
ORIGINAL RESEARCH

Outpatient Treatment with AZD7442 (Tixagevimab/
Cilgavimab) Prevented COVID-19 Hospitalizations
over 6 Months and Reduced Symptom Progression
in the TACKLE Randomized Trial

F. D. Richard Hobbs . Hugh Montgomery . Francisco Padilla .

Jesus Abraham Simón-Campos . Kenneth Kim . Douglas Arbetter .

Kelly W. Padilla . Venkatesh Pilla Reddy . Seth Seegobin .

Katie Streicher . Alison Templeton . Rolando M. Viani .

Eva Johnsson . Gavin C. K. W. Koh . Mark T. Esser

Received: May 25, 2023 / Accepted: August 16, 2023 / Published online: September 26, 2023
� The Author(s) 2023

ABSTRACT

Introduction: We assessed effects of AZD7442
(tixagevimab/cilgavimab) on deaths from any
cause or hospitalizations due to coronavirus
disease 2019 (COVID-19) and symptom severity

and longer-term safety in the TACKLE adult
outpatient treatment study.
Methods: Participants received 600 mg
AZD7442 (n = 452) or placebo (n = 451)
B 7 days of COVID-19 symptom onset.
Results: Death from any cause or hospitaliza-
tion for COVID-19 complications or sequelae
through day 169 (key secondary endpoint)
occurred in 20/399 (5.0%) participants receiving
AZD7442 versus 40/407 (9.8%) receiving pla-
cebo [relative risk reduction (RRR) 49.1%; 95%
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confidence interval (CI) 14.5, 69.7; p = 0.009] or
50.7% (95% CI 17.5, 70.5; p = 0.006) after
excluding participants unblinded before day
169 for consideration of vaccination). AZD7442
reduced progression of COVID-19 symptoms
versus placebo through to day 29 (RRR 12.5%;
95% CI 0.5, 23.0) and improved most symp-
toms within 1–2 weeks. Over median safety
follow-up of 170 days, adverse events occurred
in 174 (38.5%) and 196 (43.5%) participants
receiving AZD7442 or placebo, respectively.
Cardiac serious adverse events occurred in two
(0.4%) and three (0.7%) participants receiving
AZD7442 or placebo, respectively.

Conclusions: AZD7442 was well tolerated and
reduced hospitalization and mortality through
6 months, and symptom burden through
29 days, in outpatients with mild-to-moderate
COVID-19.
Clinical Trial Registration: Clinicaltrials.gov,
NCT04723394. (https://beta.clinicaltrials.gov/
study/NCT04723394).
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AE, adverse event; COVID-19, coronavirus disease 2019; ER, emergency room; IM, intramuscular; RRR, relative risk reduction.
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Patients were non-hospitalized adults aged ≥18 years
with mild-to-moderate COVID-19

Patients self-reported COVID-19 symptoms and body temperature in a daily e-diary 
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PLAIN LANGUAGE SUMMARY

Antibodies are proteins produced by the body’s
immune system to specifically combat foreign
substances, such as viruses. Tixagevimab and
cilgavimab are a pair of antibodies that bind to a
specific part of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), the virus
that causes coronavirus disease 2019 (COVID-
19). When they bind to the virus, they reduce
its ability to cause disease. These antibodies
were tested in a clinical trial to see if they could
prevent people with COVID-19 from being
hospitalized or dying. Around 900 adults took
part in this clinical trial. These people all had
COVID-19 but were not sick enough to be in
hospital. Half of this group were treated with a
dose of tixagevimab and cilgavimab, given as
two injections. The other half received a pla-
cebo (injections that look exactly like the tix-
agevimab and cilgavimab injections but contain
no medicine). The study found that, over
6 months, people with COVID-19 who received
tixagevimab and cilgavimab were less likely to
need to go to hospital than people who received
the placebo. They were also less likely to die of
COVID-19. Tixagevimab and cilgavimab also
helped to improve COVID-19 symptoms. Peo-
ple who received the antibodies saw their
symptoms improve faster than people who
received the placebo. They were also less likely
to have symptoms that got worse. Most people
felt better within 1–2 weeks of getting treat-
ment. No safety issues were found with tix-
agevimab and cilgavimab compared with
placebo.

Keywords: COVID-19; Hospitalization;
Monoclonal antibodies; SARS-CoV-2;
Symptoms; AZD7442; Tixagevimab; Cilgavimab

Key Summary Points

Why carry out this study?

There is a continuing need for effective
coronavirus disease 2019 (COVID-19)
treatments to prevent severe disease and
persistent symptoms, and reduce risk of
hospitalization and death in at-risk
individuals.

