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ABSTRACT

Introduction: The phase 3 PROVENT and
STORM CHASER studies evaluated AZD7442
(tixagevimab/cilgavimab) for pre-exposure and
post-exposure prophylaxis of symptomatic coro-
navirus disease 2019 (COVID-19). We report the
final 15-month results of both studies.

Methods: In PROVENT, participants were
randomized 2:1 to receive 300 mg AZD7442
(n=3460) or placebo (n=1737). In STORM
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CHASER, participants were enrolled within
8 days of exposure to a severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2)-in-
fected individual and randomized 2:1 to receive
300 mg AZD7442 (n=749) or placebo (n=372).
Results: In PROVENT, the relative risk reduc-
tion (RRR) in symptomatic COVID-19 for
AZD7442 versus placebo was 76.7% at primary
analysis [95% confidence interval (CI) 46.1,
90.0; p<0.001], 83.0% at day 183 (95% CI 67.3,
91.2; nominal p<0.001), and 46.3% at day 366
(95% CI 23.1, 62.4; nominal p<0.001). Severe/
critical COVID-19 was reduced by 91.4% with
AZD7442 versus placebo by day 366 (95% CI
61.3, 98.1; nominal p<0.0001). Adverse events
(AEs) occurred in 58.2% and 58.0% of partici-
pants administered AZD7442 or placebo, respec-
tively; serious AEs (SAEs) occurred in 6.2% and
5.6%, respectively.
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In STORM CHASER, the RRR in symptomatic
COVID-19 for AZD7442 versus placebo was
33.3% at primary analysis (95% CI -25.9,
64.7; p=0.212), 43.3% at day 183 (95% CI 1.4,
67.4; nominal p=0.044) and 3.4% at day 366
(95% CI -35.6, 31.2; nominal p=0.842). Severe/
critical COVID-19 did not occur in participants
receiving AZD7442 versus 0.5% of participants
receiving placebo by day 366. AEs occurred in
46.5% and 51.9% of participants administered
AZD7442 or placebo, respectively; SAEs occurred
in 2.7% and 4.3%, respectively. In both studies,
serum concentration-time profiles over 457 days

were similar for tixagevimab and cilgavimab and
consistent with the extended half-life reported
for AZD7442 (approximately 90 days).
Conclusion: This analysis provides proof of
concept supporting long-term safety of intra-
muscularly administered AZD7442 for preven-
tion of symptomatic/severe COVID-19.

A graphical abstract is available with this article.
Clinicaltrials.gov Identifiers: PROVENT
(NCT04625725) and STORM CHASER
(NCT04625972).
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Graphical abstract:

Efficacy, Safety, and Pharmacokinetics of AZD7442
(Tixagevimab/Cilgavimab) for Prevention of

Symptomatic COVID-19: 15-Month Final Analysis of
the PROVENT and STORM CHASER Trials

Myron J. Levin, Andrew Ustianowski, Stephane De Wit, Rohini Beavon,
Jesse Thissen, Seth Seegobin, Kanika Dey, Karen A. Near, Katie Streicher,
Alexandre Kiazand, Mark T. Esser

PROVENT and STORM CHASER phase 3 trials assessed AZD7442

(tixagevimabl/cilgavimab) for prevention of symptomatic COVID-19
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PLAIN LANGUAGE SUMMARY

Antibodies are proteins produced by the body’s
immune system to specifically target foreign
substances, such as viruses. AZD7442 is made
up of an antibody pair (tixagevimab and cil-
gavimab) that specifically bind and neutralize
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the virus causing coronavirus dis-
ease 2019 (COVID-19). AZD7442 was designed
to give several months of protection against the
virus. These antibodies were tested in two clini-
cal trials to see if they could either protect peo-
ple from getting COVID-19 (PROVENT trial) or
prevent people already exposed to SARS-CoV-2
from getting COVID-19 (STORM CHASER trial).
In the two trials, approximately 6000 adults
received AZD7442 or placebo (injections that
look exactly like AZD7442 but contain no
medicine). Protection against COVID-19 was
monitored for up to 1 year, and safety for up to
15 months. The percentage of trial participants
who reported side effects was similar in the
AZD7442 and placebo groups, in both trials. The
PROVENT trial showed that AZD7442 reduced
the risk of getting COVID-19 up to 6 months
and protected against severe COVID-19 for up
to 1 year. In STORM CHASER, participants were
treated after SARS-CoV-2 exposure but before a
positive COVID-19 test. Some participants were
already infected with SARS-CoV-2 at the start
of the trial, others were not. STORM CHASER
showed that AZD7442 protected people against
COVID-19 for up to 6 months if they were not
already infected at the start. The results of these
trials provide proof of concept to support the
long-term safety of AZD7442 for the prevention
of COVID-19.

