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Moderna COVID-19 Variant Vaccines

Moderna, Inc.

June 15, 2023
Vaccines and Related Biological Products Advisory Committee
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Introduction

Rituparna Das, MD, PhD

Vice President, Clinical Development
Therapeutic Area Head, Respiratory Vaccines
Moderna, Inc.
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Moderna Continues to Prepare and Evaluate New
COVID-19 Vaccines as SARS-CoV-2 Variants Emerge

Moderna’s Ongoing Commitment

Recent Research Activities

= Monitor emerging Variants of
Concern

= Develop new candidate vaccines

= Generate preclinical and clinical data
accordingly

= Ensure manufacturing capabilities to
rapidly respond to public health
needs

= Prepared to supply new variant-
containing vaccine as recommended

Authorized bivalent BA.4/5 vaccine
= Assessed real-world effectiveness

= Evaluated cross neutralization
against emerging XBB variants

Investigational XBB-containing vaccines
= Developed at risk

= Generated preclinical and
clinical data

w
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Effectiveness of Authorized Bivalent
(Original + BA.4/5) COVID-19 Vaccine

Kaiser Permanente Southern California
Study 901




Methods

Study 901 - Kaiser Permanente Southern California Effectiveness Study

Study Design

= Matched cohort design

= 3 groups of adults 218 years (1:2:1 ratio)
= Individuals who received = 2 doses of any mRNA vaccine + Moderna BA.4/5 booster
= Individuals who received = 2 doses of any mRNA vaccine only
=  Unvaccinated individuals

= Matched on age, sex, race/ethnicity, and the index date

Study Period
0 Moderna BA.4/5 bivalent vaccine administered 8/31/2022-12/31/2022

=  Follow-up through 1/31/2023

Index date for bivalent booster group: Date of receipt of bivalent dose
Index date for monovalent & unvaccinated groups: Date assigned to match bivalent booster group within age/sex/race risk set

Tseng et al., MedRxiv, 2023
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Comparisons for Vaccine Effectiveness
Study 901 - Kaiser Permanente Southern California Effectiveness Study

Original Vaccine Bivalent Vaccine Unvaccinated
Cohort Cohort Cohort
Individuals who received = 2 original Individuals who received = 2 original Individuals who never received
MRNA vaccine doses only MRNA vaccine doses + Moderna COVID-19 vaccine
BA.4/5 bivalent vaccine
N = 580,584 N = 290,292 N = 204,655

Relative Vaccine Absolute Vaccine
Effectiveness (rVE) Effectiveness (VE)

Tseng et al., MedRxiv, 2023




SARS-CoV-2 Variant Distribution, Aug 2022 — Jan 2023
(N = 26,993 samples)

Study 901 - Kaiser Permanente Southern California Effectiveness Study

B BAS
80% -
. BA.4
. 60% - B BAz
Proportion
Detectable

by Variant 409 -

20% -

0% -
Aug-22 Sep-22 Oct-22 Nov-22 Dec-22 Jan-23

Kaiser — unpublished data
71% of XBB isolates in Jan 2023 were XBB.1.5
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Study Population - Baseline Characteristics
Aug 31, 2022 - Jan 31, 2023

Study 901 - Kaiser Permanente Southern California Effectiveness Study

Original Vaccine BVl [EINER=YV:W:V Unvaccinated

Cohort Bivalent Cohort Cohort

Baseline Characteristic N = 580,584 N = 290,292 N = 204,655
Median Age — Years (Q1, Q3) 61 (46, 72) 62 (46, 72) 53 (40, 66)
Non-White Race 61% 61% 58%
Number of Original mRNA vaccine
doses prior to index date

2 doses 24% 5% N/A

3 doses 49% 49% N/A

2 4 doses 27% 46% N/A
Median Days (Q1, Q3) since last 312 (189, 384) 260 (173, 343) N/A
non-bivalent vaccine dose

Tseng et al., MedRxiv, 2023 8

N/A — not applicable
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Effectiveness of Moderna BA.4/5 Bivalent mRNA Vaccine )
Aug 31, 2022 - Jan 31, 2023

Study 901 - Kaiser Permanente Southern California Effectiveness Study

Relative Vaccine Absolute Vaccine

Effectiveness Effectiveness
(compared with individuals who (compared with individuals not
had =2 original vaccine doses) vaccinated with any COVID-19 vaccine)
N = 290,292 bivalent receipts & N = 290,292 bivalent receipts &
COVID-19 Outcomes 580,584 controls 204,655 controls

Hospitalization (Chart confirmed) 70% (64%, 75%) 83% (79%, 86%)

COVID-19 In-Hospital Deaths 83% (64%, 92%) 90% (78%, 95%)

