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ABSTRACT
The pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has resulted in significant
morbidity and mortality worldwide. Despite a successful vaccination programme, the emergence of mutated variants
that can escape current levels of immunity mean infections continue. Herein, we report the development of CT-P63,
a broad-spectrum neutralizing monoclonal antibody. In vitro studies demonstrated potent neutralizing activity
against the most prevalent variants, including Delta and the BA.1 and BA.2 sub-lineages of Omicron. In a transgenic
mouse model, prophylactic CT-P63 significantly reduced wild-type viral titres in the respiratory tract and CT-P63
treatment proved efficacious against infection with Beta, Delta, and Omicron variants of SARS-CoV-2 with no
detectable infectious virus in the lungs of treated animals. A randomized, double-blind, parallel-group, placebo-
controlled, Phase I, single ascending dose study in healthy volunteers (NCT05017168) confirmed the safety,
tolerability, and pharmacokinetics of CT-P63. Twenty-four participants were randomized and received the planned
dose of CT-P63 or placebo. The safety and tolerability of CT-P63 were evaluated as primary objectives. Eight
participants (33.3%) experienced a treatment-emergent adverse event (TEAE), including one grade ≥3 (blood creatine
phosphokinase increased). There were no deaths, treatment-emergent serious adverse events, TEAEs of special
interest, or TEAEs leading to study drug discontinuation in the CT-P63 groups. Serum CT-P63 concentrations rapidly
peaked before declining in a biphasic manner and systemic exposure was dose proportional. Overall, CT-P63 was
clinically safe and showed broad-spectrum neutralizing activity against SARS-CoV-2 variants in vitro and in vivo.
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Introduction

The unprecedented levels of coronavirus disease
2019 (COVID-19) caused by the severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2)
has led to global morbidity and mortality [1].
Novel therapies, including neutralizing monoclonal
antibodies (mAb), have been developed for the pre-
vention and treatment of COVID-19 [2]. The pri-
mary target for mAbs has been the angiotensin-
converting enzyme 2 (ACE2) receptor binding
domain (RBD) of the SARS-CoV-2 spike protein,
which is crucial for infectivity and pathogenesis
[2–4]. To date, several SARS-CoV-2 RBD-specific
antibodies have been authorized for full or emer-
gency use by the US Food and Drug

Administration and by the European Commission
following demonstration of clinical benefits for the
treatment of COVID-19 [5–9].

Emergence of new SARS-CoV-2 variants is of
concern as mutations in the spike protein may
impact the neutralizing activity of antibodies elicited
by vaccination or the efficacy of therapeutic neutra-
lizing antibodies [10,11]. Since 2020, SARS-CoV-2
variants of concern have been identified and moni-
tored by the World Health Organization [12]. The
Omicron variant, first detected in South Africa in
November 2021, rapidly became the dominant var-
iant around the globe [13–15]. Three major sub-
lineages of Omicron have been identified: BA.1,
BA.2, and BA.3 [14–16]. Studies have shown that
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Omicron may be able to escape immunity stimulated
by both natural infection and vaccines [14,17]. Com-
putational and in vitro studies have also suggested
that Omicron may evade approved therapeutic neu-
tralizing antibodies [18–21]. A recent pseudovirus
study concluded that of 19 therapeutic mAbs tested,
only one was able to neutralize all the Omicron sub-
lineages, indicating that new broadly neutralizing
antibodies are needed [22].

We used a phage library, constructed from blood
isolated from convalescent patients with COVID-19,
to screen for mAbs targeting the RBD of the SARS-
CoV-2 spike protein. We have previously reported a
highly potent fully human neutralizing antibody,
CT-P59 (regdanvimab) [23]. Screening continued to
identify antibodies retaining broad-spectrum in vitro
neutralizing activity against emerging variants and
CT-P63 was found to bind with high affinity to all
major SARS-CoV-2 variants of concern. Here, we
report in vitro and in vivo characterization studies
plus a randomized, Phase I, single ascending dose
study conducted to evaluate the safety, tolerability,
and pharmacokinetics (PK) of CT-P63 in healthy
participants.

Materials and methods

Viruses for in vitro experiments

Wild-type bearing D614G (hCoV-19/South Korea/
KUMC17/2020), Gamma (hCoV-19/Korea/
KDCA95637/2021), Delta (hCoV-19/Korea/KDCA5439/
2021), Epsilon (hCoV-19/Korea/KDCA1792/2020 and
hCoV-19/Korea/KDCA1793/2020), and Kappa (hCoV-
19/Korea/KDCA2950/2021) variant viruses were obtained
and cultured as previously described [23,24]. Additionally,
Alpha (hCoV-19/South Korea/KDCA0838/2020), Beta
(hCoV-19/South Korea/KDCA0463/2020), Zeta (hCoV-
19/Korea/KDCA72731/2021), Iota (hCoV-19/Korea/
KDCA82438/2021), Eta (hCoV-19/Korea/KDCA79765/
2021), and Omicron subvariants BA.1 (hCoV-19/South
Korea/KDCA18126/2021), BA.2 (hCoV-19/South
Korea/KDCA61368/2022), BA.2.12.1 (hCoV-19/South
Korea/KDCA58217/2022) were obtained from the
National Culture Collection for Pathogens (Chung-
cheongbuk-do, Republic of Korea). All variant pseudo-
viruses expressing SARS-CoV-2 spike proteins were
produced by K-BioHealth (Chungcheongbuk-do, Repub-
lic of Korea).

