://www.ncbi.nlm.nih.gov/pubmed/35631038�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9143982�

	INTRODUCTION
	CONCLUSION
	ETHIC STATEMENT
	ACKNOWLEDGEMENT
	FUNDING
	AUTHORS CONTRIBUTIONS
	CONFLICT OF INTERESTS
	REFERENCES

