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The Vaccine Life Cycle

GUIDE safety at every phase
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{ C CDC LEARN FDA vACCINE DEVELOPMENT + APPROVAL PROCESS http:/igo.usa.govixvvNd
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MORE CDC VACCINE SAFETY MONITORING + RESEARCH htip:/igo.usa.govixvvNe
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antigens antigens testing concept post-marketing

surveillance
_Research @_}
Pre-clinical development | @_}

_Clinical developmenf

: '_I'ransfer process to manufacturing @_'

[ 1-10 years 2-3 years 2-4 years >1 year ]
Preclinical Phase I Phase ITa Phase TIb/11I
[ [ X o000 Hundreds 0000
Lab studies Tens Hundreds Thousands unm_re .
Animals Healthy adults Target people Target people thousands
: . Safety
Number of doses . ’ Side effects Effectiveness Safety monitoring
Local application Minimizing adverse effects o o o ;
. L Immunogenicity Immunogenicity Potential adverse effects
Immune response Potential risks

Prelicensure tests Postlicensure tests
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Traditional & Accelerated Vaccine Development

Traditional development

¥
i, T -, ) .
LU £ Clinical trials
< s & e (5-7 years total)
Design and Process development 'NF}
exploratory preclinical, submitted .
preclinical studies toxicology studies m
(years) ([2—4 years) (1-2 years) (2 years) (2-3 years)
SARS-CoV-2 vaccine development
" Clinical trials
(months)
- N M Phase I
Design and Process development IND BLA
exploratory preclinical, submitted submitted
preclinical studies toxicology studies EEE
(months) (months) ReZeT:1-3
Pre-existing fram Partially pre-axisting Overlapping Production
SARS-CoV and parallel clinical (at rizk)
and MERS-CoV developmant phases

Florian Krammer. Nature volume 586, pages516-527(2020)
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Regulatory
review by FDA,
EMA etc.
(1-2 months)

Review on
a ralling
basis?

[ — —— ——
- L -
. |
Regulatory Large-scale
review by FDA, production
EMA etc. and distribution

(1-2 years)

15 years

or longer

10 months to
1.5 years total
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MVC COVID-19 . 4.9 % 10.5% 0.7% 22.2% 36.0% 27.6% 15.1% 7.7%
Vaccine TLEBEeboBIN  aceboon)  Gacebodsw st Ghbe  (Qacho  Gacbo  Glhebo  Glaceho
(= | R

USRI, 637%  542%1  29%  29%  79%  526% 53.1% 440% - 2L9%

ygi O, (o) O, (o) (o) (o) (o) O,
S : 486%  7.3% 53%  9.0%  389%  382%  332% - 142%
o s : 841%  9.5% 10.5%  142%  551%  629%  383% - 1.1%

s
=2 : 920%  100%  147%  155% 647%  700%  615% - 23.0%

COVID-19%& &>

BT Ef 4% 3EHI) R (AstraZeneca) COVID-19%& @ X ERAAE (0311kR) https://www.cdc.gov.tw/File/Get/Ab9qvY5YMGDer7ydB_AuuQ accessed on 08Jun2021
Committee for Medicinal Products for Human Use (CHMP). Assessment report COVID-19 Vaccine AstraZeneca. 29 January 2021 EMA/94907/2021
Janssen Ad26.COV2.S (COVID-19) Vaccine Emergency Use Authorization (EUA) for an Unapproved Product Review Memorandum

Fact Sheet for Healthcare Providers Administering Vaccine. EUA of the Pfizer-BioNTech COVID-19 Vaccine to prevent COVID-19. Revised: 19 May 2021
Fact Sheet for Healthcare Providers Administering Vaccine. EUA of the Moderna COVID-19 Vaccine to prevent COVID-19. Revised: Mar/31/2021

R w e

13



Transient local and systemic reactions with AZD1222 decreased with
paracetamol and occurred less often after the second dose

