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Today’s Topics

1. Current status of HBV
Infection worldwide

2. Current Guideline for
HBV treatments

3. Development of novel
drugs for HBV

a) Antisense oligo: Bepi
b) HBV destabilizer: SAG-524
c) Inhibition of PD-L1




Worldwide Deaths from Chronic Viral Hepatitis as Compared
with Deaths from Tuberculosis, Human Immunodeficiency

Virus (HIV) Infection, and Malaria. HBV increase
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Liver Cancer Mortality: Worst 3

Cancer site ranking
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An unequal burden
The hepatitis B virus (HBV) is most prevalent in Africa and the Western Pacific,
but in infants (inset), it is found mainly in Africa.

All ages HBV prevalence
e . <2% = 2-4%
5

] 5—?% u }8%
No data

Under 5s

enamre

High prevalence of
Source: WHO Hepatitis B dashboard .
http://whohbsagdashboard.com/ HBV among children

under 5 years old

Graber-Stiehl I, Nature. 564(7734):24-26, 2018.



Vaccinationlag (887 —%)
Africa is the least-vaccinated region against hepatitis B; the Western Pacific,
the most. Only one in ten infants in Africa are vaccinated at birth.

The NEW ENGLAND JOURNAL of MEDICINE

(TDF RCT)

ORIGINAL ARTICLE

Tenofovir to Prevent Hepatitis B Transmission
in Mothers with High Viral Load

Calvin Q. Pan, M.D., Zhongping Duan, M.D., Erhei Dai, M.D., Shugin Zhang, M.D.,
Guorong Han, M.D., Yuming Wang, M.D., Huaihong Zhang, M.D.,
Huaibin Zou, M.D., Baoshen Zhu, M.D., Wenjing Zhao, M.D.,
and Hongxiu Jiang, M.D., for the China Study Group
for the Mother-to-Child Transmission of Hepatitis B*

TDF prophylaxis to prevent mother-to-child transmission

Graber-Stiehl I, Nature. 564(7734):24-26, 2018.



Special patient groups: pregnant women

 Management may depend on severity of liver disease and timing of a
future pregnancy

Recommendations B Grade of evidence [ Grade of recommendation
Screening for HBsAg in the first trimester is strongly recommended I 1

In women of childbearing age without advanced fibrosis planning a

pregnancy in the near future, it may be prudent to delay therapy until -2 2
the child is born

In pregnant women with chronic hepatitis B and advanced fibrosis or I1-2 1
cirrhosis, therapy with TDF is recommended

In pregnant women already on NA therapy, TDF should be I1-2 1

continued while ETV or other NA should be switched to TDF

In all pregnant women with HBV DNA >200,000 1U/ml or HBsAg
>4 log,, lU/ml, antiviral prophylaxis with TDF should start at Week I 1
24—-28 of gestation and continue for up to 12 weeks after delivery

Breast feeding is not contraindicated in HBsAg-positive untreated

women or those on TDF-based treatment or prophylaxis i 2

EASL

The Home of Hepatology

EASL CPG HBV. J Hepatol 2017;67:370-98
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HCC mortality

Association of HCC mortality with
HBV DNA levels at entry (REVEAL)

(;/Z) HBV-DNA (logcopies/mL)

— 26 > 6 log/mL

12 i 5~6

----- 4~5 .
PSR > 5 l0g copies/mL N
- - <26 *ALT normal
4 Treatment

g] n=3653

=
o

o 1 2 3 4 5 6 7 8 9 10 11 12 13
Follow-up (year)
Chen, CJ et al.: JAMA 295(1): 65-73, 2006



Current indication of anti-HBV therapy?

or NA or NA

Peg-IFN Peg-IFN
L

HBeAg+ HBeAg-/anti-HBe+ (precqyre/core promoter variants) y
3_.108
HBV DNA 102 -108 cp/mL
< 10% cp/mL
108 - 1012 Yeaas® <
cp/mL 106 -10%0 cp/inL
ALT
Normal/mild Moderate/severe C Normal/mild CH Moderate/severe CH
CH l l
Cirrhosis Inactive cirrhosis Cirrhosis
HBeAg+ Inactive-carrier HBeAg-negative
chronic hepatitis chronic hepatitis




Recommendations of treatment
Initiation slightly different on guideline

EASL 2017 2
APASL 20151 ISH AASLD 20183

HBV DNA >2000 (eAg-) >2000 (eAg-)

(U/mL)  >20,000 (eAg+) >2000 20,000 (eAg+)
>ULN
>
ALT >2 x ULN 30, 35H) >2 x ULN
Age >35 >30 >40

Many grey zones with inexplicit recommendations

* EASL: European Association for the Study of the Liver; APASL: Asian Pacific Association for the
Study of the Liver; AASLD: American Association for the Study of Liver Diseases; eAg: hepatitis B
e-antigen.

