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Objectives: To evaluate the efficacy and safety of regdanvimab, a neutralizing antibody, in patients with
mild-to-moderate SARS-CoV-2 including against the Delta variant.

Methods: A single-center, retrospective, observational cohort study in adults with confirmed COVID-19.
The primary end point was the proportion of patients deteriorating with peripheral oxygen saturation
<90% in room air, requiring supplemental oxygen therapy above high flow, or experiencing mortality due
to COVID-19 up to day 28.

Results: A total of 722 patients were eligible; 418 received regdanvimab and 304 received standard of
care (SoC), of whom 71.1% (297/418, regdanvimab) and 37.8% (115/304, SoC) were infected with the Delta
variant. The proportion of patients with a primary end point event was significantly lower with regdan-
vimab than SoC (3.1% vs 9.9%; difference: -6.8 [95% confidence interval: -10.9, -2.8]; P = 0.0002). A similar
trend was observed in the Delta variant subgroup (regdanvimab, 2.7% vs SoC, 7.0%; difference -4.3 [95%
confidence interval: -10.8, 0.2]; P = 0.0827). The secondary efficacy end points supported the primary
analysis findings in the overall cohort and Delta variant subgroup. No new safety signals were identified.
Conclusion: Regdanvimab demonstrated clinical efficacy in the overall cohort and may provide a clinical
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benefit for patients with mild-to-moderate COVID-19 infected with the Delta variant.
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Introduction

Since SARS-CoV-2 was identified in 2019 [1], the evolution of
the virus has resulted in the emergence of variants with increased
transmissibility and virulence.

The Delta variant was first identified in India in November 2020
[2] and was estimated to be around 60% more transmissible than
the Alpha variant [3]. The Delta variant rapidly became the dom-
inant circulating variant in many countries [4]. Moreover, the risk
of hospitalization is markedly increased by the Delta variant [5,6].

By the end of 2021, the worldwide COVID-19 vaccination pro-
grams administered 8.6 billion vaccine doses, but 40% of the global
population remained unvaccinated [7]. A systematic review of vac-
cine effectiveness against infection with the Delta variant found
that vaccines were 10-20% less effective at preventing symptomatic
infection with the Delta variant than with the Alpha variant, but
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prevention of hospitalizations is similar for the two variants [8].
Analysis of COVID-19 postvaccine breakthrough infections in India
showed that the majority of infections were of the Delta variant
[9].

As a large proportion of the global population remains unvacci-
nated, and because individuals can develop COVID-19 despite be-
ing vaccinated, this highlights the need for effective drug treat-
ments to complement the vaccination program [10,11]. In addition
to repurposing existing treatments, new approaches include the
development of COVID-19 monoclonal antibody therapies that tar-
get SARS-CoV-2 and interrupt the viral life cycle [11-13]. Regdan-
vimab is a neutralizing antibody that prevents SARS-CoV-2 from
interacting with the angiotensin-converting enzyme 2 receptor and
gaining entry to epithelial and endothelial cells [14]. In vivo mouse
challenge studies have demonstrated antiviral activity of regdan-
vimab against the Delta variant, with reduced symptoms and viral
loads in regdanvimab-treated animals compared with those given
placebo [15]. In patients with mild COVID-19, larger reductions in
viral load and shorter mean times to recovery were observed with
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regdanvimab than with placebo [16]. Significant reductions in the
proportion of patients requiring hospitalization, oxygen therapy, or
experiencing mortality and time to clinical recovery were observed
in a phase II/Ill study of regdanvimab versus placebo in patients
with mild-to-moderate COVID-19 [17]. However, the timing of the
latter study makes it unlikely that the patients would have been
infected with the Delta variant.

Regdanvimab was approved for emergency use in the Repub-
lic of Korea in February 2021 [18]. We conducted a retrospective
cohort study of regdanvimab in patients with mild-to-moderate
COVID-19, with a subgroup analysis of patients with the Delta vari-
ant. An additional subgroup analysis evaluated the effectiveness of
regdanvimab according to vaccination status.

