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Editor's Note
IMPORTANCE Coronavirus disease 2019 (COVID-19) continues to spread rapidly worldwide.

Supplemental content
Neutralizing antibodies are a potential treatment for COVID-19.

OBJECTIVE To determine the effect of bamlanivimab monotherapy and combination therapy
with bamlanivimab and etesevimab on severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) viral load in mild to moderate COVID-19.

DESIGN, SETTING, AND PARTICIPANTS The BLAZE-1 study is a randomized phase 2/3 trial at 49
US centers including ambulatory patients (N = 613) who tested positive for SARS-CoV-2
infection and had 1 or more mild to moderate symptoms. Patients who received bamlanivimab
monotherapy or placebo were enrolled first (June 17-August 21, 2020) followed by patients who
received bamlanivimab and etesevimab or placebo (August 22-September 3). These are the
final analyses and represent findings through October 6, 2020.

INTERVENTIONS Patients were randomized to receive a single infusion of bamlanivimab (700 mg
[n =101], 2800 mg [n = 1071, or 7000 mg [n = 101]), the combination treatment (2800 mg of
bamlanivimab and 2800 mg of etesevimab [n = 112]), or placebo (n = 156).

MAIN OUTCOMES AND MEASURES The primary end point was change in SARS-CoV-2 log viral
load at day 11 (+4 days). Nine prespecified secondary outcome measures were evaluated with
comparisons between each treatment group and placebo, and included 3 other measures of
viral load, 5 on symptoms, and 1 measure of clinical outcome (the proportion of patients with
a COVID-19-related hospitalization, an emergency department [ED] visit, or death at day 29).

RESULTS Among the 577 patients who were randomized and received an infusion (mean age, 44.7
[SD, 15.7] years; 315 [54.6%] women), 533 (92.4%) completed the efficacy evaluation period (day
29). The change in log viral load from baseline at day 11 was -3.72 for 700 mg, -4.08 for 2800 mg,
-3.49for 7000 mg, -4.37 for combination treatment, and -3.80 for placebo. Compared with placebo,
the differencesin the change in log viral load at day 11 were 0.09 (95% Cl, -0.35t0 0.52; P = .69) for
700 mg, -0.27 (95% Cl, -0.71to 0.16; P = .21) for 2800 mg, 0.31(95% Cl, -0.13t0 0.76; P = .16)
for 7000 mg, and -0.57 (95% Cl, -1.00 to -0.14; P = .01) for combination treatment. Among the
secondary outcome measures, differences between each treatment group vs the placebo group
were statistically significant for 10 of 84 end points. The proportion of patients with COVID-19-related
hospitalizations or ED visits was 5.8% (9 events) for placebo, 1.0% (1event) for 700 mg, 1.9% (2 events)
for 2800 mg, 2.0% (2 events) for 7000 mg, and 0.9% (1 event) for combination treatment.
Immediate hypersensitivity reactions were reported in 9 patients (6 bamlanivimab, 2 combination
treatment, and 1 placebo). No deaths occurred during the study treatment.

CONCLUSIONS AND RELEVANCE Among nonhospitalized patients with mild to moderate
COVID-19 illness, treatment with bamlanivimab and etesevimab, compared with placebo, was
associated with a statistically significant reduction in SARS-CoV-2 viral load at day 11; no

significant difference in viral load reduction was observed for bamlanivimab monotherapy. Author Affiliations: Author
Further ongoing clinical trials will focus on assessing the clinical benefit of antispike affiliations are listed at the end of this
article.

neutralizing antibodies in patients with COVID-19 as a primary end point.
Corresponding Author: Daniel M.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCTO4427501 Skovronsky, MD, PhD, Eli Lilly and
Company, 893 Delaware St,

JAMA. doi:10.1001/jama.2021.0202 Indianapolis, IN 46225 (skovronsky_

Published online January 21, 2021. daniel@lilly.com).

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 01/24/2021


https://clinicaltrials.gov/ct2/show/NCT04427501?id=NCT04427501&draw=2&rank=1
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.0202?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.0202
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.0585?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.0202
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.0202?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.0202
mailto:skovronsky_daniel@lilly.com
mailto:skovronsky_daniel@lilly.com

E2

Research Original Investigation

evere acute respiratory syndrome coronavirus 2

(SARS-CoV-2) continues to spread rapidly worldwide,

fueling the coronavirus disease 2019 (COVID-19)
global pandemic. Patients infected with the virus display a
wide range of symptoms including cough, fever, malaise,
myalgias, gastrointestinal symptoms, ageusia, and anosmia;
some individuals progress to acute respiratory distress syn-
drome and death. Severe illness typically occurs approxi-
mately 1 week after the onset of symptoms and can rapidly
progress from mild symptoms.! The risk factors for severe
COVID-19 include being male, older age, and having cardio-
vascular disease, lung disease, hypertension, diabetes,
or obesity.?>

