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A B S T R A C T

Background/Objective: The neutralizing monoclonal antibody against SARS-CoV-2 is regarded as one of the most 
effective therapies for COVID-19.: This study was a randomized, double-blinded, placebo-controlled Phase II trial 
conducted to evaluate the efficacy of neutralizing monoclonal antibody (SCTA01) in high-risk outpatients 
diagnosed with COVID-19.
Methods: The primary endpoint was the proportion of patients who experienced COVID-19-related hospitaliza
tion (defined as at least 24 h of acute care) or death (all causes) by Day 29.
Results: 109 patients were randomly assigned to and received SCTA01 750 mg (n = 25), 1500 mg (n = 29), 3000 
mg (n = 30), or placebo (n = 25). Only two experienced COVID-19-related hospitalization by Day 29, one from 
the 750 mg group and the other from the 3000 mg group. Statistical analysis revealed no significant differences 
in viral load reduction (p = 0.20) or symptom score reduction (p = 0.37) between the SCTA01 total and placebo 
groups. Additionally, the incidence of adverse events was comparable between the SCTA01 group (23.8 %) and 
the placebo group (24.0 %). Notably, no treatment-related serious adverse events (SAEs) were reported.
Conclusions: There was no significant difference in clinical outcome between SCTA01 and placebo in the treat
ment of high-risk outpatients diagnosed with COVID-19, and it was well tolerated.
CLINICAL TRIAL: The trial was registered at ClinicalTrial.gov (NCT04709328).

1. Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), poses an ongoing 
threat to public health [1]. While most individuals infected with 
SARS-CoV-2 remain asymptomatic or exhibit mild to moderate symp
toms, specific populations are at a heightened risk of developing severe 
illness or experiencing fatal outcomes. This is particularly true for older 
adults and individuals with specific medical conditions, including can
cer, cerebrovascular disease, chronic kidney disease, chronic liver dis
ease, chronic lung disease, diabetes, heart disease, or those who are 
immunocompromised [2–4].

Several antiviral medications, including oral drugs and monoclonal 
antibodies (mAbs), have been employed in treating patients with mild to 

moderate COVID-19 [5–9]. SARS-CoV-2 is known for its high mutation 
rate, particularly in the spike protein, which is a primary target for many 
monoclonal antibodies and vaccines against SARS-CoV-2. These muta
tions can lead to structural changes in viral proteins, potentially 
reducing the binding efficiency of therapeutic agents or neutralizing 
antibodies. Therefore, it is important to track emerging variants and 
evaluate their resistance to current therapeutic strategies to adjust 
therapy strategies [10].

SCTA01 is a human IgG1 monoclonal antibody targeting the receptor 
binding domain (RBD) of SARS-CoV-2 and featuring a LALA-modified Fc 
region. This modification aimed to eliminate the function of antibody- 
dependent cell cytotoxicity (ADCC) and to mitigate antibody- 
dependent enhancement (ADE) [11]. In non-clinical studies, SCTA01 
inhibited viral replication in both the trachea and lungs, thus preventing 
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pulmonary damage with no significant adverse events (AEs), even at a 
dosage ten times greater than the effective dose of SCTA01 [12]. In the 
Phase I study of SCTA01, healthy adults received SCTA01 at doses of 5 
mg/kg, 15 mg/kg, 30 mg/kg, 50 mg/kg, or placebo. The frequency of 
AEs in the SCTA01 group was comparable to that in the placebo groups 
[11].

The trial was designed to evaluate the safety and efficacy of mono
clonal antibody SCTA01 in high-risk outpatients diagnosed with COVID- 
19 who were at higher risk of hospitalization or death.

2. Materials and methods

2.1. Trial design, treatment, and oversight

A randomized, double-blinded, placebo-controlled Phase II trial was 
conducted to evaluate SCTA01 in high-risk outpatients diagnosed with 
COVID-19. The final protocol is provided in Supplement 2. The study 
was conducted in accordance with the Declaration of Helsinki. The 
institutional review board approved the protocol at all participating 
centers, and written informed consent was obtained from all partici
pants. The study was terminated early following the completion of the 
Phase II portion due to the emergence of Omicron variants resistant to 
SCTA01.

