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Circulating viral particles

« classic » « newly described »

HBsAg

filament DNA free particles

Dane particle

RNA containing particles

Van Bommel et al, Hepatology 2015; Hu et al, J Viral Hepatitis 2015



Staging of chronic hepatitis B infection

« Chronic HBV infection is a dynamic process reflecting the interaction between HBV replication and the host immune response

HBeAg positive HBeAg negative

HBsAg High in tetlégehc:iate Low Intermediate Negative

HBeAg Positive Positive Negative Negative Negative

HBV DNA >107 IU/mL 104-107 IU/mL <2,000 IU/mL* >2,000 IU/mL <10 IU/mL#%

ALT Normal Elevated Normal Elevated? Normal

Liver disease None/minimal R None N None$
severe severe

HBsAg negative
lanti-HBc positive

HBeAg negative
chronic hepatitis

Immune reactive

HBeAg positive Inactive carrier

Old terminology Immune tolerant

*HBV DNA levels can be between 2,000 and 20,000 IU/mL in some patients without signs of chronic hepatitis;
tPersisitently or intermittently, based on traditional ULN (~40 IU/L); fcccDNA can frequently be detected in the liver;
SResidual HCC risk only if cirrhosis has developed before HBsAg loss.

HBc: hepatitis b core; HCC: hepatocellular carcinoma; ULN: upper limit of normal

EASL. J Hepatol 2017;67:370-98



Evolution of Treatment for HBV

(Lamivudine ) (‘Adefovir ) (Telbivudine ) (*TDF )

2008

Entecavir

| !

2020

Pipeline >50 drugs
in preclinical,
phase 1-3 clinical
study

10 yea rs of ra pid growth ImprOVEd safety profile over TDF



The Current Therapies

PROS CONS

 Oral drugs * Long-Term therapy

e Suppression of viral  Low HBsAg clearance rate

replication » Risk of Hepatocelullar

» Good safety profile Carcinoma

* Indications * Not indicated
 HBeAg+ve&-ve » Chronic HBYV infection
» Chronic Hepatitis B, (immunotolerant and

Cirrhosis and inactive carriers)

Decompensated Cirrhosis

Slides are the property of the author and AASLD. Permission is required from both AASLD and the author for reuse



Goals of HBV Therapy
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Goals of Phase ll/lll studies with new HBV
compounds
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Emerging Treatment Targets for HBV

______________________ | i Curing hepatocytes

| Curative approaches: :
: Targetlng the pool of cccDNA

e ——

Plasma

IFNs and other

Membrane
¢ | Targeting HBx

subgenomic RNAs

<UL A
/ w‘.,n_wm
R - -—} -~ \HM"'
i Controlling viral | enveloped @ ﬁ
: replication: : RC-DNA wrlun/ NP cap
: Pre- & Post- : P . mature core protein + P
| cccDNA targets ! R O E RC-DNA ; it
e i e - ’ nuclewcapsid immature RNA
nucleocapsid
NAs CpAMs
"Polymerase inhibitors” “Capsid inhibitors”
“exhaustion” - _
“high antigen load” .
‘\ f PD-1 l
Adaptive immunity modulation
= Check point inhibitors =
SHecific hepatocyle * TCR enp ineering, CAR-T cells I:“'”
Killin gineering, : &
* Vaccine therapy
Dysfunctional Insuﬁ"cient
T-cell response B-cell response
I 1. Revill et al. Lancet Gastroenterol Hepatol. 2019 Jul;4(7):545-558 2.

antiviral cytokines

T-cell cytokine
response

Innate Immunity modulation
* Toll-like receptor agonists
e.g. TLR7, TLR8

Virus neutralization

Fanning et al. Nat Rev Drug Discov. 2019 Nov;18(11):827-844,



Pathways to Achieving Functional Cure




Vebicorvir and a NUC for 76 weeks in HBeAg-positive or —negative
patients with CHB (Phase 2 study)

Double-blind 24

I

Week 0 Open-label
L

< » »

STUDY 201

PBO + NUC (n=10)
VBR + NUC (n=16) VBR + NUC (n=16)
PBO + NUC (n=18)

STUDY 211

HBeAg-
negative

HBeAg-
positive

VBR + NUC (n=29) VBR + NUC (n=27)

Viral suppressed HBeAg negative*

All HBV DNA and pgRNA undetectable
at week 72

Most patients decrease HBcrAg and
HBsAg levels

Yuen F-L, et al. EASL 2021, Fung S et al. EASL 2020
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HBeAg positive patients
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Change from baseline for individual patients

