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Background. AZD7442 is a combination of extended half-life, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
—specific neutralizing monoclonal antibodies (tixagevimab and cilgavimab).

Methods. This phase 1, first-in-human, randomized, double-blind, placebo-controlled, dose-escalation study evaluated
AZD7442 administered intramuscularly (300 mg) or intravenously (300, 1000, or 3000 mg) in healthy adults (aged 18-55 years).
The primary end point was safety and tolerability. Secondary end points included pharmacokinetics and antidrug antibodies.

Results. Between 18 August and 16 October 2020, a total of 60 participants were enrolled; 50 received AZD7442, and 10
received placebo. Adverse events (all of mild or moderate intensity) occurred in 26 participants (52.0%) in the AZD7442
groups and 8 (80.0%) in the placebo group. No infusion or injection site or hypersensitivity reactions occurred. Tixagevimab
and cilgavimab had mean half-lives of approximately 90 days (range, 87.0-95.3 days for tixagevimab and 79.8-91.1 days for
cilgavimab) and similar pharmacokinetic profiles over the 361-day study period. SARS-CoV-2-specific neutralizing antibody
titers provided by AZD7442 were maintained above those in plasma from convalescent patients with coronavirus disease 2019
(COVID-19).

Conclusions. AZD7442 was well tolerated in healthy adults, showing a favorable safety profile across all doses. Depending on
the SARS-CoV-2 variant, pharmacokinetic analyses suggest the AZD7442 could offer protection for >6 months against
symptomatic COVID-19 after a single 300-mg intramuscular administration.

Clinical trials registration. NCT04507256.
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Lay Summary. Antibodies are proteins produced by the body in response to infections caused by microbes, including viruses.
AZD7442 is a combination of 2 human antibodies, with an extended duration of effect, sourced from people who had recovered
from coronavirus disease 2019 (COVID-19). These antibodies recognize a specific part (spike protein) of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus that causes COVID-19, and prevent the virus from infecting cells
in the body. The current study evaluated the safety of AZD7442 in healthy volunteers. Sixty adults were given AZD7442 or
placebo (salt solution) as injections into the muscle (300-mg dose) or infusions into a vein (300-3000-mg doses). The study did
not find any safety issues with AZD7442, including at the highest dose. AZD7442 was measured in the blood 12 months after
dosing, suggesting a long duration of protection. Following this study, AZD7442 was tested in larger clinical trials to investigate
its potential in preventing and treating COVID-19. AZD7442 is currently authorized as treatment for outpatients with COVID-
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19 and as a preventive drug in people who may not respond well to COVID-19 vaccines and need additional protection (eg, those

taking medications that dampen the immune system).

BACKGROUND

The burden of coronavirus disease 2019 (COVID-19) has been sig-
nificantly reduced by vaccination [1-4]; however, some individuals
are unable to mount a full immune response after vaccination and
subsequently are still at risk of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection and severe COVID-19
[5-12]. For individuals unable to generate an adequate immune re-
sponse to vaccination, those who have a breakthrough infection
and are at high risk of severe disease, or those who cannot be vac-
cinated, SARS-CoV-2-specific neutralizing monoclonal antibodies
present an option for preventing and treating COVID-19 [13].

AZD7442 (tixagevimab-cilgavimab), a combination of 2 hu-
man extended half-life SARS-CoV-2-specific neutralizing
monoclonal antibodies, was derived from potent antibodies
isolated from the B cells of SARS-CoV-2-infected individuals
[14-17]. Tixagevimab (previously AZD8895) and cilgavimab
(previously AZD1061) bind to 2 distinct epitopes of the
SARS-CoV-2 spike protein receptor-binding domain, mini-
mizing the potential of viral mutational escape [14-17].
Tixagevimab and cilgavimab have been engineered with a triple
amino acid substitution (YTE) in their fragment crystallizable
regions to prolong the serum half-life, providing extended pro-
tection against COVID-19 [18-20]. Another triple amino acid
substitution present in both tixagevimab and cilgavimab, the
triple modification (TM), decreases fragment crystallizable re-
ceptor and complement Clq binding to reduce the risk of
antibody-dependent enhanced disease [16, 21].