2.2. Patients

All patients were 18 years of age or older, had laboratory-confirmed 
evidence of SARS-CoV-2 infection, with at least one of the high-risk 
factors associated with COVID-19, and presented with at least two 
COVID-19-related symptoms that started less than ten days prior to 
randomization. Patients were not hospitalized. High-risk factors for 
COVID-19 included a) age ≥60 years, b) BMI ≥30 kg/m2, c) presence of 
an immunosuppressive condition, d) current receipt of immunosup
pressant or systemic corticosteroid treatments, and e) being ≥45 years 
old with underlying conditions. The investigator reviewed the eligibility 
criteria (Supplement 2).

2.3. Randomization and intervention

Eligible patients were randomized in a 1:1:1:1 ratio using stratified 
block randomization approach to receive either 750 mg group, 1500 mg 
group, 3000 mg group of SCTA01, or placebo during Phase II of the trial. 
Randomization was stratified by country, age (<45 vs. 45 to 59 vs. ≥ 60 
years old), presence of shortness of breath (Yes vs. No), and vaccination 
or reinfection status (Yes vs. No). All patients received a single intra
venous dose of SCTA01 or placebo. The standard of care for COVID-19 
treatment served as the baseline therapy, and patients were managed 
according to the local clinical routine for treating high-risk outpatients 
diagnosed with COVID-19. Randomization and treatment took placed on 
Day 1. After randomization, COVID-19 symptoms were recorded before 
treatment on Day 1.

2.4. Endpoints

The primary endpoint was the proportion of patients who experi
enced COVID-19-related hospitalization (defined as at least 24 h of acute 
care) or death (all-cause) by Day 29. Secondary endpoints included: (1) 
changes in symptom score (total of ratings) from baseline to Day 3, 5, 7, 
11, 15, 22, and 29; (2) time to symptom improvement by Day 29; (3) 
time to symptom resolution by Day 29; (4) change in SARS-CoV-2 viral 
shedding from baseline to Day 4, 8, 11, 15 and 29 measured by quan
titative reverse transcription polymerase chain reaction (RT-qPCR) in 
nasopharyngeal (NP) or oropharyngeal (OP) samples. AEs and serious 
adverse events (SAEs) were also analyzed in this trial. All patients 
randomly assigned and having received at least one dose of SCTA01 or 
placebo were included in the intention-to-treat analysis.

2.5. Statistical analysis

2.5.1. Analysis of primary endpoints
The primary efficacy analysis utilized the Cochran-Mantel-Haenszel 

(CMH) test, stratified by country, age (<45 vs. 45 to 59 vs. ≥ 60 years 
old), presence of shortness of breath (Yes vs. No), and vaccination or 
reinfection status (Yes vs. No), at a significance level of 0.025 (one- 
sided). Combining country strata was the preferred approach, guided by 
medical opinion on the standard of care (SOC) in each country. If certain 
strata were too small, they were combined to ensure the statistical 
method functioned appropriately under anonymous review. Fisher’s 
exact test method was used when less than 80 % of the expected cell 
counts were ≥5.

2.5.2. Analysis of secondary endpoints
The symptom scores on the day of infusion were used as the baseline 

for calculating the change in symptom scores. The change in ordinal 
scores was summarized by frequency and proportions by day and 
treatment group. Linear models were employed to analyze the change in 
symptom scores. Similarly, the change in viral load from baseline was 
analyzed using the same methods.

Time to symptom improvement and resolution were summarized 
using Kaplan-Meier curves and 95 % confidence bounds. A stratified Cox 
model was used to estimate the hazard ratio and two-sided 95 % con
fidence intervals. P-values were calculated using a non-parametric 
stratified log-rank test.

3. Results

3.1. Patients

A total of 110 patients were randomized into two groups: SCTA01 
total (85 patients) and the placebo (25 patients) from April 9, 2021 to 
April 25, 2022 (Fig. 1). Within the SCTA01 group, 25 received 750 mg, 
29 received 1500 mg, and 30 received 3000 mg. One patient assigned to 
the 750 mg group did not receive the drug due to early withdrawal. All 
treated patients completed the Day 29 visit, except for one in the 1500 
mg group, who withdrew from the study.

Among 109 patients, 39.5 % were aged 60 or older, and 55.0 % were 
female. The racial distribution included 19.3 % Asian and 61.5 % White 
patients. 66.1 % of the patients had obesity (BMI ≥30 kg/m2), and 47.7 
% had at least one high-risk medical condition. Additionally, 57.8 % of 
the patients had a high viral load (≥105 copies/mL), and the median 
duration of symptoms before randomization was four days. Patients’ 
demographics and baseline characteristics were balanced across all 
groups (Table 1).

