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Background. Convenient administration of coronavirus disease 2019 (COVID-19) treatment in community settings is
desirable. Sotrovimab is a pan-sarbecovirus dual-action monoclonal antibody formulated for intravenous (IV) or intramuscular
(IM) administration for early treatment of mild/moderate COVID-19.

Method. This multicenter phase 3 study based on a randomized open-label design tested the noninferiority of IM to IV
administration according to an absolute noninferiority margin of 3.5%. From June to August 2021, patients aged >12 years with
COVID-19, who were neither hospitalized nor receiving supplemental oxygen but were at high risk for progression, were
randomized 1:1:1 to receive sotrovimab as a single 500-mg IV infusion or a 500- or 250-mg IM injection. The primary
composite endpoint was progression to (1) all-cause hospitalization for >24 hours for acute management of illness or (2) all-
cause death through day 29.

Results.  Sotrovimab 500 mg IM was noninferior to 500 mg I'V: 10 (2.7%) of 376 participants vs 5 (1.3%) of 378 met the primary
endpoint, respectively (absolute adjusted risk difference, 1.06%; 95% CI, —1.15% to 3.26%). The 95% CI upper limit was lower than
the prespecified noninferiority margin of 3.5%. The 250-mg IM group was discontinued early because of the greater proportion of
hospitalizations vs the 500-mg groups. Serious adverse events occurred in <1% to 2% of participants across groups. Four
participants experienced serious disease-related events and died (500 mg IM, 2/393, <1%; 250 mg IM, 2/195, 1%).

Conclusions. Sotrovimab 500-mg IM injection was well tolerated and noninferior to IV administration. IM administration
could expand outpatient treatment access for COVID-19.

Clinical Trials Registration. ClinicalTrials.gov: NCT04913675.

Keywords. COMET-TAIL; COVID-19 treatment; intramuscular administration; neutralizing monoclonal antibody;
sotrovimab.

Severe coronavirus disease 2019 (COVID-19) is associated with
a substantial burden on health care resources, particularly
among patients who are unvaccinated and patients with risk
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factors for progression to severe disease. To prevent disease
progression and hospitalization in patients with mild to
moderate COVID-19 who are at high risk, several monoclonal
antibodies (mAbs) have been authorized for early treatment
[1-6]. Sotrovimab targets a conserved epitope in the spike pro-
tein of SARS-CoV-2 (severe acute respiratory syndrome coro-
navirus 2), demonstrating potent neutralizing activity against
wild type and most SARS-CoV-2 variants, including
B.1.617.2 (Delta) and B.1.1.529 (Omicron, BA.1, and BAI.1)
[7-10]. Although 500-mg sotrovimab was not utilized in the
United States with the emergence of Omicron BA.2 due to
moderate decreases of in vitro neutralization activity [7, 11], so-
trovimab continues to be included in the treatment guidelines
for high-risk patients with COVID-19 in other countries,
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including the United Kingdom, Germany, Italy, Spain, Japan,
and the United Arab Emirates [12-16]—an inclusion support-
ed by recent observational clinical data suggesting continued
clinical effectiveness through the Omicron BA.2 and BA.5
waves [17-20]. Monoclonal antibodies, including sotrovimab,
continue to be recommended in guidelines for specific cases
(eg, when remdesivir is not feasible) and for certain patients
and high-risk groups (eg, those with contraindications to nir-
matrelvir/ritonavir, those who are immunocompromised).
Understanding the feasibility of an intramuscular (IM) route
of administration for sotrovimab may inform development of
future anti-SARS-CoV-2 mAbs, ensuring greater feasibility of
dosing and broader access.

There remains a need for mAb treatments to prevent
COVID-19 progression and decrease barriers for their admin-
istration, including infrastructure, staffing, isolation, and in-
fection control associated with intravenous (IV) infusions
[21]. Sotrovimab has been formulated for IV or IM adminis-
tration. The simplicity of 1-time IM administration would al-
low for additional treatment capacity, reduce appointment
times, and afford the ability to expand staffing resources to ad-
minister treatment, thereby decreasing health care burden. IM
administration of mAbs could also prevent treatment delays,
allowing provision of treatment earlier in the clinical course
of disease, which has been associated with more favorable out-
comes [4, 22].

