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Bamlanivimab, a monoclonal antibody targeting the spike protein
of severe acute respiratory syndrome coronavirus 2, is available
for ambulatory treatment of coronavirus disease 2019 (COVID-
19). This real-world study confirms the efficacy of bamlanivimab
in reducing hospital admissions and emergency department visits
among high-risk outpatients with mild to moderate COVID-19
illness and reveals a trend toward improved mortality.
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Limited ambulatory treatment options exist for coronavirus
disease 2019 (COVID-19), the syndrome caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), which con-
tributes to the profound morbidity and mortality associated
with this illness [1, 2]. The striking number of people afflicted
with COVID-19 has resulted in a dramatic increase in health
care resource requirements. More than a third of Americans
live in locations with a critical bed shortage during a surge
of cases of COVID-19, including metropolitan areas in the
Middle Atlantic and Northeastern States [3]. This high degree
of health care utilization has led to concerns about the quantity
of resources available and ability to maintain a proper standard
of care.

In November 2020, bamlanivimab (LY-CoV555; Lilly), an
IgG1 monoclonal antibody that binds to the receptor-binding
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domain of the spike protein of SARS-CoV-2, inhibiting binding
to the human ACE2 receptor, was granted Emergency Use
Authorization (EUA) by the Food and Drug Administration
(FDA) for ambulatory treatment of mild to moderate COVID-
19. The BLAZE-1 trial revealed that the use of bamlanivimab
resulted in a decrease in emergency department visits and hos-
pital admission [4]. Granting of the authorization was at least
partly based on an interim post hoc analysis of a small number
of very high-risk patients (body mass index [BMI] >35 and/
or >65 years old) in the BLAZE-1 trial showing that treat-
ment with bamlanivimab led to a 10.4% absolute reduction in
COVID-related hospitalization or emergency department visits
within 29 days [5].

This study examines the efficacy of bamlanivimab in patients
diagnosed with COVID-19 who have a BMI >35 and/or are age
>65 years old and assesses the safety profile after administration
in a real-world setting.

METHODS

St. Luke’s University Health Network (SLUHN) includes 12 hos-
pitals, 76 primary care sites, and 18 urgent care centers in Eastern
Pennsylvania and Western New Jersey. Testing for COVID-19
occurred at dedicated outpatient testing sites and emergency de-
partments within the St. Luke’s Network. The analysis included
patients treated with a single dose of 700 mg of bamlanivimab
infused over 60 minutes from November 23, 2020, until January
17, 2021. Due to limited seat availability for infusion, in the set-
ting of a large surge of patients in the region, only patients who
were >65 years of age and/or had a BMI >35 with a positive
COVID-19 test by polymerase chain reaction (PCR) within
7 days of symptoms received bamlanivimab treatment. One
bamlanivimab infusion center is in Eastern Pennsylvania, and
the other is in Western New Jersey. Referral for treatment was
at the discretion of the primary care physician (PCP). A fol-
low-up visit occurred 48 hours after the infusion with a PCP
within SLUHN to monitor for any infusion related side effects
and then on an as-needed basis. Patients were also monitored
for all-cause hospital admission, emergency department visits,
death, and side effects within 29 days through chart review.
Treatment and control subjects in this analysis were restricted to
those receiving primary care through SLUHN. A cohort of pa-
tients testing positive for COVID-19 and meeting the above cri-
teria for the bamlanivimab infusion during the same time frame
but not receiving the infusion were used as the control group.

Statistical Analysis
R, version 4.0.3 (R Core Team), and the Tidyverse package
suite were used for data analysis [6]. Separate bivariate analyses
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using Student ¢ tests and chi-square tests were used as appro-
priate to determine suitable covariates for multivariate mod-
eling (P < .25). In addition to bamlanivimab infusion, potential
covariates were age, BMI, sex, White race, Hispanic ethnicity,
never-tobacco use, and the following comorbidities: dia-
betes, hypertension, congestive heart failure (CHF), coronary
artery disease (CAD), and chronic obstructive pulmonary
disease (COPD).

For all 3 models, linearity in the logit was not satisfied based
on the predicted probabilities; therefore, age and BMI were col-
lapsed into >65 years of age and/or a BMI >35, matching the
criteria for BAM eligibility. None of the models contained out-
liers or influential data points, based on normalized residuals,
Cook’s distance, and Bonferroni-corrected P values.

Model performance was assessed using omnibus chi-square,
Hosmer Lemeshow goodness of fit, and C statistics. Mean with
SD and adjusted odds ratio (aOR) with 95% CI are reported,
with P < .05 denoting statistical significance.

