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a b s t r a c t 

Objectives: A phase 1, double-blind, placebo-controlled trial was conducted to evaluate the safety, tolera- 

bility, and exploratory efficacy of repeat monthly doses of subcutaneous (SC) casirivimab and imdevimab 

(CAS + IMD) in uninfected adult volunteers. 

Methods: Participants were randomized (3:1) to SC CAS + IMD 1200 mg or placebo every 4 weeks for up 

to six doses. Primary and secondary end points evaluated safety, pharmacokinetics, and immunogenicity. 

Exploratory efficacy was evaluated by the incidence of COVID-19 or SARS-CoV-2 seroconversion. 

Results: In total, 969 participants received CAS + IMD. Repeat monthly dosing of SC CAS + IMD led to 

a 92.4% relative risk reduction in clinically defined COVID-19 compared with placebo (3/729 [0.4%] vs 

13/240 [5.4%]; odds ratio 0.07 [95% CI 0.01-0.27]), and a 100% reduction in laboratory-confirmed COVID- 

19 (0/729 vs 10/240 [4.2%]; odds ratio 0.00). Development of anti-drug antibodies occurred in a small 

proportion of participants ( < 5%). No grade ≥3 injection-site reactions (ISRs) or hypersensitivity reactions 

were reported. Slightly more participants reported treatment-emergent adverse events with CAS + IMD 

(54.9%) than with placebo (48.3%), a finding that was due to grade 1-2 ISRs. Serious adverse events were 

rare. No deaths were reported in the 6-month treatment period. 

Conclusion: Repeat monthly administration of 1200 mg SC CAS + IMD was well-tolerated, demonstrated 

low immunogenicity, and showed a substantial risk reduction in COVID-19 occurrence. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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SARS-CoV-2 is the causal agent of COVID-19 ( Huang et al., 2020 ; 

udwig and Zarbock, 2020 ; Wang et al., 2020 ), which emerged 
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n December 2019 and was declared a pandemic in March 2020 

 World Health Organization, 2020 ; Wu et al., 2020 ; Zhu et al.,

019 ). As the SARS-CoV-2 virus continues to evolve, different ap- 

roaches for COVID-19 treatment and prophylaxis are urgently 

eeded, especially for individuals who have not mounted or are 

ot expected to mount an adequate immune response to complete 
OVID-19 vaccination. 
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Casirivimab and imdevimab (CAS + IMD) is a combination of 

wo distinct neutralizing monoclonal antibodies that simultane- 

usly bind nonoverlapping epitopes of the receptor binding do- 

ain of the SARS-CoV-2 spike protein, thereby preventing the virus 

rom infecting host cells ( Baum et al., 2020 ; Baum and Kyrat- 

ous, 2021 ; Hansen et al., 2020 ). Previous trials with CAS + IMD

ave shown clinical benefit in the treatment of COVID-19, reduc- 

ng the likelihood of hospitalization and death by over 70% in 

igh-risk outpatients infected with SARS-CoV-2 ( Weinreich et al., 

021 ), and reducing mortality in hospitalized patients who are 

eronegative by 21% ( RECOVERY Collaborative Group, 2022 ). In 

ddition, a single dose of CAS + IMD reduced asymptomatic in- 

ection and COVID-19 (symptomatic infection) in close contacts 

f infected individuals ( O’Brien et al., 2021 ). On the basis of 

hese studies, CAS + IMD was authorized for treatment and post- 

xposure prophylaxis for COVID-19 in certain settings in the US 

nder the trade name REGEN-COV® ( Food and Drug Administra- 

ion, 2020 ; Food and Drug Administration, 2021 ), and for treat- 

ent and prevention of COVID-19 in other jurisdictions under the 

rade name Ronapreve TM ( GOV.UK, 2021 ). With the high preva- 

ence of the Omicron variant lineages, and because data show 

hat CAS + IMD is unlikely to be active against them, CAS + IMD 

s not currently authorized for use in any US states, territo- 

ies, or jurisdictions ( Food and Drug Administration, 2022 ). This 

tudy evaluated the safety, tolerability, and exploratory efficacy 

f monthly dosing of subcutaneous (SC) CAS + IMD in uninfected 

ndividuals. 