From August 2020 to March 2021, the phase 3 COMET-ICE
trial demonstrated the efficacy and safety of IV sotrovimab in
patients with mild to moderate COVID-19 at high risk for dis-
ease progression [4, 5]. In the primary analysis (n = 1057), so-
trovimab indicated a statistically significant reduction in
hospitalization for >24 hours for acute management of any ill-
ness or death due to any cause through day 29 vs placebo
(adjusted relative risk reduction, 79%; 95% CI, 50%-91%;
P <.001) [5]. IV sotrovimab was well tolerated with no unan-
ticipated safety signals.

The COMET-TAIL study evaluated the efficacy, safety, and
tolerability of IM sotrovimab vs IV sotrovimab for the treat-
ment of mild to moderate COVID-19 in patients at high risk.

METHODS

Study Design

This multicenter phase 3 study based on a randomized open-
label design was developed as a noninferiority trial and was
not placebo controlled given the clinical efficacy of IV sotrovi-
mab [4, 5] and the endorsement of mAbs in treatment guide-
lines at the time of the study [23, 24]. A 3.5% noninferiority
margin was chosen on the basis of feedback and scientific rea-
soning in collaboration with the US Food and Drug
Administration. IM doses of 250 and 500 mg were selected to
ensure that sotrovimab concentrations in the lung were

maintained at or above levels anticipated to be neutralizing
for the duration of the treatment window.

Patient Consent Statement

The study was conducted in accordance with the consensus
ethical principles derived from the Declaration of Helsinki
and the International Ethical Guidelines of the Council for
International Organizations of Medical Sciences, applicable
guidelines of the International Council for Harmonisation
Good Clinical Practice, and applicable laws and regulations.
Ethics approval was obtained from the following institutional
review boards and ethics committees: Advarra Institutional
Review Board and CEQ at Medical Center of Limited
Liability Company Harmoniya krasy. The protocol was also ap-
proved by CPP Sud-Est II—Groupement Hospitalier Est, but
no participants were enrolled in France. Written informed
consent/assent was provided by all participants.

Participants

Eligible patients were aged >12 years at the time of consent and
were at high risk for progression of COVID-19, including age
>55 years and the presence of comorbidities (eg, diabetes, obe-
sity, chronic kidney disease, congenital heart disease, conges-
tive heart failure, chronic lung disease, sickle cell disease,
neurodevelopmental disorders, immunosuppression, or chron-
ic liver disease). Initially, eligibility was considered indepen-
dent of vaccination status. The protocol was amended on
29 June 2021 to exclude fully vaccinated immunocompetent
participants (defined as those with at least 14 days since receiv-
ing the final dose in a COVID-19 vaccine series) because they
may have reduced rates of progression. There were no eligibil-
ity restrictions for history of SARS-CoV-2 infection.

Participants had a positive SARS-CoV-2 test result by any
validated diagnostic test (eg, reverse transcriptase—polymerase
chain reaction [RT-PCR], antigen-based testing on any speci-
men type), oxygen saturation >94% while breathing room
air, and COVID-19 symptoms. Eligible participants received
sotrovimab <7 days from onset of symptoms.

Exclusions included individuals who were hospitalized or
likely to require hospitalization within 24 hours (as assessed
by the investigator) and those with severe COVID-19 (ie, short-
ness of breath at rest, respiratory distress, or requiring supple-
mental oxygen for COVID-19).

Randomization and Intervention
Participants were randomly assigned 1:1:1 to receive a single
500-mg I'V infusion or 500- or 250-mg IM injection of sotrovi-
mab, with stratification based on age (12-17, 18-64, and >65
years), COVID-19 vaccination history (receipt of any
COVID-19 vaccine dose), and geographic region.

After IM injection or 15-minute IV infusion, participants
were monitored for 30 minutes, during which time vital signs
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Figure 1.  Study design. IM, intramuscular; IV, intravenous.
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were measured at 15 and 30 minutes; for IM injection, solicited
assessment of injection-site reactions also occurred at 15 and
30 minutes. Participants were monitored for 36 weeks on an
outpatient basis with collection of nasopharyngeal swabs for vi-
rology, blood draws for pharmacokinetic (PK) sampling, and
safety laboratory tests (Figure 1). Sparse PK samples were col-
lected through week 24, and sotrovimab serum concentrations
were determined via an electrochemiluminescent method vali-
dated on the Meso Scale Discovery platform. This analysis in-
cludes efficacy data through day 29, safety data through week
36, and PK data through week 24.