HBsAg reduction

HBcrAg reduction

HBeAg reduction
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88 % with > 0,5 log, decline 27 52 % with > 0,5 log.. decline

ol 40 % with > 0,5 log,, decline



Viral response and safety following discontinuation of vebicorvir and
NUC in patients with HBeAg-positive or -negative CHB

Week 0 Double-blind 24 Open-label 76+
- L

STUDY 201 STUDY 211 Stopping criteria

; HBV TNA (composite DNA Virologic outcomes after VBR+NUC cessation eAg- (n=23) | eAg+ (n=18)
' +pgRNA) <20 IU/mL

HBeAg-negative OR
<5 1U/mL Relapse at post-treatment Wk 4 16 (70) 17 (94)

" Relapse at post-treatment Wk 12 3 (13) 1(6)
4(17) 0

Relapse at post-treatment Wk 16

HBeAg
negative

HBeAg
positive

Off-treatment Lower Viral Load?, Off-treatment Higher Viral Loadb,
HBV DNA <80,000 (4.9 log,) IU/mL HBV DNA 280,000 (4.9 log,,) IU/mL HBV DNA <2000 (3.3 Logm) IU/mL 6(26) 1(6)
and ALT <2xULN 5(22) 1(6)
i v HBV DNA <80,000 (4.9 Log,,) IU/mL for 28 wks 10 (43) 7 (39)
g’ 1 2 i and ALT <2xULN 8(35) 6(33)
g ! -5 ;: B j}.f“)‘:ﬁ_ /\.ﬁ mean(i“xn[;)‘:r:;),(';z.ﬁ(tﬁ)
ge 7 & R AT Restarted NUC, n (%) 15 (65) 14 (78)
logative s *1 — ] A7 S
Negative 2 "u AN ] E * et ‘*»‘.*,.ﬂ Mean (range) time to follow-up, wks 34 (26-39) 30 (16-39)
= 21; i = e e * :L_';?Jaq?li 2 2- 'W;-'ﬁ;',-:::;!'.:’--‘::a _[:tf;
Y TS 4 B vz 0 M a8 3 % 4 T 2 e
O Y -t I1r'IH|PQi,- . ) )
o, T LS mean (SD) max: 8.1 (1.2) © NO patients achieved SVR
;'3 . E . 22 logyo IU/ML . .
! 3! ‘m * No patients experienced HBsAg loss
HBeAg = - ; = g, o . .
Positive & - S ny B o » Adverse events after D/C ALT elevations in 10%
A R i 12 %8 20 M 28 32 3 40 = b 4 B 12 18 20 4 I8 32 38 4D
O -prmatemen| © Wook Of-eruatment Wisek

Gane E, et al. EASL 2021. #P0O-482
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Repeat dosing of the GalNAc-siRNA AB-729 in patients with CHB
results in robust and sustained HBsAad suppression

20 non-cirrhotic, HBeAg positive or negative, NAs virologically-suppressed CHB received AB-729 60mg every 4 weeks
(Q4W, Cohort E, N=7), 60mg every 8 weeks (Q8W, Cohort F, N=7), or 90mg Q8W (Cohort |, N=6) through Week 24

Differences in mean HBsAg response between AB-729 doses and dosing intervals to

date
— 013 Mean (range) AHBsAg with repeat dosing of AB-729
5% -®- Cohort E (n=7) Visit AB-729 AB-729 AB-729
= 05 —8—- Cohort F (n=7) 60 mg QAW | 60 mg Q8W | 90 mg Q8W
=13} -
< G Coliort] n=gl Week 16 -1.44(-0.71 -1.39(-1.61 -1.63(-0.89  >0.4
T 1 t0 -1.95) to -1.08) t0 -2.44)
[=]

oD Week 24 -1.84(-0.99 -1.57(-1.24 -1.79(-1.22  20.2
=2 15 _ to-2.31) to-2.01) to -2.46)
ﬁ 2o TP, gv £ L Week 32 -1.84(-0.94 -1.68(-1.37 ~ 0.5
s 2 to -2.36) to-2.15)
2 Week 40  -1.84 (-0.88  -1.74 (-1.40 e 0.7

'2,5 T T T T T T to -247) to -214)

0 8 16 24 32 40 4 Week 48  -1.86 (-0.91
Week to -2.44)

= AB-729 repeat dosing appears safe and well tolerated. Injection site main Aes

= Robust mean declines in HBsAg were sustained with repeat dosing — most subjects reaching HBsAg <100 IU/mL