Plaque reduction neutralization test (PRNT)

PRNT was performed as previously described [23].
Briefly, CT-P63 was pre-incubated with virus and
the complexes added to VeroE6 cells (ATCC, CRL-
1586). Following incubation, neutralization activity
was determined by plaque counting. Data were fitted

to a dose–response inhibition model and the concen-
tration required to neutralize 50% of viral infectivity
(half-maximal inhibitory concentration [IC50]) was
determined by four-parameter curve fitting using
GraphPad Prism6 (GraphPad Prism Software, Inc.,
San Diego, CA, USA).

Pseudovirus assay

The pseudovirus neutralization assay was conducted
as previously described [24]. In brief, luciferase-
based pseudoviruses were mixed with serial dilutions
of CT-P63 and added to ACE2-expressing HEK293T
cells (ATCC, CRL-3216 transduced with Addgene
ACE2 plasmid [145839]). IC50 values were calculated
after 72 h, using GraphPad Prism9.

Biolayer interferometry (BLI)

ACE2 binding inhibition by CT-P63 and binding
specificity of CT-P63 to RBDs of SARS-CoV-2, severe
acute respiratory syndrome coronavirus (SARS-CoV),
human coronavirus HKU1 (HCoV-HKU1), and
Middle East Respiratory Syndrome coronavirus
(MERS-CoV) were evaluated by BLI using the Octet
QKe system (FortéBio, Fremont, CA, USA) as pre-
viously described [23]. Binding affinity of CT-P63 to
wild-type and mutant SARS-CoV-2 RBDs (Sino
Biological, Beijing, China) was measured as follows.
Each RBD (50 nM) was loaded onto Anti-Penta-HIS
Biosensors (Sartorius, Göttingen, Germany) for
7.5 min, and CT-P63 at a concentration of 1.25, 2.5,
5, and 10 nMwas flowed for 10 and 15 min to generate
association and dissociation curves, respectively. Octet
Data Acquisition v11.0 software, FortéBio Data
Analysis version 11.0 and Data Analysis HT version
11.0 (FortéBio) were used to collect and analyse the
data, respectively.

Surface plasmon resonance (SPR)

The SPR assay for assessment of binding affinity of
CT-P63 to SARS-CoV-2 RBD was conducted as pre-
viously described [23].

In vivo experiments

Eight-week-old female human angiotensin-converting
enzyme 2 (hACE2) transgenic mice, tg(K18-
ACE2)2Prlmn (The Jackson Laboratory, Bar Harbor,
ME, USA), were housed in a certified animal biosafety
level 3 (A/BSL-3) facility at International Vaccine
Institute (IVI; Seoul, Republic of Korea). All pro-
cedures were approved by the Institutional Animal
Care and Use Committee at IVI (IACUC Approval
No. 2020-021).
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The aim of the mouse studies was to determine the
minimal in vivo effective dose of CT-P63. The doses
evaluated were based on previous prophylactic and
therapeutic studies with CT-P59 and the different
SARS-CoV-2 variants [24] and consideration of clini-
cal doses of CT-P63. In the prophylaxis study, mice (n
= 6/group) were administered CT-P63 (1 or 10 mg/kg)
or vehicle control (placebo group) via a single intra-
peritoneal injection 24 h prior to intranasal inocu-
lation (under anaesthesia) with 30 μL (1 × 105

plaque-forming units [PFU]) of wild-type SARS-
CoV-2 (BetaCoV/Korea/KCD03/2020). Three mice
from each group were scheduled for necropsy at
Days 3 and 6 post-inoculation. For variant efficacy
studies, mice (n = 10/group for Beta study; n = 11/
group for Delta study; n = 8/group for Omicron
study) were intranasally inoculated (under anaesthe-
sia) with Beta (B.1.351; hCoV-19/Korea/
KDCA55905/2021), Delta (B.1.617.2; hCoV-19/
Korea/KDCA119861/2021), or Omicron (BA.1;
hCoV19/Korea/KDCA447321/2021) variants (1 × 104

