HBV - NEW AGENTS

Andy Ustianowski



Outline

- What are we aiming for?

- Can we do better with what we have got already?
- Nucleos(t)ides
- Interferon

- What about new ‘directly acting’ antivirals?

- What about new ‘host directed’ agents?

- What other issues are there?



What are we aiming for?
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o HBeAg
‘{ Ant-HBe
‘( Anti-HBs

Durantel D et al. J Hepatol. 2016 Apr;64(1 Suppl):S117-31



Can we do better with what we have
already got?

- Nucleos(t)ides: S ntecai

For Oral Use

- Entecavir
- Tenofovir

- Interferons:
- Peg-interferon alpha e

- So what about using them together or one after the other?



Sequential or Concurrent Nucs and

Interferon. ..
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So what about new drugs?




Lifecycle of HBV




Viral entry into hepatocyte

Binding:
‘ _ « HBV grabs hold of heparan sulfate proteogycans
, » Then binds to Sodium-Taurocholate Co-
e sscnnen Transporting Polypeptide (NTCP) receptor
o Entry:

‘ ‘ + Via endocytosis or fusion

* Nucleocapsid released into cytoplasm



Viral entry into hepatocyte

Myrcludex B

« Synthetic lipopeptide that
@ @ blocks NTCP
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Entry into nucleus, conversion to cccDNA
and then transcription

DNA enters nucleus =» converted to the
highly stable cccDNA
« ‘covalently closed circular’ DNA

* like a HBV mini-chromosome

cccDNA is template for transcription of
viral mMRNAs:

« Surface proteins

 HBV X protein

« Pregenomic RNA




Directly attacking cccDNA...

- In development: —
- Zinc-finger nucleases

- Disubstituted sulfonamide compounds

- Degrade cccDNA, inhibit rcDNA to cccDNA
conversion, target epigenetic control of cccDNA

- APOBEC proteins
- Degrade cccDNA

- CRISPR/Cas9

- RNA-interference etc.

Zimmerman KA etal., J Virol 2008; CaiD et al., Antimicrob Agents Chemother2012; Lucifora J et al., Science 2014; Dong C et al., Antiviral Res 2015; Liu X et
al.,J Gen Virol2015; Kenedy EM et al., Virology 2015



SIRNA: RNA interference therapy

Reduction of HBsAg in treatment-naive CHB
patients after a single dose of 4 mg/kg ARC-
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Hepatocyte Targeting - ALN-HBV
. N-acetyl galactosamine (GalNAc)ligand binds to
asialoglycoprotein receptor (ASGPR)
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Translation of MRNA and formation of
capsids

MRNAs translated:
« =>» Surface proteins
« => X protein
* Pregenomic RNA
» =>» Core and polymerase proteins
« => RNA template for conversion to genomic DNA




Capsid assembly modulators

- CAMs induce the formation of two types of capsids in vitro

- Empty capsids with normal geometry and size
« Phenylpropenamides (e.g. AT130) and sulfamoylbenzamide derivatives

- Empty capsids with abnormal geometry and size
* Heteroaryldihydropyrimidines (e.g. BAY41-4109)

Electron microscopy

RecombinantHBYV core dimers + 150mM NaCl +/- 30uM CAM (24h)

Berke etal. AASLD 2016



HBV core inhibitors

Mean viral load change (HBV DNA)

€ o
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NVR 3-778 600 mg bd associated with mean
1.721og4 lU/mL HBV DNA reduction in 28 days

Yuen M-F et al. AASLD 2015, San Francisco.#LB-10



Coated with surface proteins, RNA In
capsid converted to relaxed circular DNA,
and released....

And there are potentially

more on the way:

* Besifovir, CMX 157,
AGX-1009, MIV-210




But lets think for a moment about sAg

., | Why?
oy » Absorb neutralising
o] O antibodies
* Induce T cell tolerance
& immune exhaustion

\ X st So what if we could inhibit
\"-5" —— sAg secretion?
"oy e



sAg release inhibitors
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sAg release inhibitors
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There is also the X-protein




There is also replenishment of the
cccDNA within the cell




There is also replenishment of the
cccDNA within the cell




Capsid Assembly Inhibitor - JNJ-379: Effect
on cccDNA in HBV-infected PHHSs
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Host-Directed Therapies

OK — what about optimising the
Immune response?