3.2. Efficacy

3.2.1. Primary endpoint
By Day 29, COVID-19-related hospitalization occurred in 1 out of 25 

patients in the 750 mg group and 1 out of 30 patients in the 3000 mg 
group. There were no such events in the 1500 mg or placebo groups. No 
deaths reported by Day 29. Additionally, one patient in the placebo 
group died on Day 52 due to COVID-19 after visiting the emergency 
room on Day 35. Consequently, the small sample size of patients 
enrolled was insufficient to determine the efficacy of SCTA01 in high- 
risk outpatients diagnosed with COVID-19.

3.2.2. Key secondary endpoints
There were no statistically significant differences between the 

SCTA01 groups and the placebo group in the mean change of total 
symptom scores from baseline (SCTA01 total vs. placebo: mean differ
ence = − 0.64, p = 0.17) (Fig. 2A). Similar improvement trends across 
different SCTA01 dose groups are shown in Fig. 2B.

Although, there were no significant differences between individual 
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dose of SCTA01 and the placebo group regarding the time to symptom 
improvement (Fig. 3) or time to sustained symptom resolution (Fig. 4), 
with all p-values exceeding 0.05. The proportion of patients experi
encing symptom improvement by Day 29 was as follows: 84.5 % in the 
SCTA01 total group, with specific improvements of 80.0 % in the 750 
mg dose, 86.2 % in the 1500 mg dose, and 86.7 % in the 3000 mg dose. 
In comparison, only 72.0 % of patients in the placebo group reported 
symptom improvement. Similarly, the proportion of patients achieving 

sustained symptom resolution by Day 29 was 89.3 % in the SCTA01 total 
group, 88.0 %, 93.1 %, and 86.7 % in the 750 mg, 1500 mg, and 3000 
mg SCTA01, respectively, compared to 76.0 % in the placebo group. 
These results showed a numerical advantage in the SCTA01 groups 
relative to the placebo group (Supplement 1, Table S1).

There were no significant differences between the SCTA01 groups 
and the placebo group in the mean change of viral load from baseline 
(SCTA01 total: mean difference = − 0.30, p = 0.20) (Fig. 5A). Similar 
results for individual dose groups are displayed in Fig. 5B.

Fig. 2A shows the mean change of total symptom scores from base
line. Each of the 14 symptoms was graded on a scale of 0 (no symptom) 
to 3 (severe symptom) or 0 (no symptom) to 2 (severe symptom). 
Detailed score information is provided in the Supplement 2. Fig. 2B 
shows the change of symptoms in each group. The I bar represents the 
standard error. P represents the probability value.

Fig. 3 shows the proportion of patients who achieve symptom 
improvement over time. Symptom improvement was defined as (1) 
symptoms scored as severe or moderate on the COVID-19-related 
symptom questionnaire at baseline are scored as mild or absent, AND 
(2) symptoms scored as mild or absent at baseline are scored as absent. 
HR, Hazard ratio, CI, confidence interval.

Fig. 4 shows the proportion of patients who achieve sustained 
symptom resolution over time. Sustained symptom resolution was 
defined as all COVID-19-related symptoms remaining absent or no worse 
than mild for select symptoms that may take longer to resolve (e.g., 
cough, fatigue, loss of smell or taste) for a sustained period of 48 h by 
Day 29: HR, Hazard ratio, CI, confidence interval.

Fig. 5A shows the mean viral load change between the SCTA01 total 
group and the placebo group from baseline to Day 29. The limit of 
detection for the SARS-CoV-2 Viral Load Quantitation assay is 500 
copies/mL in Viral Transport Media. Fig. 5B shows the change of 
symptoms in each group. The I bar represents the standard error. P 
represents the probability value.

3.3. Safety

The incidence of AEs was comparable across the SCTA01 and placebo 
groups, with 32.0 % in the 750 mg group, 20.7 % in the 1500 mg group, 
20.0 % in the 3000 mg group, and 24.0 % in the placebo group) 
(Table 2). The most commonly reported AE was headache, occurring in 
8.0 % of patients in the 750 mg group, 3.3 % in the 3000 mg group, and 
8.0 % in the placebo group. Notably, no infusion-related AEs were 
reported.