Keywords: Tixagevimab; Cilgavimab; COVID-
19; Monoclonal antibody; Clinical trial;
Prophylaxis

Why carry out this study?

Long-acting monoclonal antibodies may pro-
vide protection for individuals who respond
suboptimally to coronavirus disease 2019
(COVID-19) vaccines and are at risk of severe
disease, hospitalization, and death.

What did the study ask?

The PROVENT study assessed the efficacy
and safety of pre-exposure prophylaxis with

a single intramuscular injection of 300 mg
AZD7442 (tixagevimab/cilgavimab) versus
placebo in adults without prior severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection who were at appreciable risk
of exposure to a SARS-CoV-2-infected indi-
vidual and/or likely to respond suboptimally
to vaccination.

The STORM CHASER study assessed the
efficacy and safety of post-exposure prophy-
laxis with a single intramuscular injection

of 300 mg AZD7442 versus placebo in adults
without prior SARS-CoV-2 infection who had
reported exposure to a SARS-CoV-2-infected
individual in the previous 8 days, and were
therefore at appreciable risk of developing
COVID-19.

What was learned from the study?

The final 15-month analysis of the PROVENT
study confirmed the efficacy of AZD7442 in
reducing the risk of symptomatic COVID-19
over 6 months, and also suggested a reduc-
tion in severe and critical COVID-19 through
12 months.

The final 15-month analysis of STORM
CHASER confirmed the findings of the pri-
mary analysis; although the study did not
meet its primary efficacy endpoint of reduc-
ing symptomatic COVID-19 following post-
exposure prophylaxis with AZD7442, a reduc-
tion in symptomatic COVID-19 was observed
in participants who had SARS-CoV-2 reverse
transcription-polymerase chain reaction sta-
tus negative or missing at baseline.
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In the final analysis of both trials, the overall
safety profile of AZD7442 was consistent with
that observed in previous studies with shorter
follow-up time.

These analyses provide a proof of concept
supporting the long-term safety of intramus-
cularly administered AZD7442 for the pre-
vention of symptomatic and severe COVID-
19.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital fea-
tures for this article, go to https://doi.org/10.
6084/m9.figshare.25499122.

INTRODUCTION

AZD7442 is a combination of two long-acting
monoclonal antibodies (mAbs), tixagevimab
and cilgavimab, developed to provide protection
against coronavirus disease 2019 (COVID-19) by
neutralizing severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [1, 2]. The progeni-
tor mAbs were isolated from individuals with
prior SARS-CoV-2 infection and their fragment
crystallizable (Fc) regions were enhanced with
YTE and TM amino acid modifications to extend
their serum half-lives and reduce Fc effector
functions, respectively [1, 2].

AZD7442 was assessed for pre-exposure
and post-exposure prophylaxis of COVID-19
in the PROVENT (clinicaltrials.gov identifier
NCT04625725) and STORM CHASER (clini-
caltrials.gov identifier NCT04625972) rand-
omized, controlled, phase 3 clinical trials [3,
4]. Primary results from these trials, conducted
prior to the emergence of Omicron and subvar-
iants, supported the Emergency Use Authori-
zation of AZD7442 for pre-exposure prophy-
laxis of COVID-19 in the USA [5]; AZD7442
received similar authorizations or approvals
in other countries and regions. Furthermore,

real-world data have shown that AZD7442 is
effective at preventing COVID-19 caused by
the Omicron BA1, BA2, BA4, and BAS variants
in immunocompromised individuals [6]. How-
ever, BQ1.1 and XBB subvariants have demon-
strated reduced susceptibility to neutralization
by tixagevimab and cilgavimab in vitro [7-9],
and authorization for use in the USA has been
withdrawn [10].

