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BACKGROUND. We report updated safety, efficacy, and immunogenicity of AZD1222 (ChAdOx1 nCoV-19) from an ongoing
phase 3 trial.

METHODS. Adults at increased risk of SARS-CoV-2 infection were randomized (2:1), stratified by age, to receive 2 doses of
AZD1222 or placebo. The primary efficacy end point was confirmed SARS-CoV-2 reverse-transcriptase PCR-positive (RT-PCR-
positive) symptomatic COVID-19 at 15 or more days after a second dose in baseline SARS-CoV-2-seronegative participants. The
21,634 and 10,816 participants were randomized to AZD1222 and placebo, respectively.

FINDINGS. Data cutoff for this analysis was July 30, 2021; median follow-up from second dose was 78 and 71 days for the double-
blind period (censoring at unblinding or nonstudy COVID-19 vaccination) and 201 and 82 days for the period to nonstudy COVID-19
vaccination (regardless of unblinding) in the AZD1222 and placebo groups, respectively. For the primary efficacy end point in the
double-blind period (141 and 184 events; incidence rates: 39.2 and 118.8 per 1,000 person years), vaccine efficacy was 67.0% (P

< 0.001). In the period to nonstudy COVID-19 vaccination, incidence of events remained consistently low and stable through 6
months in the AZD1222 group; for the primary efficacy end point (328 and 219 events; incidence rates: 36.4, 108.4) and severe/
critical disease (5 and 13 events; incidence rates: 0.6, 6.4), respective vaccine efficacy estimates were 65.1% and 92.1%. AZD1222
elicited humoral immune responses over time, with waning at day 180. No emergent safety issues were seen.

CONCLUSION. AZD1222 is safe and well tolerated, demonstrating durable protection and immunogenicity with median follow-
up (AZD1222 group) of 6 months.

TRIAL REGISTRATION. ClinicalTrials.gov NCT04516746.

FUNDING. AstraZeneca; US government.

Introduction
There is an ongoing critical need for vaccination in the fight
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against the global COVID-19 pandemic. Understanding the dura-
bility of vaccine efficacy (VE) and immunogenicity is important
in the context of booster dosing in some geographies and popu-
lations (1, 2) given evidence of waning immunity with COVID-19
vaccines (2-4). Also of critical importance is understanding the
growing prevalence of SARS-CoV-2 variants and the protection
conferred by vaccines against severe or critical illness due to these
emerging variants (5).
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As of February 28, 2022, 28 COVID-19 vaccines had been
authorized or approved worldwide (6). AZD1222 (ChAdOx1
nCoV-19) has been distributed to more than 170 countries (7) and
is authorized or approved in more than 130 (6), with more than
2 billion doses supplied as of November 16, 2021 (7). The safe-
ty, efficacy, and immunogenicity of AZD1222 have been con-
firmed in an ongoing phase 3, randomized, placebo-controlled
trial in the US, Chile, and Peru, in which a diverse population of
participants was enrolled from August 2020 to January 2021 (8).
Since the trial began, emergency use authorizations (EUAs) and
approvals have been granted for 3, 6, and 4 COVID-19 vaccines in
the US, Chile, and Peru, respectively (Supplemental Table 1; sup-
plemental material available online with this article; https://doi.
org/10.1172/JCI1160565DS1) (6), requiring extensive unblinding
of trial participants as they have become eligible to receive non-
study COVID-19 vaccinations.

At the primary analysis, the primary objective was met (8),
with VE of 74.0% (95% CI 65.3-80.5; P < 0.001) against reverse-
transcriptase PCR-positive (RT-PCR-positive) symptomatic
COVID-19. VE against severe or critical disease, a secondary end
point, was 100% (8). At that data cut-off (March 5, 2021; median
follow-up after second dose, 61 days), 35.3% and 38.4% of partic-
ipants in the AZD1222 and placebo groups, respectively, had been
unblinded or received a nonstudy COVID-19 vaccine after receiv-
ing their second dose (8). Here, we report the final efficacy analysis
from the double-blind phase of the trial, with the majority of partic-
ipants having been unblinded to treatment assignment. Important-
ly, we also report analyses for the period up to receipt of nonstudy
COVID-19 vaccination, regardless of unblinding, to provide com-
prehensive safety information and data on durability of protection
and immunogenicity of AZD1222 with a median follow-up in the
AZD1222 group of 6 months.
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Results

Participants and follow-up. Between August 28, 2020, and Jan-
uary 15, 2021, 32,450 participants were randomized to receive
AZD1222 (n=21,634) or placebo (n=10,816) (Figure 1). At the data
cutoff (July 30, 2021), there were minimal updates to participant
characteristics for the safety population (Supplemental Table 2).
Median follow-up in the safety population for the whole study
period, regardless of unblinding or receipt of nonstudy COVID-19
vaccination, was 236.0 and 235.0 days after the first dose com-
pared with 92 and 91 days at the primary analysis in the AZD1222
and placebo groups, respectively (Table 1).

Safety. As an update to the primary analysis, all participants
have now been followed for (or censored due to unblinding/non-
study COVID-19 vaccination/discontinuation prior to) 28 days after
the second dose (day 57) for analysis of nonserious adverse events
(AEs). Overall, the majority of AEs were mild or moderate with an
additional 81 (0.4%) participants in the AZD1222 group reporting
related grade 3 or higher AEs (Supplemental Table 3). The most
common unsolicited AEs were consistent with the primary analysis
(Supplemental Table 4). No events of thrombosis with thrombo-
cytopenia syndrome (TTS) were reported; thrombocytopenia was
reported in 2 (<0.1%) and O participants, deep vein thrombosis in
3 (<0.1%) and 1 (<0.1%) participants, thrombosis in 1 (<0.1%) and
0 participants, and pulmonary embolism in 1 (<0.1%) and O partici-
pants in the AZD1222 and placebo groups, respectively.

For longer-term analysis of serious AEs (SAEs), medical-
ly attended AEs (MAAEs), and AEs of special interest (AESIs),
median follow-up after the first dose, with censoring for nonstudy
COVID-19 vaccination, was 228 and 103 days in the AZD1222 and
placebo groups, respectively (Table 1). No emergent or unexpect-
ed longer-term safety signals were seen. SAEs were reported in an
additional 252 (1.2%) and 68 (0.6%) participants in the AZD1222
and placebo groups, respectively (Supplemental Table 5), with
1 (<0.1%) additional related SAE (AZD1222 group, paresthesia)
compared with data reported in the primary analysis (8). Related
MAAESs were reported in an additional 22 (0.1%) and 5 (<0.1%)
participants in the AZD1222 and placebo groups, respectively,
with no previously unreported related MAAESs seen in more than
1 participant (Supplemental Table 6) (8). An additional 5 (<0.1%)
and 1 (<0.1%) participants in the AZD1222 and placebo groups,
respectively, reported related AESIs, which included 1 addition-
al related potentially immune-mediated condition in each group
(AZD1222, vasculitis; placebo, immune thrombocytopenia) (Sup-
plemental Table 7). No related AEs with an outcome of death were
reported in either group (Supplemental Table 5).

