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Abstract

BACKGROUND
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and the resulting
coronavirus disease 2019 (Covid-19) have afflicted tens of millions of people in a worldwide

pandemic. Safe and effective vaccines are needed urgently.

METHODS

In an ongoing multinational, placebo-controlled,
observer-blinded, pivotal efficacy trial, we
randomly assigned persons 16 years of age or
older in a 1:1 ratio to receive two doses, 21 days
apart, of either placebo or the BNT162b2 vaccine
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placebo-controlled, observer-blinded, pivotal efficacy trial, we randomly assigned persons 16 years
of age or older in a 1:1 ratio to receive two doses, 21 days apart, of either placebo or the BNT162b2
vaccine candidate (30 pg per dose).

@ placebo-controlled : CHEF, M T
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ReSU ItS : xnl- 7 I-xl'* 44,820 Participants were screened

. . . 1272 Did not undergo randomization
Figure 1. Enrollment and Randomization. 1152 Did not meet eligibility criteria
64 Had other reason
) o 33 Withdrew
The diagram represents all enrolled participants - U;demtﬂ};ra"domiza“f’"
arer

through .Novembe.r 14, 2020. The safety subset ' 5 Had .f:sgecined reason
(those with a median of 2 months of follow-up, in 4 Were withdrawn by physician

1 Was lost to follow-up

accordance with application requirements for

Emergency Use Authorization) is based on an !

October 9, 2020, data cut-off date. The further 43,548 Underwent randomization

procedures that one participant in the placebo

group declined after dose 2 (lower right corner of 99 Were not vaccinated
the diagram) were those involving collection of L e e tie ko

blood and nasal swab samples. v

43,448 Were injected with vaccine or placebo
21,720 Were assigned to receive BNT162b2
21,728 Were assigned to receive placebo

|

37,706 Received vaccine or placebo
and had median follow-up of 2 mo

| 1

18,860 Received dose 1 of BNT162b2 18,846 Received dose 1 of placebo

e
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18,860 Received dose 1 of BNT162b2

18,846 Received dose 1 of placebo

304 Did not receive dose 2
100 Withdrew
62 Were lost to follow-up
56 Had ongoing or pending
status
51 Were no longer eligible |«——
28 Had adverse event
4 Were pregnant
2 Were withdrawn by
physician
1 Died

Y

316 Did not receive dose 2
96 Withdrew
86 Were no longer eligible
61 Were lost to follow-up
46 Had ongoing or pending

status

e 18 Had adverse event

5 Were pregnant

2 Were withdrawn by
physician

1 Died

1 Had medication error
(no adverse event)

\

18,556 Received dose 2 of BNT162b2

18,530 Received dose 2 of placebo

Y

Y

48 Discontinued trial after dose 2
27 Withdrew
18 Were lost to follow-up
1 Died
1 Was withdrawn by physician
1 Had medication error
(no adverse event)

95 Discontinued trial after dose 2
66 Withdrew
25 Were lost to follow-up
2 Died
1 Had other reason
1 Declined further procedures

TS SSaaaaLLSSSSSSSSSSSSSSSSSSSESESESESESSSSSSSSSSESSSSEEESEEEEEEEEEEEEEEEEEEEEESESSSSSSSSSSSSSSSSSSSS---—SSSSSSSHSHHHHE>H>HHHHHH,>>,>,>-EEEEE=E=EE.
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Table 1. Demographic
Characteristics of the Participants
in the Main Safety Population.

* Percentages may not total 100 because of
rounding.

T Race or ethnic group was reported by the
participants.

* The body-mass index is the weight in
kilograms divided by the square of the height
in meters.

sFAKgE 7I(me NE22 L=

e e, e

Characteristic

BNT162b2(N=18,860) Placebo(N=18,846) Total(N=37,706)

Sex — no. (%)

Male

Female

Race or ethnic group — no. (%)t
White

Black or African American

Asian

Native American or Alaska Native
Native Hawaiian or other Pacific Islander
Multiracial

Not reported

Hispanic or Latinx

Country — no. (%)

Argentina

Brazil

South Africa

United States

Age group — no. (%)

16-55 yr

>55 yr

Age at vaccination — yr

Median

Range

Body-mass index#*

>30.0: obese

9,639 (51.1)
9,221 (48.9)

