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Metriky

Abstraktni

Pozadi

Infekce tézkym akutnim respira¢nim syndromem coronavirem 2
(SARS-CoV-2) a nasledna koronavirova nemoc 2019 (Covid-19)
postihly v celosvétové pandemii desitky milioni lidi. Bezpecné a
ucéinné vakciny jsou naléhaveé potreba.

Metody
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Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine
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CLINICAL PROBLEM

Safe and effective vaccines to prevent severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection and
Covid-19 are urgently needed. No vaccines that protect
against betacoronaviruses are currently available, and
mRNA-based vaccines have not been widely tested.

CLINICAL TRIAL

A randomized, double-blind study of an mRNA vaccine
encoding the SARS-CoV-2 spike protein.

43,548 participants 216 years old were assigned to
receive the vaccine or placebo by intramuscular injection
on day 0 and day 21. Participants were followed for
safety and for the development of symptomatic Covid-19
for a median of 2 months.

RESULTS

Safety:

Vaccine recipients had local reactions (pain, erythema,
swelling) and systemic reactions (¢.g., fever, headache,
myalgias) at higher rates than placebo recipients, with
more reactions following the second dose. Most were

mild to moderate and resolved rapidly.

Efficacy: o fﬁ

The vaccine showed protection 7 days after the second
dose; 95% efficacy was observed.

g,

Cumulative Incidence (%)

BNTI6262
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LIMITATIONS AND REMAINING QUESTIONS Days afer Dose 1

Further study is required to understand the following:

 Safety and efficacy beyond 2 months and in groups. Vaccine efficacy of 95% (95% credible interval, 90.3 -87.6%)
not included in this trial (¢.g., children, pregnant
women, and immunocompromised persons).

= Whether the vaccine protects against asymptomatic CONCLUSIONS
infection and transmission to unvaccinated persons. o does ol ar TN A-baverl vace e wiere s1(Sover
= How to deal with those who miss the second a median of two months and provided 95% protection
vaccine dose. against symptomatic Covid-19 in persons 16 years of

ageorolder.

Links: Full article | Quick Take | Editorial
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V probihajici nadnarodni, placebem kontrolované, pozorovatelem
zaslepené, klicové studii acinnosti jsme nadhodné pridélili osoby ve
veku 16 let nebo starsi v poméru 1:1, aby dostaly dvé davky placeba
nebo kandidata na vakcinu BNT162b2 s odstupem 21 dni. (30 pg na
davku). BNT162b2 je nukleosidy modifikovana RNA vakcina
formulovana na lipidovych nanocasticich, ktera kéduje prefazné
stabilizovany, membranou ukotveny celodélkovy vrcholovy protein
SARS-CoV-2. Primarnimi cilovymi body byla tc¢innost vakciny proti
laboratorné potvrzenému Covid-19 a bezpec¢nost.

Vysledek

Randomizaci podstoupilo celkem 43 548 tcastniki, z nichz 43 448
dostalo injekce: 21 720 s BNT162b2 a 21 728 s placebem. Mezi
ucastniky, kteri dostavali BNT162b2, bylo 8 pripadi Covid-19 s
nastupem nejméneé 7 dni po druhé davce a 162 pripadi mezi témi,
kteri dostavali placebo; BNT162b2 byl 95% ucinny v prevenci Covid-
19 (95% divéryhodny interval, 90,3 az 97,6). Podobna tc¢innost
vakciny (obecné 90 az 100 %) byla pozorovana u podskupin
definovanych vékem, pohlavim, rasou, etnickym ptivodem, vychozim
indexem télesné hmotnosti a pritomnosti soubéznych onemocnéni. Z
10 pripadi zavazného onemocnéni Covid-19 s nastupem po prvni
davce se 9 vyskytlo u prijemcii placeba a 1 u prijemce BNT162b2.
Bezpecnostni profil BNT162b2 byl charakterizovan kratkodobou,
mirnou az stredni bolesti v misté vpichu, tnavou a bolesti hlavy.

Zaveéry

Dvoudavkovy rezim BNT162b2 poskytl 95% ochranu proti Covid-19
osobam ve véku 16 let nebo starSim. Bezpecnost po medianu 2
mésict byla podobné jako u jinych virovych vakein. (Financovano
spole¢nostmi BioNTech a Pfizer; ¢islo ClinicalTrials.gov,
NCT04368728.)

= RYCHLY ODBERBezpec¢nost a ti¢innost vakciny BNT162b2
Covid-19 03:00
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Coronavirova nemoc 2019 (Covid-19) zasahla
desitky miliont lidi na celém svété L od té doby, co
byla 11. brezna 2020 Svétovou zdravotnickou

2-Dose Regimen

of BNT162b2

organizaci vyhlasena pandemii. 2 Starsi dospéli,

osoby s urcitymi soubéznymi onemocnénimi a

pracovnici v prvni linii jsou s nejvysSim rizikem Covid-19 a jeho
komplikaci. Nedavné tidaje ukazuji, Ze se zvysuje mira infekce
koronavirem 2 (SARS-CoV-2) a Covid-19 u jinych populaci, véetné
mladsich dospélych. 3 Bezpec¢né a i¢inné profylaktické vakeiny jsou
naléhavé potreba k potlaceni pandemie, ktera ma znicujici 1ékarské,
ekonomické a socialni disledky.

