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Abstract

To assess the clinical efficacy and safety of neutralizing monoclonal antibodies

(mABs) for outpatients with coronavirus disease 2019 (COVID‐19). PubMed,

Embase, Web of Science, Cochrane Library, ClinicalTrials.gov, and World Health

Organization International Clinical Trials Registry Platform (ICTRP) databases were

searched from inception to July 19, 2021. Only randomized controlled trials (RCTs)

that assessed the clinical efficacy and safety of neutralizing mABs in the treatment of

COVID‐19 outpatients were included. The Cochrane risk‐of‐bias tool was used to

assess the quality of the included RCTs. The primary outcome was the risk of

COVID‐19‐related hospitalization or emergency department (ED) visits. The sec-

ondary outcomes were the risk of death and adverse events (AEs). Five articles were

included, in which 3309 patients received neutralizing mAB and 2397 patients re-

ceived a placebo. A significantly lower rate of hospitalization or ED visits was ob-

served among patients who received neutralizing mABs than those who received a

placebo (1.7% vs. 6.5%, odds ratios (OR): 0.26; 95% confidence interval

(CI): 0.19–0.36; I2 = 0%). In addition, the rate of hospitalization was significantly

lower in the patients who received neutralizing mABs than in the control group

(OR: 0.24; 95% CI: 0.17−0.34; I2 = 0%). The mortality rate was also significantly

lower in the patients who received neutralizing mABs than in the control group

(OR: 0.16; 95% CI: 0.05−0.58; I2 = 3%). Neutralizing mABs were associated with a

similar risk of any AE (OR: 0.81; 95% CI: 0.64–1.01; I2 = 52%) and a lower risk of

serious AEs (OR: 0.37; 97% CI: 0.19–0.72; I2 = 45%) compared with a placebo.

Neutralizing mABs can help reduce the risk of hospitalization or ED visits in COVID‐

19 outpatients. For these patients, neutralizing mABs are safe and not associated

with a higher risk of AEs than a placebo.
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1 | INTRODUCTION

On March 11, 2020, the World Health Organization (WHO) declared

that coronavirus disease 2019 (COVID‐19) caused by severe acute

respiratory syndrome coronavirus 2 (SARS‐CoV‐2) was a global

pandemic due to the rapidly increasing number of infected people

worldwide.1 As of August 12, 2021, there have been more than 203

million confirmed cases of COVID‐19, including more than 4.3 million

deaths globally.2 Although the newly developed vaccines can provide

effective protection against SARS‐CoV‐2 infection,3 many new

COVID‐19 cases have been reported recently. Therefore, the in-

creasing number of COVID‐19 patients remains a critical public

health concern. The clinical spectrum of COVID‐19 can range from

asymptomatic status, acute respiratory disease, pneumonia, to acute

respiratory distress syndrome.4–6 Currently, the recommended

treatment options for COVID‐19 patients depend on the stage and

severity of the disease.5–7 For hospitalized COVID‐19 patients,

antiviral agents such as remdesivir is suggested, however, anti‐

inflammatory agents such as corticosteroids and anti‐interleukin‐6

are recommended for patients requiring high‐flow oxygen/non-

invasive ventilation therapy with evidence of clinical progression or

increased markers of inflammation.7–9

In addition to patients with severe to critical COVID‐19, a sig-

nificant number of patients are classified as having mild or moderate

illness, some of whom may progress to severe illness or require

hospitalization, particularly those with older age, multiple comorbid-

ities, obesity, or immunocompromised status.6 Therefore, disease

progression or hospitalization in patients with mild or moderate

COVID‐19 is another important issue. To address this issue, neu-

tralizing monoclonal antibodies (mABs) including bamlanivimab

monotherapy, a combination of bamlanivimab plus etesevimab, and a

combination of casirivimab plus imdevimab have been proposed and

developed for the treatment of nonhospitalized patients with mild to

moderate COVID‐19.10 These neutralizing mABs can interact with

the surface spike glycoprotein of SARS‐CoV‐2 thereby preventing

viral attachment and infectivity, and they have shown potent in vivo

efficacy with marked reductions in viral loads in the upper and lower

respiratory tracts in animal studies.11,12 Recently, several randomized

controlled trials (RCTs) have been conducted to assess the clinical

efficacy of neutralizing mABs for COVID‐19 patients, and they have

shown promising results.13–20 We conducted this systematic review

and meta‐analysis of RCTs to provide robust and up‐to‐date evidence

of the clinical efficacy and safety of neutralizing mABs for COVID‐19

outpatients.