« 1. Sarin SK, et al. Hepatol Int. 2016;10:1-98; 2. EASL. J Hepatol 2017;67:370-398.
3. Terrault NA, et al. Hepatology 2018;67:1560-99.
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NON-COMMISSIONED REVIEW t WILEY

Asian consensus recommendations on optimizing the diagnosis
and initiation of treatment of hepatitis B virus infection in

resource-limited settings A panel of 24 experts from 10 Asian countries
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Recommendation 7: All HBV-infected compensated or
decompensated cirrhotic individuals with detectable serum
HBV DNA levels should be initiated on antiviral therapy,

regardless of ALT levels, or HBeAg status.
Recommendation 8: Guidance on treatment initiation in
HBeAg-positive or HBeAg-negative treatment-naive, HBV-
infected non-cirrhotic patients (next Figure).




Algorithm to guide initiation of antiviral therapy in HBeAg-positive

and HBeAg-negative treatment-naive, non-cirrhotic individuals

Asia consensus
Recommendation 8

HBeAg
Positive or negative

—

HBV DNA
< 2,000 IU/mL

|

.

(Gane Ed et al. J Viral Hepat 2019)

HBV DNA

> 2,000 IlU/mL

elevated ALT levels
greater than upper

o

ALT levels

Presence of any of the following

* First-degree family member
with cirrhosis or HCC
* Extrahepatic manifestations

< ULN

I

\ limit of normal

ALT levels

> ULN

(upper limit of normal)

Presence of any of the following

* Age >30y

* At least moderate fibrosis

* First-degree family member
with cirrhosis or HCC

|

* Extrahepatic manifestations
(Glomerulonephritis, polyarteritis

Antiviral treatment required
irrespective of ALT levels

nodosa, mixed cryo-globulinemia)

Where ULN is
defined by local
laboratory

Liver stiffness
> 8 kPa (by
Fibroscan) or

Antiviral treatment required

APRI 21.5

Antiviral treatment required




Summary 1

Recent European and Asian guidelines

showed that decision of anti-HBV

treatment initiation would depend

on HBV-DNA and ALT level,

regardless of HBeAg status.
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Reverse transcription (RT) inhibitor

DNA = RNA = Protein

RT inhibitors of HIV were also effective
in chronic hepatitis B




Research Article

JOURNAL

Viral Hepatitis

Complete viral suppression with nucleoside analogues

was not enough to reduce HCC incidence

Cumulativ e incidence of hepatocellular carcing

HBsAg seroclearance: Gray’s test, p <0.001
8 —
No complete viral suppression

6 —
4 —

o - 6omplete viral suppression
2] @

@
HBsAg seroclearance
O — - -
| [ I [ [ | I [ [

0 1 2 3 4 5 6 7 8

Follow-up duration (years) Yip TC, et al. J Hepatol 2019

OF HEPATOLOGY




Hepatitis B Strategy for Functional Cure

Boost Immune Response

Intensify Antiviral Treatment
MOAILABEDIEE HBV FIEEDIETH

Reduce
cccDNA
. Boost
Formation Effoct
& Virus SEHYE
HBV

Production " HBVHEH
Launch Specific RAE:0)

Silence/ successive T-cell N
Eliminate waves of Responses
cccDNA combination
treatment to Boost WEP--F:
increase rate of Innate  JRQEE:
functional cure |alalClalisY
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Overall and Japanese subgroup analyses of global

Phase 2b study (B-Clear study) for bepirovirsen in
patients with chronic HBV infection

Yasuhito Tanakal, Hiroshi Yatsuhashi?, Hiroshi Ito3

1Department of Gastroenterology and Hepatology, Kumamoto University, Kumamoto, Japan
2National Hospital Organization, Nagasaki Medical Centre, Nagasaki, Japan
3Japan Medical and Development, GlaxoSmithKline K.K., Tokyo, Japan



Bepirovirsen: Mode of action

- A novel unconjugated antisense oligonucleotide

Subcutaneous injection

HEPATOCYTE
HEPATOCY 7, o e
&

Nucleus

ASO/RNA
heteroduplex

ASO treatment leads to
dose-dependent

suppression of HBsAg?!
"'HBV antigens

Image adapted from Han K et al. Clin Pharmacol Drug Dev 2019;8:790-801.
1. You et al. Poster presented at International HBV Meeting 2016, Seoul, Korea; 2. Crooke ST et al. Nat Biotechnol 2017;35:230-237. 3. Lee JS et al. Mol Cell 2020;77:1044—-1054.
ASO, antisense oligonucleotide; DNA, deoxyribonucleic acid HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; RNA, ribonucleic acid; RNase H, ribonuclease H; SC, subcutaneous

( Following SC injection,

ASO enters the
hepatocyte!

