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ARTICLE INFO ABSTRACT

Keywords: Background: Regdanvimab (CT-P59) is a neutralizing antibody authorized in Republic of Korea for the treatment
COVID-19 of adult patients with moderate or mild-COVID-19 who are not on supplemental oxygen and have high risk of
CT-P59

progressing to severe disease (age > 50 years or comorbidities). This study evaluated the clinical efficacy, safety
and medical utilization/costs associated with real-world regdanvimab therapy.

Methods: This non-interventional, retrospective cohort study included adult patients with confirmed mild-to-
moderate SARS-CoV-2 infection. Patients treated with regdanvimab were compared with controls who had
received other therapies. The primary endpoint was the proportion of patients progressing to severe/critical
COVID-19 or death due to SARS-CoV-2 infection up to Day 28. Propensity score matching was applied to efficacy
analyses.

Results: Overall, 552 patients were included in the Safety and Efficacy Sets (regdanvimab, n = 156; control, n =
396) and 274 patients in the propensity score-matched (PSM) Efficacy Set (regdanvimab, n = 113; control, n =
161). In the PSM Set, the risk of severe/critical COVID-19 or death was significantly lower in the regdanvimab
group (7.1% vs 16.1%, P = 0.0263); supplemental oxygen was required by 8.0% and 18.6% of patients in the
regdanvimab and control groups, respectively (P = 0.0128). There were no unexpected safety findings in the
regdanvimab group. Medical utilization analysis showed an overall cost reduction with regdanvimab compared
with control treatments.

Conclusions: Regdanvimab significantly reduced the proportion of patients progressing to severe/critical disease
or dying of SARS-CoV-2 infection. This study shows the potential benefits of regdanvimab in reducing disease
severity and improving medical utility in patients with COVID-19.

Pneumonia
Outcome

1. Introduction rolled out worldwide, but this represents a huge undertaking and it will
be a number of years before the virus is controlled on a global scale [2].

To date, severe acute respiratory syndrome coronavirus 2 (SARS- Infection and mortality rates continue to increase in many regions,
CoV-2) has caused>265 million confirmed cases of coronavirus disease particularly in developing countries where immunization rates are lower
2019 (COVID-19) and>5.2 million COVID-19-related deaths globally owing to the lack of vaccine supply/uptake and scarcity of public health
[1]. A highly successful, mass immunization program is currently being infrastructure and primary care facilities [3]. While the COVID-19
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vaccines have been developed extremely quickly using new technolo-
gies, their effectiveness appears to wane over time [4,5]. Limited
duration of protection requires booster doses, yet the emergence of
SARS-CoV-2 variants may reduce the effectiveness of existing vaccines
against new viral strains [6,7]. The emergence of new SARS-CoV-2
variants with higher transmissibility is therefore likely to present
many ongoing challenges to public health services resulting from the
consequent increase in COVID-19 cases, hospitalizations and deaths
[3,8,9].

The urgent need for effective new treatments has led to an unprec-
edented research effort, with clinical evaluation of many potential
therapeutic candidates, including antiviral drugs, anti-inflammatory
agents, anticoagulants, antifibrotics and targeted immunomodulatory
therapies [10]. One possible therapeutic approach involves targeting of
the SARS-CoV-2 spike (S) protein, which is responsible for entry of the
coronavirus into host cells by binding to the angiotensin-converting
enzyme 2 (ACE2) receptor located on epithelial and endothelial cells
[11,12]. Indeed, proof of principle for the use of antibody therapy that
targets the SARS-CoV-2 S protein has been demonstrated in several
studies [13-16], and clinical studies have reported reduced hospitali-
zations, clinical symptoms and viral titers in patients with SARS-CoV-2
infection administered antibodies to the S protein [12,17-19].

Regdanvimab (CT-P59) is a potent neutralizing antibody against
various SARS-CoV-2 isolates (including the D614G S-protein variant)
that blocks the interaction regions of the SARS-CoV-2 S-protein
receptor-binding domain for the ACE2 receptor [20] (Fig. 1). Preclinical
data suggest that regdanvimab is active against several variants of SARS-
CoV-2 (B.1.351 [the Beta variant], B.1.526, B.1.525, B.1.617 and
B.1.617.2 [the Delta variant]) [21-23].

