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ABSTRACT

Introduction: Regdanvimab, a neutralising
monoclonal antibody (mAb) against severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2), received approval for the

treatment of coronavirus disease 2019 (COVID-
19) in South Korea in 2021. The Ministry of
Food and Drug Safety in South Korea mandate
that new medications be re-examined for safety
and effectiveness post-approval in at least 3000
individuals. This post-marketing surveillance
(PMS) study was used to evaluate the safety and
effectiveness of regdanvimab in real-world
clinical care.Supplementary Information The online version

contains supplementary material available at https://
doi.org/10.1007/s40121-023-00859-1.
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Methods: This prospective, multicentre, phase
4 PMS study was conducted between February
2021 and March 2022 in South Korea. Eligible
patients were aged C 18 years with confirmed
mild COVID-19 at high risk of disease progres-
sion or moderate COVID-19. Patients were
hospitalised and treated with regdanvimab
(40 mg/kg, day 1) and then monitored until
discharge, with a follow-up call on day 28.
Adverse events (AEs) were documented, and the
COVID-19 disease progression rate was used to
measure effectiveness.
Results: Of the 3123 patients with COVID-19
infection identified, 3036 were eligible for
inclusion. Approximately 80% and 5% of the
eligible patients were diagnosed with COVID-19
during the delta- and omicron-dominant peri-
ods, respectively. Median (range) age was 57
(18–95) years, and 50.6% of patients were male.
COVID-19 severity was assessed before treat-
ment, and high-risk mild and moderate COVID-
19 was diagnosed in 1030 (33.9%) and 2006
(66.1%) patients, respectively. AEs and adverse
drug reactions (ADRs) were experienced by 684
(22.5%) and 363 (12.0%) patients, respectively.
The most common ADR was increased liver
function test (n = 62, 2.0%). Nine (0.3%)
patients discontinued regdanvimab due to
ADRs. Overall, 378 (12.5%) patients experi-
enced disease progression after regdanvimab
infusion, with extended hospitalisation/re-ad-
mission (n = 300, 9.9%) as the most common
reason. Supplemental oxygen was required by
282 (9.3%) patients. Ten (0.3%) patients
required intensive care monitoring and 3 (0.1%)
died due to COVID-19.
Conclusion: This large-scale PMS study
demonstrated that regdanvimab was effective
against COVID-19 progression and had an
acceptable safety profile when used in real-
world clinical practice.

Keywords: COVID-19; CT-P59; Effectiveness;
Monoclonal antibody; Neutralising antibody;
Post-marketing surveillance; Regdanvimab;
Safety; SARS-CoV-2

Key Summary Points

Why carry out this study?

Regdanvimab is a neutralising monoclonal
antibody against SARS-CoV-2 that
received approval for the treatment of
COVID-19 in South Korea in 2021.

This post-marketing surveillance (PMS)
study was conducted in accordance with
regulations issued by the Ministry of Food
and Drug Safety in South Korea to obtain
post-approval safety and effectiveness
data in at least 3000 individuals.

The study aimed to evaluate the safety and
effectiveness of regdanvimab in routine
clinical care for the treatment of COVID-
19.

What was learned from the study?

Regdanvimab was well tolerated, and no
safety concerns were raised. Overall,
12.5% of treated patients experienced
disease progression, and the mortality rate
was low (0.1%).

These real-world data from over 3000
patients support the tolerability and
effectiveness of regdanvimab in clinical
practice for the treatment of high-risk
mild or moderate COVID-19.

INTRODUCTION

Since the World Health Organization (WHO)
declared a coronavirus disease 2019 (COVID-19)
pandemic on 11 March 2020 [1–3] and up to the
time of writing (16 July 2023), there have been
more than 767 million confirmed cases of
COVID-19 and over 6.9 million deaths [4]. The
rapid response from the scientific community

Infect Dis Ther



resulted in the unprecedented approval of vac-
cines and new antiviral therapies, including
monoclonal antibodies (mAbs), within a year
[5–7]. In the early phase of the pandemic, mAb
treatment contributed to preventing a worsen-
ing of the disease and reducing hospitalisation
and mortality rates [5, 8–10]. In line with
research on virus mutations, other antibodies
were quickly developed to respond to virus
mutations [8, 11]. In particular, mAb treatment
is used for early response to disease and is a vital
option for some patients, including immuno-
compromised individuals, as it provides a
prompt immune response [5, 7, 12, 13].

Regdanvimab is a potent neutralising mAb
that binds to the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) spike-pro-
tein receptor binding domain (RBD) for the
angiotensin-converting enzyme 2 receptor and
disrupts viral cell entry [14]. Regdanvimab has
high binding affinity for the RBD and neutral-
ising potential as compared with other mAbs
[14–19]. In a phase 2/3 randomised, placebo-
controlled, double-blind study conducted in
patients with mild-to-moderate COVID-19,
regdanvimab reduced disease progression and
clinical recovery time compared with placebo,
and its acceptable safety profile was confirmed
[20, 21]. Following these results, regdanvimab
has received approval or emergency authorisa-
tion use for the treatment of COVID-19 [22–24].
To expedite use, conditional approval was pro-
vided by the Ministry of Food and Drug Safety
(MFDS) in South Korea in February 2021 for the
treatment of adult patients with mild symptoms
of COVID-19 at high risk of progression (over
the age of 60 or at least one underlying medical
condition; cardiovascular disease, chronic res-
piratory disease, diabetes, hypertension), or
adult patients with moderate symptoms of
COVID-19, on the condition of submitting
phase 3 results and closely monitoring for any
side effects [23]. Later in 2021, regdanvimab
received full approval in South Korea (Septem-
ber 2021) for use in adult patients with mild
symptoms of COVID-19 at high risk of pro-
gression (over the age of 50 or at least one
underlying medical condition; obesity, cardio-
vascular disease, chronic lung disease, diabetes,
chronic kidney disease, chronic liver disease,