Based on clinical studies, AZD7442 has been granted autho-
rization for use as preexposure prophylaxis in several regions,
including the United States, the European Union, the United
Kingdom, Australia, and Canada, and for treatment in the
European Union, Japan, and Canada [22-26].

Here, we report the results from the first-in-human, phase 1 study
of the safety, tolerability, and pharmacokinetics of AZD7442, as well
as assessment of AZD7442-derived anti-SARS-CoV-2 neutralizing
antibody levels and antidrug antibodies (ADAs) to AZD7442,
>12 months in healthy adults (NCT04507256).

METHODS

Trial Design

This phase 1, first-in-human, randomized, double-blind,
placebo-controlled, dose escalation study evaluated the safety,
tolerability, immunogenicity, and pharmacokinetics of
AZD7442 in healthy adults aged 18-55years inclusive
(NCT04507256). The study started on 18 August 2020 and end-
ed on 19 October 2021. All participants were enrolled at a single
study center in the United Kingdom. All participants provided
written informed consent.

The study was performed in accordance with ethical princi-
ples that have their origin in the Declaration of Helsinki and are

consistent with International Council for Harmonization Good
Clinical Practice and AstraZeneca policy on Bioethics and
Human Biological Samples. The National Research Ethics
Service (London—Riverside Research Ethics Committee) and
the Medicines and Healthcare Products Regulatory Agency re-

viewed and approved this clinical study.
The trial consisted of a screening period of up to 27 days
(from day -28 to day -2) followed by a 2-day period before

and after dosing on day 1 (day -1 to day 1). Participants were
discharged on day 2 after completion of all safety evaluations.
After discharge, participants underwent a 360-day follow-up
period, during which they were monitored for adverse events
(AEs), and serum samples were periodically collected to mea-
sure levels of tixagevimab-cilgavimab, anti-SARS-CoV-2 neu-
tralizing antibodies, and ADAs to tixagevimab-cilgavimab. The
data presented are from the final analysis through day 361.

Healthy adult participants were randomized 5:1 to receive a sin-
gle dose of either AZD7442 (tixagevimab-cilgavimab; 100 mg/
mL) or placebo in 5 fixed-dose cohorts. Cohort 1la received se-
quential 1.5-mL intramuscular injections of 150-mg tixagevimab
followed by 150-mg cilgavimab (for a total AZD7442 dose of
300 mg) or 2 placebo administrations, with a 1-2-minute observa-
tional interval between injections. Cohorts 1b (150 mg of each an-
tibody; 300 mg total), 2 (500 mg of each antibody; 1000 mg total),
and 3 (1500 mg of each antibody; 3000 mg total) received 2 se-
quential intravenous administrations of either tixagevimab fol-
lowed by cilgavimab, or 2 placebo administrations, with a
30-minute observational interval between infusions. Cohort 4 re-
ceived a single intravenous infusion containing both tixagevimab
(1500 mg) and cilgavimab (1500 mg), coadministered (total
3000 mg), or placebo (Supplementary Figure 1).

Cohort 1a received AZD7442 or placebo administered intra-
muscularly directly to the ventrogluteal region. AZD7442 was
administered intravenously at a maximal rate of 20 mg/min
in cohorts 1b, 2, and 3), and as a single intravenous infusion
at 50 mg/min in cohort 4.