Outcomes

The primary endpoint was a composite of progression to (1)
hospitalization for >24 hours for acute management of any ill-
ness or (2) death due to any cause through day 29. Secondary
efficacy endpoints were as follows: SARS-CoV-2 viral load in
nasal secretions measured by quantitative RT-PCR (key sec-
ondary endpoint 1); a composite of emergency department visit
for management of any illness, hospitalization for acute man-
agement of any illness for any duration, or death due to any
cause (key secondary endpoint 2); and development of severe
and/or critical respiratory COVID-19 as manifested by require-
ment for respiratory support (including oxygen).

Adverse events (AEs), AEs of special interest, and
disease-related events (DREs) were assessed through week 12.
Serious AEs were assessed through week 36. AEs of special
interest were systemic and local infusion/injection-related
reactions and local tolerability (injection-site reactions).
Injection-site reactions in the IM groups were solicited at
days 1, 3, 5, and 8 postinjection and reported separate from
AEs. DREs were defined as AEs related to expected
COVID-19 progression, signs, or symptoms, unless they were

more severe than expected or the investigator considered
them related to the study drug.

Statistical Analysis

A sample size of 340 participants per treatment group was expect-
ed to provide approximately 90% power to demonstrate that IM
injection of sotrovimab was noninferior to IV infusion of sotro-
vimab for the primary endpoint. Analysis was based on a 1-sided
2.5% type I error rate, with the assumption of a COVID-19 pro-
gression rate of 2% in the sotrovimab IM and IV groups and a
3.5% noninferiority margin on the risk difference scale.

The intent-to-treat (ITT) population included all random-
ized participants, excluding those who were immunocompe-
tent and fully vaccinated under the original protocol. The
primary analysis population was based on the ITT population
but excluded participants not meeting key eligibility criteria
(eg, those without a positive baseline SARS-CoV-2 test result).
Safety was assessed in all randomized participants exposed to
the study treatment (as-treated population).

The primary efficacy estimand was based on a hypothetical
strategy to account for all intercurrent events (ie, not receiving
randomized treatment, discontinuation of study treatment, and
use of medication not permitted during the study). Data observed
after an intercurrent event were set to missing. Missing data were
imputed under a missing-at-random assumption based on mul-
tiple imputation—specifically, the probability that a participant
with missing data would go on to be a progressor is the same
as a participant with complete data when covariates are adjusted
for the missing data. This method was chosen as a moderately
conservative means of handling missing data. A post hoc change
was made to the multiple imputation algorithm from daily to
weekly imputation due to the bias that was observed in the im-
puted progression rates (see Supplementary Data: Statistical
Technical Appendix). A supplementary estimand was conducted
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in the efficacy population by handling all intercurrent events with
a treatment policy strategy (ie, regardless of the intercurrent
events). A tipping point analysis for the primary endpoint was
conducted to determine the impact of imputing missing data
as progressions.

The proportion of participants meeting the primary end-
point and key secondary endpoint 2 were compared between
treatments by a binomial regression model with an identity
link function and adjusted for treatment group, age (<65,
>65 years), and sex as covariates. The adjusted risk difference
and associated 95% CI were computed to test the noninferiority
of IM vs IV sotrovimab, which was declared if the upper bound
of the 2-sided 95% CI for the adjusted risk difference was
<3.5%. Participants in the ITT population with a laboratory-
confirmed quantifiable baseline nasopharyngeal swab at day 1
(virology population) were evaluated for mean area under the
curve of SARS-CoV-2 viral load in nasal secretions as measured
by quantitative RT-PCR from day 1 to day 8 (AUCy;.g). Viral
loads from IM and IV doses were compared for equivalence
based on the 2-sided 90% CI for the treatment ratio falling
within equivalence bounds of 0.5 to 2.0.

A gatekeeping hierarchical testing procedure was used for
testing the key secondary efficacy endpoints (Supplementary
Figure 1). All statistical analyses were conducted with SAS ver-
sion 9.4 (SAS Institute).

During the study, a discrepancy was noted in the rate of pro-
gression in the 250-mg IM group vs the 500-mg IM and IV
groups. An ad hoc interim data set was reviewed by an indepen-
dent data monitoring committee, and enrollment into the
250-mg IM group was subsequently discontinued. The study
changed to a 2-group design with 1:1 randomization up to
~340 participants per group (500 mg IM and IV). The
250-mg IM group was removed from the testing hierarchy,
and data are summarized descriptively.

