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Objectives: Bebtelovimab is an anti-SARS-CoV-2 monoclonal antibody active against Omicron lineage vari- 

ants authorized to treat high-risk outpatients with COVID-19. We sought to determine the real-world 

effectiveness of bebtelovimab during the Omicron phases BA.2/BA2.12.1/BA4/BA5. 

Methods: We conducted a retrospective cohort study of adults with SARS-CoV-2 infection between April 

6 and October 11, 2022, using health records linked to vaccine and mortality data. We used propensity 

scores to match of bebtelovimab-treated with untreated outpatients. The primary outcome was 28-day 

all-cause hospitalization. The secondary outcomes were 28-day COVID-19-related hospitalization, 28-day 

all-cause mortality, 28-day emergency department visits, maximum respiratory support level, intensive 

care unit admission, and in-hospital mortality among hospitalized patients. We used logistic regression 

to determine bebtelovimab treatment effectiveness. 

Results: Among 22,720 patients with SARS-COV-2 infection, 3739 bebtelovimab-treated patients were 

matched to 5423 untreated patients. Compared with no treatment, bebtelovimab was associated with 

lower odds of 28-day all-cause hospitalization (1.3% vs 2.1%, adjusted odds ratio: 0.53; 95% confidence 

interval: 0.37-0.74, P < 0.001), as well as COVID-19-related hospitalization (1.0% vs 2.0%, adjusted odds 

ratio: 0.44 [95% confidence interval: 0.30-0.64], P < 0.001). Bebtelovimab appeared to be more benefi- 

cial in lowering the odds of hospitalization among patients with two or more comorbidities (interaction 

P = 0.03). 

Conclusion: During the Omicron BA.2/BA.2.12.1/BA.4/BA.5 variant phase, bebtelovimab was associated 

with lower hospitalization. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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SARS-CoV-2 neutralizing monoclonal antibodies (mAbs) have 

layed an essential role in decreasing the risk of hospitalization 

nd progression to severe disease among nonhospitalized patients 

ith COVID-19 [1] . However, the emergence of new SARS-CoV-2 

ariants of concern continually threatens the available mAb prod- 

cts. For instance, the emergence of the BA.2 subvariant, which 
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onstituted more than 50% of the circulating COVID-19 cases in the 

nited States by April 2022, rendered sotrovimab ineffective, lead- 

ng to the revocation of its authorization [ 2 , 3 ]. 

Bebtelovimab is an anti-SARS-CoV-2 mAb with activity against 

micron subvariants, including BA.2 and BA.4/5 [4] . In the BLAZE- 

 trial, bebtelovimab treatment enhanced viral clearance and re- 

uced the time to sustained symptom resolution compared with 

lacebo [5] . In February 2022, bebtelovimab was granted emer- 

ency use authorization (EUA) for the treatment of mild-moderate 

OVID-19 in patients at a high risk for progression to severe 

OVID-19 [6] . The real-world studies conducted in the early Omi- 

ron period (BA.1/2) have suggested that bebtelovimab is associ- 

ted with lower odds of hospitalization and death [ 7 , 8 ]. Although

n vitro data indicate preserved neutralization among Omicron sub- 

ariants BA.4/5, there is a lack of clinical data corroborating the 

ffectiveness of bebtelovimab against these subvariants. 

To provide additional data regarding bebtelovimab effective- 

ess against later Omicron subvariants (BA.4/5), we used our real- 

orld data platform to evaluate the effectiveness of treatment 

ith bebtelovimab on 28-day hospitalization and mortality among 

utpatients with early symptomatic COVID-19 during an Omicron 

BA.2/BA2.12.1/BA.4/BA.5) predominant period in Colorado. 

ethods 

atient population 

We conducted a propensity-matched, retrospective, observa- 

ional cohort study as a collaboration between the University of 

olorado researchers, University of Colorado Health leaders, and 

he Colorado Department of Public Health and Environment. We 

sed our existing data platform comprising electronic health data, 

tatewide vaccination data, and mortality data, which has been 

escribed previously [ 3 , 9 ]. The Colorado Multiple Institutional Re- 

iew Board approved this study with a waiver of written informed 

onsent. 

