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Hepatitis D virus (HDV), also referred to as hepatitis delta
virus, is the smallest virus capable of causing human disease.
It is unable to replicate on its own and can only propagate in
the presence of hepatitis B virus (HBV). Infection with both
HBV and HDV frequently results in more severe disease than
HBV alone, with higher instances of cirrhosis, liver failure
and hepatocellular carcinoma (HCC). Thus, there is a need
for effective treatment for HDV; however, currently approved
treatment options are very limited both in terms of their
efficacy and availability. This makes the management of
HDV a challenge for physicians. In this review, we look at

the background, diagnosis and treatment of HDV, informed
by our hospital data, to set out the optimal management

of HDV; we also explore novel treatment options for this
disease.
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Background

Hepatitis D virus (HDV) is a small, single-stranded RNA virus
enveloped in the surface antigen of the hepatitis B virus (HBV).'
It only replicates in hepatocytes and requires the presence

of HBV to enter a hepatocyte via the liver-specific bile acid
transporter, sodium taurocholate co-transporting polypeptide
(NTCP), for replication and further spread.” Upon entering
the cell, the HDV genome translocates into the nucleus and
utilises host cellular RNA polymerases for replication.! Further
hepatocytes can be infected through not only the NTCP
receptor, but also cell division-mediated RNA spread from
already-infected cells.? The damage to hepatocytes caused
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by HDV is via a combination of direct cytopathic effects and
immune-mediated damage.' The impact of this damage and
the course of HDV infection can vary and can range from
asymptomatic to fulminant liver failure.?

During the acute phase, HDV has a similar presentation to
other forms of viral hepatitis, with the initial development of
flu-like symptoms, fatigue, anorexia and nausea, accompanied
by an increase in liver enzymes.” This can then be followed
by jaundice, dark urine, and pale stools as bilirubin increases
before symptoms often resolve.” This can occur in HDV co-
infection, where the transmission of HDV occurs simultaneously
with HBV.?

HDV co-infection can result in an otherwise unremarkable acute
hepatitis with clearance of both viruses, but it can also cause
severe hepatitis associated with a high fatality rate.>* It is thought
that this severe presentation is due, in part, to an exaggerated
immune response, leading to massive hepatocyte necrosis and,
thus, hepatic failure.! In rare cases, there is such catastrophic
liver damage that it results in acute liver failure, accompanied
by coagulopathy and hepatic encephalopathy, which invariably
requires liver transplantation if available.”

The acute phase of the infection also occurs with superinfection,
which is defined as de novo HDV acquisition in an individual
already infected with HBV.? In this case, the acute phase is
often more severe and can also lead to severe hepatitis and
liver failure.* Where superinfection occurs, it can be transient
but unfortunately, around 90% of cases will lead to a chronic
infection.” This failure to clear the virus is thought to result from
a delayed and insufficient immune response, partly because
cytotoxic T lymphocytes are unable to recognise the HDV-infected
cells effectively.!

Chronic HDV infection can lead to the complications of liver
cirrhosis, liver failure with decompensation and hepatocellular
carcinoma (HCC).® In fact, it is estimated that around 70% of
cases will progress to liver cirrhosis within 5-10 years, although
true longitudinal case series from divergent geographical areas
are lacking.” However, it has been demonstrated that the presence
of HDV results in more rapid progression to liver cirrhosis and an
increased risk of developing HCC compared with HBV infection
alone?

The clinical course of the infection is also affected by the HDV
genotype. Eight genotypes of HDV have been identified so far,
with two—four subtypes per genome.® The precise genotype
exerts an influence on clinical outcome. Genotype 1 is the most
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common worldwide. It has a lower rate of remission compared
with other genotypes and also shows an aggressive disease.>®
Additionally, genotype 3 has been found to be most pothogenic,6
but there is ongoing research to identify HDV genotypes, their
associated phenotypes and their geographical distribution.