Methods
Study design and participants

We conducted a single-center, retrospective cohort study of pa-
tients with mild or moderate COVID-19 between September 2020
and October 2021 in Incheon Medical Center in the Republic of
Korea. During this time, the national management guidelines for
COVID-19 issued by the Korean Central Disease Control Headquar-
ters dictated that patients with moderate COVID-19 and those with
mild disease and at least one high-risk factor for progression (age
>50 years, body mass index >30 kg/m?, cardiovascular disease,
chronic lung, kidney or liver disease, type 1 or type 2 diabetes
mellitus, or immunosuppressed status) were to be hospitalized and
treated by medical professionals. The study protocol was reviewed
and approved by the local institutional review board.

Medical records (including electronic records) of all patients,
who were admitted to the study center with COVID-19 and treated
with regdanvimab (40 mg/kg administered as an intravenous infu-
sion over 90 minutes) or standard of care (SoC; e.g.,, antibiotics, an-
tipyretics), were reviewed and further assessed for eligibility. Data
from the medical records were anonymized, and statistically an-
alyzed in accordance with the study protocol. During the COVID-
19 pandemic, the Korea Disease Control and Prevention Agency
(KDCA) performed genotyping on a portion of confirmed COVID-
19 samples (approximately 15% during May 2021, when the Delta
variant was first detected rising to 30% during August 2021 to en-
hance monitoring of the Delta variant). Genotyping results were
provided at the study site and recorded in the patient case report
form.

Eligible patients were adults aged >19 years with mild COVID-
19 with at least one high-risk factor or moderate COVID-19 (con-
firmed by reverse transcription-polymerase chain reaction), periph-
eral oxygen saturation (SpO,) >94% on room air, no requirement
for supplemental oxygen, and with one or more mild or moder-
ate symptoms of COVID-19 before receiving regdanvimab (for pa-
tients treated with regdanvimab) or at admission (for those receiv-
ing SoC), which included fever >38°C, shortness of breath, cough,
diarrhea, sputum, sore throat, headache, myalgia, and loss of taste
or smell.

The key exclusion criteria were severe conditions related to
COVID-19 within 7 days before receiving any treatments for COVID-
19 (in the opinion of the investigator) or participation in clinical
studies of any other investigational medical products for the treat-
ment of COVID-19 (including convalescent plasma, remdesivir, and
hydroxychloroquine).

Hospitalized patients with mild-to-moderate COVID-19 who
met the severity and symptom eligibility criteria before the con-
ditional approval of regdanvimab in February 2021 were assigned
to the SoC group. After conditional approval of regdanvimab, eligi-
ble patients who received regdanvimab within 7 days of symptom

95

International Journal of Infectious Diseases 130 (2023) 94-100

onset, according to regdanvimab’s indication, were assigned to the
regdanvimab group or were otherwise allocated to the SoC group.

Study objectives

The primary study objective was to evaluate the clinical effi-
cacy of regdanvimab, as determined by the proportion of patients
deteriorating with SpO, <90% in room air, requiring supplemental
oxygen therapy above high flow or experiencing mortality due to
COVID-19 up to day 28 in the overall cohort and in those infected
with the Delta variant. The secondary objectives were to evaluate
additional measures of efficacy and safety for regdanvimab.

Study end points

The primary efficacy end point was the proportion of patients
with SpO, deterioration to <90% in room air, requiring supplemen-
tal oxygen therapy above high flow, or experiencing mortality due
to COVID-19 up to day 28.

The secondary efficacy end points were time to sustained re-
covery of fever due to COVID-19 (tympanic temperature <38°C),
the proportion of patients with SpO, deterioration to <90%/<94%
in room air up to day 28, the proportion of patients requiring sup-
plemental low-flow/high-flow oxygen therapy due to COVID-19 up
to day 28, the duration of supplemental low-flow/high-flow oxygen
therapy due to COVID-19, the proportion of patients requiring me-
chanical ventilation due to COVID-19 up to day 28, the duration of
mechanical ventilation due to COVID-19, the duration of hospital-
ization due to COVID-19, the proportion of patients with intensive
care unit transfer due to COVID-19 up to day 28, the proportion
of patients discharged up to day 11 and day 14, the proportion of
patients requiring remdesivir due to COVID-19 up to day 28, the
proportion of patients requiring tocilizumab due to COVID-19 up
to day 28, and the proportion of patients with all-cause mortality
up to day 28.

