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Vaccination Milestones
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mRNA Vaccine Technology Breakthroughs ).
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MRNA Construct Overview
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Manufacturing of mRNA Vaccines
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Mechanism of mRNA Vaccines Immunity  [g).
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Innate Immune Sensing of mRNA Vaccines

a Unmodified, unpurified mRNA i b Nucleoside-modified, purified mRNA
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Tailoring Immune Response by Vaccine Type
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Overall Advantages of mRNA Technology for Vaccines
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COVID-19 Vaccines in US Government Portfolio
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First Vaccine Efficacy Results - Starting Nov 2020

o The
w2/ New England
Journal of Medicine

« 2-dose regimen of BNT162b2
» 43,548 participants randomized
~ Safety and Efficacy of the _EﬁTwi 62b2 | + 95% Ve (95% Cl 90.3; 97.6)
T ottt o et i et v l + EUA issued December 11, 2020
- -  FDA approval August 23, 2021
<) New England

" Journal of Medicine - 2-dose regimen of mRNA-1273

— e | * 30,420 participants randomized

| Efficacy and Safety of the mRNA-1273 ] - 94% Ve (95% CI 89.3; 96.8)

| « EUA issued Dec 18, 2020

* 1-dose regimen of Ad26.COV2.S

» 44,325 participants randomized

* 66.1% Ve (95% CI 55.0; 74.8) overall
« US: 72% Ve (95% CI 58.2; 81.7)
 EUA issued Feb 27, 2021 16

Published online December 10, 2020

LR Baden et al. for the COVE Study Group

\"‘, /' New England
Journal of Medicine

Published online April 21, 2021

Safety and Efficacy of Single-Dose
Ad26.COV2.S Vaccine against Covid-19

www.fda.cov J Sadoff et al. for the ENSEMBLE Study Group
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Efficacy Results: COVID-19 vaccines
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BNT162b2 mRNA COVID-19 Vaccine:
Effectiveness of 2 vs 3 Doses

Cumulative Incidence Curve for First COVID-19 Occurrence After Booster

Vaccination — All Available Efficacy Population
Curves diverge rapidly, starting even before 7 days after booster
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Other mRNA Vaccines Efficacy-RSV
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COVID-19 Vaccine Effectiveness in the US

United States: COVID-19 weekly death rate by vaccination status, All
ages

Death rates are calculated as the number of deaths in each group, divided by the total number of people in this group. This is
given per 100,000 people.
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Data source: Centers for Disease Control and Prevention (2023) QurWorldinData.org/coronavirus | CC BY
Note: The mortality rate for the 'All ages' group is age-standardized to account for the different vaccination rates of older and younger
people.
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Safety-Biodistribution of mRNA Vaccines

mRNA does not travel to the cell nucleus (as opposed to DNA)

Antigen can be detected in blood as soon as 24 hours after vaccination, but
detection 1s rarer after the second dose of vaccination

Some studies show spike antigen detectable in germinal centers up to day 120 post
vaccination

mRNA vaccine 1s found in blood within hours and for approximately a month after
vaccination

mRNA-LNP is initially detected on the injection site and liver

LNPs, mRNA, and/or protein products can be detected in various organs and
tissues (including testes and breast milk (48 h); *animal and human data)

Biodistribution seems to be correlated with type of LNP formulation

Pateevet al. Biomedicines 2023 22



Safety as a Priority #1: Time to Develop a Vaccine L%

1884 1989
Typhoid 105 years
1908 1955
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1906 1948
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1965 1981
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2020

COVID-19 [ 11 months

. S . . . . 3
www.fda.gov ¥ . -
g twen discovery of microbiologic cause of selected infectious diseases and development of a vaccine Adapted from AVAC



First in Human SARS-CoV-2 Vaccine: mRNA-1273

' PREPAREDNESS | RESPONSE
moderna

Preclinical
and GMP
Production

Jan-5: 5 days
March 16: 65 days
~10years  May 29: 139 days

July 27: 198 days
November 30: 11 months

24
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Studies Leading to mRNA-1273 Antigen Design and Selection [g»/at

McLellan, Graham, et al Kirchdoerfer, Ward, et al
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Bhktile stabilization ~ [T) O_q _e_r_r_\_Cl_ stabilization @%3 Pilot Program
And PoC for

>3 St vaccine
1 P development

Ledgerwood, Graham, et al Palleen, McLellan, et al
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Safety as a Priority #2: FI-RSV Vaccine-Enhanced Disease

