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ABSTRACT

Introduction: Regdanvimab, a monoclonal
antibody pharmaceutical, is the first Korean
drug approved for treating coronavirus disease
2019 (COVID-19). We analyzed the therapeutic
efficacy of regdanvimab in patients with the
COVID-19 delta variant infection.
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Methods: We retrospectively reviewed the elec-
tronic medical records of patients hospitalized
at two Korean tertiary COVID-19 hospitals with
COVID-19 delta variant infection between May
26, 2021, and January 30, 2022. To analyze the
therapeutic efficacy of regdanvimab, the patients
were divided into regdanvimab and non-regda-
nvimab groups and were 1:1 propensity-score
(PS)-matched on age, severity at admission, and
COVID-19 vaccination history.

Results: Of 492 patients, 262 (53.3%) and 230
(46.7%) were in the regdanvimab and non-reg-
danvimab groups, respectively. After PS match-
ing the groups on age, severity at admission,
and COVID-19 vaccination history, each group
comprised 189 patients. The 30-day hospital
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mortality rates (0.0% vs. 1.6%, p=0.030), pro-
portions of patients with exacerbated condi-
tions to severe/critical/died (9.5% vs. 16.4%,
p=0.047), proportions who received oxygen
therapy because of pneumonia exacerbation
(7.4% vs. 16.4%, p=0.007), and proportions
with a daily National Early Warning Score>5
from hospital day 2 were significantly lower in
the regdanvimab group.

Conclusions: We showed that regdanvimab
reduced the exacerbation rates of conditions
and mortality in patients with the COVID-19
delta variant infection. Thus, it is recommended
to streamline the drug approval system during
epidemics of new variant viruses to improve
the availability and usage of therapeutics for
patients. To facilitate this, relevant institutional
support is required.

Keywords: Monoclonal antibody; COVID-
19; Delta variant; Regdanvimab; Treatment
outcome

Why carry out the study?

Regdanvimab, a recombinant monoclonal
antibody, was temporarily used as a treat-
ment for COVID-19 during the delta variant
pandemic wave

We assessed the therapeutic efficacy of regda-
nvimab in hospitalized patients with COVID-
19 using propensity score matching

What was learned from the study?

Regdanvimab was associated with lower
30-day hospital mortality rates, proportions
of patients with exacerbated conditions
(severe/critical/death), and proportions of
patients requiring oxygen therapy because
of pneumonia exacerbation in hospitalized
patients with COVID-19

Regdanvimab was associated with rapid clini-
cal improvement in hospitalized patients
with COVID-19

INTRODUCTION

Monoclonal antibody therapeutics for corona-
virus disease 2019 (COVID-19) are neutralizing
antibodies developed by harvesting neutraliz-
ing antibody genes from the blood of patients
who have recovered from COVID-19 and mass
producing them using recombinant DNA tech-
nology [1]. Regdanvimab (Regkirona; Celltrion
Inc., Incheon, South Korea), a monoclonal
antibody drug developed in Korea, prevents
intracellular penetration of severe acute res-
piratory coronavirus 2 (SARS-CoV-2) by block-
ing the binding site of the viral spike protein
receptor-binding domain to the host’s cellular
angiotensin-converting enzyme 2 receptor [2].
Following the conditional marketing authori-
zation of the Korean Ministry of Food and
Drug Safety (MFDS) in February 2021, regdan-
vimab usage commenced clinically in Korea’s
COVID-19-designated healthcare facilities [3].
Subsequently, a phase III clinical trial showed
a significant reduction in the progression of
infection severity and recovery time in patients
with mild to moderate high-risk COVID-19.
Accordingly, in Korea, on September 17, 2021,
full regulatory approval with an expanded
indication and reduced infusion duration was
granted [3, 4].

