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Biotechnology June 24, 2024

Hepatitis B — The Pursuit of Functional Cures —
Bepirovirsen Comes to the Forefront

Key Message: Chronic Hepatitis B impacts ~300M individuals WW, and is broadly
incurable leading to liver fibrosis, cirrhosis, and deaths in many. Next-gen therapies, led
by bepirovirsen (GSK/IONS) has the potential to be practice changing, in a setting where
SoC functional cure rates are <4%. In the attached Deep Dive, we highlight the potential of
HBYV suppression and immune-mediated medicines to achieve clinically meaningful cure
rates, that could unlock multi-billion dollar annual sales. In conjunction, we conducted
a prescriber survey—which indicate broad interest in bepirovirsen, and hosted an HBV
expert call—with takeaways (Here).

Guggenheim 360°: The Ecosystem of Our Best Research. The Guggenheim 360°
series spotlights our analysts' most differentiated work—research that reflects a deep
understanding of our covered industries, primary studies using proprietary methods, access
to subject matter experts, thought-provoking conclusions, and actionable portfolio ideas.

Addressing the Unmet Need in Chronic Hepatitis B — The Quest for a
Functional Cure

Standard of care, particularly nucleos(t)ide analogues (NA), have made HBV a treatable
and controllable disease. However, despite treatment advances, HBV infection remains
broadly incurable, with approximately 300M (per CDC) people infected worldwide, and
~10% diagnosis rate WW. We estimate the U.S. chronic Hep B population at 1-2 million
individuals and addressable market of ~250,000. Infected individuals face an elevated risk
of liver fibrosis, cirrhosis, and hepatocellular carcinoma, with more than 800,000 deaths
attributed to HBV-related complications annually. Treatment of HBV with nucleos(t)ide
analogues (NAs) decrease HCC risk by effectively decreasing viral load and inflammation.
Even so, HCC rates vary between 0.6% and 9.2% on NA therapy depending on ethnicity
and underlying cirrhosis status. U.S. and EU guidelines view functional cure as achievable
and defined as sustained HBsAg loss (based on assays with lower limit of detection [LLOD]
~0.05 IU/mL) in addition to undetectable HBV DNA 6 months post treatment. In the ongoing
Ph 3 trials of bepirovirsen (GSK/IONS), HBsAg loss in 215% of patients is deemed clinically
significant. This is highly congruent with the results of our Hepatitis B prescriber survey
(below) which indicate a functional cure rate of >20% would support broad adoption.

Bepirovirsen’s Poised to be a $2B+ product

Oral NA treatment results in a functional cure rate of 1-2%. Bepirovirsen Ph 2, stratified
by baseline HBsAg titers <3,000 IU/mL, demonstrated functional cure rates of 16% to
25%, which represents the first program to provide meaningful functional cures in the
absence of external immunomodulators. Research into bepirovirsen's mechanism of action
suggests efficacy may be driven by a combination of ASO-based RNA interference
and intrinsic immunomodulator activity. We note, in the SONIC-B database (https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC9159342/pdf/jiaa192.pdf), approximately 40% of
HBeAg-negative patients had HBsAg titers <3,000 IU/mL, suggesting a large addressable
population based on the HBsAg inclusion criteria. In the bepirovirsen Ph 3 B-Well clinical
trials, recapitulation of the Ph 2b data including strength of signal, durability of response,
and confirmation of the subgroup analysis will help identify patient cohorts who are more
likely to respond to treatment and lead to commercial adoption of >26% in eligible patients,
per our HBV prescriber survey. Additional clinical trials will help elucidate bepirovirsen’s role
in future treatment combinations including, combination with JNJ-3989 (siRNA).

Will siRNA + Newer Immunomodulator Combos or Additional Recent
Breakthroughs Match Bepirovirsen efficacy?

Bepirovirsen has achieved durable functional cure without an added immunomodulator,
relative to siRNAs which have sought combination with interferon or newer
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immunomodulators and is considered most likely 'backbone’ of future combinations, per our
survey. While data appears to show bepirovirsen has an innate advantage over siRNAs
given its intrinsic immunomodulatory mechanism, data from VIR and ROG-SWX have
highlighted combo data of siRNAs with immunomodulators like peg-IFN, TLR7 agonists, and
HBYV therapeutic vaccines that show higher rates of surface antigen loss and more sustained
response vs. siRNA monotherapy. Newer siRNAs (VIR, ROG-SWX, NOVO.B, ABUS, GSK)
and immunomodulators look to improve upon peglFN including checkpoint inhibition, TLR
agonists (GILD, ROG-SWX, Primmune Therapeutics [private]), and therapeutic vaccines
(BRII-B, VBIV, Viravaxx [private], BRNS, HOOK). Additional classes of Hepatitis B targeted
therapies such as monoclonal antibodies (VIR, Bluejay Therapeutics [private]), HBsAg
inhibitors (Replicor [private]), and capsid inhibitors (ENTA, ALGS, ASMB) could be additive
as part of a combo regimen. For our EASL 2024 Hepatitis B & D coverage, please view
EASL 2024 Field Report: Viral Hepatitis Updates Recap.

Genome Editing for HBV — In Pursuit of the “Holy Grail”

The potential of a curative genome editing approach to HBV is the “holy grail” of Hepatitis
B treatment. If the Hepatitis B virus can be fundamentally epigenetic silenced or ARCUS
cleaved (DTIL) in a durable manner, genome editing could offer a one-and-done option
for CHB. Extra hepatic reservoirs of the Hepatitis B virus do exist, particularly within bone
marrow and other lymphatic tissues. However, this does not appear to be a concern for
LNP-based liver directed treatment, as these extra hepatic reservoirs are viewed as non-
replicative and of uncertain significance in regard to target effect.

Hepatitis B Prescriber Survey
Figure 1 - 86% of physicians indicate at least 26% treatment rate should Bepi
recapitulate Ph2 data

If Bepi achieves functional cure rates of 16-25%, as observed in
Ph2, what % of eligible patients (HBsAg <3,000 IU/mL) would you
treat with Bepi?
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Figure 2 - A functional cure rate of 21%+ appears preferred to polled physicians

What % functional cure rate would you like to see in the Bepi Ph3
data to use in a majority of your eligible patients?
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Figure 3 - Bepirovirsen is the most likely future backbone
Other responses include gene editing approaches (N=1) and therapeutic vaccine (N=1)

What is the most likely ‘backbone’ of future functional cure HBV
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Figure 4 - Bepi + siRNA is the combination of greatest interest to prescribers

Which potential functional cure combination is of greatest interest to
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Figure 5 - Physicians would like to see a 21%+ functional cure rate for future gene

editing approaches

What cure rate from a gene editing approach would you like to see
for widespread adoption?
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Key Takeaways: The Pursuit of Functional Cures in a Large, Unmet, Market

Bepirovirsen highlights the potential of HBV suppression and immune-mediated medicines in Hepatitis B,
validating the achievement of functional cures above standard-of-care rates
= Phase 2b data from bepirovirsen demonstrate functional cures in 16-25% of patients with low baseline
Hepatitis B surface antigen (HBsAQ)
= Current standard of care suppresses HBsAg but only induces functional cures in 1-4% of patients

Hepatitis B has become an area of high strategic interest, as global Biopharma increases investment and
SMID-cap Biotech companies explore cutting edge modalities

= GSK/IONS view bepirovirsen as a “backbone” to its Hepatitis B efforts, with estimated peak sales of > $2B
annually

= Multiple classes of medicines with recent breakthroughs have provided encouraging results, including: (1)
RNAiI-based therapy with either ASO or siRNA; (2) S antigen lowering monoclonal antibodies, capsid assembly
modulators; and (3) immunomodulators, including therapeutic vaccines, PD-1/PD-L1 inhibitors, TLRs agonists,
and novel interferons; while (4) preclinical DNA and epigenetic editing approaches may offer one-time curative
approaches

Addressing the Unmet Need in Chronic Hepatitis B
= Standard of care, particularly nucleos(t)ide analogues (NA), have made HBYV a treatable and controllable
disease. However, despite treatment advances, HBV infection remains broadly incurable, with approximately
300M (per CDC) people infected worldwide. It is estimated ~35% of infections are diagnosed in the US, ~25%
in Europe, and ~50% in Japan
= Infected individuals face an elevated risk of liver fibrosis, cirrhosis, and hepatocellular carcinoma, with more
than 800,000 deaths attributed to HBV-related complications annually
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Key Takeaways: Hep B Prescriber Survey Results and EASL 2024 Highlights

We conducted a propriety survey of Hepatitis B prescribers to gauge interest in bepirovirsen
= Across 29 prescribers, who on average treat 86 HBV patients, 93% of prescribers view bepirovirsen as the
most likely future ‘backbone’ of functional cure HBV treatments
= Should the bepirovirsen Ph3 program recapitulate Ph2 (functional cure rates of 16-25%), 86% of prescribers
would treat at least 26-50% of their eligible HBV patients
= Most prescribers (97%) would like to see a functional cure rate of >20% to use bepirovirsen in a majority of
their eligible patients

EASL 2024 Takeaways — ASO / siRNA combinations with immunotherapies lead the development landscape

= Effects of combining siRNA with PD-1 appear minimal during on-treatment periods, per the JNJ-3989 /
nivolumab OCTOPUS-1 trial. On safety, overall the nivolumab dose was low, though there were 2 cases of
reversible TSH elevation that led to withdrawal of PD-1 administration

= Effects of combining JNJ-3989 (siRNA) with a DNA vaccine, JNJ-0535, demonstrated NA treatment stopping in
7 (30%) of patients, and enhanced CD4 and/or CD8 polypositive HBV-specific T-cells in 33% of patients.
However, no patients achieved HBsAg seroclearance

= HBYV targeted siRNA xalnesiran (ROG-SWX), PIRANGA Ph2 Trial - sSiRNA + immunomodulator (peglFN or
TLR7) - show best responses with + peglFN combo through 48 weeks post end of treatment. Across all arms,
HBsAg loss and seroconversion were observed only in participants with HBsAg < 1000 IU/mL. HBsAg
seroconversion at its 48-week follow-up was 17% (vs. 20% at 24-weeks)
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Functional Cure Success Will Likely Involve HBV Suppression and Immune
System Activation

Viral DNA and Viral

Antigen (HBsAQ) Host Immune System

* NA + ASO

. ASO . Peg-IEN Increased
« RNAI + Therapeutic Vaccines = ratesof

« CAM + PD-L1 Inhibitor BN functional
» Capsid Inhibitor * Monoclonal Antibodies cures

» DNA Editing * TLR Agonists

Epigenetic Editing

Source: Guggenheim Securities LLC and ABUS corporate report
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Development and Approval of HBV Therapies in the US

Invention of Lamivudine Peg-INFa; Tenofovir
HBV vaccine Entecavir disoproxil
l l l fumarate !
Interferon a Adefovir Telbivudine (TDF) Tenofovir
alafenamide
(TAF)

Potential Future HBV Therapies and Estimated Approvals
* Bepirovirsen — 2027

* Bepirovirsen + JNJ-3989 — Late 2020s

* ASO * siRNA + immunomodulator — Early 2030s
 ARCUS Editing — Early 2030s

« Epigenetic Editing — 2030s

Source: https://www.ncbi.nim.nih.gov/pmc/articles/PMC8707465/pdf/microorganisms-09-02607.pdf
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Functional Cure Clinical Data
- Bepirovirsen Data Review
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Bepirovirsen Induced Functional Cures in 16-25% of Patients with Low Baseline

HBSAg

B Arm 1: bepirovirsen 300 mg w/ LD x24W

Percentage of participants (95% Cl)
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B Arm 2: bepirovirsen 300 mg w/ LD x12W + bepirovirsen 150 mg x12W

Source: https://pubmed.ncbi.nlm.nih.gov/36346079/ B Arm 3: bepirovirsen 300 mg w/ LD x12W + placebo x12W B Arm 4: placebo x12W + bepirovirsen 300 mg w/o LD x12W
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Bepirovirsen; Genotype A and D May Be More Responsive

Results of the bepirovirsen Ph 2b B-Together Study

Overall N=108
Genotype A B C D E H2 Undetermined
N 9 (8%) 3 (3%) 26 (24%) 10 (9%) 5 (5%) 1(<1%) 54 (50%)
Mean HBsAg (log IU/mL) at baseline 3.55 3.49 3.29 3.36 3.31 3.28
Mean reduction HBsAg (log IU/mL) at EOT -2.90 -1.74 -1.51 -2.11 -1.42 -1.56
Mean reduction HBsAg (log IU/mL) at OT-W24 -1.90 -1.06 -0.92 -1.90 -0.95 -1.54
Number (%) of participants achieving PE? 2/9 (22%) 0/3 1/26 (4%) 2/10 (20%) 1/5 (20%) on 7154 (13%)

A\ean HBsAg data not included for GT with N 21 (ie., Arm 2 GT-B, GT-H); "Denominator indicates number of parficipants with dafa available af OT-W24.

Participants with genotype C had the lowest baseline mean HBsAg level (3.29 log10 IU/mL) and genotype A

had the highest (3.55 log10 IU/mL).

Participants with genotype A and genotype D had the greatest mean reduction in HBsAg at OT-W24 (-1.90

log10 IU/mL) and genotype C had the least (-0.92 log10 IU/mL) following bepirovirsen and peg-IFN.
Baseline genotype data was insufficient to perform a robust statistical analysis of response by genotype.

Maximum reduction in HBsAg at 24 weeks post treatment

L
=
s o l ! ] T i
£ ¢ s »
5] — ¢ .
= g 5 L] ! . .
E o
g« -3 - .
@ m . *
g° 41 * g X |
5 5 - * L .
A B c D E H UNDETERMIMNED
Baseline Viral Genotype
n 8 2 25 ] 5 1 48
Mean -1.904 -1.057 -0.824 -1.858 -0.953 0.232 -1.54
median -1.456 -1.057 -0.403 -0.898 -0.087 0.232 -0.685

The cross and orange star are maan and outlier, respectivaly.