and patients on immunosuppressive agents) or
adult patients with moderate symptoms of
COVID-19 [24]. In November 2021, the Euro-
pean Union approved regdanvimab treatment
for adults with COVID-19 who are at increased
risk of progression to severe disease but do not
require supplementary oxygen [22]. Overall,
regdanvimab has received approval in 40
countries worldwide for the purpose of pre-
venting progression to severe COVID-19. Sev-
eral retrospective studies conducted in South
Korea have provided further evidence for the
safety and effectiveness of regdanvimab in
patients with mild or mild-to-moderate COVID-
19 [25–32].

Post-marketing surveillance (PMS) studies
provide important information, after regulatory
approval, on the safety and effectiveness of
drugs, in a broad patient population attending
clinical practice [33, 34]. This phase 4, PMS,
multicentre study was conducted in accordance
with regulations issued by the MFDS in South
Korea whereby new drugs are re-examined for
safety and effectiveness post-approval in 3000
or more individuals [35, 36]. The study aims to
evaluate the safety and effectiveness of regdan-
vimab in routine clinical care.

METHODS

Study Design

This was a prospective, open-label, observa-
tional, phase 4, PMS study of regdanvimab
conducted at 17 study centres in South Korea
(see Table S1 in the electronic supplementary
material). Surveillance was planned over a
6-year period, but, due to the rapid spread of the
disease and subsequent high patient enrolment,
the necessary number of participants was
reached after only 1 year, and the study was
closed early.

Compliance with Ethics Guidelines

The study was conducted according to the eth-
ical principles of the Declaration of Helsinki
and in compliance with the International
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Council for Harmonisation Good Clinical Prac-
tice and applicable regulatory requirements.
The study protocol was approved by the MFDS
of the Republic of Korea. Per South Korean laws,
additional approval from individual institu-
tional review boards is not required for surveil-
lance studies. All patients provided written
informed consent.

Study Population

The study enrolled patients who received reg-
danvimab for the first time according to its
approved indication in South Korea for the
treatment of COVID-19. Eligible patients were
aged C 18 years with COVID-19 confirmed
using reverse transcription-polymerase chain
reaction (RT-PCR). Within this population,
patients with mild COVID-19 at high risk of
progression to severe disease or moderate
COVID-19 could receive regdanvimab if they
had developed COVID-19 symptoms within
7 days prior to regdanvimab administration, did
not require supplemental oxygen, and had
oxygen saturation (SpO2)[ 94% on room air.

Study definitions of COVID-19 severity were
based on guidelines from the Korea Disease
Control and Prevention Agency (KDCA) [37].
Patients with mild COVID-19 were those who
had clinical symptoms of COVID-19 without
viral pneumonia and hypoxia. Patients with
moderate COVID-19 were those diagnosed with
COVID-19 who had pneumonia (fever, cough,
dyspnoea, tachypnoea) but no symptoms of
severe pneumonia.

Patients with disease at high risk of progres-
sion were defined as patients with C 1 of the
following risk factors: age[50 years; body mass
index (BMI)[30 kg/m2; cardiovascular disease,
including hypertension; chronic lung disease,
including asthma; type 1 or type 2 diabetes
mellitus; chronic kidney disease, including
those on dialysis; chronic liver disease; or
immunosuppressed status due to disease or
treatment (e.g., cancer treatment, bone marrow
or organ transplantation, immune deficiencies,
HIV, sickle-cell anaemia, thalassaemia, and
prolonged use of immune-weakening medica-
tions) based on the investigator’s assessment.

Patients were excluded if they were prohibited
from receiving regdanvimab as specified by the
prescribing information [38], had received reg-
danvimab for purposes other than the approved
indication, or if they were considered unfit for
participation in this study as decided by the
investigator.

Treatment

Regdanvimab 40 mg/kg was administered as a
single intravenous infusion over 60 min
(± 15 min) according to the prescribing infor-
mation and as approved by the MFDS in Korea
[22, 23].

Assessments

Patient medical history and COVID-19 treat-
ment history were collected, including date of
COVID-19 symptom onset, date of diagnosis,
disease severity, and variant type, if available.
Details of any concomitant medications, any
abnormal changes in clinical laboratory tests
which require safety reporting as determined by
the investigator, and any occurrence of anti-
body-dependent enhancement after regdan-
vimab infusion were also recorded.

Patients received regdanvimab on day 1 and
were isolated at the hospital for quarantine.
Patients were monitored for up to 10 days at the
start of the PMS, but this subsequently changed
to up to 7 days from 26 January 2022 as dictated
by the KDCA. The discharge decision was at the
investigator’s discretion, taking into account
the isolation period set by the KDCA and the
patient’s condition. On day 28 (± 3 days), a
follow-up telephone call was conducted to
ascertain any additional information about
drug safety and effectiveness.