SARS-CoV-2, the pathogen causing COVID-
19, is a single-strain RNA virus, and most virus
strains undergo mutations as part of their evo-
lution during the process of transmission and
proliferation to invade the immune system [5,
6]. If a variant provides the virus a selective
advantage, it can spread more widely. Since the
index case of SARS-CoV-2 infection in Decem-
ber 2019, several variants have emerged, includ-
ing the beta (B.1.351) and Omicron (B.1.1.529)
variants, alpha variant (B.1.1.7), delta variant
(B.1.617.2), and gamma variant. Monoclonal
antibody drugs such as regdanvimab were used
during the delta variant outbreak, but their sup-
ply was halted because the Omicron variant,
with twice as many spike protein mutations as
the delta variant, became dominant, and the
drug showed low to no neutralizing activity
against the Omicron variant [7].
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Regdanvimab has been shown to reduce the
viral load and ameliorate clinical symptoms
in gamma or delta variant-infected mice [8].
However, there are conflicting studies on the
effectiveness [9, 10] and ineffectiveness of reg-
danvimab in patients with the delta variant in
clinical practice [11]. Because the prognosis of
COVID-19 varies depending on the vaccination
status and type of variant in addition to the ther-
apeutic agents used, it is challenging to examine
the pure effects of a drug [12-14]. To conduct an
accurate analysis of the efficacy of regdanvimab
in clinical practice, we divided patients hospi-
talized because of the COVID-19 delta variant
infection into groups treated with and without
regdanvimab and propensity matched them by
age, severity at admission, and COVID-19 vac-
cination history. In addition, we calculated and
plotted the daily National Early Warning Score
(NEWS), which includes the patients’ vital signs,
to compare the clinical course of patients over
time.

METHODS

This retrospective study analyzed the elec-
tronic medical records (EMR) of patients with
COVID-19 delta variant infection hospitalized
in two COVID-19-designated tertiary hospi-
tals in Korea (Kyunpook National University
Chilgok Hospital and Kyunpook National Uni-
versity Hospital) between May 26, 2021, and
January 30, 2022. This study enrolled patients
(aged 19 years and older) with mild to moder-
ate COVID-19 delta variant (B.1.617) infection
severity at the time of admission (according to
the National Institute of Health [NIH] severity
classification system). COVID-19 was diagnosed
using an MFDS-approved SARS-CoV-2 real-time
polymerase chain reaction (RT-PCR) kit. The
delta variant was tested for in residual samples
using the PowerCheck SARS-CoV-2 S-gene muta-
tion detection kit (Kogene Biotech Co., Ltd.,
Seoul, South Korea), spike protein sequencing,
or whole genome sequencing to identify P681R
and L452R mutations [15]. According to the
NIH severity classification system, patients with
mild to moderate conditions have>94% oxygen

saturation on room air, do not require oxygen
supplementation, and have mild symptoms
[16]. During the study period, regdanvimab was
approved for use among patients with mild to
moderate disease who had a high risk of pro-
gressing to a severe infection in Korea. High-risk
groups were defined as (1) aged >S50 years, (2)
having a pre-existing disease (one or more of the
following: obesity [BMI>30 kg/m?], cardiovascu-
lar disease [CVD], chronic lung disease, diabetes
mellitus, chronic kidney disease, chronic liver
disease, immunosuppressed state), or (3) pneu-
monia findings on chest x-ray or chest computed
tomography (CT) and within 7 days since symp-
tom onset [3]. To investigate the therapeutic effi-
cacy of regdanvimab in clinical settings, we pro-
pensity score (PS) matched the regdanvimab and
non-regdanvimab groups and compared their
characteristics and treatment outcomes. Patients
with mild to moderate conditions at the time of
admission were 1:1 PS matched on age, severity
at admission, and vaccination status (unvacci-
nated, first dose, second or third dose). As shown
in Fig. 1, 189 patients each were included in the
regdanvimab and non-regdanvimab groups,
respectively, in this study. The clinical charac-
teristics and treatment outcomes were compared
between the two groups, and the daily NEWS
plot was used to compare the clinical course
between the two groups. Data were analyzed
using the R software (version 4.1.1; The R Project
for Statistical Computing, Vienna, Austria), and
the modified Charlson Comorbidity Index (CCI)
score was analyzed using the Kruskal-Wallis test
and median values. The differences in the daily
NEWS between the two groups were analyzed
using an independent t-test, whereas other vari-
ables were analyzed using Pearson’s chi-squared
test and Fisher’s exact test. To evaluate the PS-
matched score balance, the cut-off score was set
to an absolute value of 0.1 and analyzed using
the standard mean difference (SMD) (Supple-
mentary Table 3). This study was approved by
the Daegu Joint Institutional Review Board, and
the requirement for official written informed
consent was waived (DGIRB 2021-10-002), given
the retrospective nature of the study (using EMR
and residual samples).

