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(Abstract \

Covid-19, which is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has spread around the world
and continues to represent a major health risk. Covid-19 can be mild to severe, and a susceptible subset of individuals has been
found to have a high frequency of sickness and mortality [1-4]. Patients over the age of 65, as well as those with chronic health
complications such as cardiovascular disease, cancer, diabetes, lung disease, and obesity, have a higher chance of dying from
Covid-19 [5,6]. Unlike vaccine-induced immunity, which takes years to develop, neutralizing monoclonal antibody therapy

N

delivers rapid, passive protection, which may help to slow disease progression and consequences.
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Introduction

Patients with Covid-19 have been treated with a variety of
therapies [7-9], including convalescent plasma [10] and immu-
nomodulators [11,12], but the outcomes have been variable.
The Food and Drug Administration (FDA) issued emergency
use authorization for the SARS-CoV-2 spike protein-targeting
messenger RNA vaccines BNT162b2 [13] and mRNA-1273
[14] in December 2020. There is still a need for medications to
treat patients who have symptomatic Covid-19 prior to vacci-
nation or who have breakthrough infection. Immediate passive
humoral immunotherapy with neutralizing monoclonal anti-
bodies could be used to avoid Covid-19-related hospitalization
and death [15].

In the United States and China, Bamlanivimab and Etesevimab
were isolated from convalescent plasma collected from pa-
tients with Covid-19 [16,17]. The surface spike glycoprotein
of SARS-CoV-2, which mediates viral entry into host cells, is
the target of these potent neutralizing monoclonal antibodies
[18,19]. Bamlanivimab was developed by Eli Lilly after it was
discovered by researchers at AbCellera Biologics and the Na-
tional Institute of Allergy and Infectious Diseases' Vaccine Re-
search Center. Eli Lilly, Junshi Biosciences, and the Chinese
Academy of Sciences' Institute of Microbiology collaborated
on the development of Etesevimab.

Both monotherapy with bamlanivimab and combination thera-

py with bamlanivimab and etesevimab were effective in reduc-
ing the risk of Covid-19-related hospitalisation and progres-
sion to severe disease in the phase 2 and early portion of the
phase 3 Blocking Viral Attachment and Cell Entry with SARS-
CoV-2 Neutralizing Antibodies (BLAZE-1) clinical trial. As
a result, the FDA granted bamlanivimabmonotherapy emer-
gency use authorization in November 2020 [20], however this
authorization was later rescinded. In February 2021, the FDA
awarded emergency use authorization status to bamlanivimab
and etesevimab when used jointly [21].

Structure

Bamlanivimab (LY-CoV555) is a synthetic monoclonal an-
tibody (mAb) generated from one of the ecarliest COVID-
19-positive blood samples in the United States [22]. It's a
neutralising IgG1 mAD that targets the SARS-CoV-2 spike (S)
protein, which has been shown to prevent viral entrance into
human cells.

The Fc region of Bamlanivimab is unaltered and contains two
identical light chains of 214 amino acids and two identical
heavy chains of 455 amino acids apiece (Figure 1). Chinese
Hamster Ovary (CHO) cells are used to synthesize bamla-
nivimab [23].

Etesevimab (LY-CoV016) is a recombinant monoclonal anti-
body that targets the binding domain of the SARS-CoV-2 sur-
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face spike protein receptor. LY-CoV016 binds a broad epitope
that overlaps the ACE2-binding surface using both its heavy
and light chains (Figure 2).
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Figure 3: Bamlanivimab, Etesevimab - Mechanism of action [30].