Currently, only remdesivir (a viral RNA-dependent RNA
polymerase inhibitor) has been approved by the US Food and
Drug Administration for COVID-19 treatment, although ste-
roids are now recommended by many professional societies,
including the World Health Organization, as the primary
treatment.*® However, convalescent plasma and neutraliz-
ing monoclonal antibodies, a class of therapeutics that have
exhibited efficacy in other viral infections and show promise
in the reduction of SARS-CoV-2 viral load, have been granted
Emergency Use Authorization.”'2

Bamlanivimab (also known as LY3819253 or LY-CoV555)
and etesevimab (LY3832479 or LY-CoVO016) are potent
antispike neutralizing monoclonal antibodies that were
derived from 2 separate patients who recovered from COVID-
19 in North America and China, respectively.!*>'* In pre-
clinical experiments, etesevimab was shown to bind a differ-
ent epitope from bamlanivimab and to neutralize resistant
variants with mutations in the epitope bound by bamla-
nivimab (eTable 1 in Supplement 1). Combining these 2 neu-
tralizing monoclonal antibodies in clinical use may enhance
viral load reduction and decrease treatment-emergent resis-
tant variants.'

Interim results from the Blocking Viral Attachment and
Cell Entry with SARS-CoV-2 Neutralizing Antibodies
(BLAZE-1) trial with data for the 3 monotherapy doses of the
neutralizing antibody bamlanivimab have been published.®
The current report presents the final data set for patients ran-
domized to the 4 treatment groups and the placebo group in
the initial portion of the trial, including findings for the bam-
lanivimab and etesevimab combination group, the 3 bamla-
nivimab monotherapy groups, and the placebo group.

Methods

Study Design

This clinical trial is an ongoing, multipart, phase 2/3, random-
ized, double-blind, placebo-controlled, single-infusion study
including patients with recently diagnosed mild or moderate
COVID-19 in the outpatient setting.® The original and final pro-
tocol for the phase 2 trial, including the original and final sta-
tistical analysis plan, appear in Supplement 2. The trial com-
plied with the Declaration of Helsinki, the International
Conference on Harmonization Guidelines for Good Clinical
Practice, and applicable local regulations. The protocol was re-
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Key Points

Questions What is the effect of early treatment with antispike
neutralizing antibodies on severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) viral load in outpatients with mild to
moderate coronavirus disease 2019 (COVID-19)?

Findings In the phase 2 portion of a randomized phase 2/3 clinical
trial with 577 patients, there was no significant difference in
change in viral load with 3 different doses of bamlanivimab
monotherapy compared with placebo; treatment with a
combination of bamlanivimab and etesevimab significantly
decreased SARS-CoV-2 log viral load at day 11 compared with
placebo (between-group difference, -0.57 [95% Cl, -1.00 to
-0.14], P = .01).

Meaning Treatment with bamlanivimab and etesevimab
combination therapy, but not bamlanivimab monotherapy,
resulted in a reduction in SARS-CoV-2 log viral load at day 11in
patients with mild to moderate COVID-19.

viewed and approved by the ethics committees of all partici-
pating centers, and patients provided written informed con-
sent before study entry.

Patients

All patients were aged 18 years or older, tested positive for
SARS-CoV-2 infection, had 1 or more mild to moderate
symptoms, and presented within 3 days of their first posi-
tive test result for SARS-CoV-2 (either direct antigen or
reverse transcriptase-polymerase chain reaction). Mild to
moderate COVID-19 was defined per US Food and Drug
Administration guidance and included symptoms such as
fever, cough, sore throat, malaise, headache, muscle pain,
gastrointestinal symptoms, and shortness of breath with
exertion. Investigators reviewed symptoms, risk factors,
and other noninvasive inclusion and exclusion criteria prior
to enrollment (the full list of inclusion and exclusion criteria
appears in the clinical protocol in Supplement 2). Patient-
reported race and ethnicity categories were collected as part
of the demographic characteristics.

Randomization and Intervention

This study evaluated the effect of bamlanivimab mono-
therapy and combination therapy with bamlanivimab and
etesevimab on change in viral load during treatment of mild
to moderate COVID-19. All participants were centrally ran-
domized to each study intervention using an interactive
web response system (Figure 1). Before the study was initi-
ated, the log-in information and directions for the interac-
tive web response system was provided to each of the 49 US
study sites.

Randomization was stratified by patients’ duration of
symptoms (<8 days vs >8 days) because symptom duration
has an effect on prognosis.® The treatment was administered
within 3 days of the first positive SARS-CoV-2 test sample col-
lection. Each patient in the trial received a single, 1-hour, in-
travenous infusion of placebo, bamlanivimab, or bamla-
nivimab and etesevimab. This final analysis includes results
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Figure 1. Patient Enroliment and Treatment Assignment of the BLAZE-1 Trial of Bamlanivimab for Mild to Moderate COVID-19

613 Adults with symptomatic SARS-CoV-2
infection screened for eligibility
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4 Had respiratory distress at time of randomization
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2 Other reasons
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156 Received intervention
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109 Randomized to receive
2800 mg of bamlanivimab
107 Received intervention
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700 mg of bamlanivimab
101 Received intervention
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4 Did not have baseline or
viral load dataat 11d
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viral load dataat 11d

6 Did not have baseline or
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v v

100 Included in primary
analysis'

103 Included in primary
analysis
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95 Included in primary

102 Included in primary 146 Included in primary
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SARS-CoV-2 indicates severe acute respiratory syndrome coronavirus 2.