A\ Adis



1040

Infect Dis Ther (2024) 13:1037-1050

2021 to 31 January 2022
(N =581)

Adult patients with confirmed SARS-
CoV-2 delta variant infection admitted
to two medical centers from 26 May

Excluded
(N=89)

v

Asymptomatic patients on Day 1
Severe and critical patients on Day 1

Patients eligible for study
N =492)

A 4

After propensity score matching:
Age, sex, vaccination status one dose, vaccination status two-+three dose

Regdanvimab
N =189)

Non-regdanvimab
N =189)

Fig. 1 Patient disposition

RESULTS

Of patients admitted to the two tertiary hospi-
tals from May 26, 2021, to January 30, 2022, for
COVID-19, 581 had the delta variant (523 and
58 in Kyungpook National University Chilgok
Hospital and Kyungpook National Univer-
sity Hospital, respectively). After excluding 89
patients who were asymptomatic or had severe
or critical conditions at the time of admission,
492 patients were enrolled in the study. Sup-
plementary Table 1 shows the patients’ clinical
characteristics and treatment outcomes before
PS matching.

Tables 1 and 2 show the basic clinical char-
acteristics and treatment outcomes of the reg-
danvimab and non-regdanvimab groups after
PS matching on age, sex, vaccination status,

and severity at the time of admission (propoz-
tion with mild and moderate condition). Of 378
PS-matched patients, 221 (58.5%) were male;
156 (41.3%) were aged <50 years, and 12.2%
(46/378) had a BMI>30 kg/m?, with a non-sig-
nificantly higher mean BMI in the regdanvimab
group (15.3% vs. 9.0%, p=0.059). Of those with
pre-existing conditions, 67 (17.7%) had dia-
betes mellitus, and of these, the regdanvimab
group had a significantly higher proportion than
the non-regdanvimab group (22.2% vs. 13.2%,
p=0.022). At the time of admission, the unvacci-
nated proportions in both groups (225 [59.5%])
were similar ([112/189, 59.3%] vs. 113/189,
[59.8%]) (p=0.917). The percentage of patients
who received the first (12.2% vs. 12.2%, p=1)
and second doses of vaccine (27.0% vs. 28.0%,
p=0.818) did not significantly differ between the
two groups. At admission, of 378 patients, 309
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Table 1 Clinical characteristics in propensity score-matched group
Variable Total (N=378) Use of regdanvimab No use of regdan- pvalue
(N=189) vimab (N'= 189)
Male 221 (58.5%) 112 (59.3%) 109 (57.7%) 0.754
Age 0.918
<50 156 (41.3%) 79 (41.8%) 77 (40.7%)
50-59 65 (17.2%) 34 (18.0%) 31 (16.4%)
60-69 77 (20.4%) 35 (18.5%) 42 (22.2%)
70-79 52 (13.8%) 26 (13.8%) 26 (13.8%)
>80 28 (7.4%) 15 (7.9%) 13 (6.9%)
Body mass index > 30 kg/m* 46 (12.2%) 29 (15.3%) 17 (9.0%) 0.059
Medical comorbidities
Myocardial infarction 11 (2.9%) 6(3.2%) 5 (2.6%) 0.760
Heart failure 7 (1.9%) 2 (1.1%) 5 (2.6%) 0.449
Cardiovascular disease 3(0.8%) 3 (1.6%) 0 (0.0%) 0.248
Neurovascular disease 21 (5.6%) 11 (5.8%) 10 (5.3%) 0.822
Chronic obstructive pulmonary disease 3 (0.8%) 3 (1.6%) 0 (0.0%) 0.248
Connective tissue disease 11 (2.9%) 7 (3.7%) 4(2.1%) 0.359
Chronic liver disease 14 (3.7%) 10 (5.3%) 4(2.1%) 0.102
Diabetes 67 (17.7%) 42 (22.2%) 25 (13.2%) 0.022
Chronic kidney disease 11 (2.9%) 5 (2.6%) 6(3.2%) 0.760
Solid tumor 0.458
Localized 34(9.0%) 16 (8.5%) 18 (9.5%)
Metastatic 5 (1.3%) 4(2.1%) 1(0.5%)
Vaccination status
None 225 (59.5%) 112 (59.3%) 113 (59.8%) 0.917
One dose 46 (12.2%) 23 (12.2%) 23 (12.2%) 1
Two-dose 104 (27.5%) 51(27.0%) 53 (28.0%) 0.818
Three-dose 3 (0.8%) 3 (1.6%) 0 (0.0%) 0.248
Severity on admission 0.506
Mild 309 (81.7%) 152 (80.4%) 157 (83.1%)
Moderate 69 (18.3%) 37 (19.6%) 32 (16.9%)
Fever (temperature > 37.5 °C) 178 (47.1%) 95 (50.3%) 83 (43.9%) 0.216
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Table 1 continued