The AZD7442 starting dose of 300-mg administered intra-
muscularly used in this study was selected based on the antibody
levels in serum predicted to neutralize SARS-CoV-2 for a dura-
tion of >5 months after the dose, according to AZD7442 80% in-
hibitory concentration against the USA-WA/1/2020 strain [16].
Sufficient safety margins were predicted for the highest dose
used (3000 mg) based on the no AE dose observed level in a non-
human primate toxicology study [16].
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Treatment Allocation

Participants were randomized on day 1 and sequentially as-
signed randomization codes as they became eligible.
Randomization lists and code break envelopes for each partic-
ipant were produced by Calyx (London, UK).

Sentinel dosing was applied, with 2 participants per cohort
randomized 1:1 to AZD7442 or placebo for the sentinel group.
The remaining 10 participants were randomized 9:1 to
AZD7442 or placebo 24 hours after the sentinel group, follow-
ing principal study investigator review and confirmation of no
safety concerns in the sentinel group, resulting in an overall 5:1
randomization to AZD7442 or placebo. Cohorts 2, 3, and 4
were dosed after the safety review of the previous cohort was
complete, with a minimum of 8 participants’ blinded safety
data from the previous cohort used to determine the safety of
dosing the next cohort. Blinded safety data from the 3000-mg
intravenous sequentially dosed cohort 3 were evaluated by
the Dose Escalation Committee before permitting coadminis-
antibodies in cohort 4

tration of the intravenously

(Supplementary Figure 1).

Blinding

Investigators and participants were blinded to AZD7442 or pla-
cebo allocation but not to dose. The committee responsible for
dose escalation decisions was blinded. AstraZeneca staff in-
volved in the study were unblinded, and an unscheduled un-
blinding visit was permitted for participant COVID-19
vaccination.

Participants

Participants were aged 18-55 years inclusive at the time of
screening, with negative SARS-CoV-2 quantitative reverse-
transcription polymerase chain reaction and/or serology results
before randomization, and they were considered healthy by
medical history, physical examination, and baseline safety lab-
oratory studies, according to the judgement of the investigator.
Participants were excluded from the study if they had a known
hypersensitivity or allergy to any dose component or previous
hypersensitivity, infusion-related reaction, or severe adverse re-
action to a monoclonal antibody. Participants were also exclud-
ed if they presented with acute illness (including fever >99.5°F
[>37.5°C]), on the day of or before dosing. Any participant
with a history of SARS-CoV-2 infection or symptoms of
COVID-19 4 weeks before screening, or who had received a
COVID-19 vaccination, was excluded. Full inclusion and ex-
clusion criteria are included in the Supplementary Appendix.

End Points

The primary study end point was the safety and tolerability of
AZD7442 administered intramuscularly or intravenously, as-
sessed based on AEs, serious AEs (SAEs), safety laboratory pa-
rameters, 12-lead safety electrocardiographic findings, vital

signs, and physical examination findings. Injection-site reac-
tions were monitored for the intramuscular administration co-
hort and were recorded as AEs. The secondary safety end point
was the incidence of ADA responses to AZD7442 over time.
Treatment-emergent ADA were defined as either ADA nega-
tive at baseline and ADA positive at > 1 postbaseline assess-
ment with ADA titer >2-fold higher than the lowest
detectable titer of the respective antibody, or as a baseline pos-
itive ADA titer that increased > 4-fold during the study period.

The secondary pharmacokinetic end point was the single-
dose pharmacokinetics of AZD7442 in serum, characterized
with pharmacokinetic parameters and serum concentration-
time profiles. Exploratory end points included the neutralizing
antibody titers to SARS-CoV-2 in serum over time and the
pharmacokinetics of tixagevimab and cilgavimab in nasal lin-
ing fluid (NLF), measured as nasal concentration-time profiles.