Jiz drive jsme uvedli vysledky faze 1 bezpecnosti a imunogenicity z
klinickych studii kandidata na vakcinu BNT162b2, 4 lipidové
nanocastice formulované, > nukleosidy modifikované RNA
(modRNA) © kédujici SARS-CoV-2 plné délky, modifikované dvéma
prolinem mutace k uzamceni v prefuzni konformaci. 7 Poznatky ze
studii provedenych ve Spojenych statech a v Némecku mezi zdravymi
muzi a zenami ukazaly, ze dvé 3oug davky BNT162b2 vyvolaly vysoké
titry neutralizaénich protilatek SARS-CoV-2 a robustni antigen-
specifické CD8+ a Thi-typové CD4+ T-bunééné odpovédi. . 850%
neutraliza¢ni prumeér geometrickych titrti vyvolanych 30 pg
BNT162b2 u starsich a mladsich dospé€lych prekrocil geometricky
prameér titru nameéreny na panelu lidského rekonvalescentniho séra,
a to navzdory nizsi neutralizacni reakci u starSich dospélych nez u
mladsich dospé€lych. Kromeé toho profil reaktogenity BNT162b2
predstavoval hlavné kratkodobé lokalni (tj. misto vpichu) a
systémové reakce. Tato zjiSténi podporila progresi kandidatni
vakciny BNT162b2 do faze 3.

Zde uvadime zjisténi bezpecnosti a téinnosti z ¢asti 2/3 globalni
studie faze 1/2/3 hodnotici bezpecnost, imunogenicitu a a¢innost 30
ug BNT162b2 v prevenci Covid-19 u osob ve veku 16 let nebo starsi.
Tento soubor adaji a tyto vysledky zkousek jsou zakladem pro zadost
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o povoleni nouzového pouziti. ¢ Sbér idaji faze 2/3 o imunogenicité
vakeiny a trvanlivosti imunitni odpovédi na imunizaci probiha a tato
data zde nejsou uvedena.

Metody

Cile zkousky, ucastnici a dohled

Hodnotili jsme bezpec¢nost a i¢innost dvou 30 ug davek BNT162b2
podanych intramuskularné s odstupem 21 dnti ve srovnani s
placebem. Dospéli ve v€ku 16 let nebo starsi, kteti byli zdravi nebo
meli stabilni chronické zdravotni stavy, véetné, ale bez omezeni na
né, virem lidské imunodeficience (HIV), virem hepatitidy B nebo
virem hepatitidy C, byli zptisobili k ucasti ve studii. Klicova
vylucovaci kritéria zahrnovala anamnézu Covid-19, 1é¢bu
imunosupresivni terapii nebo diagnézu imunokompromitujiciho
stavu.

Spolec¢nost Pfizer byla zodpovédna za navrh a provedeni studie, sbér
dat, analyzu dat, interpretaci dat a napsani rukopisu. BioNTech byl
sponzorem studie, vyrobil material pro klinickou studii BNT162b2 a
prispél k interpretaci dat a napsani rukopisu. VSechna data ze studie
byla k dispozici vSem autortim, kteri ruci za jejich presnost a uplnost
a za dodrzovani protokolu, ktery je k dispozici s plnym textem tohoto
clanku na NEJM.org. Nezavisly vybor pro monitorovani udajt a
bezpecénosti prezkoumal G¢innost a nezaslepené udaje o bezpecnosti.

Zkusebni postupy

S pouzitim interaktivniho webového systému byli Gcastnici studie
nahodné rozdéleni v poméru 1:1, aby dostali 30 ug BNT162b2 (0,3 ml
objem na davku) nebo fyziologické placebo. U¢astnici obdrzeli dvé
injekce s odstupem 21 dnti bud BNT162b2 nebo placeba do
deltového svalu. Zameéstnanci mista, kteri byli zodpovédni za
hodnoceni bezpecnosti a nevéde€li o skupinovych prirazenich,
pozorovali ucastniky po dobu 30 minut po vakcinaci kviili jakékoli
akutni reakei.
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Bezpecnost

Primarnimi cilovymi body této studie byly vyzadané, specifické
lokalni nebo systémové nezadouci prihody a pouziti antipyretik nebo
1ékt proti bolesti béhem 7 dnii po obdrzeni kazdé davky vakciny nebo
placeba, jak bylo vybidnuto a zaznamenano v elektronickém deniku v
podskupiné acastniky (podskupina reaktogenity) a nevyzadané
nezadouci prihody (ty hlasené tcéastniky bez vyzvy z elektronického
deniku) po dobu 1 mésice po druhé davce a nevyzadané zavazné
nezadouci ucinky po dobu 6 mésicii po druhé davce. V této zprave
jsou zahrnuty idaje o nezadoucich téincich za obdobi priblizné 14
tydnt po druhé davce. V této zprave jsou uvedeny bezpec¢nostni tidaje
pro vSechny tcéastniky, kteri poskytli informovany souhlas a dostali
alespon jednu davku vakeiny nebo placeba. Podle protokolu,

During the phase 2/3 portion of the study, a stopping rule for the
theoretical concern of vaccine-enhanced disease was to be triggered
if the one-sided probability of observing the same or a more
unfavorable adverse severe case split (a split with a greater
proportion of severe cases in vaccine recipients) was 5% or less, given
the same true incidence for vaccine and placebo recipients. Alert
criteria were to be triggered if this probability was less than 11%.

