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Introduction

e Aims
— Understand recent and selected EASL Presentations
that will help shape the roadmap to HBV elimination

* Objectives

— Present data from EASL the may guide drug
development and changes and updates in the global
HBV elimination program



Where did the 140 M
people
with HBV go?

Current 2018 estimates
of HBV
Is 264 M HBsAg +

?2 Billion who are
anti-HBc (+)

HEziigprevalence  Total infected
C=1.0% = 1million
H13-25% ® 10 milicn
| . .

Ol 51100 % 100 millizn
I = 10-0%
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G years®
Three-dose Timely HEIGandfull  Antiviral
wvaconation  barkh waccination  Ereatment
beforeage  dased of
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HBIG=hepatitis B immumoghobulin. AFRO=Regional Office for Afrc. B\ RO=Ezstern Meditemanean Regional 0fice. BURC=Regional Office for Evrope. PAHO=Fan Amercn Health Ongnication.
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Table 3: 2016 estimates of HB=A g infection prevalence. treatment. and prophilacis, by WHO or'Ward Bank region




Modeling is key: Polaris

Razavi, H., S147 (THU-057),
S148 (THU-058), S149 (THU-059),
S153 (THU-065), S153 (THU-067),
S154 (THU-0GS8), S155 (THU-069),
S164 (THU-088), S165 (THU-089),
S169 (THU-097), S172 (THU-103),
S174 (THU-107), S176 (THU-111),
S193 (THU-145), S308 (THU-397)

Razavi-Shearer, D., S164 (THU-088),
S165 (THU-089), S169 (THU-097)

Razavi-Shearer-Spink, D., 147 (THU-057),
S148 (THU-058), S153 (THU-067),
S154 (THU-068), S155 (THU-069)



Screening and Diagnostics

First Level: The Patient

POC/Rapid tests

— Serologic tests <15
— PCR at 185

Policy

— All adults?

— Selected at risk ?
— HBsAg only

— Full panel

* Anti-HBc, anti-HBs,
HBsAg

Second Level: Drug Development
« gHBVRNA

— Is this pgRNA

— Integrants?
* HBV RNA sequencing

— cccDNA

— Integrants
* gHBcrAg
e Various particles, empty
* gHBeAg

 Anti-HBs, type and quant

* (g-anti-HBc

* Deep sequencing of RNA in liver tissue
e Liver biopsy information on treatment
*  FNA cell aspiration

* (qHBxAg



Vaccination

* 2 dose vaccines
* Do we need anti-HBs to be protected?
* 12 hour birth dose

— Do we need Nucs?



POLARIS  Table 1. Changes to vaccination coverage
o needed to meet WHO targets in 5 year olds

THU 097
 Base | 0 wHO 00000

Country Treated BD BD Treated
D Coverage Mothers] Coveragel Coverage3D Coverage Mothers
2014) 2014) 2014) 2025) 2025) 2025)

91.0% 0.0% 0.0% 99.0% 99.0% 80.0%
| Burundi @ | 95.0% 0.0% 0.0% 74.3% 98.0% 52.5%
87.0% 0.0% 0.0% 99.0% 99.0% 85.0%
23.0% 0.0% 0.0% 99.0% 99.0% 99.0%
46.0% 0.0% 0.0% 74.3% 85.8% 74.3%
| Ethiopia | 77.0% 0.0% 0.0% 95.0% 96.0% 75.0%
| Gabon = | 70.0% 0.0% 0.0% 99.0% 99.0% 65.0%
| Gambia | 96.0% 0.0% 96.0% 99.0% 99.0% 99.0%
81.0% 0.0% 0.0% 81.0% 81.0% 0.0%
73.0% 0.0% 0.0% 99.0% 99.0% 50.0%
| Malawi = | 91.0% 0.0% 0.0% 91.0% 91.0% 0.0%
| Nigeria | 66.0% 0.0% 54.0%  ***99.0% 99.0% 85.0%
99.0% 0.0% 0.0% 99.0% 99.0% 0.0%
89.0% 0.0% 0.0% 99.0% 99.0% 80.0%
95.0% 3.0% 0.0% 99.0% 99.0% 70.0%
97.0% 0.0% 0.0% 99.0% 99.0% 50.0%
91.0% 0.0% 0.0% 99.0% 99.0% 75.0%
80.4% 0.2% 8.8% 91.7% 96.5% 62.0%
(B