Local reactions

Systemic reactions

Induratio ; Tender- q q Fever | Feveris | Head- Joint . Muscle

With paracetamol
60+

o
Q2

404

I
2

N
Q2

20+

No paracetamol

Percentage %
o

o
2

U S R

P1357P1357P1357P1357P1357P1357P1357 P1357 P1357P1357P1357 P1357P1357 P1357P1357P1357

Days after vaccination
Severity None Mild [ Moderate B Severe [ Hospitalization
Folegatti PM et al. Lancet. 2020;396:467—-478. 14



Homo- & Heterologous SARS-CoV-2 the 3rd Booster Vaccinations

Arthralgia

Chills

Fever

Headache

Malaise and/or fatigue
Myalgia

Mausea
Erythemalredness
Induration/swelling
Pain and/or tenderness

Arthralgia

Chills

Fever

Headache

Malaise and/or fatigue
Myalgia

Nausea
Erythemal/redness
Induration/swelling
Pain and/or tenderness

Maximum Severity Grade:

Boost mMRNA-1273

Ad28.CONV2.S mRENA-1273 | BNT162b2
] ] i u
[ | - n f e
L | T
|| | ' I
| [ | |
N | [ | [ |
L [
| n ' |
m . —
0 25 50 75 1000 25 50 75 1000 25 50 75 100
Percentage of Participants
Boost BNT162b2
Ad26.COV2.S mMRNA-1273 | BNT162b2
] 1 | e
3 E
|
= ® =
| = =
= n =3
B il
|
B |
£ : | [
0 25 50 75 1000 25 S50 75 1000 25 50 75 100

Percentage of Participants

Mild B Moderate ] Severe
Atmar RL, et al. medRxiv. 2021 Oct 15:2021.10.10.21264827. doi: 10.1101/2021.10.10.21264827. Preprint.

Boost Ad26.COV2.S
Ad26.COV2.S mMRNA-1273 ‘ BNT162b2
Arthralgia 8 [l ‘ 1
Chills I . | [ |
Fever | 1 N | A
Headache = | =¥ |
Malaise and/or fatigue ==t === ==
Myalgia = . | | =1
Nausea 3 N | [
Erythema/redness ‘ |
Induration/swelling |
Pain and/or tenderness A i) ‘ [}
0O 25 50 75 1000 25 50 75 1000 25 50 75 100

Percentage of Participants

* Reactogenicity was similar to that
reported for the primary series.

* Injection site pain, malaise, headache,
and myalgia occurred in more than
half the participants.
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Priming vaccine BNT/BNT

Hardness

2EIBNTE R E

Diarrhoea Itch

Vomiting

Redness

Nausea
Muscle ache Swelling
Malaise Warmth
Joint pain Chills
Headache Fatigue
Feverish  Fayer
.2
2 EUAZE E/'.E ’}LEIJ Diarrhoea Hardnlesi/ Itch
Vomiting ﬂ\ Pain
Nausea 5% Redness
/0 o
Muscle ache ( QOKO Swelling
: o /
Malaise N L Warmth
Joint pain / Chills
Headache ~_ " ratigue
Feverish  Fever
Group A
—@— Control ® ChAd | - NVX @ NVX half

AZZEEEmE(ChAd)

Hardness
Diarrhoea Itch

Vomiting
Nausea Redness

Muscle ache Swelling

Malaise Warmth

Joint pair‘l Chills
Headache

3 Fatigue
Feverish

Fever

Hardness
Diarrhoea _——__ltch

Vomiting / 5% \Pain

Nausea /—i% RedneSS
/ // \\
Muscle ache / % -\ Swelling
\ ) )
. \ /
Malaise Y/ Warmth
Joint pain / Chills
Headache\ _—Fatigue
Feverish  Fever
Group B

—@- Control VLA
BNT/ZE (BNT)