RESULTS

Between 10 June and 19 August 2021, 1039 participants were
screened, and 982 were randomized to sotrovimab 500 mg IV
(n=394), 500 mg IM (n=394), and 250 mg IM (n=194;
Figure 2). Of the 982 participants, 29 were randomized under
the original protocol as immunocompetent and fully vaccinated
and thus excluded. An additional 16 participants were excluded:
2 without a positive SARS-CoV-2 test result and 14 who were
immunocompetent and fully vaccinated and inadvertently en-
rolled under protocol amendment 2. Thus, the primary analysis
population consisted of 937 patients (500 mg IV, n=378;
500 mg IM, n = 376; 250 mg IM, n = 183).

Participants were enrolled in the Ukraine (<1%) and the United
States (>99%), predominantly in Florida (Supplementary Table 1).

| Participants screened (n = 1039) |

Passed screening but not randomized (n = 1)

| Screen failure (n = 56):
»| - Did not meet inclusion/exclusion criteria (n = 52)
‘ - Physician decision (n = 1)

|Participants randomized (n = 982)|

- Withdrawal by subject (n = 4)

{

1

Sotrovimab 500 mg IV (n = 394)
Received allocated treatment (n = 393)
Did not receive allocated treatment (n = 1)

Sotrovimab 500 mg IM (n = 394)
Received allocated treatment (n = 385)
Did not receive allocated treatment (n = 9)

Sotrovimab 250 mg IM (n = 194)
Received allocated treatment (n = 193)
Did not receive allocated treatment (n = 1)

Completed 36 wk of follow-up (n = 356, 90%)
Died (n =0, 0%)

Withdrawn (n = 38, 10%)

- Lost to follow-up (n = 12)

Died (n =2, <1%)
Withdrawn (n = 49, 12%)
- Lost to follow-up (n = 8)

Completed 36 wk of follow-up (n = 343, 87%)

Completed 36 wk of follow-up (n = 174, 90%)
Died (n =2, 1%)

Withdrawn (n = 18, 9%)

- Lost to follow-up (n = 4)

- Physician decision (n = 0) - Physician decision (n = 1) le—— - Physician decision (n = 1)
- Withdrawal by subject (n = 25) [ - Withdrawal by subject (n = 37) - Withdrawal by subject (n = 12) [—
- Other (n=1) - Other (n = 3) - Other (n=1)
ITT population® As-treated ITT population® As-treated ITT populatior® As-treated
(n = 385) population® (n=383) population® (n = 185) population®
l (n = 393) (n = 385) (n = 195)
Primary analysis Primary analysis Primary analysis
population® population® population®
(N =378) (N =376) (N =183)

Figure 2.

Patient enrollment and treatment assignment (sotrovimab). *ITT population includes all randomly assigned participants, excluding those who were immunocom-

petent and fully vaccinated under the original protocol. "Primary analysis population is defined as the ITT population minus those who violated key inclusion/exclusion criteria.
“The as-treated (safety) population includes all participants who received the study treatment. Two participants who were randomized to sotrovimab 500 mg IM received
250 mg IM and are included in the latter as-treated population. IM, intramuscular; IV, intravenous; ITT, intent to treat.
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Table 1. Demographic and Baseline Characteristics: Primary Analysis Population

Sotrovimab, No. (%) or Median (IQR)

500 mg IV (n=378)

500 mg IM (n=376)

250 mg IM (n=183)

Sex
Female
Male
Age,y
12-17
18-64
>65
65-74
75-84
>85
Ethnicity
Hispanic or Latino
Not Hispanic or Latino
Race
Asian
Black or African American
Mixed race
Native Hawaiian or other Pacific Islander
White
Other
BMI, kg/m?

Conditions as risk factor for COVID-19 progression

218 (58) 187 (50) 106 (58)
160 (42) 189 (50) 77 (42)
51.0 (38.0-65.0) 52.0 (37.5-64.5) 48.0 (37.0-57.0)
2 (<1) 01(0) 1(<1)
281 (74) 282 (75) 156 (85)
95 (25) 94 (25) 26 (14)
65 (17) 56 (15) 17 (9)
24 (6) 32 (9) 8 (4)
6(2) 6(2) 1(<1)
312 (83) 320 (85) 157 (86)
66 (17) 56 (15) 26 (14)
0(0) 2 (<) 0(0)
14 (4) 17 (5) 8 (4)
1(<1) 1(<1) 1(<1)
1(<1) 0 (0) 0 (0)
360 (96) 352 (94) 172 (95)
0(0) 3 (<1) 1(<1)

30.97 (27.564-33.15)

30.83 (27.75-32.70)

31.23 (27.43-33.15)