The TACKLE phase 3 outpatient treatment
study showed that a single 600 mg
intramuscular administration of AZD7442
(tixagevimab/cilgavimab) within 7 days of
symptom onset significantly reduced
progression to severe COVID-19 or death
through day 29. Here, we present
secondary efficacy endpoints and longer-
term safety data.

What was learned from this study?

In unvaccinated individuals with mild-to-
moderate COVID-19, 600 mg of AZD7442
reduced death from any cause and
COVID-19-related hospitalization
through 6 months and reduced COVID-19
symptom burden through 29 days;
however, the study was conducted prior to
emergence of Omicron.

AZD7442 was well tolerated through
6 months, safety was consistent with prior
studies, and there was no increased risk of
cardiac severe adverse events.

These extended follow-up data confirm
the findings of the TACKLE primary
analysis and suggest that intramuscular
administration of virus-specific antibodies
can be used to treat patients with mild-to-
moderate COVID-19 in an outpatient
setting.
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DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
features for this article go to: https://doi.org/10.
6084/m9.figshare.23968905.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) contin-
ues to have a significant impact on healthcare
systems [1], and morbidity rates, including
hospitalizations and self-reported long COVID,
remain substantially high [2, 3]. Furthermore,
while vaccination against severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2)
infection reduces severe disease risk, break-
through infections may still result in prolonged
COVID-19 symptoms [4], with 200 million
individuals globally estimated to currently
experience or have previously experienced post-
acute sequelae of COVID-19 (‘‘long COVID’’)
[5]. Persistent health issues following COVID-
19, such as cardiovascular disease, diabetes, and
mental health disorders, add to the healthcare
burden [6–8]. There is, therefore, a continuing
need for effective COVID-19 treatments to pre-
vent severe disease, persistent symptoms, hos-
pitalization, and death in at-risk individuals
such as older adults, those with multiple
comorbidities, and those who are immuno-
compromised [9–12].

AZD7442 is a combination of two extended-
half-life monoclonal antibodies (tixagevimab
and cilgavimab) that bind to the SARS-CoV-2
spike protein receptor-binding domain [13].
AZD7442 demonstrated residual in vitro neu-
tralization activity against the original SARS-
CoV-2 and variants of concern [13]. In the pri-
mary analysis of the phase 3 TACKLE outpatient
treatment study, 600 mg intramuscular (IM)
AZD7442 was well tolerated and significantly
reduced progression to severe COVID-19 or
death through day 29 by 50.5% when admin-
istered within 7 days of symptom onset [14].

Here, we present additional data from the
TACKLE study, describing secondary efficacy
results, longer-term safety, and an analysis of

AZD7442 for reducing self-reported COVID-19
symptom severity, symptom progression, and
time to symptom resolution.

METHODS

Study Design and Participants

TACKLE was a phase 3, randomized, double-
blind, placebo-controlled, multicenter, outpa-
tient treatment study conducted at 95 sites
worldwide (clinicaltrials.gov identifier:
NCT04723394) [14].

The study was conducted in accordance with
the Good Clinical Practice guidelines and the
Declaration of Helsinki, Council for Interna-
tional Organizations of Medical Sciences Inter-
national Ethical guidelines, applicable
International Conference on Harmonisation
Good Clinical Practice guidelines, and all
applicable laws and regulations. The protocol
was reviewed and approved by an institutional
review board or ethics committee at the
respective study sites (Table S1). No identifiable
patient data have been included in this
manuscript.

Participants were nonhospitalized adults
aged C 18 years with documented, laboratory-
confirmed SARS-CoV-2 infection, and a World
Health Organization Clinical Progression Scale
score of[ 1 to\4, who had not received a
COVID-19 vaccine. Participants were random-
ized 1:1 and within 7 days of onset of COVID-19
symptoms were administered 600 mg AZD7442
(consecutive 3 ml IM injections of 300 mg tix-
agevimab and 300 mg cilgavimab) or saline
placebo (two consecutive 3 ml IM injections).
Participants who received study drug could
request to be unblinded any time after day 30 to
consider receiving a COVID-19 vaccine and
remain in the study.

Recruitment for this trial took place between
28 January 2021 and 22 July 2021 [14], when
the dominant SARS-CoV-2 variants were Alpha
and Delta. The study had a follow-up period of
457 days. The primary efficacy endpoint, and
safety data through to day 29, have been
reported (primary data cutoff: 21 August 2021)
[14]. Herein, we report secondary data
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(extended data cutoff: 14 January 2022) for
participants who completed at least 169 days of
follow-up. There were no formal assessments
between day 169 and day 365. At the time of the
extended data cutoff, most participants had not
reached day 365 and therefore have 169 days
recorded as their follow-up time.

