Pediatric COVID-19 Vaccines

Evan J. Anderson, MD
Professor of Pediatrics and Medicine
Attending physician at Children’s Healthcare of Atlanta
Emory University School of Medicine

02JUN2021

EMORY

UNIVERSITY
SCHOOL OF

MEDICINE Chll rens’

Healthcare of Atlanta



http://med.emory.edu/main/index.html

POTENTIAL CONFLICTS AND DISCLOSURES:

e Financial compensation to Emory for clinical research:
»  Pfizer, Merck, GSK, Sanofi Pasteur, Novavax, Regeneron, PaxVax, Medimmune,
Janssen, and Micron unrelated to this talk.
e Pfizer - pediatric trial

| have served as consultant:
 Medscape, Sanofi Pasteur, Janssen, and Pfizer

e Safety monitoring committee

e Kentucky BioProcessing, Inc
e Sanofi Pasteur

e NIH funded

e Local Pl for the Moderna mRNA-1273 Phase | and variant studies
e Local Pl for the Moderna mRNA-1273 Phase 3 study

e Local Pl for the Janssen Ad26-Spike protein Phase 3 study

e Local Pl for the Moderna mRNA-1273 KidCOVE



OPERATION WARP SPEED
ACCELERATED VACCINE PROCESS

MISSION: Deliver 300 million doses of safe and effective vaccir® by 1 January 2021,
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ACCELERATED
PROCESS
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A lh'plr;al_ﬂ-mnnth A typical 42-month process is accelerated by:

process is accelerated by: | gy Large scale Phase I clinical trials of 30,000 volunteers allowing for rapid
collection and earlier analysis of safety and efficacy data of demographically
diverse populations by the FDA, reducing the typlcal 12-manth approval
process to three manths.

m Creafing vaccine
candidates immediately
after viral genome

S M Two promising candidates began Phase Il clinical trials in July, with others ta
sequence is available.

follow quickly in coming manths. Before beginning Phase I, candidates must
show safety data from animal and human studies.

W Using vaccine platforms
ﬂmﬁmd faor npmr W The U5, Government funding at-risk, large-scale manufacturing of the most

diseases. promising vaccine candidates during Phase Il clinical trials to ensure any
vaccine proven to be safe and effective s available immediately upon FOA
Emergency Lise Authorizalion (EUA) approval or licensure.

M R&D + Preclinical Trials Vaccine Candidate/s Identified
M Phase | Clinical Trials

A typical 15-month process is

A typical B-manth

process is accelerated accelerated by:
= B Planning for infrastructure and
" ;ﬂ“gg’iﬁg%‘gm distribution before the vaccines
e are approved or authorized.
allocation methodology |~ m COC leading distribution
used as part of planning with Do)
pandemic flu planning augmentation,
and the COVID-19
response will be used
to determing vaccine
distribution.
M Phase Il Clinical Trials 1M Manufacturing
" Phase lll Clinical Trials " Distribution

A typical 12-manth FOA review
for EUA approval or licensure is
accelerated by:

W Providing continugus safety
and efficacy data collected in
large Phase Il clinical trials.
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>40 in clinical trials
>150 in preclinical eval

2 mMRNA
e Pfizer mRNA BNT162b2;
Phase 3: ~44K

Moderna mRNA-1273;
Phase 3: 30K

2 viral-vectored

* AstraZeneca ChAd-Spike;
Phase 3: Data released,
future uncertain, doses
released by the US

Janssen Ad26-Spike;
Phase 3: Approved

2 S protein-based
e Novavax NVX-CoV2373 —

started end of Dec 2020,
data pending

* Sanofi/GSK-delayed
Insufficient antigen,
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B Modified Intention-to-Treat Analysis

Vaccine Efficacy Incidence Rate
(959 CI) (95% CI) Placebo

9% per 1000 person-yr

Placebo 79.8 (70.5-80.9)
mRNA-1273 3.0 (38.9-05.6) 5.6 (3.4-8.8)

Moderna _
Pfizer

Cumulative Event Rate (%)
Curnul ative Incidence [%)

mRNA-1273

BMT162b2
50 60 70

Days since Randomization

No. at Risk
Placebo 14508 14,500 W4,567 14515 13,806 12,352 12,694 11,450 9736 6729 4067
mRNA-1273 14,550 14,543 14,532 14,504 13,825 13,398 12,791 11,573 9911 6871 4179 A Woderats to SevereCritical Cases of Covid-19