PFU for Beta and Delta and 1 × 105 PFU for Omi-
cron), respectively. CT-P63 (20 or 40 mg/kg in the
Beta study; 10 mg/kg in the Delta study; 5.33 mg/kg
in the Omicron study) or formulation buffer (placebo
groups) was administered via a single intraperitoneal
injection at 8 h post-inoculation. Five mice from the
Beta groups (CT-P63 and placebo) and four from
the Delta groups were scheduled for necropsy at
Days 3 and 6 post-inoculation. Four mice from the
Omicron groups were scheduled for necropsy at Day
3 post-inoculation. Lung tissues and nasal washes
were collected at necropsy and viral titres determined
as previously described [24]. Body weight and mor-
tality were monitored daily until 6 days post-infection
for the wild-type and Beta studies, and 10 days post-
infection for the Delta and Omicron studies. Animals
with 30% loss of body weight were euthanized accord-
ing to the facility’s standard and excluded from stat-
istics. Statistical significance was determined by one-
way analysis of variance with Dunnett’s post hoc test.

CT-P63 1.1 study methods

Study design and procedures
A randomized, double-blind, placebo-controlled, par-
allel-group, single ascending dose, Phase I study in
healthy adults (NCT05017168) was conducted at the
Biokinetica S.A. clinical centre (Józefow, Poland). Par-
ticipants were screened between Day −21 and Day −2
and admitted on Day −1 where they remained until
completion of 48-h (Day 3) assessments. End-of-
study (EOS) assessments were performed on Day 90.

Enrolled participants were assigned by permutated
block randomization to three dose cohorts in cohort-
dependent ratios to receive a single dose of CT-P63 or
placebo on Day 1 (Figure S1). Procedure details and

criteria for dosing discontinuations are outlined in
the Supplementary Methods. A prespecified, study-
independent, unblinded pharmacist who had no
other participant contact dispensed drugs for adminis-
tration. CT-P63 doses of 600, 900, and 1800 mg were
administered as 960 mg/16 mL intravenous (IV) infu-
sions over 60 ± 15 min; placebo IV infusions were
matched to volume and packaging for each CT-P63
cohort. The study was unblinded to a predefined
team at the sponsor for reporting key safety data up
to Day 14 for each participant after database lock.
Investigators, participants, predefined study centre,
and Contract Research Organization staff remained
blinded until all participants had completed the
study and the database was finalized for study
termination.

The study was conducted in compliance with the
International Council for Harmonisation Good Clini-
cal Practice and was approved by an independent
ethics committee at the study centre prior to com-
mencement. All participants provided written
informed consent.

Participants
Full eligibility criteria are in the Supplementary
Methods. Briefly, eligible participants were healthy
adults aged 18–60 years (inclusive) with a body mass
index (BMI) of 18.0–29.9 kg/m2 (inclusive). Negative
SARS-CoV-2 reverse transcription polymerase chain
reaction (RT–PCR) and antibody tests were required.
Participants must not have received any investiga-
tional or approved SARS-CoV-2 vaccine.

Study endpoints
The primary objective was to evaluate safety and tol-
erability of CT-P63 up to Day 14 for last enrolled par-
ticipant. Primary endpoints were incidence of
treatment-emergent adverse events (TEAEs), treat-
ment-emergent serious adverse events (TESAEs),
and TEAEs of special interest (TEAESIs), comprising
infusion-related reactions (IRRs) including hypersen-
sitivity/anaphylactic reaction. Secondary endpoints
were analyzed for the whole study period and were
as for primary endpoints plus vital signs, hypersensi-
tivity, 12-lead electrocardiogram (ECG), physical
examination findings, and clinical laboratory tests
and immunogenicity (incidence of anti-drug anti-
bodies [ADAs] and neutralizing antibodies [NAbs]).
PK endpoints were analyzed for the whole study
period and comprised area under the concen-
tration–time curve from time zero to infinity
(AUC0–inf) and dose-normalized AUC0–inf (AUC0–

inf/Dose), area under the concentration–time curve
from time zero to the last quantifiable concentration
(AUC0–last) and dose-normalized AUC0–last (AUC0–

last/Dose), maximum serum concentration (Cmax)
and dose-normalized Cmax (Cmax/Dose), time to
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Cmax (Tmax), terminal elimination half-life (t½), per-
centage of AUC0–inf obtained by extrapolation (%
AUCext), terminal elimination rate constant (λz),
total body clearance (CL), and volume of distribution
at steady state (Vss).

Study assessments
The study assessment schedule is shown in Table S1.
TEAEs were coded using the Medical Dictionary for
Regulatory Activities version 24.1 and graded using
the Common Terminology Criteria for Adverse
Events version 5.0. ADA positivity was determined
through screening and confirmatory assays; NAbs
were assessed for confirmed ADA-positive samples
only. PK parameters were analysed by noncompart-
mental methods based on actual sampling time points,
using Phoenix WinNonlin version 8.3.4 (Certara, Inc.,
Princeton, NJ, USA). Dose proportionality for AUC0–

inf, AUC0–last, and Cmax was assessed using the power
model with log-transformed PK parameters as a
dependent variable and log-transformed dose as an
independent variable. 90% confidence intervals (CIs)
and standard error were estimated using least-squares
regression.

