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Particle production in chronic HBV infection

Host lipids and serum proteins + HBsAg

Host lipids and serum proteins
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Production of SVP drives chronicity of HBV infection

Immunoinhibitory properties of SVP (HBsAg)
Target of inhibition Effect observed

TLR function In vitro, in vivo
Cytokine signalling In vitro, in humans
Innate Monocyte and macrophage function In vitro
SVP block inactivation of cccDNA - _ _
Dendritic cell function In vitro
NK cell function In vitro, in vivo, in humans
Sequester anti-HBs In vitro
Adaptive HBV specific B-cell function In humans
SVP inhibit clearance of HBV specific CD4+ T-cell function In humans
integrated HBV DNA HBV specific T-cell tolerance In vitro, in vivo
HBV specific T-cell exhaustion In vivo, in humans

Vaillant, ACS Inf Dis 2021; 7: 1351-1368

SVP must be cleared for immune control of infection to be restored

April 27, 2022



The path to functional cure

Chronic HBV

Clearance of Immune stimulation Removal of
Circulating SVP including HBsAg-specific T-cell response therapy
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Vaillant, ACS Viruses 2021; 13: 745
April 27, 2022 4



Impact

of investigational approaches on HBsAg

SVP filament / sphere
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HBsAg loss — a critical milestone for functional cure of HBV

Antiviral agent Mechanism of action Baseline 5-7 logy, IU/mL reduction from baseline HBsAg loss

— .
HBsAg (functional cure)

peglFN Stimulate innate immunity / T-cell agonist Ll _ __ _T-cell mediated transaminase flares _ _ _ _ _ _ _ _ _ __ __ ____ ____________
. . 4-5% HBsAg loss
Thymosin alpha 1 T-cell agonist / Stimulate innate immunity el - - - -l-cell mediated transaminase flares _ _ _ __ vt N i R coi -)->
. . omparable to peglFN (in Asian countries
peg| FN + NUCs Innate immunity K- _T-cell mediated transaminase flares _ _ _ __ _ _ __ __ __________________ >

9% HBsAg loss (genotype A)

NUCs (incl_ ASP|N5) Inhibit HBV RT / Stimulate innate immunity Moderate inactivation of cccDNA via stimulation of innate immunity
CAMs Misdirect capsid formation No impact on cccDNA or SVP
NUCs + CAMs
Antisense TLR9 agonist (bepirovirsen) Antisense effect largely absent (pre-existing / rapid evolution of escape mutants)

RNAI effect largely absent — no impact on subviral particles

RNAI / TLR3 agonist (all dsRNA) Off target stimulation of TLR3 stimulates inactivation of cccDNA?
NUCs + CAMs + RNAI
peglFN + RNAI
Thera peutic vaccines Stimulate B- and T-cell immunity Downstream effects blocked by circulating SVP
TLR 7/8 agonists Stimulate innate immunity Downstream effects blocked by circulating SVP
PD-1 antagonists Inhibit immune checkpoint blockade Downstream effects blocked by circulating SVP
Recombinant anti-HBs Sequester HBsAg Neutralizing antibodies rapidly exhausted by abundant SVP
NAPs Inhibit assembly / secretion of SVP Direct targeting of SVP production from cccDNA and integrated HBV DNA

April 27, 2022



Nucleic acid polymers (NAPs):
a unique molecular mechanism in HBV
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HBsAgQ isoform response is dependent on antiviral effect

SVP turn over rapidly

Isoform
composition o
.S-HBSAg 99.99/) Of HBSAg
M-HBsAg :
L-HBsAg Constitutive ShVP
secretion Sg OO?frﬁS 0 Selective decline in S-HBsAg
, o . ey el .
o eXCeSS Signals inhibition of spherlFaI SVP release
 HBV mRNA degradation
HBV * Inhibition of SVP assembly / release
mRNA
65% svP filaments @) Selective decline in M/L-HBsAg
[ Exocytosis > 1,000 fold excess Inhibition of virion assembly?
Enrichment of 10% Virions Inhibition of exocytosis of virions / filaments?
L-HBsAg 25% Enhanced autophagy?

L-HBsAg

Vaillant, ACS Inf Dis 2021; 7: 1351-1368
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REP 301/ 401: Validating the NAP mechanism in the clinic

Change in S-HBsAg content: change in ratio of total HBsAg (S+M+L) : preS2 (M+L) over time

HBsAg response
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Strong HBsAg declines with NAPs
are accompanied by selective
decline of S-HBsAg

Correlation between selective S-HBsAg
clearance during therapy and qHBsAg response
(all 52 participants in REP 301 + REP 401)

AHESEE :ﬁir:::;e M Total Selective
(decline from baseline) S-HBsAg decline
10 1

<2 log;, IU/mL

<0.01
> 2 log,, IU/mL 42 39

Strong HBsAg decline with NAPs is
accompanied by clearance of SVP
(from cccDNA and integrated HBV DNA)
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HBsAgQ isoform ratio response to AB-729

(identical assay platform used for NAPS)
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No selective decline in S-HBsAg

SVP sphere production
is unaftected

Selective declines in
M and L-HBsAg

Selective effects on
SVP filaments and virions

TLR3-enhanced autophagy?