ED and Urgent Care 95% (51%, 59%) 55% (50%, 60%)

Bivalent BA.4/5 booster provides additional protection against hospitalizations, ED,
and urgent care visits

Vaccine effectiveness adjusted for demographics, clinical factors/medical conditions, evidence of prior SARS-CoV-2 infection, and/or health-seeking beh@/iors
Tseng et al., MedRxiv, 2023
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Variant Monitoring, Risk Assessment, and Preclinical
Assessment of Investigational New Variant Vaccines

Darin Edwards, PhD

Executive Director
COVID-19 Program Lead
Moderna, Inc.
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Moderna Continuously Prepares New Candidate Vaccines
Against Emerging Variants

= Continuous epidemiological monitoring and risk assessment of variants

= |dentify variants that contain immune evading mutations versus authorized
vaccines and increased growth dynamics regionally or globally

= Group antigenically similar sub-lineages in our selection (sub-family
matching)

= Select variants for further study based on global and regional coverage

= At-risk candidate vaccine manufacturing preparation and preclinical evaluations
begin in parallel

= These activities allow for expedited delivery of updated vaccines, if requested
= XBB sublineage is dominant globally

= Now focused our efforts on XBB-containing vaccines

11




Antigenic Differences Between Variants Drive Selection

Strategy

XBB.1.5vs. XBB.1.16
(Current)

1+ 2 = 3 mutations

Venn diagrams generated via cov-spectrum

XBB.1.5 and XBB.1.9.1 have the same spike proteins

BA.1vs. BAS

(Past)

BA 5

15 + 13 = 28 mutations

CO-12

More unique spike mutations
when comparing BA.1 and
BA.5 than XBB.1.5 and
XBB.1.16

Analysis provides further
support to grouping variants
into “sub-families” where
antigenic distance is minimal
and not predicted to be
impactful

BA.1 and BA.5 would NOT
have been grouped together
into a common sub-family

12
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XBB Subvariants Have Significant Antigenic Differences
Compared to BA.5 Variant

XBB.1.5vs. BA.5 XBB.1.16 vs. BA.5

84.5

14 + 6 = 20 mutations 16 + 7 = 23 mutations

Antigenic differences between XBB subvariants and BA.5 suggest an updated vaccine composition may be needed

Venn diagrams generated via cov-spectrum 1 3
XBB.1.5 and XBB.1.9.1 have the same spike proteins




Cross-Neutralization at Day 29 Following Omicron BA.4/5

Bivalent Booster
Study 205H, Per-Protocol Immunogenicity Set

Pre-Boost [l 29 Days Post Boost

BA.4/5 XBB.1.5
27.3-fold rise
100000 -
8872 I
10000 - 3355 :

Neutralizing 1000 ! 8:;’4 ! 556
Antibody 1 123 2 ! 298 ]
IDg, GMT 100 - 7 T, / I 1 7T4
(95% CI) 7 / ! 16 1

10 A / / I y
|
1 A - 4 ] -
No Prior Infection Prior Infection No Prior Infection Prior Infection
(N = 40) (N = 20) (N = 40) (N =20)

Neutralization capacity of currently authorized BA.4/5 vaccine considerably less against XBB.1.5

14

Chalkias et al., medRxiv, 2022
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Minimal Antigenic Differences Between Circulating XBB
Variants (XBB.1.5, XBB.1.16, and XBB.2.3.2)

XBB.1.5vs. XBB.1.16 XBB.1.5vs. XBB.2.3.2 XBB.1.16 vs. XBB.2.3.2

<2 A5

1+ 2 = 3 mutations 3+ 1 =4 mutations 4 + 3 =7 mutations

XBB-containing vaccines will likely perform similarly; cross-neutralization is unlikely to be significantly impacted

Venn diagrams generated via cov-spectrum 1 5
XBB.1.5 and XBB.1.9.1 have the same spike proteins
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Overview of Preclinical Studies to Assess
Investigational XBB-Containing Vaccines



Preclinical Studies Conducted with XBB.1.5 and
XBB.1.16-Containing Vaccine Candidates

Studies to compare investigational XBB sub-variant containing vaccine formulations in mice:

Primary Series Booster (3rd) Dose

Antigen naive mice Mice previously immunized with a
2-dose primary series of mMRNA-1273

Monovalent and Bivalent Monovalent and Bivalent
XBB.1.5-Containing Vaccines XBB.1.5-Containing Vaccines
Complete Complete

Monovalent and Bivalent Monovalent and Bivalent
XBB.1.16-Containing Vaccine XBB.1.16-Containing Vaccines
Ongoing Complete