Previously, primary safety and efficacy
results after approximately 6 months of data
collection were reported for PROVENT and
STORM CHASER [3, 4]. However, both trials
were designed to run for 15 months to collect
longer-term safety data, as these were the first
studies using long-acting antibodies incorpo-
rating the YTE and TM modifications in large
human populations. Here, we report data from
the final 15-month analyses of the PROVENT
and STORM CHASER studies.

METHODS

Trial Overviews

PROVENT (NCT04625725) and STORM CHASER
(NCT04625972) were phase 3, double-blind, pla-
cebo-controlled, multicenter studies, full details
of which have been reported [3, 4]. In PROVENT,
adults without prior SARS-CoV-2 infection who
were at appreciable risk of exposure to a SARS-
CoV-2-infected individual and/or likely to
respond suboptimally to vaccination received
pre-exposure prophylaxis with AZD7442. In
STORM CHASER, adults without prior SARS-
CoV-2 infection who had reported exposure to
a SARS-CoV-2-infected individual in the previ-
ous 8 days and were therefore at appreciable risk
of developing COVID-19 received post-exposure
prophylaxis with AZD7442. In both studies,
participants were randomized 2:1 to receive
300 mg AZD7442 (intramuscular injections of
150 mg tixagevimab and 150 mg cilgavimab) or
placebo. The final analyses were performed on
participants who remained in the studies and
completed follow-up through day 457 (approxi-
mately 15 months).
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Ethical Approval

These studies adhered to Good Clinical Prac-
tice guidelines and the Declaration of Helsinki,
Council for International Organizations of
Medical Sciences International Ethical guide-
lines, applicable International Conference on
Harmonisation Good Clinical Practice guide-
lines, and all applicable laws and regulations.
The protocols were approved by the institu-
tional review boards of the coordinating centers
for PROVENT (WIRB Copernicus) and STORM
CHASER (Advarra IRB) as well as the institu-
tional review boards or ethics committees at
all other participating centers (Supplementary
Table S1). All participants provided informed,
written consent.

Endpoints

The primary efficacy endpoint in both trials was
the incidence of the first SARS-CoV-2 reverse
transcription-polymerase chain reaction (RT-
PCR)-positive symptomatic illness occurring
through day 183. In PROVENT, participants
who received a COVID-19 vaccine or who left
the main study to enroll in a separate phase 3,
open-label substudy (evaluating repeat doses of
AZD7442) were censored at the date of unblind-
ing. Secondary endpoints included the incidence
of severe or critical COVID-19 and the single-
dose pharmacokinetics of AZD7442. Evaluations
of the primary efficacy and secondary endpoints
were repeated as previously described [3, 4] to
account for the final follow-up of all partici-
pants. Also evaluated were incidences and serum
titers of treatment-emergent antidrug antibod-
ies (ADAs) in participants receiving AZD7442,
and the impact of treatment emergent ADAs
(TE-ADAs) on AZD7442 pharmacokinetics. ADA
positivity was defined by ADA titers>160 for tix-
agevimab or >80 for cilgavimab (titer thresholds
were determined as two times the limit of detec-
tion). ADAs were defined as treatment emer-
gent if they occurred post-dose in participants
who were ADA negative at baseline, or if they
occurred in participants who were ADA positive
at baseline but who experienced an increase in

ADA titers of >fourfold over the course of the
study. Exploratory efficacy endpoints included
the incidence of the first case of SARS-CoV-2
RT-PCR-positive symptomatic illness occurring
through day 366, and genotypic and biochemi-
cal/susceptibility analysis of SARS-CoV-2 vari-
ants through day 366.

Safety was evaluated on the basis of incidences
of adverse events (AEs), serious AEs (SAEs), medi-
cally attended AEs (MAAEs), and AEs of special
interest (AESIs). AESIs included anaphylaxis and
other serious hypersensitivity reactions (includ-
ing immune complex disease), and injection
site reactions. In PROVENT, the study protocol
was amended so that cardiac ischemia, cardiac
failure, and thrombotic events were classified as
AESIs, and a cardiovascular event adjudication
committee was commissioned to independently
validate the diagnosis of all cardiovascular
events, including cardiac ischemia, cardiovascu-
lar death, heart failure, stroke, and thrombotic
events, as well as all COVID-19-related deaths.