2 Stratified by duration since symptom onset to randomization (=8 days
vs >8 days).

®Included in the adverse event analysis.
€ Had data on at least 1 postbaseline viral load.

9 Three patients were excluded from the efficacy analysis because they did not
have data on at least 1 postbaseline viral load. However, these patients were

included in the safety analysis because they did receive the intervention as
randomized.

€ Four patients were excluded from the efficacy analysis because they did not
have data on at least 1 postbaseline viral load. However, these patients were
included in the safety analysis because they did receive the intervention as
randomized.

f Had data on viral load for both baseline and at day 11.

for the 5 treatment groups: placebo, 700 mg of bamla-
nivimab, 2800 mg of bamlanivimab, 7000 mg of bamla-
nivimab, and a combination treatment with 2800 mg of bam-
lanivimab and 2800 mg of etesevimab.

Patients who received bamlanivimab monotherapy or
placebo were enrolled first (June 17-August 21, 2020) fol-
lowed by patients who received bamlanivimab and etese-
vimab or placebo (August 22-September 3, 2020). The analy-
sis was triggered on October 6, 2020, when the last patient
randomized to treatment with bamlanivimab and etese-
vimab reached day 29 and includes all virological and symp-
tom data available at that database lock. A previous report
summarized earlier interim results of the 3 monotherapy
doses of LY-CoV555 (bamlanivimab) vs placebo.® The interim
analysis was triggered on September 5, 2020.

jama.com

Primary and Secondary Outcomes

The primary outcome characterized the effect of bamla-
nivimab monotherapy and combination therapy with bam-
lanivimab and etesevimab compared with placebo on SARS-
CoV-2 log viral load from baseline to day 11 (x4 days). Viral
load was measured by nasopharyngeal swab followed by
quantitative reverse transcriptase-polymerase chain reac-
tion at a central laboratory. Derivation of the viral load
measure is described in §6.10 of the statistical analysis plan
(Supplement 2).

A total of 9 prespecified secondary outcome measures
were evaluated. Three focused on viral load (time to viral
clearance; proportion of patients with viral clearance at days
7,11, 15, and 22; and viral load area under the curve [AUC] at
day 29), 5 focused on symptoms (change in symptom score
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at days 7, 11, 15, and 22; time to symptom improvement; time
to symptom resolution; and the proportion of patients show-
ing symptom improvement or resolution at days 7, 11, 15, and
22), and 1 focused on clinical outcomes (the proportion of
patients with a COVID-19-related hospitalization, emergency
department visit, or death) at day 29.

A questionnaire was used to assess symptom severity. The
total symptom score (range, 0-24) was achieved by rating 8
symptom domains (cough, shortness of breath, feeling fever-
ish, fatigue, body aches and pain, sore throat, chills, head-
ache) from none or absent (score of 0) to severe (score of 3) and
combining them to provide an overall score (excluding loss of
appetite, taste, and smell).®

Adverse events or serious adverse events also were evalu-
ated. The subgroup analyses for participants enrolled with
shorter (<8 days) and longer (>8 days) duration of symptoms
prior to randomization were prespecified and performed, but
because the subgroup with a symtom duration of longer than
8 days was only approximately 8% of the participants, the re-
sults of these analyses are not reported.

Exploratory Outcomes

The total symptom score AUC from day O to day 11 and from
day O to day 29 were analyzed using a linear model, which
contained treatment as a fixed effect and baseline severity as
a covariate. To assess the prevalence of resistance variants,
nasopharyngeal samples were obtained at study enrollment
(baseline sample), and then subsequent sampling was done
at days 3, 7, 11, 15, 22, and 29. A treatment-emergent variant
was determined by comparing the sequencing results from
each study participant’s baseline sample with the posttreat-
ment samples. For instances in which a baseline next-
generation sequencing result was not available (n = 37/448),
the baseline status for these variants was imputed to the ref-
erence sequence of BetaCoV/Wuhan/IPBCAMS-WH-04/2019.
Additional information about the methods used to detect
resistance variants appears in the eMethods in Supplement 1.

Sample Size

A viral dynamic model was used to simulate viral loads over
time for participants treated with bamlanivimab mono-
therapy, the bamlanivimab and etesevimab combination treat-
ment, and placebo. This simulated population and Monte Carlo
methods were used to estimate the statistical power associ-
ated with the comparison of change from baseline to day 11 (+4
days) in SARS-CoV-2 viral load between the treatment groups
and the placebo group (additional details appear in §5.2 of the
statistical analysis plan in Supplement 2).

Given these assumptions, a sample size of 100 partici-
pants per group was estimated to provide 91% power to test
the superiority of bamlanivimab monotherapy or the bamla-
nivimab and etesevimab combination treatment vs placebo for
the effect on viral load, as measured by change from baseline
to day 11 (+4 days) at the 2-sided a level of .05.