In the nucleus, ASO
directly binds to
complementary hepatitis
B virus mRNA transcripts
forming the hybrid
ASO/RNA complex?

RNase H enzyme
attaches to the complex,
creating a nick in the HBV
MRNA

The Japan Society of Hepatology
59th Annual Meeting
15—16 June 2023
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@0. HBV lifecycle and the Target

AMED
'HBV HBsAg  Danepaeticle | It is difficult to do
O 3 Y/ ° Y74
?%?‘—;/ NTCP (Receptor) OO % Functional Cure
ﬁfft—/x Little reduction of NUC /[ (H BsAg |OSS)
7\ ( X ] ...‘& .'0
ﬁ—.}', HBZ ;9',;: by NUC therapy
oo mRNA _ ..
‘l’ w 5!!1';51 2 PN G
Pregenomic RNA
Q} . BT &5 Novel dugs
B cchNﬁ required
recycle |
Hepatocytes Y,

Screening for hit
compounds by
Drug Screening HBsAg reduction

In vitro screening

NTCP-HepG2 cells

(Watanabe T, Tanaka Y, et al. ] Gastroenterol 2024)



. . Cont 0.1 1 10 102 10 nm
In vitro HBV-infected models —_——————

Screening Southern Blotting

30,000 compound library Measurement of HBsAg
in supernatant ' -
% to seek hit compounds

(elolelolole )
SOOOOOO

s
2 weeks

NTCP-HepG2 cells "
HBV-infected PXB cells @ Optimization

4,000 |

Northern

BIOtting 0 O?AC’I; 10 uM

(HBV-RNA)
<« 3.6kb pgRNA

HBV DNA / HBsAg ICso (nM)

<«— 2.4kb L mRNA

HepG2.2.15 | PXB . CCso (nM)
(Gt D) i (Gt C) | (HepG2.2.15) <+— 21kbMand S

2,000 mRNA

SAG-524 089/14 | 34/85 . >1,000
! ! <+—1.3kb GAPDH
1,000 :

SAG-524 decreased HBV DNA and HBsAg SAG d d
with ICs0 in nano-molar range, and showed compounds reduce
anti-HBV activity against genotype C and D. HBV-RNA



Results of in vivo combination study of
SAG-524 (oral drug) with entecavir

HBV-DNA HBsAg HBcrAg
HBV-infected =2 8 ' :
_ = - ;
PXB mice ¢ =
27 =
2 =,
A 2
o b
26 - (o)
(o)] o
ETV p.o. 9 !
+ SAG p.o.
(oral route) 4 . . . 2 . . . 7 .
0 20 40 60 days 0 20 40 60 days 0 50 days

* m@= \ehicle ETV 0.02 mg/kg/day, QD

=ll= ETV 0.02 mg/kg/day, QD + SAG-524 20 mg/kg/day, BID

The add-on of SAG to ETV markedly reduced both HBV-DNA

and HBsAg in the serum of HBV-infected PXB mice

(Watanabe T, Tanaka Y, et al. J Gastroenterol 2024)

Copyright © 2024 Drug Seeds Alliance Network Japan (DSANJ)
DSAN]J edits and creates this material based on non-confidential information received from the proposer and / or researcher. Any Secondary use of this material is strictly prohibited. 30
DSANJ(ZHAFEN S U LIFRIFIRCE DV TARERZMRE - FFRRLTVEY . AEROZRFIAZESECEFT,



Efficacy evaluation of SAG-524
to intrahepatic cccDNA in vivo

ddPCR Human
5.0 hepatocytes
100
. 4.0 3 | | mouse hepatocytes
[ o 80 BUBB human hepatocytes
S 3.0 * >
= ) % w O
0 2 60
it *E o8
o =
Q 20 g‘g 40
S 2
1.0 ©
i g 20
T
0.0 o
SAG-524 — — + + SAG-524 — - + +

v'The combination of ETV and SAG decreased intrahepatic cccDNA,

possibly reducing de novo cccDNA production and eliminating HBV-infected cells.

Student’s t-test: * P<0.05, * P<0.01 X N=4, ETV 0.02 mg/kg/day, QD + SAG-524 20 mg/kg/day, BID, using t-test.
Copyright © 2024 Drug Seeds Alliance Network Japan (DSANJ) (Watanabe T’ Tanaka Y’ et al' J GaStroenterO| 2024)

DSAN]J edits and creates this material based on non-confidential information received from the proposer and / or researcher. Any Secondary use of this material is strictly prohibited.

