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Types of HBV cure

Functional Cureclinical resolution
Sustained, off drug:

A No inflammation: ALT and liveiopsy
A HBsAdoss

A HBsAlgain

st

Complete curevirologicalcure
A All of above plus
A Loss otccDNA



HBeAg Seroconversion Rates Over
Time In HBeAg Positive Patients

Not headto-head trials; different patient populations and trial designs
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Longterm EntecavirTreatment Improves
Liver Histology and Fibrosis
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Undetectable HBVY DNA Over Time
In HBeAg Negative Patients

Not headto-head trials; different patient populations and trial designs

Extended Treatment With Nucleos(t)ide Analogues vs
1 Yr Peginterferon Treatment
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HBsAQ Loss Over Time In
HBeAg Positive Patients

Not headto-head trials; different patient populations and trial designs
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HBsAQ Loss Over Time In
HBeAg Negative Patients

Not headto-head trials; different patient populations and trial designs

100 - Extended Treatment With Nucleos(t)ide Analogues*
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functional cure
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Strategies to Eradicate HBV

Virologicapproaches Host Immune approaches
A Entry inhibitors A Interferons
A BlockcccDNA A TLR7
. A PD1/PDL1
A Transcription inhibitors A 117
A RNA interference A Therapeutic vaccines
A HBV capsid inhibitor i Immune complex vaccines
A polymerase inhibitors ! VNjgca}Lg'sBV (NASVAC)
A Secretion inhibitors I DNA vaccines

I T cell vaccines

I Adenovirus based vaccines
(TG1050)

I Yeast based vaccines



Strategies to Eradicate HBV

Virologicapproaches Host Immune approaches

A Entry inhibitors



HBV entry through NTCP receptor

Sinusoidal r
endothelial Sinusoid

cell (SEC) \_
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HBV Targeting cell entry

Small molecule compoundsnding toSodium
taurocholatecotransportingoolypeptide (NTCP)
A HBVpre-StderivedlipopeptideMyrcludexB

competeswith HBV/HDV for binding to NTCP
I preventsHBV/HD\éntry
I Phase Il in RussidBeAg, naiveC ALT, DNA >2k
C nl ALTpgHBsAgmyr preSAbsHBYV reactivation ia.
I Blocksentry atpM concentrations that do not inhibit
bile salttransport
I Decrease newccDNAproduction

Urban ISVHLD 2015; Gastro 2014
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Strategies to Eradicate HBV

Virologicapproaches Host Immune approaches

A BlockcccDNA



cccDNA

A Cannot replicate itself but is replenished from
cytoplasmiaucleocapsiadcDNA

A Complexes withHB¢ histones to form a
minichromosome
I Not static has inactive and active forms
I Long half life
| Stable in quiescent cells
I Turnover with cell death

I Diluted by cell proliferation but survives cell
division




PotentialMechanisms to TargetccDNA

A preventingcccDNAormation
A eliminatingcccDNA
A silencingcccDNAranscription

A Controlof cccDNA

I capsid disassembly

I inhibition of cDNA(relaxedcirccccDNAorecursor)entry into
the nucleus

i Inhibition of conversion ofcDNAto cccDNA

I physicaklimination ofcccDNA

I Inhibition of cccDNAranscription (epigenetic control)
|

" Inhibition of viral orcellularfactors contributing tacccDNA
stability/formation.

I HBxregulatescccDNALevreroAASLD 2015)



HBWargetingcccDNAormation/ decay

disubstitutedsulfonamide (DS$pmpounds

A inhibitorsof cccDNAnN cellbased assays

A inhibit de novocccDNAormation by interfering withrcDNAconversion
Into cccDNA

DNA cleavage enzymes, specifically targetingcte® NAare

currently being engineered

A homing endonucleases oneganucleases

A zincfinger nucleases introduce ds breaks and clddB&DNA targets

A TALENffector nucleasesiBeAgsAg . b

A CRISPR(clustereggularly interspaceghort .J&— @ |

palindromic repeats)/Cas9 as platform to mut; '

or inactivate viral genomes (Cullen)

Chen et alMolecular Therapy2014; Weber 2014; Zimmerman 20B&n2014



APOBEC3A/3B ardcDNAmNodification by

IFNa/LTbR
D IFN-a BS1 or CBE11
A IFNa, LTBR activation t — W= e =,
ol TS AN
regulatedAPOBEC3A/B |, .. @1

cytidinedeaminases e

A HBVcore protein
mediates interaction with
nuclearcccDNAresultingin\_

cytidinedeamination,apurinid apyrimidinicsite formation,
and finallycccDNAdegradation that prevents HBV
reactivation