Safety
Adverse events (AEs) and adverse drug reactions
(ADRs), including serious AEs, serious ADRs,
unexpected AEs, and unexpected ADRs, were
documented. Only symptoms of an infusion-
related reaction (IRR) grade 1–3 in intensity
were considered as possibly expected. For each
AE, the type, date of symptom onset/end,
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severity, seriousness, outcome, causal relation-
ship to regdanvimab and other treatments, and
actions taken and/or treatment received were
recorded. AEs were recorded regardless of their
causality or relationship to regdanvimab treat-
ment. The causal relationship of AEs to reg-
danvimab treatment was characterised as
‘certain’, ‘probable/likely’, ‘possible’, ‘unlikely’,
‘conditional/unclassified’, or ‘unassessable/un-
classifiable’. AEs were deemed to be ADRs (i.e.
causally related to regdanvimab) if the rela-
tionship to regdanvimab was deemed by the
investigator to be ‘certain’, ‘probable/likely’,
‘possible’, ‘conditional/unclassified’, or
‘unassessable/unclassifiable’. AEs were coded
using the Medical Dictionary for Regulatory
Activities (MedDRA; version 25.0).

Effectiveness
Effectiveness was assessed based on the rate of
COVID-19 disease progression, defined as the
occurrence of any of the following criteria:
requirement for supplementary oxygen or
mechanical ventilation for C 24 h due to SpO2

measuring B 94% on room air because of SARS-
CoV-2 infection; hospitalisation for C 24 h
longer than planned or re-hospitalisation
for C 24 h after discharge due to worsening
symptoms of SARS-CoV-2 infection; admittance
to intensive care unit (ICU) due to SARS-CoV-2
infection; death due to SARS-CoV-2 infection;
requirement for remdesivir for the treatment of
severe SARS-CoV-2 infection after regdanvimab
administration (includes only cases where
remdesivir administration started before 7 Jan-
uary 2022, when the approval of remdesivir in
South Korea was extended from severe SARS-
CoV-2 infection to also include patients with
mild and moderate disease who were at high
risk of progression to severe disease).

Effectiveness was analysed in the overall
population and further characterised in the
following patient subgroups: COVID-19 severity
(mild or moderate) prior to regdanvimab infu-
sion; SARS-CoV-2 variant (wild-type, alpha,
delta, gamma, omicron, or unknown); patient
risk status (C 1 high-risk factor or no high-risk
factors); COVID-19 vaccination status (vacci-
nated or unvaccinated); time from symptom

onset to regdanvimab infusion (B 3 or[3
days); outbreak period (defined by dominant
variant: pre-delta, delta, or omicron). In South
Korea, during each outbreak period, the domi-
nant variant was initially detected in more than
50% of patients and rapidly reached about
100% [39].

Statistical Analysis

The safety analysis set comprised all patients
who received a partial or full dose of regdan-
vimab and in whom safety follow-up was com-
pleted after regdanvimab administration. The
effectiveness analysis set comprised all patients
in the safety analysis set who completed the
effectiveness evaluation after regdanvimab
administration. Patient demographics and
baseline characteristics, incidence of AEs and
ADRs, and rate of disease progression are
reported using descriptive statistics. All statisti-
cal analyses were performed using SAS software,
version 9.4 (SAS Institute Inc., Cary, North
Carolina, USA).

RESULTS

The PMS study was initiated on 5 February
2021. Enrolment of the last patient was on 25
February 2022, and the last visit was performed
on 23 March 2022. Final data cutoff was 6
October 2022.

Patients

Patient disposition is presented in Fig. 1. In
total, 3123 patients with COVID-19 confirmed
by RT-PCR were identified across 17 centres in
South Korea. Of these patients, 87 were exclu-
ded from the study due to violation of the
inclusion criteria (n = 72), the patient not
receiving regdanvimab (n = 9), loss to follow-up
(n = 9), informed consent uncertainty (n = 7),
violation of the exclusion criteria (n = 7), or
duplicate entries (n = 3) (note that some
patients were excluded for more than one rea-
son). The remaining 3036 patients formed the
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safety analysis set and the effectiveness analysis
set.

Patient demographics and baseline charac-
teristics are presented in Table 1. The median
(range) age was 57.0 (18–95) years. Overall,
there was a comparable number of females
(n = 1500; 49.4%) and males (n = 1536; 50.6%).
A total of 46.9% patients received regdanvimab
within 3 days of COVID-19 symptom onset, and
71.2% of enrolled patients were not vaccinated.

There were 1030 (33.9%) patients classified as
having mild COVID-19 and 2006 (66.1%) with
moderate COVID-19 prior to regdanvimab
infusion. The most common time of diagnosis
among patients in the study was during the
delta outbreak period (July 2021 to December
2021) (n = 2422; 79.8%). The variant of SARS-
CoV-2 was unknown in most patients
(n = 2258; 74.4%). Where known, the delta
variant was the most commonly occurring

Fig. 1 Patient disposition. aHigh-risk mild patients were
defined as patients with C 1 of the following risk factors:
age[ 50 years; BMI[ 30 kg/m2; cardiovascular disease,
including hypertension; chronic lung disease, including
asthma; type 1 or type 2 diabetes mellitus; chronic kidney
disease, including those on dialysis; chronic liver disease; or
immunosuppressed status due to disease or treatment (e.g.,
cancer treatment, bone marrow or organ transplantation,
immune deficiencies, HIV, sickle-cell anaemia,

thalassaemia, and prolonged use of immune-weakening
medications) based on the investigator’s assessment.
bPatients could be counted multiple times if there
was[ 1 reason for exclusion. BMI body mass index, ICF
informed consent form, RT-PCR reverse transcription-
polymerase chain reaction
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variant (n = 516; 17.0%). There were 2294
(75.6%) patients classed as being in the high-
risk group.