The safety end point analyzed adverse events (AEs) up to day
28 in the regdanvimab cohort only.

Statistical analysis

The proposed sample size of approximately 800 patients was
based on the estimated number of patients with COVID-19 admit-
ted at the study center during the data collection period, rather
than on a formal statistical hypothesis.

All statistical analyses were conducted using SAS software, Ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA). Analysis populations
comprised the efficacy set (all patients who received a full dose
of regdanvimab or SoC and had at least one postadmission efficacy
result) and the safety set (all patients who received a full or partial
dose of regdanvimab).

Efficacy end points were analyzed based on the efficacy set, un-
less otherwise indicated. The secondary efficacy end point “dura-
tion of hospitalization due to COVID-19” was analyzed for patients
with hospital discharge in the efficacy set. Efficacy results were
summarized by regdanvimab and SoC cohorts for the total popu-
lation of patients with COVID-19 and for the subgroup of patients
with the Delta variant using descriptive statistics or frequency ta-
bles. Subgroup analyses were also conducted in unvaccinated pa-
tients. For categorical data, Fisher’s exact test or chi-squared test
was used. A sensitivity analysis was performed on the primary ef-
ficacy end point using a logistic regression model with treatment
as a fixed effect. To exclude the influence of factors that differed at
baseline, age, and vaccination status were included as covariates.
Body mass index and high-risk factors were also included as co-
variates due to their status as known risk factors for progression
to severe disease. For continuous data, Student’s t-test was used.
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Adult patients with COVID-19 confirmed by RT-
PCR and hospitalized in Incheon Medical Center
from September 1, 2020 to October 25, 2021
N =800

Excluded:

« Patients with mild COVID-19, without high-risk factors for
progression; n =7

Excluded:
« Patients who received regdanvimab >7 days after onset of

symptoms of COVID-19 (only applicable for regdanvimab
cohort); n =4

Excluded:

+ Patients who had severe conditions related to COVID-19 at
the time of hospital admission; n = 67

Patients eligible for study
N =722

Regdanvimab cohort
n=418

]

SARS-CoV-2 variant not
confirmed, n = 86

Wild type or other SARS-CoV-2
variant, n = 332
Delta variant, n = 297

SoC cohort
n =304

]

SARS-CoV-2 variant not
confirmed, n = 186

Wild type or other SARS-CoV-2
variant, n = 118
Delta variant, n = 115

Figure 1. Patient disposition.
RT-PCR, reverse transcription-polymerase chain reaction; SoC, standard of care.

Results were considered statistically significant if the P-value was
<0.05.

For the safety analysis, AEs were listed for the safety set (reg-
danvimab cohort). AEs were coded according to the Medical Dictio-
nary for Regulatory Activities and graded according to the Common
Terminology Criteria for AEs, Version 5.0.

Results
Patient population and baseline characteristics

Patient disposition is presented in Figure 1. Between September
2020, and October 2021, 800 patients were admitted to the study
center with COVID-19; 180 patients were recruited before Febru-
ary 05, 2021 (date of conditional approval of regdanvimab in Ko-
rea), and 620 patients were recruited afterward (Table S1). In total,
722 patients were considered eligible for inclusion in this study;
418 patients in regdanvimab cohort and 304 patients in the SoC
cohort. Before February 5, 2021, none of the patients received reg-
danvimab and 180 patients were assigned to the SoC cohort. After
February 5, 2021, 418 patients met the eligibility criteria and re-
ceived regdanvimab. A further 124 patients were included in the
SoC cohort after conditional approval of regdanvimab because they
were either hospitalized >7 days after symptom onset (n = 57) or
refused regdanvimab treatment (n = 67).

In total, 412 patients were confirmed as infected with the Delta
variant (regdanvimab, n = 297 [71.1%]; SoC, n = 115 [37.8%]).

Baseline characteristics were generally well-balanced between
the two cohorts (Table 1). The proportion of males was similar in
the regdanvimab and SoC cohorts (47.4% and 48.4%, respectively),
as was the mean body mass index (25.0, Standard deviation (SD):
4.3 and 24.8, SD: 3.6 kg/m2, respectively). The median patient age
was slightly lower in the regdanvimab cohort than in the SoC co-
hort (52 [range: 18-90] vs 60 [18-91] years), as was the frequency
of patients with the high-risk factor of advanced age (>50 years;
52.9% vs 65.1%).

