DHEC Responses to Questions from the PPLS

Federalism/ states’ rights
e Does South Carolina control its own medical care for its citizens?

o Medical care in South Carolina is generally a function of the patient-
provider relationship.

e Does the federal government/CDC control South Carolina? If so, under what
circumstances?

o The federal government provides funding and resources to South Carolina
that are, in many cases, subject to restrictions. However, decisions that
affect public health in South Carolina are generally under the jurisdiction
of the State or local government. DHEC is the state’s public health
authority and, by statute, is the sole advisor of the state in all questions
involving the protection of the public health within its limits. CDC is the
nation’s public health agency. It is not a regulatory agency, but provides
science-based, data-driven advice and recommendations to states, local
jurisdictions and the general public in order to protect the public health.

e Can we in South Carolina develop our own PPE and our own treatment modalities?
o Even if the State could develop its own PPE and treatment modalities, the
private sector is better equipped to do this. The state does not have the
resources or infrastructure to do so.

¢ (Can we store monoclonal antibodies and/or other treatment medicines that our
citizens may need in the future?

o No, we cannot stockpile monoclonal antibodies because monoclonal
antibodies are developed specifically and just-in-time to match and treat
circulating variants of a communicable illness, such as the virus that
causes COVID-19.

o The Federal Government maintains a limited stockpile of medical
supplies (PPE, certain vaccines, radiologic prophylactics, etc.), known as
the Strategic National Stockpile.

e s it true that the federal government rationed monoclonal antibodies?
o The Federal Government determined a weekly threshold amount of
COVID-19 therapeutics to be allocated for each state.

Preparing for the next COVID type pandemic or COVID variant
e  Which county in the United States and which state in the United States did the best in

controlling the overall infections from COVID and the prevention of deaths (per
capita)?

o DHEC is not aware of a study determining which county or state did the
best in controlling overall infections and prevention of deaths. The state
with the lowest death rate per capita is Hawaii. However, every state is
unique, and it is difficult to compare states directly in this regard. The
total death rates per 100,000 population for the 50 states as well as



Washington D.C. and New York City are attached to this response. !

Shutdowns/ prevention of spread
e [s spread inevitable? If so, why shut down?

o

Yes, some spread of a respiratory virus is inevitable. DHEC’s role is to
provide guidance based on the best available scientific information to state
and local leaders. Leaders use this information and decide, based upon a
myriad of factors, including but not limited to economics, individual
liberty, public health, and mental health, what actions are necessary to
mitigate disease-spread and deaths.

e What about the devastating impact on learning and socialization and mental illness
issues for our children?

@)

It is very important for leaders to consider the protection of children’s
physical and mental health when determining what actions are necessary
to protect against disease-spread and deaths.? 3

e Were children without comorbidities harmed by the spread? If so, how many
children did we lose, per capita?

o

Yes. Among the 42 pediatric deaths (0-17 years old) reported in South
Carolina, only 16 had confirmed comorbidities reported at the time of
death. Additionally, children with or without comorbidities were
impacted by the effects of Multisystem Inflammatory Syndrome in
Children (MIS-C) and long COVID. MIS-C is a delayed inflammatory
response to the coronavirus that can affect multiple organs, including
the heart, lungs, kidneys, intestines, and brain.

¢ Do children need to be vaccinated? If so, why? Do unbiased studies show the need?

@)

@)

Yes. Vaccines, including COVID-19 vaccines, are important because they
both protect the individual who receives them from developing serious
illness or dying and help to reduce the spread of disease to other children
and adults in the community. In a study published in the British Medical
Journal, researchers reported that a two-dose vaccine schedule (including
with the Moderna and Pfizer vaccines) protected against death during
omicron predominance at effectiveness of 66.9% in children and 97.6% in
adolescents.

MIS-C can largely be prevented by children being vaccinated against
COVID-19. According to data reviewed and published by the CDC#, the
estimated effectiveness of 2 doses of Pfizer-BioNTech vaccine against MIS-
C was 91% nationwide. Nationally, among critically ill MIS-C case-
patients requiring life support, all were unvaccinated.

In SC less than 20% of elementary age children have completed their
COVID-19 vaccine schedule and less than 44% of middle schoolers and
high schoolers are fully vaccinated against COVID-19. As of February
2023, 94% (or 229) of children with MIS-C were not vaccinated. Such
cases could largely be avoided if children are vaccinated.

The implications of long COVID are also a concern among the pediatric



population, and this condition can be largely prevented with vaccination.
Long COVID is separate from MIS-C, with longer-term consequences
occurring even among those with milder infections. Some maladies include
children not being able to return to their baseline, behavioral problems,
mental clouding (“brain fog”), sleep disturbances, and in more severe
cases, organ system complications such as heart, kidney, or liver
problems.> ©

¢ Will a normal human being develop immunities to fight the COVID virus and/or a variant?

@)

People with normal immune systems can develop an immune response
producing protective antibodies or protective blood cells as a result of
natural exposure to a disease or by vaccine-induced immunity.

e Will immunities for one variant help with the defense of another variant? Explain.

o

Causation

Possibly. Overall, experiences with one variant may help with your defense
against another variant, depending upon the number of changes in the new
variant. For instance, the emergence of the Omicron variant caused a
surge in cases because of the number of critical differences between it and
previous variants.

e Was the Covid virus man-made or nature made? What caused the COVID virus? Where
did it originate from?

o

DHEC does not know the cause or the origin of the COVID virus.

e How many variants have been identified? How many variants can we expect in the future?

@)

Since the beginning of the pandemic, we’ve seen a number of prominent
variants, including Alpha, Beta, Gamma, Delta, Eta, lota, Kappa,
Lambda, and Omicron. Within these prominent variants there are sub-
variants and even subtle changes within those sub-variants. This sort of
variation is very typical of viruses; they change and mutate to better adapt
to their environment to continue spreading.

{1 See link attached for a list of active variants for the COVID-19

virus from the last year’

e Identify each variant and explain how each variant is different and how do
you rate the transmissibility of each variant?

@)

The below article from Yale Medicine and the British Medical
Journal provides summary information for the Alpha, Beta,
Delta and Omicron and it’s subvariants, which have been the
most impactful variants thus far. In summary:

[l Alpha: Some mutations in Alpha’s spike protein gene
were thought to make it more infectious. In the U.S., in
mid-April 2021—before delta became predominant—
alpha comprised 66% of cases, according to a released
in June 2021 by the CDC. While it was first thought
that the B.1.1.7 lineage was around 70% more



transmissible than the original (wild type) SARS-CoV-2
virus, data now suggest that it is 30-40% more
transmissible than the original.

[l Beta: The CDC linked beta with a 50% increase in
transmission, but the major issue was its ability to
partially evade some of the existing vaccines.

[l Delta: Delta was a highly transmissible form of SARS-
CoV-2: as much as 60% more so than the alpha variant,
one study estimated. Researchers described it as an
“improved” version of the alpha variant thanks to a
mutation that makes it more infective in the airways.
This means an increased amount of virus in the infected
person such that they may expel more virus into the air,
and one preprint study concluded that infected
individuals had viral loads as much as 1260 times higher
than people infected with wild-type SARS-CoV-2 virus.

{1 Omicron and it’s subvariants: Omicron’s subvariants
are considered to be especially efficient spreaders of the
disease, which helps explain why it is the dominant
variant today. Omicron and its subvariants are the most
transmissible versions of the virus thus far. One
explanation was that more than 30 of Omicron’s
mutations are on the virus’s spike protein, the part that
attaches to human cells, and several of those are
believed to increase the probability of infection.? *

o Variants and sub-variants!?

BA2.75e
«XBB.1.5
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o The website and diagram above show how rapidly COVID has



changed over time. This is what viruses do if given enough time.
Successful actions to limit disease spread can also limit the ability of
the virus to “change their spots” which may make our actions less
effective.

¢ How many residents of South Carolina suffered from each of the variants? How
many South Carolina residents died from each variant?
o Most people with COVID-19 are not subtyped for which variant they
have or had, therefore this information is not available.

e What is the prescribed treatment for each variant?
o The patient’s physician advises the appropriate treatment plan for
approved COVID-19 treatments. See below for a comprehensive list of US
FDA approved or authorized COVID-19 treatments.

e What other treatments were used?
o Monoclonal Antibodies
'] Evusheld (tixagevimab co-packaged with cilgavimab; not
authorized in the U.S. after January 26, 2023)

'] Evusheld is a long-acting antibody therapeutic. From
December 2021 — January 26, 2023, Evusheld was an
option for pre-exposure prophylaxis, in other words as
preventive protection from COVID-19. (ASPR, 2023)!!
Its authorization was removed as it was no longer
effective for the newer variants.

"I Specifically, Evusheld was authorized for:

* People who had moderate to severe immune
compromise and may not mount an adequate
immune response to COVID-19 vaccination, or

* People for whom vaccination with any available
COVID-19 vaccine was not recommended due to
a history of severe adverse reaction to a COVID-
19 vaccine and/or components of a COVID-19
vaccine.

1 On January 26", 2023: The FDA revised the Emergency
Use Authorization (EUA) for Evusheld to limit its use to
when the combined frequency of non-susceptible SARS-
CoV-2 variants nationally is less than or equal to 90%.
Based on this revision, Evusheld is not currently
authorized for use in the U.S. until further notice by the
Agency

« EUA Not Currently Authorized in U.S.1
+ FAQ for Healthcare Providers!3
« FDA’s Change to Authorization for Evusheld

[J Bebtelovimab (not authorized in the U.S. as of November 30,



2022)

'/ Bebtelovimab was a monoclonal antibody authorized for
use in people with COVID-19 infection who were at
moderate to high risk for severe disease, and it was
notable for its activity against early Omicron variants.

[  On November 30, 2022: The FDA announced
bebtelovimab was no longer authorized for emergency
use in the U.S. because it was not effective against newer
Omicron subvariants BQ.1 and BQ.1.1.

« EUAB
+ FAQ for Healthcare Providers!'®

[ REGEN-COV (combination of casirivimab and imdevimab; not
authorized in the U.S. as of January 24, 2022)

'] REGEN-COYV was a monoclonal antibody authorized for
use in people with COVID-19 infection who were at
moderate to high risk for severe disease, and it was
notable for its activity against early Omicron variants.

1 On January 24, 2022: FDA revoked the authorization
for REGEN-COYV due to the high frequency of the
Omicron variant, which the treatment was not effective
against.

« EUAV
+ FAQ for Healthcare Providers'®

"I Bamlanivimab (not authorized in the U.S. as of April 16, 2022)

- Bamlanivimab is a monoclonal antibody designed to
block viral attachment and entry into human cells, thus
neutralizing the virus.

] On April 16, 2022: The FDA revoked the authorization
for bamlanivimab, due to decreased effectiveness against
new subvariants.

« EUAY
« EUA FAQ?*

Tl Sotrivimab (not authorized in the U.S. as of April 5%, 2022)
1 On April 5%, 2022: Sotrovimab’s authorization by the
FDA was removed as it was not effective against the
predominant subvariant in the country, Omicron BA.2.
 FDA EUA?!
+  FAQ for Healthcare Providers??

o Antiviral Medications
[l Paxlovid (nirmatrelvir co-packaged with ritonavir) - Oral
antiviral medication available by prescription
'] Paxlovid is an FDA-approved medicine to treat adults
and children 12-18 years old with mild-to-moderate



COVID-19 infection and who are at high risk for
progression to severe COVID-19, including
hospitalization or death. It must be started within five
days of symptom onset in order to be effective.

« EUA?%

+ FAQ for Healthcare Providers?*

+  FAQ for FDA EUA?

[l Lagevrio (molnupiravir) - Oral antiviral medication available by
prescription
'] Lagevrio is authorized for adults aged 18 years and older
with a current diagnosis of mild to moderate COVID-19
who are at high risk for progressing to severe COVID-19
including hospitalization or death, and for whom
alternative COVID-19 treatment options authorized by
the FDA, such as Paxlovid, are not accessible or clinically
appropriate. Data reviewed by the FDA showed Paxlovid
works much better at reducing the risk of getting
hospitalized with COVID-19 than molunupiravir.
Molnupiravir was 30% effective at cutting the risk of
getting hospitalized with COVID-19 while Paxlovid
reduced the same risk by nearly 90% (FDA, 2021).
« EUA?
+  FAQ for Healthcare Providers?’
+ FAQ for FDA EUA?
* FDA Briefing Document?

[l Veklury (remdesivir) - commercially available IV antiviral
medication

'] Veklury (remdesivir) is an antiviral drug that has been
approved by the FDA for the treatment of adults and
pediatric patients (28 days of age and older and weighing
at least 3 kg). Veklury is for people who are hospitalized
or not hospitalized with mild to moderate COVID-19
symptoms and are at high risk for progression to severe
COVID-19, including hospitalization or death.

'] Veklury for non-hospitalized patients is administered as
an intravenous (IV) infusion over the course of 3 days. It
should be initiated within 7 days of symptom onset.

'] For patients who are hospitalized and require invasive
mechanical ventilation and/or ECMO, the recommended
total treatment duration is 10 days. Veklury should be
initiated as soon as possible after diagnosis of
symptomatic COVID-19.

[l For patients who are hospitalized and do not require
invasive mechanical ventilation and/or ECMO, the
recommended treatment duration is S days.



« Information for Healthcare Providers3’

o Alternative Treatments:

o Ivermectin

[l The FDA has not authorized or approved ivermectin for use in
preventing or treating COVID-19 in humans or animals.
Ivermectin has not been shown to be safe or effective for these
indications. Ivermectin is approved for human use to treat
infections caused by some parasitic worms and severe head lice
and skin conditions like rosacea. Multiple studies have not found
ivermectin to be effective for COVID-19.3!

o Hydroxychloroquine
[l Currently, The FDA and NIH state that Hydroxychloroquine
should only be taken for the treatment of COVID-19 under the
direction of a doctor in a clinical study. The use of
Hydroxychloroquine for the treatment of COVID-19 inside or
outside the hospital setting is not recommended.3?

o Silver Solution

[1 Silver solution has not been found to be safe, effective, or
recommended for the treatment or prevention of COVID-19.33

o Olumiant (baricitinib)

[l Olumiant (baricitinib) is an immunomodulatory medication
approved for the treatment of COVID-19 in hospitalized adults
requiring supplemental oxygen, non-invasive or invasive
mechanical ventilation, or extracorporeal membrane oxygenation
(ECMO).

[ EUA
1 EUA FAQ3¥

o Actemra (tocilizumab)

(1 On December 21, 2022, FDA approved Actemra, a biologic
immunosuppressant medication, for the treatment of COVID-19
in hospitalized adult patients who are receiving systemic
corticosteroids and require supplemental oxygen, non-invasive or
invasive mechanical ventilation, or extracorporeal membrane
oxygenation (ECMO).

1 FDA news release3¢
1 FAQEUA Y

How effective were treatments concerning each variant?
o Monoclonal antibodies were associated with decreased risk of
hospitalization and death in high-risk outpatients with mild to moderate
COVID-19 caused by SARS-COV-2 variants prior to Omicron.



(McCreary, 2022)%, Data from clinical trials indicated a significant
reduction in hospitalization rates of up to 70% with bamlanivimab, 67%
with casirivimab-imdevimab, 87% with bamlanivimab-etesevimab, and
85% with sotrovimab in high-risk patients (Al-Obaidi et al, 2022)%. The
monoclonal antibodies were effective against the SARS-CoV-2 Delta
variant to reduce hospitalization, mortality, and ICU admission rates
within 30 days (Al-Obaidi, 2022). However, due to the omicron variant,
data showed that these treatments were highly unlikely to be active against
the omicron variant (FDA, 2022)4’. Monoclonal antibodies are laboratory-
made proteins that mimic the immune system to fight off harmful
pathogens such as SARS-CoV-2.

The use of systemic corticosteroids have shown improvement in those
hospitalized with COVID-19 “Multiple randomized trials indicate that
systemic corticosteroid therapy improves clinical outcomes and reduces
mortality in hospitalized patients with COVID-19 who require
supplemental oxygen, presumably by mitigating the COVID-19—induced
systemic inflammatory response that can lead to lung injury and
multisystem organ dysfunction.” However, additional studies have shown
there is no data shown to support the use of systemic corticosteroid
treatments for those not in a hospital setting.*!

e Who controls treatment for each patient?

@)

Masks -

The patient controls treatment, in collaboration with their provider.

e Do masks work? If so, what kind of masks work?

@)

Studies have demonstrated that masks reduce transmission of COVID-19
when worn properly.

N-95/KN-95 masks most effectively filter virus-sized particles when studied
in laboratory conditions (Andrejko et al., 2021). As described below,
surgical masks are also effective, though N-95/KN-95 are best. Data on
cloth masks is mixed. However, if an individual does not have a N-95/KN-
95 to wear, it is reasonable to wear a cloth mask that has two or more
layers, completely covers your nose and mouth, fits snugly against the sides
of your face and doesn’t have gaps. *?

e What types of masks don't work and why?

o

Studies have shown that single layer masks and/or masks that do not fit
properly are not as effective as masks that have two or more layers and
completely cover the nose and mouth with a snug fit. Multiple layers allow
for more effective filtration of small aerosol particles. Masks that fail to
provide adequate filtration, completely cover the nose and mouth, or that
have gaps can allow small aerosol particles containing infectious material
to circulate in the air. 43

o Discuss the effectiveness of each mask type.

@)

For all mask types, fit is a significant factor (Brooks et al., 2021). A 2021



study (Lindsley et al.) found that N95 respirators were the most effective,
blocking 99% of small aerosol particles (0 to 7 pm). The same study found
that medical grade procedure masks blocked 59%, 3-ply cotton cloth face
mask blocked 51%, single layer polyester neck gaiter blocked 47%, and a
face shield blocked 2% of the small aerosol particles. A 2013 study (Davies
et al.) similarly found that both homemade and surgical masks
“significantly reduced the number of microorganisms expelled by
volunteers, although the surgical mask was 3 times more effective in
blocking transmission than the homemade mask.” There are limitations
implicit in any study; these studies cannot consider all variations of masks
in each possible real-world situation.**

e Do we have a mask that works for each South Carolinian?
o No. There is not a universal mask that works in all circumstances for all
people. There are masks made in sizes that properly fit individuals 2 and over.

e Do children need to wear masks? If so, what type?
o When at school?

'] Depending on the circumstances and the particular disease,
DHEC may recommend children wear masks that fit properly
and have at least two layers.

(1 Current DHEC guidance does not recommend wearing a mask in
school for children who are healthy, free of symptoms, and who
are not at high risk of getting very sick. If a child chooses to wear
a mask;, it should be well-fitting mask with two or more layers,
completely covering the nose and mouth, fitting snugly against the
sides of their face without gaps. An N-95/KN-95 is the most
effective.

o Church?

'] DHEC guidance also does not recommend wearing a mask in
church for children who are healthy, free of symptoms, and who
are not at high risk of getting very sick. If a child’s family chooses
to wear masks in the community, a well-fitting mask that has two
or more layers, completely covers the nose and mouth, fits snugly
against the sides of their face and doesn’t have gaps, such as a N-
95/KN-95 is the most effective.

o Ballfields?
(1 Masks are not currently recommended for outdoor activities.

COVID treatments
e Please describe each vaccine for COVID.
o Moderna Vaccine and Pfizer Vaccine

[ Moderna and Pfizer are similar mRNA vaccine products.

[ mRNA, or messenger ribonucleic acid, is a blueprint for protein
production.

[l The mRNA in the COVID vaccine codes for a piece of viral
protein, usually part of the spike protein, on the outside of the



virus.

Once the mRNA is decoded and the viral protein is created in the
body, the normal immune response recognizes the foreign product
and begins an immune response against the (spike) protein. In the
future, when the actual virus enters the body, the person’s
immune system is primed to respond and fight off the infection.
In addition to the mRNA component, Pfizer and Moderna
vaccines contain lipids (fat-based molecules) that help stabilize the
mRNA. Sugar, the same kind used in desserts or put in coffee, is
also added to both vaccines; it keeps the fat molecules from
sticking to each other or to the sides of the vials. Both mRNA
vaccines also contain chemicals to help keep them at the
appropriate pH.

The Pfizer version contains four salts in this role, one of which is
table salt.

The Moderna version also uses four ingredients in this role: acetic
acid (the main ingredient in vinegar); the salt form of acetic acid,
called sodium acetate; and two chemicals in a class known as
amines.

The first COVID-19 mRNA vaccines manufactured covered the
original strain of SARS-CoV-2 virus. As the virus mutated and
Omicron strains predominated, Pfizer and Moderna produced
bivalent mRNA products that covered both the original strain and
BA.4/BA.S lineages. In the summer of 2023, the FDA and CDC
recommended that manufacturers adjust the COVID-19 vaccines
to exclusively cover the predominant strain of Omicron, XBB.1.5.

1 Pfizer COVID-19 Vaccine EUA%
] Moderna COVID-19 Vaccine EUA*

o Novavax Vaccine

U

0

Novavax is a protein-based COVID-19 vaccine that contains the
spike protein from SARS-CoV-2 virus.

The spike protein was produced by inserting the spike protein
gene into a virus that infects insect cells, so that as the cells make
the virus, the spike protein is also manufactured.

The spike protein is then purified for use in the vaccine. As a
result of this process, the Novavax vaccine contains small amount
of viral and cellular proteins and DNA as well as some other
materials that were used as nutrients during the growth process.
The proteins and DNA are not in sufficient quantities or form to
cause any adverse cellular effects, and they are not of human
origin.

Unlike the mRNA vaccines, Novavax contains an additive
(“adjuvant”), that helps to enhance the recipient’s immune
response to the vaccine. This adjuvant is the same adjuvant used
in the shingles vaccine.

In addition, to help with vaccine stability, Novavax contains salts,



o

@)

cholesterol, hydrochloric acid and polysorbate 80.

'] Polysorbate 80 is a chemical commonly used as an emulsifier,
meaning it helps compounds with different qualities that don’t
normally mix to stay in solution together.

[ Common examples of where polysorbate 80 is used in this way are
ice cream, salad dressings and chocolate.

] Novavax Vaccination EUAY

O

Janssen (Johnson & Johnson) COVID-19 Vaccine

[l Johnson & Johnson was a viral vector vaccine. It used a type of
adenovirus (a virus that can cause a cold) that couldn’t replicate
to carry the SARS-CoV-2 spike protein.

[l Its emergency use authorization (EUA) was revoked and it is no
longer available for use in the US as of May 6, 2023 due to adverse
events related to blood clot formation and the availability of safer
and effective alternatives (Moderna, Pfizer, Novavax).

'] In addition to the replication incompetent adenovirus, the J&J
vaccine also contained citric acid monohydrate, trisodium citrate
dihydrate, ethanol, 2-hydroxypropyl-p-cyclodextrin (HBCD),
polysorbate-80, sodium chloride.

Booster Doses
[l The currently authorized vaccines are available as “booster”
doses based on age, immunocompromise, and personal medical
history.

Please describe each vaccine for each variant of COVID.

o

Immunity

The first COVID-19 mRNA vaccines covered the original strain of SARS-
CoV-2 virus. As the virus mutated and Omicron strains predominated, a
bivalent mRNA was produced that covered both the original strain and
BA.4 and BA.S lineages. The FDA and CDC recommended that
manufacturers adjust the COVID-19 vaccines to exclusively cover the
predominant strain of Omicron, XBB.1.5. The CDC ACIP committee will
be meeting 9/12/23 to review the latest findings and studies in order to
make recommendations for the general public regarding vaccinations with
this new monovalent XBB.1.5 vaccine for 2023/2024 season. This is similar
to how influenza vaccines are developed and approved each year.

e Explain what immunity is.

@)

Immunity is defined as the protection from a disease. If you are immune to
a disease, you can be exposed to it without becoming infected. Immunity to
a disease is often achieved through the presence of antibodies, which are
disease specific and can be acquired through what’s known as “active” or
“passive” immunity. Active immunity is derived from exposure to illness
or through vaccination. Passive immunity is derived from antibodies
passed from one person to another, such as the immunity passed from a



mother to child.

Suppose you have a 57 score. What does that mean?

@)

Immunity scores are not accepted or endorsed as a means of determining
risk of SARS-COV-2 infection or COVID-19 complications.

Doc says a 57 score was bulletproof. What does that mean?

@)

Immunity scores are not accepted or endorsed as a means of determining
risk of SARS-COV-2 infection or COVID-19 complications.

Why shouldn’t we determine an immunity before we require a vaccine?

@)

At the initial stages of a novel virus, such as COVID-19, it is not possible
to determine what level of antibodies is protective.

Effects of vaccine treatment
Please describe each treatment vaccine.

@)

Please see info above about vaccination types.

Please describe the effectiveness of each treatment vaccine.

@)

COVID-19 vaccines have been updated in order to be more effective as the
SARS-CoV-2 virus has mutated. That being the case, there is not a single
value of “effectiveness” for the vaccine because factors like age and a
person’s immune status affect how much someone responds to vaccination.
There are also differences in vaccine effectiveness at preventing any
symptomatic disease versus its effectiveness at preventing severe disease,
which can also vary between different populations like children and adults.
Finally, as with other vaccines, effectiveness can wane over time and
require “boosters” (e.g. tetanus).

The following estimates of vaccine effectiveness are reported by the CDC*®

(1 2 weeks to one month after vaccination, one dose of Moderna
vaccine given to children 3-5 years old between July 4, 2022 and
April 8, 2023 was estimated to be 40% effective at preventing
symptomatic COVID-19 infection.

[l Complete monovalent primary series vaccination helped provide
protection for children aged 3-S5 years against symptomatic
SARS-CoV-2 infection for at least the first 3 months after
vaccination.

[l Waning of monovalent Moderna primary series appears to occur
by 4-6 months after the second dose.

A bivalent booster COVID-19 mRNA vaccine given to immunocompetent
adults aged 18-64 years of age was 68% effective at preventing
hospitalization when the vaccine was given 7-59 days earlier; for adults 65
years and older, the effectiveness of preventing hospitalization was 64%.
As time since vaccination increased, the vaccine’s effectiveness at
preventing hospitalization decreased.

Please describe known or suspected side effects from each vaccine.



o Serious or severe side effects are rare. Side effects that have been reported
(but are not limited to) with Pfizer-BioNTech COVID-19 Vaccine,
Bivalent, Pfizer-BioNTech COVID-19 Vaccine, or Comirnaty (COVID-19
Vaccine, mRNA) include:

U
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Severe allergic reactions

Non-severe allergic reactions such as rash, itching, hives, or
swelling of the face

Myocarditis (inflammation of the heart muscle)
Pericarditis (inflammation of the lining outside the heart)
Injection site pain/tenderness

Tiredness

Headache

Muscle pain

Chills

Joint pain

Fever

Injection site swelling

Injection site redness

Nausea

Feeling unwell

Swollen lymph nodes (lymphadenopathy)

Decreased appetite

Diarrhea

Vomiting

Arm pain

Fainting in association with injection of the vaccine
Dizziness

Irritability

The Vaccine and Related Biological Products Advisory
Committee (VRBPAC) briefing materials on side effects for this
vaccine is attached to this document.*’

o Serious or severe side effects are rare. Side effects that have been reported
(but not limited to) with Spikevax (COVID-19 Vaccine mRNA), Moderna
COVID-19 Vaccine, and Moderna COVID-19 Vaccine, Bivalent include:

0
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Difficulty breathing

Swelling of your face and throat

A bad rash all over your body

Dizziness and weakness

Chest pain

Shortness of breath

Feelings of having a fast-beating, fluttering, or pounding heart
Injection site reactions: pain, tenderness and swelling of the
lymph nodes in the same arm of the injection, swelling (hardness),
and redness
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General side effects: fatigue, headache, muscle pain, joint pain,
chills, nausea and vomiting, fever, and rash

Severe allergic reaction

Myocarditis (inflammation of the heart muscle)

Pericarditis (inflammation of the lining outside the heart)
Fainting in association with injection of the vaccine

The Vaccine and Related Biological Products Advisory
Committee (VRBPAC) briefing materials on side effects for this
vaccine is attached to this document.

Serious or severe side effects are rare. Side effects that have been reported
(but not limited to) with Novavax COVID-19 Vaccine, Adjuvanted include:
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Difficulty breathing
Swelling of your face and throat
A fast heartbeat
A bad rash all over your body
Dizziness and weakness
Myocarditis (inflammation of the heart muscle) and pericarditis
(inflammation of the lining outside the heart). Symptoms include:
"1 Chest pain Revised
'] Shortness of breath
'l Feelings of having a fast-beating, fluttering, or pounding
heart
Injection site reactions: pain/tenderness, swelling, redness and
itching
Fatigue or generally feeling unwell
Muscle pain
Headache
Joint pain
Nausea
Vomiting
Fever
Chills
Allergic reactions such as hives and swelling of the face
Swollen lymph nodes
Paresthesia (unusual feeling in the skin such as tingling or a
crawling feeling)
Hypoesthesia (decreased feeling or sensitivity, especially in the
skin)
The Vaccine and Related Biological Products Advisory Committee
(VRBPAC) briefing materials on side effects for this vaccine is
attached to this document. 5!

Have studies been done to determine the side effects of each of these vaccines?
COVID-19 vaccines went through extensive development and testing to
generate non-clinical, clinical and manufacturing data in order for an

@)



Emergency Use Authorization (EUA) to be issued for use beginning in
2020. An EUA request was able to be submitted to and analyzed by the
FDA based on final or interim analysis of clinical trial data. The first
vaccine to prevent COVID-19 was approved for use for 16 years and older
(Pfizer) and 18 years and older (Moderna) based on a randomized
controlled clinical trial which found the COVID-19 vaccine to be safe and
highly effective.

The CDC and FDA shared responsibility of post-authorization vaccination

monitoring. Programs were put in place to rapidly detect any issues that

may have risen post-authorization. Examples of these measures include:

[l The federal Vaccine Adverse Event Reporting System (VAERS) is

a passive vaccine safety monitoring system that allows anyone
from a patient to a provider to report potentially negative vaccine
reactions for further review. These events can include anything
from swelling at the injection site, to allergic reactions to vaccine
ingredients, to more serious complications such as thrombosis
with thrombocytopenia syndrome. Vaccine manufacturers will
identify the most common side effects of vaccine administration
throughout the clinical trial process, and those known side effects
account for a large proportion of VAERS reports. More severe
events are thoroughly investigated by federal entities to determine
if a causal signal is present between vaccine administration and
the event. Some additional limitations of the VAERS system are
identified as follows:

“ VAERS reports may contain information that is
incomplete, inaccurate, coincidental, or unverifiable.
Reports to VAERS can also be biased. As a result, there
are limitations on how the data can be used scientifically.
Data from VAERS reports should always be interpreted
with these limitations in mind.

VAERS accepts reports from anyone. Patients, parents,

caregivers and healthcare providers (HCP) are

encouraged to report adverse events after vaccination to

VAERS even if it is not clear that the vaccine caused the

adverse event. In addition, HCP are required to report

certain adverse events after vaccination.

[l VAERS is not designed to detect if a vaccine caused an adverse
event, but it can identify unusual or unexpected patterns of
reporting that might indicate possible safety problems requiring a
closer look.

e Are we performing any studies for the protection of South Carolina citizens?

@)

No, DHEC is not performing any studies related to the COVID-19 vaccine.
However, DHEC staff do regularly review the literature of published
research studies, the VAERS database, and other sources to inform our
recommendations and actions.



¢ How many people have blood and/or heart conditions as a result of taking the vaccine?

o As of September 1, 2023, there have been 9,805 VAERS reports nationwide
with 11,194 events involving embolism, thrombosis, myocarditis,
pericarditis, and/or Thrombosis with Thrombocytopenia Syndrome (TTS).
In South Carolina, there have been 111 VAERS reports with 125 events
involving the same diagnoses. The specific breakdown of each reported
event is attached to this document. It is important to note that each
VAERS entry may contain more than one diagnosis per reported event,
leading to more entries than reported events.5? 53

e What other side effects, if any, are there from each of the treatment modalities?
o Paxlovid (nirmatrelvir co —packaged with ritonavir) Federally Allocated
Oral Antiviral

U

Paxlovid consists of nirmatrelvir and ritonavir, and ritonavir can
interact with many other medicines, which may lead to serious or
life-threatening adverse reactions.

Patients should tell their health care providers all of the medicines
they are taking, including over-the-counter medications and
herbal supplements, when deciding whether to take Paxlovid.
Because of the importance of reducing the risk of significant drug-
drug interactions with Paxlovid, the approved Prescribing
Information and authorized Fact Sheet for Health Care Providers
for the Paxlovid EUA include a boxed warning with instructions
for providers to review all medications taken by the patient to
assess for potential drug-drug interactions and determine if other
medicines that a patient may be taking require a dose adjustment,
interruption and/or additional monitoring.

As of July 7™ 2023, the most common side effects of taking

Paxlovid include impaired sense of taste (for example, a metallic
taste in the mouth) and diarrhea. Liver problems have occurred
in patients receiving ritonavir. Therefore, caution should be
exercised when administering Paxlovid to patients with pre-
existing liver diseases, liver enzyme abnormalities, or hepatitis.
Patients should talk with their health care provider if they have a
history of liver or renal problems. Paxlovid is not recommended
for patients with severe kidney problems, and a different dose is
needed for patients with moderate kidney problems.

See Warnings and Precautions in the FDA-approved Prescribing
Information and the Fact Sheet for Health Care Providers for
additional information on risks associated with Paxlovid.

[ EUAS
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o Lagevrio (molnupiravir)-Federally Allocated Oral Antiviral

U

Possible side effects of Lagevrio include diarrhea, nausea, and



dizziness.
Lagevrio is not recommended for use during pregnancy because
findings from animal reproduction studies showed that Lagevrio
may cause fetal harm when administered to pregnant individuals.
Hypersensitivity, anaphylaxis, angioedema, erythema, rash, and
urticaria adverse reactions have been identified during post-
authorization use of Lagevrio; however, it is unclear whether
these were caused by the medication.

1 EUAY

" FAQ for Healthcare Providers?

1 FAQ for FDA EUA®

o Veklury (remdesivir)-Commercially Available IV Antiviral

U

U

Possible side effects include increased levels of liver enzymes,
which may be a sign of liver injury; and allergic reactions, which
may include changes in blood pressure and heart rate, low blood
oxygen level, fever, shortness of breath, wheezing, swelling (e.g.,
lips, around eyes, under the skin), rash, nausea, sweating or
shivering.

DHCP Letter®

o Monoclonal Antibodies
* Evusheld (No longer authorized in the U.S. as of January 26, 2023)

Possible side effects of Evusheld include the following: Allergic
reactions can happen during and after injection of Evusheld.
Reactions to Evusheld may include difficulty breathing or
swallowing; shortness of breath; wheezing; swelling of the face,
lips, tongue or throat; rash including hives; or itching.
Everyone who receives Evusheld should be observed after
injection for at least one hour to monitor for hypersensitivity
reactions, and Evusheld should only be administered under the
supervision of a health care provider with appropriate medical
support to manage severe allergic reactions.

Clinicians should consider consulting an allergist-immunologist
prior to administering Evusheld to individuals with a history of
a severe allergic reaction to a COVID-19 vaccine.

The side effects of getting any medicine by intramuscular
injection may include pain, bruising of the skin, soreness,
swelling, and possible bleeding or infection at the injection site.
Serious cardiac adverse events (such as myocardial infarction
and heart failure) were infrequent in the clinical trial evaluating
Evusheld for pre-exposure prophylaxis for prevention.
However, more trial participants had serious cardiac adverse
events after receiving Evusheld compared to placebo.

These participants all had risk factors for cardiac disease or a
history of cardiovascular disease before participating in the



clinical trial. It is not clear if Evusheld caused these cardiac
adverse events.

o EUA Not Currently Authorized in U.S.%!

o FAQ for EUA®

o FAQ for Healthcare Providers®

» Bebtelovimab (No longer authorized in the U.S. as of November 30,

2022)

Serious hypersensitivity reactions, including anaphylaxis, have
been observed with administration of other SARS-CoV-2
monoclonal antibodies and could occur with administration of
bebtelovimab.
If signs or symptoms of a clinically significant hypersensitivity
reaction or anaphylaxis occur, immediately discontinue
administration and initiate appropriate medications and/or
supportive care.
Infusion-related reactions, which may occur up to 24 hours after
the injection, have been observed in clinical trials of
bebtelovimab when administered with other monoclonal
antibodies and may occur with use of bebtelovimab alone.
These reactions may be severe or life threatening. Signs and
symptoms of infusion-related reactions may include: fever,
difficulty breathing, reduced oxygen saturation, chills, fatigue,
arrhythmia (e.g., atrial fibrillation, sinus tachycardia,
bradycardia), chest pain or discomfort, weakness, altered
mental status, nausea, headache, bronchospasm, hypotension,
hypertension, angioedema, throat irritation, rash including
urticaria, pruritus, myalgia, vasovagal reactions (e.g., pre-
syncope, syncope), dizziness and diaphoresis (excessive
sweating).
There have been reports of clinical worsening of COVID-19
after administration of COVID-19 monoclonal antibodies under
EUA; signs or symptoms may include fever, hypoxia or
increased respiratory difficulty, arrhythmia (e.g., atrial
fibrillation, sinus tachycardia, bradycardia), fatigue, and altered
mental status.
Some of these events required hospitalization. It is not known if
these events were related to COVID-19 monoclonal antibody use
or were due to progression of COVID-19.
The following adverse reactions (i.e., adverse events assessed as
causally related) have been observed in those who have received
bebtelovimab alone or when administered with other
monoclonal antibodies at the authorized dose or higher:

o EUA%

o FAQ for Healthcare Providers®
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* REGEN-COV (No longer authorized in the U.S. as of January 24,

2022)

Approximately 16,000 non-hospitalized and hospitalized
subjects with symptomatic COVID-19 received REGEN-COV
intravenously in clinical trials at doses of 600 mg of casirivimab
and 600 mg of imdevimab or higher doses.

Approximately 2,500 subjects have received subcutaneous
injections of 600 mg of casirivimab and 600 mg of imdevimab or
higher doses. Serious hypersensitivity reactions, including
anaphylaxis, have been observed with administration of
REGEN-COV.

Infusion-related reactions have been observed with
administration of REGEN-COV.

In the clinical trial in non-hospitalized patients, these reactions
have been rare (infusion-related reactions of at least moderate
severity were observed in 10 subjects (0.2%) who received
REGEN-COV intravenously at the authorized dose or a higher
dose) but may be severe or life threatening. Signs and
symptoms of infusion-related reactions may include:

o fever, chills, nausea, headache, bronchospasm,
hypotension, angioedema, throat irritation, rash
including urticaria, pruritus, myalgia, vasovagal
reactions (e.g., pre-syncope, syncope), dizziness.

Based on reporting of adverse events that occurred after
administration of REGEN-COYV, clinical worsening of COVID-
19 after administration has been reported and may include signs
or symptoms of fever, hypoxia or increased respiratory
difficulty, arrhythmia (e.g., atrial fibrillation, sinus tachycardia,
bradycardia), fatigue, and altered mental status. Some of these
events required hospitalization.

It is not known if these events were related to REGEN-COV use
or were due to progression of COVID-19.

In a separate trial in healthy (non-hospitalized) adults, 600 mg
of casirivimab and 600 mg of imdevimab were administered
together subcutaneously in approximately 700 subjects.
Injection site reactions were the most reported adverse events
after subcutaneous administration; and the remaining side
effects with subcutaneous administration were like those
observed with intravenous administration.

Injection site reactions were the commonly reported side effects
with repeat dosing every 4 weeks for six months.

These are not all the possible side effects of REGEN-COYV, as
not a lot of people have received REGENCOV.

o EUA Link®
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= Sotrivimab (No longer authorized in the U.S. as of April 5%, 2022)

e Serious hypersensitivity reactions, including anaphylaxis, have
been observed with administration of sotrovimab in clinical
trials.

e Ifsigns or symptoms of a clinically significant hypersensitivity
reaction or anaphylaxis occur, immediately discontinue
administration and initiate appropriate medications and/or
supportive care.

e Infusion-related reactions have been observed with
administration of sotrovimab.

e Signs and symptoms of infusion-related reactions may include:
fever, chills, nausea, headache, bronchospasm, hypotension,
angioedema, throat irritation, rash including urticaria, pruritus,
myalgia, or dizziness.

e There have been reports of clinical worsening of COVID-19
after administration of COVID-19 monoclonal antibodies under
EUA; signs or symptoms may include fever, hypoxia or
increased respiratory difficulty, arrhythmia (e.g., atrial
fibrillation, sinus tachycardia, bradycardia), fatigue, and altered
mental status.

o EUA"
o FAQ for Healthcare Providers”!
o FAQ for EUA"?

o Biden recently said the new vaccine “really works". How do you interpret that statement in
reference to the early vaccines?
o  We cannot speculate as to what President Biden meant by this
statement.