Assessments

AEs and SAEs were assessed by observation and questioning
throughout the study period. AEs were spontaneously reported
by the participant or reported in response to the open question
from the study personnel, “Have you had any health problems
since you were last asked?” Serum samples for pharmacokinetic
and ADA assessments were collected before the dose (all co-
horts), during and after infusion (intravenous cohorts only),
at 8 hours after the dose and on days 2, 4, 6, 8, 15, 31, 61, 91,
151,211,271, and 361 (all cohorts). NLF samples were collected
before the dose and on days 8, 31, 91, and 151. A full descrip-
tion of the methods used for pharmacokinetic, ADA, and
SARS-CoV-2-specific neutralizing antibody titer assays is in-
cluded in the Supplementary Appendix.

Statistical Analyses
Each of the 5 cohorts had 12 participants (10 AZD7442 and 2
placebo), for a total of 60 participants. No sample size calcula-
tions were performed owing to the descriptive nature of the
analyses. No testing of a formal hypothesis was performed.
Baseline, safety, and pharmacokinetic data, along with ADA
and SARS-CoV-2-specific neutralizing antibody titers, were
summarized by AZD7442 and pooled placebo groups, and by
dose and administration route for AZD7442.

Missing data were not imputed. AEs were summarized de-
scriptively for each dosing group, and AEs with unknown in-
tensity, relationship to dosing, or seriousness were classed as

» «

“severe,” “related,” and “serious,” respectively.

RESULTS

Participants

Between 18 August and 16 October 2020, a total of 60 partici-
pants were enrolled in the study, with 10 participants random-
ized to receive AZD7442 in each cohort. All participants were
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randomized and dosed; 1 participant each in cohort 2 and the
pooled placebo group withdrew consent, and 58 participants
continued to the end of the study (Supplementary Figure 2).
One participant met 1 of the exclusion criteria (history of squ-
amous cell carcinoma) after being randomized and dosed as
part of cohort 1b. Per study protocol, this participant continued
with safety and pharmacokinetic and ADA assessments to en-
sure their safety. No study stopping criteria (Supplementary
Appendix), were met and all randomized participants were in-
cluded in the safety analysis set, with 49 participants who re-
ceived AZD7442 included in the pharmacokinetic data
analysis.

Similar baseline demographics were observed across the
AZD7442 and placebo groups (Supplementary Table 1). The
mean participant age was 39.4 and 38.1years in the
AZD7442 and placebo groups, respectively; 32 (64.0%) and 5
(50.0%), respectively, were male; and most were white (34
[68.0%] and 6 [60.0%]) and not of Hispanic or Latino ethnicity
(49 [98.0%] and 10 [100%]). The mean body mass index (calcu-
lated as weight in kilograms divided by height in meters
squared) ranged from 23.7 to 25.1 kg/m? across all cohorts.

Safety of AZD7442
AEs were reported by 26 of 50 participants (52.0%) in the
AZD7442 groups compared with 8 of 10 (80.0%) in the placebo
group, and fewer participants who received 300-mg intramus-
cular AZD7442 reported AEs (2 of 10 [20.0%]), compared with
those who received 300-3000-mg intravenous AZD7442 (5-7
from a total of 10 participants per cohort [50.0%-70.0%]). A to-
tal of 15 of 50 (30.0%) and 11 of 50 (22.0%) participants receiv-
ing AZD7442 reported AEs of mild and moderate intensity,
respectively, compared with 6 of 10 (60.0%) and 2 of 10
(20.0%) receiving placebo. No severe AEs, SAEs, or AEs with
an outcome of death were reported in any of the groups. In
the 3000-mg intravenous AZD7442 group, 1 AE leading to
dose interruption was reported. No dose-limiting toxicity oc-
curred (Table 1).

The most frequently reported AE was headache, reported by
7 (14.0%) and 2 (20.0%) of the participants in the AZD7442 and
placebo groups, respectively. Headaches of mild intensity were
reported by 4 participants (8.0%) in the AZD7442 groups and 2
(20.0%) in the placebo group, with 3 participants (6.0%) in the
AZD7442 groups reporting headaches of moderate intensity.
Diarrhea and fatigue were reported by 3 participants (6.0%)
in the AZD7442 groups; all were of mild intensity. No partici-
pants in the 300-mg intramuscular AZD7442 group reported
headache, fatigue, or diarrhea of any severity. One participant
in the 1000-mg intravenous AZD7442 group reported a skin ir-
ritation at the injection site, which was of mild intensity
(Supplementary Table 2).