Variable Total (N=378) Use of regdanvimab No use of regdan- p value
(N=189) vimab (N=189)

Symptoms
Dyspnea 58 (15.3%) 28 (14.8%) 30 (15.9%) 0.775
Cough 179 (47.4%) 92 (48.7%) 87 (46.0%) 0.607
Diarrhea 13 (3.4%) 6(3.2%) 7 (3.7%) 1
Sputum 75 (19.8%) 33 (17.5%) 42 (22.2%) 0.246
Sore throat 97 (25.7%) 41 (21.7%) 56 (29.6%) 0.077
Fatigue 7 (1.9%) 4(2.1%) 3 (1.6%) 1
Myalgia 80 (21.2%) 39 (20.6%) 41 (21.7%) 0.801
Nausea 1(0.3%) 0 (0.0%) 1(0.5%) 1

Pneumonia at admission 72 (19.0%) 37 (19.6%) 35 (18.5%) 0.793

Table 2 Clinical outcomes in propensity score matched group

Variable Total (N=378) Use of regdanvimab ~ No use of regdanvimab  p value
(N=189) (N=189)

Use of oxygen therapies 45 (11.9%) 14 (7.4%) 31 (16.4%) 0.007
Use of high flow nasal cannula 19 (5.0%) 5 (2.6%) 14 (7.4%) 0.034
Use of mechanical ventilation 2 (0.5%) 1(0.5%) 1(0.5%) 1
Use of intensive care units 20 (5.3%) 8 (4.2%) 12 (6.3%) 0.358
Worst severity during hospitalization <0.001

Asymptomatic 2 (0.5%) 2 (1.1%) 0 (0.0%)

Mild 211 (55.8%) 88 (46.6%) 123 (65.1%)

Moderate 116 (30.7%) 81 (42.9%) 35 (18.5%)

Severe 41 (10.8%) 17 (9.0%) 24 (12.7%)

Critical 8(2.1%) 1(0.5%) 7 (3.7%)
Mortality 7 (1.9%) 1(0.5%) 6(3.2%) 0.122
30-Day mortality 6 (1.6%) 0 (0.0%) 6 (3.2%) 0.030
Severe/critical or mortality 49 (13.0%) 18 (9.5%) 31 (16.4%) 0.047
Use of additional therapeutic agents

Remdesivir 34 (9.0%) 13 (6.9%) 21 (11.1%) 0.150

Dexamethasone 42 (11.1%) 16 (8.5%) 26 (13.8%) 0.102
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(81.7%) and 69 (18.3%) had mild and moderate
conditions, respectively, and their proportions
[(80.4% vs. 83.1%) and (19.6% vs. 16.9%)] did
not differ between groups (p=0.506). Also at
admission, having a fever (=37.5°C), any symp-
toms (dyspnea, cough, sputum, diarrhea, sore
throat, fatigue, and nausea) or pneumonia did
not differ between the two groups (p>0.05).