= No differences observed between doses and dose interval

Yuen MF, et al. EASL 2021. #LBO-2764



Inhibition of HBsAg in patients with CHB by siRNA AB-729 is accompanied
by upregulation of HBV-specific T-cell activation markers

3. HBsAg reduction and upregulation of HBV-specific T-cell activation markers after multiple doses of AB-729
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Potential to treat for longer duration and facilitate the recoverv of the host immune response



Phase 2a, randomized, double-blind, placebo-controlled study for
patients with CHB treated with GSK3228836

Screening Double-blind period (4 weeks) Follow-up (26 weeks)
Inclusion criteria: Day: -28 , 1 29 211
+  HBeAg-positive or -negative « 71— > < 7f >
*  HBsAg >50 IU/mL at screening NUC-naive pts received GSK3228336 SN GSK3228836 150 mg/300 mg SC Follow-up
e HBV DNA 150/300 mg R treatment with
* NUC-naive pts: >2x103 IU/mL NUC-treated pts received 31 ten?fov'rlor
: n r
NUC-treated pts: <100 1U/mL GSK3228836 300 mg P t entecav

e AST and ALT <5xULN

1. HBsAg response observed at Day 29

HBeAg positive GSK3228836
HBeAg negative
300 mg

Placebo 150 mg 300 mg NUC treated

[N
f

o
1

'
i
s

'
N
J

'
w
N

HBsAg Log,, change
from baseline

“Yuen M-Pet al. ILC 2020
You S, et al. EASL 2021. #P0O-2173

Plasma samples for a multiplexed>tudy drug Es‘drlnli"ilss"atiznzgn Days 1, 4,
immunoassay (Myriad Discovery » 11, 15, an

Map v3.3) TT T T TT TT TT T T

Day: 12 8 15 22 23 29 36 57 8 113 211

2. Correlation of HBsAg reduction and ALT increases in patients receiving
GSK3228836 300 mg

HBsAg response ALT response <0.5 Log;, HBsAg reduction at D29

>0.5 Log,, HBsAg reduction at D29
1000+ ? 3 ¢ E 5 3 , Open circle: 300 mg with NUC
800 Blue: Patients with high ALT at BL
igg: Red: <0.2 Log,, HBsAg decline

200 +
200 T

150

HBsAg (Log 1U/ml)
ALT U/L

100
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Efficacy and Safety of Oral TLR8 Agonist Selgantolimod
(GS-9688, SLGN) in Viremic CHB Patients

Phase 2, randomized, double-blind, placebo-controlled study

1° Endpoint
v
Week 0 12 21l 4:8
+ OAV (n=
susn 1.5 mg Individual HBsAg Change From Baseline At Week 24 and 48
+ OAV (n=20)
I SLGN 3 mg & Week 24 ats Week 48 oo — -
+ OAV (n=19) ~ 3mg 1.5mg PBO
ol SLGN
E
3 01 0.1
8
g oo 0.0
HBsAg and HBeAg Loss at Week 48 3
01 0.1
£
Placebo SLGN 1.5mg SLGN 3 mg g 02 02
Total HBeAg+ HBeAg-| Total .
Patients, n (%) n=20 n=9 | n=10 | n=19 3
o 03 0.3
HBsAg loss 0 ] 0 0 1(10) 1(5) 0 1(10*  1(5) rol vel
HBeAg loss 0 —_ 0 1(10)* - 1(5) 2(22) — 2(10) 4+ In SLGN-treated patients, HBsAg was sustained or continued to decline during the 24 weeks of PT follow up
¢ HBsAg decline 20.1-log,, IU/mL was observed only in SLGN-treated patients
HBV virologic

breakthrough' 0 0 0 0 0 0 0 0 0 *HBsAg loss.

*Outcome achieved by Week 24 and sustained at Week 48; 'Defined as 2 consecutive visits of HBV DNA 269 IU/mL,

SLGN was safe and well tolerated

Janssen HLA, et al. EASL 2021. #2429, https://clinicaltrials.gov/ct2/show/NCT03615066 HBsAg declines of 20.5 log IU/mL were
observed in SLGN patients out to week 48

Slides are the property of the author and AASLD. Permission is required from both AASLD and the author for reuse.