Source: GSK / IONS 2023 AASLD Poster
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Individual Participant Time-Course HBsAg Levels in the On-NA Population
Reveal Correlation between Baseline HBsAg Levels and Bepi Response

Screening HBsAg <200 IU/mL Screening HBsAg 200 to 1000 1U/mL
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Source: https://pubmed.ncbi.nim.nih.gov/36346079/

GUGGENHEIM SECURITIES, LLC

See pages 106 - 107 for analyst certification and important disclosures.

Page 14



BIOTECHNOLOGY
June 24, 2024

Individual Participant Time-Course HBsAg Levels in the Not-on-NA Population
Similarly Correlated Between Baseline HBsAg Levels and Bepi Response

Screening HBsAg <200 1L mL Screening HBsAg 200 to 1000 1U/mL
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Source: https://pubmed.ncbi.nim.nih.gov/36346079/
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Bepirovirsen; Hepatobiliary Laboratory Findings

Laboratory criteria On-NA population (n=226) Not-on-NA population (n=230)

N 225 227
ALT 23x ULN and BIL22x ULN 0 2 (<1)
ALT 23x ULN and INR 21.5 0 0

ALT 23x ULN 39 (17) 93 (41)

Note: The upper limit of the normal range (ULN) for alanine aminotransferase (ALT) is 40 U per liter for men and 33 1U per liter for women.

Of the 226 participants, 39 (17%) receiving NA therapy and 93 (41%) not receiving NA therapy had a transient
increase in the ALT =23 times the ULN. At baseline, most participants (91% of those receiving NA therapy and 70%
of those not receiving NA therapy) had an ALT level at or below the ULN.

Source: https://pubmed.ncbi.nlm.nih.gov/36346079/
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Proportion of Participants Within ALT Categories Over Time—Per our KOL LFT
<5x ULN Not a Concern in Non-Fibrotic HBV Patients

In the bepirovirsen Ph llb trial, B-Clear, the = <SULN >ULN to £3xULN >3xULN to s5xULN @ >5xULN to =10xULN = >10xULN
research team analyzed ALT elevations A 0 Arm 1: bepirovirsen 300 mgw/ LD x24W (n=58)
over treatment course (SULN, >ULN to - s ! 4 .
<3xULN, >3xULN to <5xULN, >5xULN to = ” s B
<10XULN, >10xULN). “" -
o 40
Participants exhibit peak ALT elevations Z
around 8-weeks post treatment initiation. § =0
F
On-NA patients (A) have less ALT elevations -
with shorter duration, compared to non- "
on-NA population (B). 0
Only 6% of patients had ALT >5xULN in on- O Gusire Weeki WeekS Weekil Weekls Week2) Week24 OTWeskOTWeek8 OTWesk OTWesk OTWesk OTWesk
NA patients and 13% >5xULN in not-on- visi = 00® ==
NA patients, with return below 5xULN
within one week. B Arm 1: bepirovirsen 300 mg w/ LD x24W (n=70)
100 4 3 .
2 = =
w0l I “ : i M 17 & - W
2 10 B =< * 1
70 A 34
_ 33
B o
E &0 36
£
£ 40
30
20
10 4

o

Baseline Week4 WeekZ Weekll Weeklts Week2D Week2d OTWeekd OTWeekE OTWeek OTWeek OTWeek OTWeek

Visit 2 16 20 24

bepirovirsen QW (300 mg w/ LD) 24W off-treatment follow-up

Source: https://pubmed.ncbi.nim.nih.gov/36346079/
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HBsAg Loss is ~85% Durable in Extended Follow Up in Systematic Review of
Available HBV Treatments

Durability of HBsAg loss in observational studies

Pre-defined timepoints

88, 96%"*, | B8, 93%", | 88, 93%", o
NA (any) 4 (n 1 } and 98% and 96% | and 95% ;‘B;ﬁ) i?na_q;
B {n=3) (n=3) (n=3) -
69% 87% 64%
IFN (any) 1 - (n=1) ‘ (n=1) (n=1) - -
Peg-IFN 1 80% 80% T7% B B _
+ NA (n=1) {n=1) (n=1)
NA/Peg-IFN 1 87% 85% 82% 81% 72% 72%
+ NA (n=1) {n=1) (n=1) (n=1) {n=1) (n=1)
98% 96% 95%
Untreated 1 - (n=1) =1 (n=1) - -

*Median values.

A systematic review of studies in people with chronic HBV infection was conducted to
assess durability of HBsAg loss. In the clinical trials (n=9), durability of HBsAg loss
remained >85% for most studies.

Source: https://gskusmedicalaffairs.com/docviewer.html?cmd=GSKMedicallnformation&medcommid=REF--ALL-005370&token=23108-c6bf0fe6-20ch-437b-881b-3fafce531fe7&dns=gsk-
medcomms.veevavault.com
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Bepirovirsen Ph3 Design — Enrollment Completed June 2024

| B-WELL1 - NCT05630807 B-WELL 2 - NCT05630820

Phase 1] 1]

Patient Non-cirrhotic nucleos(t)ide Non-cirrhotic nucleos(t)ide
analogue treated patients with analogue treated patients with
CHB CHB

Subjects 941 859

Treatment arms Arm A: bepirovirsen for 24 weeks  Arm A: bepirovirsen for 24 weeks
Arm B: placebo Arm B: placebo

Description Ph3 multicenter, randomized, Ph3 multicenter, randomized,
double blind, placebo controlled double blind, placebo controlled

Timeline Trial start: Q1 2023 Trial start: Q1 2023
Data anticipated: 2026 Data anticipated: 2026

Key endpoints # of participants achieving # of participants achieving
functional cure with baseline functional cure with baseline
HBsAg < 3000 IU/mL HBsAg < 3000 1U/mL

 Participants who have documented chronic HBV infection 26 months prior to screening and currently receiving stable NA
therapy defined as no changes to their NA regimen from at least 6 months prior to screening and with no planned changes
to the stable regimen over the duration of the study

» The arms will be stratified based on HBsAg level (HBsAg = 0 IU/mL to <1000 IU/mL or > 1000 IU/mL to <3000 IU/mL) at
screening

* Plasma or serum HBV DNA concentration must be adequately suppressed, defined as plasma or serum HBV DNA <90
lU/mL

» Baseline alanine aminotransferase (ALT) <2 x upper limit of normal (ULN)

Source: https:/clinicaltrials.gov/study/NCT05630807; https://clinicaltrials.gov/study/NCT05630820
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Bepirovirsen Mechanisms of Action

(1) Bepirovirsen (GSK836) may
be preferentially distributed
to non-parenchymal cells,
conferring immune
activation of pattern
recognition receptors
activation (TLR7 and TLRS).

(2) Bepirovirsen provides
inhibition of HBV mRNA via
standard ASO mechanisms
in hepatocytes.

Source: https://www.postersessiononline.eu/173580348_eu/congresos/ILC2022/aula/-SAT_439_1LC2022.pdf
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Bepirovirsen Induces Immune Response Within 24 hrs Post-Treatment

24 h JESRi Drug . CCL2 (MCP1)
- B3 Placebo(n=6) i =
-

cD14 :
Lap B8 300mg(n=12) —
SRS -
. ‘ 8 24 . 8 24(h)
Q_BGN - <7\ 112 . " IL12p40 (IL12B)

‘ ‘ M ./ £ 07
gt LS e
—";'.:‘“ \\ s 28 &
28y -

6 2 6 24(h)

: ‘ CCL3 (MIP1q) .

;; | - |
e'“RN TNFRSF9 P W
4 6 24 4 8 24
cat
IFNy (IFNG) <7 CCL4 (MIP1B) i
" . AHSP 5’ l
4 [} 24 4 ] 24(h) HBO 4 ] 24 4 [} 24 (h)

Serum markers upregulated at 24 hours suggest inflammatory response to bepirovirsen with activation of innate and adaptive
immune cells. These include: inflammatory cytokines (IFN-g, TNF); recruitment of monocyte/macrophage, NK, and T cells
(CCL2, CCL3, CCL4, CCL19); activation of macrophages and neutrophils (CSF1, CSF3) and T cells (IL-12B, CCL19); and
lymphocyte activation (TNFSRF9 (T cell), FCER2 (B cell), TNFSF11).

Source: https://www.postersessiononline.eu/173580348_eu/congresos/ILC2022/aula/-SAT_439_1LC2022.pdf
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HBsAg Reduction Correlated with ALT Flare and TLR8 Cytokines Activation

Predicted and observed 12-week average log-fold change in HBsAg VL Predicted and observed 12-week average log-fold change in HBsAg VL

Further HBsAg | | _ Further HBsAg
reduction

‘e o reduction

Mean Log10(HBsAg/Baseline)
Mean Log10(HBsAg/Baseline)

-2 -
3~
Higher ALT ®

&4 | 37 Higher cytokine levels

T T ‘_ T T T T T T 1 | |

025 0.00 0.25 050 20 15 40 05 00 05 10 15 20 25 30

Mean Log10(ALT/Baseline) Cytokine PCA Factor 1 (Log2-fold ratio)
[Filed = NAreated: O HBeAgPosifve O HBeAg Negative [Filed=NATealed © HbeAgPosive O HBehgNegave |

ALT flares are highly correlated with HBsAg response (left) and HBsAg reduction trends with greater induction of TLR8 cytokines
(right).

Note: TLR8 cytokines measured include: CCL11, CCL2 (MCP-1), CCL20, CCL3, CCL4, CCL5, CCL8 (MCP-2), CSF3, CXCL10,
CXCL8, CXCL9, IFN, IL10, IL12p40 (IL12B), IL18, IL1A, IL1B, IL1RN, IL6, and TNF.

Source: https://www.postersessiononline.eu/173580348_eu/congresos/ILC2022/aula/-SAT_439_ILC2022.pdf
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- 0000000000000 _jwcay]
GSK obtains exclusive license for the siRNA JNJ-3989 to expand

the development of bepirovirsen
- Review of JNJ-3989 Data and License Rationale
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JNJ-3989 Ph 2b REEF-1—Virological Suppression Occurs Following siRNA

The efficacy and safety of the siRNA JNJ-
3989 with NA treatment with-or-without
the capsid assembly modulator (CAM)
JNJ-6379 for the treatment of chronic
hepatitis B across 470 patients in the Ph
2b trial REEF-1.

Median baseline HBsAg values were
between 3.6 log10 IU/mL and 3.9 log10
IU/mL across treatment groups.

63% of patients were virologically suppressed
and 70% were HBeAg negative at
baseline.

At week 48, the following met the primary
endpoint of NA-stopping criteria (ALT
<3xULN, HBV DNA < LLOQ, HBeAg
negative, HBsAg <10 IU/mL). 5% in the
JNJ-3989 dual 40 mg group, 16% in the
JNJ-3989 dual 100 mg group, 19% in the
JNJ-3989 dual 200 mg group, 9% in the
triple group, and 2% in the control group;
no patients in the JINJ-6379 (CAM) dual
group met stopping criteria.

At the follow-up week 24 analysis, 19 (4%) of

464 additional patients had met NA
stopping criteria.

Source: https://pubmed.ncbi.nim.nih.gov/37442152/

End of treatment  Analysis up to follow-up week 24
Inclesion criteria: Control group*
= Active chronic hepatitis B (not !
currently treated or virologically INJ-6379 dual groupt
suppressed) i
. i JM)-3989 dual 40 mg gr :
FLshg =109 ”'['ir;"a.t e FU E2) —— | > Nucleos(t)ide analagues continued when stopging criteria
* Mon-tavhotic {hiorost: stage (reassessed at every follow-up visit) not met
Stratification: JNJ-3989 dual 100 mg group: :
I wass ke 0mg gt
» Treatment history (mot currently
treated vs viralogically suppressed) Triple § ]
I T T T T T T T 1
0 12 24 36 48 12 24 36 48
Weeks
e - e
Treatment phase Follow-up

Patients (%)

Percentage of patients meeting NA-stopping criteria at week
48 and during the 24-week follow-up

40= [ Avweek 48

[ During follow-up

Bl
30+
25 — 10 (11%)
20 5 (5%)
15

_ 4 (4%

10 15 (16%) (45}

57 8(9%)

. 1[2%) 0 5(5%)

Control growp ! JNJ-6379 dual group T JNJ-3989 dual 40:mg T JNJ-3989 dual 100 mg ! JNJ-1989 dual 200 mg I Triple group
(n=45) (n=48) group (n=91) group (n=52) (=92} (n=94)
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JNJ-3989—HBeAg-Negative Participants Respond Better to SIRNA Treatment
than HBeAg-Positive Participants

38 (81%) patients who met the NA-stopping
criteria at week 48 were virologically
suppressed and HBeAg negative at

Percentage of patients meeting NA-stopping criteria at week
48 and during the 24-week follow-up by stratification factors

. q Naot nthy treated
baseline. Only a small number of patients 60— HBsAg poshive e T HBsAg negatie
from other subgroups met NA-stopping
criteria at week 48. =07 }
. 404 —
Substantial HBsAg reductions were observed %
. T 304 =
with JNJ-3989 treatment. However, 2 2(11%)
functional cure (off-treatment HBsAg ~ 204 .
seroclearance) was not reached with the
treatments evaluated 1| 1aaw o 1 e
' . 0 o 1(7) - 0 o o 0 0
Control ~ JN-6379  JN)-2989  JM)-39BQ = N}-3989 | Triple Control  JN-6379 ' JN}2989 ' JNJ-39B9  JN}-2985 Tripke
grovp  dualgroup dual40mg  dual dual group group  dualgroup dual40mg  dual dual group
{n=7) [m=0]) group 100mg 200 mg (n=13) (n=9) [n=10) group 100 mg 200 mg (n=20)
{n=15) group group {n=10) group group
(n=14]) (n=16) {n=19) {n=19)
Virologically suppressed
B = -
50 -
40 - B (18%)
£ 20 s
£ ] 4 2i4%) 4(0%)
104 = 10 (21%) B(17%)
5(12%)
0 1] 0 0 1(9%) - 0 1] ]
Control ' JNJ-6379 ' JNJ-3989 ' JNJ-39B9 | JNJ-3989 || Triple | Contral | JNI-6379 ' JNI-3989 | JN}-39B9 | JNJ-3989 | Triple |
group dual group dual 40 mg dual dual group group  dualgroup dual 40 mg dual dual group
(m=i0) (n=7) group 100 mg 200 mg [m=14) [n=23) [n=23) group 100'mg 200 mg (n=47}
(n=15) group group (n=43) group group
{n=11} (n=14) (n=48) (n=45)
Source: https://pubmed.ncbi.nim.nih.gov/37442152/
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JNJ-3989—ALT Profile Suggests Combination With Bepirovirsen is Feasible

Mean ALT profiles over time in patients who were not currently treated (top) and patients who were virologically
suppressed (bottom), reveal limited ALT elevation following siRNA treatment in patients with virologically

suppressed CHB.