Patient Consent
The Institutional Review Board of SLUHN approved the pro-
tocol and did not require patient consent.

RESULTS

From November 23, 2020, until January 17, 2021, a total of
6117 patients met criteria for bamlanivimab treatment. Seven
hundred eighty (12.8%) patients received the bamlanivimab in-
fusion, while 5337 (87.2%) did not despite being eligible. The
bamlanivimab cohort was older, predominantly white, and
majority female (Table 1). Comorbidities including diabetes,
hypertension, CHE, COPD, and CAD were significantly more
prevalent in the bamlanivimab group (Table 1). The mean

Table 1. Patient Demographic and Clinical Variables

Bamlanivimab No Bamlanivimab P

(n =780) (n =5337) Value
Age, mean + SD, y 62.6 + 15.6 56.7 + 2.0 <.001
BMI, mean + SD, kg/m? 35.4+79 35.7+82 413
Sex, No. (%) Female Female .009
428 (54.9) 3028 (56.7)
Race, No. (%) White White .009
685 (87.8) 4491 (84.1)
Ethnicity, No. (%) Hispanic or Latino  Hispanic or Latino  .001
76 (9.7) 769 (14.4)
Ever smoking, No. (%) 350 (44.9) 2122 (39.8) .007
Diabetes, No. (%) 236 (30.3) 1059 (19.8) <.001
Hypertension, No. (%) 531 (68.1) 2515 (47.1) <.001
Congestive heart failure, 66 (8.5) 281 (5.3) .001
No. (%)
Chronic obstructive pulmo- 70 (9.0) 279 (5.2) .010
nary disease, No. (%)
Coronary artery disease, 121 (15.5) 521 (9.8) .007

No. (%)

Abbreviations: BMI, body mass index

durations from symptom onset and diagnosis to treatment (SD)
were 5.6 (1.9) and 2.9 (1.6) days, respectively.

A lower percentage of patients receiving bamlanivimab re-
quired emergency department care, inpatient admission, or a
composite of these 2 outcomes, but these differences were not
statistically significant (Table 1). Multivariable logistic regres-
sion analysis revealed that those receiving bamlanivimab were
less likely to experience any of the 3 outcomes after adjustment
(Table 2). One (0.13%) patient death occurred in the treatment
group, while 35 (0.66%) died in the control group (Table 2).

A total of 74 adverse events were reported by 42 patients
(5.4%) receiving bamlanivimab, all within 48 hours of infu-
sion. The most common events included chills, fevers, nausea,
muscle aches, headaches, diarrhea, blurry vision, rash, and ab-
normal smell. No serious adverse events occurred, and no pa-
tients required admission for an infusion-related reaction.

DISCUSSION

In a real-world setting, treatment with bamlanivimab reduced
the likelihood of inpatient admission and emergency depart-
ment visits in patients with a BMI >35 and/or age >65 years.
These results concur with the post hoc analysis from the
BLAZE-1 trial that this treatment decreases resource utiliza-
tion and improves outcomes. This analysis suggests a >40%
decreased risk of admission and a >35% decreased risk of emer-
gency department visit in this population.

While all study patients were required to meet a minimum
age or BMI to receive therapy, the treatment group was older
and had higher rates of diabetes, hypertension, CAD, and
COPD. These cardiometabolic and pulmonary conditions are
significant risk factors for complications of COVID-19 and ac-
count for most COVID-19 hospitalizations [7, 8]. Higher risk
factors in the bamlanivimab group may explain the insignifi-
cant reduction in hospitalizations and emergency department
visits seen with the unadjusted data.

Patients receiving bamlanivimab strongly trended toward de-
creased mortality. As the treatment group had several more risk
factors for death from COVID-19, bamlanivimab may offer a
mortality benefit. The only patient in the treatment group to ex-
pire suffered from superior mesenteric artery obstruction and
had numerous comorbidities associated with peripheral arterial
disease.