Restoration of HBV-specific immune responses with therapeutic vaccine
BRII-179 (VBI-2601) in chronic HBV patients in a phase 1b/2a study

* BRII-179 (VBI-2601), a virus-like particle-based therapeutic vaccine, high dose of all 3HBV envelope proteins (Pre-S1, Pre-S2, and S)

* Assess the safety, immunogenicity, and early antiviral activity of BRII-179 (VBI-2601) with or without admixing low dose of IFN-a

Part 1
Non-cirrhotic CHB patients virally suppressed under Nrtl thera " . . i
P (N=§5) REISSSSE ERSCaEll Py Screening Randomization Day 1 Week 16 Week 20
Cohort B CohortC
Cohort A* BRII-179 20 pg i.m.t BRII-179 20 ug admixed with
Control on Day 1 and IFN-a 3 MIU i.m.T on
Weeks 4, 8, and 12 Day 1 and Weeks 4, 8, and 12
Bartd s B 7 (26.92%) & (20%) 6 (20%) 9 (31.03%)
Fre-51 3 0 (0%) 0 (0%) 0 (0%) 2 (6.90%)
Non-cirrhotic CHB patients virally suppressed under Nrtl therapy Fre-52 = 0 {0%) 0 {0%) 1 (3.22%) 3 {10_34%)
N=24 :;
(N=24) S+Pre<S1 3 0 (0%) 0 (0%) 5 (16.67%) 4 (12.79%)
S+Fre-52 [ 0 {0%) 1 (3.33%) 4 (13.33%) 1 (2.45%)
Pre-S1+Pre-52 EA 0 (0%) 0 (0%) 3 (10%) 0 (0%)
GEi Cohort E S+Pre-S1+Pre-S2 [ 0 (0%) 0 (0%) 4 (13.23%) 3 (10.24%)
BRII-179 40 pg i.m.t BRII-179 40 pg admixed with IFN-a MNo response E 19 {?3.08%) 23 (?667%) 7 (23_33%) 7 (24_14%)
on Day 1 and 3MIU im.ton
Weeks 4, 8, and 12 Day 1 and Weeks 4, 8, and 12

* In CHB patients under Nrtl therapy, BRII-179 (VBI-2601) + IFN-a exhibited a good safety and tolerability profile
* Alimited number of doses of BRII-179 (VBI-2601) containing S, Pre-S1 and Pre-S2 antigens induced HBV-specific B- and T-cell responses in
CHB patients

* Restoration of HBV immune responses did not modify HBsAg levels during the study

*Participants in Cohort A could also participate in Part 2 of the study. Patients in all
other cohorts could not enter another study cohort; fIn deltoid muscle of left or right arm (alternated between immunizations).

Ma H, etal. ILC 2021; PO-2575



How to use the emerging HBYV therapy?

> Y=
R\ =

R N7
Replication + Antigen + Immune
inhibition — reduction — stimulation

L

Invigorate
immune
responses

Slides are the property of the author and AASLD. Permission is required from both AASLD and the author for reuse.
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HBV-specific
B/T cells -
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Efficacy and Safety of the siRNA IJNJ-3989 and/or the Capsid Assembly Modulator
IJNJ-6379 for the Treatment of Chronic Hepatitis B: REEF 1 study

REEF-1: Study Design REEF-1: HBsAg Over Time
Follow up Mean (SE) Change (logio IU/mL)
o Week 48 FU Week 24
Inclusion criteria: " £
o 2100 ot e | TN f e
*HBsAg >100 IU/mL at screening NA continued when NA stopping criteria’ not met 3
“Non-cirrhotic (Fibrosis Stage FO-F2) F| AL <3xULN, HBY DNA <LLOQ, HBeAg negative, and P
Stratification: NA stopping a,w:m;lwg?:mwm” visit g - # -1.5(0.05) -1.0(0.05)
* HBeAq positive vs negative oS AN (n100) 3 i e t? N 1.8(0.07)  -1.4 (0.07)
Treatment History (NCT vs VS) v s ) 2] - : - _: TZ8 -21(0.07) -1.5 (0.09)
- £ . 5 ; - o--®"
All patients on NA* during treatment v & = _® =2.6(0.10) ~1.9 (0.10)
Y o '
0 12 24 36 a8 60 72 84 9% " WH +* o--* *
Weeks : ) P
Primary endpoint: Proportion of patients meeting NA stopping criteria 3
(ALT <3x ULN, HBV DNA <LLOQ, HBeAa negative, and HBsAg <10 IU/mL) at EOT =
-3 T
0 4 8 12 16 20 24 28 32 36 40 44 48 F4 F8 F12 F16 F20 F24
Weeks
REEF-1: Percentage of Patients Meeting NA Stopping Criteria* - —— RO
t Week 48 ~=-N)-3989 100 mg ~e-JNJ-3989 200 mg -+-INJ-3989 100 mg + INJ-6379
a ee + No patient in the active treatment arms achieved functional cure at follow-up Week 24 -
40
I During follow up
35
% 20.7% » A dose dependent response to JNJ-3989 (siRNA) was observed
-i 30
s 5 + JNJ-3989 200 mg (highest dose) arm at Week 48:
S 20 4
g s — 19.1% patients met primary endpoint (NA stopping criteria)
v 12.8%
]
= . et — Greatest reduction of HBsAg levels from baseline (2.6 log;o IU/mL)
s - “
- 2.2% | 0% — 74.7% of achieved HBsAg <100 IU/mL
PBO INI-6379 INJ-3989 INI-3989 IN3-3989 INJ-3989 100 mg +
(n = 45) 250 mg 40 mg 100 mg 200 mg INI-6379 250 mg
(n = 48) (n =91) (n =92) (n = 94) (n = 94)