ethods 

tudy design 

This phase 1, double-blind, placebo-controlled study was con- 

ucted at seven sites in the US (clinicaltrials.gov identifier 

CT04519437). The study included a screening/baseline period (up 

o 7 days), a treatment period (up to 24 weeks), and a follow- 

p period (28 weeks) (Supplementary Figure 1); the total study 

uration was 1 year. Participants underwent an end-of-treatment- 

eriod visit 1 month after their final dose of study drug. They then 

ntered the 28-week follow-up period leading to an end-of-study 

isit. As of the data cutoff date of May 21, 2021, all eligible partici- 

ants had completed the end-of-treatment visit after receipt of up 

o six doses of study drug; follow-up was ongoing, with not all par- 

icipants having completed the entire study. The rationale for 1200 

g SC dose selection and the methods for dose administration are 

rovided in the Supplementary Appendix. 

articipants 

Eligible participants were uninfected adult volunteers, aged 18- 

0 years, who were healthy or had chronic but stable medical 

onditions and had no signs/symptoms suggestive of COVID-19. 

ll had confirmed negative test results for SARS-CoV-2 by cen- 

ral lab reverse transcription polymerase chain reaction (RT-PCR) 

f nasopharyngeal swab ≤72 hours before randomization. While 

n the treatment period, participants who met any of the follow- 

ng criteria were discontinued from study drug and were moved 

nto the follow-up period: tested positive for SARS-CoV-2, devel- 

ped symptomatic COVID-19, experienced an adverse event (AE) 

hat led to study drug discontinuation, received a dose of an in- 

estigational COVID-19 vaccine, or were unblinded per protocol to 

eceive a COVID-19 vaccine. A full list of inclusion and exclusion 

riteria, as well as diagnostic criteria for COVID-19, are presented 

n the Supplementary Appendix. 
586 
OVID-19 vaccination during the study 

Participants who elected to receive COVID-19 vaccination were 

iscontinued from study drug and entered follow-up. Handling of 

OVID-19 vaccination during the study is described in the Supple- 

entary Appendix. 

utcome measures 

The primary end points were 1) the incidence of AEs of spe- 

ial interest (AESIs), defined as grade ≥3 injection-site reactions 

ISRs) or hypersensitivity reactions, occurring within 4 days of ad- 

inistration of CAS + IMD or placebo and 2) the concentrations of 

AS + IMD in serum over time. All AEs were graded for severity us- 

ng the National Cancer Institute Common Terminology Criteria for 

dverse Events, v5.0. Investigators assessed AEs to determine se- 

iousness, relatedness to investigational product, and fulfilment of 

ESI criteria. 

Secondary end points included the proportion of participants 

ith treatment-emergent AEs (TEAEs) and immunogenicity (mea- 

ured by anti-drug antibodies [ADAs]) to CAS + IMD. 

Exploratory efficacy end points assessed the incidence and 

everity of symptomatic SARS-CoV-2 infection (i.e., COVID-19) dur- 

ng the treatment and follow-up periods and the proportion of 

aseline anti-SARS-CoV-2 seronegative participants who converted 

o seropositive for SARS-CoV-2 anti-nucleocapsid immunoglobu- 

in (Ig)G antibodies post-baseline; seroconversion from negative to 

ositive for SARS-CoV-2 anti-nucleocapsid IgG antibodies was con- 

idered indicative of an incident SARS-CoV-2 infection. Diagnosis of 

OVID-19 and assessment of SARS-CoV-2 serostatus are described 

n the Supplementary Appendix. In the event of suspected COVID- 

9, symptoms were evaluated by the investigator and the inves- 

igator was responsible for confirming infection. Participants were 

edically managed according to local standard of care. 

tatistical analysis 

The study aimed to enroll approximately 940 participants (705 

nd 235 participants in the CAS + IMD and placebo groups, respec- 

ively) to ensure sufficient safety data to support multiple-dose ad- 

inistration of CAS + IMD. 

Treatment compliance/administration, the exploratory efficacy 

nd points, and all clinical safety variables were analyzed in the 

afety analysis set, which comprised all randomized participants 

ho received any study drug. Participants who received ≥1 dose 

f CAS + IMD were classified in the CAS + IMD group. The pharma- 

okinetic (PK) analysis set included all participants who received 

ny study drug and had ≥1 non-missing post-baseline result. 