Mild COVID-19, defined by self-limiting symptoms not re-
quiring any medications and not interfering with daily

activities, was reported in 1 participant each in the AZD7442
300-mg intramuscular and the 3000-mg intravenous coadmi-
nistered groups; both occurred approximately 1 year after dos-
ing and resolved without complication (the specific variant was
not confirmed, but Delta was prevalent at the time). There were
no observed differences between the AZD7442 groups in mean
hematology or clinical chemistry parameters over time, in shifts
from normal to high/low for individual parameters, or in vital
signs or electrocardiographic parameters.

Pharmacokinetics of Tixagevimab and Cilgavimab

Tixagevimab and cilgavimab were quantifiable in serum over
the 361-day study period, with similar profiles observed for
each antibody (Figure 1). The mean half-lives calculated for
both antibodies from all cohorts were approximately 90 days
(range, 87.0-95.3 days for tixagevimab and 79.8-91.1 days for
cilgavimab) (Figure 1 and Table 2). Half-lives of tixagevimab
and cilgavimab were similar for both routes of administration
and all doses.

The maximum serum concentration (C,.x) and total sys-
temic exposure (area under the concentration-time curve
from time O to infinity) of tixagevimab and cilgavimab in-
creased proportionally with the dose and were comparable
when antibodies were sequentially administered or coadminis-
tered (Table 2). After 300-mg intramuscular administration,
the maximum serum concentrations of 16.5 and 15.3 pg/mL
for tixagevimab and cilgavimab, respectively, were reached at
a median of 14days for both antibodies (Table 2).
Tixagevimab-cilgavimab serum levels were more variable in
participants who received intramuscular AZD7442 when com-
pared with intravenous, with interparticipant variability for to-
tal exposure and the maximum serum concentration of
tixagevimab and cilgavimab ranging from 29.8% to 38.5% for
intramuscular and 9.0% to 14.7% for intravenous doses
(Table 2).

NLF Pharmacokinetics of AZD7442

Median concentrations of tixagevimab and cilgavimab in the
NLF of participants are displayed in Figure 2. Both tixagevimab
and cilgavimab distributed into the upper respiratory tract after
a single dose of AZD7442, and AZD7442 NLF concentrations
increased in a dose-dependent manner. The geometric mean
(standard deviation) NLF concentrations of tixagevimab and
cilgavimab were 92.5 (49.2) and 87.5 (58.8) ng/mL, respectively,
at day 151 after 300-mg AZD7442
(Supplementary Table 3). AZD7442 NLF concentrations were
comparable between sequential and coadministration intrave-
nous cohorts. The relative levels of AZD7442 found in the
NLF compared with serum levels (NLF:serum partition ratio)

intramuscular

are displayed in Supplementary Figure 3 and ranged from
0.1% (day 91) to 22.3% (day 151; both with 3000-mg intrave-
nous AZD7442 sequential dosing). The AZD7442 NLF-serum
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=50)
26 (52.0)
58
15 (30.0)
11 (22.0)
0(0)
1(2.0)
0 (0)

Total AZD7442
(n

3000-mg AZD7442
Intravenous Coadmin
(h=10)°
6 (60.0)
10
4 (40.0)
2(20.0)
0 (0)
01(0)
0(0)

10)°

3000-mg AZD7442
7 (70.0)
16
2 (20.0)
5 (50.0)
0(0)
1(10.0®

Intravenous Seq (n

10)°

1000-mg AZD7442
6 (60.0)

14
3(30.0)
3(30.0)

0 (0)

Intravenous Seq (n

300-mg AZD7442
Intravenous Seq (n=10)°
5 (50.0)
115!
4 (40.0)
1(10.0)
0(0)

)b

=10

300-mg AZD7442
2 (20.0)
2 (20.0)

Intramuscular (n

Summary of Adverse Events From Dosing to Day 361 (Safety Analysis Set)®
Pooled
Placebo
(n=10)
8(80.0)
14
6 (60.0)
2 (20.0)
0(0)
0(0)
0(0)
Abbreviations: AE, adverse event; Coadmin, coadministered; SAE, serious AE; Seq, sequentially administered.