Statistical analysis
The sample size of eight participants per cohort (six
for CT-P63 and two for placebo) was determined
empirically based on sample sizes in other Phase I
studies investigating drug safety and tolerability; the
total sample size was not based on a formal statistical
hypothesis. Analysis sets are described in the Sup-
plementary Methods. Safety analyses were performed
on the Safety Set and summarized by CT-P63 cohort
and a placebo group pooled from the three cohorts.
PK analyses were performed on the PK Set and were
summarized by CT-P63 cohort. Statistical analyses
used Statistical Analysis System (SAS) software ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA).

Results

In vitro neutralization potency of CT-P63

CT-P63 inhibited SARS-CoV-2 viral replication with
an IC50 of 50.5 ng/mL against wild-type SARS-CoV-
2 bearing the D614G mutation (B.1 lineage)
(Table 1). CT-P63 retained neutralizing activity
against SARS-CoV-2 variants including Omicron var-
iants (BA.1, B.2, BA.2.12.1 and BA.3; Table 1 and
Figure S2). Assays with pseudoviruses expressing
mutant SARS-CoV-2 spike proteins confirmed the
broad neutralization potency of CT-P63 (Table 1).
SPR analysis demonstrated the high affinity of CT-
P63 for SARS-CoV-2 RBD with a KD value of
0.17 nM (data not shown). CT-P63 completely inhib-
ited binding between the SARS-CoV-2 RBD and

ACE2 (Figure S3A). The specificity of CT-P63 binding
to the SARS-CoV-2 RBD was confirmed by compari-
son with RBD proteins from SARS-CoV, HCoV-
HKU1, and MERS-CoV (Figure S3B). Binding
affinity of CT-P63 for wild-type RBD, as determined
by BLI (0.129–0.208 nM; Table S2), demonstrated
good correlation with that observed by SPR
(0.17 nM). Further BLI binding assays demonstrated
that CT-P63 retained affinity for all SARS-CoV-2
RBD mutants tested with KD values ranging from
0.086 nM (S494P mutant) to 0.915 nM (BA.2.12.1
Omicron mutant; Table S2).

Prophylactic efficacy of CT-P63 against wild-
type SARS-CoV-2 in vivo

The efficacy of CT-P63, administered prophylactically,
against wild-type SARS-CoV-2 in an hACE2 trans-
genic mouse model was assessed. All animals in pla-
cebo and CT-P63 groups survived during the study.
Placebo-treated animals experienced mean body
weight loss up to 18.7% at 6 days post-infection;
body weight loss was significantly attenuated in CT-
P63-treated animals from 3 to 6 days post-infection
(Figure 1A). CT-P63 significantly reduced viral titres
in the respiratory tract. Mean lung viral titre was 5.5

Table 1. In vitro neutralization potency of CT-P63 against live
viruses and pseudoviruses.

IC50 (ng/mL) Fold change (reduction)

Live viruses
Wild-type (B.1) 50.50 N/A
Omicron (B.1.1.529.1/BA.1) 96.48 1.91
Omicron (B.1.1.529.2/BA.2) 88.67 1.76
Omicron (BA.2.12.1) 46.95 0.93
Delta (B.1.617.2) 18.88 0.37
Gamma (P.1) 7.21 0.14
Beta (B.1.351) 20.58 0.41
Kappa (B.1.617.1) 25.84 0.51
Alpha (B.1.1.7) 22.46 0.44
Epsilon (B.1.427) 58.48 1.16
Epsilon (B.1.429) 34.28 0.68
Eta (B.1.525) 14.53 0.29
Iota (B.1.526) 44.44 0.88
Zeta (P.2) 31.79 0.63
Pseudoviruses
D614G 4.81 N/A
Omicron (B.1.1.529.1/BA.1) 22.29 4.63
Omicron (B.1.1.529.2/BA.2) 9.45 1.96
Omicron (BA.2.12.1) 5.46 1.14
Omicron (BA.3) 12.0 2.49
Delta (L452R/T478K/P681R) 5.32 1.11
Gamma (P.1) 1.71 0.36
Beta (B.1.351) 3.27 0.68
Lambda (C.37) 18.69 3.89
Mu (B.1.621) 12.18 2.53
Kappa (L452R/E484Q/P681R) 8.26 1.72
Alpha (B.1.1.7) 4.85 1.01
Epsilon (B.1.427) 14.10 2.93
Epsilon (B.1.429) 5.86 1.22
Eta (B.1.525) 5.57 1.16
Iota (B.1.526) 3.53 0.73
Zeta (P.2) 2.16 0.45

Notes: Fold changes were calculated relative to wild-type live virus or
D614G pseudovirus for live viruses and pseudoviruses, respectively.