Regdanvimab Exposure

Among the 3036 patients in the safety analysis
set, most (n = 2989, 98.5%) received regdan-
vimab in accordance with the approved dosage
of 40 mg/kg. The median (range) dose admin-
istered was 40.0 mg/kg (4.8–56.7) (Table S2). In
total, 9 patients (0.3%) permanently discontin-
ued regdanvimab, all due to AEs. The median
(range) administered dose in patients with per-
manent discontinuation of regdanvimab was
24.0 mg/kg (4.8–39.8).

Safety

Table 2 summarises safety findings. In the safety
analysis set, 684 (22.5%) patients experienced
an AE and 6 (0.2%) experienced a serious AE.
One serious AE (cholangiocarcinoma) led to
death (drug-related causality was deemed
unlikely).

Altogether, 363 (12.0%) patients experienced
an ADR. No notable difference was observed in
ADR trends between outbreak periods. ADRs
that occurred in C 10 patients are reported in
Table 3: the most commonly occurring ADRs
were increased liver function tests (n = 62;
2.0%), nausea (n = 35; 1.2%), and diarrhoea
(n = 26; 0.9%). Unexpected ADRs were reported
in 293 (9.7%) patients. Two (0.1%) patients
experienced serious ADRs (anaphylactic shock
[grade 4] and cerebral infarction [grade 2]); both
recovered. For cerebral infarction, the patient
had an existing medical history of hypertension
and hyperlipidaemia. The investigator assessed
the causality as unclassified. A total of 9 patients
permanently discontinued regdanvimab due to
AEs which were evaluated as ADRs (3 cases of
pyrexia, 3 cases of urticaria, and 1 each of ana-
phylactic shock, anxiety, and rash). No anti-
body-dependent enhancement events were
reported.

Table 1 Patient demographics and baseline characteristics
(safety analysis set)

Regdanvimab
(N = 3036)a

Age (years), median (range) 57.0 (18–95)

Sex, n (%)

Male 1536 (50.6)

Female 1500 (49.4)

Weight (kg), median (range)b 66.8 (26.6–162.0)

BMI (kg/m2), median (range)c 24.5 (13.2–52.2)

COVID-19 severity prior to regdanvimab infusion, n (%)

Mild 1030 (33.9)

Moderate 2006 (66.1)

Outbreak period (according to diagnosis date)

Pre-delta (up to Jun 2021) 467 (15.4)

Delta (Jul 2021–Dec 2021) 2422 (79.8)

Omicron (Jan 2022–Jul 2022) 147 (4.8)

Variant of SARS-CoV-2, n (%)

Wild-type 241 (7.9)

Alpha 18 (0.6)

Delta 516 (17.0)

Gamma 1 (\ 0.1)

Omicron 2 (0.1)

Unknown 2258 (74.4)

High-risk group, n (%) 2294 (75.6)

Age[ 50 years 1892 (62.3)

BMI[ 30 kg/m2 313 (10.3)

Cardiovascular disease, including

hypertension

1199 (39.5)

Chronic lung disease, including

asthma

19 (0.6)

Type 1 or 2 diabetes mellitus 542 (17.9)

Chronic kidney disease, including

those on dialysis

67 (2.2)

Chronic liver disease 46 (1.5)
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Effectiveness

The rate of COVID-19 disease progression is
summarised overall and by subgroup in Table 4.
Overall, 378 (12.5%) patients in the effective-
ness analysis set experienced disease progres-
sion after regdanvimab infusion. Extended
hospitalisation period or hospital re-admission
(lasting C 24 h due to COVID-19) was the most
commonly occurring reason for disease pro-
gression, occurring in 300 (9.9%) patients, fol-
lowed by requirement for supplemental oxygen
therapy (282 [9.3%] patients, 4 of whom [0.1%]
required mechanical ventilation). Administra-
tion of remdesivir for the treatment of severe
COVID-19, before remdesivir indication had
been extended to patients with mild and mod-
erate COVID-19 at high risk of progression to
severe disease, was documented as the reason
for disease progression in 242 (8.0%) patients.
There were 10 (0.3%) patients who required ICU
monitoring and 3 (0.1%) patients who died.
Among 1030 patients who had mild COVID-19
before regdanvimab infusion, 68 (6.6%) experi-
enced disease progression, compared with 310
(15.5%) of the 2006 patients who had moderate
COVID-19 before regdanvimab infusion. Sup-
plemental oxygen therapy was administered to
5.4% (56/1030) of patients with mild COVID-19
and 11.3% (226/2006) with moderate COVID-
19. Among those who received oxygen therapy,
35.7% (20/56) of patients with mild COVID-19

and 65.0% (147/226) with moderate COVID-19
received regdanvimab[ 3 days after symptom
onset (Table S3).