Participants, No. (%)

Events, No.¢

AE intensity, No. (%)¢
Moderate
Severe

Mild

Any AE leading to dose interruption, No. (%)
Any AE with the outcome of death, No. (%)

®Approximately 40 minutes after the start of the second intravenous infusion (cilgavimab), a participant reported arthralgia and headache. The AE resolved after the infusion was stopped. The participant had no other symptoms, and electrocardiographic and

300-mg AZD7442 included 150-mg tixagevimab and 150-mg cilgavimab; 1000-mg AZD7442, 500-mg tixagevimab and 500-mg cilgavimab; and 3000-mg AZD7442, 1500-mg tixagevimab and 1500-mg cilgavimab. Sequential administration involved 2
vital signs were normal. After the participant was assessed, the infusion was restarted with no further recurrence of AEs.

“The summary includes AEs starting on or after dosing to day 361. Percentages are based on the total number of participants in the treatment group. No SAEs or deaths were observed in any of the groups, and no dose-limiting toxicity occurred.
sequential intravenous administrations of tixagevimab followed by cilgavimab; coadministration, a single intravenous infusion containing both tixagevimab and cilgavimab.

9Participants with multiple events in the same category were counted only once in that category. Participants with events in >1 category were counted once in each of those categories.

°Multiple events in the same category are counted multiple times in that category. Multiple events belonging to >1 category are counted multiple times in each of those categories.

AE Category

Table 1.
Any AE

partition ratios observed were dose-independent, and values
remained in the same range 8 and 151 days after the dose.
Similar median partition ratios of approximately 1.8% were ob-
served for AZD7442 at day 151 after 300-mg intramuscular or
intravenous administration (Supplementary Table 4), showing
the sustained distribution of AZD7442 to the upper respiratory
tract >5 months.

Antidrug Antibodies to AZD7442

Up to day 211, no ADAs were detected across any of the
AZD7442 groups. At day 361, a single participant in the
300-mg intramuscular AZD7442 group tested positive for anti-
tixagevimab ADAs, and 4 (40%) and 3 (30%) participants tested
positive for anti-cilgavimab ADAs in the 300-mg intramuscular
and intravenous cohorts, respectively (Supplementary Table 5).
Six of the 7 (85.7%) had low ADA titers at the limit of detection
(1:80 for tixagevimab and 1:40 for cilgavimab). Only 1 of the
ADA-positive individuals had treatment-emergent ADAs,
with a titer of 1:80 to cilgavimab.

SARS-CoV-2-Specific Neutralizing Antibody Titers
SARS-CoV-2-specific neutralizing antibody titers against the
original USA-WA/1/2020 strain increased in a dose-dependent
manner that paralleled AZD7442 concentrations and were
maintained above the level of convalescent plasma over the
361-day trial period across all AZD7442 groups (Figure 3).
Administering tixagevimab and cilgavimab together or sequen-
tially did not affect the neutralizing antibody titers observed
over time. Participants who received 300-mg intramuscular
or intravenous AZD7442 exhibited 2.5-3-fold higher geomet-
ric mean neutralizing antibody titers (GMTs) at day 361 com-
pared with the GMTs measured in convalescent plasma
obtained from patients with COVID-19 who were admitted
to the hospital >20 days after symptom onset (GMT, 30.8;
n=28) [16].