Efficacy

The first primary end point was the efficacy of BNT162b2 against
confirmed Covid-19 with onset at least 7 days after the second dose
in participants who had been without serologic or virologic evidence
of SARS-CoV-2 infection up to 7 days after the second dose; the
second primary end point was efficacy in participants with and
participants without evidence of prior infection. Confirmed Covid-19
was defined according to the Food and Drug Administration (FDA)
criteria as the presence of at least one of the following symptoms:
fever, new or increased cough, new or increased shortness of breath,
chills, new or increased muscle pain, new loss of taste or smell, sore
throat, diarrhea, or vomiting, combined with a respiratory specimen
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obtained during the symptomatic period or within 4 days before or
after it that was positive for SARS-CoV-2 by nucleic acid
amplification—based testing, either at the central laboratory or at a
local testing facility (using a protocol-defined acceptable test).

Major secondary end points included the efficacy of BNT162b2
against severe Covid-19. Severe Covid-19 is defined by the FDA as
confirmed Covid-19 with one of the following additional features:
clinical signs at rest that are indicative of severe systemic illness;
respiratory failure; evidence of shock; significant acute renal,
hepatic, or neurologic dysfunction; admission to an intensive care
unit; or death. Details are provided in the protocol.

An explanation of the various denominator values for use in
assessing the results of the trial is provided in Table S1 in the
Supplementary Appendix, available at NEJM.org. In brief, the safety

population includes persons 16 years of age or older; a total of
43,448 participants constituted the population of enrolled persons
injected with the vaccine or placebo. The main safety subset as
defined by the FDA, with a median of 2 months of follow-up as of
October 9, 2020, consisted of 37,706 persons, and the reactogenicity
subset consisted of 8183 persons. The modified intention-to-treat
(mITT) efficacy population includes all age groups 12 years of age or
older (43,355 persons; 100 participants who were 12 to 15 years of
age contributed to person-time years but included no cases). The
number of persons who could be evaluated for efficacy 7 days after
the second dose and who had no evidence of prior infection was
36,523, and the number of persons who could be evaluated 7 days
after the second dose with or without evidence of prior infection was

40,137.

Statistical Analysis

The safety analyses included all participants who received at least
one dose of BNT162b2 or placebo. The findings are descriptive in
nature and not based on formal statistical hypothesis testing. Safety

7/32


https://www.nejm.org/doi/suppl/10.1056/NEJMoa2034577/suppl_file/nejmoa2034577_appendix.pdf

analyses are presented as counts, percentages, and associated
Clopper—Pearson 95% confidence intervals for local reactions,
systemic events, and any adverse events after vaccination, according
to terms in the Medical Dictionary for Regulatory Activities
(MedDRA), version 23.1, for each vaccine group.

Analysis of the first primary efficacy end point included participants
who received the vaccine or placebo as randomly assigned, had no
evidence of infection within 7 days after the second dose, and had no
major protocol deviations (the population that could be evaluated).
Vaccine efficacy was estimated by 100x(1—IRR), where IRR is the
calculated ratio of confirmed cases of Covid-19 illness per 1000
person-years of follow-up in the active vaccine group to the
corresponding illness rate in the placebo group. The 95.0% credible
interval for vaccine efficacy and the probability of vaccine efficacy
greater than 30% were calculated with the use of a Bayesian beta-
binomial model. The final analysis uses a success boundary of 98.6%
for probability of vaccine efficacy greater than 30% to compensate
for the interim analysis and to control the overall type 1 error rate at
2.5%. Moreover, primary and secondary efficacy end points are
evaluated sequentially to control the familywise type 1 error rate at
2.5%. Descriptive analyses (estimates of vaccine efficacy and 95%
confidence intervals) are provided for key subgroups.

Results

Participants
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Enrollment and Randomization.

44,820 Participants were screened

1272 Did not undergo randomization
1152 Did not meet eligibility criteria
64 Had other reason
33 Withdrew
13 Underwent randomization
after cutoff

5 Had unspecified reason
4 Were withdrawn by physician
1Was lost to follow-up

43,548 Underwent randomization ‘

99 Were not vaccinated
———————={ 1Didnot sign the informed
consent document

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

|
| l

18,860 Received dose 1 of BNT162b2

18,846 Received dose 1 of placebo

316 Did not receive dose 2
304 Did not receive dose 2 96 Withdrew
100 Withdrew 86 Were no longer eligible
62 Were lost to follow-up 61 Were lost to follow-up
56 Had ongoing or pending 46 Had ongoing or pending
status status
51 Were no longer eligible 18 Had adverse event
28 Had adverse event 5 Were pregnant
4 Were pregnant 2 Were withdrawn by
2 Were withdrawn by physician
physician 1 Died
1 Died 1 Had medication error
(no adverse event)

18,556 Received dose 2 of BNT162b2

18,530 Received dose 2 of placebo

| l

48 Discontinued trial after dose 2 95 Discontinued trial after dose 2
27 Withdrew 66 Withdrew
18 Were lost to follow-up 25 Were lost to follow-up
1 Died 2 Die
1 Was withdrawn by physician 1 Had other reason
1 Had medication error 1 Declined further procedures
(o adverse event)

Demographic Characteristics of S
the Participants in the Main | e R———
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Between July 27, 2020, and November 14, 2020, a total of 44,820
persons were screened, and 43,548 persons 16 years of age or older
underwent randomization at 152 sites worldwide (United States, 130
sites; Argentina, 1; Brazil, 2; South Africa, 4; Germany, 6; and
Turkey, 9) in the phase 2/3 portion of the trial. A total of 43,448
participants received injections: 21,720 received BNT162b2 and
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21,728 received placebo (Figure 1). At the data cut-off date of October
9, a total of 37,706 participants had a median of at least 2 months of
safety data available after the second dose and contributed to the
main safety data set. Among these 37,706 participants, 49% were
female, 83% were White, 9% were Black or African American, 28%
were Hispanic or Latinx, 35% were obese (body mass index [the
weight in kilograms divided by the square of the height in meters] of
at least 30.0), and 21% had at least one coexisting condition. The
median age was 52 years, and 42% of participants were older than 55
years of age (Table 1 and Table S2).

