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Licensed drugs

Peg IFN

Nucleos(t)ide
analogues

Off-label use of licensed drugs

Nucleos(t)ide + = ??

- PEG-IFN + NAs
- PEG-IFN “add-on” on NAs

New approaches

- early clinical development
- pre-clinical studies
- target discovery



HBV: concepts about « persistence »
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Concepts about « cure »

Eradication
* Equates to driving the virus to extintion from the earth
[e.g. small pox (vaccination)]

versus

Cure
* Equates to eliminating the virus from the infected host
[e.g. HCV (treatment)]

HEPATITIS B can theoretically be eradicated (vaccine)
AND
“maybe cured”




HBV: concepts about « cure »

Long-term suppression

of viral replication > {‘ YA Viral Suppression < Suppression
(DAA) '\ R \ : lon
"\ Functional cure (very few) of viral replication
v <\ Immune control
Complete cure (eradication) (IFNa)

* Sustained suppression of viral replication

undetectable viremia with sensitive HBV-DNA assays

* Functional cure

“off therapy” persistent HBV suppression [make all patients true ”inactive carriers”]

immune control / silencing of cccDNA
HBsAg loss as preferred endpoint

 Complete / sterilizing cure

elimination of cccDNA

elimination of infected hepatocytes, including cells with integrated HBV DNA
HBsAg loss and anti-HBs seroconversion: surrogate endpoint



Adapted from Liang et al, Hepatology 2015



Table 1. Experimental HEBV Therapeutics in Late Predinical or Clinical Stage®
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Towards HBV cure

Complete inhibition of HBV replication and

[including entry inhibitors and capsid inbibitor]
- to avoid new hepatocytes infection and low level core particles recycling

* Restoration of host innate/adaptive antiviral immunity against HBV

- reduce HBs load [si/shRNA approaches; NAPs]
- checkpoint inhibitors [anti-PD1/PDL1; others]
- TCR engineering

- TLRs agonists [TLR7 and others]

* Direct targeting of cccDNA
* inhibit cccDNA formation
* target cccDNA with endonucleases
* transcriptional silencing of cccDNA [FUNCTIONAL CURE]
* cccDNA bound viral proteins: HBc and HBx

Strategies

Viral
targets

Deplete or

silence cccDNA

g > £<- @ B cell

g N CD8+
T cell
\_/Activate

antiviral immunity




HBYV cure landscape
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Polymerase inhibitors

* Nucleoside analogues, e.g. Gilead, BMS
Non-nucleoside, e.g. LB80380




Core inhibitors drugs
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Core inhibitors drugs

- .

and/or core particles recycling [1]) 1
* inhibit cccDNA transcription [2] 1
* inhibit HBc recruitment on the cccDNA [3] 1
* modulate HBc cellular target genes [4] 2
1. Belloni L. et al., AASLD 2013; 2. Durantel D et al., AASLD 2013



What Might HBV Cure Will Look Like?

let’s keep an open mind

- to prevent viral spread and cccDNA re-amplification =

AL [new anti-Pol; anti-RNAseH][anti-capsid]

h

cccDNA inhibit cccDNA formation [CCC-0975, entry inhibitors ...]
inhibitor deplete cccDNA [LTb, anti-capsid ...]
silence cccDNA pool [epigenetic drugs, IFNa ...][anti-HBx]

Entry inhibitors [Mircludex and others]

activate or restore antiviral immunity
[target HBs: siRNA, HBs secretion blockers]
[innate immunity stimulators, anti caspsid]
[anti-PD1/anti-PDL1]

Immune
Activator

Modified from S. Locarnini 6.2014



What Might HBV Cure Will Look Like?

let’s keep an open mind

Potent NA - to prevent viral spread and cccDNA re-amplification
- [new anti-Pol; anti-RNAseH][anti-capsid]

cccDNA inhibit cccDNA
inhibitor

activate or restore antiviral immunity
Aluge [target HBs: siRNA, HBs secretion blockers]
Activator [innate immunity stimulators, anti caspsid]
[anti-PD1/anti-PDL1]

Modified from S. Locarnini 6.2014






TOWARDS ABV CURE:
RESTORING T CELL FUNCTION / DIFFERENTIATION
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Reduction of HBsAg (and HBeAg) should translate in a revival of
adaptive immune response and functional cure
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TOWARDS ABV CURE:
RESTORING T CELL FUNCTION / DIFFERENTIATION
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Blocking inhibitory receptors on T cells

RESTORATION OF THE T CELL FUNCTION BY COMBINED
MANIPULATION OF PD-1/PD-L1 AND CD137/CD137L PATHWAYS

. Liver D Blood
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Modified from U. Protzer et al. Nature Reviews in Inmunology 2012
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Fig. 1. ISG15 (mRNA) fold change. The figure shows the ISG15 mRNA mean fold
change over time in the SAD and MAD cohorts in each patient population.
“Induction at these time points driven by a single patient.

Persistent HBV viremia suppression and
increased HBsAg in chimps (Menne et al., J
Hepatol 2015) and woodchucks (Landorf et al.,
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Engineering anti-HBV immunity
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Fig 1. Clinical history and expression of HBV antigens in HCC




HBYV cure landscape
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Polymerase inhibitors

* Nucleoside analogues, e.g. Gilead, BMS
Non-nucleoside, e.g. LB80380




Myrcludex B: Targeting Entry of HBV into Hepatocytes
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Cell proliferation combined with antiviral treatment to block re-infection (Myrcludex B)
promoted cccDNA clearance in the majority of the human hepatocytes.

Allweiss, Petersen, Dandri et al, EASL 2014, 0101

Myreludex Control




Myrcludex B: Targeting Entry of HBV into Hepatocytes
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Myrcludex B: Targeting Entry of HBV into Hepatocytes

HBV Phase 2a Results

0.5mg, 1mg, 2mg, 5mg 10mg

8 evaluable patients

7 patients: >1log
HBV DNA

7 patients >1log
HBV DNA

HDV Pilot Study
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6 patients >1log
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7 patients: >1log
HDV RNA

HDV RNA




Myrcludex B: Targeting Entry of HBV into Hepatocytes

HBV Phase 2a Results

0.5mg, 1mg, 2mg, 5mg 10mg

7 patients >1log
HBV DNA

Myr 2mg +PEG Int 180 pg

7 evaluable patients

6 patients >1log

7 patients: >1log
HDV RNA
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Hepatocyte turn-over
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Specific and Nonhepatotoxic
Degradation of Nuclear Hepatitis B
Virus cccDNA

HBV-infected HepaRG
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Interferon-a  and lymphotoxin-B-receptor
activation up-regulated APOBEC3A and 3B
cytidine-deaminases, respectively, in HBV-
infected cells, primary hepatocytes and
human liver-needle biopsies.

HBV-core protein mediates the interaction
with nuclear cccDNA resulting in cytidine-
deamination, apurinic/apyrimidinic ~ site
formation and finally cccDNA degradation

Lucifora et al. Science 343, 1221-8, 2014
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