The worldwide prevalence of HDV has proven difficult to ascertain

reliably because of differences in populations and testing, which
has resulted in a wide variation in the figures published.® Most of
the figures are based on antibody positivity rates, whereas true
viraemic prevalence rates are important to ascertain because only
those individuals are likely to experience HDV-related morbidity
and mortality. With this in mind, a recent systematic review
estimated that 12 million people worldwide have experienced HDV
infection, and that one in 22 people with HBV also have HDV.?
HDV is transmitted by all parenteral routes demonstrated for HBV,
including sexual transmission. Vertical transmission from mother
to child appears to be rare, but research is lacking.” Epidemiological
research has also been able to identify those most at risk of having
HDV. It appears to be more common in injecting drug users, those
with hepatitis C virus or HIV infection (possibly because of shared
risk factors), recipients of haemodialysis, men who have sex with
men, and sex workers.>® In addition, differences in geographical
distribution have been identified, with Mongolia, the Republic of

Moldova and Western and Middle Africa showing a high prevalence
rate. These geographical differences have complex reasons but are

partly because of differences in the prevalence of HBV.?

Diagnosis

Testing for HDV antibody positivity is the recommended screening

test and should be done for all individuals known to be HBV
S Ag positive.”™"" If the individual is antibody positive, then
measurement of HDV RNA is mandatory to confirm the presence

or absence of active infection.'

Periodic screening should then be

carried out of those who continue to be at risk of HDV acquisition
through ongoing risk factors, or those who are found to be anti-
HDV positive but were HDV RNA negative initially.”

Current treatment

The aim of current treatment is to prevent complications

associated with HDV.” Treatment that reduces HDV RNA levels has

been shown to improve outcomes even when undetectable levels
could not be achieved.® Treatment should aim to suppress HDV

replication (suggested to be a decline of at least =2 log at the end
of treatment) and normalise liver enzymes.
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Pegylated interferon-alpha (Peg-IFN-alpha) is the primary
drug of choice for the treatment of HDV.>'® IFN-alpha is a type
Linterferon, widely used to treat many viral infections because

of its beneficial antiviral and immunomodulatory actions.
Peg-IFN-alpha has shown useful on-treatment virological response

12,13

rates, although low rates of HDV RNA negativity at 24 weeks after
cessation have been shown.”' Additionally, late relapses are very
common, at more than 50% of responder patients and there is a

lack of data to confirm optimal duration of therapy.” Given the lack

of data on the optimal length of treatment, it is advised that Peg-
IFN-alphais continued for 48 weeks irrespective of response as

long as it is well tolerated.’ One of the limitations of Peg-IFN-alpha

are the significant adverse effects, including flu-like symptoms,
depression and cytopenias.”® Additionally, Peg-IFN-alpha should
be avoided in decompensated liver disease, leaving consideration
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Table 1. Basic characteristics of local patients with

HDV diagnosed between July 2009 and December

2021

Parameters (n=61)
Mean age in years, (range)
Sex
Male
Female
Ethnicity
Asian
Black
Mixed
White
Unknown
Virology
HBS Ag
HBeAg +ve
HBeAg —ve
Hep e Ag Ab +ve
Hep e Ag Ab —ve
HBV core Ab +ve
HCV Ab +ve
HIV Ag/Ab
HDV virology
HDV IgG Ab
HDV RNA +ve
Staging of liver disease
Cirrhosis on imaging

Mean transient elastography
at diagnosis in kPa (range)

Chronic HBV therapy
Tenofovir
Entecavir
Lamivudine

HDV-specific therapy
IFN-a

Liver transplantation
Death
Blood tests at diagnosis
AST (U/L)
ALT (U/L)
ALP (U/L)
Bilirubin (umol/L)
Albumin (g/L)

Number of patients, n (%)
44.8 (23-76)

26 (42%)
35(58%)

13(21%)
8(13%)
9(15%)
13(21%)
18 (30%)

1(100%)
4(23%)
7(77%)
6(75%)
5(25%)
59 (89%)
2(3%)
0(0%)