CO-17
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Neutralizing Antibody Titers in Mice 14 Days after Primary Series
of XBB.1.5-Containing Vaccines

BA.4/5 Bivalent

100000 3

Bivalent BA.4/5 + XBB.1.5

33030

20195
I 18111 I 12429

BA.4/5 XBB.1.5 XBB.1.16 XBB.2.3.2

1 13241 16672 20915

10000 1§

7448

2114

500 521

nAb 1000 1
Titer
(| D5o) 100

363

10

BA.4/5 XBB.1.5 XBB.1.16 XBB.2.3.2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
BA.4/5 XBB.1.5 XBB.1.16 XBB.2.3.2 1
I

Monovalent and bivalent XBB.1.5-containing vaccines effectively drive
neutralization of XBB subvariant viruses

18

1ug dose, D1 and D22, n=8 per group
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Neutralizing Antibody Titers in Mice 14 Days after Booster (3') Dose of
XBB.1.5-Containing Vaccines

BA.4/5 Bivalent

Pre-Boost

[ 14 Days Post Boost

10000 7042 i
1000 : 741 599 723
; 319
nAb 160 !
Titer 100 Z4 88 90 59
(IDs0) % 24 23 20 | 23 20 20
7 7 - ;
1111
1111
BA.4/5 XBB.1.5 XBB.1.16 XBB.2.3.2 : BA.4/5 XBB.1.5 XBB.1.16 XBB.2.3.2
Fold Rise 95 6.7 3.8 4.5 ! 13 26 36 16

Bivalent BA.4/5 + XBB.1.5

3412

365 278 273

DM &
DM 8

DAY X
DM &

BA.4/5

Pas

BB.1.5 XBB.1.16 XBB.2.3.2

124

=

8 4 4

[EEY
=

Monovalent and bivalent XBB.1.5-containing vaccines effectively increase

0.5 pg dose, D1 and D22; 1 ug D91, n=8 per group

neutralization of XBB sub-variant viruses
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Neutralizing Antibody Titers in Mice 14 Days after Booster (3') Dose of
XBB.1.16-Containing Vaccines

Pre-Boost || 14 Days Post Boost

B} Bivalent BA.4/5 + XBB.1.16

20198

100000 3

10000 1§

939 1075 gpo Pre-boost differences

between groups likely lead

to higher post-boost titers
with bivalent vaccine

] 784
1000
nAb E 348 454

Titer 1135 214
(|D50) 100

20 20 20

10

DO

Ny 4
R 4
Ry 8

1

BA.4/5 XBB.1.5 XBB.1.16 XBB.2.3.2
Fold Rise 5.8 17 23 11

BA.4/5
0

P
o

B.1.5 XBB.1.16 XBB.2.3.2
5 3 8

w
N
w
N

Monovalent and bivalent XBB.1.16 containing vaccines effectively increase
neutralization of XBB sub-variant viruses

0.5 pg dose, D1 and D22; 1 pg D69, n=8 per group
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Summary of Pre-Clinical Data

= Preclinical data suggest that an XBB-containing vaccine is

more Immunogenic against currently circulating XBB variants

= Minimal antigenic differences seen across the XBB sub-family

= Cross-neutralization across XBB sub lineage for both
XBB-containing vaccines was demonstrated

21
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Clinical Trial of Investigational XBB.1.5
Variant-Containing Vaccines

Rituparna Das, MD, PhD



Phase 2/3 Randomized Safety and Immunogenicity Study of

XBB.1.5-Containing Booster in Adults 218 Years

Study 205J, 5" Dose (3" Booster)

CO-23

Monovalent i
Randomized 50 pg !
April 25-27, :
2023 .

N =101 Bivalent ! 25 ug BA.4/5
BA.4/5 + XBB.1.5 !

50 pg ! 25 ug XBB.1.5

= All participants previously received 4 doses of vaccine:

= QOriginal vaccine primary series + booster

=  Any mRNA BA.4/5 booster 23 months prior to enroliment
= All analyses are descriptive

https://clinicaltrials.gov/ct2/show/NCT04927065

23




Demographics and Baseline Characteristics

Study 205J, 5" Dose (3" Booster)

5t Dose (3'9 Booster)

Bivalent

CO-24

BA.4/5 + XBB.1.5
Characteristic N =51
Mean Age — Years 51.6 48.4
Median Age — Years (range) 55 (21, 84) 48 (24, 82)
> 65 years 11 (22.0%) 7 (13.7%)
% Female 30 (60.0%) 31 (60.8%)
Non-White Race 5 (10.0%) 10 (19.6%)
Months between 2"d and 3'd Dose, median (Q1, Q3) 8.2 (7.8, 9.8) 9.2 (7.8,12.2)
Months between 3 and 4" Dose, median (Q1, Q3) 9.8 (8.3, 10.3) 9.2 (8.2, 10.3)
Months between 4t and 5™ Dose, median (Q1, Q3) 8.2 (8.1, 8.3) 8.3 (8.1, 8.4)
Prior SARS-CoV-2 Infection 34 (68.0%) 40 (78.4%)