Immune Stimulators?

- New Interferons

- Interferon lambda
- Better VL and ALT drop and better tolerated
* However poorer off-treatment/longer-term responses than IFN-alpha

- Toll-like receptor agonists
- TLR7
- TLR9

- Lymphotoxin-B receptor
- Possibly acting via APOBEC family

- Others...
- IL-7,1L-12, IL-18, IL-1, STING agonists etc

Lanford RE et al. Gastroenterology.2013; Menne S et al. J Hepatol. 2015; Goldstein and Goldstein, 2009; Lucifora J et al. Med Sci (Paris). 2014



TLR agonists

CLINICAL EFFICACY
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Correction of iImmune exhaustion?

Checkpoint inhibitors
- PD-1, PD-L1, CTL-4 inhibitors etc.




Vaccination?

Therapeutic vaccines
- S and Pre-S antigen vaccines
- DNA vaccines (especially of S)
- T cell vaccines
- Adenoviral vectors
- And many more...




But there are major issues...




What are we aiming for and how do we know we
have got there?
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Regardless — the future is bright and exciting. ..

Table 1A summary of clinkal triaks and their strategies for HEV treatment.

Tarpets Compounds Developer Stage of development  ClinicalTnals gov entifer
DAA HBpd GS-7240; Tenolow Gilead Prasa 3 NCT01840471 and
Alafznamids (prodng of NCTO01940341
tenclovk)
H8pd AGX-1009 (prodrng) Agenix Prase 3(7) No identifier found
Hapd Besfovr 10ong Phamaceuical  Prase 3 NCT01937006
Hapal CMX-157 (lpid acyciic Contrawr Prase 1 NCT(2585440
nuckoside phosphonate)
Hac GLS4 HEC Pharm'SUnshire Prase 2 China-CFDA
(Morphothiadine mesilate)
Hac NVR 3778 Nodra Phammaceuicals Prase ! NCT@1127%0 &
NCTR401737
Has REP-2130 |nucieic acid Reploor Prase 2forboth HBV ~ NCT(2585719 angt
paymers) and HOV NCT(R233075
Vrd RNAs SRNA: ARC-S20ARC-521 Arowhead Prase 2 NCT2604212 andt
NCTR604 192
Viral RNAs SRNA: ISIS-HBVRx keis phamaceuficals  Phase 10r2(7) No identfier found . . .
— = e ——— There is a full pipeline for
MYR GmbH and HOV Fedaration
L ]
Promation of apoplosisin -~ Birinapant Tetralogic Prase 1 NCTIR288208
o HBV drugs In
Prenylationfarresylaton  Lonafarnib Eiger BoPhammaceuicals  Phase 2 for HDV NCTIR430181,
NCTI2430 194, NCTO251 1431
T —— I~ o development
Hospital
pOC stimuiaion GS-0620 (TLRT agonist) Giead Prase 2 NCTI2 95047 &
NCTRSM9382
Immune simulation INO-1800 Ihovio Phamaceuticdls  Prase | NCTR431312
mmune stmuaton Cy+107 OL-T) Cythesls Prase 1/2 (discontirued) NCT01027085
Immune stmulation |IFN4ambda BMS Prase 2 (discontinued)  NCTO1204762
Adaptive responses ABX-208 Abtvae Prase 23 NCTI2245988
Adaptive responses GS4T74 (therapeutic vacone)  Glead Prass 2 NCTO194379% &
NCTOR2174276
Adaptive Rsponses TG-1060 (therapeuic vaccine)  Transgane Phase 1 NCTI2428400
Adaptive reeponses DV-E01 (therapeutc vacone)  Dynavax Phass 1 NCTO1023230
Adaptive response HB-110 Gansdne Phase 1 NCTO1841538
Adaptive responses Nivoumab (AS-PO1mAb)  OnoPharmacesticals!  Phase 1/2 for HCC NCT01658878
BMS

Durantel D et al. J Hepatol. 2016 Apr;64(1 Suppl):S117-31



Not yet clear what will work, in which
combination, in which patient, at what time
efc.....