Safety

Local Reactogenicity

Local and Systemic Reactions

mmmmmmmmm

Reported within 7 Days after i

Injection of BNT162b2 or 1 T T
Placebo, According to Age O del” | ORI L E S
Group. M ! i oo bl

The reactogenicity subset included 8183 participants. Overall,
BNT162b2 recipients reported more local reactions than placebo
recipients. Among BNT162b2 recipients, mild-to-moderate pain at
the injection site within 7 days after an injection was the most
commonly reported local reaction, with less than 1% of participants
across all age groups reporting severe pain (Figure 2). Pain was
reported less frequently among participants older than 55 years of
age (71% reported pain after the first dose; 66% after the second
dose) than among younger participants (83% after the first dose;
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78% after the second dose). A noticeably lower percentage of
participants reported injection-site redness or swelling. The
proportion of participants reporting local reactions did not increase
after the second dose (Figure 2A), and no participant reported a
grade 4 local reaction. In general, local reactions were mostly mild-
to-moderate in severity and resolved within 1 to 2 days.

Systemic Reactogenicity

Systemic events were reported more often by younger vaccine
recipients (16 to 55 years of age) than by older vaccine recipients
(more than 55 years of age) in the reactogenicity subset and more
often after dose 2 than dose 1 (Figure 2B). The most commonly
reported systemic events were fatigue and headache (59% and 52%,
respectively, after the second dose, among younger vaccine
recipients; 51% and 39% among older recipients), although fatigue
and headache were also reported by many placebo recipients (23%
and 24%, respectively, after the second dose, among younger vaccine
recipients; 17% and 14% among older recipients). The frequency of
any severe systemic event after the first dose was 0.9% or less. Severe
systemic events were reported in less than 2% of vaccine recipients
after either dose, except for fatigue (in 3.8%) and headache (in 2.0%)
after the second dose.

Fever (temperature, >38°C) was reported after the second dose by
16% of younger vaccine recipients and by 11% of older recipients.
Only 0.2% of vaccine recipients and 0.1% of placebo recipients
reported fever (temperature, 38.9 to 40°C) after the first dose, as
compared with 0.8% and 0.1%, respectively, after the second dose.
Two participants each in the vaccine and placebo groups reported
temperatures above 40.0°C. Younger vaccine recipients were more
likely to use antipyretic or pain medication (28% after dose 1; 45%
after dose 2) than older vaccine recipients (20% after dose 1; 38%
after dose 2), and placebo recipients were less likely (10 to 14%) than
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vaccine recipients to use the medications, regardless of age or dose.
Systemic events including fever and chills were observed within the
first 1 to 2 days after vaccination and resolved shortly thereafter.

Daily use of the electronic diary ranged from 90 to 93% for each day
after the first dose and from 75 to 83% for each day after the second
dose. No difference was noted between the BNT162b2 group and the
placebo group.

Adverse Events

Adverse event analyses are provided for all enrolled 43,252
participants, with variable follow-up time after dose 1 (Table S3).
More BNT162b2 recipients than placebo recipients reported any
adverse event (27% and 12%, respectively) or a related adverse event
(21% and 5%). This distribution largely reflects the inclusion of
transient reactogenicity events, which were reported as adverse
events more commonly by vaccine recipients than by placebo
recipients. Sixty-four vaccine recipients (0.3%) and 6 placebo
recipients (<0.1%) reported lymphadenopathy. Few participants in
either group had severe adverse events, serious adverse events, or
adverse events leading to withdrawal from the trial. Four related
serious adverse events were reported among BNT162b2 recipients
(shoulder injury related to vaccine administration, right axillary
lymphadenopathy, paroxysmal ventricular arrhythmia, and right leg
paresthesia). Two BNT162b2 recipients died (one from
arteriosclerosis, one from cardiac arrest), as did four placebo
recipients (two from unknown causes, one from hemorrhagic stroke,
and one from myocardial infarction). No deaths were considered by
the investigators to be related to the vaccine or placebo. No Covid-
19—associated deaths were observed. No stopping rules were met
during the reporting period. Safety monitoring will continue for 2
years after administration of the second dose of vaccine.

Efficacy
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Vaccine Efficacy against Covid- - A
19 at Least 7 days after the

robability
(95% Credible  (Vaccine Efficacy

Efficacy End Point BNT162b2 Placebo Interval) >30%)§
No. of Surveillance No. of Surveillance
econ ose. Cases Time () Cases Time (o)t
(N=18,198) (N=18,325)
Covid-19 occurrence atleast 7 3 2214 (17,411) 162 2.222 (17,511) 95.0 (90.3-97.6) 50.9999

days after the second dose
in participants without evi-
dence of infection

(N=19,965) (N=20,172)
2332 (18.559) 169 2.345 (18,708) 946 (89.9-97.3) 09999

-

Covid-19 occurrence at least 7
days after the second dose
in 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 infec-
tion was 40,137.

f 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

4 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.