Efficacy, double-blind period. For efficacy analyses in the dou-
ble-blind period, the fully vaccinated analysis set (FVAS) popu-
lation comprised 17,617 and 8528 participants in the AZD1222
and placebo groups, respectively (Figure 1). Median follow-up
after the second dose, with censoring for unblinding or nonstudy
COVID-19 vaccination, was 78 and 71 days, respectively (Table 1).
Overall, 16,606 (94.3%) and 8065 (94.6%) of these participants,
respectively, had been unblinded or received nonstudy COVID-19
vaccination (Table 1), with similar rates over time in both arms,
overall and stratified by age, Occupational Safety and Health
Administration (OSHA) risk category (a marker of risk of expo-
sure to COVID-19), and country (data not shown). Participant

J Clin Invest. 2022;132(18):e160565 https://doi.org/10.1172/)CI160565


https://doi.org/10.1172/JCI160565
https://www.jci.org/articles/view/160565#sd
https://www.jci.org/articles/view/160565#sd
https://www.jci.org/articles/view/160565#sd
https://www.jci.org/articles/view/160565#sd
https://www.jci.org/articles/view/160565#sd
https://www.jci.org/articles/view/160565#sd
https://www.jci.org/articles/view/160565#sd
https://www.jci.org/articles/view/160565#sd
https://www.jci.org/articles/view/160565#sd
https://doi.org/10.1172/JCI160565DS1
https://doi.org/10.1172/JCI160565

The Journal of Clinical Investigation

CLINICAL MEDICINE

32,450 eligible participants underwent randomization

Allocation

21,634 assigned to AZD1222

10,816 assigned to placebo

Intervention

21,583 received first dose (safety analysis population per randomization)
51 did not receive first dose
21,587 included in safety analysis population per actual study intervention

20,770 received second dose
813 did not receive second dose
* 284 had adverse events
* 182 withdrew
* 65 due to protocol deviation
* 7 due to pregnancy

1 due to non-compliance
2 died

137 were lost to follow-up
135 due to other reasons

10,797 received first dose (safety analysis population per randomization)
19 did not receive first dose
10,793 included in safety analysis population per actual study intervention

9,954 received second dose
843 did not receive second dose
* 170 had adverse events
* 182 withdrew
« 58 due to protocol deviation
¢ 1 due to pregnancy

1 due to physician decision
3 died

66 were lost to follow-up
362 due to other reasons

Follow-up

19,993 ongoing in study 1,229 discontinued from study

after second dose

361 discontinued from study after ¢ 682 withdrew

first dose * 6 due to physician decision
e 210 withdrew » 13died
¢ 4died * 519 lost to follow-up

e 147 lost to follow-up 9 due to other reasons

9,305 ongoing in study 1,179 discontinued from study

after second dose

313 discontinued from study after * 829 withdrew

first dose * 7 due to physician decision
* 1 due to adverse events *  4died
¢ 218 withdrew « 335 were lost to follow-up
*  4died * 3 due to other reasons

90 were lost to follow-up 1 missing

Analysis — Efficacy (double-blind period)

17,617 included in the fully vaccinated analysis set (population for efficacy
analysis)

4,017 excluded (reasons not mutually exclusive)

* 2,206 were unblinded or received non-study COVID-19 vaccination
<15 days after second dose
950 had positive, missing or indeterminate baseline serostatus
864 did not receive two doses
124 were followed for <15 days after second dose
75 had confirmed SARS-CoV-2 RT-PCR-positive infection <15 days
after second dose

16,606 had been unblinded or had received non-study COVID-19
vaccination at data cut-off

8,528 included in the fully vaccinated analysis set (population for efficacy
analysis)

2,285 excluded (reasons not mutually exclusive)

* 920 were unblinded or received non-study COVID-19 vaccination
<15 days after second dose
460 had positive, missing or indeterminate baseline serostatus
862 did not receive two doses
99 were followed for <15 days after second dose
74 had confirmed SARS-CoV-2 RT-PCR-positive infection <15 days
after second dose

8,065 had been unblinded or had received non-study COVID-19
vaccination at data cut-off

Analysis — Efficacy
(period to non-study COVID-19 vaccination)

19,569 included in the fully vaccinated analysis
set (population for efficacy analysis)
2,065 excluded (reasons not mutually
exclusive)
* 167 received non-study COVID-19
vaccination <15 days after second dose
«  Otherreasons as in box above

Analysis — Immunogenicity
sub-study

2,030 included in the

. e 3,518 had received non-study COVID-19
immunogenicity sub-study

vaccination at data cut-off

8,868 included in the fully vaccinated analysis
set (population for efficacy analysis)
1,948 excluded (reasons not mutually
exclusive)
* 547 received non-study COVID-19
vaccination <15 days after second dose
«  Other reasons as in box above

Analysis — Immunogenicity
sub-study

1,012 included in the

6,742 had received non-study COVID-19 ) =
immunogenicity sub-study

vaccination at data cut-off

Figure 1. Participant disposition during trial. Overall number randomized and number randomized to AZD1222 are 1 lower than in the primary analysis (8) due
to identification of double-counting of 1 participant. In the placebo arm, 1 participant was not included in the primary analysis due to record deactivation, but
has been reinstated at this analysis. FVAS population numbers differ from those in the primary analysis because, with additional follow up, additional par-
ticipants achieved the milestone of 15 days after the second dose and became eligible for these populations, but also some participants were excluded from
these populations based on newly obtained information regarding prior infections, baseline serology and receipt of nonstudy COVID-19 vaccinations.

characteristics in the FVAS population for the double-blind period
were consistent with the safety population and balanced between
groups (Supplemental Table 8).

For the primary efficacy end point in the double-blind period,
with 141 and 184 events and estimated incidence rates of 39.2 and
118.8 per 1000 person years overall in the AZD1222 and placebo
groups, respectively, VE was 67.0% (95% CI 58.9-73.5; P < 0.001)
(Supplemental Figure 1A and Supplemental Figure 2). Incidence of
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events (Supplemental Figure 1B) was consistent and low over time
in the AZD1222 group, but varied over time in the placebo group.
Estimated incidence rates varied by time period analyzed follow-
ing the first dose (Supplemental Table 9). Estimates of incidence
rates beyond the 24-week time point become unreliable due to
increasing attrition of the at-risk population as a result of censoring
for unblinding or nonstudy COVID-19 vaccination. For the second-
ary efficacy end point of severe or critical symptomatic COVID-19,
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Table 1. Follow-up time at data cutoff in the safety population and in the FVAS populations for analyses of the double-blind period

and for the period to nonstudy COVID-19 vaccination.

