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Efficacy End-Point Subgroup
No. of participants

Covid-19 occurrence
After dose 1 50
After dose 1 to before dose 2 39
Dose 2 to 7 days after dose 2 2
=7 Days after dose 2 9

BNT162b2, 30 ug (N=21,669)

Days after Dose 1

Surveillance time No. of participants

person-yr (no. at risk)

275
82
21

172

4.015 (21,314)

Placebo (N=21,686)

VE (9526 CI)
Surveillance time
person-yr (no. at risk) percent
82.0 (75.6—-86.9)
52.4 (29.5—-68.4)
90.5 (61.0-98.9)
94.8 (89.8-97.6)

3.982 (21,258)
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Pizer
Vaccine Efficacy
COVID-19 Hospitalizations

Vaccine Placebo
0 5

Hospital Reduction
2.3 per 10,000 Participants



Moderna
Vaccine Efficacy
COVID-19 Hospitalizations

Vaccine Placebo
0 9

Hospital Reduction
6.4 per 10,000 Participants
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Vaccine Efficacy
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Pfizer mRNA COVID-19 Vaccine Efficac
COVID-19 All-Cause Death

BNT162b2 Placebo
(N=21,926) (N=21,921)
Reported Cause of Death® n n
Deaths 15 14
Acute respiratory failure 0 |
Aortic rupture 0 |
Arteriosclerosis 2 0
Biliary cancer metastatic 0 |
COVID-19 0 2
COVID-19 preumonia | 0
Cardiac arrest A |
Cardiac failure congestive 1 0
Cardiorespiratory arrest | |
Chronic obstructive pulmonary discase | 0
Death 0 1
Dementia 0 |
Emphysematous cholecystitis | 0
Hemorrhagic stroke 0 |
Hypertensive heart discase | 0
Lung cancer metastatic | 0
Metastases to liver 0 |
Missing 0 |
Multiple organ dysfunction syndrome 0 2
Myocardial infarction 0 2
Overdose 0 |
Pneumonia 0 2
Sepsis | 0
Septic shock | 0
Shigella scpsis 1 0
Unevaluable event | 0

Table S4 | Causes of Death from Dose 1 to Unblinding (Safety Population, 216 Years Old). a.
Multiple causes of death could be reported for each participant. There were no deaths among 12-15-year-
old participants.



Pfizer mRNA COVID-19 Vaccine Efficacy
COVID-19 Death

BNT162b2 Placebo
(N=21,926) (N=21,921)
Reported Cause of Death?® n n
Deaths 15 14
Acute respiratory failure 0 1
Aortic rupture 0 1
Arteriosclerosis 2 0
Biliary cancer metastatic 0 |
COVID-19 0 2
COVID-19 pneumonia 1 0
Cardiac arrest 4 1



Observational Data of Vaccine Efficacy

THE LANCET
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Observational Data of Vaccine Efficacy

Table 3 Estimated effectiveness of two doses of BNT162b2 (=7 days after the second dose) against laboratory-confirmed SARS-CoV-

2 outcomes in the oldest age groups (Jan 24 to April 3, 2021)

SARS-CoV-2 infection'

Asymptomatic SARS-CoV-2 infection
Symptomatic COVID-19

COVID-19-related hospitalisation

Severe or critical COVID-19-related hospitalisation

COVID-19-related death

Vaccine effectiveness”

Age 265 years

94-8% (93-9-95-5)

88-5% (86-4-90-3)

96-4% (95-9-97-0)

96-8% (96-2-97-3)

97-3% (96-8-97-8)

96+9% (96:0-97-6)

Age 275 years

95-1% (93-9-96-0)

87-5% (84-2-90-1)

96-7% (95-9-97-4)

97-0% (96-2-97-7)

97:6% (96-8-98-1)

97-1% (96:0-97-9)

Age 285 years

94:1% (91-9-95-7)

83-2% (76-3-88-1)

96+6% (95-2-97-6)

96-9% (95-5-97-9)

97-4% (95-9-98-3)

97-0% (94-9-98-3)



COVID-19 Emergency Room Experience
Post-Vaccine



Circulation Research

Volume 128, Issue 9, 30 April 2021; Pages 1323-1326
https://doi.org/10.1161/CIRCRESAHA.121.318902
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SARS-CoV-2 Spike Protein Impairs Endothelial Function
via Downregulation of ACE 2

American
Heart
Association.
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COVID-19 Vaccine Harm Analysis
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Serious Adverse Event (SAE) Definition

An SAE is defined as any untoward medical occurrence that, at any dose:

a. Results in death

b. Is life-threatening

c. Requires inpatient hospitalization or prolongation of existing hospitalization

d. Results in persistent disability/incapacity

e. Is a congenital anomaly/birth defect

f. Other situations:

e Medical or scientific judgment should be exercised in deciding whether SAE
reporting is appropriate in other situations such as important medical events that may
not be immediately life-threatening or result in death or hospitalization but may
jeopardize the participant or may require medical or surgical intervention to prevent

one of the other outcomes listed in the above definition. These events should usually
be considered serious.