Source: https://pubmed.ncbi.nim.nih.gov/37442152/

Mean (SE} ALT (LI/L)

Mean (SE) ALT (L/L)
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In the Ph 2 Octopus-1 Study, JNJ-3989 Loading Dose Did Not Lead to HBsAg

Octopus-1 REEF-1
JNJ-3989 200 mg Q4W with Q1W LD for first 4 weeks JNJ-3989 200 mg Q4W without loading dose (LD) or nivo
Population: Virologically suppressed, HBeAg negative Sub-population: Virologically suppressed, HBeAg negative
= 0.0« Ireatmentphase Follow-up £ D:04 Treatment phase Follow-up
E _ 0.5+ E _ 0.5
82 iz
£S5 -1.0- ES -1.01
25 27
- = S
28 151 28 -1.54
o S o
52 20 5% 2.0
oo oo
o T aT
= -2.5 = -2.54
(o] 3]
s 2
S0+ B0
SIS, P O % 0,0
Weeks Weeks
- Arm 1 (n=18) - Arm 2 (n=19) -= REEF-1 matching subgroup (n=45)
JNJ-3989 tH4¢ t+ + ¢ tt+tt 1

Increased dose frequency of JNJ-3989 (200 mg Q4W with Q1W loading dose for first 4-weeks) was safe and well
tolerated but did not improve HBsAg declines. Mild increases of ALT were observed earlier in Octopus-1 (with
loading dose) than REEF-1 (without loading dose).

Source: JNJ EASL 2024 Presentation
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In the Octopus-1 Study, Adding Nivolumab Did Not Add to HBsAg Declines

HBsAg <100 IUW/mL

Treatment phase Follow-up Treatment phase _Follow-up

1004 95: o4
90 89

-1.70
{0.12)

Mean (SE} change from baseline in
HBsAqg (logyg IU/mL})
T

2.01 T ’ - 1 —1ms 404
-2.10 - -lee {0.14)
2.5 (0.13) {0.14) 30
i 20+
‘3.“ T T T T T II T T T T T 1
1] 4 B 12 16 20 24 F4 F8 F12 F16 F20 F24 104
mu-sss HEEEE bt ;I* I I 0 12 16 24 F12 F24
Nivolumab
Weeks Weeks
= Arm 1 {n=18) -+ Arm 2 ({n=19} M Am1in=18) M Arm 2 (n=19)

JMJ-3989 + NA JNJ-3989 + NA

+ Nivolumab (1 infusion) |+ Nivelumab (3 infusions)

The addition of nivolumab at low dose with >80% receptor occupancy did not improve the HBsAg declines of JINJ-
3989+NA. No participant met the primary endpoint of HBsAg < LLOQ.

After two events of temporary TSH suppression, it was deemed nivolumab infusions added no clear benefit and
the protocol was amended to remove nivolumab from the study.

Source: JNJ EASL 2024 Presentation
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JNJ-3989, 100 to 400 mg Q4W Resulted in HBsAg Reductions >-1 log10 1U/ml
From Baseline

In a separate Ph2 trial, patients with chronic
Hepatitis B were administered siRNA
JNJ-3989 plus an NA.

Mean {SEM)

0.0 change from
Median HBsAg at baseline (log10 IU/ml) was baseiine o Day 112
3.14. @ -1.00(0.18)
-0.5 4 @ -1.18(0.08)
Smaller reductions in mean HBsAg were Q- 152018
observed with 25 mg (1.00 log10 1U/ml) e @ -175(0.15)
and 50 mg (1.18 log10 IU/ml) vs. 100 to e
—— -2.16 (D48}

400 mg (1.48 to 2.39 log10 IU/ml) INJ-
3989 dosing.

{—— —2.39 (0.34)
_1_5 - p— [

@ 1.75(0.16)

Dose response appeared to plateau above
100 mg.

204

75% of patients (30/40) had <100 IU/mL at 251

day 112, of those who received 100mg to

Mean (SEM) HBsAg change from baseline (log,, IU/ml)

400mg JNJ-3989. 304
T T T T T T T T T T
0o 7 14 28 42 56 70 84 112 168
Day
—— 25mg(1b) & 100 mg (2} {3 300 mg (4b) —{— 300 mg HBaAg pos. virsuppr. (3)
@ s0mg(ig) @ 200mg(3n) —(5— 300 mg HBeAg pos_naive () @ 400 mg (sh)

Source: https://pubmed.ncbi.nlm.nih.gov/35870702/
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15/39 Patients Maintained > 1 log10 IU/ml HBsAg Reduction Through Day 392
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HBV Commercial Opportunity
- Aview of the Current Clinical Landscape
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Chronic HBV Epidemiology and Public Health Burden

- Worldwide there are approximately 300 million chronic HBsAg carriers

- In 2013, there were 686,000 reported deaths from HBV-related liver disease and HCC

- CHB remains a global public health issue and diagnosis remains low. Diagnosis rates are approximately 35% in
the US, 25% in Europe and 50% in Japan. Recently, the CDC published guidelines that suggest that adults
should be tested for Hepatitis B

L

All-age HBsAg prevalence in 2019
B 0%t00-4% [12:0%t02:9%

B 05%t00-9% [3-0%t03-9% 4 © )
C11.0%to14% EH4.0%to7-9% Increasing prevalence in the :
El15%to19% ME8.0%to13.0% ' US and some European
countries:
*  Migration from high
Source: EASL HBV 2020 Update; https://doi.org/10.1016/S0140-6736(22)01468-4 endemic countries
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US Hepatitis B Epidemiology

There are an estimated 850,000 to 2.2M Rates of Reported Acute Hepatitis B Virus: Rates of Reported Cases, by
people infecte with chronic HEV i the State or Jurisdiction, United States, 2022

Of the chronic population, 15% - 25% die
prematurely from cirrhosis or liver cancer.

Asian Americans account for approximately
50% of all US chronic HBV cases.

The CDC estimates there are approximately
4,000 reported acute HBV cases
annually, and approximately 20,000 to
25,000 estimated acute HBV infections
annually. Per the CDC, the number of
estimated cases of acute Hepatitis B is
determined by multiplying the number of
reported cases by a factor that is
adjusted for under-ascertainment and
under-reporting; the number of estimated
cases is typically about 6.5-fold higher
than reported cases. o

Cases/100,000 Population

Data unavailable () No reported cases
©00-0.2 @03-04
@05-06 @o07-12
@13-32

Source: Centers for Disease Control and Prevention. NCHHSTP AtlasPlus. https://www.cdc.gov/nchhstp/atlas/index.htm. Accessed [2024].
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China is One of the Largest Markets for HBV

The China HBV market is anticipated to reach ~$3.4B in annual sales by 2029

20,000,000 8.00
18,000,000 S 7,677,592 { gan
Lkl 16,578,624 ‘-
16,000,000
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- 14,000,000 g
(] = (7]
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= [
~— —
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v 1
§ / :
8,000,000
2 / - 3.00 g
6,000,000 T
- 2.00
4,000,000 _7AZ34§22 4
,742,982 - 1.00
200,000 4194556 I1,048,955
0 - - T T . T T T T T T r 0.00
0- 5- 10- 15- 20- 30- 40- 50- 260
Age group in 2018

Number of HBV infected & treated people
in China:

Infected with HBV: ~79M

Require treatment per guidelines: ~75M

Receiving antiviral treatment: ~11M

Social Pressures of HBV Infection in
China

In a survey of 797 HBV patients in China;
Denied jobs due to HBV: 20%

Denied health insurance due to HBV: 14.7%

Source: https://www.nchi.nIm.nih.gov/pmc/articles/PMC6751646/; BRIl Bio corporate report; ) 2017 survey on discrimination against chronic HBV patients in China conducted by the Chinese Foundation for

Hepatitis Prevention and Control
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CDC Estimated New Chronic HBV Cases Per Year on the Rise

Number of new chronic HBV cases vs. time
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Source: Centers for Disease Control and Prevention. NCHHSTP AtlasPlus. https://www.cdc.gov/nchhstp/atlas/index.htm. Accessed [2024].
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CDC Estimated New Chronic HBV Cases to Be ~15,000 Annually in the US

New chronic HBV cases vs. time
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Source: Centers for Disease Control and Prevention. NCHHSTP AtlasPlus. https://www.cdc.gov/nchhstp/atlas/index.htm. Accessed [2024].
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US New Chronic HBV Cases Stratified by Ethnicity

New chronic HBV cases vs. time
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Source: Centers for Disease Control and Prevention. NCHHSTP AtlasPlus. https://www.cdc.gov/nchhstp/atlas/index.htm. Accessed [2024].
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Mechanism of Action of HBV Medicines Under Development

Treatment Classes | Mechanism of action

Drugs targeting HBYV life cycle

Entry inhibitors Blockage of liver-specific bile acid Inhibitors of NTCP; NMADb
transporter (NTCP)
Capsid assembly modulators Interfere with capsid formation and CAMs

disrupt encapsulation of pgRNA

Post-transcriptional control inhibitors  Post-transcriptional gene silencing SiRNAs, ASOs
by inhibition of the translation of
viral proteins

HBsAg release inhibitors Intracellular degradation of HBsAg NAPs
via proteasomal and lysosomal
degradation

Immunomodulators

Innate immune activator Stimulation of innate immunity TLRs agonist, RIG-I agonists
through TLRs and RIG-I

Adaptive immune activator Blocking the PD-1/PD-L1 pathway Checkpoint inhibitors; therapeutic
to reverse T-cell exhaustion; vaccines

stimulation of hist’'s immune
response to generate CD4 and CD8
HBV-specific T cells

Source: https://www.ncbi.nIm.nih.gov/pmc/articles/PMC10354584/pdf/WJG-29-3964.pdf
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SIRNA Therapeutics in Development for HBV - Interferes and Destroys Viral RNA

VIR-2218 (Elebsiran) RNAI gene silencer

Xalnesiran (RG6346) RNAI gene silencer

Imdurisan (AB-729) RNAI gene silencer

BW-20507 RNAI gene silencer
ALG-125755 RNAI gene silencer
BB-103 RNAI gene silencer

JNJ-3989 (ARO-HBV) RNAI gene silencer

Source: https://www.hepb.org/treatment-and-management/drug-watch/

Vir Biotech
Dicerna with Roche RHHBY / NVO
Arbutus Biopharma ABUS

Argo Biopharma Australia Private

Aligos Therapeutics ALGS
Benitec, Australia BNTC
GSK, USA GSK

Phase Il

Phase Il

Phase Il

Phase Il

Holding for new partner

Preclinical

Phase Il
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Gene Editing Excision in Development for HBV — Intended to Destroy HBV DNA

PBGENE-HBV ARCUS platform Precision Bio DTIL Preclinical

EBT107 CRISPR/Cas 9 Excision Bio Private Preclinical

Source: https://www.hepb.org/treatment-and-management/drug-watch/
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Entry Inhibitors, HBsAg Inhibitors, and ASOs in Development for HBV

Entry Inhibitors - Interferes with HBV Getting into Liver Cells

Bulevirtide (Hepcludex) Entry inhibitor Gilead GILD Phase Il

HBsAg Inhibitors - Interferes with production of HBV surface antigen (sAQ)

REP 2139 SAg inhibitor Replicor, Canada Private Phase Il

ASOs - Binds to the viral mMRNA to prevent it from turning into viral protein

Bepirovirsen HBV Antisense GSK, USA GSK/IONS Phase llI

Source: https://www.hepb.org/treatment-and-management/drug-watch/
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Capsid or Core Inhibitors in Development for HBV

EDP-514 Capsid inhibitor Enanta Pharma ENTA Phase |
ALG-000184 Capsid inhibitor Aligos Therapeutics ALGS Phase |
ABI-H4334 Capsid inhibitor Assembly Biosciences =~ ASMB Phase |

Source: https://www.hepb.org/treatment-and-management/drug-watch/
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HBV Therapeutic Vaccines — Used to Stimulate the Immune System

VBI-2601 (BRII-179) Therapeutic vaccine

VVX001

GSK 3528869A
VTP-300
CVI-HBV-002

HB-400
(GS2829/GS6779)