AZD1222 Placebo
(n=21,583) (n=10,797)

Primary analysis (DCO March 5, 2021) (8)

Whole study period, safety population* n=21,587 n=10,792
Median follow-up after first dose, d (IQR) 92 (78-109) 91(77-108)
Median follow-up after second dose, d (IQR) 61(50-81) 61(50-81)

Double-blind period, FVAS population
Participants in FVAS, no. (%)? 17,662 (81.8) 8550 (79.2)

Participants in FVAS who were unblinded or had nonstudy COVID-19 vaccination, no. (%) 6100 (34.5) 3253 (38.0)
Median follow-up after second dose, d (IQR) 54 (39-74) 53 (38-72)

Updated analysis (DCO July 30, 2021)

Whole study period, safety population* n=21587 n=10,793
Median follow-up after first dose, d (IQR) 236.0 (222-255) 235.0 (220-254)
Median follow-up after second dose, d (IQR) n=20,774 n=9950

207.0 (194-227) 207.0 (192-227)

Period to nonstudy COVID-19 vaccination, safety population® n=21587 n=10,793
Median follow-up after first dose, d (IQR) 228.0 (198-250) 103.0 (65-157)
Median follow-up after second dose, d (IQR) n=20,754 n=9916

Double-blind period, FVAS population
Participants in FVAS, no. (%)
Participants in FVAS who were unblinded or had nonstudy COVID-19 vaccination, no. (%)
Median follow-up after second dose, d (IQR)
Period to nonstudy COVID-19 vaccination, FVAS population
Participants in FVAS, no. (%)
Participants in FVAS who had nonstudy COVID-19 vaccination, no. (%)
Median follow-up after second dose, d (IQR)

201.0 (176-222)

78.0 (44-133)

17,617 (81.6) 8528 (79.0)
16,606 (94.3) 8065 (94.6)
78 (47-126) 71(43-108)
19,569 (90.7) 8868 (82.1)
3518 (18.0) 6742 (76.0)

201.0 (177-222)

82.0 (50-138)

For the “whole study period,” follow-up is shown without any censoring for unblinding or nonstudy COVID-19 vaccination. For the “double-blind period,”
participants were censored at the earlier of unblinding or nonstudy COVID-19 vaccination. For the “period to nonstudy COVID-19 vaccination,” participants
were censored at nonstudy COVID-19 vaccination, regardless of unblinding. The FVAS population for analyses of the period to nonstudy COVID-19
vaccination is larger than that for analyses of the double-blind period, as participants who had been unblinded prior to 15 days after the second dose

but who had not received nonstudy COVID-19 vaccination within this window were included. *Four participants randomized to the placebo arm received
AZD1222 and are counted in the AZD1222 arm for analyses of safety. ®n = 10,796 in the placebo group. DCO, data cutoff.

with 1 and 10 events, respectively, VE was 95.7% (95% CI 66.3-
99.5; P < 0.001) (Supplemental Figure 1C and Figure 2). AZD1222
efficacy against acquisition of SARS-CoV-2 infection, as defined by
rate of SARS-CoV-2 nucleocapsid antibody seroconversion from
negative at baseline to positive at 15 days or more after the second
dose, regardless of symptoms, was 61.0% (95% CI 54.4-66.7; P <
0.001) (Supplemental Figure 1D and Figure 2).

Efficacy, period to nonstudy COVID-19 vaccination. For effi-
cacy analyses in the period to nonstudy COVID-19 vaccination,
the FVAS population comprised 19,569 and 8868 participants in
the AZD1222 and placebo groups, respectively (Figure 1). Par-
ticipant characteristics were generally consistent with the safety
population and balanced between groups (Supplemental Table
10). Median follow-up after the second dose, with censoring at
nonstudy COVID-19 vaccination only, was 201.0 and 82.0 days
in the AZD1222 and placebo groups, respectively (Table 1). Over-
all, 3518 (18.0%) and 6742 (76.0%) participants in the AZD1222
and placebo groups, respectively, had received nonstudy
COVID-19 vaccination (Table 1). Kaplan-Meier analyses of non-
study COVID-19 vaccination over time showed differential cen-
soring according to age (with older participants unblinded earli-
er due to earlier eligibility for nonstudy COVID-19 vaccination),

OSHA risk category (a marker of risk of exposure to COVID-19),
and country (Supplemental Figure 2).

For the primary efficacy end point in the period to nonstudy
COVID-19 vaccination, with 328 and 219 events and estimated
incidence rates of 36.4 and 108.4 per 1000 person years overall in
the AZD1222 and placebo groups, respectively, estimated efficacy
was 65.1% (95% CI 58.5-70.6) (Figure 3A and Figure 4). Durable
protection against symptomatic COVID-19 was seen, with a con-
sistent low incidence of events over time in the AZD1222 group
(Figure 3B). Incidence of events varied substantially over time in
the placebo group (Figure 3B). The primary efficacy end point was
also evaluated for the period from 15 days after the second dose to
less than 6 months after the first dose. Estimated AZD1222 effi-
cacy for this period was 70.2% (95% CI 63.9-75.4) (Supplemental
Table 9). This analysis excluded data from 6 or more months after
the first dose for 15,514 and 1896 participants in the AZD1222
and placebo groups, respectively, who had follow-up of 6 or more
months. Of these participants, 110 and 14, respectively, had symp-
tomatic COVID-19 events occurring 6 or more months after the
first dose. Estimates of incidence rates beyond 24 weeks became
unreliable due to attrition of participants in the placebo group and
accumulating bias over the whole follow-up period resulting from
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Efficacy endpoint and group AZD1222 Placebo, IR* VE, % (95% Cl)
Primary endpoint: symptomatic COVID-19 n/N (%) IR* n/N (%) IR*
Al participants in FVAS (double-blind period) 142(/)1.236()317 39.2 18(‘;’_?65)28 118.8 —e— 67.0¢ (58.9-73.5)
Age 18-64 years 13?(’;3%?21 441 1‘3(52{3’5)12 125.1 —e— 64.8  (55.7-71.9)
265 years 6(/3’?3)6 112 1?4?6%1)6 82.32 —e— | 864 (65.8-9456)
Racelethnic group  White 96(’3%99)72 35.0 13(21’%;)35 1136 —e— 69.2 (59.9-76.3)
Black 6(/34;;"%1 172 1(2/ ?g)g 91.7 —_——— | 811 (512-927)
American Indian or Alaska 2(27“;)7 117.2 2((5)/ g;)z 197.8 Py . 407 (-6.6-67.1)
Other 1%1_3';5)’7 459 1(;’%)2 1385 —_—— 67.2 (32.5-84.1)
St'rs\ﬁi?t;?/ Latinx  yoq 6?4‘?'4%? 716 Ggfé%?“ 159.1 —— 554 (36.3-68.7)
No oS 203 ISMT 4059 —— 723 (63.2-79.2)
Sex Male 8‘(‘6?5,%?5 410 ! 1(82{ ‘;'58)1 4 1313 ——t 68.7 (58.6-76.4)
Female . s SETE don4 —_—— 638 (48.4-746)
Enrollment country United States 96(’3_56%89 30.7 14(63’_79'3)23 1105 —e— 723 (64.1-78.5)
Chile g(g‘*gg)s 468 1(?{?;? 194 |, ° . 60.8  (3.9-84.0)
Peru 3(2/?13 1316 %g‘/ggf 205.1 ° . 359 (:6.5-61.4)
gmr%il?ty Yes 76(’3_‘;%24 355 | 1(72’_ %71)50 1242 . 714 (61.8-78.6)
No 6%@%% 447 6%%%;7 110.4 R 50.5 (43.0-71.2)
Sensitivity analysis Multiple imputation N/a N/a N/a N/a o 58.8 (52.0-64.6)
Secondary endpoints
gyév-pzt?:;:gtcio%?VIDJ 9 regardless of prior SARS- 14:(1(/;;3{,;;50 378 18(%/?,19)60 1145 —e—i 67.0t (58.9-73.4)
Severe or critical symptomatic COVID-19 1/(&(:1)7 03 1%?@? 6.5 ——={ 9575 (66.3-99.5)
COVID-19-related emergency department visits 2/(107;1)7 0.6 1%815858 9.5 04 942t (745987
Infection per N seroconversion 29?47;;?17 83.1 32(33{875)28 213.0 e+ 61.0¢ (54.4-66.7)
Symptomatic infection (RT-PCR-positive) 12%?775)517 355 178’_ %'3)28 112.1 —o— 68.4 (60.2-74.9)
Asymptomatic infection (no RT-PCR test) 16%1;6()51 7 476 15(1?]/87;))28 100.9 ——i 528 (413-62.1)
0 20 40 60 80 100
VE, %