Mechanism of Action

Many glycosylated S proteins coat the surface of SARS-
CoV-2, allowing the virus to bind to the host cell's ACE2 (An-
giotensin-converting enzyme-2 receptor) and enter the cell. S1
and S2 are the two subunits of the S protein. NTD (N-terminal
domain) and RBD make up the S1 subunit (receptor-binding
domain). The RBD of the S1 subunit interacts to the ACE2 of

the host cell (Figure 3). The RBD is one of the most common
targets for neutralizing monoclonal antibodies [30].
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Figure 2: Structure of LY-CoV016 showing the heavy and light
chain domains VH and VL [27].
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Administration

The authorized dose in adults and pediatric patients (12 years
age and above; and weighing 40 kg or more) is 700 mg of bam-
lanivimab and 1400 mg etesevimab. The combination product
comes in a package with the following [30].

1) Bamlanivimab (700 mg) - 1 vial

2) Etesevimab (700 mg) - 2 vials
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3) Sterile prefilled infusion bag - 0.9% sodium chloride (50
mL, 100 mL, 150 mL, or 250 mL)

The package should be stored in the refrigerator. The vials
must be warmed to room temperature for 20 minutes before
preparation without being exposed to direct heat. Withdraw 20
ml and 40 ml respectively of bamlanivimab and etesevimab
from vials, then inject into a prefilled infusion bag. The prepa-
ration should not be shaken; instead, gently invert the infusion
bag ten times to mix. The prepared solution can stay at room
temperature for 7 hours, including the administration time, and
it can be kept in the refrigerator for 24 hours. If refrigerated,
the solution must be warmed to room temperature for 20 min-
utes before use [24,30].

The compatibility of the combination product with any other
medications and I'V solutions other than 0.9% sodium chloride
is not known. So, it is advisable not to administer the prepared
solution with any other medication. After the infusion is com-
plete, flush the tubing with 0.9% sodium chloride to ensure the
correct total dose is given [30].

Blaze-1Trial (Phase 3)

Trial Design: In this ongoing phase 2—3, randomized, double-
blind, placebo-controlled, single-dose trial conducted in the
United States, all the patients had recently received a diagnosis
of mild or moderate Covid-19 in an outpatient setting. The pa-
tients presented with mild or moderate Covid-19 within 3 days
after they had tested positive for SARS-CoV-2 by means of
either direct antigen or nucleic acid identification [31].

The first patient was enrolled on September 4, 2020, and the
last patient was enrolled on December 8, 2020. The patients
received a single intravenous infusion consisting of either a
combination of 2800 mg of bamlanivimab and 2800 mg of ete-
sevimab or placebo over a period of 1 hour [31].

Patients: Ambulatory patients who were 12 to 17 years of age
and who had at least one of the following risk factors at the
time of screening were included in the trial: a BMI in at least
the 85th percentile for age and sex, according to CDC growth
charts [25]; sickle cell disease; congenital or acquired heart
disease; neurodevelopmental disorders such as cerebral palsy;
dependence on a medical-related mechanical device or proce-
dure such as tracheostomy, gastrostomy, or positive-pressure
ventilation (not related to Covid-19); asthma, a reactive air-
way, or another chronic respiratory disease; type 1 or type 2
diabetes mellitus; and an immunocompromised condition or
receipt of an immunosuppressive treatment. Ambulatory pa-
tients who were at least 18 years of age and who presented with
at least one of the following risk factors were also included:
age of at least 65 years, a BMI of at least 35, chronic kidney
disease, diabetes mellitus type 1 or type 2, immunosuppressive
disease or receipt of immunosuppressive treatment, and an age
of at least 55 years with cardiovascular disease, hypertension,
or chronic obstructive pulmonary disease or another chronic
respiratory disease.

For both adolescents and adults, mild or moderate Covid-19
was defined according to FDA guidance [26] and included the
following eight symptoms: fever, cough, sore throat, malaise,
headache, muscle pain, gastrointestinal symptoms, and short-
ness of breath with exertion. Notable exclusion criteria includ-
ed a peripheral oxygen saturation of 93% or less while breath-
ing ambient air, a ratio of the partial pressure of arterial oxygen
to the fraction of inspired oxygen of less than 300, a respiratory
rate of at least 30 breaths per minute, and a heart rate of 125 or
more beats per minute [31].