Outcomes and Procedures

The key secondary efficacy endpoint was a
composite of either death from any cause or
hospitalization for COVID-19 complications or
sequelae through to day 169. Hospitalization
was defined as C 24 h of acute care in a hospital
or similar acute care facility, including emer-
gency rooms (ERs), temporary facilities insti-
tuted (due to a shortage of hospital beds) to
address the medical needs of those with severe
COVID-19 during the pandemic, and appropri-
ate home care settings.

Safety was assessed on the basis of the inci-
dence of adverse events (AEs), serious AEs
(SAEs), and AEs of special interest (including
anaphylaxis and other serious hypersensitivity
reactions). Serious AEs and AE severity ratings
are defined in the Supplementary Appendix.

Additional secondary efficacy endpoints
included an assessment of participant-reported
COVID-19 symptoms through to day 29. Par-
ticipants self-reported their COVID-19 symp-
toms and temperature each evening in an
e-diary, which was reviewed by study staff with
each participant at study visits. Participants
used the diary to self-report on the following
symptoms: temperature; shortness of breath;
difficulty breathing; chills; cough; fatigue;
muscle aches; body aches; headache; loss of
taste; loss of smell; sore throat; congestion;
runny nose; nausea; vomiting; and diarrhea.
Symptom severity was self-reported using a
protocol-defined scoring system as follows: 0,
not experienced; (1) mild (no interference with
daily activity); (2) moderate (some interference
with daily activity); (3) severe (significant; pre-
vents daily activity); (4) ER or hospital visit.
Progression of COVID-19-associated symptoms
through to day 29 was defined as an increase in
severity of C 1 COVID-19-associated symptoms

by a score of C 1 from baseline. Duration of
fever through day 29 was defined as the last day
in the participant-reported e-diary on which a
temperature of[37.8 �C was recorded or a
potentially antipyretic drug, such as acet-
aminophen or ibuprofen, was taken.

AZD7442 pharmacokinetics were assessed as
described previously [14].

Statistical Analysis

Efficacy analyses were performed using the
modified full analysis set (mFAS), comprising all
participants in the FAS (all randomized partici-
pants who received study drug) who were
administered study drug within 7 days of
symptom onset and were not hospitalized at
baseline (day 1) for isolation purposes. Safety
analyses were performed using the safety anal-
ysis set, comprising all participants who
received study drug, regardless of baseline hos-
pitalization status (hospitalization was only
allowed for isolation purposes due to require-
ments in Japan and Russia). AZD7442 pharma-
cokinetics were determined using the
pharmacokinetic analysis set, comprising all
participants who received AZD7442 with C 1
quantifiable serum pharmacokinetic
observation.

The key secondary efficacy endpoint was
analyzed when all participants completed their
day 169 visit using a Cochran–Mantel–Haenszel
(CMH) test stratified by time of study drug
dosing from symptom onset (B 5 ver-
sus[5 days) and risk of progression to severe
COVID-19 (high versus low). Participants who
were unblinded and/or received a COVID-19
vaccine after day 30 were included in the anal-
ysis. Participants who discontinued or were lost
to follow-up before day 169 were considered
missing. Sensitivity analyses were performed
whereby missing response data were imputed
using a multiple imputation method with pla-
cebo event rates and observed event rates.
Another sensitivity analysis was performed that
excluded participants who were unblinded prior
to day 169 for consideration of COVID-19 vac-
cination by considering them as missing. A
subgroup analysis was performed according to
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participants’ baseline SARS-CoV-2 serostatus
(positive or negative). Kaplan–Meier curves were
used to summarize time to key secondary end-
point events up to day 169, and a Cox propor-
tional hazards model was used to generate a
hazard ratio (HR) and 95% confidence interval
(CI), with the stratification factors included as
covariates. The difference between the groups
was assessed via a stratified log-rank test.
Absence of data following participants’ with-
drawal/lost to follow-up was treated as missing
and censored at the date of last known status.

The proportion of participants who under-
went different types of hospitalization, and the
duration of hospital and intensive care unit
(ICU) stay, were analyzed descriptively.