Figure 2. Forest plot of estimated efficacy of AZD1222 versus placebo in the double-blind period. Plot shows estimated AZD1222 efficacy 15 or more days
after the second dose for the primary and secondary efficacy end points in the FVAS population for the double-blind period, with censoring for unblinding
or nonstudy COVID-19 vaccination (AZD1222, n = 17,617; placebo, n = 8528). Total follow-up was 3.60 and 1.55 x 1000 person years in the AZD1222 and
placebo groups. The dotted vertical line represents the nominally statistically significant criterion of a lower Cl greater than 30% applicable to the primary
end point and is shown for reference. VE was calculated as (1 minus relative risk) x 100, with relative risk estimated using Poisson’s regression model with
robust variance adjusted for follow-up time and with trial group and age group (18-64 versus >65 years) as covariates. *Per 1000 person years. tThe FVAS
includes all participants who were SARS-CoV-2 seronegative at baseline; this population (n = 18,450 in AZD1222 group; n = 8960 in placebo group) includes
participants regardless of prior SARS-CoV-2 infection. P < 0.001; °P = 0.03. IR, incidence rate.

nonrandom censoring. In sensitivity analyses for handling of miss-
ing data in the primary efficacy end point analysis for the period up
to nonstudy COVID-19 vaccination, estimated AZD1222 efficacy
was 58.8% (95% CI 52.0-64.6) using multiple imputation with
age group as a risk covariate, and 61.7% (95% CI 54.4-67.8) using
an inverse-probability-of-censoring weighting (IPCW) analysis
(Figure 4 and Supplemental Table 11), supporting the finding that
durability of protection is seen over the observed follow-up period.
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For the secondary efficacy end point of severe or critical symp-
tomatic COVID-19, with 5 and 13 cases and estimated incidence
rates of 0.6 and 6.4 per 1000 person years in the AZD1222 and
placebo groups, respectively, estimated efficacy for the period
up to nonstudy COVID-19 vaccination was 92.1% (95% CI
78.2-97.2) (Figure 3C and Figure 4). Protection was similarly high
against COVID-19-related hospitalization (92.5%; 95% CI 81.2-
97.1), emergency department visits (92.1%; 95% CI 82.4-96.4), and

:


https://doi.org/10.1172/JCI160565
https://www.jci.org/articles/view/160565#sd

CLINICAL MEDICINE

The Journal of Clinical Investigation

A g 006+ Events IR
§ 0054 —— AZD1222 328 364
g 0.04] ---- Placebo T — -
o 0.03- L
-2 [ .
£ 0024 T -
2 0.01- e
S _—
o 0.00 T T T T T T T 1
. 0 30 60 90 120 150 180 210 240
At risk Time from day 15 after second dose (d)
(censored)
Placebo 8,868 6,960 4,827 3,105 2,204 1,660 1,170
(0) (1,803) (3,889) (5,583) (6,465) (7,002) (7,488)
AZD1222 19,569 18,666 17,555 16,552 15,805 15,261 11,829 4,671
(0) (852) (1,913) (2,872) (3,566) (4,073) (7,457) (14,585)
B 1.6 5
. 144 ——— AZD1222 - --- Placebo
S 1.2+ 95% CI 95% CI
I 1.0 5
S 08
% 0.6 5
c 044
= 024 — e
0.0 1 1 1 1 1 1 1 1 1 1 1
1414 3514 56+14 7714 98+14 119+14 140+14 161114 182114 203114 224114
20000 Time after first dose (d)
' T —— AZD1222 ---- Placebo
15,000
c
$ 10,000
< 50004
0 1 1 1 1 1 1 1 1 1 1 1
1414 3514 56+14 7714 98+14 119+14 140+14 161114 182114 203114 224114
Time after first dose (d)
c g 0.0030 Events IR
& 000254 —— AZD1222 5 0.6 T m e
% 0.00204 —---- Placebo 13 6.4 i'———‘
c ——d
o 00015 fm—s
% 0.0010~ pom = TTTTTTTTTTT :
2 0.0005- ot
=] -
O 0.0000 += T T T T T T T 1
. 0 30 60 90 120 150 180 210 240
At risk Time from day 15 after second dose (d)
(censored)
Placebo 8,868 6,961 4,827 3,104 2,204 1,660 1,170
(0) (1,900) (4,032) (5,753) (6,651) (7,195) (7,685)
AZD1222 19,569 18,667 17,555 16,552 15,804 15,261 11,829 4,671
(0) (902) (2,013) (3,016) (3,763) (4,304) (7,735) (14,893)
D g 0.10 5 Events IR ———-
% : — === Placebo 397 201.7 '_‘4"'
£ 0064 J—
o =T
2 0.04- P
K] "
= ] L /
i
o 0.00 T T T T T T T 1
. 0 30 60 90 120 150 180 210 240
Atrisk Time from day 15 after second dose (d)
(censored)
Placebo 8,868 6,917 4,706 3,001 2,104 1,529 1,063
(0) (1,840) (3,904) (5,570) (6,434) (6,949) (7,410)
AZD1222 19,569 18,538 17,358 16,376 15,637 14,960 11,617 4,584
(0) (938) (1,976) (2,910) (3,600) (4,098) (7,403) (14,418)

;