In Table 2, the percentages of patients who
required supplemental oxygen therapy because
of exacerbation of pneumonia during hos-
pital stay (7.4% vs. 16.4%, p=0.007), those
who were placed on high-flow nasal cannula
(HFNC) (2.6% vs. 7.4%, p=0.034), 30-day mor-
tality (0.0% vs. 3.2%, p=0.030, Kaplan-Meier
survival curve in Fig. 2), and those progressing
to severe or critical condition or died during
hospital stay (9.5% vs. 16.4%, p<0.001) were
significantly lower in the regdanvimab group.
Furthermore, those who were mechanically
ventilated (0.5% vs. 0.5%, p=1) or admitted to
the intensive care unit (ICU) (4.2% vs. 6.3%,

p=0.358) did not significantly differ between
groups. In terms of the worst level of sever-
ity identified after admission, the numbers of
those progressing to severe versus critical lev-
els in the regdanvimab group (9.9% [17/189]
vs. 0.5% [1/189]) were significantly lower
than for those in the non-regdanvimab group
(12.7% [24/189] vs. 3.7% [7/189]), respectively
(p<0.001). All-cause mortality rates did not
differ between regdanvimab and non-regdan-
vimab groups (0.5% [1/189] vs. 3.2% [6/189],
p=0.122).

Table 3 and Fig. 3 show the percentages of
patients with a daily NEWS >S5 (calculated by
daily heart rate, respiration rate, systolic blood
pressure, oxygen saturation, and body tempera-
ture) during hospital stay in both groups. On
hospital days (HD) 3 (9/188, 4.8% vs. 18/187,
9.6%; p=0.011) and 8 (7/186, 3.8% vs. 17/168,
10.1%; p=0.020), the percentages of patients
with a NEWS >5 were significantly lower in the
regdanvimab group.
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o Log-rank test = 5.41
o 0.50 1 .
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2
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0.25 1

-+~ Non-Regdanvimab
-+~ Regdanvimab
0.00 1
0 1b 2b 3b
Time
Number at risk
Non-Regdanvimab{ 189 175 14
Regdanvimabq 189 184 12
0 10 20 30
Time

Fig.2 Kaplan-Meier survival curves for 30-day survival according to use of regdanvimab
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Table 3 Daily National Early Warning Score > 5 ratio

Use of regdanvimab No use of regdanvimab p value

Day 1 (n=378) 9 (4.8%) 8 (4.2%) 0.804
Use of regdanvimab: 189

No use of regdanvimab: 189

Day 2 (n=378) 16 (8.5%) 18 (9.5%) 0.719
Use of regdanvimab: 189

No use of regdanvimab: 189

Day 3 (n=376) 6(3.2%) 18 (9.6%) 0.011
Use of regdanvimab: 189

No use of regdanvimab: 187

Day 4 (n=370) 9 (4.8%) 16 (8.8%) 0.118
Use of regdanvimab: 189

No use of regdanvimab: 181

Day 5 (7= 363) 7 (3.7%) 15 (8.6%) 0.053
Use of regdanvimab: 188

No use of regdanvimab: 175

Day 6 (n=360) 6(3.2%) 13 (7.5%) 0.068
Use of regdanvimab: 187

No use of regdanvimab: 173

Day 7 (n=358) 7 (3.8%) 14 (8.1%) 0.078
Use of regdanvimab: 186

No use of regdanvimab: 172

Day 8 (2 =350) 7 (3.8%) 17 (10.1%) 0.020
Use of regdanvimab: 182

No use of regdanvimab: 168

Day 9 (= 340) 6 (3.4%) 11 (6.7%) 0.156
Use of regdanvimab: 177

No use of regdanvimab: 163

Day 10 (2 =315) 8 (4.7%) 12 (8.2%) 0.206
Use of regdanvimab: 169

No use of regdanvimab: 146

Day 11 (2=250) 8 (5.9%) 8 (7.0%) 0.740
Use of regdanvimab: 135

No use of regdanvimab: 115

Day 12 (7 =83) 5 (11.1%) 8 (21.1%) 0214
Use of regdanvimab: 45

No use of regdanvimab: 38
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Table 3 continued