A No effect on inactiveccDNA
A New therapeutic target

Luciforg Protzer Science 2014
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Strategies to Eradicate HBV

Virologicapproaches Host Immune approaches

A RNA interference



Silencing HBV gene expression
usingRNAibased therapy

A ARG520 is a combination afiRNAslirected against
conserved HBV RNA sequences and efficiently knock:
down HBV RNA, proteins and DNA levels.

I phasell clinical triaNCT02065336

A 2 siRNAgcover 99.6% of known HBV sequences)
conjugated to cholesterol and hepatocytargeted
ligands

A Taken up by endosomes in hepatocyte then released
Into cytoplasm aftefysisof endosomalmembrane

I Given (ArrowheadHepdart2015)



SIRNA: ARC520

A suppressindpoth viral load anddBsAgData from chimp model
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Strategies to Eradicate HBV

Virologicapproaches Host Immune approaches

A HBV capsid inhibitor



HBV capsid

A It is essential for
I HBVgenomepackaging
I reverse transcription
I Intracellular trafficking

I maintenanceof chronic infection agncapsidated
HBV genomes are imported into the nucleus.

A NVR 3-778 capsid inhibitor

I Small molecule and direct acting antiviral through
aberrant core protein assembly that inhibits capsid
assembly and viraieplication

I PhasdlaNovira-HBsAgos, ¢ ALT
I Endpoints normaALT thertHBsAglecrease/loss
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HBVNucleocapsidnhibitors

Heteroaryldihydropyrimidine@HAP$

I bindto coreparticles toreduce both HBV DNA and
HBcAdevels, the lattevia degradatiorby the
proteasomepathway

I enhanceviral assembly

Afavourassembly of aberrant particles, indicating that HAP
Interfere with capsid formation/stability in a complex
mannet

I Similarto phenylpropenamidelerivatives, HAPs are
able to efficiently inhibiNA resistant viral variants




Nucleocapsianhibitors: GLS4 firshember of
HAPnucleocapsidcompounds
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Wu G et alAntimicrob. AgentsChemother2013



e mr e e w osE swraw

Hepatocyte

* Cytokines
2 = Entry & Uncoating Nucleus + Ribozymes
1-Interaction 3 — cccDNA Formation 3~ 1ranscription * Antisense
@ PERNA oligodeanxy-
— m AAA nucleotides
cecDNA rBRNA * Antisense
* Peptides oligodeosy-
* Single chain nucleatides
antibody 5 - Translation ¥ Sl
oRNA A * Ribozymes
ONA[+) DNA {-) i N""— * Helioxanthin
@ """._ analogues
A A A e -‘i-.—
* Aptamers
9 —(+)Strand 8- Reverse 7 - Encapsidation H * HAP
Synthesis Transcription Priming * Chimeric core
15? N V:mn & = Viral Protein * Single chain
, all
ecretion Secretion antibody
"‘\. / L ®
* ER alpha- * Nucleos(t)ide analogues o @ @ @
glucosidase * Antisense oligodeoxy- HBeAg / 'S ® \
inhibitors nucleotides o ~F
A siRNA HBsAg

Gonzalez 2015 Antimicrobe




Strategies to Eradicate HBV

Virologicapproaches Host Immune approaches

A Secretion inhibitors



HBsAg Release Inhibitor-
Nucleic Acid Polymer (NAP) REP 2139

A Taken up by hepatocytes, targetpolipoprotein block entry
and formation ofsubviralparticles (notvirion production)

A Phasdb: iv g w x15 lead in then, 15w plus peg IFN, then PEG
for 48w in 12 HBV HDMs

I Led toHBsAdo 6/12;ud 6/12; HDVAKLLQ 9/12; #HBsAb
A DHBsAgnd HDV RNA.
A Manypatients hadu/d serumHBsAgr HDV RNAt 15w
I Does not decrease HBV DNA by itself ?need NA or IFN
A Phase Il Canada-?EGFN
I Combination of REP 2139 and immune stimulant and oral
nucleogt)ide being tested

VaillantEASL 2015



HBV Inhibit Secretory Pathway

A Benzimidazol&8M601

I selectively inhibit intracellularelocalisationof the HBV
surface protein to the Golgi apparatus

I Thus decreasddBsAgnd HB\felease
I without affectingHBeAgsecretion

A iminosugarderivatives obutyldeoxynojirimycirand
relatedglycolipids

A a-glucosidasénhibitors
A triazolo-pyrimidine derivatives

A Will suppression oHBsAgn serumrestore T cell
responsiveness?