IC50, half-maximal inhibitory concentration; N/A, not applicable.

2318 J.-M. SEO ET AL.



log10 PFU/mL at 3 days post-infection, declining to 4.5
log10 PFU/mL at 6 days post-infection in the placebo
group (Figure 1B). With CT-P63, viral titres were sig-
nificantly reduced at 3 days post-infection in a dose-
proportional manner. No virus was detectable in the
CT-P63 groups at 6 days post-infection, other than
in one animal in the CT-P63 10 mg/kg group. The
mean viral titre in nasal washes was 2.0 log10 PFU/
mL at 3 days post-infection and 3.2 log10 PFU/mL at
6 days post-infection in the control group (Figure
1C). Viral titres were lower in the CT-P63 groups at
6 days post-infection.

Efficacy of CT-P63 against SARS-CoV-2 variants
in vivo

Beta variant
All untreated and CT-P63-treated animals (20 or
40 mg/kg) survived to 6 days post-infection. Mean
body weight of the control group decreased up to
26.9%; body weight reductions were significantly
reduced with CT-P63 (Figure 2A). Mean lung viral
titre was 5.30 and 2.19 log10 PFU/mL in the control
group at 3 and 6days post-infection, respectively; infec-
tious virus was not detected in any CT-P63-treated

Figure 1. Prophylactic efficacy of CT-P63 against wild-type SARS-CoV-2 in an hACE2 transgenic mouse model. (A) Mean (SD)
change in body weight. (B) Lung viral titres. (C) Nasal wash viral titres.
Notes: In panel A, a denotes p < 0.05 between placebo and CT-P63 1 mg/kg group and b denotes p < 0.05 between placebo and CT-P63 1 mg/kg and
10 mg/kg groups. In panels B and C, *, **, ***, and **** denote p < 0.05, p < 0.01, p < 0.001, and p < 0.0001 relative to placebo, respectively.
hACE2, human angiotensin-converting enzyme 2; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation.
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animals (Figure 2B). In control animals, the mean viral
titre in nasal washes was 2.53 log10 PFU/mL at 3 days
post-infection, declining to 0.77 log10 PFU/mL at 6
days post-infection (Figure 2C). Viral titres were
undetectable in the CT-P63 groups, other than in one
animal in the 20 mg/kg group at 3 days post-infection.

Delta variant
None of the untreated animals survived beyond 8 days
post-infection; all CT-P63-treated animals (10 mg/kg)
survived to 10 days post-infection. Mean body weight
of the control group decreased up to 22.1%; reductions
in body weight were reduced with CT-P63 (Figure
2D). Mean lung viral titre was 4.62 and 2.61 log10
PFU/mL at 3 and 6 days post-infection, respectively,
in the control group (Figure 2E). No virus was detect-
able in the CT-P63 group. In nasal washes, the mean

viral titre in the control group reached 2.57 log10
PFU/mL at 3 days post-infection, declining to 0.63
log10 PFU/mL at 6 days post-infection (Figure 2F).
No virus was detectable in the CT-P63 group.

Omicron variant
Three out of four untreated animals survived beyond 8
days post-infection and all CT-P63-treated animals
(5.33 mg/kg) survived to 10 days post-infection.
Mean body weight of the control group decreased up
to 5.4%; reductions in body weight were reduced
with CT-P63 (Figure 2G). Mean lung viral titre was
2.88 log10 PFU/mL at 3 days post-infection in the con-
trol group (Figure 2H). No virus was detected in the
CT-P63 group. In nasal washes, a viral titre was detect-
able in only one animal in the control group and
reached 1.61 log10 PFU/mL at 3 days post-infection,

Figure 2. Efficacy of CT-P63 against SARS-CoV-2 Beta, Delta, and Omicron variants in an hACE2 transgenic mouse model. (A) Mean
(SD) change in body weight after Beta variant infection. (B) Lung viral titres after Beta variant infection. (C) Nasal wash viral titres
after Beta variant infection. (D) Mean (SD) change in body weight after Delta variant infection. (E) Lung viral titres after Delta
variant infection. (F) Nasal wash viral titres after Delta variant infection. (G) Mean (SD) change in body weight after Omicron variant
infection. (H) Lung viral titres after Omicron variant infection at Day 3 post-infection. (I) Nasal wash viral titres after Omicron var-
iant infection at Day 3 post-infection.
Notes: In panel A, a denotes p < 0.001 between placebo and CT-P63 20 mg/kg group and p < 0.0001 between placebo and CT-P63 40 mg/kg group and b
denotes p < 0.001 between placebo and CT-P63 20 mg/kg and 40 mg/kg groups. In panels B, C, D, E, F, G, H, and I *, **, ***, and **** denote p < 0.05, p <
0.01, p < 0.001, and p < 0.0001 relative to placebo, respectively.
hACE2, human angiotensin-converting enzyme 2; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation.
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and no virus was detectable in the CT-P63 group
(Figure 2I).