Summary statistics were provided for safety analyses, ex- 

loratory efficacy analyses (with nominal P -values) and PK and im- 

unogenicity variables. Handling of missing data and PK analysis 

ethods are described in the Supplementary Appendix. 

tudy oversight 

The protocol was developed by the sponsor (Regeneron Phar- 

aceuticals, Inc.). Data were collected by the study investigators 

nd analyzed by the sponsor. The trial was conducted in accor- 

ance with the principles of the Declaration of Helsinki, Interna- 

ional Conference on Harmonisation Good Clinical Practice guide- 

ines, and applicable regulatory requirements. The local institu- 

ional review board or ethics committee at each study site oversaw 

rial conduct and documentation. All patients provided written in- 

ormed consent before participating in the trial. 
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Table 1 

Demographics and baseline characteristics. 

Placebo n = 240 CAS + IMD 1200 mg SC Q4W n = 729 Total n = 969 

Age, years 

Median (Q1, Q3) 48.0 (36.0, 59.0) 48.0 (36.0, 58.0) 48.0 (36.0, 58.0) 

≥50, n (%) 112 (46.3) 340 (46.8) 452 (46.6) 

≥65, n (%) 36 (15.0) 90 (12.3) 126 (13) 

Sex, n (%) 

Female 109 (45.0) 326 (44.9) 435 (44.9) 

Ethnicity, n (%) 

Hispanic or Latino 55 (22.9) 172 (23.6) 227 (23.4) 

Race, n (%) 

White 207 (86.3) 632 (86.7) 839 (86.6) 

Black or African American 24 (10.0) 73 (10.0) 97 (10.0) 

Asian 5 (2.1) 12 (1.6) 17 (1.8) 

Other 4 (1.6) 12 (1.6) 16 (1.6) 

BMI (kg/m 

2 ) 

Mean (SD) 29.3 (6.8) 29.4 (6.3) 29.4 (6.4) 

Baseline SARS-CoV-2 RT-PCR result, n (%) 

Negative 238 (99.2) 720 (98.8) 958 (98.9) 

Positive 0 6 (0.8) 6 (0.6) 

Undetermined/missing 2 (0.8) 3 (0.4) 5 (0.5) 

Baseline anti-SARS-CoV-2 serology result, n (%) a 

Seronegative 208 (86.7) 617 (84.6) 825 (85.1) 

Seropositive 24 (10.0) 77 (10.6) 101 (10.4) 

Borderline 6 (2.5) 32 (4.4) 38 (3.9) 

Undetermined/missing b 2 (0.8) 3 (0.4) 5 (0.5) 

Medical history, n (%) 

Participants with at least one medical history condition c 204 (85.0) 615 (84.4) 819 (84.5) 

Participants with at least one medical history condition 

identified as high-risk for severe SARS-CoV-2 infection c , d 
42 (17.5) 152 (20.9) 194 (20.0) 

BMI, body mass index; Q, quartile; Q4W, every 4 weeks; RT-PCR, reverse transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory 

syndrome coronavirus 2; SC, subcutaneous; SD, standard deviation; SMQs, Standardised Medical Dictionary for Regulatory Activities queries. 
a Baseline serology was defined as “seropositive” if positive for any of the three tests used (anti-S1 domain of spike protein IgG and IgA antibodies 

[EuroImmun] and anti-nucleocapsid IgG antibodies [Abbott]). 
b Participants with undetermined/missing baseline RT-PCR results were included in the analyses. 
c Participants may have had more than one. 
d Identified criteria are defined by the SMQ terms (narrow scope only) fitting Centers for Disease Control and Prevention criteria for high-risk for severe 

SARS-CoV-2 infection. 
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emographics and baseline characteristics 

As of the data cutoff date of May 21, 2021, 974 participants were 

andomized into the study, of whom 969 were treated (Supple- 

entary Figure 2; Supplementary Table 1). The safety analysis set 

the population used for all safety and exploratory efficacy analy- 

es) included 240 participants in the placebo group and 729 par- 

icipants in the CAS + IMD group. 