61 (100%)
22 (36%)

30 (49%)
6.44 (2.7-23.2)

20 (33%)
14(23%)
7(12%)

17 (28 %) received treatment;
13 (21 %) did not continue
because of adverse effects

13(21%)

3(5%)

Mean value (range)
54.64 (14-199)
98.18 (9-2236)

72 (28-201)

18.93 (2-319)

43 (23-56)
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Table 1. Basic characteristics of local patients with

HDV diagnosed between July 2009 and December
2021 (Continued)

Parameters (n=61)

Number of patients, n (%)
140.26 (128-146)
Creatinine (mmol/L) 68.95 (36-164)

INR 1.18 (0.9-3.7)

Sodium (mmol/L)

Hb (g/L) 131.63 (79-169)
MCV (fL) 86.2 (65-103.1)
Neutrophils (107/L) 2.82 (0.4-7.7)
Lymphocytes count (107/L) 1.53 (0.4-3.3)
Total white cell count (10%/L) 4.84(1.7-11.2)

Platelet count (10%/L) 157.1 (29-383)

Ab = antibody; Ag = antigen; ALP= alkaline phosphatase; ALT = alanine
transaminase; AST = aspartate transaminase; HCV = hepatitis C virus; HDV =
hepatitis D virus; HB = hepatitis B virus; IFN = inteferon; INR = international
normalised ratio.

for liver transplantation as one of the few remaining options.? We
assessed basic data from our local cohort of patients with HDV
and also identified, similar to the literature, intolerability to Peg-
IFN-alpha. The basic data of our cohort are provided in Table 1.
Bulevirtide is an entry inhibitor that competitively inhibits HDV
binding to human (h)NTCP, an important step needed for virus
entry into cells.”® It has been studied as both a monotherapy and in
combination with older agents, such as Peg-IFN-alpha and tenofovir,

in trials so far."*'> As a monotherapy, patients have shown good
responses to bulevirtide, with significant reductions in HDV RNA
levels. However, most patients do not achieve undetectable HDV RNA
levels with bulevirtide monotherapy, and some experience HDV RNA
level rebounds after the end of treatment, with limited off-treatment
sustained responses.'>'®"” Bulevirtide has also shown promise when
used in combination with Peg-IFN-alpha, with 50% of patients
having undetectable HDV RNA at 24 weeks follow-up." Bulevirtide
has been given conditional approval in the EU as a monotherapy for
patients with chronic HDV infection and compensated liver disease.'®
Real-world cohort studies from Germany, Italy and France presented
at both the main European and American liver society meetings in
2022 have shown on-going efficacy in terms of both viral suppression
and alanine transaminase (ALT) normalisation in patients
treated beyond 48 weeks with bulevirtide, with preliminary data
demonstrating that there are early signs of improvements in liver
stiffness (as assessed by liver elastography).'®2> It is licensed in the
UK and has been provided to a very small number of patients with
Child—Pugh Score 5 and 6 cirrhosis as part of a compassionate access
programme. At the time of writing, the drug is being evaluated by the
National Institute for Healthcare and Clinical Excellence (NICE). It
is important to note the difference in price for bulevirtide compared
with Peg-IFN-alpha (£6500 versus £76.51); this would need to be
addressed further in practice, especially in low-resource settings.”*
In the future, it is likely that the optimal treatment modalities
for HDV will not only involve HDV-targeted therapies, but also the
eradication of HBV; if HBV infection resolves, then HDV will also be
cleared because of its reliance on HBV." This is why clinical trials
evaluating the efficacy of agents being tested in functional cure
programmes for HBV are now being extended into the HDV field.

