The booster in your future: when, what, and why?
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The COVID-19 crisis has induced vaccine innovation

PHASE 1 PHASE 2 PHASE 3 AUTHORIZED APPROVED ABANDONED
Vaccines Vaccines Vaccines Vaccines Vaccines Vaccines
testing safety  inexpanded in large-scale in early or approved abandoned
and dosage safety trials  efficacy tests  limited use for full use after trials

102 vaccines in human clinical testing

75 vaccines in pre-clinical testing

New York Times, 13 Sept 2021

<<

@“‘
&7



Phase Ill vaccines, neutralizing antibody, efficacy

<100
100-500
> 1000

ID50 groupings
CAVEAT: assays not
standardized

New Platforms

* mRNA

* Adenoviral vectors
* DNA

Regulat
MANUFACTURER Vaccine Dose seroconversion IDso Efficacy egulatory WHO approval
approval
CANSINO Ad5 spike 1x 10" VP 50% 16 6% China
1.5x 10" VP 75% 34 ’
ZYDUS CADILA DNA Spike 2mg NFIS x3 80% 39 66% India
SINOVAC WIV/alum 3ugx2(14d) >90% 28 50% China
4
3ugx2(28d) 97% a4 65% Brazil WHO
4
6 ug x2 (14d) >90% 34 78% Indonesia approved
V
6 ug x2 (28d) >90% ~60 91%
GAMALEYA Ad26 spike - Ad5 spike prime boost | 10 VP each 100% 49 92% Russia WHO review
WIV/alum 6ugx 2(14d) 83% 62
WIV/alum+IMDG "
Bharat e 3ugx 2 (14d) 88% 66 81% India
(imidazoquinoline)
6ugx 2(14d) 92% 48
stabilized Spike-Afurin-S.PP 5x 10° vp 92% 214 66% us
72% (USA) EU
Johnson & Johnson 57% (RSA)
= 29 24 WHO d
1x10™" VP 92% 3 85% severe approve
disease
SINOPHARM WIV/alum 4ugx2(0,14) 100% 211 79% China WHO
8ugx2(0,28) 100% 229 approved
PFIZER/BNT prefusion Spike 30ugx?2 100% 267 95% US, UK, EU [ WHO approved
himp ad Spik i 100% 201 62% full d UK, India, EU
AstraZeneca/ JENNER/ chimp ad Spike 5x 107 VP o % full dose ndia WHO
Serum Institute / SK approved
i 90% split
bio 5x 10 VP x2 100% 372 S
dose
Moderna prefusion stabilized spike 25ugx 2 100% 340 PRNTg, 94.5% us, EU
WHO approved
100 ug x 2 100% 654 PRNTg,
89.3% (UK
NOVAVAX prefusion stabilized spike/ Matrix M 5ugx2 100% 3350 IDgg, 60.1%0((RSA))
4
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Current and future COVID-19 vaccines

PLATFORM TECHNOLOGY

Wave 1: Wave l1a: I Wave 2:
Approved ‘prototype’ Ph3 VE data expected I VE Immunobridging?
| *  5P/TBio, USA/France
. BNT/Pfizer, Germany/USA . CureVac, Germany | *  Walvax, China
. Moderna, USA . IC, UK [saRNA]

Gennova, India [saRNA]

Viral vector
+  AZ/Uo Oxford, UK +  Altimmune, USA
+  J&I, USA I +  Gritstone, USA
*  (CanSino, China
+  Gamaleya (Sputnik V), Russia |

Protein [ adjuvant

. Clover, China . SK Bio*, SK
Movavax, USA *  BioE*, India I +  SP/GSK, France/UK *) RBD-based
Medicago, Canada . COVAXX, USA

Whole inactivated virion

. IMB, China I *  Valneva, Austria

+  Inovio, USA [DNA] |
*  none *  Zydus, India [DNA] * VBl USA [VLP]

[Assumptions made based on publicly available data:
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html

e Curevac (mRNA): 48% against COVID-19 of any severity; 53% vs disease of any
severity 18-60 yo; 73% VE for moderate-severe disease

e Zydus Cadila (DNA): 67% VE (delta); 100% VE for moderate-severe disease




We have 13 vaccines showing short term efficacy & safety:

what’s next for vaccines?

The other big questions:

o O O O

Optimization of dose, schedule, boosts -
Correlates of protection
Effectiveness — Herd immunity?

