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Background/Introduction



Viral hepatitis burden, mainly that caused by HBV, is yet increasing over other health 
threatening conditions 

Sources: WHO



ü Discovered by Dr Baruch Blumberg (Australia 
antigen; Nobel prize 1976)

ü First seen under the microscope by Dr David 
Dane in 1970

ü Belongs to Hepadnaviridae family
ü Class VII of Baltimore’s classification; close to 

retroviruses (see life cycle)…

ü 3.2 kb double-stranded DNA genome, in a 
relaxed-circular conformation (rcDNA)

ü Four open reading frames (ORFs)

ü Viral transcripts 
Ø Pregenomic RNA (pgRNA)
Ø Precore mRNA                    
Ø PreS1 mRNA                     
Ø PreS2/S mRNA
Ø X mRNA
Ø Spliced RNA

Adapted from Seeger et al., Field’s Virology 2015
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PreS1 mRNA

PreS2/S mRNA

X mRNA

Generalities on HBV & genome organization
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HBV coding capacities (1)



SVPs/HBsAg  >  HBeAg >>> virions
1,000 to 100,000 fold excess of SVPs over virions !

HBsAg up to 1mg/mL in blood !
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Viral components  in blood
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This huge production of HBV viral 
components is associated with potent 

and difficult to revert T and B cell 
exhaustions

Modified from: Lucifora & Delphin, Antiviral Res., 2020 
Tsukuda & Watashi, Antiviral Res., 2020

SVPs/HBsAg  >  HBeAg >>> virions
1,000 to 100,000 fold excess of SVPs over virions !

HBsAg up to 1mg/mL in blood !
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Revill et al., Lancet Gastroenterol. Hepatol., 2019

Exhaustion of immune system in CHB patients

Very high 
antigens and 
virion load



HBV life cycle in hepatocytes

Modified from: Tsukuda & Watashi, Antiviral Res., 2020



World prevalence of HBV chronic carriers and incidence of primary hepatocellular 
carcinoma (HCC)

Gouas et al., Cancer Lett. 2009; El Serag, Gastroentrerology 2018;        
Globocan, IARC-WHO, 2018; De Martel et al. The Lancet Global Health 2020

Around 850,000 
individuals die from 

HCC each year

50% of HCC are a 
consequence of chronic  

HBV infections



HBV natural history of HBV chronic infections (CHB): a very complex pattern

HBV DNA levels
ALT levels
HBsAg levels

> 107 IU/mL

104107 IU/mL < 2.103 IU/mL > 2.103 IU/mL

Normal Elevated/fluctuating Normal Moderate/elevated

Very High 
(>104-105 IU/mL)

High/moderate            
(103-104 IU/mL)

Low            
(101-103 IU/mL)

Moderate             
(102-104 IU/mL)

EASL recommandations, J. Hepatol.,  2017; Modified 
from  Fanning et al., Nature review Drug Disco., 2019



HCCCirrhoris
Chronically 

infected liverHealthy liver

HBV

HCC

on «healthy 
liver»

HBV natural history: overall view

Acute infection

Spontaneous cure in 
85-95% of adults
5-15% of infants

Chonic infection when immune 
system fails to clear the virus

Chronic hepatitis

Occurrence with « quasi normal 
risk » compared to nomal 

population

Inactive carrier

Immune tolerance

Virus sauvage (HBeAg+) 
Mutant Pre-core (HBeAg-)

20-40 years

Drawing from HepVir team; WHO numbers

Around 1.1 
millions of 

individuals die 
from HBV 

complications 
each year



Current therapies



Goal of therapies: “Virosuppression” versus “Functional Cure” versus “Complete Cure”

Durantel & Zoulim, J. Hepatol., 2016

Functional cure = long-term HBV virosuppression + HBsAg loss (+ anti-HBs seroconversion) 
after cessation of treatment (finite duration of treatment)

Viro-suppression = on-treatment suppression of viral load in blood of CHB patients



FDA approved drugs used in clinic against HBV (1) 

NUCs

IFNs

HBV Foundation Drug Watch



FDA approved drugs used in clinic against HBV (2) 

EASL recommandations, J. Hepatol.,  2017



FDA approved drugs used in clinic against HBV (3) 

Jeng et al., The Lancet, 2023

Virosupression
Functional cure
Disease control



Mode of action of Interferon-alpha: Direct versus indirect MoA

Direct effect in hepatocytes

Indirect effect through activation of immune system 

Zhao et al., Antiviral Res., 2024



Mode of action  of NUC (1)

NUCs

NUCs



Zoulim & Locarnini, Gastroenterology, 2009; 
EASL recommandations, J. Hepatol.,  2017

Resistance to NUCs: in clinics   à Not a problem anymore!