Regdanvimab has demonstrated antiviral activity and clinical effi-
cacy, along with good tolerability and safety, in a Phase 1 single-dose
study in patients with mild SARS-CoV-2 infection [24] as well as in a
Phase 2/3 randomized, placebo-controlled, double-blind study in out-
patients with mild-to-moderate SARS-CoV-2 infection, including high-
risk patients [25,26]. A reduced need for hospitalization or oxygen
therapy up to Day 28 was demonstrated with regdanvimab in the Phase
2/3 study and led to full marketing authorization being granted by the
South Korean Ministry of Food and Drug Safety on September 17, 2021,
for the treatment of patients aged at least 50 years, or with at least one
underlying medical condition with mild symptoms of COVID-19, and of
adult patients with moderate symptoms of COVID-19 [27]. On
November 12, 2021, regdanvimab was granted marketing authorization
by the European Medicines Agency for treating COVID-19 in adults who
do not require supplemental oxygen and who are at increased risk of
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their disease becoming severe [28]. Regdanvimab has also been selected
by the European Commission as a preferred treatment as part of the EU
strategy against COVID-19 [29]. Emergency use authorization was
granted by the Indonesian National Agency for Drug and Food Control
(Badan Pengawas Obat dan Makanan) [30] and the Brazilian National
Health Surveillance Agency (Agéncia Nacional de Vigilancia Sanitdria)
[31] in July and August 2021, respectively, for the indication of mild-to-
moderate COVID-19. Provisional approval was granted by the Thera-
peutic Goods Administration (TGA) of Australia on Dec 2021, for the
indication of mild-to-moderate COVID-19 [32].

Herein, we report 28-day results from a non-interventional, retro-
spective cohort study of regdanvimab for the treatment of patients with
mild-to-moderate SARS-CoV-2 infection, including patients considered
to be at high risk of severe disease. Using propensity score matching, the
primary objective was to compare the real-world proportion of patients
treated with regdanvimab versus standard of care who progress to se-
vere/critical COVID-19 or die of SARS-CoV-2 infection.

2. Methods
2.1. Study design and participants

This non-interventional, retrospective cohort study included patients
with confirmed mild-to-moderate SARS-CoV-2 infection who were
admitted to and received medical treatment at one of three hospitals in
the Republic of Korea (Kyungpook National University Chilgok Hospital,
Kyungpook National University Hospital or Pusan National University
Hospital). The first patient with COVID-19 reported in Korea occurred in
January 2020, and the date of the first patient admitted to the hospital
among analyzed patients in this study was March 2020. Regdanvimab
acquired conditional marketing approval on February 5, 2021 in Korea.
From March 3, 2020 to February 4, 2021 before acquiring conditional
marketing authorization, only the patients in control group were
enrolled in this study. After approval of conditional marketing autho-
rization of regdanvimab in Korea, both control and regdanvimab pa-
tients were enrolled in the study and the last patient was enrolled on
July 15, 2021. The protocol and all applicable amendments were
reviewed and approved by local institutional review boards (IRBs) prior
to study initiation. In accordance with Article 16 of the Bioethics and
Safety Act of the Republic of Korea, formal informed consent was not
required for this retrospective analysis [33]. The medical records of all
patients admitted to the study centers were reviewed to determine
eligibility for the study. Data were recorded electronically for all eligible
patients and anonymized on electronic data capture forms.

Inhibition of virus entry into cells

SARS-CoV-2 infection
occurs via binding of
RBD to ACE2 receptor
in host cells

Regdanvimab
interferes with binding
of RBD/spike to ACE2
receptor, blocking
virus entry into host
cells

Fig. 1. Schematic representation of regdanvimab binding to the receptor-binding domain of SARS-CoV-2. Steric hindrance caused by regdanvimab prevents SARS-
CoV-2 binding to the angiotensin-converting enzyme 2 receptor on host cells, blocking virus entry. ACE2, angiotensin-converting enzyme 2; Fab: fragment antigen
binding; Fc: fragment crystallizable; RBD, receptor-binding domain; S, spike protein.
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Eligible participants were adults (aged > 18 years) with mild-to-
moderate disease as defined by National Institutes of Health (NIH)
guidance [34], who had been diagnosed with SARS-CoV-2 infection at
screening by means of reverse transcription—polymerase chain reaction.
Individuals were required to have oxygen saturation of > 94% on room
air, no need for supplemental oxygen, and onset of symptoms < 7 days
before study drug administration or admission for COVID-19 treatment.
High-risk patients were included among the study population; in
accordance with the Korean prescribing information of regdanvimab at
the time of IRB submission, high risk was defined as age > 60 years or
having mild disease with underlying medical conditions (>1 of the
following: cardiovascular disease, chronic respiratory disease, diabetes
or hypertension) [35].