Outcomes: The primary outcome was the overall clinical sta-
tus of the patients, defined as Covid-19-related hospitalization
(acute care for >24 hours) or death from any cause by day 29.
Key secondary outcomes were the change from baseline to day
7 in the SARS-CoV-2 viral load and a persistently high SARS-
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Figure 4: Time to Hospitalization among High-Risk Patients Who Received Bamlanivimab—Etesevimab or Placebo [31].
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CoV-2 viral load on day 7 (defined as a log viral load >5.27,
corresponding to a mean PCR cycle-threshold [Ct] value of
<27.5). This threshold, which was identified in a post hoc anal-
ysis from the phase 2 part of the BLAZE-1 trial, was prespeci-
fied for the current analysis [31].

Other key secondary outcomes were a composite of a Co-
vid-19-related hospitalization, a visit to an emergency de-
partment, or death from any cause by day 29 and the time to
sustained patient-reported resolution of symptoms. Resolu-
tion was defined as an absence of all eight Covid-19-related
symptoms except for mild cough or as an absence of fatigue for
two consecutive assessments. Additional secondary outcomes
were a reduction in the SARS-CoV-2 viral load from baseline
to days 3 and 5, the time to viral clearance, the area under the
response—time curve for the viral load through day 7, the time
to a reduction and resolution of symptoms and safety [31].

Statistical Analysis

Primary Outcome: A total 11 of 518 patients (2.1%) in the
bamlanivimab—etesevimab group, as compared with 36 of 517
patients (7.0%) in the placebo group, had a Covid-19-related
hospitalization (defined as acute care for >24 hours) or death
from any cause by day 29 (absolute risk difference, —4.8 per-
centage points; 95% confidence interval [CI], —=7.4 to —2.3;
relative risk difference, 70%; P<0.001). By day 29, none of
the patients who received bamlanivimab plus etesevimab had
died, and 10 of the 517 patients who received placebo had died
(Figure 4). Of these 10 deaths, 9 were deemed to be Covid-19—
related by trial staff who were unaware of the trial-group as-
signments [31].

Key Secondary Outcomes: The mean reduction in the viral
load from baseline to day 7 was approximately 16 times as

high in patients who received bamlanivimab plus etesevimab
as in those who received placebo (difference from placebo in
the decrease from baseline, —1.20; 95% CI, —1.46 to —0.94;
P<0.001). The percentage of patients with a persistently high
viral load on day 7 was 9.8% (50 of 508 patients) in the bam-
lanivimab—etesevimab group, as compared with 29.5% (147
of 499 patients) in the placebo group (difference, —19.6 per-
centage points; 95% CI, —24.4 to —14.9; P<0.001) (Figure 5).
Twelve of 518 patients (2.3%) who received bamlanivimab
plus etesevimab had a Covid-19-related hospitalization, an
emergency department visit, or death from any cause by day
29, as compared with 37 of 517 patients (7.2%) who received
placebo (difference from placebo in the decrease from baseline,
—4.8 percentage points; 95% CI, —7.4 to —2.3; P<0.001) [31].
Figure 5: Effect of Bamlanivimab—Etesevimab on Viral Load
[31].

Safety

Serious adverse events occurred in 7 of 518 patients (1.4%) in
the bamlanivimab—etesevimab group and in 5 of 517 patients
(1.0%) in the placebo group. Adverse events that occurred after
the infusion was initiated were reported in 69 of 518 patients
(13.3%) in the bamlanivimab—etesevimab group and in 60 of
517 patients (11.6%) in the placebo group (Table 1). In both
groups, the most common adverse events were nausea, rash,
dizziness, diarrhea, and hypertension [31].