The rate of disease progression by outbreak
period was not substantially different between
the pre-delta and delta subgroups (16.1% and
12.3%, respectively). Fewer progression events
(3.4%) were observed during the omicron per-
iod; however, we note the small patient number
in this group (Table 5). Similar disease progres-
sion rates were observed when using different

Table 1 continued

Regdanvimab
(N = 3036)a

Immunosuppressed 45 (1.5)

BMI body mass index, SARS-CoV-2 severe acute respira-
tory syndrome coronavirus 2
aAll percentages are calculated as a percentage of the total
population (N = 3036)
bn = 3304, weight information was unavailable for two
patients
cn = 3024, BMI information was unavailable for 12
patients

Table 2 Safety findings (safety analysis set)

n (%) Regdanvimab
(N = 3036)

Adverse event 684 (22.5)

Serious adverse event 6 (0.2)

Serious adverse event leading to

death

1a (0.03)

ADRb 363 (12.0)

Grade 1 325 (10.7)

Grade 2 37 (1.2)

Grade 3 0

Grade 4 1 (\ 0.1)

Grade 5 0

Unexpected ADR 293 (9.7)

Serious ADRc,d 2 (0.1)

ADR leading to regdanvimab

discontinuation

9 (0.3)

ADR adverse drug reaction
aCholangiocarcinoma, deemed by the investigator as unli-
kely to be related to study treatment
bAdverse events that had a relationship with the study drug
that was ‘certain’, ‘probable/likely’, ‘possible’, ‘conditional/
unclassified’ and ‘unassessable/unclassifiable’ were consid-
ered as ADRs. At each level of summarisation, patients
were counted once if they reported one or more events.
Only the most severe event was counted
cAll serious ADRs are conservatively evaluated as suspected
unexpected serious adverse reactions
dAnaphylactic shock (grade 4) and cerebral infarction
(grade 2)

Infect Dis Ther



Table 3 ADRs occurring in C 10 patients by MedDRA system organ class and preferred term (safety analysis set)

System organ classa

Preferred terma, n (%)
Pre-delta
Up to Jun 2021
(N = 467)

Delta
Jul 2021–Dec 2021
(N = 2422)

Omicron
Jan 2022–Jul 2022
(N = 147)

Total
(N = 3036)

Blood and lymphatic system disorders

Neutropenia 0 10 (0.4) 0 10 (0.3)

Cardiac disorders

Bradycardia 4 (0.9) 7 (0.3) 0 11 (0.4)

Gastrointestinal disorders

Diarrhoea 7 (1.5) 19 (0.8) 0 26 (0.9)

Dyspepsia 4 (0.9) 21 (0.9) 0 25 (0.8)

Nausea 9 (1.9) 24 (1.0) 2 (1.4) 35 (1.2)

General disorders and administration-site conditions

Pyrexia 5 (1.1) 8 (0.3) 0 13 (0.4)

Investigations

Alanine aminotransferase

increased

0 17 (0.7) 0 17 (0.6)

Aspartate aminotransferase

increased

0 16 (0.7) 0 16 (0.5)

Blood triglycerides

increased

1 (0.2) 17 (0.7) 0 18 (0.6)

Liver function test increased 9 (1.9) 53 (2.2) 0 62 (2.0)

Oxygen saturation

decreased

6 (1.3) 5 (0.2) 0 11 (0.4)

Nervous system disorders

Dizziness 6 (1.3) 10 (0.4) 3 (2.0) 19 (0.6)

Skin and subcutaneous tissue disorders

Pruritus 0 10 (0.4) 0 10 (0.3)

Rash 2 (0.4) 20 (0.8) 1 (0.7) 23 (0.8)

Urticaria 2 (0.4) 17 (0.7) 0 19 (0.6)

ADR adverse drug reaction, MedDRA Medical Dictionary for Regulatory Authorities
aMedDRA dictionary, version 25.0
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Table 4 Progression to severe COVID-19 after regdanvimab infusion (effectiveness analysis set)

Regdanvimab (N = 3036) P valuec

Worsening,
n (%)a

Number of patients in subgroup,
n (%)b

Total (C 1 progression) 378 (12.5) 3036 (100)

Supplemental oxygen therapyd 282 (9.3) 3036 (100)

Mechanical ventilation therapy 4 (0.1) 3036 (100)

Extended hospitalisation period or re-admissione 300 (9.9) 3036 (100)

Remdesivir administrationf 242 (8.0) 3036 (100)

ICU monitoring 10 (0.3) 3036 (100)

Death 3 (0.1) 3036 (100)

Subgroup 1: COVID-19 severity prior to regdanvimab

infusion

\ 0.001

Mild 68 (6.6) 1030 (33.9)

Moderate 310 (15.5) 2006 (66.1)

Subgroup 2: Outbreak period (according to diagnosis

date)

\ 0.001

Pre-delta (up to Jun 2021) 75 (16.1) 467 (15.4)

Delta (Jul-2021–Dec 2021) 298 (12.3) 2422 (79.8)

Omicron (Jan 2022–Jul 2022) 5 (3.4) 147 (4.8)

Subgroup 3: Variant of SARS-CoV-2 0.755

Wild-type 33 (13.7) 241 (7.9)

Alpha 3 (16.7) 18 (0.6)

Delta 69 (13.4) 516 (17.0)

Gamma 0 1 (0.03)

Omicron 0 2 (0.1)

Unknown 273 (12.1) 2258 (74.4)

Subgroup 4: At least one high-risk factorg 0.006

Yes 307 (13.4) 2294 (75.6)

No 71 (9.6) 742 (24.4)

Subgroup 5: COVID-19 vaccine \ 0.001

Yes 71 (8.1) 875 (28.8)

No 307 (14.2) 2161 (71.2)

Subgroup 6: Time from symptom onset to regdanvimab

infusion

0.002

B 3 days 149 (10.5) 1423 (46.9)
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criteria for disease progression. The rate of dis-
ease progression by SARS-CoV-2 variant was not
significantly different between the alpha vari-
ant, delta variant, wild-type, and unknown
variant subgroups (ranging from 12.1% to
16.7%, p = 0.755).