2 | METHODS

2.1 | Study search and selection

We searched PubMed, Embase, Web of Science, and Cochrane Li-

brary for relevant articles from their inception to July 19, 2021. The

following search terms were used: COVID‐19 (including COVID‐19,

coronavirus infections, corona virus, corona infection, and SARS‐

CoV‐2) and neutralizing mABs (including neutralizing mABs, etese-

vimab, bamlanivimab, casirivimab, imdevimab, JS016, TY027, BRII‐

196, BRII‐198, ABBV‐47D11, STI‐1499, MW33, HFB30132A,

ADM03820, HLX70, DZIF‐10c, STI‐2020, BGB DXP593, SCTA01,

AZD8895, AZD1061, CT‐P59, VIR‐7831, and GSK4182136). Only

RCTs that assessed the clinical efficacy and safety of neutralizing

mABs in the treatment of patients with mild or moderate COVID‐19

were included. Searches of ClinicalTrials.gov and WHO International

Clinical Trials Registry Platform were also performed for registered

trials (Table S1). We also manually searched for additional eligible

articles from the reference lists of relevant articles and preprint

server of medRxiv. Studies were included if they met the following

criteria: (1) nonhospitalized patients with mild to moderate

COVID‐19 infection; (2) age ≥ 18 years; (3) used a neutralizing mAB

as the intervention; (4) used a placebo or standard of care as the

comparator; (5) was designed as an RCT; and (6) reported clinical

efficacy and risk of adverse events (AEs) as study outcomes. Reviews

or meta‐analysis studies, studies without adequate data for outcome

analysis, non‐RCTs, post‐hoc analysis studies, and poster or

conference abstracts were excluded.

Two authors (C.‐C. Lai and C.‐H. Chen) screened and identified

publications independently to avoid bias. A third author (C.‐Y. Wang)

was consulted and made the final decision in cases of disagreement over

the same publication. The following data were extracted separately by

two authors from each included study: year of publication, study design,

the regimen of the neutralizing mABs, clinical outcomes, and risk of AEs.

A third author was consulted and discussed if the extracted data was

inconsistent. This study was conducted following the Preferred Re-

porting Items for Systematic Reviews and Meta‐analyses guidelines.21

The protocol of the systematic review and meta‐analysis was registered

at PROSPERO (CRD42021268377).

2.2 | Outcome measurements

The primary outcome was the risk of COVID‐19‐related hospitali-

zation or emergency department (ED) visits. The secondary outcomes

were the risk of death and the risk of AEs.

2.3 | Data analysis

The Cochrane risk‐of‐bias tool22 was used to assess the quality of the

included RCTs and their associated risk of bias. Two reviewers sub-

jectively reviewed all included studies and rated them as being “low

risk,” “high risk,” or “unclear” independently. Any disagreement was

resolved by a third reviewer who made the final decision. Statistical

analyses were performed using Review Manager (version 5.3; Nordic

Cochrane Centre). The degree of heterogeneity was evaluated using

Q statistics generated from the χ2 test, and the I2 measure was used

to assess statistical heterogeneity. Heterogeneity was defined as

significant when p < 0.10 or I2 > 50%. A fixed‐effects model was used
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when the data were homogeneous, and a random‐effects model was

used when the data were heterogeneous. The pooled odds ratios

(ORs) and 95% confidence intervals (CIs) were calculated for outcome

analysis. The sensitivity analysis was performed using a leave‐one‐

out approach. The subgroup analysis including different neutralizing

mABs regimens and high risk patients for hospitalization were also

conducted.