Table 2. Emerging novel therapies for HDV

Drug Type Actions

Peg-IFN-lambda  Type III Interferon ~ Immune modulation

Inhibits HDV
genome replication
and induces innate
immunity

Lonafarnib Farnesyl transferase

inhibitor

REP 2139-Ca Nucleic acid

polymer

Inhibits viral entry

Interaction with
amphipathic protein
domains interrupts
viral replication

Delivery

Subcutaneous
injection

Oral

Intravenous
infusion

Phase of
development

Phase 11

Comments

Virological response at 24 weeks post
treatment = 36 %
Better tolerated than Peg-IFN-alpha

HDV RNA levels decline with
monotherapy

Phase 111

Combining with ritonavir allowed
lower doses to be used and had
fewer GI side effects

Combining with Peg-IFN-lambda
resulted in 50 % of patients
achieving undetectable HDV RNA
levels at 24 weeks’ post treatment

Most adverse effects are mild
to moderate and include GI
disturbances, weight loss,
hyperbilirubinaemia, anaemia and
transient ALT increases
Phase 11 When administered as part of a
regime including Peg-IFN-alpha,
75 % of patients were HDV RNA
negative at end of treatment

Tolerable adverse effects

ALT = alanine transaminase; GI = gastrointestinal; HCV = hepatitis D virus; IFN =
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New HDV-targeting therapies

Novel therapies have been developed to target different steps
in the life cycle of HDV and to activate innate immunity. These
include novel interferons, prenylation inhibitors, and nucleic
acid polymers,>' as summarised in Table 2. Figure 1 details the
mechanism of action involved in relation to the HDV life cycle.

Peg-IFN-lambda

Peg-IFN-lambda is a type III interferon that is associated with
fewer adverse effects compared with Peg-IFN-alpha and, thus,

is better tolerated and has better patient compliance.”'® The
improved adverse effect profile results from the receptors for type
Il interferons only being present on epithelial cells mostly in the
liver and lungs, compared with the receptors for type I interferons,
which are present on most cells in the body." Peg-IFN-lambda has
shown a better virological response at 24 weeks’ post treatment
compared with Peg-IFN-alpha (36% versus 28 %) and, although
there is only limited histological evidence, this demonstrated

fibrosis regression following therapy.”>'® It is currently being tested
in larger phase 111 trials.2"3

Lonafarnib

Lonafarnib is a prenylation inhibitor that prevents the release of
HDV particles by inhibiting HDV genome replication and inducing
innate immunity.”>"® It prevents the prenylation of the HDV large
antigen, a step that is crucial to the HDV life cycle.”2® Initial trials
looked at lonafarnib monotherapy and found that HDV RNA level
declines were dose dependent and correlated with lonafarnib
serum concentrations.” Lonafarnib was then further studied as
both a monotherapy and in combination with ritonavir and/or
Peg-IFN-alpha, with the latter being found to work synergistically
with lonafarnib."*">2%27 Additionally, low doses of oral lonafarnib
achieved improved antiviral responses with better tolerated adverse
effects compared with high-dose regimens.” Most adverse effects
have been mild to moderate, and have included gastrointestinal
disturbances, weight loss, hyperbilirubinaemia and anaemia.'>6:7
Well-tolerated transient increases in ALT post treatment have been

HDV virion st
HBsAg £ xmm."’-E
“""’ 24 UU "\’:
ik P e

SN 0000000457=—S-HDAg
- =2

©) %’mmm&: L-HDAg £
‘l‘ 7] \\b
LS s

HDV entry inhibitors

Tg"m"‘\is

890,
it o

fnidn 2
= ’ =3

e\\“'"p,g %’V!qml‘s

Saviminio 2 "‘w\“b

“sogesS \

(Myrcludex B/
Bulevirtide) m
Hepatocyte N
Nonilie,
“000900Q08>
Transport to
nucleus @
Replication

inneilie,
~

s (| @

\Nucleus
—

:‘C;"gogogm‘.-:
Z S

@ Endoplasmic

Nucleic acid

polymers |\ Release

(REP 2139)

“\Q’ ," ”

SN 2
Golgi

(7 »
Dagge®

Prenylated
L-HDAg

Prenylation )—[

Prenylation inhibitors

reticulum (Lonafarnib)