Baseline characteristics were balanced between the CAS + IMD 

nd placebo groups. The overall median age was 48 years, 44.9% of 

articipants were female, 10% of participants identified as African 

merican, and 23.4% of participants identified as Hispanic or Latino 

 Table 1 ). There were six participants (0.6%) who tested positive 

or SARS-CoV-2 in a centralized RT-PCR test at baseline who had 

reviously tested negative in screening with a local test. These 

articipants received one dose of study drug before the avail- 

bility of the RT-PCR test result from the central lab; they were 

iscontinued from additional doses of study drug and excluded 

rom efficacy analyses but continued to be followed for safety. 

articipants were included in the study regardless of SARS-CoV- 

 antibody serostatus. At baseline, 825 (85.1%) participants were 

eronegative for SARS-CoV-2 anti-spike and anti-nucleocapsid an- 

ibodies, 101 (10.4%) were seropositive for anti-spike and/or anti- 

ucleocapsid antibodies, and 43 (4.4%) were of borderline or un- 

nown serostatus ( Table 1 ). Medical history was comparable be- 

ween the CAS + IMD and placebo groups, with 20% of participants 

eporting ≥1 medical condition considered high-risk for progres- 

ion to severe COVID-19 ( Centers for Disease Control and Pre- 
587 
ention (CDC), 2021 a; Rosenthal et al., 2020 ; Williamson et al., 

020 ); the most common of these were hypertension and asthma 

 Table 1 ; Supplementary Table 2). 

xploratory efficacy 

ncidence of COVID-19 

COVID-19 (symptomatic SARS-CoV-2 infection) diagnosis was 

ade by the investigator based on clinical assessment. In a 

redefined exploratory analysis of efficacy, monthly CAS + IMD 

educed the risk of COVID-19 infection over the 6-month dos- 

ng interval. There was a 92.4% relative risk reduction (RRR) for 

OVID-19 infections with CAS + IMD compared with placebo during 

he treatment period (3/729 [0.4%] vs 13/240 [5.4%]; odds ratio 

.07 [95% confidence interval {CI} 0.01-0.27]; nominal P -value 

 0.001) ( Figure 1 ; Supplementary Table 3). Although not all study 

articipants had completed the follow-up period at the time of 

ata cutoff, during the entire study period there was a 93.0% RRR 

or COVID-19 infections with CAS + IMD compared with placebo 

3/729 [0.4%] vs 14/240 [5.8%]) (Supplementary Table 3). These 

OVID-19 cases were evenly distributed throughout the study 

Supplementary Figure 3). 

Two additional participants who previously received placebo 

eveloped COVID-19 infection 2 days and 5 days after COVID-19 

accination (Supplementary Tables 3 and 4); these events were 

xcluded from the efficacy analysis. In total, including all cases 

f suspected COVID-19 regardless of COVID-19 vaccination status, 

here were 3/729 CAS + IMD (0.4%) and 16/240 placebo (6.7%) recip- 

ents who developed COVID-19, corresponding to an approximately 

4% RRR, during the study (Supplementary Tables 3 and 4). 
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Figure 1. Cumulative incidence of symptomatic SARS-CoV-2 infection during the treatment period. COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory 

syndrome coronavirus 2. The proportion of participants with the reported adverse event of SARS-CoV-2 infection compared with the number of participants at risk for 

infection in the CAS + IMD group and placebo group is shown by study day. Symptomatic SARS-CoV-2 (COVID-19) determination was made by the investigator on the basis 

of clinical assessment. 
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In the CAS + IMD group, each of the three (0.4%) participants 