Most patients had moderate disease with a higher proportion
recorded in the regdanvimab cohort (95.2%) than the SoC cohort
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(82.6%); no patients had asymptomatic or critical disease. In the
Delta variant subgroup, 98.3% of patients in the regdanvimab co-
hort and 95.7% in the SoC cohort had moderate disease. Of the pa-
tients in the regdanvimab and SoC cohorts, 297 (71.1%) and 275
(90.5%), respectively had not received a COVID-19 vaccination.

Median baseline SpO, levels were 97-98% (with ranges between
94% and 100%) in both treatment cohorts within the overall pop-
ulation and the Delta variant subgroup. This was also true for un-
vaccinated individuals in the regdanvimab cohort (97% [range 94-
100%]) and SoC cohort (98% [94-100%]).

Efficacy

The proportion of patients who deteriorated to SpO, <90% in
room air, required supplemental oxygen therapy above high flow,
or experienced mortality due to COVID-19 up to day 28 (i.e., pri-
mary end point) was significantly lower in the regdanvimab cohort
than in the SoC cohort (3.1% vs 9.9%; difference: -6.8 [95% con-
fidence interval (CI): -10.9, -2.8]; P = 0.0002; Table 2). A similar
trend was observed in the Delta variant subgroup (regdanvimab,
2.7%; SoC, 7.0%); although, the difference of -4.3 (95% CI: -10.8, 0.2)
was not statistically significant (P = 0.0827; Table 2). Estimated
odds ratio from logistic regression model with baseline covariates
showed a significant regdanvimab treatment effect in the over-
all population (0.4241 [95% CI: 0.2108, 0.8532]; P = 0.0162) and
in those with the Delta variant (0.3395 [95% CI: 0.1168, 0.9873];
P = 0.0473; Table 2). In the unvaccinated population, 12 patients
(4.0%) in the regdanvimab cohort and 30 patients (10.9%) in the
SoC cohort (difference: -6.9, P = 0.002) deteriorated to SpO, <90%,
required supplemental oxygen therapy above high flow, or experi-
enced mortality due to COVID-19; of these, seven (4.0%) patients in
the regdanvimab group and eight (9.3%) patients in the SoC group
(difference: -5.3, P = 0.0929) had the Delta variant (Table S2). Al-
though there were few patients in the regdanvimab group with
known variant data other than Delta (n = 35), a subgroup analysis
for the primary end point was performed that compared patients
with Delta variant versus patients with any other identified variant
(other variant + wild type; Table S3).
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Table 1
Baseline demographics and characteristics.
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Delta variant subgroup