3 | RESULTS

3.1 | Study selection

The search of the online databases yielded a total of 405 studies, of

which 170 duplicate studies were excluded. In addition, 186 studies

were judged to be irrelevant after screening the titles, abstracts, and

publications with no full text available. Furthermore, 43 studies were

excluded after the full texts of 49 articles were screened. Finally, five

articles14–16,19,20 were included in this meta‐analysis (Figure 1).

Unpublished or ongoing studies are summarized in Table S2.

3.2 | Study characteristics

All of the articles were multicenter studies, and three were multi-

national studies16,19,20 (Table 1). Three articles15,19,20 focused on

adult patients, and the other two articles14,16 included both adult and

adolescent patients. Two articles14,15 used bamlanivimab‐containing

regimens either alone or in combination with etesevimab as the in-

tervention, and two articles used a combination of casirivimab and

imdevimab as the study medication.16,20 In addition, one article used

the experimental drug sotrovimab.19 Four articles14,15,19,20 included

mild or moderate COVID‐19 patients, and one16 included asympto-

matic COVID‐19 patients. Overall, 3309 patients received neu-

tralizing mAB and 2397 patients received placebo. For the risk of

bias, none of the five articles described how the random sequence

was generated. Otherwise, most of the included studies had a low

risk of bias in each domain, although all the studies had an unclear

risk of selection bias (Figure 2).

3.3 | Primary outcome

The rate of COVID‐19‐related hospitalization or ED visits in the

patients who received neutralizing mABs was only 1.7% (57/3309),

which was much lower than that of the controls who received a

placebo (6.5%, 155/2397). A significant difference in the rate of

hospitalization or ED visits was observed between the patients who

received neutralizing mABs and those who received a placebo

(OR: 0.26; 95% CI: 0.19−0.36; I2 = 0%, Figure 3). This difference re-

mained significant in the leave‐one‐out sensitivity test, in which in-

dividual studies were randomly excluded. In the subgroup analysis,

neutralizing mAB treatment was associated with a lower risk of

hospitalization or ED visits than a placebo among high‐risk patients

(OR: 0.26; 95% CI: 0.18−0.37; I2 = 0%). In addition, the patients who

received mono‐ or combination therapy with neutralizing mABs had a

lower risk of hospitalization or ED visits than those who received a

placebo (monotherapy: OR: 0.21; 95% CI: 0.11−0.43; I2 = 0%; com-

bination therapy: OR: 0.27; 95% CI: 0.19−0.39; I2 = 0%). Furthermore,

the patients who received bamlanivimab‐containing regimens as ei-

ther monotherapy or in combination had a lower risk of hospitaliza-

tion or ED visits than those who received a placebo (OR: 0.28; 95%

CI: 0.15−0.50; I2 = 0%). A similar trend was found in the comparison

between the patients who received a combination of casirivimab and

F IGURE 1 Flow diagram of study selection.
ICTRP, International Clinical Trials Registry
Platform; WHO, World Health Organization
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imdevimab and those who received a placebo (OR: 0.27; 95%

CI: 0.18−0.40; I2 = 0%). Regarding the risk of requiring hospitalization,

the rate of hospitalization remained significantly lower in the patients

who received neutralizing mABs than in those who received a

placebo (OR: 0.24; 95% CI: 0.17−0.34; I2 = 0%).

3.4 | Secondary outcomes

Two of 3209 patients who received neutralizing mABs died compared to

14 of 3041 patients in the control group. The mortality rate was sig-

nificantly lower in the neutralizing mABs group than in the control group

(OR: 0.16; 95% CI: 0.05−0.58; I2 = 3%) in the pooled analysis of four

RCTs14,15,19,20 which reported mortality as an outcome (Figure 4).