ISA104

VRON-0200
CLB-3000
CARG-201
PRGN-2013

HBV vaccine

Source: https://www.hepb.org/treatment-and-management/drug-watch/

Therapeutic vaccine
Therapeutic vaccine
Therapeutic vaccine

Therapeutic vaccine

Therapeutic vaccine

Therapeutic vaccine

Therapeutic vaccine
Therapeutic vaccine
Therapeutic vaccine
Therapeutic vaccine

Therapeutic vaccine

VBI Vaccines

Viravaxx

GSK

Barinthus Biotherapeutics

Cha Vaccine Institute, S. Korea

HOOKIPA Pharma with Gilead

ISA Pharma, The Netherlands

Viron Therapeutics, USA
Clear B Therapeutics
CaroGen

Precigen

Astrivax, Belgium

VBIV
Private
GSK
BRNS

Private

GILD / HOOK

Private

Private
Private
Private
PGEN

Private

Phase I
Phase I
Phase I
Phase I

Phase I/

Phase |

Phase |

Phase |

Phase |

Preclinical

Preclinical

Preclinical
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Innate Immune System Activators in Development for HBV

Selgantolimod (GS9688) TLR-8 agonist Gilead Sciences GILD Phase II
Ruzotolimod (RG7854) TLR-7 agonist Roche RHHBY Phase Il
GSK 5251738 TLR-8 agonist Gilead GILD Phase |
PRTX007 TLR-7 agonist Bgrzm””e Therapeutics, iy ate Phase |

Source: https://www.hepb.org/treatment-and-management/drug-watch/
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Monoclonal Antibodies in Development for HBV - Neutralize or Bind the HBV
Proteins to Reduce Infection

VIR-3434 Monoclonal antibody Vir Biotech Phase I
Burfiralimab (IgG4) Monoclonal antibody :2; rrr;l;neMed, S Private Phase Il
BJT-778 Monoclonal antibody Sgi L0 T E e, Private Phase |
RG6449 Monoclonal antibody Roche RHHBY Phase |

Source: https://www.hepb.org/treatment-and-management/drug-watch/
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Additional HBV Drugs in Development — Checkpoint Inhibitors and
Immunotherapies

RG6084

AB-101

IMC-1109V

GSK 4388067A

GSK 3965193

AB359

BJT-628

Source: https://www.hepb.org/treatment-and-management/drug-watch/

PDL1 inhibitor
PDL1 inhibitor

T-cell Receptor

Targeted
immunotherapy
PAPD5/PAPD7
inhibitor

CD8 IL-2
immunotherapy

Small molecule

Roche

Arbutus

Immunocore

GSK

GSK

Asher Biotherapeutics, USA

Blue Jay Therapeutics, USA

RHHBY

ABUS

IMCR

GSK

GSK

Private

Private

Phase Il

Phase |

Phase |

Phase Il

Phase |

Preclinical

Preclinical
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Drug Combinations in Recent HBV Clinical Trials have Demonstrated Substantial
HBsAg Decline, However Only Bepi Demonstrates Meaningful HBsAg Loss

Drug class Drug Patients | Time on Efficacy Safety
therapy (wk)

ASO + NA

NA +/- CAM

SiRNA +/- NA

NTCP inhibitor +
Peg-IFN

NA + TLR agonist

NA + TLR agonist

NA + checkpoint
inhibitors

NA + checkpoint
inhibitors

NA + siRNA +/-
CAM

NAP + NA + Peg-
IEN

SiRNA + NA +/-
Peg-IFN

Source:https://www.ncbi.nIm.nih.gov/pmc/articles/PMC10354584/pdf/WJIG-29-3964.pdf

Bepirovirsen = NA

NA vs NA + IJNJ-6379

AB-729 vs NA + AB-
729

Bulevirtide + Peg-IFN
in

HDV-HBYV co-infection

NA + TLR7 agonist
(GS-9620)

NA + TLR8 agonist
(selgantolimod)

NA + PD-1 inhibitor
(nivolumab)

NA + PD-L1 inhibitor
(Menvafolimab)

NA + JNJ-3989
(SIRNA) +NA + INJ-
6379 (CAM)

REP2139 or REP 2165

+ NA + Peg-IEN

VIR 2218 (siRNA) +
NA
+/- Peg-IFN

232

90

162

48

12

48

117

40

80

12-24

24-48

48

24

24
1 dose (24
follow up)

24

48

48

24

HBsAg < LoQ in 28%-29% and HBsAg
loss in 9%-10% after 24 wk of EoT

HBsAg decline 0.25 log IU/mL vs.
0.41 log IU/mL

HBsAg decline 2.03 log IU/mL
monotherapy

HBsAg loss 26.7% in one arm vs. 0% in
the other

No changes in HBsAg

HBsAg loss 5% at week 48

HBsAg reduction 0.48 log IU/mL (HBsAg
loss in 5%)

HBsAg decline 0.38 log IU/mL (HBsAg
loss in 19%)

HBsAg decline 2.1 log IU/mL in double vs.

1.8 log IU/mL in triple combination

15 /18 HBsAg response > 1 log

HBsAg decline 2.03 log IU/mL in dual arm
vs. 2.55 log IU/mL in triple arm (HBsAg <
100 IU/mL in 95% and HBsAg < 10 IU/mL
in 55%)

Injection site reactions; few
cases of grade 3-4 ALT flares

No major AE

Injection site reactions; ALT
flares

Related to Peg-IFN; injection
site reactions

Some grade 3 AE with higher
doses (few treatment
discontinuations)

Mild and transient
gastrointestinal AE
No major AE

Grade 1 and 2 ALT flares

No major AE

Related to Peg-IFN

Related to Peg-IFN

GUGGENHEIM SECURITIES, LLC
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Chronic Hepatitis B Serology
-Understanding a Broad Unmet Need
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Hepatitis B Virus Life Cycle

The HBV genome is a relaxed-circular DNA
(rcDNA), which is converted into Attachment
covalently closed circular DNA (cccDNA) & Entry
in infected hepatocytes. cccDNA produce
HBV RNAs mainly of 3.5 Kb, 2.4 Kb, 2.1
Kb, or 0.7 Kb in size. Hbe is produced by
the translation of the 3.5 Kb preC mRNA.

HBV virion
(Dane particle)

SVP
(Filament)

T

HBV enters host cells through surface
receptors including heparan sulfate
proteoglycans (HSPGs).

cccDNA resides episomally, and functions as
a template for viral replication over the
long term, with a half-life of up to 9-
months in HBV patients.

HBV RNA can undergo capsid formation,
followed by reverse transcription and

DNA synthesis to form HBV virion 2.4/2.1 kb RNA

particles. These particles can be % Transcription s I Reverse
secreted from the host cell. @ Poiymerase A\Transcnptzon
[n) g Onn
5 LIAAAAAAA 3 J
PgRNA b
CYTOPLASM NUCLEUS A Capsid
» Formation

Secretion —" *

Source: https://pubmed.ncbi.nim.nih.gov/26776362/
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Genotypes of HBV — Genotypes A & B Most Responsive to Treatment

. . . Genotypes  Subtypes  Geographic location
Some patients with chronic Hep B have

widely fluctuating HBV-DNA levels that A Al Sub-Saharan Africa

may vary from undetectable to A2 Northern Europe

>2,000,000 IU/mL. Thus, serial A3 Western A frica

monitoring of HBV-DNA levels is B BI Japan

important. B2-5 East Asia, Taiwan, China,

Indonesia, Vietnam, Philippines

HBV exists in ten genotypes (A-J). B6 Alaska, Northern Canada, Greenland

Genotypes A-H are present in the US, C C1-3 Taiwan, China, Korea and Southeast Asia.

and A, B, and C are the most prevalent. ca Australia

ngotype A (vs B, C, D) is associated Cs Philippines, Vietnam

with greater rates of HBeAg and HBsAg D D15 Africa, Europe, Mediterranean

loss with IFN therapy. countries and India

) ) ) E Restricted to West Africa
HBV genqtype B IS- a§somated with more F Fl4 Central and South America
SUStal_ned remls_smn, less hepatic ) G France, Germany and the United States
necroinflammation, slower progression to .
. . H Central America . e
cirrhosis, and lower rate of HCC . Clinical significance of HBV genotypes
I Vietnam and Laos -
development vs. genotype C.
] Japan Geographical distribution
HBYV genotype: A and B genotypes are more A — Northwest Europe and North America
likely to achieve HBeAg and HBsAg loss B — SE Asia
with peg-IFN than non-A or non-B C — Far East
genotypes. [ — Mediterranean basin, India, Middle East

Spontaneous HBeAg seroconversion
B earlier than C
Activity of liver disease and risk of progression to cirthosis
C=B
Response to IFN
A better than D
B better than C

Source: https://pubmed.ncbi.nim.nih.gov/29405329/; https://www.natap.org/2003/oct/100203_1.htm; https://pubmed.ncbi.nim.nih.gov/23183198/
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Characteristics of Different Phases of Chronic Hepatitis B

CHB Stage Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
CHB Stage Immune tolerant Immune active Immune inactive Immune active Resolved CHB
(alternative (HBeAg-positive) (HBeAg-positive; (HBeAg-negative; HBeAg negative (HBeAg loss

nomenclature) immune reactive low replication (HBeAg-negative; phase)

phase) phase) reactivation phase)

Characteristics
HBsAg High High/intermediate  Low Intermediate Negative
HBeAg Positive Positive Negative Negative Negative
HBV DNA level >106-107 IlU/mL  >2x104 IU/mL <2,000 IU/mL >2,000 IU/mL Undetectable
ALT level Persistently Elevated Persistently Elevated Normal

normal normal
Histological None/minimal Moderate/severe  Minimal Moderate/severe  None
activity

Note: HBV DNA > 10% IU/mL per AASLD, >107 IU/mL per KASL and EASL

Guidelines recommend treatment of patients with cirrhosis and those with HBeAg-positive or HBeAg-negative
active disease.

Guidelines do not recommend routine treatment in the immune-tolerant phase. These patients are usually below
the age of 30-40 and at low risk of near-term liver cirrhosis or HCC, and current treatments rarely result in
functional cure.

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7641563/; https://pubmed.ncbi.nim.nih.gov/31713892/
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Characteristics of Different Antigens / Immune Response of Chronic Hepatitis B

| HBsAg HBeAg Anti-HBc Anti-HBe Anti-HBs HBV DNA

Acute infection +
Past infection - - s +/- + i
Occult HBV - - + - - +
Chronic HBV + + + - - +
Pre-core mutant + - + + - +
Healthy carrier + - + + - -
Memo HBsAg surface Envelop Ag Infected, Envelope Surface Viral DNA is
antigen = (HBeAgQ) = unknown antibody = antibody = marker of viral
current infectious timing recovery from immunity activity
infection acute
infection

* May be negative in acute infections where HBsAg is below LOD

Source: https://epi.dph.ncdhhs.gov/cd/Ihds/manuals/cd/conference/docs/HepatitisBSurveillanceandInvestigation. pdf
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Serology of Acute Infection Which Resolves

Relative Concentration

Source: https://epi.dph.ncdhhs.gov/cd/Ihds/manuals/cd/conference/docs/HepatitisBSurveillanceandInvestigation. pdf

Incubation Acute infection Early recovery Recovery
(412 weeks) (2 weeks to 3 months) (3-6 months)
(6-12 (years)
months)
| | Anti-HBc Total
|
| Symptoms | |
HBsAg Anti-HBs
-\
HBeAg i
/J\ Anti-HBe
HBV DNA
/ Anti-HBc IgM \
Time

GUGGENHEIM SECURITIES, LLC
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Serology of Chronic Infection With Persistent HBeAg

Chronic HBV Infection with Persistent HBeAg

W HBV DNA

B HBsAg
¥ HBeAg
B Total anti-HBc
M IgM anti-HBc

0 4 8 12 16 20 24 28 32 36
Weeks After Exposure Years

Titer

Source: https://epi.dph.ncdhhs.gov/cd/Ihds/manuals/cd/conference/docs/HepatitisBSurveillanceandInvestigation. pdf

See pages 106 - 107 for analyst certification and important disclosures. Page 54

GUGGENHEIM SECURITIES, LLC



BIOTECHNOLOGY

June 24, 2024

Incidence of HCC in High Risk Groups With HBV

Group Incidence of HCC (%/year)

Asian male; HBV > age 40 0.4-0.6

Asian female; HBV > age 50 0.3-0.6

HBV with HCC family history Higher than without family history
African/North American Blacks with HBV HCC occurs at younger age

HBV cirrhosis 3-8

HCV cirrhosis 3-5

Over 50% of HCC cases worldwide are related to chronic HBV, accounting for approximately 700,000 to 800,000
new cases of HCC annually

The annual incidence of HCC is estimated at less than 1% for non-cirrhotic patients and between 3-8% for
patients with cirrhosis

HCC risk associated with HBV is lower in the US vs. Asian-Pacific and sub-Saharan Africa

55% of all HCC cases worldwide stem from China

Source: https://www.ncbi.nIm.nih.gov/pmc/articles/PMC5401856/
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Comparison of HCC Risk in CHB Patients Treated with ETV vs. TDV

Males Males Total HCCin HCC in CirThosis Cirrhosis HbeAg HBVDNA . pv DNA
ETV TDF Patient L1V 1DF grv TpF Defore  before  Pos Baseline o celine TDF
Country M¢30 ETV TDF ETV ETV
Age (yr)
n(%) n(%) n(%) n%)n(%) n(%) n(%) n(%) n(%) n(%) ﬂ‘]‘/’ﬁl y (LogIU/mi)
arils Caucasian Spain 50213 139 805 o 187 (69) 3(L6) L 64(342) 133(314) o O 49124  38+23
NE P 12 (74.3) (7L9) (31) ©) (25) : ) 182) (158 “7F< Cx e
RN . South 484+ 889 913 1484 1413 102 499 758 694
NS Asian  porea 117 (59.9) (646) 20 (51.2) (487) 3802 75 @3e 1D 511) @goq 572l S4r2l
Jonggi . 488+ 965 692 1560 1141 39 935 853 641
Choifag) SN Korea 55 619) 60.6) 2°1 57.7) (@22) O3 34y (mog) 93072 547 me2) O 6.4
S . South 926 841 1583 1439 50 567 483 974 823 6.49(5.28
W‘Egjee Asian L rea AT 85) (38.4) 92 (523) @76 203 (35 (3582 (3356) (615 (57.1) 767) 041 (534,749
i 529+ 18,094 501 2804 1300 1386 3822 8317 721
Cheuk- . . 9+ , !
Fungvp Asan  China SLEE CoRl oel) 20850 1 o 00 B(06) 34 38QRY o0 geq) 53%22 4.9+27
661 (95.5)
Ingyoon . South 558 266 921 419 24 261

fape  Asan  olh 45 B0 oy 1390 57 ara) B2(89) 7, 259(28) 39(9.3) 488(53) (o 6.36 6.67
George