31
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Relative Inhibition

SAG: Mode of action

Studying RNA-destabilization by BRIC-assay

3.9 kb RNA
150

100

50

0

Cont il il
SAG524 RGT7834

2.4 kb RNA

Cont il il
SAG524 RGT7834

150

100

50

0

2.1 kb RNA

Cont il el
SAGH24 RG7834

control  SAG524
0 24 0 2% h
1 10 102 "M

3.5kb pgRNA

2.4kb L mRNA
2.1kb M/S mRNA

. - .1 1.3kb GAPDH

SAG compound destabilized HBV RNA and
significantly reduced HBV-RNA, but not
degradation of GAPDH and albumin.

Copyright © 2024 Drug Seeds Alliance Network Japan (DSANJ)

DSAN]J edits and creates this material based on non-confidential information received from the proposer and / or researcher. Any Secondary use of this material is strictly prohibited.

DSANJ(ITAFTEN 5F M UM ERIBRICE DV TAENERE - fERRLTVEY . RAERNOZRAAZE<RELFT.

(Watanabe T, Tanaka Y, et al. J Gastroenterol 2024)
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SAG: Mode of action

Poly(A) tail assay HBV B-actin
Poly(A) tail Poly(A) Control Poly(A) Control
AAAAAAAAAAAAAAAAAAAA
RNA /NN
2o 2o 2o 2 o
- i tailing £ g € € 3 £ 3
M (& M (&) M (& M (&)
/\/\/AAAAAAAAAAAAAAAAAAAA(GII)n
0 Rr
TTTTTTTTTTTTITTITTTTTCCCCCC
cDNA /'\/\_/
-
forward prlmer reverse primer universal primer
S pcr
Gu—
®
® *
®
Electrophoresis & Detection SAG com pou nd desta bi I ized

and degraded HBV-RNA

(Watanabe T, Tanaka Y, et al. J Gastroenterol 2024)



HBV post-transcriptional regulatory element (PRE)

preS2/S mRNAs (~2.1 kb)
preS1 mRNA (~2.4 kb)

HBV RNA stem-loop (SL) a, B

* Nuclear export
* Escape over-splicing the preS2/S mRNAs

HBV-RNA

ZCCHC14
(%)

PAPD5/7

Mixed
tailing

A(n)AGAA

PRE (~600 bp)

PRE: Nucleotides 1151-1805

HBV-PRE secondary structures

SLa — & SLB
1292-1321 1411-1433

c g . 3’

PRE Il PRE I

D —"—

PREII

RNA Biol 2016, 13; 743-747

(zinc finger CCHC-type containing 14 protein)

The SAM domain of ZCCHC14 binds to
the pentaloop of HBV RNA
< =
Stabilize HBV-RNA via PAPD5/7
and ZCCHC14 complex

Cell Rep 2019, 29; 2970-2978
Nat Struct Mol Biol 2020, 27; 581-588




One of SAG's targets is PAPD5

Sci T .
o I,D{\PDS (TENT4B) PAPD5/7: RNA binding protein

Mixed tailing by TENT4A ¢

and TENT4B shields mRNA from ical poly(A)

rapid deadenylation noncanonical poly

TENT4A = PAPD7 polvmerases
E Paly(s
Y NO DRUGS 2 SAG
PRESLa 2. PRESLa Y
ZCCHC14 S8 zccHa4 PAPD7
" PAPD7
. £ % I_I$ / /
Rapid 'APD. s 4 2/ P,
deadenylation G j D" 'APD5
— L—AAAA—AAGA: - - - AAAA—AAG,
“._HBV-RNA HBV-RNA

Az RBPs : RNA-binding proteins ; ZFP36 etc.

SAG compounds directly bind PAPD5, not PAPD7 and destabilize

HBV RNA, thus exerting the anti-HBV effects via PAPD5.




MoA of SAG compound, HBV RNA destabilizer

SAG compound targeting (competitive) RNA
binding proteins, i.e. PAPD5 (RNA polymerase)

Ll oy,
‘ A N .
» : &

HBV RNA destabilization,
Reducing HBsAg and HBcrAg




No histopathological changes of a 2-week repeated oral dose toxicity
study were observed in (cynomolgus) monkeys.