24




10000
. 1000
Neutralizing
Antibody
IDsy GMT 100
(95% CI)
10

1 +

XBB.1.5 and XBB.1.16 Neutralizing Antibodies After

5th Dose (3'9 Booster) of XBB-Containing Vaccines in Adults
Study 205J, Per-Protocol Immunogenicity Set — All Participants

[] Monovalent XBB.1.5 [l Bivalent BA.4/5 + XBB.1.5
XBB.1.16

XBB.1.5

16.6-fold rise 11.6-fold rise

2579 1838

159

’,

=
= O1
o1

N\

&\\\ﬁ

10.2-fold rise 9.3-fold rise

2263

Pre-Boost D15 Pre-Boost D15
(N =49) (N = 50)

1800

[EE
— O
N

Pre-Boost D15 Pre-Boost D15

(N = 49)

(N = 50)

@)
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XBB.1.5 and XBB.1.16 Neutralizing Antibodies After

5th Dose (3'9 Booster) of XBB-Containing Vaccines in Adults
Study 205J, Per-Protocol Immunogenicity Set — By Prior Infection Status

[] Monovalent XBB.1.5 [l Bivalent BA.4/5 + XBB.1.5

XBB.1.5 XBB.1.16
No Prior Infection Prior Infection |, No Prior Infection Prior Infection
1
10000 1639 1257 3213 o046 1410 1453 2846 14,5
1 1
Neutralizing +090 82 211 [ 204 134 [ s 274 B 257
Antibody 100 T 6T5 % 27 ! ..fo i "// %/
IDgy GMT 7 7 / % R W / /
PB D15 PB D15 PB D15 PB D15 PB D15 PB D15 PB D15 PB D15
(N =16) (N = 11) (N = 33) (N = 39) (N =16) (N = 11) (N = 33) (N = 39)

PB = Pre-Boost
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BA.4/5 and Ancestral (D614G) Neutralizing Antibodies After

5th Dose (3'9 Booster) of XBB-Containing Vaccines in Adults
Study 205J, Per-Protocol Immunogenicity Set — All Participants

100000

10000
Neutralizing
Antibody 1000
IDsy GMT 100
(95% CI)
10

1 +

[] Monovalent XBB.1.5 [l Bivalent BA.4/5 + XBB.1.5

BA.4/5

6.3-fold rise

5.3-fold rise

9673 9905
1878

N\

Ancestral (D614G)

2.8-fold rise

2.3-fold rise

7750 5861

2780 I

Pre-Boost D15 Pre-Boost D15
(N =49) (N = 50)

Pre-Boost D15 Pre-Boost D15
(N =49) (N =50)

@
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XBB.1.5, XBB.1.16, and XBB.2.3.2 Neutralizing Antibodies After

5th Dose (3'9 Booster) of Monovalent XBB.1.5 Vaccine in Adults
Study 205J, Subset Analysis (N = 20)

Monovalent XBB.1.5

100000 5 XBB.1.5 XBB.1.16 XBB.2.3.2
:
10000 4
3 1207 1393 1106
Neutralizing 1000 {
Antibody LT 1?4 128
Titer (IDsy) 100 7T 7/ 7
Pre-Boost D15 Pre-Boost D15 Pre-Boost D15
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Similar neutralization of XBB.1.5, XBB.1.16, and XBB.2.3.2 sub-variants measured in this subset ani|isis

Moderna PSVN research assay
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XBB.1.5, XBB.1.16, and XBB.2.3.2 Neutralizing Antibodies After

5th Dose (3'9 Booster) of XBB-Containing Vaccines in Adults
Study 205J, Subset Analysis (N=10 With Prior Infection, N=10 Without Prior Infection)

Monovalent XBB.1.5

No Prior Infection | Prior Infection
XBB.1.5 XBB.1.16 XBB.2.3.2 : XBB.1.5 XBB.1.16 XBB.2.3.2
|
14-fold rise 11-fold rise 10-fold rise 7.9-fold rise 8.8-fold rise 7.5-fold rise
| 14-old rise Jil 11-fold rise i 10-old rise [ 7.9-fold rise Jlf 8.5-fold rise Jl 75-fold rise_
|
10000 1158 1158 1000 1 1259 1676 1224
|
Neutralizing 1000 g5 1?9 100 : 1ET39 15T90 1(T33
Antibody [ , [ v 7 7
DpoMT %Y 77 %% %Y : 7/ %/ §/
(95% Cl) i / / / | / / /
/ / / ' / / /
107 Z Z1 W7\ W W
PB D15 PB D15 PB D15 PB D15 PB D15 PB D15