We included all patients diagnosed with SARS-CoV-2 infection 

dentified using Electronic Health Record (EHR)-based SARS-CoV- 

-positive test date (either polymerase chain reaction or antigen) 

r date of bebtelovimab administration if a SARS-CoV-2 test result 

as unavailable. Patients were included if their test date was be- 

ween April 6 and October 11, 2022, a period when bebtelovimab 

as readily available, and the dominant variant was Omicron. The 

tudy end date allowed at least 28 days of follow-up for all pa- 

ients. University of Colorado Health COVID-19 treatment guid- 

nce recommended bebtelovimab as an alternative to nirmatrelvir- 

itonavir if treatment eligibility was not met; however, the ultimate 

ecision to initiate treatment was made by patients and clinicians. 

The main exclusion criteria were: (i) order or administra- 

ion of molnupiravir or nirmatrelvir-ritonavir, or administration 

f another SARS-CoV-2 monoclonal antibody (sotrovimab or tix- 

gevimab/cilgavimab [within 10 days of SARS-CoV-2 positive 

ate]), or outpatient remdesivir; (ii) hospitalization at the time of 

ARS-CoV-2 positive test; or (iii) a positive SARS-CoV-2 test more 

han 10 days before the bebtelovimab administration date. We re- 

ained patients who died on the same day as their observed SARS- 

oV-2-positive test, given the ubiquitous use of self-testing during 

he period. We did not exclude patients who did not meet EUA 

riteria based on the available EHR data because not all eligibility 

riteria were consistently available. 

Due to the increased use of home antigen tests, most (80.3%) 

atients treated with bebtelovimab did not have a SARS-CoV-2- 

ositive test date in the EHR. Because the treatment with EUA 

ebtelovimab requires a positive SARS-CoV-2 test, we assumed that 

esting occurred outside the health system for these patients. In 

he primary analysis, the dates were imputed from a random sam- 
35 
le of the existing length of days between positive SARS-CoV-2 

esting and mAb treatment, and we conducted a sensitivity anal- 

sis to this assumption. 

We balanced for potential confounders using the nearest 

eighbor propensity matching, with a maximum 1:2 treated-to- 

ntreated ratio using a caliper of 0.2 and logistic regression, with 

reatment status as the outcome using the R package MatchIt 

4.5.2 [ 10 , 11 ]. The propensity model included categorical age, 

ex, race/ethnicity, insurance status, immunocompromised status, 

besity status, number of comorbid conditions other than im- 

unocompromised and obesity, number of vaccinations at the 

ime of infection, and categorical week. Variables with a standard- 

zed mean difference above 0.1 after propensity matching were 

djusted for in all outcome models to account for the residual 

mbalance [12] . 

utcomes 

The primary outcome was 28-day all-cause hospitalization 

easured from a positive SARS-CoV-2 test based on the actual or 

mputed test date. As a secondary outcome, we defined 28-day 

OVID-19-related hospitalization as the presence of one or more 

f the following: COVID-19 International Classification of Diseases, 

enth Revision codes (U07.1, J12.82, M35.81, Z20.822, M35.89), in- 

atient administration of remdesivir, or use of any supplemental 

xygen. Other secondary outcomes were 28-day all-cause mortality 

nd 28-day all-cause emergency department (ED) visits. In the hos- 

italized subset, the exploratory outcomes included disease sever- 

ty based on the maximum respiratory support level, intensive care 

nit admission rates, and in-hospital mortality. 

ariable definitions 

Hospitalization was defined as any inpatient or observation en- 

ounter documented in the EHR. We selected the first hospital- 

zation that occurred the same day or any day after a SARS-CoV- 

 positive test for untreated patients or after the order date for 

ebtelovimab-treated patients. ED visits were defined as any visit 

o the ED, with or without an associated inpatient or observa- 

ion encounter. We defined COVID-19 disease severity as the max- 

mum level of respiratory support received in the following order 

rom lowest to highest severity: no supplemental oxygen, standard 

nasal cannula/face mask) oxygen, high-flow nasal cannula or non- 

nvasive ventilation, and invasive mechanical ventilation [13] . In- 

ospital mortality was the highest level of disease severity. 