Statistical Analyses

In PROVENT, efficacy was evaluated using the
pre-exposure full analysis set, comprising all
participants who were randomized, received at
least one of the two antibody injections, and
who did not have an RT-PCR-confirmed SARS-
CoV-2 infection at baseline. In STORM CHASER,
efficacy was evaluated using the full analysis
set, comprising all participants who were ran-
domized and received at least one injection of
study drug. Safety in both studies was evaluated
using the safety analysis set, comprising all par-
ticipants who received at least one injection of
study drug. In both studies, the single-dose phar-
macokinetics of AZD7442 were evaluated using
the pharmacokinetics analysis set, comprising
all participants who received AZD7442 and had
at least one quantifiable serum pharmacoki-
netic observation post-dose. TE-ADAs and their
impact on the pharmacokinetics of AZD7442
were evaluated using the AZD7442 ADA set,
comprising all participants in the safety analysis
set who received AZD7442 and were assessed for
ADAs at baseline and at least one post-baseline
visit.
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RESULTS
PROVENT
Trial Population

Of 5254 randomized participants, 3460 and 1737
were randomly assigned to receive AZD7442
or placebo, respectively. One participant was
randomly assigned to placebo but incorrectly
received AZD7442, and was therefore analyzed
in the AZD7442 group for safety. In total, 3669
(69.8%) participants completed the study, 1082
(20.6%) discontinued, and 503 (9.6%) left the
main study to be enrolled in a separate phase 3,
open-label substudy evaluating repeat doses
of AZD7442 (Supplementary Fig. S1a). Median
(range) follow-up was 456 (1-605) days in the
AZD7442 group and 455 (3-587) days in the
placebo group (follow-up was greater than the
457 days of the study in some participants
because of delayed final visits). By the end of the
study, 1697 (49.3%) participants in the AZD7442
group and 880 (50.8%) in the placebo group had
elected to be unblinded, and 1851 (53.8%) in
the AZD7442 group and 1058 (61.1%) in the pla-
cebo group received a COVID-19 vaccine.

Baseline characteristics, which were previ-
ously reported, were generally similar between
the groups [3]. Briefly, mean age was 53.5 (stand-
ard deviation 15.0) years, 43.4% of participants
were aged > 60 years, 53.9% were male, 73.0%
reported their race as White, 79.7% reported
their ethnicity as not Hispanic or Latino, and
77.7% had one or more of the following comor-
bidities considered risk factors for progression
to severe COVID-19: history of obesity (42.4%),
obesity at enrollment (41.7%), hypertension
(36.4%), current smoker (21.0%), or diabetes
(14.3%); in addition, 3.1% were receiving immu-
nosuppressive treatment and 0.5% had immu-
nosuppressive disease.

Efficacy

In the primary analysis of PROVENT, pre-
exposure prophylaxis with AZD7442 reduced
the risk of developing symptomatic COVID-19

versus placebo, with a relative risk reduction
(RRR) of 76.7% [95% confidence interval
(CI) 46.1, 90.0; p<0.001); after 6 months of
follow-up, the RRR was 82.8% [95% CI 65.8,
91.4) [3]. The result of the primary analysis
was confirmed at the final analysis (follow-up
to day 183), with an RRR of 83.0% (95% CI
67.3, 91.2; nominal p<0.001). By day 366, the
RRR was 46.3% (95% CI 23.1, 62.4; nominal
p<0.001). Kaplan-Meier and Cox proportional
hazards analysis of the time to first incidence
of SARS-CoV-2 RT-PCR-positive symptomatic
illness through day 366 support the primary
endpoint analyses (Fig. 1a). Severe or criti-
cal symptomatic COVID-19 occurred in 0
of 3441 (0%) AZD7442 participants and 6
of 1731 (0.3%) participants in the placebo
group by day 183. Severe or critical sympto-
matic COVID-19 through day 366 occurred
in two of 3441 (0.1%) participants in the
AZD7442 group versus 11 of 1731 (0.6%) in
the placebo group, corresponding to an RRR of
91.4% (95% CI 61.3, 98.1; nominal p<0.0001)
(Fig. 1b).