Overall regdanvimab Overall SoC regdanvimab Delta variant subgroup SoC

n = 418 n = 304 n = 297 n=115
Age, years
Median (range) 52 (18, 90) 60 (18, 91) 46 (18, 88) 42 (18, 82)
Male, n (%) 198 (47.4) 147 (48.4) 148 (49.8) 68 (59.1)
Female, n (%) 220 (52.6) 157 (51.6) 149 (50.2) 47 (40.9)
BMI, mean (SD), kg/m? 25.0 (4.3) 24.8 (3.6) 25.2 (4.4) 24.4 (3.9)
At least one high-risk 288 (68.9) 236 (77.6) 177 (59.6) 57 (49.6)
factor
Age >50 years 221 (52.9) 198 (65.1) 121 (40.7) 34 (29.6)
BMI >30 kg/m> 46 (11.0) 25 (8.2) 39 (13.1) 11 (9.6)
Cardiovascular disease, 145 (34.7) 105 (34.5) 77 (25.9) 23 (20.0)
including hypertension
Chronic lung disease, 25 (6.0) 15 (4.9) 18 (6.1) 4 (3.5)
including asthma
Type 1 or type 2 diabetes 63 (15.1) 66 (21.7) 35(11.8) 8 (7.0)
mellitus
Chronic kidney disease, 2 (0.5) 4(1.3) 2 (0.7) 1(0.9)
including dialysis
Chronic liver disease 7 (1.7) 10 (3.3) 5(1.7) 4 (3.5)
Immunosuppressed status 2.2)? 4 (1.3)° 5(1.7) 0
Baseline COVID-19
symptoms, n (%)
Fever 208 (49.8) 125 (41.1) 151 (50.8) 40 (34.8)
Shortness of breath 32(7.7) 12 (3.9) 28 (9.4) 8 (7.0)
Cough 227 (54.3) 158 (52.0) 168 (56.6) 75 (65.2)
Diarrhea 24 (5.7) 13 (4.3) 18 (6.1) 7 (6.1)
Sputum 108 (25.8) 62 (20.4) 83 (27.9) 32 (27.8)
Sore throat 104 (24.9) 55 (18.1) 67 (22.6) 23 (20.0)
Headache 122 (29.2) 72 (23.7) 90 (30.3) 35 (30.4)
Myalgia 92 (22.0) 62 (20.4) 60 (20.2) 15 (13.0)
Lack of taste or smell 38 (9.1) 22 (7.2) 33 (11.1) 11 (9.6)
Disease severity, n (%)
Mild 20 (4.8) 53 (17.4) 5(1.7) 5(4.3)
Moderate 398 (95.2) 251 (82.6) 292 (98.3) 110 (95.7)
Time since symptom 2.0 (2.0, 7.0) 3.0 (0.0, 26.0) 3.0 (-1.0, 7.0) 7.0 (0.0, 26.0)
onset®, median (range),
days
Baseline peripheral oxygen 97 (94, 100) 98 (94, 100) 97 (94, 100) 97 (94, 99)
saturation level in room
air, median (range), %
Unvaccinated, n (%) 297 (71.1) 275 (90.5) 177 (59.6) 86 (74.8)

4 Neoplasm, malignant (n = 6), systemic lupus erythematosus (n = 2) and acquired immunodeficiency syndrome (n = 1)

b Neoplasm, malignant (n = 2), rheumatoid arthritis (n = 1) and psoriasis (n = 1)

¢ Date of admission (day 1) - date of earliest symptom start.BMI, body mass index; SoC, standard of care.

Table 2

Proportion of patients who deteriorated to peripheral oxygen saturation <90% in room air, required supplemental oxygen therapy above high flow, or experienced mortality
due to COVID-19 up to Day 28 (primary efficacy endpoint) and logistic regression model with treatment as a fixed effect and age, body mass index, at least one high-risk

factor and at least one COVID-19 vaccine as covariates

Primary efficacy endpoint Logistic regression model

Regdanvimab SoC % difference (95% CI) [P-value]*" 0dds ratio (95% CI) [P-value]®
Overall study cohort 13/418 (3.1) 30/304 (9.9) -6.8 (-10.9, -2.8) [0.0002] 0.4241 (0.2108, 0.8532) [0.0162]
Delta variant subgroup 8/297 (2.7) 8/115 (7.0) -4.3 (-10.8, 0.2) [0.0827] 0.3395 (0.1168, 0.9873) [0.0473]

Data are n (%), unless otherwise specified.

2 Farrington and Manning method used to calculate the 95% exact CI for the proportion difference between regdanvimab and SoC cohort in each group

b p-values were derived from Fisher exact test

¢ P-value calculated as a treatment effect from logistic model.Cl, confidence interval; SoC, standard of care.

Because patients with unknown variant data (n = 86) may have
included Delta variant or others, they have been excluded from this
analysis.

The secondary end point data for the overall population and
subgroup of patients with the Delta variant are summarized by co-
hort in Table 3 (corresponding data for the unvaccinated subgroup
are presented in Table S4).

The proportion of patients with COVID-19 who deteriorated to
Sp0, <94% in room air was significantly lower in the regdanvimab
cohort than in the SoC cohort (7.7% vs 28.6%), with a correspond-
ing trend in the Delta variant subgroup for these cohorts (6.4% vs
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11.3%). Fewer patients in the regdanvimab cohort than in the SoC
cohort had deterioration of SpO, to <90% on room air (1.2% vs
7.9%). A similar trend was observed in the Delta variant subgroup
(1.0% vs 3.5%).