Significant differences were observed
according to the presence or absence of high-
risk factors, whether a vaccine was prescribed
before administration of regdanvimab, and
timing of administration. Among 2294 patients
with C 1 high-risk factor, 307 (13.4%) experi-
enced disease progression, compared with 71
(9.6%) of the 742 patients without a high-risk
factor (p = 0.006). Of the 875 patients vacci-
nated against COVID-19, 71 (8.1%) experienced
disease progression, compared with 307 (14.2%)
of the 2161 patients who were unvaccinated
(p\ 0.001). The proportion of patients experi-
encing progression was lower when regdan-
vimab was administered within 3 days of
symptom onset (n = 149, 10.5%) compared

with[ 3 days after onset (n = 229, 14.2%;
p = 0.002). Overall, in patients with mild
COVID-19, no significant difference in disease
progression was observed between patients who
received regdanvimab within 3 days of symp-
tom onset (7.0%) and patients who received
regdanvimab later (6.1%). A higher proportion
of patients with moderate COVID-19, who
received regdanvimab 3 or more days after
symptom onset, experienced disease progres-
sion (16.9%) compared with patients who
received regdanvimab earlier (13.3%; p = 0.031)
(Table 6).

DISCUSSION

This phase 4 PMS study investigated regdan-
vimab in patients with high-risk mild or mod-
erate COVID-19, confirmed by RT-PCR. Data
from 3036 patients support the tolerability and
effectiveness of regdanvimab in clinical

Table 4 continued

Regdanvimab (N = 3036) P valuec

Worsening,
n (%)a

Number of patients in subgroup,
n (%)b

[ 3 days 229 (14.2) 1613 (53.3)

BMI body mass index, ICU intensive care unit, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, SpO2 oxygen
saturation
aPercentages are calculated as: (number of worsening patients/number of patients in each subgroup) 9 100
bPercentages are calculated as: (number of patients in each subgroup/total number of patients in the effectiveness analysis
set) 9 100
cP values derived from chi-squared test; except for SARS-CoV-2 variant subgroup, which was assessed by Fisher exact test
dIncludes only cases where supplemental oxygen therapy was given for C 24 h due to worsening of COVID-19 (SpO2

B 94% in room air)
eCases where the hospitalisation period was extended for[ 24 h, or the patient was re-hospitalised[ 24 h after discharge,
due to worsening symptoms of COVID-19
fIncludes only cases where remdesivir administration started before the date (7 January 2022) when the approval of
remdesivir in South Korea was extended to patients with mild and moderate disease who are at high risk of progression to
severe disease
gDefined as age[ 50 years; BMI[ 30 kg/m2; cardiovascular disease, including hypertension; chronic lung disease,
including asthma; type 1 or type 2 diabetes mellitus; chronic kidney disease, including those on dialysis; chronic liver
disease; or immunosuppressed status due to disease or treatment (e.g. cancer treatment, bone marrow or organ trans-
plantation, immune deficiencies, HIV, sickle-cell anaemia, thalassaemia, and prolonged use of immune-weakening medi-
cations) based on the investigator’s assessment
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practice. PMS studies are an integral component
of the regulatory process and are mandated by
the MFDS in Korea for any new approved drug
product [34–36, 40]. Although randomised
controlled trials are the gold standard for eval-
uating drug efficacy and safety, the strict eligi-
bility criteria and restricted patient numbers
can mean that factors such as rare ADRs and
important drug–drug interactions are missed
[34, 40]. PMS studies are especially important
following the rapid development and approval
of COVID-19 vaccines and therapeutics, and the
additional data may help inform treatment
decisions in the clinic [33, 41].

Analysis of regdanvimab treatment in this
large real-world patient population did not
reveal any new safety concerns. In total, AEs
and ADRs were reported in 684 (22.5%) and 363
(12.0%) of patients, respectively. The most
common ADR was increased liver function tests,

observed in 62 (2.0%) of patients. Unexpected
ADRs occurred in 293 (9.7%) of patients. Dis-
continuation of regdanvimab administration
due to AE was in all cases related to IRR and was
observed in only 9 patients (0.3%). IRRs are
known to be commonly associated with mAb
infusion [42]. In the present study, pruritus,
urticaria, rash, and dizziness—AEs often related
to IRRs—all occurred in\ 1% of patients. Of the
3036 patients treated with regdanvimab, 2
reported serious ADR (anaphylactic shock and
cerebral infarction), both of whom recovered.

The overall safety findings of this PMS study
were consistent with those of previous con-
trolled studies of CT-P59 and other therapeutic
anti-SARS-CoV-2 antibodies [20, 21]. In the
phase 3 study of regdanvimab (CT-P59), treat-
ment-emergent AEs (TEAEs) were reported in
30.4% of patients. The most frequently reported
treatment-related AEs in the regdanvimab

Table 5 Progression to severe COVID-19 after regdanvimab infusion by outbreak period and COVID-19 vaccine status
(effectiveness analysis set)

Subtype of worsening, N(%) Outbreak period (according to diagnosis date) COVID-19 vaccine

Pre-delta
Up to Jun 2021
(N = 467)

Delta
Jul 2021–Dec 2021
(N = 2422)

Omicron
Jan 2022–Jul 2022
(N = 147)

Yes
(N = 875)

No
(N = 2161)

Supplemental oxygen therapya 52 (11.1) 225 (9.3) 5 (3.4) 60 (6.9) 222 (10.3)

Mechanical ventilation

therapy

3 (0.6) 1 (\ 0.1) 0 0 4 (0.2)

