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Introduction

Hepatitis D virus (HDV) was discovered more
than 40 years ago by Rizzetto and colleagues in
Italy.

Initially described as a new antigen-antibody
system in chronic hepatitis B carriers,
subsequent studies in the early 1980s at the NIH
demonstrated that it is a new transmissible virus.
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The Virus:

HDV is a defective RNA virus that requires the
HBsAg for virion assembly, release,and
transmission.

It contains in its interior a ribonucleoprotein
(RNP) complex, consisting of an RNA genome
complexed with a structural protein, HDAg,
surrounded by the envelope glycoprotein,
HBsAg, which is the only helper function
provided by HBV.

Uncoating
of virus

Transportation

W of nucleus
HDV
\ ge

@ Replication l
m%lt Zw Wﬂb HDV genome
%% © small HDAg
@/ HD:
= = sl O
—~ prenyl moiety
@ HBsAg




4/13/2021

=
The Virus:

The RNP without the HBV envelope protein
cannot egress the cell and infect other
hepatocytes.

Thus, HDV is a satellite virus of HBV and can
only infect individuals who simultaneously
acquire HBV (coinfection) or superinfect an
HBsAQg carrier (superinfection).

Persons who have antibody to HBsAg, who are
immune to HBYV infection, are not susceptible to
HDV.

=
The Virus:

The replication of HDV occurs in the nucleus of
hepatocytes, as the liver is the only organ in which HDV
replicates.

HDV does not encode its own polymerase but exploits the
host RNA polymerase Il for replication.

The replication of HDV is completely autonomous from that
of HBV, but the assembly, release, and propagation of
infectious virions are critically dependent on HBsAg, which
encapsidates the HDV RNP.
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Course of Hepatitis D

The clinical outcome of acute hepatitis D differs according to
the type of infection.

Whereas HBV/HDV coinfection evolves to chronicity in only
2% of cases,

HDV superinfection results in chronic infection in at least
90% of cases.

HDV causing the least common, but most severe form of
chronic viral hepatitis at all ages.

Cirrhosis develops in approximately 70% to 80% of cases
within 10 years from the onset of acute hepatitis.

Total anti-HDV

— |GM anti-HDV
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HBYV - HDV Coinfection
Typical Serologic Course
Symptoms

ALT Elevated

anti-HBs

IgM anti-HDV
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Course of Hepatitis D

Mashhad study
In 350 HBV cases 10% was HDV positive
In inactive cases 4.5%
In active cases 14.7%
In cirrhosis about 30%
In HCC about 38%
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ABSTRACT

Background:

Hepatitis delta virus (HDV) is an RNA virus that causes hepatitis. Since HDV is dependent on hepatitis B virus (HBV) for its
pathogenesis, two major types of HDV and HBV infection 1s comnfection with HBY in anti-HBs negative individuals, or superin-
fection in chronic HBV carriers. Therefore, the prevalence of HDV depends on the frequency of HBY infection in various popula-
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Course of Hepatitis D

Once established, cirrhosis may be a stable disease for
another decade, although later in the course of disease, a
high proportion of patients die of liver decompensation or
HCC unless they undergo liver transplantation.

The estimated annual incidence of liver decompensation in
HDV cirrhosis ranges from 2.6% to 3.6% and from 2.6% to
2.8% for HCC.

Over the past 2 decades, there has been a significant
decline in the incidence of HDV infection in developed
countries, especially in Southern Europe, because of
universal HBV vaccination and improved socioeconomic
conditions.
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Treatment of Chronic Hepatitis D

Challenges:

Although significant advances have been made in
the treatment of chronic viral hepatitis over the past
decade but targeting HDV remains a major challenge
because of

The unconventional nature of this virus
Severity of its disease
Lack of a virus-specific polymerase

Vital link of HDV with HBV but completely
autonomous replication
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Treatment of Chronic Hepatitis D

Goals
To eradicate HDV and HBV
To prevent the long-term sequelae of chronic

hepatitis D—cirrhosis, liver decompensation, and
HCC
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Treatment of Chronic Hepatitis D

Goals
To eradicate HDV and HBV
To prevent the long-term sequelae of chronic

hepatitis D—cirrhosis, liver decompensation, and
HCC

However, these goals are not commonly achieved,
and treatment of chronic hepatitis D remains
unsatisfactory.
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Treatment of Chronic Hepatitis D

Current man agem ent
Interferon-a
PEG Interferon
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Treatment of Chronic Hepatitis D

Current management
Interferon-a

Thirty years use

One year course of highdose standard IFN-a induced
only a 10% to 20% rate of sustained HDV clearance and a
10% rate of HBsAg clearance

Higher doses and longer durations?