Statistical Analyses
The SARS-CoV-2 viral load data were evaluated using a log
base 10 scale. The treatment effects were compared using
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2-sided tests with an a level of .05. Significance testing for
the primary end point was performed using mixed-model
repeated-measure analysis at the 2-sided .05 level. When
the mixed-model repeated-measure analysis was used, it
included: (1) treatment group, (2) stratification factor of
duration since symptom onset to randomization (<8 days
vs >8 days), (3) baseline value in the model, (4) visit day
(ie, 1, 3, 7, and 11), and (5) the treatment x visit interaction as
fixed factors.

For the primary end point, the stratification factor of du-
ration since symptom onset to randomization was not used in
the model to avoid collinearity with baseline viral load. The
Fisher exact test was used for the comparison of binary vari-
ables across treatment groups. Continuous outcome vari-
ables with a single time point were analyzed using analysis of
covariance with (1) treatment group, (2) stratification factor of
duration since symptom onset to randomization (<8 days vs
>8 days), and (3) baseline value in the model.

A post hoc analysis was performed evaluating COVID-19-
related deterioration for patients aged 65 years or older or those
with a body mass index (BMI; calculated as weight in kilo-
grams divided by height in meters squared) of 35 or greater.
COVID-19-related deterioration was defined as a patient ex-
periencing a COVID-19-related hospitalization, an emer-
gency department visit, or death.

Adjustments for multiple testing were not conducted for
this study; therefore, the findings should be interpreted as ex-
ploratory. The full statistical analysis methods appear in §6.1
of the statistical analysis plan in Supplement 2. The statisti-
cal analyses were performed using Enterprise Guide 7.1 for SAS
version 9.4 (SAS Institute Inc).

.|
Results

Patient Demographics and Clinical Characteristics
At the time of the database lock (October 6, 2020),
577 patients had been randomized and had received an
infusion of neutralizing monoclonal antibodies or placebo
(Figure 1). There were 101 patients assigned to 700 mg
of bamlanivimab, 107 patients assigned to 2800 mg of bam-
lanivimab, 101 patients assigned to 7000 mg of bamla-
nivimab, 112 patients assigned to combination therapy
(2800 mg of bamlanivimab and 2800 mg of etesevimab),
and 156 patients assigned to placebo. Patients in the bam-
lanivimab monotherapy groups, the bamlanivimab and
etesevimab combination therapy group, and the placebo
group were generally well balanced at the time of enroll-
ment (Table 1).

The mean age of patients was 44.7 years (SD, 15.7 years).
A total of 315 patients (54.6%) were female, 245 patients
(42.5%) identified as Hispanic, and 387 patients (67.1%) had
at least 1 risk factor for severe COVID-19 (aged =55 years,
BMI =30, or =1 relevant comorbidity such as hypertension).
Patients were randomized and received study infusions
within a median of 4 days of symptom onset. At the time of
randomization, 449 patients (77.8%) had mild symptoms.
On the day of the infusion, the observed mean polymerase
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Table 1. Patient Demographics and Baseline Clinical Characteristics

Bamlanivimab monotherapy

Combination therapy

(2800 mg bamlanivimab
700 mg 2800 mg 7000 mg and 2800 mg of etesevimab) Placebo

Characteristic (n=101) (n=107) (n=101) (n=112) (n =156)
Age

Median (IQR), y 39 (31-58) 45 (31-56) 46 (34-55) 44 (30-60) 46 (35-57)

265y, No. (%) 11(10.9) 8(7.5) 14 (13.9) 13(11.6) 23(14.7)
Sex, No. (%)

Female 63 (62.4) 51(47.7) 58 (57.4) 58 (51.8) 85 (54.5)

Male 38(37.6) 56 (52.3) 43 (42.6) 54 (48.2) 71 (45.5)
Self-reported race, No./total (%)

White 90/101 (89.1) 90/104 (86.5) 89/100 (89.0) 105/111 (94.6) 133/151(88.1)

Black 7/101 (6.9) 7/104 (6.7) 8/100 (8.0) 4/111 (3.6) 7/151 (4.6)

Asian 1/101 (1.0) 5/104 (4.8) 3/100 (3.0) 2/111(1.8) 8/151 (5.3)

American Indian or Alaska Native 1/101 (1.0) 0/104 0/100 0/111 2/151 (1.3)

Native Hawaiian or other Pacific Islander 0/101 1/104 (1.0) 0/100 0/111 0/151

Multiple 2/101 (2.0) 1/104 (1.0) 0/100 0/111 1/151(0.7)
Self-reported ethnicity, No. (%)

Hispanic 49 (48.5) 47 (43.9) 39 (38.6) 42 (37.5) 68 (43.6)

Not Hispanic 52 (51.5) 60 (56.1) 62 (61.4) 70 (62.5) 88 (56.4)
BMI?