DISCUSSION

This first-in-human phase 1 study showed that the combina-
tion of tixagevimab and cilgavimab (AZD7442) was well toler-
ated in healthy adults, and had a favorable safety profile at doses
ranging from 300-mg intramuscular to 3000-mg intravenous.
No dose-limiting toxicity occurred, and none of the study pro-
tocol stopping criteria were met. There were no reported
incidences of infusion-related reactions (intravenous adminis-
tration), injection-site reactions (intramuscular administra-
tion), or hypersensitivity reactions; with only 1 participant
reporting an intravenous administration site irritation.

The ADA profile was unremarkable for AZD7442, with low-
titer treatment-emergent ADA detected in only 1 participant,
and ADA detected only at 12 months after the dose, with no de-
tectable effect on pharmacokinetics. AZD7442 showed a
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Figure 1.

Geometric mean (+ geometric standard deviation) serum concentrations of tixagevimab, cilgavimab, and AZD7442 (tixagevimab + cilgavimab) after single-dose

intramuscular or intravenous administration to healthy adults (pharmacokinetic analysis set). Abbreviation: coadmin, coadministered; seq, sequential.

predictable pharmacokinetic profile, with no interference when
the antibodies were coadministered. Our pharmacokinetics
model predicts that a minimum protective level is reached
within approximately 6 hours based on activity against the
original USA-WA/1/2020 strain. Both antibodies exhibited an
extended half-life of approximately 90 days, which allowed
the SARS-CoV-2-specific neutralizing antibody levels to re-
main above the GMT in convalescent plasma 12 months after
dosing with AZD7442.

The extended half-lives of tixagevimab and cilgavimab sup-
port the protective effect of 300-mg intramuscular AZD7442
against COVID-19 for >6 months seen in the phase 3
PROVENT study [22], and facilitates the use of AZD7442 in
COVID-19 prevention. Compared with AZD7442, other
monoclonal antibodies currently or previously authorized for
treatment of COVID-19 have shorter half-lives (11.5-
49 days) [27-30] and require more frequent dosing [31].
As AZD7442 can be administered intramuscularly, it can be
given quickly in an outpatient setting, compared with mono-
clonal antibodies which require intravenous infusion [27-30].

Initial safety and pharmacokinetic data from this study
helped support selection of the 300-mg intramuscular
AZD7442 dose for investigation in the phase 3 prophylaxis
studies that confirmed the safety and efficacy profile of
AZD7442 [22, 32]. The phase 3 PROVENT prophylaxis study,
which randomized 3460 participants to dosing with AZD7442,
demonstrated a 76.7% (95% confidence interval [CI], 46.0%-
90.0%) relative risk reduction in developing symptomatic
COVID-19 with 300-mg intramuscular AZD7442 versus place-
bo at primary analysis (median follow-up, approximately 3
months), and an 82.8% (95% CI 65.8%-91.4%) relative risk re-
duction at 6-month median follow-up. There were no evident
safety concerns [32]. In the phase 3 TACKLE treatment study
of 600-mg intramuscular AZD7442, which randomized 456
participants to treatment with AZD7442, AZD7442 was associ-
ated with a 50.5% (95% CI 14.6%-71.3%), 66.9% (95%
CI 31.1%-84.1%), and an 88.0% (95% CI 9.4%-98.4%) relative

risk reduction in the development of severe COVID-19 or
death versus placebo when administered within 7, 5, and
3 days of symptom onset, respectively. The safety profile of
AZD7442 was favorable [33].