' US Death Data Table
2 DHEC worked closely with the SC Dept. of Education, individual school districts, Superintendents, school nurses,
and others to provide for the safety of students and staff.

DHEC provided free resources such as COVID-19 tests, consent and attestation forms, third party COVID-19 testing
vendors, opportunity for grant reimbursement to school districts performing their own tests, and many other resources
and guidance documents to assist schools as they sought to provide the safest and most effective learning environment
for students and staff.

DHEC provided guidance that allowed for students and staff to return in person to school sooner than advised by the
CDC and stay in the classroom longer than advised by the CDC. DHEC created its own school guidance booklet and
many visual materials illustrating current DHEC guidance.

DHEC provided portable room air cleaners with replacement filter kits sufficient for up to 3 years of filtration. 102
school districts and charter schools received 7,092 air cleaner units. Studies have indicated that portable HEPA air

cleaners reduced exposure to SARS-CoV-2 aerosols in indoor environments.

3 Air purifiers sent to school districts/charter schools:

School District or Charter School Name Portable Room Air Cleaner Units
Aiken County Public Schools District 15



Anderson School District 1
Anderson School District 2
Anderson School District 4
Anderson School District 5
Bamberg County School District
Barnwell County Consolidated School District
Barnwell School District 45
Berkeley County School District
Calhoun County Schools

Charleston County School District
Chester County School District
Darlington County Schools
Department of Juvenile Justice School District
Dillon School District Four
Dorchester School District 2
Dorchester School District 4
Edgefield County School District
Fairfield County School District
Florence 1 Schools

Florence County School District 2
Florence County School District 3
Florence County School District Five
Georgetown County School District
Greenville County Schools
Hampton County School District
Horry County Schools

Jasper County School District
Kershaw County School District
Laurens County School District 56
Lee County School District
Lexington County School District 1
Lexington County School District 3
Lexington County School District 4
Marion County School District
Orangeburg County School District
Richland County School District 1
Richland County School District 2
Saluda County School District One
School District of Oconee County
South Carolina School for the Deaf and the Blind

District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
District

115
35
30
45
200
30
20
240

395
70
50
25
540
130
75
87
50
325

50
195
45
20
112
228
35
95

25
90
32
20
30
1000
250
155
30
30
30



Spartanburg County School District 1
Spartanburg County School District 2
Spartanburg County School District 3
Spartanburg County School District 4
Spartanburg County School District 5
Spartanburg County School District 7

Sumter School District

The School District of Newberry County

Union County School District

Ware Shoals School District 51 (Greenwood)
Williamsburg County School District

York County School District 1

York County School District 2-Clover

York County School District 3-Rock Hill Schools
York County School District 4-Fort Mill School District IV
Academy of Hope

Advantage Academy

Beaufort-Jasper Academy for Career Excellence (ACE)
Bettis Preparatory

Butler Academy

Calhoun Falls Charter School

Cape Romain Environmental Education Charter School
Carolina Shores Acceleration Academy
Cherokee Charter Academy

Compass Collegiate Academy

East Cooper Montessori Charter School

East Point Academy

Felton Laboratory Charter School

Global Academy of South Carolina

Goucher Charter Academy

Gray Collegiate Academy

Green Charter Elementary/Middle School
GREEN Charter Lowcountry

GREEN Charter School

Green Charter School of the Midlands

Green Upstate High School

Greer Middle College Charter High School
Greg Mathis Charter High School

Horse Creek Academy

Lakes and Bridges Charter School

District
District
District
District
District
District
District
District
District
District
District
District
District
District
District
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter
Charter

50
40
20

16
65
735
75
75
35
305
50
80
130
75

22
10



Lead Academy Charter 5
Learn4Life High School-Charleston Charter 1
Legacy Early College Charter 5
Legion Collegiate Academy Charter 5
Liberty Steam Charter School Charter 10
Limestone Charter Association Charter 9
Midlands Arts Conservatory Charter 2
Midlands STEM Institute- Charter Institute at Erskine Charter 30
Montessori School of Camden Charter 8
Orangeburg High School for Health Professions Charter 10
Pee Dee Math, Science and Technology Academy Charter 5
Polaris Charter School Charter 5
SC Governor's School for Agriculture at John de la Howe Charter 5
SC Whitmore School Charter 2
Spartanburg Preparatory School Charter 5
Summit Classical School Charter 3
Tall Pines STEM Academy Charter 5
Thornwell Charter School- Charter Institute at Erskine Charter 4
Virtus Academy of South Carolina- Charter Institute at

Erskine Charter 3
York Preparatory Academy Charter 3
Youth Leadership Academy Charter 5
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State/Territory
Alabama
Alaska

Arizona
Arkansas
California
Colorado
Connecticut
Delaware
District of Columbia
Florida
Georgia
Hawaii

Idaho

Hinois

Indiana

lowa

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York

New York (excludes NYC)

New York City
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

Total Deaths

22354
1514
29703
12544
108806
14568
12286
3456
1868
79898
36142
1953
5514
40358
25934
11113
10589
13965
17644
3274
18115
20923
37724
15530
14814
22468
3870
5766
11918
3288
35312
9326
81138
41801
39337
33873
2638
49719
19524
9286
52670
3978
21259
3273
28671
102239
5520
1020
23578
15029
8635
17150
2140

Total Death rate per 100000

359
226.9
324.7
337.9
245.5
246.9
251.8
258.6
280.9
2438.8
316.3

97.9
261.3
262.6
326.6
269.2

300
3716
329.8
1e3.6
247.9
235.1
296.5
224.6
427.7
289.7
268.5
247.6
332.1
178.8
301.8
3604
313.7
2711
377.4
270.5
282.8
3341
425.8
176.6

295
268.6
328.3
2991
3455
355.4
197.2

117
2349
173.1
347.2
231.8
303.7



Actions by DHEC to minimize the impact of children’s health:

DHEC worked closely with the SC Dept. of Education, individual school
districts, Superintendents, school nurses, and others to provide for the safety
of students and staff.

DHEC provided free resources such as COVID-19 tests, consent and
attestation forms, third party COVID-19 testing vendors, opportunity for
grant reimbursement to school districts performing their own tests, and
many other resources and guidance documents to assist schools as they
sought to provide the safest and most effective learning environment for
students and staff.

DHEC provided guidance that allowed for students and staff to return in
person to school sooner than advised by the CDC and stay in the classroom
longer than advised by the CDC. DHEC created its own school guidance
booklet and many visual materials illustrating current DHEC guidance.

DHEC provided portable room air cleaners with replacement filter kits
sufficient for up to 3 years of filtration. 102 school districts and charter
schools received 7,092 air cleaner units. Studies have indicated that portable
HEPA air cleaners reduced exposure to SARS-CoV-2 aerosols in indoor
environments.



Air purifiers sent to school districts/charter schools:

Aiken County Public Schools District 15

Anderson School District 1 District 115
‘Anderson School District 2 District 35
Anderson School District 4 District 30
Anderson School District 5 District 45
Bamberg County School District District 200
Barnwell County Consolidated School District District 30
Barnwell School District 45 District 20
Berkeley County School District District 240
Calhoun County Schools District 6
Charleston County School District District 385
Chester County School District District 70
Darlington County Schools District 50
Department of Juvenile Justice School District District 25
Dillon School District Four District 540
Dorchester School District 2 District 130
Dorchester School District 4 District 75
Edgefield County School District District 87
Fairfield County School District District 50
Florence 1 Schools District 325
Florence County School District 2 District 4
Florence County School District 3 District 50
Florence County School District Five District 195
Georgetown County School District District 45
‘Greenville County 5chools District 20
Hampton County School District District 112
Horry County Schools District 228
Jasper County School District District 35
Kershaw County School District District 95
Laurens County School District 56 District 6
tee County School District District 25
Lexington County School District 1 District 920
Lexington County School District 3 District 32
Lexington County School District 4 District 20
Marion County School District District 30
Orangeburg County School District District 1000
Richland County School District 1 District 250
Richland County School District 2 District 155
Saluda County School District One District 30

School District of Oconee County District 30



Air purifiers sent to school districts/charter schools:

South Carolina School for the Deaf and the Blind
Spartanburg County Schoof District 1
Spartanburg County School District 2
Spartanburg County School District 3
Spartanburg County School District 4
Spartanburg County School District 5
Spartanburg County School District 7

Sumter School District

The School District of Newberry County

Union County School District

Ware Shoals School District 51 (Greenwood)
Williamsburg County School District

York County School District 1

York County School District 2-Clover

York County School District 3-Rock Hill Schools
York County School District 4-Fort Mill School District IV
Academy of Hope

Advantage Academy

Beaufort-Jasper Academy for Career Excellence (ACE)
Bettis Preparatory

Butler Academy

Calhoun Falls Charter School

Cape Romain Environmental Education Charter School
Carolina Shores Acceleration Academy
Cherpokee Charter Academy

Compass Collegiate Academy

East Cooper Montessori Charter School

East Point Academy

Felton Laboratory Charter School

Global Academy of South Carolina

Goucher Charter Academy

Gray Collegiate Academy

Green Charter Elementary/Middle School
GREEN Charter Lowcountry

GREEN Charter School

Green Charter School of the Midlands

Green Upstate High School

Greer Middle College Charter High School
Greg Mathis Charter High School

Horse Creek Academy

Lakes and Bridges Charter School
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Air purifiers sent to school districts/charter schools:

Lead Academy

Learn4Life High Scheol-Charleston

Legacy Early College

Legion Collegiate Academy

Liberty Steam Charter School

Limestone Charter Association

Midlands Arts Conservatory

Midlands STEM Institute- Charter Institute at Erskine
Montessori School of Camden

Orangeburg High School for Health Professions

Pee Dee Math, Science and Technology Academy
Polaris Charter Schoo!

SC Governor's School for Agriculture at John de la Howe
SC Whitmore School

Spartanburg Preparatory School

Summit Classical School

Tall Pines STEM Academy
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Virtus Academy of South Carolina- Charter Institute at
Erskine

York Preparatory Academy
Youth Leadership Academy
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Effectiveness of BNT162b2 (Pfizer-BioNTech) mRNA Vaccination Against
Multisystem Inflammatory Syndrome in Children Among Persons
Aged 12-18 Years — United States, July-December 2021

Laura D. Zambrano, PhD!"*; Margaret M. Newhams, MPHZ*; Samantha M. Olson, MPH!; Natasha B. Hlalasa, MD¥; Ashley M. Price, MPH!;
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Samina S. Bhumbra, MD¥; Katherine E. Bline, MD1%; Ryan A. Nofziger, MDD Charlotee V. Hobbs, MD12; Tamara T. Bradford, MD13;

Natalie Z. Cvijanovich, MD!4; Katherine Irby, MD!5; Elizabeth H. Mack, MD16; Melissa L. Cullimore, MD!”; Pia S. Pannaraj, MD!¥;

Michele Kong, MD??; Tracie C. Walker, MD?'; Shira J. Gertz, MD?!; Kelly N. Michelson, MD?22; Melissa A, Cameron, MD?3; Kathleen Chiotos, MD24;
Mia Maamari, MD23; Jennifer E. Schuster, MD26: Amber O. Orzel, MPH2; Manish M. Patel, MD!; Angela P Campbell, MDA,

Adrienne G. Randolph, MD227:%; Overcoming COVID-19 Investigators

On January 7, 2022, this report was posted as an MMWR Early
Release on the MMWR website (https:/fwww.cdc.govimmawr).

Multisystem inflammatory syndrome in children (MIS-C)
is a severe postinfectious hyperinflammarory condition, which
generally occurs 26 weeks after a typically mild or asymptomatic
infection with SARS-CoV-2, the virus that causes COVID-19
{1=3). In the United States, the BNT162b2 (Pfizer-BioNTech)
COVID-19 vaccine is currently authorized for use in children
and adolescents aged 5-15 years under an Emergency Use
Authorization and is fully licensed by the Food and Drug
Administration for persons aged 216 years (4). Prelicensure
randomized trials in persons aged 25 years documented high
vaccine efficacy and immunogenicity (5), and real-world studies
in persons aged 12-18 years demonstrated high vaccine effec-
tiveness (VE) against severe COVID-19 (6). Recent evidence
suggests that COVID-19 vaccination is associated with lower
MIS-C incidence among adolescents (7); however, VE of the
2-dose Pfizer-BioNTech regimen against MIS-C has not been
evaluated. The effectiveness of 2 doses of Pfizer-BioN'Tech vac-
cine received 228 days before hospital admission in preventing
MIS-C was assessed using a test-negative case-control design?
among hospitalized patients aged 12-18 years at 24 pediatric
hospitals in 20 states** during July 1-December 9, 2021, the
period when most MIS-C patients could be temporally linked to

* T'hese auchors contributed equally to this report.

¥ These senior authors contributed equally to this report.

§ https://www.fda.gov/emergency-preparedness-and-response/cotonavirus-
disease-2019-covid- 1 9/comirnaty-and-pfizer-biontech-covid-19-vaccine

{ In chis context, the test-negative case-control design was used to compare the
odds of previous Pfizer-BioNTech vaccine receipt among inpatients without
evidence of SARS-CoV-2 infection with case-patients hospitalized for MIS-C.
These control patients included those with respiratory virus infection who
received a negarive test result for SARS-CoV-2 infection {test-negative) or
patients without symptoms compatible with COVID-19 {syndrome-negative),
including fever, cough, shortness of breath, loss of taste, loss of smell,
gastrointestinal symptoms, use of respiratory support for the acure illness, or
new pulmonary findings on chest imaging consistent with pneumonia.

= This investigation included patients enrolled from 24 pediatric hospitals in

20 states: Alabama, Arkansas, California, Colorade, Georgia, Illinois, Indiana,
Louisiana, Massachusetts, Michigan, Mississippi, Missouri, Nebraska, New Jersey,
North Carolina, Ohio, Pennsylvania, South Carolina, Tennessee, and Texas.
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SARS-CoV-2 B.1.617.2 (Delta) variant predominance. Patients
with MIS-C (case-patients) and two groups of hospitalized
controls matched to case-patients wete evaluated: test-negative
controls had at least one COVID-19-like symptom and negative
SARS-CoV-2 reverse transcription—polymerase chain reaction
(RT-PCR) or antigen-based assay results, and syndrome-negative
controls were hospitalized patients without COVID-19-like
illness. Among 102 MIS-C case-patients and 181 hospitalized
controls, estimarted effectiveness of 2 doses of Pfizer-BioNTech
vaccine against MIS-C was 91% (95% CI = 78%-97%). All
38 MIS-C patients requiring life support were unvaccinated.
Receipt of 2 doses of the Pfizer-BioNTech vaccine is associated
with a high level of protection against MIS-C in persons aged
12-18 years, highlighting the importance of vaccination among
all eligible children.

This study used a test-negative case-control design, com-
monly used for postauthorization VE evaluations (6,8). Patients
were hospitalized at 24 participating sites in the Overcoming
COVID-19 Nerwork, a collaboration between CDC and
approximately 70 pediatric hospitals nationwide to assess
COVID-19 complications in children and young aduls.™
Given that children aged 5-11 years were not recommended
to receive the Pfizer-BioNTech vaccine until November 2,
2021,58 this analysis focused on persons aged 12-18 years.¥9
VE was assessed by comparing the odds of antecedent vaccina-
tion between MIS-C patients and hospitalized controls without
evidence of SARS-CoV-2 infection during July 1-December 9,
2021, Case-patients met CDC criteria for MIS-C,*** which

Tt hups://overcomecovid.org/

8 CDC recommendarion for pediatric COVID-19 vaccine for children
aged 5-11 years: hreps:/fwww.cde.govimediafreleasesi2021/51102-
PediacricCOVID-19Vaccine. html

39 The lower age bound for the study population was set ar 12 years and 49 days
to allow fot the first vaccine dose on the patient’s 12rh birthday, a second
dose 21 days thereafter, and a 28-day window berween the patient’s second
dose and hospitalization for MIS-C.

*xx CDC case definition criteria for MIS-C are available at hups://www.cde.
gov/mis/mis-c/hcp/index.heml. For the purposes of this analysis, all MIS-C
case-patients were required to have laboratory evidence of current or recent
infection (RT-PCR, antigen-, or anribody-based testing).

US Departrnent of Health and Human Services/Centers for Disease Control and Prevention
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included a clinically severe illness requiring hospitalization,
temperature 100.4°F (38°C) for 224 hours or subjective fever,
evidence of inflammation (demonstrated by elevaied levels of
inflammatory markers), involvement of two or more organ
systems, no alternative plausible diagnosis, and current or recent
SARS-CoV-2 infection, indicated by a positive result from an
RT-PCR test, serologic test, or antigen test. Two hospitalized
control groups included 1) patients with one or more symptoms
consistent with COVID-19, but with a negative result from
a SARS-CoV-2 RT-PCR or antigen test (test-negative) and
2) patients without symptoms compatible with COVID-19
who might or might not have received SARS-CoV-2 testing
(syndmmf:—negal:ive).ﬁ'Ir Eligible controls were matched to
case-patients by site, age group (12-15 years and 16-18 years),
and case-patient hospitalization date (within plus or minus
approximately 3 weeks).

Vaccination status was verified through scarches of state
immunization information systems, electronic medical
records, or other sources, including documentation from
pediatricians or patient immunization cards. For this analysis,
persons were categorized as unvaccinated or fully vaccinated
on or before the case-patient hospitalization date. Patients
were considered unvaccinated if they had received no doses
of the Pzer-BioNTech vaccine; full vaccination in terms of
expected protection against MIS-C was defined as receipt of
7 doses of Phizer-BioNTech COVID-19 vaccine, with receipt
of the second dose 228 days before hospital admission. The
28-day window was selected because a person is considered
fully vaccinated against COVID-19 214 days after receipt of
the second dose, and MIS-C generally occurs approximately
2-6 weeks after SARS-CoV-2 infection, with most cases
occurring by the fourch week (/—3). Patients were excluded
based on the following conditions: 1) receipt of only 1 vaccine
dose; 2) receipt of the second dose within 28 days of hospiral
admission; 3) age 12-15 years and admission before July 1,
2021 (given that vaccination was not expanded to this age
group until May 12, 2021); and 4) receipt of any COVID-19
vaccine other than Pfizer-BioNTech.

Demographic characteristics, clinical information related
to the current illness, and SARS-CoV-2 testing history were
obtained through parent or guardian interview conducted
by trained study personnel or review of electronic medical

1#t Vaccine effectiveness studies in the context of respiratory viruses most
commonly include rest-negarive controls. Because of potential biases related
10 the selection of controls, including the potential far misclassification of
test-negarive patients due o false-negative tests, syndrome-negative controls
were also included as a separate control group. Among the 91 syndrome-
negative controls, 18 (20%) had no record of SARS-CoV-2 testing. The
remaining syndrome-negarive controls had a record of SARS-CoV-2 testing
by RT-PCR or antigen and received negative test results.

US Department of Health and Human Services/Centers for Disease Control and Prevention

records.$% Descriptive statistics were used to compare charac-
teristics of case-patients and hospitalized controls, and Fisher's
exact or Wilcoxon rank-sum tests wete used for categorical
and continuous variables, respectively. VE against MIS-C
was calculated by comparing the odds of full COVID-19 vac-
cination among MIS-C case-patients and controls using the
equation VE = 100 X (1 - adjusted odds ratio}. Adjusted odds
ratios were calculated using multivariable logistic regression
models with Firth penalization to reduce bias contributed by
sparse data. Models were adjusted for U.S. Census region, age,
sex, and race/ethnicity (8). To account for potential residual
confounding by calendar time related to increasing vaccina-
tion coverage, the case-patient hospitalization date was used
as a reference point for comparing antecedent vaccination in
case-patients and controls. Other factors (underlying healch
conditions and social vulnerability index) were assessed, but
not included in the final model if they did not alter the odds
ratio estimate by >5%. Sensitivity analyses were conducted
to evaluate VE against MIS-C among patients with serologic
evidence of previous infection (because non-MIS-C acute
COVID-19 patients might have a positive RT-PCR assay in
the absence of serology) and to evaluate whether VE differed
by control group. Statistical analyses were conducted using
SAS (version 9.4; SAS Institute); statistical significance was
defined as p<0.05. This activity was reviewed by CDC and
other participating institutions and was conducted consistent
with applicable federal law and CDC policy.3%Y

During July 1-December 9, 2021, among 117 MIS-C case-
patients aged 12-18 years, 15 were excluded from the analysis,
including six patients who received only 1 dose by the date of
hospitalization, four who received their second vaccine dose
within 28 days of hospital admission, and five patients aged
12-15 years who were hospitalized before July 1, 2021. The
283 patients in the primary analysis included 102 MIS-C
case-patients and 181 controls (90 [50%)] test-negative and 91
[50%)] syndrome-negative) (Table 1}. The median age among
all case-patients and controls was 14.5 years, and 58% had at
least one underlying condition (including obesiry). COVID-19
vaccination coverage was approximately 5% among case-
patients and 36% among controls.

Among the 70 children in this analysis who were fully vac-
cinated (with 2 doses), one syndrome-negative control patient

§85 Among the 102 MIS-C case-patients and 181 controls enrolled, 50 (49%)
and 113 (62%), respectively, had informarion obtained through a
combination of parent interview and medical records abstraction, while
52 (51%) case-patients and 68 (38%}) control patients had information
obtained solely through medical records abstraction.

199 45 C.ER. parr 46.102(1}(2), 21 C.ER. part 56; 42 U.S.C. Sect. 241{d);
5 U.5.C. Sect. 552a; 44 U.5.C. Sect. 3501 et seq.
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had received a third dose. Among 102 MIS-C case-patients,
five (5%) were fully vaccinated with 2 doses 228 days before
hospitalization, and 97 (95%) were unvaccinated (Table 2).
Overall, 91 (89%) case-patients had cardiovascular involvement,
84 (82%) had gastrointestinal involvement, and 68 (67%) had
hemarologic involvement. Sixty-two (619%) were admitted to
an intensive care unit, and 38 (37%) received life support dur-
ing hospitalization, including invasive mechanical ventilation,
vasoactive infusions, or extracorporeal membrane oxygenation
(ECMO). All 38 MIS-C patients requiring life support were
unvaccinated; among these, nine patients required invasive
mechanical ventilation, 35 received vasoactive infusions and
one required ECMO. No deaths among these patients were
reported. Hospital length of stay was similar among vaccinated
and unvaccinated MIS-C patients (median = 5 days).

VE against MIS-C was 91% (95% CI = 78%-97%)
(Table 3).**** In a sensitivity analysis excluding patients with
positive RT-PCR or antigen-based SARS-CoV-2 test results and
no positive serologic test, VE was 90% (95% CI = 75%-96%).
VE against MIS-C was similar, irrespective of control group
(test-negative controls: 92%, 95% CI = 77%—-97%; syndrome-
negative controls: 89%, 95% CI = 70%-96%); therefore,
the pooled VE estimate using both control populations was
deemed acceptable.

Discussion

During July—December 2021, a period of Delta variant
predominance, a real-world evaluation of VE in 24 US.
pediatric hospitals found that receipt of 2 doses of the Pfizer-
BioNTech vaccine was associated with a high level of protection
against MIS-C among patients aged 12—18 years who received
their second vaccine dose 228 days before hospitalization.
Most (95%) patients aged 12-18 years hospitalized with
MIS-C were unvaccinated. No fully vaccinated patients with
MIS-C required respiratory or cardiovascular life support,
as opposed 1o 39% of unvaccinated MIS-C patients who
did. A recent Overcoming COVID-19 hospital network
investigation reported high VE (93% [95% CI = 83%-97%])
against COVID-19-related hospitalizations in persons aged
12-18 years (6). The current findings contribute to the
growing body of evidence that vaccination is likely effective
in preventing severe COVID-19-related complications in
children, including MIS-C.

wexx WE against MIS-C was also assessed comparing the odds of antecedent
vaccination with the sccond dose of the Pfizer-BioNTech vaccine 214 days
before hospital admission. Point estimares did not significanty differ from
the primary analysis presented in this report. (VE after 14 days: 86%;
95% CI = 70%-93%.)
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The findings in this report are subject to at least seven limita-
tions. First, VE was not assessed against MIS-C attributed to
specific variants; however, >99% of COVID-19 cases reported
during July-December 2021 resulted from infections with the
Delta variant (9). Second, VE against MIS-C attributed to the
B.1.1.529 (Omicron) variant could not be assessed, given the
timing of hospital admission of included patients relative to
emergence of this variant in the United States. Third, timing
of initial SARS-CoV-2 infection relative to vaccination could
not be inferred, and this investigation cannot differentiate
between protection from acquisition of SARS-CoV-2 infec-
tion versus protection against development of MIS-C after
infection. Fourth, the timing at which protection against
MIS-C is conferred after 2 doses of vaccine is unknown; some
protection might be possible within 28 days of vaccination,
and this investigation had insufficient power to evaluate VE
for 1 dose of vaccine. Fifth, this analysis examines VE against
MIS-C conferred only by the Pfizer-BioNTech vaccine. Sixth,
although the hospital sites participating in this investigation
covered a broad geographic arca, the results of this analysis
are not generalizable to the entire U.S. pediatric population.
Finally, given the short time frame of enrollment, this analysis
was not designed to evaluate waning immunity or duration of
protection against MIS-C.

As of December 13, 2021, 52.3% of eligible U.S. children
and adolescents aged 12—17 years had received the primary
Pfizer-BioNTech 2-dose series (70). In a multistate hospital
network, this real-world investigation found that receipt of
2 doses of Pfizer-BioNTech vaccine was strongly associated
with prevention of MIS-C among adolescents. Children aged
5—-11 years, who are now authorized to receive the Pfizer-
BioNTech vaccine, represent the age group at highest risk for
MIS-C (1,3). This analysis lends supportive evidence that vac-
cination of children and adolescents is highly protective against
MIS-C and COVID-19 and underscores the importance of
vaccination of all eligible children.

Overcoming COVID-19 Investigators

Meghan Murdock, Children’s of Alabama, Birmingham, Alabarna; Mary Glas
Gaspers, University of Arizona, Tucson, Arizona; Katri V. Typpo, University of
Arizona, Tixcson, Arizona; Connor It Kelley, University of Arizona, Tucsan, Arizona;
Ronald C. Sanders, Arkansas Children’s Hospital, Linle Rock, Arkansas; Masson
Yates, Arkansas Children’s Hospiral, Little Rock, Arkansas; Chelsea Smith, Arkansas
Childrer’s Hospital, Litde Rock, Arkansas; Katheryn Crane, Rady Children’s
Hospital, San Diego, California; Geraldina Lioneuti, Univessity of California,
San Francisco Benioff Children’s Hospital Oakland, Oakland, California; Juliana
Murcia-Montoya, University of California, San Francisco Benioff Children’s
Hospital Oaldand, Oaldand, California; Mart S. Zinter, University of California,
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TABLE 1. Characteristics of muitisystem inflammatory syndrome in children case-patients and controls aged 12-18 years — 24 pediatric

hospitals, 20 U.S. states,* July 1-December 9, 2021

No. (%)
Total Mis-C case-patients Controls

Characteristic (N =283} in=102) (n=181) p-valuet
Median age, yrs (IQR) 14.5{13.4-15.9) 14,2 (13.0-15.9) 14.7 (13.6-15.9} 0.06
Age group, yrs
12-15 221(78.1) 81 (79.4) 140 (77.3) 0.77
16-18 62 (21.9} 21 (205} 41{22.7)
Sex
Female 132 (46.6) 30(29.4) 102 (56.4) <0.01
Race/Ethnicity
White, non-Hispanic 105 {37.1) 32{31.4) 73 (40.3) 039
Black, non-Hispanic 29 350 42{41.2) 57 (31.5)
Asian, non-Hispanic 8(2.8) 1{1.0} 739
Hispanic, any race 51{18.0) 19 (18.6) 32(17.7)
Muitiple/Other, non-Hispanic 10(3.5) 4(3.9) 6 (3.3}
Unknown 10{3.5) 4{3.9) 6(3.3)
SVI,5 median {IQR} 0.60 (0.30-0.80) 0.64 {0.43-0.78) 0.56 (0.27-0.81) 0.09
U.5. Census region*
MNortheast 8(2.8) 3(2.9) 5(2.8) 0.98
Midwest 75 (26.5) 28 (27.5) 47 {26.0)
South 159 (56.2) 56 (54.9) 103 (56.9)
West 41(14.5) 15{14.7} 26 (14.4)
Month of admission
June 1({0.4) 0(—) 1(0.6) 035
July 92(3.2) 5(4.9) 4(2.2)
August 49(17.3) 16 (15.7) 33{(18.2)
September 82 (29.0) 35(34.3) 47 (26.0}
October 85 (30.0) 30(29.4) 55{30.4)
November 48 (17.0} 15{14.7} 33{18.2)
December 9(3.2) 1(1.0} 8{4.4)
Underlying health condition®
At least one underlying condition {including obesity} 164 (58.00 40 (39.2} 124 {68.5) <0.01
Asthma 49(17.3) 15(14.7} 34(18.8) 042
Cardiovascular system disorder 23 (8.1} 3{2.9) 20(11.0) 0.02
Neurologic/Neuromuscular disorder 45 (15.9) 7 {6.9) 38(21.0) <0.01
Active or previous oncologic disorder 9(3.2) 1(1.0) 81{4.4) 0.16
Nonencologic immunosuppressive disorder 13 (4.6) 2(2.0) 11{6.1) 0.14
Endocrine disorder 16 (5.7} 4(3.9) 12{6.6) 043
Diabetes 2{(3.2) 2{2.0) 7(3.9) 0.50
Qther chronic conditions®* 97 (34.3) 21 (20.6) 76 (42.0 <0.01

See table footnotes on the next page.
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TABLE 1. {Continued) Characteristics of multisystem inflammatory syndrome in children case-patients and controls aged 12-18 years —

24 pediatric hospitals, 20 U.S. states,* July 1-December 9, 2021

No. (%)

Total MIS-C case-patients Controls
Characteristic {N=283) {n=102) (n=181} p-valuet
Laboratory test resultst
RT-PCR or antigen-positive, antibody not performed 11{3.9) 11(10.8) 0{—}) <0.01
RT-PCR or antigen-positive, antibody-positive 12 (4.2) 12(11.8) 0{—)
Antibody positive only 76 (26.9) 76 (74.5) 0{—)
Pre-admission results available only 3(1.1} 3 (2.9} 0(—)
Fully vaccinated5s 70 (24.7} 5 (4.9} 65 (35.9) <0.01
Median interval from receipt of second vaccine dose to reference hospitalization date, 84 (51-122) 63 (48-89) 88 (52-122) 037

days (IQR)1*

Abbreviations: MIS-C = multisystem inflammatory syndrome in children; RT-PCR = reverse transcription-polymerase chain reaction; SVI = social vulnerability index.
* patients included vaccinated and unvaccinated persons aged 12-18 years enrolled from 24 pediatric hospitals in 20 states, Northeast: Boston Children’s Hospital
(Massachusetts), Children’s Hospitat of Philadelphia (Pennsylvania), and Saint Barnabas Medical Center (New Jersey); Midwest: Akron Children’s Hospital (Qhio),
Children’s Hospital and Medical Center: Nebraska (Nebraska), Children's Hospital of Michigan (Michigan), Children’s Mercy Kansas City (Missourd), Cincinnati Children’s
Hospital Medical Center (Ohio}, Lurie Children’s Hospital of Chicage {lllinais), Mayo Clinic (Minnesota), Nationwide Children’s Hospital {Ohio}, and Riley Children’s
Hospital (indiana); Seuth: Arkansas Children’s Hospital (Arkansas), Children's of Alabama (Alabama), Children’s Healthcare of Atlanta (Georgia), Children’s Hospital
of New Orleans {Louisiana), Medical University of South Carolina Children’s Health (South Carolina), Monroe Carell Jr. Children's Hospital at Vanderbilt (Tennessee),
Texas Children’s Hospital (Texas), University of Mississippi Medical Center (Mississippi), University of Morth Carolina at Chape! Hill Children’s Hospital (North Carolina),
and University of Texas Southwaestern Medical Center (Texas); West: Children’s Haspital Coltorada (Colorado), Children's Hospital Las Angeles (California), University
of California San Diego-Rady Children’s Hospital {California), and University of California San Francisco Benioff Children's Hospital Oakland (California).
t Testing for statistical significance was conducted using Fisher's exact test to compare categorical variables or Wilcoxon rank-sum test for medians to compare
continuous data. Statistical significance was defined as p<0.05.
5 CDC/ATSDR $VI documentation is available at https://www.atsdr.cde.gov/placeandhealth/svifindex.html. Median SVI for case-patients and controls are based on
U.5. 2018 SVl data.
Y Underlying conditions with a missing response {yes/no) were assumed not to be present.
* Other chronic conditions included rheumatologic/autoimmune disorder, hematologic disorder, renal or urolegic dysfunction, gastrointestinal/hepatic disorder,
metabolic or confirmed or suspected genetic disorder {including obesity), or atopic or allergic condition.
t With the exception of the “pre-admission results available only” category, all other test results were obtained after hospital admission.
56 COVID-19 vaccination status included the following two categories: 1) unvaccinated, defined as no receipt of any SARS-CoV-2 vaccine before hospitalization for
current illness and 2) fully vaccinated, defined as receipt of both doses of a 2-dose Pfizer-BioNTech vaccination 228 days before iliness onset.
11 Dates are based on those with documented vaccination, not plausible self-report. For controls without COVID-19-like illness, a reference date was set to the
admission date of their matched case-patient to account for residual confounding by hospital admission date relative to expanding vaccination coverage.
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TABLE 2. Clinical outcomes and severity among multisystem
inflammatory syndrome in children case-patients aged 12-18 years,
by vaccination status* — 24 pediatric hospitals, 20 U.5. states,
July-December 2021

TABLE 3. Effactiveness* of 2 doses of Pfizer-BioNTech vaccine against
multisystem inflammatory syndrome in children among hospitalized
patients aged 1218 years — 24 pediatric hospitals, 20 U.S. states,
July-December 2021

No. {%%)
Fully vaccinated >28 days
Total Unvaccinated before hospitalization
Characteristic {N=102) (n=97} (n=5)
Organ system involvement§
Cardiovascular 91(89.2) 86 (88.7) 5(100.0)
Respiratory 29(284) 28(289) 1(20.0)
Hematologic 68 (66.7) 66 (68.0) 2{40.0)
Gastrointestinal B84 (82.4) 79 (81.4) 5(100.0)
Neurologic 9(8.8) 8(8.2) 1(20.0)
Dermatologic 36(3531  34(35.1) 2 (40.0)
Renal/Urologic 35 (34.3} 33(34.0) 2 (40.0)
Intensive careunit 62 (60.8) 61(62.9) 1({20.0)
admission
Critically ill patients  38(37.3}  38(39.2} 0{—}
on life support
Invasive mechanical 9(8.8) 2(9.3) 0{—)
ventilation
Vasoactive infusions 35 (34.3) 35(36.1) 0(—)
Extracorporeal 101.0) 1(1.0) 0(—)
membrane
oxygenation
Patients with 101 {99.0) 96 (99.0) 5(100.0)
discharge data
Hospital length of 5(4-8) 5 (4-8) 5 (2-6)
stay, median {IQR)

Abbreviation; BNP = brain natriuretic peptide.

*COVID-19 vaccination status included the following two categories:
1} unvaccinated, defined as no receipt of any SARS-CoV-2 vaccine befare
haspitalization for current illness and 2} fully vaccinated, defined as receipt of
both doses of a 2-dose Pfizer-BioNTech vaccination =28 days before
iliness onset.

* patients included vaccinated and unvaccinated persons aged 12-18 years
enrolled from 24 pediatric hospitals in 20 states. Northeast: Boston Children’s
Hospital (Massachusetts), Children’s Hospital of Philadelphia {Pennsylvania),
and Saint Barnabas Medical Center (New Jersey); Midwest: Akron Children’s
Hospital (Ohio}, Children's Hospital and Medical Center: Nebraska (Nebraska),
Children’s Hospital of Michigan {Michigan), Children’s Mercy Kansas City
(Missouri), Cincinnati Children’s Hospital Medical Center (Ohio), Lurie Children's
Hospital of Chicago (Hlinois), Mayo Clinic (Minnesota), Nationwide Children's
Hospital (Ohio), and Riley Children’s Hospital {Indiana); South: Arkansas
Children's Hospital {Arkansas), Children’s of Alabama {Alabama), Chitdren’s
Healthcare of Atlanta {Georgia), Children's Hospital of New Orleans {Louisiana),
Medical University of South Carolina Children’s Heatth (South Carolina), Monroe
CarellJr. Children's Hospital at Vanderbilt (Tennessee), Texas Children's Hospital
(Texas), University of Mississippi Medical Center (Mississippi), University of
North Carolina at Chapel Hill Children’s Hospital {North Carolina), and University
of Texas Southwestern Medical Center (Texas); West: Children’s Hospital
Colorado (Colorado), Children’s Hospitat Los Angeles (Califarnia), University of
California San Diego-Rady Children’s Hospital {California), and University of
California San Francisco Benioff Children’s Hospital Oakland (California},

% Organ system involvement was defined with the following criteria:
1} Cardiovascular (e.g., shock, elevated troponin, BNF, N-terminal-pre hormone
BNP, abnormal echocardiogram, or arrhythmia); 2) Respiratory (e.g.,
prieumonia, acute respiratory distress syndrome, and pulmonary embolism});
3) Renal (e.q., acute kidney injury or renal failure); 4) Gastrointestinal (e.g.,
abdominal pain, vomiting, diarrhea, elevated bilirubin, or elevated liver
enzymes); 5} Neurologic {e.g., cerebrovascular accident, aseptic meningitis, or
encephalopathy); 6) Hematologic (e.g, elevated D-dimers, thrombophilia, or
thrombocytopenia); 7) Dermatologic (e.g., rash, erytherna, or peeling).

US Department of Health and Human Services/Centers for Disease Control and Prevention

No. vaccinated ¥/Total (%)

MIS-C case Control Adjusted VE, %
Control groups patients patients {95% Cl)
All contrals 5/102(4.9) 65/181(35.9) 91 (78-97}
Test-negative 5/102(4.9) 34/90(37.8) 92 (77-97)
Syndrome-negative 5/102{(4.9) 31/91 (34.1) 89 (70-96}
Sensitivity analysis
MIS-C case patients with 5/88(5.7) 61/161 {37.9) 90 (75-96)

serologic evidence
present?

Abbreviations: MIS-C = multisystem inflammatory syndrome in children;

VE = vaccine effectiveness.

*VE estimates were based on odds of antecedent vaccination in MI5-C case-
patients versus controls adjusted for U.S. Census region, continuous age in
years, sex, and race/ethnicity {non-Hispanic White, non-Hispanic Black, non-
Hispanic multiple race/other, Hispanic of any race, or unknown). Firth penalized
regression was used for models with six or fewer vaccinated cases.

t patients included vaccinated and unvaccinated persons aged 12-18 years
enrolled from 24 pediatric hospitals in 20 states. Northeast: Boston Children’s
Hospital {(Massachusetts), Children’s Hospital of Philadelphia {Pennsylvania),
and Saint Barnabas Medical Center {New Jersey); Midwest: Akron Children’s
Hospital (Ohio), Chitdren’s Hospital and Medical Center: Nebraska (Nebraskal),
Children’s Hospital of Michigan (Michigan), Childrens Mercy Kansas City
{Missouri), Cincinnati Children’s Hospital Medical Center (Ohio), Lurie Children’s
Hospital of Chicago (lllinais}, Mayo Clinic (Minnesota), Nationwide Children’s
Hospital (Ohio), and Riley Children's Hospital (Indiana); Scuth: Arkansas
Children’s Hospital {Arkansas), Children's of Alabama (Alabama), Children’s
Healthcare of Atlanta (Georgia), Children’s Hospital of New Orleans (Louisiana),
Medical University of South Carolina Children's Health {South Carolina), Monroe
Carell Jr. Children’s Hospital at Vanderbilt {Tennessee), Texas Children’s Hospital
(Texas), University of Mississippi Medical Center (Mississippi}, University of
North Carolina at Chape! Hill Children’s Hospital {North Carolina), and University
of Texas Southwestern Medical Center {Texas); West: Children’s Hospital
Colorado {Colorado}, Children's Hospital Los Angeles (California), University
of California San Diego-Rady Children’s Hospital (California), and University of
California San Francisco Benioff Children’s Hospital Gakland (California}).

5 COVID-19 vaccination status inciuded the following two categories:
1} unvaccinated, defined as no receipt of any SARS-CoV-2 vaccine before
hospitalization for current illness and 2) fully vaccinated, defined as receipt of
both doses of a 2-dose Pfizer-BioNTech vaccination =28 days beforeiliness onset.

