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Comparative Pharmacokinetics of
Tixagevimab/Cilgavimab (AZD7442)
Administered Intravenously Versus
Intramuscularly in Symptomatic SARS-CoV-2
Infection

Rachel A. Bender Ignaciol’z’* , David A. Wohl®> © , Rosalin Arends4, Venkatesh Pilla Reddy4 R
Ying Mu’, Arzhang Cyrus Javan®, Michael D. Hughes7, Joseph J. Eron’ 0, Judith S. Currier® @,
Davey Smith® @, Kara W. Chew® @@, Michael Gibbs* and Courtney V. Fletcher’

AZD7442 (Evusheld) is a combination of two human anti-severe acute respiratory syndrome-coronavirus 2
(SARS-CoV-2) monoclonal antibodies (mAbs), tixagevimab (AZD8895) and cilgavimab (AZD1061). Route of
administration is an important consideration to improve treatment access. We assessed pharmacokinetics (PKs)
of AZD7442 absorption following 600 mg administered intramuscularly (i.m.) in the thigh compared with 300 mg
intravenously (i.v.) in ambulatory adults with symptomatic COVID-19. PK analysis included 84 of 110 participants
randomized to receive i.m. AZD7442 and 16 of 61 randomized to receive i.v. AZD7442. Serum was collected

prior to AZD7442 administration and at 24 hours and 3, 7, and 14 days later. PK parameters were calculated

using noncompartmental methods. Following 600 mg i.m., the geometric mean maximum concentration (C__ )
was 38.19 ug/mL (range: 17.30-60.80) and 37.33 pg/mL (range: 14.90-58.90) for tixagevimab and cilgavimab,
respectively. Median observed time to maximum concentration (T__ ) was 7.1 and 7.0days for tixagevimab and
cilgavimab, respectively. Serum concentrations after i.m. dosing were similar to the i.v. dose (27-29 pg/mL each
component) at 3days. The area under the concentration-time curve (AUC),_,, geometric mean ratio was 0.9 for
i.m. vs. i.v. Participants with higher weight or body mass index were more likely to have lower concentrations with
either route. Women appeared to have higher interparticipant variability in concentrations compared with men. The
concentrations of tixagevimab and cilgavimab after administration i.m. to the thigh were similar to those achieved
with i.v. after 3days from dosing. Exposure in the i.m. group was 90% of i.v. over 7 days. Administration to the thigh
can be considered to provide consistent mAb exposure and improve access.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE WHAT DOES THIS STUDY ADD TO OUR

TOPIC?

AZD7442 (tixagevimab/cilgavimab; Evusheld) is a combina-
tion monoclonal antibody authorized by the US Food and Drug
Administration (FDA) for the prevention of coronavirus disease
2019 (COVID-19), initially as 300 mg and updated to 600 mg
in February 2022 (300 mg of cach component) to the gluteal
muscle (i.m.). Based on modeling, 600 mg combined dose was
selected for phases IT and III COVID-19 treatment trials with-
out assessment of pharmacokinetics (PKs) in a phase I study.
WHAT QUESTION DID THIS STUDY ADDRESS?
This study evaluated the PKs of 600 mgadministered i.m. in the
thigh and 300 mgi.v. in persons with mild to moderate COVID-19.
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KNOWLEDGE?

We demonstrated that 600mg i.m. administered in the
thigh achieves high levels within 24 hours and equivalent lev-
els to 300 mg i.v. by 3 days with less variability and more rapid
attainment of maximum concentration (C_ ) with thigh
injection than is expected when administered to the gluteal
muscle.

HOW MIGHT THIS CHANGE CLINICAL
PHARMACOLOGY ORTRANSLATIONAL SCIENCE?
Intramuscular administration of AZD7442 in the thigh
may improve exposure in patients with mild to moderate

COVID-19.
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There is urgent need for therapeutics that can readily be admin-
istered early in severe acute respiratory syndrome—coronavirus 2
(SARS-CoV-2) infection to prevent severe coronavirus disease
2019 (COVID-19) outcomes. The first therapies authorized by
the US Food and Drug Administration (FDA) for treatment of
outpatients with COVID-19 were single-dose intravenous (i.v.)
infusion monoclonal antibodies (mAbs), which are resource in-
tensive to administer. Only two oral antiviral therapies have
Emergency Use Authorization (EUA), and both have limitations,
including drug-drug interactions (for nirmatrelvir/ritonavir), or
relatively low efficacy (for molnupiravir)."