The proportion of participants with pro-
gression through to day 29 of C 1 COVID-19-
associated symptoms to worse severity than
recorded before start of treatment was com-
pared using a stratified CMH test. Only partici-
pants with a baseline severity score\ 4 were
included in the symptoms analysis; participants
with missing baseline severity scores were
excluded. Missing symptom data for those who
were hospitalized or died due to any cause
before day 29 were imputed as symptom pro-
gression; this rule was added post hoc. COVID-
19 symptom severity assessments were based on
symptom severity scores through to day 29,
including the day of dosing with AZD7442 or
placebo. Least squares mean differences overall
and by visit were calculated using a mixed
model for repeated measures assuming a first-
order autoregressive covariance structure. Miss-
ing symptom data for those who were hospi-
talized or died were imputed as a severity score
of ER or hospital visit.

Time to symptom resolution was compared
using Kaplan–Meier and Cox proportional haz-
ards methods. Follow-up time (T) was calculated
as follows:

T = (date of symptom resolution - date of
first dosing ? 1) when the participant scored
‘‘no symptom’’ on any symptoms except for
cough, fatigue, and headache, which could be
scored as ‘‘mild/moderate’’ or ‘‘no symptom’’ by
participants with a baseline total severity
score[3; vomiting was excluded from the
analysis. Participants who died or had COVID-

19-related hospitalization before day 29 were
censored at day 29 to conservatively prevent
inflation of the treatment effect. Participants
who did not experience resolution of symptoms
were censored at the date of last known status
up to day 29 (i.e. T = date of last known status
up to day 29 - date of dosing ? 1).

Duration of fever through to day 29 was
compared using a two-sided Wilcoxon rank sum
test at an alpha level of 5%. The Hodges–Leh-
mann estimate and its 95% CI for the location
shift between the two groups are presented.

The primary endpoint and four supportive
estimands and key secondary endpoint were
tested in a hierarchical order for control of
multiplicity. Analysis of the primary endpoint
and supportive estimands reached significance
[14]; hence, the key secondary endpoint was
tested once participants reached day 169 as
described above. p values for other secondary
endpoints should be considered nominal.

Safety was analyzed descriptively, except for
analysis of time to COVID-19 reinfection post-
day 29 to day 169, which was analyzed by
Kaplan–Meier, including events coded as recur-
rent COVID-19.

RESULTS

Participants

A total of 903 participants were randomized,
dosed, and included in the FAS (452 in the
AZD7442 group and 451 in the placebo group)
(Fig. S1). Of these, 413 in the AZD7442 group
and 421 in the placebo group were included in
the mFAS; 39 in the AZD7442 group and 30 in
the placebo group were excluded from the
mFAS because they were hospitalized at baseline
for isolation purposes (in Japan or Russia) or
were randomized C 7 days post symptom onset.

Baseline characteristics were similar between
the groups (Table 1). Mean age was 46.1 years
[standard deviation (SD) 15.2] and 116 (12.8%)
participants were aged C 65 years, 455 (50.4%)
were female, 559 (61.9%) were white, and 801
(88.7%) had at least one comorbidity consid-
ered to be a risk factor for severe COVID-19.
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Table 1 Participant demographics and baseline clinical characteristics (FAS)

Characteristic AZD7442
(N = 452)

Placebo
(N = 451)

Total
(N = 903)

Age, mean (SD), years 46.3 (15.4) 45.9 (15.0) 46.1 (15.2)

Aged C 65 years, n (%) 59 (13.1) 57 (12.6) 116 (12.8)

Sex, female, n (%) 239 (52.9) 216 (47.9) 455 (50.4)

Hispanic/Latino ethnicity, n (%) 230 (50.9) 238 (52.8) 468 (51.8)

Race, n (%)

White 285 (63.1) 274 (60.8) 559 (61.9)

American Indian/Alaska Native 100 (22.1) 115 (25.5) 215 (23.8)

Asian 30 (6.6) 21 (4.7) 51 (5.6)

Black or African American 16 (3.5) 20 (4.4) 36 (4.0)

Not reported 21 (4.6) 21 (4.7) 42 (4.7)

BMI, mean (SD), kg/m2 28.9 (5.5) 29.2 (6.6) 29.0 (6.0)

Time from symptom onset to randomization, mean (SD), days 4.9 (1.6) 5.0 (1.6) 5.0 (1.6)

Serum for SARS-CoV-2 serology, n (%)

Positive 60 (13.3) 68 (15.1) 128 (14.2)

Negative 383 (84.7) 376 (83.4) 759 (84.1)

Missing data 9 (2.0) 7 (1.6) 16 (1.8)

At high risk of progression to severe COVID-19,a n (%) 405 (89.6) 406 (90.0) 811 (89.8)