Vaccine Efficacy Overall and by

Table 3. Vaccine Efficacy Overall and by Subgroup in Participants without Evidence of Infection before 7 Days after Dose 2.
: * * Emuq End-Point BNT162b2 Placebo Vaccine Em:a:y, %
Subgroup 1n Parthlpants S s eree ket
Surveillance Surveillance
. . . No. of Time No. of Time
Cases (No. at Risk)* Cases (N, at Risky*
without Evidence of Infection L T —
Age group
1610 55 yr 5 1.234 (9.897) 114 1.239 (9.955) 95.6 (89.4-98.6)
before 7 Days after Dose 2 . 55 yr 3 0.980 (7.500) 8 0983 (7,543) 93.7 (80.6-98.3)
=65yr T 0.508 (3,848) 19 0511 (3,880) 94.7 (66.7-99.9)
=75yr o 0.102 (774) 5 0.106 (785) 100.0 (-13.1-100.0)
Sex
Male 3 1.124 (3,875) 81 1.108 (8,762) 96.4 (88.9-99.3)
Female 5 1.090 (8,536) 81 1114 (8,749) 93.7 (84.7-98.0)
Race or ethnic group:
White 7 1.889 (14,504) 146 1.903 (14,670) 95.2 (89.8-98.1)
Black or African American o 0.165 (1,502) 7 0.164 (1,486) 100.0 (31.2-100.0)
Allothers 1 0.160 (1,405) 9 0.155 (1,355) 89.3 (22.6-99.3)
Hispanic or Latime 3 0.605 (4,764) 53 0.600 (4,746) 94.4 (82.7-98.9)
Nen-Hispanic, non-Latinx 5 1.596 (12,548) 109 1.608 (12,661) 95.4 (38.9-98.5)
Country
Argentina 1 0.351 (2,545) 35 0.346 (2,521) 97.2 (83.3-99.9)
Brazil 1 0.119 (1,129) 8 0.117 (1,121) 87.7 (8.1-99.7)
United States 6 1.732 (13,359) 119 1,747 (13,506) 94.9 (88.6-98.2)

* 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 perio

t The confidence interval (CI) for vaccine efficacy is derived according to the Clopper-Pearson method, adjusted for surveillance time.

§ Race or ethnic group was reported by the participants. “All others” included the following categories: American Indian or Alaska Native,
Asian, Native Hawaiian or other Pacific Islander, multiracial, and not reported

Efficacy of BNT162b2 against
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Days after Dose 1
Efficacy End-Point Subgroup  BNT162b2, 30 g (N=21,669) Placebo (N=21,686) VE (95% CI)
No. of time  No. of parti time
person-yr (no. at risk) personyr (no. atrisk)  percent
Covid-19 occurrence
After dose 1 50 4015 (21,314) 275 3.982 (21,258) 820 (75.6-36.9)
After dose 1 to before dose 2 39 82 52.4 (29.5-68.4)
Dose 2 to 7 days after dose 2 2 21 90.5 (61.0-98.9)
=7 Days after dose 2 9 172 94.8 (89.8-97.6)

Among 36,523 participants who had no evidence of existing or prior
SARS-CoV-2 infection, 8 cases of Covid-19 with onset at least 7 days
after the second dose were observed among vaccine recipients and
162 among placebo recipients. This case split corresponds to 95.0%
vaccine efficacy (95% confidence interval [CI], 90.3 to 97.6; Table 2).

13/32



Among participants with and those without evidence of prior SARS
CoV-2 infection, 9 cases of Covid-19 at least 7 days after the second
dose were observed among vaccine recipients and 169 among
placebo recipients, corresponding to 94.6% vaccine efficacy (95% CI,
89.9 to 97.3). Supplemental analyses indicated that vaccine efficacy
among subgroups defined by age, sex, race, ethnicity, obesity, and
presence of a coexisting condition was generally consistent with that
observed in the overall population (Table 3 and Table S4). Vaccine
efficacy among participants with hypertension was analyzed
separately but was consistent with the other subgroup analyses
(vaccine efficacy, 94.6%; 95% CI, 68.7 to 99.9; case split: BNT162b2,
2 cases; placebo, 44 cases). Figure 3 shows cases of Covid-19 or
severe Covid-19 with onset at any time after the first dose (mITT
population) (additional data on severe Covid-19 are available in
Table S5). Between the first dose and the second dose, 39 cases in the
BNT162b2 group and 82 cases in the placebo group were observed,
resulting in a vaccine efficacy of 52% (95% CI, 29.5 to 68.4) during
this interval and indicating early protection by the vaccine, starting
as soon as 12 days after the first dose.

Discussion

A two-dose regimen of BNT162b2 (30 ug per dose, given 21 days
apart) was found to be safe and 95% effective against Covid-19. The
vaccine met both primary efficacy end points, with more than a
99.99% probability of a true vaccine efficacy greater than 30%. These
results met our prespecified success criteria, which were to establish
a probability above 98.6% of true vaccine efficacy being greater than
30%, and greatly exceeded the minimum FDA criteria for
authorization.? Although the study was not powered to definitively
assess efficacy by subgroup, the point estimates of efficacy for
subgroups based on age, sex, race, ethnicity, body-mass index, or the
presence of an underlying condition associated with a high risk of
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Covid-19 complications are also high. For all analyzed subgroups in
which more than 10 cases of Covid-19 occurred, the lower limit of the
95% confidence interval for efficacy was more than 30%.