Three patients experienced treatment-unrelated SAEs. One patient in 
the 750 mg group experienced worsening of acute abdomen and anemia. 

Fig. 1. Patient enrollment and treatment allocation. 
a: included in the efficacy analysis and safety analysis.

Table 1 
Patient demographics and baseline clinical characteristics.

SCTA01

750 mg (N 
= 25) n (%)

1500 mg (N 
= 29) n (%)

3000 mg (N 
= 30) n (%)

Placebo (N =
25) n (%)

Age (years)
Median (min, 
max)

54.0 (23, 
83)

55.0 (21, 
98)

58.0 (29, 
77)

54.0 (25, 85)

>=60 years 11 (42.3) 9 (31.0) 14 (46.7) 9 (36.0)
Sex

Male 13 (52.0) 8 (27.6) 14 (46.7) 14 (56.0)
Female 12 (48.0) 21 (72.4) 16 (53.3) 11 (44.0)

Race
Asian 5 (20.0) 5 (17.2) 7 (23.3) 4 (16.0)
Black or 
African 
American

0 0 1 (3.3) 2 (8.0)

White 17 (68.0) 17 (58.6) 18 (60.0) 15 (60.0)
NA 3 (12.0) 6 (10.3) 3 (10.0) 4 (16.0)

BMI ​ ​ ​ ​
<30 kg/m^2 8 (32.0) 7 (24.1) 9 (30.0) 13 (52.0)
>=30 kg/m^2 17 (68.0) 22 (75.9) 21 (70.0) 12 (48.0)

Viral load
>=10^5 
copies/mL

10 (40.0) 15 (51.7) 12 (40.0) 11 (44.0)

<10^5 copies/ 
mL

12 (48.0) 10 (34.5) 14 (46.7) 10 (40.0)

NA 3 (12.0) 4 (13.8) 4 (13.3) 4 (16.0)
Duration of Symptoms before randomization

Median (min, 
mix)

4 (1,9) 4 (1,10) 4 (1,9) 3 (1,8)

High-risk medical history#
Yes 15 (60.0) 12 (41.4) 18 (60.0) 12 (48.0)
No 10 (40.0) 17 (58.6) 12 (40.0) 13 (52.0)

Immunosuppressant or corticosteroid treatments
Yes 2 (8.0) 2 (6.9) 3 (10.0) 3 (12.0)
No 23 (92.0) 27 (93.1) 27 (90.0) 22 (88.0)

# High-risk medical history included immunosuppressive diseases, hyperten
sion, cardiovascular disease, history of stroke and other cerebral disease 
(neurological disease), diabetes, chronic obstructive pulmonary disease, or other 
chronic respiratory disease or chronic kidney disease. NA, not applicable.
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Another patient in the 3000 mg group sustained multiple physical in
juries, including a fracture of the transverse distal radius with dorsal 
displacement of the distal fragments secondary to a fall. One patient in 
the placebo group died due to complications of COVID-19, suffering 
from metabolic encephalopathy, cerebrovascular disease infarct pontine 
area, cardiopulmonary arrest secondary to acute myocardial infarction, 
and hypernatremia.

4. Discussion

The primary endpoint of this trial was to evaluate whether SCTA01 
could reduce the risk of COVID-19-related hospitalization or all-cause 
death by Day 29. As there were only 2 primary endpoint events, statis
tical analysis could not be performed. These two patients were older 
(≥55 years old) and had pre-existing cardiac disease, hypertension, or 
diabetes at baseline. They also received medication and oxygen treat
ment. Additionally, baseline viral loads were also high in these two 

patients, consistent with the findings from the REGEN-COV antibody 
study, which reported that higher viral loads were associated with an 
increased risk of hospitalization or death [7].

Viral clearance plays a crucial role in treating COVID-19 diseases, as 
it is linked with better clinical outcomes [7]. Among the secondary 
endpoints in this study, there were no statistical differences between the 
SCTA01 groups and the placebo group regarding clinical outcomes or 
viral load. However, the proportion of patients with clinical improve
ment and resolution was numerically higher in the SCTA01 group than 
in the placebo group.