®- VLA half

Hardness
Diarrhoea tch

Vomiting Pain

Nausea Redness

Muscle ache Swelling

Malaise Warmth

Joint pain Chills

Headache Fatigue
Feverish  Fever
) Hardness
Dlarrhoea/,ls\o/nch
Vomiting/ ° Wn
Nausea 5% Redness
o \
Muscle ache K [ } Swelling
Malaise i Warmth
Joint pain /Chills

Headache \ /Fatigue

Feverish  Fever

®- BNT half o CVn
Moderna®& E(m1273)

Group C
—e- Control

Munro APS, et al. www.thelancet.com Published online December 2, 2021 https://doi.org/10.1016/S0140-6736(21)02717-3



E First dose

Study

Frequency of Adverse Events in the Placebo Arms of
COVID-19 Vaccine Trials

Participants
with any
systemic
adverse event,
% (95% Cl)

Baden et al,38 2020°
Placebo group
Vaccine group

Chuet al,43 2021P
Placebo group
Vaccine group

Heath et al,3% 2021¢
Placebo group
Vaccine group

Keech et al,%*4 20209
Placebo group
Vaccine group

Polack et al,>¢ 2020¢
Placebo group
Vaccine group

42.2 (41.4-43.0)
54.9 (54.1-55.6)

32.2(25.7-38.7)
44.5 (37.6-51.4)

37.9(35.3-40.5)
47.6 (44.9-50.2)

39.1(19.2-59.1)
46.2 (27.0-65.3)

47.0 (45.5-48.5)
59.1(57.6-60.7)

Richmond et al,4! 2021f

Placebo group
Vaccine group
Shinde et al,>” 20219
Placebo group
Vaccine group
Overall effect
Placebo group
Vaccine group

Placebo group:

SE=4.32;7=8.15; I2=

Vaccine group:

10.0 (0.0-20.7)
18.8 (0.0-37.9)

34.5(30.3-38.7)
38.8(34.5-43.2)

35.2(26.8-43.7)
46.3 (38.2-54.3)

Weight,
%

16.2
17.1

14.8
15.2

16.0
16.8

8.5
8.7

16.1
17.0

12.9
8.7

15.6
16.3

100
100

-10 0 10 20 30 40 50 60 70 80 90

98.73; P<.001

SE=4.311; z=11.25; [2=98.49; P<.001

JAMA Netw Open. 2022;5(1):e2143955. doi:10.1001/jamanetworkopen.2021.43955

Participants with any systemic
adverse event, % (95% Cl)

E Second dose

Study

Participants
with any
systemic
adverse event,
% (95% CI)

Baden et al,38 2020?
Placebo group
Vaccine group

Chu et al, 432021
Placebo group
Vaccine group

Heath et al,3% 2021¢
Placebo group
Vaccine group

Keech et al,*4 20204
Placebo group
Vaccine group

Polack et al,>6 2020¢
Placebo group
Vaccine group

36.5 (35.8-37.3)
79.4 (78.7-80.0)

30.1(23.6-36.5)
76.9 (71.0-82.7)

30.8(28.3-33.3)
64.6 (62.1-67.2)

33.3(13.2-53.5)
65.4 (47.1-83.7)

33.8(32.3-35.3)
69.9 (68.4-71.4)

Richmond et al,4 2021f

Placebo group
Vaccine group
Shinde et al,>” 20219
Placebo group
Vaccine group
Overall effect
Placebo group
Vaccine group

Placebo group:

20.0 (5.7-34.3)
31.3(8.5-54.0)

27.9(23.8-31.9)
34.4 (30.1-38.7)

31.8(28.7-35.0)
61.4 (47.4-75.4)

+

« Systematic review and
«  Meta-analysis

i« Significantly more AEs

o were reported in vaccine
% groups compared with
placebo groups

12.2

22.0

=« « The rates of reported

4.0

AEs in the placebo arms

16.8

were substantial.