9 Analysis excluded 14 MIS-C case-patients who were positive by reverse
transcription-polymerase chain reaction only with no serologic evidence of
previous infection and 20 controls matched to these patients, given potential
misclassification of patients with severe acute COVID-12.
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Dallas, Dallas, Texas; 26Division of Pediatric Infectious Diseases, Department of
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Summary

What is already known about this topic?

The Pfizer-BioNTech vaccine, currently authorized for persons
aged 25 years, provides a high fevel of protection against sevete
COVID-19 in persons aged 12-18 years. Vaccine effectivenass
against muitisystern inflammatory syndrome in chitdren
(MIS-C), which can occur 2-6 weeks after SARS-CoV-2 infection,
has remained uncharacterized.

What is added by this report?

Estimated effectiveness of 2 doses of Pfizer-BioNTech vaccine
against MIS-C was 919% {95% Cl = 78%-97%). Among critically ill
MIS-C case-patients requiring life support; all were unvaccinated.

What are the implications for public health practice?

Receipt of 2 doses of Pfizer-BioNTech vaccine is highly effective
in preventing MIS-C in persons aged 12-18 years. These findings
further reinforee the COVID-19 vaccination recommendation for
eligible children.
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ARTICLE INFO ABSTRACT

Article history: Background: Millions of COVID-19 pediatric survivers are facing the risk of long COVID after recovery from
Received 16 August 2022 acute COVID-19. The primary objective of this study was to systematically review the available literature
Received in revised form 9 January 2023 and determine the peoled prevalence of, and risk factors for long COVID ameng the pediatric survivors.
Accepted 5 March 2023

Methods: Studies that assessed the prevalence of, or risk factors assodated with long COVID among pediatric

— COVID-19 survivers were systematically searched in PubMed, Embase, and Cochrane Library up to December 11th,

2‘3\:}; ‘I‘; 2022, Random effects modet was performed to estimate the pooled prevalence of long COVID among pediatric
Long COVID COVID-19 patients, Subgroup analyses and meta-regression on the estimated prevalence of long COVID were
Children performed by stratification with follow-up duration, mean age, sex ratio, percentage of multisystem inflammatory
Inflammatory multisystem syndrome syndrome, hospitalization rate at baseline, and percentage of severe illness.

Resuits: Based on 40 studies with 12,424 individuals, the pooled prevalence of any long COVID was 23.36 % ([95 %
CI 15.27-3253]). The generalized symptom (19.57 %, [95 % CI 9.85-31.52]) was reported most commonly, fol-
lowed by respiratory (14.76 %, |95 % Cl 7.22-24.27)}, neurologic (13.51 %, [95 % CI 6:52-22.40]), and psychiatric
(1230 %, [95% C1 5.38-2137]). Dyspnea (22.75 %, {95% C] 9.38-39.54)), fatigue (20.22 %, [95% C1 9.19-34.09]}, and
headache (15.88 %, [95 % Cl 6.85-2757]) were most widely reported specific symptoms. The prevalence of any
symptom during 3-6, 6-12, and> 12 months were 2641 % ([95 % CI 1433-40.59]), 2064 % {[95 % CI
17.06-24.46]), and 14.89 % ([95 % €1 6.08-26.51]), respectively. Individuals with aged over ten years, multisystem
inflammatory syndrome, or had severe clinical symptoms exhibited higher prevalence of long COVID in multi-
systems. Factars such as older age, female, poar physical or mental health, or had severe infection or more
symptoms were more likely to have long COVID in pediatric survivors,
Conclusions: Nearly one quarter of pediatric survivors suffered multisystem long COVID, even at 1 year after
infection. Ongoing monitoring, comprehensive prevention and intervention is warranted for pediatric
survivors, especially for individuals with high risk factors.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-ndf4.0{).
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Introduction COVID. Multisystem inflammatory syndrome (MIS) was identified in

The COVID-19 pandemic continues to spread, with the global
case count and number of deaths estimated at 657.4 million and 6.7
million, respectively, as of January 5th, 2023 [1]. COVID-18 survivors
have reported ongoing persistent symptoms in many organ systems,
long after recovery from the acute phase of COVID-19 infection [2,3].
World Health Organization creates a final consensus definition for
long COVID: usually 3 months from the onset, with symptoms that
last for at least 2 months and cannot be explained by an alternative
diagnosis [4]. Several published epidemiological studies {5,6] and
reviews [7-10] mostly focused on the long COVID or persistent
symptoms of COVID-19 infection amongst adults, due to the large
number and often severe symptoms in adult survivors [11,12].
However, long COVID symptoms in children has not been system-
atically illustrated. Understanding the long COVID burden is essen-
tial to allow timely identification and intervention of affected
children and appropriate allocation of pediatric healthcare re-
sources.

Children and adolescents are at a critical stage of physical and
mental development. COVID-19 infection during this period may
have important implications for their functional and social wellbeing
in adulthoad. Compared with the clinical features and treatment
outcomes observed in adult COVID-19 patients, pediatric COVID-19
patients usually presented with milder clinical features at the acute
phase [13,14]. However, children are seeing a surge of COVID-19
infections in many countries, coinciding with much lower rates of
vaccination amongst children as compared to adults. Higher pre-
valence of COVID-19 cases in children promotes increases the
number of long-COVID cases, and contributes to further spread of
disease among vuinerable populations [15]. Recently, a few epide-
miological studies reparted the prevalence of long COVID among
pediatric COVID-19 cases with the follow-up duration ranging from
three months to one year [16-18]. The long COVID in pediatric
COVID-19 patients generally covered multiple systems, including
respiratory, neurological, and cardiovascular systems, and soon [18].

Several factors, inciuding clinical characteristics and demo-
graphic information have been found to be associated with long
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some pediatric COVID-19 cases, and was suspected to have a wide
spectrum of presenting signs and symptoms and disease severity
[19]. Hospitalization and severe acute initial infection were also
suggested to have more potential of long COVID [20,21]. Moreover,
evidence supports that sex and age are associated with prevalence of
long COVID. Specifically, a few studies pointed out that older age,
and female in pediatric survivors may be associated with high risk of
long COVID [20,22].

A few studies assessed the persistent symptoms among the pe-
diatric COVID-19 survivors. By combining data from 22 studies with
over 20 thousand individuals, Behnood et al. [23] found that pooled
prevalence of persistent symptoms in post-COVID participants
ranged from 15 % (diarrhea) to 47 % (fatigue) after one month. In
addition, a meta-analysis [24] showed that the prevalence of on-
going (4-12 weeks) and post-COVID-19 (> 12 weeks) symptoms was
25,24 % in children and adolescents. However, the burden and risk
factor of long COVID still remained unclear in children and adoles-
cents after infection over three months. Moreover, as the effect of
important clinical characteristics including MIS, severe infection,
hospitalized survivors needed to be furtherly discovered.

The primary objective of this study was to systernatically review
the available literature and determine the pooled prevalence of long
COVID in pediatric survivors. In addition, we intended to explore the
estimate of the pooled prevalence of long COVID in child and ado-
lescent survivors with stratified demographic or clinical character-
istics. Finally, we aimed to systematically review possible risk factors
associated long COVID among pediatric patients.

Methods

This systematic review was performed in accordance with the
Meta-Analyses of Observational Studies in Epidemiology (MOOSE;
Supplement Table 1) guidelines [25] and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA;
Supplement Table 2} guidelines [26]. The PROSPERO registration
number for this systematic review is CRD42021293614.
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Table 1 {continued)

Factors associated
with outcomes

Affected systems

MIS {%) Hospitalization
rate at

illness
%y

NA

Male (%} Severe

Median/
Range)
0-18

Sample size  Age {(Mean |

Fallow-up
duration

Investigating period  Study design

[nvestigating Site

Authors

baseline (%)

100.00

NA

any, cardiovascular,

3064

58.18

219 55

2020.12-2021.1 cohort

Sweden

Sterky

digestive, generalized,
musculoskeletal,

(123-324)

days

et al., 2021

neuralogical, psychiatric,
and respiratory systems

psychiatric system

NA

100.00

NA NA

78,69

7-18

61

cohort 4 months

2020.7-2020.9

China

Zhang

et al., 2021

Abbreviations: MIS, multisystem inflammatory syndrome; NA, not available; PCR, polymerase chain reaction.

guideline for scoring pediatric patients with COVID-19, the requirement of ventilation or admission to pediattic intensive

a Definition of severe COVID-19 infection was based on the National Institute of Health symptom severity criteria,

care unit, or directly reported in the study.
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Search strategy

Studies that assessed the prevalence of long COVID amongst
pediatric COVID-19 survivors were systematically searched in
PubMed, Embase, and Cochrane Library databases up to December
11th, 2022 (Supplement 1). The following search terms were used:
(COVID-19 OR SARS-CoV-2 OR coronavirus OR 2019-nCoV) AND
{long COVID OR post acute COVID syndrome OR PASC OR long-term
OR "long term” OR “long haul*" OR "after recovery” OR prolong® OR
persist® OR convalescent) AND (cohort OR follow-up OR longitudinal
OR cross sectional) AND (child® OR infant*). The full search strategy
is provided in the Supplement 1. The reference lists of retrieved
papers and recent reviews were manually searched for additional
studies that met the inclusion criteria.

All retrieved records were imported into an EndNote library. Two
investigators (Zheng Y and Gao N) independently screened all arti-
cles for their eligibility. If consensus could not be reached, the third
investigator (Zeng N) reviewed the full text article and resolved
disagreements.

Selection criteria

To be eligible for inclusion, studies had to: (1) contain original
research; {2} include pediatric COVID-19 survivors aged less than 18
years old; (3) measure long COVID symptors, relevant laboratory or
examination result (such as imaging, lung function tests or blood
tests) of post-acute COVID-19; (4) assess symptoms at least 3
months after initial COVID-19 infection, as introduced elsewhere
[10]; {5) provide raw data that allowed the caiculation of the esti-
mates. Exclusion criteria were as follows: (1) the study was a review
article or a case report; (2) not pediatric patients; (3) the long COVID
did not meet the follow-up duration, The detailed process of the
literature search for the systematic review is shown in Fig. 1.

Data extraction

All data were independently extracted from the included studies
by two researchers {Zheng YB and Zeng N) who subsequently cross-
checked the data. We extracted the following characteristics for each
study: authors and year of publication, research site (country), in-
vestigating period, study design, follow-up duration, sample size,
age and gender of participants, percentage of severe illness, per-
centage of individuals with MIS, hospitalized rate during acute phase
at baseline, the overall whole bedy symptoms (multiple affected
systems mainly including generalized, psychiatric, neurologic, re-
spiratory, digestive, musculoskeletal, cardiovascular, dermatological,
ophthalmological, and urological symptoms, etc.}, and factors asso-
ciated with outcores {Table 1).

Statistical anafysis

Meta-analysis was performed to estimate the pooled prevalence
of any long COVID and those affecting specific organ systems among
pediatric COVID-19 patients. The overall prevalence of symptoms
affecting a specific organ system was estimated by pooling the most
common symptoms related to that system, if the overall prevalence
was not itself reported in the study. Multiple symptoms relating to
the same organ system were often reported in the same survivor,
therefore the prevalence of the most common symptorn was used to
estimate the overall prevalence for that system. Additionally, the
prevalence of reported symptoms examined in five or more studies
was combined [7]. The I* index was calculated to assess the be-
tween-study heterogeneity and Cochrane Q-test was used to de-
termine statistical significance. An 12 value> 50 % or a chi-square p
value < 0.05 was considered substantial heterogeneity. Pooled rates
with 95 % confidence intervals (Cls) were calculated using the
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Identification of studies via databases and registers
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Identification of studies via other methods

= A
2 3623 records identified from
E data base: m 2 fied before Records identified from:
& PubMed (n 2032 ) —— E:
E Embuse (n=1116 ) P g Citation searching (n=11)
= Cochrane library(r=475)
— ;
- v
Records excluded for not
" screened " relevant population or outcome
{n=2658) (0 =2563)
v
Reports sought for retrieval Reports not retrieved Reports sought for retrieval .| Reports not retrieved
2| | @9 ™ m=0) (n=11) ™ w=0)
=
: . !
Reports assessed for ¢ligibility _§ Repotts excluded: Reports assessed for eligibikity »| Follow-up duration less than 3
{n=95) . Letter ot conference abstract {n=11) months (p=2)
(n=4)
Review, meta-analysis
(n=3)
No available data (n=18)
(] Follow-uy duration less than
— v 3 months (n=39)
T Studies mcluded in review
2| | w=0)
5 Reports of included studies
=| | @=0)

Fig- 1. Flow chart of the selection process.

random-effect model if heterogeneity existed; otherwise the fixed-
effect model was used.

Subgroup analyses and meta-regressions on the estimated pre-
valence of any symptom in each system were performed by strati-
fication with follew-up duration (3-6 months, 6-12 months, >12
months), mean age of study participants (> 10 years vs.< 10 years),
the sex ratio (male proportion > 50 % vs. < 50 ¥}, presence of MIS {vyes
vs. o), percentage of severe illness {>50 % vs.<50 %}, and hospi-
talization rate at baseline (ves vs. no). Leave-one-out sensitivity
analysis was conducted to estimate the influence of each study on
the pooled results. Funnel plot and the Egger test were used to assess
the presence of any publication biases. All analyses were performed
with R Software {version 4.0.3).

Quality assessment

The quality of the included studied was assessed using Agency
for Healthcare Research and Quality methodology checklist. Two
investigators (Yang YB and Chen X) appraised each item of the scale
independently. The disagreement was settled by joint review with
an experienced methodologist (Zheng YB}.

Results
Literature search

As shown in Fig. 1, 3623 records were retrieved through the in-
itial database search, and 965 duplicate papers were removed. Of the
2658 records remaining, the majority were excluded after the first
screening based on titles or abstracts, The full texts of ninety-five
papers and eleven additionally identified studies [27-37] in-
vestigating the prevalence of long COVID of pediatric COVID-12
survivors were scanned. OF these articles, four were letters, con-
ference proceedings, abstracts or comments, three was a review or
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meta-analysis, eighteen had no available data, forty-one (including
thirty-nine initial extracted and two additional identified studies)
provided outcomes not had the symptom duration less than 3
months, and were hence excluded from analysis, Finally, a total of 40
eligible studies [16-18,20-22,27-30,32,33,35-62] were included in
the final analysis.

Characteristics of the included studies

Table 1 presents the primary descriptive characteristics of the 40
eligible studies. All of the inciuded studies were published between
2020 and 2022. A total of 12,424 participanis were included in the
final analysis, with the study sample sizes ranging from 16 to 3246.
Among the included studies, there were nine cross-sectional and
thirty-one cohort studies. The follow-up duration ranged from 3 to
13 months. Of all the included studies, 24 were conducted in
Europe [17,18,21,28,29,32,33,36,39-46,50-53,55,56,60,62}, 9 in Asia
[16,27,30,37,38,48,57,59,61], 4 in North America [16,20,22,27.30,
17,38,47.48,54,57-59,61], and 1 in Oceania [35], South America [49],
and multi continents [20], respectively. The mean or median age of
the participants ranged from to 3-15.2 years old, and most of the
studies included more than 50% male patients. Fifteen studies
[16,17,21,27,32,35,42-45,47,49,52,57.59] reported the percentage of
severe COVID-19 infection, with prevalence of severe illness ranging
from O to 63.86 % Eighteen studies [16,17,21,2732,353943~
45,47,49,52,54,57,59,61,62] reported percentage of MIS ameng pe-
diatric survivors, and seven [17,39,47,54,59,6162] of them
solely included those with MIS. Thirty-four studies
[16—18.20~22,27—30.32,35—39,.:::—5(},52-—54,58-62] reported the
percentage of hospitalization rate of survivors, and nineteen
[16,17,21,28,35-39,45-48,54,58-62] of them were 100.00 %, while
rest of them ranged from 0 % to 85.26 %. In addition, seven studies
[18,20-22,32,56,60] provided information on risk factors associated
with long COVID symptoms.
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The pooled prevalence of long COVID by organ system and specific
symptoms

We pooled the prevalence of long COVID of any one symptom
and mulitiple organ systems. Seventeen studies
|16,18,20-22,32,33,35,36,41,43,49-52,56,60] reported any symptom
amongst their study population during follow-up, with the pre-
valence of long COVID ranging from 3.67 % to 66.49 %, By combining
prevalence of any long COVID, the pooled prevalence was 23.36 %
{[95 % CI 15.27-32.53), I =99 %: N = 17) among the pediatric COVID-
19 participants (Fig. 2).

Estimated prevalence of long COVID by organ system is presented
in Fig. 2 and Supplement Fig. 1. Overall, generalized system showed
the top pooled prevalence (19.57 %, [95 % Cl 9.85-31.52], I =99 %;
N=26) of long COVID among the pediatric survivors, followed by
respiratory (14.76 %, [95 % Cl1 7.22-24.27], 2 =99 %; N =25), neuro-
logic (13.51 %, [95 % Cl 6.52-22.40], I* =99 %; N=22), psychiatric
(1230 %, [95 % C1 5.38-21.37], 1 =98 %; N =20), digestive (11.87 %, [95
% C1 4.22-22.46], 12 =69 %; N = 16), musculoskeletal {9.38 %, [95 % CI
3.59-17.31], 1> =99 %; N=19), cardiovascular (7.32 %, [95 % Cl
2.68-13.66], I* =97 %; N=16), dermatological (6.42 %, [95 % Cl
139-14.46], 2 =99 %; N=12), ophthalmological (3.92 %, [95 % Cl
0-14.34], I =99 %; N=7), and urological systems (0.44 %, [95 % (]
0-4.02], P =62 %: N=2).

The pooled prevalence of abnormal imaging was 13.12 % ({95 % CI
7.38-19.90], I =0; N=5). In addition, the pooled prevalence of ab-
normal laboratory findings ranged from O (international normalized
ratio: [95 % Cl 0-2.51); N=1) to 86.71 % (IgG positivity: [95 % CI
79.95-92.36], * =0; N=3). In addition, Penner et al. [63] reported
that 8.70 % {[95 % CI 1.95-18.89]; N =1) of survivors were readmitted
to the hospital after discharge. Estimation of prevalence of abnormal
imaging and laboratory findings among pediatric patients is pre-
sented in Supplement Fig. 2.

The pooled prevalence of reported symptoms

We combined the pooled prevalence of specific reported symp-
toms examined in five or more studies. Overall, dyspnea (22.75 %,
[95 % €1 9.38-39.54], I* =94 %; N=11) was the top specific symptom
among the pediatric survivors (Fig. 3), followed by fatigue (20.22 %,
[95 % CI 9.19-34.09], 17 =99 %; N=21), headache (15.88 %, [95 % CI
6.85-27.57], I> =99 %; N =18), shortness of breath (1530 %, [95 % (1
3.13-33.85], 2 =99 %: N=7), abdominal pain (1242 %, [95 % CI
2.94-26.81], I? =99 ¥%; N=12), concentration difficulties (11.44 %,
{95% CI 1.54-28.04], I =99 %; N=10), muscle pain (1142 %, [95 % Cl
3.45-22.96], 12 =99 %: N=14), sleep disturbances (838 %, [95 % (]
1.77-18.57], 12 =94 %; N=9), diarrhea (8.01 %, [95 % CI 1.66-18.08], I’
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=98 %: N=09), skin rashes (7.60 %, {95 % Cl 038-2162], 1 =99 ¥%;
N=7), heart palpitations (6.59 %, [95 % Cl 0.72-16.68], I* =98 %;
N=8), cough {6.17 %, {95 % C1 2.16-11.78], I* =97 %; N=17), dizziness
(6.16 %, [95% C1 0.15-18.22], I =99 %: N=8), chest pain (5.88 %, [95 %
C11.27-13.15), I* =97 %; N = 12), fever (5.02 %, [95 % C1 0.36-13.47}, I?
=95 %; N=12), altered or loss of smellftaste (3.97 %, {95 % CI
0-12.72], I* =94 %; N=6), weight loss (3.73 %, [95 % C1 0.07-11.15], IZ
=84 %: N=5), joint pain or swelling (2.74 %, [95 % CI 0.36-6.74], I*
=04 %: N="7), altered or loss of smell {(2.47 %, [95 % CI 0.36-5.90], I*
=07 %; N=9), and altered or loss of taste {1.71 %, [95 % Ci 0.08-4.68],
I* =89 %; N=6).

The pooled prevalence of long COVID during different follow-up
durations

The prevalence of any symptom exhibited a decreasing trend
with the progress of follow-up {Fig. 4), they were 26.41 % ([95 % (I
14.33-40.59], I =100 %; N = 11), 20.6 4% ([95 % C1 17.06-24.46], I* =31
%: N=5), and 14.89 % {[95 % CI 6.09-26.51], I* =75 %; N=2) during
3-6, 6-12, and > 12 months, respectively. The prevalence of long
COVID among the pediatric survivors during different follow-up
durations significantly different in the following specific system:
respiratory (P < 0.01), psychiatric (P < 0.01), neurologic {P < 0.01),
and cardiovascular (P < 0,01) systems. No significant difference of
prevalence of Jong COVID during different follow-up duration was
explored in the rest of systerns.

Subgroup analysis

Fig. 5 and Supplement Table 3 shows the meta-regression results
of estimation of prevalence of long COVID, and detailed prevalence
of long COVID in stratified populations is presented in Supplement
Fig. 3-7. Compared with patients with age< 10 years, those with
age > 10 years had a higher prevalence of long COVID in generalized
(36.6 % vs. 8.6 %; P=0.04), respiratory (283 % vs.1.9%; P < 0.01}, and
musculoskeletal (18.9 % vs, 0.6 %; P < 0.01), and systems. MIS pa-
tients exhibited a higher prevalence of long COVID in neurologic
(29.9 % vs. 5.2 %; P < 0.01), psychiatric {22.6 % vs. 2.9 %; P < 0.01),
cardiovascular (9.6 % vs. 3.2 %; P < 0.01), and musculoskeletal {12.2 %
vs. 1.4 %; P=0.04), when compared with those without MIS. In ad-
dition, severe patients had a higher prevalence of neurologic (38.3 %
vs, 10.5 %: P < 0.01), and psychiatric (42.5 % vs. 7.6 %; P < 0.01}
symptoms than non-severe patients. No significant difference was
found between prevalence of long COVID of each organ and per-
centage of hospitalization proportion at baseline, as well as the sex
ratio of the studies,

No.of No.of

No. of

Prevalence (80)

Symioms sindy events participanis (25% CI) T(%) Pvalue
Any of the symptoms 17 3421 10426 —_—— 23.36(15.27,32.53) 99.0 <001
Generalized symptoms 26 2575 11496 T — 19,57 (9.85.31.52) 99.0 <0.01
Subvective respiatory symploms 25 1205 8119 P S— 1476 (7.22,24.27) 99.0 <0.01
Newrologic symptoms 22 951 7979 —e— 13.51(6.52,22.40) $9.0 <001
Psychiairic symptoms 20 736 7939 [ — 12.30(5.38, 21.37) S8.0 <0.01
Digestive symptoms 16 580 nm R 11.87 (4.22, 22.46) 99.0 <0.0%
Musculoskeltal symploms 19 B80S 10853 —— 2.38(3.59,17.31) 99.0 <0.0}
Cardiovasculr symptoms 16 214 3933 re— 752 (2.68 13.66) 970 <0.01
Dermotogical sympfoms 12 304 7000 — 642 (139, 1445) 990 <0401
Ophthalmalbgicat symptoms 7 332 6244 ——— 3.92 (0, 14.34) 950 <001
Urofogical symptoms 2 2 540 g 0.44 (0, 4.02) 620 010

=
a o2 [ X 0.6

Fig. 2. Estimation of prevalence of long COVID among pediatric patients.
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No.of No.of No. of

Prevalence (30) s
Symtorss study events participants ©stecn L9 Pule
Dyspnoca 11 173 545 —_— 2LT5(9.38,30.54) 940 <0.01
Fatigue 21 1950 2084 ——ifr—— 2022 (9.19, 3409y 99.0 <0.01
Headache 18 1287 7420 e 15.88 (6.85, 27.57y 90.00 <001
Shortness of breath 7 %7 5521 —mer————— 15.30(3.13,33.85) 990 <001
Abdominal pain 12 536 4825 —_— 1242 (204, 26.81) 900 <0.01
Concentration difficulies 10 226 3318 —ue—— 11.44¢1.54, 2804y 990 <0.01
Muscle pain 14 727 7515 ssselfrerrr—— 1142 (3.45,22.96) 990 <001
Sleep distizbance 9 113 1304 —a—— 8.38(L.77,1857) 940 <001
Diarrhoea 9 287 415 —.— 8.01(1.66,18.08) 95.0 <0.01
Skin rashes 7 209 152% —a— 7.60(0.38,21.62) 99.0 <001
Heart palpitations 8 165 1419 —m— 6.59 (0.72, 16.68) 980  <0.01
Cough 17 303 7002 —— 6.17 (2.16,11.78) 97.0 <0.0f
Dirziness 8 595 G270 —— 6.16(0.15,18.22) 99.0 <0.0%
Chest pain 12 304 6598 —mn 5.88(1.27,13.15) 980 <001
Fever 12 250 6177 il 5.02(0.36, 1347y 95.0 <0.01
Altered or Joss of smellfigste 6 40 27115 —.— 3.97(0, 12.72) %40 <0.01
Weight loss 5 2 824  —m— 3.73 (0.07,11.15) 940 <001
Jofnt pain or sweling 7 3z 1218 g 2.74(D.36,6.74) 99.0 <0.01
Altered or logs of smell 9 433 4204 g 247{0.36,590) 97.0 <0.M1
Alered or loss of taste .3 28 1120 g 1.71(0.08,468) 8.0 <001

o

02 12

Fig. 3. Estimation of reported long COVID symptoms examined by five or more studies.

Risk factors for long COVID

Seven studies [18,20-22,32,56,60] reported risk factors for any
long COVID in pediatric patients. Of these studies, five of them
[18,20-22,56] pointed out the being older age was associated with
higher risk for long COVID. Also, three studies [18,22,56] showed
that fernale were more vulnerable for long COVID. Patients with poor
physical or mental health were identified impacting long COVID
[18,56]. In addition, those with more severe symptoms (e.g., symp-
tomatic during the acute phase [32], hospitalized 48 h or more [20]},
affected in specific organs (e.g., allergic diseases [21], and neurolo-
gical comorbidities [60], etc.), and had more symptoms at initial
infection [20,36], are more likely to develop long COVID. Others
factors, such as insurance types [22], and polymerase chain reaction
positive 3 months after diagnosis [18] were also mentioned to be
associated with long COVID.

Quality control and publication bias

The quality scores of the included articles ranged from 5 to 10
points (Supplement Table 4). We observed no significant study effect
when estimating the prevalence of long COVID. Applying the leave-
one-out sensitivity analysis did not significantly alter the pooled
estimates of prevalence of long COVID, indicating that no individual
study influenced the results significantly. For those long COVID re-
ported by over five studies, no significant publication bias was ex-
plored. These tesults are presented in Supplement Table 5 and
Supplement Fig. 8.

Discussion

This study is, to our knowledge, the most wide-ranging sys-
tematic review to date, comprehensively summarizing current evi-
dence on the long COVID of pediatric COVID-19 survivors. The
findings suggest that nearly one quarter of pediatric patients had
long COVID symptoms, which widely involved multi-organ systems.
Prevalence of long COVID symptoms decreased as time went by. In
addition, patients who were aged over 10 years, with MIS, and severe
illness exhibited higher prevalence of long COVID. We also sum-
marized the factors associated with long COVID in children, manly
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included older age, fermale, poor mental or physical status, as well as
severe symptoms at initial infection. These findings have significant
clinical implications and suggest that long-term monitoring is wat-
ranted for pediatric COVID-19 survivors.

The COVID-19 pandemic is our generation’s greatest global
challenge to our public health system [64-68], and children and
adolescents have been affected both physically and psychologically
|69,70]. In this meta-analysis and systematic review, we found that
persistent COVID-19 symptoms were common among the pediatric
COVID-19 survivors, with nearly one quarter reporting at least one
long COVID symptom afier recovery from acute illness or hospital
discharge. The finding is similar to previous findings that suggesting
post-COVID symptoms was 25.24 % in children and adolescents.
However, the prevalence of long COVID-19 symptoms among the
pediatric survivors was fower compared with adults, with at least
half of them was reported having persistent long COVID [7]. These
findings implicated the necessity of long-term monitoring for pe-
diatric survivors recovered from COVID-19.

As indjcated in this meta-analysis, dysponea, fatigue, and head-
ache, occurred the most frequently, which is similar to adults with
fatigue and dyspnea most prevalent [45]. However, symptoms such
as myocarditis [28], splenomegaly [63], and appendicitis [71] are
presented in pediatric survivors, which are serious long COVID of
COVID-19 infection, albeit thankfully less commeon. The exact me-
chanism of these less common long COVID, and whether they are
due to direct viral pathogenesis, requires further exploration. Apart
from the symptoms mentioned above, developmental regression
{27]. memory impairment [27,28], and cognitive difficulties [36]
have been reported in pediatric COVID-19 survivors, which may
impair physical and psychological development of children in the
future. Aside from the clinical assessment, imaging and laboratory
findings also have implications for monitoring persistent COVID-13
symptoms amongst pediatric survivors.

We also found that the long COVID symptoms decreased as the
foliow-up duration, especially in respiratory, cardievascular, psy-
chiatric, and neurolpgic systems. The findings suggest that the long
COVID symptoms were reversibie, and the patients would be re-
covered despite it took a long time. However, one thing still shoulid
be taken into consideration is that some long COVID symptoms even
exist after one-year follow-up duration, longer-term follow-up is
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No.of Ne.of No. of Prevalence(%s)

Symptoms stadies evenis _participants 95% CD I'%) Paine
Any sympioms

3-6 months 11 3208 9289 —— 26.41(14.33, 40.59) 1000 0.4t

612 months 5 237 1086 - 20.64 (17.06,24.46) 310

>12 months 2 51 411 —-— 14.89 (6.09,2651)  75.0
Subjectively repiratory symptoms

36 monils 17 1094 7096 —_— 2150 {041, 36.74) 9RO <1

6-12 months ] 234 1645 el 13.65 (2.29, 31.55) 960

>12 months 4 12 50 = 1.80 (0.22, 4.38) 49.0
Psychistric symptoms

3-6 months 12 476 6793 —— 13.84 (495, 26.08) 980 <001

612 months g 331 1707 —a—— 14.51 (3.26, 3133 990

>12 months 3 i0 %5 = 1.34 (0, 5.26} 82.0
Neurclogic symptoms

3-6 months 14 664 6784 —— 13.01(5.66,2267 980 <001

6-12 months 9 383 1753 — — 17.76(3.86, 3825 990

>12 months 3 13 534 m 1.89 (0.20, 4.70) 440
Generalized symptoms

3-6 months 15 2086 10077 —a— 19.50 (7.78.34.75)  99.0 .31

6-12 months 9 501 1842 _— 1930 (3.13,4397)  99.0

>12 months 4 46 590 e 8.90(2.96, 17.25) §3.0
Digestive symptoms

3-6 months 9 289 6033 T 12.38(2.10,29.02)  99.0 0.1t

6-12 monihs 9 381 1784 2~ —@— 14.76(2.77,33.25)  99.0

>12 months 2 10 514 & 2.22 (0, 8.93) 90.0
Musculoskeletal symptonis

3-5 months 13 §70 9797  —@— 297(2.09,19.52) 9690 0.26

612 months 7 304 1605 =~ —m— 13.61 (1.43,34.52)  99.0

>12 months 3 2 565 W= 3.03 (0.05, 9.07) 81.0
Demotosis symptoms

3-6 months 10 169 6283  —E— 7.10(1.34, 1646} 970 e17

6-12 months 4 207 1333 —— 11.17 (0, 40.21) 99.0

>12 months 2 11 514 B 2.08 (0.97, 3.5T 0.0
Cardiovascular symptoms

3-6 months g o8 3077 T 771(158,17.23) 970 <00l

§12 months g 168 1457 - £.60 (1.53, 19.68) 8.0

>12 months 1 1 360 =& 0.25 (0, 1.19) f
Ophthaimological symptoms

3-6 months 5 197 5445 g 1.69 (0, 6.10) 8.0 0.52

612 manths 2 135 70 g e 12.63 (0, 74.09) 100.0
Urological symptoms

3-6 months 1 0 496 = 0 (0, 0.35) / 611

6-12 months 2 2 50 = 0.44 (0, 4.02) 62.0

T r
-} 0.2 04 06 o8

Fig. 4. Subgroup analysis of prevalence of long COVID in pediatric patients during different follow-up duration.

necessary to help define the extended natural history of pediatric symptoms, Children and adolescents with MIS generally exhibited
survivors, even after one year or longer. serious and life-threatening illness [19,72]. Seven studies in this

In this study, we also found children and adolescents with MIS, or systematic review independently assessed the long COVID among
had severe infection were more vulnerable to having long COVID the pediatric survivors with MIS, Overall, the pediatric survivors

_Pooled | MIS patients Hospitalization = | Severity
Age>10 Ages10 p >50% a 5 ___Mis____ Non-MiS H talizecion-h 2 Severs Norr-Seven
o~ N e Trma | ms | e o N e
Gemeriizedt | 196 % 58 197 180 148 &3 e 11.1 222 12.0
Subjective ropiratory | 14B a1 5.1 1% 6.3 28 127 102 NA A
Newroiogic 135 203 8.2 131 8z [ F 155 12.7 = 105  COVO-1Bsaquelsers)
Poychiatic 123 163 a0 141 65 226" 28 1.8 0.0 76 il
Digestve 119 218 20 1.8 %4 NA NA& 73 28 NA wm B,
Mustuioskaiona! 94 189" 0.6 56 7.9 96" a2 %1 48 8.2 a1 B
Candfovasculat 73 124 2] 82 48 q2.2" 14 wr 2] 8.2 4.5
Dematogical 6.4 128 13 71 &7 as a1 17 1.6 Na NA
Gphihatmologicst 3.9 a7 o.f 14 &k NA NA NA MA NA NA

Severa patients s defined as more than 50% of tha patients who are seriously ill in acute phase.
* means subgroup difference p<0.05

Fig. 5. Suhgroup analysis of prevalence of long COVID in pediatric patients.
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with MIS had a higher prevalence of long COVID affecting multiple
systems and organs. Participants with severe acute illness was also
identified associated with fong COVID in multi-systems. Osmanov
et al. [73] associated severe acute COVID-19 with a six times greater
likelihood of reporting long COVID; suggesting further character-
ization of which specific organ systems are most likely to be affected
in severe cases of COVID-18 is still required. Moreover, by sum-
marizing risk factors associated with long COVID, we also noticed
that patients with more symptoms, or affected by specific diseases
{e.g., neurologic, or allergic diseases) were more likely to develop
long COVID. No statistical difference between the prevalence of long
COVID affecting each specific organ system and hospitalization rate
at baseline; however, more hospitalization duration was mentioned
to associated with long COVID in Funk et al. findings [20]. All these
findings implicated the importance of assessing the clinical condi-
tions during the initial infection, and more attention should be paid
to pediatric survivors with MIS, severe infection, or had comorbid-
ities,

Some demographic characteristics have been mentioned to be
associated with long COVID. Consistent with the findings of
Behnood et al. [74], older age was associated with higher pre-
valence of long COVID symptoms. Despite ne significant difference
was explored between long COVID symptom and sex ratio in this
study, several studies (18,56} implied that female are more risk for
long COVID, In addition, patients with poor mental or physical
health status also exhibited higher risk for long COVID. Exploring
these vulnerable populations further could help policy-makers and
physicians establish population-stratified support for patients most
in need.

Several limitations should be pointed out in this study. First, the
prevalence of long COVID among the pediatric survivors may biased
due to the fimited included number of studies. To the best of our
knowledge, the majority of the studies focused on long COVID
among the adults, as the symptoms may be more severe. As there
still remained a lot of unknowns about the long COVID in pediatric
COVID-19 survivors, more related researches are recommended.
Second, the heterogeneity of the study could not be avoided. Many
symptoms were not captured using standardized definitions or in-
struments, and it was difficult to compare frequency and severity.
Objective measurement as well as well-designed examinations is
suggested to in the near future. Third, the long COVID after COVID-19
infaction were merely symptoms among the survivors; therefore, the
causal refationship between COVID-19 infection and long COVID
should be cautiously read. Many symptoms such as fatigue, muscle
pain, and headache are highly prevalent in the general population,
and it may be not necessarily caused by COVID-19 infection. Based
on this consideration, it is of great necessity to introduce the com-
parison group to address the issue of long COVID of COVID-18 in-
fection among the pediatric survivors. Disappointingly, few included
studies set the control groups to compare the long COVID among the
COVID-19 pediatric survivors, which limited us to furtherly clarify
the relationship between COVID-19 infection and long COVID.
Fourth, the impact of COVID-19 infection on growth and intelligence
development after long period seemed to be not clear. Memory
impairment, and cognitive difficulties have already been reported in
pediatric COVID-19 survivors [28,51], which implied the potential
side effects of COVID-19 infection on growih and intelligence de-
velopment. Thus, the long period monitoring for pediatric COVID-13
survivors is necessary. Fifth, evidence of risk factors associated with
long COVID symptoms was limited, which needs further investiga-
tion in the future. Patients with MIS, more severe symptoms at in-
itial infection generally presented with higher prevalence of long
COVID. Therefore, these vulnerable patients should be cautiously
treated with medical service not merely during acute phase, but also
be monitored after long duration.
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Conclusion

In conclusion, this meta-analysis provides a comprehensive
overview of the current state of knowledge of the long COVID among
the pediatric COVID-19 survivors and the risk factors associated with
it. Qur findings suggest that pediatric COVID-19 survivors who have
recovered from COVID-19 have a high burden of long COVID after
hospital discharge, and the cases with multisystem inflammatory
syndrome, and more severe symptoms at initial infection had higher
burden. It is important to follow-up these patienis and appropriately
manage any persistent or emerging long COVID in both physical and
psychological domains.
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During the 20th century, life expectancy at birth among U.S. residents increased by 62%, from 47.3 years in 1900 to 76.8
in 2000, and unprecedented improvements in population health status were observed at every stage of life (1). In 1999,
MMWR published a series of reports highlighting 10 public health achievements that contributed to those improvements.
This report assesses advances in public health during the first 10 years of the 21st century. Public health scientists at CDC
were asked to nominate noteworthy public health achievements that occurred in the United States during 2001--2010.
From those nominations, 10 achievements, not ranked in any order, have been summarized in this report.

Vaccine-Preventable Discases

The past decade has seen substantial declines in cases, hospitalizations, deaths, and health-care costs associated with
vaccine-preventable diseases. New vaccines (i.e., rotavirus, quadrivalent meningococcal conjugate, herpes zoster,
pneumnococcal conjugate, and human papillomavirus vaccines, as well as tetanus, diphtheria, and acellular pertussis
vaccine for adults and adolescents) were introduced, bringing to 17 the number of diseases targeted by U.S. immunization
policy. A recent economic analysis indicated that vaccination of each U.S. birth cohort with the current childhood
immunization schedule prevents approximately 42,000 deaths and 20 million cases of disease, with net savings of nearly
$14 billion in direct costs and $69 billion in total societal costs (2).

The impact of two vaccines has been particularly striking. Following the introduction of pneumococeal conjugate vaccine,
an estimated 211,000 serious pneumococcal infections and 13,000 deaths were prevented during 2000--2008 (3). Routine
rotavirus vaccination, implemented in 2006, now prevents an estimated 40,000--60,000 rotavirus hospitalizations each
year (4). Advances also were made in the use of older vaccines, with reported cases of hepatitis A, hepatitis B, and varicella
at record lows by the end of the decade. Age-specific mortality (i.e., deaths per million population) from varicella for
persons age <20 years, declined by 97% from 0.65 in the prevaccine period (1990--1994) to 0.02 during 2005--2007 (5).
Average age-adjusted mortality (deaths per million population} from hepatitis A also declined significantly, from 0.38 in
the prevaccine period (1990--1995) to 0.26 during 2000--2004 (6}.

Prevention and Control of Infectious Diseases

Improvements in state and local public health infrastructure along with innovative and targeted prevention efforts yielded
significant progress in controlling infectious diseases. Examples include a 30% reduction from 2001 to 2010 in reported
U.S. tuberculosis cases and a 58% decline from 2001 to 2009 in central line--associated blood stream infections (7,8).
Major advances in laboratory techniques and technology and investments in disease surveillance have improved the
capacity to identify contaminated foods rapidly and accurately and prevent further spread (9--12). Multiple efforts to
extend HIV testing, including recommendations for expanded screening of persons aged 13--64 years, increased the
number of persons diagnosed with HIV/AIDS and reduced the proportion with late diagnoses, enabling earlier access to
life-saving treatment and care and giving infectious persons the information necessary to protect their partners (13). In
2002, information from CDC predictive models and reports of suspected West Nile virus transmission through blood
transfusion spurred a national investigation, leading to the rapid development and implementation of new blood donor
screening (14). To date, such screening has interdicted 3,000 potentially infected U.S. donations, removing them from the
blood supply. Finally, in 2004, after more than 60 years of effort, canine rabies was eliminated in the United States,
providing a model for controlling emerging zoonoses {(15,16).