4

Janssen

z
i
:
3
i

49 56 (1] 70 b
Days since Administration

Mo. 3t Risk
Placeba 18,877 19,804 19.7Q5 19652 19,579 19488 18,411 14,814 10823 7740 3876 1439
AdEOOVIE 18744 19775 10,680 19647 19,612 19578 18541 14000 10,930 T&I1 3098 1d46&
Mo. of Cases
Placeba o n &l 168 237 2399 351 &7 400 416 473 425
AdEOOVIS o rr) 76 96 126 151 12 17g 184 158 159 191

B savere-Critical Cases of Covid-19
0.6

o
in

AdTE.COVES

Cumubstive Incidence (3

35 47 45 56 a3 70 7
Days since Administration

Mo. at Risk

Placeba 19,377 19,819 19,799 19,779 19,760 19725 14, 15088 11,069 7939 3995 1485 732
AdEOOVIS 18744 1974 19734 19725 19,718 19705 18685 15043 11046 7915 4039 1481 720
Mo. of Cases

Placeba o 5 18 12 44 55 fi 3 76 76 77 77 T8
Ad26.OOVIS o 7 1 16 13 o 1 1 21 .| Fi




BNT162b2 mRNA Covid-19 Vaccine
in a Nationwide Mass Vaccination Setting

Noa Dagan, M.D., Noam Barda, M.D., Eldad Kepten, Ph.D., Oren Miron, M.A.,
Shay Perchik, M.A., Mark A. Katz, M.D., Miguel A. Hernan, M.D.,
Marc Lipsitch, D.Phil., Ben Reis, Ph.D., and Ran D. Balicer, M.D.

DOIl: 10.1056/NE]Moa2101765
Copyright © 2021 Massachusetts Medical Society.

A Documented SARS-CoV-2 Infection
3

Cumulative
Incidence
(%)

B Symptomatic Covid-19
2.0

L2s L5
®E —~
=4£ 10
E'w

g= 0.5

0.0 T T T T T T 1
1] 7 14 21 28 35 42

Mo. at Risk Mo. at Risk
Unvaccinated 596618 413052 26625 186553 107209 37164 4132 Unvaceinated 596,618 413,768 263662 187,784 108,242 37564 4204
Vaccinated 596618 413527 262,180 187,702 108529 33,029 4282 Waccinated 596613 414140 263,179 138740 109,261 38299 4288
Cumulative Mo. of Events Cumulative No. of Events
Unvaccinated li] 2362 3971 5104 5775 6053 6100 Unvaccinated ] 1419 2393 3079 3433 3582 3807
Vaccinated li] 1965 3533 4124 4405 4456 4480 Waccinated 1] 1103 1967 2250 2373 23187 2389
C Covid-19 Hospitalization D Severe Covid-19
0.20

23 28 01

% isg 0.10

E] 3 .

5 e

o= oEf 005

0.00 T T T T
0 7 21 28 35 42 L] 7 14 21 28 35 42
Days Days

Mo. at Risk Mo. at Risk
Unvaceinated 596618 414865 26#377 189808 109867 33432 4309 Unvaccinated 596618 414898 264437 189,874 109929 38467 4310
Vaccinated 596618 414916 264482 189972 110,054 33561 4321 Waccinated 596618 414,933 264,516 190,000 110,076 38571 4322
Cumulative No. of Events Cumulative No. of Events
Unvaccinated ] 58 125 198 244 256 259 Unvaccinated ] 17 57 114 157 171 174
Vaceinated 0 3l 7 L 108 110 110 Waccinated 1] [ 26 45 52 55 55

E Death Due to Covid-19

0.05
0.04
£ g 0.03
EE X
222
3 E
g= 0.01
0.00- T
0 7 1

No. at Risk

Unvaccinated 586,618 414505 264479 189950 110,008 38510
596,618 414938 264538 190,032 110,101 38575

Vaceinated

Cumulative No. of Events
Unvaccinated 0 1
Vaccinated Q 0

2l 8 35 42
Days
4316
4322




Do We Need a Vaccine for Children?

 |nitial Impression: Children don’t transmit virus

* Less frequently symptomatic, uncertainty about impact of school closures

e Current Knowledge: Children do transmit SARS-CoV-2, just relatively less frequently