J Clin Invest. 2022;132(18):e160565 https://doi.org/10.1172/)CI160565


https://doi.org/10.1172/JCI160565

The Journal of Clinical Investigation

Figure 3. Estimated efficacy of AZD1222 versus placebo for the pre-
vention of COVID-19 and SARS-CoV-2 infection during the period to
nonstudy COVID-19 vaccination. (A) Cumulative incidence of SARS-
CoV-2 RT-PCR-positive symptomatic illness occurring 15 or more days
after the second dose (time 0 = day 15 after the second dose) in the FVAS
population for the period to nonstudy COVID-19 vaccination (AZD1222,

n =19,569; placebo, n = 8868), with censoring for nonstudy COVID-19
vaccination, regardless of unblinding. (B) Incidence of SARS-CoV-2
RT-PCR-positive symptomatic iliness events and decrease in the at-risk
population over time from first dose during the period to nonstudy
COVID-19 vaccination. The at-risk population curves show the numbers
of participants in the FVAS who have not been censored and were avail-
able for analysis at the corresponding time point. Cumulative incidence
of (C) severe or critical symptomatic COVID-19 and (D) SARS-CoV-2
infection, as defined by seroconversion rate from negative at baseline to
positive for SARS-CoV-2 nucleocapsid antibody at 15 or more days after
the second dose, regardless of symptoms, in the FVAS population for the
period to nonstudy COVID-19 vaccination (AZD1222, n = 19,569; placebo,

n = 8868), with censoring for nonstudy COVID-19 vaccination, regardless
of unblinding. For panels A, C, and D, time to first event was from time
of second dose administration, calculated as follows: (date of SARS-CoV-
2-positive test) - (date of second dose of AZD1222 or placebo + 14 days)
+ 1. For censored participants, censoring time was from date of second
dose of AZD1222 or placebo plus 14 days to the last time observed before
data cutoff (July 30, 2021). Cumulative incidences were estimated using
the Kaplan-Meier method. Cumulative incidence curves were truncated
at the point at which less than 10% of the starting population remained
atrisk. IR, incidence rate per 1000 person years.

intensive care unit (ICU) admissions (79.9%; 95% CI -46.8-97.3;
Figure 4; numbers of ICU admissions were small, resulting in wide
CIs). Estimated AZD1222 efficacy against acquisition of SARS-
CoV-2infectionin the period up to nonstudy COVID-19 vaccination
was 67.4% (95% CI 62.9-71.4) overall (Figure 3D and Figure 4) and
68.5% (95% CI 62.2-73.7) and 66.3% (95% CI 59.5-72.0) against
symptomatic and asymptomatic infections, respectively (Figure 4).

Nonstudy COVID-19 vaccinations. In the immunogenicity sub-
study, neutralizing antibody and spike-binding antibody responses
were seen in placebo participants at day 180 (Supplemental Figure
3), despite censoring at unblinding, reported nonstudy COVID-19
vaccination, or SARS-CoV-2 infection. A proportion of placebo
participants were found to have a 4-fold or greater increase from
baseline in spike-binding antibodies in the absence of a 4-fold
or greater increase from baseline for SARS-CoV-2 nucleocapsid
antibodies and in the absence of a reported nonstudy COVID-19
vaccination. Across all postbaseline visits, the incidence of such
increases was 6.7% (64,/957), which included 30 0f 139 (21.6%) of
evaluable participants on day 180.

Immunogenicity. AZD1222 elicited humoral immune respons-
es over time, as demonstrated by neutralizing antibody titers (Fig-
ure 5A), with some waning observed at day 180. This pattern was
consistent regardless of age (Figure 5, B and C), race (Figure 5,
D-G), or the presence of comorbidities at baseline (Supplemen-
tal Figure 4). In participants who were SARS-CoV-2-seropositive
at baseline, humoral responses increased after the first dose, with
minimal increases after the second dose. Waning was observed
at day 180, but responses remained higher compared with those
in participants who were seronegative at baseline (Supplemental
Figure 4). Analyses of the correlation between antivector immune
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responses and induction of neutralizing antibodies showed very
weak or no correlation at all time points (Supplemental Figure 5).
SARS-CoV-2 genotypic evaluation. Nasopharyngeal swab (n
=198) and/or saliva (n = 187) samples for SARS-CoV-2 genotyp-
ic evaluation were available from 250 of 325 adjudicated cas-
es of SARS-CoV-2 RT-PCR-positive symptomatic illness in the
double-blind period. Spike-specific next-generation sequencing
(NGS) of nasopharyngeal swabs was reported for 81 and 115 cas-
es in the AZD1222 and placebo groups, respectively (sequencing
attempted, but quantity not sufficient in 2 cases; Supplemental
Table 12). The most common variants identified were the Lambda
variant of interest (Vo) in 17 (0.10%) and 18 (0.21%) participants
in the AZD1222 and placebo groups, respectively, and the Alpha
variant of concern (VoC) in 9 (0.05%) and 11 (0.13%) participants.
VE against symptomatic COVID-19 (per the primary efficacy end
point) for all variants identified was 69.7% (95% CI159.7-77.2); effi-
cacy was similar against the Alpha VoC and appeared slightly low-
er against specific Vols and slightly higher against other variants
with A_1 lineage (Supplemental Table 12). Variants identified in
the trial were consistent with the primary circulating SARS-CoV-2
strains in the US, Chile, and Peru over time (Figure 6). Only 2 cases
of Delta were identified in the analysis of the double-blind period,
and Omicron had not been identified at the time of database lock.

Discussion

This updated analysis demonstrates the continued safety, immu-
nogenicity, and efficacy of AZD1222 for the prevention of symp-
tomatic COVID-19 and severe or critical illness, with VE of 67.0%
and 95.7%, respectively, in the double-blind period. Consistently
low incidence of COVID-19 and severe or critical disease was seen
for 6 months after the first dose in the AZD1222 group, with esti-
mated efficacy of 65.1% and 92.1%, respectively, for the period up
to nonstudy COVID-19 vaccination. Durable protection against
SARS-CoV-2infection was also seen, including substantial protec-
tion against asymptomatic infection. These findings are support-
ed by data showing humoral immunogenicity, including in older
participants, with 6-month immunogenicity data indicating the
expected initial waning of humoral responses.

The durability of protection with AZD1222 through to 6
months, with an efficacy estimate 0of 70.2% for the period from 15
days after the second dose up to 6 months after the first dose, is
consistent with findings after shorter follow-up from other trials
(9) and real-world analyses (10) of AZD1222. Durable efficacy has
also been demonstrated with BNT162b2 and mRNA-1273 through
6 months and more than 5 months, respectively (11, 12), as well
as with Ad26.COV2.S (13), with a gradual decline in efficacy over
time (12-15). Importantly, however, as shown in the present study,
efficacy against severe or critical COVID-19 has been maintained
(11-13). These findings may be valuable in determining optimal
intervals for vaccine booster dosing.

Our data demonstrating the durability of immunogenicity with
AZD1222 are similar to findings with other COVID-19 vaccines over
a similar duration of follow-up (2, 3, 16-18). Analyses in small popu-
lations have shown antibody persistence through 6 months after the
second dose with mRNA-1273 (17) and durable humoral and cellu-
lar responses, with limited decreases through 8 months after vac-
cination with Ad26.COV2.S (18). In contrast, a larger longitudinal
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Figure 4. Forest plot of efficacy estimates of AZD1222 versus placebo in the period up to receipt of nonstudy COVID-19 vaccination. Plot shows esti-
mated AZD1222 efficacy 15 or more days after the second dose for the primary, secondary, and exploratory efficacy end points in the FVAS population for
the period to nonstudy COVID-19 vaccination, with censoring for nonstudy COVID-19 vaccination, regardless of unblinding (AZD1222, n = 19,569; placebo,

n = 8868). Total follow-up was 9.01and 2.02 x 1000 person years in the AZD1222 and placebo groups. The dotted vertical line represents the nominally
statistically significant criterion of a lower Cl greater than 30% applicable to the primary end point and is shown for reference. VE was calculated as (1
minus relative risk) x 100, with relative risk estimated using Poisson’s regression model with robust variance adjusted for follow-up time and with trial
group and age group (18-64 versus 265 years) as covariates. *Per 1000 person-years. TResults from an IPCW method applied to right censoring and using
standardized weights. See Statistics section of Methods for methodology and Supplemental Table 11 for additional analyses and information. tThe FVAS
includes all participants who were SARS-CoV-2 seronegative at baseline; this population (n = 20,479 in AZD1222 group; n = 9312 in placebo group) includes
participants regardless of prior SARS-CoV-2 infection.