Tobacco Control

Since publication of the first Surgeon General's Report on tobacco in 1964, implementation of evidence-based policies and
interventions by federal, state, and local public health authorities has reduced tobacco use significantly (17). By 2009,
20.6% of adults and 19.5% of youths were current smokers, compared with 23.5% of adults and 34.8% of youths 10 years
earlier. However, progress in reducing smoking rates among youths and adults appears to have stalled in recent years.
After a substantial decline from 1997 (36.4%) to 2003 (21.9%), smoking rates among high school students remained
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relatively unchanged from 2003 (21.9%) to 2009 (19.5%) (28). Similarly, adult smoking prevalence declined steadily from
1965 (42.4%) through the 1980s, but the rate of decline began to slow in the 1990s, and the prevalence remained relatively
unchanged from 2004 (20.9%) to 2009 (20.6%) (19). Despite the progress that has been made, smoking still results in an
economic burden, including medical costs and lost productivity, of approximately $193 billion per year (20).

Although no state had a comprehensive smoke-free law (i.e., prohibit smoking in worksites, restaurants, and bars) in
2000, that number increased to 25 states and the District of Columbia (DC) by 2010, with 16 states enacting
comprehensive smoke-free laws following the release of the 2006 Surgeon General's Report (21). After 99 individual state
cigarette excise tax increases, at an average increase of 55.5 cents per pack, the average state excise tax increased from
41.96 cents per pack in 2000 to $1.44 per pack in 2010 (22). In 20009, the largest federal cigarette excise tax increase went
into effect, bringing the combined federal and average state excise tax for cigarettes to $2.21 per pack, an increase from
$0.76 in 2000. In 2009, the Food and Drug Administration (FDA) gained the authority to regulate tobacco products (23).
By 2010, FDA had banned flavored cigarettes, established restrictions on youth access, and proposed larger, more effective
graphic warning labels that are expected to lead to a significant increase in quit attempts (24).

Maternal and Infant Health

The past decade has seen significant reductions in the number of infants born with neural tube defects (NTDs) and
expansion of screening of newborns for metabolic and other heritable disorders. Mandatory folic acid fortification of cereal
grain products labeled as enriched in the United States beginning in 1998 contributed to a 36% reduction in NTDs from
1996 to 2006 and prevented an estimated 10,000 NTD-affected pregnancies in the past decade, resulting in a savings of
$4.7 billion in direct costs (25--27).

Improvements in technology and endorsement of a uniform newborn-screening panel of diseases have led to earlier life-
saving treatment and intervention for at least 3,400 additional newborns each year with selected genetic and endocrine
disorders (28,29). In 2003, all but four states were screening for only six of these disorders. By April 2011, all states
reported screening for at least 26 disorders on an expanded and standardized uniform panel (29). Newborn screening for
hearing loss increased from 46.5% in 1999 to 96.9% in 2008 (30). The percentage of infants not passing their hearing
screening who were then diagnosed by an audiologist before age 3 months as either normal or having permanent hearing
loss increased from 51.8% in 1999 to 68.1 in 2008 (30).

Motor Vehicle Safety

Motor vehicle crashes are among the top 10 causes of death for U.S. residents of all ages and the leading cause of death for
persons aged 5--34 years (30). In terms of years of potential life lost before age 65, motor vehicle crashes ranked third in
2007, behind only cancer and heart disease, and account for an estimated $99 billion in medical and lost work costs
annually (31,32). Crash-related deaths and injuries largely are preventable. From 2000 to 2009, while the number of
vehicle miles traveled on the nation's roads increased by 8.5%, the death rate related to motor vehicle travel declined from
14.9 per 100,000 population to 11.0, and the injury rate declined from 1,130 to 722; among children, the number of
pedestrian deaths declined by 49%, from 475 to 244, and the number of bicyclist deaths declined by 58%, from 178 to 74

(33,34).

These successes largely resulted from safer vehicles, safer roadways, and safer road use. Behavior was improved by
protective policies, including effective seat belt and child safety seat legislation; 49 states and the DC have enacted seat belt
laws for adults, and all 50 states and DC have enacted legislation that protects children riding in vehicles (35). Graduated
drivers licensing policies for teen drivers have helped reduce the number of teen crash deaths (36).

Cardiovascular Disease Prevention

Heart disease and stroke have been the first and third leading causes of death in the United States since 1921 and 1938,
respectively (37,38). Preliminary data from 2009 indicate that stroke is now the fourth leading cause of death in the
United States (39). During the past decade, the age-adjusted coronary heart disease and stroke death rates declined from
195 to 126 per 100,000 population and from 61.6 to 42.2 per 100,000 population, respectively, continuing a trend that
started in the 1900s for stroke and in the 1960s for coronary heart disease (40). Factors contributing to these reductions
include declines in the prevalence of cardiovascular risk factors such as uncontrolled hypertension, elevated cholesterol,
and smoking, and improvements in treatments, medications, and quality of care (41--44)

Occupational Safety

Significant progress was made in improving working conditions and reducing the risk for workplace-associated injuries.
For example, patient lifting has been a substantial cause of low back injuries among the 1.8 million U.S. health-care
workers in nursing care and residential facilities. In the late 1990s, an evaluation of a best practices patient-handling
program that included the use of mechanical patient-lifting equipment demonstrated reductions of 66% in the rates of
workers' compensation injury claims and lost workdays and documented that the investment in lifting equipment can be
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recovered in less than 3 years (45). Following widespread dissemination and adoption of these best practices by the
nursing home industry, Bureau of Labor Statistics data showed a 35% decline in low back injuries in residential and
nursing care employees between 2003 and 2009.

The annual cost of farm-associated injuries among youth has been estimated at $1 billion annually (46). A comprehensive
childhood agricultural injury prevention initiative was established to address this problem. Among its interventions was
the development by the National Children's Center for Rural Agricultural Health and Safety of guidelines for parents to
match chores with their child's development and physical capabilities. Follow-up data have demonstrated a 56% decline in
youth farm injury rates from 1998 to 2009 (National Institute for Occupational Safety and Health, unpublished data,
2011).

In the mid-1990s, crab fishing in the Bering Sea was associated with a rate of 770 deaths per 100,000 full-time fishers
(47). Most fatalities occurred when vessels overturned because of heavy loads. In 1999, the U.S. Coast Guard implemented
Dockside Stability and Safety Checks to correct stability bazards. Since then, one vessel has been lost and the fatality rate
among crab fishermen has declined to 260 deaths per 100,000 full-time fishers (47).

Cancer Prevention

Evidence-based screening recommendations have been established to reduce mortality from colorectal cancer and female
breast and cervical cancer (48). Several interventions inspired by these recommendations have improved cancer screening
rates. Through the collaborative efforts of federal, state, and local health agencies, professional clinician societies, not-for-
profit organizations, and patient advocates, standards were developed that have significantly improved cancer screening
test quality and use (49,50). The National Breast and Cervical Cancer Early Detection Program has reduced disparities by
providing breast and cervical cancer screening services for uninsured women (49). The program's success has resulted
from similar collaborative relationships. From 1998 to 2007, colorectal cancer death rates decreased from 25.6 per
100,000 population to 20.0 (2.8% per year) for men and from 18.0 per 100,000 o 14.2 (2.7% per year) for women (51).
During this same period, smaller declines were noted for breast and cervical cancer death rates (2.2% per year and 2.4%,
respectively) (52).

Childhood Lead Poisoning Prevention

In 2000, childhood lead poisoning remained a major environmental public health problem in the United States, affecting
children from all geographic areas and social and economic levels. Black children and those living in poverty and in old,
poorly maintained housing were disproportionately affected. In 1990, five states had comprehensive lead poisoning
prevention laws; by 2010, 23 states had such laws. Enforcement of these statutes as well as federal laws that reduce
hazards in the housing with the greatest risks has significantly reduced the prevalence of lead poisoning. Findings of the
National Health and Nutrition Examination Surveys from 1976--1980 to 2003--2008 reveal a steep decline, from 88.2% to
0.9%, in the percentage of children aged 1--5 years with blood lead levels 210 ug/dL. The risks for elevated biood lead
levels based on socioeconomic status and race also were reduced significantly. The economic benefit of lowering lead levels
among children by preventing lead exposure is estimated at $213 billion per year {53).

Public Health Preparedness and Response

After the international and domestic terrorist actions of 2001 highlighted gaps in the nation's public health preparedness,
tremendous improvements have been made. In the first half of the decade, efforts were focused primarily on expanding
the capacity of the public health system to respond (e.g., purchasing supplies and equipment). In the second half of the
decade, the focus shifted to improving the laboratory, epidemiology, surveillance, and response capabilities of the public
health system. For example, from 2006 to 2010, the percentage of Laboratory Response Network labs that passed
proficiency testing for bioterrorism threat agents increased from 87% to 95%. The percentage of state public health
laboratories correctly subtyping Escherichia coli 0157:H7 and submitting the results into a national reporting system
increased from 46% to 69%, and the percentage of state public health agencies prepared to use Strategic National
Stockpile material increased from 70% to 98% (54). During the 2009 H1N1 influenza pandemie, these improvemenis in
the ability to develop and implement a coordinated public health response in an emergency facilitated the rapid detection
and characterization of the outbreak, deployment of laboratory tests, distribution of personal protective equipment from
the Strategic National Stockpile, development of a candidate vaccine virus, and widespread administration of the resulting
vaccine. These public health interventions prevented an estimated 5--10 million cases, 30,000 hospitalizations, and 1,500
deaths (CDC, unpublished data, 2011).

Existing systems also have been adapted to respond to public health threats. During the 2009 HiN1 influenza pandernic,
the Vaccines for Children program was adapted to enable provider ordering and distribution of the pandemic vaccine.
Similarly, President's Emergency Plan for AIDS Relief clinics were used to rapidly deliver treatment following the 2010
cholera outbreak in Haiti.

Conclusion
https:/iwww.cdc.govimmwr/preview/mmwrhtml/mme019a5.htm 3/6
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From 1999 to 2009, the age-adjusted death rate in the United States declined from 881.9 per 100,000 population to 741.0,
a record low and a continuation of a steady downward trend that began during the last century. Advances in public health
contributed significantly to this decline; seven of the 10 achievements described in this report targeted one or more of the
15 leading causes of death. Related Healthy People 2010 data are available at

http://www.cde.gov/mmwr/preview/mmwrhtml/mm6019a5_addinfo.htm. The examples in this report also illustrate the

effective application of core public health tools. Some, such as the establishment of surveillance systems, dissemination of
guidelines, implementation of research findings, or development of effective public health programs, are classic tools by
which public health has addressed the burden of disease for decades.

Although not new, the judicious use of the legal system, by encouraging healthy behavior through taxation or by shaping it
altogether through regulatory action, has become an increasingly important tool in modern public health practice and
played a major role in many of the achievements described in this report (55). The creative use of the whole specirum of
available options, as demonstrated here, has enabled public health practitioners to respond effectively. Public health
practice will continue to evolve to meet the new and complex challenges that lie ahead.

Reported by

Domestic Public Health Achievements Team, CDC. Corresponding contributor: Ram Koppaka, MD, PhD, Epidemiology
and Analysis Program Office, Office of Surveillance, Epidemiology, and Laboratory Services, CDC; rkoppaka@cdc.gov,
347-396-2847.
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Omicrofy, Delta, Alpha, and More: What To Know

About the Coronavirus Variants

BY KATHY KATELLA SEPTEMBER 1, 2023

A quick guide to the coronavirus variants that have been top-of-
mind.

ABFAEZH@I

ALPHA BETA GAMMA DELTA EPSILON ZETA THETA 10TA
KAPPA LAMBRDA OMICRON
SIGMA TAU UPSILORN OMEGA

[Originally published: Dec. 10, 2021. Updated: Sept. 1, 2023]

Note: Information in this article was accurate at the time of original publication. Because information about
COVID-19 changes rapidly, we encourage you fo visit the websites of the Centers for Disease Control &
Pravention (CDC), World Health Organization (WHQ), and your state and local government for the latest
information.

One thing we know for sure about SARS-CoV-2, the virus that causes COVID-19, is that it is changing constantty.

Since the beginning of the pandemic, we've seen a number of prominent variants, including Alpha, Beta, Deita,
and Omicron.

hitps:/fwww.yalemedicine.org/news/covid-1 S-varianis-of-concem-omicron
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Although new variants are an expected part of the evolution of viruses, monitoring each one that surfaces is
essential in ensuring we—in the U.S. and globally—are prepared. This is especially true if a new variant is more
aggressive, highly transmissible, vaccine-resistant, able to cause more severe disease—or alt of the above,
compared with the originatl strain of the virus.

The World Health Organization (WHO) names new coronavirus variants using the letters of the Greek alphabet,
starting with the Alpha variant, which emerged in 2020.

Below is a list of—and information about—some of the variants that have been top-of-mind.

Omicron and its subvariants

Omicron and its subvariants have ranked as the predominant SARS-CoV-2 strains in the U.S. for almost two
years now. While the original Omicron strain (BA.1) is no longer circulating, Omicron subvariants are now driving
most of the country’s SARS-CoV-2 infections. Omicron was first identified in Botswana and South Africa in late
November 2021, and cases quickly began to surface and multiply in other countries. By December of that year,
Omicron was causing daily case numbers in the U.S. to skyrocket to over a million. In 2022, it had spawned a
number of subvariants. In 2023, a new Omicron strain called EG.5 (nicknamed “Eris”) is the dominant strain in

the U.S., and experts are monitoring another new strain called BA.2.86 (nicknamed “Pirola™).

How contagious Is it? Omicron’s subvariants are considered to be especially efficient spreaders of the disease.
The original strain of Omicron was more transmissible than Delta was. One explanation was that more than 30
of Omicron's mutations are on the virus's spike protein, the part that attaches to human cells, and several of
those are believed to increase the probability of infection.

https://www.yalemedicine.org/news/covid-19-variants-of-concern-omicron 216
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Severity: Scientists are still working to learn more about whether the current Omicron strains cause more
severe disease than their predecessors. Data has suggested that the original Omicron strain was less severe, in
general, than previous variants, according to the CDC. But it has also been noted that surges in cases may lead
to significant increases in hospitalizations and deaths, as they did during the variant's spread at the beginning
of 2022, when the estimated death rates went as high or higher than they were at the time of the Delta variant
surge in the previous autumn.

Can vaccination prevent it? The CDC says that while breakthrough infections in vaccinated people are
expected, staying up to date with vaccinations is the best protection against Omicron. Scientists are evaluating
the effectiveness of a new fall 2023 updated COVID-19 booster against EG.5 and BA.2.86, according to the CDC.
Currently, the CDC says the updated vaccine is expected to be effective at reducing severe disease and
hospitalization from the two recent subvariants.

Delta

Delta (B.1.617.2) was first identified in India in late 2020; it soon spread throughout the world, becoming what
was the predominant version of the coronavirus—until Omicron took its place in mid-December of 2021,

How contagious is it? It's estimated that Delta caused more than twice as many infections as previous variants
—in Connecticut, it was estimated to have been 80 to 90% more transmissible than the Alpha variant. in the
U.S., in June 2021, after a steady decline in COVID-19 cases and hospitalizations, the arrival of Delta coincided
with a rapid reversal of that trend. In the fall of 2021, there were surges even in the most vaccinated states,
prompting experts to urge people to get their booster shots.

https:/iwww.yalemedicine.org/news/covid-1 9-variants-of-concern-omicron 36
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Severity: Delta caused more severe disease than other variants in people who weren’t vaccinated. Early studies
from Scotland and Canada, both cited by the CDC, suggested Delta was more likely to result in hospitalization
in the unvaccinated. A report in the Lancet found that people in England had double the hospitalization risk
with Delta than they did with Alpha, the previously dominant variant in that country.

Can vaccination prevent it? All three vaccines in the U.S. were considered highly effective against severe iliness,
hospitalizations, and death from Delta. No vaccine is 100% effective, and Delta caused breakthrough infections
in some fully vaccinated people. Also, infected vaccinated people could spread the virus to others, although
likely they were infectious for a shorter time.

Delta also prompted the CDC to recommend “layered prevention strategies” for both the vaccinated and the
unvaccinated. That means that, in addition to staying up-to-date with their vaccines, people were advised to
practice such strategies as washing hands, wearing masks, and maintaining a physical distance from one
another, especially when indoors in places where there was substantial or high transmission.

Beta

ﬁPurple Variant coronavirus llustration

This variant, or B1.351, was identified in South Africa at the end of 2020 and spread to other countries. Experts
had been concerned about its several mutations and its potential to evade antibodies. Beta was not common in
the U.S.

How contagious is it? The CDC said Beta was about 50% more contagious than the eriginal coronavirus strain.

https:/Awww.yalemedicine crg/news/covid-1 Y-variants-of-concern-omicron 48
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Severity: There was evidence to suggest that Beta may have been more likely than other variants to lead to
hospitalization and death.

Can vaccination prevent it? South Africa stopped offering the AstraZeneca-Oxford vaccine (which is not
available in the U.S.) early in 2021 after clinical trials showed it did not provide strong protection against mild
and moderate disease from the Beta variant. Pfizer-BioNTech, Moderna, and Johnson & Johnson also reported
less protection against Beta.

Alpha

s Yellow Variant coronavirus Illustration

Alpha (B11.7) was the first of the highly publicized variants. Alpha first appeared in Great Britain in November
2020 and infections surged in December of that year. It soon surfaced around the world and became the
dominant variant in the U.S., where the CDC classified it as a variant of concern. Then, Alpha faded away with
the rise of the more aggressive Delta variant.

How contagious is it? Some mutations in Alpha’s spike protein were thought to make it more infectious. The
B.1.1.7 lineage was believed to be 30 to 50% more contagious than the original SARS-CoV-2 strain. In the U.S,,
in mid-April 2021—before Delta became predeminant—Aipha comprised 66% of cases, according to a study
released in June by the CDC.

Severity: Studies have suggested the B.1.1.7 lineage was more likely to land infected people in the hospital and
was deadlier than the original virus.

https:/iwww.yalemedicine.org/news/covid-1 9-variants-of-concern-ormicron 5/8
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Can vaccinations prevent it? Pfizer, Moderna, and Johnson & Johnson all said their vaccines were effective in
preventing severe disease and hospitalization in Alpha cases.

This article was medically reviewed by Yale School of Public Health epidemiologist Nathan Grubaugh, PhD.

Note: Information provided in Yale Medicine articles is for general informational purposes only. No content in
the articles should ever be used as a substitute for medical advice from your doctor or other qualified clinician.
Always seek the individual advice of your health care provider with any questions you have regarding a medical

condition.
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Covid-19: How many variants are there, and what do we know about

them?

Eight notable variants of SARS-CoV-2 have been found since September 2020. Elisabeth Mahase

reviews the line-up so far
Elisabeth Mahase
Alpha

Considered a variant of concern by the World Health
Organization, alpha was first identified in Kent in the
UK in September 2020 and drove the UK’s second
wave.

While it was first thought that this variant was around
70% more transmissible than the original (wild-type)
SARS-CoV-2 coronavirus, data now suggest that it is
30-40% more transmissible than the original.!

Research has shown vaccine efficacy (two doses)
against the alpha variant to be 74.5% with the
Oxford-AstraZeneca vaccine, 93.7% with the
Pfizer-BioNTech vaccine,” 85.6% with the Novavax
vaccine,? and 100% with the Moderna vaccine.* A
study looking at the Spuinik V vaccine saw some
reduced neutralising activity against the alpha
variant,5 and Thailand’s Public Health Ministry has
reported that two doses of the Sinovac vaccine are
71-91% effective against alpha.® (Video 1)

Video § Covid-19: Variants of concern

Beta

First documented in South Africa in May 2020, befa
is also considered a variant of concern by WHO.

The US Centers for Disease Control and Prevention
(CDC) has linked beta with a 50% increase in
transmission,” but the big worry is the emerging
evidence of its ability to evade some of the existing
vaccines.

Farly studies indicate that the Pfizer vaccine has a
slightly lower (72-75%) effectiveness against beta
than against the wild-type SARS-CoV-2, but both
Pfizer and Moderna say that their vaccines are still
g5% effective against severe disease and death.
Novavax {60%) and Johnson and Johnson (57%) fare
slightly worse. And, while early studies of the
Oxford-AstraZeneca vaccine seemed to show low
efficacy against beta, real world data published on
23 July indicated 829 effectiveness in preventing
severe disease and death from covid after a single
vaccine dose.®

Sputnik V’s maker claims that it is “highly effective”
against beta, but at least one study has noted a
reduction in neutralising activity against this variant.s
Data on the efficacy of $inovac’s CoronaVac are
lacking, although reports from Hong Kong suggested
that the level of protection was 70% lower against
beta than against wild-type.?

the bmj | BMJ 2021,374n1571 | doi: 10.1136/bmin197t

Gamma

Gamma was first identified in Manaus, Brazil, in
November 2020 and is another variant of concern for
WHO. At the time of writing it remains the dominant
variant in South America.'®

Research suggests that gamrma is 1.7-2.4 times more
transmissible than wild-type SARS-CoV-2."

Few studies have been conducted to determine the
efficacy of covid vaccines against the gamma variant.
However, a report looking at an cuthreak of gamma
among employees of a goldmine in French Guiana
noted a “strikingly high attack rate” among people
fully vaccinated with the Pfizer vaccine, as 60% of
the fully vaccinated people became infected,
compared with 75% of unvaccinated miners without
a history of infection.'? The manufacturers of Sputnik
V claim that it is “highly effective” against variants
including gamma, but a study published in July
looking at antibody responses found reduced
neutralising activity against gamma and other
variants.3

Delta

A WHO variant of concern now dominant in Europe
and the US, delta continues to drive a steep rise in
cases throughout much of Asia including Bangladesh,
Iran, Iraq, Japan, Kazakhstan, Malaysia, Myantmat,
Pakistan, South Korea, Thailand, and Vietnam,** as
well as in India, where it was first identified in
Octoher 2020.

Delta is the most transmissible form of SARS-CoV-2
detected so far: as much as 60% more so than the
alpha variant, one study estimated. Researchers have
described it as an “improved” version of the alpha
variant thanks to a mutation that makes it more
infective in the airways. This means an increased
amount of virus in the infected person such that they
may expel more virus into the air, and one preprint
study concluded that infected individuals had viral
loads as much as 1260 times higher than people
infected with wild-type SARS-CoV-2."5 Another
concern is that if the delta variant is better at infecting
human airway cells people may become infected after
lower exposure.’®

The data so far are positive regarding existing

vaccines: research suggests vaccine efficacy of 67%
with the Oxford-AstraZeneca vaccine and 88% with
the Pfizer-BioNTech vaccine against delia, while the
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%sp Administration for Strategic
Preparedness & Response
Information Sheet & Frequently Asked Questions

FDA's Change to Authorization of Evusheld

On January 26, FDA announced that Evusheld is not currently authorized for emergency use in the U.S. until further
notice by the agency because the therapeutic is unfikely to be active against more than 90% of the SARS-CoV-2
variants currently circulating in the U.S. based on the latest CDC data.

There are many things that people can do to protect themselves against COVID-19. First, if vaccination is
recommended for you, get vaccinated and stay up to date. This means getting the updated (bivalent} vaccine if you
haven't received it yet.

Second, develop a COViD-19 Action Plan so that you have all of the information you need on hand if you get sick with
COVID-19.

If you develop signs or symptoms of COVID-19, reach out to your doctor, another healthcare provider, or a Test to
Treat site (in person or via telehealth) immediately, even if your symptoms are mild. As an additional option for
patients who are unable to access their healthcare provider, Test to Treat sites have health clinics at the sites where
people can get tested for COVID-19 and evaluated by a healthcare provider {in person or via teiehealth). People
who test positive and are eligible can get a prescription to treat the infection and have the prescription filled at an
affiliated pharmacy.

Finally, taking multiple prevention steps can provide additional layers of protection against COVID-1%:

e Wear a wellfitting, high-quality mask or respirator in public places to reduce your chances of becoming infected
with COVID-19, or any other respiratory illnesses. Properly fitting respirators provide the highest level of protection.

« When indoors with others, try to improve ventilation as much as possible.

« Avoid poorly ventilated or crowded indoor settings.

« Wash your hands often with soap and water or use a hand sanitizer that contains at least 60% alcohol.

« Encourage people you live with or spend time with to stay up to date on COVID vaccines and take all necessary
« prevention actions to protect themselves against COVID-19, or hospitalization and death if exposed.

« Avoid people who are sick, including people have COVID-19, even if they do not feel or seem sick.

e Talk with your doctor in advance about what treatments may be appropriate for you and how to access the
medication if you experience symptoms.

Frequently Asked Questions

What is Evusheld? Specifically, Evusheld was authorized for:

£vusheld is a long-acting antibody therapeutic. Since = People who have moderate to severe immune
December 2021, Evusheld has been an option for pre- compromise due to a medical condition or receipt of
exposure prophylaxis, in other words as preventive immunosuppressive medications or treatments and
protection from COVID-19. may not mount an adequate immune response to

COVID-19 vaccination, or

aspr.hhs.gov ¥ in f QoD




« People for whom vaccination with any available
COVID-19 vaccine is not recommended due to a
history of severe adverse reaction to a COVID-19
vaccine and/or components of a COVID-19 vaccine.,

Why did FDA take action to pause the authorization
of Evusheld?

Evusheld is not currently authorized for emergency use
in the U.S. because it is unlikely to be active against more
than 90% of the SARS-CoV-2 variants currently circulating
in the U.S. The latest CDC NOWCAST estimate shows that
these variants are causing more than 90% of the cases
today.

This FDA action follows several previous announcements
and guidance updates for Evusheld by federal agencies
over the past few months, including:

« Atthe beginning of October, FDA informed health care

providers and individuals taking Evusheld of its {oss of
activity against some Omicron variants and the
increased risk of breakthrough infections, especially
as resistant variants became more prevalent as they
are today.

e On December 20, the Centers for Disease Control and
Prevention (CDC) issued a Health Alert Network (HAN)
Health Update to supplement the CDC HAN Health
Advisories issued on April 25, 2022 and May 24, 2022
to emphasize to healthcare providers, public health
departments, and reduced susceptibility to Evusheld.

¢ OnJanuary 6, 2023 EDA released additional
communication stating that they were closely
monitoring the emergence of the XBB.1.5 subvariant,
a SARS-CoV-2 Omicron variant that is currently
increasing in prevalence in the U.S. Because of its
similarity to variants that are not neutralized by
Evusheld (e.g., XBB), FDA does not anticipate that
Evusheld will neutralize XBB.1.5.

e OnJanuary 10, 2023, NIH's COVID-19 Treatment
Guidelines Panel released a statement indicating that
the prevalence of SARS-CoV-2 subvariants likely to be
resistant to Evusheld was increasing.

I am immunocompromised and used Evusheld for
protection. What does this decision mean for me?

If you've already received Evusheld, it's important to
know that it does not provide protection against the

variants of COVID-19 that are most common today.
Because of this, you may now have less protection from
developing COVID-19 if you are exposed to currently
circulating variants.

If vaccination is recommended for you, get vaccinated and
stay up to date to protect yourself against COVID-19. This
means getting the updated (bivalent} vaccine if you
haven't received it yet.

If you haven't already, consider developing a COVID-19
Action Plan so you have all of the information you need
on hand if you get sick with COVID-19. Talk with your
doctor in advance about what treatments may be
appropriate for you and how to access the medication if
you do get sick.

If you develop signs or symptoms of COVID-12, reach out
to your doctor immediately, even if your symptoms are
mild. If your doctor recommends treatment, start it right

away. There are several approved and authorized
treatments for COVID-19. Timely treatment can reduce

your risk of getting very sick, being hospitalized, or dying.

What treatments are available for people who might
be at higher risk of getting sick now that Evusheld is
no longer available?

There are several treatments available for COVID-19
infections.

Currently available data supports their use in reducing the
risk of progression to severe disease, including
hospitalization and death. Paxlovid (nirmatrelvir/ritonavir)
and Veklury

(remdesivir) are the medicines recommended for most
people. If those medicines are not available or someone
cannot take them, Lagevrio (molnupiravir) is the next
choice. COVID-19 convalescent plasma may be another
option for certain immunocompromised patients.

If you have signs or symptoms of COVID-19, contact your
doctor right away to find out if you should start one of
these treatments. You should also talk with your doctor in
advance about what treatments may be appropriate for
you and how to access the medication if you experience
symptoms.

More specifically:

Paxlovid is authorized to treat mild-to-moderate COVID-
19 in adults and children 12 years of age and older

aspr.hhs.gov W in f D



weighing at least 40 kg, (approximately 88 |bs.) and who
are at high risk of developing severe COVID-19 |eading to
hospitalization or death.

Veklury is approved to treat adults and children 28 days
of age and older and weighing at least 3 kg
(approximately 6.6 |bs.} who have mild-to-moderate
COVID-19 and are at high risk of developing severe
COVID-19 leading to hospitalization or death.

Lagevrio is authorized to treat mild-to-moderate COVID-
19 in adults who are at high risk of developing severe
COVID-19 leading to hospitalization or death, and who
do not have access to alternative COVID-19 treatments
that are approved or authorized by FDA or for whom
these treatments are not clinically appropriate.

COVID-19 convalescent plasma with high titers of anti-
SARS- CoV-2 antibodies is authorized to treat COVID-12in
patients with immunosuppressive disease or who are
receiving immunosuppressive treatment in in-patient or
out-patient settings.

What is HHS doing to ensure access to treatments
for individuals who are immunocompromised or
who cannot get vaccinated now that Evusheld is no
fonger available?

Over the past year, HHS has dramatically increased
access to Paxlovid and Lagevrio, both of which are pills.
Supplies of these medicines are now widely available at
pharmacies, Test to Treat pharmacies, long-term care
facilities, and other locations.

We are encouraging states to support local health
departments and health systems in setting up infusion
clinics for Veklury (remdesivir) to make it easier for
people to get this treatment as soon as possible after
being diagnosed with COVID-19.

HHS, state and local health departments, and other
healthcare partners also continue to work to ensure
access to COVID-19 vaccines, including the updated
(bivalent) vaccine.

I am immunocompromised. Is there anything | can
do to boost my immunity or protect myself?

Yes: people for whom COVID-19 vaccination is
recommended, including people who are
immunocompromised, shouid get and stay up to date
with vaccinations. This means getting the updated

(bivalent) vaccine, no matter how many boosters you
received before the bivalent vaccine became available in
September 2022.

Will Evusheld be an option in the future if the
variants change?

FDA will continue to work with ASPR, the CDC, and the
National Institutes of Health on surveilliance of variants
that may impact the use of the therapies authorized for
emergency use. We will provide further updates and
consider additionat action as new information becomes
available.

Why haven’t more prevention and treatment
options that work against the current variants been
approved or authorized, and when will they be
available?

Several approved or authorized treatments are expected
to remain active to fight against the currently circulating
variants and are widely available.

The FDA has worked around the clock throughout the
pandemic and used the best available data to ensure
options are available to prevent and treat COVID-19. This
work is particularly important for people who are unable
to get vaccinated and for immunocompromised people
who may not mount an adequate immune response to
vaccination.

Disease experts at HHS continually watch for new variants
of any viruses and continue to monitor the potential
impact that new variants might have on existing
therapies. By taking this approach, we can identify the
need for new medical products and ways to expedite
development of new medical products to address
emerging variants. For example, nearly two years ago, the
FDA provided guidance to industry on how to efficiently
generate non-clinical and chemistry, manufacturing and
controls data that could potentially support an Emergency
Use Authorization for monocional antibody products that
had potential to be effective against emerging variants.

In December 2022, FDA and European Medicines Agency
(EMA) convened a workshop to bring together the
expertise of academics, clinicians, industry, and
regulatory bodies to address the acceptability and
challenges of alternative strategies to support the
development of novel monoclonal antibody therapies
including those based on prototype products that have
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demonstrated safety and efficacy in clinical trials. FDA is
committed to working with industry sponsors to
expedite the development of new drug products to
meet unmet needs, such as the need for new preventive People Who Are Immunocompromised | CDC

therapies for immune suppressed patients who are How to Protect Yourself and Others | CDC
unlikely to respond to vaccination.

For More Information

aspr.hhs.gov W in f QD




9/11/23, 7:51 PM FDA announces Evusheld is not currently authorized for emergency use in the U.S. | FDA

FDA announces Evusheld is not currently authorized for
emergency use in the U.S.

FDA announces Evusheld is not currently authorized for
emergency use in the U.S.

Update [1/26/2023] The U.S. Food and Drug Administration today revised the Emergency
Use Authorization (/media/154704/download?attachment) (EUA) for Evusheld (tixagevimab
co-packaged with cilgavimab) to limit its use to when the combined frequency of non-
susceptible SARS-CoV-2 variants nationally is less than or equal to 90%. Based on this revision,
Evusheld is not currently authorized for use in the U.S. until further notice by the

Agency.

Data show Evusheld is unlikely to be active against certain SARS-CoV-2 variants. According to
the most recent CDC Nowecast data (https://covid.cdec.gov/covid-data-tracker/), these variants
are projected to be responsible for more than 9o% of current infections in the U.S. This means

that Evusheld is not expected to provide protection against developing COVID-19 if exposed to
those variants.

Today’s action to limit the use of Evusheld prevents exposing patients to possible side effects of
Evusheld such as allergic reactions, which can be potentially serious, at a time when fewer than
10% of circulating variants in the U.S. causing infection are susceptible to the product.

Monoclonal antibodies are laboratory-made proteins that mimic the immune system’s ability to
fight off harmful pathogens such as viruses, like SARS-CoV-2. And like other viruses, SARS-
CoV-2 can mutate over time, resulting in certain products not working against certain variants.
This is the case with Evusheld and prompted the changes to the authorization that FDA is

making today.

Should a patient become infected with SARS-CoV-2 and develop symptoms of COVID-19, they
should seek medical attention, including starting treatment for COVID-19 as appropriate. There
are several treatments (@ﬂgg_my;p_ggparedness-and—response[mcm-lega_l—Legu__lairy-and-
p_Qli_cy—framework[emerggm:y—use-authorization#coviddrugs)_ — Paxlovid, Veklury (remdesivir)
and Lagevrio (molnupiravir) — that are expected to work against currently circulating variants,
and that are authorized or approved to treat certain patients with mild-to-moderate COVID-19
who are at high risk for progression to severe disease, including hospitalization or death.
Healthcare providers should assess whether treatments are right for their patients.

hitps:/fwww.fda.gov/d rugs!drug-safety-and-avaiIabil]tylfda—announces-evusheld-not-currently-authorized-emergency-use—us 176



9/11/23, 7:51 PM EDA announces Evusheld is not currently authorized for emergency use in the U.S. | FDA
The U.S. Government recommends that facilities and providers with Evusheld retain all product
in the event that SARS-CoV-2 variants which are neutralized by Evusheld become more
prevalent in the U.S. in the future. Retained product must be appropriately held in accordance
with storage conditions detailed in the authorized Fact Sheet for Health Care Providers
(/media/154701/download?attachment) and the Letter of Authorization

(/media/154704/download?attachment).

FDA will continue to work with ASPR, the CDC, and the National Institutes of Health on
surveillance of variants that may impact the use of the therapies authorized for emergency use.
We will provide further updates and consider additional action as new information becomes
available. Any updates will be made available on FDA’s website ( /emergency-preparedness-and-

response/mem-legal-regulatory-and-policy-framework/emergency-use-
authorization#coviddrugs).

FDA releases important information about risk of COVID-19
due to certain variants not neutralized by Evusheld

Update [1/6/2023] FDA is closely monitoring the emergence of the XBB.1.5 subvariant, a
SARS-CoV-2 Omicron variant that is currently estimated (htips://covid.cde.gov/covid-data-
tracker/#variant-proportions) to account for 28% of circulating variants in the U.S. Because of
its similarity to variants that are not neutralized by Evusheld (e.g., XBB), FDA does not
anticipate that Evusheld will neutralize XBB.1.5. This means that Evusheld may not provide

protection against developing COVID-19 for individuals who have received Evusheld and are
later exposed to XBB.1.5. However, we are awaiting additional data to verify that Evusheld is not
active against XBB.1.5. We will provide further updates as new information becomes available.

Health care providers should inform individuals of the increased risk, compared to other
variants, for COVID-19 due to SARS-CoV-2 variants not neutralized by Evusheld.

Tf signs and symptoms of COVID-19 occur, advise individuals to test for COVID-19 and seek
medical attention, including starting treatment for COVID-19 as appropriate.

Update [10/3/2022] FDA added important information to the authorized Fact Sheets for
Evusheld (tixagevimab co-packaged with cilgavimab) to inform health care providers and
individuals receiving Evusheld of the increased risk for developing COVID-19 when exposed to
variants of SARS-CoV-2 that are not neutralized by Evusheld. Detailed neutralization data can
be found in the revised authorized Fact Sheet for Healthcare Providers.

(htips://www.fda.gov/media/ 154701/download) Health care professionals should inform

https:f.fwww.fda.govldrugsldrug-safety—and-availabiIity.ffda—announces—evusheld-not—currently-aulhorized-emergency—use—us 2/6



9/11/23, 7:51 PM FOA announces Evusheld is not currently autharized for emergency use in the U.S. | FDA
patients of this risk and advise patients who develop signs or symptoms of COVID-19 to test for

SARS-CoV-2 infection and prompily seek medical attention, including starting treatment for
COVID-19, as appropriate if they test positive.

Evusheld is currently the only option for pre-exposure prophylaxis (PrEP) of COVID-19 and is
authorized under Emergency Use Authorization
(hitps://www.fda.gov/media/154704/download) (EUA) for use in immunocompromised
individuals who may not mount an adequate response to COVID-19 vaccination, and for
individuals for whom COVID-19 vaccination is not recommended due to a history of a severe
adverse reaction. It is authorized to be administered every six months. Use of Evusheld is not a
substitute for COVID-19 vaccination, and individuals for whom COVID-19 vaccination is
recommended should get vaccinated. Individuals who received Evusheld but who develop
COVID-19 remain eligible for use of any of the available treatments for COVID-19 if the criteria
for use are met.

FDA continues to recommend Evusheld as an appropriate option for PrEP to prevent COVID-19,
in combination with other preventative measures like getting vaccinated and boosted as
recommended, as Evusheld still offers protection against many of the currently circulating
variants and may offer protection against future variants.

‘What Patients Should Know:

« Talk with your health care provider about appropriate treatment options in case you
develop COVID-19. There are several approved and authorized treatments for COVID-19
that are expected to retain activity against currently circulating SARS-CoV-2 variants.

« Ifyou develop COVID-1g symptoms, tell your health care provider and test right away. It’s
not possible to know which variant of SARS-CoV-2 you may have contracted. Timely
treatment can reduce your risk of developing severe disease, including decreasing your
risk of hospitalization or death.

e If recommended by your health care provider, get vaccinated or boosted with a bivalent
booster dose to help your body increase your protection against SARS-CoV-2 infection.
Follow CDC’s guidelines (h_ttps:[[www.cdc.gov[coronavirusz2019-ncov[prevent—ggtm1g:
sick/prevention.html) on additional prevention strategies to protect yourself from getting
sick.

What Health Care Providers Should Know:

« Prescribers should monitor CDC regional variant frequency data

(https:/ {covid.cdc.gov/covid-data-tracker/#variant-proportions) and refer to the table of

variants detailed in the Fact Sheet for Health Care Providers
(https:/ fwww.fda.gov/media/154701/download) for the latest data on the neutralization
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activity of Evusheld against SARS-CoV-2 variants in your area. Prescribers should discuss
the risk of developing COVID-19 infection with patients receiving Evusheld.

e There are several treatments (hitps://www.fda.gov/emergency-preparedness-and-
response/mem-legal-regulatory-and-policy-framework/emergency-use-
anthorization#coviddrugs) — Paxlovid, Veklury (remdesivir), bebtelovimab, and Lagevrio
(molnupiravir) — that are expected to retain activity against currently circulating variants,
and that are authorized or approved to treat certain patients with mild-to-moderate
COVID-19 who are at high risk for progression to severe disease, including hospitalization
or death. Health care providers should assess whether these treatments are right for their
patient in the event the patient develops mild-to-moderate COVID-19.