Liver Kidney Sciatic nerve

T — =

- -\__- > K\/‘-\_
". < * ~J ..'g

-

v
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| : « NS
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:
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e — g

As well as no toxicity by 13-week repeated oa g Y
® (1,000 mg/kg/day) in mice and monkeys

- o BT e Y LR ™
% Yo e RGN TN L\
o - . BELY ! e T "

A e Tt X125 “: B e, NV X125 " TN = X125

(Watanabe T, Tanaka Y, et al. J Gastroenterol 2024)
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Summary 3

Cytoplasm

Nucleus
cccDNA Pre-mRNA

A
OO — "y

MRNA
Pon(A) 3.5 kb RNA

m7G Poly(A) 2. 1N2 4 kb-
m7G/\/

/ / / I-||_|BcrAqI HBsAq
— Poly(A) o‘
Destabilizing 13
nuclear HBV RNA —
i ey
SAG-compound A © S

v Orally available small molecule compounds.

v destabilizes HBV RNA and reduces HBV markers (HBV-DNA, HBsAg, HBcrAg).
v/ shows anti-HBV activity against multiple genotypes (gtA, gtC and gtD).

v/ No obvious toxicity was observed (well tolerated).

v Planning to clinical trial.

(Watanabe T, Tanaka Y, et al. J Gastroenterol 2024) 39
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Proof of concept: T cell activation by r ’,»AASLD

MERIC SSOCIATION FOR
THE STUDY OF LIVER DISEASES

inhibition of PD-L1 (PD-1 mADb)

Primary endpoint

Clinically approved ( 12 weeks post Nivolumab )
dose 3 mg/kg for _
Melanoma etc, but | Baseline Week 4 Week 12 Week 16
0.3 mg/kg for HBV I I I I
Sentinel A (n=2) {0 _ %

0.1mg/kg Nivolumab 27~ &

J_

Cohort A (n=12) 7 o

0.3mg/kg Nivolumab {_ [ _ &

Cohort B (n=10) g -
0.3mg/kg Nivolumab + j/v 0:0
40 YU GS-4774 (o(e (o(e /(/«; /l/,,,

Primary efficacy endpoint: Change in HBsAg log,, IU/mL levels 12 weeks following
Nivolumab treatment. GS-4774 is a heat-inactivated, yeast-based, T-cell vaccine designed to

elicit hepatitis B virus (HBV)-specific T-cell responses. YU; yeast units
Gane, et al., J. Hepatol 2019; Daniel Verdon et al; AASLD 2017, Washington DC




Results: HBsAg change from baseline

PAASLD

HBsAg change from baseline

(Log 1 IU/ml)

0.25

-0.25

-0.5

-0.75

Week 12

l =N .

T N
{1 Sentinel A (0.1mg/kg)

Cohort A (0.3mg/kg)
Cohort B (0.3mg/kg +GS-4774)

0.25

-0.25

0.5

-0.75

-5

AMERICAN ASSOCIATION FOR

THE STUDY OF LIVER DISEASES

Week 24

N

9%(2/22) at Week 12 and 14%(3/22) at Week 24 with a >0.5 log reduction in HBsAg.

Only one patient achieved HBsAq loss.

Gane, et al., J. Hepatol 2019; Daniel Verdon et al; AASLD 2017, Washington DC



Serum HBsAg (IU/ml)

Results: Case Study (’ASLD

AN

Clinically approved dose 3 mg/kg AMERICAN ASSOS
for Melanoma etc,

1500 - but 0.3 mg/kg for HBV - 275
—@— HBsAg IU/mL
1250 | -
—(— ALT (U/L) L 250 2
[ IFNy CORE Ag -
1000 A % IJ:
L 160 2 -
750 o E
- 120 N T
('3‘ -
500 A N’
.80 O
v
250 A L 40 %
@)
0 I_I : I_I : H : : Q 9 0
& Week post-Nivolumab

The patients had ALT elevation, followed by HBsAg decline,

that was related to HBV core-specific IFN-y production.

Gane, et al., J. Hepatol 2019; Daniel Verdon et al; AASLD 2017, Washington DC



Future perspectives: Future HBV curative regimen?

Potent NA Agent to prevent viral spread and cccDNA re-amplification

HBV antigen Agents to inhibit other components in the HBV life cycle
inhibition (i.e. entry, cell-spread, capsid assembly, HBx, HBeAg, HBsAg)

Immune Agents to activate specific antiviral immunity or
modulator relieve repression/exhaustion of the system

cccDNA
inhibitor

+
+
+

Safe and selective agent to reduce or silence cccDNA



Take home massages

v Both prevention and treatment should be

required for HBV elimination.

v HBV RNA destabilizer, SAG-524 will plan to

clinical trial for aiming functional cure.

v The combination of HBV RNA inhibitors

and immune modulators could be required.
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Thank you for your attention
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