High barrier to resistance

Rate of resistance for 6 NUCs



Agarwal et al., AASLD 2013, poster#973

ü Similar efficacy between TDF and TAF
ü But, weaker dosing for TAF (25 mg) versus TDF 

(300 mg)  
ü Lower long-term toxicity (renal and bones) of TAF

Latest FDA-approved NUC developed  



Peg-IFNa and NUC/NA effects in patients: take home messages

ü Peg-IFNa (48 weeks of treatment) leads to HBV functional cure in 8 to 14% of cases
Ø When functional cure is obtained in patient, fibrosis is reverted and HCC risk return to that of normal 

population
Ø In functionally cured patients, if there is a strong immune-suppression (e.g. rituximab) later in life, 

reactivation of HBV infection is possible à patients with a functional cure are not totally cured from 
HBV 

Ø If functional cure is not obtained, HBV infection comes back à this why NUC/NA are preferred in 
occidental countries

ü When NUC/NA are taken long-life, it leads to HBV functional cure in 1 to 3 % of cases
Ø Functional cure  rate is negligible
Ø Yet viral suppression in blood allow fibrosis regression and HCC risk returning to only 2x higher than 

normal risk population

But patients want/deserve finite treatments, increased functional cure rate (30-50%) and 
more than functional cure (i.e. full cure)



Investigational anti-HBV drugs and strategies

Aim is to increase the rate of functional cure!

Functional cure = long-term HBV virosuppression + HBsAg loss (+ anti-HBs 
seroconversion) after cessation of treatment (finite duration of treatment)



Goal of therapies: “Virosuppression” versus “Functional Cure” versus “Complete Cure”

Durantel & Zoulim, J. Hepatol., 2016

Functional cure = long-term HBV virosuppression + HBsAg loss (+ anti-HBs seroconversion) 
after cessation of treatment (finite duration of treatment)



Overview of the pipeline of novel anti-HBV 

Durantel, Antiviral Res., 2023



Core assembly modulators (CAMs or CpAMs)

Durantel, Antiviral Res., 2023



Chen et al., PlosPath 2016; Katen et al., Structure 2013; Alexander et al., PNAS 
2013; Kratz et al., PNAS 1999; Zlotnick et al., Antiviral Res 2015

ü 240 capsomers/HBc
ü 120 dimers of HBc with S-S bonds

ü T4 symetry (also T3 symetry)

Assembly 
process

Assembly of HBV capsid is an excellent target



Caspsid/Core assembly modulators (CpAMs or CAMs) – Primary mode of action

Durantel, Antiviral Res.,  2023



First 
MoA
(1x EC50)

Virion production

Second 
MoA

(10x EC50)

Establishment of cccDNA

Third
MoA

(1000x EC50)

HBeAg
biogenesis

Fourth
MoA
(EC50  ??)

Death of high-
expressing-HBc cells

Fifth
MoA

(1000x EC50)

RNA  biogenesis

NUC

Antigen
synthesis

NUC

Other modes of action of CAMs

Berke et al., AAC 2017; Lahlali et al., AAC 2018; 
Durantel Antiviral Res., 2024; Kum et al., 
Hepatology, 2023;  Pronost et al., unpublished



HBV Foundation’s Drug Watch

Past and current CAMs in clinical trials

Ø Previous generation of CAMs includes : NVR 3-778, GLS4, RO7049389, 
JnJ-6379,ABI-H0731, AB-423, EDP-367, AB-506, ABI-H2158… 

Ø So far CAMs failed to move to Ph-3 trials because of lack of superiority 
over NUCs/NAs

Ø But 3rd generation of CAMs are more potent and hopefully safer…



Yuen MF et al., APASL 2025

ALG-184: the most promosing CAM currently in clinical trial (1) 

Ø Excellent virosupression

Ø Superior to that obtained
with NUC ? Current phase 

2 studies will tell us!

Ø Safety profile = OK



ALG-184: the most promosing CAM currently in clinical trial (2) 

Yuen MF et al., APASL 2025

Ø Strong effect of CAM 
ALG-184 on HBeAg

reduction 
Ø CAM ALG-184 leads to 

1log10 HBsAg reduction 
after 2 years of 

treatment

Ø CAM >>> NUC on these 
viral parameters

Ø Should lead to higher
rate of FC !



Drugs targeting HBV RNAs

Durantel, Antiviral Res., 2023



Si-RNAs and AntiSense Oligonucleotides (ASOs): nature and modes of action
siRNAs

ü Easy to design and produce
ü Strong background in the field  
ü Easy to deliver to liver and to 

hepatocytes (GalNAc moiety or 
LNPs)

ü Safety profile/off target effect ?

ASOs

ü Easy to design and produce
ü Easy to deliver to liver and to 
hepatocytes (GalNAc moiety or LNPs)

ü Safety profile/off target effect ?

All RNAs are targeted
Including RNA synthesized 

from host-chromosome 
integrated HBV



Si-RNA and ASOs in current R&D

HBV Foundation’s Drug Watch



Si-RNA and ASOs in current R&D

HBV Foundation’s Drug Watch



From ALN-HBV to VIR-2218 (Elebsiran): improvement of safety profile

Gane et al.,  J. Hepatol., 2023



Clinical trial results for VIR-2218 (Elebsiran)

Gane et al.,  J. Hepatol., 2023



HBsAg decline, 
leading to 
immune 

restoration?
Drawing from HepVir team

Bepirovirsen: an ASO with various modes of action (= combination with a single drug!)