« FDA has also updated the list of medical conditions or treatments that may result in
moderate to severe immune compromise. The conditions listed in the Fact Sheet for
Health Care Providers (https:// www.fda.gov/media/154701/download) are not intended
to be an all-inclusive list. Patients with other conditions not listed may also have moderate
to severe immune compromise and therefore be eligible for Evusheld therapy, assuming

the remaining terms and conditions of the authorization are met.

FDA authorizes revisions to Evusheld dosing

Update [6/29/2022] There are different variants (and subvariants) of SARS-CoV-2, and FDA
continues to evaluate how well Evusheld (tixagevimab co-packaged with cilgavimab) neutralizes
them. Currently, the Omicron BA.2, BA.2.12.1, BA.4, and BA.5 subvariants are circulating in the
United States. Nonclinical data and pharmacokinetic modeling suggest that activity against
these subvariants may be retained for six months at drug concentrations achieved following an
Evusheld dose of 300 mg of tixagevimab and 300 mg cilgavimab.

Therefore, on June 29, 2022, FDA revised the Evusheld Fact Sheet for Healthcare Providers

(https://www.fda.gov/media/154701/download) to recommend repeat dosing every six months
with a dose of 300 mg of tixagevimab and 300 mg cilgavimab if patients need ongoing
protection. The previous Fact Sheet for Healthcare Providers did not provide a specific
recommendation on the dosing interval.

We continue to monitor the neutralizing activity of Evusheld against emerging SARS-CoV-2
variants and will provide additional updates as needed.

For further details please refer to the Frequently Asked Questions for Evusheld.
(https:/ /www.fda.gov/media/154703/download)
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[2/24/2022] The U.S. Food and Drug Administration has revised the emergency use
authorization for Evusheld (tixagevimab co-packaged with cilgavimab)

(https://www.fda.gov/media/154704/download) to change the initial dose for the authorized
use as pre-exposure prophylaxis (prevention) of COVID-19 in certain adults and pediatric

patients.

Based on the most recent information and data available, Evusheld may be less active against
certain Omicron subvariants. The dosing regimen was revised because available data indicate
that a higher dose of Evusheld may be more likely to prevent infection by the COVID-19
Omicron subvariants BA.1 and BA.1.1 than the originally authorized Evusheld dose.

Previously, the authorized Evusheld dosage was 150 mg of tixagevimab and 150 mg of
cilgavimab administered as two separate consecutive intramuscular injections, with repeat
doses every six months while SARS-CoV-2 remains in circulation. With this EUA revision, FDA
has increased the initial authorized dose to 300 mg of tixagevimab and 300 mg of cilgavimab.
Patients who have already received the previously authorized dose (150 mg of tixagevimab and
150 mg of cilgavimab) should receive an additional dose of 150 mg of tixagevimab and 150 mg of
cilgavimab as soon as possible to raise their monoclonal antibody levels to those expected for
patients receiving the higher dose.

Evusheld is authorized for the emergency use as pre-exposure prophylaxis (PrEP) for prevention
of COVID-19 in certain adults and pediatric patients (12 years of age and older weighing at least
40 kg). Health care providers should only administer it to individuals who are not currently
infected with SARS-CoV-2 and who have not had a known recent exposure to someone infected
with SARS-CoV-2. Evusheld is only authorized for those:

« who have moderate-to-severe immune compromise due to a medical condition or who
have received immunosuppressive medications or treatments and may not mount an
adequate immune response to COVID-1¢ vaccination or

« for whom vaccination with any available approved or authorized COVID-19 vaccine is not
recommended due 1o a history of severe adverse reaction (e.g., severe allergic reaction) to
a COVID-19 vaccine(s) and/or COVID-19 vaccine component(s).

The duration of protection provided by Evusheld against symptomatic SARS-CoV-2 infection
may not be as long as was shown in the clinical trial supporting the initial authorization because
the clinical trial data came from a time period before the emergence of the BA.1 and BA.1.1
subvariants. However, it is not known whether BA.1 and BA1.1 will still be circulating in the
coming months or whether another Omicron subvariant, BA.2, for which Evusheld is expected
to have greater neutralizing activity, will become dominant. Because it is unclear which SARS-
CoV-2 variant or Omicron subvariant will become dominant in the United States over the next
few months, the recommended timing for repeat dosing cannot be provided at this time. We will
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continue to monitor the situation closely and will provide updates with redosing
recommendations in the near future when more data are available to determine the appropriate
timing of redosing (e.g., 3 months or 6 months after the prior dose).

‘What should patients know:

« Patients who previously received an initial lower dose of Evusheld (150 mg of tixagevimab
and 150 mg of cilgavimab) should contact their health care provider and return for an
additional 150 mg of tixagevimab and 150 mg of cilgavimab dose as soon as possible. Any
subsequent repeat dosing will be timed from the date of this additional Evusheld dose.

« Patients who have not received any doses of Evusheld should talk to their health care
provider to determine whether, based on their individual circumstances, they are eligible
to receive it. If they are eligible, they should receive the 300 mg of tixagevimab and 300
mg of cilgavimab dose.

» Patients with any additional questions should contact their health care provider.
What health care professionals should know:

« Health care professionals should contact patients who received the previously authorized
Evusheld dose to return for an additional 150 mg tixagevimab and 150 mg cilgavimab dose
as soon as possible.

« The volume of each injection for the new, higher dose will be larger, 3 mL instead of 1.5
mL. This means that the injections should be limited to large muscles on the body that can
accommodate this volume (e.g., the gluteal muscles).

o Health care professionals should review the updated Fact Sheets and Dear Health Provider
Letter for Evusheld.

« As part of the EUA, FDA requires health care providers who prescribe Evusheld to report
all medication errors and serious adverse events considered to be potentially related to
Evusheld through FDA’s MedWatch Adverse Fvent Reporting program
(htips://www.fda. gov[safety[medwatch—fda—safety—information—and—adverse—event—
reporting-program). Providers can complete and submit the report online
(https://www.accessdata.fda.gov /scripts/medwatch/ index.cfm?action=reporting.home});
or download and complete the form, then submit it via fax at 1-800-FDA-0178.
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FACT SHEET FOR HEALTHCARE PROVIDERS: EMERGENCY USE
AUTHORIZATION FOR EVUSHELD™ (tixagevimab co-packaged with cilgavimab)

HIGHLIGHTS OF EMERGENCY USE AUTHORIZATION (EUA)
These highlights of the EUA do not include all the information
needed to use EVUSHELD™ under the EUA. See the FULL FACT
SHEET FOR HEALTHCARE PROVIDERS for EVUSHELD.

EVUSHELD (tixagevimab) injection; (cilgavimab} injection, co-
packaged for intramuscular use

Original EUA Authorized Date: 12/2021

Revised EUA Authorized Date: 01/2023

RECENT MAJOR CHANGES
Limitations of Authorized Use: updated based on variant
susceptibility 01/2023
Microbiology {12.4): updated neutralizing data 01/2023
Microbiology (12.4): updated neutralizing data 1212022
Microbiology (12.4): updated neutralizing data 11/2022
Emergency Use Authorization {1): updated examples 10/2022
Warnings and Precautions (5.3, 17): addition of a new
warning 10/2022
Microbiclogy (12.4): updated neutralizing data 10/2022
Dosage and Administration {2.1, 17}. modification of
initial dosage and repeat dosing 0612022
Microbiology (12.4): updated neufralizing data 06/2022
Warnings and Precautions {(5.2): addition of new warmning 0572022
Dosage and Administration (2.3) 05/2022

Adverse Reactions (6.1, 12.3): addition of TACKLE data 02/2022

EUA FOR EVUSHELD
The U.S. Foad and Drug Administration has issued an EUA for the
emergency use of the unapproved product EVUSHELD (tixagevimab
co-packaged with cilgavimab), SARS-CoV-2 spike protein-directed
attachment inhibitor, for the pre-exposure prophylaxis of coronavirus
disease 2019 (COVID-19) in adults and pediafric individuals (12 years
of age and older weighing at least 40 kg).
« Who are not currently infected with SARS-CoV-2 and who have not
had a known recent exposure to an individual infected with SARS-
CoV-2 and
* Who have moderate to severe immune compromise due to a
medical condition or receipt of immunosuppressive medications
or treatments and may not mount an adequate immune response
to COVID-19 vaccination or

e For whom vaccination with any available COVID-19 vaccine,
according to the approved or authorized schedule, is not
recommended due to a history of severe adverse reaction to a
COVID-19 vaccine(s) andfor COVID-19 vaccine component(s).

EVUSHELD may only be prescribed for an individual patient by
physicians, advanced practice registered nurses, and physician
assistants that are licensed or authorized under state law to prescribe
drugs in the therapeutic class to which EVUSHELD belongs (i.e., anti-
infectives).

EVUSHELD has been authorized by FDA for the emergency use
described above. EVUSHELD is not FDA-approved for any use,
including use for pre-exposure prophylaxis of COVID-18. (1)

EVUSHELD is authorized only for the duration of the declaration that
circumstances exist justifying the authorization of the emergency use
of EVUSHELD under section 564{b)(1) of the Act, 21 U.5.C. § 360bbb-
3(b){1), unless the authorization is terminated or revoked sooner.

LIMITATIONS OF AUTHORIZED USE
« EVUSHELD is net authorized for use in individuals:
o For treatment of COVID-19, or
o For post-exposure prophylaxis of COVID-19 in individuals who
have been exposed to someone infacted with SARS-CoV-2,

« EVUSHELD is authorized for use only when the combined
frequency of non-susceptible variants nationally is less than or equal
to 90%, based on available information including variant
susceptibility to EVUSHELD and national vartant frequencies.
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e Pre-exposure prophylaxis with EVUSHELD is not a substitute for
vaccination in individuals for whom COVID-18 vaccination is
recommended. Individuals for whom CQOVID-19 vaccination is
recommended, including individuals with moderate to severe
immune compromise who may derive benefit from COVID-19
vaccination, should receive COVID-19 vaccination.

« In individuals who have received a COVID-19 vaccine, EVUSHELD
should be administered at least two weeks after vaccination.

See Full Fact Sheet for Healthcare Providers for examples of medical
conditions or treatments that may result in moderate to severe immune
compromise and an inadequate immune response to COVID-12
vaccination, the justification for emergency use of drugs during the
COVID-19 pandemic, information on available alternatives, and
additional information on COVID-19. (1)

——— e DOS AGE AND ADMINISTRATION————c e e

The dosage of EVUSHELD for emergency use is:

« Initial dose: 300 mg of fixagevimab and 300 mg of cilgavimab
administered as two separate consecutive intramuscular injections,
(2.1)

« Dosing for Individuals Who Initially Received 150 mg of
Tixagevimab and 150 mg Cilgavimab
For individuals who initially received 150 mg tixagevimab and
150 mg cilgavimab:

+ |nitial dose <3 months prior: 150 mg tixagevimab and 150 mg
cilgavimab.

« Initial dose >3 months prior: 300 mg tixagevimab and 300 mg
cilgavimab. (2.1)

« Repeat dose: 300 mg of tixagevimab and 300 mg of cilgavimab
every 6 months. Repeat dosing should be timed from the date of the
most recent EVUSHELD dose. {2.1)

See Full Fact Sheet for Healthcare Providers for detail en preparation
and administration. {2)

e D QS AGE FORMS AND STRENGTHS —-—ememwmnenm
Injection:

« tixagevimab 150 mg/1.5 mL (100 mg/mL})in a single-dose vial. (3)

« cilgavimab 150 mg/1.5 mL (100 mg/mL) in a single-dose vial. (3)

CONTRAINDICATIONS
EVUSHELD is contraindicated in individuals with previous severe
hypersensitivity reactions, including anaphylaxis, to EVUSHELD. {4)

e WARNINGS AND PRECAUTIONS womssmmm s en =
ypersensitivity Including Anaphylaxis: Serious hypersensitivity

reactions, including anaphylaxis, have been observed with
EVUSHELD. If signs and symptoms of a clinically significant
hypersensitivity reaction or anaphylaxis occur, immediately
discontinue administration and initiate appropriate medications
and/or supportive therapy. Clinically monitor individuals after
injections and observe for at least 1 hour. (5.1)

« Risk of Cross-Hypersensitivity with COVID-19 Vacgings:
EVUSHELD contains polysorbate 80, which is In some CQVID-19
vaccines and is structurally similar to polyethylene glycol {(PEG), an
ingredient in other COVID-19 vaccines. For individuals with a history
of severe hypersensitivity reaction to a COVID-18 vaccine, consider
consultation with an allergist-immunologist prior to EVUSHELD
administration. (5.2)

» Risk for COVID-19 Due to SARS-CoV-2 Viral Variants Not
Neutralized by EVUSHELD: Certain SARS-CoV-2 viral variants may
not be neutralized by moneclonal antibodies such as tixagevimab
and cilgavimab, the components of EVUSHELD. EVUSHELD may
nat be effective at preventing COVID-19 caused by these SARS-
CoV-2 viral vartants. Inform individuals of the increased risk,
compared to other variants, for COVID-19 due to SARS-CoV-2 viral
variants not neutralized by EVUSHELD. If signs and symptoms of
COVID-19 oceur, advise individuals to test for COVID-182 and seek
medical attention, including starting treatment for COVID-19 as

appropriate. (9.3)




« Clinically Significant Bleeding Disorders: As with any other ADVERSE REACTIONS ————

intramuscular injection, EVUSHELD should be given with caution to Most commeon adverse events (all grades, incidence 23%) are
individuals with thrombocytopenia or any coagulation disorder. (5.4) headache, fatigue, and cough. (8.1)

« Cardiovascular Events: A higher proportion of subjects who received
EVUSHELD versus placebo reporied myocardial infarction and You or your designee must report alt SERIOUS ADVERSE
cardiac failure serious adverse events. All of the subjects with EVENTS or MEDICATION ERRORS potentially related to
events had cardiac risk factors and/or a prior history of EVUSHELD (1) by submitting FDA Form 3500 online, (2) by
cardiovascular disease, and there was no clear temporal pattern. A downloading this form and then submitting by mail or fax, or (3)
causal retationship between EVUSHELD and these events has not contacfing the FDA at 1-800-FDA-1088 to request this form.
been established. Consider the risks and benefits prior to initiating Please also provide a copy of this form to AstraZeneca by Fax at
EVUSHELD in individuals at high risk for cardiovascular events, and 1-866-742-7984 or call 1-§00-236-8933. (6.4)
advise individuals to seek immediate medical attention if they
experience any signs or symptoms suggestive of a cardiovascular Seec PATIENT AND PARENTS/CAREGIVER FACT SHEET.
event. (5.5}

Revised: 01/2023
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FULL FACT SHEET FOR HEALTHCARE PROVIDERS

1 EMERGENCY USE AUTHORIZATION

The U.S. Food and Drug Administration (FDA) has issued an Emergency Use Authorization (EUA) for
the emergency use of the unapproved product EVUSHELD (tixagevimab co-packaged with
cilgavimab) for the pre-exposure prophylaxis of coronavirus disease 2019 (COVID-19) in adults and
pediatric individuals (12 years of age and older weighing at least 40 kg):
o Who are not currently infected with SARS-CoV-2 and who have not had a known recent
exposure to an individual infected with SARS-CoV-2 and
o Who have moderate fo severe immune compromise due to a medical condition or receipt of
immunosuppressive medications or treatments and may not mount an adequate immune
response to COVID-19 vaccination or
o For whom vaccination with any available COVID-19 vaccine, according to the approved or
authorized schedule, is not recommended due to a history of severe adverse reaction to a
COVID-19 vaccine(s) and/or COVID-19 vaccine component(s) [see Warnings and
Precautions (5.2)].

EVUSHELD may only be prescribed for an individual patient by physicians, advanced practice
registered nurses, and physician assistants that are licensed or authorized under sfate law to
prescribe drugs in the therapeutic class to which EVUSHELD belongs (i.e., anti-infectives).

EVUSHELD has been authorized by FDA for the emergency use described above. EVUSHELD is not
FDA-approved for any use, including use for pre-exposure prophylaxis of COVID-19.

EVUSHELD is authorized only for the duration of the declaration that circumstances exist justifying
the authorization of the emergency use of EVUSHELD under section 564(b)(1) of the Act, 21 US.C. §
360bbb-3(b)(1), unless the authorization is terminated or revoked sooner.

Medical conditions or treatments that may result in moderate to severe immune compromise and an
inadequate immune response to COVID-19 vaccination include but are not limited to:
« Active treatment for solid tumor and hematologic malignancies
. Hematologic malignancies associated with poor responses to COVID-19 vaccines regardless
of current treatment status (e.g., chronic lymphocytic leukemia, non-Hodgkin lymphoma,
multiple myeloma, acute leukemia)
« Receipt of solid-organ transplant or an islet transplant and taking immunosuppressive therapy
« Receipt of chimeric antigen receptor (CAR)-T-cell or hematopoietic stem cell transplant (within
2 years of transplantation or taking immunosuppression therapy)
« Moderate or severe primary immunodeficiency (e.g., common variable immunodeficiency
disease, severe combined immunodeficiency, DiGeorge syndrome, Wiskott-Aldrich syndrome)
. Advanced or untreated HIV infection (people with HIV and CD4 cell counts <200/mm?, history
of an AIDS-defining illness without immune reconstitution, or clinical manifestations of
symptomatic HIV)
« Active treatment with high-dose corticosteroids (i.e., 220 mg prednisone or equivalent per day
when administered for =2 weeks), alkylating agents, antimetabolites, transplant-related
immunosuppressive drugs, cancer chemotherapeutic agents classified as severely
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immunosuppressive, and biologic agents that are immunosuppressive or immunomodulatory
(e.g., B-cell depleting agents)

LIMITATIONS OF AUTHORIZED USE
o EVUSHELD is not authorized for use in individuals:
o For treatment of COVID-19, or
o For post-exposure prophylaxis of COVID-19 in individuals who have been exposed to
someone infected with SARS-CoV-2.

e EVUSHELD is authorized for use only when the combined frequency of non-susceptible
variants nationally is less than or equal to 90%, based on available information including
variant susceptibility to EVUSHELD and national variant frequencies.

e Pre-exposure prophylaxis with EVUSHELD is not a substitute for vaccination in individuals for
whom COVID-19 vaccination is recommended. Individuals for whom COVID-19 vaccination is
recommended, including individuals with moderate to severe immune compromise who may
derive benefit from COVID-19 vaccination, should receive COVID-19 vaccination.

o Inindividuals who have received a COVID-19 vaccine, EVUSHELD should be administered at
least two weeks after vaccination.

Justification for Emergency Use of Drugs During the COVID-19 Pandemic
There is currently an outbreak of COViD-19 caused by SARS-CoV-2, a novel coronavirus. The
Secretary of HHS has declared that:

« A public health emergency related to COVID-19 has existed since January 27, 2020.
s Circumstances exist justifying the authorization of emergency use of drugs and bioclogical
products during the COVID-19 pandemic (March 27, 2020 declaration).

An EUA is a FDA authorization for the emergency use of an unapproved product or unapproved use
of an approved product (i.e., drug, biological product, or device) in the United States under certain
circumstances including, but not limited to, when the Secretary of HHS declares that there is a public
health emergency that affects the national security or the health and security of United States citizens
living abroad, and that involves biological agent(s) or a disease or condition that may be attributable
to such agent(s). Criteria for issuing an EUA include:

e The biological agent(s) can cause a serious or life-threatening disease or condition;
e Based on the totality of the available scientific evidence (including data from adequate and well-
controlled clinical trials, if available), it is reasonable to believe that
o The product may be effective in diagnosing, treating, or preventing the serious or life-
threatening disease or condition; and
o The known and potential benefits of the product - when used to diagnose, prevent, or treat
such disease or condition - outweigh the known and potential risks of the product, taking into
consideration the material threat posed by the biological agent(s);
e There is no adequate, approved, and available alternative to the product for diagnosing,
preventing, or treating the serious or life-threatening disease or condition.

1 FDA will monitor conditions to determine whether use is consistent with the scope of authorization, referring to available
information, including information on variant susceptibility (e.g., Section 124 of the authorized Fact Sheet for Healthcare Providers)

and CDC variant frequency data available at: hitps://covid.cdc.gov/covid-data-tracker/#variant-proportions.
5|Page



Information Regarding Available Alternatives for the EUA Authorized Use

There are no adequate, approved and available alternatives to EVUSHELD for the pre-exposure
prophylaxis of COVID-19 in individuals who may not mount an adequate immune response to
COVID-19 vaccination or for whom COVID-19 vaccination is not recommended due to a history of
severe adverse reaction to a COVID-19 vaccine or its components.

For information on clinical studies of EVUSHELD and other therapies for the prophylaxis of
COVID-19, see www.clinicaltrials.gov.

2 DOSAGE AND ADMINISTRATION

2.1 Dosage for Emergency Use of EVUSHELD

Initial Dosing
The initial dosage of EVUSHELD in aduits and pediatric individuals (12 years of age and older

weighing at least 40 kg) is 300 mg of tixagevimab and 300 mg of cilgavimab administered as two
separate consecutive intramuscular (IM) injections [see Clinical Pharmacology (12.3)]. Refer to Table
1 below.

Dosing for Individuals Who Initially Received 150 mg of Tixagevimab and 150 mg of Cilgavimab
Individuals who have already received the previously authorized initial dose (150 mg of tixagevimab
and 150 mg of cilgavimab) should receive an additional EVUSHELD dose as soon as possible,
with the dose based on the following criteria:
o If the patient received their initial dose < 3 months ago, the patient should receive a dose of 150
mg of tixagevimab and 150 mg of cilgavimab, refer to Table 2 beiow.
« If the patient received their initial dose > 3 months ago, the patient should receive a dose of 300
mg of tixagevimab and 300 mg of cilgavimab, refer to Table 1 below.

Repeat Dosing

The repeat dosage of EVUSHELD in adults and pediatric individuals (12 years of age and older
weighing at least 40 kg) is 300 mg of tixagevimab and 300 mg of cilgavimab administered every
6 months, refer to Table 1 below. Repeat dosing should be timed from the date of the most recent
EVUSHELD dose.

The recommendations for dosing are based on the totality of the scientific evidence including clinical
pharmacology data, antiviral activity data, and clinical trial data [see Clinical Pharmacology (12.3),
Microbiology (12.4), and Clinical Studies (14)]. EVUSHELD has only been studied for the prophylaxis
of COVID-19 at the EVUSHELD (150 mg of tixagevimab and 150 mg of cilgavimab} dose. There are
no data available in a prophylaxis setting for the EVUSHELD (300 mg of tixagevimab and 300 mg of
cilgavimab) dose. The clinical safety of the EVUSHELD (300 mg of tixagevimab and 300 mg of
cilgavimab) dose is supported by safety data from a treatment study in subjects with mild to moderate
COVID-19 [see Adverse Reactions (6.1)]. There are limited safety and no efficacy data available with
repeat dosing.

To access the most recent EVUSHELD Fact Sheets, please visit http://www.evusheld.com or scan
the QR code:
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2.2 Dosage Adjustment in Specific Populations

o
L pra

No dosage adjustment is recommended in pregnant or lactating individuals, in geriatrics, and in
individuals with renal impairment [see Use in Specific Populations (8)].

2.3 Dose Preparation and Administration

Each EVUSHELD carton contains two vials; one of each antibody. Each vial contains an overfill to
allow the withdrawal of 150 mg (1.5 mL).

Table 1 Dosage of 300 mg of Tixagevimab and 300 mg of Cilgavimab
- Volume to
3 Number of vials -
EVUSHELD" Antibody dose S eded w:th‘tf;';v:\; )from
(tixagevimab co-packaged tixagevimab
with cilgavimab) 300 mg 2 vials 3mL
clgay ':]‘Sb 2 vials 3mL
* 300 mg of tixagevimab and 300 mg of cilgavimab are to be administered as separate, consecutive intramuscular
injections
Table 2 Dosage of 150 mg of Tixagevimab and 150 mg of Cilgavimab
A Number of vials Volume to
EVUSHELD' Aptibody doas needed withdraw from vial
(tixagevimab co-packaged tixagevimab i
with cilgavimab) 150 mg 1 vial 1-5amk
cilgavimab .
150 mg 1 vial 1.5mL

* 150 mg of tixagevimab and 150 mg of cilgavimab are to be administered as separate, consecutive intramuscular

injections

Preparation

 Tixagevimab and cilgavimab must be prepared by a qualified healthcare provider.
Tixagevimab and cilgavimab are each supplied in individual single-dose vials. Do not shake

the vials.

 Visually inspect the vials for particulate matter and discoloration. Tixagevimab and cilgavimab

are clear to opalescent, colorless to slightly yellow solutions. Discard the vials if the solution is

cloudy, discolored or visible particles are observed.
o Administer EVUSHELD as TWO separate, consecutive intramuscular (IM) injections,
1 injection of tixagevimab and 1 injection of cilgavimab.
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« Withdraw the appropriate amount of tixagevimab solution and the appropriate amount of
cilgavimab solution into TWO separate syringes (see Table 1 and Table 2). Discard unused
portion in vials.

e This product is preservative-free and therefore, the prepared syringes should be administered
immediately. If immediate administration is not possible, and the prepared tixagevimab and
cilgavimab syringes need to be stored, the total time from vial puncture to administration must
not exceed 4 hours:

o in arefrigerator at 2°C to 8°C (36°F to 46°F), or
o at room temperature up to 25°C (77°F).

Adminisiration

» Tixagevimab and cilgavimab should be administered by a qualified healthcare provider with
appropriate medical support to manage severe hypersensitivity reactions.

o Administer the fwo components of EVUSHELD consecutively.
Administer the IM injections at different injection sites, preferably one in each of the gluteal
muscles, one after the other.

o For the 300 mg tixagevimab and 300 mg cilgavimab dose, ensure that the
administration sites are appropriate for the volume (3 mL per injection).

« Clinically monitor individuals after injections and observe for at least 1 hour [see Warnings and

Precautions (5.1, 5.2)].

3 DOSAGE FORMS AND STRENGTHS

EVUSHELD is available as an individual single-dose vial of tixagevimab as a clear to opalescent,
colorless to slightly yellow solution co-packaged with an individual single-dose vial of cilgavimab as a
clear to opalescent, colorless to slightly yellow solution as:

e Injection: 150 mg/1.5 mL (100 mg/mL} of tixagevimab

» Injection: 150 mg/1.5 mL (100 mg/mL) of cilgavimab

4 CONTRAINDICATIONS

EVUSHELD is contraindicated in individuals with previous severe hypersensitivity reactions, including
anaphylaxis, to EVUSHELD [see Warnings and Precautions (5.1, 5.2)].

5 WARNINGS AND PRECAUTIONS

There are limited clinical data available for EVUSHELD. Serious and unexpected adverse events may
oceur that have not been previously reported with EVUSHELD use.

5.1 Hypersensitivity Inciuding Anaphylaxis

Serious hypersensitivity reactions, including anaphylaxis, have been observed with EVUSHELD [see
Adverse Reactions (6.1)]. Signs and symptoms of hypersensitivity reactions may include: dyspnea,
chills, fatigue/asthenia, tachycardia, chest pain or discomfort, nausea/vomiting, angioedema,
dizziness, urticaria, wheezing, pruritus, flushing, hyperhidrosis, myalgia, vaso-vagal reactions (e.g.,
pre-syncope, syncope), or throat irritation.

Administration of EVUSHELD should be done under the supervision of a healthcare provider with
appropriate medical support to manage severe hypersensitivity reactions. If signs and symptoms of a
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clinically significant hypersensitivity reaction or anaphylaxis occur while taking EVUSHELD,
immediately discontinue administration and initiate appropriate medications and/or supportive care.
Clinically monitor individuals after injections and observe for at least 1 hour.

5.2 Risk of Cross-Hypersensitivity with COVID-19 Vaccines

EVUSHELD contains polysorbate 80, which is in some COVID-19 vaccines and is structurally similar
to polyethylene glycol (PEG), an ingredient in other COVID-19 vaccines [see Description {11)]. For
individuals with a history of a severe hypersensitivity reaction to a COVID-19 vaccine, consider
consultation with an allergist-immunologist prior to EVUSHELD administration.

Administration of EVUSHELD should be done under the supervision of a healthcare provider with
appropriate medical support to manage severe hypersensitivity reactions. If signs and symptoms ofa
clinically significant hypersensitivity reaction or anaphylaxis occur while taking EVUSHELD,
immediately discontinue administration and initiate appropriate medications and/or supportive care.
Clinically monitor individuals after injections and observe for at least 1 hour.

5.3 Risk for COVID-19 Due to SARS-CoV-2 Viral Variants Not Neutralized by EVUSHELD

Certain SARS-CoV-2 viral variants may not be neutralized by monoclonal antibodies such as
tixagevimab and cilgavimab, the components of EVUSHELD. EVUSHELD may not be effective at
preventing COVID-18 caused by these SARS-CoV-2 viral variants. The in-vitro neutralization activity
of EVUSHELD against SARS-CoV-2 viral variants is shown in Table 6 [see Microbiology (12.4)].

Inform individuals of the increased risk, compared to other variants, for COVI D-19 due to SARS-CoV-
2 viral variants not neutralized by EVUSHELD. If signs or symptoms of COVID-19 occur, advise
individuals to test for COVID-19 and seek medical attention, including starting treatment for COVID-
19 as appropriate. Symptoms of COVID-19 may include: fever or chills, cough, shortness of breath or
difficulty breathing, fatigue, muscle or body aches, headache, new loss of taste or smell, sore throat,
congestion or runny nose, nausea or vomiting, or diarrhea?.

5.4 Clinically Significant Bleeding Disorders

As with any other intramuscular injection, EVUSHELD should be given with caution to individuals with
thrombocytopenia or any coagulation disorder.

5.5 Cardiovascular Events

In PROVENT there was a higher rate of cardiovascular serious adverse events (SAEs), including
myocardial infarction (one fatal SAE) and cardiac failure, in subjects who received EVUSHELD
compared to placebo [see Adverse Reactions (6.1)]. All subjects who experienced cardiac SAEs had
cardiac risk factors and/or a prior history of cardiovascular disease, and there was no clear temporal
pattern. A causal relationship between EVUSHELD and these events has not been established.
There was no signal for cardiac toxicity or thrombotic events identified in the nonclinical studies.

2 For additional information on the symptoms of COVID-19, please see htips://www.cdc.gov/coronavirus/2019-

ncov/symptoms-testing/symptoms.
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Consider the risks and benefits prior to initiating EVUSHELD in individuals at high risk for
cardiovascular events, and advise individuals to seek immediate medical attention if they experience
any signs or symptoms suggestive of a cardiovascular event.

6 ADVERSE REACTIONS
6.1 Adverse Reactions from Clinical Studies

The following adverse events have been observed in the clinical studies of EVUSHELD that
supported the EUA. The adverse event rates observed in these clinical studies cannot be directly
compared to rates in the clinical studies of other products and may not reflect the rates observed in
clinical practice. Additional adverse events associated with EVUSHELD may become apparent with
more widespread use.

Approximately 4,220 subjects have been exposed to EVUSHELD (150 mg of tixagevimab and

150 mg of cilgavimab) in two ongoing Phase Il trials, PROVENT and STORM CHASER, for the
prophylaxis of COVID-19. The primary safety analysis was based on data through to event driven
efficacy data cut-offs, such that individual subjects had variable follow-up times [see Clinical Studies
(14)], with a median {range) of follow-up of 83 days (3-166 days) for PROVENT and 49 days (5-

115 days) for STORM CHASER. An additional data cut-off was conducted to provide updated
analyses with a median (range) of follow-up of 6.5 months (3-282 days) for PROVENT and
approximately 6 months (5-249 days) for STORM CHASER. The median and range of follow-up times
were similar between EVUSHELD and placebo recipients in each frial.

Four hundred and fifty two (452) non-hospitalized subjects (with the exception of those hospitalized
for isolation purposes) with mild to moderate COVID-19 have been exposed to EVUSHELD (300 mg
of tixagevimab and 300 mg of cilgavimab) in one ongoing Phase Il clinical trial, TACKLE. The median
(range) duration of follow-up was 84 days (1-183 days). EVUSHELD is not authorized for treatment of
COVID-19 [see Limitations of Authorized Use (1)].

In all studies, adults received EVUSHELD administered as two separate, consecutive IM injections of
tixagevimab and cilgavimab or placebo [see Clinical Studies {14}].

PROVENT (EVUSHELD [150 mg of tixagevimab and 150 mg of cilgavimabl])

PROVENT enrolled adults =18 years of age who were either 260 years of age, had pre-specified co-
morbidities fsee Clinical Studies (14)], or were at increased risk of SARS-CoV-2 infection due to their
living situation or occupation. Subjects could not have previously received a COVID-19 vaccine or
have known prior or current SARS-CoV-2 infection. Subjects received a single dose of EVUSHELD
(N=3,461) or placebo (N= 1,736).

Adverse events were reported in 1,221 (35%) subjects receiving EVUSHELD and 593 (34%)
receiving placebo. SAEs were reported in 50 (1%) subjects receiving EVUSHELD and 23 (1%)
receiving piacebo. There was 1 adverse event reported as anaphylaxis among subjects who received
EVUSHELD. The event began within minutes of EVUSHELD administration and was treated with
epinephrine. The event resolved.

Of the reported adverse events (N= 4,507), the majority were mild (73%) or moderate (24%) in
severity. All adverse events, occurring in at least 1% of subjects, were reported at similar incidence
rates among subjects receiving EVUSHELD compared to those receiving placebo (difference <1%).
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The most common treatment-emergent adverse events, occurring in at least 3% of subjects receiving

EVUSHELD or placebo are shown in Table 3.

Table 3 Adverse Events (All Grades) Regardiess of Causality Occurring in at Least 3% of
Subjects Receiving EVUSHELD or Placebo in Primary Safety Analysis

EVUSHELD Placebo

N= 3,461 N=1,736
| Headache 6% 5%
Fatigue 4% ‘ 3%
Cough 3% i 3%

At the additional data cut-off (median follow-up 6.5 months}), the overall adverse event profile for
subjects who received EVUSHELD remained similar to events displayed in Table 3.

Cardiac Serious Adverse Evenis

Through the additional data cut-off in PROVENT, a higher proportion of subjects who received
EVUSHELD versus placebo in PROVENT reported myocardial infarction SAEs, one of which resulted
in death, and cardiac failure SAEs (see Table 4 below). All subjects who experienced cardiac SAEs
had cardiac risk factors and/or a prior history of cardiovascular disease at baseline. There was no
clear temporal pattern, with events reported from several hours after EVUSHELD receipt through the

end of the follow-up period.

Table4 Cardiac SAEs Regardless of Causality in PROVENT with Onset Prior to Day 183
Using the Median 6-Month Data Cut-off Date

EVUSHELD Placebo
N= 3,461 , N=1,736
Subjects with any cardiac SAE* 22 (0.6%) } 3 (0.2%)
| SAEs related to coronary artery disease or 10 {0.3%) ' 2 (0.1%)
myocardial ischemiaf
Myocardial infarctions* 8 (0.2%) 1 (0.1%)
SAEs related to cardiac failure$ 6 (0.2%) 1 (0.1%)
SAEs related to an arrhythmiaT 4 (0.1%) 1(0.1%)
Other {cardiomegaly, cardiomyopathy, and 3 (0.1%) 0
| cardio-respiratory arrest)

* One EVUSHELD recipient and one placebo recipient had two cardiac SAEs each.
tIncludes the preferred terms angina pectoris, coronary artery disease, arteriosclerosis, troponin increased, acute myocardial infarction,

and myocardial infarction.

tIncludes the preferred terms acute myocardial infarction, myocardial infarction, and troponin increased (with a discharge diagnosis of

myocardial infarction).

§ Includes the preferred terms cardiac failure congestive, acute left ventricular failure, cardiac failure, and cardiac failure acute.
TIncludes the preferred terms atrial fibriltation, arrhythmia, paroxysmal atrioventricular block, and heart rate irregular.

STORM CHASER (EVUSHELD [150 mg tixagevimab and 150 mg cilgavimabl)

STORM CHASER enrolled adults 218 years of age following potential exposure (within 8 days) to an
identified individual with a laboratory-confirmed SARS-CoV-2 infection {symptomatic or
asymptomatic). Subjects could not have previously received a COVID-19 vaccine, have symptoms
consistent with COVID-18, or have a known prior SARS-CoV-2 infection. Subjects received a single
dose of EVUSHELD (N= 749) or placebo (N= 372).
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Adverse events were reported in 162 (22%) subjects receiving EVUSHELD and 111 (30%) receiving
placebo. SAEs were reported in 5 (<1%) subjects receiving EVUSHELD and 3 (<1%) receiving
placebo. Of the reported adverse events (N=777), the majority were mild (75%) or moderate (23%) in
severity.

At the additional data cut-off {median follow-up approximately 6 months), the overall adverse event
profile for subjects who received EVUSHELD remained similar to earlier results. EVUSHELD is not
authorized for post-exposure prophylaxis of COVID-19 in individuals who have been exposed to
someone infected with SARS-CoV-2 [see Emergency Use Authorization (1)].

Cardiac Serious Adverse Events

In STORM CHASER (N= 1,121) no cardiac SAEs were reported (median follow-up approximately

6 months). Compared to PROVENT, the subjects in STORM CHASER were younger (median age 48
versus 57 years) and had fewer baseline cardiac risk factors (24% versus 36% with hypertension,
11% versus 14% with diabetes, and 3% versus 8% with cardiovascular disease in STORM CHASER
versus PROVENT, respectively).

TACKLE (EVUSHELD [300 mg tixagevimab and 300 mg cilgavimabl)

TACKLE enrolled adults 218 years of age with mild to moderate COVID-19 who were within <7 days
of symptom onset. Approximately 90% of study subjects had risk factors that put them at high risk for
progression to severe COVID-19. Subjects received a single dose of EVUSHELD (N=452) or
placebo (N= 451).

Adverse events were reported in 132 (29%) subjects receiving EVUSHELD and 163 (36%) receiving
placebo. Serious adverse events were reported in 33 (7%) subjects receiving EVUSHELD and 54
(12%) receiving placebo. Of the reported adverse events (N= 520), the majority were mild (56%) or
moderate {27%) in severity. There were no reports of anaphylaxis or serious hypersensitivity
reactions.

Adverse events of insomnia (1% vs. <1%) and dizziness (1% vs. none) were reported at a higher rate
with EVUSHELD compared to placebo. No other treatment-emergent adverse events, occurring in at
least 1% of subjects, were reported at higher incidence rates (difference 21%) among subjects
receiving EVUSHELD compared to those receiving placebo.

Cardiac Serious Adverse Events

In TACKLE (N= 903) four subjects reported cardiac SAEs. Acute myocardial infarction was reported
for two subjects who received EVUSHELD (one of whom also experienced cardiac failure leading to
death) and sudden cardiac death was reported for one subject who received EVUSHELD. One
subject who received placebo reported arrhythmia. All subjects who experienced cardiac SAEs had
cardiac risk factors and/or a prior history of cardiovascular disease at baseline.

6.4 Required Reporting for Serious Adverse Events and Medication Errors

The prescribing healthcare provider and/or the provider's designee isfare responsible for mandatory
reporting of all serious adverse events® and medication errors potentially related to EVUSHELD within
7 calendar days from the healthcare provider's awareness of the event, using FDA Form 3500 (for
information on how to access this form, see below). The FDA requires that such reports, using FDA
Form 3500, include the following:
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« Patient demographics and baseline characteristics (e.g., patient identifier, age or date of birth,
gender, weight, ethnicity, and race)

e A statement "EVUSHELD use for COVID-19 under Emergency Use Authorization (EUA)”
under the “Describe Event, Problem, or Product Use/Medication Error” heading

¢ Information about the serious adverse event or medication error (e.g., signs and symptoms,
test/laboratory data, complications, timing of drug initiation in relation to the occurrence of the
event, duration of the event, treatments required to mitigate the event, evidence of event
improvement/disappearance after stopping or reducing the dosage, evidence of event
reappearance after reintroduction, clinical outcomes)
Patient’s preexisting medical conditions and use of concomitant products
Information about the product (e.g., dosage, route of administration, NDC #)

Submit adverse event and medication error reports, using Form 3500, to FDA MedWatch using one
of the following methods:
s Complete and submit the report online: www.fda.gov/imedwatch/report.htm
e« Complete and submit a postage-paid FDA Form 3500
(https:/iwww.fda.gov/media/76299/download) and return by:
o Mail to MedWatch, 5600 Fishers Lane, Rockville, MD 20852-9787, or
o Faxto 1-800-FDA-0178, or
e Call 1-800-FDA-1088 to request a reporting form

In addition, please provide a copy of all FDA MedWatch forms to AstraZeneca:
+ Fax 1-866-742-7984

and to report adverse events please:
» Visit hitps://contactazmedical.astrazeneca.com, or
¢ Call AstraZeneca at 1-800-236-9933.