Delgado and Deretic, Cell Death Diff 2009; 16: 976-983
Lin et al., Cells 2020; 9: 2101

Inconsistent with
MRNA degradation
(for all RNAI against HBV)

10



1. Brunetto et al., Hepatol. 2009; 49: 1141-1150 8.

2. Rijckborst et al., Hepatol. 2010; 52: 454-461 9.

3. Sonneveld et al., Heaptol. 2013; 58: 872-880 10.
4. Wiegand et al., Antiviral Ther. 2008; 13: 547-554 11.
5. Moucari et al., Hepatol. 2009; 49: 1151-1157 12.
6. Marcellin et al., Alimen Pharmacol Ther. 2016; 44: 957-966 13.
7. Ahn et al., Dig Dis Sci. 2018; 63: 3487-3497 14.

April 27, 2022

What is “potent” HBsAg (SVP) reduction?

0.5 - 1 log,, IU/mL reduction from baseline

*Rare with CAMs in the absence of NUCs
*Common with NUCs and pegIFN and RNAI
* Consistent with inactivation of cccDNA

* Abundant circulating SVP still present

* Predicts clinical futility for achieving functional cure!3

== Should not be described as “potent”!

> 4 log,, IlU/mL reduction from baseline =) Potent SVP clearance predicting functional cure®”’
* Associated with strong therapeutic transaminase flares and HBsAg loss&-12

* Allows withdrawal of NUC therapy with sustained virologic control or functional cure6-19

*NUCs: <1% per year of therapy?°
more likely in GT A2l

*PeglFN: 6% with 48 weeks of therapy??

*PeglFN + NUCs:

9% with 48 weeks of therapy??

Mostly restricted to GT A, more likely with HBeAg positive infection??23

*Rarely observed with RNAi or antisense

*peglFN + NUCs + NAPs: 70% with 48 weeks of therapy?
GT A, GT C and GT D, HBeAg positive or negative?*2>, HBV / HDV co-infected?®

Wong et al., Liv Int. 2018; 38: 1760-1769

Jeng et al., ) Viral Hep. 2018; 25: 421-428
Nagaoka et al., Hepatol Res. 2016; 46: E89-E99
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Hall et al., J Hepatology 2020;73: S69

Choi et al., ) Hepatology 2020; 73: S866

Farag et al., ) Hepatology 2020; 73: S877

15.
16.
17.
18.
19.
20.
21.

Bazinet et al., J Viral Hepatitis 2021: epub Feb 8

Liang et al., Ailment Pharmacol Ther. 2011; 34: 344-352
Chan et al., Antiviral Ther. 2011; 16: 1249-1257
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Transaminase flares:
A key step in establishing functional cure

Transaminase flares are driven by hepatocyte death
ALT / AST: hepatocytes throughout the liver
GGT: hepatocytes lining the sinusoidal epithelium

Non-viral hepatitis (i.e. NASH): signal generalized loss of functional hepatocytes -> reduced liver function
(M bilirubin, J albumin, P INR)

Acute viral hepatitis: loss of functional hepatocytes with spread of infection -> reduced liver function
(NK cell activation)

Chronic viral hepatitis: liver function acclimates and is maintained in steady state with chronic infection

* flares signal immune mediated clearance of infected (non-functional) hepatocytes
* no change in liver function

* when viremia is suppressed, flares are always associated with improved virologic status

NUCs: HBeAg seroconversion, reduction of circulating HBsAg
peglFN: SVP clearance, HBsAg seroconversion, functional cure

Host mediated transaminase flares are considered to be T-cell mediated

T-cell mediated clearance of infected hepatocytes is crucial to achieve functional cure

Vaillant, ACS Viruses 2021; 13: 745
April 27, 2022
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Transaminase flare geometry in treatment naive HBeAg+ infection

4096

No decompensation
No transplantation
No deaths

1024

256

ALT(U/L)

16

Brahmania et al., Clin Gastroenterol Hepatol. 2019;

April 27, 2022

106 / 1587 surveyed patients experienced ALT flare

Grade 4 ALT elevation
(> 10x ULN)

/
| —

Most ALT flares >6 months in duration

| T T 1 T
-20 0 20 40 60

Week after flare

17:2541-2551

Increased rate of decline of
HBV DNA > 1 log,,IU/mL
versus no flare.

