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Influenza

Increased risk for severe disease and complication in
* Pregnant women
« Children <5 years
* Older adults
* Immunosuppressive conditions
Seasonal epidemic (Winter)
» 1 billion infections/year worldwide
» 3-5 million severe cases
« 300,000 - 650,000 deaths/year

Vaccination remains the most effective way of preventing disease
» Effectiveness is low: 60% to as low as 10%
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Runny nose.

Headache.

Sore throat.

Nasal congestion.
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Fever (most common
in children).
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Influenza types A,B,C & D

Influenza A causes disease and pandemics

Subtyping based on Hemagglutin & Neuramidase (H1N1, H3N1, H5N1,...)
* Influenza B causes disease

- 2 lineages: Victoria & Yamagata

Influenza C & D less important for human disease
Antigenic drift decreases Vaccine Effectiveness
« Mutations in HA and NA genes
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Neuraminidase

Immunosenescence decrease immunogenicity
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« Ageing causes an ‘exhausted’ immune system

» Vaccine-induced immune responses are less adequate
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Influenza Vaccines in use & in development

Live attenuated

Licensed Vaccines

« Tetravalent (4
influenza types)

» Inactivated split most
used in Belgium
Vaccines in development
« mRNA
» Nanoparticles

Inactivated: Split
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Inactivated: Sub-Virion
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Lucas J. Kerstetter. "Adenoviral Vectors as Vaccines for Emerging Avian Influenza Viruses (2021)

cell response

Adenoviral Vectors

Recombinant HA Protein

e

VLPs and Nanoparticles

Nucleic Acid: DNA or RNA
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Adjuvants

An adjuvant is any substance (or a mixture of
substances) that enhances the immune
response to an antigen with which it is mixed

» Increased immunogenicity for OA
» Dose-sparing

Only 7 adjuvants are licensed for human use
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Dose sparing

(use less antigen,
increase global
vaccine supply)

number of

vaccines

(overcome immune
senescence)

§ Thérapeutié "

Debbie Maizels
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Litevax Adjuvant / CMS
* CMS: fully synthetic molecule, organic synthesis

- Carbohydrate fatty acid Mono Sulphate ester (CMS) is the
active ingredient of LiteVax Adjuvant (LVA)

* LVA: formulated CMS; oil-in-water emulsion (e
- Aqueous solution, ready-for-use |
- Ingredients: CMS, synthetic squalane, Polysorbate 80, PBS
- No preservatives, sterile emulsion
- Storage 2-8 °C, up to 25 °C possible
- Stable emulsion: GMP batch >2 years, ongoing

- Use for single dose vaccines
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Litevax Adjuvant / CMS
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Immunogenicity TETRAYE in ferrets

HI antibody titres to 3 pg of seasonal flu vaccine (PV1)
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Litevax Adjuvant / CMS
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Mode of action

O/W emulsions (MF59, AS03, GLA-SE)

No TLR4-activation; receptor not known
Strong G-CSF, KC, IL-5, IL-6 (mice)
Increased WBCs: neurophils & monocytes

Muscle & dLN: clustering
DC/lymphocytes/macrophages

In vitro: DC activation; CD80/CD86 upregulation

Many unknows, role of CMS
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TETRATE - 1

First-in-human trial in which a single intramuscular injection with TETRA'TE containing 1/5th of the standard
dose of VaxigripTetra® plus 2 or 0.5 mg of LiteVax Adjuvant (LVA) was tested in healthy adult volunteers and
compared with a normal dose of VaxigripTetra® without adjuvant

Empty Antigen Diluent Adjuvant Vaccine
VaxigripTetra (season 2022-2023)  vial  Vaxigrip Tetra prefilled syringe saline 0.9% Nal Vial with 1.2 mL of 20 mg/mL 0.5 mL
. A/H1 N1 0.5 mL contains 4x 15 pg HA Per injection
- x
 A/H3N2 = LR :

Ly ) .

% A,-'.‘

] Tola @Ml 0.5 mL Vaxigrip Tetra —— . _ , M 0.5 mL vaccine
Direct injection using the prefilled syringe 15ugHA + 0 mg LVA

— s 0.5 mL vaccine
Cohort 2. EeERNRYYT- GRS 1.75 mL 0.9% NacCl 0.5 mL LVA 3 1 HA - g LVA

« B/Victoria
« B/Yamagata

.
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Primary

To evaluate safety and tolerability of a single administration of TETRALITE (3 ug VaxigripTetra + 0.5 mg or 2 mg
adjuvant) versus 15 ug VaxigripTetra without adjuvant in healthy participants (18-50 years).