CT-P63 1.1 study findings

Participant disposition and characteristics
The first participant was randomized on 11 October
2021, and the last participant completed the study
on 25 January 2022. There were no major protocol
deviations throughout the study. All 24 participants
met the inclusion and exclusion criteria and were ran-
domized to receive one of three doses of CT-P63, or
placebo (intent-to-treat population) (Figure 3).
Twenty-three (95.8%) participants completed the
study; one participant in the CT-P63 1800 mg group
discontinued at EOS (lost to follow-up). Overall,
demographic and baseline characteristics were com-
parable between groups (Table 2).

Safety and immunogenicity
All participants received the planned dose of CT-P63.
Overall, 15 TEAEs were reported for eight (33.3%)
participants throughout the study period; most were
of grade 1–2 in intensity (Table 3). The most fre-
quently reported TEAE was COVID-19, experienced
by four (66.7%) participants in the placebo group.
The only other TEAE reported by at least two partici-
pants was headache, occurring in one (16.7%) partici-
pant in each of the CT-P63 1800 mg and placebo
groups. There were no deaths, TESAEs, TEAESIs of
IRR, or TEAEs leading to study drug discontinuation.
Overall, mean clinical laboratory parameters were
within normal ranges at each visit; there were no
trends noted between CT-P63 and placebo groups.
One clinical laboratory parameter, creatine phospho-
kinase, shifted from normal at baseline to an abnormal
value considered clinically significant by the

Figure 3. Participant flow diagram.
*Four back-up participants were included, in case enrolment was not met; these participants discontinued the study before randomization.

Table 2. Participant demographics and baseline characteristics (ITT Set).
CT-P63 600 mg (n = 6) CT-P63 900 mg (n = 6) CT-P63 1800 mg (n = 6) Placebo (n = 6)

Age (years), median (range) 31.0 (21–44) 41.0 (35–47) 27.0 (21–34) 31.5 (22–39)
Male, n (%) 4 (66.7) 4 (66.7) 6 (100.0) 3 (50.0)
Female, n (%) 2 (33.3) 2 (33.3) 0 3 (50.0)
Female fertility status* 2 (100.0) 2 (100.0) 0 3 (100.0)
White race, n (%) 6 (100.0) 6 (100.0) 6 (100.0) 6 (100.0)
Non-Hispanic/Latino ethnicity, n (%) 6 (100.0) 6 (100.0) 6 (100.0) 6 (100.0)
BMI (kg/m2), median (range) 24.60 (21.5–26.2) 24.40 (19.8–28.1) 23.30 (19.0–26.4) 25.05 (19.3–28.4)
Participants with ≥1 medical history, n (%)† 4 (66.7) 5 (83.3) 3 (50.0) 5 (83.3)
Participants with ≥1 prior medication, n (%) 0 1 (16.7)‡ 0 0
Participants with ≥1 concomitant medication, n (%)§ 1 (16.7) 1 (16.7) 1 (16.7) 3 (50%)

Notes: BMI, body mass index; ITT, intent-to-treat.
*Defined as potentially able to bear children; percentages are based on number of female participants.
†No participants had medical history corresponding to exclusion criteria.
‡One participant reported three prior medications, which were all dietary supplements permitted per the study protocol.
§Contraceptives (CT-P63 600 and 900 mg) and paracetamol for the treatment of TEAEs (CT-P63 1800 mg and placebo).
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investigator; this occurred at Day 7 in one (16.7%)
participant in the CT-P63 1800 mg group, had nor-
malized at next visit (Day 14), and was considered
unrelated to study drug. There were no clinically
notable abnormalities reported for vital signs, hyper-
sensitivity monitoring, 12-lead ECG, or physical
examination. All seven female participants were
potentially able to bear children, but no cases of preg-
nancy were reported during the study. No participants
recorded positive ADA results after study drug admin-
istration in any treatment group up to EOS.

Pharmacokinetics
Serum CT-P63 concentrations rapidly peaked follow-
ing the single IV infusion, before declining in a bipha-
sic manner (Figure 4). Mean serum concentrations
were greater across time points for the higher CT-
P63 dose groups. CT-P63 was detectable in serum
up to 2136 h post-dose for all participants who
received study drug. A summary of the PK parameters
for CT-P63 are shown in Table 4. Median values of
Tmax ranged from 1.56 to 2.08 h across the CT-P63
groups. Geometric mean values of t½ and CL were
comparable across the treatment groups. Geometric
mean values for dose-normalized AUC0–inf, AUC0–

last, and Cmax were similar between the CT-P63 600
and 900 mg groups, and slightly lower in the
1800 mg group. Systemic exposure (AUC) increased
dose proportionally over the studied range of doses,
as 90% CI for the slope estimates included 1 (Figure

S4A and S4B). Increases in maximal exposure (Cmax)
were slightly less than dose proportional (Figure S4C).