study in Israel showed more substantial decreases in neutralizing
antibody titers and IgG antibody levels at 6 months after the sec-
ond dose of BNT162b2 (16). While correlates of protection against
SARS-CoV-2 infection have yet to be determined, higher immune
responses are associated with improved protection (19, 20). In our

:

trial, antibody titers at 6 months after the first dose of AZD1222
remained similar to those seen in the immediate post-first-dose
responses, and a consistent pattern of durable immunogenicity
was demonstrated in subgroups according to age, race/ethnicity,
and presence of comorbidities. Lower absolute titers were observed
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Figure 5. Neutralizing antibody responses over time in the AZD1222 group in the immunogenicity substudy population. Box and whisker plots showing
SARS-CoV-2 neutralizing antibody quantitation over time, (A) overall, and by (B and C) age and (D-G) race/ethnicity (data on race/ethnicity missing for n = 21
participants). Participants were censored at the earliest date of nonstudy COVID-19 vaccination, positive test for SARS-CoV-2 nucleocapsid antibodies, RT-PCR-
positive SARS-CoV-2 symptomatic infection, or last trial contact. The y axes shows 1/dilution; for conversion to the WHO International Standard, see Supple-
mental Methods. Box indicates interquartile range, whiskers indicate range, horizontal line in box indicates median, and dot in box indicates mean.

in older adults, but the difference at the time of analysis did not
appear clinically meaningful in the context of AZD1222 VE findings
by age subgroup (Figure 4).

The primary limitation of this updated analysis is the relative-
ly short additional follow-up time for the double-blind period. For
ethical reasons, there was extensive unblinding of participants after
December 2020 associated with other COVID-19 vaccines becom-
ing available through EUAs in the US, Chile, and Peru (Supplemen-
tal Table 1) (6). This exemplifies the broader challenge of conducting
randomized, placebo-controlled trials while managing participant

J Clin Invest. 2022;132(18):e160565 https://doi.org/10.1172/)C1160565

well-being during a pandemic (15, 21). To overcome this, we ana-
lyzed efficacy with participants censored only at the time of non-
study COVID-19 vaccination, regardless of unblinding, allowing for
alonger period of evaluation in participants who did not immediate-
ly receive a nonstudy COVID-19 vaccine. As would be expected, the
latter occurred predominantly in the AZD1222-vaccinated group,
resulting in substantially greater total follow-up in the AZD1222
group and greater attrition of the at-risk population in the placebo
group. Notably, the composition of the ongoing populations in the
study arms was altered due to nonrandom censoring associated with
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Figure 6. Incidence of SARS-CoV-2 variants, numbers at risk, and
unblinding/receipt of nonstudy COVID-19 vaccination over the time
course of the trial. (A) Incidence of variants observed in cases of
RT-PCR-confirmed SARS-CoV-2 infection in the placebo and AZD1222
arms of the trial, truncated at the point at which less than 10% of

the starting population remained at risk, and incidence of confirmed
cases in population data from the US, Peru, and Chile during the time
of study (data derived from COVID-19 Data Repository by the Center

for Systems Science and Engineering [CSSE] at Johns Hopkins Uni-
versity, ref. 30, available at https://github.com/owid/covid-19-data/
tree/71b0337018fe20d469aa9014e3a8003d900a2b5b, commit ID:
71b0337018fe20d4693a9014e3a8003d300a2b5b; and from GISAID,
EPI_SET_220825fk, https://doi.org/10.55876/gis8.220825fk), along with
timing of participants being on study, with censoring for (B) unblinding
or nonstudy COVID-19 vaccination, or (C) nonstudy COVID-19 vaccination
only in the FVAS populations for these 2 analyses.

prioritized vaccine rollout to high-risk groups (e.g., healthcare work-
ers, the elderly; Supplemental Figure 2).

This informative censoring associated with COVID-19 risk
factors may potentially introduce bias for comparisons between
groups (22), and so sensitivity analyses were conducted to explore
these potential biases and provide supportive findings. Our multiple
imputation analyses adjusting for single baseline covariates gave
efficacy estimates 0f 58.8% t0 59.5%. Our IPCW analysis, which was
designed to overcome accumulating bias resulting from informative
censoring, resulted in an efficacy estimate of 61.7% (Supplemental
Table 11). An additional consideration is that participant unblinding
may have given rise to behavioral changes prior to subsequent non-
study COVID-19 vaccination, with unvaccinated participants poten-
tially more likely to maintain more cautious behavior (22). Never-
theless, data from our analyses of the period to nonstudy COVID-19
vaccination were consistent with other efficacy and effectiveness
data for AZD1222 (9, 10), supporting the value of these findings.

Another potential limitation is a possible confounding effect of
underreporting of nonstudy COVID-19 vaccination in both arms,
despite our extensive efforts to capture this information. While
approximately 95% of participants in each group had been unblind-
ed, only approximately three-quarters of participants in the placebo
group were documented to have received nonstudy COVID-19 vacci-
nation at the time of database lock. Unreported nonstudy COVID-19
vaccination might explain the enrichment of neutralizing antibody
and spike-binding antibody responses seen in placebo participants at
day 180 (Supplemental Figure 3), despite censoring for SARS-CoV-2
infection or known receipt of nonstudy COVID-19 vaccination. We
found that 21.6% of evaluable placebo participants in the immuno-
genicity substudy had a 4-fold or greater increase from baseline in
spike-binding antibodies, in the absence of a positive test for SARS-
CoV-2 nucleocapsid antibodies and with no reported nonstudy
COVID-19 vaccination, on day 180. Data are not available to extrapo-
late this finding to the overall placebo FVAS population. Nevertheless,
it suggests a possible explanation for the reduction in the incidence of
symptomatic COVID-19 in the placebo group after approximately 20
weeks following the first dose (Figure 3B and Supplemental Figure
1B), which attenuated efficacy estimates in this analysis.

The final efficacy data from the double-blind period of this phase
3 trial were consistent with the primary analysis (8), and findings
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for the primary efficacy end point across subgroups and against the
Alpha VoC were also generally consistent (8). These analyses were
conducted largely prior to the Delta variant surge in the US in July/
August 2021 (Figure 6) as well as the more recent emergence of the
Omicron variant, against which lower live virus neutralization titers
compared with the early Victoria strain of SARS-CoV-2 have been
reported following 2 doses of AZD1222 or BNT162b2 (23). At the
time of enrollment, the original SARS-CoV-2 strain was predominant
in all trial regions. During the course of follow-up, differing VoCs/
Vols emerged across countries (5), but study populations in Chile and
Peru, where variants such as Gamma and Lambda were more prev-
alent, were comparatively small. Other real-world data support the
effectiveness of AZD1222 against the Delta variant (24-26).