Comorbidities considered to be risk factors for severe COVID-19, n (%) 401 (88.7) 400 (88.7) 801 (88.7)

Obesity (BMI[ 30 kg/m2) 195 (43.1) 193 (42.8) 388 (43.0)

Current or former smoker 180 (39.8) 184 (40.8) 364 (40.3)

Hypertension 137 (30.3) 121 (26.8) 258 (28.6)

Diabetes 53 (11.7) 56 (12.4) 109 (12.1)

Chronic lung disease/asthma 58 (12.8) 50 (11.1) 108 (12.0)

Cardiovascular disease 42 (9.3) 38 (8.4) 80 (8.9)

Cancer 19 (4.2) 15 (3.3) 34 (3.8)

Chronic kidney disease 10 (2.2) 9 (2.0) 19 (2.1)

Chronic liver disease 7 (1.5) 14 (3.1) 21 (2.3)

Immunocompromised state 22 (4.9) 24 (5.3) 46 (5.1)

Range of baseline symptom severity scores 0–4 0–4 0–4

Participants with available baseline symptom severity score\ 4,b n/
N (%)

305/413 (73.8) 322/421

(76.5)

627/834

(75.2)
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In the mFAS, 305 (73.8%) and 322 (76.5%)
participants in the AZD7442 and placebo
groups, respectively, had an available baseline
symptom severity score of\4 and were inclu-
ded in the symptoms analysis (108 and 99 par-
ticipants, respectively, were excluded). In total,
118 (28.6%) and 129 (30.6%) participants in the
AZD7442 and placebo groups, respectively, were
unblinded after 30 days and decided to receive a
COVID-19 vaccine before day 169.

Death from Any Cause or Hospitalization
for COVID-19 Complications or Sequelae
through to Day 169

Death from any cause or hospitalization for
COVID-19 complications or sequelae through
to day 169 occurred in 20 of 399 (5.0%) versus
40 of 407 (9.8%) participants receiving
AZD7442 versus placebo, respectively, translat-
ing into a relative risk reduction (RRR) of 49.1%
(95% CI 14.5, 69.7; p = 0.009). Fourteen partic-
ipants from each group were not included in the
analysis due to missing data. Compared with
the primary analysis at day 29, there was one
additional death (at day 76) of a participant in
the AZD7442 arm (due to underlying gastric
cancer; not considered treatment related).
Kaplan–Meier analysis showed divergence
between the treatment groups through 169 days
(HR 0.50; 95% CI 0.29, 0.85; log-rank
p = 0.0094) (Fig. 1a).

The key secondary outcome is supported by
the results of multiple imputation analyses that
imputed missing data based on the placebo
event rate (RRR 46.9; 95% CI 10.6, 68.5;
p = 0.014) and observed event rate (RRR 49.5;
95% CI 14.8, 70.0; p = 0.008). The sensitivity
analysis that excluded participants who were
unblinded before day 169 for consideration of
COVID-19 vaccination also demonstrated a
supportive RRR of 50.7% [20 of 295 (6.8%)
versus 40 of 292 (13.7%) participants in the
AZD7442 and placebo groups, respectively; 95%
CI 17.5, 70.5; p = 0.006]. Among baseline
seronegative participants, the RRR was 58.6%
[16 of 339 (4.7%) versus 39 of 340 (11.5%)
participants in the AZD7442 and placebo
groups, respectively; 95% CI 27.6, 76.4;
p = 0.001].

Reductions in all hospitalization types or
acute hospital-like care at home through to day
169 were observed with AZD7442 versus pla-
cebo (Fig. 1b). Mean (SD) and median (in-
terquartile range) durations of hospital stay
with AZD7442 were 14.9 (10.8) and 14.0
(7.0–19.0) days, respectively, versus 12.7 (9.1)
and 10.0 (8.5–14.5) days, respectively, with
placebo. In the small proportion of participants
admitted to ICU for COVID-19, the mean (SD)
and median (interquartile range) durations of
ICU admission with AZD7442 were 8.3 (0.6) and
8.0 (8.0–9.0) days, respectively, versus 12.8

Table 1 continued

Characteristic AZD7442
(N = 452)

Placebo
(N = 451)

Total
(N = 903)

Unblinded after 30 days and decided to receive a COVID-19 vaccine

before day 169, n/N (%)

118/413 (28.6) 129/421

(30.6)

247/834

(29.6)

Data cutoff, 14 January 2022. The FAS comprised all randomized participants who received study drug
BMI body mass index, COVID-19 coronavirus disease 2019, FAS full analysis set, mFAS modified FAS, SD standard
deviation, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
aDefined as aged C 65 years at randomization, or aged\ 65 years with at least one of the following comorbidities: cancer,
chronic lung disease or moderate-to-severe asthma, obesity (BMI[ 30 kg/m2), hypertension, cardiovascular disease (in-
cluding history of stroke), diabetes, chronic kidney disease, chronic liver disease, immunocompromised state, sickle cell
disease, or smoker (current or former)
bAmong participants in mFAS

Infect Dis Ther (2023) 12:2269–2287 2277
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(13.7) and 9.0 (6.0–12.0) days, respectively, with
placebo.