AZD7442 (Evusheld; AstraZeneca, Cambridge, UK), a com-
bination of two human mAbs, tixagevimab (AZD8895) and cil-
gavimab (AZD1061), both cloned from B-cells isolated from the
peripheral blood of COVID-19 convalescent patients, received
FDA EUA for pre-exposure prophylaxis to be administered by in-
tramuscular (i.m.) injection in the gluteal muscles.>* These mAbs
bind to unique, nonoverlapping epitopes at the human angiotensin-
converting enzyme 2 (hACE2) interface of the receptor binding
domain (RBD) of the Spike (S) protein of SARS-CoV-2, prevent-
ing viral entry into human cells. Both antibodies contain modifi-
cations in their Fc regions that extend their anticipated half-life to
70-130 days and reduce risk of antibody dependent enhancement
(ADE) by limiting binding to Fc gamma receptors.”™ AZD7442
has been demonstrated 77 vitro to neutralize SARS-CoV-2 variants,
including Omicron, with retained activity against the BA.1 and
BA.2 subvariants.%!?

Injectable therapies via i.m. or subcutaneous routes, can im-
prove equitable access to early treatment of COVID-19, as they
allow for administration in a broad range of settings, including
congregate living settings and clinics. However, injection of mAbs
can potentially result in slower and more variable absorption. For
SARS-CoV-2 infection, time to treatment from symptom onset
may be important for mAbs and antivirals, with diminished ef-
ficacy observed in those treated after 5 or 7 days in some studies,
and when provided to hospitalized patients compared with those
with mild to moderate illness.’>™” Therefore, evaluating whether
route of administration impacts time to presumed minimum effec-
tive concentration is important for early treatment studies using
mAD therapy. Of i.m. injection sites, gluteus medius absorption
of small molecules is slowest and most variable, with variability
related to body mass index (BMI), sex, and age, and reduced ab-
sorption in those with higher gluteal fat, especially if administered
into adipose tissue rather than muscle.!$1? Compared with gluteal
sites, administration of small molecules in the thigh or deltoid has
increased rate and decreased variability of absorption.18 To our
knowledge, no studies of anti-SARS-CoV-2 mAbs have compared

pharmacokinetics (PKs) of i.m. administration in the thigh with
other routes.

We assessed the PKs of these mAbs co-administered as 600 mg
(300 mg of each component) i.m. in the thigh (vastus lateralis)
once, compared with 300 mg iv. (150mg of each component)
among adults with mild to moderate COVID-19 participating in
a phase II study within the National Institutes of Health (NIH)-
sponsored ACTIV-2 platform.

METHODS

ACTIV-2/A5401 (NCT04518410) is a randomized, placebo-controlled
platform trial designed to evaluate the safety and efficacy of multiple
investigational agents for treatment of non-hospitalized adults with
COVID-19. Between February 17, 2021, and May 20, 2021, ACTIV-2
participants in the United States were randomized to tixagevimab/
cilgavimab 600 mg or placebo (normal saline) administered i.m. in the
thigh, or 300 mg or placebo i.v. once. Of 110 participants who received
active drug in the i.m. arm, samples were available from 84 participants.
For comparison, we included 16 with available samples of 61 participants
who received active drug i.v.

The protocol was approved by a central institutional review board
(IRB; Advarra (Pro00045266), US), with additional local IRB review and
approval as required by participating sites. All participants provided writ-
ten informed consent.

PK sampling

Serum samples for PK analysis were collected prior to study drug ad-
ministration, 1-hour postdose, and at 3, 7, and 14days postdose. An
additional sample was taken from 15 participants at 24hours after i.m.
administration of the study drug.

Laboratory methods

Serum PK samples were analyzed (PPD Laboratories, Richmond, VA)
using a validated hybrid LBA-liquid chromatography tandem mass spec-
trometry (LC-MS/MS) assay capable of distinguishing tixagevimab
and cilgavimab in human serum, based on distinct complementarity-
determining region (CDR) peptide sequences. Because tixagevimab and
cilgavimab are too large for practical direct quantitative analysis using
LC-MS/MS technology, the captured proteins were subjected to “on-
bead” proteolysis with trypsin, following standard protein denaturation,
reduction, and alkylation. After trypsin digestion, characteristic peptide
fragments originating from tixagevimab and cilgavimab were produced
and quantified as surrogates for tixagevimab and cilgavimab serum
concentrations.