\Y

V. : 538 827 772 1163 166 110 233
zgogzgﬁ Caucasian Europe 52 + 14 (70)  (71) 1951 (39.5) (59.6) 50 (6.5) 93 (8) (21.5) 358 (30.8) 142)  (20) - -
[55]

HCC rates vary between 0.6% and 9.2% on NA therapy depending on ethnicity and underlying cirrhosis

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8878376/
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HBV Replication, ALT, and Fibrosis Status in HBsAg-positive Persons

Abnormal ALT

HBV DNA
Proportion of Proportion of Proportion of
people people with people with
with HBeAg >2,000 IU/mL >20,000 IU/mL
Americas 12.8% 12.9% 6.4%
Europe 13.7% 31.4% 13.3%
World Wide 17.7% 28.2% 10.1%

Proportion of HBsAg-positive patients with selected
stages of liver fibrosis

F4 (cirrhosis)

Americas 5% 6% 7.3%
Europe 37% 18% 14.2%
World Wide 21% 18% 9.5%

Source: https://pubmed.ncbi.nim.nih.gov/33197397/

Proportion of Proportion of
people with people with ALT
ALT>ULN >2 times ULN
34.7% 6.4%

54.9% 13.3%

30.8% 11.0%

Approximately 9% of HBsAg-positive
participants had cirrhosis, and 10% had
HBV DNA exceeding 20,000 IU/mL.
Around one third had raised ALT levels
on at least one occasion. Estimates of
treatment eligibility according to
guidelines varied between 12% - 25%.
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Current HBV Treatment Guidance
- Standard of Care Is Not Curative
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Treatment Is Primarily Based on the Combination of 3 Criteria: HBV DNA, Serum
ALT, and Severity of Liver Disease

EASL 2020 Guidelines

Should be treated
« Patients with HBeAg-positive or -negative chronic hepatitis B* I 1
« Patients with cirrhosis, any detectable HBV DNA, regardless of ALT level I 1

+ Patients with HBV DNA >20,000 IU/mL and ALT >2x ULN, regardless of severity of

histological lesions -2 1
May be treated
- Patients with HBeAg-positive chronic HBV infectiont 1l 2

>30 years old, regardless of severity of liver histological lesions

Can be treated
« Patients with HBeAg-positive or -negative chronic HBV infection and family history of HCC 0 2
or cirrhosis and extrahepatic manifestations+

*Defined by HBV DNA >2,000 1U/ml, ALT >ULN and/or at least moderate liver necroinflammation or fibrosis;
1Defined by persistently normal ALT and high HBV DNA levels;
TEven if typical treatment indications are not fulfilled

Grade of evidence: | — randomized controlled trial; 11-2 - Cohort or case-control analytical studies; Il - Opinions of respected authorities,

descriptive epidemiology
Grade of recommendation: 1 — Strong recommendation; 2 — Weaker recommendation

Source: EASL 2020 Guidelines
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Takeaways From the 2019 EASL-AASLD HBV Treatment Endpoints Conference

1. A *functional” cure is achievable and should be defined as sustained HBsAg loss (based on
assays with lower limit of detection [LLOD] ~0.05 IU/mL) in addition to undetectable HBY DNA
6 months post-treatment.

— Covalently closed circular (ccc) DNA is still present in the liver in very small amounts or in a
transcriptionally inactive state, and integrated HBV DNA is still present. Thus, HBV
reactivation can occur spontaneously or upon immunosuppression.

2. The primary endpoint of phase Il trials should be functional cure; HBsAg loss with or without anti-
HBs seroconversion 6 months after treatment, plus HBV DNA to undetectable levels.

-~ HBsAg loss in 215% of patients is deemed clinically significant by GSK.

3. Sustained virologic suppression (undetectable serum HBV DNA) without HBsAg loss 6 months
after discontinuation of treatment would be an intermediate goal.

4. Demonstrated validity for the prediction of sustained HBsAg loss was considered the most
appropriate criterion for the approval of new HBV assays to determine efficacy endpoints.

5. Clinical trials aimed at HBV functional cure should initially focus on patients with HBeAg-positive
or -negative chronic hepatitis, who are treatment-naive or virally suppressed on nucleos(t)ide
analogues.

6. A hepatitis flare associated with an increase in bilirubin or international normalized ratio should
prompt temporary or permanent cessation of an investigational treatment.

7. New treatments must be as safe as existing nucleos(t)ide analogues.

Source: https://pubmed.ncbi.nim.nih.gov/31713892/
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Efficacy of Approved First-Line Antiviral Therapies in Adults with HBeAg Negative
Treatment-Naive Chronic Hep B

HBeAg Negative Peg-IFN Entecavir Tenofovir Disoproxil | Tenofovir
Fumarate Alafenamide

% HBV-DNA 19 (<80 IU/mL) 90-91 (<50-60 93 (<60 IU/mL) 90 (<29 IU/mL)
suppression IU/mL)

(cutoff to define

HBV-DNA

suppression)

% Normalization ALT 59 78-88 76 81

% HBsAg loss 4 0-1 0 <1

Note: Not head-to-head comparisons

Current treatment options induce HBsAg loss (functional cure) in only 1-4% of HBeAg negative patients.

Source: https://pubmed.ncbi.nim.nih.gov/29405329/
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Efficacy of Approved First-Line Antiviral Therapies in Adults with HBeAg Positive
Treatment-Naive Chronic Hep B

HBeAg Positive Peg-IFN Entecavir Tenofovir Disoproxil | Tenofovir
Fumarate Alafenamide

% HBV-DNA 8-14 (<80 IU/mL) 61 (<50-60 IU/mL) 76 (<60 1U/mL) 73 (<29 IU/mL)
suppression
(cutoff to define

HBV-DNA

suppression)

% HBeAg loss 32-36 22-25 - 22
% HBeAg 29-36 21-22 21 18
seroconversion

% Normalization ALT 34-52 68-81 68 -
% HBSAg loss 2-7 4-5 8 1

Note: Not head-to-head comparisons

Current treatment options induce HBsAg loss (functional cure) in only 1-4% of HBeAg positive patients.

Source: https://pubmed.ncbi.nim.nih.gov/29405329/
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Comparison of PeglFN vs. NA Therapy

Features PeglFN ETV, TDF, TAF

Route of administration Subcutaneous injections Oral

Treatment duration 48 weeks Long-term until HBsAg loss
Tolerability Low High

Long-term safety concerns ;/ﬁ_rzergiﬂgrﬁir\zgtence el Probably not
% Many None

Induction of a long-term immune

SHEET control

Inhibition of viral replication

Level of viral suppression Moderate Universally high

Effect on HBeAg loss Moderate Low in first year, moderate over long term

Effect on HBsAg levels Variable Low

Low for those with sustained Moderate if consolidation treatment provided
response after HBeAg seroconversion. High for HBeAg-
6—12 months after therapy negative disease

Risk of relapse after
treatment cessation

Early stopping rules Yes No

Risk of viral resistance No Minimal to none

Source:EASL CPG HBV. J Hepatol 2017;67:370-98/ EASL HBV 2020 Report
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Framing Response to Treatment

Functional Cure

(Bepirovirsen and
Responses NA therapy PeglFNa therapy PBGENE-HBV)

Virological Response: HBV DNA <10 IU/ml Response: Functional cure is

HBV DNA <2,000 IU/ml achievable and should be
defined as sustained
HBsAg loss (based on

(on-treatment) | primary non-response: <1 log,, decrease

in HBV DNA after 3 months of therapy

Partial response: HBV DNA decreased by assays with lower limit of
>1 log,, but still detectable after 212 detection [LLOD] ~0.05
months of therapy in compliant patients IU/mL) in addition to
Breakthrough: confirmed HBV DNA undetectable HBV DNA
increase of >1 log,, above on-therapy nadir 6 months post-treatment
Virological Sustained response: HBV DNA <2,000 IU/ml for 212 months after end of therapy
(off-treatment)
Serological HBeAg loss and development of anti-HBe (for HBeAg positive patients)

HBsAg loss and development of anti-HBs

Biochemical ALT normalization (confirmed by ALT determination at least every 3 months for at least 1 year
post-treatment)

Histological Decrease in necroinflammatory activity without worsening in fibrosis compared with pre-treatment
histological findings

Source:EASL CPG HBV. J Hepatol 2017;67:370-98/ EASL HBV 2020 Report
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Time Course of Potential Viral Responses to NA Therapy

Primary non-response

<1 log,, drop after >1 log,, drop but detectable
3 months after 12 months

T 6 —
£ i
D 9 - :

S 4 Breakthrough |

(@)] ] . 1
o >1 log,, increase | |
Z 3 - above nadir |
Z :
0 2 v HBV DNA
5 1 e S PCR undetectable
L (<10 IU/ml)

0 [ N S B . B E—
0 1 2 3 4 5 6 .... 12 24

Duration of treatment (months)

Source:EASL CPG HBV. J Hepatol 2017;67:370-98/ EASL HBV 2020 Report
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Potential Outcomes in Patients with HBeAg-negative CHB After NA Treatment
Discontinuation

Potential outcome predictors

Age, time to undetectable HBY DNA, and duration of viral suppression under NA, HBsAg levels at NA baseline and NA
cessation, type of NA (TDF vs. ETV), HBV DNA levels during reactivation phase, re-treatment strategy, and HBV genotype

Treatment phase Lag-phase Reactivation phase Consolidation phase Long-term outcome
(=3 years) (variable (-3 months) (-12 months)
<1-12 months)

1

(Dutcame categories A-D )

i i | H Sy
[ Nucleos(t)ide analogue {NﬂD E"FD} Chronic hepatitis B requiring
i ; Risk of : gkre-traahnent (~40%)

sevara flara?

AN

HEV DNA r

i

{| C) Indeterminate state not

| fulfilling immediate retreatment
kcritaria (~10-20%)

AN

ErrB) Sustained virologic response
i| (true “healthy carrier” state)
Eki HBsAg level decline ~20-30%

AN

i A) HBsAg loss (~20% after 2-3
ékyears of follow-up)

Limit of HEV DNA detection

Time

Virologic relapse (HBV DNA >2,000 IU/mL and clinical relapse (HBV DNA >2,000 IU/mL and ALT >2x ULN) are common when NA
treatment is discontinued.

Source: https://pubmed.ncbi.nim.nih.gov/31713892/
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EASL Patient Monitoring Recommendations

Monitoring recommendations

ALT and serum HBV DNA
« All patients treated with NAs

Renal monitoring
« Patients at risk of renal disease treated with any NA
« All patients treated with TDF, regardless of renal risk

Switch to ETV or TAF
« Should be considered in patients on TDF at risk of development of, and/or with, underlying renal or
bone disease

Long-term surveillance recommendations

HCC surveillance recommended
« All patients under effective long-term NA therapy

HCC surveillance mandatory
« All patients with cirrhosis or with moderate or high HCC risk scores at the onset of NA therapy

Source:EASL CPG HBV. J Hepatol 2017;67:370-98/ EASL HBV 2020 Report
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Cessation Criteria for CHB Treatment

| KASL AASLD EASL APASL

HBeAg-Positive

HBeAg-Negative

2)

HBsAg loss

HBeAg loss or
seroconversion

with 12 months
consolidation plus
undetectable HBV

DNA 2)

1) HBsAg loss 1)

2)

HBeAg
seroconversion
with 12 months
consolidation plus
undetectable HBV
DNA

Treat until HBSAG
is lost

Indefinite
May be considered
after HBsAg loss

2)

1)

2)

HBsAg loss with or 1)
without anti-HB
seroconversion

HBeAg

seroconversion

with 12 months
consolidation plus 2)
undetectable HBV

DNA

HBsAg loss with or 1)
without

seroconversion 2)
May be considered
after > 3 years
virological

suppression after

NA therapy

HBeAg
seroconversion
with 12 months
consolidation
(preferably 3
years)

HBsAg loss or
seroconversion

HBsAg loss or
seroconversion
Undetectable HBV
DNA for at least 2
years on 3
separate
occasions, each 6
months apart

Note: KASL, Korean Association for the Study of the Liver; AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the
Study of the Liver; APASL, Asian-Pacific Association for the Study of the Liver
Note: In liver cirrhosis patients, indefinite treatment is generally recommended

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7641563/
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Recommendations for Treatment of Patients With HBeAg-Negative, Immune-
Active CHB

AASLD 2018 Hepatitis B Guidance

Patients with HBeAg-Negative, Inmune-Active Adults With Chronic Hepatitis B
AASLD recommends indefinite antiviral therapy for adults with HBeAg-negative, immune-active CHB
Antiviral therapy is not recommended for persons without cirrhosis who are HBeAg-negative with normal ALT
activity and low-level viremia (<2,000 U/mL; “inactive” CHB)

Source: https://pubmed.ncbi.nim.nih.gov/29405329/
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Recommendations for Treatment of Patients with Immune-Active Disease

