New Targets for HBV Therapy
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Virus suppression but persistence of
intrahepatic viral DNA synthesis during

5.0
-—3———0 =

4.0 —© 8

2 =g2-o_, :
£ T g
= &C——o_ g e 8
o 3.0+ <
2 No———a_ 100 %
=2 B 8
g 2 0 tod £
I

@ maw =
5

—©-— gHBsAQ
—&—— Total IH-DNA |1
—&— ccc-DNA

0 12 24 36 48 60 72 84 96 108
Duration of TDF (months)

New round of infection and/or replenishment of the cccDNA pool occur
despite « viral suppression » Boyd et al, J Hepatol 2016



Major virologic discoveries for HBV
cure research programs

* Better knowledge of the viral life cycle
Receptor — cccDNA - HBXx
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* Improvement of cell culture for target identification and drug
screening

Hepatoma cell lines — receptor and cccDNA formation
Primary Human Hepatocytes and other culture systems

* Improvement of animal models for target identification and
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New treatment concepts for HBV cure
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Mechanisms of viral persistence
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Defective CD8+ response

cccDNA reservoir

Antigenic load Defective B cell response

: Inefficient innate response
Liver tolerance

HBYV persistence Defective immune responses

Locarnini, S. & Zoulim, F. et al. (2016) Global strategies are required to cure and eliminate HBV infectionNat. Rev. Gastroenterol. Hepatol.
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Model for HBV entry in hepatocytes and
development of entry inhibitors
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Targeting cccDNA, the viral minichromosome

cccDNA loss
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Model for cccDNA degradation

IFNalpha /Lymphotoxin beta can induce APOBEC3A/B dependent
degradation of HBV cccDNA
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Similar observation with IFNy and TNFa — Xia et al, Gastroenterology 2015



Challenges in targeting cccDNA

TRANSCRIPTIONAL CONTROL

Specificity for cccDNA?
NUCLEUS Delivery? anti-HBx
epigenetic J_
silencing? I— HBx
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immune-
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host repair mediated Pa.rtial effeCill?
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editing ! 5
RC-DNA > cccDNA conversion? nucleases? Delivery”
anti-host DNA repair factors DESTRUCTION

Further knowledge required

FORMATION

Modified from Nassal, Gut 2015

Lucifora et al, Science 2014, Shlomai & Rice, Science 2014; Xia et al, Gastroenterology 2015;
Seeger et al, Mol Ther Nucleic Acids. 2014&2016; Tropberger et al, PNAS 2015; Decorsiere et al, Nature 2016



Targeting the HBV capsid with capsid
assembly modulators

1) Capsid Assembly
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Billioud et al, Antiviral Res 2011; Klumpp K et al, PNAS 2015, Venkatakrishnan B et al, J Virol 2016
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Phase 1b clinical trial: CpAM NVR 3-778 reduces serum
HBV DNA and RNA

Pre-clinical evaluation in hepatocyte culture and chimeric mouse models
Serum HBV DNA: mean 1.7 log reduction (600 mg BID)

Serum HBV RNA: mean 0.86 log reduction (600 mg BID)

Mean Viral Load Change (HBV DNA) from Day 1
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HBsAg targeting strategies

* HBsAg clearance an endpoint of therapy

* Decline in HBsAg levels may restore the antiviral activity of
exhausted T cells

* Several strategies in evaluation
- RNA interference (SiRNA): « gene silencing »
- Nucleic acid polymers (NAPs): HBsAg release

- HBs antibodies



SiRNA ARC-520 produces deep and durable knockdown
of viral antigens and DNA in a phase |l study

HBsAg reduction in ETV naive
patients with a single 4 mg dose

(cohort 7)
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Impact of integrated sequences on siRNA efficacy

Yuen M-F, et al. AASLD 2015, San Francisco. #LB-9

Will this result in restoration of immune
responses ?