Surveillance for mutations or new emerging
coronaviruses

Longer term safety follow-up / post-licensure safety
monitoring

Opposition to vaccination
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We need to optimize schedule, dose, boosting (AZ)

Total ChAdOx1 nCoV-19 Control Vaccine efficacy (CI*)
number
of cases
n/N (%) Incidence rate per n/N (%) Incidence rate per
Voysey et al. Lancet 1000 person-years 1000 person-years
(person-days of (person-days of
2020 follow-up) follow-up)
AllLD/SD and SD/SD 131 30/5807 (0-5%) 44.1(248299) 101/5829 (1-7%)  149-2 (247228) 70-4% (54-8 to 80-6)F
recipients
COV002 (UK) 86 18/3744 (0-5%) 38.6 (170369) 68/3804 (1-8%) 1457 (170 448) 73-5% (555 to 84-2)
mm)  LD/SD recipients 33 3/1367 (0-2%) 14.9 (73313) 30/1374(22%) 1502 (72949) C90:0% (67-4t0 97-0)15
SD/SD recipients 53 15/2377 (0-6%) 56-4 (97 056) 38/2430 (1-6%)  142-4 (97 499) 60-3% (28-0 to 78-2)
COV003 (Brazil; all SD/SD) 45 12/2063 (0-6%) 56-2 (77930) 33/2025(1.6%)  157-0 (76780) 64-2% (307 to 81.5)F

mm) All SD/SD recipients 98 27/4440 (0-6%) 56-4 (174 986) 71/4455 (1-6%)  148.8 (174279) C 62:1% (41-0t0757) D
Low dose / Standard dose efficacy was 90% vs 62% fo Standard Dose / Standard Dose

1001 * Efficacy increases as dosing interval increases
* Note correlation between efficacy and Nab titer

80
Interval

© <6wks
o 6-8 wks
< 9-11 wks
A 12+ wks

60

Vaccine Efficacy (95% CI)

As interval between doses increases:
| | + Neutralizing titers increase
1 1

128 256 + Efficacy point estimates increase
Pseudovirus neutralisation 28 days post boost (GMT, 95%Cl)
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Lower durability of Ad26.COV2.S in > 65 yo

Neutralizing antibody levels overtime in 18-55 vs >65 year old participants
who received a single dose of Ad26.COV2.S 5x101°vp

-~ 18-55 years

10000 - >65 years
3
o
o=
= 0
£ 1000
Ea 184 258 310 321 338 296
N
E(ED 100 ‘i i %
g ................................... 169..168..164..... ... . ... 44 - LLOQ=58
P rrrQrnrrrrrr Ty nrrnr D nrnnil
1 15 29 57 71 85/ 100 114 239 268
87
T Days post primary vaccination - .
Primary vaccination % dpe:rtlflg?nﬁ with
5x10"vp (1 dose) eteclable liters
% responders - 96% 100% 100%100% 95%
% responders - 100% 96% 90% 86% 81% 68%

Participants > 65 yo have more rapid loss of Nab
8 Sadoff J, et al Medrxiv 2021
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Homologous: Significant boosting after 2d dose of Ad26.COV2.S

Spike binding antibody levels in 18-55 vs >65 year old participants who received one dose of

51101"vp as primary regimen and a 1.25:1ﬂ1°vp booster dose at 6 months

10000

1000

-#- 18-55 years
- >G5 years

LLOG=53

Spike binding antibody
GMC (95 %Cl)

Primary vaccination
5x10"vp (1 dose)

Booster dose
1.25x10"%p
% responders 88% 96% 26% 96% 96% 95% 100% 100%

% responders 48% 86% 96% 96% 96% 86% 93% 97%
T participants with
detectable titers

<z

9x increase in Nab after 2d dose of Janssen
9 Sadoff J, et al Medrxiv 2021
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Homologous vs heterologous boosting: Sinovac

Placebo {n=4) BNT162b2 (n=6)
10~ 10°-
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WHO SAGE July 2021

Boosting after Sinovac primary series
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Homologous v heterologous: Pfizer and AZ
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DO D56
Days post prime vaccination

Liu X, et al, Lancet preprint 2021

Does the order of vaccines
as prime and boost matter?
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Booster vaccination with BNT162b2 reduces infection

Factor Reduction in Confirmed Infection Rate

6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Days since Booster Vaccination

Bar-on et al, NEJM 2021
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Immune correlates of protection (ICP): NAb or BAb?