After a median 6 months of follow-up, the
efficacy of AZD7442 was found to be consist-
ent regardless of age (RRR of 87.8% in par-
ticipants aged > 60 years) or comorbidities,
including obesity, hypertension, diabetes,
smoking, or receipt of immunosuppressive
treatment (RRR of 71.7-82.9%) [3]. Although
the medical histories of some participants had
been updated by the time of the final analy-
sis, the efficacy of AZD7442 remained largely
unchanged in participants aged > 60 years (RRR
of 88.0%) or with comorbidities, including
obesity, hypertension, diabetes, smoking, or
receipt of immunosuppressive treatment (RRR
of 70.2-83.8%).

At day 366, sequencing data were available
for 26 participants in the AZD7442 and 16 in
the placebo group with symptomatic COVID-
19. The most common variants detected were
Delta (15 events), Omicron (14 events), and
Alpha (five events). Within this small sample of
participants with breakthrough infections there
was no evidence of resistance to AZD7442, and
substitutions in the AZD7442 binding site were
balanced between the AZD7442 and placebo
groups.
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Table 1 Adverse events through day 457

Participants with at least one AE, 7 (%) PROVENT STORM CHASER
AZD7442 Placebo AZD7442 Placebo
(N=3461) (N=1736) (N=749) (N=372)
AE 2016 (58.2) 1007 (58.0) 348 (46.5) 193 (51.9)
COVID-19* 467 (13.5) 234 (13.5) 117 (15.6) 53 (14.2)
Headache 439 (12.7) 211 (12.2) 86 (11.5) 52 (14.0)
Cough 423 (12.2) 179 (10.3) 80 (10.7) 46 (12.4)
Fatigue 370 (10.7) 166 (9.6) 57 (7.6) 39(10.5)
AEs leading to study withdrawal 2(0.1) 1(0.1) 0 0
SAE 215 (6.2) 97 (5.6) 20 (2.7) 16 (4.3)
Related SAE® 2(0.1) 0 0 0
MAAE 991 (28.6) 439(25.3) 95 (12.7) 52 (14.0)
AESE 103 (3.0) 43 (2.5) 4(0.5) 4(1.1)
Injection site reactions 83 (2.4) 36 (2.1) 4(0.5) 4(1.1)
Cardiovascular events? 19 (0.5) 7(0.4) 0 0
Anaphylaxis 1(<0.1) 0 0 0
Death 22 (0.6) 10 (0.6) 3(0.4) 2(0.5)

AE adverse event, AESI AE of special interest, COVID-19 coronavirus disease 2019, MAAE medically attended AE, SAE
serious AE

One participant was randomly assigned to receive placebo but incorrectly received AZD7442, and was therefore assessed for
safety in the AZD7442 group per protocol

*Does not align with the number of COVID-19 events in the efficacy analysis, which required protocol-defined pre-specified
qualifying symptoms plus a corresponding positive severe acute respiratory syndrome coronavirus 2 reverse transcription-
polymerase chain reaction test. Here, simply the Medical Dictionary for Regulatory Activities terms are reported

PDetermined to be related to study drug and/or procedures in the judgement of the investigators

“AESIs in PROVENT included injection site and hypersensitivity reactions and specific cardiovascular events (cardiac
ischemia, cardiac failure, and thrombotic events)

C[Spccif‘lcally cardiac ischemia, cardiac failure, and thrombotic events from 1 December 2021

Safety

AEs occurred in 2016 (58.2%) participants in the
AZD7442 group and 1007 (58.0%) in the pla-
cebo group. In both groups, the most common
AEs (Medical Dictionary for Regulatory Activi-
ties Preferred Terms) were COVID-19, headache,
cough, and fatigue (Table 1). Lower respiratory

tract infection occurred in 28 (0.8%) partici-
pants in the AZD7442 group and 20 (1.2%) in
the placebo group, and COVID-19 pneumo-
nia occurred in four (0.1%) participants in the
AZD7442 group and 21 (1.2%) in the placebo
group (Supplementary Table S2). Most AEs
were mild to moderate in severity. Grade 3-4
AEs occurred in 256 (7.4%) participants in the
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AZD7442 group and 125 (7.2%) in the placebo
group. SAEs occurred in 215 (6.2%) participants
in the AZD7442 group and 97 (5.6%) in the pla-
cebo group (Table 1).