Median (IQR) (n =100) (n =106) (n=97) (n=109) (n=152)

28.8(25.1-35.4)  30.4(25.6-34.0)  27.8(24.7-32.3)  27.2(22.9-33.0) 29.2 (25.9-34.2)

230 but <40, No./total (%) 34/100 (34.0) 50/106 (47.2) 28/97 (28.9) 33/109 (30.3) 63/152 (41.4)

240, No./total (%) 11/100 (11.0) 6/106 (5.7) 7/97 (7.2) 7/109 (6.4) 9/152 (5.9)
Risk factors for severe COVID-19, No. (%) 74 (73.3) 78(72.9) 63(62.4) 67 (59.8) 105 (67.3)
COVID-19 severity, No. (%)

Mild 83(82.2) 79(73.8) 70(69.3) 92(82.1) 125 (80.1)

Moderate 18(17.8) 28(26.2) 31(30.7) 20(17.9) 31(19.9)
Duration of symptoms, median (IQR), d¢ 5(3-6) 4(3-6) 4(2-7) 4 (3-5) 4 (3-6)
SARS-CoV-2 cycle threshold, mean (SD)® 23.8(6.5) 24.5(7.6) 23.4(6.8) 22.7 (8.0) 23.8(7.8)

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019;
IQR, interquartile range; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2.

2 Calculated as weight in kilograms divided by height in meters squared.

® Aged 55 years or older; BMI of 30 or greater; medical history of diabetes,
chronic kidney disease, cardiovascular disease, chronic respiratory disease, or
immunosuppressive disease; or receiving immunosuppressive treatment.

¢ Based on 8 symptom domains (cough, shortness of breath, feeling feverish,
fatigue, body aches and pain, sore throat, chills, headache) that were rated
from none or absent (score of O) to severe (score of 3), which were combined

to provide an overall score (range, 0-24; symptom score excluded loss of
appetite, taste, and smell).

d Calculated based on the patient-reported start date of symptom onset and
compared with the date of treatment infusion.

€ The cycle threshold is the number of polymerase chain reaction cycles
required for a viral sample to be detected. Lower numbers suggest more
infecting organisms and an increased burden of disease. Values range between
0 and 45; the (log base 10) viral load was calculated from the cycle threshold
value (45 - cycle threshold)/log10, or (45 - cycle threshold)/3.321928.

chain reaction cycle threshold value (a measure of viral
load) was 23.7 (SD, 7.4), demonstrating a high viral burden
in the population. There were 533 patients (92.4%) who
completed the efficacy evaluation period (day 29).

Primary Outcome

The change in log viral load from baseline to day 11 was
-3.72 for the 700 mg group, -4.08 for the 2800 mg group,
-3.49 for the 7000 mg group, -4.37 for the combination
therapy group, and -3.80 for the placebo group. Compared
with the placebo group, the change from baseline to day 11
in log viral load was not significantly different for any of the
monotherapy groups (0.09 [95% CI, -0.35 to 0.52], P = .69
for the 700 mg group; -0.27 [95% CI, -0.71 to 0.16], P = .21
for the 2800 mg group; and 0.31 [95% CI, -0.13 to 0.76],

jama.com

P = .16 for the 7000 mg group), but the change was statisti-
cally significantly different for the combination therapy
group (-0.57 [95% CI, -1.00 to -0.14], P = .01; Figure 2 and
Table 2).

Secondary Outcomes

Among the secondary outcome measures, differences
between each treatment group vs the placebo group were sta-
tistically significant for 10 of 84 end points. The change from
baseline to day 29 in viral load AUC was not significantly dif-
ferent for the 700 mg (difference, -6.25 [95% CI, -13.21 to
0.71]; P = .08) and 7000 mg monotherapy dose groups (dif-
ference, -5.38 [95% CI, -12.36 to 1.61]; P = .13), but the change
was statistically significantly different for the 2800 mg dose
group (difference, -9.50 [95% CI, -16.32 to -2.68]; P = .006)
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Figure 2. Change in Log Viral Load and in Viral Load Cycle Threshold Over Time With Bamlanivimab

Monotherapy and Bamlanivimab and Etesevimab Combination Therapy

@ Box plot for change from baseline to log viral load

[]700 mg of
bamlanivimab

[]2800 mg of
bamlanivimab

] 7000 mg of
bamlanivimab

[]2800 mg of bamlanivimab
and 2800 mg of etesevimab

[ Placebo

Change from baseline for log viral load

,6,

-8 - L
-10 —
3 7 11
Day
Treatment, No.
700 mg of bamlanivimab 96 98 91
2800 mg of bamlanivimab 98 101 99
7000 mg of bamlanivimab 93 95 90
2800 mg of bamlanivimab 97 95 99
and 2800 mg of etesevimab

Placebo 141 142 134

Mean SARS-CoV-2 viral load cycle threshold value
20

Treatment

700 mg of bamlanivimab

Randomization and infusion occurred
onday 1. A, The middle line

2800 mg of bamlanivimab
7000 mg of bamlanivimab

254

——— 2800 mg of bamlanivimab
and 2800 mg of etesevimab
Placebo

represents the median change from
baseline for log viral load:; the boxes
represent the interquartile range; the

E6

squares inside each box represent the

30+

Cycle threshold value

35+

40 T T

mean; the whiskers extend to the
highest and lowest values within

1.5 x the interquartile range of the
nearer quartile; and the dots
represent observed values outside
that range. B, The cycle threshold is
defined as the number of cycles
required for the fluorescent signal of

Day

Treatment, No.
700 mg of bamlanivimab 101 96 98
2800 mg of bamlanivimab 107 98 101
7000 mg of bamlanivimab 101 93 95
2800 mg of bamlanivimab 109 96 95
and 2800 mg of etesevimab
Placebo 152 141 142

11 the polymerase chain reaction assay
to cross the threshold (ie, exceeds
background level). Cycle threshold
levels are inversely proportional to
the number of copies of the virus and

100 thus serve to estimate viral load.