(Clinical Infectious Diseases
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Figure 2: Annual reported® cases of select vaccine-preventable diseases in the United States for 20 — 25 year periods: diphtheria (A), pertussis (B), RESEARCHLETTER
paralytic poliomyelitis (C), measles (D), mumps (E), rubella (F), Haemophilus influenzae type b (G), varicella (H), hepatitis A (I), and invasive
pneumococcal disease (J). O indicates new ine introduction, M indicates a change in vaccine or vaccination strategy, O indicates 30% coverage reached for children
aged 19 — 33 months, and A indicates 75% coverage reached for children aged 19 — 35 months or 1 — 4 years (depending on National Survey). Data from the National
Notifiable Dizeases Surveillance System, Active Bacterial Core surveillance, Supplemental Pertussis Surveillance System, United States Immunization Survey, National
Immunization Survey, and references 51 — 38. Rotavirus, influenza, and adolescent vaccines (MCC and HPV) were not included. *Cases are estimated for Haemophifus
influenzae tyvpe b (onlv includes children aged <35 vears) and invasive pneumococcal disease.
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Do We Need a Vaccine for Children?

* |nitial Impression: Children don’t get sick (e.g., inadequate hosp., inadequate deaths)

. .- Age distribution (N = 44 672)
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Do We Need a Vaccine for Children?

* |nitial Impression: Children don’t get sick (e.g., inadequate hosp., inadequate deaths)
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Do We Need a Vaccine for Children?

inadequate hosp., inadequate deaths)

. .- Age distribution (N = 44 672)
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the Coronavirus Disease 2019 (COVID-19) Outbreak in China - 30-79 years: 87% (38 680 cases)
Summary of a Report of 72 314 Cases FTOIM  sama pusished crine Feoruary 24, 2020 * 20-29 years: 8% (3619 cases)
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Age <5 yrs
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Do We Need a Vaccine for Children?

e Initial Impression: Children don’t get sick (e.g., inadequate hosp., inadequate deaths)

Age distribution (N = 44 672)
« =80 years: 3% (1408 cases)
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Start Initial Vaccine Studies in Children

 Why pediatric studies?
» Differences in height, weight, body surface area, muscle mass, and fat distribution in children

* Need to understand reactogenicity, safe icity in children + establish the dose

e Delay in starting pediatric s

o

...begin pediatri din adults...”

* Perspective:
e Adult phase 1/ diting of Phase 3
* Vaccine devel

* Phase 2 and efficacy
e Pediatri

e Multipl
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Safety, Immunogenicity, and Efficacy of the
BNT162b2 Covid-19 Vaccine in Adolescents

Robert W. Frenck, Jr., M.D., Nicola P. Klein, M.D., Ph.D., Nicholas Kitchin, M.D.,
Alejandra Gurtman, M.D., Judith Absalon, M.D., Stephen Lockhart, D.M.,
John L. Perez, M.D., Emmanuel B. Walter, M.D., Shelly Senders, M.D.,
Ruth Bailey, B.Sc., Kena A. Swanson, Ph.D., Hua Ma, Ph.D., Xia Xu, Ph.D.,
Kenneth Koury, Ph.D., Warren V. Kalina, Ph.D., David Cooper, Ph.D.,
Timothy Jennings, D.O., Donald M. Brandon, M.D., Stephen J. Thomas, M.D.,
Ozlem Tiireci, M.D., Dina B. Tresnan, D.V.M., Ph.D., Susan Mather, M.D.,
Philip R. Dormitzer, M.D., Ph.D., Ugur Sahin, M.D., Kathrin U. Jansen, Ph.D.,
and William C. Gruber, M.D., for the C4591001 Clinical Trial Group*
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ORIGINAL ARTICLE
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Table 2. SARS-CoV-2 Serum Neutralization Assay Results 1 Month after Dose 2 of BNT162b2 among Participants

ORIGINAL ARTICLE

Safety, Immunogenicity, and Efficacy of the
BNT162b2 Covid-19 Vaccine in Adolescents
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Table 3. Vaccine Efficacy against Covid-19 in Participants 12 to 15 Years of Age.*
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Efficacy End Point7 (95% Cl):

BNT162b2 Placebo
No. of Participants
with Event/

Total No.§

No. of Participants
with Event/
Total No.§

Surveillance Time
(No. at Risk)

Surveillance Time
(No. at Risk)

Covid-19 occurrence at least
7 days after dose 2 in par-
ticipants without evidence of
previous infection

0/1005 0.154 (1001) 16/978 0.147 (972) 100 (75.3-100)

A

Covid-19 occurrence at least
7 days after dose 2 in par-
ticipants with or without evi-
dence of previous infection

0/1119 0.170 (1109) 18/1110 0.163 (1094) 78.1-100)

A

* Results are for the efficacy population that could be evaluated, which included all eligible 12-to-15-year-old participants who received two
doses of BNT162b2 or placebo as randomly assigned, with dose 2 received within the prespecified window, and had no major protocol de-
viations.

i Participants without evidence of previous infection were those who had no serologic or virologic evidence of past SARS-CoV-2 infection be-
fore 7 days after dose 2 (i.e., N-binding antibody testing [serum] negative at vaccination visit 1 and SARS-CoV-2 not detected by NAAT [nasal
swab)] at vaccination visits 1 and 2) and had negative NAAT results (nasal swab) at any unscheduled visit before 7 days after dose 2.