Discussion

The continued emergence of SARS-CoV-2 variants
with the potential to escape existing immunity raises
serious concerns and highlights the need for new
therapies for COVID-19. We have conducted exten-
sive in vitro and in vivo studies to characterize CT-
P63, a novel recombinant human mAb. CT-P63
exhibited neutralizing activity against a broad spec-
trum of SARS-CoV-2 variants and pseudoviruses,
including Omicron BA.1, BA.2, BA.2.12.1, and BA.3.
In addition, the potential therapeutic efficacy of CT-
P63 against wild-type SARS-CoV-2 and Beta and
Delta variants was demonstrated in a mouse model.
For the Omicron variant, in vitro neutralizing activity
translated into in vivo efficacy as shown by the signifi-
cantly reduced lung virus burden compared with con-
trol. The current mouse model demonstrated
attenuated symptoms and viral burden in the respirat-
ory tract following an Omicron variant infection com-
pared to other variants as reported in recent studies
[25,26].

The in vitro neutralization and BLI assays demon-
strated specificity of CT-P63 for the SARS-CoV-2
RBD, and it retained broad coverage of SARS-CoV-2
RBD variants, including Beta, Delta, and sub-lineages
of Omicron. Compared with wild-type, CT-P63
showed a <2-fold reduction in activity versus Omicron
subvariants (BA.1, BA.2, and BA.2.12.1) in a live virus
assay. In the pseudovirus assay, the IC50s for CT-P63
were in the range of 12–22.3 ng/mL versus Omicron
subvariants (BA.1, BA.2, BA.2.12.1) compared with
4.8 ng/mL for wild-type. Many in vitro neutralization
studies have been conducted to assess the activity of
approved and advanced clinical development mAbs
against these variants of concern [10,11,21,22,24,27–
29]. Some mAbs retained activity versus Beta and
Delta [10,11,24,29], but nearly all have shown a
marked reduction in activity versus Omicron
[21,22,27,28]. S309, the parent of sotrovimab, retained
activity versus Omicron BA.1 with a∼2-fold reduction
in potency [21,30], but activity was lost against Omi-
cron BA.2 (potency decreased by 27-fold) [22]. Cur-
rently, only LY-CoV1404 (bebtelovimab) has
demonstrated activity against all Omicron sub-
lineages [22]. Our results for CT-P63, and the
additional in vivo findings that suggest a single dose
of CT-P63 could effectively neutralize the Beta,
Delta, and Omicron variants, indicate that CT-P63
potently neutralizes all currently known variants of
SARS-CoV-2. Newly emerging Omicron variants
BA.4 and BA.5 (L452R) in South Africa have the
potential to spread worldwide [12,31]. Given our
results from neutralization tests with variants that

Table 3. Summary of TEAEs (Safety Set).
CT-P63
600 mg
(n = 6)

CT-P63
900 mg
(n = 6)

CT-P63
1800 mg
(n = 6)

Placebo
(n = 6)

Total number of TEAEs 2 0 5 8
Participants with ≥1
TEAE, n (%)

2 (33.3) 0 2 (33.3) 4 (66.7)

Study drug related 0 0 0 1 (16.7)
Rash maculopapular,
grade 2

0 0 0 1 (16.7)

Unrelated to study drug 2 (33.3) 0 2 (33.3) 4 (66.7)
COVID-19, grade 1 0 0 0 2 (33.3)
Dyspepsia, grade 1 1 (16.7) 0 0 0
Medical device site
reaction, grade 1

1 (16.7) 0 0 0

Arthralgia, grade 2 0 0 1 (16.7) 0
COVID-19, grade 2 0 0 0 2 (33.3)
Headache, grade 2 0 0 1 (16.7) 1 (16.7)
Oropharyngeal pain,
grade 2

0 0 0 1 (16.7)

Pain in extremity, grade 2 0 0 1 (16.7) 0
Rhinorrhoea, grade 2 0 0 0 1 (16.7)
Toothache, grade 2 0 0 1 (16.7) 0
Blood creatine
phosphokinase
increased, grade 3

0 0 1 (16.7)* 0

Participants with ≥1
TESAE or death, n (%)

0 0 0 0

Notes: TEAE, treatment-emergent adverse event; TESAE, treatment-emer-
gent serious adverse event.

*Patient had no clinical symptoms suggestive of rhabdomyolysis, such as
dark-coloured urine or muscle pain, and did not receive any treatment.
Investigator confirmed that creatine phosphokinase level was tempor-
arily increased as a result of work that required heavy physical exertion.
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have L452R/Q, such as Delta, Lambda and Omicron
BA.2.12.1, it is not unreasonable to expect that CT-
P63 will be effective against these Omicron variants.