PB = Pre-Boost




Local Reactions Following Booster Doses in Adults
Study 205J and Study 205H, Solicited Safety Set

100%
75%

Participants .,
% 50%
25%
0%
100%
75%

Participants

% 50%

25%
0%

Within 7 days of injection; No Grade 4 events reported
Chalkias et al., medRxiv, 2022, Chu et al, Nat Med 28:1041, 2022

84%

Pain

82%

82%

2%

CO-30

. Grade 1-2

Monovalent
XBB.1.5
N =50

Grade 3

Bivalent
BA.4/5 + XBB.1.5
N =51

. Grade 1-2 Grade 3

10%

Erythema

12%

27%
16%

Original Vaccine
N =167

. Grade 1-2

% Grade 3

Bivalent
BA.4/5
N =508

. Grade 1-2 Grade 3

Swelling

Axillary Swelling
or Tenderness
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Systemic Reactions Following Booster Doses in Adults
Study 205J and Study 205H, Solicited Safety Set

100% -

75% -

Participants 45%

1
1
1
|
1
0o A I
% 50% :
25% !
1
0% .
Fever I
> 38.0°C (2100.4°F) | Headache
:
1
100% - |
1
75% - | o
Participants ; 0 4904
50% ,
% 1
|
25% |
0% '
Fever
> 38.0°C (100.4°F) | Headache

Within 7 days of injection; No Grade 4 events'reported
Chalkias et al., medRxiv, 2022, Chu et al, Nat Med 28:1041, 2022

49%

44%

Fatigue

59% 60%

Fatigue

38%

Bivalent
BA.4/5 + XBB.1.5
N =51

. Grade 1-2 Grade 3

Monovalent
XBB.1.5
N =50

Grade 1-2 7/ Grade 3
7

37%

I

1

| 28%  29%
il. i

1

1

My

49%

1
1
1
1
1
; 8%
1
: Nausea /

Chills

lgia Arthralgia

N0
Bivalent
BA.4/5
N =508

vami

Original Vaccine
N =167

Myalgia

. Grade 1-2 % Grade 3 . Grade 1-2 Grade 3
: : :
46% ! : :
1 A1%  35gp ! 35%
i 1106 14% 1 2=
1 1 1
| Arthralgia 1 Nauseal i s
! ! Vomiting !
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Conclusions

Rituparna Das, MD, PhD
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Summary

Kaiser Real World
Effectiveness Study

Preclinical and
Clinical Studies of
XBB-containing
Vaccines

Moderna’s Vaccine

Preparedness

BA.4/5 booster effective against COVID-19 when BA.5 was the predominant
circulating strain

Antigenic similarities in XBB-variants support grouping of the XBB viruses

Pre-clinical data suggest an XBB-containing vaccine is more immunogenic
against currently circulating XBB variants than the authorized BA.4/5 vaccine

Clinical data demonstrate that XBB.1.5-containing vaccines robustly elicit
neutralizing antibodies against XBB variants

Safety profile of XBB-containing vaccines consistent with previously
authorized vaccines

Moderna is prepared to supply a new variant-containing vaccine for Fall 2023
as recommended by FDA

33
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THANK YOU to Our Study Collaborators,
Investigators, and Participants

= Allinvestigators
= Study site personnel

= Most importantly, the individuals who participated in these trials
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2023-2024 COVID-19 Vaccine Formula:
Pfizer/BioNTech

Vaccines and Related Biological
Products Advisory Committee

June 15, 2023



Presentation Outline
Epidemiology & Real-World Evidence

Omicron-Adapted Vaccine Booster
Dose Humoral and Cell-Mediated
Immune Responses

Preclinical Evaluation Against
Contemporary Variant Vaccines

Kena A. Swanson, Ph.D.
Vice President, Viral Vaccines Supply of 2023-2024 Formula

Vaccine Research and Development, Pfizer Inc.
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The Current COVID-19 Epidemiologic Landscape in the

US is Dominated by XBB.1.5 and Related Sublineages

Weekly Proportions from 1-Apr to 20-May Circulating XBB Sublineages are Similar

100 - « XBB.1.9.1 and XBB.1.9.2: same spike
g amino acid sequence as XBB.1.5
:61 80 -
o
E « XBB.1.16: differs from XBB.1.5 at two
> 60 - spike amino acid residues
o
%
» 40 - :
N « XBB.2.3: differs from XBB.1.5 at three
3 spike amino acid residues
220 -
14
<
7p)