Toxicity: Clinical investigations with doses up to 7000 mg of
bamlanivimab (10 times the FDA approved dose) or 7000 mg
of etesevimab (5 times the FDA recommended dose) found
no evidence of dose-limiting harm. In the event of a bamla-
nivimab and etesevimab overdose, supportive measures such
as vitals and clinical status monitoring are used. For the time
being, there is no specific antidote for an overdose [30].
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Figure 5: Effect of Bamlanivimab—Etesevimab on Viral Load [31].
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Table 1: Adverse Events [31].

Table 2. Adverse Events.
Bamlanivimab
plus Etesevimab Placebo Total
Adverse Event (N=518) (N=517) (N =1035)
number of patients (percent)

Serious adverse events 7 (1.4) 5 (1.0) 12 (1.2)

Adverse events 69 (13.3) 60 (11.8) 129 (12.5)
Mild 37 (7.1) 35 (6.8) 72 (7.0)
Moderate 24 (4.6) 20 (3.9) 44 (4.3)
Severe 7 (1.4) 5 (1.0 12 (1.2)
Missing data 1 (0.2) 0 1(0.1)

Death from adverse event 0 1(0.2) 1({0.1)

Most common adverse events according to

preferred term

Mausea 5 (1.0) 4 (0.8) 9 (0.9)
Rash 6 (1.2) 3 (0.6) 9 (0.9)
Dizziness 4 (0.8) 3 (0.6) 7 (0.7)
Diarrhea 2 (0.4) 2 (0.4) 4 (0.4)
Hypertension 2 (0.4) 2 (0.4) 4 (0.4)
Vaginal infection® 1/279 (0.4) 1/259 (0.4) 2/538 (0.4)
Gastroesophageal reflux disease 3 (0.6) 3 (0.3)
Pruritus 3 (0.6) 3 (0.3)
Urinary tract infection 3 (0.6) 3 (0.3)
Urticaria 2 (0.4) 1(0.2) 3 (0.3)
Vomiting 2 (0.4) 1(0.2) 3 (0.3)
Abdominal pain 1(0.2) 1 (0.2) 2(0.2)
Increased blood level of creatine kinase 1 (0.2) 1 (0.2) 2 (0.2)
Covid-19 0 2 (0.4) 2 (0.2)
Constipation 1 (0.2) 1 (0.2) 2 (0.2)
Dehydration 1 (0.2) 1(0.2) 2 (0.2)
Dysgeusia 2 (0.4) 2 (0.2)
Dyspepsia 2 (0.4) 2(0.2)
Fungal infection 0 2 (0.4) 2 (0.2)
Headache 1(0.2) 1 (0.2) 2 (0.2)

* The numbers shown for this event are the numbers of adolescent girls or women who had the event and the total num-
bers of adolescent girls or women in the two groups in the trial.

Conclusion

The results suggest that early intervention with bamlanivimab
with etesevimab was successful in reducing the occurrence of
hospitalization. By day 29, the patients who got bamlanivimab
+ etesevimab had a 4.8 percentage point lower risk of Covid-
19-related hospitalizations or mortality from any cause than
those who received placebo [31].

There were no deaths among patients who got bamlanivimab
plus etesevimab, but 10 deaths were reported among those who
received placebo, 9 of which were deemed to be Covid-19—re-
lated by the investigators. Bamlanivimab plus etesevimab led
in a rapid remission of symptoms within 4 days after starting
therapy, in addition to lower rates of hospitalization and death.
Bamlanivimab with etesevimab has an acceptable safety pro-
file for usage in high-risk populations [31].

The administration of monoclonal antibody treatment still
faces significant logistical obstacles. The therapeutic adminis-
tration of bamlanivimabmonotherapy has shown the obstacles
that already overburdened health care facilities face, such as
the lack of space, personnel, and resources required to give
medication [31].

While society works to stop the pandemic with widespread
vaccination programs and efforts to acquire herd immunity, an-
tibody therapy offers a viable treatment option to minimize the
frequency of sickness and mortality among vulnerable patients.
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