AZD7442 has been shown to neutralize SARS-CoV-2 vari-
ants, including most Omicron subvariants, with a half-maximal
inhibitory concentration (ICsq) range of 4.0-806.0 ng/mL [16,
34-38]. The AZD7442 serum and NLF concentrations ob-
served at days 361 and 151, respectively, exceeded the 10 ng/
mL in vitro ICs, against the original SARS-CoV-2 strain, result-
ing in an expected >99.5% viral inhibition in serum and >90%
in the upper respiratory tract [16]. The 4.0-806.0 ng/mL ICs,
range observed for in vitro neutralization of some
SARS-CoV-2 variants by AZD7442 [16, 34-38] suggests that
AZD7442 lower respiratory tract lining fluid concentrations
could neutralize those SARS-CoV-2 variants, including some
Omicron subvariants, in the lower respiratory tract >5 months
after administration. Emerging real-world evidence in immu-
nocompromised populations indicates that a higher
AZD7442 dose of 600 mg may be required for 6-month protec-
tion as preexposure prophylaxis [39, 40]. In solid organ trans-
plant recipients, AZD7442 at 600 mg was well tolerated and
associated with a lower incidence of breakthrough infections
compared with matched controls [39]. In a predominantly
(92%) immunocompromised population, 2 doses of 300-mg
AZD7442 were associated with a significant decrease in the
composite outcome of COVID-19 hospitalization and all-cause
mortality compared with matched, vaccinated controls who
were immunocompromised or at risk of severe disease if infect-
ed with SARS-CoV-2 [40].

Strengths of the study include the fact that it was a double-
blind, randomized trial with long-term safety follow-up and a
comprehensive immunologic and pharmacokinetic profile as-
sessment of AZD7442. A wide range of doses (300-3000 mg)
and different routes of administration (intramuscular and in-
travenous) were used in the study, which recruited a diverse
study population.
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Figure 2. Geometric mean (+ geometric standard deviation) concentrations of tixagevimab, cilgavimab, and AZD7442 (tixagevimab + cilgavimab) in NLF after a single
AZD7442 dose (pharmacokinetic analysis set). Abbreviations: coadmin, coadministered; NLF, nasal lining fluid; seq, sequentially administered.
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Figure 3. Geometric mean (95% Cl) neutralizing antibody titers against SARS-CoV-2 after single-dose intramuscular or intravenous administration of AZD7442 (tixage-
vimab + cilgavimab) to healthy adults compared with convalescent plasma (safety analysis set). Serum samples were from participants in the safety analysis set (all par-
ticipants). Dashed line represents the GMT + 95% Cls measured in convalescent plasma from patients with COVID-19 (GMT, 30.8; n = 28) [16]; error bars represent 95% Cls.
Abbreviations: Cl, confidence interval; coadmin, coadministered; COVID-19, coronavirus disease 2019; GMT, geometric mean titer; PRNTgg, 80% plaque reduction neutral-
ization titer; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; seq, sequentially administered.

Study limitations include the small sample size and the de-
scriptive nature of the analyses. Phase 3 trials are assessing the
efficacy and long-term safety of AZD7442 out to 15 months
[32, 33, 41]. Participants were unblinded for COVID-19 vacci-
nation, which could introduce bias in the safety results and af-
fect long-term compliance with study procedures. Participants
were unvaccinated at the start of the study, and we are therefore
unable to draw conclusions on AZD7442 safety, tolerability, and
pharmacokinetics in a vaccinated population. Assessment of
time to reach minimum protective level was based on the initial
serum pharmacokinetic samples that were collected approxi-
mately 8 and 24 hours after the dose, and there may be variation
in the time required to reach a minimum protective level, de-
pending on weight or body mass index.

Data from this first-in-human trial in healthy adults confirm
the safety, high levels of SARS-CoV-2-specific neutralizing anti-
body titers provided by AZD7442, transudation to the nasal mu-
cosae, and the extended half-life of, AZD7442 administered

intramuscularly or intravenously. These data supported further
investigation of AZD7442 in the prevention and treatment of
COVID-19 in phase 3 clinical trials.

Supplementary Data

Supplementary materials are available at The Journal of
Infectious Diseases online. Consisting of data provided by the
authors to benefit the reader, the posted materials are not
copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corre-
sponding author.
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