Patients who had received a COVID-19 vaccine or who had severe or
critical illness at screening (per US National Institutes of Health [NIH]
classification [34]) were excluded from the study.

Regdanvimab was administered according to the dose and schedule
approved by the Korean Ministry of Food and Drug Safety at the time
when patients received treatment: 40 mg/kg as an intravenous infusion
over 90 min, not later than 7 days after symptom onset [35].

2.2. Study objectives

The primary study objective was to evaluate the clinical efficacy of
regdanvimab compared with a propensity score-matched control cohort
receiving standard of care in a real-world setting, according to the
proportion of patients progressing to severe/critical COVID-19 or death
due to SARS-CoV-2 infection. Secondary objectives were to evaluate
mortality, oxygen therapy and rescue treatment, and safety endpoints
related to regdanvimab. Medical utilization of regdanvimab was eval-
uated as an exploratory objective.

2.3. Study endpoints

The primary efficacy endpoint was the proportion of patients
developing severe or critical disease (based on the NIH severity cate-
gories for SARS-CoV-2 infection) [34] or death due to SARS-CoV-2
infection, up to Day 28. The NIH definitions are as follows: severe
illness — individuals who have SpOs of < 94% on room air at sea level, a
ratio of arterial partial pressure of oxygen to fraction of inspired oxygen
of < 300 mmHg, respiratory frequency > 30 breaths/minute or lung
infiltrates > 50%; and critical illness — individuals who have respiratory
failure, septic shock and/or multiple organ dysfunction [34].

Secondary efficacy endpoints (analyzed up to Day 28 except where
noted) were: proportion of patients developing severe or critical disease
or death due to SARS-CoV-2 infection, up to Day 10; proportion of pa-
tients requiring mechanical ventilation due to SARS-CoV-2 infection;
duration of mechanical ventilation in each patient due to SARS-CoV-2
infection; proportion of patients requiring supplemental oxygen due to
SARS-CoV-2 infection; duration of supplemental oxygen therapy in each
patient due to SARS-CoV-2 infection; duration of hospitalization in
survivors (i.e., patients who survived up to Day 28), including patients
transferred to other hospitals; proportion of patients requiring cortico-
steroid therapy due to SARS-CoV-2 infection; proportion of patients
requiring remdesivir due to SARS-CoV-2 infection; duration of fever
(defined as body temperature > 38 °C); and proportion of patients with
all-cause mortality (at any time throughout the study).

Safety was analyzed according to reported adverse events (AEs),
including serious AEs, infusion-related reactions (IRRs) and pregnancy
test analyses. AEs were classified using the Common Terminology
Criteria for Adverse Events, Version 5.0. Medical utilization and costs
were also analyzed as exploratory endpoints. The medical utilization
and cost endpoints were length of inpatient stay for each patient and
total medical costs for each patient during hospitalization.
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2.4. Statistical analysis

The proposed sample size was approximately 450 patients; this was
based on the estimated number of patients admitted for COVID-19 at the
study centers during the data collection period who would meet
enrollment criteria, rather than a formal statistical hypothesis. The
intention was for the final ratio of study participants (regdanvimab:no
regdanvimab) to be approximately 1:2. Patients in the “no regdanvi-
mab” group (hereafter referred to as the control cohort) were propensity
score-matched to the “regdanvimab” cohort, using the following factors:
sex, age, body mass index (BMI), Charlson Comorbidity index score and
presence of pneumonia upon admission. Patients were also equally
matched according to study center.