Fig 1. Hepatitis D viral life cycle and sites of potential therapies. (1) Hepatitis D virus (HDV) attaches to hepatocytes via interactions between hepatitis D surface
antigen protein and sodium taurocholate cotransporting polypeptide (NTCP). (2) HDV ribonucleoprotein (RNP) is translocated to the nucleus by the hepatitis D
antigen (HDAg) and (3) HDV replication occurs. (4) The HDV antigenome is transported to the endoplasmic reticulum (ER), where (5) it is translated into small
HDAg (S-HDAg) and large HDAg (L-HDAQ). (6) L-HDAg is prenylated before assembly. (7) S-HDAg supports HDV replication and is recycled into the nucleus. (8)
New RNPs via new HDAg molecules are formed and exported into the cytoplasm. (9) New HDV RNP associates with hepatitis B virus (HBV) envelope proteins
and is assembled into HDV virions. (10) HDV virions are released from the hepatocyte via the Golgi apparatus. Figure created with BioRender (biorender.com).
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seen, with subsequent normalisation.’® Importantly, these studies
identified regimens to advance into phase I1II trials; lonafarnib

with ritonavir alone and lonafarnib, ritonavir and Peg-IFN-alpha
combined.” At the time of writing, this phase III trial is ongoing.

Of note, phase II trials have also combined lonafarnib with Peg-
IFN-lambda." The LIFT-1 study found that over 75% of patients
achieved a significant decline in HDV RNA, with 50% achieving
undetectable levels at 24 weeks.?® Adverse effects were mostly mild
to moderate.*? Further phase II trials are being conducted.”

REP 2139

Nucleic acid polymers show antiviral activity, which is thought to
result from entry inhibition and their interaction with amphipathic
protein domains vital to viral replication.’ At the time of writing,
only one trial had been conducted into the effects of nucleic acid
polymers on HDV.%? This followed 12 patients for 3.5 years following
aregimen of weekly intravenous infusions of REP 2139-Ca for 30
weeks augmented with Peg-IFN-alpha.?’ At the end of treatment,
75% of patients were HDV RNA negative, and follow-up showed
sustained virological responses.?’ Additionally, the regime had a
good safety profile and tolerable adverse effects.? Further studies
with REP2139-Mg in combination with Peg-IFN-alpha and tenofovir
are planned, with the added benefit of allowing transition to
subcutaneous dosing in future trials.?~' Compassionate use data
from Bourliere et al. similarly found REP 2139 to be safe, tolerable
and effective in three patients over a 48-week period, with HDV RNA
becoming undetectable at 4-5 weeks of treatment.*?

The presence of HDV often results in a more severe disease profile,
with higher incidences of cirrhosis, liver failure and HCC. Although
there is a lack of approved treatments, there are many promising
targets for future antiviral therapies. Although treatment has
previously relied exclusively on PEG-IFN-alpha, the provisional
approval of bulevirtide heralds an era in which alternative
therapeutic strategies should be available.

Therefore, early diagnosis and risk stratification of patients with
HBV/HDV is increasingly important to prevent the development of
more advanced liver disease. Future research will continue to identify
different stages of the life cycle of HDV that could be targets for new
treatments. Additionally, further evaluation of combination therapies
will be important, looking at both their efficacy and safety.

Key practice implications

Until recently, there were no specific treatments for hepatitis D
virus (HDV) apart from pegylated interferon-a (Peg-IFN-alpha).
Most patients with HDV discontinue Peg-IFN-alpha treatment
because of intolerability and it is also contraindicated in many
patients. Therefore, there is a need for new agents to treat HDV.

Bulevirtide is a new HDV treatment, recently given approval

by the European Medicine Agency and being evaluated by the
National Institute for Health and Care Excellence. It shows some
promise as a monotherapy and in combination with Peg-IFN-
alpha for the treatment of HDV.

There is also ongoing research into new agents, such as
lonafarnib and the nucleic acid polymer REP2139. Therefore,
it will be important to ensure patients have access to novel
therapies as they become available.
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