Any condition 376 (>99) 374 (>99) 181 (99)
Obesity® 237 (63) 233 (62) 115 (63)
Age >55y 158 (42) 163 (43) 62 (34)
Chronic lung diseases 59 (16) 69 (18) 43 (23)
Diabetes 48 (13) 46 (12) 22(12)
Immunosuppressive disease or medications 11 (3) 12 (3) 5(3)
Chronic liver disease 4(1) 4(1) 4(2)
Congestive heart failure: NYHA class Il or more 4(1) 3 (<) 1(<1)
Chronic kidney disease: eGFR <60 by MDRD equation 0(0) 2 (<1) 0 (0)
Congenital heart disease 1(<1) 01(0) 1(<1)
Sickle cell disease 1(<1) 0(0) 0(0)
No. of conditions met
0 2 (<1) 2 (<1) 2 (1)
1 266 (70) 253 (67) 126 (69)
2 79 (21) 87 (23) 39 (21)
3 26 (7) 31 (8) 15 (8)
>3 5 (1) 3 (<1) 1(<1)
COVID-19 vaccination history® 17 (4) 18 (5) 11 (6)
Symptom duration, d
<5 324 (86) 332 (88) 160 (87)
5-7 54 (14) 44 (12) 23 (13)

Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; IM, intramuscular; IV, intravenous; MDRD, Modification of Diet in Renal Disease; NYHA, New York Heart

Association.

#Obesity was defined as having a BMI >85th percentile for age/gender based on growth charts per the Centers for Disease Control and Prevention.
®COVID-19 vaccination history was defined as receipt of at least 1 dose of any COVID-19 vaccination prior to randomization.

Demographic and baseline characteristics were balanced across the
sotrovimab groups, except for sex (Table 1). Approximately 23%
were aged >65 years; most were Hispanic or Latino. The most
common risk factors for COVID-19 progression were obesity,
age >55 years, chronic lung disease, and diabetes; 3% of partici-
pants in each group had an immunosuppressive disease. Nearly

one-third of participants had >2 risk factors for COVID-19 pro-
gression. Most participants (86%-88%) had a symptom duration
<5 days at baseline.

Among participants receiving 500 mg of sotrovimab, 10 of 376
(2.7%) in the IM group vs 5 of 378 (1.3%) in the IV group met
progression criteria for the primary endpoint (adjusted absolute
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risk difference, 1.06%; 95% CI, —1.15% to 3.26%; Table 2). The
upper limit of the CI was lower than the prespecified noninferior-
ity margin of 3.5%, indicating that 500 mg IM is noninferior to
500 mg IV for treatment of mild/moderate COVID-19. Among
the 5 participants in the 500-mg IV group who were hospitalized
>24 hours, 2 events were reported as COVID-19 related and
3 were due to other causes (acute renal failure of donor kidney,
appendicitis, and elevated glucose level). For the 10 participants
in the 500-mg IM group who were hospitalized >24 hours,
6 events were COVID-19 related and 4 were due to other causes
(worsening bacterial pneumonia, acute appendicitis, shingles,
and decompensated heart failure). Two participants in the
500-mg IM group who were hospitalized for COVID-19-related
events died. Ten participants (5.5%) receiving 250 mg IM

progressed, with 9 events related to COVID-19 and 1 due to other
causes (exacerbation of chronic obstructive pulmonary disease).
Two participants in the 250-mg IM group progressed to hospital-
ization for COVID-19-related events and died after day 29.

For key secondary endpoint 1 (SARS-CoV-2 viral load in na-
sal secretions in the virology population, n = 757), the adjusted
mean viral load AUCy; g was equivalent between sotrovimab
500 mg IV (25.03 logl0 copies/mL) and 500 mg IM (25.96
log10 copies/mL; 90% CI, 1.00-1.07), falling within the bounds
of 0.5 to 2.0. The unadjusted mean AUCy, g for sotrovimab
250 mg IM was 25.46 log10 copies/mL (Table 2). Absolute viral
load over time is shown in Supplementary Figure 2. Overall,
there was no clear difference in the change in viral load over
time across treatment arms.

Table 2. Primary and Secondary Efficacy Outcomes Through Day 29

Sotrovimab, No. (%)?