100
100

-10 0 10 20 30 40 50 60 70 80 90

SE=1.61;z=19.75; 12=88.61; P<.001

Vaccine group:

SE=7.13;2=8.61; 2=

99.60; P<.001

Participants with any systemic
adverse event, % (95% Cl)
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. active
gterﬁggmen )}) surveillance \
health checker
COCRNGeress y Y
data warehouse

DoD VAECS VA ADERS

) National Institute on Aging

=
.:.In' BROWN
El

i Datalink
~
ok~ coine B
. assive FDA Vaccine .
VAERS P S Surveillance Program DoD DMSS
surveillance 1 Defense Medical
g e ;\':‘;esr;o::::nt f /J\ /J_\ /]\ Surveillance System
Federal Partners BEST Initiative m:ﬁ:sp':':"m

CMS, VA Acumen, 1M, IQVIA/OHDS! Hualthcars instinste

start < 3 8
ofvan o~ individual ~—1 ~— e
y mnical immunization
W wt  Safety Assessment case consults

(CISA) Project

phdy

large-linked
database monitoring

‘‘‘‘‘‘

safety monitoring timeline

https://www.fda.gov/media/144327/download
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Taiwan'V-Watch
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(Adverse Events Following Immunization, AEFI)
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EHEEITEARSEH 748

« & 5 Ak 1) A B8 2 & Vaccine product-related reaction

. E‘Eﬁtq B kA E#E  FE Vaccine quality defect-related
reactio

- FaPhETEEIE LR~ E Immunization error-related
reaction

- FEPHEERE £ EHE K E Immunization anxiety-related
reaction

« i 1585 454 Coincidental event
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Adverse Events of Special Interest
(AESI)
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COVID-19%& &= EHtAESI
7T s S T R

Myocarditis, pericarditis Guillain-Barré syndrome and Immune Arthritis Anaphylaxis

Miller Fisher syndrome thrombocytopenic

purpura

Cerebrovascular stroke Peripheral facial palsy Microangiopathy Acute aseptic arthritis Acute kidney injury
Acute myocardial Convulsion/ seizure Single organ cutaneous Acute liver injury
infarction vasculitis
Deep vein thrombosis Transverse myelitis Erythema multiforme
Pulmonary embolus Aseptic meningitis Acute pancreatitis
Arrhythmia Acute disseminated Sudden death

encephalomyelitis
Encephalitis, myelitis
Rhabdomyolysis

Multiple sclerosis/
neuromyelitis optica

Narcolepsy/ cataplexy Related to COVID-19 disease
ClRtelolE) UEEs Slne Related to COVID-19 vaccine

thrombosis/ unspecified

intracranial hemorrhage Related to general vaccination
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Rare Events Observed after Mass-Vaccination

 The number of subjects enrolled in clinical trials is usually too small to detect very rare side-
effects that may occur following vaccination

* These types of events will only be seen once a vaccine is used in very large populations
(typically millions of people)

Event
Anaphylaxis Has been reported (Frequency unknown)4©
Thromboembolic events with concurrent thrombocytopenia Has been reported (very rare)?

Myocarditis/pericarditis Has been reported?

Guillain-Barré syndrome Has been reported (extremely rare)3

1. https://www.ema.europa.eu/documents/covid-19-vaccine-safety-update/covid-19-vaccine-safety-update-vaxzevria-previously-covid-19-vaccine-astrazeneca-14-april-2021_en.pdf;

2. https://www.gov.uk/government/publications/regulatory-approval-of-covid-19-vaccine-astrazeneca/information-for-healthcare-professionals-on-covid-19-vaccine-astrazeneca;

3. Public Health England. COVID-19 vaccination: Guillain-Barré Syndrome information for healthcare professionals, 20 August 2021

4. https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/information-for-healthcare-professionals-on-pfizerbiontech-covid-19-vaccine;

5. https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/myocarditis.html 33
6. https://www.gov.uk/government/publications/regulatory-approval-of-covid-19-vaccine-moderna/information-for-healthcare-professionals-on-covid-19-vaccine-moderna.