No discernable pattern in SAEs was reported
(Supplementary Table S3). Two participants in
the AZD7442 group had SAEs considered possi-
bly related to study drug by the investigator: one
participant had chronic myeloid leukemia and
one participant, with a history of diverticulitis
and previous partial colectomy, had mesenteric
artery thrombosis. There were no notable dif-
ferences or trends between the AZD7442 and
placebo groups in the maximum severity of the
SAEs reported. AESIs occurred in 103 (3.0%) par-
ticipants in the AZD7442 group and 43 (2.5%)
in the placebo group (Table 1). There was no dis-
cernable pattern in AESIs reported (Supplemen-
tary Table S4). Cardiovascular AESIs occurred in
19 (0.5%) participants in the AZD7442 group
and seven (0.4%) in the placebo group. Of the
88 (2.5%) and 39 (2.2%) participants in the
AZD7442 and placebo groups, respectively, who
had cardiovascular events evaluated by the car-
diovascular event adjudication committee, 40
(1.2%) and 12 (0.7%) participants were adjudi-
cated as having had true cardiovascular events.
All participants with cardiac disorder SAEs dur-
ing the study had cardiac risk factors and/or a
history of cardiovascular disease at baseline, and
there was no clear temporal or clinical pattern.

Twenty-two (0.6%) participants died in the
AZD7442 group between study days 6 and 503,
and 10 (0.6%) participants died in the placebo
group between study days 13 and 313 (Table 1).
The most common fatal AEs in each group were
cardiac disorders (Supplementary Table S5).

STORM CHASER

Trial Population

Of 1131 randomized participants, 749 and 372
received AZD7442 or placebo, respectively. In
total, 928 (82.1%) participants completed the
study and 203 (17.9%) discontinued (Supple-
mentary Fig.S1b). Median (range) follow-up
was 455 (5-573) days in the AZD7442 group
and 455 (11-527) days in the placebo groups.

By the end of the study, 140 (18.5%) partici-
pants in the AZD7442 group and 98 (26.1%) in
the placebo group had elected to be unblinded,
and 347 (45.9%) in the AZD7442 group and
181 (48.3%) in the placebo group received a
COVID-19 vaccine.

Baseline characteristics were generally simi-
lar between the groups [4]. Briefly, mean age
was 46.4 (standard deviation 15.9) years, 20.0%
of participants were aged =60 years, 50.3%
were male, 84.1% reported their race as White,
57.5% reported their ethnicity as Hispanic or
Latino, and 65.0% had one or more of the fol-
lowing comorbidities considered risk factors
for progression to severe COVID-19: history of
obesity (40.1%), obesity at enrollment (39.7%),
hypertension (24.1%), current smoker (19.2%),
or diabetes (11.6%); in addition, 0.7% were
receiving immunosuppressive treatment. Most
participants were SARS-CoV-2 RT-PCR negative
(87.2%) or their SARS-CoV-2 RT-PCR status was
missing (8.5%), and 4.3% were SARS-CoV-2 RT-
PCR positive.

Efficacy

At the primary analysis of STORM CHASER,
the RRR in symptomatic COVID-19 prior to
day 183 was 33.3% (95% CI -25.9, 64.7) for
AZD7442 compared with placebo, which was
not statistically significant (p=0.212) [4]. How-
ever, a marginally significant RRR of 73.2%
(95% CI 27.1, 90.1) was observed in an ad hoc
analysis of the subgroup of participants with a
negative or missing SARS-CoV-2 RT-PCR status
at baseline. In the final analysis of the primary
efficacy endpoint, the RRR in symptomatic
COVID-19 was 43.3% at day 183 (95% CI 1.4,
67.4; nominal p=0.044), while in the ad hoc
analysis among participants with a negative
or missing SARS-CoV-2 RT-PCR status at base-
line, the RRR was 70.2% (95% CI 36.6, 86.0).
The RRR in symptomatic COVID-19 in the
primary analysis at day 366 was 3.4% (95% CI
-35.6, 31.2; nominal p=0.842). Kaplan—-Meier
and Cox proportional hazards analysis of the
time to first incidence of SARS-CoV-2 RT-PCR-
positive symptomatic illness through day 366
are presented in Fig. 2. Severe or critical
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Cumulative incidence (%)
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—— AZD7442
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T
0 30 60 90 120 150