15,636 (82.9)

1,729 (9.2)
801 (4.2)
102 (0.5)
50 (0.3)
449 (2.4)
93 (0.5)

5,266 (27.9)

2,883 (15.3)
1,145 (6.1)
372 (2.0)

14,460 (76.7)

10,889 (57.7)
7,971 (42.3)

52.0
16-89

6,556 (34.8)

9,436 (50.1)
9,410 (49.9)

15,630 (82.9)
1,763 (9.4)
807 (4.3)

99 (0.5)
26 (0.1)
406 (2.2)
115 (0.6)
5,277 (28.0)

2,881 (15.3)
1,139 (6.0)
372 (2.0)

14,454 (76.7)

10,896 (57.8)
7,950 (42.2)

52.0
16-91

6,662 (35.3)

19,075 (50.6)
18,631 (49.4)

5,764 (15.3)
2,284 (6.1)
744 (2.0)
28,914 (76.7)

21,785 (57.8)
15,921 (42.2)

52.0
16-91

13,218 (35.1)
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Table 2. Vaccine Efficacy against Covid-19 at Least 7 days after the Second Dose.

BNT162b2 Placebo . . o Posterior
Vaccine Efficacy, % Probability
Efficacy End Point No. of Surveillance No. of Surveillance (95% Credible (Vaccine
Cases Time (n)t Cases Time (n)t Interval)* Efficacy >30%)S
(N=18,198) (N=18,325)
Covid-19 occurrence at least 7
dayspaiiciiclsecon dicoschn 8 2214 (17,411) 162 2222 (17,511 95.0 (90.3-97.6) >0.9999
participants without evidence of
infection
(N=19,965) (N=20,172)

Covid-19 occurrence at least 7

days after the second dose in 9 2.332 (18,559) 169  2.345 (18,708) 94.6 (89.9-97.3) +0.9999
participants with and those

without evidence of infection

* The total population without baseline infection was 36,523; total population including those with and those without prior evidence of infection was 40,137.

t The surveillance time is the total time in 1000 person-years for the given end point across all participants within each group at risk for the end point. The time period
for Covid-19 case accrual is from 7 days after the second dose to the end of the surveillance period.

* The credible interval for vaccine efficacy was calculated with the use of a beta-binomial model with prior beta (0.700102, 1) adjusted for the surveillance time.

§ Posterior probability was calculated with the use of a beta-binomial model with prior beta (0.700102, 1) adjusted for the surveillance time.
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Figure 3. Efficacy of BNT162b2 against
Covid-19 after the First Dose.

Shown is the cumulative incidence of Covid-19 after the
first dose (modified intention-to-treat population). Each
symbol represents Covid-19 cases starting on a given
day; filled symbols represent severe Covid-19 cases.
Some symbols represent more than one case, owing to
overlapping dates. The inset shows the same data on an
enlarged y axis, through 21 days. Surveillance time is the
total time in 1000 person-years for the given end point
across all participants within each group at risk for the
end point. The time period for Covid-19 case accrual is
from the first dose to the end of the surveillance period.
The confidence interval (Cl) for vaccine efficacy (VE) is
derived according to the Clopper—Pearson method.
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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)

42 49 56 63 70 77
Days after Dose 1

Surveillance time
person-yr (no. at risk)

No. of participants

4.015 (21,314)

Placebo (N=21,686)

T T 1
84 91 98 105 112 119

VE (95% CI)
Surveillance time
person-yr (no. at risk) percent

3.982 (21,258)  82.0 (75.6-86.9)
52.4 (29.5-68.4)
90.5 (61.0-98.9)

94.8 (89.8-97.6)
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M8 I17HCredible Interval)

Table 2. Vaccine Efficacy against Covid-19 at Least 7 days after the Second Dose.

BNT162b2 Placebo . . o Posterior
Vaccine Efficacy, % Probability
Efficacy End Point No. of Surveillance No. of Surveillance (95% Credible (Vaccine
Cases Time (n)t Cases Time (n)t Interval)* Efficacy >30%)§
(N=18,198) (N=18,325)
Covid-19 occurrence at least 7
days after the second dose in 8 2214 (17,411) 162 2222 (17,511) 95.0 (90.3-97.6) >0.9999
participants without evidence of
infection
(N=19,965) (N=20,172)
Covid-19 occurrence at least 7
days after the second dose in 9 2332 (18,559) 169 2345 (18,708 94.6 (89.9-97.3) >0.9999

participants with and those
without evidence of infection

* The credible interval for vaccine efficacy was calculated with the use of a beta-binomial mogdel with prior beta (0.700102, 1) adjusted for the surveillance time.