1 The 95% confidence interval for vaccine efficacy was derived on the basis of the Clopper—Pearson method with adjustment for surveillance
time.

f The number of participants with a first occurrence of Covid-19 at 7 or more days after dose 2 and the total number of participants with data
are shown.

§ Total surveillance time in 1000 person-years for the given end point across all participants within each group of participants who were at
risk for the end point is shown. The period for Covid-19 case accrual was from 7 days after dose 2 to the end of the surveillance period.
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e Pfizer 12 — 17 year old study data
e March 31 Pfizer press release
e April 9 Pfizer submitted data to FD
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Pediatric Update

e Studies for those <12 years of age
e Age de-escalation
* Dose escalation/finding studies

e Pfizer — NCT04816643:

* September for data for 2 — 11 year olds

Evaluate the Safety, Tol- X |

& 5 linicaltrials.gov/ct2/ INC er+and+ d+and+rnafdr:

ClinicalTrials.gov

Find Studies « About Studies = Submit Studies + Resources = About Site « PRS Login

Home » earch Results »  Study Record Detail [ Save this study
Trial record 2 of 17 for.  pfizer and covid and ma

4 Prey fum to List | Mext Study *

Study to Evaluate the Safety, Tolerability, and Immunogenicity of an RNA Vaccine Candidate Against COVID-19 in Healthy Children <12
Years of Age

icalTrials gov ldentifier NCT04316643

The safety and scientific validity of this study is the responsibility of the study sponser and investigators. Listing a study
does not mean it has been evaluated by the U.S. Federal Government. Know the risks and potential benefits of clinical
studies and talk to your health care provider before participating. Read our disclaimer for details

valuate Safety and £ %X |
G 0] ] https://clinicaltrials.gov/ct2

« Moderna - NCT04796896 S STt e

Home » 1 »  Study Record Detail [ Save this study

* No timeline stated e T

Previous Study | m to List | Mext Study *

A Study to Evaluate Safety and Effectiveness of mRNA-1273 Vaceine in Healthy Children Between & Months of Age and Less Than 12 Years
of Age

ClinicalTrials gov Identifier: NCT04796856

The safety and scientific validity of this study is the responsibility of the study sponsor and investigators. Listing a study
L 3 E 3 S 3 K s pote i

does not mean it has been evaluated by the U 5. Federal Government Know the risks and pofential benefits of clinical First Posted € - March 15, 2021

studies and talk to your health care provider before participating. Read our disclaimer for details, Last Update Posted @ - May 21, 2021




Pediatric Update

e Studies for those <12 years of age
e Janssen?
 Novavax?

 Some uncertainty about whether the FDA will grant an EUA for those <12

x | +

ye a rS Of a ge . ] .cde. vacci ji iderations/myocarditis.htmI? AC5Tracking|D=USCDC_425-DM5:

[ b [ @ Centers for Disease Control and Prevention
f

Saving Lives, Frafecting Peopie™

Vaccines & Immunizations

e Distribution challenges: Pfizer

CDC > COVID-19 Vaccination > Clinical Care ﬁ 0 @

A COVID-19 Vaccina

Clinical Considerations: Myocarditis and Pericarditis

s ] f d : : Freductinfo by us vecane after Receipt of mRNA COVID-19 Vaccines Among
O N g oin g Sd Ety ata review: cinealcare Adolescents and Young Adults

Summary

Since April 2021, increased cases of myocarditis and pericarditis have been reported in the United States after mRNA
Myocarditis and Pericarditis COVID-19 vaccination (Pfize MTech and Moderna), particularly in adolescents and young adults. There has not been
Considerations a similar reporting pattern observed after receipt of the Janssen COVID-19 Vaccine (Jochnson & Johnson).

In most cases, patients who presented for medical care have responded well to medications and rest and had prompt
improvement of symptoms. Reported cases have occurred predominantly in male adelescents and young adults 16
years of age and older. Onset was typically within several days after mRNA COVID-19 vaccination, and cases have
occurred more often after the second dose than the first dose. CDC and its partners are investigating these reports of
myocarditis and pericarditis following mRNA COVID-19 vaccination.