103 Virus is presumed to be undetectable

133 beyond approximately 40 cycle
thresholds. SARS-CoV-2 indicates

146 severe acute respiratory syndrome

coronavirus 2.

and for the combination treatment group (difference, -17.91
[95% CI, -25.25 to -10.58]; P < .001). However, viral clearance
(defined as 2 consecutive negative test results for SARS-
CoV-2) did not differ among any of the treatment groups at
any time point (Table 2).

Compared with the placebo group, the change in mean
total symptom score from baseline to day 11 was statistically
significantly different for the 700 mg monotherapy group

JAMA Published online January 21,2021

(mean difference, -0.78 [95% CI, -1.37 to -0.20]; P = .009) and
for the combination group (mean difference, -0.60 [95% CI,
-1.18 to -0.03]; P = .04), but the change was not significantly
different for the 2800 mg monotherapy group (mean differ-
ence, -0.32[95% CI, -0.91t0 0.26]; P = .27) or for the 7000 mg
group (mean difference, -0.45[95% CI, -1.04 t0 0.13]; P = .13).

Compared with the placebo group, the change in symp-
tom improvement from baseline to day 11 was statistically
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significantly different for the 700 mg group (difference,
16.0% [95% CI, 3.6% to 28.4%]; P = .02) and the 7000 mg
group (difference, 15.0% [95% CI, 2.6% to 27.4%]; P = .02),
but the change was not significant for the 2800 mg group
(difference, 1.4% [95% CI, -10.8% to 13.7%]; P = .90) and the
combination treatment group (difference, 9.8% [95% CI,
-2.5% to 22.0%]; P = .13). Compared with the placebo group,
the change in symptom resolution from baseline to day 11
was statistically significantly different for the 700 mg group
(difference, 13.7% [95% CI, 1.2% to 26.1%]; P = .04), but the
change was not significant for the 2800 mg group (differ-
ence, 3.3% [95% CI, -8.7% to 15.4%]; P = .61), the 7000 mg
group (difference, 6.7% [95% CI, -5.6% to 19.1%]; P = .30), or
the combination group (difference, 9.0% [95% CI, -3.1%
to 21.1%]; P = .16).

The proportion of patients with COVID-19-related hospi-
talizations or emergency department visits at day 29 was
1.0% (1 event/101 patients) in the 700 mg group, 1.9%
(2 events/107 patients) in the 2800 mg group, 2.0% (2 events/
101 patients) in the 7000 mg group, 0.9% (1 event/112
patients) in the combination therapy group, and 5.8%
(9 events/156 patients) in the placebo group. The difference
vs placebo was -4.8% (95% CI, -8.9% to -0.6%; P = .09) for
the 700 mg group, -3.9% (95% CI, -8.4% to 0.6%; P = .21) for
the 2800 mg group, -3.8% (95% CI, -8.3% to -0.8%; P = .21)
for the 7000 mg group, and -4.9% (95% CI, -8.9% to -0.8%;
P =.049) for the combination group (Table 2).

The results from additional secondary end points (includ-
ing time to viral clearance, symptom resolution, and symptom
improvement) appear in eFigures 1, 2, and 3 in Supplement 1.

Post Hoc Analyses

Among patients aged 65 years or older or with a BMI of 35 or
greater, those who received bamlanivimab monotherapy had
alower hospitalization rate (2.7% [1/37 patients] in the 700 mg
group and a difference of -10.8% [95% CI, -21.4% to -0.1%];
3.3% [1/30 patients] in the 2800 mg group and a difference of
-10.1% [95% CI, -21.4% to 1.2%]; and 5.9% [2/34 patients] in
the 7000 mg group and a difference of -7.6% [95% CI, -19.8%
to 4.6%]) as well as those who received combination therapy
(0% [0/31 patients] in the bamlanivimab and etesevimab group
and a difference of -13.5% [95% CI, -22.7% t0 -4.2%]; P = .04)
compared with those who received placebo (13.5% [7/52 pa-
tients]; eTable 2 in Supplement 1). Only 1 patient in the study
(in the placebo group) was admitted to the intensive care unit.
Additional post hoc analyses appear in the eResults and eFig-
ure 4 in Supplement 1.