Use of regdanvimab No use of regdanvimab p value
Day 13 (2=58) 6(20.0%) 9 (32.1%) 0.291
Use of regdanvimab: 30
No use of regdanvimab: 28
Day 14 (2 =46) 6 (24.0%) 9 (45.0%) 0.138

Use of regdanvimab: 25
No use of regdanvimab: 21

Regdanvimab VS Non-Regdanvimab

NEWS
30% 40% 50%
1 1 J

20%
1

10%
1

0%
1

= Non-Regdanvimab
= Regdanvimab

Day

Fig.3 Ratio of Daily National Early Warning Score 2 5 in the regdanvimab group and non-regdanvimab group

DISCUSSION

In this retrospective observational study, we
found that regdanvimab treatment was signifi-
cantly associated with reduced 30-day hospital
mortality and the proportions who received oxy-
gen therapy because of pneumonia exacerbation
in COVID-19 delta variant patients. In a previ-
ous study on the efficacy of regdanvimab, the
percentage of patients placed on supplemental

oxygen because of exacerbation of pneumonia
was higher among 66 patients treated with reg-
danvimab during the delta variant-dominant
period than 66 patients treated with regdan-
vimab during the pre-delta variant-dominant
period, and the above study reported that the
therapeutic efficacy of regdanvimab is unclear
[17]. However, the above study did not confirm
delta variant and only compared the before and
during delta variant dominance and also did
not adjust for vaccination status, which limits
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an accurate determination of the therapeutic
effects of regdanvimab. Another recent study on
patients with confirmed delta variant COVID-
19 infection also reported that the percentages
of patients with<90% SpO, on room air (1.0%
vs. 3.5%, p=0.0987), those placed on HFNC or
higher oxygen supplementation (2.0% vs. 5.2%,
p=0.1029), and those who died (0.0% vs. 0.9%,
p=0.2791) were non-significantly lower among
the 297 patients treated with regdanvimab
compared with the 115 patients not treated
with regdanvimab [9]. However, in their study,
when analyzing all COVID-19 patients, the per-
centage of patients who deteriorated to<90%
SpO, on room air was significantly lower (1.2%
vs. 7.9%, p<0.0001) among the 418 patients
treated with regdanvimab compared with the
304 patients not treated with regdanvimab [9].
The therapeutic effects of regdanvimab in their
study were consistent with the results of our
study, but when comparing only the delta vari-
ant group, there was no significant difference
with a p-value > 0.05. This is because their study
did not consider the patient age, vaccination
status, and severity. In their study, among all
subgroups, the delta variant subgroup treated
with regdanvimab exhibited the highest sever-
ity and the lowest vaccination rate, potentially
leading to an underestimation of the effective-
ness of regdanvimab. In our study, we included
only patients confirmed to have delta variant
infection and PS matched the regdanvimab and
non-regdanvimab groups on age, sex, COVID-19
vaccination history, and severity at the time of
admission (percentage of patients with mild and
moderate conditions). These measures allowed
our study to more accurately assess the therapeu-
tic efficacy of regdanvimab against the COVID-
19 delta variant than other previous studies.
Diabetes mellitus and obesity are major risk
tactors for COVID-19 [18]. In our study, there
were no differences between groups in the per-
centage of patients with other pre-existing con-
ditions; however, that with DM was significantly
higher in the regdanvimab group, both before
and after PS matching. Moreover, there were also
significantly more patients with a BMI>30 kg/
m? in the regdanvimab group before PS match-
ing. This is presumably because only patients
at high risk for exacerbation of the condition,

which includes those with diabetes mellitus
and BMI>30 kg/m?, were indicated to receive
regdanvimab. Despite the higher percentage of
patients with obesity and diabetes mellitus, two
major risk factors of COVID-19, in the regda-
nvimab group before PS matching, those who
required supplemental oxygen because of exac-
erbation of pneumonia during hospital stay,
those placed on HFNC, those progressing to a
severe condition, and those who died were sig-
nificantly fewer in the regdanvimab group than
in the non-regdanvimab group.