No new or emergent safety issues were seen at this updated anal-
ysis. Safety findings were consistent with the known safety profile of
AZD1222. Overall, AZD1222 remains well tolerated up to 6 months
after vaccination and through to nonstudy COVID-19 vaccination. A
number of additional reports of TTS following AZD1222 vaccination
have been published since the primary analysis of this trial (27); how-
ever, no cases of TTS were seen in this follow-up analysis, as expected
given the extremely rare nature of these events and their occurrence
primarily following the first dose of AZD1222 (27, 28). Vaccine hesi-
tancy remains a problem worldwide, with concerns about the speed
of development and lack of long-term follow-up from vaccine trials.
These data therefore provide reassurance that no safety signals have
emerged from this carefully monitored trial population.

In conclusion, AZD1222 is one of the most widely used
COVID-19 vaccines globally, including in many resource-limit-
ed regions, and these findings reinforce the safety and efficacy of
AZD1222 for protecting against symptomatic COVID-19, severe or
critical disease, and SARS-CoV-2 infection. Widespread primary
immunization remains a priority for controlling this global pan-
demic, but in the context of ongoing discussions regarding booster
dosing, our findings indicate the durability of protection and immu-
nogenicity of the primary AZD1222 series including, importantly,
the maintained high level of protection against severe disease.

Methods

Study design and participants. This ongoing, phase 3, randomized, pla-
cebo-controlled trial was conducted at 88 sites in the US (n = 82), Chile
(n=3), and Peru (n = 3). Full details of the trial design and participants
have been reported previously (8). Briefly, participants were adults
aged 18 or more years who were healthy or had medically stable chron-
ic diseases and who were at increased risk of acquiring SARS-CoV-2
infection or becoming ill with COVID-19. Participants with a histo-
ry of laboratory-confirmed SARS-CoV-2 infection, any confirmed or
suspected immunosuppressive or immunodeficient state, or recurrent
severe infections and use of immunosuppressant medication (except
for HIV-positive participants on stable antiretroviral therapy) were
excluded. Full eligibility criteria are provided in the protocol (Supple-
mental Methods 2). Participants received AZD1222 (5 x 10'° viral parti-
cles) or saline placebo via intramuscular injection on days 1 and 29. Full
details of trial interventions are provided in the protocol (Supplemental
Methods 2). The first 3000 participants randomized in the US (1500
participants aged 18-55 years, 750 aged 56-69 years, and 750 aged =70
years) were included in a substudy for further evaluation of immunoge-
nicity and reactogenicity (substudy population) (8).
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Randomization. Details of participant randomization have been
reported previously (8). Briefly, participants were randomized to
receive AZD1222 or saline placebo at a 2:1 ratio (Supplemental Meth-
ods) stratified by age (18-64 versus =65 years). This was designed
as a double-blind study; AZD1222 dose preparation was done by an
unblinded pharmacist or designee at each study site. Participants
could be unblinded for safety or for potential receipt of a licensed or
authorized COVID-19 vaccine once they became eligible.

Procedures. Study procedures have been described previously (8);
full details are available in the protocol (Supplemental Methods 2). Par-
ticipants were scheduled for study visits on days 1, 29, 57, 90, 180, 360,
and 730. Serum samples for SARS-CoV-2 serology testing for nucleo-
capsid antibodies were collected at all visits (prior to dosing on days 1
and 29), and additional serum samples were collected prior to dosing
on days 1 and 29 and on day 57 for exploratory immunogenicity assess-
ments. Participants in the substudy attended 2 additional site visits on
days 15 and 43; serum samples were collected at all site visits for SARS-
CoV-2 serology testing, including assays for spike-binding antibodies,
and assessment of SARS-CoV-2 and vector-neutralizing antibodies, as
previously described (8). Participants self-monitored for COVID-19
qualifying symptoms (Supplemental Methods) through day 360 and
received weekly automated electronic reminders from study sites. All
participants with qualifying symptoms attended an illness visit, and
those with a positive local SARS-CoV-2 RT-PCR result continued sched-
uled illness visits for up to 28 days (Supplemental Methods). In partic-
ipants with RT-PCR-positive SARS-CoV-2 infections, nasopharyngeal
swabs and saliva samples were analyzed for SARS-CoV-2 variant iden-
tification (Supplemental Methods). AEs were recorded through day 57
(28 days after the second dose) at study visits and via telephone, and
SAEs, MAAEs, and AESIs continue at this writing to be recorded at each
study visit through day 730 and via telephone, regardless of unblinding
or receipt of nonstudy COVID-19 vaccination (Supplemental Methods).

Outcomes. The primary end points included reactogenicity (report-
ed in full at the primary analysis, ref. 8), safety, and tolerability. The pri-
mary efficacy end point was the occurrence of confirmed SARS-CoV-2
RT-PCR-positive symptomatic COVID-19 at 15 or more days after the
second dose in participants who were seronegative for SARS-CoV-2 at
baseline (definition of symptomatic is provided in the Supplemental
Methods). Secondary end points included incidence of the following:
symptomatic illness 15 or more days after the second dose regardless
of prior infection; severe or critical symptomatic COVID-19 (defined
in Supplemental Methods); emergency department visits related to
COVID-19; and SARS-CoV-2 infection regardless of symptoms or sever-
ity, defined as negative at baseline and positive after baseline for SARS-
CoV-2 nucleocapsid antibodies. All trial objectives and end points are
presented in the protocol (Supplemental Methods 2).

Statistics. The statistical design of the trial has been reported pre-
viously (8). Because formal statistical significance for the primary end
point was achieved at the previous analysis (8), i.e., the success criterion
(null hypothesis of VE = 30% rejected with an observed VE >50%) had
been met, this updated analysis of the primary and secondary efficacy
end points used a nominal statistical significance level of 5%. VE for all
primary and secondary end points was calculated as (1 minus relative
risk) x 100, with relative risk estimated using Poisson’s regression model
with robust variance, including trial group and age group (18-64 versus
265 years) at the time of informed consent as covariates, and the loga-
rithm of follow-up time as an offset term to adjust for participants having
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different exposure times. To assess the durability of protection, the VE
estimate was obtained from the model with follow-up time censored at
the date of nonstudy COVID-19 vaccination (regardless of unblinding),
non-COVID-related death, early termination, or data cutoff (July 30,
2021), whichever occurred first. Participants who were censored prior
to having met the criteria for the efficacy end point were not counted as
having the event. If the number of participants in any stratum was too
small and /or convergence could not be achieved with Poisson’s regres-
sion analysis model, the model was reduced to exclude the age group
covariate. If convergence was still not achieved, a stratified exact Pois-
son’s regression model was used. The primary end point was analyzed
in subgroups (8) and by time period. The safety population comprised
participants who received at least 1 dose of AZD1222 or placebo, ana-
lyzed according to intervention actually received. For analyses of safety,
participants were censored at nonstudy COVID-19 vaccination or date
of last trial contact, whichever occurred first. Frequencies of AEs were
reported descriptively as numbers, percentages, and incidence rates,
with no statistical analyses planned for comparisons between groups.
The FVAS included all participants who were SARS-CoV-2-seronega-
tive at baseline, received both doses, and remained in the trial for 15 or
more days after the second dose without prior confirmed SARS-CoV-2
RT-PCR-positive infection. The FVAS population for the double-blind
period excluded participants who were unblinded, received nonstudy
COVID-19 vaccination, or had a confirmed SARS-CoV-2 RT-PCR-posi-
tive infection prior to 15 days after the second dose.