Serum HBsAg (logqq IL/mL)

Towards combination therapy

Effect of a triple combination therapy on viral antigen load in a
humanized mouse model
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Restoration of antiviral immunity

Blocking inhibitory signals Engineering
{ ie. anti-PD-1) Vaccine therapy HBV-T cells
g
2 Hi
TCR T
2z s i
_-.—n:"
3 e ©
T3] = R L \
e E J l T cells T cells XS
= E ¢ 0
(=] -' 7 Wh, =
. EEEEEEEEBEE;
Hepatocytes
Intrahepatic Cytokine Intrahepatic Cytokine
” Delivery TLR-agonist Production
rt
m T cells
c = ‘x
: B — g i
= E TCR-like AL j .'!. Intrahepatic
E::.I: = + IFM-alpha : . immune cells
= i o
2 E =e
D 1 - I:I‘n-
m L . L)
Hepatocytes

Bertoletti A, Gehring AJ (2013) Immune Therapeutic Strategies in Chronic Hepatitis B Virus Infection: Virus or
Inflammation Control?. PLoS Pathog



Repression of intrahepatic expression of innate
immunity genes in CHB patients
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Recovery of T cell response is possible after
resolution of chronic HBV
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PD-1 blockade enhances HBV-specific
T cell function
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Clinical Evaluation of Immunotherapeutics

* Innate Immunity

- TLR-7 agonists (other TLR agonists ?): inducing endogenous type | IFN
responses

- Targeting RIG-I: Restoration of endogenous IFN profuction & interference on
Polymerase/pgRNA interaction

- Restoring innate responses: blocking virus specific functions

* Adaptive immunity

- Therapeutic vaccines: stimulating HBV specific CD4 and CD8 T cells
- Check-point inhibitors: restoration of specific CD4 and CD8 T cells

- T Cell engineering: redirecting T cells to infected hepatocytes



HBV cure - New treatment concepts — Will we need

combination of DAA and immune therapy ?
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HBYV cure - Where are we going ?

Towards improved therapies & cure within the next decade !
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HBYV cure - A highly dynamic drug discovery effort

Entry inhibitors: siRMNA; CpAM: HUC:
.. Myrcludax, azatimbe, .. ALN-HEY, a._?. NVR 3-T78, s.ngF-F {GET340),
cyclosporine dervatives. .. TEM-HBEVY, AT-130, AGXK-1009,
ARC-5204521, | | BAY41-4119, CMX-157,
Isis HBV rx GLS4... besifaryi,...
Entry via -

Immune modulation:

- PRR agonist or immune-stimulator:
“,.]9' TLRE-L, SB%200, CYT10T,
INC1800

= PDIPDL1 or CTLAA inhibitors: Woas
e.g. Nivolumab, Pidlizumab, MEDI-4736,
Lambroizumab, MPDLIZE0A, AMP-224

- Theérapeutic vaccing:
E . TG-1050, GS4774, DVEQ1, Altravax HEV,

MK calis
L A
Testoni & Zoulim, Hepatology 2015; Durantel & Zoulim, J Hepatol 2016 Innate responses




Definition of Cure

‘ No treatment ‘ Nucleos(t)ide analogue Decreased viral RNA and Elimination of cccDNA but
induced virus suppression protein synthesis persistence of integrated
(HBe seroconversion = 20%) HBsAg loss and seroconversion viral DNA

—>  \firus suppression —————3pp  Functional cure ~———3p  Complete cure

Q Infectious -

pariicles Integrated DNA 0 HBeAg

O HBsAg WA viral RNA 1“_" Anti-HBe
Mature cccDNA E’ Anti-HBs

g nucleocapsid oo

Durantel & Zoulim, J Hepatol 2016;
Zeisel, Lucifora et al, Gut 2015; Revill et al, Nature Reviews Gastroenterol Hepatol 2016



B AASLD

Realistic definition of HBV cure

Complete cure |dealistic Realistic functional | Partial “cure”
functional cure cure

Clinical
scenario

HBsAg
Anti-HBs
Serum HBV DNA

Hepatic cccDNA,
transcription

Integrated HBV
DNA

Liver disease

Risk of HCC

Never infected

Negative
Positive/negative
Not detected

Not detected
Not active
Not detected

None

Not increased

Recovery after
acute HBV

Negative
Positive
Not detected

Detected
Not active
Detected?

None

Not increased

Chronic HBV with
HBsAg loss

Negative
Positive/negative
Not detected

Detected
Not active

Detected

Inactive, fibrosis
regression over time

Declines with time

@2016 AMERICAN ASSOCIATION FOR THE STUDY OF LIVER DISEASES WWAW.AASLD.ORG

AASLD/EASL endpoint workshop, 2016

Inactive carrier off
treatment

Positive
Negative

Low level or not
detected

Detected
Low level

Detected

Inactive

Risk lower vs.
immune active
phases



The main targets
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