All statistical analyses were conducted using Statistical Analysis
System (SAS) software, Version 9.4 (SAS Institute Inc., Cary, NC). The
analysis populations were the Propensity Score-Matched (PSM) Efficacy
Set (patients who received a full dose of regdanvimab or who were
admitted for the treatment of COVID-19, had at least one post-admission
evaluation for efficacy, and met the criteria for propensity score
matching), the Safety Set (all patients who received a full or partial dose
of regdanvimab or who were admitted for the treatment of COVID-19),
and the Medical Utilization Set (all patients in the PSM Efficacy Set for
whom information on medical billing was available).

Efficacy endpoints were summarized by cohort (regdanvimab and
control groups) using descriptive statistics or frequency tables. For cat-
egorical variables, the chi-squared test or Fisher exact test was used. For
continuous variables, the Student t test was used. A P value of < 0.05
was determined to indicate statistical significance. Medical utilization
results were summarized by cohort (regdanvimab and control groups)
using descriptive statistics or frequency tables.

3. Results
3.1. Patient population and baseline characteristics

A total of 627 patients with a confirmed COVID-19 diagnosis were
admitted to one of the three study centers between March 3, 2020, and
July 17, 2021 (Fig. 2). After exclusions, 552 patients were eligible for
regdanvimab therapy, and of these, 156 received regdanvimab and 396
received other treatments for COVID-19 and were included in the Effi-
cacy and Safety Sets. The PSM Efficacy Set consisted of 274 patients (113
treated with regdanvimab and 161 treated with other COVID-19 medi-
cation; Fig. 2). The Medical Utilization Set also comprised 113 patients
treated with regdanvimab and 153 treated with other COVID-19 medi-
cation(s).

Baseline demographic and disease characteristics are summarized
for the PSM Efficacy Set in Table 1 and for the Efficacy and Safety Sets in
Supplementary Table S1. Although the regdanvimab group tended to
be older (median age: 66 vs 61 years), with a higher BMI (mean: 24.0 vs
23.3 kg/m?) and higher prevalence of pneumonia at baseline (37.8% vs
12.6%), due to propensity score matching, the differences between the
regdanvimab and control groups were not statistically significant for the
efficacy analyses, except for the presence of pneumonia (P = 0.0263).
Therefore, baseline characteristics in the PSM Efficacy Set were well
balanced across the two treatment groups (Table 1); overall, 116
(42.3%) patients were female, the median age was 63.5 years (range:
25-97) and the mean BMI was 24.0 kg/m2 (standard deviation: 3.46).
Eighty (29.2%) patients had moderate disease and no patients had se-
vere or critical disease.

3.2. Efficacy

All efficacy analyses were conducted using the PSM Efficacy Set
unless otherwise specified.
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Adult patients with confirmed mild-to-
moderate SARS-CoV-2 infection

admitted to three medical centers* from
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Fig. 2. Patient flow diagram. *The three
medical centers were Kyungpook National
University Chilgok Hospital, Kyungpook Na-
tional University Hospital and Pusan Na-
tional University Hospital. 'Some patients

March 2020 to July 2021 (N=627)

v

A

Eligible for regdanvimab therapy as

- Severe and critical COVID-19%or
death due to SARS-CoV-2infection
on Day 1 or missing (n=65)

- SpO, scale 28 (n=1)

- Vaccination (n=13)

were excluded based on more than one fac-
tor. iSevere illness — individuals with oxygen
saturation (SpO3z) < 94% on room air at sea
level, a ratio of arterial partial pressure of
oxygen to fraction of inspired oxygen < 300
mmHg, respiratory frequency > 30 breaths/
minute or lung infiltrates > 50%; and critical
illness — individuals with respiratory failure,
septic shock and/or multiple organ dysfunc-
tion. ¥Sp0O, is for use in patients with hy-

Excluded?
(n=75)

authorized foremergencyuse in the
Republic of Korea (n=552)

A

After propensity score matching:
Age, sex, BMI, Charlson Comorbidity index,

percapnic respiratory failure who have
clinically recommended oxygen saturation of
88-92%. BMI, body mass index; SoC, stan-
dard of care. "Patients without medical cost
information were excluded from the medical
utilization analysis.

pneumonia; study center

A 4

For medical utilization analysisﬂ

- Regdanvimab:n=113

- Non-regdanvimab: n=153

(n=266)

Regdanvimab
(n=113)

Non-regdanvimab SoC
(n=161)

3.2.1. Primary endpoints

Table 2 summarizes the incidence of severe/critical COVID-19 (NIH-
defined) or death due to SARS-CoV-2 infection, up to Day 28. Compared
with controls, patients treated with regdanvimab had a significantly
lower risk of severe/critical disease or death (7.1% vs 16.1%, P =
0.0263). The incidence of severe/critical COVID-19 (NIH-defined) or
death due to SARS-CoV-2 infection, up to Day 28, was also lower for the
regdanvimab group versus the control group when analyzed prior to
propensity score matching (7.7% vs 12.6%, respectively [P = 0.1023];
Supplementary Table S2).