High patient volumes in the acute care setting from COVID-
19 strain resources and supplies. Treatments administered in the
prehospital setting may preserve hospital supplies and reduce
overcrowding. Overtaxing health care capacity appears critical
during the ongoing COVID-19 pandemic as inadequate staffing
has been associated with worse outcomes in hospital settings [9,
10]. Shortages of personal protective equipment and airborne
isolation rooms have also placed health care workers at greater
risk [11]. The use of bamlanivimab to limit hospitalization and
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Table 2. Bamlanivimab Treatment Outcomes

Infusion Control Group Adjusted”
Total BAM No BAM Outcome, No. Outcome, No. Unadjusted Odds Ratio
Outcome (n=6117) (n =780) (n =5337) (%) (%) Odds Ratio PValue (95% CI) PValue
Admission 547 57 490 57 (7.3) 490 (9.2) 0.79 .081 0.583 (0.431-0.776)  <.001
ED visit 352 41 3N 41 (56.3) 311 (56.8) 0.91 577 0.635 (0.458-0.861) .005
Combined 899 98 801 98 (12.6) 801 (15.0) 0.84 .156 0.663 (0.524-0.831)  <.001
Death 36 1 35 1(0.13) 35 (0.66) 0.20 .079

Abbreviations: BAM, bamlanivimab; BMI, body mass index; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; ED, emergency department.

“Unadjusted odds ratios and resulting P values were calculated with chi-square and Fisher exact tests. Each of the multivariable logistic regressions had an omnibus chi-square P value
<.0001 and a Hosmer-Lemeshow goodness-of-fit P value of >.05. The inpatient admission model was adjusted for: age =65, BMI =35, gender, race, ethnicity, ever-smoker status, diabetes,
hypertension, CHF, and COPD. The ED visit model was adjusted for: age group, gender, race, ethnicity, ever-smoker status, and diabetes. The composite model was adjusted for: age group,

BMI group, eversmoker status, and all the comorbidities.

emergency department visits can preserve limited supplies and
the need for airborne isolation rooms.

No serious or lasting side effects were identified with
bamlanivimab infusion. While a small number of patients re-
quired medical care for infusion-related side effects, these com-
plications were brief and easily managed, and none required
hospitalization.

The limitations of the study should be recognized. Those in
the control population may have presented later for care, re-
sulting in immediate admission at the time of diagnosis, which
would bias the data. However, an identical analysis after elim-
ination of study subjects hospitalized or requiring emergency
department visit within 48 hours of a positive test did not reveal
any change in the results (data not shown). While logistic re-
gression was used to control for confounders, only a well-done
randomized trial can most effectively control for confounders.
Some study subjects may have received emergency department
care or hospitalization outside of SLUHN, resulting in incom-
plete capture of data. However, our study group was limited to
those receiving Primary Care within SLUHN. The comorbidities
used as covariates in our regression analyses were limited to the
variables coded in the EMR data warehouse. The study popula-
tion was primarily White; therefore, the results may not apply
to communities with more diverse racial/ethnic backgrounds.

With variants becoming more prevalent in the United States,
the efficacy of single-agent monoclonal antibody therapy may
be compromised [12-14]. Because of this concern and the
more robust data available for dual monoclonal treatment for
COVID-19, the FDA has rescinded the EUA for bamlanivimab
monotherapy [12, 15]. While dual therapy is now the standard
of care, this analysis supports monoclonal antibody treatment
to improve outcomes.

This real-world study confirms the efficacy of bamlanivimab
in reducing hospital admissions and emergency department
visits among high-risk outpatients with mild to moderate
COVID-19 illness. Only mild to moderate side effects were ob-
served with this intervention. The use of bamlanivimab infusion
early in COVID-19 illness may mitigate hospital strain and pre-
serve resources, thus leading to improved inpatient outcomes.

Acknowledgments

The authors acknowledge Matthew Zangari for assistance with data ac-
quisition and management.

Financial support. None.

Potential conflicts of interest.
declare any conflicts of interest or sources of funding. All authors: no re-
ported conflicts of interest. All authors have submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. Conflicts that the editors con-
sider relevant to the content of the manuscript have been disclosed.

Author contributions. D.S.C., PE., N.S,, R.D., and J.S. drafted the in-
itial manuscript. All authors reviewed, contributed to the revision and ap-
proved the final manuscript. D.S.C. had full access to manuscript and final
responsibility to submit for publication.

No authors involved in this research

References

1. Jorden MA, Rudman SL, et al. Evidence for limited early spread of COVID-19
within the United States, January — February 2020. MMWR Morb Mortal Wkly
Rep 2020; 69:680-4.

2. Centers for Disease Control and Prevention. CDC COVID Data Tracker.
Available at: https://covid.cdc.gov/covid-data-tracker/. Accessed 2 March
2021.

3. Leatherby L, Keefe J, Tompkins L, et al. “There’s no place for them to go’
I.C.U. beds near capacity across U.S. The New York Times. 9 December 2020.
Available at: https://www.nytimes.com/interactive/2020/12/09/us/covid-
hospitals-icu-capacity.html?auth=login-google1tap&amp;login=googleltap.
Accessed 20 February 2021.