The cumulative incidence of Covid-19 cases over time among placebo
and vaccine recipients begins to diverge by 12 days after the first
dose, 7 days after the estimated median viral incubation period of 5
days,’? indicating the early onset of a partially protective effect of
immunization. The study was not designed to assess the efficacy of a
single-dose regimen. Nevertheless, in the interval between the first
and second doses, the observed vaccine efficacy against Covid-19 was
52%, and in the first 7 days after dose 2, it was 91%, reaching full
efficacy against disease with onset at least 7 days after dose 2. Of the
10 cases of severe Covid-19 that were observed after the first dose,
only 1 occurred in the vaccine group. This finding is consistent with
overall high efficacy against all Covid-19 cases. The severe case split
provides preliminary evidence of vaccine-mediated protection
against severe disease, alleviating many of the theoretical concerns
over vaccine-mediated disease enhancement.!

The favorable safety profile observed during phase 1 testing of
BNT162b248 was confirmed in the phase 2/3 portion of the trial. As
in phase 1, reactogenicity was generally mild or moderate, and
reactions were less common and milder in older adults than in
younger adults. Systemic reactogenicity was more common and
severe after the second dose than after the first dose, although local
reactogenicity was similar after the two doses. Severe fatigue was
observed in approximately 4% of BNT162b2 recipients, which is
higher than that observed in recipients of some vaccines
recommended for older adults.22 This rate of severe fatigue is also
lower than that observed in recipients of another approved viral
vaccine for older adults.23 Overall, reactogenicity events were
transient and resolved within a couple of days after onset.
Lymphadenopathy, which generally resolved within 10 days, is likely
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to have resulted from a robust vaccine-elicited immune response.
The incidence of serious adverse events was similar in the vaccine
and placebo groups (0.6% and 0.5%, respectively).

This trial and its preliminary report have several limitations. With
approximately 19,000 participants per group in the subset of
participants with a median follow-up time of 2 months after the
second dose, the study has more than 83% probability of detecting at
least one adverse event, if the true incidence is 0.01%, but it is not
large enough to detect less common adverse events reliably. This
report includes 2 months of follow-up after the second dose of
vaccine for half the trial participants and up to 14 weeks’ maximum
follow-up for a smaller subset. Therefore, both the occurrence of
adverse events more than 2 to 3.5 months after the second dose and
more comprehensive information on the duration of protection
remain to be determined. Although the study was designed to follow
participants for safety and efficacy for 2 years after the second dose,
given the high vaccine efficacy, ethical and practical barriers prevent
following placebo recipients for 2 years without offering active
immunization, once the vaccine is approved by regulators and
recommended by public health authorities. Assessment of long-term
safety and efficacy for this vaccine will occur, but it cannot be in the
context of maintaining a placebo group for the planned follow-up
period of 2 years after the second dose. These data do not address
whether vaccination prevents asymptomatic infection; a serologic
end point that can detect a history of infection regardless of whether
symptoms were present (SARS-CoV-2 N-binding antibody) will be
reported later. Furthermore, given the high vaccine efficacy and the
low number of vaccine breakthrough cases, potential establishment
of a correlate of protection has not been feasible at the time of this
report.

This report does not address the prevention of Covid-19 in other
populations, such as younger adolescents, children, and pregnant
women. Safety and immune response data from this trial after
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immunization of adolescents 12 to 15 years of age will be reported
subsequently, and additional studies are planned to evaluate
BNT162b2 in pregnant women, children younger than 12 years, and
those in special risk groups, such as immunocompromised persons.
Although the vaccine can be stored for up to 5 days at standard
refrigerator temperatures once ready for use, very cold temperatures
are required for shipping and longer storage. The current cold
storage requirement may be alleviated by ongoing stability studies
and formulation optimization, which may also be described in
subsequent reports.

The data presented in this report have significance beyond the
performance of this vaccine candidate. The results demonstrate that
Covid-19 can be prevented by immunization, provide proof of
concept that RNA-based vaccines are a promising new approach for
protecting humans against infectious diseases, and demonstrate the
speed with which an RNA-based vaccine can be developed with a
sufficient investment of resources. The development of BNT162b2
was initiated on January 10, 2020, when the SARS-CoV-2 genetic
sequence was released by the Chinese Center for Disease Control and
Prevention and disseminated globally by the GISAID (Global
Initiative on Sharing All Influenza Data) initiative. This rigorous
demonstration of safety and efficacy less than 11 months later
provides a practical demonstration that RNA-based vaccines, which
require only viral genetic sequence information to initiate
development, are a major new tool to combat pandemics and other
infectious disease outbreaks. The continuous phase 1/2/3 trial design
may provide a model to reduce the protracted development timelines
that have delayed the availability of vaccines against other infectious
diseases of medical importance. In the context of the current, still
expanding pandemic, the BNT162b2 vaccine, if approved, can
contribute, together with other public health measures, to reducing
the devastating loss of health, life, and economic and social well-
being that has resulted from the global spread of Covid-19.
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Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine

F.P. Polack, etal. DOI: 10.1056/NE]Moa2034577

Spike protéin
(prefusion
conformation)

CLINICAL PROBLEM
Safe and effective vaceines o prevent severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection and
Covid-19 are urgently needed. No vaccines that protect
against betacoronaviruses are currently available, and
mRNA-based vaccines have not been widely tested.