The covariates of interest included treatment status, categori- 

al age in years, sex, race/ethnicity, insurance status, obesity sta- 

us, immunocompromised status, number of additional comor- 

id conditions, number of vaccinations, and Omicron subvariant 

BA.4/BA.5). EHR evidence of comorbid conditions (obesity, hyper- 

ension, cardiovascular disease, diabetes mellitus, pulmonary dis- 

ase, and liver disease) was based on the Charlson and Elixhauser 

omorbidity indexes. Immunocompromised status was coded as re- 

orted previously [3] . The number of comorbid conditions was the 

um of individual comorbid conditions. Obesity and immunocom- 

romised status were kept as separate comorbid conditions. Vac- 

ination status was categorized based on the number of vaccina- 

ions (0, 1, 2, or ≥3) administered before the SARS-CoV-2 index test 

ate. Based on the Colorado surveillance data, we considered pa- 

ients with a SARS-CoV-2-positive test after June 18, 2022 to be in 

he BA.4/BA.5 period, given that the statewide proportion of BA.4/5 

as above 50% by that date [14] . 

tatistical analysis 

We used Firth logistic regression to assess the association be- 

ween treatment and 28-day hospitalization, 28-day mortality, and 
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Table 1 

Baseline characteristics by bebtelovimab treatment status for primary matched 

cohort. 

Bebtelovimab 

(n = 3739) 

Untreated 

(n = 5423) 

Age group a 

18-44 years 877 (23.5%) 1643 (30.3%) 

45-64 years 1160 (31.0%) 1795 (33.1%) 

≥65 years 1702 (45.5%) 1985 (36.6%) 

Female sex 2196 (58.7%) 3221 (59.4%) 

Race/Ethnicity 

Non-Hispanic White 3200 (85.6%) 4566 (84.2%) 

Hispanic 289 (7.7%) 486 (9.0%) 

Non-Hispanic Black 101 (2.7%) 138 (2.5%) 

Other 149 (4.0%) 233 (4.3%) 

Insurance status a 

Private/Commercial 1834 (49.1%) 3193 (58.9%) 

Medicare 1728 (46.2%) 1920 (35.4%) 

Medicaid 113 (3.0%) 196 (3.6%) 

Other (None/Uninsured/Unknown) 64 (1.7%) 114 (2.1%) 

Immunocompromised a 

Mild 515 (13.8%) 610 (11.2%) 

Moderate/severe 711 (19.0%) 748 (13.8%) 

Obese a 1052 (28.1%) 1301 (24.0%) 

Number of other comorbid 

conditions 

One 1005 (26.9%) 1644 (30.3%) 

Two or more 1652 (44.2%) 1840 (33.9%) 

Diabetes mellitus 737 (19.7%) 788 (14.5%) 

Cardiovascular disease 987 (26.4%) 1088 (20.1%) 

Pulmonary disease 1233 (33.0%) 1514 (27.9%) 

Renal disease 581 (15.5%) 482 (8.9%) 

Hypertension 1785 (47.7%) 2,234 (41.2%) 

Liver disease 

Mild 455 (12.2%) 488 (9.0%) 

Severe 66 (1.8%) 33 (0.6%) 

Number of vaccinations prior to 

SARS-CoV-2 + date a 

0 578 (15.5%) 955 (17.6%) 

1 128 (3.4%) 204 (3.8%) 

2 479 (12.8%) 708 (13.1%) 

3 + 2554 (68.3%) 3556 (65.6%) 

a Variables used in the propensity matching, along with cohort week (not 

listed). 
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8-day ED visits. The Firth logistic regression (R package logistf V 

.24) addresses the estimation issues related to complete separa- 

ion from low event rates [15–17] . All models were adjusted for 

ge, sex, race/ethnicity, insurance status, obesity status, immuno- 

ompromised status, number of additional comorbid conditions, 

umber of vaccinations, and Omicron subvariant. We fit an ad- 

usted logistic regression for the 28-day hospitalization secondary 

utcomes to assess the association between treatment and the 

dds of being transferred to the intensive care unit. Due to the 

mall number of hospitalized participants, we present only de- 

criptive statistics for the respiratory disease severity. 

We estimated the adjusted treatment effects for six subgroups 

y fitting the interaction models that were adjusted for all vari- 

bles of interest. The subgroups were binary age ( < 65 vs ≥65 

ears), binary and three-level immunocompromised status, binary 

umber of comorbidities (0-1 vs ≥2), binary vaccination status 

0-2 vs ≥3), and Omicron subvariant period (before BA.4/5 and 

A.4/5). 