AASLD 2018 Hepatitis B Guidance

Patients with Immune Active Disease
Antiviral therapy (peg-IFN, entecavir, or tenofovir) is recommended for adults with immune-active CHB (HBeAg-
negative or HBeAg-positive) to decrease the risk of liver-related complications
Note: Immune-active CHB is defined by an elevation of ALT =2x the ULN or evidence of significant
histologic disease plus elevated HBV DNA above 2,000 IU/mL (HBeAg-negative) or above 20,000 IU/mL
(HBeAg-positive)
Therapy is recommended for persons with immune-active CHB and cirrhosis if HBV DNA is >2,000 IU/mL,
regardless of ALT level
Head-to-head comparisons of antiviral therapies fail to show superiority of one therapy over another in achieving
risk reduction in liver-related complications
For patients treated with peg-IFN, 48 weeks’ duration is used in most studies and is preferred. This treatment
duration yields HBeAg seroconversion rates of 20%-31% and sustained off-treatment HBV-DNA suppression of
<2,000 IU/mL in 65% of persons who achieve HBeAg to anti-Hbe seroconversion. The combination of peg-IFN
has not yielded higher rates of off-treatment serological or virological responses and is not recommended
Treatment with antivirals does not eliminate the risk of HCC, and surveillance for HCC should continue in
persons who are at risk

Source: https://pubmed.ncbi.nim.nih.gov/29405329/
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Recommendations for Treatment of Patients with Immune-Tolerant Disease

AASLD 2018 Hepatitis B Guidance

Patients with Immune-Tolerant Adults With Chronic Hepatitis B
AASLD recommends against antiviral therapy for adults with immune-tolerant CHB
Note: Immune-tolerant status should be defined by ALT levels, utilizing 35 U/L for men and 25 U/L for women as
ULN rather than local laboratory ULN
ALT levels should be tested at least every 6 months for adults with immune tolerant CHB to monitor for potential
transition to immune-active or immune-inactive CHB
Antiviral therapy is recommended in adults >40 years of age with normal ALT and elevated HBV DNA (1,000,000
IU/mL) and liver biopsy specimen showing significant necroinflammation or fibrosis
Moderate-to-severe necroinflammation or fibrosis on a liver biopsy specimen is a reason to consider initiation of
antiviral therapy if other causes of liver disease are excluded

Source: https://pubmed.ncbi.nim.nih.gov/29405329/
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Treatment Flow Chart for HBsAg-Positive Persons Without Cirrhosis & HBeAg-
Positive

HBsAg-positive

HBeAg-positive

y L | \ 4

ALT <ULN ALT >ULN but <2XULN ALT <ULN
HBV DNA HBV DNA >20,000 > HBV DNA
>20,000 IU/mL IU/mL >20,000 IU/mL
Note: HBV DNA 2,000-
20,000 IU/mL may HBV DNA 2,000-20,000
represent IU/mL may represent
Seroconversion, so seroconversion, so
monitor every 1-3 monitor every 1-3
months and if persists months and if persists
for >6 months, treat for >6 months, treat

Recommendations:
Treat
Do not treat. Monitor with ALT and HBV DNA levels every 3-6 months and HBeAg every 6-12 months

Exclude other causes of ALT elevation and assess disease severity with non-invasive tests and/or liver biopsy. If staging
indicates =F2 or 2A3, treat. If other causes of ALT>ULN exclude and elevations persists, treat, especially if age >40

Source: https://pubmed.ncbi.nim.nih.gov/29405329/
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Treatment Flow Chart for HBsAg-Positive Persons Without Cirrhosis & HBeAg-
Negative

HBsAg-positive

HBeAg-negative

y \ 4

ALT <ULN ALT >ULN but <2XULN ALT <ULN
HBV DNA HBV DNA >2,000 R HBV DNA
>2.000 IU/mL : IU/mL >2 000 IU/mL
HBV DNA HBV DNA <2,000 HBV DNA <2,000
<2,000 IU/mL IU/mL lU/mL

Recommendations:

Treat

Do not treat. Monitor with ALT and HBV DNA levels every 3-6 months and HBsAg annually

If ALT <ULN, monitor ALT and HBV DNA every 3 months for 1 year, then every 6 months.
If ALT elevated, exclude other causes of ALT elevation and assess disease severity with non-invasive tests and/or liver
biopsy. If staging indicates 2F2 or 2A3, treat. If persistent ALT>ULN with HBV DNA =2000 IU/mL, treat, especially if age >40

Source: https://pubmed.ncbi.nim.nih.gov/29405329/
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Tenofovir alafenamide (TAF) vs. Tenofovir disoproxil fumarate (TDF) Change in
eGFR in HBV Patients

Median change from baseline in eGFR over 96 weeks
TAF 25 mg (n=866) vs. TDF 300 mg (n=432)

104 —— TAF
TDF

ol
|

—+ T 1T T TAF: -1.2
] p<0.001

TDF: -4.8

)
|

Median change from baseline,
ml/min (Q1, Q3)
o
§

N
3
|

24 48 72 96
Time (weeks)

TAF leads to an approximate -1.2% change in eGFR from baseline over 96 weeks vs. -4.8% change in eGFR from
baseline for TDF.

Source:Agarwal K, et al. J Hepatol 2018;68:672 81/ EASL HBV 2020 Report
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Tenofovir alafenamide (TAF) vs. Tenofovir disoproxil fumarate (TDF) Change in
BMD in HBV Patients

Median change from baseline in BMD over 96 weeks
TAF 25 mg (n=866) vs. TDF 300 mg (n=432)

Hip Spine
_ __TAF — TAF
D —
8 45 — TDF p<0.001 3 4, TPF p=0.80
E‘;E - H:
- T & |
[ N
D £0.15 T
[ ] o
o ] 033 — a0
3 57
£ ‘T Jp A pooot S | i
g -2 — .88 1 j-251 % 2 ch.ﬂm 2:..? o
@ 5 - o
5 . s 2.38
[y ] & -4_
s k
c -6 c 6

-8 =

24 - 48 72 96 8- 24 48 72 96
Time (weeks)

Time (weeks)

TAF leads to an approximate -0.33% change in hip BMD from baseline over 96 weeks vs. -2.51% change in spine
BMD from baseline for TDF.

Source:Agarwal K, et al. J Hepatol 2018;68:6721 81/ EASL HBV 2020 Report
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Partial Virological Response During CHB Treatment Definitions

_ KASL AASLD EASL APASL

Partial response Decreased but Plateau in the Decrease in HBV Reduction of serum
definition detectable level of  decline of HBV DNA  DNA level of more HBV DNA level >1
HBV DNA after at and/or failure to than 1 log,, lU/mL log IU/mL but still
least 48 weeks of achieve an but HBV DNA detectable at 24
therapy using high undetectable HBV remains detectable weeks of therapy
genetic barrier drugs  DNA level after 96 after at least 12
(24 weeks for low weeks of therapy months of therapy
genetic barrier
drugs)

Note: KASL, Korean Association for the Study of the Liver; AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the
Study of the Liver; APASL, Asian-Pacific Association for the Study of the Liver

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7641563/
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Assessment of ALT Elevations During CHB Treatment

ALT elevations represent a major concern in HBV drug development. Due to known elevated liver enzymes at
baseline, guidelines have proposed a new evaluation matrix based on baseline and post-treatment ALT levels.
Elevations associated with an increase in bilirubin, INR, or hepatic decompensation require discontinuation of
treatment.

Guidelines Stopping Criteria in HBV Patients with ALT Flares During Treatment

Baseline ALT Value Elevation During Treatment

1to < 2x ULN >5x from baseline and > 10x ULN
2x to less than 5x ULN >3x from baseline
= 5x ULN >2x from baseline

Source: https://pubmed.ncbi.nim.nih.gov/31713892/
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Prioritization of Patient Populations for Clinical Trials

- . : - . ; = High need and
High replication with inflammation: et walh

Immune active (IA) HBV and HDV from effective
therapy
= Easy to recruit Low replication, low | High replication; * Greatest dynamic range to
= Less safety issues inflammation: Inactive low inflammation assess treatment effect
T T AT o A, CHB and those on NA | (immune tolerant) * Modest need (but high
HBsAg loss therapy life-long impact)

* Beyond phase Il

Special populations:
cirrhosis, HIV, transplant,
children,

- Patients with immune-active CHB, high levels of HBV replication >20,000 IU/mL, and hepatic inflammation have
the greatest immediate need for treatment

- Patients with HBeAg-positive infection (immune tolerant phase), who have low risk of liver complications,
specifically if less than 30 years old, may benefit from a finite therapy with high rate of HBsAg loss. Most of this
group are without fibrosis, thus functional cure would likely prevent long-term liver complications

- Due to potential heterogeneity, consideration should be given to baseline HBsAg, HBV DNA or ALT levels,
HBeAg status, combination of treatments, and genotype stratification during trial design

Source: https://pubmed.ncbi.nim.nih.gov/31713892/
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Can siRNA + Immunomodulator Combos Match Bepi?
- Data from VIR, ROG-SWX and EASL 2024
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VIR: Utilizing Two Approaches with Potential for Achieving a Functional Cure (1/3)

— VIR-2218-1001 TRIAL MARCH TRIAL

0 0) 0
oo 5.6% 15.0% 14.3%

24w Tx (N=1 of 18) 2 2
HBsAg seroclearance HBsAg seroclearance HBsAg seroclearance
%
EQT after
48w Tx (N=8 of 31)

HBsAg seroclearance

24w Off Tx 16 1%

(Post-48w Tx) (N=5 of 31)

Sustained HBsAg loss
Vir's approach includes: Tobevibart (neutralizing mAb engineered for immune engagement) + Elebsiran (siRNA) with
or without Peg-IFN. Data indicate 3x increase in HBsAg seroclearance adding Tobevibart on top of elebsiran —

potentially implying immunoactivity components of the mAb.

Vir plants to update MARCH Trial data sets in Q4 2024 and Q2 2025, respectively.

Source: VIR Corporate Presentation
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VIR: mAb Immune Complex Generation may Enhance Immunostimulation (2/3)

mAb:antigen Immune complex Phagocytosis, Generation of 3 .
generation binding to FcRs on DC maturation and CD4 and CD8 T Tobevibart may contain natural
of immune dendritic cells (DCs) antigen presentation cells immunostimmatory properties
complexes . .
0 based on mAb:antigen immune
y :e=f | acivaing 00 complexes leading to
%__ Py 4 '.' =&, FcyRlla .
*‘l ’ J ;_,& PR o%oo LA generation of CD4 and CD8 T
Vaccinal Ve ° N . O OQO cells.
mAb .‘ inhibitory O Oo o
FC},R;ND activated DC
Available data suggests VIR-2218 (elebsiran; VR2218+PEGING' | VIR2218+VIR343a  VIR2218+VIR 3434
siRNA) combined with VIR-3434 (tobevibart; 24 Weeks 20 Weeks 24 Weeks <65 (LLOQ)
mADb) elicits a similar immune response vs. 1000- ~ bl
SsiRNA + Peg-IFN. The highest anti-HBs W >100

concentrations were observed in the 2
participants in the VIR-2218 + VIR-3434 +
PEG-IFNa cohort who maintained HBsAg loss
through 12 weeks post end of treatment.

= 1004

Anti-HBs Concentration (mlU/mL)
e

—
1

(I) 8 1|6 2:13I24IO4I8(I} 8 16 2432‘;fo86 8 16 24324048
Jala from the VIR-Z2Z1E-1001 study stl.ldv wee’k

Source: VIR Corporate Presentation
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VIR: Peg-IFN on Top of VIR-2218 (Elebsiran; siRNA) + VIR-3434 (Tobevibart; mAb) May
be Necessary to Drive Sustained Functional Cures Based on Preliminary Data (3/3)

VIR-2218 + VIR-3434
VIR-3434 VIR-2218 + VIR-3434 ‘
20 Weeks 20 Weeks + PEG-IFNa
n=10 n=20

24 Weeks

n=21

Per the company:

Participants (%)

At 12 weeks post-EOT, 2 participants
in the VIR-2218 + VIR-3434 + PEG-

20- IFNa cohort maintained HBsAg loss;
all other participants with HBsAg loss
0 g 95 at EOT experienced a rebound
Baseline EOT 12 Weeks Baseline EOT 12 Weeks Baseline EOT 12 Weeks
Post-EOT Post-EOT Post-EOT

HBsAg value W< 0.05IUMmL(LLOGQ) =005 -<10IU/mL W10 — <100 [U/mL =100 IWimL | Missing

EOT, end of ireatment, HBsAg, hegalitis B surtace antigen, LLOQ, lower il of guanlilaiion.

Source: VIR Corporate Presentation
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Roche: Primary Endpoint Results from the Phase 2, Randomized, Controlled, Adaptive,
Open-Label Platform Study (PIRANGA) (1/2)

PIRANGA Trial Design

Participants Treatment* Follow up*
- CHB infection 26 o Y
Treatment (EOT) Endpoint**
months
Baseline Wk 12 Wk24 Wk 36 Wk 48 FU Wk 24
* OnNUC (ETV or TDF N=30 Xalnesiran (100mg Q4W SC) + NUC

or TAF) monotherapy
for 212 months

« HBV DNA below the Xalnesiran (200mg Q4W SC) + NUC

LLOQ or <20 IU/mL Ruzsolimd

« ALT <1.5x ULN N=30 | Xalnesiran (200mg Q4W SC) + NUC

| N=30 |Xalnesiran (200mg Q4W SC) + NUC

Peg-IFN-a (180 pg QW SC)

 N=36 | NUCoontol

Roche examined the combination of Xalnesiran (HBV siRNA) plus immunomodulators, including:

1) Ruzotolimod (TLR7 agonist) - Double pro-drug selectively activated in the liver designed to stimulate cytokine
production and dendritic cell activation, or;

2) Peg-IFN — To inducer innate antiviral immune response.

The primary endpoint was percentage of participants with HBsAg loss at 24 weeks post end of treatment.