Low-flow supplemental oxygen was required by a significantly
lower proportion of patients in the regdanvimab cohort than in the
SoC cohort (22.0% vs 42.8%). High-flow supplemental oxygen was
required by 2.4% of patients in the regdanvimab cohort and by 4.3%
in the SoC cohort, but the difference was not statistically signifi-
cant. No patients in either cohort required mechanical ventilation.
In the subgroup of patients with the Delta variant, the proportions
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Table 3
Summary of secondary efficacy endpoint data up to day 28, by cohort.
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Overall Delta variant subgroup Delta variant

regdanvimab Overall SoC regdanvimab subgroup SoC

n = 418 n = 304 P-value® n = 297 n=115 P-value®
Patients with SpO, deterioration to 32(7.7) 87 (28.6) <0.0001 19 (6.4) 13 (11.3) 0.0951
<94% in room air, n (%)
Patients with SpO, deterioration to 5(1.2) 24 (7.9) <0.0001 3(1.0) 4 (3.5) 0.0987°
<90% in room air, n (%)
Patients requiring low-flow oxygen 92 (22.0) 130 (42.8) <0.0001 66 (22.2) 32 (27.8) 0.2308
therapy, n (%)
Patients requiring high-flow oxygen 10 (2.4) 13 (4.3) 0.1547 6 (2.0) 6 (5.2) 0.1029°
therapy, n (%)
Patients requiring mechanical 0 0 NA 0 0 NA
ventilation, n (%)
Duration of hospitalization due to 10.27 (2.94) 11.69 (4.71) <0.0001 9.93 (2.53) 8.55 (4.01) 0.0009
COVID-19, mean (SD), days
Patients discharged, n (%) 387 (92.6) 234 (77.0) <0.0001 281 (94.6) 102 (88.7) 0.0352
Up to day 14
Patients requiring therapy, n (%) 62 (14.8) 110 (36.2) <0.0001 48 (16.2) 29 (25.2) 0.0344
Remdesivir
Patients with all-cause mortality, n (%) 0 1(0.3) 0.4211° 0 1(0.9) 0.2791°

2 P-values were derived from Student’s t-test for continuous variables and chi-squared test or Fisher exact test for categorical variables
b P-value derived from Fisher exact test; chi-squared test may not be valid because 25% or 50% of the cells have expected counts <5.NA, not applicable; SoC, standard of

care; SpO,, peripheral oxygen saturation.

of patients requiring low- or high-flow oxygen therapy were lower
for the regdanvimab cohort than the SoC cohort.

Compared with SoC, regdanvimab treatment resulted in a
higher proportion of patients being discharged up to day 14 (92.6%
vs 77.0%) and a shorter duration of hospitalization. In the Delta
variant subgroup, a higher proportion of patients were discharged
up to day 14 in the regdanvimab cohort than in the SoC cohort
(94.6% vs 88.7%) even though mean (SD) duration of hospitaliza-
tion was significantly longer in the regdanvimab cohort than in the
SoC cohort (9.93 [2.53] vs 8.55 [4.01] days).

The mean (SD) duration of fever was significantly shorter in pa-
tients who received regdanvimab (3.72 [2.44] days) than in those
on SoC (5.25 [3.64] days). A numerical trend was evident in the
subgroup of patients with the Delta variant (3.56 [2.19] and 3.97
[3.94] days, respectively).

A significantly lower proportion of patients required treatment
with remdesivir in the regdanvimab cohort than in the SoC cohort
in both the overall population (14.8% vs 36.2%) and the Delta vari-
ant subgroup (16.2% vs 25.2%).

One (0.3%) patient who was infected with the Delta variant died
due to COVID-19 (SoC cohort).

The trends observed in the secondary efficacy results for a clin-
ically beneficial effect with regdanvimab compared with SoC in the
overall population were generally also evident for the subset of pa-
tients who were unvaccinated (Table 3, Table S4).

Safety

A total of 11 individuals in the regdanvimab cohort reported
15 treatment-emergent AEs (TEAEs). TEAEs reported by more than
one participant included dizziness (n = 6), itching (n = 2), and
rash (n = 2). The severity was primarily grade I and no serious
AEs were reported. All of the TEAEs were resolved.