Severity and Progression of COVID-19
Symptoms through to Day 29

AZD7442 reduced the progression of COVID-19
symptom severity versus placebo. Progression
of C 1 COVID-19 symptoms to a worse severity
score through to day 29 occurred in 170 (55.7%)
participants in the AZD7442 group versus 204
(63.4%) participants in the placebo group,
translating into an RRR of 12.5% (95% CI 0.5,
23.0; p = 0.041). Median Kaplan–Meier time to
symptom resolution through to day 29 also
showed a numerical improvement with
AZD7442 versus placebo [11 (95% CI 10, 13)
versus 13 (95% CI 11, 15) days; p = 0.091].

Analysis of individual symptoms per study
day suggested a more rapid reduction in severity
for several symptoms with AZD7442 versus
placebo (Figs. 2, S2). Over 29 days, the overall
mean improvement from baseline in severity of
body aches, chills, cough, diarrhea, fatigue,
headache, muscle aches, nausea, and runny
nose was greater with AZD7442 versus placebo
(Fig. 3a). Most symptoms improved with
AZD7442 versus placebo within 1–2 weeks post-
dose (Fig. 3b). A numerical improvement was

observed in median duration of fever through
to day 29 with AZD7442 versus placebo [8.0
versus 11.5 days; Hodges–Lehmann Estimate
-1.0 (95% CI -2.0, 0.0; p = 0.155)].

Safety

Median (range) safety follow-up in this analysis
was 170 (1–330) days in the AZD7442 group and
170 (1–326) days in the placebo group. AEs were
reported by 174 (38.5%) participants in the
AZD7442 group and 196 (43.5%) participants in
the placebo group (Table 2). Most AEs were mild
or moderate in both the AZD7442 and placebo
groups.

In both groups, the most common AE was
COVID-19 pneumonia. AEs of COVID-19, rep-
resenting the deterioration of pre-existing
COVID-19 after day 29, were reported by 7
(1.5%) participants in the AZD7442 group and
15 (3.3%) participants in the placebo group.
One participant in the AZD7442 group (0.2%)
and one participant in the placebo group (0.2%)
had a COVID-19 AE that was judged by the
investigator to be a new infection (occurring at
days 157 and 158, respectively); all other
COVID-19 AEs were considered to be sequelae
from the index event.

SAEs were reported by 40 (8.8%) participants
in the AZD7442 group and 61 (13.5%) partici-
pants in the placebo group. Cardiac SAEs were
reported by two (0.4%) participants receiving
AZD7442 and three (0.7%) participants receiv-
ing placebo. Investigators reported seven (1.5%)
deaths in the AZD7442 group [three (0.7%) of
which were COVID-19 deaths] versus six (1.3%)
in the placebo group (all COVID-19 deaths).
Other deaths reported in the AZD7442 group
were acute left ventricular failure, sudden car-
diac death, metastatic colorectal cancer, and
gastric cancer, each in one participant (0.2%).
No SAEs or deaths were considered by the
investigators to be treatment related.

Pharmacokinetics

AZD7442 serum concentrations were evident
6 months after administration (Fig. S3). Geo-
metric mean (geometric SD) serum

bFig. 1 a Probability of death or hospitalization for
COVID-19 complications or sequelae and b type of
hospitalizations through to day 169 (mFAS). Kaplan–Me-
ier curves for time to death from any cause or first
hospitalization for COVID-19 complications or sequelae
up to day 169 were generated for the two study
interventions. Hazard ratio was obtained from a Cox
proportional hazards model, with time from symptom
onset (B 5 versus[ 5 days) and risk of progression to
severe COVID-19 (high versus low) as covariates. The
difference between the groups was assessed via a stratified
log-rank test. Vertical lines on the Kaplan–Meier curves
represent censored patients. The mFAS comprised all
randomized participants who received study drug B 7 days
from symptom onset and were not hospitalized at baseline
(day 1) for isolation purposes. CI confidence interval,
COVID-19 coronavirus disease 2019, ER emergency room,
ICU intensive care unit, mFAS modified full analysis set,
RRR relative risk reduction
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concentrations of AZD7442 were 38.2 (± 2.3)
lg/ml at day 29 and 13.4 (± 2.1) lg/ml at day
169.