Vaccine n* Infected (%) Hospitalized (%)**  Deaths***
Vaccine 31 20 (65) 16 (80) 2
Placebo 40 21 (53) 1 (5) 0

* 11njection (n=2); 2 injections (n=8); 3 injections (n=21)
** [n unpublished 1962/3 trial - 21/54 infected; 10/21 hospitalized
*** 14 and 16 mo. of age; 3 injections starting at 2 and 5 mo. of age.
Both had bacterial pneumonia complicating RSV

Kim et al. Am J Epidemiol 1969; 89: 422



“At Risk” USG Vaccine Development in Context of the
Pandemic Response

v" Financial Risk

= Preparation of Phase 3 sites prior to finalizing Phase 1 and Phase 2 data

= Large-scale production of vaccine commercial lots prior to determination of
efficacy

X Safety Risk

=  No compromise on safety (other than shorter follow up by EUA determination)
= Standard Phase 1 and Phase 2 protocols

= Intensify safety considerations in Phase 3

X  Scientific Risk

= No compromise of scientific integrity of the studies, vaccine design

www.fda.gov 27



Vaccine Benefit/Risk Analysis: Myocarditis and
Pericarditis
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Safety-Other Risks to Keep in Mind

Risk of heart complications* is higher after COVID-19 infection than after
mRNA COVID-19 vaccination among males and females of all ages

(U2

TEEN BOYS (ages 12-17 years) had YOUNG MEN (ages 18-29 years) had

COVID-19 vaccination is the best way to protect against
COVID-19 and rare heart complications

bit.ly/MMWRTI 4
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mRNA Vaccine Durability

* Is the immunity to mRNA-expressed antigens durable?
— Virus evolution vs durable immune response
— COVID-19 natural infection vs mRNA Vaccine immunity durability
— How does seroprevalence affect durability?

mRNAvaccine ~ ™ Antibodies Memory B cells Memory T cells
N =45 @:
Mild infection ‘iy Y s
- :@: p-

N= 26* @
Prior COVID :g s
N=16 anti-Spike/RBD lgG Spike* ©
neutralizing Ab NTD*, RBD*, 52+ o Spike peptides —

I T I | I | I 1 I T 1

1 3 6 0 1 3 6 0 1 3 b

Months Months Months

www.fda.gov Goel et al. Science 2021



Approach to Updating Vaccine Composition- High Level [3p)
Overview

Vaccine Campaign X Anticipate that this

process will apply to
all COVID-19 vaccine
types moving forward

Review integrated data to Approval and/far
determine need for an Authorization
updated composition *
recormmendation

Real world evidence of
updated vaccine
effectiveness

Manufacturers update their
vaccines as recommended and
submit data package to FDA for

*

- - -
VREPAC - review
compostion Vaccine Campaign Y
decision Step 2
Review integrated data to Approval and/for
CMC data determine need for an Authorization Real world evidence of
updated composition * updated vaccine
recommendation effectiveness
Nonclinical data > _
Manufacturers update their
vaccines as recommended and
Clinical * submit data package to FDA for
EUIR PR B -~ review
I[lmmunogenlmty "’RBPQC_-
TEW - -"— Composition
data decision

www.fda.gov Slide by Jerry Weir 32



FDA’s Role for COVID Vaccines, including mRNA
COVID Vaccines

 Strain selection and reference standard production
* Lotrelease

* Evaluation of safety and efficacy

* Post-market surveillance

* Advancing vaccine technology

* Helping to ensure public confidence

— Vaccination saves lives

www.fda.gov Adapted from Peter Marks 33



Approved
mRNA
Vaccines and
mRNA
Vaccines in
Different
Stages of
Development

www.fda.gov
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Cytomegalovirus

Zhang et al. 2023. Nature
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Summary and Conclusions

 mRNA technology was being developed for decades before the emergence
of SARS-CoV-2

 mRNA is an effective method to deliver an antigen; Careful vaccine
design and antigen consideration is still needed

 mRNA vaccines have been demonstrated to be safe and effective against
COVID-19, many other mRNA vaccines are in the pipeline, including a
recently approved RSV mRNA vaccine

* The ability of the mRNA platform to induce durable immunity is
incompletely understood and still being studied

 mRNA “platform” advantages and cell-free manufacturing make it the
1deal system for rapid response and updates

www.fda.gov 35



Challenge Question #1

MRNA vaccines are the newest and most effective
vaccines on the market.

TRUE

FALSE

36



Challenge Question #2

mRNA vaccines have the advantage of eliciting CD8+ immune
responses through intracellular delivery of the target antigen

TRUE

FALSE

37
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