Discussion

This retrospective cohort study of Korean patients admitted
to hospital with mild-to-moderate COVID-19 supports the clin-
ical efficacy of regdanvimab observed in other clinical studies
[16,17,19,20].

The primary end point in our study was SpO, <90% in room air,
requirement of supplemental oxygen above high flow, or death due
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to COVID-19. This is different from the currently approved mono-
clonal antibody therapies, where a reduction in hospitalization or
death was used as the end point in the phase Il studies, which
enrolled outpatients with mild-to-moderate disease [21-23]. In
Korea, patients with mild-to-moderate COVID-19 are hospitalized,
providing a unique position to closely monitor these patients for
progression to severe disease. The primary end point encompassed
the definition of severe disease as per COVID-19 guidelines issued
by the KDCA (high-flow oxygen, mechanical ventilation, extracor-
poreal membrane oxygenation, or continuous renal replacement
therapy) and World Health Organization (SpO; <90% on room air)
[24,25]. The proportion of patients who experienced deterioration
of SpO, levels to less than 90% in room air, required supplemen-
tal oxygen therapy above high flow, or died from COVID-19 (i.e.,
the primary end point) was significantly lower in the regdanvimab
cohort than in the SoC cohort for the overall population. Similar
results were observed for secondary end points: the proportion of
patients with COVID-19 who deteriorated to SpO, <90% and <94%
in room air and low-flow and high-flow supplemental oxygen was
lower in the regdanvimab cohort than in the SoC cohort; compared
with SoC, the regdanvimab treatment resulted in a higher propor-
tion of patients being discharged up to day 14 (92.6% vs 77.0%)
and a significantly lower proportion of patients required treatment
with remdesivir in the regdanvimab cohort than in the SoC co-
hort. A shorter duration of hospitalization was observed in the reg-
danvimab group than in SoC; however, at the time of the study,
a 10-day quarantine period was required according to Korean na-
tional policy, starting from the onset of symptoms. Depending on
the date of hospitalization compared with symptom onset, the du-
ration of hospitalization could vary by 1-2 days; so, this measure-
ment may not be clinically relevant. No new safety concerns were
observed.

In the Delta subgroup, the proportions of patients with a dete-
rioration of SpO, <90% or requiring supplemental oxygen therapy
above high flow were numerically lower in the regdanvimab cohort
than in the SoC cohort. Although the primary end point did not
reach statistical significance, the application of a logistic regression
model that controlled for varying covariates at baseline did show
statistical significance (P = 0.0473). In addition, compared with the
SoC cohort, a significantly higher proportion of patients were dis-
charged by day 14, and a significantly lower proportion of patients
required treatment with remdesivir, which was indicated for se-
vere COVID-19 in the study period. The duration of hospitalization
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in the regdanvimab group appeared slightly longer than SoC for
the Delta subgroup, but as described previously, the variability in
discharge dates means this is unlikely to be clinically relevant.

Although the end point measurement method was different in
the CT-P59 3.2 study (clinical symptoms requiring hospitalization,
oxygen therapy, or mortality due to SARS-CoV-2 infection up to
day 28), regdanvimab showed a 72% reduction of deterioration rate
(3.1% vs 11.1%) in patients with high-risk of progressing to severe
disease [17]. The results of our study showed similar reduction
rates in the patient population overall and the Delta variant sub-
group. Given these findings, although the primary end point did
not reach statistical significance in the Delta variant cohort, reg-
danvimab showed clinical effectiveness against the Delta variant
by preventing progression to severe COVID-19 and the requirement
of oxygen therapy or rescue treatment. Because individuals with
the Delta variant are at greater risk of deteriorating and needing
emergency care than those infected with the Alpha variant and are
twice as likely to be admitted to hospital [26], this may affect the
evaluation of therapeutic efficacy of regdanvimab against the Delta
variant.