Exploratory Outcomes

Total symptom score AUC from baseline to day 11 was as-
sessed in an exploratory analysis. Compared with placebo, the
difference in mean change in total symptom score AUC from
baseline to day 11 was -8.28 (95% CI, -14.04 to -2.53; P = .005)
for the 700 mg group, -6.59 (95% CI, -12.46 to -0.72; P = .03)
for the 2800 mg group, -8.09 (95% CI, -14.05to -2.13; P = .008)
for the 7000 mg group, and -8.63 (95% CI, -14.39 to -2.88;
P =.003) for the combination therapy group (eTable 2 in
Supplement 1).
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In an exploratory analysis to assess the ability of bamla-
nivimab and etesevimab to reduce the levels of treatment-
emergent bamlanivimab-resistant variants, the frequency of
these variants in baseline samples across cohorts in the study
population was low (0.4% [2/523 patients]) and is similar to
the global prevalence of these variants.

Putative treatment-emergent bamlanivimab-resistant
variants were detected in 7.1% of patients (7/98) in the 700
mg group, in 9.8% of patients (10/102) in the 2800 mg group,
in 11.3% of patients (11/97) in the 7000 mg group, in 1%
of patients (1/102) in the bamlanivimab and etesevimab com-
bination group, and in 4.8% of patients (7/145) in the placebo
group (eTable 2 in Supplement 1). The patient with a
treatment-emergent bamlanivimab-resistant variant in the
combination group had a single sample with an S494P spike
variant on day 11 at an allele fraction of 0.198 and a viral load
of 3.64 (N1 cycle threshold of approximately 32). This variant
was transient in nature and was not detected in subsequent
samples through study day 25. The bamlanivimab mono-
therapy groups had a higher frequency of patients who had a
variant detected at more than 1 time point during the viral
time course (4.1% for the 700 mg group, 5.9% for the 2800
mg group, and 7.2% for the 7000 mg group) than the placebo
group or the bamlanivimab and etesevimab combination
group (both 0%).

Adverse Events

Serious adverse events unrelated to SARS-CoV-2 infection or
considered related to the study drug by the investigator oc-
curred in 0% (0/309) of patients in the bamlanivimab mono-
therapy groups, in 0.9% (1/112) of patients in the bamla-
nivimab and etesevimab combination group, and in 0.6%
(1/156) of patients in the placebo group (Table 3). The serious
adverse event observed in the combination group was a uri-
nary tract infection that was deemed unrelated to the study
drug. The serious adverse event observed in the placebo group
was upper abdominal pain and was deemed unrelated to the
study drug.

The most frequently reported adverse events were nau-
sea (3.0% for the 700 mg group, 3.7% for the 2800 mg group,
5.0% for the 7000 mg group, 3.6% for the combination therapy
group, and 3.8% for the placebo group) and diarrhea (1.0%,
1.9%, 5.9%, 0.9%, and 4.5%, respectively). Immediate hyper-
sensitivity reactions that could have been infusion related were
reported in 9 patients (6 in the bamlanivimab monotherapy
groups, 2 in the bamlanivimab and etesevimab group, and 1
in the placebo group). Most reactions occurred during infu-
sion and were reported as mild in severity and not dose re-
lated. There were no changes in vital signs and symptoms in-
cluded pruritus, flushing, rash, and facial swelling. The
infusions were completed in all instances.

|
Discussion

In this phase 2/3 clinical trial that evaluated the efficacy and
adverse effects of bamlanivimab monotherapy and bamla-
nivimab and etesevimab combination therapy in outpatients
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Table 3. Adverse Events

Adverse events, No. (%)?

Bamlanivimab monotherapy

Combination therapy
(2800 mg of bamlanivimab

700 mg 2800 mg 7000 mg and 2800 mg of etesevimab) Placebo
(n=101) (n =107) (n=101) (n=112) (n = 156)
Patients with =1 treatment-emergent adverse event® 27 (26.7) 26 (24.3) 22(21.8) 19 (17.0) 42 (26.9)
Severity of treatment-emergent adverse event®©
Mild 17 (16.8) 18 (16.8) 10(9.9) 15(13.4) 21(13.5)
Moderate 7(6.9) 5(4.7) 7(6.9) 3(2.7) 18(11.5)
Severe 2(2.0) 3(2.8) 5(5.0) 1(0.9) 3(1.9)
Most common treatment-emergent adverse events
(occurring in 24 patients)®
Chest discomfort 0 2(1.9) 1(1.0) 0 1(0.6)
Chills 0 1(0.9) 3(3.0) 0 0
Diarrhea 1(1.0) 2(1.9) 6(5.9) 1(0.9) 7 (4.5)
Dizziness 3(3.0) 3(2.8) 3(3.0) 1(0.9) 3(1.9)
Headache 3(3.0) 2(1.9) 0 0 3(1.9)
Nasal congestion 2(2.0) 1(0.9) 0 0 1(0.6)
Nausea 3(3.0) 4(3.7) 5(5.0) 4(3.6) 6(3.8)
Pruritus 2(2.0) 3(2.8) 0 2(1.8) 1(0.6)
Pyrexia 1(1.0) 2(1.9) 1(1.0) 1(0.9) 0
Rash 1(1.0) 0 1(1.0) 1(0.9) 1(0.6)
Syncope 0 1(0.9) 1(1.0) 0 2(1.3)
Vomiting 1(1.0) 3(2.8) 1(1.0) 1(0.9) 4(2.6)
Serious adverse event? 0 0 0 1(0.9) 1(0.6)

2 Includes full randomized population that received at least 1infusion.

b A treatment-emergent adverse event was defined as an event that first
occurred or worsened in severity after baseline. Adverse events were reported
by the participant, or, when appropriate, by a caregiver, surrogate, or the
participant's legally authorized representative.