3.2.2. Secondary endpoints

Secondary endpoint data were analyzed up to Day 28 (except where
noted) and are summarized in Table 3. Up to Day 10, 7 (6.2%) patients
in the regdanvimab group experienced severe/critical COVID-19, death
due to SARS-CoV-2 infection, or death from any cause, compared with
21 (13.0%) patients in the control group (P = 0.0654). No patients in the
regdanvimab group required mechanical ventilation, compared with 1
(0.6%) patient in the control group. Supplemental oxygen was required
by 8.0% and 18.6% of patients in the regdanvimab and control groups,
respectively (P = 0.0128). There was a trend toward the duration of
supplemental oxygen therapy being longer in the control group, but this
did not reach statistical significance. The mean duration of hospitali-
zation was significantly shorter in the regdanvimab group than in the
control group (12.4 vs 14.6 days, P < 0.0001). Significantly lower per-
centages of patients in the regdanvimab arm than the control arm
required treatment with a corticosteroid or with remdesivir. The mean
duration of fever was 2.3 days in the regdanvimab group versus 2.5 days
in the control group (P = 0.5252). No patients in the regdanvimab group
died during the study, compared with 2 (1.2%) patients in the control
group.

3.3. Safety

All safety analyses were conducted using the Safety set unless
otherwise specified. In the regdanvimab group, 7 (4.5%) patients
experienced treatment-emergent AEs (TEAEs). All TEAEs were mild in
severity (Grade 1) and patients recovered within 2 days of onset. Two
IRRs (Grade 1 hypoxia and Grade 1 hypertension, both possibly treat-
ment related) were observed separately in two patients who had
received regdanvimab. No pregnancies were recorded in patients who
had received regdanvimab. No new safety events were identified that
would have affected the safety profile of regdanvimab.

3.4. Medical utilization

Medical utilization differed significantly between treatment groups
(Table 4). Mean total medical costs per patient during hospitalization
were 7,449,060.64 Korean Won (¥; 6260.77 US dollars [$]) in patients
who had received regdanvimab and ¥#9,536,197.84 ($8014.96) in those
who had received other therapies for COVID-19 (P = 0.0032). The mean
duration of hospitalization used for estimating medical utilization
comprised the total length of hospitalization for patients (i.e., including
patients hospitalized for>28 days); this differed from the estimation of
the secondary efficacy endpoint of “duration of hospitalization up to Day
287, which did not count days over Day 28. There was a statistically
significant difference between the two groups, with a mean duration of
hospitalization per patient of 12.7 days in patients receiving regdanvi-
mab versus 15.4 days in patients receiving other therapies for COVID-19
(P =0.0011).
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Table 1
Baseline demographics and disease characteristics (Propensity Score-Matched
Efficacy Set).

Characteristic Regdanvimab (n = Control (n = P
113) 161) value*

Age, years

Median (range) 64.0 (26-90) 63.0 (25-97) 0.9221
Female, n (%) 41 (36.3) 75 (46.6) 0.0894
BMI, kg/m?