MRNAF S i % B & E BB (Anaphylaxis)
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R TE MM B R () MmERI R E(Anaphylaxis) EEER
| EENEHERK(fainting, B ExE BB E(anaphylaxis)
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The risk of CVT or PVT following COVID-19 diagnosis is significantly
higher than the overall incidence in the general population

« Overall incidence in the TriNetX network was 0.41 for CVT and 4.1 for PVT per million people, over any 2-week period

« 513,284 patients with a confirmed diagnosis of COVID-19 were included in the analysis
(54.8% female; mean [SD] age 46.6 years [21.4])

Incidence of events / million people in 2 weeks

CVT PVT
COVID-19 Lo.o.oo.oooooooo-.ooooooo--.oooo..ooooo39_0 (25_2_ 436.4 (382_9_497_4)
(n=513,284) 60.2)
MRNA COVID-19 sees 4 1 (1.1-14.9) (RR 6.36: 44.9 (29.7-68.0) (RR=9.72; P<0.001)
vaccine P<0.001)
(nF4AAETA ) (0.0-22.2) (RR 6.73; P=0.003) 98.4 (61.4-157.6) (RR=4.43; P<0.001)
(n=172.742)
COVID-19 Vaccine|
AstraZeneca (EMA 5.0 (4.3-5.8) 1.6 (1.2-2.0)
data)
(n=34,000,000)0 10 20 30 40 10 20 30 40 50

Data are not matched for age or other demographics. Rates between COVID-19 vaccines cannot be compared as data are taken from different reporting systems.

Data from COVID-19 Vaccine AstraZeneca are presented for reference and inferred from EMA data (posted 7 April 2021)

COVID-19 = coronavirus disease; CVT= cerebral venous thrombosis; EMA = European Medicines Agency; PVT = portal vein thrombosis; RR = risk ratio; SD, standard

deviation

The numbers in parentheses on the right of each bar represent the 95% Cl intervals

Taquet M et al. Preprint published online. OSF. 2021. 37



Risk-benefit of vaccination with Vaxzevria in the context of the COVID-19

pandemic is favorable across all adult age groups
Source: AZ Safety Database: UK data (data on file)a; COVID-19 NHS Situation Reportb| Cut off: 24 May

Adults <40 years
Unfavourable Favourable
Potential Risks < >

Fatal TTS?2 5 I

Potential Benefits

Prevented Covid-
related death®

B -

-50 0 50 100

Events per 1 M

2within 21 days after vaccination
b derived from average pandemic fatality rate since start of pandemic per gov.uk

Adults 240 years
Unfavourable Favourable
Potential Risks < >

Fatal TTS?2 2

Potential Benefits

Prevented Covid-
related death®

-1000 0 1000 2000 3000 4000

Events per 1 M
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Myocarditis Cases Reported After mRNA-Based COVID-19
Vaccination, USA, December 2020 to August 2021

| A] Vaccination with BNT162b2

300
] S I - . . Expected cases

_ Reported cases of myocarditis within a 7-d risk interval per million doses of vaccine administered (95% CI)? of myocarditis
g %0 = Vaccination with BNT162h2 Vaccination with mRNA-1273" in a 7-d risk interval
o~ per million doses
248 - First dose Second dose First dose Second dose (95% CI)©
= O
£~ 200 Males
o =
S @ Age group, y
~§ § 150 12-15 7.06 (4.88-10.23) 70.73 (61.68-81.11) 0.53 (0.40-0.70)
g5 16-17 7.26 (4.45-11.86) 105.86 (91.65-122.27) 1.34(1.05-1.72)
E 2 100 18-24 3.82 (2.40-6.06) 52.43 (45.56-60.33) 10.73 (7.50-15.34) 56.31(47.08-67.34) 1.76 (1.58,1.98)

o
*ﬂé % 25-29 1.74(0.78-3.87) 17.28 (13.02-22.93) 4.88 (2.70-8.80) 24.18(17.93-32.61) 1.45(1.21-1.74)
§ 50+ 30-39 0.54 (0.20-1.44) 7.10 (5.26-9.57) 3.00 (1.81-4.97) 7.93(5.61-11.21) 0.63 (0.54.0.73)