The prescribing healthcare provider and/or the provider's designee is/are responsible for mandatory
responses to requests from FDA for information about adverse events and medication errors
following receipt of EVUSHELD.

*Serious adverse events are defined as:

e Death

e A life-threatening adverse event;

» A persistent or significant incapacity or substantial disruption of the ability to conduct normal life
functions;
A congenital anomaly/birth defect;
Other important medical event, which may require a medical or surgical intervention to prevent
death, a life-threatening event, hospitalization, disability, or congenital anomaly;

e Inpatient hospitalization or prolongation of existing hospitalization.

6.5 Other Reporting Requirements

Healthcare facilities and providers will report therapeutics information and utilization data as directed
by the U.S. Department of Health and Human Services.
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7 DRUG INTERACTIONS
Drug-drug interaction studies have not been performed.
Tixagevimab and cilgavimab are not renally excreted or metabolized by cytochrome P450 (CYP)

enzymes; therefore, interactions with concomitant medications that are renally excreted or that are
substrates, inducers, or inhibitors of CYP enzymes are unlikely fsee Clinical Pharmacology (12.3)].

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy

Risk Summary

There are insufficient data to evaluate a drug-associated risk of major birth defects, miscarriage, or
adverse maternal or fetal outcomes. EVUSHELD should only be used during pregnancy if the
potential benefit outweighs the potential risk for the mother and the fetus.

Nonclinical reproductive toxicity studies have not been conducted with tixagevimab and cilgavimab. In
a tissue cross-reactivity study assessing off-target binding of tixagevimab and cilgavimab to human
fetal tissues no binding of clinical concern was observed. Human immunoglobulin G1 (IgG1)
antibodies are known to cross the placental barrier; therefore, tixagevimab and cilgavimab have the
potential to be transferred from the mother to the developing fetus. It is unknown whether the
potential transfer of tixagevimab and cilgavimab provides any treatment benefit or risk to the
developing fetus.

The estimated background risk of major birth defects and miscarriage for the indicated population is
unknown. All pregnancies have a background risk of birth defect, loss, or other adverse outcomes. In
the U.S. general population, the estimated background risk of major birth defects and miscarriage in
clinically recognized pregnancies is 2 to 4% and 15 to 20%, respectively.

8.2 Lactation

Risk Summary

There are no available data on the presence of tixagevimab or cilgavimab in human milk or animal
milk, the effects on the breastfed infant, or the effects of the drug on milk production. Maternal IgG is
known to be present in human milk. The developmental and health benefits of breastfeeding should
be considered along with the mother's clinical need for EVUSHELD and any potential adverse effects
on the breastfed infant from EVUSHELD.

8.4 Pediatric Use

EVUSHELD is not authorized for use in pediatric individuals under 12 years of age or weighing less
than 40 kg. The safety and effectiveness of EVUSHELD have not been established in pediatric
individuals. The dosing regimen is expected to result in comparable serum exposures of tixagevimab
and cilgavimab in individuals 12 years of age and older and weighing at least 40 kg as observed in
adults, since adults with similar body weight have been included in the trials PROVENT, STORM
CHASER and TACKLE [see Adverse Reactions (6.1) and Clinical Studies (1 4)].
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8.5 Geriatric Use

Of the 2,555 subjects in the pooled pharmacokinetics (PK) analysis (Phase | and Phase lll studies},
21% (N= 533) were 65 years of age or older and 3% {N= 81) were 75 years of age or older. There is
no clinically meaningful difference in the PK of tixagevimab and cilgavimab in geriatric subjects

(=65 years) compared to younger subjects.

8.6 Renal impairment

Tixagevimab and cilgavimab are not eliminated intact in the urine, renal impairment is not expected to
affect the exposure of tixagevimab and cilgavimab. Similarly, dialysis is not expected to impact the PK
of tixagevimab and cilgavimab.

8.7 Hepatic Impairment
The effect of hepatic impairment on the PK of tixagevimab and cilgavimab is unknown.
8.8 Other Specific Populations

Based on a population PK analysis, the PK profile of tixagevimab and cilgavimab was not affected by
sex, age, race, or ethnicity. Population PK model-based simulations suggest that body weight had no
clinically relevant effect on the PK of tixagevimab and cilgavimab in healthy adults over the range of
36 kg to 177 kg.

10 OVERDOSAGE

Treatment of overdose with EVUSHELD should consist of general supporiive measures including the
monitoring of the clinical status of the individual. There is no specific treatment for overdose with
EVUSHELD.

11 DESCRIPTION

Tixagevimab, a SARS-CoV-2 spike protein-directed attachment inhibitor, is a human immunoglobulin
G1 (IgG1x) monoclonal antibody produced in Chinese hamster ovary (CHO) cells by recombinant
DNA technology. The molecular weight is approximately 149 kDa.

Tixagevimab injection is a sterile, preservative-free, clear to opalescent and colorless to slightly
yellow solution supplied in a single-dose vial for intramuscular use. The vial stoppers are not made
with natural rubber latex. Each 1.5 mL contains 150 mg tixagevimab, L- histidine {2.4 mg), L- histidine
hydrochloride monohydrate (3.0 mg), polysorbate 80 (0.6 mg), sucrose (123.2 mg), and Water for
Injection, USP. The pH is 6.0.

Cilgavimab, a SARS-CoV-2 spike protein-directed attachment inhibitor, is a human IgG1x monoclonal
antibody produced in CHO cells by recombinant DNA technology. The molecular weight is
approximately 152 kDa.

Cilgavimab injection is a sterile, preservative-free, clear to opalescent and colorless to slightly yellow
solution supplied in a single-dose vial for intramuscular use. The vial stoppers are not made with
natural rubber latex. Each 1.5 mL contains 150 mg cilgavimab, L- histidine (2.4 mg), L- histidine

15|Page



hydrochloride monohydrate (3.0 mg), polysorbate 80 (0.6 mg), sucrose (123.2 mg), and Water for
Injection, USP. The pH is 86.0.

12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action

Tixagevimab and cilgavimab are two recombinant human igG1« monoclonal antibodies with amino
acid substitutions to extend antibody half-life (YTE), reduce antibody effector function, and minimize
the potential risk of antibody-dependent enhancement of disease (TM). Tixagevimab and cilgavimab
can simultaneously bind to non-overlapping regions of the receptor binding domain (RBD) of
SARS-CoV-2 spike protein. Tixagevimab, ciigavimab, and their combination bind to spike protein with
equilibrium dissociation constants of Ko = 2.76 pM, 13.0 pM and 13.7 pM, respectively, blocking its
interaction with human ACE2, the SARS-CoV-2 receptor, which is required for virus attachment.
Tixagevimab, cilgavimab, and their combination blocked RBD binding to human ACE2 with ICso
values of 0.32 nM (48 ng/mL), 0.53 nM (80 ng/mL), and 0.43 nM (65 ng/mL), respectively.

12.3 Pharmacokinetics

A summary of PK parameters and properties of tixagevimab and cilgavimab following administration
of a single EVUSHELD (300 mg of tixagevimab and 300 mg of cilgavimab) intramuscular dose is
provided in Table 5.

Table5 Summary of PK Parameters and Properties of Tixagevimab and Cilgavimab
Following a Single EVUSHELD (300 mg Tixagevimab and 300 mg Cilgavimab)
Intramuscular Dose

PK Parameters Tixagevimab Cilgavimab
Cmax (pg/mL)* 21.9 (61.7) 20.3 (63.6)
Tmax (day)? 14.9 (1.1 — 86) 15.0 (1.1 — 85)
C2 (ug/mL)* 8.5 (77) 9.1 (80)
Ceas (Ug/mL)% 15 (48) 14 (51)
AUCo-84 (day-pg/mL)* 1408 (54) 1307 (58)
Absorption
Bioavailability* 1 68.5 65.8
Distribution
Apparent Volume of 7.7 (1.97) 8.7 (2.73)
Distribution (LY
Elimination
Half-life (days)*1 87.9 (13.9) 82.9 (12.3)
Apparent Clearance (L/day)* 0.062 {0.019) 0.074 (0.028)
Metabolism Catabolic pathways; Same manner as endogenous igG
Excretion Not likely to undergo renal excretion

* Geomean (geometric %CV)

T Median (range)

t Observed geomean (geometric %CV) concentration 2 day after dosing

§ Observed geomean (geomefric %CV) concentration 84 days after dosing

* Arithmetic mean (SD)

1 Based on a single EVUSHELD (150 mg tixagevimab and 150 mg cilgavimab)
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In the PROVENT repeat dose sub-study, following a second IM dose of EVUSHELD (150 mg of
tixagevimab and 150 mg of cilgavimab) administered 10 to 14 months after the initial IM dose of
EVUSHELD (150 mg of tixagevimab and 150 mg of cilgavimab) (N= 53), the geometric mean serum
concentration was 26.4 pg/mL on post-administration Day 29. This serum concentration was similar
to the geometric mean drug concentration on post-administration Day 29 (23.3 ug/mL) following the
initial IM EVUSHELD dose (150 mg of tixagevimab and 150 mg of cilgavimab) in the PROVENT
parent study.

The primary analysis in the clinical efficacy study PROVENT was conducted prior to the emergence
of the Omicron variant; the dominant variants in circulation at that time were Alpha, Beta, Gamma,
and Delta. Pharmacokinetic and pharmacodynamic modeling using cell-based ECso values of
EVUSHELD against the currently circulating variants in the U.S. suggest in vivo activity against these
variants may be retained at drug concentrations achieved following a single EVUSHELD initial dose
of 300 mg tixagevimab and 300 mg cilgavimab for 6 months fsee Dosage and Administration (2.1)].

Specific Populations

The PK profile of tixagevimab and cilgavimab were not affected by sex, age, race or ethnicity. Body
weight had no clinically relevant effect on the PK of tixagevimab and cilgavimab in adults over the
range of 36 kg to 177 kg.

Pediatric Population
The PK of tixagevimab and ciigavimab in pediatric individuals have not been evaluated.

The dosing regimen is expected to result in comparable plasma exposures of tixagevimab and
cilgavimab in pediatric individuals ages 12 years of age or older who weigh at least 40 kg as
observed in adult individuals [see Use in Specific Populations (8.4)].

Renal impairment
Tixagevimab and cilgavimab are not eliminated intact in the urine.

Renal impairment is not expected to impact the PK of tixagevimab and cilgavimab, since monoclonal
antibodies with molecular weight >69 kDa are known not to undergo renal elimination. Similarly,
dialysis is not expected to impact the PK of tixagevimab and ciigavimab.

There is no difference in the clearance of tixagevimab and cilgavimab in individuals with mild or
moderate renal impairment compared to individuals with normal renal function. There were
insufficient subjects with severe renal impairment to draw conclusions [see Use in Specific
Populations {8.6}].

Hepatic impairment

No specific studies have been conducted to examine the effects of hepatic impairment on the PK of
tixagevimab and cilgavimab. The impact of hepatic impairment on the PK of tixagevimab and
cilgavimab is unknown [see Use in Specific Populations (8.7)].

Drug Interaction Studies

Drug-drug interaction studies have not been performed. Based on key elimination pathways,
tixagevimab and cilgavimab interactions with concomitant medications that are renally excreted or
that are substrates, inducers, or inhibitors of CYP enzymes are unlikely [see Drug Interactions (7)].
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12.4 Microbiology

Antiviral Activity

In a neutralization assay on Vero E6 cells, tixagevimab, cilgavimab, and their combination neutralized
SARS-CoV-2 (USA-WA1/2020 isclate) with ECso values of 60.7 pM (9 ng/mL), 211.5 pM (32 ng/mL),
and 65.9 pM (10 ng/mL), respectively.

Tixagevimab, cilgavimab, and their combination showed reduced or no antibody-dependent cell-
mediated cytotoxicity (ADCC), antibody-dependent cellular phagocytosis (ADCP), or antibody-
dependent natural killer cell activation (ADNKA) in cell culture studies. Tixagevimab, cilgavimab, and
their combination did not mediate antibody-dependent complement deposition (ADCD) activity with
guinea pig complement proteins.

Antibody Dependent Enhancement (ADE) of Infection

The potential of tixagevimab and cilgavimab to mediate antibody-dependent viral eniry was assessed
in FeyRIl-expressing Raiji cells co-incubated with recombinant virus-like particles (VLPs) pseudotyped
with SARS-CoV-2 spike protein, with antibody concentrations at a range of 6.6 nM (1 pyg/mL) to

824 pM (125 ng/mL). Tixagevimab, cilgavimab, and their combination did not mediate entry of VLPs
into these cells under the tested conditions.

The potential for ADE was also evaluated in a non-human primate model of SARS-CoV-2 using
EVUSHELD. Intravascular administration prior to virus inoculation resulted in a dose-dependent
improvement in all measured outcomes (total viral RNA in the lungs or nasal mucosae, infectious
virus levels in the lungs based on TCIDso measurements, or lung injury and pathology based on
histology measurements). No evidence of enhancement of viral replication or disease was observed
at any dose evaluated, including sub-neutralizing doses down to 0.04 mg/kg.

Antiviral Resistance

There is a potential risk of treatment failure due to the development of viral variants that are resistant
to tixagevimab and cilgavimab. Prescribing healthcare providers should consider the prevalence of
SARS-CoV-2 variants in their area, where data are available, when considering prophylactic
treatment options.

Escape variants were identified following serial passage in cell culture of SARS-CoV-2 or replication
competent recombinant vesicular stomatitis virus (VSV) expressing SARS-CoV-2 spike protein in the
presence of tixagevimab or cilgavimab individually or in combination. Tixagevimab selected a variant
expressing F486S in the spike protein with a >800-foid reduction in susceptibility to tixagevimab.
Cilgavimab selected variants that expressed spike protein amino acid substitutions R346G, R346l,
K444E, K444N, K444Q, K444R, K444T or N450D were each associated with a >200-fold reduction in
susceptibility to cilgavimab. No escape variants to the tixagevimab and cilgavimab combination were
selected.

In neutralization assays using recombinant VLPs pseudotyped with SARS-CoV-2 spike and harboring
individual spike amino acid substitutions identified in circulating SARS-CoV-2, variants with reduced
susceptibility to cilgavimab alone included those with R346I (>200-fold), K444E (>200-fold), K444Q
(>200-fold), K444R (>200-fold), V445A (21- to 51-fold), G446V (4.2-fold), N450K (9.1-fold), or L452R
(5.8-fold) substitutions. Variants with reduced susceptibility to tixagevimab alone included those with
Q414R (4.6-fold), L455F (2.5- to 4.7-fold), G476S (3.3-fold), E484D (7.1-fold), E484K (6.2-to 12-
fold), E484Q (3.0-fold), F486S (>600-fold), F486V (121- to 149-fold), Q493K (2.4- to 3.2-foid), Q493R
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(7.9-fold), E990A (6.1-fold), or T1009I (8.2-fold) substitutions. Variants harboring an E484K (2.4- o
5.4-fold), Q493R (3.4-fold), E920A (5.7-fold), or T1009! (4.5-fold) substitution exhibited low level
reduced susceptibility to tixagevimab and cilgavimab in combination.

VLPs pseudotyped with the SARS-CoV-2 spike of variant strains with reduced susceptibility to
cilgavimab included those with R346K+E484K+N501Y (Mu, 21-fold), and those with reduced
susceptibility to tixagevimab included those harboring E484K (Alpha, 18.5-fold; Beta, 3.5- to 15-fold;
Zeta, 7.3-fold). Similar results were observed, where data were available, in neuiralization assays
using authentic SARS-CoV-2 variant strains.

VLPs pseudotyped with the SARS-CoV-2 spike of Omicron BA.1 or BA.1.1 (BA.1+R346K) showed
reduced susceptibility to tixagevimab (>600- to >1,000-fold or 460-fold, respectively) and to
cilgavimab (>700- to >1,000-fold or >500-fold, respectively). VLPs pseudotyped with the SARS-CoV-2
spike of Omicron BA.2 or BA.2.12.1 showed reduced susceptibility to tixagevimab (>1,000-fold or
>500-fold, respectively) but not to cilgavimab (1.9-fold or 2-fold, respectively). VLPs pseudotyped with
the SARS-CoV-2 spike of Omicron BA.2.75 or BA.2.75.2 showed reduced susceptibility to
tixagevimab (7- to 53-fold or >3,333- to >10,000-fold, respectively) and to cilgavimab (6- to 40-fold or
>769- to >5,000-fold, respectively). VLPs pseudotyped with the SARS-CoV-2 spike of Omicron BA.3
showed reduced susceptibility to tixagevimab (>5,000-fold) but not to cilgavimab (4-fold). VLPs
pseudotyped with the SARS-CoV-2 spike of Omicron BA.4/BA.5 showed reduced susceptibility to
tixagevimab (>10,000-fold) and cilgavimab (7.5- to 9-fold). VLPs pseudotyped with the SARS-CoV-2
spike of Omicron BA.4.6 showed reduced susceptibility to tixagevimab (>1,000-fold) and to
cilgavimab (>1,000-fold). VLPs pseudotyped with the SARS-CoV-2 spike of Omicron BF.7 or BJ.1
showed reduced susceptibility to tixagevimab (>3,333- to >10,000-fold or 85- to 172-fold,
respectively) and to cilgavimab (>769- to >5,000-fold or >769- to >5,000-fold, respectively). VLPs
pseudotyped with the SARS-CoV-2 spike of Omicron BQ.1 or BQ.1.1 showed reduced susceptibility
to tixagevimab (>1,250- to >10,000-fold) and to cilgavimab (>667- to >5,000-fold). VLPs pseudotyped
with the SARS-CoV-2 spike of Omicron BA.5.2.6 or BF.11 showed reduced susceptibility to
tixagevimab (>333-fold) and to cilgavimab (>77-fold). VLPs pseudotyped with the SARS-CoV-2 spike
of Omicron BN.1 or XBB showed reduced susceptibility to tixagevimab (24- to 44-fold or >2,600- to
>10,000-fold, respectively) and to cilgavimab (>3,700- to >5,000-fold or >5665- to >5,000-fold,
respectively). VLPs pseudotyped with the SARS-CoV-2 spike of Omicron XBB.1.5 showed reduced
susceptibility to tixagevimab (>10,000-fold) and to cilgavimab (>2,900-fold). The effects of the
individual substitutions in Omicron spike glycoproteins on neutralization susceptibility are being
investigated.

The neutralizing activity of tixagevimab and cilgavimab in combination was tested against
pseudotyped VLPs and/or authentic SARS-CoV-2 variant strains harboring all spike substitutions
identified in Alpha (B.1.1.7, 0.5- to 5.2-fold), Beta (B.1.351, 1.0- o 3.8-fold), Gamma (P.1, 0.4- to 2.0-
fold), Delta (B.1.617.2, 0.6- to 1.2-fold), and Delta [+K417N] (AY.1/ AY.2, 1.0-fold) variants of
concern, and Eta (B.1.525, 3.1-fold), lota (B.1.526, 0.3- to 3.4-fold), Kappa (B.1.617.1, 0.5- to 3.4-
fold) Lambda (C.37, 0.7-fold), and Mu (B.1.621, 7.5-fold) variants of interest. Tixagevimab and
cilgavimab in combination was also tested against Epsilon (B.1.427 / B.1.429, 0.8-to 3.5-fold), R.1
(3.5-fold), B.1.1.519 (1.4-fold), C.36.3 (2.3-fold), B.1.214.2 (0.8-fold), and B.1 619.1 (3.3-fold) variant
alerts for further monitoring and B.1.616 (0.5-fold), A.23.1 (0.4-fold), A.27 (0.8-fold), and AV.1 (5.9-
fold) variants de-escalated from further monitoring (Table 6).

Preliminary data for the neutralizing activities of tixagevimab and cilgavimab in combination against
circulating Omicron subvariants are available. VLPs pseudotyped with the SARS-CoV-2 spike of
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Omicron BA.1 or BA.1.1 (BA.1+R346K) showed reduced neutralizing activity (132- to 183-fold or 424-
fold, respectively), Omicron BA.2 showed no change in neutralizing activity (3.2-fold). VLPs
pseudotyped with the spike of Omicron BA.2.12.1, BA.2.75, BA.2.75.2, BA.3, BA4/BA.5, or BA 4.6
showed 5-fold, 2.4- to 15-fold, >5,000- to >10,000-fold, 16-fold, 33- to 65-fold, or >1,000-fold
reductions in neutralizing activity, respectively. VLPs pseudotyped with the spike of Omicron BF.7,
BJ.1, BQ.1 or BQ.1.1 showed >5,000- to >10,000-fold, 228- to 424-fold, >2,000- to >10,000-fold or
>2,000- to >10,000-fold reductions in neutralizing activity, respectively. VLPs pseudotyped with the
spike of Omicron BA.5.2.6, BF.11, BN.1, XBB, or XBB.1.5 showed >500-fold, >500-fold, 68-fold,
>1,400- to >10,000-fold, or >5,000-fold reductions in neutralizing activity, respectively. Authentic
Omicron BA.1, BA.1.1, BA.2, or BA.5 viruses showed 12- to 30-fold, 176-fold, 5.4-fold, or 2.8- to 16-
fold reductions in susceptibility, respectively.

Data collection is ongoing to better understand how the reductions in activity seen in pseudotyped
VLP assays or authentic SARS-CoV-2 assays may correlate with clinical outcomes. Emerging
Omicron subvariants that are resistant to neutralization by cilgavimab harbor the spike substitution
R346T or K444T, while those resistant to neutralization by tixagevimab harbor the spike substitution
F486S or F486V. EVUSHELD is unlikely to neutralize SARS-CoV-2 Omicron subvariants harboring
R346T or K444T in combination with F486S or F486V.

Table 6 EVUSHELD Pseudotyped Virus-Like Particles and Authentic SARS-CoV-2
Neutralization Data for SARS-CoV-2 Variants
( Lineage | Country L WHO Key Substifutions Tested | Fold Reduction in Fold Reduction in
with Sp!ike Fir§t | Nomenclature Susceptibility* Susceptibility*
Pro.telr! Identified {Pseudotyped {Authentic virus¥)
! Substitution VLPsh)
| B.117 UK Alpha N501Y 0.5- o 5.2-fold No Changet
B.1.351 South Africa Beta K417N+E484K+N5C1Y No Change? No Change$
P Brazil Gamma K417T+E484K+N501Y No Change’ No Change®
B.1.617.2 India Delta L452R+T478K No Change’ No Change?
AY. 1/ AY.2 India Delta [+K417N] KA17N+L452R+T478K No Change’ No Change?
(G339D+8371L+8373P+
S375F+KA17N+N440K+
BA.1 Botswana Omicron (BA.1) G446S+S477TN+T4T8K+ 132- to 183-fold* 12- to 30-fold
E484A+Q493R+G4965+
Q489R+N501Y+Y505H
Muitiple Omicron (BA.1.1} § g
BA.1.1 country origin [+R346K] BA.1+R346K 424-fold 176-fold
G339D+S371F+5373P+
S375F+T376A+D405N+
Multiple . R4085+K417N+N440K+ 5 )
BA.2 country origin Omicron (BA.2) SA77N+T4TBK+EABAA+ No Change 5.4-fold
QA93R+Q498R+N501Y+
Y505H
. Omicron
BA.2.12.1 United States (BA.2.12.1) BA.2+L452Q 5-fold ND
G339H+S371F+3373P+
S375F+T376A+D405N+
. Omicron R408S+K417N+N440K+
BA.2.75 India (BA.2.75) G4465+NABOK+S477N+ 2.4- to 15-fold ND
T478K+E484A+Q498R+
N501Y+ Y505H
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[ Lineage Country WHO Key Substitutions Tested | Fold Reduction in Fold Reduction in
with Spike First Nomenclature Susceptibility* Suscepfibility*
| _ Protein Identified {Pseudotyped {Authentic virus?)
Substitution VLPs?)
- Omnicron B
BA.2.75.2 india (BA.2.75.2) BA.2.75+R346T+F486S >5000-fold ND
(G339D+8371F+S5373P+
, Multile 8375F+D405N+K417N+
BA.3 count %ri in Omicron (BA.3) N440K+G4463+S477N+ 16-fold ND
fyore T4TBK+E4B4A+Q493R+
Q498R+N501Y+Y505H
G339D+8371F+S373P+
S375F+T376A+DAOSN+
Multiple - RA4085+K417N+N440K+
BA.4 country origin Omicron (BA4) | 450R+S47TN+TA78K+ 33- to 65-fold ND
E484A+F486V+Q498R+
N501Y+Y505H
BAA46 United States |Omicron (BA.4.6) BA.4+R3467 >1000-fold” ND
G339D+S371F+8373P+
S375F+T376A+D405N+
Muliiple . RA08S+K417N+N440K+
BAS country origin Omicron (BA.5) LA52R+S477N+TA78K+ 33- to 65-fold 2.8-to 16-fold
E484A+FAB6V+Q4088R+
N501Y+Y505H
(5339D+R346T+5371F+
S373P+3375F+T376A+
Multiple Omicron D405N+R408S+KA417N+
BAS28 | ointryorigin | (BA5.2.6) N440K+L 452R+S477N+ >500-fold ND
T478K+E484A+F486V+
Q498R+N501Y+Y505H
United ; b
BF.7 States/Belgium Omicron (BF.7) BA.4+R348T >5000-fold ND
G339D+R346T+S371F+
8373P+ S375F+T376A+
Muitiple . DA405N+RA08S+K417N+
BF.11 country origin Omicron (BF.11) NA40K+LAB2R+S4TTN+ >500-fold ND
TA78K+E4B4A+F486V+
Q498R+N501Y+Y505H
G339H+R346T+L368(+
S371F+S373P+S375F+
T376A+D405N+R408S+
Muliiple . KA17N+N440K+v445P+
BJ.1 country origin Omicron (BJ.1) GA4BS+S477N+TATEK+ 228- 10 424-old ND
V483A+E484A+F480V+
Q493R+Q498R+N501Y+
Y505H
(339D+R346T+K356T+
S37T1F+S373P+3375F+
Multi! D405N+ R4085+
BN.1 uifple | Omicron (BN.1) | K417N+N440K+G446S+ 68-fold ND
country origin N4BOK+S477N+T478K+
E484A+F490S+
Q493R+Q498R+Y505H
BQ.1 Nigeria Omicron (BQ.1) BA.5+K444T+N4GOK >2000-fold” ND
Multiple . BA5+R346T+K444T+ 52000-fold® ND
BQ.1.1 country origin Omicron (BQ.1.1) NABOK 2000-fo
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Lineage Couniry WHO Key Substitutions Tested | Fold Reduction in Fold Reduction in
with Spike First Nomenclature Susceptibility* Susceptibility*
Protein Identified {(Pseudotyped {Authentic virus®)
Substitution VLPst)
(G338H+R346T+L368I+
S371F+S373P+8375F+
T376A+DA0SN+R408S+
Muliiple . K417N+N440K+V445P+
8B country origin | OMeron BB} | ¢ 14654 N4BOK+S4TTN+ >1400-fold” ND
T478K+ E484A+F4865+
F490S+Q498R+N501Y+
Y505H
(G339H+R346T+L368I+
$371F+5373P+S375F+
T376A+D405N+R408S+
Multiple Omicron K417N+N440K+V445P+ -
2085 country origin | (XBB.1.5) G446S+NABOK+S4TTN+ Sl ND
T478K+E484A+F486P+
F4905+Q498R+N501Y
+Y505H
B.1525 Multipts Eta E484K No Change$ ND
o country origin g
B.1.526 United States lota E484K No Change$ No Changed
B.1.617.1 India Kappa L452R+E484Q No Change$ No Change#
C.37 Peru Lambda L452Q+F490S No Change? ND
B.1.621 Colombia Mu R346K+E484K +N501Y 7.5-old ND
B! United States Epsilon L452R No Change$ No Change$
B.1.429
Muitiple §
R.1 country origin - E484K No Change' ND
Multiple
B.1.1.519 country origin - T478K No Change? ND
Multiple - ]
C.36.3 country origin R3465:L452R No Change$ ND
Multiple - ] §
B.1.214.2 country origin Q414K:N450K No Change ND
Multiple - } 5
B.1.619.1 country origin N440K:E484K No Change ND
P.2 Brazil Zeta E484K No Change? ND
B.1.616 France - V483A No Change® ND
A.231 UK - V367F No Change$ ND
Multiple - 5
A2T country origin L452R+N501Y No Change ND
Muliiple -
AV.1 country origin N438K+E484K 5.9-old ND

* Range of reduced potency across multiple variants of each lineage using research-g
mean fold change in half maximal effective concentration (ECsa) of mADb required for a
reference sfrain

T Pseudotyped virus-like particies expressing the entire S
substitutions except L452Q were tested including Alpha (
harboring additional indicated RBD substitutions that are n
1 Authentic SARS-CoV-2 expressing the entire variant spike prot
additional indicated RBD substitutions that are no longer detecte

§ No change: <5-fold reduction in susceptibility
# ECsp value = 1.13 — 1.83 nM (171 - 277 ng/mL)

P Tixagevimab and cilgavimab together are unlikely to be active against this variant.
ND, not determined; RBD, receptor binding domain
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It is not known how pseudotyped VLPs or authentic SARS-CoV-2 neutralization susceptibility data
correlate with clinical outcome.

In PROVENT, iliness visit sequencing data were available for 21 of 33 subjects with SARS-CoV-2
infection (6 who received tixagevimab and cilgavimab and 15 placebo). Fourteen subjects were
infected with variants of concern or variants of interest, including 8 subjects with Alpha (B.1.1.7) (8
who received placebo), 1 subject with Beta (B.1.351) (1 who received tixagevimab and cilgavimab), 3
subjects with Delta (B.1.617.2) (3 who received placebo), and 2 subjects with Epsilon (B.1 A29) (2
who received tixagevimab and cilgavimab). Seven additional subjects were infected with B.1.375 (1
who received tixagevimab and cilgavimab) or the A_1 set of lineages containing a consteliation of
spike protein substitutions including D614G and P681H or Q677P (3 who received tixagevimab and
cilgavimab and 3 placebo). Additional spike protein RBD substitutions detected at low frequency
(between 3% and 24%) included V503F in the tixagevimab and cilgavimab group.

In STORM CHASER, illness visit sequencing data was available for 19 of 19 subjects with SARS-
CoV-2 infections (12 of 12 who received tixagevimab and cilgavimab and 7 of 7 placebo). At an allele
fraction 225%, 12 of 19 subjects were infected with variants of concern or variants of interest,
including 9 subjects with Alpha (B.1.1.7) {5 who received tixagevimab and cilgavimab and 4 placebo)
and 3 subjects with Epsilon (B.1.427 / B.1.429) (2 who received tixagevimab and cilgavimab and 1
placebo). Seven additional subjects were infected with B.1.1.519 (1 who received tixagevimab and
cilgavimab) or the A_1 set of lineages containing a constellation of spike protein substitutions
including D614G and D138H, Q675H, Q677H, or V1176F (4 who received tixagevimab and
cilgavimab and 2 placebo). Additional spike protein RBD substitutions detected at an allele fraction
>3% included S325P, Del342, C361W, Del428, F429V, and F515C in the tixagevimab and cilgavimab

group.

Evaluation of neutralization susceptibility of variants identified through global surveillance and in
subjects who received tixagevimab and cilgavimab is ongoing.

It is possible that variants resistant to tixagevimab and cilgavimab could have cross-resistance to
other monoclonal antibodies targeting the RBD of SARS-CoV-2. The combination of tixagevimab and
cilgavimab retained activity against pseudotyped VLPs harboring individual SARS-CoV-2 spike
substitutions (K417E/N, D420N, K444Q, V445A, YA53F, L455F, NAGOK/S/T, E484D/K/Q, F486V,
F490S, Q493K/R, and S494P) identified in neutralization escape variants of other monoclonal
antibodies targeting the RBD of SARS-CoV-2 spike protein.

12.6 Immunogenicity

There are no immunogenicity data available for the currently authorized dosing regimen (EVUSHELD
[300 mg of tixagevimab and 300 mg cilgavimab] administered every 6 months).

There was no apparent clinically significant effect of anti-EVUSHELD antibodies (ADA) on the safety
or effectiveness of EVUSHELD in PROVENT (EVUSHELD [150 mg of tixagevimab and 150 mg
cilgavimab]), but data are limited at this time. There isup to a 26% decrease, on average, in serum
concentrations of EVUSHELD over time through 183 days post-administration in subjects with
positive ADA after the initial dose compared to subjects who tested negative for ADA after the initial
dose; the clinical significance of this decrease is unknown.
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in PROVENT, following a single IM dose of EVUSHELD (150 mg of tixagevimab and 150 mg
cilgavimab) (baseline: study Day 1) through study Day 183, treatment-emergent anti-tixagevimab,
anti-cilgavimab and anti-EVUSHELD antibodies were detected in 3% (101/3152), 4% (113/3068) and
5% (156/3158) ADA-evaluable participants, respectively, who received EVUSHELD (150 mg of
tixagevimab and 150 mg of cilgavimab). The average Day 8, 29, and 183 serum concentrations of
EVUSHELD were approximately 0%, 12%, and 26% lower, respectively, in subjects who tested
positive for ADA after the initial dose versus subjects who tested negative for ADA after the initial
dose.

In the PROVENT repeat dose sub-study, following a subsequent single IM dose of EVUSHELD

(150 mg of tixagevimab and 150 mg cilgavimab) {baseline: sub-study Day 1) through sub-study Day
29, treatment-emergent anti-tixagevimab, anti-cilgavimab and anti-EVUSHELD antibodies were
detected in 0% (0/49), 10% (5/49) and 10% (5/49) ADA-evaluable subjects, respectively. The average
Day 29 concentration of EVUSHELD was approximately 14% lower in subjects who tested positive for
ADA after the second dose versus subjects who tested negative for ADA after the second dose. The
time between repeat doses was 10 to 14 months (first IM dose administered in the original PROVENT
study to second IM dose administered in the PROVENT sub-study).

The observed incidence of ADA is highly dependent on the sensitivity and specificity of the assay.
Differences in assay methods preclude meaningful comparisons of the incidence of ADA in the
studies described above with the incidence of ADA in other studies.

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenicity, genotoxicity, and reproductive toxicology studies have not been conducted with
tixagevimab and cilgavimab.

13.2 Animal Toxicology and Pharmacology

In a toxicology study in cynomolgus monkeys, tixagevimab and cilgavimab had no adverse effects
when administered via IM injection.

In tissue cross-reactivity studies with tixagevimab and cilgavimab using human adult and fetal tissues
no binding of clinical concern was detected.

Tixagevimab and cilgavimab have been assessed in rhesus macaque and cynomolgus macaque
models of SARS-CoV-2 infection. Prophylactic administration of tixagevimab and cilgavimab (N= 4
rhesus macaque; N= 3 cynomolgus macaqgue) three days prior to infection prevented SARS-CoV-2
infection of the upper and lower respiratory tracts in dose-dependent manner. Prophylactic
administration of 4 mg/kg tixagevimab and cilgavimab resulted in a 7-log+o reduction in viral sub-
genomic messenger RNA (sgmRNA) in nasopharyngeal swabs and 5 to 6-log1o reduction in sgmRNA
or infectious virus titer in bronchoalveolar lavage samples at Day 2 post-challenge in all animals
relative to placebo-treated animals. Compared to placebo, prophylactic administration of tixagevimab
and cilgavimab (N= 3 cynomolgus macaque) reduced lung injury associated with SARS-CoV-2
infection.

The applicability of these findings to a clinical setting is not known.
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14 CLINICAL STUDIES

The data supporting this EUA are based on analyses from the Phase lll trials PROVENT
(NCT04625725) and STORM CHASER (NCT04625972). Both trials are evaluating the safety and
efficacy of EVUSHELD (150 mg of tixagevimab and 150 mg of cilgavimab) for the prophylaxis SARS-
CoV-2 symptomatic iliness (COVID-19).

Efficacy Data from PROVENT

PROVENT is an ongoing Phase Ili, randomized (2:1), double-blind, placebo-controlled clinical trial
studying EVUSHELD for the pre-exposure prophylaxis of COVID-19 in adulis 218 years of age. All
subjects were either 260 years of age, had a pre-specified co-morbidity (obesity, congestive heart
failure, chronic obstructive pulmonary disease, chronic kidney disease, chronic liver disease,
immunocompromised state, or previous history of severe or serious adverse event after receiving any
approved vaccine), or were at increased risk of SARS-CoV-2 infection due to their living situation or
occupation. Subjects could not have previously received a COVID-19 vaccine. Subjects received a
single dose (administered as two IM injections) of EVUSHELD or placebo. The study excluded
subjects with a history of laboratory-confirmed SARS-CoV-2 infection or SARS-CoV-2 antibody
positivity at screening. Once COVID-19 vaccines were locally available, subjects were permitted on
request to unblind to make an informed decision on vaccine timing and to receive COVID-19
vaccination.

The baseline demographics were balanced across the EVUSHELD and placebo arms. The median
age was 57 years (with 43% of subjects aged 60 years or older), 46% of subjects were female, 73%
were White, 3% were Asian 17% were Black/African American, and 15% were Hispanic/Latino. Of the
5,197 subjects, 78% had baseline co-morbidities or characteristics associated with an increased risk
for severe COVID-19, including obesity (42%), diabetes (14%), cardiovascular disease (8%), cancer,
including a history of cancer (7%), chronic obstructive pulmonary disease (5%), chronic kidney
disease (5%), chronic liver disease (5%), immunosuppressive medications (3%) and
immunosuppressive disease (<1%).

For the primary endpoint, a subject was defined as a COVID-19 case if their first case of SARS-CoV-
2 RT-PCR-positive symptomatic illness occurred after administration and prior to Day 183. The
primary analysis included 5,172 subjects who were SARS-CoV-2 RT-PCR-negative at baseline, of
which 3,441 received EVUSHELD and 1,731 received placebo. Only events that occurred prior to
unblinding or vaccine receipt were included. EVUSHELD receipt resulted in a statistically significant
(p-value <0.001) 77% reduction in incidence of SARS-CoV-2 RT-PCR-positive symptomatic illness
(COVID-19) when compared to placebo (Table 7). At the time of analysis the median follow-up time
post-administration was 83 days (range 3 to 166 days).

Similar results were observed for EVUSHELD recipients compared to placebo recipients in the
reduction in incidence of SARS-CoV-2 RT-PCR-positive symptomatic illness or death from any cause
(12/3,441 versus 19/1,731, respectively) with relative risk reduction of 69% (95% CI: 36, 85;

p-value= 0.002), and in the reduction in incidence of SARS-CoV-2 RT-PCR-positive symptomatic
illness regardless of unblinding or vaccine receipt (10/3,441 versus 22/1,731, respectively) with
relative risk reduction of 77% {95% CI: 52, 89 ; p-value <0.001).
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Table 7 Incidence of Symptomatic COVID-19 in Adults (PROVENT)

\ N* Number of Relative Risk Reduction,
‘ - events, n (%) % (95% CIl)
EVUSHELD? 3,441 8 (0.2%)
77% (46, 90)
Placebo 1,731 17 (1.0%)

N = number of subjects in analysis; Cl = Confidence Interval
* subjects were censored after receiving the vaccine or being unblinded to consider the vaccine, whichever occurred earlier
T EVUSHELD dose (150 mg tixagevimab and 150 mg cilgavimab)

Among subjects who received EVUSHELD, there were no severe/critical COVID-19 events (defined
as SARS-CoV-2 RT-PCR-positive symptomatic illness characterized by a minimum of either
pneumonia [fever, cough, tachypnoea or dyspnea, and lung infiltrates] or hypoxemia [SpO2 <90% in
room air and/or severe respiratory distress] and a WHO Clinical Progression Scale score of 5 or
higher) compared to one event (0.1%) among subjects who received placebo.

An additional data cut was conducted io provide post-hoc updated efficacy and safety analysis, the
median follow-up was 6.5 months for subjects in both EVUSHELD and placebo arms. The relative
risk reduction of SARS-CoV-2 RT-PCR-positive symptomatic iliness was 83% (95% ClI: 66, 91) with
11/3,441 (0.3%) events in the EVUSHELD arm and 31/1,731 (1.8%) events in the placebo arm, see
Figure 1. These results are consistent with the duration of protection predicted by population PK
modelling. Among subjects who received EVUSHELD there were no severe/critical COVID-19 events
compared to five events among subjects who received placebo.