10
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Treatment of Chronic Hepatitis D

Current managem ent
Interferon-a

Thirty years use

One year course of highdose standard IFN-a induced
only a 10% to 20% rate of sustained HDV clearance and a
10% rate of HBsAg clearance

Higher doses and longer durations?
PEG Interferon

Better efficacy (about 25%)
PEG INF response is same in CH and ALD
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Treatment of Chronic Hepatitis D

Current management
INF and PEG INF

Long term results
A prospective study of 36 patients followed for up to 20 years after 1 year of
treatment showed a significant improvement in the long-term clinical outcome
and survival of patients who received high doses of standard IFN-a. Reversion
of advanced hepatic fibrosis occurred in some patients with an initial diagnosis
of active cirrhosis..
HIDIT trial using pegylated IFN-a,in which 75% of the patients were
prospectively followed over a median period of 4.5 years after
completion of therapy.This long-term study documented a late relapse
in HDV RNA in more than half of the patients (58%) who were negative
for HDV RNA 6 months after therapy

11
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Treatment of Chronic Hepatitis D

Current management
INF and PEG INF

Long term results
A prospective study of 36 patients followed for up to 20 years after 1 year of
treatment showed a significant improvement in the long-term clinical outcome
and survival of patients who received high doses of standard IFN-a. Reversion
of advanced hepatic fibrosis occurred in some patients with an initial diagnosis
of active cirrhosis..
HIDIT trial:

The loss of HDV RNA at the end of therapy as well as during follow-up
has been associated with a favorable outcome and fewer liver-related
complications.
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Treatment of Chronic Hepatitis D

Current management
Combination of INF / PEG INF with:
Ribavirin
Lamivudine
Adefovir

12
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Treatment of Chronic Hepatitis D

Future management

New therapies are needed because of:
Low response rate
High relapse rate
High adverse effects

HDV * Entry inhibitors
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Treatment of Chronic Hepatitis D

Future management

New therapies are needed
Low response rate
High relapse rate
High adverse effects

New therapies according to HDV life cycle
Inhibitors of the NTCP receptor
Farnesyltransferase inhibitors (FTIs)
Nucleic acid polymers (NAPs)
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Treatment of Chronic Hepatitis D

Future management

New therapies are needed
Low response rate
High relapserate
High adverse effects

New therapies according to HDV life cycle
Inhibitors of the NTCP receptor Myrcludex B
Farnesyltransferase inhibitors (FTIs) Lonafarnib
Nucleic acid polymers (NAPS) REP2031
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Treatment of Chronic Hepatitis D

Future management

New therapies according to HDV life cycle
Inhibitors of the NTCP receptor Myrcludex B

In patients treated with Myrcludex B plus pegylated IFN-
o 2a, HDV RNA became negative in 5 patients, and HBV
DNA decreased significantly only in this group.

J Hepatol. 2016:65(3):490-498.
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Treatment of Chronic Hepatitis D

Future management

New therapies according to HDV life cycle
Inhibitors of the NTCP receptor Myrcludex B

In patients treated with Myrcludex B plus pegylated IFN-
o 2a, HDV RNA became negative in 5 patients, and HBV
DNA decreased significantly only in this group.

But the effects are transient

16



4/13/2021

= ]

Treatment of Chronic Hepatitis D

Future management

New therapies according to HDV life cycle
Inhibitors of the NTCP receptor

Farnesyltransferase inhibitors (FTIs) Virus Assembly
Inhibitor Lonafarnib

Nucleic acid polymers (NAPS)

HDV * Entry inhibitors
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Treatment of Chronic Hepatitis D

Future management
New therapies according to HDV life cycle

Farnesyltransferase inhibitors (FTIs) Lonafarnib

The antigenomic HDV RNA strand encoding theS-
HDAg is edited by a cellular enzyme

This posttranscriptional RNA editing results in the
production of the L-HDAg, which undergoes
farnesylation, an essential modification to anchor the
HDV RNP to the HBsAg during the assembly of HDV
infectious particles

" HHS Public Access

‘ 4 Author manuscript

Lancet Infect Dis. Author manuscript; available in PMC 2016 October 01.

Published in final edited form as:
Lancet Infect Dis. 2015 October ; 15(10): 1167-1174. doi:10.1016/S1473-3099(15)00074-2.

Oral prenylation inhibition with lonafarnib in chronic hepatitis D
infection: a proof-of-concept randomised, double-blind, placebo-
controlled phase 2A trial