(90.3-97.6)

£t : Bayesian Credible Intervals for Binomial Data (https://testscience.org/characterize-system/test-evaluation-analyses/bayesian-credible-intervals/)
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Table 1. Demographic
Characteristics of the Participants
in the Main Safety Population.

* Percentages may not total 100 because of
rounding.

T Race or ethnic group was reported by the
participants.

* The body-mass index is the weight in
kilograms divided by the square of the height
in meters.

sFAKgE 7I(me NE22 L=

Characteristic

BNT162b2(N=18,860) Placebo(N=18,846) Total(N=37,706)

Sex — no. (%)

Male

Female

Race or ethnic group — no. (%)t
White

Black or African American

Asian

Native American or Alaska Native
Native Hawaiian or other Pacific Islander
Multiracial

Not reported

Hispanic or Latinx

Country — no. (%)

Argentina

Brazil

South Africa

United States

Age group — no. (%)

9,639 (51.1)
9,221 (48.9)

15,636 (82.9)

1,729 (9.2)
801 (4.2)
102 (0.5)
50 (0.3)
449 (2.4)
93 (0.5)

5,266 (27.9)

2,883 (15.3)
1,145 (6.1)
372 (2.0)

14,460 (76.7)

9,436 (50.1)
9,410 (49.9)

15,630 (82.9)
1,763 (9.4)
807 (4.3)

99 (0.5)
26 (0.1)
406 (2.2)
115 (0.6)
5,277 (28.0)

2,881 (15.3)
1,139 (6.0)
372 (2.0)

14,454 (76.7)

19,075 (50.6)
18,631 (49.4)

5,764 (15.3)
2,284 (6.1)
744 (2.0)
28,914 (76.7)

e e, e

16-55 yr 10,889 (57.7) 10,896 (57.8) 21,785 (57.8)
>55 yr 7,971 (42.3) 7,950 (42.2) 15,921 (42.2)
Age at vaccination — yr

Median 52.0 52.0 52.0
Range 16-89 16-91 16-91
Body-mass index#*

>30.0: obese 6,556 (34.8) 6,662 (35.3) 13,218 (35.1)
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|F7t20| =&l A0| OrZ7t?
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IBM SPSS Advanced Statistics in action

29 %

customer_d gecwn agecat edcat ncea resde hometype addesscat

Visble 10 of 10 Vanables

serice_type  senice_usage

T 1 1979.0PAUG Male 4650 Coleged . $45.5100 2 Singefamdy Mor than 15 Tetewson No serwce
2 1973.0PAUG Make 4660 Coleged 465100 2 Singetamdy  Mowthan 15 Telephone (3 Other provder
3 19730PAUG Mate 4560 Coleged . $46 - $100 2 Sigefamdy  Momthan 15 intemet  Othar prowder
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RN 4 TFFWO Sty St B -9 2 IBM SPSS Advanced Statistics in action
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R, R Studio