ho reported COVID-19 as an AE was seronegative for SARS-CoV- 

 antibodies at baseline and at the end-of-treatment-period visit 

Supplementary Table 4). Two of the three participants had nega- 

ive SARS-CoV-2 RT-PCR test results, and one did not have RT-PCR 

ata analyzed. Thus, although counted as infected, none of these 

hree patients had laboratory confirmation of infection with SARS- 

oV-2. Among these three CAS + IMD recipients, symptom duration 

as 11, 16, and 18 days, and symptoms were mostly mild (Supple- 

entary Table 4). In contrast, for the 16 (6.7%) participants who 

ere reported to have developed COVID-19 in the placebo group, 

1 had either seroconversion for SARS-CoV-2 anti-nucleocapsid IgG 

ntibodies or a SARS- CoV-2 infection documented by RT-PCR or 

ntigen test. Among placebo recipients, symptom duration ranged 

rom 5 to 30 days and symptoms were mostly mild, though a few 

ere reported as moderate, in severity. In a subgroup analysis ex- 

luding the one participant with a positive antigen test, 10/240 

4.2%) in the placebo group and 0/729 in the CAS + IMD group 

ad laboratory-confirmed infection as defined by RT-PCR positivity 

r seroconversion for SARS-CoV-2 anti-nucleocapsid IgG antibod- 

es during the treatment period, corresponding to a 100% RRR for 

AS + IMD versus placebo (odds ratio 0.00) (Supplementary Table 

). A list of all participants who experienced the AE of COVID-19, 

ncluding serologic and/or PCR confirmation, is provided in Supple- 

entary Table 4. 

ARS-CoV-2 seroconversion 

Conversion from SARS-CoV-2 anti-nucleocapsid seronegative to 

eropositive was used to assess the incidence of SARS-CoV-2 infec- 

ion during the study. Of participants who were seronegative for 

nti-spike and anti-nucleocapsid protein (anti-spike IgG, anti-spike 

gA, or anti-nucleocapsid IgG) at baseline, 0/617 (0%) of CAS + IMD 

ecipients were seropositive for anti-nucleocapsid protein (anti- 
588 
ucleocapsid IgG), compared with 20/208 (9.6%) of placebo recipi- 

nts at the end-of-treatment-period visit, with a 100% risk reduc- 

ion for anti-SARS-CoV-2 seroconversion (odds ratio 0.00 [95% CI 

.00-0.05]) (Supplementary Table 6). Of the 20 placebo recipients 

ho seroconverted, eight reported symptomatic SARS-CoV-2 infec- 

ion during the treatment period (Supplementary Table 6). 

afety and tolerability 

ncidence of treatment-emergent adverse events 

Over the 6-month treatment period, there were no AESIs (de- 

ned as grade ≥3 ISRs or grade ≥3 hypersensitivity reactions) or 

eaths reported among any study participants. Serious TEAEs were 

are and occurred at similar rates in the CAS + IMD and placebo 

roups (5/729 [0.7%] vs 2/240 [0.8%]) (Supplementary Table 7). 

o serious TEAEs were determined to be related to study drug. 

 greater percentage of participants withdrew from the study 

ecause of an AE in the placebo group (12/240 [5.0%]) than in 

he CAS + IMD group (13/729 [1.8%]) (Supplementary Table 8). The 

ost common AE leading to study drug withdrawal was COVID- 

9 (2/729 [0.3%] in CAS + IMD and 11/240 [4.6%] in placebo). A 

lightly higher percentage of participants reported TEAEs in the 

AS + IMD group (400/729 [54.9%]) than in the placebo group 

116/240 [48.3%]), a finding that is attributable to the higher rate 

f ISRs with CAS + IMD ( Table 2 ). Aside from ISRs, the only TEAEs

ccurring at ≥5% were headache (8.0% in CAS + IMD vs 7.0% in 

lacebo) and COVID-19 (0.4% in CAS + IMD vs 5.4% in placebo) (Sup- 

lementary Table 9). 

njection-site reactions 

In this multi-dose study, ISRs were experienced by 266/729 

36.5%) CAS + IMD recipients and 40/240 (16.7%) placebo recipi- 

nts during the 6-month treatment period ( Table 2 ). All ISRs for 
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Table 2 

Overview of TEAEs in the treatment period. 

Placebo n = 240 CAS + IMD 1200 mg SC Q4W n = 729 

Number of TEAEs 326 2107 

Number of grade ≥3 TEAEs 3 10 

Number of serious TEAEs 5 8 

Number of AESIs a 0 0 

Number of TEAEs resulting in study drug being withdrawn 13 15 

Number of TEAEs resulting in death 0 0 

Participants with at least one TEAE, n (%) b 116 (48.3) 400 (54.9) 

Participants with at least one ISR b 40 (16.7) 266 (36.5) 

Grade 1 38 (15.8) 211 (28.9) 

Grade 2 2 (0.8) 55 (7.5) 