0 -

XBB.1.5 XBB.1.16 XBB.2.3 XBB.1.9.1 XBB.1.9.2 Others®

GISAID, data accessed as of June 4, 2023
XBB.1.5, XBB.1.16, XBB.2.3, XBB.1.9.1, XBB.1.9.2 sublineage categories include descendants that have no amino acid differences in spike protein from parental sublineage. 37
a. Others include: XBB.1.16.1, EU.1.1.1, FL.4, FD.2, XBB.1.5.1 (sublineages that exceed a threshold of 1.8% in any week). CC-3



Waning Effectiveness of Current Bivalent Vaccines

Against XBB Sublineages

Rationale for Fall Vaccine Update

« XBB sublineages dominant globally and
antigenically distant from prior Omicron
strains'-?

 Current bivalent vaccines maintain
effectiveness3-! but show signs of

waning, including against severe
COVID-193.9-1

* Immunity likely further reduced by fall

« Better-matched vaccines improve
protection?

1. World Health Organization. Weekly epidemiological update on COVID-19 - 6 April 2023. Available at: Weekly
epidemiological update on COVID-19 - 6 April 2023 (who.int)

2. covSPECTRUM dashboard. Available at: https://cov-spectrum.org/explore/World/AllSamples/Past6M

3. Linetal. N Engl J Med. 2023 Feb 23;388(8):764-766. doi: 10.1056/NEJMc2215471

4. Link-Gelles et al. MMWR Morb Mortal Wkly Rep 2023;72:119—-124. doi: 10.15585/mmwr.mm7205e1

5. Surie et al. MMWR Morb Mortal Wkly Rep 2022;71:1625-1630. DOI: 10.15585/mmwr.mm715152e2

Absolute VE Against Hospitalization, CDC"
Immunocompetent Adults, VISION Network, Sep 2022 — Apr 2023

Time Since mRNA Vaccination Adjusted VE (95% CI)

only, 27 days* @ 17 (7-26)
Age Bivalent booster, 7-59 days —0— 61 (44-72)
18-64y Bivalent booster, 60-119 days ~ +——o— 25 (1-43)

Bivalent booster, 120-179 days —O—

* Median (IQR) time since last dose: 403 (306-534) days
T These estimates are imprecise and should be interpreted with caution.

16 (-24-43)t

Time Since mRNA Vaccination Adjusted VE (95% CI)

only, 27 days* HOA 24 (18-29)

Age Bivalent booster, 7-59 days @ 64 (58—68)
2635y  Bivalent booster, 60—119 days 51 (45-57)
Bivalent booster, 120-179 days =@ 27 (15-37)

* Median (IQR) time since last dose: 362 (245-484) days

6. Tenforde et al. MMWR Morb Mortal Wkly Rep 2023;71:1637-1646. DOI: 10.15585/mmwr.mm7153a1

7. Fabiani et al. Euro Surveill. 2023 Feb;28(8):2300105. doi: 10.2807/1560-7917.ES.2023.28.8.2300105

8. Tartof et al. Unpublished analysis, under review.

9. Poukka et al. medRxiv 2023. doi: 10.1101/2023.03.02.23286561 38
10. Link-Gelles R. CDC. Data presented at the ACIP meeting (April 19, 2023). Available at: ACIP meeting (CDC.gov)

11. Link-Gelles R. MMWR Morb Mortal Wkly Rep 2023;72:579-588. DOI: http://dx.doi.org/10.15585/mmwr.mm7221a3

CC-4



SARS-CoV-2 Activity is Expected to Increase this

Autumn/Winter

- Disease activity has peaked between November and April?
« Similar to patterns seen for influenza, RSV, and other coronaviruses?

Heatmap of Monthly Median COVID-19-Related Hospitalizations Weekly Seasonality of Confirmed Viral
Per Million Population, Northern Hemisphere, Mar 2020 — Dec 20221 Infections, England and Wales, 1989 — 20192

Jan [N -
Feb -

Annual Seasonal = Mar -

Addltl_or_1 to Rate Apr )
Per Million
75 May -
- Jun -
Jul -
0 Aug -
Sep -
-65 Oct -
Nov -
Dec -
T ESS VY EXEST YRYPT2IEDELTEEESEE S XL )
t 3888585835828 5325835¢8s83¢3°3 Influenza A RSV Coronaviruses
“330055:’"”"“:"'39%: £E g“-,ggg%% &
5 2
1. Wiemken et al. Sci Rep. 2023 Mar 8;13(1):3886. doi: 10.1038/s41598-023-31057-1 39 CC-5
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Omicron-Adapted Vaccine Booster
Dose Humoral and Cell-mediated
Immune Responses