Increased rate of HBeAg
seroconversion versus no
flare.

No difference in HBsAg
decline between flare and
no flare.



Transaminase flare strength in treatment naive HBeAg+ infection
Is correlated with increased rates of HBeAg seroconversion

Yuen et al.,, Gut 2003; 52: 416-419
April 27, 2022
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Transaminase flares are associated with increased
core and e-antigen specific T-cell response in naive patients
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Transaminase flares are associated with increased
core and E-antigen specific T-cell response in naive patients
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Transaminase flares during NUC therapy

(genotype A, HBeAg+)
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April 27, 2022
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Transaminase flares during NUCs + peglFN are associated
with HBsAg and HBV RNA decline

Median ALT___7.6x ULN
IQR 6.2-10.5x ULN
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Choi et al., J Viral Hepat 2021; 28: 1729-1737
April 27, 2022 18



Transaminase flares in chronic HBV infection with decompensated cirrhosis
following NUC therapy

Cumulative incidence of mortality or liver transplantation

P < .001 L ALT < 5 X ULN
M ALT »=5 X ULN
0.8 — Censored

SRR L b S - s g
P

0.6

0.4— | et

0.2

0.0

| T | I T I
Patients at risk 0 1 2 3 4 5 6 7 g 9 10 11 12 13 14 15 18

ALT <5 X ULN 211 95 62 50 35 33 19 12 11 10 9 7 4 4
ALT>=5XULN 300 160 138 121 100 8 69 60 47 42 35 30 22 21 19 17 15

Chang et al., Clin Gastroenterol Hepatol 2020; 18: 2064-2072
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REP 401 study:

Putting the pieces of the puzzle together

NAPs: REP 2139-Mg PeglFN + TDF

Chronic HBV REP 2165-Mg

Normal
cells

production from cccDNA
and integrated HBV. DNA

e

Remove HBsAg Immune control of cccDNA Persistent control of
immunosuppression established latent cccDNA enabled
Permit efficient restoration Efficient rem f reservoir of by removal OLH?.SAg
of immune response with HBsAg ' ction reservoir in the liver
SVP block immune control immunotherapy Therapeutic trafisaminase flares
(removal of intd@rated HBV DNA) (Functional cure)

April 27, 2022 20



REP 401 study:
NAPs dramatically improve response to TDF + peglFN (HBeAg-)

TDF + peglFN+ NAP
—
TDF . TDF + peglIFN
> =

NAP monotherapy:
REP 2055 or REP 2139
Up to 7 log,, HBsAg reduction at 12 weeks
HBsAg seroconversion

Up to 8 log,, decline from baseline Low rates of HBV functional cure
- (to <0.005 IU/mL)
Potent HBsAg decline NAPs + TDF + peglIFN

HBsAg < 0.005 IU/mL (60%)

HBsAg seroconversion

Inactivation of cccDNA

Host mediated transaminase flares (95%)
High rates of HBV functional cure (39%)

No further therapy required in 78% of patients

B 1 E+02 - 2. } Rapid HBsAg seroconversion GT D functional cure rate

g 1 E+01 +-= : TDF + pegIFN = O%

£ (Marcellin et al, Gastroenterology 2016; 150: 134-144)
3 1-6+00 1 4= NAPs + TDF + peglFN = 39%

2 1 E.01 I~ <«

1.E-02

-5 5 15 25 35 45

Bazinet et al., Gastroenterol. 2020; 158: 2180-2194
Weeks of treatment

Al-Mahtab et al., PLoS One; 2016; 11: e0156667
April 27, 2022 21
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REP 401 study:

NAPs dramatically improve response to TDF + peglFN

TDF + peglFN+ NAP

vV V

TDF _ TDF + peglFN

Dramatic increase in host mediated transaminase flares?
* occur in 95% of participants?
*no alteration in liver function / asymptomatic?
* correlated with functional cure (when HBsAg is also < 1 IU/mL)?
*Signals the removal of cccDNA and integrated HBV DNA3

Consistent with the safe and beneficial nature of host mediated
transaminase flares during therapy with approved agents, even in
cirhottics*

5 15 25 35 45
Weeks of treatment

Bazinet et al., Gastroenterol. 2020; 158: 2180-2194
Bazinet et al., J Viral Hep 2021; 28: 817-825
Bazinet et al., Hepatol Comm 2021; 28: 817-825
Vaillant, Viruses 2021; 131: 745

April 27, 2022
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REP 401 study ALT flare geometry

On therapy flare magnitude and
: geometry similar to flare geometry in
" in naive, NUC or pegIFN treatment
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Bazinet et al., Gastroenterol. 2020; 158: 2180-2194 (supplement) in absence of all therapy
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REP 401 study ALT flare geometry
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Bazinet et al., Gastroenterol. 2020; 158: 2180-2194 (supplement)