¢ Patients with multiple occurrences of these categories were counted once for
each category. Patients with multiple occurrences of the same event were
included in the count for the severe category. The investigator assessed the
intensity for each adverse event reported during the study and assigned it to

one of the following categories, which together with serious criteria
(life-threatening or death) were aligned with the Division of AIDS table for
grading the severity of adult and pediatric adverse events (trial protocol in
Supplement 2; §10.3.3, version 2.1, July 2017).

9 Defined as any untoward medical occurrence that at any dose resulted in
death, was life-threatening, required inpatient hospitalization or prolongation
of existing hospitalization, resulted in persistent disability or incapacity, or
caused a congenital anomaly (trial protocol in Supplement 2; §10.3.2 with
exceptions listed in §10.3.1). No deaths occurred during study treatment.

with recently diagnosed mild to moderate COVID-19, the pri-
mary end point, mean change from baseline in log viral load
at day 11, was not significantly different for the bamla-
nivimab monotherapy groups compared with the placebo
group, but was significantly different for the bamlanivimab and
etesevimab combination therapy group compared with the pla-
cebo group.

Among the secondary outcomes, there were no consis-
tent differences between the monotherapy groups or the
combination therapy group vs placebo for the other mea-
sures of viral load or clinical symptom scores. The proportion
of patients with COVID-19-related hospitalizations or emer-
gency department visits was numerically lower for the
monotherapy groups and the combination therapy group
compared with the placebo group, but the difference was
only significant for the combination group. Additional study
is needed to understand whether the greater reduction of
viral load shown by combination therapy would eventually
translate to clinical benefit compared with monotherapy.

Consistent with the literature,'®'° the post hoc analyses
indicated that hospitalization rates were higher in placebo-
treated patients with the comorbidities of advanced age (=65
years) or morbid obesity (BMI >35) (13.5%), although no hos-

jama.com

pitalizations were observed in this high-risk subgroup in the
combination therapy group. These preliminary data are hy-
pothesis generating and suggest the need for further study to
determine whether patients with these risk factors should be
prioritized for this particular treatment.

In the exploratory analysis of ongoing viral sequencing,
putative bamlanivimab-resistant variants were observed
in all treatment groups, including placebo. Even though
the combination group had the largest reductions in viral
load, the monotherapy groups all performed comparably
with the combination group on several clinical end points
(eg, mean total symptom score and hospitalization rate).
Therefore, the clinical significance of the resistant variants
remains unclear.

Currently, only remdesivir is approved by the US Food
and Drug Administration for the treatment of patients with
COVID-19 who are seriously ill, although corticosteroids are
generally considered the treatment of choice in this popula-
tion and baricitinib recently received Emergency Use Autho-
rization. COVID-19 convalescent plasma is available for use in
hospitalized patients through Emergency Use Authorization;
although, efficacy has not been established definitively and it
is still considered investigational.”-2° Recently, the 700 mg
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dose of bamlanivimab has been authorized for emergency
use in the US and Canada for the treatment of outpatients
with mild to moderate COVID-19. Additional studies, includ-
ing the ongoing subsequent portions of this trial in high-risk
patients, are needed to fully elucidate the clinical benefit of
therapeutic monoclonal antibodies for COVID-19.

Limitations
This study had several limitations. First, the trial was origi-
nally designed as a safety and biomarker study.

Second, the patient population was small, which made de-
tecting clinically meaningful differences between treatment
groups more difficult.

Third, only 1 combination dose was chosen for this study.
Because the antiviral activity of etesevimab monotherapy or
different combination doses was not investigated, it is diffi-
cult to determine whether the greater reduction in viral load
observed in the combination group was due to additive or syn-
ergistic effects vs differential efficacy of etesevimab.

Fourth, the primary end point at day 11 may have been too
late in the immune response to optimally detect treatment ef-

Effect of Bamlanivimab Alone vs With Etesevimab on Viral Load in Patients With Mild to Moderate COVID-19

fects. All patients, including those who received placebo, dem-
onstrated substantial viral reduction by day 11. An earlier time
point like day 3 or day 7 could possibly have been more ap-
propriate to measure viral load.

Fifth, the full genotypic and phenotypic analysis of the trial
is still ongoing, and the resistance data presented here are lim-
ited to the sample sequences that were available at the time
of this analysis.

. |
Conclusions

Among nonhospitalized patients with mild to moderate
COVID-19 illness, treatment with bamlanivimab and etese-
vimab, compared with placebo, was associated with a statis-
tically significant reduction in SARS-CoV-2 viral load at day
11; no significant difference in viral load reduction was
observed for bamlanivimab monotherapy. Further ongoing
clinical trials will focus on assessing the clinical benefit of
antispike neutralizing antibodies in patients with COVID-19
as a primary end point.
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