Immunogenicity Data From Omicron BA.1 and BA.4/5-adapted Vaccine

Clinical Studies Support Real World Evidence Observations

 Omicron-adapted boosters:

— Result in superior variant neutralization titers (NTs) compared to the
original vaccine

— Recall spike-specific memory B cells that recognize shared epitopes;
Omicron-specific B cells are also induced

— Expand spike-specific CD4 and CD8 T cell responses
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Clinical and Preclinical Experience with Variant-modified Vaccines —

Supported Bivalent BA.4/5 Vaccine Authorization

Modified Vaccine Age Group Vaccine Regimen Clinical Data  Preclinical Data
14 v v
Beta 18 to 55 years f i ’ \/ \/
monovalent o
rrrs v v
V4 v v
Omicron BA.1 18 to 55 ' ' ' /, \/ \/
monovalent 0 99 years / / / v v
Frrs v v
Omicron BA.1 18 to 35 years 2 2 3
bivalent >55 years ' ' ' /, \/ \/

6 months to 11 years

lecron BA.4/5 12 to 55 years ,» ,» ,» ’ ‘/ ‘/
bivalent VA A
>55 years
, Original Vaccine /, Variant Vaccine 42 cc.8



Bivalent BA.4/5 Boosts Neutralization Activity Against:

XBB.1.5 and XBB.1.16

Participants >55 years With or Without Prior SARS-CoV-2 Infection at Baseline

BA.4/5 XBB.1.5 BA.4/5 XBB.1.16
11.5 2.3 6.1 1.5 11.3 2.2 5.0 1.5 GMFR
5120 - . 5120 - .
1 1
2560 1076 | 2560 1197 :
1 1
1280 1 1 E 1280 1 [ E
1 1
640 - 309 | 640 - 278 |
o ! o !
n 1 n 1
= 320 - 135 ! = 320 124 I
Z X 111 4 106 . 93
60 - | 60 - |
L ! LL !
TH | { 48 LL i 42
80 - ! 33 80 - | 28
1 1
40 - I [ 40 1 .19 {
1 1
5 -
1 1
10 b ' T 1 10 b : T
Pre Post Pre Post 1 Pre Post Pre Post Pre Post Pre Post : Pre Post Pre Post
Bivalent Original Bivalent Original Bivalent Original Bivalent Original
n=36 n=40 n=36 n=40 n=36 n=37 n=36 n=37

Pre = Pre-dose 4; Post = 1-month post dose 4; FFRNT;, = 50% fluorescent focus reduction neutralization titers; GMFR = geometric mean fold rises; GMT = geometric means of neutralization titers
The whiskers indicate 95% Cl. 43 cC9
Omicron XBB.1.16 and concurrent Omicron BA.4/5 analyses shown on the right of this slide run after Omicron XBB.1.5 and concurrent Omicron BA.4/5 analyses on the left. B



Spike-Specific Memory B cell (B,,.,) Assessment After

Bivalent Omicron BA.1 Booster Vaccination

BNT162b2
(3 prior doses)

5-12 months

Bivalent BA.1
1-dose booster

}é? WT+Omicron BA.1

>55 years of age

Memory B cells (B,,y,) defined as CD3-CD19+CD20+IgD-CD38int/low.

Assessment of Spike-specific Memory B cells

Wild-type strain and Omicron BA.1 Spike protein are used to measure
memory B cells recognizing wild-type or Omicron BA.1 exclusive and
wild-type/Omicron BA.1 shared epitopes

BA.1-specific Byem Bwem cells recognizing 3
cells BA.1/Wild-type shared
epitopes

c
'a . L _,""

lg — ..~.' ~
=

(&)

()]
0 Negative Wild-type-specific

] Buem cells Buewm cells
= Y
<< | A Fluorochrome-labeled
m %\Q /\= BA.1-Spike tetramer
| | | | | %@ Fluorochrome-labeled

Wild-Type-Specific Stain Wild-type-Spike tetramer
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Bivalent Omicron BA.1 Booster Increases the Frequencies of-

Memory B Cells Recognizing Shared and BA.1-Specific Epitopes

Omicron BA.1 Booster in BNT162b2-experienced Individuals >55 years of Age
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Similar trends were observed with a monovalent Omicron BA.1 booster
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N=13; Memory B cells (Bmem) defined as CD3-CD19+CD20+IgD-CD38int/low.