Figure 1 Kaplan Meier: Cumulative Incidence of Symptomatic COVID-19* (PROVENT)
44

— EVUSHELD (150 mg tixagevimab ard 150 mg cilgavimab)
— Placebo

Cumulative incidence (%)
n

0
0
Number of participants at risk
EVUSHELD 3441 2957 2393 2054 1815 1667 1044
Placsbo 17 1483 1177 991 856 774 472

* Subjects who do not experience a primary endpoint event (and had not discontinued) are censored at Day 183. Subjects who were
unblinded/vaccinated prior to an event are also censored at the earlier time of unblinding/vaccination.
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Efficacy Data from STORM CHASER

STORM CHASER is an ongoing Phase Ill randomized (2:1), double-blind, placebo-controlled clinical
trial of EVUSHELD for the post-exposure prophylaxis of COVID-19 in adults 218 years of age.
Subjects who had not previously received a COVID-18 vaccine were enrolled following potential
exposure (within 8 days) to an identified individual with a laboratory-confirmed SARS-CoV-2 infection
{symptomatic or asymptomatic). Subjects received a single dose (administered as two IM injections)
of EVUSHELD or placebo. The study excluded subjects with a history of laboratory-confirmed
SARS-CoV-2 infection or SARS-CoV-2 antibody positivity at screening. Once COVID-19 vaccines
were locally available, subjects were permitted on request to unblind to make an informed decision on
vaccine timing and to receive COVID-19 vaccination.

Of the 1,121 subjects who were randomized and received EVUSHELD (N= 749) or placebo (N= 372),
48 subjects were positive for SARS-CoV-2 (RT-PCR analysis of nasopharyngeal swabs) at baseline.

The primary efficacy analysis, comparison of the incidence of a subject’s first case of SARS-CoV-2
RT-PCR-positive symptomatic iliness occurring post-dose and before Day 183, did not demonstrate a
statistically significant effect for EVUSHELD versus placebo with 23 cases of symptomatic COVID-19
in the EVUSHELD arm (3.1%) and 17 cases in the placebo arm (4.6%) (relative risk reduction of
33%, 95% CI: -26, 65). At the time of analysis the median follow-up time post-administration was

49 days {range 5 to 115 days).

The study did not demonstrate benefit for EVUSHELD in preventing symptomatic COVID-19 in the
first 30 days after randomization, leading to the limitation of use for post-exposure prophylaxis [see
Emergency Use Authorization (1)]. However, there was a higher proportion of symptomatic COVID-19
cases among placebo recipients after Day 29 (see Figure 2 below, data from the post-hoc updated
efficacy analysis with a median follow-up time of 6.5 months). EVUSHELD is not authorized for post-
exposure prophylaxis of COVID-19 in individuals who have been exposed to someone infected with
SARS-CoV-2.
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Figure 2 Kaplan Meier: Cumulative Incidence of Symptomatic COVID-19* (STORM

CHASER)
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* Subjects who do not experience a primary endpoint event (and had not discontinued) are censored at Day 183.
16 HOW SUPPLIED/STORAGE AND HANDLING

How Supplied

Each EVUSHELD co-packaged carton contains two vials (Table 8):
« 1 single-dose vial of tixagevimab injection as a sterile, preservative-free, clear to opalescent
and colorless to slightly yellow solution.
e 1 single-dose vial of cilgavimab injection as a sterile, preservative-free, clear to opalescent and
coloriess to slightly yellow solution.

Table 8 EVUSHELD co-packaged carton contents
Components
Carton 1 vial of Tixagevimab 1 vial of CilgaVimab
(2 vials per pack) 150 mg/1.5 mL (100 mg/mL) | 150 mg/1.5 mL (100 mg/mL.)
(dark grey cap) (white cap)

NDC 0310-7442-02
NDC 0310-8895-01 NDC 0310-1061-01

NDC 0310-8861-02
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Storage and Handling

Store unopened vials in a refrigerator at 2°C to 8°C (36°F to 46°F) in the original carton to protect
from light. Discard any unused portion.

DO NOT FREEZE. DO NOT SHAKE.
17 PATIENT COUNSELING INFORMATION

As a prescribing healthcare practitioner, you must communicate to the patient, parent and caregiver
information consistent with the “FACT SHEET FOR PATIENTS, PARENTS OR CAREGIVERS” and
provide them with a copy of this Fact Sheet prior to administration of EVUSHELD.

Dosing
Inform individuals that they will need to receive additional doses of EVUSHELD every 6 months if
ongoing protection is needed [see Dosage and Administration (2.1), and Clinical Pharmacology

(12.3)].

Risk for COVID-19 Due to SARS-CoV-2 Viral Variants Not Neutralized by EVUSHELD

Certain SARS-CoV-2 viral variants may not be neutralized by monoclonal antibodies such as
tixagevimab and cilgavimab, the components of EVUSHELD. EVUSHELD may not be effective at
preventing COVID-19 caused by these SARS-CoV-2 viral variants. Inform individuals of the increased
risk, compared to other variants, for COVID-19 due to SARS-CoV-2 viral variants not neutralized by
EVUSHELD. If signs and symptoms of COVID-19 occur, advise individuals to test for COVID-19 and
seek medical attention, including starting treatment for COVID-19 as appropriate [see Warnings and
Precautions (5.3)].

Cardiovascular Events

inform individuals that a higher proportion of subjects who received EVUSHELD versus placebo
reported cardiovascular serious adverse events (myocardial infarctions and heart failure). Advise
individuals to seek immediate medical attention if they experience any signs or symptoms suggestive
of a cardiovascular event [see Warnings and Precautions (5.5)].

For additional information, please visit the website or call the telephone number provided below.

To access the most recent EVUSHELD Fact Sheets, please scan the QR code provided below.

' Website Telephone number
http://www.evusheld.com 1-800-236-9933

[m] =% =]
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18 MANUFACTURER INFORMATION

Distributed by: AstraZeneca Pharmaceuticals LP, Wilmington, DE 19850
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Manufactured for: AstraZeneca Pharmaceuticals LP, Wilmington, DE 19850

AstraZeneca
©AstraZeneca 2023. All rights reserved.
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%sp Administration for Strategic
Preparedness & Response

Information Sheet & Frequently Asked Questions

FDA's Change to Authorization of Evusheld

On January 26, FDA announced that Evusheld is not currently authorized for emergency use in the U.S. until further
notice by the agency because the therapeutic is unlikely to be active against more than 90% of the SARS-CoV-2
variants currently circulating in the U.S. based on the latest CDC data.

There are many things that people can do to protect themselves against COVID-19. First, if vaccination is
recommended for you, get vaccinated and stay up to date. This means getting the updated {bivalent) vaccine if you
haven't received it yet.

Second, develop a COVID-19 Action Plan so that you have all of the information you need on hand if you get sick with
COVID-15.

If you develop signs or symptoms of COVID-19, reach out to your doctor, another healthcare provider, or a Test to
Treat site (in person or via telehealth) immediately, even if your symptoms are mild. As an additional option for
patients who are unable to access their heaithcare provider, Test to Treat sites have health clinics at the sites where
people can get tested for COVID-19 and evaluated by a healthcare provider (in person or via telehealth). People
who test positive and are eligible can get a prescription to treat the infection and have the prescription filled at an
affiliated pharmacy.

Finally, taking muitiple prevention steps can provide additional layers of protection against coviD-19:

o  Wear a well-fitting, high-quality mask or respirator in public places to reduce your chances of becoming infected
with COVID-19, or any other respiratory illnesses. Praperly fitting respirators provide the highest ievel of protection,

e When indoors with others, try to improve ventilation as much as possible.

e Avoid poorly ventilated or crowded indoor settings.

« Wash your hands often with soap and water or use a hand sanitizer that contains at least 60% alcohol.

« Encourage people you live with or spend time with to stay up to date on COVID vaccines and take all necessary
« prevention actions to protect themselves against COVID-19, or hospitalization and death if exposed.

« Avoid people who are sick, including people have COVID-19, even if they do not feel or seem sick.

e Talk with your doctor in advance about what treatments may be appropriate for you and how to access the
medication if you experience symptoms.

Frequently Asked Questions

What is Evusheld? Specifically, Evusheld was authorized for:

Evusheld is a long-acting antibody therapeutic. Since e People who have moderate to severe immune
December 2021, Evusheld has been an option for pre- compromise due to a medical condition or receipt of
exposure prophylaxis, in other words as preventive immunosuppressive medications or treatments and
protection from COVID-19. may not mount an adequate immune response to

COVID-19 vaccination, or
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« People for whom vaccination with any available
COVID-19 vaccine is not recommended due to a
history of severe adverse reaction to a COVID-19
vaccine and/or components of a COVID-19 vaccine.

Why did FDA take action to pause the authorization
of Evusheld?

Evusheld is not currently authorized for emergency use
in the U.S. because it is unlikely to be active against more
than 90% of the SARS-CoV-2 variants currently circulating
in the U.S. The latest CDC NOWCAST estimate shows that
these variants are causing more than 90% of the cases
today.

This FDA action follows several previous announcements
and guidance updates for Evusheld by federal agencies
over the past few months, including:

e At the beginning of October, FDA informed health care

providers and individuals taking Evusheld of its loss of
activity against some Omicron variants and the
increased risk of breakthrough infections, especially
as resistant variants became more prevalent as they
are today.

« On December 20, the Centers for Disease Control and
Prevention (CDC) issued a Health Alert Network (HAN)
Health Update to supplement the CDC HAN Health
Advisories issued on April 25, 2022 and May 24, 2022
to emphasize to healthcare providers, public health
departments, and reduced susceptibility to Evusheld.

« OnJjanuary 6, 2023 FDA released additional
communication stating that they were closely
monitoring the emergence of the XBB.1.5 subvariant,
a SARS-CoV-2 Omicron variant that is currently
increasing in prevalence in the U.S. Because of its
similarity to variants that are not neutralized by
Evusheld (e.g., XBB), FDA does not anticipate that
Evusheld will neutralize XBB.1.5.

« OnJanuary 10, 2023, NIH's COVID-19 Treatment
Guidelines Panel released a statement indicating that
the prevalence of SARS-CoV-2 subvariants likely to be
resistant to Evusheld was increasing.

I am immunocompromised and used Evusheld for
protection. What does this decision mean for me?

If you've already received Evusheld, it's important to
know that it does not provide protection against the

variants of COVID-19 that are most common today.
Because of this, you may now have less protection from
developing COVID-19 if you are exposed to currently
circulating variants.

If vaccination is recommended for you, get vaccinated and
stay up to date to protect yourself against COVID-19. This
means getting the updated (bivalent) vaccine if you
haven't received it yet.

If you haven't already, consider developing a COVID-19
Action Plan so you have all of the information you need
on hand if you get sick with COVID-19. Talk with your
doctor in advance about what treatments may be
appropriate for you and how to access the medication if
you do get sick.

if you develop signs or symptoms of COVID-19, reach out
to your doctor immediately, even if your symptoms are
mild. If your doctor recommends treatment, start it right
away. There are several approved and authorized
treatments for COVID-19. Timely treatment can reduce
your risk of getting very sick, being hospitalized, or dying.

What treatments are available for people who might
be at higher risk of getting sick now that Evusheld is
no longer available?

There are several treatments available for COVID-19
infections.

Currently available data supports their use in reducing the
risk of progression to severe disease, including
hospitalization and death. Paxlovid (nirmatrelvir/ritonavir}
and Veklury

{remdesivir) are the medicines recommended for most
people. If those medicines are not available or someone
cannot take them, Lagevrio (molnupiravir) is the next
choice. COVID-19 convalescent plasma may be another
option for certain immunocompromised patients.

If you have signs or symptoms of COVID-19, contact your
doctor right away to find out if you should start one of
these treatments. You should also talk with your doctor in
advance about what treatments may be appropriate for
you and how to access the medication if you experience
symptoms.

More specifically:

Paxlovid is authorized to treat mild-to-moderate COVID-
19 in adults and children 12 years of age and older
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weighing at least 40 kg, {approximately 88 Ibs.) and who
are at high risk of developing severe COVID-19 leading to
hospitalization or death.

Veklury is approved to treat adults and children 28 days
of age and older and weighing at least 3 kg
(approximately 6.6 [bs.) who have mild-to-moderate
COVID-19 and are at high risk of developing severe
COVID-19 leading to hospitalization or death.

Lagevrio is authorized to treat mild-to-moderate COVID-
19 in adults who are at high risk of developing severe
COVID-19 leading to hospitalization or death, and who
do not have access to alternative COVID-19 treatments
that are approved or authorized by FDA or for whom
these treatments are not clinically appropriate.

COVID-19 convalescent plasma with high titers of anti-
SARS- CoV-2 antibodies is authorized to treat COVID-19in
patients with immunosuppressive disease or who are
receiving immunosuppressive treatment in in-patient or
out-patient settings.,

What is HHS doing to ensure access to treatments
for individuals who are immunocompromised or
who cannot get vaccinated now that Evusheld is no
longer available?

Over the past year, HHS has dramatically increased
access {o Paxlovid and Lagevrio, both of which are pills.
Supplies of these medicines are now widely available at
pharmacies, Test to Treat pharmacies, long-term care
facilities, and other locations.

We are encouraging states to support local health
departments and health systems in setting up infusion
clinics for Veklury (remdesivir) to make it easier for
people to get this treatment as soon as possible after
being diagnosed with COVID-19.

HHS, state and local health departments, and other
healthcare partners also continue to work to ensure
access to COVID-19 vaccines, including the updated
{bivalent} vaccine,

| am immunocompromised. Is there anything | can
do to boost my immunity or protect myself?

Yes: people for whom COVID-19 vaccination is
recommended, including people who are
immunocompromised, should get and stay up to date
with vaccinations. This means getting the updated

(bivalent) vaccine, no matter how many boosters you
received before the bivalent vaccine became available in
September 2022.

Will Evusheld be an option in the future if the
variants change?

FDA will continue to work with ASPR, the CDC, and the
National Institutes of Health on surveillance of variants
that may impact the use of the therapies authorized for
emergency use. We will provide further updates and
consider additional action as new information becomes
available.

Why haven't more prevention and treatment
options that work against the current variants been
approved or authorized, and when will they be
available?

Several approved or authorized treatments are expected
to remain active to fight against the currently circulating
variants and are widely available.

The FDA has worked around the clock throughout the
pandemic and used the best available data to ensure
options are available to prevent and treat COVID-19. This
work is particularly important for people who are unablie
to get vaccinated and for immunocompromised people
who may not mount an adequate immuine response to
vaccination.

Disease experts at HHS continually watch for new variants
of any viruses and continue to monitor the potential
impact that new variants might have on existing
therapies. By taking this approach, we can identify the
need for new medical products and ways to expedite
development of new medical products to address
emerging variants. For example, nearly two years ago, the
FDA provided guidance to industry on how to efficiently
generate non-clinical and chemistry, manufacturing and
controls data that could potentially support an Emergency
Use Authorization for monoclonal antibody products that
had potential to be effective against emerging variants.

In December 2022, FDA and European Medicines Agency
(EMA) convened a workshop to bring together the
expertise of academics, clinicians, industry, and
regulatory bodies to address the acceptability and
challenges of alternative strategies to support the
development of novel monoclonal antibody therapies
including those based on prototype products that have
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demonstrated safety and efficacy in clinical trials. FDA is
committed to working with industry sponsors to
expedite the development of new drug products to
meet unmet needs, such as the need for new preventive People Who Are Immunocompromised | CDC

therapies for immune suppressed patients who are How to Protect Yourself and Others | €DC
uniikely to respond to vaccination.

For More Information
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October 27, 2022

Eli Lilly and Company

Attention: Christine Phillips, PhD, RAC
Advisor Global Regulatory Affairs - US
Lilly Corporate Center

Drop Code 2543

Indianapolis, IN 46285

RE: Emergency Use Authorization 111
Dear Ms. Phillips:

This letter is in response to Eli Lilly and Company’s (“Lilly”’) request that the Food and Drug
Administration (FDA or Agency) issue an Emergency Use Authorization (EUA) for the
emergency use of bebtelovimab for the treatment of mild-to-moderate coronavirus disease 2019
(COVID-19) in certain adults and pediatric patients who are at high-risk for progression to
severe COVID-19, including hospitalization or death, pursuant to Section 564 of the Federal
Food, Drug, and Cosmetic Act (the Act) (21 U.S.C. §360bbb-3).

On February 4, 2020, pursuant to Section 564(b)}(1)(C) of the Act, the Secretary of the
Department of Health and Human Services (HHS) determined that there is a public health
emergency that has a significant potential to affect national security or the health and security of
United States citizens living abroad, and that involves the virus that causes coronavirus disease
2019 (COVID-19).! On the basis of such determination, the Secretary of HHHS on March 27,
2020, declared that circumstances exist justifying the authorization of emergency use of drugs
and biological products during the COVID-19 pandemic, pursuant to Section 564 of the Act (21
U.S.C. 360bbb-3), subject to terms of any authorization issued under that section.”

On February 11, 2022, the FDA issued an EUA for the emergency use of bhebtelovimab for the
treatment of mild-to-moderate COVID-19 in adults and pediatric patients (12 years of age and
older weighing at least 40 kg) who are at high-risk for progression to severe COVID-19,
including hospitalization or death, and for whom alternative COVID-19 treatment options
approved or authorized by FDA are not accessible or clinically appropriate.

1 U.S. Depariment of Health and Human Services, Determination of a Public Health Emergency and Declaration
that Circumsiances Exist Justifying Authorizations Pursuant to Section 564(b) of the Fi ederal Food, Drug, and
Cosmetic Act, 21 U.S.C. § 360bbb-3. February 4, 2020.

2.S. Department of Health and Human Services, Declaration that Circumstances Exist Justifving Authorizations
Pursuant to Section 564(b) of the Federal Food, Drug, and Cosmetic Act, 21 US.C. § 360bbb-3, 85 FR 18250
{April 1, 2020).
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Bebtelovimab is a neutralizing IgG1 monoclonal antibody that binds to an epitope within the
receptor binding domain of the spike protein of SARS-CoV-2. Bebtelovimab is not FDA-
approved for any uses, including use as treatment for COVID-19.

FDA subsequently reissued the Letter of Authorization (LOA) on August 3, 20222

On October 27, 2022, having concluded that revising this EUA is appropriate to protect the
public health or safety under section 564(g)(2) of the Act, FDA is reissuing the August 5, 2022
letter in its entirety, to incorporate clarifying revisions to Condition W of this letter. Condition V
was also revised to require that all printed matter, advertising and promotional materials relating
to the use of bebtelovimab under this authorization be submitted to FDA for consideration at
least 14 calendar days prior to initial dissemination or first use.

Based on the review of the data from the BLAZE-4 clinical trial (NCT04634409), a Phase 1/2
randomized, single-dose clinical trial studying bebtelovimab for the treatment of non-
hospitalized patients with mild-to-moderate COVID-19, as well as available pharmacokinetic
data and nonclinical viral neutralization data for Omicron and other variants of concern, it 1s
reasonable o believe that bebtelovimab may be effective for the treatment of mild-to-moderate
COVID-19 in adults and pediatric patients (12 years of age and older weighing at least 40 kg)
who are at high-risk for progression to severe COVID-19, including hospitalization or death, and
for whom alternative COVID-19 treatment options approved or authorized by FDA are not
accessible or clinically appropriate, as described in the Scope of Authorization (Section II), and
when used under the conditions described in this authorization, the known and potential benefits
of bebtelovimab outweigh the known and potential risks of such product.

Having concluded that the criteria for issuance of this authorization under Section 564(c) of the
Act are met, I am authorizing the emergency use of bebtelovimab for the treatment of mild-to-
moderate COVID-19 in adults and pediatric patients (12 years of age and older weighing at least
40 kg) who are at high-risk for progression to severe COVID-19, including hospitalization or
death, as described in the Scope of Authorization section of this letter (Section IT} and subject to
the terms of this authorization.

| B Criteria for Issuance of Authorization

I have concluded that the emergency use of bebtelovimab for treatment of mild-to-moderate
COVID-19, when administered as described in the Scope of Authorization ( Section II), meets the
criteria for issuance of an authorization under Section 564(c) of the Act, because:

1. SARS-CoV-2 can cause a serious or life-threatening disease or condition, including
severe respiratory illness, to humans infected by this virus;

2. Based on the totality of scientific evidence available to FDA, it is reasonable to believe
that bebtelovimab may be effective for the treatment of mild-to-moderate COVID-19
in adults and pediatric patients (12 years of age and older weighing at least 40 kg) who

3 n its August 5, 2022 revision, FDA revised the LOA with revisions to the scope of authorization no longer
requiring directed distribution of bebtelovimab by the United States Government.
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are at high-risk for progression to severe COVID-19, including hospitalization or
death, as described in the Scope of Authorization (section IT), and that, when used
under the conditions described in this authorization, the known and potential benefits
of bebtelovimab outweigh the known and potential risks of such product; and

3. There is no adequate, approved, and available alternative® to the emergency use of
bebtelovimab for the treatment of mild-to-moderate COVID-19 in adults and pediatric
(12 years of age and older weighing at least 40 kg) patients as further described in the
Scope of Authorization (section II).”

IL. Scope of Authorization

I have concluded, pursuant to Section 564(d)(1) of the Act, that the scope of this authorization is
limited as follows:

» Bebtelovimab may only be used for the treatment of mild-to-moderate COVID-19 in
adults and pediatric patients (12 years of age and older weighing at least 40 kg):

e With positive results of direct SARS-CoV-2 viral testing, and
Who are at high-risk® for progression to severe COVID, including
hospitalization or death, and

e For whom alternative COVID-19 treatment options approved or authorized by
FDA are not accessible or clinically appropriate.

¢ Bebtelovimab is not authorized for use in the following patient populations’:

e Adults or pediatric patients who are hospitalized due to COVID-19, or

o Adults or pediatric patients who require oxygen therapy and/or respiratory
support due to COVID-19, or

e Adulis or pediatric patients who require an increase in baseline oxygen flow
rate and/or respiratory support due to COVID-19 in those patients on chronic
oxygen therapy and/or oxygen support due to underlying non-COVID-19-
related comorbidity;

¢ Bebtelovimab is not authorized for treatment of mild-to-moderate COVID-191n
geographic regions where infection is likely to have been caused by a non-susceptible

4 Although Veklury (remdesivir) is an approved alternative to treat COVID-19 in adults and pediatric patients within
the scope of this authorization, FDA does not consider if to be an adequate alternative for certain patients for whom
it may not be feasible or practical (e.g., it requires a 3-day treatment duration).

5 No other criteria of issuance have been prescribed by regulation under Section 564(c)(4) of the Act.

6 For information on medical conditions and factors associated with increased risk for progression to severe COVID-
19, see the Centers for Disease Control and Prevention (CDC) website: https:/ www.cdegovicoronavirus/2019-
ncov/need-extra-precautions/people-with-medical-conditions.html.

7 Treatment with bebtelovimab has not been studied in patients hospitalized due to COVID-19. Monoclonal
antibodies, such as bebtelovimab, may be associated with worse clinical outcomes when administered to
hospitalized patients with COVID-19 requiring high flow oxygen or mechanical ventilation.
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SARS-CoV-2 variant, based on available information including variant susceptibility
to these drugs and regional variant frequency.®

e Bebtelovimab may only be administered in settings in which health care providers
have immediate access to medications to treat a severe infusion reaction, such as
anaphylaxis, and the ability to activate the emergency medical system (EMS), as
necessary;

e The use of bebtelovimab covered by this authorization must be in accordance with the
authorized Fact Sheets.

Product Description

Bebtelovimab injection (NDC 0002-7589-01) is a sterile, preservative-free clear to opalescent
and colorless to slightly yellow to slightly brown solution supplied in a single-dose vial. Each
carton contains a single vial of bebtelovimab, which is labeled “For Use Under Emergency Use
Authorization (EUA)”.

The authorized storage and handling information is included in the authorized Fact Sheet for
Healthcare Providers.

Rebtelovimab is authorized for emergency use with the following product-specific information
required to be made available to healthcare providers and to patients, parents, and caregivers,
respectively, through Lilly’s website www.LillyAntibody.com/bebtelovimab (referred to as the
“authorized labeling™):

e Fact Sheet for Healthcare Providers: Emergency Use Authorization (EUA) for
bebtelovimab

e Fact Sheet for Patients, Parents, and Caregivers: Emergency Use Authorization (EUA) of
bebtelovimab for Coronavirus Disease 2019 (COVID-19)

I have concluded, pursuant to Section 564(d)(2) of the Act, that it is reasonable to believe that
the known and potential benefits of bebtelovimab, when used for the treatment of COVID-19
and used in accordance with this Scope of Authorization (Section IT}, outweigh the known and
potential risks.

I have concluded, pursuant to Section 564(d)(3) of the Act, based on the totality of scientific
evidence available to FDA, that it is reasonable to believe that bebtelovimab may be effective for
the treatment of COVID-19 when used in accordance with this Scope of Authorization (Section
IN), pursuant to Section 564(c)(2)(A) of the Act.

8 FDA will monitor conditions to determine whether use in a geographic region is consistent with this scope of
authorization, referring to available information, including information on variant susceptibility (see, ¢.g., section
12.4 of authorized Fact Sheet for Health Care Providers), and CDC regional variant frequency data available at:
https://covid.cde. gov/covid-data-tracker/#variant-proportions. FDA’s determination and any updates will be
available at: hitps: www.fda.,g0v/emergcncy-m‘cparedness~ami—rcspunse'mcm-lceai—regulntor\'-a.nd-mlicv-
framework/emergency-use-authorization#coviddrugs.
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Having reviewed the scientific information available to FDA, including the information
supporting the conclusions described in Section I above, I have concluded that bebtelovimab (as
described in this Scope of Authorization (Section II)) meets the criteria set forth in Section 564(c)
of the Act concerning safety and potential effectiveness.

The emergency use of bebtelovimab under this EUA must be consistent with, and may not exceed,
the terms of the Authorization, including the Scope of Authorization (Section IT) and the Conditions
of Authorization (Section ITT). Subject to the terms of this EUA and under the circumstances set
forth in the Secretary of HHS's determination under Section 564(b)(1)(C) described above and the
Secretary of HHS’s corresponding declaration under Section 564(b)(1), bebtelovimab is authorized
for the treatment of COVID-19 as described in this Scope of Authorization (Section IT) under this
EUA, despite the fact that it does not meet certain requirements otherwise required by applicable
federal law.

IIl. Conditions of Authorization

Pursnant to Section 564 of the Act, I am establishing the following conditions on this authorization:

Lilly and Authorized Distributors’®

A. Lilly and authorized distributor(s) will ensure that the authorized bebtelovimab is
distributed and the authorized labeling (i.c., Fact Sheets) will be made available to
healthcare facilities and/or healthcare providers consistent with the terms of this letter.

B. Lilly and authorized distributor(s) will ensure that the terms of this EUA are made available
to all relevant stakeholders (e.g., U.S. government agencies, state and local government
authorities, authorized distributors, healthcare facilities, healthcare providers) involved in
distributing or receiving bebtelovimab. Lilly will provide to all relevant stakeholders a copy
of this Letter of Authorization and communicate any subsequent amendments that might be
made to this Letter of Authorization and its authorized accompanying materials (i.e., Fact
Sheets).

C. Lilly may request changes to this authorization, including to the authorized Fact Sheets for
bebtelovimab. Any request for changes to this EUA must be submitted to the Office of
Infectious Diseases/Office of New Drugs/Center for Drug Evaluation and Research. Such
changes require appropriate authorization prior to implementation.'®

9« Authorized Distributor(s)” are identified by Lilly as an entity or entities allowed to distribute the authorized
bebtelovimab.

10 The following types of revisions may be authorized without reissuing this letter: (1) changes to the authorized
labeling; (2) non-substantive editorial corrections to this letter; (3) new types of authorized labeling, including new
fact sheets; (4) new carton/container labels; (5) expiration dating extensions; (6) changes to manufacturing
processes, including tests or other authorized components of manufacturing; (7) new conditions of authorization to
require data collection or study; (8) new strengths of the authorized product, new product sources (¢.g., of active
pharmaceutical ingredient) or of product components. For changes to the authorization, including the authorized
labeling, of the type listed in (3), (6), (7), or (8}, review and concurrence is required from the Counter-Terrorism and
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D. Lilly may develop and disseminate instructional and educational materials (e.g., materials
providing information on product administration and/or patient monitoring) that are
consistent with the authorized emergency use of bebtelovimab as described in this Letter of
Authorization and authorized labeling, without FDA’s review and concurrence, when
necessary to meet public health needs. Any instructional and educational materials that are
inconsistent with the authorized labeling for bebtelovimab are prohibited. If the Agency
notifies Lilly that any instructional and educational materials are inconsistent with the
authorized labeling, Lilly must cease distribution of such instructional and educational
materials. Furthermore, as part of its notification, the Agency may also require Lilly to
issue cormrective communication(s).

E. Lilly will report to FDA all serious adverse events and medication errors potentially related
to bebtelovimab use that are reported to Lilly using either of the following options.

Option 1: Submit reports through the Safety Reporting Portal (SRP) as described on the FDA
SRP web page.

Option 2: Submit reports directly through the Electronic Submissions Gateway (ESG) as
described on the FAERS electronic submissions web page.

Submitted reports under both options must state: “Bebtelovimab use for COVID-19 under
Emergency Use Authorization (EUA).” For reports submitted under Option 1, include this
language at the beginning of the question “Describe Event” for further analysis. For reports
submitted under Option 2, include this language at the beginning of the “Case Narrative”
field.

F. All manufacturing, packaging, and testing sites for both drug substance and drug product
used for EUA supply will comply with current good manufacturing practice requirements
of Section 501(a)(2)(B) of the Act.

G. Lilly will submit information to the Agency within three working days of receipt of any
information concerning significant quality problems with distributed drug product of
bebtelovimab that includes the following:

o Information concerning any incident that causes the drug product or its labeling
to be mistaken for, or applied to, another article; or

o Information concerning any microbiological contamination, or any significant
chemical, physical, or other change or detetioration in the distributed drug
product, or any failure of one or more distributed batches of the drug product to
meet the established specifications.

Emergency Coordination Staff/Office of the Center Director/CDER and the Office of Counterterrorism and
Emerging Threats/Office of the Chief Scientist.
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If a significant quality problem affects unreleased product and may also impact product(s)
previously released and distributed, then information must be submitted for all potentially
impacted lots.

Lilly will include in its notification to the Agency whether the batch, or batches, in question
will be recalled. If FDA requests that these, or any other batches, at any time, be recalled,
Lilly must recall them.

If not included in its initial notification, Lilly must submit information confirming that
Lilly has identified the root cause of the significant quality problems, taken corrective
action, and provide a justification confirming that the corrective action is appropriate
and effective. Lilly must submit this information as soon as possible but no later than
45 calendar days from the initial notification.

H. Lilly will manufacture bebtelovimab to meet all quality standards and per the
manufacturing process and control strategy as detailed in Lilly’s EUA request. Lilly will
not implement any changes to the description of the product, manufacturing process,
facilities and equipment, and elements of the associated control strategy that assure process
performance and quality of the authorized product, without notification to and concurrence
by the Agency as described under condition D.

I. Lilly will list bebtelovimab with a unique product NDC under the marketing category of
Emergency Use Authorization. Further, the listing will include each establishment where
manufacturing is performed for the drug and the type of operation performed at each such
establishment.

J. Through a process of inventory control, Lilly and authorized distributor(s) will maintain
records regarding distribution of bebtelovimab (i.e., lot numbers, quantity, receiving site,
receipt date).

K. Lilly will establish a process for monitoring genomic database(s) for the emergence of
global viral variants of SARS-CoV-2. A summary of Lilly’s process should be submitted to
the Agency as soon as practicable, but no later than 30 calendar days of the issuance of this
letter, and within 30 calendar days of any material changes to such process. Lilly will
provide reports to the Agency on a monthly basis summarizing any findings as a result of
its monitoring activities and, as needed, any follow-up assessments planned or conducted.

L. FDA may require Lilly to assess the activity of the authorized bebtelovimab against any
global SARS-CoV-2 variant(s) of interest (e.g., variants that are prevalent or becoming
prevalent that harbor substitutions in the target protein or in protein(s) that interact with the
target protein). Lilly will perform the required assessment in a manner and timeframe
agreed upon by Lilly and the Agency. Lilly will submit to FDA a preliminary summary
report immediately upon completion of its assessment followed by a detailed study repott
within 30 calendar days of study completion. Lilly will submit any relevant proposal(s) to
revise the authorized labeling based on the results of its assessment, as may be necessary or
appropriate based on the foregoing assessment.
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M. Lilly shall provide samples as requested of the authorized bebtelovimab to the HHS for
evaluation of activity against emerging global viral variants of SARS-CoV-2, including
specific amino acid substitution(s) of interest (e.g., variants that are highly prevalent or that
harbor substitutions in the target protein) within 5 business days of any request made by
HHS. Analyses performed with the supplied quantity of authorized bebtelovimab may
include, but are not limited to, cell culture potency assays, protein binding assays, cell
culture variant assays (pseudotyped virus-like particles and/or authentic virus), and in vivo
efficacy assays.

N. Lilly must provide the following information to the Agency:

1. Lilly will submit a study report to FDA characterizing the development of SARS-
CoV-2 resistance to bebtelovimab in cell culture passage experiments no later than
30 days of the completion of these experiments.

2. Lilly will submit to FDA all sequencing data assessing bebtelovimab, including
sequencing of any participant samples from the full analysis population from
PYAH arms 9-14 that have not yet been completed no later than March 31, 2022.

3. Lilly will submit a proposed clinical trial protocol to further evaluate bebtelovimab
for the treatment of mild-to-moderate COVID-19 in non-hospitalized patients no
later than March 1, 2022.

O. Lilly and authorized distributor(s) will make available to FDA upon request any records
maintained in connection with this EUA.

Healthcare Facilities to Whom Bebtelovimab Is Distributed and Healthcare Providers Administering
bebtelovimab

P. Healthcare facilities and healthcare providers will ensure that they are aware of the letter of
authorization, and the terms herein, and that the authorized Fact Sheets are made available
to healthcare providers and to patients and caregivers, respectively, through appropriate
means, prior to administration of bebtelovimab as described in the Scope of Authorization
(Section IT) under this EUA.

Q. Healthcare facilities and healthcare providers receiving bebtelovimab will track all serious
adverse events and medication errors that are considered to be potentially related to
bebtelovimab use and must report these to FDA in accordance with the Fact Sheet for
Healthcare Providers. Complete and submit a MedWatch form
(www.fda.gov/medwatch/report.htm), or complete and submit FDA Form 3500 (health
professional) by fax (1-800-FDA-0178) (these forms can be found via link above). Call 1-
800-FDA-1088 for questions. Submitted reports must state, “Bebtclovimab use for
COVID-19 under Emergency Use Authorization” at the beginning of the question
“Describe Event” for further analysis.
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R. Healthcare facilities and healthcare providers will ensure that appropriate storage is
maintained until the product is administered consistent with the terms of this letter and the
authorized labeling.

S. Through a process of inventory control, healthcare facilities will maintain records regarding
the dispensing and administration of bebtelovimab for the use authorized in this letter (i.e.,
lot numbers, quantity, receiving site, receipt date), product storage, and maintain patient
information (e.g., patient name, age, disease manifestation, number of doses administered
per patient, other drugs administered).

T. Healthcare facilities will ensure that any records associated with this EUA are maintained
until notified by Lilly and/or FDA. Such records will be made available to Lilly, HHS, and
FDA for inspection upon request.

U. Healthcare facilities and providers will report therapeutics information and utilization data
as directed by HHS.

Conditions Related to Printed Matter, Advertising, and Promotion

V. All descriptive printed matter, advertising, and promotional materials relating to the use of
bebtelovimab under this authorization shall be consistent with the authorized labeling, as
well as the terms set forth in this EUA, and meet the requiremenis set forth in Section
502(a) and (n) of the Act, as applicable, and FDA implementing regulations. References to
“approved labeling”, “permitted labeling” or similar terms in these requirements shall be
understood to refer to the authorized labeling for the use of bebtelovimab under this
authorization. In addition, such matertals shall:

Be tailored to the intended audience.
Not take the form of reminder advertisements, as that term is described m 21
CFR 202.1(e)(2)(i), 21 CFR 200.200 and 21 CFR 201.100(f).

o Present the same risk information relating to the major side effects and
contraindications concurrently in the audio and visual parts of the presentation
for advertising and promotional materials in audio-visual format.

¢ Be accompanied by the authorized labeling, if the promotional materials are not
subject to Section 502(n) of the Act.

¢ Be submitted to FDA accompanied by Form FDA-2253 for consideration at
least 14 calendar days prior to initial dissemination or first use.

W. Lilly may disseminate descriptive printed matter, advertising, and promotional materials
relating to the emergency use of bebtelovimab that provide accurate descriptions of
safety results and efficacy results on a clinical endpoint(s) from the clinical trial(s)
summarized in the authorized labeling. Such materials must include any limitations of
the clinical trial data as described in the authorized labeling. Lilly may not imply that
bebtelovimab is FDA-approved for its authorized use by making statements such as
“bebtelovimab is safe and effective for the treatment of COVID-19.”
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X. All descriptive printed matier, advertising, and promotional material, relating to the use of
bebtelovimab under this authorization clearly and conspicuously shall state that:

* Bebtelovimab has not been approved, but has been authorized for emergency
use by FDA under an EUA, for the treatment of mild-to-moderate COVID-19
in adults and pediatric patients (12 years of age and older weighing at least 40
kg) who are at high-risk for progression to severe COVID-19, including
hospitalization or death, and for whom alternative COVID-19 treatment options
approved or authorized by FDA are not accessible or clinically appropriate; and

e The emergency use of bebtelovimab is only authorized for the duration of the
declaration that circumstances exist justifying the authorization of the
emergency use of drugs and biological products during the COVID-19
pandemic under Section 564(b)(1) of the Act, 21 U.S.C. § 360bbb-3(b)(1),
unless the declaration is terminated or authorization revoked sooner.

If the Agency notifies Lilly that any descriptive printed matter, advertising or promotional materials
do not meet the terms set forth in conditions V through X of this EUA, Lilly must cease distribution
of such descriptive printed matter, advertising, or promotional materials in accordance with the
Agency’s notification. Furthermore, as part of its notification, the Agency may also require Lilly to
issue corrective communication(s).

IV.  Duration of Authorization

This EUA will be effective until the declaration that circumstances exist justifying the
authorization of the emergency use of drugs and biological products during the COVID-19
pandemic is terminated under Section 564(b)(2) of the Act or the EUA is revoked under Section
564(g) of the Act.

Sincerely,

IS/

Patrizia Cavazzoni, M.D.

Director

Center for Drug Evaluation and Research
U.S. Food and Drug Administration



FACT SHEET FOR HEALTHCARE PROVIDERS: EMERGENCY USE AUTHORIZATION FOR

BEBTELOVIMAB

HIGHLIGHTS OF EMERGENCY USE AUTHORIZATION (EUA)
These highlights of the EUA do not include all the information
needed fo use BEBTELOVIMAB under the EUA, See the FULL
FACT SHEET FOR HEALTHCARE PROVIDERS for
BEBTELOVIMAB.

BEBTELOVIMAB injection for intravenous use
Original EVA Authorized Date: 02/2022
Revised EUA Authorized Date: 11/2022

RECENT MAJOR CHANGES--——mmmmnmer—smememimn

Dosage and Administration, Dose Preparation and 0372022
Administration (2.3): updated administration materials
Use in Specific Populations, Pregnancy (8.1): added 05/2022
hypersensitivity reactions in pregnant women
Clinical Pharmacolagy, Microbiclogy (12.4): updated 11/2022
neutralizing data

EMERGENCY USE AUTHORIZATION —mmmmmer- e

The U.S. Food and Drug Administration (FDA) has issued an

Emergency Use Authorization (EUA) for the emergency use of

bebtelovimah for the treatment of mild-to-moderate coronavirus

disease 2019 (COVID-19) in adults and pediatric patlents (12 years of

age and older weighing at least 40 kg):

« with positive results of direct SARS-CoV-2 viral testing, and

« who are at high risk for progression ta severe COVID-19, including
hospitalization or death, and

e for whom alternative COVID-189 treatment options approved or
authorized by FDA are not accessible or clinically appropriate.
(14.4)

LIMITATIONS OF AUTHORIZED USE
« Bebtelovimab is not authorized for treatment of mild-to-moderate

COVID-19 in geographic regions where infection is likely to have

been caused by a non-susceptible SARS-CoV-2 variant based on

available information including variant susceptibility to this drug and
regional variant frequency.

o EDA will monitor conditions to determine whether use in a
geographic region is consistent with this scope of authorization,
referring to available information, including information on variant
susceptibility, and CDC regional variant fraquency data available
at: httgs:ﬂcovid.cdc.govlcovid-data-tracker!#variant~progortions.
{(12.4)

o FDA’s determination and any updates will be available at:
httgs:Ilwww.fda.goweme[gency-gregaredness-and-
resgonse!mcm—legal-regulalog-and—golicy-framework!emergency—
use-authorizationdfcoviddrugs

« Bebtelovimab is not authorized for use in patients whe:

o are hospitalized due to COVID-19, OR

o require axygen therapy andior respiratory support due to COVID-
198, OR

o require an increase in baseline oxygen flow rate and/or
respiratory support due to COVID-19 and are on chronic oxygen
therapy and/or respiratory support due to underlying non-COVID-
19 related comaorbidity.