Mean (SD) 24.2 (3.41) 23.9 (3.50)

<25, n (%) 67 (59.3) 92 (57.1) 0.9873

25-29, n (%) 27 (23.9) 40 (24.8)

>29, n (%) 9(8.0) 14 (8.7)
Missing, n (%) 10 (8.8) 15 (9.3)
CCI, mean (SD) 2.8 (1.95) 2.7 (1.93) 0.7522
Severity of disease, n (%)

Asymptomatic or pre- 0 10 (6.2) NA

symptomatic

Mild disease 74 (65.5) 110 (68.3)

Moderate disease 39 (34.5) 41 (25.5)
Symptom incidence, n (%)

Feeling feverish 24 (21.2) 34 (21.1) NA

Shortness of breath or 35 (31.0) 49 (30.4)

difficulty breathing

Cough 48 (42.5) 59 (36.6)

Diarrhea 0 2(1.2)

Sputum 20 (17.7) 21 (13.0)

Sore throat 18 (15.9) 30 (18.6)

Loss of taste of smell 2(1.8) 3(1.9)

Fatigue 0 3@1.9

Myalgia 8(7.1) 19 (11.8)

Widespread pain 2(1.8) 2(1.2)

Nausea or vomiting 1(0.9) 1 (0.6)

Others 7 (6.2) 21 (13.0)
Presence of pneumonia, n (%) 39 (34.5) 36 (22.4) 0.0263

BMI, body mass index; CCI, Charlson Comorbidity Index; NA, not available; SD,
standard deviation.

" P value for covariates after propensity score matching, calculated from
Student t test for continuous variables and chi-squared test for categorical
variables.

Table 2
Primary efficacy endpoint analysis (Propensity Score-Matched Efficacy Set).
Regdanvimab Control (n Difference P-
(n=113) =161) value*
Patients with severe/ 8(7.1) 26 (16.1) -9.1% 0.0263
critical disease or [3.6%,13.4%'] [11.3%, [-16.7%,
death due to SARS- 22.6%'] —0.6%']

CoV-2 infection up
to Day 28, n (%)
[95% CI]

CI, confidence interval.
* P values derived from Fisher’s exact test.
T Wilson (score) 95% CI is presented.
¥ Farrington and Manning score exact 95% CI for proportion difference is
presented.

4. Discussion
4.1. Study overview

This non-interventional, propensity score-matched, retrospective
cohort study of Korean patients demonstrates that regdanvimab is
effective in the treatment of mild-to-moderate COVID-19. The primary
analysis showed that regdanvimab significantly reduced the proportion
of patients progressing to severe or critical disease severity or dying of
SARS-CoV-2 infection. Regdanvimab was associated with significant
reductions in the percentages of patients requiring treatment with
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Table 3
Secondary efficacy endpoint data (Propensity Score-Matched Efficacy Set).
Endpoint Regdanvimab (n Control (n P value*
=113) =161)

Patients with severe symptoms or 7 (6.2) 21 (13.0) 0.0654
death due to SARS-CoV-2
infection up to Day 10, n (%)

Patients requiring mechanical 0 1 (0.6) 1.0000
ventilation up to Day 28, n (%)

Duration of mechanical ventilation, 0 22.79 NC
days, mean (SD) (NC)

Patients requiring supplemental 9 (8.0) 30 (18.6) 0.0128
oxygen therapy up to Day 28, n
(%)

Duration of supplemental oxygen 4.7 (7.1) 8.6 (6.1) 0.1070
therapy, days, mean (SD)

Duration of hospitalization up to 12.4 (3.7) 14.6 (5.6) <0.0001
Day 28, days, mean (SD)

Patients requiring corticosteroid 0 20 (12.4) <0.0001
therapy up to Day 28, n (%)

Patients requiring remdesivir 1(0.9) 23 (14.3) 0.0001
therapy up to Day 28, n (%)

Duration of fever, days, mean (SD) 2.3(1.1) 2.5(1.7) 0.5252

Patients dying of any cause, n (%) 0 201.2) 0.5136'

NG, not calculated; SD, standard deviation.

" P-value is derived from Student t-test for continuous variables and chi-
squared test for categorical variables.

f P-value derived from Fisher’s exact test, since chi-squared test may not be
valid due to 50% of the cells having expected counts<5.

¥ Two patients in the control group who died were not included for the pur-
pose of this endpoint (regdanvimab = 113; control = 153). Duration of hospi-
talization for patients hospitalized over Day 28 was calculated as being
hospitalized for 28 days. Patients transferred to other hospitals were included in
this analysis, with duration calculated as the duration of admission at the study
site.

Table 4
Medical utilization data, by treatment group (Medical Utilization Set**).
Endpoint Regdanvimab (n Control (n = P
=113) 153) value
Mean duration of 12.67 15.42 0.0011
hospitalization,” days
Mean total cost of medical bills 7,449,060.64 9,536,197.84 0.0032

per patient during
hospitalization, ¥

¥, Korean Won.