We performed two sensitivity analyses (Appendix). First, we 

epeated the primary analysis but restricted the cohort to patients 

ith EHR-derived data that confirmed an EUA-eligible condition. 

econd, we performed a sensitivity analysis of our imputation 

ethod by subtracting 7 days from the bebtelovimab admin- 

stration date (the maximum time difference allowed by EUA). 

tatistical analyses were performed using R (v3.6.0; R Foundation 

or Statistical Computing, Vienna, Austria). 

esults 

Between April 6 and October 11, 2022, 17,386 patients met the 

tudy inclusion and were available for analysis (Appendix Figure 

, Appendix Table 1). Upon propensity matching, 9162 patients 

ere included in the primary matched cohort (3739 bebtelovimab, 

423 untreated). The propensity score matching reduced the im- 

alance in all key covariates, including age, race/ethnicity, obesity 

tatus, immunocompromised status, number of comorbid condi- 

ions, number of vaccinations, insurance status, and week of infec- 

ion. The standardized mean differences before and after propen- 

ity matching are available in Appendix Table 2. 

haracteristics of the bebtelovimab patients in the primary cohort 

In the propensity-matched cohort, bebtelovimab-treated pa- 

ients reflected characteristics consistent with patients at a high 

isk for progression to severe COVID-19 ( Table 1 ). Among pa- 

ients who received bebtelovimab (n = 3739), 1702 (45.5%) were 

ged ≥65 years, 390 (10.4%) were Non-Hispanic Black or His- 

anic, 1266 (32.8%) were immunocompromised, 1051 (28.1%) were 

bese, and 1652 (44.2%) had two or more comorbid conditions. 

mong immunocompromised patients, 42.0% were categorized as 

ild, whereas 58.0% were moderate-severe. A small proportion 

f bebtelovimab-treated patients received treatment presumably 

ue to chronic immunosuppressants whose interactions precluded 

he use of nirmatrelvir-ritonavir, such as mammalian target of 

apamycin inhibitors (everolimus or sirolimus) or calcineurin in- 

ibitors (cyclosporine or tacrolimus) (n = 41, 1.1%) and mycophe- 

olate (n = 19, 0.5%). Few patients received B-cell-depleting ther- 

py with rituximab (n = 18, 0.5%). 

rimary outcome 

The crude rates of hospitalization are displayed in Table 2 . Dur- 

ng the study period, the incidence of 28-day hospitalization in 

ur primary matched cohort was 1.6% (n = 60/3842) before the 

A.4/5 period, rising to 2.0% (n = 104/5320) in the BA.4/5 predom- 

nant period. In the adjusted analysis, treatment with bebtelovimab 
36 
as associated with reduced odds of 28-day all-cause hospitaliza- 

ion (adjusted odds ratio [aOR] 0.53, [95% confidence interval (CI) 

.37-0.74], P < 0.001, Table 2 ). Of the total hospitalizations, 88.4% 

et our definition of COVID-related. Treatment with bebtelovimab 

emained associated with reduced odds of 28-day COVID-related 

ospitalization in the adjusted analysis (aOR 0.44 [95% CI 0.30- 

.64], P < 0.001). The results of the sensitivity analysis restricted 

o patients with an EUA-qualifying condition were consistent with 

he primary outcome (aOR 0.53 [95% CI 0.37-0.74], P < 0.001) 

Appendix Table 3). In addition, these findings remained consis- 

ent in the sensitivity analysis using the secondary 7-day impu- 

ation method (aOR 0.57 [95% CI 0.40-0.80], P < 0.001) (Appendix 

able 4). 

econdary outcomes 

The observed rates of need for standard oxygen, high-flow nasal 

xygen, invasive mechanical ventilation, or death were nominally 

ower in bebtelovimab-treated patients than untreated subjects 

63.6% vs 73.9%) ( Figure 1 ). In the test for interaction by subgroups, 

eterogeneity was observed; patients with two or more comorbidi- 

ies were associated with treatment effect ( Figure 2 ), whereas the 

reatment effect was no longer significant in those with one or 

o comorbidities. Marginal heterogeneity was observed with age 

 P = 0.09), with age ≥65 years associated with statistically signif- 

cant treatment benefit, whereas age < 65 years was not. No het- 

rogeneity was observed within immunocompromised status (bi- 
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Table 2 

Primary and secondary outcomes for bebtelovimab for primary matched cohort. 

Outcome Bebtelovimab Untreated Adjusted odds ratio (95% 

confidence interval) 

P -value 

Overall sample n = 3739 n = 5423 – –

All-cause hospitalization within 28-days 48 (1.3%) 116 (2.1%) 0.53 (0.37-0.74) < 0.001 

COVID-related hospitalization within 28 days 38 (1.0%) 107 (2.0%) 0.44 (0.30-0.64) < 0.001 

All-cause emergency department visit within 28 days 260 (7.0%) 276 (5.1%) 1.35 (1.13-1.62) 0.001 

All-cause mortality within 28 days 3 (0.1%) 11 (0.2%) 0.43 (0.11-1.30) 0.139 

Hospitalized sample n = 48 n = 116 – –

Intensive care unit visit during hospitalization 6 (12.5%) 21 (18.1%) – –

All regression models adjusted for age, sex, race/ethnicity, obesity, immunocompromised status, number of comorbidities, insurance status, vaccination status, and subvariant. 