"R R Console
| File Edit Code View Project Workspace Plots Tools Help
R version 4.0.0 (2020-04-24) -- "Arbor Day" _ T = .
Copyright (C) 2020 The R Foundation for Statistical Computing Q-0 B2~ B| Project: (None} =
Platform: x86_€4-wé4-mingw32/x64 (64-bit)
12 diamondPricing.R* » | @7 formatPlot.R % ~ diamonds % = Workspace = History =Y
R is free software and comes with ABSOLUTELY NO WARRANTY. v . . =
You are welcome to redistribute it under certain conditions. g} = [[]sourceonsave = G # + =% [ | | 9source - : | <f'load- | [ Saver _#*Import Dataset~ = 3 Clear All
Type 'license()' or 'licence()' for distribution details. 1 'I'ibrary(ggp'l th) "
- " Da.h )
R is a collaborative project with many contributors. g source("plots/formatPlot. R™) diamonds 53940 obs. of 10 variables e
Type 'contributors()' for more information and . dd d Values
'citation()' on how to cite R or R packages in publications. 4 wview( -‘am?n 5)
5 summary (diamonds) avesize 0.7979
Type 'demo()' for some demos, 'help()' for on-line help, or 6 .
‘help.start()' for an HTML browser interface to help. 7 summary(diamonds$price) clarity character[8]
Type 'q()' to quit R. & avesize <- round(mean(diamondsScarat), 4) Tot[8]
. : - P qgp
9 clarity <- levels(diamondsiclarity) —
> | 10 Functions
11 p =- gplot(carat, price, format. plot(plot, size)
12 iamonds, color=clarity,
13 xlab="carat”, ylab="price”,
14 ‘Diamond Pricing™)
15 Files Plots Packages Help -
& & zoom | EHeportr | Q| 3 Clear Al [
i Diamond Pricing
151 (Top Level) = R 5cript = !
Console -~/ ~> =
X y z B +  Clarity
Min. : 0,000 Min. : 0.000 Min. : 0.000 15000 - .
1st qu.: 4.710 1st qu.: 4.720 1st qQu.: 2.910
Median : 5.700 Median : 5.710 Median : 3.530 .t os2
Mean D 5.731 Mean 1 5.735 Mean : 3.539 R
3rd Qu.: 6.540 3rd qu.: 6.540 3rd Qu.: 4.040
Max.  :10.740 Max.  :58.900 Max.  :31.800 Price "°°%°" + ws2
> summary (diamonds3price) - .
Min. 1st Qu. Median Mean 3rd Qu. Max.
326 950 2401 3933 5324 18820 W2
> avesize <- round{mean(diamondsjcarat), 4) 00 - - -
*X'I 1 . R > clarity <- levels(diamonds$clarity) -
= . > p <- gplot(carat, price, R
. _ 1 + data=diamonds, color=clarity,
https://www.r-project.org/ ! i et
+ main="Diamond Pricing”) o-
=X 2 : RStudio IDE Feat z : :
= . uaio eatures > format.plot(p, size=24) E 0.0 3.5
> | E

https://rstudio.com/products/rstudio/features/
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SPSS(SPSS version 18.0, SPSS, Chicago, IL, USA)
SPSS(SPSS version 28.0, IBM, Armonk, NY, USA)

Reference : https://www.ibm.com/support/pages/how-cite-ibm-spss-statistics-or-earlier-versions-spss
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1. Which of the following types of data involves only 2 categories?

a. Continuous
b. Discrete

c. Ordinal

d. Dichotomous

e. Nominal
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2. Which of the following types of data involves whole-number counts?

a. Continuous
b. Discrete

c. Ordinal

d. Dichotomous

e. Nominal
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3. Which of the following types of data includes a full range of possible

fractional values?

a. Continuous
b. Discrete

c. Ordinal

d. Dichotomous

e. Nominal
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4. In a study of the association between physical activity and mental health,
women were asked how many children they had. Which of the following levels

of measurement best describes the variable number of children?

a. Continuous
b. Discrete

c. Ordinal

d. Dichotomous

e. Nominal
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5. Which of the following is the middle value (the 50th percentile) in a set of

data?

a. Mean

b. Median

c. Mode

d. Range

e. Standard deviation

f. Interquartile range
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6. Which of the following identifies the lowest and highest values in a set of

data?

a. Mean

b. Median

c. Mode

d. Range

e. Standard deviation

f. Interquartile range
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7. Which of the following identifies the 25th and 75th percentiles in a set of

data?

a. Mean

b. Median

c. Mode

d. Range

e. Standard deviation

f. Interquartile range
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8. Which of the following is the most frequent value in a set of data?

a. Mean

b. Median

c. Mode

d. Range

e. Standard deviation

f. Interquartile range
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9. Which of the following is the average distance from the mean value in a set

of data?

a. Mean

b. Median

c. Mode

d. Range

e. Standard deviation

f. Interquartile range
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10. Which of the following terms means the probability of obtaining the

observed data if the null hypothesis were exactly true?

a. P value
b. relative risk
c. reliability

d. true-positive rate
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Table 1. Characteristics of the Participants

Category

Experiment Group

Control Group

Gender - no. (%)