Extended hospitalisation

period or readmissionb
56 (12.0) 239 (9.9) 5 (3.4) 54 (6.2) 246 (11.4)

Remdesivir administrationc 49 (10.5) 193 (8.0) 0 51 (5.8) 191 (8.8)

ICU monitoring 2 (0.4) 8 (0.3) 0 0 10 (0.5)

Death 1 (0.2) 1 (\ 0.1) 1 (0.7) 0 3 (0.1)

Total (C1 progression) 75 (16.1) 298 (12.3) 5 (3.4) 71 (8.1) 307 (14.2)

COVID-19 coronavirus disease 2019, ICU intensive care unit, SpO2 oxygen saturation
aIncludes only cases where supplemental oxygen therapy was given for C 24 h due to worsening of COVID-19 (SpO2

B 94% in room air)
bCases where the hospitalisation period was extended for[ 24 h, or the patient was re-hospitalised[ 24 h after discharge,
due to worsening symptoms of COVID-19
cIncludes only cases where remdesivir administration started before the date (7 January 2022) when the approval of
remdesivir in South Korea was extended to patients with mild and moderate disease who are at high risk of progression to
severe disease
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group were liver enzyme increases and hyper-
triglyceridemia (both 1.1%). IRRs were reported
for 0.6% patients treated with regdanvimab
[20]. ‘Real-world’ evidence for other SARS-CoV-
2 mAb therapies is limited, although evidence
from clinical trials demonstrates comparable
instances of TEAEs (up to 28.1%), with IRRs
reported to be among the most frequent obser-
vations (up to 4.2%) [43, 44].

In general, similar to our PMS study, reports
of serious adverse reactions following anti-
SARS-CoV-2 mAb treatment in the clinic are few
[45], and there are conflicting reports in the
literature regarding the effect of mAb treat-
ments for COVID-19 on cardiovascular events.
Analysis of the US Food and Drug Administra-
tion Adverse Event Reporting System (FAERS)
revealed an increase in hypertension events
with casirivimab/imdevimab, bamlanivimab,
bamlanivimab/etesevimab, and bebtelovimab,
and ischaemic heart disease for casirivimab/
imdevimab and bamlanivimab, but no associa-
tion between cardiovascular events and treat-
ment with sotrovimab or
tixagevimab/cilgavimab [46]. In contrast, anal-
ysis of VigiBase, the safety database of the
WHO, discovered an increased risk for arterial
and venous thromboembolic events with tix-
agevimab/cilgavimab as compared with other
anti-SARS-CoV-2 mAbs [47]. In our PMS study,

no substantial new safety signals were identi-
fied. This is notable considering that cardio-
vascular disease was categorised in 1199 (39.5%)
patients at baseline as one of the high-risk cri-
teria, and only a small number (0.4%) of cardiac
disorder ADRs were reported.

This PMS study suggests real-world effec-
tiveness of regdanvimab for the treatment of
mild-to-moderate COVID-19. A higher propor-
tion of patients (12.5%) experienced disease
progression compared with the 3.1% of patients
who received regdanvimab in the phase 3 trial
[20]. However, this should be considered in the
context of the additional criteria used to define
disease progression in the PMS study versus the
phase 3 study. Progression for the PMS study
included supplemental oxygen therapy,
mechanical ventilation, extension of the hos-
pitalisation period or re-admission after dis-
charge, ICU monitoring, remdesivir
administration, and death. In the phase 3 study,
progression was defined as clinical symptoms
requiring hospitalisation, oxygen therapy, or
death. The proportions of patients who received
regdanvimab and required supplemental oxy-
gen therapy (9.3%) or hospital re-admission
(9.9%) were higher in the PMS compared with
the phase 3 trial (2.3% and 2.4%, respectively)
[20]. According to treatment guidelines in
South Korea, all SARS-CoV-2 confirmed positive

Table 6 Progression to severe COVID-19 by baseline COVID-19 severity (effectiveness analysis set)

COVID-19 severity: mild (N = 1030) COVID-19 severity: moderate (N = 2006)

Worsening,
n (%)a

Number of patients
in the subgroup,
n (%)b

P valuec Worsening,
n (%)a

Number of patients
in the subgroup,
n (%)b

P valuec

Time from symptom

onset to regdanvimab

infusion

0.569 0.031

B 3 days 44 (7.0) 633 (61.5) 105 (13.3) 790 (39.4)

[ 3 days 24 (6.1) 397 (38.5) 205 (16.9) 1216 (60.6)

aPercentages are calculated as: (number of worsening patients/number of patients in each subgroup) 9 100
bPercentages are calculated as: (number of patients in each subgroup/the total number of patients by COVID-19 severity in
the efficacy population [N]) 9 100
cP values for worsening and subgroups derived from chi-squared test
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cases are admitted to a residential treatment
centre, and patients who progress to symp-
tomatic COVID-19 are admitted to hospital for
treatment and isolation. So, the PMS study was
based on a hospitalised patient population
where oxygen therapy can be given promptly
and easily to patients who are in need, whereas
the phase 3 study was conducted in ambulatory
patients from 13 countries where differences in
country-specific practices could have had an
impact. In addition, extension of hospitalisa-
tion was also included as a progressive criterion
in the PMS study, which might have been pro-
longed according to investigator’s judgement in
addition to the aggravation of COVID-19 and
could also be confounded by non-COVID-19
factors, such as comorbidities. Despite these
differences, the mortality rates between the PMS
study (0.1%) and phase 3 studies (0.2%) were
similar [20].