Figure 1. Maximum respiratory support by monoclonal antibody treatment status among patients hospitalized within 28 days within the propensity-matched cohort. Com- 

paring severity of hospitalizations for bebtelovimab-treated (n = 48) and untreated patients (n = 116), the maximum level of respiratory support appeared lower for 

bebtelovimab-treated patients, but inferential statistics were not able to be performed. Abbreviations: HFNC, high-flow nasal cannula oxygen; IMV, invasive mechanical 

ventilation; NIV, noninvasive ventilation. 

Figure 2. Forest plot for Omicron infected outpatients subgroup analysis of the propensity-matched cohort. Int, interaction, OR, odds ratio. The Int terms for age and number 

of vaccinations were significantly different. 

37 
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ary and three-level), number of vaccinations, or Omicron subvari- 

nt phase. 

iscussion 

In this retrospective study of outpatients diagnosed with 

OVID-19 during a SARS-CoV-2 Omicron predominant phase, in- 

luding BA.4/BA.5, bebtelovimab was associated with a lower inci- 

ence of 28-day all-cause hospitalization and COVID-related hos- 

italization. These results were consistent across several clinically 

eaningful subgroups, including those with mild and moderate- 

evere immunocompromised states. Notably, significant treatment 

eterogeneity was observed in subgroups, where benefit was ap- 

arent in patients with two or more comorbid conditions. Finally, 

ur findings were consistent with the primary outcome when re- 

tricted to those with confirmed EUA eligibility or using a sec- 

ndary imputation method. 

Our findings are similar to other studies, which have examined 

he effectiveness of bebtelovimab, albeit during earlier periods of 

he Omicron phase. In a study by McCreary et al ., bebtelovimab 

as associated with lower odds of hospitalization or death than no 

reatment [7] . Notably, this study showed potential heterogeneity 

n the treatment effect in that older but not younger patients had 

ower odds of hospitalization. Our study similarly found treatment 

eterogeneity in those patients with more than two comorbidities 

ho may derive the most significant benefit from treatment. Ad- 

itional study is needed to optimally determine which subgroups 

erive benefit from outpatient COVID-19 therapeutics, particularly 

ith extensive population immunity from vaccination and prior 

nfection. 

The National Institutes of Health guidelines for the treatment 

f nonhospitalized adults with COVID-19 previously recommended 

ebtelovimab as an alternative therapy to nirmatrelvir-ritonavir 

nd remdesivir when either was unavailable or not feasible [13] . 

e observed that a small proportion of patients were on im- 

unosuppressants with a significant drug interaction with riton- 

vir, which likely precluded the use of nirmatrelvir-ritonavir in 

hese patients. Other large analyses have estimated that approx- 

mately 15% of patients with a high risk for progression to severe 

isease have at least one potential contraindication to nirmatrelvir- 

itonavir [ 18 , 19 ]. As such, there is an urgent, continued need for

he development of mAbs and other therapeutics, particularly with 

he advent of Omicron sublineages XBB and BQ.1/BQ.1.1, which re- 

ulted in recent revocation of the bebtelovimab EUA. 

imitations 

Several important limitations should be considered. Using an 

HR from a single health system could result in treatment and out- 

omes occurring elsewhere, leading to misclassification. However, 

his potential is minimized because the state’s health system is the 

argest, and mortality data linked from statewide data is robust. In 

ddition, patient symptom duration was unavailable in our dataset. 

est results for SARS-CoV-2 were missing in most bebtelovimab- 

reated patients, possibly due to the use of rapid SARS-CoV-2 anti- 

en tests at home. As such, for patients in the bebtelovimab- 

reated group, we imputed the test date based on the date of 

ebtelovimab order and performed sensitivity analyses to these as- 

umptions, which were consistent with the main finding. Finally, as 

 single-health system retrospective study, we cannot exclude the 

ossibility of residual and unmeasured confounding. 

onclusion 

During the Omicron BA.2/BA.2.12.1/BA.4/BA.5 variant phase in 

olorado, bebtelovimab was associated with lower all-cause and 
38
OVID-19-related hospitalization, most prominently in patients 

ith two or more comorbid conditions. 
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