= Non-cirrhotic

Source:https://medically.roche.com/content/dam/pdmahub/restricted/oncology/apasl-2024/APASL-2024-presentation-hou-efficacy-and-safety-of-xalnesiran.pdf
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Roche: HBsAg Loss Observed only in Participants with Baseline HBsAg <1000
lU/mL (2/2)

HBsAg loss at EOT and through 48-week post- HBsAg seroconversion at EOT, and at follow-up weeks
treatment follow-up 24 and 48
30% S0% 30%
EOT ®MFUW24 ®FUWA48 & EOT mFUW24 mFUWA48
25% _— 2% 23%
@) (M 20%

20%

18%

15%

10%

6%

17% 17%
5% 2 B

®) s ®)
15%
12% 12%
10% s @ | @
7% 7% RS
@ B vy o
% 3% 3% 3% 3% 3% 3%
- v o oo [
@ G o o o [ o% 0% 0% % oo oo
0%

NA trol xalnesiran 100mg EEELCHIELFILITE xalnesiran 200mg EEEILETEL LT NA control
Cons9 + ruzotolimod + peg-FN-a
(n = 35) (n =30) (n=30) (n=34) (n=30) (n =35)

All participants with HBsAg loss had undetectable HBV RNA by 24 weeks post end of treatment.
HBsAg loss observed only in participants with baseline HBsAg <1000 IU/mL.
HBsAg seroconversion at 48 weeks post end of treatment included:
- n=5 xalnesiran+Peg-IFN
- n=2 xalnesiran+ruzotolimod
- n=1 xalnesiran 100mg
Roche’s siRNA appears to perform best in combination with Peg-IFN.

Participants with HBsAg loss, % (n)

3%

Participants with HBsAg seroconversion, % (n)

PELCHIELR LTI xalnesiran 200mg REILENELPLIIIEN - xalnesiran 200mg
+ ruzotolimod + peg-IFN-a
(n = 30) (n=30) (n=34) (n = 30)

Source:Roche EASL 2024 presentation
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PBGENE-HBV
- The Potential of Curative HBV Editing
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PBGENE-HBV’s Target Site Conserved Across >92% of Isolates Across

Genotypes

Precision’s ARCUS editor recognizes a highly
conserved sequence in cccDNA that is
present in greater than 92% of isolates
across genotypes.

Targeted sequence in integrated HBV DNA
(bp 1,259-1,280) is highly conserved
across viral variants.

ARCUS recognizes its target in the 23S rRNA
gene, eliminating cccDNA and
inactivating integrated HBV DNA to
produce durable antigen loss.

Source: DTIL AASLD 2023 Poster; DTIL Corporate Deck
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Final Optimized Clinical Candidate (PBGENE-HBV) Demonstrates Up to 99%

Viral Engagement

NHPs were administered AAVs containing
HBV cccDNA, with subsequent 2 doses
of PBGENE-HBV.

The optimized PBGENE-HBV ARCUS editor
resulted in 81% eliminated cccDNA and
18% indels of cccDNA, measured at day
90.

We anticipate PBGENE-HBV will be the first

gene editor tailored for multi-course
treatment in humans.

Source: DTIL Corporate Deck

2 Doses of PBGENE-HBV 42 Days Apart in NHPs
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Dual-Course PBGENE-HBYV Results in Transient ALT/AST Elevations
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DTIL examined the safety of dual-course PBGENE-
HBV in an NHP model. Transient ALT and AST
elevations were observed following LNP +/- ARCUS
administration, which returned to baseline
approximately 7 days after therapeutic administration.

Of note, there was no incremental ALT/AST elevation
following the second dose of LNP injection, suggesting
no memory-based immune response to ARCUS editors.

Source: https://precisionbiosciences.com/wp-content/uploads/2024/06/PBGENEHBV-EASL-2024-poster_final.pdf
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PBGENE-HBV Final Clinical Candidate Optimized for Enhanced Specificity

ARCUS-POL v.2 , ARCUS-POL v.3
30 4 & HBsag [ 100 0 - g 108
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ARCUS-POL v.3 editor maintains on-target potency and achieves no off-target editing
across 384 potential off-target sites. Prior generation ARCUS-POL v.2 demonstrated
considerably higher off-target editing.

Source: DTIL AASLD 2023 Poster
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In Episomal Mouse Model, PBGENE-HBV Resulted in 95% HBsAg Reduction

Final Clinical
Prior Candidate 200
Muclease ARCUS LNP —-a—FBS
000/ 95% o adminstration —e—ARCUS LNP 0.3 mg/kg
D _ H
viral @ 150 —e—ARCUS LNP 0.1 mg/kg
viral engagement o —8—-ARCUS LNP 0.03 mg/kg
engagement e —e—ARCUS LNP 0.01 mg/kg
(=]
S 100 --
C
o
=
o
£ 50
o
<T
u
o)
T g ——— & ey

D15 D22 D29 D36 D43 D49

Days post AAV Administration

PBGENE-HBV was administered at day 21 post AAV administration. Treatment demonstrated 95% viral
engagement (elimination and inactivation through indels) and 95% HBsAg reduction.

Source: DTIL Corporate Deck
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e
In Transgenic Mouse Model, PBGENE-HBV Resulted in Significant HBV DNA

Reduction

HBV DNA
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0 : :
U " .
; : —o—ARCUS 0.1 mg/kg (lower dose)
= :
0 3 .
- : -o-ARCUS 1 mg/kg (higher dose)
) : :
= - /@ ARCUS 1 mg/kg (higher dose) + NUC
=) : :
9 start NUC stop LLoQ=1.78

o >|

0 7 14 21 28 35 42
Days

PBGENE-HBV was administered twice, 14 days apart. Treatment durably reduced HBV DNA (as measured in
plasma) after stopping nucleos(t)ide analog.

Source: DTIL Corporate Deck
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Fully Optimized ARCUS-POL v.3 Durably Reduces HBV DNA, HBV RNA, and
HBsAg in Transgenic HBV Mouse Model

HBV DNA level in plasma HBV RNA level in plasma
71 1*dose 2" dose 51 1%'dose 2" dose
:; 6 : 3 : :
z : : a
S : 8
s :
gt el o i
: g =
1l ,E m
e 7 LLOG=208 g
7 w @& @ % & @ 7 % a1 % % o«
day post-first dose day post-first dose

HBsAg level in plasma

15t dose 2" dose

iy

- Saline
E . ~& V.3 LNP 0.1 mpk
2 i -+ v.3LNP 1 mpk
2} o V-3LNP 1 mpk+
ﬁ ETV 0.003 mpk
;w 2 ETV 0.003 mpk

ETV _ LLOG=1.78

o 7 14 21 28 35 42 49
day post-first dose

Mice were administered two doses of ARCUS-POL v.3 fourteen days apart or in combination with a 14-day
course of entecavir. HBV DNA and HBV RNA reached the LLOQ, and HBsAg trended toward the LLOQ.

Source: DTIL AASLD 2023 Poster
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Select Public and Private Chronic Hepatitis B Focused
Companies
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Arbutus Biopharma (ABUS): Complementary Mechanisms to Pursue an HBV

Cure

Wkﬂ\rbutus

BIOPHARMA
Select Members of Management Company Description
= CEO: Michael J. McElhaugh Leveraging the proven track record of success established with the
= CFO: David C. Hastings team's expertise in understanding and treating viral infections by
= CSO: Michael J. Sofia PhD discovering and developing a differentiated pipeline of therapies
= CMO: Karen Sims, MD, PhD targeting chronic HBV.

Pre-Clinical Phase 1 Phase 2 Phase 3 Marketed
§ Imdusiran (AB-729) cHBV
:

AB-101 cHBV

i
;

.

-]
=
=
o
=
-
-
o
[

Source: ABUS corporate presentation
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Aligos Therapeutics (ALGS): Building a Pipeline of Potentially Best-in-Class Drug
Candidates for Chronic Liver Diseases and Viral Infections

ALIGOS

THERAPEUTICS

Select Members of Management

= CEO: Lawrence M. Blatt, Ph.D.,
M.B.A.

= CFO: Lesley Ann Calhoun

= CSO: Julian Symons, D.Phil.

Company Description
Aligos is building a pipeline of potentially best-in-class drug candidates.
These drug candidates target multiple clinically validated mechanisms
of action and are designed to become transformative treatment
options for MASH and viral diseases.

Candidate Indication 2024 Clinical Trial Timelines and Data Readouts

THR-B Phase 2a Topline data -
ALG-055009 Agonist (12 week MRI-PDFF in MASH) :
MASH
Oligonucleotide . SRR e
(including €» MERCK) Undisclosed Preclinical Activities
Phase 1b (Dosing x < 96 Weeks), Phase 2 Enabling Activities
ALG-000184 CHB CAM-E < e e
APASL EASL AASLD
ALG-097558 Covid-19* Protease Phase 2 Enabling Activities (Clinical, Nonclinical)

Inhibitor FIH Topline Data i

Source: ALGS corporate presentation

GUGGENHEIM SECURITIES, LLC See pages 106 - 107 for analyst certification and important disclosures. Page 95



BIOTECHNOLOGY

June 24, 2024

Assembly Bio (ASMB): Focused on Transforming Treatment of Serious Viral
Diseases

O assemblybio

Select Members of Management Company Description

= CEO: Jason Okazaki Assembly’s pipeline includes a clinical-stage therapeutic candidate for
= CSO: William Delaney, PhD the treatment of chronic HBV and development candidates for the
=  CMO: Anuj Gaggar, MD, PhD treatment of high-recurrence genital herpes and chronic HDV.

DEVELOPMENT

Lead IND

Long Acting HPIs

High-recurrence genital herpes ABI-TI79 Gilead contributed program
NNPIs
. m Assembly and Gilead combined program
Transplant-associated

herpesviruses

CAM
Hepatitis B {

Entry Inhibitor B

e ABI-6250
Hepatitis D 9 i -l
IFNAR Agonist N
e A
Hepatitis B& D : -
HPI: Helicase-primase inhibitor; NNPL: Mon-nucleoside polymerase inhibitor; CAM: Capsid assembly modulator; IFNAR: Interferon-a receptor

Source: ENTA corporate presentation
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HOOKIPA Pharma (HOOK): Leveraging Modular Arenavirus Platform to Develop
Product Candidates for Multiple Cancers and Infectious Diseases

FHARMA

HOOKIPA ).

Select Members of Management

= CEO: Joern Aldag

= CFO: Reinhard Kandera
= CSO: Klaus Orlinger

= COO: Roman Necina

Company Description
HOOKIPA Pharma Inc. is a clinical-stage biopharmaceutical company
focused on developing novel immunotherapies to fight cancer and
chronic infectious disease.

INDICATION
HB-200 HPV16+ HNSCC
HB-T00 "~ KRAS tumors
HB-400 HBV
HB-500 HIV

Source: HOOK corporate presentation

PRECLINICAL PHASE 1 PHASE 2 PHASE 2

1L Pembrolizumab Combination Planned randomized trial 2024

IND 1H 2024
Preclinical data 1H 2024

GUGGENHEIM SECURITIES, LLC
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Patients with Chronic Hepatitis B

v
#2A PRECISION

Select Members of Management
= CEO: Michael Amoroso

= CFO: Alex Kelly

= CRO: Jeff Smith, Ph.D.

Precision BioSciences is a clinical stage biotechnology company
dedicated to improving life with its novel and proprietary ARCUS

Company Description

genome editing platform.

EDIT TYPE / T

PBGENE-HBV Chronic hepatitis B Liver Elimination/LNP _

- m3243 primary mitochondrial e _ "
PBGENE-PMM oy Muscle PMM  Elimination/AAV ‘Q
PBGENE-DMD Duchenne muscular dystrophy Muscle DMD Excision/AAV _ 'lﬁ

Returning to
PBGENE-LIVER Undisclosed L I /' it ﬂ
- ndisclose iver — nsertion/— _
Under &
Assessment
PBGENE-CNS  Undisclosed os - - t@
[ECURE-OTCe | e transordoesyle Liver oc  msertion/anv (D ECUYRE
deficiency S
PBGENE-Nvs  ickle cell disease/ HSCs = msertion/— [ NOVARTIS

beta thalassemia

*i{ECURE-OTC also named ECUR-506 under investigation in the OTC-HOPE study

Source: DTIL corporate presentation
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Vector and Synthetic Platform Technologies

June 24, 2024

Barinthus Biotherapeutics (BRNS): Harnessing its Range of Proprietary Viral

z:BARINTHUS

Select Members of Management
= CEO: Bill Enright

= CFO: Gemma Brown

= CSO: Dr. Nadéege Pelletier

Company Description

cancer.

Barinthus Biotherapeutics is a clinical-stage biopharmaceutical company
developing novel T cell immunotherapeutics that guide the immune
system to overcome chronic infectious diseases, autoimmunity and

| Product

Status/Anticipated Upcomin
Therapeutic For Preclinical Phase 1 Phase 2 P P o

| candidate®

VTP-300
& ©
Infectious Disease
Programs
VTP-200
> @

Autoimmune Programs VTP-1000

Cancer VTP-800/850
Programs @

Product Candidate

Milestones

Chronic Hepatitis B _ Phase 2b & Phase 2a interim analysis
Virus (HBV) infection (Q2 2024)

Persistent Human

rapitomavices ev) [ Phase 1572 complet, snalyss ongaing

Infection

cscdenss IR P 1 oo (332004

Prostate cancer Phase 1/2 futility data (2025)

Barinthus Bio = Status/Anticipated

Preclinical Phase 1 Phase 2 Phase 3 Marketed

Rights Upcoming Milestones

NSCLC/Squamous

Cancer

VTP-500

MERS
&1
Prophylactic
Programs
VTP_'M)D Zoster
& oa g f P

Source: BRNS corporate presentation

Esophageal cancer . w .