Retrospective studies conducted in South
Korea under similar conditions have reported a
similar effectiveness of regdanvimab in pre-
venting disease progression or reducing the
need for supplemental oxygen compared with
this PMS study [25, 26, 32]. In a retrospective
cohort study with a primary endpoint of pro-
portion of patients with mild-to-moderate
COVID-19 who deteriorated with SpO2 B 94%
on room air up to day 28, 13.4% (17/127) pro-
gressed in the regdanvimab cohort compared
with 39.5% (75/190) in the standard of care
cohort [25]. A propensity-score-matched retro-
spective study reported that 7.1% (8/113) of
patients with mild-to-moderate COVID-19
treated with regdanvimab progressed to sev-
ere/critical COVID-19 or died within 28 days of
treatment compared with 16.1% (26/161) in the
control group [26]. In another retrospective
study, 8.1% (19/234) of patients with high-risk
mild COVID-19 treated with regdanvimab
required supplemental oxygen and 2.1% (5/
234) progressed to severe disease compared with
18.4% (100/544) and 9.6% (52/544) of patients
in the supportive care group, respectively [32].
Overall, the PMS study results align with those
reported from a recent meta-analysis of ran-
domised controlled and retrospective studies of
regdanvimab. This meta-analysis found that
morbidity (in terms of supplemental oxygen use

and/or progression to severe disease) and mor-
tality were improved for regdanvimab versus
control [48].

The rate of COVID-19 disease progression
was reduced if regdanvimab treatment was
administered promptly, within 3 days of symp-
tom onset. Notably, the subgroup analysis of
patients who required oxygen therapy indicated
that the median time from symptom onset to
regdanvimab infusion exceeded 3 days in
moderate patients. When considered in contrast
with the generally early (B 3 days) administra-
tion of regdanvimab in patients with mild dis-
ease, this suggests that the higher rate of disease
progression in moderate patients could be
attributed to the delayed administration of
regdanvimab following onset of symptoms. A
similar observation was made in Japan follow-
ing casirivimab/imdevimab administration: a
sharp increase in disease progression was noted
after day 5 of symptom onset [49]. Both studies
support the early administration of mAb treat-
ment for COVID-19.

The effectiveness of regdanvimab against the
delta variant should be noted, especially as this
variant has been associated with higher intrin-
sic severity and progression than other variants
of SARS-CoV-2 [50]. However, these data should
be interpreted with caution given the varying
numbers of patients in each subgroup and the
fact that for most (74.4%) patients the variant
was unknown due to the sample survey method
performed by the KDCA, although at the time
of this study the delta variant was the predom-
inant circulating variant in South Korea.
Between July and December 2021, the delta
variant accounted for almost 100% of COVID-
19 cases in South Korea [39]. During the same
period, a total of 2452 (81%) patients in this
PMS study received regdanvimab, and therefore
it is highly likely that many of the patients in
the Unknown variant group were also infected
with the delta variant. A retrospective study of
over 700 patients with the delta variant treated
with regdanvimab does support a clinical ben-
efit for regdanvimab against this variant [51].
The proportion of patients requiring ICU mon-
itoring after treatment with regdanvimab
(0.3%) is lower than that observed in an analysis
of a large real-world cohort of high-risk patients
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(n = 10,775) treated with bamlanivimab/etese-
vimab, casirivimab/imdevimab, or sotrovimab
during the delta surge (1.0%, 1.0%, and 0.4%,
respectively) [52]. A real-world effectiveness
study in the United States of early mAb treat-
ment for mild-to-moderate COVID-19 in over
2500 patients found lower rates of hospitalisa-
tion or death for a range of mAbs and presumed
variants of SARS-CoV-2 (based on treatment
date and circulating variants) compared with a
propensity-score-matched non-treated control
group (4.6% vs 7.6%, respectively) [53]. Only
two patients in the PMS study were known to
have been infected with the omicron variant, so
it is difficult to make any conclusions with
respect to the effectiveness of regdanvimab
against omicron. In vitro studies have described
a reduced sensitivity of neutralising antibodies,
including regdanvimab, to omicron variants
[54–56].

The emergence of further SARS-CoV-2 vari-
ants is to be expected, and the development of
combination therapy strategies may be required
to overcome possible resistance to mAbs [8].
Antibody cocktails have been used in the clinic,
and more are in development, providing an
important treatment option [8]. As described
above, regdanvimab is not inferior to other
mAbs in terms of safety and efficacy. Therefore,
when considering single prescriptions or future
antibody cocktails for treating COVID-19, reg-
danvimab can be included as an option.

This large phase 4 study in over 3000
patients implies that regdanvimab could be
effective and tolerable in routine clinical prac-
tice. As all patients were prospectively observed
in an inpatient setting, the possibility of under-
reporting might be minimised. However, there
are some limitations. Due to the open-label
nature of the study, no comparison can be made
to untreated patients. The study was conducted
in a limited number of sites in South Korea
only. In addition, the SARS-CoV-2 variant was
unknown for the majority of patients. Overall,
only 147 (5%) eligible patients in this study
were diagnosed with COVID-19 during the
omicron-dominant period.

CONCLUSION

Data reported herein are from the period after
the approval of use of regdanvimab in South
Korea, providing further insight into the safety
and effectiveness of regdanvimab. The results of
this phase 4 PMS study show that regdanvimab
is effective, well tolerated, and has an accept-
able safety profile in patients with high-risk
mild or moderate COVID-19. These findings
support those of earlier randomised controlled
clinical trials and retrospective studies.
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