For analyses of efficacy in the double-blind period, participants
were censored at unblinding, nonstudy COVID-19 vaccination, or date
of last trial contact, whichever occurred first. For analyses of efficacy for
the period to nonstudy COVID-19 vaccination, participants were cen-
sored at nonstudy COVID-19 vaccination date or date of last trial con-
tact, regardless of unblinding. A higher proportion of participants in the
placebo group received nonstudy COVID-19 vaccination and did so ear-
lier following unblinding compared with those in the AZD1222 group.
We therefore conducted sensitivity analyses to assess the impact of
missing data in the context of the resultant difference between groups
in follow-up time through to nonstudy COVID-19 vaccination. These
included a multiple imputation approach for missing outcomes due to
censoring or other reasons for truncated follow-up, an IPCW approach,
and a multicovariate analysis using the primary analysis model (8).

As a sensitivity analysis to the handling of missing data in the
evaluation of the primary efficacy end point, the analysis was repeated
with multiple imputation for intercurrent events. For participants in
the FVAS who did not meet the criteria for the primary end point prior
to an intercurrent event (e.g., due to study withdrawal, being lost to
follow-up, having died due to causes other than SARS-CoV-2, having
beenunblinded, or having received nonstudy COVID-19 vaccination),
event status was imputed through to time of data cutoff assuming
the observed event rate per study arm was conditional on age-group
risk covariate (18-64 years, 265 years) using a multiple imputation
approach atthe participant level. The complete data set (including both
observed and imputed events) was analyzed using Poisson’s regres-
sion model with robust variance, including age group at informed con-
sent as a covariate, without log follow-up time as an offset. This pro-
cess was repeated 20 times, and SAS PROC MIANALYZE 9 (https://
support.sas.com/rnd/app/stat/procedures/mianalyze.html) was used
to combine inferences from the 20 completed data sets, resulting in
a combined point estimate for VE. The multiple imputation analysis
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was additionally conducted with imputation conditional on various
other risk covariates, which included sex at birth (male, female), race
(White, Black or African American, Asian, other), ethnicity (Hispanic
or Latinx, not Hispanic or Latinx, not reported, unknown), body mass
index (<40, 240, missing), comorbidities (yes, no, missing), OSHA
risk category (very high, high, medium, lower exposure risk, missing),
and region (East North Central, East South Central, Middle Atlantic,
Mountain, New England, Pacific, South America, South Atlantic, West
North Central, West South Central).

Uptake of nonstudy COVID-19 vaccination was observed at higher
rates in participants in the placebo group. Consequently, longer-term
estimates of VE may be biased, as informative censoring resulted in an
analysis population disrupted from the original randomization schema.
The IPCW technique was designed to create the counterfactual scenar-
io of no censoring, i.e., to recover the information lost by informative
censoring and provide an unbiased estimate of VE of AZD1222 com-
pared with placebo in a hypothetical world without censoring. Valid
estimation requires correct specification of the censoring model.

For the IPCW sensitivity analysis, counting process format data
were generated for each participant by splitting follow-up time (days
since 14 days following second dose of primary vaccination series) into
subintervals during which the participant was at risk of COVID-19 and
whose end points corresponded to each unique censoring time observed
for the entire sample of participants; thus, subinterval lengths varied
according to observed censoring times. A participant with a COVID-19
event had their last subinterval with upper limit equal to the time of
COVID-19 diagnosis, while a censored participant had their last subin-
terval with upper limit equal to the time of censoring (which is one of
the unique censoring times used to generate the counting process data).

This data format permits the estimation of probabilities of remain-
ing uncensored at precisely the observed censoring times: for each par-
ticipant and each subinterval, the cumulative probability of remaining
uncensored up to and including the previous subinterval was calculated.
Participant-level weights were then calculated as the inverse of these
cumulative probabilities. Right censoring was defined as right censor-
ing for any reason, which was predominantly due to use of nonstudy
COVID-19 vaccination — COVID-19 events and administrative censor-
ing were noncensoring events (administrative censoring assumed to be
noninformative for infection events).

For each treatment group separately, the probabilities of remain-
ing uncensored were estimated by fitting Cox’s proportional hazards
(PH) model to the above counting process format data, where robust
standard errors were used to account for the participant-level cluster-
ing. This censoring model adjusted for the following: treatment group;
date of second dose of primary vaccination series (8 groups of 14 days
in length beginning on November 1, 2020, and ending on February 28,
2021); age as a continuous variable; geographic region (9 US census
divisions, per those used in the multiple imputation analyses, and Peru
and Chile defined as South America); OSHA risk category (low, medi-
um, high, and very high); comorbidities (yes, no); race (Black or African
American, White, other); ethnicity (Hispanic or Latinx, not Hispanic or
Latinx, not reported); and sex.

For all participants and for all at-risk subintervals, the censoring
model was used to estimate the cumulative probability (p) of not being
censored up to and including the previous subinterval, yielding 1 p and
1 inverse weight (w = 1/p) per at-risk subinterval per participant. For
all participants until no longer at risk (due to COVID-19 event, right
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censoring, or administrative censoring), the time-varying weights were
used in a weighted Cox PH model fitted to the same counting process
format data as for the censoring model, with age (18-65 and >65 years)
and treatment group (AZD1222 or placebo) as factor variables. Just as
for the censoring model, robust standard errors were used to account
for participant-level clustering. Results were reported based on stan-
dardized weights and truncated weights; standardizing and truncating
weights are 2 strategies for minimizing the effects of extreme weights.

For analyses of immunogenicity in the substudy population, par-
ticipants were planned to be censored at nonstudy COVID-19 vaccina-
tion date or date of last trial contact, regardless of unblinding, in order
to provide comprehensive information on durability of immunogenicity
after vaccination. However, data from the placebo group showed enrich-
ment of antispike/neutralizing antibodies over time, suggesting poten-
tial unreported nonstudy COVID-19 vaccinations. Participants in both
groups were thus censored at the earliest date of nonstudy COVID-19
vaccination, positive test for SARS-CoV-2 nucleocapsid antibodies,
RT-PCR-positive SARS-CoV-2 symptomatic infection, or last trial con-
tact, excluding or including date of unblinding, with the aim of excluding
effects of unreported nonstudy COVID-19 vaccinations.

Study approval. The protocol and amendments for this trial (Clin-
icalTrials.gov NCT04516746) were approved by the ethics committee
orinstitutional review board at each center, and the trial was conducted
in compliance with the principles of the Declaration of Helsinki and the
International Council for Harmonization Good Clinical Practice guide-
lines. Prior to enrolment, all participants provided informed consent.

Data sharing. Data underlying the findings described in this manu-
script may be obtained in accordance with AstraZeneca’s data sharing
policy described at https://astrazenecagrouptrials.pharmacm.com/ST/
Submission/Disclosure.
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