Male 52 ?21%) 22 (23%)
Female ?4 (25%) 51 (?6%)
Total 100 100
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1. Which of the following types of data involves only 2 categories?
a. Continuous : &9
b. Discrete : O| At
c. Ordinal : =%

d. Dichotomous : O| £ &

¥

e. Nominal : =

o, 38
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2. Which of the following types of data involves whole-number(02} X} <)

counts?

a. Continuous : 993
b. Discrete : O|AtH

|

of

c. Ordinal : =%

0

d. Dichotomous : O| £&

e. Nominal : 324

natural number : XA == integer : ‘=, fraction : &
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3. Which of the following types of data includes a full range of possible

fractional values(23, &=)?

a. Continuous : ¥&H
b. Discrete : 0| At

c. Ordinal : =9/ ¥

d. Dichotomous : 0| 2%

e. Nominal : 324

natural number : XA == integer : ‘=, fraction : &
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4. In a study of the association between physical activity and mental health,
women were asked how many children they had. Which of the following levels

of measurement best describes the variable number of children?

a. Continuous : 93
b. Discrete : O| At

c. Ordinal : =%&

_
(@]

—_

d. Dichotomous : O| £ &

e. Nominal : =24
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5. Which of the following is the middle value (the 50th percentile) in a set of

data?

d. Range : H|(ZCHZfaF Z|22))
e. Standard deviation : E& T X}

f. Interquartile range : At=2 HE
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6. Which of the following identifies the lowest and highest values in a set of

data?

d. Range : H|(ZCHZfaF Z|22))
e. Standard deviation : E& T X}

f. Interquartile range : At=2 HE
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7. Which of the following identifies the 25th and 75th percentiles in a set of

data?

a. Mean : @3¢

b. Median : 4t

c. Mode : X|HIgt

d. Range : H?(Z[CHZf 1t & 2k)
e. Standard deviation : BT EH X}

f. Interquartile range : At=2 HE
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8. Which of the following is the most frequent value in a set of data?

d. Range : &%|(Z|CH4x ot Z[24))
e. Standard deviation : E&= T X}

f. Interquartile range : AHE2 9| B¢
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9. Which of the following is the average distance from the mean value in a

set of data?

d. Range : H|(ZCHZfaF Z|22))
e. Standard deviation : E& T X}

f. Interquartile range : At=2 HE
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10. Which of the following terms means the probability of obtaining the

observed data if the null hypothesis were exactly true?

a. P value
b. relative risk
c. reliability

d. true-positive rate
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Table 1. Characteristics of the Participants

Category

Experiment Group

Control Group

Gender - no. (%)

Male 52 (52%) 49 (49%)
Female 48 (48%) 51 (51%)
Total 100 100
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OfYMEO| 7| A W ALY 2FSHE 2| Al MEEE) 37|7t
2 MER Zo| o|4dHO HE2 APSIEH 5 =22 HH
19| ZHE [tA| Student's t-distribution

- T2 AESHA 7|4 A A ROo|2tE A S 2[R $ 3.

- A 7|4 A0f A *f%ﬂ% Doas adz|n X %S

The t-test is any statistical hypothesis test in which the test statistic follows a Student's t-distribution
under the null hypothesis.
HEHE SO AREE t 2XE 2= SA O ot 473

"Student” William Sealy Gosset (1908). "The probable error of a mean" (PDF). Biometrika. 6 (1): 1-25.
doi:10.1093/biomet/6.1.1. hdl:10338.dmlcz/143545. JSTOR 2331554

SAHZ o|¢Hel g2 H|ES HOILYCt.

William Sealy Gosset, who developed

the "t-statistic" and published it under
the pseudonym of "Student".



https://en.wikipedia.org/wiki/William_Sealy_Gosset
https://www.jstor.org/stable/2331554?origin=crossref&seq=1
https://en.wikipedia.org/wiki/Biometrika
https://en.wikipedia.org/wiki/Digital_object_identifier
https://en.wikipedia.org/wiki/Handle_System
https://en.wikipedia.org/wiki/JSTOR
http://www.munhwa.com/news/view.html?no=2019052701072115000001
https://en.wikipedia.org/wiki/William_Sealy_Gosset
https://en.wikipedia.org/wiki/Pseudonym
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