500 mg IV 500 mg IM 250 mg IM
Primary outcome® 378 376 183
Hospitalized >24 h or death: due to any cause 5(1.3) 10 (2.7) 10 (5.5)
Hospitalized >24 h 5(1.3) 10 (2.7) 10 (5.5)
Death 0(0) 2(0.5) 0(0)
Alive and not hospitalized 364 (96.3) 351 (93.4) 170 (92.9)
Missing 9(2.4) 15 (4.0) 3(1.6)
500 mg IV vs IM°® 1.06 (—1.15 to 3.26)
Secondary outcomes
Mean AUCyq. SARS-CoV-2 viral load, log10 copies/mL (virology population) 287 278 136
Geometric mean (% CV) 25.42 (34.14) 25.56 (36.94) 25.46 (37.90)
Adjusted LS geometric mean 25.03 25.96
Ratio (90% ClI) 1.04 (1.00-1.07)
Hospitalization, ED visit, or death: due to any cause® 378 376 183
Hospitalization, ED visit, or death 9(2.4) 12(3.2) 11 (6.0)
Hospitalized 5(1.3) 10 (2.7) 10 (5.5)
ED visit 5(1.3) 3(0.8) 3(1.6)
Death 01(0) 2(0.5) 0(0)
Alive and not hospitalized and no ED visit 360 (95.2) 349 (92.8) 169 (92.3)
Missing 9(2.4) 15 (4.0) 3(1.6)
500 mg IV vs IM¢ 0.86 (—1.56 to 3.28)
Progression to severe/critical respiratory COVID-19 (intent-to-treat population) 385 383 185
Progression to severe/critical respiratory COVID-19° 1(0.3) 6(1.6) 8(4.3)

Low-flow nasal cannula/face mask (severe) 1(0.3) 2 (0.5) 4(2.2)

Non-rebreather mask or high-flow nasal cannula/noninvasive ventilation 0(0) 2 (0.5) 2(1.1)

(including continuous positive airway pressure support)

Mechanical ventilation/extracorporeal membrane oxygenation 0(0) 0 (0) 2(1.1)
Death 0(0) 2(0.5) 0(0)
No progression to severe/critical respiratory COVID-19 375 (97.4) 362 (94.5) 174 (94.1)
Missing 9(2.3) 15 (3.9) 3(1.6)

Abbreviations: AUC4,.g, area under the curve (day 1 to day 8); CV, coefficient of variation; ED, emergency department; IM, intramuscular; IV, intravenous; LS, least squares; SARS-CoV-2,

severe acute respiratory syndrome coronavirus 2.

“Data are presented as No. (%) unless noted otherwise.

bPrimary analysis population, hypothetical estimand: patients are counted in each subcategory of progression experienced up to the time point in question and so may be included in

>1 category.
°Absolute adjusted risk difference (95% Cl). In percentages.
dAdjusted risk difference (95% Cl). In percentages.

®Severe respiratory COVID-19 was defined as a requirement for supplemental oxygen by nasal cannula, face mask, high-flow oxygen devices, or noninvasive ventilation. Critical respiratory
COVID-19 was defined as a requirement for invasive mechanical ventilation or extracorporeal membrane oxygenation. A patient’s worst respiratory status over day 1 to day 29 is reported, with

death as the maximal value.
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For key secondary endpoint 2 (COVID-19 progression to
emergency department visit, hospitalization for any duration,
or death), 9 (2.4%) participants in the 500-mg IV group and
12 (3.2%) in the 500-mg IM group met the progression criteria,
with an adjusted risk difference of 0.86% (95% CI, —1.56%
to 3.28%); the upper limit of the CI was lower than the
(Table 2).
Progression to severe and/or critical respiratory COVID-19 oc-

prespecified noninferiority margin of 3.5%

curred in 1 (0.3%) and 6 (1.6%) participants in the sotrovimab
500-mg IV and IM groups, respectively (Table 2). The partici-
pant who progressed after sotrovimab 500 mg IV required low-
flow oxygen by nasal cannula or face mask. In the sotrovimab
500-mg IM group, 2 participants required low-flow oxygen,
and 2 required a non-rebreather mask or high-flow oxygen.
Another 2 required supplemental oxygen via bilevel positive
airway pressure and invasive mechanical ventilation; both subse-
quently died. Eleven participants (6.0%) receiving sotrovimab
250 mg IM met the criteria for key secondary endpoint 2,
and 8 (4.3%) progressed to severe and/or critical respiratory
COVID-19 (Table 2).

Based on tipping point analyses, the outcome for the primary
endpoint would switch from noninferior to not noninferior if
the underlying progression rate in the missing data was >9%
(or approximately 2 of 13 participants in the 500-mg IM group
and 1 of 9 in the 500-mg IV group; Supplementary Figure 3).
Results based on the treatment policy estimand were consistent
with those of the hypothetical estimand (Supplementary
Table 2).