Grade ≥3 0 0 

Participants with at least one grade ≥3 TEAE b , c , n (%) 3 (1.3) 4 (0.5) 

Participants with at least one serious TEAE, n (%) b 2 (0.8) 5 (0.7) 

Participants with at least one TEAE resulting in study drug being withdrawn, n (%) b 12 (5.0) 13 (1.8) 

Participants with any TEAE resulting in death, n (%) 0 0 

AESI, adverse event of special interest; ISR, injection-site reaction; Q4W, every 4 weeks; SC, subcutaneous; TEAE, treatment-emergent adverse event. 
a AESIs were defined as grade ≥3 injection-site or hypersensitivity reactions. 
b Participants may have had more than one. 
c No grade ≥3 TEAEs were determined to be related to study drug. 
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AS + IMD and placebo were mild (grade 1, 28.9% and 15.8%, respec- 

ively) or moderate (grade 2, 7.5% and 0.8%, respectively), ( Table 2 ). 

he majority of ISRs ( > 60%) resolved within 4 days of dosing (Sup-

lementary Table 10), either spontaneously or with the use of over- 

he-counter medications. The most prevalent ISRs observed with 

AS + IMD were erythema (27.6%) and pruritus (13.0%) (Supplemen- 

ary Table 10). 

Across all seven study sites combined, the rate of CAS + IMD ISRs 

as stable from doses one through four ( ∼13% per dose) and was 

igher with doses five and six ( ∼19% per dose) (Supplementary 

igure 4a). However, an imbalance in ISR rates was observed be- 

ween study sites, with the overall incidence being driven by two 

utlier sites (Supplementary Figure 4b; Supplementary Table 11). 

cross the other five sites, the rate of ISRs was stable across all six 

oses of CAS + IMD ( ∼6% per dose) (Supplementary Figure 4c). 

dverse events after COVID-19 vaccination 

During this study, 354/969 (36.5%) of all participants (including 

56/729 [35.1%] CAS + IMD and 98/240 [40.8%] placebo) received 

OVID-19 vaccination. Per study protocol, these participants were 

iscontinued from further doses of study drug and continued to 

e followed for safety (Supplementary Table 12). Participants who 

eceived COVID-19 vaccination had a mean of 66.1 (from −20 to 

94) days between last dose of study drug and receipt of vacci- 

ation, despite Centers for Disease Control and Prevention (CDC) 

uidelines ( Centers for Disease Control and Prevention, 2021b ) rec- 

mmending a 90-day delay between passive antibody therapy and 

OVID-19 vaccination (Supplementary Table 12). AEs after COVID- 

9 vaccination occurred in 39 (15.2%) participants who had pre- 

iously received CAS + IMD and 18 (18.4%) participants who had 

reviously received placebo (Supplementary Table 13). AEs after 

OVID-19 vaccination were all grade 1-2, except for a single grade 

 event in a participant previously dosed with CAS + IMD; this 

rade 3 event of brain mass, frontal lobe was assessed as not re- 

ated to study drug (Supplementary Table 13). 

harmacokinetics and immunogenicity 

PK analysis showed that concentrations of casirivimab and 

mdevimab in serum reached steady state after the third dose of 

AS + IMD and were maintained throughout the 6-month treatment 

eriod ( Figure 2 ). Concentrations 28 days after the first dose of 

AS + IMD were 32.7 mg/l for casirivimab and 24.8 mg/l for imde- 

imab, with accumulation ratios (ratio of concentrations 28 days 
589 
fter the sixth and the first doses) of 2.08- and 1.98-fold, respec- 

ively ( Figure 2 ). Notably, in the three CAS + IMD recipients who re-

orted COVID-19 symptoms, serum concentrations of casirivimab 

nd imdevimab were comparable to those in participants without 

ny reported COVID-19 symptoms (Supplementary Table 14). 