DISCUSSION

In this extended analysis of the TACKLE study, a
600-mg IM dose of AZD7442 administered
within 7 days of symptom onset provided pro-
tection against death or hospitalization for
COVID-19 complications or sequelae through
6 months in unvaccinated individuals with
mild-to-moderate COVID-19. A significant RRR
of 49.1% was calculated (95% CI 14.5, 69.7;
p = 0.009), which was supported by the results
of multiple imputation analyses that imputed
missing data based on placebo event rates and
observed event rates, a sensitivity analysis that
excluded participants who were unblinded for
consideration of COVID-19 vaccination, and a
subgroup analysis of participants who were
seronegative at baseline. Most of the hospital-
izations or deaths occurred within 29 days of
COVID-19 symptom onset, with one additional
death recorded in the AZD7442 group at day 76
(due to underlying gastric cancer).

Reducing the hospitalization risk is impor-
tant as hospital admission for COVID-19 is
associated with markedly higher risks for hos-
pital readmission, multi-organ dysfunction, and
death compared with the general population
[15, 16]. There were fewer admissions to hospi-
tal or other acute care facilities through to day
169 among participants receiving AZD7442
versus placebo. Among participants who were
admitted to ICU, durations of admission were
shorter in the AZD7442 versus the placebo
group (mean 8.3 versus 12.3 days; median 8.0
versus 9.0 days), indicating that fewer of these
participants required intensive care for more

severe disease, or died, than those receiving
placebo. Our findings on reducing hospitaliza-
tion risk and ICU length of stay also have
broader clinical and patient-centric importance,
given that hospitalization is known to be asso-
ciated with several hospital-acquired complica-
tions, such as hospital-acquired infections [17],
generalized deconditioning [18], and exacerba-
tion of patients’ emotions and feelings of
depression and anxiety [19], and increasing ICU
length of stay is associated with higher 1-year
mortality [20].

Previous reports have described how COVID-
19 disrupts several aspects of daily living,
including broad daily activities, leisure and
social life, and employment, as well as its psy-
chological/emotional and physical limitations
[21]. Furthermore, acute infection and more
severe disease have been reported to have a
substantial impact on health-related quality of
life [22]. In TACKLE, analysis of participant
e-diaries showed that AZD7442 prevented the
progression of COVID-19 symptoms through
29 days and may have hastened symptom
improvement, allowing individuals with mild-
to-moderate COVID-19 to recover and return to
normal activities faster, with less chance of
disease progression.

In this extended analysis, AZD7442 was well
tolerated through 6 months and exhibited a
safety profile consistent with the primary anal-
ysis [14] and other trials investigating AZD7442
[23, 24]. Based on observations from the PRO-
VENT trial, the question was raised as to whe-
ther AZD7442 may increase the risk of cardiac
SAEs [25]. In this extended analysis of the
TACKLE study, the number of cardiac SAEs
reported in the AZD7442 group was unchanged
from the primary analysis, and no cardiac SAEs
in either group were judged by the investigators
to be treatment related. Moreover, cardiac SAEs
were infrequent overall (AZD7442, n = 2, 0.4%;
placebo, n = 3, 0.7%) and occurred in partici-
pants at elevated risk of a cardiovascular event
(aged[ 65 years, cardiac history, and hyper-
tension). These data, therefore, support earlier
analyses indicating that there is no plausible
mechanism by which AZD7442 elevates the risk
of cardiac SAEs [26].

bFig. 2 Proportion of participants at each symptom
severity level by study day for a muscle aches and
b cough (mFAS). The mFAS comprised all randomized
participants who received study drug B 7 days from
symptom onset and were not hospitalized at baseline
(day 1) for isolation purposes. ER emergency room, mFAS
modified full analysis set
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Limitations include standard of care varia-
tions across regions, such as local amendments
that allow ivermectin (Brazil) and favipiravir
(Hungary). In Russia and Japan, hospitalization
at baseline was required for isolation purposes;
to mitigate the risk of repeat observation bias,
efficacy analyses were performed using an mFAS
that excluded participants in the FAS hospital-
ized at baseline (day 1) for isolation purposes.
Secondary endpoints, except the key secondary
endpoint, were not controlled for type 1 error
inflation. There was a relatively high

enrollment in Mexico, but no country-level
stratification was specified. By contrast, there
was a low enrollment of Black and African
American participants, who are disproportion-
ately affected by COVID-19 [27]. Furthermore,
study recruitment of participants older than
65 years of age, who are at risk for severe
COVID-19, was limited mainly due to prioriti-
zation of older adults for COVID-19 vaccination
when the study was enrolling. Symptom sever-
ity was self-reported by participants and not
clinically assessed. Participant recruitment for