Number of participants at risk

AZD7442 749 724 716 710 705 695
Placebo 372 357 350 343 338 336

Fig.2 Time to first symptomatic COVID-19 event in
STORM CHASER over 366 days. HR are from a pro-
portional hazards model with Efron method, with p val-
ues from log-rank tests. The + symbols indicate a censored
observation. CI confidence interval, HR hazard ratio.

symptomatic COVID-19 did not occur in par-
ticipants in the AZD7442 group and occurred
in two (0.5%) participants in the placebo group
through day 366.

At day 366, sequencing data were available
for isolates from 31 participants in the AZD7442
group and 22 in the placebo group with symp-
tomatic COVID-19. The most common variants
detected were Omicron (18 events), Alpha (13
events), and Delta (10 events). There was no evi-
dence of resistance to AZD7442 within these iso-
lates from participants with breakthrough infec-
tions and substitutions in the AZD7442 binding
site were balanced between the AZD7442 and
placebo groups. When the 2:1 randomization
sequence was considered, the proportion of par-
ticipants experiencing breakthrough infections
was similar between the AZD7442 and placebo
groups.

T T T T T
180 210 240 270 300 330 360

Time (days)

686 667 655 646 631 601 578
329 323 317 314 312 304 290

“Indicates the percentage of events within each group
(AZD7442 and placebo) using the group N values as
denominators, rather than the total population IV for the
cumulative incidence shown on the Y-axis

Safety

AEs occurred in 348 (46.5%) participants in the
AZD7442 group and 193 (51.9%) in the placebo
group (Table 1). The most common AEs in both
groups were COVID-19, headache, cough, and
fatigue (Supplementary Table S6). Most AEs
were mild to moderate in severity. Grade 3-4
AEs occurred in 30 (4.0%) participants in the
AZD7442 group and 26 (7.0%) in the placebo
group. SAEs occurred in 20 (2.7%) participants in
the AZD7442 group and 16 (4.3%) in the placebo
group (Table 1). There was no discernable pat-
tern in SAEs reported (Supplementary Table S7),
no notable differences or trends between the
AZD7442 and placebo groups in the maximum
severity of SAEs reported, and no SAEs were
considered possibly related to study drug by the
investigator. AESIs occurred in four (0.5%) par-
ticipants in the AZD7442 group and four (1.1%)
in the placebo group (Table 1). There was no
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Number of participants included in analysis

TE-ADA positive 403 394 384 390 385
non-TE-ADA positive 587 566 566 575 560
ADA negative 2077 2005 2002 1987 1932

100

serum concentration (ug/ml)

Days post administration

392 367 286
563 527 421
1883 1685 1180

-o— TE-ADA positive
non-TE-ADA positive
—— ADA negative

Geometric mean (%CV) AZD7442

08 29 58 92

Number of participants included in analysis

TE-ADA positive 106 105 102 105
non-TE-ADA positive 88 89 84 91
ADA negative 389 394 389 393

1
183 366 457
Days post administration

104 96 76
89 85 76
384 342 236

Fig.3 AZD7442 serum concentrations by participant ADA status in a PROVENT and b STORM CHASER. ADA antid-
rug antibody, %CV percent geometric coefficient of variation, TE-4DA treatment-emergent ADA

discernable pattern in AESIs reported (Supple-
mentary Table $8). Cardiovascular events were
not categorized as AESIs in STORM CHASER, but
cardiac disorder SAEs were balanced across treat-
ment groups [two (0.3%) and two (0.5%) paz-
ticipants in the AZD7442 and placebo groups,

respectively] (Supplementary Table S8). Three
(0.4%) participants died in the AZD7442 group
between study days 131 and 335, and two (0.5%)
participants died in the placebo group between
study days 187 and 364 (Table 1; Supplementary
Table S9).
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Pharmacokinetics and ADAs

In both PROVENT and STORM CHASER, serum
concentration-time profiles for tixagevimab and
cilgavimab were similar and consistent with
these antibodies having an extended duration of
protection (Fig. 3). Incidence and serum titers of
TE-ADAs in participants receiving AZD7442 are
summarized in Supplementary Table S10. Geo-
metric mean serum concentrations of AZD7442
were similar among participants with TE-ADAs
versus those without TE-ADAs, indicating that
ADAs had no apparent effect on the pharma-
cokinetics of AZD7442 (Fig. 3).