Pfizer-BioNTech COVID-19 Vaccine
VRBPAC Briefing Document

PFIZER-BIONTECH COVID-19 VACCINE (BNT162, PF-07302048)
VACCINES AND RELATED BIOLOGICAL PRODUCTS ADVISORY COMMITTEE
BRIEFING DOCUMENT

MEETING DATE: 10 December 2020

https://www.fda.gov/media/144246/download



https://www.fda.gov/media/144246/download

Phizer-HioN Tech COVID-19 Vaccine

VRBPAC Briefing Document

Appendix 4. Supplemental Tables

Table 23.  Number (%) of Subjects Reporting at Least 1 Serious Adverse Event From
Dose 1 to 1 Month After Dose 2, by System Organ Class and Preferred Term -
~38000 Subjects for Phase 2/3 Analysis ~ Safety Population

Vaccine Group (as Administered)

BNTI62b2 (30 pg) Placcho
(N=13391) (N=15785)
W) (955 C1) at (%) (98OI

103(05)  (64,0.7) 3,05
1100 : ) 00,00
100) (00, (0000

o ©0.00)
0 .0.00)
0,01

2(00)




Table 23. Number (%) of Subjects Reporting at Least 1 Serious Adverse Event From
Dose 1 to 1 Month After Dose 2, by System Organ Class and Preferred Term —
~38000 Subjects for Phase 2/3 Analysis — Safety Population

Vaccine Group (as Administered)

BNT162b2 (30 pg) Placebo
(N*=18801) (N*=18785)
System Organ Class n® (%) (95%CI9) n® (%) (95% CI
Preferred Term
Any event 103 (0.5) (0.4,0.7) 81(04) (0.3, 0.5)
BLOOD AND LYMPHATIC SYSTEM DISORDERS 1(0.0) (0.0, 0.0) 1(0.0) (0.0, 0.0)
Lymphadenopathy 1(0.0) (0.0, 0.0) 0 (0.0, 0.0)
Neutropenia 0 (0.0, 0.0) 1(0.0) (0.0, 0.0)
Thrombocytopenia 0 (0.0, 0.0) 1(0.0) (0.0, 0.0)
CARDIAC DISORDERS 14 (0.1)  (0.0,0.1) 12(0.1) (0.0,0.1)
Atrial fibrillation 2(0.0) (0.0,0.0) 3(0.0) (0.0, 0.0)
Acute myocardial infarction 3(0.0) (0.0, 0.0) 0 (0.0, 0.0)
Acute coronary syndrome 1(0.0) (0.0, 0.0) 1(0.0) (0.0, 0.0)
Cardiac failure congestive 1 (0.0) (0.0, 0.0) 1 (0.0) (0.0, 0.0)
Myocardial infarction 0 (0.0,0.0) 2(0.0) (0.0, 0.0)
Angina pectoris 1(0.0) (0.0, 0.0) 0 (0.0, 0.0)

Angina unstable 1(0.0) (0.0, 0.0) 0 (0.0, 0.0)



COVID-19 mRNA Vaccines
Number of Serious Adverse Events

Table 2
Serious adverse events.
Total events (events per 10,000 Risk difference Risk ratio
participants)’ per 10,000 participants (95 % CI)°
Trial Vaccine Placebo (95 % CI)°
Serious adverse events
Pfizer” | 127 (67.5) 93 (49.5) 18.0 (1.2 to 34.9) 1.36 (1.02 to 1.83)
Moderna“ 206 (135.7) 195 (128.6) 7.1(-232 to 374) 1.06 (0.84 to 1.33)
Combined 333(98.0) 288 (84.8) 13.2(-3.2 t0 29.6) 1.16 (0.97 to 1.39)