Opverall, the incidence of AEs was low and similar between
the IV and IM treatment groups through week 12 (Table 3).
Grade 3 or 4 AEs occurred in 2% of participants in each treat-
ment group, and none of these AEs were considered related to
sotrovimab. Serious AEs were reported in 3 (<1%), 7 (2%), and
3 (2%) participants in the 500-mg IV, 500-mg IM, and 250-mg
IM groups, respectively. No serious AEs were considered relat-
ed to treatment. All serious AEs are listed in the Supplementary
Results. AEs related to expected progression, signs, or symp-
toms of COVID-19 were reported separately as DREs. The
most frequent DREs were COVID-19 pneumonia and pneu-
monia (Table 3). Two participants in the 500-mg IM group
and 2 in the 250-mg IM group experienced serious DREs and
died (Supplementary Data). No one in the 500-mg IV group
died.

Four participants had injection/infusion-related reactions
(500 mg IV, n=2; 500 mg IM, n=1; 250 mg IM, n=1;
Table 3). Solicited injection-site reactions following sotrovimab
500 mg IM and 250 mg IM were grade 1 in 39 (10%) and 22
(11%) participants, grade 2 in 7 (2%) and 2 (1%), and grade 3
in 1 (<1%) and 0 participants, respectively. Grade 1 pain and
tenderness at 15 to 30 minutes postdose were the most com-
mon injection-site reactions. Few events occurred at day 3
and beyond.

Table 3. AEs Through Week 12: As-treated Population

Sotrovimab, No. (%)

500 mg IV 500 mg IM 250 mg IM
(n=2393) (n=385) (n=195)

Any AE 39 (10) 41 (11) 26 (13)
Related to study treatment® 7 (2) 4(1) 3(2)
Leading to permanent 0 (0) 0(0) 0(0)
discontinuation of study
treatment
Leading to dose interruption/ 1(<1) 0(0) 0 (0)
delay

Any grade 3 or 4 AE 8(2) 8(2) 4(2)
Related to study treatment?® 0(0) 0(0) 0(0)

Any serious AE® 3 (<1) 7(2) 3(2)
Related to study treatment® 0(0) 0(0) 0(0)
Fatal 0(0) 0(0) 0(0)

Any injection/infusion-related 2 (<1) 1(<1) 1(<1)

reaction
Chills 1(<1) 0(0) 0(0)
Hypersensitivity 1(<1) 01(0) 0(0)
Pyrexia 1(<1) 0(0) 0 (0)
Pruritus 0(0) 1(<1) 0 (0)
Asthma 0(0) 0(0) 1(<1)

Any DRE 18 (5) 16 (4) 20 (10)
Leading to study 0(0) 2 (<1) 2(1)
discontinuation

Any grade 3 or 4 DRE 4(1) 4(1) 6 (3)
Leading to study 01(0) 0(0) 01(0)
discontinuation

Any serious DRE 3 (<) 6 (2) 10 (5)
Leading to study 0(0) 2 (<1) 2(1)
discontinuation
Fatal 0 (0) 2 (<1) 2(1)

DREs in >2 patients across

treatment groups
COVID-19 pneumonia 2(<1) 4(1) 4(2)
Pneumonia 1(<1) 2 (<1) 5(3)
Increased lipase level 1(<1) 4(1) 2 (1)
Cough 3 (<) 0(0) 2(1)
Acidosis 2 (<) 2 (<1) 0(0)
Dyspnea 1(<1) 2 (<) 1(<1)
Pharyngeal erythema 1(<1) 2 (<1) 1(<1)
Bronchitis 1(<1) 0 (0) 2(1)
Back pain 01(0) 1(<1) 1(<1)
COVID-19 0(0) 2 (<) 0(0)
Dehydration 1(<1) 0(0) 1(<1)
Headache 1(<1) 1(<1) 0(0)
Pyrexia 0(0) 0(0) 2(1)
Thrombocytopenia 1(<1) 0(0) 1(<1)
Thrombocytosis 1(<1) 1(<1) 0 (0)

The as-treated population includes all patients who received the study intervention and are
analyzed according to the treatment received.

Abbreviations: AE, adverse event; DRE, disease-related event; IM, intramuscular;
IV, intravenous.

?Relatedness was determined by individual study investigators.

Serious AEs were collected through week 36; no serious AEs occurred after week 12.