DNARNA (modified) RNA (modified)

hepatocyte

NKT

KC

LSEC

stellate
cell

CD8+T

pDC

mDC

space 
of Disse

sinus

ECM

ECM

NK

Treg

CD4+T

erythrocyte

gMDSC

Stimulation of TLR8 in 
liver immune cells

Production of 
proinflammatory 
cytokines (IL-6, 

TNFa, IL1b) in liver 
microenvironment

Overall 
antiviral 

effect
HBV RNAs (pgRNA

and mRNA) decline, 
leading to less 
rcDNA/virion 

production and 
proteins/antigens 

syntheses

Direct and via 
restoration of 

immune responses



B-Clear clinical trial results for Bepirovirsen: results of combination with NUC/NA

Yuen et al.,  N. Engl J. Med., 2022



B-Clear clinical trial results for Bepirovirsen: results of in monotherapy

Yuen et al.,  N. Engl J. Med., 2022



B-Clear clinical trial results for Bepirovirsen: results of in monotherapy

Yuen et al.,  N. Engl J. Med., 2022

ü 20-30 % of HBsAg < 10 IU/mL at FU-24 !

ü Quality of results and safety profile of the drug has 
prompted its move to Phase 3

ü This is the first drug to enter phase 3 in the last 20 
years !

ü Several trials are on-going (several combinations)



Monoclonal antibodies against HBV

Durantel, Antiviral Res., 2023



Monoclonal antibodies targeting HBV envelope proteins: nature and MoA (1)

Anti-PreS1
Anti-PreS2
Anti-S/anti-HBs

mAbs ng/mL mAbs ng/mLLempp et al., J. Hepatol.,2023   
Drawing from HepVir team



Monoclonal antibodies targeting HBV envelope proteins: nature and MoA (2)

Bournazos et al., Nature Rev. Immunol., 
2020; drawing from VIR pharma



46

Monoclonal Antibodies in current R&D

HBV Foundation’s Drug Watch



Bournazos et al., Nature Rev. Immunol., 
2020; data from VIR pharma

Phase-1b results for VIR-34-34



Drugs targeting cccDNA

Durantel, Antiviral Res., 2023



Gene Editors Include Components to Identify the Target Site and Make a Cut
Epigenome Editors Include a Methylation Effector



Jeng & Lok, Hepatology Comm., 2023

Immunotherapeutic components (1)



Toward a triple combination ?



Replication 
inhibition

hNTCP
Entry inhibitors: 
bulevirtide, other small 
molecules &  MAb
HBV polymerase
NUC:  ETV, TDF, TAF, novel 
NUCs &  RNAseH inhibitors
Nucleocapsids
CAM: ALG 000184, ZM-
H1505R, ABI-H4334, EDP-514, 
JNJ-56136379

Antigen 
reduction

Transcription
FXR agonist: EYP001
Viral RNAs 
siRNA: JNJ-3989, VIR-
2218 (Elebsiran), AB-729
(Imdurisan), ALG-125755
ASO: Bepirovirsen, AHB-
137
LNA: RO7062931
RNA destabilizers:
GSK 3965193, BJT-628
HBsAg release
NAPs: REP 2139

+_ Immune 
stimulation

Invigorate immune 
responses
Innate immunity
TLR7: GS9620, RG7854 
(Ruzotolimod)
TLR8: Selgantolimod, CB06, 
GSK 5251738
Immune check points
Anti-PD1: nivolumab
Anti-PDL1: envafolimab 
(ASC22)
PDL1 LNA: RG6084
Oral PDL1 sm: AB-101

Stimulate HBV specific 
B/T cells 

Therapeutic Vaccines
HepTcell
VTP-300

GSK3528869A
VVX001

HB-400 (GS2829/GS6779)
TherVacB
AVX70371
BRII-179

+_

Exogenous HBs Mab
VIR-3434
BJT-778
RG6449

Gene and epigenome editing
T Cell Engineering

Revill et al, Lancet Gastroenterol Hepatol 2019; Lim et al Nat Rev Gastroenterol Hepatol. 2023; Feld et al, Clin Gastroenterol Hepatol 2023;
https://www.hepb.org/treatment-and-management/drug-watch; 

Generous gift by Pr M. Levrero

Combination therapies for increasing the rate of Functional Cure ?



Marcellin et al., Gastroenterology 2016

Best approved current option for combination =  NUC/NA + PegIFNa

On-Treatment Changes in HBsAg Levels (wk 48) HBsAg Loss Over Time (wk 72)
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ü Around 10% of functional cure!
ü This rate can be higher or lower in fct of HBV genotype in real life



Feld et al., Clinical Gastro. & Hepatol., 2023

Summary of road map to “HBV cure” (1)



Important TAKE HOME message = Access to treatment needs to change! 