Regarding the risk of AEs, neutralizing mABs were associated with a

similar risk of any AE as the control group (OR: 0.81; 95% CI:

0.64–1.01; I2 = 52%, Figure 5). This similarity persisted regardless of the

severity of the AEs (mild AEs: OR: 1.10; 95% CI: 0.76–1.59; I2 = 0%;

moderate AEs: OR: 0.78; 95% CI: 0.32–1.89; I2 = 72%; severe AEs:

OR: 1.57; 95% CI: 0.57–4.35; I2 = 0%). In contrast, the risk of serious AEs

was lower in the study group than in the control group (OR: 0.37; 95%

CI: 0.19–0.72; I2 = 45%, Figure 5). Moreover, no significant differences

were noted between those who received neutralizing mABs and those

who received a placebo in the risk of nausea (OR: 1.17; 95%

CI: 0.51–2.67; I2 = 0%), vomiting (OR: 0.77; 95% CI: 0.24–2.45; I2 = 0%),

diarrhea (OR: 0.71; 95% CI: 0.29–1.71; I2 = 0%), dizziness (OR: 1.46; 95%

CI: 0.54–3.91; I2 = 0%), headache (OR: 0.81; 95% CI: 0.23–2.92; I2 = 0%),

rash (OR: 1.65; 95% CI: 0.50–5.52; I2 = 0%), or pruritis (OR: 3.42; 95%

CI: 0.60–19.55; I2 = 0%).

4 | DISCUSSION

In this meta‐analysis, five articles14–16,19,20 were reviewed to assess

the clinical efficacy and safety of neutralizing mABs, including bam-

lanivimab, a combination of bamlanivimab and etesevimab, a com-

bination of casirivimab and imdevimab, and sotrovimab in the

treatment of COVID‐19 outpatients. The most important finding of

this study is that neutralizing mABs could help prevent hospitalization

or ED visits among COVID‐19 patients, as supported by the following

evidence. First, the rate of COVID‐19‐related hospitalization or ED

visits was significantly lower among the COVID‐19 patients who

received neutralizing mABs than in those who received a placebo.

Second, the lower rate of hospitalization or ED visits in those who

received neutralizing mABs remained unchanged in the sensitivity

test and subgroup analyses of patients at high risk and different re-

gimens of neutralizing mABs. Third, neutralizing mABs were asso-

ciated with a lower risk of COVID‐19‐related hospitalization than a

placebo. Finally, the risk of death was significantly lower among those

receiving neutralizing mABs than the control group. These findings

are consistent with those of real‐world studies and observationalF IGURE 2 Summary of the risk of bias in each domain

F IGURE 3 Forest plot of the comparison of coronavirus disease‐19‐related hospitalization or emergency department visit rates between
neutralizing monoclonal antibodies (mABs) and placebo. CI, confidence interval
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cohort studies.23–26 In a retrospective case−control study, Kumar

et al., reported a significantly lower 30 day hospitalization rate among

patients who received bamlanivimab (7.3% vs. 20.0%, RR: 0.37; 95%

CI: 0.21−0.64; p < 0.001), and the number needed to treat was

eight.23 Another retrospective cohort study by Piccicacco et al., in-

cluded high‐risk outpatients, and their results demonstrated that

patients treated with either bamlanivimab or casirivimab and im-

devimab had a lower risk of hospitalization or ED visits than the

control group (13.5% vs. 40.5%, OR: 0.23; 95% CI: 0.14−0.38;

p < 0.001). In addition, the mortality rate was lower in the neutralizing

mAB group than in the control group (0% vs. 3.5%, p = 0.02).24 Even

more, for patients with mild to moderate COVID‐19 from the Delta

variant, a propensity matched models also demonstrated that neu-

tralizing mABs treatment using casirivimab and imdevimab, or so-

trovimab was associated with reduced risk of hospitalization or death

compared to no treatment (RR: 0.40; 95% CI: 0.28–0.57).25 In con-

trast to the recent meta‐analysis of four studies investigating the

individual effect of each neutralizing mABs for nonhospitalized

patients, no consistent results were found in each comparison.27 The

present meta‐analysis including five RCTs and conducting the overall

effect based on the pooled analysis of all included studies demon-

strated the benefit of adding neutralizing mABs for nonhospitalized

patients. In summary, these findings indicate that neutralizing mABs

can effectively prevent hospitalization or ED visits in COVID‐19

outpatients.