Strategies to Eradicate HBV

Virologicapproaches

Host Immune approaches

A Interferons
A TLR7

A PD1/ PDL1
A L7

A Birinapaniselectively induces TNF
mediatedapoptosis PelligriniWwEHI)

A Therapeutic vaccines

Immune complex vaccines

Nasal HBV (NASVAC)
vaccines

DNA vaccines
T cell vaccines

Adenovirus based vaccines
(TG1050)

Yeast based vaccines



Strategies to Eradicate HBV

Virologicapproaches Host Immune approaches

A TLR7



TLR7 Agonist for HBV

B GS9620,anoraly __ yYY
available agonist . K@”Q

B Selective for antivirals
proinflammatory "
response

B Preclinical studies:
ReducesAg viral DNA
In woodchucks & [ e

chimpanzees @
=
l

B Phase la (SAD)
complete: Safety

shown in healthy
volunteers @@f‘, m@v@w

IFN, ISGs Pro-inflammatory

Lopatin U et al. Antivir Ther 2013; 18:409-418



TLR7 agonistinducessAgSeroconversiom
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Strategies to Eradicate HBV

Virologicapproaches Host Immune approaches

A Check point inhibitor P2/ PDL1



Effect of PBL/L1 on Antiviral Immunity
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Expansion of HBSpecific CD8 T Cell
Response by Blocking RD.1/2 Interactionin

Vitro (mice)
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Sherman AC et al. AIDS Res Hum Retr 2012



Published Efficacy Data in HCC:
Nivolumab, ASCO 2015

Uninfected HBV+ HCV+ Total
(n =21) (n =10) (n=11) (N =42)

Duration of 7.2-12.5 11.9 1.4-8.3 1.4-125
response (months,
range)

Duration of stable 1.1-17.3 2.9-14.0 2.7-6.9 1.1-17.3
disease (months,
range)

Overallsurvival at 70 (52-82)
9 months (%, 95%
Cl)

Overall survival at 62 (42— 76)
12 months (%,
95% CI)

Objective 3 (14%) 1 (10%) 4 (36%) 8 (19%)
response* (10 stable 8 (5 stable, 4 (5 stable, 2 (20stable, 8
progressive) progressive) progressive) progressive)

Complete 2 (10%) 2 (5%)

Jesponses*

_ . EHKhoueiryA, JClinOncol33, 2015
*Investigatordetermined best overall response assessed by RECIST



Strategies to Eradicate HBV

Virologicapproaches Host Immune approaches

A Therapeutic vaccines

I Immune complex vaccines

I Nasal HBV (NASVAC)
vaccines

I DNA vaccines
I T cell vaccines

I Adenovirus based vaccines
(TG1050)

I Yeast based vaccine



Tarmogens can induce HBV-specific

T cell response in vitro
GS4774+ TDFPhase 2D qHBsAg
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King T et al. PLOS ONE (2014), 9 (7): 101904



Emerging DAAs against HBV

Many currentlyin the pipeline

A novel polymerase inhibitors

A capsid inhibitors

A cccDNA inhibition or eradication

A Packaging inhibitors- not very potent alone

A small interfering RNA (siRNA)-based strategies
A Immune activators

Combination therapy will likely be required for cure
A inhibitors of polymerase, entry, core, cccDNA etc
A IFN, immune stimulant, TLR7

A Checkpoint inhibitors PD-1/L1

BUT



Emerging DAAs against HBV

Many currentlyin the pipeline

A novel polymerase inhibitors

A capsid inhibitors

A cccDNA inhibition or eradication

A Packaging inhibitors- not very potent alone

A small interfering RNA (siRNA)-based strategies
A Immune activators

Combination therapy will likely be required for cure

A inhibitors of polymerase, entry, core, cccDNA etc

A IFN, immune stimulant, TLR7

A Checkpoint inhibitors PD-1/L1

BUT Selection of HBV patient will be critical
Optimization of HBV endpoints needed
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