Given the rapid evolution of SARS-CoV-2, relatively few pub-
lished data are available on the effectiveness of other COVID-19
therapies against the Delta variant. In vitro studies with the Delta
variant and monoclonal antibodies showed that bamlanivimab lost
antiviral activity against the Delta variant, whereas etesevimab,
casirivimab, and imdevimab retained activity [27]. The REGEN-COV
antibody cocktail of casirivimab and imdevimab was more effec-
tive against the Delta variant than remdesivir, with a reduction in
symptomatic individuals and decreased viral load and inflamma-
tory markers on day 7 [28]. However, we interpret these results
with caution due to small patient numbers (REGEN-COV n = 115,
remdesivir n = 25), particularly in the remdesivir arm. A retro-
spective observational study at the Mayo Clinic (USA) at the time
of the SARS-CoV-2 Delta surge reported significantly lower rates
of hospitalization in patients who received casirivimab-imdevimab
than patients who did not receive antibody therapy. This was true
for vaccinated and unvaccinated individuals. Although routine se-
quencing was not performed (hence, it could not be confirmed that
all cases were linked to the Delta variant), the Centers for Disease
Control reported that the Delta variant was the predominant vari-
ant circulating in the area at the time of the study [29]. A retro-
spective analysis of monoclonal antibody therapy (bamlanivimab,
bamlanivimab/etesevimab, or casirivimab-imdevimab) during two
time periods covering an Alpha- and Beta-predominant period and
a Delta-dominant period found that the odds of severe infection
after treatment in the Delta cohort (4.9%) were greater than for
the Alpha/Beta cohort (3.0%). The higher odds of severe infection
in Delta variant could be due to a more virulent Delta variant and
the insufficient number of patients compared with the total popu-
lation; although, the possibility of decreased antispike monoclonal
antibody effectiveness in the clinical setting cannot be excluded
[30]. This study was conducted before the emergence and world-
wide dominance of the Omicron variant. The efficacy and safety of
regdanvimab will be evaluated in the future in patients infected
with Omicron variants, including the recently prevalent new Omi-
cron subtype Centaurus (BA.2.75), recently designated as an Omi-
cron subvariant under monitoring by the World Health Organiza-
tion [31].

In the current study, in the overall unvaccinated population,
a significantly lower proportion of patients in the regdanvimab
cohort deteriorated to SpO, <90%, required supplemental oxygen
therapy above high flow, or died due to COVID-19 than in the SoC
cohort; this trend was also observed in the subgroup of patients
with the Delta variant but did not reach statistical significance.
Fully vaccinated individuals were not analyzed as a cohort because
they are less likely to deteriorate and develop serious illness, even
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with the Delta variant [32]. Although, there are limited data avail-
able on the safety and effectiveness of COVID-19 vaccines in in-
dividuals who received passive antibody products, the latest guid-
ance suggests no requirement to delay vaccination after receiving
such therapies [33]. Our results confirmed that there was no safety
issue when monoclonal antibody treatments were administered to
patients with COVID-19 after vaccination.

The limitations of our study include its retrospective design
and specific patient population (Korean patients admitted to a sin-
gle center for treatment of mild-to-moderate COVID-19 over a 13-
month period), with a relatively small number of patients infected
with the Delta variant. In addition, data were reported up to 28
days only. However, given the disease course, most patients would
be expected to have either recovered or progressed to severe or
critical disease by this time point. The primary end point of the
study was an unadjusted comparison of SpO, <90% in room air,
requirement of supplemental oxygen above high flow, or death due
to COVID-19 between treatment groups. Such an analysis does not
assess the impact of patient factors on these outcomes so a lo-
gistic regression analysis with baseline covariates was performed,
the results of which supported a clinical benefit of regdanvimab
versus SoC. The genotyping of infected patients by the KDCA was
not routinely performed when this study was started so the variant
type of 186 patients in the SoC group and 86 patients in the reg-
danvimab treatment group were unconfirmed. Consequently, the
proportions of COVID-19 variants within the two treatment groups
may have been different, which in turn could have affected the
analyses. The strengths of the current study include the large num-
ber of patients analyzed, comprehensive set of outcome measures,
and inclusion of subgroup analysis by vaccination status. In addi-
tion, to the best of our knowledge, this is the first published study
to examine the impact of the Delta variant on regdanvimab ef-
fectiveness in a population of patients with objective evidence of
Delta variant infection.

In conclusion, our results demonstrate that regdanvimab treat-
ment provides clinical efficacy compared with SoC for patients
hospitalized with mild-to-moderate COVID-19 in the overall cohort
and may provide a clinical benefit for patients infected with the
Delta variant of SARS-CoV-2.
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