Statistical analysis

PK parameters of interest were observed maximum concentration (C )
over 14 days, time of Chra (Tmax), measured concentrations at 1, 3, 7, and
14 days postdose, and area under the concentration-time curve for 7 and
l4days post infusion (AUC,_.,, AUC_ ). AUC calculations used

actual sampling times and were based on the statistical moment theory
using the trapezoidal rule (Phoenix WinNonlin, version 8.3; Certara,
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Princeton, NJ). Relationships among AUC, ,,, and participant demo-
graphics were explored.

RESULTS

In the 600 mg i.m. dose arm (7 = 84), the median age was 39 years
(range: 18-84) with a median BMI of 28.5kg/m” (range: 17.8—
48.1). The 300 mg iv. dose arm (2 = 16) was older (median age:
46years, range: 21-65years) and had a higher median BMI of
36.7 kg/m2 (range: 20.3-57.9). Across the 2 dose groups, 52% of
participants were women; 87% identified as White, 8% as Black,
5% as multi-racial/other, and 49% as Hispanic/Latino.

Following 600 mg i.m. administration, the geometric mean C__
was 38.19 pg/mL (range: 17.30-60.80) and 37.33 pg/mL (range:
14.90-58.40) for tixagevimab and cilgavimab, respectively. The
T occurred at amedian of 7.1 and 7.0 days, respectively (Table 1,
Figure 1).

Following 300 mg i.v. administration, the geometric mean C__
of both tixagevimab and cilgavimab was 40.97 pg/mL (range:
25.90-61.90) and 41.01pg/mL (range: 24.90-64.70), respec-
tively. Concentrations of the 600 mg i.m. and the 300 mg i.v. dose
were similar at 3 days (62.6 vs. 57.2 pg/mL combined AZD7442
concentrations, respectively); after day 3, concentrations after
i.m. administration exceeded those after iv. throughout the first
2 weeks.

The geometric mean ratio of AUC ; was 0.9 and ratio of
AUC, ,,, was 1.2 for 600 mg i.m. compared with 300 mg i.v. for
both components.

Participants with higher weight or BMI showed a trend of lower
concentrations for both i.m. and iv. administration; participants
weighing <75kg or with a BMI of < 30kg/m2 tended to have
higher exposure. There was no clear trend in PKs based on age
or sex, but interparticipant PK variability was higher in women

(a) (b)
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Tixagevimab (ug/mL)
Cilgavimab (ug/mL)

compared with men: the percent coefficient of variation (CV)
in tixagevimab AUC . with i.m. administration was 33% and
24%, respectively, for women and men, and was 32% and 24%, re-
spectively, for women and men for cilgavimab (Figure S1).

DISCUSSION

In adults with early COVID-19, levels of AZD7442 rose quickly
over 24 hours after administration of 600 mgi.m. to the thigh and
were similar at 3 days to those achieved with 300 mgi.v. Following
i.m. administration, concentrations of both mAb components
continued to increase, achieving observed C_ around 7 days, and
were sustained at > 85% of the C___through 14 days postdose, as
expected based on reported halflives of ~90 days.9

The iv. administration is typically performed at infusion cen-
ters or major medical centers; however, many patients eligible for
treatment do not live in close proximity to such centers; space and
staffing capacity are finite, especially during surges in cases. These
hurdles act to delay or preclude treatment. Oral therapeutic op-
tions for outpatients with COVID-19 avoid administration issues
but have their own challenges that limit their use. The i.m. admin-
istration can expand the availability of mAb treatment to beyond
infusion centers, including outpatient or nonclinical settings.

As expected, there is a lag in achievement of peak concentra-
tions of tixagevimab and cilgavimab following i.m. administration
compared with iv. infusion. Whereas providing therapeutic in-
tervention as early as possible in COVID-19 has been suggested
to maximize c:fficacy,zo‘21 there are limited data available that
define the optimal window for initiation of treatment for early
COVID-19. Clinical trials demonstrating the efficacy of i.v. mAbs
administered these agents within 3-5days after symptom onset,
limiting the opportunity to assess time-dependent effects.)”*
Interim results from our ACTIV-2 phase III trial of the mAb

(©
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Tixagevimab plus Cilgavimab(ug/mL)