—.~_Achieving World Health Organization Targets for Hepatitis B in Infant
revneateg and 5-year olds by 2030: Results from 17 WHO AFRO Countries Nde eet all



Linkage to care

* HBV treatment
* Screening for stage of liver disease

e Surveillance for HCC and liver disease
progression



Treatment

* Will we treat all HBsAg(+) regardless of HBV
DNA status ?

e Currentis Nuc suppression until HBsAg loss
—<10% at 5 year

e New selected treatments to follow



Summary of response to NAP-based combination therapy
on-treatment and during follow-up

REP 301 / REP 301-LTF
Suboptimal REP 2139-Ca + peglFN
(only 15 weeks in combination)
HBeAg negative treatment naive
chronic HBV / HDV co-infection

REP 401

REP 2139-Mg/REP 2165-Mg + TDF + peglFN
(48 weeks combination)
HBeAg negative treatment naive
chronic HBV infection

. . . 40
Patients entered into trial 1 Patients entered into trial (20 with NAPs following
End of [>1 log below baseline 9 24 weeks of peglFN)
treatment End of > 1 log from baseline
HBsAg <11u/mL 6 treatment <110/mL
response <0.05 IU/mL 5 HBsAg
: response <0.051 L
HDV RNA |> 5 log below baseline 12 b 0.05 1U/m
Patients currently completed treatment
response
P target not detected 11 and 2 12 weeks of follow-up

Patients currently completed

ACCIREE: B SRS HBV DNA < 1000 IU/mL (repression) o Paras)
HBsAg < LLOQ 3 @ Fway) HBV DNA < LLOQ (remission) o k)
HBV DNA < LLOQ 5@ szv) HBsAg < LLOQ (2 @13,\,48)

HDV RNA target not detected (6@ ZWZY)

April 5, 2018



Assembly Biosciences “Capsid Inhibitors” CpAMs - 2018 Roadmap

ABI-HO731 (1%t Generation CpAM)

* Potent, selective and pangenotypic
* Derived from novel chemical series
* Phase 1a (volunteers) completed
— Good safety and oral exposure
— T% of ~24 hr and minimal accumulation with repeat dosing
* Phase 1b (patients) ongoing
— Good safety and efficacy exhibited
— Interim data being presented at EASL (poster LB-012)
— Phase 2a studies to initiate 3Q18

ABI-H2158 (2" Generation CpAM)

e Enhanced potency and PK
* Derived from distinct and novel chemical series
* Phase 1a to initiate 4Q18



cPAMs, Capsid Core Inh

Block assembly
Missassembled

Expedite degradation
Block cccDNA regeneration

But these Compounds will not stop HBsAg
production



New class of non nucleoside inhibitors glyoxamide-
pyrrolamides (GLP)

HepAD38 system
F oy . . .
SéP- o - v Inhibits HBVDNA replication — EC5( /9o = 3/30 nM
\N/ NJ:S v" Inhibits HBeAg secretion — EC., = 3 nM

v" Reduce cccDNA amplification by 1.3 log at 1

NH O
/ M
v’ Active in human pivmary hepatocytes

Patent#  WO02017156255 (A1) - . .
Elimination of Hepatitis B Virus with v' Long stability (T,/, >24 h) in dog and human plasma

Antiviral Agents.

v Good stability (T,, = 7.6 h) in human liver
microsomes

v Long half life in mice after oral administration (> 6 hr)

EASL, 2016 L Bassit et al.,
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I\/IuItiTargeted HBV Therapy in Action
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More on Combination THerapy

|

Chairs:
Julie LUCIFORA., France
Stephen LOCARNINI, Australia

16:00-16:15 Combinatorial RNAi/vaccination therapy for chronic
PS-025 hepatitis B achieves long-term functional cure in
preclinical mouse model

Thomas MICHLER, Germany

16:15-16:30 Novel and potent HBV capsid modulator reduces
PS-026 HBeAg and cccDNA in core site directed T1091
mutant in HepNTCP cells

