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Objectives

1.To describe the safety and efficacy of siRNA therapy
for chronic hep B

2.To describe the safety and efficacy of capsid
assembly modulators for chronic hep B



Background: HIV/HBV Coinfection

* Shared pathways for transmission: IDU, maternal to child, and sexual intercourse

* Globally, 5-20% of people living with HIV also have chronic hep B
- Depends on geography (more common in sub-Saharan Africa and Asia)

* HIV coinfection significantly worsens natural history of HBV infection
- Increased risk of chronic HBV
- Higher HBYV viral load and infectivity
- Accelerated liver disease progression

* Reduced response to HBV treatment

 More reactivation of HBV

Georgios K. Nikolopoulo, Dimitrios Paraskevis, Eleni Hatzitheodorou, Zissis Moschidis, Vana Sypsa, Xenophon Zavitsanos, Victoria Kalapothaki,

Angelos Hatzakis, Impact of Hepatitis B Virus Infection on the Progression of AIDS and Mortality in HIV-Infected Individuals: A Cohort Study and
Meta-Analysis, Clinical Infectious Diseases, Volume 48, Issue 12, 15 June 2009, Pages 1763-1771, https://doi.org/10.1086/599110
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Why is it so hard to cure hepatitis B

* High levels of HBsAg production = immune exhaustion

e cccDNA - difficult for immune system and antivirals to penetrate, remains even
after sAg loss

* Integrated HBV DNA into host - occurs early in course of infection, leads to
de novo hepatocarcinogenesis
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sIRNA: Multiple Mechanisms of Action

. Targeting HBV RNA:

2

siRNAs are designed to be complementary to specific sequences within HBV RNA, including pgRNA and mRNA.

. RNA Interference (RNAI):

Once inside the cell, siRNAs are processed by the cell's machinery into a RNA-induced silencing complex (RISC).

. mMRNA Degradation:

The RISC complex, containing the siRNA, then binds to the target HBV mRNA, leading to mRNA degradation and silencing of the targeted gene.

. Reduced Viral Protein Production:

5

By reducing the levels of HBV mRNA, siRNAs effectively lower the production of viral proteins, including HBsAg, HBcAg, HBeAg, and HBV
polymerase.

. Suppression of Viral Replication:

6

Reduced viral protein production leads to a decrease in viral replication, including the suppression of HBV cccDNA, the stable form of HBV DNA
responsible for its persistence.

. Potential Imnmune Reconstitution:

By significantly reducing HBV viral antigens, siRNAs may indirectly enhance the host's immune response against the virus, which is a key
advantage over other antiviral treatments that may only suppress viral replication but not directly target the viral reservoir. &/\
MWAETC
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https://www.google.com/search?sca_esv=e4c5c9e55d3f380a&cs=0&q=RNA-induced+silencing+complex+%28RISC%29&sa=X&ved=2ahUKEwj9x6X-o-WNAxUJJDQIHRgPHIkQxccNegQIJhAB&mstk=AUtExfCrEZrgvdKwRrs-hYG22c7yJjDrs0H9cpo4ulfFFGa_VxP_pxwRm5judCvwDxFHiP9kxL91BCRxghsWb5zvFsyF6mPY0iEBztaCZhjb7T9M6maLqzxy76_eRbjWrAwbaSSDR_lEYBmetcc47LN452M0-td8hz55wbwOIQLKmzuvE9HDnWU3Q0pmri9MMWCCRkRv&csui=3
https://www.google.com/search?sca_esv=e4c5c9e55d3f380a&cs=0&q=mRNA+Degradation&sa=X&ved=2ahUKEwj9x6X-o-WNAxUJJDQIHRgPHIkQxccNegQIJxAD&mstk=AUtExfCrEZrgvdKwRrs-hYG22c7yJjDrs0H9cpo4ulfFFGa_VxP_pxwRm5judCvwDxFHiP9kxL91BCRxghsWb5zvFsyF6mPY0iEBztaCZhjb7T9M6maLqzxy76_eRbjWrAwbaSSDR_lEYBmetcc47LN452M0-td8hz55wbwOIQLKmzuvE9HDnWU3Q0pmri9MMWCCRkRv&csui=3
https://www.google.com/search?sca_esv=e4c5c9e55d3f380a&cs=0&q=Reduced+Viral+Protein+Production&sa=X&ved=2ahUKEwj9x6X-o-WNAxUJJDQIHRgPHIkQxccNegQIHxAD&mstk=AUtExfCrEZrgvdKwRrs-hYG22c7yJjDrs0H9cpo4ulfFFGa_VxP_pxwRm5judCvwDxFHiP9kxL91BCRxghsWb5zvFsyF6mPY0iEBztaCZhjb7T9M6maLqzxy76_eRbjWrAwbaSSDR_lEYBmetcc47LN452M0-td8hz55wbwOIQLKmzuvE9HDnWU3Q0pmri9MMWCCRkRv&csui=3
https://www.google.com/search?sca_esv=e4c5c9e55d3f380a&cs=0&q=Suppression+of+Viral+Replication&sa=X&ved=2ahUKEwj9x6X-o-WNAxUJJDQIHRgPHIkQxccNegQIIBAD&mstk=AUtExfCrEZrgvdKwRrs-hYG22c7yJjDrs0H9cpo4ulfFFGa_VxP_pxwRm5judCvwDxFHiP9kxL91BCRxghsWb5zvFsyF6mPY0iEBztaCZhjb7T9M6maLqzxy76_eRbjWrAwbaSSDR_lEYBmetcc47LN452M0-td8hz55wbwOIQLKmzuvE9HDnWU3Q0pmri9MMWCCRkRv&csui=3
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Among patients with baseline gsAg <3000 lu/ml, 12-25% had durable sAg loss and
HBV DNA suppression
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Safety Data
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ALT Flares