" The mean duration of hospitalization used for estimating medical utilization
comprised the total length of hospitalization for patients (i.e., including those
hospitalized for>28 days); this differed from the estimation of the secondary
efficacy endpoint “duration of hospitalization up to Day 28”, which did not
count days over Day 28. Two patients who died during the study were not
included in the calculation of duration of hospitalization.

" Patients with no information on medical billing in the PSM Efficacy Set
were excluded from the Medical Utilization Set.

supplemental oxygen, corticosteroids or remdesivir. In addition, a
modest but statistically significant reduction in the duration of hospi-
talization was observed with regdanvimab, with no notable safety
issues.

A crucial attribute of any COVID-19 treatment is preventing disease
deterioration and death in patients with moderate disease. Increased
disease severity is associated with worsened outcomes and increased
healthcare and economic burden. In one study of hospitalized patients
with COVID-19, the mortality rate among those who required mechan-
ical ventilation was 88.1%, compared with 11.7% in individuals not
requiring ventilation [36]. A second study, also conducted in hospital-
ized patients with COVID-19, showed marked increases in in-hospital
mortality, length of hospital stay and hospital charges in patients who
required admission to the intensive care unit (ICU) or invasive



S. Lee et al.

mechanical ventilation (IMV) [37].

Identifying patterns in the course of COVID-19 disease deterioration
may highlight optimal timepoints for interventions to prevent deterio-
ration, and a Chinese observational study of patients hospitalized for
moderate COVID-19 has provided important information in this regard.
Among patients who deteriorated to severe or critical status, the median
time to deterioration was 11 days from symptom onset; exacerbation to
a critical condition occurred after a median of 3 days in a severe con-
dition [38]. Initiating treatment early in the disease course before pa-
tients experience disease deterioration would therefore appear to be
advantageous, and this is supported by the efficacy observed across both
arms of our study, in which patients were required to have symptom
onset within 7 days of study drug administration.

Numerous therapeutic candidates for COVID-19 have been evaluated
in clinical trials and several are under evaluation for EU marketing
authorization as treatments for COVID-19, including anakinra, bar-
icitinib, and tocilizumab. However, the only drug that has so far been
approved in the US and European Union (EU) for the treatment of
COVID-19, besides monoclonal antibody (mAb) treatment, is remdesivir
[39,40]. Clinical studies evaluating the efficacy of remdesivir have not
consistently demonstrated a statistically significant difference in com-
parison with control in terms of mean time to clinical improvement and
mortality [41,42]. The large, international, Solidarity study, conducted
by the WHO, found in-hospital mortality rates with remdesivir and
control to be comparable, and that remdesivir treatment did not reduce
initiation of ventilation or the duration of hospitalization, as compared
with control [43]. As a result, the WHO has recommended against the
use of remdesivir for treatment of COVID-19, citing insufficient sup-
porting evidence [44]. More recently, in December 2021, nirmatrelvir
with ritonavir and molnupiravir, become the first oral antiviral treat-
ments for SARS-CoV-2 to be issued emergency use authorizations by the
US FDA [45]. However, some caution is still needed with these agents as
they may not be suitable for all patients. Hepatotoxicity has been
observed with ritonavir [46] and metabolism of the co-administered
agent nirmatrelvir is highly dependent on CYP3A enzymes. The nirma-
trelvir with ritonavir combination is therefore contraindicated with
certain medications that are dependent on hepatic clearance [46].
Molnupiravir may affect bone and cartilage growth in adolescents and
cause fetal harm in pregnant women [47].

Unlike these antiviral drugs, the safety of antibody drugs have been
well demonstrated in both clinical studies and accumulating real world
data. Several antibody treatments including casirivimab/imdevimab
and sotrovimab have received EU Marketing Authorizations based on
evidence of efficacy in preventing progression, reducing mortality or
accelerating recovery from COVID-19 [48,49]. Additionally, data on the
therapeutic effectiveness and safety of antibody drugs has been accu-
mulated through real world data, including studies of bamlanivimab and
casirivimab/imdevimab [50-55], and this has influenced key regulatory
decisions in this setting. With these strengths, mAb prescription remains
feasible in patients with limited capacity for oral drugs.