4. Chen P, Nirula A, Heller B, et al; BLAZE-1 Investigators. SARS-CoV-2 neutral-
izing antibody LY-CoV555 in outpatients with Covid-19. N Engl ] Med 2021;
384:229-37.

5. Gottlieb RL, Nirula A, Chen P, et al. Effect of bamlanivimab as monotherapy or
in combination with etesevimab on viral load in patients with mild to moderate
COVID-19: a randomized clinical trial. JAMA 2021; 325:632-44.

6. Wickham H. R packages for data science. Tidyverse. Available at: https://tidyverse.
tidyverse.org. Accessed 20 February 2021.

7. O'Hearn M, Liu J, Cudhea E et al. Coronavirus disease 2019 hospitalizations at-
tributable to cardiometabolic conditions in the United States: a comparative risk
assessment analysis. J Am Heart Assoc 2021; 10:e019259.

8. Halpin DMG, Criner GJ, Papi A, et al. Global initiative for the diagnosis, man-
agement, and prevention of chronic obstructive lung disease. The 2020 GOLD
Science Committee report on COVID-19 and chronic obstructive pulmonary dis-
ease. Am J Respir Crit Care Med 2021; 203:24-36.

9. Kane RL, Shamliyan T, Mueller C, et al. Nurse staffing and quality of patient care.
Evid Rep Technol Assess (Full Rep) 2007; 1-115.

10. Goldhill O. Hospitals in half the states are facing a massive staffing shortage.
STAT. 19 November 2020. Available at: https://www.statnews.com/2020/11/19/
covid19-hospitals-in-half-the-states-facing-massive-staffing-shortage/. Accessed
24 February 2021.

11. Bowden J. Hospitals face severe shortages as pandemic grinds forward. The Hill.
14 February 2021. Available at: https://thehill.com/policy/healthcare/public-
global-health/538678-hospitals-face-continued-ppe-shortages-other-supply.
Accessed 1 March 2021.

12. US Food and Drug Administration. Coronavirus (COVID-19) update: FDA re-
vokes emergency use authorization for monoclonal antibody bamlanivimab.

BRIEF REPORT « OFID « 3


https://covid.cdc.gov/covid-data-tracker/
https://www.nytimes.com/interactive/2020/12/09/us/covid-hospitals-icu-capacity.html?auth=login-google1tap&amp;login=google1tap
https://www.nytimes.com/interactive/2020/12/09/us/covid-hospitals-icu-capacity.html?auth=login-google1tap&amp;login=google1tap
https://tidyverse.tidyverse.org
https://tidyverse.tidyverse.org
https://www.statnews.com/2020/11/19/covid19-hospitals-in-half-the-states-facing-massive-staffing-shortage/
https://www.statnews.com/2020/11/19/covid19-hospitals-in-half-the-states-facing-massive-staffing-shortage/
https://thehill.com/policy/healthcare/public-global-health/538678-hospitals-face-continued-ppe-shortages-other-supply
https://thehill.com/policy/healthcare/public-global-health/538678-hospitals-face-continued-ppe-shortages-other-supply

13.

2021. Available at: https://www.fda.gov/news-events/press-announcements/
coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-
monoclonal-antibody-bamlanivimab. Accessed 3 May 2021.

Wang P, Nair M, Liu L, et al. Increased resistance of SARS-CoV-2 variants B.1.351
and B.1.1.7 to antibody neutralization. bioRxiv 2021.01.25.428137 [Preprint].
12 February 2021. Available at: https://doi.org/10.1101/2021.01.25.428137.
Accessed 8 May 2021.

14.

15.

Widera M, Wilhelm A, Hoehl S, et al. Bamlanivimab does not neutralize two SARS-
CoV-2 variants carrying E484K in vitro. medRxiv 2021.02.24.21252372 [Preprint].
26 February 2021. Available at: https://doi.org/10.1101/2021.02.24.21252372.
Accessed 8 May 2021.

Gottlieb RL, Nirula A, Chen P, et al. Effect of bamlanivimab as monotherapy or
in combination with etesevimab on viral load in patients with mild to moderate
COVID-19: a randomized clinical trial. JAMA 2021; 325:632-44.

4 o OFID « BRIEF REPORT


https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-monoclonal-antibody-bamlanivimab
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-monoclonal-antibody-bamlanivimab
https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-monoclonal-antibody-bamlanivimab
https://doi.org/10.1101/2021.01.25.428137
https://doi.org/10.1101/2021.02.24.21252372