Clinical Study Evaluated CD4 and CD8 T Cell Responses

Elicited by Bivalent Omicron BA.4/5-Adapted Booster

BNT162b2 Bivalent BA.4/5 D‘7 DgS D?i
(3 prior doses) 1-dose booster

WT+Omicron BA.4/5
(30 pg)

18-55 years of age

Peripheral blood mononuclear cells (PBMC) collected from a subset
| of participants prior to booster, 7, 28, and 84 days after booster |

Spike peptide pools included those:
« Covering both WT and BA.4/5 1 IR T |1 WT / BA.4/5

* Unique to BA.4/5
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Bivalent WT+BA.4/5 Vaccine Boosts CD4 and CD38

T cell Responses

Omicron BA.4/5 Booster in BNT162b2-experienced Individuals 18-55 Years of Age

CD4 T cells CD8 T cells
WT/BA.4/5 BA.4/5 Unique WT/BA.4/5 BA.4/5 Unique
Spike pool 1 Spike pool 1
19 19 10 10
0 0 0 0
o o ] 1 [ 1-
o o o o
017 = 0.1 - [
+ + + +
3 g 2 2
o o o 017 /\. o 017
L L oo L L e
Z 0.014 4 U1 Z LoD | Z LOD | e
& i — L §91- L g.01-
X X X X
LOD .................................. LOD ......... e reeeseeeecece esacennn
0.001 T T T 0.001 T T T 0.001 T T T 0.001 T T T
DO D7 D28 DO D7 D28 DO D7 D28 DO D7 D28
GMFR (n=20) 1.8 1.3 1.4 1.0 1.9 1.4 1.4 1.2
Pos (n=14) 1.8 1.1 1.5 1.0 1.7 1.2 14 1.3
Neg (n=6) 1.9 1.7 1.3 1.2 2.6 1.9 1.5 1.2
WT/BA.4/5 Spike pool 1: Pool of peptides representing aa 1-643 of WT and BA.4/5 47 cCc-13

BA.4/5 Unique: Pool of peptides representing mutations unique to BA.4/5



Preclinical Evaluation of
Contemporary Variant Vaccines




Monovalent XBB.1.5 Booster Elicits Highest XBB

Sublineage Neutralization Response

DO-WT  D21-WT D105 WT + BA.4/5 D134 -Variant D160
| | | | |

mWuhan DO BA.4/5 ©mXBB.1.5 mXBB.1.16 mXBB.2.3

106 1
5 71748 100108 74398
E 105 - 40689 41055 54232
c T [ I
9 ' :
T 10 - 3766 3020
N 1800 1523
‘g 733 621 T
5 40° - 444 |
S I
Z I
S 102
4 0

101 I T

WT + BA.4/5 XBB.1.5 BA.4/5 + XBB.1.5

Pseudovirus neutralization assay; Reference strain, Wuhan-Hu-1 Vaccme CC-15
LOD = Limit of detection; the lowest serum dilution of 1:20. N = 10 mice per vaccine group
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Monovalent XBB.1.5 Vaccine, as a Primary Series, ) &P
Elicits Highest XBB Sublineage Neutralization Response P T

DO D21 D49

pop 8

mWuhan DO BA.4/5 ©mXBB.1.5 mXBB.1.16 mXBB.2.3

106 1
-
Q
=
= 105 A
c 14730
[ 8580 |
T 10 - | 3084 3787 2689 [] 2664 3493 2602
N | 1717 7
© 981 | B
—
E . 1
Q
Z
S 10
Q 10

101 Ll T

WT + BA.4/5 XBB.1.5 BA.4/5 + XBB.1.5
Pseudovirus neutralization assay; Reference strain, Wuhan-Hu-1 Vaccine 50 CC-16

LOD = Limit of detection; the lowest serum dilution of 1:20. N = 10 mice per vaccine group



Supply Readiness




Readiness to Supply Updated COVID-19 Vaccine

 Dose distribution can begin as follows, subject to regulatory approval
— XBB.1.5 monovalent: end July

— XBB.1.16 monovalent: August
— Any other formulation: October

* Note: ~60% of flu doses are distributed by end of September

— Above timelines for both XBB monovalent formulations enable parallel
distribution of flu and COVID-19 vaccines

* Primary presentation will be single dose units — enabling greater access
and efficiency

Should the need arise Pfizer/BioNTech can support an off-cycle strain selection at a later date
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Conclusions

Preclinical and Clinical Data Support a Monovalent
XBB-adapted Vaccine for the 2023-2024 Formula

« XBB.1.5 and XBB.1.16 are most predominant in the US

* Improved humoral and cell-mediated immunity with Omicron-
adapted vaccines

* Preclinical data show XBB-adapted vaccines offer improved
responses against circulating strains

— Higher responses with monovalent than bivalent vaccines
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2023-2024 COVID-19 Vaccine Formula:
Pfizer/BioNTech

Vaccines and Related Biological
Products Advisory Committee

June 15, 2023
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