Yuen MF, et al.
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Findings

 |n this phase 2b trial, bepirovirsen at a dose of 300 mg per week for 24 weeks
resulted in sustained HBsAg and HBV DNA loss in 9 to 10% of participants with
chronic HBV infection

« ALT flares happen on bepirovirsen, typically at time of sAg clearance

« Being on a NA and having a baseline quant sAg <3000 IU/ml are predictive of
response

« Larger and longer trials are ongoing, enrollment complete

MWAETC



SIRNA + immunomodulator: Xalnesiran

Primary
End of end-point
treatment analysis

' '

Xalnesiran, 100 mg every 4 wk
Group 1 subcutaneously '
r - |
NA daily NA daily ;
Xalnesiran, 200 mg every 4 wk ‘
Group 2 ‘
oup subcutanecusly :
NA daily NA daily '
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with chronic subcutaneously '
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b hid Randomi- | Group 3 Ruzotolimod, Ruzotolimod, '
vitologie S - 150 mg 150 mg '
® every other day every other day '
suppression :
with NA NA daily NA daily i
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Hou J et al. N Engl J Med 2024;391:2098-2109 M



Results

The NEW ENGLAND JOURNAL of MEDICINE

RESULTS

The percentage of participants with
HBsAg loss at 24 weeks after treatment
ended was highest with xalnesiran plus
ruzotolimod and xalnesiran plus pegin-
terferon alfa-2a,

HBsAg seroconversion (a secondary end
point) occurred most often with xalne-
siran plus peginterferon alfa-2a,

Grade 3 or 4 adverse events were not
uncommeon; the most frequent such
event was an elevared alanine amino-
transferase level, which was most often
observed in the group treated with
xalnesiran plus peginterferon alfa-2a.

Percentage of Participants
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Rurctolimed Poginterferon
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Grade 3 or 4 Adverse Event
50
- W :
F—d Noare
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Xaloesiran Xalnesiran + Xalnesiran + Therapy
Ruzotolimod Peginterferon
Alfa-2a
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SIRNA treatment summary

* See an initial sAg decline (up to 2-4 log after 48 weeks) but then plateaus
* Need to combine with other agents

* Rebound if stop therapy but see lower pre-set level of HBV DNA and sAg

MWAETC



Capsid Assembly Modulator: Mechanism of Action

* Core protein modulates almost every ‘,;
step of the HBYV life cycle; hence, it "o
: ¥ 8 e
represents an attractive target for the /@ = o,
development of new antiviral e
therapies. ( @ eamseipion
* The primary MoA of CAM is to drive & /-\ S
the nucleocapsid mis-assembly. \“‘ / ..&\A;WT
transter =*** 4 Transcription PR
aeed WA reDNA ci“ cccDNA
K i ‘- / llrputmy
W HBeAg W Coredimer A B Hosttaos | inhibition | oenoal

Source: V. Taverniti. J. Clin. Med. 2022, 11, 1349. https://doi.org/10.3390/jcm11051349 M



Clinical Trials with CAMs: JNJ-56136379

Hepatology

Original research

Randomised phase 2 study (JADE) of the HBV capsid
assembly modulator JNJ-56136379 with or without a
nucleos(t)ide analogue in patients with chronic
hepatitis B infection

Harry L A Janssen, " Jinlin Hou @ ,* Tarik Asselah @ ,* Henry LY Chan,’

Fabien Zoulim @ ° Yasuhito Tanaka,” Ewa Janczewska,® Ronald G Nahass,”
Stefan Bourgeois,'® Maria Buti,'' Pietro Lampertico @ ,'%"* Oliver Lenz, "
Thierry Verbinnen,'* Joris Vandenbossche, '* Willem Talloen,'* Ronald Kalmeijer,
Maria Beumont, "> Michael Biermer @ ,'* Umesh Shukla'