ﬂ . — e - 40-49 0.55(0.21-1.48) 3.50 (2.28-5.36) 0.59(0.19-1.82) 4.27 (2.69-6.78) 0.78 (0.67-0.90)
L2 Vaccination with mRNA-1273 50-64 0.42 (0.17-1.01) 0.68 (0.33-1.43) 0.62 (0.28-1.39) 0.85(0.41-1.79) 0.77 (0.68-0.86)
120 265 0.19 (0.05-0.76) 0.32 (0.10-1.00) 0.18 (0.05-0.72) 0.51(0.21-1.23)
Females

. [T pose 2
= 100 ] . . Age group, y
Em - Il Dose 1
w = | 12-15 0.49 (0.12-1.98) 6.35 (4.05-9.96) 0.17 (0.11-0.29)
T& god 16-17 0.84(0.21-3.37) 10.98 (7.16-16.84) 0.42 (0.27-0.66)
o =
s z 18-24 0.18 (0.03-1.31) 4.12 (2.60-6.54) 0.96 (0.31-2.96) 6.87 (4.27-11.05) 0.38 (0.30-0.49)
ug £ 60 25-29 0.26 (0.04-1.84) 2.23(1.07-4.69) 0.41(0.06-2.94) 8.22(5.03-13.41) 0.48 (0.35-0.65)

=
e 30-39 0.72 (0.32-1.60) 1.02 (0.49-2.14) 0.74(0.28-1.98) 0.68 (0.22-2.10) 0.47 (0.39-0.57)
=
° § 404 40-49 0.24 (0.06-0.97) 1.73 (0.98-3.05) 0.18(0.02-1.25) 1.89(0.98-3.63) 0.89(0.77-1.04)
§ g 50-64 0.37 (0.15-0.88) 0.51(0.23-1.14) 0.65(0.31-1.36) 0.43 (0.16-1.15) 1.00 (0.89-1.13)
§ = 204 265 0.08 (0.01-0.54) 0.35(0.13-0.92) 0.26 (0.08-0.81)

o I I i = o= = =
0 1 2 3 4 5 6 7 8 9 10

Time from vaccination to symptom onset, d

Oster ME, et al. JAMA. 2022;327(4):331-340. doi:10.1001/jama.2021.24110 41



Cardiologist/healthcare Provider Assessment of Recovery from
Myocarditis after COVID-19 Vaccination by 3 Months (n=47)

" 91% of cardiologists or healthcare providers indicated the patient was fully or
probably recovered

40 - Patient Recovery 74%

5

Number of Patients

Same cardiac status Improved, but not Probably fully Fully recovered
as at the initial fully recovered recovered, but
myocarditis diagnosis awaiting additional

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/safety/myo-outcomes.html information
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Guillain-Barré Syndrome Following
COVID-19 Vaccination

* The rare occurrence rates following AstraZeneca vaccination in UK are
broadly consistent with reports from previous viral mass vaccination
campaigns.

e A causal link between COVID-19 vaccination and GBS has not been
proven and cases of GBS that occur following vaccination may occur
by chance, with a background rate of GBS of 2 per 100,000 per year.

* The WHO has also reviewed the data, noting that increased reports
have not been observed following mRNA COVID-19 vaccines
(Pfizer/BioNTech and Moderna vaccines), but that the potential
benefits of the Johnson & Johnson (Janssen) and AZ vaccines
continue to outweigh any potential risk of GBS.

Public Health England. COVID-19 vaccination: Guillain-Barré Syndrome information for healthcare professionals, 20 August 2021
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