COMPARISON OF GMT RATIO FROM PHASE 1/11 STUDIES / CONVALESCENT PLASMA

=

0a

Probability of COVID-19 by Day 1

Neases
+ 50 e 100 @ 250 (@ 500
99 Rank corr p = 0.83 0.01
Variance explained by linear model: 79.9%
= 95 0.05
< e ) (77655
ol L
il -
£ 90 Gomdleye 01
o Novavax
c
9
8
>
80 - OX/AZ (212 wks) 0.2
70 - 0.3
60 L 'Ox/AZ (SDISD) 04
50 + 0.5
Sinovac
20 0.8
0.2 0.5 08 1 15 2 3 5

SARS-CoV-2 neutralization
(Geometric mean titer ratio of vaccinees to convalescent patients)

Correlation with neutralizing antibody (Nab)

Risk ratio (vaccine / placebo)

“cases
. 50 ® 100 @ 250 . 500
99 [Rank corr p = 0.94 0.01
Variance explained by linear model: 92.8%
3
o
g% l 0.05¢
< L3
S | Moderna a
8 4 2
% 90 GYmalgya 01§
o Npvavax 4
£ 2
8 ®
~ 80 02
]
- -4
o é‘ 0.3
60 T " 0.4
50 Sinovac 0.5
20 0.8

%.1 0.2 05 081 152 3 5
SARS-CoV-2 spike IgG ELISA

(Geometric mean endpoint titer ratio of vaccinees to convalescent patients)

15 20

Correlation with binding antibody (Bab)

COVAX Clinical Development and Operations SWAT team, 25 Feb 2021

Binding Antibody to Spike: Day 57
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Gilbert et al, Medrxiv
2021. BAb and PsV Ab
among vaccinated,
infected cases and
vaccinated uninfected
controls

What does an immune correlate of protection tell us about long-term protection?
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Efficacy, effectiveness, herd immunity

Approximate Basic Reproduction Numbers (in Developed Countries) and Implied
Crude Herd Immunity Thresholds (H, Calculated as 1-1/R,), VE, E for Selected Diseases

Basic Herd Immunity Vaccine

Infection Reproduction Efficacy Effectiveness References
Number (Ro) Threshold (%) (%)

Diphtheria 6-7 85 97 >95 70,71
Measles 12-18 55-94 94 90-95 /1
Mumps 4-7 7>-86 9> /8 Z The vaccines have
Per.tu55|s 12-17 92-94 70-90 75-85 been shown to
Polio 12-15 50-93 80-90 >90 & ¢ di
Rubella 6-7 83-85 94-95 >95 ZE Prevent disease,
Smallpox 5-7 80-85 90-97 ? 71 not infection or
Ebola 1.5-2.5 33-60 95-100 70 65 transmission. Herd
Varicella 8-10 87-90 90-98 >95 7t immunity is about
Spanish flu 5.3 50-67 NA NA 72 protection from
1918 transmission.
Cholera 1-2 50% 42-66% 86% 7375
SARS-CoV-2 2.5-5.8 60-83 60-95% ? 72,76

lpetersen et al, Lancet, 2020 & Ke et al, MedRxiv, 2020
2p|otkin SE, et al. Vaccines, 6t ed
3US CDC Pink Book, but no formal controlled trials

==

@‘\
(\‘t< 74

<z




Will boosters affect infection or transmission?

That is, do they prevent acquisition and lower viral load in vaccinees post infection?

Direct

: protection
Direct POPULATIONS
protection
INDIVIDUALS

Indirect

Direct Lo 2 protection
protection * w* POPULATIONS

POPULATIONS &
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Can boosters break the outbreak — variants cycle?

OUTBREAKS ; VARIANTS
C
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Is there a booster in your future: probably, but what & when?

Boosts/Mix & Match

 Homologous: it does increase
Nab levels

* Heterologous: give the AZ first
not Pfizer

* Does increasing Nab increase
protection after boosting: vs
Infection or severity of disease?

* Does decreased effectiveness
imply waning immune response
or changing variants?

* Could random mixing and
matching hurt?

> Boosters should be subject to
systematic not empirical testing

Should we vaccinate everyone
before we give boosters to those
who are not elderly or immune
compromised or present particular
risk of acquisition or transmission?
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IVI is an International Organization dedicated to Global Health

Global Vaccine Research Institute

* HQ and labs at Seoul National University
* Field programsin 28+ countries: Asia, Africa, Latin America
+ 23 nationalities in workforce of 184

OECD-recognized International Organization (not for profit)

* UNDP initiative

+ First international organization in Korea (1997)

* 36 countries and WHO as state parties (Madagascar, Argentina,
Colombia, UAE, and Spain pending final submission to UN)

m— EER —=im EaMEE

Myanmar  Mepal @ Nethedands = 0 Oman 00 Plmtan 0 Panama

--Zf IE, < iIlNDs s — =

aaaaaaaaaa Lebanan

- s - @ + . Pending

T Ve el L : ; submission of
E———

paperwork to
UN SG office

Thank you for your attention!
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