40
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Figure 1 Concentration-time profiles of tixagevimab (a), cilgavimab (b) with concentration in log scale, and the sum of tixagevimab and
cilgavimab concentrations as mean and SD (¢). Serum concentrations following i.v. administration (150 mg of each component) are shown in
orange and after i.m. administration (300 mg of each component) are shown in turquoise. For ¢, the mean values for the sum of tixagevimab
and cilgavimab concentrations after i.m. administration were: 1 hour, 1.97 ug/mL; 24 hours, 31.17 ug/mL; 72hours, 62.62ug/mL; 7 days,
74.4ug/mL, and 14 days, 71.0pg/mL. After i.v. administration, the mean sums were: 1 hour, 83.2ug/mL, 3days, 72hours, 57.23 pg/mL;

7days, 44.93ug/mL; and 14days, 38.64ug/mL.
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combination of amubarvimab/romlusevimab (BRII-196/BRII-
198) in outpatients with COVID-19 found that the efficacy in re-
ducing hospitalizations and death was similar in those treated both
within and beyond 5 days of symptom onset.” Additionally, the
convenience of i.m. administration may shorten time to treatment
initiation compared to iv.

Our AZD7442 PK results after i.m. and i.v. administration are
consistent with the those observed in a phase I study of this mAb,
in which only the 300 mg i.m. dose (150 mg of ecach component in
gluteal muscles) was tested (NCT04507256).” We found a more
than doubling of the C___ when using 600 mg i.m. in the thigh
compared with 300mg i.m. in the gluteus, which may provide
earlier achievement of effective concentration in those with acute
SARS-CoV-2 infection. Similarly, a monoclonal antibody against
Bacillus anthracis given i.m. in the gluteus and vastus lateralis also
had higher dose-normalized C and AUC, and higher relative
bioavailability (71-85%) with thigh administration.”* It is notable
that gluteal i.m. injection of 300 mg in SARS-CoV-2 uninfected
participants resulted ina 7 - of 14 t0 28 days,4 which is likely past
the window of clinical benefit for treatment. The concentrations
achieved with the 600 mg i.m. dose of tixagevimab and cilgavimab
also exceeded the concentration associated with 300 mg iv. after
3 days.

Our data also show that i.m. administration in the thigh pro-
duced more consistent absorption compared with gluteal injec-
tion based on data from the phase I study and PROVENT trials
(28-31% vs. 36-39% CV).* Lower variability in concentrations
and faster absorption compared with gluteal muscle administra-
tion may also lead to more rapid achievement of target concen-
trations in a wider range of people with thigh administration.
Administration into the thigh, where there is higher probability
of direct i.m., rather than adipose tissue administration, and which
provides less intra-person variability, could further benefit patients
with more adipose tissue at sites of administration, including those
with higher body weight or BMI, and women.'® Therefore, ad-
ministration to the thigh may be a preferred route over the more
commonly used gluteal site to achieve maximal clinical benefit for
more patients.

Limitations of these data include that we did not determine the
climination half-life due to limited postdose data that were imme-
diately available; the goal of this evaluation was to investigate early
PKs of i.m. absorption. The limited postdose concentration-time
data also preclude, at present, a determination of relative bioavail-
ability of i.m. compared with i.v.administration. When such dataare
available, the robustness of the relative bioavailability estimate will
be limited by the sampling strategy and uncertainty about whether
true C and 1 have been captured, and that a cross-over design
was not used. Doses selected for these trials were informed by a
viral dynamic model to simulate expected viral load clearance in
the presence of AZD7442 with a measured potency of 10ng/mL
(half-maximal inhibitory concentration (IC,;)) against the origi-
nal SARS-CoV-2 strain, which was expected to have been achieved
within respiratory epithelium by all participants in both cohorts
within 24 hours. With the circulation of variants of concern, the
required effective concentration is likely higher than previously de-
termined.'*"'%% The primary efficacy and safety outcomes of this
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mAb combination will be reported subsequently, together with in-
vestigations of relationships between concentration and outcomes.
Last, whereas the study assessed PK parameters of tixagevimab and
cilgavimab in participants with early COVID-19, this mAb is au-
thorized by the FDA only for the prevention of SARS-CoV-2 in-
fection and illness. Our findings, however, can guide the use of this
mAD as pre-exposure prophylaxis and may apply to infused and
injectable mAbs indicated for acute COVID-19.

CONCLUSIONS

The administration of tixagevimab and cilgavimab at a dose
of 600 mg injected i.m. into the thigh is supported by rapid ab-
sorption and exposure comparable with i.v., in patients with carly
COVID-19. The i.m. administration of mAbs can facilitate access
to treatment for those with symptomatic COVID-19 at risk for
disease progression and is an alternative to i.v. administration that
warrants further study.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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