In our study, the percentage of unvacci-
nated patients was significantly higher in the
regdanvimab group (179/262, 68.3%) than in
the non-regdanvimab group (113/179, 49.1%)
before PS matching. Moreover, the percentage of
patients with a moderate condition at the time
of admission was higher in the regdanvimab
group (25.6%) than in the non-regdanvimab
group (14.8%). This may be attributable to the
complex system when regdanvimab was first
approved with emergency authorization for use
on patients. Then, the healthcare providers had
to obtain informed consent from the patient,
submit a drug request via fax for approval,
and receive the drug via parcel services. There-
fore, regdanvimab was not used in vaccinated
patients or those with mild conditions. Further-
more, patients with mild symptoms sometimes
refused the drug because of reluctance to use a
new drug. In addition, even after official author-
ization, the supply of regdanvimab was halted
for a time because of its rapidly increased usage
as well as when unvaccinated patients or those
with severe conditions (those at a higher risk
of clinical deterioration) were prioritized for the
available drugs because the drug was insufficient
for all patients who meet the indications. These
reasons might have contributed to the higher
percentage in the regdanvimab group.

To evaluate how quickly regdanvimab sta-
bilizes patients’ vital signs, we calculated daily
NEWS based on the respiration rate, oxygen
saturations, any supplemental oxygen, tem-
perature, systolic blood pressure, heart rate, and
level of consciousness from the day of admis-
sion to discharge. NEWS has been used to assess
patient prognosis in several studies. A system-
atic review of 121 articles showed that the most
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frequently used cut-off value reported in the lit-
erature was>5 points [19]. Furthermore, a study
on NEWS and quick Sequential Organ Failure
Assessment (QSOFA) in 1713 patients admitted
to five acute care hospitals in the UK reported
that NEWS is a better risk assessment tool than
gSOFA and that the risk for ICU admission and
death significantly increased among patients
with a NEWS>5 [20]. Regarding these studies,
we considered patients with a NEWS>35 as at
high clinical risk group and compared the per-
centage between the two groups. From HD 2,
there were fewer patients with a NEWS>5 in the
regdanvimab group and significantly fewer on
HD 3 and 8. Thus, regdanvimab is believed to
have helped stabilize the vital signs of patients
with COVID-19 delta variant infection.

First discovered in India in October 2020,
the COVID-19 delta variant is reported to have
a higher transmissibility and to spread more
quickly than the original and alpha variants
[21], with a higher risk for progression to severe
infection and mortality compared to the alpha
variant [22-24]. However, regdanvimab was
available only to a limited number of patients
because of the conditional approval for emer-
gency use during the delta variant wave, and
even patients indicated for regdanvimab could
not receive the drug because of the complex sup-
ply process. Since 2020, monoclonal antibody
COVID-19 drugs have been developed by sev-
eral pharmaceutical companies at an unprec-
edented rate, and many countries granted an
emergency-use authorization to promptly roll
them out to COVID-19 patients [25]. Since its
official authorization in September 2021 in
Korea, regdanvimab has been supplied to many
COVID-19 treatment facilities, including resi-
dential treatment centers and long-term care
facilities. Nevertheless, its supply was suspended
in February 2022—5 months after the official
approval—because the Omicron variant became
dominant. The Omicron variant has more than
30 spike protein mutations, and 15 of them are
on the receptor-binding domain. Neutralizing
antibodies such as regdanvimab act by binding
to the receptor-binding domain of SARS-CoV 2
and prevent viral attachment to the host’s ACE2
receptor. However, several mutations on the
receptor-binding domain, the binding site for

neutralizing antibodies, in the Omicron variant
reduced the sensitivity to neutralization by most
monoclonal antibodies [26-28].

Our study provides important implications by
confirming that regdanvimab was effective in
reducing the rate of severity progression, low-
ering the 30-day mortality, and more quickly
stabilizing vital signs in high-risk patients with
the delta variant, which had higher severity and
mortality rates compared to the Omicron vari-
ant. Although regdanvimab is not currently in
use, the efficacy of monoclonal antibodies like
regdanvimab remains contentious, and contin-
ued research on them holds promise for inform-
ing future treatments of viral infectious diseases.