A Phase I study in healthy individuals demon-
strated that a single IV infusion of CT-P63 at doses
from 600 to 1800 mg was safe and well tolerated.
There were no reported TEAEs related to study drug

and no IRRs or other dose-dependent events in the
CT-P63 treatment groups, confirming the safety
profile observed previously [32,33].

PK analyses revealed that systemic exposure was
dose-proportional and maximal exposure was slightly
less than dose-proportional over the studied dose
range (600 to 1800 mg). Geometric mean values

Figure 4. Mean (SD) serum CT-P63 concentrations over time* (A) linear scale and (B) semi-logarithmic scale (PK Set).
*The lower limit of quantification was 1.00 µg/mL; concentrations below this were treated as 0. PK, pharmacokinetic; SD, standard deviation.

Table 4. Summary of serum PK parameters for CT-P63 (PK Set).
CT-P63 600 mg (n = 6) CT-P63 900 mg (n = 6) CT-P63 1800 mg (n = 6)

Cmax (μg/mL) 191.3 (17.9) 282.4 (11.7) 482.8 (9.0)
Tmax (h), median (range) 1.56 (1.08–13.08) 1.59 (1.10–5.07) 2.08 (1.10–13.07)
t½ (h) 578.4 (21.0) 643.3 (19.0) 600.1 (20.9)
CL (mL/h) 8.514 (29.2) 8.674 (23.4) 10.01 (21.6)
AUC0–inf (h*μg/mL) 70470 (29.2) 103800 (23.4) 179900 (21.6)
AUC0–last (h*μg/mL) 65020 (25.9) 93790 (19.9) 159700 (17.6)*
%AUCext (%) 6.782 (67.4) 8.836 (50.0) 8.995 (71.5)
λz (1/h) 0.001198 (21.0) 0.001078 (19.0) 0.001155 (20.9)
Vss (mL) 6572 (12.4) 7261 (12.4) 8045 (5.6)
Dose-normalized
Cmax/dose (μg/mL/mg) 0.3188 (17.9) 0.3138 (11.7) 0.2682 (9.0)
AUC0–inf/dose (h*μg/mL/mg) 117.5 (29.2) 115.3 (23.4) 99.94 (21.6)
AUC0–last/dose (h*μg/mL/mg) 108.4 (25.9) 104.2 (19.9) 88.70 (17.6)*

Notes: All data are geometric mean (gCV%) unless otherwise stated.
AUC0–inf, area under the concentration–time curve from time zero to infinity; AUC0–last, area under the concentration–time curve from time zero to the last
quantifiable concentration; %AUCext, percentage of AUC0–inf obtained by extrapolation; CL, total body clearance; Cmax, maximum serum concentration;
EOS, end-of-study; gCV, geometric coefficient of variation; λz, terminal elimination rate constant; PK, pharmacokinetic; t½, terminal elimination half-life;
Tmax, time to maximum serum concentration; Vss volume of distribution at steady state.

*One patient in the CT-P63 1800 mg group was excluded from AUC0–last and AUC0–last/dose calculations because they were lost to follow-up at EOS visit.
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(geometric CV%) of t½ were 578.4 h (21.0) for CT-P63
600 mg, 643.3 h (19.0) for CT-P63 900 mg, and
600.1 h (20.9) for CT-P63 1800 mg treatment groups,
confirming a long t½. Of particular note, the geometric
CV% value of Cmax for CT-P63 600 mg group was
found to be 191.3 μg/mL (17.9), which greatly exceeds
the IC50 of CT-P63 versus the Omicron live virus
(96.48 ng/mL). The active moieties of CT-P63 will be
largely out of the systemic circulation after five half-
lives (∼126 days after administration). Given the clini-
cal course of COVID-19, the PK profile of CT-P63 is
suggestive of a single dose being sufficient in the treat-
ment of the disease.

Our report does have some limitations. This was a
small, single ascending dose study. As such, partici-
pant numbers for each CT-P63 group were small, so
caution in interpreting the data is needed. The healthy
individuals enrolled were aged between 21 and 44
years and may not be representative of the individuals
expected to receive CT-P63 in the clinic who will likely
be older with comorbidities. The safety, tolerability,
and PK findings need to be evaluated in large-scale
trials enrolling patients infected with SARS-CoV-2.

In conclusion, the neutralizing ability of CT-P63
versus common variants of SARS-CoV-2, including
Omicron, was confirmed in vitro. Efficacy was demon-
strated in vivo, and results suggest that a single dose of
CT-P63 could effectively neutralize the Beta, Delta and
Omicron variants. Safety and PK were confirmed in a
healthy human Phase I study.
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