Christopher Koh’, Laetitia Canini, Harel Dahari, Xiongce Zhao, Susan L Uprichard,
Vanessa Haynes-Williams, Mark A Winters, Gitanjali Subramanya, Stewart L Cooper, Peter
Pinto, Erin F Wolff, Rachel Bishop, Ma Ai Thanda Han, Scott J Cotler, David E Kleiner,
Onur Keskin, Ramazan Idilman, Cihan Yurdaydin, Jeffrey S Glenn’, and Theo Heller’
Translational Hepatology Unit, Liver Diseases Branch (C Koh MD, V Haynes-Williams BSN, M Ai
Thanda Han MD, T Heller MBBch) and Office of the Director (X Zhao PhD), National Institute of
Diabetes and Digestive and Kidney Diseases, National Institutes of Health, Bethesda, MD, USA;
The Program for Experimental & Theoretical Modeling, Division of Hepatology, Loyola University
Medical Center, Maywood, IL, USA (L Canini PhD, H Dahari PhD, S L Uprichard PhD, G
Subramanya MS, Prof S J Cotler MD); Centre for Immunity, Infection and Evolution, University of
Edinburgh, Edinburgh, UK (L Canini); Theoretical Biology & Biophysics Group, Los Alamos
National Laboratory, Los Alamos, NM, USA (H Dahari); Departments of Medicine (Division of
Gastroenterology and Hepatology) and Microbiology & Immunology, Stanford School of Medicine,
Stanford, CA, USA (M A Winters MS, J S Glenn MD); Division of Hepatology, California Pacific
Medical Center, San Francisco, CA, USA (S L Cooper MD); Urologic Oncology Branch (P Pinto

18



4/13/2021

= B
Treatment of Chronic Hepatitis D

Future management
New therapies according to HDV life cycle
Farnesyltransferase inhibitors (FTIs) Lonafarnib

Interpretation—Treatment of chronic HDV with
lonafarnib significantly reduces virus levels. The
decline in virus levels significantly correlated with
serum drug levels, providing further evidence for the
efficacy of prenylation inhibition in chronic HDV

Lancet Infect Dis. Author manuscript;
available in PMC 2016 October 01.
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Treatment of Chronic Hepatitis D

Future management
New therapies according to HDV life cycle
Farnesyltransferase inhibitors (FTIS) Lonafarnib

The effects of intracellular accumulation of RNP particles
are not fully understand.

Moreover, farnesyltransferase is an important cellular
enzyme; therefore, it will be essential to fully elucidate the
effects of its blockade on various intracellular pathways.

19
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Treatment of Chronic Hepatitis D

Future management

New therapies according to HDV life cycle
Inhibitors of the NTCP receptor
Farnesyltransferase inhibitors (FTIs)

Nucleic acid polymers (NAPs) REP 2139

HDV * Entry inhibitors

Antigenomic ﬂ\‘
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Articles I|

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

Miche! SBacnet, Victor Minten Velentin Cebotaresne, Lika Copdhart, Mavine Ambe, Jefirey Albrecht, Heter Schmd Fraddek Le Gal
Emunanue Gonfien, Adalbert Kraweryk, Hovope Miedend, Had Ranmaadeh, Michasf Roggeedory, Andrew Vaakont

Summiary

Background REP 2139 clears dirculating bepatitis B virus (HBV) surface antigen (HBsAg), enhancing the jon  Leers 4
of functional control of HBY infection by theragy. We § the safety and efficacy of REP 2139 and %0 2 808y
pegylated interferon alfa-2a in patients with chironic HBV and hepatitis D vious (HDV) co-infection, Petilad Orfirw

Septurde 131 201
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Treatment of Chronic Hepatitis D

Future management

RESULTS:
In 12 pts enrolled 6 cases had HBS Ag level > 50lu,
6 had HBSADb positive

www.thelancet.com/gastrohep Vol 2
December 2017
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Treatment of Chronic Hepatitis D

Future management

PRETATION :

Combined REP 2139 and pegylated interferon alfa-2a
therapy is safe, well tolerated, and establishes
functional control of HBV and HDV co-infection and
normalisation of serum aminotransferases in a high
proportion of patients 1 year after therapy.

This combination therapy approach might provide a

new treatment option for patients with HBV and HDV co-
infection

www.thelancet.com/gastrohep Vol 2
December 2017
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Treatment of Chronic Hepatitis D

Future management
New therapies according to HDV life cycle
Nucleic acid polymers (NAPs) REP 2139
CHALLENGES:

All non cirrhotic patients

Nature and function of early and high titers of anti-HBs
The molecular mechanisms underlying the inhibition of

the release of HBsAg subviral particles are still
unknown.

As aconsequence, it is unclear if and how HBSAg is

revented from accumulating inside hepatocytes, which
may result in liver damage and increased risk of HCC

22



DRUG
Lambda (Pegylated

Interferon)
Myrcludex B

Lonafarnib

Ezetimibe

REP 2139
REP 2165

GI-18000

ALN-HDV

Hepatitis Delta Drug Watch

MECHANISM
Immune Response

Stimulator
Entry Inhibitor
Prenylation Inhibitor

NTCP Inhibitor
HBsAg Inhibitor
Immune Response

Stimulator

RNAi Gene Silencer

COMPANY
Elger BioPharma, USA

MYR-GmbH, Germany

Eiger BioPharma, USA

Zlauddin University
Hospital, Pakistan
Replicor, Canada

GlobeImmune, USA

Alnylam, USA

STATUS
FDA Orphan Drug Designation
Phase III (Projected 2018

EMA PRIME Eligibility
Phase II

FDA Fast Track Designation
Phase II
Phase 11
Phase II

Pre-clinical

Pre-clinical
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