In the 500-mg IV and IM groups, median serum concentra-
tions of sotrovimab in participants with progression of
COVID-19 were comparable to those who did not progress
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(Supplementary Figure 4 and Supplementary Table 3).
However, in the 250-mg IM treatment group, median serum
sotrovimab concentrations trended lower in participants who
experienced progression (8.7 pg/mL on day 8) as compared
with those without progression (14.0 pg/mL on day 8), suggest-
ing that interparticipant variability might explain clinical out-
comes at this lower IM dose.

DISCUSSION

Access to treatment with mAbs for SARS-CoV-2 can be limited
due to logistical challenges of IV administration. An IM route
could improve patient access, allowing delivery in most clinical
settings. In this study, sotrovimab 500 mg IM was noninferior
to 500 mg IV for the early treatment of mild to moderate
COVID-19 in nonhospitalized participants at high risk. No
clinically meaningful safety or tolerability issues were observed
over 36 weeks, and data support postdose monitoring for
30 minutes, which may further reduce health care burden.
Infusion-related reactions were rare, and nearly all injection-
site reactions were mild and resolved quickly. These findings
support the use of an IM route of administration of a 500-mg
dose of sotrovimab for susceptible variants.

Notably, 2 participants died in the 500-mg IM group vs no
deaths in the 500-mg IV group. The increased rate of progres-
sion in the 250-mg IM group as compared with either of the
500-mg groups cannot be explained by differences in viral
load, as AUCy; g values were similar across groups, consistent
with findings that upper airway viral load is not an optimal bio-
marker for efficacy of SARS-CoV-2 treatments [1, 25, 26].
However, an exposure-response analysis suggested that serum
concentrations on day 5 and day 8 were significant predictors of
response. Reductions in day 5 and day 8 serum levels were as-
sociated with higher model-predicted occurrence of progres-
sion [27]. PK analyses found that IM administration was
associated with lower mean exposures and increased variability
as compared with IV infusion, which may have played a role in
the higher number of participants who progressed in the
500-mg IM group vs the 500-mg IV group [27]. Given the
PK differences and the potential for less optimal efficacy be-
tween the IM and IV routes of administration, consideration
should be given to weighing the risks and benefits of expanding
access to patients who may otherwise not be able to receive
treatment. Alternative injection sites are being explored in
healthy volunteers to investigate their role on the relative bio-
availability and PK variability of sotrovimab 500 mg IM [28].

Enrollment predominantly occurred in the state of Florida
and coincided with a surge in the SARS-CoV-2 Delta variant.
Of 764 participants with sequencing results available, 674
(88.2%) were infected with the Delta variant [29].
Epidemiologic data in Florida showed an average weekly case
hospitalization rate of 11.5% during the same period as this

study’s enrollment [30]. The enrolled population was mostly
Hispanic/Latino, one often underrepresented in clinical trials,
but there was limited racial diversity in the current trial. In
addition, only 3% of patients were immunocompromised.
Another potential limitation is that the amount of missing
data exceeds the number of primary outcome events, meaning
that the conclusion is sensitive to the method of handling miss-
ing data. Under the assumption that the underlying progres-
sion rate for the missing data in the 500-mg IV group is 1.2%
(ie, similar to its nonmissing data), the underlying progression
rate for the missing data in the 500-mg IM group would have to
be at least 7.2% (or just <1 additional participant having a pro-
gression) for the primary endpoint outcome to have exceeded
the noninferiority margin.

The global population continues building immunity, and the
proportion of infected patients progressing to severe disease is
decreasing; however, current global estimates indicate that sev-
eral thousand people continue to die every week due to
COVID-19 (>6000-41 000 per week in 2023) [31]. As the pan-
demic evolves to an endemic phase, it will continue to be im-
portant to understand which patients benefit most from
treatments to prevent severe disease. Although oral antivirals
are available, anti-SARS-CoV-2 mAbs such as sotrovimab con-
tinue to fulfill an unmet need by providing a safe, tolerable,
single-dose treatment option without drug-drug interactions.
The availability of a therapy that can be administered by the
IM route will be critical for underserved populations and
those without access to IV infusion centers. With data from
the TACKLE study, which demonstrated that a 600-mg IM
dose of tixagevimab-cilgavimab reduced the risk of progression
to hospitalization or death by 50.5% vs placebo [22], this study
provides proof of concept that IM administration of mAbs is a
feasible alternative to IV administration and is a valuable treat-
ment option for select patient groups. The knowledge gained
from this study will support development of more feasible op-
tions for anti-SARS-CoV2 mAbs, which are critical to expand
access to underserved populations, decrease burden on the
health care system, and protect vulnerable patient populations.

Supplementary Data

Supplementary materials are available at Open Forum 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 correspond-
ing author.
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