The development of new drugs typically takes
several years. However, Celltrion Inc., the man-
ufacturers of regdanvimab, significantly short-
ened the period from drug development to com-
pletion of phase 2 clinical trials to 10 months
[3]. One key strategy for rapid development was
obtaining blood samples from the Korea Disease
Control and Prevention Agency (KDCA) during
the antibody discovery phase to construct a
library of candidate antibodies. Furthermore, the
time taken to select the final antibody was short-
ened through real-time virus neutralization tests
conducted by the KDCA. Through pre-submis-
sion discussions with regulatory authorities, the
company and regulatory agencies narrowed their
differences in opinions, and they could swiftly
review and supplement clinical trial protocols,
chemistry, manufacturing, and control (CMC)
as well as good manufacturing practice (GMP)
by utilizing the pre-review system of the MFDS.
Through these rapid preliminary discussions and
rolling reviews in Korea, regdanvimab obtained
conditional approvals for emergency use unusu-
ally quickly, just 1 month after submitting the
final phase 2 clinical trial report. However, it
is unfortunate that the process of applying for
and receiving regdanvimab spanned from 1 to
4 days. According to the guidelines for using
conditional approval drugs, physicians need to
obtain explicit consent from the patient, sub-
mit the completed supply request form to the
company via fax or email, and then receive the
drug by delivery. Monoclonal antibodies such as
regdanvimab are most effective when adminis-
tered early in the course of illness. However, this
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process led to delayed administration of regdan-
vimab to patients, and in some cases, adminis-
tration was not possible via fax or email delivery
delays. In the future, it would be beneficial to
implement real-time checking of consent forms
and supply requests through internet comput-
ing. Additionally, preemptive distribution of
drugs to local hospitals could enable same-day
delivery, streamlining the process and ensuring
timely access to medications.

This study had a few limitations. First, it
was conducted in two centers and was a retro-
spective study using EMR. It would have been
beneficial to involve additional facilities and a
larger study population. However, the specific
SARS-CoV-2 gene and mutations are not identi-
fied for most inpatients. Thus, since this study
only included patients diagnosed with the delta
variant, it was difficult to enroll patients from
other facilities. However, the study hospitals
were tertiary hospitals designated as COVID-19
hospitals in 2021; thus, they had a high number
of high-risk inpatients, and the inpatients were
representative of the COVID-19 inpatient popu-
lation in Korea. Second, although we adjusted
for age, sex, vaccination status, and severity at
the time of admission through PS matching, we
could not adjust for all confounders, such as pre-
existing conditions and antibiotics used. How-
ever, that diabetes mellitus and obesity, which
are key risk factors, were more prevalent in the
regdanvimab group suggests that the therapeu-
tic efficacy of regdanvimab could have actually
been underestimated in our study. In addition,
the use of antibiotics is helpful only in cases of
co- or secondary infections, and there were no
significant differences in the use of steroids and
remdesivir, which have been confirmed to be
helpful in treating patient outcomes of COVID-
19 between the two groups. Thus, we believe
that there is little bias from unmeasured con-
founding factors. Third, in this study, we were
unable to determine the side effects of regdan-
vimab. However, there were no reported cases
of side effects, including serious allergic reac-
tions such as anaphylaxis, and there were no
cases of discontinuation of administration due
to decreased liver or kidney function following
the administration of regdanvimab.

CONCLUSIONS

In this study, regdanvimab lowered the percent-
age of patients progressing to severe or critical
infection or dying, the 30-day mortality rate,
and the percentage of patients with a NEWS>5
from HD 2 among patients with mild and mod-
erate COVID-19 delta variant infection at high
risk for clinical deterioration. Despite such effi-
cacy, regdanvimab was only given emergency-
use authorization at the time of the delta wave
and thus was unavailable for use in all health-
care facilities. Furthermore, the process to
request and obtain the drug for administration
was too complicated, hindering its administra-
tion to all patients who meet the indications. As
viruses, such as SARS-CoV2, continually mutate,
developing therapeutic drugs and vaccines is
challenging, as are conducting clinical trials
and examining treatment outcomes. Thus, the
administration process should be streamlined,
and institutional support is required to enable
prompt administration of available therapeutic
drugs for patients upon the spread of a new vari-
ant virus.
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