Fig. 3 LS mean difference in symptom severity change
from baseline with AZD7442 versus placebo a overall
through to day 29 and b daily through to day 15 (mFAS).
Symptoms that improved with AZD7442 versus placebo
(p\ 0.05) through to day 29 in a are displayed daily
through to day 15 in b. Timepoints where symptoms
improved significantly with AZD7442 versus placebo are
indicated with open circles and dashed lines. Fever was

analyzed differently from all other symptoms and is
therefore not included in this figure. The mFAS comprised
all randomized participants who received study
drug B 7 days from symptom onset and were not hospi-
talized at baseline (day 1) for isolation purposes. CI
confidence interval, LS least squares, mFAS modified full
analysis set
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Table 2 Adverse events through to day 169 (safety analysis set)

Event, n (%)a AZD7442 (N = 452) Placebo (N = 451)

Any AE 174 (38.5) 196 (43.5)

Mild 84 (18.6) 82 (18.2)

Moderate 54 (11.9) 61 (13.5)

Severe 26 (5.8) 34 (7.5)

Any AE with outcome of death 7 (1.5) 6 (1.3)

Acute left ventricular failure 1 (0.2) 0

Sudden cardiac death 1 (0.2) 0

COVID-19 pneumonia 2 (0.4) 4 (0.9)

COVID-19 1 (0.2) 1 (0.2)

Septic shock 0 1 (0.2)

Colorectal cancer metastatic 1 (0.2) 0

Gastric cancer 1 (0.2) 0

Any SAE (including death) 40 (8.8) 61 (13.5)

Cardiac SAE 2 (0.4) 3 (0.7)

Any treatment-related AEb 23 (5.1) 21 (4.7)

Any AE leading to study withdrawal 5 (1.1) 7 (1.6)

Most common AEs

COVID-19 pneumonia 26 (5.8) 49 (10.9)

Diarrhea 8 (1.8) 5 (1.1)

Injection site pain 8 (1.8) 11 (2.4)

Type 2 diabetes mellitus 8 (1.8) 5 (1.1)

COVID-19c 7 (1.5) 15 (3.3)

Vaccination complication 7 (1.5) 9 (2.0)

Headache 7 (1.5) 4 (0.9)

Diabetes mellitus inadequate control 7 (1.5) 4 (0.9)

Any AESId 15 (3.3) 15 (3.3)
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this trial took place between January and July
2021, when the dominant SARS-CoV-2 variants
were Alpha and Delta, with follow-up in the
current 6-month analysis occurring up to 14
January 2022. The efficacy of AZD7442 against
the Omicron variant could therefore not be
determined. Recent analyses demonstrated
AZD7442’s residual in vitro neutralization
activity against Omicron sublineages through to
BA.5 [13, 28–35], although in vitro studies
indicate that it does not neutralize BQ.1.1 (an
Omicron BA.5 subvariant) or XBB (an Omicron
BA.2 subvariant) [36].

CONCLUSION

In individuals with mild-to-moderate COVID-
19, outpatient treatment with a single 600 mg
IM administration of AZD7442 was well toler-
ated, provided protection from hospitalization
or death through 6 months, and prevented
symptom progression through 29 days.
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Table 2 continued

Event, n (%)a AZD7442 (N = 452) Placebo (N = 451)

Injection site pain 8 (1.8) 11 (2.4)

Data cutoff, 14 January 2022. The safety analysis set comprised all participants who received study drug, regardless of
baseline hospitalization status (hospitalization was only allowed for isolation purposes)
AE adverse event, AESI AE of special interest, COVID-19 coronavirus disease 2019, SAE serious AE
aParticipants with multiple events in the same category are counted only once in that category, and participants with events
in more than one category are counted once in each of those categories
bPossibly related, as assessed by the investigator
cReported after day 29 [most of these AEs were sequelae from the index COVID-19; COVID-19 re-infection was
confirmed in 1 (0.2%) participant in each of the AZD7442 and placebo groups]
dIncludes anaphylaxis and other hypersensitivities, injection site pain, injection site erythema, and injection site discomfort
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