We also examined whether repeat dosing would be associated 

ith the formation of ADAs against either casirivimab or imde- 

imab, and whether these ADAs would impact circulating levels 

f drug. Casirivimab and imdevimab both showed low treatment- 

mergent immunogenicity, measured as ADAs in ≤5% of the pop- 

lation (1.1% for anti-casirivimab and 5% for anti-imdevimab). 

pproximately 4% of participants had pre-existing ADAs against 

asirivimab (3.1%) and imdevimab (3.9%) ( Table 3 ); safety analyses 

nd incidence of COVID-19 in participants with pre-existing ADAs 

re presented in Supplementary Table 4 (see footnote) and Supple- 

entary Table 15. ADAs did not appear to impact circulating lev- 

ls of study drug, as concentrations of casirivimab and imdevimab 

ere comparable in participants with positive and negative ADA 

esults (Supplementary Figure 5). 

iscussion 

Recent data have shown that some individuals are not 

ble/expected to mount an adequate immune response to COVID- 

9 vaccination (e.g., individuals with immunocompromising con- 

itions and particularly those with B-cell deficiencies, including 

hose taking immunosuppressive medications), leaving them un- 

rotected and at increased risk for SARS-CoV-2 infection and pro- 

ression to severe COVID-19 ( Bird et al., 2021 ; Lontok, 2021 ; 

unro, 2021 ). The estimated number of such immunocom- 

romised individuals is as high as 3% of the US population 

 Harpaz et al., 2016 ; Wallace et al., 2021 ). This highlights an un-

et medical need for a significant subset of the population to have 

ccess to both COVID-19 treatment and prophylaxis, particularly in 

ight of the ongoing resurgence in COVID-19 cases with the emer- 

ence of new variants. 

This is the first study to investigate monthly SC administration 

f CAS + IMD. Results from this study show that CAS + IMD is well-

olerated and extend the findings of the household contact preven- 

ion study ( O’Brien et al., 2021 ) by showing that monthly CAS + IMD

revents COVID-19 over a 6-month period. In a predefined ex- 

loratory efficacy analysis, CAS + IMD resulted in a 92.4% RRR for 

uspected COVID-19 versus placebo and a 100% RRR for laboratory- 

onfirmed COVID-19. Although an assessment of efficacy was not 

he primary purpose of the study, the RRR for the development 
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Figure 2. Concentrations of casirivimab, imdevimab, and casirivimab + imdevimab in serum over time. D, day; LLOQ, lower limit of quantification; SC, subcutaneous. Serum 

concentration of casirivimab, imdevimab, and casirivimab + imdevimab (CAS + IMD) in serum are depicted by study day. Sample collection visits on day 91 and day 208 were 

included in the original version of the protocol but were removed in protocol amendment 3. 
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f COVID-19 seen in participants who received CAS + IMD is strik- 

ng and is similar to the risk reduction seen in the vaccine tri- 

ls ( Baden et al., 2021 ; Polack et al., 2020 ; Tenforde et al., 2021 ;

oysey et al., 2021 ). 

Results of this study also demonstrate a significant reduction in 

nti-nucleocapsid IgG seroconversion during the 6-month course 

f therapy among participants who received CAS + IMD. The pro- 

uction of SARS-CoV-2 anti-nucleocapsid IgG antibodies, as as- 

essed by seroconversion from a seronegative status at baseline to 
Table 3 

Casirivimab and imdevimab immunogenicity by anti-drug antibody statu

ADA Status and Category Placebo n (%) 

Casirivimab immunogenicity 

ADA analysis set 237 (100) 

Negative 228 (96.2) 

Pre-existing immunoreactivity 8 (3.4) 

Treatment-boosted response 0 

Treatment-emergent response 1 (0.4) 

Imdevimab immunogenicity 

ADA analysis set 237 (100) 

Negative 221 (93.2) 

Pre-existing immunoreactivity 9 (3.8) 

Treatment-boosted response 0 

Treatment-emergent response 7 (3.0) 

ADA, anti-drug antibody; Q4W, every 4 weeks; SC, subcutaneous. 

n = number of participants contributing to each category. 

590 
 seropositive status, was considered a proxy for SARS-CoV-2 in- 

ection. There was a 9.6% seroconversion rate among placebo re- 

ipients and an absence of seroconversion (0%) among those who 

eceived CAS + IMD, suggesting that CAS + IMD is also effective in 

reventing asymptomatic SARS-CoV-2 infection when given as pre- 

xposure prophylaxis for COVID-19. This finding is particularly im- 

actful for immunocompromised individuals and in the context of 

ong-term care facilities, such as nursing homes, where protec- 

ion against asymptomatic infection could reduce viral transmis- 
s. 