+ All regimens within this long-term study were generally well tolerated and safe

-1

Yuen M-F et al. AASLD 2021



Preliminary on-treatment 12 weeks data on VIR-2218 (siRNA) in
combination with peglFNa2a in patients with CHB: Phase 2 study

Week O

Concurrent Initiation of VIR-2218 and PEG-IFNa Combination
Achieved Greatest Reductions in HBsAg Through Week 24

Cohort 1 § é A A
VIR-2218 Cohort 2 g é é é ] ]

200 mg Q4W

HBsAg (IU/mL) at Week 24

100

75

50

Participants, n (%)

25

Cohort 1

1(6.7%

1(7.7%) > 100 IU/mL
» 11-100 IU/mL
B LLOQ-10 IU/mL
m<LLOQ

107.7%) (11.1%)

Cohort 2 Cohort 3 Cohort 4

VIR 2218 only

VIR.2218 lead-n VIR2218 viR218

+ . N
PEGAFNa (12wk) | PEGIFNa (24 wk) |PEG.IFNa (< 48 wk)

Yuen MF, et al. AASLD 2021

| | Cohort 2 Cohort 3 Cohort 4
24 T VIR-2218 lead-in + VIR-2218 + VIR-2218 +
—> neaiiony PEG-IFNa (12 wk) PEG-IFNa (24 wk) PEG-IFNa (S 48 wk)
Week 4, n | 15 | 15 | 17 | 13
Mean Change in HBsAg (log,, IU/mL) -0.51 -0.51 0.92 -1.01
| Week 12, n [ 14 | 15 | 16 | 1
| Mean Change in HBsAg (log,, IU/mL) -1.39 | -1.42 -1.98 | -2.05
| AtWeek 24, n [ 15 | 15 [ 13 | 9
| Mean Change in HBsAg (log,, IU/mL) | -1.89 | -2.03 | -2.55

. (-]

~

34

&
&

-44 [l HBeAg-negative
I HBeAg-positive

F'S
&

41 .nmg-mmvo *

D"ll“”l“l "“I““I 0 ||| III|I
44 . .
HBsAg change from baseline 2+ ” : “‘ 2 |““|| I
at Week 24 (log, IU/mL)
-4 1|l HBeAg-negative
B HBeAg-positive

Cohort 3
Participants, n (%) - (18
VRZ8o%Y | b e iz wiy
ALT elevation
Grade 1 2(133) 12(80.0) 12 (66.7) 11 (68.8)
Grade 2 0 1(6.7) 2(11.1) 0
Grade 3 0 0 1*(5.6) 1*(6.3)

N These data demonstrate that the antiviral activity of VIR-2218 can be
potentiated by PEG-IFNa and support future evaluation of combination
with novel immunomodulators

N Based on the proportion of participants achieving HBsAg < 10 IlU/mL at
Week 24, PEG-IFNa treatment for > 24 weeks may achieve higher rates
of HBsAg loss



Summary

Majority of emerging HBV therapies are in phase I/l and preclinical

» Selected patients with Chronic Hepatitis B (age, small percentage of cirrhosis, no comorbidities)

» Several studies with new drugs show an increase viral suppression and reduction in HBsAg levels
 Partial modulation of Immune response

« Safety seems relatively good

» Very few data on off- treatment response to support finite duration of therapy

* New drug combinations studies are on-going and will help on the desing of better strategies

23
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