April 27, 2022

On therapy flare magnitude and

; geometry similar to flare geometry in

in naive, NUC or peglIFN treatment

01-010: 1.06 logj,
HBsAg reduction:
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in absence of all therapy
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REP 401 study liver synthetic / secretory function
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REP 401 study:

Outcomes after removal of all therapy

Completed treatment and 24-48 weeks of follow-up 36
Clinical Normal ALT 89%
response Normal liver median stiffness 56%
<1000 IU/mL 72%
HBsAg <1I1U/ml 50%
response < LLOQ (0.05 IU/mL) 42%
Seroconversion 53%
HBV DNA <2000 IU/mL 78%
response Target not detected (TND) 47%
Partial cure (Inactive HBV) 39%
(HBV DNA < 2000 IU/mL, normal ALT)

Virologic Functional cure 39%

response (HBsAg < LLOQ, HBV DNA TND, normal ALT)
Clinical benefit, no therapy required 78%

(low risk of progression, reduced risk of HCC)

Bazinet et al., Gastroenterol. 2020; 158: 2180-2194
Bazinet et al., Hepatol Comm 2021, 5: 1873-1887

April 27, 2022

» Reversal of liver inflammation / fibrosis

All with:
* HBsAg < 0.005 IU/mL (ARCHITECT® NEXT)
* No HBsAg immunocomplexes
* HBV RNA target not detected
* HBcrAg < LLOQ

¥

Efficient silencing of cccDNA
Removal of integrated HBV DNA
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REP 401 study:

Anti-HBs response on therapy versus outcome
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“Pseudo” functional cure
All HBsAg < 1 IU/mL

HBV DNA < LLOQ %
/\
/\
K 2

Incomplete
8 partial cure

X X. .
3 PR R F 3y PR
ORI RN ORI
NGO VS NG NS NG &
& O ) <O & )
Viral Partial Functional
rebound cure cure

HBsAg seroconversion and
anti-HBs elevation during
therapy do not predict outcome

But HBsAg seroconversion
persists in functional cure!
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REP 401 study:

HBV RNA response on therapy versus outcome

°1 Partial cure
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9 - o . Rebound during ¢ - HBV DNA < 2000 IU/mL 5
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3
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HBV RNA response does not predict S
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clinical outcome Treatment Weeks

Bazinet et al., Hepatol Comm 2021, 5: 1873-1887

April 27, 2022
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REP 401 study:

HBcrAg response on therapy versus outcome

8 -
24 weeks TDF 48 weeks TDF + peglIFN + NAP 7| Partialcure
lead-in 6 |
g - s .~ Rebound during g - HBV DNA <2000 IU/mL 5
follow-up During follow-up
~ 7 - < 74 44—~ —
0
T 4 . * 7 {Functional cure |
T s 3 6 -
2 — 2 —_— 2 -_— All HBcrAg < LLOQ,
0 10 20 0O 10 20 30 40 50 0O 10 20 30 40 50 5 during follow-up
Study Weeks Treatment Weeks NAP Treatment Weeks 4
3 - = P ey
HBcrAg response does not predict P
clinical outcome NAP Treatment Weeks

Bazinet et al., Hepatol Comm 2021, 5: 1873-1887
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REP 401 study:
Extent of HBsAg clearance during transaminase flares predicts functional cure

HBsAg loss necessary but insufficient Transaminase flare magnitude does not HBsAg minima during flare
for functional cure predict outcome predicts outcome
_ 17480  A1425
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VR = virologic rebound
PC = partial cure
FC = functional cure

Engagement of HBsAg specific T-cell function
is essential to achieve functional cure
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Transition of REP 2139-Mg to subcutaneous administration
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Summary

Subviral particles (SVP): >99.99% of circulating HBsAg

Prevent immune control and function of immunotherapy

Key to Functional Cure | Removal during therapy is essential for functional cure

Poorly targeted by direct acting antivirals (NUCs / CAMs / RNAi / antisense)

Integrated HBV DNA: Bulk of SVP production in HBeAg negative infection

HBsAg specific T-cell response is required to target efficiently
Therapeutic transaminase flares signal removal of integrated HBV DNA from the liver

Key to Functional Cure

NAPs efficiently target SVP production

Allows efficient, host-mediated clearance of HBsAg
Creates a permissive environment for efficient action of immunotherapy

Reconstitution of HBsAg specific T-cell function is critical

April 27, 2022

Only approach to target integrated HBV DNA
peglFN, thymosin alphal, therapeutic vaccines(?), CAR/TCR T-cells(?)

When used in combination with NAPs:
high rates of asymptomatic host-mediated transaminase flares
high rates of functional cure, silencing of cccDNA and removal of integrated HBV DNA
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