DISCUSSION

In the final analysis of the PROVENT study,
AZD7442 significantly reduced the risk of symp-
tomatic COVID-19 by 83.0% through day 183,
confirming the efficacy of AZD7442 as pre-
exposure prophylaxis reported by the primary
analysis [3]. Furthermore, a protective effect
against severe or critical COVID-19 was observed
over 12 months. In the final analysis of STORM
CHASER, AZD7442 reduced the risk of SARS-
CoV-2 RT-PCR-positive symptomatic COVID-19
through day 183 by 43.3%. Consistent with the
primary analysis [4], this result confirms that
the study did not meet its primary efficacy end-
point of post-exposure prophylaxis of COVID-
19. However, efficacy was again observed in
participants whose SARS-CoV-2 RT-PCR status
was negative or missing at baseline, with an RRR
of 70.2% supporting the outcome of AZD7442
pre-exposure prophylaxis observed in PROVENT.
Exploratory data from PROVENT show a wan-
ing in efficacy against symptomatic COVID-19
between 6 months and 1 year after dosing. This
is expected on the basis of the known half-life of
AZD7442, 12 months of pharmacokinetic data,
preclinical data, plus in vitro virus neutraliza-
tion data of plasma from convalescent patients
with COVID-19 [1]. Moreover, AZD7442 reduced
the risk of severe or critical COVID-19 through
day 366 by 91.5%, suggesting that the dose
required to protect against severe COVID-19

is lower than that required to prevent sympto-
matic COVID-19.

In these final 15-month analyses of PROVENT
and STORM CHASER, the safety profiles of the
single intramuscular dose of 300 mg AZD7442
were found to be consistent with the respective
primary analyses [3, 4], with no new safety sig-
nals observed. SAEs, AESIs, and deaths occurred
with similar frequency in the AZD7442 and
placebo groups. Cardiovascular AESIs occurred
infrequently in PROVENT, with no imbalance
observed between the groups. Cardiovascular
AESIs were not assessed in STORM CHASER.

Tixagevimab and cilgavimab demonstrated
similar serum concentrations over 366 days,
consistent with an extended half-life of approxi-
mately 90 days reported from phase 1 pharma-
cokinetic analyses [1, 11]. TE-ADAs were found
to have no apparent effect on AZD7442 phazr-
macokinetics in PROVENT or STORM CHASER.

Immunocompromised individuals who
respond suboptimally to vaccination are most
likely to benefit from additional passive pro-
tection against COVID-19. The small number
of immunocompromised individuals enrolled
in the PROVENT study is therefore a study
limitation, but the safety and effectiveness
of AZD7442 in this vulnerable population is
supported by real-world evidence [6, 12]. The
efficacy portions of PROVENT and STORM
CHASER were conducted before the emergence
of Omicron subvariants that are resistant to tix-
agevimab and/or cilgavimab, and robust geno-
typic and biochemical/susceptibility analyses of
SARS-CoV-2 variants to AZD7442 were limited
by small sample sizes. Furthermore, while these
trials were designed to evaluate a 300-mg dose
of AZD7442, the recommended pre-exposure
prophylaxis dose was doubled to 600 mg (with
redosing introduced after 6 months) in 2022 to
counter the emergence of Omicron variants less
susceptible to neutralization by cilgavimab and/
or tixagevimab [5, 13]. However, the 600 mg
intramuscular dose and intravenous doses of
1000 mg and 3000 mg have been found to be
well tolerated with favorable safety profiles in
other studies [11, 14, 15].

These final analyses of the PROVENT and
STORM CHASER studies provide a proof of con-
cept for the long-term safety of AZD7442 for the
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prevention of symptomatic COVID-19 and add
to the growing body of evidence supporting the
safety of long-acting mAbs enhanced with YTE
and TM modifications [16-19]. New long-acting
mADbs that can neutralize Omicron subvariants
are urgently needed to provide protection for
vulnerable individuals who respond subop-
timally to vaccination and are at high risk of
severe COVID-19 and death.
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