The lack of significant therapeutic outcomes observed in this trial 
may be attributed to mutations in the SARS-CoV-2 virus, as the trial was 
conducted during the Delta and Omicron waves of the pandemic [13,
14]. The neutralizing capacity of SCTA01 against the Delta decreased, 
with a 3.8-fold reduction in the half-maximal inhibitory concentration 
compared to the SARS-CoV-2 variant with the D614G mutation 
(Supplement 1, Fig. S1). SCTA01 was unable to neutralize the Omicron 

Fig. 2. Symptom scores from baseline to Day 29.

Fig. 3. Time for symptom improvement.
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variant (Supplement 1, Fig. S2). The US-FDA revoked the emergency use 
authorization for mAbs once the emerging variants became resistant to 
already approved antibody therapies [15–17].

SCTA01 was well tolerated, and no safety signals were observed in 
this study. A low incidence of Grade 3 or higher AEs occurred during 
post-treatment. No treatment-related SAEs were observed. There was 
also no evidence of ADE with SCTA01. ADE is a process where anti
bodies can inadvertently worsen a viral infection; and it is known to be 
mediated by virus-antibody immune complexes via interactions with Fc 
and Fc receptors or the complement system [18,19]. Given the potential 
for ADE, some antibodies with LALA-modified Fc regions have been 
developed and approved for the treatment of certain diseases, including 
Spesolimab, Teplizunb, LYCo555 and LYCoV016 [6,20–23]. However, 
there is no evidence to suggest that ADE has been a significant factor in 
causing severe COVID-19 or COVID-19-related deaths.

4.1. Limitation

The trial had few limitations. First, the sample size was too small thus 
influencing the generalizability of our results. Second, mutations in the 
spike protein of SARS-CoV-2 reduced the neutralizing capacity of 
SCTA01. Third, the ADCC function was eliminated due to the LALA 
modification of SCTA01, which may have reduced its effectiveness.

5. Conclusion

Neutralizing monoclonal antibodies against SARS-CoV-2 remains a 
key treatment option for COVID-19 outpatients. Future development of 
monoclonal antibodies should focus on enhancing binding site speci
ficity, targeting conserved regions. Additionally, combination therapies 
may offer a more robust approach to combat viral mutations and ensure 
long-term effectiveness.

Fig. 4. Time to sustained symptom resolution.

Fig. 5. Viral load from baseline to Day 29.
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Adverse events.
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(%)
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Placebo (N 
= 25) n (%)

TEAE 8 (32.0) 6 (20.7) 6 (20.0) 6 (24.0)
Grade 1 3 (12.0) 5 (17.2) 2 (6.7) 1 (4.0)
Grade 2 3 (12.0) 1 (3.4) 2 (6.7) 1 (4.0)
≥ Grade 3 2 (8.0) 0 2 (6.7) 4 (16.0)

TEAE, according to PT
Headache 2 (8.0) 0 1 (3.3) 2 (8.0)
Urinary tract 
infection

1 (4.0) 1 (3.4) 0 0

Fibrin D dimer 
increased

1 (4.0) 0 1 (3.3) 0

Pneumonia 0 0 1 (3.3) 0
Pyrexia 1 (4.0) 0 0 1 (4.0)
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Injection site 
swelling
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pain

0 0 1 (3.3) 0
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Diarrhoea 1 (4.0) 0 0 0
Epigastric 
discomfort

1 (4.0) 0 0 0

Haematochezia 1 (4.0) 0 0 0
Hypertension 0 0 1 (3.3) 1 (4.0)
Hypertensive crisis 0 1 (3.4) 0 0
Sinus tachycardia 1 (4.0) 0 0 0
Back pain 1 (4.0) 0 0 1 (4.0)
Anaemia 0 0 1 (3.3) 0
Multiple fractures 1 (4.0) 0 0 0
Insomnia 1 (4.0) 0 0 0
Proteinuria 0 1 (3.4) 0 0
Brain stem 
infarction

0 0 0 1 (4.0)

Metabolic 
encephalopathy

0 0 0 1 (4.0)

Decreased appetite 0 0 0 1 (4.0)
Hypernatraemia 0 0 0 1 (4.0)
Cough 0 0 0 3 (12.0)
Catarrh 0 0 0 1 (4.0)
Acute myocardial 
infarction

0 0 0 1 (4.0)

SAE 1 (4.0) 0 1 (3.3) 1 (4.0)
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