Serious adverse events of special interest



COVID-19 mRNA Vaccines
Number of Serious Adverse Events

Table 2
Serious adverse events.
Total events (events per 10,000 Risk difference Risk ratio
participants)’ per 10,000 participants (95 % CI)°
Trial Vaccine Placebo (95 % CI)°
Serious adverse events
Pfizer” | 127 (67.5) 93 (49.5) 18.0 (1.2 to 34.9) 1.36 (1.02 to 1.83)
Moderna“* 206 (135.7) 195 (128.6) 7.1(-232 to 374) 1.06 (0.84 to 1.33)
Combined 333(98.0) 288 (84.8) 13.2(-3.2 t0 29.6) 1.16 (0.97 to 1.39)

Serious adverse events of special interest




COVID-19 Vaccine Pfizer Clinical Trials
Number of Serious Adverse Events

Risk Increase in Vaccine group (95% Cl)

Risk difference Risk Ratio

18 Per 10,000  1.36
(1.2-34.9) (1.02-1.83)



Pfizer mRNA COVID-19 Vaccine
Serious Adverse Events

36%
Higher risk of SAE
In vaccine group



Pfizer
MRNA COVID-19 Vaccine
Serious Adverse Events

1in 555

Additional SAE
In vaccine group



What Type of Serious Harms?
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Table 3
Serious AESIs, Pfizer trial.

Brighton category Vaccine  Placebo  Vaccine events per 10,000 Placebo events per 10,000 Difference in events per 10,000  Risk ratio
Association with immunization in general

Anaphylaxis 1 1 0.5 0.5 0.0 1.00
Association with specific vaccine platform(s)

Encephalitis/encephalomyelitis 0 2 0.0 1.1 -1.1 0.00
Seen with COVID-19

Acute kidney injury 2 0 1.1 0.0 1.1 N/A
Acute liver injury 0 1 0.0 0.5 -05 0.00
Acute respiratory distress syndrome 2 1 i | 0.5 0.5 2.00
Coagulation disorder 16 10 8.5 53 3.2 1.60
Myocarditis/pericarditis 2 1 1.1 0.5 0.5 2.00
Other forms of acute cardiac injury 16 12 8.5 6.4 2.1 1.33
Subtotal 39 28 20.7 14.9 5.8 1.39
Brighton list of 29 clinical diagnoses seen with COVID-19

Abscess 4 1 21 0.5 1.6 4.00
Cholecystitis 4 2 21 1.1 1.1 2.00
Colitis/Enteritis 1 1 0.5 0.5 0.0 1.00
Diarrhea 1 0 0.5 0.0 0.5 N/A
Hyperglycemia 1 1 0.5 0.5 0.0 1.00
Pancreatitis 1 0 0.5 0.0 0.5 N/A
Psychosis 1 0 0.5 0.0 0.5 N/A
Subtotal 13 5 6.9 2.7 4.3 2.60

Total 52 33 217.7 17.6 10.1 1.57




Table 3
Serious AESIs, Pfizer trial.

Brighton category Vaccine  Placebo ||Vaccine events per 10,000 Placebo events per 10,000 || Difference in events per 10,000 || Risk ratio
Association with immunization in general

Anaphylaxis 1 1 0.5 0.5 0.0 1.00
Association with specific vaccine platform(s)

Encephalitis/encephalomyelitis 0 2 0.0 1.1 -1.1 0.00
Seen with COVID-19

Acute kidney injury 2 0 1.1 0.0 1.1 N/A
Acute liver injury 0 1 0.0 0.5 -05 0.00
Acute respiratory distress syndrome 2 1 i | 0.5 0.5 2.00
Coagulation disorder 16 10 8.5 53 3.2 1.60
Myocarditis/pericarditis 2 1 1.1 0.5 0.5 2.00
Other forms of acute cardiac injury 16 12 8.5 6.4 2.1 1.33
Subtotal 39 28 20.7 14.9 5.8 1.39
Brighton list of 29 clinical diagnoses seen with COVID-19

Abscess 4 1 21 0.5 1.6 4.00
Cholecystitis 4 2 21 1.1 1.1 2.00
Colitis/Enteritis 1 1 0.5 0.5 0.0 1.00
Diarrhea 1 0 0.5 0.0 0.5 N/A
Hyperglycemia 1 1 0.5 0.5 0.0 1.00
Pancreatitis 1 0 0.5 0.0 0.5 N/A
Psychosis 1 0 0.5 0.0 0.5 N/A
Subtotal 13 5 6.9 2.7 4.3 2.60
Total 52 33 27.7 17.6 10.1 1.57
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Serious AESIs, Pfizer trial.