ILLeda BASSIT, United States

16:30-16:45 Preclinical antiviral drug combination studies
PS-027 utilizing novel orally bioavailable investigational
agents for chronic hepatitis B infection: AB-506,

a next generation HBV capsid inhibitor, and AB-452,
a HBV RNA destabilizer

Nagraj MANI, United States

SCIENTIFIC PROGRAMME / THURSDAY 12 APRIL 2018

16:45-17:00 Combination treatment of a TLR7 agonist
PS-028 RO7020531and a capsid assembly modulator
RO7049389 achieved sustainable viral load
suppression and HBsAg loss in an AAV-HBV
mouse model

Lu GAQO, China




single>Combination Treatment

* Nuc+/- INF
* Nuc (INF) + iRNA

Arrowhead, ARB, Alnylam, GSK

e Nuc + anti-sense

* Entry Inh (Myr) + Capsid (Assembly,

Enanta, many others), MABs
 CRISPR-Cas9 + Capsid

Others in class TALENS, editing

* iRNA + Capsid + immuneM?

* Drugs with multiple targets? GLP

(Emory)
 DAA: RIG-I SB on encapsidation?
* cccDNA:

— Breakdown

— Edit

Stop synthesis

RNA destabilizer (ARB)
TLR7 + Capsid Inh (RO)
Customized T-cell therapy

Selective immunomodulation
— Springbank RIG-I

Release inhibitors ++7?
— REP compounds

Immunomodulators +++7?

— Vaccine (Alnylam, Transgene, China groups,
VacciTECH, others)

Cellular targets +++ ?
— FXR agonists (Enyo)
PD1 PDL1 + ??7??
HBxAg target
RNA-ase H target



Special Populations

Co-infection with HDV,
HCV, HIV

Dialysis

Nuc suppressed

ALT <20 in women
ALT <30 in men

All HBsAg+ patients

Transplant patients

Anti-HBc+, OBI, HBsAg
mutants

Immune suppressed



Need for partnership

High need (3-4 partners)  Moderate need (1-2 partners)
— Entry inhibitors — RIG —I Stim

— Release inhibitors — iRNA

— FXR — Capsid, pCAM

— Therapeutic vaccines

— TLR-8

— T cell manipulation

— Nucs

— PEG Inf

* Not going forward?
— PD1 PDL1 antagonists

Need more data

— Anti-Sense RNA/DNA

— CRISPR-Cas9

— T-cell and other new immune
technology



Goals of new combination therapy

Oral >>SQ>> IV

Treatment < 12 months

sAg loss > 20% 50%
with sustained DNA
suppression, or “no go”

sAg loss from both
cccDNA and integrants

AE profile <10% higher
than Nucs

AE profile < << INF

Planned global price
gradient

Treat all patients who
are HBsAg+



Endpoints

HBsAg >0.5 log early * Fall gHBV RNA
— Type of RNA

HBsAg> 3 log by 3-6

months * Clear HBsAg from
Integrants

HBsAg loss 20-40% in < 1

year * HBXAg

gHBeAg in HBeAg(+)  gHBcrAg

patients

* g-cccDNA, tissue, blood?



Safety

Do NAPS lead to sAg  PDL1 and PD1:
accumulation? autoimmune

* Do cPAMS leadtocore * Combination therapy
accumulation? too early, before full tox
profiles finished

* iRNA: is there effect of
gRNA, breakdown of * Immune - Immune
iIRNA, effect of RNA long collaborations?
term polyNuc?



Action items

Accelerated birth dose
vaccine programs
(<12hours) eliminate cold
chain, eliminate Nuc for
mother, eliminate HBIG

Robust screening algorithms
Funding

— GAVI for birth dose !

— Govt

— WHO

— CDC and equivalents

Accelerated
— Diagnostic Test Approval
* Applies to therapeutics
— Drug development
* Regulatory
* Corporate
* |nvestors
Large companies have libraries
Small companies need polygamy
Minimize lawyers

Production of drug/technology is
it scalable



Recognition of the Real Roadmaps

ICE HBV
ANRS

CEVAP

WHO

CDC

HBV Forum
Many others



Questions