Lab Tests Afte rere Allergic
Reaction

Vaccinating Homebound Fersons

Juris s: Vaccinating Older
Adults and People with Disabilities

CDC continues to recommend COVID-19 vaccination for everyone 12 years of age and older given the risk of COVID-19
illness and related, possibly severe complications, such as long-term health problems, hospitalization, and even death.
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Should We Mandate a COVID-19 Vaccine for Children?

The zeal to develop and implement a vaccine to pre-
vent coronavirus disease 2019 (COVID-19) infection has
beenexceptional. Operation Warp Speed, the Trump ad-
ministration’s proposal, seeks to produce hundreds of
millions of doses of a vaccine by January 2021. Recent
polls show as many as 70% of adults in the United States
planto get vaccinated against COVID-19 once a vaccine
is available.! And thousands of adults have registered to
participate as volunteers in human challenge trials to
speed up the development of a new vaccine.?

We anticipate that this fervor will eventually lead to
discussions about making a COVID-19 vaccine manda-
tory. An obvious group to target for mandatory vacci-
nation is children. Not only do we already mandate sev-
eral vaccines for them to attend school, but strategies
to reopen schools or keep them open may be predi-
cated onit.

Some might suggest the current US approach to
influenza vaccine should inform our approach to a
COVID-19 vaccine: no states require influenza vaccina-
tion for children to attend school. The analogy is

mandate may be the only way to achieve the high herd
immunity threshold needed to provide wide commu-
nity protection. Consider the measles virus. Ithasan R,
of12to18; as aresult, approximately 92% to 94% of the
population must be immune to prevent spread. This has
been achieved by requiring 2 doses of measles vaccine
forchildrenin all states before enroliment in school, with
only very limited ways to opt out.

Rather than resort to analogies, we can use 9 stan-
dard criteria that can help guide whethera COVID-19 vac-
cine for children should be mandated (Box).>® These cri-
teria can be divided into 3 categories: 4 criteria related
to the vaccine, 2 related to the disease, and 3 related to
implementation. Ordinarily, each of these criteria would
be considered in determining whether a vaccine should
be mandated for children, although the weight given to
each criterion may differ. In times of great public health
need, such as the present pandemic, however, we pro-
pose that each criterion continue to be evaluated in mak-
ing vaccine policy, but 5 criteria should be prioritized.

The criterion that should be prioritized over all oth-

[SPEN s b~ = EN e a\Yilnthial

JAMA Pediatrics Published online September 14, 2020

Nevertheless, with these criteria as a framework, the only logical
conclusion is that we currently know too little about the performance
of any of the candidate COVID-19 vaccines or the epidemiology of
SARS-CoV-2 in children to make any firm judgments about whether a
COVID-19 vaccineshould be mandatoryin children. Yet, it is not too early
to begin integrating these criteria into our planning to help ensure we
get this decision right. Our nation’s children deserve as much.

Box. Criteria to Consider When Evaluating Antigens
for Inclusion in Mandatory School Immunization Programs

1.

Vaccine related: Experience to date with the vaccine containing
this antigen indicates that it is safe and has an acceptable level
of adverse effects.

Vaccine related: The antigen is effective as measured by
immunogenicity and population-based prevention.

Vaccine related: The vaccine containing this antigen is as
cost-effective from a societal perspective as other vaccines
used to prevent disease.

Vaccine related: The vaccine containing this antigen should bear
some relationship to increasing safety in the school environment.
Disease related: The vaccine containing this antigen prevents
disease(s) with significant morbidity and/or mortality in at least
some subset of the population.®

Disease related: Vaccinating the infant, child, or adolescent
against this disease reduces the risk of person-to-person
transmission.®

Implementation related: The vaccine is acceptable to the
medical community and the public.

Implementation related: The administrative burdens of delivery
and tracking of vaccine containing this antigen(s) are reasonable.
Implementation related: The burden of adherence for the vaccine
containing this antigen is reasonable for the parent/caregiver.

@ Adapted from Washington State Board of Health, Immunization Advisory
Committee.”

b Adapted from Opel et al.®




Summary

Substantial burden in children including hospitalization, MIS-C, and
death

Substantial other impacts upon children (educational, social,
psychological)

Pediatric Vax data extending down to age 12, EUA for Pfizer, ongoing
safety evaluations

Pfizer and Moderna have ongoing trials in those <12 years of age
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