These clinical benefits of neutralizing mABs are consistent with

the reported improvements in virological outcomes in the included

studies.14–16 For patients who received a 2800mg dose of bamla-

nivimab, Chen et al., reported a significant difference compared to

those who received a placebo in the decrease in SARS‐CoV‐2 viral

load from baseline (difference: −0.53; 95% CI: −0.98 to −0.08;

p = 0.02).15 In addition, for patients who received bamlanivimab plus

etesevimab, Dougan et al., reported a greater reduction from baseline

in the log viral load compared to those who received a placebo

(difference: −1.20; 95% CI: −1.46 to −0.94; p < 0.001).14 Moreover,

O'Brien et al., reported that a combination of casirivimab and

F IGURE 4 Forest plot of the comparison of the risk of death between neutralizing monoclonal antibodies (mABs) and placebo. CI,
confidence interval

F IGURE 5 Forest plot of the comparison of the risk of any adverse event (AE) and serious AEs between neutralizing monoclonal antibodies
(mABs) and placebo. CI, confidence interval
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imdevimab significantly reduced the duration of a high viral load in

the overall study population (39.7% reduction vs. placebo; 48 vs. 82

total weeks; p = 0.0010).16 Taken together, these findings indicate

that neutralizing mABs can accelerate the reduction of SARS‐CoV‐2

viral load and help reduce the risk of further hospitalization.

Finally, we assessed safety issues associated with neutralizing

mABs. The analysis showed that neutralizing mABs were not asso-

ciated with a higher risk of AEs than a placebo, including any AE and

serious AEs. Moreover, no significant difference was observed be-

tween neutralizing mABs and the comparators for specific AEs in-

cluding nausea, vomiting, diarrhea, dizziness, headache, rash, and

pruritis. These findings indicate that neutralizing mABs are safe for

the treatment of COVID‐19 patients.

This meta‐analysis had several limitations. First, the numbers of

studies and patients were small, especially for each neutralizing mAB.

Second, because of the lack of available data, we could not evaluate

the effect of neutralizing mABs according to different SARS‐CoV‐2

variants, especially for Omicron (B.1.1.529). One study28 using SARS‐

CoV‐2 virus‐like particles (VLP) found that no activity was detected for

casirivimab or imdevimab either against Omicron VLPs. Moreover,

casirivimab was able to neutralize OmC3 but not OmC1 and im-

devimab was able to neutralize OmC1 but not OmC3. All these find-

ings suggested that the failure of these mABs to neutralize Omicron S

could be due to the six mutations within the Omicron RBD (K417N,

N440K, G446S, G496S, Q498R, and N501Y).28 Another study using an

artificial intelligence model predicted that the efficacy of several

neutralizing mABs, such as bamlanivimab and etesevimab, casirivimab

and imdevimab against Omicron might largely diminish but the impact

of Omicron on the activity of sotrovimab could be mild.29 The similar

findings that bamlanivimab and etesevimab, casirivimab and im-

devimab completely lost neutralizing activity against Omicron whereas

sotrovimab was only minimally affected, were also reported in an in

vitro study in both Vero‐TMPRSS2 and Vero‐hACE2‐TMPRSS2 cells.30

Third, the risk of mutations leading to neutralizing mAB resistance

remains a serious concern, particularly for bamlanivimab.15,31–33 In one

study33 based on the post‐hoc analysis of ACTIV‐2/A5401 trial,

Choudhary et al., reported that the emergence of resistance with

bamlanivimab treatment could be dependent on the neutralizing

mAB's dose and the emergent of drug resistance mutations can ad-

versely affect both the virologic and clinical efficacy of antiviral drugs.

Fourth, this study only focused on the usefulness of neutralizing mABs

in COVID‐19 outpatients, however available information about their

clinical efficacy in COVID‐19 in patients is limited.17,34 Further studies

are warranted to clarify these issues. Finally, many ongoing studies are

currently investigating the efficacy of neutralizing mABs,31,32 and more

evidence will be available in the near feature.

In conclusion, neutralizing mABs can help reduce the risk of

hospitalization or ED visits for COVID‐19 outpatients. For these

patients, neutralizing mABs are safe and not associated with a higher

risk of AEs than a placebo. However, there could be a new serious

concern about the diminished activities of most of these neutralizing

mABs against the new SARS‐CoV‐2 variant—Omicron.
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