CLINICAL TRIAL

A randomized, double-blind study of an mRNA vaccine
encoding the SARS-CoV-2 spike protein.

43,548 participants 216 years old were assigned to
receive the vaccine or placebo by intramuscular injection
on day 0 and day 21. Participants were followed for
safety and for the development of symptomatic Covid-19
for a median of 2 months.

RESULTS
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ents had local reactions (pain, erythema,
swelling) and systemic reactions (e.g., fever, headache,
myalgias) at higher rates than placebo recipients, with
more reactions following the second dose. Most were

mild to moderate and resolved rapidly. .
Efficacy: o BNTIG22
“The vaccine showed protection 7 days after the second . . —

dose; 95% cfficacy was observed.

R RS

LIMITATIONS AND REMAINING QUESTIONS Days afer Dose 1

Further study is required to understand the following:

« Safety and efficacy beyond 2 months and in groups Vaceine efficacy of 95% (95% credible interval, 90.3 -97.6%)
not included in this trial (e.g., children, pregnant
women, and immunocompromised persons).

» Whether the vaccine protects against asymptomatic CONCLUSIONS
infection and transmission to unvaccinated persons.

‘Two doses of an mMRNA-based vaccine were safe over

* How to deal with those who miss the second amedian of two months and provided 95% protection
vaceine dose. against symptomatic Covid-19 in persons 16 years of
age or older.

Links: Full article | Quick Take | Editorial
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2. Enrollment and Randomization.

| 44,820 Participants were screened |

1272 Did not undergo randomization
1152 Did ligibility criteria

ew

13 Underwent randomization
after cutoff

5 Had unspecified reason

4 Were withdrawn by physician

1 Was lost to follow-up

43,548 Undenwent randomization

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

J

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

|
| L

18,846 Received dose 1 of placebo ]

18 860 Received dose 1 of BNT162b2

18,556 Received dose 2 of BNT162b2

| |

48 Discontinued trial after dose 2 95 Discontinued trial after dose 2

18,530 Received dose 2 of placebo

1Had on
1 Declined further procedures

The diagram represents all enrolled participants through November 14,
2020. The safety subset (those with a median of 2 months of follow-up, in
accordance with application requirements for Emergency Use
Authorization) is based on an October 9, 2020, data cut-off date. The
further procedures that one participant in the placebo group declined
after dose 2 (lower right corner of the diagram) were those involving
collection of blood and nasal swab samples.
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3. Demographic Characteristics of the Participants in the
Main Safety Population.*

Table 1. Demographic Characteristics of the Participants in the Main Safety Population.*

BNT162b2 Placebo Total
Characteristic (N=18,860) (N=18,846) (N=37,706)
Sex — no. (%)
Male 9,639 (51.1) 9,436 (50.1) 19,075 (50.6)
Female 9,221 (48.9) 9,410 (49.9) 18,631 (49.4)
Race or ethnic group — no. (%)
White 15,636 (82.9) 15,630 (82.9) 31,266 (32.9)
Black or African American 1,729 (9.2) 1,763 (9.4) 3,492 (9.3)
Asian 801 (4.2) 307 (4.3) 1,608 (4.3)
Native American or Alaska Native 102 (0.5) 99 (0.5) 201 (0.5)
Native Hawaiian or other Pacific Islander 50 (0.3) 26 (0.1) 76 (0.2)
Multiracial 449 (2.4) 406 (2.2) 855 (2.3)
Not reported 93 (0.5) 115 (0.6) 208 (0.6)
Hispanic or Latinx 5,266 (27.9) 5,277 (28.0) 10,543 (28.0)
Country — no. (%)
Argentina 2,883 (15.3) 2,881 (15.3) 5,764 (15.3)
Brazil 1,145 (6.1) 1,139 (6.0) 2,284 (6.1)
South Africa 372 (2.0) 372 (2.0) 744 (2.0)
United States 14,460 (76.7) 14,454 (76.7) 28,914 (76.7)
Age group — no. (%)
16-55 yr 10,889 (57.7) 10,896 (57.8) 21,785 (57.8)
=55 yr 7971 (42.3) 7,950 (42.2) 15,921 (42.2)
Age at vaccination — yr
Median 520 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)

* Percentages may not total 100 because of rounding.
 Race or ethnic group was reported by the participant
i The body-mass index is the weight in kilograms divi