Brighton category Vaccine Placebo  Difference in events per 10,000

Association with immunization in general

Anaphylaxis 1 1 0.0
Association with specific vaccine platform(s)
Encephalitis/encephalomyelitis 0 2 -1.1
Seen with COVID-19

Acute kidney injury 2 0 : % |
Acute liver injury 0 1 -05
Acute respiratory distress syndrome 2 1 0.5
Coagulation disorder 16 10 3.2
Myocarditis/pericarditis 2 1 0.5
Other forms of acute cardiac injury 16 12 21
Subtotal 38 28 58
Brighton list of 29 clinical diagnoses seen with COVID-19
Abscess
Cholecystitis
Colitis/Enteritis
Diarrhea
Hyperglycemia
Pancreatitis
Psychosis
Subtotal

Total

1.6
1.1
0.0
0.5
0.0
0.5
0.5
43

(3 I S A o
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Multiple Rare Serious Harms
Add Up



COVID-19 mRNA Vaccines and Serious AESIs

Table 2
Serious adverse events.

Total events (events per 10,000

Risk difference Risk ratio
participants)’ per 10,000 participants (95 % CI)*
Trial Vaccine Placebo (95 % CI)

Serious adverse events of special interest

Pfizer 52 (27.7) 33 (17.6)
Moderna 87 (57.3) 64 (42.2)
Combined' 139 (40.9) 97 (28.6)

10.1 (-0.4 to 20.6)
15.1 (-3.6 to 33.8)
125 (2.1 to 22.9)

1.57 (0.98 to 2.54)
1.36 (0.93 to 1.99)
1.43 (1.07 to 1.92)




COVID-19 mRNA Vaccines and Serious AESIs

Table 2
Serious adverse events.

Total events (events per 10,000

Risk difference Risk ratio
participants)’ per 10,000 participants (95 % CI)
Trial Vaccine Placebo (95 % CI)

Serious adverse events of special interest

Pfizer 52 (27.7) 33 (17.6) 10.1 (-0.4 to 20.6) 1.57 (0.98 to 2.54)
Moderna 87 (57.3) 64 (42.2) 15.1 (-3.6 to 33.8) 1.36 (0.93 to 1.99)
[ Combined' 139 (40.9) 97 (28.6) 12,5 (2.1 to 22.9) 143 (1,07 t0 1.92) |




Harms and Benefits:
How can they be compared?
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Harms and Benefits:
How can they be compared?

Serious AESI vs Hospitalization Reduction



Pizer
Vaccine Efficacy
COVID-19 Hospitalizations

Vaccine Placebo
0 5

Hospital Reduction
2.3 per 10,000 Participants



Ptizer
Harm-Benefit Analysis
AESI vs Hospitalization

Serious AESI risk Hospitalization Reduction
10.1 2.3
Per 10,000 Per 10,000

Participants Participants



Moderna
Harm-Benefit Analysis
AESI vs Hospitalization

Serious AESI risk Hospitalization Reduction
15.1 6.4
Per 10,000 Per 10,000

Participants Participants



Harm Benefit Analysis
Limitations

https://doi.org/10.5281/zenodo.6564402



COVID-19 Emergency Room
Omicron Experience



Incidental COVID-19 Hospitalization
During Omicron




Incidental COVID-19 Hospitalization
During Omicron

SURVEILLANCE

COVID-19 mortality attenuated during widespread

Omicron transmission, Denmark, 2020 to 2022

Nikolaj U Friis? , Tomas Martin-Bertelsen?, Rasmus K Pedersen?, Jens Nielsen?, Tyra G Krause!, Viggo Andreasen?, Lasse S
Vestergaard?

1. Epidemiological Infectious Disease Preparedness, Statens Serum Institut, Copenhagen, Denmark

2. PandemiX Center, Department of Science and Environment, Roskilde University, Roskilde, Denmark

“The share of deaths of COVID-19 (as opposed to with COVID-19) fell
from 60—75% before week 1/2022 to 25-35% in the following months.”



Protection from Prior Infection



THE LANCET

ARTICLES | VOLUME 401, ISSUE 10379, P833-842, MARCH 11, 2023

Past SARS-CoV-2 infection protection against re-infection: a
systematic review and meta-analysis

COVID-19 Forecasting Team '« Show footnotes

=n Access o Published: February 16,2023 « DOI: https://doi.org/10.1016/S0140-6736(22)02465-5

“protection against severe disease remained high for all variants, with

90-2% (69-7-97-5) for ancestral, alpha, and delta variants, and 88:9%
(84-7-90-9) for omicron BA.1 at 40 weeks.”