4.2. Evaluation of medical utilization

A medical utilization framework developed in the US suggests that
treatments that reduce mortality in hospitalized patients with COVID-19
are likely to be cost-effective [59]. In this study, the incidence of mor-
tality was too low to come to a definitive conclusion (n = 2, both in the
control group) regarding whether regdanvimab reduced mortality. [60]
COVID-19 has greatly increased the medical cost burden, especially
when ICU admission and IMV have been required. In 2020, median
hospital charges in the US (from a US COVID-19 database comprising
records for almost 174,000 patients), per hospitalized patient, were
$34,634 for patients without ICU admission and IMV, and $198,394 for
those admitted to the ICU and who had received IMV. Likewise, median
hospital costs (i.e., costs incurred by hospitals) were six-fold higher for
patients with ICU admission and IMV usage ($9,504 vs $54,402,
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respectively) [37]. In addition, the disability caused by the duration and
severity of COVID-19 may incur further social and economic burdens
and may represent up to 30% of the total health burden [61]. According
to the South Korean National Health Insurance Service, the average cost
of treating patients with mild COVID-19 disease in hospital was ¥#4.78
million ($4,176), whereas the cost was ¥70 million ($62,197) for
treating patients with severe disease [62,63]. At the time of our study,
treatment guidelines in the Republic of Korea recommended the hospi-
talization of patients with non-severe COVID-19 (Patients with COVID-
19 infection are hospitalized regardless of their severity). Evidence
continues to accumulate demonstrating regdanvimab’s effect in
decreasing the risk of progression to severe disease [60]; however, this is
the first study which has also analyzed medical utilization cost in pro-
pensity score matched cohorts. Regdanvimab proved to be cost-effective
over control by reducing the duration of hospitalization, as well as the
proportion of patients progressing to severe/critical disease or death. In
this study, mean total medical costs per patient during hospitalization
were ¥¢7,449,060.64 ($6,260.77) in patients who had received
regdanvimab compared with ¥9,536,197.84 ($8,014.96) in the control
group. With regards to other COVID-19 therapies, the Institute for
Clinical and Economic Review (ICER) in the US has commented that
remdesivir is cost-effective at a benchmark price of $4580 to $5080, but
there have been conflicting results regarding the cost-effectiveness of
remdesivir in practice [64-66]. As more COVID-19 treatment options
become available, ICER is planning to assess the health and economic
outcomes of several available therapies and therapies under develop-
ment for treatment of mild-to-moderate COVID-19 (casirivimab/imde-
vimab, sotrovimab, molnupiravir, PF-07321332/ritonavir,
fluvoxamine) [65,67].

4.3. Strengths and limitations

Limitations of this study include the non-interventional, retrospec-
tive study design; the specific nature of the patient population (Korean
patients admitted to one of three hospitals for treatment of mild-to-
moderate SARS-CoV-2 infection; although the research institutes are
representative hospitals in each region, patients were only recruited
from two hospitals, not from multiple institutions) and the relatively
short follow-up of 28 days. In addition, no information on SARS-CoV-2
variants was collected during the study.

The key strengths of our study are the large number of patients
analyzed and the real-world setting. Propensity score matching adjusted
for differences between the two treatment groups and ensured that the
study groups were well balanced, thus reducing the risk of confounding
factors. Therefore, we consider our results to be highly applicable to
real-world clinical practice in Korea. The inclusion of cost and medical
utilization data is another strength, enabling the financial implications
of using regdanvimab to be evaluated.

4.4. Conclusions

In conclusion, this retrospective analysis demonstrates that regdan-
vimab reduces the risk of severe/critical disease or death due to SARS-
CoV-2 infection among patients with high risk mild-or-moderate
COVID-19. Propensity score matching ensured that the study groups
were well balanced and therefore that the outcomes were robust. The
study results are consistent with those of a randomized Phase 2/3
outpatient study in showing the potential benefits of regdanvimab in the
treatment of COVID-19. Additionally, we demonstrated that medical
utilization costs were significantly lower in patients who received
regdanvimab than in patients who did not receive regdanvimab.
Regdanvimab may help to ease the considerable burden of SARS-CoV-2
on healthcare systems.
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