Source: Janssen HLA, Hou J, Asselah T, et al. Gut 2023;72:1385-1398. M



Study Design

* Phase 2, randomized, placebo-
controlled trial of both eAg+ and
eAg- ChroniC hep B adUIt patients Treatment Phase | —xtonded Testment Fhase II Fofowup Thase “::::::::::j

| Follow-up Phase

-------------

| [UNJ-56136379 (n=28) open label || JNJ-56136379 |

* \With and without a nucleoside NCT ‘l Placebo + NA (n=10) || Placebo + NA I:
: |
analog (NA: Entecavir or TDF) N

_____________

Part1: 75 mg
JNJ-56136379

P vs """ | Placebo + NA (n=11) || Placebo + NA |
____________

° —_— criteria® at W24 not met: : Completion criteria® at W48 not met:
NCT = not currently on therapy L | '
""""""""" |JNJ 56136379 (n=32) open label |; | JNJ-56136379 |

° VS = Vira”y Suppressed NCT [ Placebo + NA (n=12) || Placebo + NA ]
|

_____________

.............

Part 2: 250 mg
JNJ-56136379

. . Vs | Placebo + NA (n=10) || Placebo + NA |
* No cirrhosis B[

criteria® at W24 not met: : Completion criteria® at W48 not met:
!

» OQutcome: >1 log decline in gsAg e . - ;

after 24 wks



Results

Treatment group

JNJ-56136379 JNJ-56136379

Pooled JNJ-56136379 JNJ-56136379
75 mg open 250 mg open
placebo + NA label 75 mg + NA label 250 mg + NA
Participants randomised and treated N=43 N=28 N=66 N=32 N=63
N=232 (100%) | (100%) (100%) (100%) (100%) (100%)
a1 | [ 15 [ e [ 30 |[ sz
Completed Week 24 study treatment | g5 30/ (53.6%) (98.5%) (93.8%) (90.5%)
. 33 | [ 3 [ a4 [ 20 |[ 4
tered treat t ext h
Entered treatment extension phase | 7o, (10.7%) (65.2%) (62.5%) (76.2%)
Reason for not entering
treatment extension phase*
No virologic response by Week 20 7 (16.3%) 11 (39.3%) 22 (33.3%) 10 (31.3%) 9 (14.3%)
No consent to participate in -, 4 7o, 2 (7.1%) 0 1(3.1%) 1(1.6%)

treatment extension phase

v v vy v

Completed treatment extension [ 31 (72.1%) ] [ 0 ] [ 41 (62.1%) ] [ 18 (56.3%) ] 46 (73.0%) ]

Discontinued treatment extension 2 (4.7%) 3 (10.7%) 2 (3.0%) 2 (6.3%) 2 (3.2%)
Withdrawal by participant 1(2.3%) 0 1(1.5%) 0 1(1.6%)
Adverse events 0 0 1(1.5%) 1(3.1%) 0
Non-compliance with study drug 1(2.3%) 0 0 0 1(1.6%)
0

Lack of efficacy 0 1(3.6%) 0 0
Other reasons 0 2 (7.1%) 0 1(3.1%) 0 MWAETC




Results: Biggest benefit in eAg+ and higher dosage
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Results: Safety

* Most treatment-emergent AEs were Grade 1 or 2

* Two patients on CAM discontinued treatment due to AEs
- streptococcal toxic shock syndrome, acute cardiac failure, myocarditis and muscle necrosis
- weight loss

* Seventeen patients had 2Grade 3 AEs (13 (7%) in the pooled JNJ-56136379
treatment versus four (9%) in the pooled placebo+NA arms)

* Most commonly increased ALT and aspartate aminotransferase (AST) (six (3%) and
five (3%) patients, respectively) in the pooled JNJ-56136379 treatment arms versus
no patients in the pooled placebo+NA arm

* None of the eight reported SAEs were considered related to study treatment

MWAETC



Conclusion

“In patients with non-cirrhotic CHB, JNJ- 56136379+NA
showed pronounced reductions in HBV DNA and HBV RNA,
limited HBsAg or HBeAg declines in patients who are NCT
HBeAg positive, and was well tolerated, but no clear benefit

with regards to efficacy of JNJ-56136379 over NA was
observed.”

MWAETC



* Capsid assembly modulators represent a viable new antiviral target
with potential long tall

* ALT flares will be more common
* Stay tuned for results of phase 2 trials!

* Check out Hep B foundation for latest on hep B drugs in development:
https://www.hepb.org/treatment-and-management/drug-watch/

MWAETC



Treatment Paradigm: Combination Therapy

Nucleoside Novel Immune
analog antiviral Active Agent
TDF SIRNA Therapeutic vaccine

TAF Entry inhibitor Monoclonal Ab
Entecavir Capsid inhibitor TLR 8 or 9 agonist
Antisense Interferon
molecule Checkpoint inhibitor
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Summary

* Promising improvement in HBV therapy with surface Ag clearance rates
approaching 25-30% after one year

* More complicated!
* More expensive-will pharma continue antiviral development?
* Interferon coming back?

* Importance of testing for quant sAg for future therapies
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