4. Local and Systemic Reactions Reported within 7 Days
after Injection of BNT162b2 or Placebo, According to
Age Group.

5. Vaccine Efficacy against Covid-19 at Least 7 days after
the Second Dose.*

6. Vaccine Efficacy Overall and by Subgroup in
Participants without Evidence of Infection before 7
Days after Dose 2.

7. Efficacy of BNT162b2 against Covid-19 after the First
Dose.
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Data on local and systemic reactions
and use of medication were collected
with electronic diaries from
participants in the reactogenicity
subset (8,183 participants) for 7 days
after each vaccination. Solicited
injection-site (local) reactions are
shown in Panel A. Pain at the
injection site was assessed according
to the following scale: mild, does not
interfere with activity; moderate,
interferes with activity; severe,
prevents daily activity; and grade 4,
emergency department visit or
hospitalization. Redness and
swelling were measured according to
the following scale: mild, 2.0 to 5.0
cm in diameter; moderate, >5.0 to
10.0 cm in diameter; severe, >10.0
cm in diameter; and grade 4,
necrosis or exfoliative dermatitis (for
redness) and necrosis (for swelling).
Systemic events and medication use
are shown in Panel B. Fever
categories are designated in the key;
medication use was not graded.
Additional scales were as follows:
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fatigue, headache, chills, new or
worsened muscle pain, new or
worsened joint pain (mild: does not
interfere with activity; moderate:
some interference with activity; or
severe: prevents daily activity),
vomiting (mild: 1 to 2 times in 24
hours; moderate: >2 times in 24
hours; or severe: requires
intravenous hydration), and diarrhea
(mild: 2 to 3 loose stools in 24 hours;
moderate: 4 to 5 loose stools in 24
hours; or severe: 6 or more loose
stools in 24 hours); grade 4 for all
events indicated an emergency
department visit or hospitalization.
T bars represent 95% confidence
intervals, and numbers above the I
bars are the percentage of
participants who reported the
specified reaction.

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

Vaccine Efficacy, % Probability
(95% Credible  (Vaccine Efficacy
Efficacy End Point BNT162b2 Placebo Interval); =30%)§

No. of Surveillance No. of Surveillance
Ca Time (n) Cases Time ()}

(N-18,158) (N=18,325)
8 2.214 (17.411) 162 2222 (17,511) 95.0 (90.3-97.6) >0.9999

in particip
dence of in

(N=19,965) (N=20,172)

Covid-19 oceu! 9 2332 (18,559) 169 2,345 (18,708) 946 (89.9-97.3) 20,9999

days after the second dose
in pai

27/32



Table 3. Vaccine Efficacy Overall and by Subgroup in Participants without Evidence of Infection before 7 Days after Dose 2.

Efficacy End-Point
Subgroup

Overall
Age group
161055 yr
>55yr
=65 yr
275y
Sex
Male
Female
Race o ethnic groupi:
White
Black or African American
Allothers
Hispanic or Latinx
Non-Hispanic, non-Latinx
Country
Argentina

Brazil

United States

No. of
Cases.

8

- © = w o«

o o P

1
6

BNT162b2
(N=18,198)

Surveillance:
Time
(No. at Risk)*

2214 (17,411)

1.234(9,897)
0.980 (7,500)
0.508 (3,848)
0.102 (774

1124 (8.875)
1.090 (8,536)

1.889 (14,504)
0.165 (1,502)
0.160 (1,405)
0.605 (4,764)
1,596 (12,548)

0351 (2,545)
0119 (1,129)
1.732 (13,359)

No.of
Cases

162

119

Placebo
(N=18,325)
Surveillance

(No. at Risky*
2222 (17,511)

1.239 (9.955)
0.983 (7,543)
0511 (3,880)
0.106 (785)

1108 (8,762)
1114 (8.749)

1903 (14,670)
0.164 (1.486)
0.155 (1,355)
0.600 (4.746)
1608 (12,661)

0346 (2.521)
0117 (1121)
1.747 (13,506)

Vacdine Efficacy, %
oy

95.0 (90.0-97.9)

95.6 (89.4-98.6)
93.7 (80.6-98.8)
94.7 (66.7-99.9)
1000 (-13.1-100.0)

96.4 (88.9-99.3)
93.7 (84.7-98.0)

952 (89.8-98.1)
100.0 (31.2-100.0)
893 (22.6-99.8)
94.4 (82.7-98.9)
95.4 (88.9-98.5)

97.2 (83.3-99.9)
877 (81-99.7)
94.9 (88.6-98.2)

* 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 confidence interval (Cl) for vaccine efficacy is derived according to the Clopper—Pearson method, adjusted for surveillance time.

4 Race or ethnic group was reported

the participants.

Asian, Native Hawaiian or other Pacific Islander, multiracial, and not reported.

“All others" included the following categories: American Indian or Alaska Native,
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Days after Dose 1

Efficacy End-Point Subgroup  BNT162b2, 30 g (N=21,669) Placebo (N=21,686) VE (95% CI)
No. of participants  Surveillance time  No. of participants ~ Surveillance time
person-yr (no. at risk) person-yr (no. atrisk)  percent
Covid-19 occurrence
After 1 50 4015 (21,314) 275 3.982 (21,258)  82.0 (75.6-86.9)
After 1 to before dose 2 39 82 52.4(29.5-68.4)
Dose 2 to 7 days after dose 2 2 2 90.5 (61.0-98.9)
=7 Days after dose 2 9 172 94.8 (89.8-97.6)

Je ukazan kumulativni vyskyt Covid-
19 po prvni davce (upravena
populace s tmyslem 1é¢it). Kazdy
symbol predstavuje pripady Covid-19
zacéinajici v dany den; plné symboly
predstavuji vazné pripady Covid-19.
Nékteré symboly predstavuji vice nez
jeden pripad kvili prekryvajicim se
datim. VloZena c¢ast ukazuje stejna
data na zvétSené ose y v priibéhu 21
dnii. Doba sledovani je celkova doba
v 1000 osoborokech pro dany
koncovy bod napric v§emi tcastniky
v kazdé skupin€ ohrozené pro dany
koncovy bod. Casové obdobi pro
narust pripadi Covid-19 je od prvni
davky do konce obdobi sledovani.
Interval spolehlivosti (CI) pro
ucéinnost vakciny (VE) je odvozen
podle Clopper-Pearsonovy metody.
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