VTP-600 therapeutic in e orldwide 1, e 1/2a ongoing
Programs pr CANCER (76% of Sub.)

combo. with checkpoint - = O

inhibitor + chemo

. e — Worldwide  nitation of Phase 2

CEPI
p— Worldwide 5 onocing
(excl. China)
@ ChAdOx only D Existing human clinical data > Near-term proof-of-concept readout

T

GUGGENHEIM SECURITIES, LLC
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Bluejay Therapeutics (Private): Lead Program, BJT-778, is a Best-in-Class mADb
Against Hepatitis B Surface Antigen (anti-HBsAg mAD)

~
Bluejay

Select Members of Management Company Description
= CEO: Keting Chu Bluejay is discovering life-changing medicines and cures for people with
= CSO: Dr. Hassan Javanbakht viral and liver diseases, starting with chronic Hepatitis B and chronic
=  CMO: Nancy Shulman Hepatitis D.

Preclinical IND Enabling Phase 1a/1b Phase 2a

VIRAL DISEASE PROGRAMS

o [ [ —
HDV

BJT-778
HBV

cavmerotiv . e I N
HBV

BJT-628

Liver-targeted HBV
Transcript Inhibitor

IMMUNOMODULATOR
HBV

LIVER DISEASE PROGRAMS
LIVER DISEASE
Target Undisclosed -

LIVER DISEASE

Target Undisclosed

Source: Bluejay Therapeutics corporate website
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Replicor (Private): Clinical-Stage Biopharmaceutical Company Developing Nucleic Acid
Polymers (NAPs)

(©)replicor

Select Members of Management

« CEO/CMO: Michel Bazinet, .
M.D Company Description

. CSO: Andrew Vaillant, Ph.D. Replicor has fogused its efforts on develop.lng _a cure for.HBV and HDV
.. . ) : with REP 2139-based combination therapies.
= VP Administration: Léo Bazinet,

B.AA.

Phase Il clinical study timeline

Additional therapy

Product Indication AR Status
In combination
. : = , REP 301 study
REP 2139-Ca* (IV) Hepatitis B/ D peglFN 7 year follow up complete Q1 2023
REP 2139-Mg (IV) ' s N REP 401 study
+ REP 2 L Hopatitis B i i 5 year follow up complete Q1 2023
- : ] Replicor compassionate access program
L PR TR peglFN | bulevirtide / lonafamib failure
REP 2139.'“9 (SC) mmm B/D s ” el oo / compensated and decompensated cirrhosis
Em— - 1 J (26/36 patients enrolled as of Jan 2023)
t : " Planned enroliment Q1 2024
REP 2139-Mg (SC) Hepatitis B NUC +/- pagiFh (France /| USA)
o < : Planned enroliment Q1 2024
REP 2139-Mg (SC) Hepatitis B / D NUC /- peglFN A (France / USA)

. . *retired formulations
Source: Replicor corporate website
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..
Viravaxx (Private): Preventive and Therapeutic Vaccines and Diagnostics for Hepatitis B, SARS-
CoV-2, HIV, RSV and Rhinovirus

viravaxX
Company Description
Viravaxx AG is a privately held company based in Vienna, Austria, with a
Select Members of Management flagship vaccine against Hepatitis B. The newly developed vaccine is
= CEO: Dr. Walter Baumann a step towards the therapeutic as well as prophylactic use of
vaccination against chronic Hepatitis B. The vaccine has already been
tested successfully in clinical studies.

NEW VACCINES AND DIAGNOSTICS

Preclinical Clinical studies Clinical studies

Hepatitis B

SARS-CoV/-2

HIV

RSV

‘1l

Rhinovirus

Source: Viravaxx corporate website
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Virion Therapeutics (Private): T Cell-Based Immunotherapies for Cancer and
Infectious Diseases

VIRION

THERAFEUTICS

Select Members of Management

Pharm.D.

» CEO: Andrew D. Luber,

» COO: Sue Currie, Ph.D.
» CTO: Paula MacDonald

Company Description

Virion Therapeutics is a clinical-stage company developing novel T cell-
based immunotherapies for cancer and chronic infectious diseases,
utilizing genetically encoded checkpoint modifiers (CPM) to enhance
and broaden CD8+ T cell responses to a tumor or chronic infection.

Candidate

VRON-0300

VRON-0100

Discovery

Discovery

Indication

Chronic HBV

Advanced
solid tumors
HPV-

associated
cancer

Multiple

Multiple

Source: Viron Therapeutcs corporate website

ChiVax“=-gD

ChiVax™-gD

Chivax™-gD

Novel gCPM

New Vectors
& Platforms

Discovery

Preclinical IND-enabling Phase 1

Prioritizing
VRON-0300 program

Anticipated
Milestones

Now
enrolling

Phase 1b
Q2 2024

GUGGENHEIM SECURITIES, LLC
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ClearB Therapeutics (Private): Engineered Bionanoparticles (BNPs) of Hepatitis

B Surface Antigen (HBsAQ) Delivering Clearance Epitope Target Inserts

.
-
-

THERAPEUTICS "™

Select Members of Management
= CEO: Aileen Rubio, PhD

= CTO: Bharat Dixit, PhD

= CMO: Chris Stevens, MD

Company Description
ClearB is working to develop therapeutic vaccines designed to redirect
patients’ immune systems toward functional cure of Hepatitis B.

Trial registered on ANZCTR

Registration number @ ACTRN12623000841673
Ethics application status @ Approved
Date submitted @) 14/07/2023
Date registered @) 4/08/2023
Date last updated @) 1/11/2023
Date data sharing statement 4/08/2023
initially provided
Type of registration @) Prospectively registered
Titles & IDs
Public title Study to Evaluate the Safety. Tolerability. Immunogenicity and Antiviral Activity of Multiple Doses of CLB-
3000 in participants with Chronic Hepatitis B
Scientific title An Open-Label Phase 1b Study Evaluating the Safety. Tolerability, Immunogenicity and Antiviral Activity of
Multiple Doses of CLB-3000 in Subjects with Chronic Hepatitis B
Secondary ID [1] CLB-3000-1-001
Universal Trial Number (UTN)
Trial acronym
Linked study record

Source: ClearB corporate website
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CaroGen (Private): Immunotherapy Company Employing a Virus-Like Vesicle
(VLV) Platform Technology

C

CaroGen Corporation
Select Members of Management Company Description
= CEO: Bijan Almassian, PhD CaroGen is creating a wave of potentially transformative, first-in-class
= CSO: Valerian Nakaar, PhD iImmunotherapeutics designed to engage the body's immune system
= CMO: Deborah Church, MD to both recognize and fight off infectious diseases and cancer.

Compound Discovery Lead optimization IND Enabling Collaborations

Yale University

CARG - 201

WAYNE STATE

UMIVERSITY

CARG - 2020
(Skin, Colorectal UCONN

Breast Cancer) HEALTH

2

BROWN

Source: CaroGen corporate website
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ANALYST CERTIFICATION

By issuing this research report, each Guggenheim Securities, LLC ("Guggenheim Securities") research analyst whose name appears in this report
hereby certifies that (i) all of the views expressed in this report accurately reflect the research analyst's personal views about any and all of the subject
securities or issuers discussed herein and (ii) no part of the research analyst's compensation was, is, or will be directly or indirectly related to the specific
recommendations or views expressed by the research analyst.

IMPORTANT DISCLOSURES

The research analyst(s) whose name(s) appear(s) in this report have received compensation based upon various factors, including quality of research,
investor client feedback, and Guggenheim Securities, LLC's overall revenue, which includes investment banking revenue.

Please refer to this website for company-specific disclosures referenced in this report: https://guggenheimsecurities.bluematrix.com/sellside/
Disclosures.action. Disclosure information is also available from Compliance, 330 Madison Avenue, New York, NY 10017.

RATINGS EXPLANATION AND GUIDELINES
BUY (B) - Describes stocks that we expect to provide a total return (price appreciation plus yield) of 10% or more within a 12-month period.

NEUTRAL (N) - Describes stocks that we expect to provide a total return (price appreciation plus yield) of between plus 10% and minus 10% within a
12-month period.

SELL (S) - Describes stocks that we expect to provide a total negative return (price appreciation plus yield) of 10% or more within a 12-month period.

NR - The investment rating and price target have been temporarily suspended. Such suspensions are in compliance with applicable regulations and/or
Guggenheim Securities, LLC policies.

CS - Coverage Suspended. Guggenheim Securities, LLC has suspended coverage of this company.
NC - Not covered. Guggenheim Securities, LLC does not cover this company.

Monitor - Describes stocks whose company fundamentals and financials are being monitored, and for which no financial projections or opinions on the
investment merits of the company are provided.

Under Review (UR) - Following the release of significant news from this company, the rating has been temporarily placed under review until sufficient
information has been obtained and assessed by the analyst.

Guggenheim Securities, LLC methodology for assigning ratings may include the following: market capitalization, maturity, growth/value, volatility and
expected total return over the next 12 months. The price targets are based on several methodologies, which may include, but are not restricted to, analyses
of market risk, growth rate, revenue stream, discounted cash flow (DCF), EBITDA, EPS, cash flow (CF), free cash flow (FCF), EV/EBITDA, P/E, PE/growth,
P/CF, P/FCF, premium (discount)/average group EV/EBITDA, premium (discount)/average group P/E, sum of the parts, net asset value, dividend returns,
and return on equity (ROE) over the next 12 months.

Price targets are assigned for Buy- and Sell-rated stocks. Price targets for Neutral-rated stocks are provided at the discretion of the analyst.
Equity Valuation and Risks: For valuation methodology and risks associated with covered companies or price targets for covered companies, please

see the most recent company-specific research report at https://guggenheimlibrary.bluematrix.com/client/library.jsp, contact the primary analyst or your
Guggenheim Securities, LLC representative, or email GSResearchDisclosures@guggenheimpartners.com.

RATINGS DISTRIBUTIONS FOR GUGGENHEIM SECURITIES:

IB Serv./ Past 12Mos.

Rating Category Count Percent Count Percent
BUY 259 68.16% 52 20.08%
HOLD 114 30.00% 5 4.39%
SELL 7 1.84% 0 0.00%

Guggenheim Securities Research assigns Buy, Neutral, Sell ratings for covered securities. Such assignments equate to Buy, Hold and Sell for the purposes
of the above Rating Distribution Disclosure required by FINRA Rule 2241.

OTHER DISCLOSURES

This research is for our clients and prospective clients only. This research was prepared by personnel who are associated with both Guggenheim Securities,
LLC (a FINRA-registered broker-dealer, “Guggenheim Securities”) and Guggenheim Securities Research Services, LLC (an investment adviser, “GSRS,”
and together with Guggenheim Securities, “Guggenheim”). If you are paying separately for this research, it is being provided to you by GSRS. Otherwise, it
is being provided by Guggenheim Securities. Guggenheim does not create tailored or personalized research and all research provided by Guggenheim is
impersonal advice. Other than disclosures relating to Guggenheim and our affiliates, this research is based on current public information that we consider
reliable, but we do not represent it is accurate or complete, and it should not be relied on as such. We seek to update our research as appropriate, but
various regulations may prevent us from doing so. Other than certain industry reports published on a periodic basis, the large majority of reports are
published at irregular intervals as appropriate in the research analyst's judgement. Guggenheim Securities conducts a full-service, integrated investment
banking and brokerage business. Guggenheim Securities is a member of SIPC (http://www.sipc.org). Guggenheim Securities' salespeople, traders, and
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other professionals may provide oral or written market commentary or trading strategies to Guggenheim Securities' clients and our employees trading for
our own account that reflect opinions that are contrary to the opinions expressed in this research. Guggenheim and certain of our affiliates conduct an
investment management business, trade for their own accounts, and may make investment decisions that are inconsistent with the recommendations or
views expressed in this research.

We and our affiliates, officers, directors, and employees, excluding equity and credit analysts, will from time to time have long or short positions in, act as
principal in, and buy or sell, the securities or derivatives, if any, referred to in this research. We and our affiliates also may sell to or buy from customers on a
principal basis the securities described herein. We and our affiliates also do business with, or that relates to, companies covered in Guggenheim research
and may have a position in the debt of the company or companies discussed herein.

This research is not an offer to sell or the solicitation of an offer to buy any security. It does not constitute a personal recommendation or take into account
the particular investment objectives, financial situations, or needs of individual clients. Clients should consider whether any advice or recommendation
in this research is suitable for their particular circumstances and, if appropriate, seek professional advice, including tax advice. The price and value of
investments referred to in this research and the income from them will fluctuate. Past performance is not a guide to future performance, future returns are
not guaranteed, and a loss of original capital may occur. Fluctuations in exchange rates could have adverse effects on the value or price of, or income
derived from, certain investments.

This communication does not constitute an offer of Shares to the public in the United Kingdom. No prospectus has been or will be approved in the United
Kingdom in respect of the Securities. Consequently, this communication is directed only at (i) persons who are outside the United Kingdom or (ii) persons
who have professional experience in matters relating to investments falling within Article 19(5) of the Financial Services and Markets Act 2000 (Financial
Promotion) Order 2005 (the “Order”), (iii) high net worth entities falling within Article 49(2) of the Order (iv) and other persons to whom it may lawfully be
communicated (all such persons together being referred to as “relevant persons”). Any investment activity to which this communication relates will only be
available to, and will only be engaged with, relevant persons. Any person who is not a relevant person, or otherwise in a territory where it is not intended
to, or may not, be distributed, should not act or rely on this document or any of its contents.

Copyright © 2024 by Guggenheim Securities, LLC, a FINRA registered broker-dealer, and by Guggenheim Securities Research Services, LLC, an
investment adviser (together with, Guggenheim Securities, LLC, “Guggenheim”). All rights reserved. The content of this report is based upon information
obtained from sources that Guggenheim generally considers reliable, but Guggenheim makes no representations or warranties with respect to its accuracy,
completeness, timeliness, suitability or otherwise, and assumes no responsibility to update it for subsequent events or knowledge. Guggenheim is not
responsible for your use of this information.
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