Secondary

To evaluate the humoral immune responses of a single administration of TETRALITE (3 pug VaxigripTetra + 0.5
mg or 2 mg adjuvant) versus 15 pg VaxigripTetra without adjuvant in healthy participants (18-50 years).

Exploratory

To evaluate the cellular (T cell) immune responses of a single administration of TETRALITE (3 ug VaxigripTetra
+ 0.5 mg or 2 mg adjuvant) versus 15 ug Vaxigrip Tetra without adjuvant in healthy participants (18-50 years).
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Study Design

Randomized, active-controlled, double-blind, single-center, first-in-human Phase 1 trial

3 Cohorts

. Cohort 1: 15 ug VaxigripTetra (commercial vaccine) = control vaccine
. Cohort 2: 3 ug VaxigripTetra + 2 mg LVA
. Cohort 3: 3 pug VaxigripTetra + 0.5 mg LVA

Staggered design & Sentinel participants for safety
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Study Design

Total
N=60 Screening
3 cohorts up to 21 days f
R | | vi PHONE FU v2 V3 va
H Day1 Day 4 Day 8 Day 29 Day 181
I
I
Y : s LVA
w 1 3 Sentlnel Coho'f 2: TETRAUTE img
N=30 e
e participants P —
Cohort 2 P < Control (Vaxigri,
e pa 21 random:zatton' 'grip Tetra with no Lva ) . ;
! Solicited local & systemic AEs
I I ]
+72h surveillance i : Unsolicited AEs ! ;
investigator/sponsor review | ) SAEs, pIMDs & AESIs !
I
|
G:t?'?tm::s Same schedule ;
participa i
2:1 randomization
+72h surveillance i
investigator/sponsor review :
rt'2'1 e Same schedule, except no PHONE FU (Day 4) :
participa |
2:1 randomizab‘on'
I
DSMB evaluation of the 7-day post-vaccination safety data (N = 30)
]
I
i Same schedule
! VA |
- | uegmg L |
Shge_ - 3 sentinel cohort 3: TETRA
N= :: ; participants = Same schedule ;
2-1wm ndhuomt A 2:1 mndomizaﬁonl ort 1: Control (Vaxigrip Tetra with no LVA) '
+72h surveillance !
investigator/sponsor review :
pgjt?(;z:::S Same schedule i
U Z 2:1 randomization
1
#72h surveillance !
G E N T investigator/sponsor review :
_2.1 Same schedule, except no PHONE FU (Day 4)
participants |

2:1 randomization
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Study Population

N = 60 participants
N =20 per cohort

Healthy adults
. No active disease/medication
. No seasonal influenza vaccine 6 months prior
. No other vaccines 1 month prior

Participants screened

N =96

A

Participants vaccinated

N = 60

\d

Participants Excluded

« Screen failed: N = 17

«  Maximum number randomized: N = 19

18 — 50 years of age

v

A

A 4

VaxigripTetra (15ug)
N =20

VaxigripTetra (3pg) + 0.5mg LVA
N =20

VaxigripTetra (3pg) + 2mg LVA
N =20

v

Lost to Follow up
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VaxigripTetra (15ug) VaxigripTetra (3ug) + VaxigripTetra (3ug) + Total
0.5 mg CMS 2 mg CMS
(N=20) (N=20) (N=20) (N=60)
39.8 (9.8) 38.9 (10.0) 34.1 (10.0) 37.6 (10.1)
Female 12 (60.0%) 14 (70.0%) 16 (80.0%) 42 (70.0%)
Male 8 (40.0%) 6 (30.0%) 4 (20.0%) 18 (30.0%)
White 20 (100.0%) 19 (95.0%) 18 (90.0%) 57 (95.0%)
Black or AA 0 (0.0%) 1 (5.0%) 0 (0.0%) 1(1.7%)
Asian 0 (0.0%) 0 (0.0%) 1 (5.0%) 1(1.7%)
Other 0 (0.0%) 0 (0.0%) 1(5.0%) 1(1.7%)
74.34 (13.4) 73.96 (12.78) 68.49 (8.68) 72.26 (11.91)
24.33 (3.43) 24.33 (3.07) 23.84 (2.69) 2417 (3.03)