CAS + IMD 1200 mg SC Q4W n (%) Overall n (%) 

717 (100) 954 (100) 

687 (95.8) 915 (95.9) 

22 (3.1) 30 (3.1) 

0 0 

8 (1.1) 9 (0.9) 

717 (100) 954 (100) 

653 (91.1) 874 (91.6) 

28 (3.9) 37 (3.9) 

0 0 

36 (5.0) 43 (4.5) 
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ion and potentially decrease overall morbidity and mortality in 

hese vulnerable populations ( Avanzato et al., 2020 ; Centers for 

isease Control and Prevention, 2021c ; Kuritzkes, 2021 ). 

Multiple-dose administration of CAS + IMD was well-tolerated. 

ompared with placebo, CAS + IMD was associated with a slightly 

igher frequency of ISRs. The overall rate of ISRs with CAS + IMD 

as ∼13% per dose, and 36.5% across all six doses combined. How- 

ver, there was significant variability in the ISR rate between sites, 

ith two outlier sites driving the incidence. A previous phase 

 study assessing the efficacy of CAS + IMD 1200 mg for post- 

xposure prophylaxis has shown an ISR rate of 4% after a sin- 

le SC dose ( O’Brien et al., 2021 ). This is consistent with the re-

orted ISR rate observed at five of the seven sites in this study 

 ∼6% per dose); however, two sites exhibited disproportionately 

igher ISR rates of 19-34% and 17-54% per dose, respectively. All 

SRs were mild or moderate in severity (grade 1-2) and the in- 

idence and severity of ISRs did not substantially increase with 

epeat dosing. There were no grade ≥3 hypersensitivity reactions 

n this study, and repeat dosing of CAS + IMD showed low inci- 

ence of treatment-emergent immunogenicity. Concentrations of 

ach component of CAS + IMD, casirimivab and imedivimab, were 

aintained within the projected therapeutic range for viral neu- 

ralization throughout the dosing interval. 

A potential limitation of this study was that regular RT-PCR 

esting was not performed in all participants who presented 

ith a clinical syndrome compatible with COVID-19. However, 

hen only laboratory-confirmed SARS-CoV-2 infection is consid- 

red, CAS + IMD showed a 100% RRR for the development of COVID- 

9. The discrepancy could imply that these participants had ill- 

esses that were not due to SARS-CoV-2, or that sample collec- 

ion time was not close enough to time of symptom onset. An- 

ther limitation of the study is that non-pharmaceutical interven- 

ions (e.g., personal protective equipment, social distancing) for the 

revention of COVID-19 and their impacts on transmission dynam- 

cs could not be factored into the efficacy analysis. 

In addition to incidence of infection, it is also important to con- 

ider severity of COVID-19 in those infected. While it was not pos- 

ible to evaluate whether CAS + IMD provides protection against se- 

ere disease when compared with placebo in this study because 

f the small number of COVID-19 cases, previous reports have 

emonstrated that CAS + IMD reduces the duration of symptoms 

 O’Brien et al., 2021 ; O’Brien et al., 2022 ) and the likelihood of

ospitalization and death ( Weinreich et al., 2021 ) in SARS-CoV- 

infected outpatients. 

This study was conducted before the emergence of several 

ARS-CoV-2 variants. Although extensive nonclinical testing has 

emonstrated that CAS + IMD retains its neutralization capacity 

gainst nearly all clinically relevant viral variants tested, includ- 

ng Beta, Gamma, Epsilon, and Delta variants ( Baum et al., 2020 ; 

opin et al., 2021 ), CAS + IMD is not expected to retain activity

gainst the several Omicron variant lineages ( Regeneron Pharma- 

euticals, Inc., 2021 ; data on file). Antibodies that retain activity 

gainst Omicron are currently in development and could be simi- 

arly utilized. 

Although CAS + IMD should not be deemed an appropriate sub- 

titute for vaccination in immunocompetent individuals, its ef- 

cacy and safety profile demonstrated in this study strongly 

upport that CAS + IMD could be used for COVID-19 prophylaxis 

n individuals not expected to mount a sufficient immune re- 

ponse to vaccination, when circulating variants are susceptible to 

AS + IMD. 
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