Omicron Hospitalizations



ARTICLES

naturc(:i, "
me lcme https://doi.org/10.1038/5s41591-022-01887-z

W) Check for updates

Clinical outcomes associated with SARS-CoV-2
Omicron (B.1.1.529) variant and BA.1/BA.1.1 or
BA.2 subvariant infection in Southern California

Joseph A. Lewnard'?3™>, Vennis X. Hong* Manish M. Patel®, Rebecca Kahn®, Marc Lipsitch® and
Sara Y. Tartof 046X



NATURE MEDICINE

Comparison of Delta and Omicron variant detections, 15 December 2021 to 17 January 2022
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Vaccine Efficacy During Omicron
COVID-19 Hospitalization Reduction

Table 3: Vaccine effectiveness for three doses of BNT162b2 against the Omicron (B.1.1.529) variant.

Characteristic All adults

VE (95% Cl) OR (95% Cl) P-value

1. Hospitalisation

Unadjusted vaccine effectiveness
Three doses 28.4 (7.1-44.8) 0.716 (0.552-0.929) 0.012

Adjusted vaccine effectiveness - Logistic regression model
Three doses  30.9 (5.9-49.3)  0.691 (0.507-0.941) 0.019




Vaccine Efficacy During Omicron
COVID-19 Hospitalization Reduction

CDC Centers for Disease Con'rrol ond Prevention
@ CDC 24/7: Saving Lives, Protecting People™ Q

Morbidity and Mortality Weekly Report (MMWR)

Effectiveness of Monovalent mRNA Vaccines Against COVID-19-Associated
Hospitalization Among Immunocompetent Adults During BA.1/BA.2 and
BA.4/BA.5 Predominant Periods of SARS-CoV-2 Omicron Variant in the
United States — IVY Network, 18 States, December 26, 2021-August 31,
2022

Weekly / October 21, 2022 / 71(42);1327-1334
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TABLE 2. Effectiveness of monovalent mRNA vaccines against COVID-19-associated hospitalization during the BA.1/BA.2 and BA.4/BA.5 predominant

CDC Estimate

cacy During Omicron

periods of SARS-CoV-2 Omicron variant circulation* among immunocompetent adults — IVY Network, 21 hospitals in 18 U.S. states,’ December 26,

2021-August 31, 2022

Group/No. of Interval from last vaccine
doses dose to iliness onset, days®
BA.4/BA.5 period
2 =14
14-150
>150
3 =7
7-120
>120

Median interval (IQR) from last
vaccine dose to illness, days

428 (324-468)

102 (77-123)

430 (329-471)

233 (196-267)

74 (33-110)

237 (204-269)

Vaccinated case-patients,
no./total no. (%)

131/317 (41)

3/189 (2)

128/314 (41)

232/418 (56)

13/199 (7)

219/405 (54)

Vaccinated control-
patients, no./total no. (%)

181/336 (54)

13/168 (8)

168/323 (52)

232/387 (60)

24/179 (13)

208/363 (57)

Adjusted VE, %
(95% CI1)t

41 (17-57)

83 (35-96)

37 (12-55)

31 (7-49)

60 (12-81)

29 (3-48)



CDC Estimate
Vaccine Efficacy During Omicron

TABLE 2. Effectiveness of monovalent mRNA vaccines against COVID-19-associated hospitalization during the BA.1/BA.2 and BA.4/BA.5 predominant
periods of SARS-CoV-2 Omicron variant circulation* among immunocompetent adults — IVY Network, 21 hospitals in 18 U.S. states,’ December 26,
2021-August 31, 2022 :

Group/No. of Interval from last vaccine Median interval (IQR) from last Vaccinated case-patients, Vaccinated control- Adjusted VE, %
doses dose to illness onset, days® vaccine dose to illness, days no./total no. (%) patients, no./total no. (%) (95% CI)"
BA.4/BA.5 period
2 =14 428 (324-468) 131/317 (41) 181/336 (54) 41 (17-57)
14-150 102 (77-123) 3/189 (2) 13/168 (8) 83 (35-96)
>150 430 (329-471) 128/314 (41) 168/323 (52) 37 (12-55)
3 >7 233 (196-267) 232/418 (56) 232/387 (60) 31 (7-49)
7-120 74 (33-110) 13/199 (7) 24/179 (13) 60 (12-81)
>120 237 (204-269) 219/405 (54) 208/363 (57) 29 (3-48)
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COVID-19 Vaccines
can cause serious harm



How can we be confident COVID-19 Vaccines
benefits outweigh the Harms?




Double Blind Randomized Clinical Trials (RCT)
for
All-Cause Hospitalization



Questions?