CEVAC | CENTRUM VOOR VACCINOLOGIE

Safety and Reactogenicity

Solicited Adverse events 20 -
« 7 days after vaccination =
* Local -
Pain, Redness, Swelling, Induration
« Systemic - ] cai
Headache, Fatigue, Malaise, Arthralgia, Myalgia, Fever 9
.. 5 -
Unsolicited Adverse events
« 28 days after vaccination
e § T . T
Severe Adverse events & potential Immune-mediated diseases .@b D & ,@6
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GENT 1 Vaxigrip Tetra (3ug) + 0.5mg CMS

[ Vaxigrip Tetra (3ug) + 2mg CMS
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Safety and Reactogenicity

Reactogenicity is acceptable for all doses
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» Higher reactogenicity for 2mg CMS

« Higher severity for AEs for 2mg CMS

« 2mg CMS is maximum dose for humans

» Lower reactogenicity expected for OA
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[1CJE3 Vaxigrip Tetra (15ug)

[ Vaxigrip Tetra (3ug) + 0.5mg CMS
[ ) Vaxigrip Tetra (3ug) + 2mg CMS

Severity grade: 1. Mild, 2. Moderate, 3. Severe
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Vaxigrip Tetra (3ug) + 0.5mg CMS
Vaxigrip Tetra (3ug) + 2mg CMS

Hemagglutinin inhibition titer AlDarwin (H3N2) AlVictoria (H1N1)
400 - 300 -
« Surrogate measure for
protective immunity S 300 S
- Defined using serial dilutions Z‘; = A0
~ [2)
of serum & its ability to bind to = 2007 =
HA antigen E  100-
J S 100- =
No differences in HI titers between
3 cohorts 0 T T T T 0 T T T T
_ _ Day0 Day7 Day28 Day 180 Day0 Day7 Day28 Day 180
« Hl titers are as high for
adjuvanted 1/5th antigen dose B/Austria B/Phuket
as full antigen dose 60 — 80—
Peak on Day 28, decrease after 6 - .
months but higher than baseline S 40- 3
3 3>
= = 40+
I I
. E 20- =
GENT &P
0 I 1 1 1 0 1 1 1 1

Day 0 Day 7 Day28 Day 180 Day 0 Day7 Day28 Day180
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Intracellular Cytokine Staining &
Flow Cytometry
« CD3, CD4, CD8
« Extracellular markers
« CDA40L, IFNy, IL-2, TNFa
« Polypositive cells
CD4 OR CDS8 positive AND

 Positive for at least 2 intracellular
markers

CDA4+ polypositive cells
* No significant differences
« Peak atDay 7

CD8+ polypositive cells
e« Same trend but lower than LOD
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Conclusion

« CMS is safe in humans
» Higher reactogenicity of 2mg CMS compared to 0.5mg CMS or control.

« Humoral and cell-mediated immunogenicity was similar for adjuvanted and control vaccines
« Even with 1/5th antigen dose

« CMS can have beneficial implications in low-resource settings or in a pandemic context.
« Studies in older adults are needed
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Future Directions

« CMS can have beneficial implications in
low-resource settings or in a pandemic
context.

 Phase 1 clinical trial in India

« Dose-sparing in YA can have
beneficial impact

« 1 Vaccine = 5 vaccinations

Control
IMP
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Age 18-50y 18-50y
Antigen Vaxigrip Tetra (22-'23) VaxiFlu-4 (24-'25)
Adjuvant CMS CMS
Vaccine 1 15ug 15ug
(n =20) (n=25)
Vaccine 2 3ug + 2mg LVA 318
(n =20) (n=25)
Vaccine 3 3ug + 0.5mg LVA 3pg + Img LVA
(n =20) (n =25)
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Future Directions

« Studies in older adults are needed
 Phase 1b trial started

« There is a clear effect of LVA (1/5th dose = similar immunogenicity)
» What are the mechanisms of action?
* A systems vaccinology approach: single cell RNA sequencing techniques
* In a non-dose sparing context, can LVA help enhance the immune response in older adults?

Analysis of activated CD3 T cells with BD Rhapsody T-Cell Targeted Panel

® (1) CD4 Effector/Effector Memory (30.6%)
@ (2) CD4 Naive/Central Memory (32.8%)
@ (3) CD8 Cytotoxic/Effector Memory (12.5%)
@ (4) CD8 Naive/Central Memory (12.5%)

(5) Exhausted CD8 (52%)

® (6)Treg (4.6%)
0 ® (7)gamma delta T (1.6%)
25l "
-30 20 10 (1] 10 20 30
coord 1
D
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