Bebtelovimab is not approved for any use, including for use as
treatment of COVID-19. (1)

Bebtelovimab is authorized only for the duration of the declaration that
circumstances exist justifying the authorization of the emargency use
of bebtelovimab under section 564(b){1) of the Act, 21 us.C.

§ 360bbb-3(b)(1), unless the authorization is terminated or revoked
S00ner.

See Full Fact Sheet for Heaithcare Providers for the justification for
emergency use of drugs during the COVID-19 pandemic, information
on available aiternatives, and additional information on COVID-18.

—umm-DOSAGE AND ADMINISTRATION—ronm—mmmmmmee
The dosage in adults (18 years and older) and pediatric patients

(212 years of age and weighing at least 40 kg) is bebtelovimab 175 mg
administered as a single intravenous injection over at least 30
seconds, Administer bebtelovimab as soon as possible after positive
resulis of direct SARS-CoV-2 viral testing and within 7 days of
symptom onset, (2.1)

———

DOSAGE FORMS AND STRENGTHS-—————-m-seanm
Injection: 175 mg/2 mL (87.5 mg/mL} in a single-dose vial. (3)

CONTRAINDICATIONS
No contraindications have been identified based on the limited
avaiiable data for the emergency use of bebtelovimab authorized
under this EUA. (4)

WARNINGS AND PRECAUTIONS ———memmmm e mneem

+ Hypersensitivity Including Anaphylaxis and Infusion-Related
Reactions: Serious hypersensitivity reactions, including anaphylaxis,
have been observed wilh administration of other SARS-CoV-2
monoclonal antibodies and could occur with administration of
bebtelovimab. If clinically significant hypersensitivity reactions occur,
discontinue and initiate appropriate supporiive care. Infusion-related
reactions may occur up to 24 hours post injection, These reactions
may be severe or life threatening. (5.1)

« Clinical Worsening After SARS-CoV-2 Monoclonal Antibody
Administration: Clinical worsening of COVID-19 after administration
of SARS-CoV-2 moncclonal antibody treatment has been reported
and may include signs or symptoms of fever, hypoxia or increased
respiratory difficulty, arrhythmia (e.g., atrial fibrillation, sinus
tachycardia, bradycardia), fatigue, and altered mental status. Some
of these events required hospitalization. It is not known if these
events were related to SARS-CoV-2 monoclonal antibody use or
were due to progression of COVID-19. (5.2)

« Limitations of Benefit and Potential for Risk in Patients with Severe
COVID-19: Treatment with bebtelovimab has not been studied in
patients hospitalized due to COVID-19. Monaclonal aniibodies, such
as bebtelovimab, may be assaciated with worse clinical outcomes
when administered to hospitalized patients with COVID-19 requiring
high flow oxygen or mechanical ventilation. (5.3)

ADVERSE REACTIONS
Most commen adverse reactions are infusion-related reactions {0.3%),
pruritus (0.3%), and rash (0.8%). (6.1}

You or your designee must report all SERIOUS ADVERSE
EVENTS or MEDICATION ERRORS potentially related to
bebtelovimab (1) by submitting FDA Form 3500 online, (2) by
downloading this form and then submitting by mail or fax, or (3)
contacting the FDA at 1-800-FDA-1088 to request this form.
Please alse provide a copy of this form to Eli Lilly and Company,
Global Patient Safety: Fax: 1-317-277-0853; E-mail:
mailindata_gsmtindy@lilly.com; or call 1-855-LillyC19 (1-855-545-
5921) to report adverse events. (6.4).

DRUG INTERACTIONS
Bebtelovimab is not renally excreted or metabolized by cytochrome
P450 enzymes; therefore, interactions with concomitant medications
that are renally excreted or that are subsirates, inducers, or inhibitors
of cytochrome P450 enzymes are uniikely. (7)

See FACT SHEET FOR PATIENTS, PARENTS, AND CAREGIVERS.
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FULL FACT SHEET FOR HEALTHCARE PROVIDERS
1 EMERGENCY USE AUTHORIZATION

The U.S. Food and Drug Administration (FDA) has issued an Emergency Use Authorization (EUA) for
the emergency use of bebtelovimab for the treatment of mild-to-moderatie coronavirus disease 2019
(COVID-19) in adults and pediatric patients (12 years of age and older weighing at least 40 kg):
e with positive results of direct SARS-CoV-2 viral testing, and
e who are at high risk” for progression to severe COVID-18, including hospitalization or
death, and
o for whom alternative COVID-19 treatment options approved or authorized by FDA are not
accessible or clinically appropriate [see Clinical Studies (14.4)].

LIMITATIONS OF AUTHORIZED USE
« Bebtelovimab is not authorized for treatment of mild-to-moderate COVID-19 in geographic regions
where infection is likely to have been caused by a non-susceptible SARS-CoV-2 variant based on
available information including variant susceptibility to this drug and regional variant frequency.
FDA's determination and any updates will be available at: https://iwww.fda.gov/emergency-
preparedness-and-response/mcm-legal-regulatory-and-policy-framework/emergency-use-
authorization#coviddrugs.?
e Bebtelovimab is not authorized for use in patients, who:
o are hospitalized due to COVID-19, OR
o require oxygen therapy and/or respiratory support due to COVID-19, OR
o require an increase in baseline oxygen flow rate and/or respiratory support due to
COVID-19 and are on chronic oxygen therapy and/or respiratory support due to
underlying non-COVID-19 related comorbidity.

Treatmenit with bebtelovimab has not been studied in patients hospitalized due to COVID-19.
Monoclonal antibodies, such as bebtelovimab, may be associated with worse clinical outcomes when
administered to hospitalized patients with COVID-19 requiring high flow oxygen or mechanical
ventilation [see Warnings and Precautions (5.3)].

Bebtelovimab is not FDA-approved for any use, including for use as treatment of COVID-19 [see
Emergency Use Authorization (1)].

Bebtelovimab is authorized only for the duration of the declaration that circumstances exist justifying
the authorization of the emergency use of bebtelovimab under section 564(b)(1) of the Act, 21 U.S.C.
§ 360bbb-3(b)(1), unless the authorization is terminated or revoked sooner.

Justification for Emergency Use of Drugs During the COVID-19 Pandemic
There is currently an outbreak of Coronavirus Disease 2019 (COVID-19) caused by SARS-CoV-2, a
novel coronavirus. The Secretary of HHS has declared that:

1 For information on medical conditions and factors associated with increased risk for progression to severe COVID-19, see the Centers
for Disease Control and Prevention (CDC) website: https:/!www.cdc.govlcoronavirusIZO19—ncovlhcg!clinica|—
care/underlyingconditions.html. Healthcare providers should consider the benefit-risk for an individual patient.

Z FDA will monitor conditions to determine whether use in a geographic region is consistent with this scope of authorization, referring to
available information, including information on variant susceptibility [see Microbiology (12.4)], and CDC regional variant frequency data

available at: httgs:ﬂcovid.cdc.govlcovid-data-tracker/#variant-progortions.
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e A public health emergency related to COVID-19 has existed since January 27, 2020.
e Circumstances exist justifying the authorization of emergency use of drugs and biological
products during the COVID-19 pandemic (March 27, 2020 declaration).

An EUA is a FDA authorization for the emergency use of an unapproved product or unapproved use
of an approved product (i.e., drug, biological product, or device) in the United States under certain
circumstances including, but not limited to, when the Secretary of HHS declares that there is a public
health emergency that affects the national security or the health and security of United States citizens
living abroad, and that involves biological agent(s) or a disease or condition that may be attributable
to such agent(s). Criteria for issuing an EUA include:

« The biological agent(s) can cause a serious or life-threatening disease or condition;
« Based on the totality of the available scientific evidence (including data from adequate and well-
controlled clinical trials, if available), it is reasonable to beiieve that
« the product may be effective in diagnosing, treating, or preventing the serious or life-
threatening disease or condition; and
« The known and potential benefits of the product - when used to diagnose, prevent, or
treat such disease or condition - outweigh the known and potential risks of the product,
taking into consideration the material threat posed by the biclogical ageni(s);
« There is no adequate, approved, and available alternative to the product for diagnosing,
preventing, or treating the serious or life-threatening disease or condition.

Information Regarding Available Alternatives for the EUA Authorized Use

Veklury (remdesivir) is FDA-approved for the treatment of COVID-19 in adults and pediatric patients
(12 years of age and older weighing at least 40 kg) with positive results of direct SARS-CoV-2 viral
testing, who are not hospitalized and have mild-to-moderate COVID-19, and who are at high risk for
progression to severe COVID-19, including hospitalization or death. Veklury is administered via
intravenous infusion for a total treatment duration of 3 days.

Although Veklury is an approved alternative treatment of mild-to-moderate COVID-19 in adults and
pediatric patients (12 years of age and older weighing at least 40 kg) with positive resuits of direct
SARS-CoV-2 viral testing, and who are at high risk for progression to severe COVID-19, including
hospitalization or death, FDA does not consider Veklury to be an adequate alternative to
bebtelovimab for this authorized use because it may not be feasible or practical for certain patients
(e.g., it requires a 3-day treatment duration).

Other therapeutics are currently authorized for the same use as bebtelovimab. For additional
information on all products authorized for treatment or prevention of COVID-19, please see
https:llwww.fga.qovlemerqencv-preparedness-and-response/mcm-leqal—requlatorv—and-poiicv—
framework/emergency-use-authorization.

For information on clinical studies of bebtelovimab and other therapies for the treatment of COVID-19,
see www.clinicalfrials.gov.
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2 DOSAGE AND ADMINISTRATION
2.1 Dosage

The dosage in adults (18 years and older) and pediatric patients (212 years of age and weighing at
least 40 kg) is bebtelovimab 175 mg.

Administer bebtelovimab as soon as possible after positive results of direct SARS-CoV-2 viral testing
and within 7 days of symptom onset.

Bebtelovimab must be administered as a single intravenous injection over at least 30 seconds.
2.2 Dosage Adjustment in Specific Populations

No dosage adjustment is recommended in pregnant or lactating individuals, in geriatrics, in
individuals with renal impairment, or in individuals with mild hepatic impairment [see Clinical
Pharmacology (12.3)].

2.3 Dose Preparation and Administration

General Information

e Bebtelovimab should be prepared by a qualified heaithcare professional using aseptic
technique.

e Inspect bebtelovimab vial visually for particulate maiter and discoloration. Bebtelovimab is
clear to apalescent and colorless to slightly yellow to slightly brown solution. Discard the vial if
the solution is cloudy, discolored or visible particies are observed.

« Bebtelovimab may only be administered in settings in which healthcare providers have
immediate access to medications to treat a severe infusion reaction, such as anaphylaxis, and
the ability to activate the emergency medical system (EMS), as necessary.

e Clinically monitor patients for possible infusion-related reactions during administration
and observe patients for at least 1 hour after injection is complete.

Materials Needed for Administration

1 bebtelovimab vial (175 mg/2 mL)

1 disposable polypropylene dosing syringe capable of holding 2 mL

0.9% Sodium Chloride Injection for flushing

Optional: 1 syringe extension set made of polyethylene or polyvinylchloride with or without di-
ethylhexylphthalate (DEHP)

Preparation
e Remove bebtelovimab vial from refrigerated storage and allow to equilibrate to room

temperature for approximately 20 minutes before preparation. Do not expose to direct heat.
Do not shake vial. Inspect the vial.

Withdraw 2 mL from the vial into the disposable syringe.

Discard any product remaining in the vial.

This product is preservative-free and therefore, should be administered immediately.
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o K immediate administration is not possible, store the syringe for up to 24 hours at
refrigerated temperature (2°C to 8°C [36°F to 46°F]) and up to 7 hours at room
temperature (20°C to 25°C [68°F to 77°F]). If refrigerated, allow the prepared syringe to
equilibrate to room temperature for approximately 20 minutes prior to administration.

If used, attach and prime the syringe extension set.

Administer the entire contents of the syringe via IV injection over at least 30 seconds.

After the entire contents of the syringe have been administered, flush the injection line with
0.9% Sodium Chloride to ensure delivery of the required dose.

3 DOSAGE FORMS AND STRENGTHS

Bebtelovimab is a sterile, preservative-free, clear to opalescent and colorless to slightly yellow to
slightly brown solution available as:
e Injection: 175 mg/2 mL (87.5 mg/mL) in a single-dose vial

4 CONTRAINDICATIONS

No contraindications have been identified based on the limited available data for the emergency use
of bebtelovimab authorized under this EUA.

5 WARNINGS AND PRECAUTIONS

There are limited clinical data available for bebtelovimab. Serious and unexpected adverse events
may occur that have not been previously reported with bebtelovimab use.

5.1 Hypersensitivity Including Anaphylaxis and Infusion-Related Reactions

Serious hypersensitivity reactions, including anaphylaxis, have been observed with adminisiration of
other SARS-CoV-2 monoclonal antibodies and could occur with administration of bebtelovimab. If
signs and sympioms of a clinically significant hypersensitivity reaction or anaphylaxis occur,
immediately discontinue administration and initiate appropriate medications and/or supportive care.

Infusion-related reactions, which may occur up to 24 hours after the injection, have been observed in
clinical frials of bebtelovimab when administered with other monoclonal antibodies and may occur
with use of bebtelovimab alone. These reactions may be severe or life threatening.

Signs and symptoms of infusion-related reactions may include:

o fever, difficulty breathing, reduced oxygen saturation, chills, fatigue, arrhythmia (e.g., atrial
fibrillation, sinus tachycardia, bradycardia), chest pain or discomfort, weakness, altered mental
status, nausea, headache, bronchospasm, hypotension, hypertension, angioedema, throat
irritation, rash including urticaria, pruritus, myalgia, vasovagal reactions (e.g., pre-syncope,
syncope), dizziness and diaphoresis.

Administer appropriate medications and/or supportive care if an infusion-related reaction occurs.

Hypersensitivity reactions occurring more than 24 hours after the injection have also been reported
with the use of SARS-CoV-2 monoclonal antibodies under Emergency Use Authorization.
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5.2 Clinical Worsening After SARS-CoV-2 Monoclonal Antibody Administration

Clinical worsening of COVID-19 after administration of SARS-CoV-2 monoclonal antibody treatment
has been reported and may include signs or symptoms of fever, hypoxia or increased respiratory
difficulty, arrhythmia (e.g., atrial fibrillation, sinus tachycardia, bradycardia), fatigue, and altered
mental status. Some of these events required hospitalization. It is not known if these events were
related to SARS-CoV-2 moneclonal antibody use or were due to progression of COVID-19.

5.3 Limitations of Benefit and Potential for Risk in Patients with Severe COVID 19

Treatment with bebtelovimab has not been studied in patients hospitalized due to COVID-19.
Monoclonal antibodies, such as bebtelovimab, may be associated with worse clinical outcomes when
administered to hospitalized patients with COVID-19 requiring high flow oxygen or mechanical
ventilation. Therefore, bebtelovimab is not authorized for use in patients, regardless of age, who:
« are hospitalized due to COVID-19, OR
 require oxygen therapy and/or respiratory support due to COVID-19, OR
e require an increase in baseline oxygen flow rate and/or respiratory support due to COVID-19
and are on chronic oxygen therapy and/or respiratory support due to underlying non-COViID-19
related comorbidity.

6 ADVERSE REACTIONS
6.1 Adverse Reactions from Clinical Studies

The following adverse reactions have been observed in the clinical studies of bebtelovimab that
supported the EUA. The adverse reaction rates observed in these clinical studies cannot be directly
compared to rates in the clinical studies of other products and may not reflect the rates observed in
clinical practice. Additional adverse events associated with bebtelovimab may become apparent with
more widespread use.

The safety of bebtelovimab is primarily based on exposure of 602 ambulatory {non-hospitalized)
subjects who received doses of bebtelovimab, alone or in combination with bamlanivimab and
etesevimab, in the phase 1 and phase 2 portions of BLAZE-4, a randomized, single-dose clinical trial.

The following adverse reactions (i.e., adverse events assessed as causally related) have been
observed in those who have received bebtelovimab, alone or in combination with bamlanivimab and
etesevimab, at the authorized dose or higher:

¢ Infusion-related reactions (n=2, 0.3%)

e Pruritus (n=2, 0.3%)

e Rash (n=5, 0.8%)

The most common treatment-emergent adverse events observed in subjects treated with
bebtelovimab, alone or in combination with bamlanivimab and etesevimab, at the authorized dose or
higher, included nausea (0.8%) and vomiting (0.7%).

6.4 Required Reporting for Serious Adverse Events and Medication Errors

The prescribing healthcare provider and/or the provider's designee isfare responsible for mandatory
reporting of all serious adverse events* and medication errors potentially related to bebtelovimab
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within 7 calendar days from the healthcare provider's awareness of the event, using FDA Form 3500
{for information on how to access this form, see below). The FDA requires that such reports, using
FDA Form 3500, include the following:

« Patient demographics and baseline characteristics (e.g., patient identifier, age or date of birth,
gender, weight, ethnicity, and race)

« A statement "Bebtelovimab use for COVID-19 under Emergency Use Authorization (EUAY
under the “Describe Event, Problem, or Product Use/Medication Error’ heading

« Information about the serious adverse event or medication error {€.g., signs and symptoms,
test/laboratory data, complications, timing of drug initiation in relation to the occurrence of the
event, duration of the event, treatments required to mitigate the event, evidence of event
improvement/disappearance after stopping or reducing the dosage, evidence of event
reappearance after reintroduction, clinical outcomes).
Patient’s preexisting medical conditions and use of concomitant products

« Information about the product (e.g., dosage, route of administration, NDC #).

Submit adverse event and medication error reports, using Form 3500, fo FDA MedWatch using one
of the following methods:

« Complete and submit the report online: www.fda.gov/medwatch/report.htm

e Complete and submit a postage-paid FDA Form 3500
(mps:llwww.fda.qovlmedia/76299/download) and return by:
o Mail to MedWatch, 5600 Fishers Lane, Rockville, MD 20852-9787, or
o Faxto 1-800-FDA-0178, or

e Call 1-800-FDA-1088 to request a reporting form

In addition, please provide a copy of all FDA MedWatch forms to:

Eli Lilly and Company, Global Patient Safety

Fax: 1-317-277-0853

E-mail: mailindata_gsmtindy@lilly.com

Or call Eli Lilly and Company at 1-855-LillyC19 (1-855-545-5921) fo report adverse events.

The prescribing health care provider and/or the provider's designee is/are responsible for mandatory
responses to requests from FDA for information about adverse events and medication errors
following receipt of bebtelovimab.

*Serious adverse events are defined as:

Death;

A life-threatening adverse event;

Inpatient hospitalization or prolongation of existing hospitalization;

A persistent or significant incapacity or substantial disruption of the ability to conduct normal life
functions;

A congenital anomaly/birth defect;

o Other important medical event, which may require a medical or surgical intervention to prevent
death, a life-threatening event, hospitalization, disability, or congenital anomaly.
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7 DRUG INTERACTIONS

Bebtelovimab is not renally excreted or metabolized by cytochrome P450 enzymes; therefore,
interactions with concomitant medications that are renally excreted or that are substrates, inducers, or
inhibitors of cytochrome P450 enzymes are unlikely.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy

Risk Summary

Severe hypersensitivity reactions and infusion-related reactions, have been observed with
administration of bebtelovimab, including in pregnant patients [see Warnings and Precautions (5.1)].
There are risks to the mother and fetus associated with untreated COVID-12 in pregnancy as well as
potential risks to the fetus associated with severe maternal hypersensitivity and infusion-related
reactions (see Clinical Considerations).

There are insufficient data to evaluate a drug-associated risk of major birth defects, miscarriage, or
adverse maternal or fetal outcomes. Bebtelovimab should only be used during pregnancy if the
potential benefit outweighs the potential risk for the mother and the fetus. There are maternal and
fetal risks associated with untreated COVID-19 in pregnancy (see Clinical Considerations).

Data

Nonclinical reproductive toxicity studies have not been performed with bebtelovimab. In fissue cross
reactivity studies using human fetal tissues, no binding of clinical concern was detected for
bebtelovimab. Human immunoglobulin G1 (IgG1) antibodies are known to cross the placental barrier,
therefore, bebtelovimab has the potential to be transferred from the mother to the developing fetus. It
is unknown whether the potential transfer of bebtelovimab provides any treatment benefit or risk to
the developing fetus.

The estimated background risk of major birth defects and miscarriage for the indicated population is
unknown. All pregnancies have a background risk of birth defect, loss, or other adverse outcomes. In
the U.S. general population, the estimated background risk of major birth defects and miscarriage in
clinically recognized pregnancies is 2 to 4% and 15 fo 20%, respectively.

Clinical Considerations

Disease-associated maternal and/or embryo-fetal risk

COVID-19 in pregnancy is associated with adverse maternal and fetal outcomes, including
preeclampsia, eclampsia, preterm birth, premature rupture of membranes, venous thromboembolic
disease, and fetal death.

Maternal Adverse Reactions

Pregnant patients who develop severe hypersensitivity and infusion-related reactions should be
managed appropriately, including obstefrical care [see Warnings and Precautions (5.1)].
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8.2 Lactation

Risk Summary

There are no available data on the presence of bebtelovimab in human or animal milk, the effects on
the breastfed infant, or the effects on milk production. Maternal IgG is known to be present in human
milk. The developmental and health benefits of breastfeeding should be considered along with the
mother's clinical need for bebtelovimab and any potential adverse effects on the breastfed child from
bebtelovimab or from the underlying maternal condition. Breastfeeding individuals with COVID-19
should follow practices according to clinical guidelines to avoid exposing the infant to COVID-19.

8.4 Pediatric Use

Bebtelovimab is not authorized for use in pediatric individuals under 12 years of age or weighing less
than 40 kg. The safety and effectiveness of bebtelovimab have not been assessed in pediatric
patients. The recommended dosing regimen in patients 12 years to less than 18 years of age,
weighing at least 40 kg, is expected to result in comparable serum exposures of bebtelovimab as
those observed in adults.

8.5 Geriatric Use

Of the 602 patients receiving bebtelovimab in BLAZE-4, 10.5% were 65 years of age and older and
3.3% were 75 years of age and older. Based on population PK analyses of samples from 573 patients
over an age range of 14 to 89 years, there was no impact of age on PK. Therefore, there is no
difference in the PK of bebtelovimab in geriatric patients compared to younger patients.

10 OVERDOSAGE

Doses up to 1750 mg of bebtelovimab (10 times the authorized dose of bebtelovimab) have been
administered in clinical trials without dose-limiting toxicity. Treatment of overdose with bebtelovimab
should consist of general supportive measures including monitoring of vital signs and observation of
the clinical status of the patient. There is no specific antidote for overdose with bebtelovimab.

11 DESCRIPTION

Bebtelovimab is a human immunoglobulin G-1 (IgG1 variant) monocional antibody consisting of

2 identical light chain polypeptides composed of 215 amino acids each and 2 identical heavy chain
polypeptides composed of 449 amino acids produced by a Chinese Hamster Ovary (CHO) stable bulk
culture or cell line with a molecular weight of 144 kDa.

Bebtelovimab injection is a sterile, preservative-free, clear to opalescent and colorless to slightly
yellow to slightly brown solution in a single-dose vial for intravenous injection.

Each mL contains 87.5 mg of bebtelovimab, L-histidine (0.4 mg), L-histidine hydrochloride

monohydrate (0.6 mg), sodium chloride (2.9 mg), sucrose (60 mg), polysorbate 80 (0.5 mg), and
Water for Injection. The bebtelovimab solution has a pH range of 5.5-6.5.
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12 CLINICAL PHARMACOLOGY

12.1 Mechanism of Action

Bebtelovimab is a recombinant neutralizing human IgG1A monoclonal antibody (mADb) to the spike
protein of SARS-CoV-2 and is unmodified in the Fc region. Bebtelovimab binds the spike protein with
4 dissociation constant Kp = 0.046 to 0.075 nM and blocks spike protein attachment to the human
ACE2 receptor with an I1Cso value of 0.39 nM (0.056 mcg/mL).

12.2 Pharmacodynamics

The exposure-response relationships of bebtelovimab for viral loads and clinical outcomes are
unknown.

12.3 Pharmacokinetics

A summary of PK parameters of bebtelovimab following administration of a single dose of 175 mg
bebtelovimab is provided in Table 1.

Table 1: Pharmacokinetic Parameters of Bebtelovimab Administered IV in Adults and Pediatric
Patients (12 years of age and older weighing at least 40 kg)

‘ Bebtelovimab (175 mg)

| N=585

| Systemic Exposure

| Geometric Mean (%CV) Crax, mcg/mL 59.9 (31.9)
Geometric Mean (%CV) Caay 29, mcg/mL 4.55 (70.9)

" Geometric Mean (%CV) AUCi, mcg day/mL 539 (41.5)

| Distribution

| Geometric Mean (%CV) Vss (L) 4.55 (25.8)

| Elimination

' Geometric Mean (%CV) Elimination Half-Life (day) i 11.5 (27.0)

" Geometric Mean (%CV) Clearance (L/day) [ 0.325 (41.5)

Abbreviations: GV = coafficient of variation; Cra = maximum concentration; Ceayze = drug concentration on day 29; AUC.= area under the concentration
versus time curve from zero ta infinity; Vss = steady-state volume of distribution.

Specific Populations:

The PK profile of bebtelovimab was not affected by age, sex, race, or baseline viral load based on a
population PK analysis. Body weight had no clinically relevant effect on the PK of bebtelovimab in
adults with COVID-19 over the body weight range of 45 kg to 194 kg.

Patients with renal impairment
Renal impairment is not expected to impact the PK of bebtelovimab, since mAbs with molecular
weight >69 kDa are known not to undergo renal elimination. Similarly, dialysis is not expected to
impact the PK of bebtelovimab.

Patients with hepatic impairment

Bebtelovimab is expected to be degraded into small peptides and amino acids via catabolic pathways
in the same manner as other IgG monoclonal antibodies and human endogenous lgG antibodies.
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Based on population PK analysis, there is no significant difference in PK of bebtelovimab in patients
with mild hepatic impairment compared to patients with normal hepatic function. Bebtelovimab has
not been studied in patients with moderate or severe hepatic impairment.

Drug Interactions:

Bebtelovimab is not renally excreted or metabolized by cytochrome P450 enzymes; therefore,
interactions with concomitant medications that are renally excreted or that are substrates, inducers, or
inhibitors of cytochrome P450 enzymes are unlikely.

12.4 Microbiology

Antiviral Activity

The cell culture neutralization activity of bebtelovimab against SARS-CoV-2 was measured in a dose-
response model quantifying plaque reduction using cultured Vero E6 cells. Bebtelovimab neutralized
the USA/WA/1/2020 isolate of SARS-CoV-2 with an estimated ECso value = 0.044 nM (6.4 ng/mL).

Bebtelovimab demonstrated antibody-dependent cell-mediated cytotoxicity on Jurkat reporter cells
expressing FcyRllla following engagement with target cells expressing spike protein. Bebtelovimab
did not elicit complement-dependent cytotoxicity activity in cell-based assays.

Antibody Dependent Enhancement (ADE) of Infection

The risk that bebtelovimab could mediate viral uptake and replication by immune cells was studied in
THP-1 and Raiji cell lines and primary human macrophages. in general, experiments with
bebtelovimab did not demonstrate productive viral infection in immune celis exposed to SARS-CoV-2
at concentrations of mAb down to 60,000-fold below the approximate ECso value for neutralization.

Antiviral Resistance
There is a potential risk of treatment failure due to the development of viral variants that are resistant
to bebtelovimab.

Nonclinical selection studies using a directed evolution of a yeast displayed Spike RBD identified that
substitutions at residues K444, V445, G446, and P499 interfered with bebtelovimab’s ability to block
the Spike RBD:ACE-2 interaction. Pseudotyped virus-like particle (VLP) neutralization assays
confirmed a 5-fold or greater reduction in susceptibility to bebtelovimab of viral variants with the
following substitutions: K444E (>862), K444N (>1,901-fold), K444Q (208-fold}), K444T (>1,814-fold),
V445A (111-fold), V445F (369-fold), V445G (>730-fold), G446D (69-fold), G446R (7-fold), G446V (8-
fold), P499H (>1,606-fold), P499R {(>1,870-fold), and P499S (25-fold). In the context of Delta spike
protein, G446V substitution had reduced susceptibility of 16.4-fold.

Pseudotyped VLP assessment using the full-length spike genes from different variant lineages
indicate that bebtelovimab retains activity (<5-fold reduction) against the Aipha (B.1.1.7, UK origin),
Beta (B.1.351, South Africa origin), Gamma (P.1, Brazil origin), Delta (B.1.617.2, India origin), Delta
[+K417N] (AY.1/AY.2, India origin), Epsilon (B.1.427/B.1.429, California origin), lota (B.1.526, New
York origin), Kappa (B.1.617.1, India origin), Lambda (C.37, Peru origin), Omicron (B.1.1.529/BA.1,
South Africa origin), Omicron [+R346K] (BA.1.1), Omicron BA.2, Omicron BA.2 [+1L452Q)] (BA.2.12.1),
Omicron BA.2 [+D339H, G446S, N460K, R493Q (reversion)] (BA.2.75), Omicron BA.2
[BA.2.75+R346T+F4868] (BA.2.75.2), Omicron BA.4/BA.5, and Omicron BA.4 [+R346T]
(BA.4.6/BF.7) variant lineages (Table 2). The Mu (B.1.621, Colombia origin) variant showed a
reduction in susceptibility to bebtelovimab of 5.3-fold. The Omicron BA.5 [+N444T, N460K] (BQ.1),
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and Omicron BA.5 [+R346T, N444T, N460K] (BQ.1.1) variants showed a large reduction in
susceptibility to bebtelovimab of >672-fold.

Table 2: Bebtelovimab Pseudotyped Virus-Like Particle Neutralization Data for SARS-CoV-2
Spike Protein Variants

T376A + DA0O5N +
R408S + K417N +

Lineage with | Country First WHO Nomenclature Key Substitutions Fold
Spike Protein identified Tested? Reduction in
Substitution ! Susceptibilit
B.1.1.7 UK Alpha 1 N501Y No change®
. K417N + E484K + b
B.1.351 South Africa Beta | N501Y No change
. | K417T + E484K + b
P.1 Brazil Gamma | N501Y No change
B.1.617.2/AY.3 india Delta L452R + T478K No change®
AY.1/AY.2
(B.1.617.2 India Delta [+K417N] LAB2R + TH78K* | No change?
sublineages)
USA . R
B.1.427/B.1.429 (California) Epsilon L452R No change
B.1.526° US\’,"OE,E)‘*W lota E484K No change®
B.1.617.1 India Kappa L452R + E484Q No change®
C.37 Peru Lambda L452Q + F490S No change®
. R346K + E484K +
B.1.621 Colombia Mu N501Y 5.3
G339D + S371L +
S373P + 8375F +
KA17N + N440K +
, , (G446S + S477N + b
B.1.1.529/BA.1 South Africa Omicron [BA.1] T478K + E484A + No change
Q493R + G496S +
Q498R + N501Y +
Y505H
| BA.1.1 South Africa Omicron [+R346K] BA.1 + R346K No change®
' G339D + S371F +
S373P + S375F +
T376A + D405N +
BA.2 South Africa Omicron [BA.2] Ejggﬁ : gj;;: I No change®
T478K + E484A +
Q493R + Q498R +
N501Y + Y505H
BA.2.12.1 USA Omicron [BA.2+L452Q)] BA.2 + L452Q No change®
Omicron [BA.2+D339H, BA.2 + D339H +
BA.2.75 India (4468, N460K, R493Q G446S + N460K + No change®
{reversion)] R493Q (reversion)
. Omicron BA.2.75 + R346T + b
BA.2.75.2 India (BA.2.75+R346T+F4865) FA86S No change
G339D + S371F +
BA.4/BA.5 South Afica |  Omicron [BA.4/BA.5] S373P + 8375F + |\, change?
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N440K + L452R +
S477TN + T478K +
E484A + FA86V + |
Q498R + N501Y +

Y505H
BA.4.6/BF.7 USA/Belgium Omicron [BA.4+R346T] BA.4 + R346T No change®
. Omicron BA.5 + K444T + g
B Nigeria [BA.5+K444T+N460K] N460K >672
. Omicron BA.S5 + R346T + d
G iai Multiple |55 5:R346T+K444T+NAGOK] _K444T + NAGOK >672

Key substitutions cccuring in the receptor binding domain of spike protein are listed. Pseudotyped VLP contained the full-length spike protein
reflective of the consensus sequence for each of the variant lineages with the exception of BA.2.75.2 which is a full-length spike of
BA.2.75+R346T+F486S substitutions.

b No change: <5-fold reduction in susceptibility.

¢ |golates of the B.1.526 lineage harbor several spike protein amino acid substitutions, and not ali isolates contain the E484K substitution (as of
February 2021).

4 Bebtelovimab is unlikely to be active against this variant.

In authentic SARS-CoV-2 assays, bebtelovimab retained activity (<5-fold reduction) against variant
virus isolates from the Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2/AY.3),
Omicron (B.1.1.529/BA.1), Omicron [+R346K] (BA.1.1), Omicron BA.2, Omicron BA.2 [+L452Q]
(BA.2.12.1), Omicron BA.2 [+D339H, G446S, N460K, R493Q (reversion)] (BA.2.75), Omicron BA 4,
Omicron BA.4 [+R346T] (BA.4.6), and Omicron BA.5 lineages, as well as SARS-CoV-2
(USA/WA/1/2020 isolate) engineered to express the L452R substitution present in the Epsilon
(B.1.427/B.1.429) lineage or the E484K substitution present in the lota (B.1.526) lineage (Table 3).
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Table 3: Authentic® SARS-CoV-2 Neutralization Data for Bebtelovimab

| Lineage with Spike Country First WHO Key Substitutions Tested® | Fold Reduction
Protein Substitution Identified Nomenclature in Susceptibility
B.1.1.7 UK Alpha N501Y No change®
; B.1.351 South Africa Beta K417N, E484K, N501Y No change®*
[ P.1 Brazil Gamma K417T, E484K, N501Y No change®
B.1.617.2/AY.3 India Delta L452R, T478K No change®*
B.1.427/B.1.429 USA (California) Epsilon L452R No change®
B.1.526° USA (New York) lota E484K ' No change®
G339D + S371L + S373P +
S375F + K417N + N440K +
B.1.1.529/BA.1 South Africa Omicron G446S + S477N + T478K + No change®?
E484A + Q493R + G496S + |
Q498R + N501Y + Y505H
. Omicron
BA.1.1 South Africa [+R346K] BA.1 + R346K No change®
(339D + S371F + S373P +
S375F + T376A + DA0O5N + |
BA.2 South Africa  |Omicron [BA.2] gjggﬁ : #i;gﬂ : 22;2&: No change®
QA493R + Q498R + N501Y
+ Y505H
Omicron
BA.2.12.1 USA [BA.2+L452Q] BA.2 + L452Q No change®
Omicron
[BA.2+D339H,
BA.2.75 India GBS, | o e tavorsiony | No change®?
N460K, R493Q
(reversion)]
G339D + S371F + S373P +
8375F + T376A + D405N + |
BA.4 South Africa  |Omicron [BA.4] Fijggg: gj;;: :?j?g:(( : No change®
E484A + F486V + Q498R + |
N501Y + Y505H
Omnicron c
BA.4.6 USA (BA.4+R346T] BA.4 + R346T No change
G339D + S371F + S373P +
S375F + T376A + D405N +
. Omicron R408S + K417N + N440K + .
S South Affica | 1aa y/BA 5] | L452R + SATTN+ TAT8K + | o Change

N501Y + Y505H

E484A + FA86V + Q498R + |

|

2 The B.1.1.7, B.1.351,B.1.617.2
plaque reduction assay; the B.1.351, P.1, B.1.61

B.1.1.529/BA.1, and BA.2 variants were assessed using cell culture-expanded virus isolates and tested using a

7.2, B.1.1.520/BA.1, BA.1.1, BA.2, BA2.12.1, BA.2.75, BA4, BA.4.6, and BA.5 variants were

assessed using cell cuture-expanded isolates and tested using a microneutralization assay with a CPE-based endpoint titer to determine the 1Cog0;

the B.1.526/E484K, B.1.427/B.1.429/L4

isolate with E484K, L452R, or full spike of BA.2.75) and tested using a plaque reduction assay.

o A O T

February 2021).
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Genotypic analysis and phenotypic testing are ongoing to monitor for potential bebtelovimab-
resistance-associated spike variations in clinical trials. Baseline sequencing data are available for 611
of the subjects in the BLAZE-4 (Arms 9-14) Study. Of these, 552 (90.3%) were infected with a variant
of interest or concern, as designated by the WHO. No subject was infected with virus of the Omicron
lineage or sub-lineages. The majority of subjects in the trial were infected with Delta (49.9%) and
Alpha (28.6%). These were distributed across the treatment groups with Delta and Alpha infection
rates of 60.2% and 23.1% in placebo, 31.3% and 41.8% in bebtelovimab alone arms, and 58.3% and
21.9% in the bebtelovimab with bamlanivimab and etesevimab arms, respectively. Gamma and Mu
infections comprised 5.6% and 3.8% of the total infections respectively. Subjects infected with Beta,
Delta [+K417N], lota, and Lambda variants were the minority with 0.5%, 0.8%, 0.7%, and 0.5% total
infections, respectively. All other subjects in the trial had SARS-CoV-2 infections from either non-
WHO classified viruses (3.3%), or the lineage was not able to be determined based on the baseline
sequence data (6.4%). Detection of viral variants with a 5-fold or greater reduction in susceptibility to
bebtelovimab at baseline has been rare, with only one G446V substitution (8-fold shift) observed
transiently out of 611 subjects in the BLAZE-4 (Arms 9-14) study that had baseline sequencing
available {0.2%, 1/611).

Analysis of treatment-emergent variants focused on changes at amino acid positions with known
phenotypically confirmed bebtelovimab-associated variations (i.e., K444, V445, G446, and P499) in
serial viral samples obtained in the BLAZE-4 (Arms 9-14) bebtelovimab Phase 2 Study. Treatment-
emergent substitutions detected at 215% or 250% allele fractions at these positions included
K444E/N, V445G, G446V, and P499H/R. These substitutions resulted in a 5-fold or greater reduction
in susceptibility to bebtelovimab in pseudotyped VLP assays: K444E (>862), K444N (>1,901-fold),
V445G (>730-fold), G446V (8-fold), P49SH (>1 ,606-fold), and P499R (>1,870-fold). Additional
treatment-emergent substitutions detected at 215% or >50% allele fractions outside the epitope in at
least 2 subjects included C379F (n=2) and G404C (n=2), seen in bebtelovimab in combination with
bamlanivimab and etesevimab arms.

Considering all substitutions detected at 215% allele fraction at positions K444, V445, G446, and
P499, 5.5% (11/199) of subjects treated with bebtelovimab alone harbored a variant that was
treatment-emergent. This was more frequent than observed in the placebo arm (0%, 0/112), or when
bebtelovimab was administered fogether with bamlanivimab and etesevimab (0.3%, 1/312). The
appearance of these treatment-emergent bebtelovimab resistance-associated substitutions was
associated with higher viral loads in the subjects in whom they were detected, but none of these
subjects were hospitalized. The majority of the variants were first detected on Day 5 (n=3) and Day 7
(n=6) following treatment initiation.

It is possible that bebtelovimab resistance-associated variants could have cross-resistance to other
mAbs targeting the receptor binding domain of SARS-CoV-2. The clinical impact is not known.

Immune Response Attenuation
There is a theoretical risk that antibody administration may attenuate the endogenous immune

response to SARS-CoV-2 and make patients more susceptible to re-infection.
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13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenesis, mutagenesis, and reproductive toxicology studies with bebtelovimab have not been
conducted.

13.2 Animal Toxicology and/or Pharmacology
In toxicology studies, bebtelovimab had no adverse effects when administered intravenously to rats.

In tissue cross reactivity studies using human adult and fetal tissues, no binding of clinical concern
was detected for bebtelovimab.

Antiviral Activity In Vivo

Prophylactic administration of bebtelovimab to male Syrian golden hamsters (n=5 to 8 per group)
resulted in 2 to 4 log1o decreases in viral genomic RNA and viral replication (subgenomic RNA) from
lung tissue, as well as decreases in lung weight and improvements in body weight compared to
controls.

The applicability of these findings to a treatment setting is not known.
14 CLINICAL STUDIES

The data supporting this EUA for treatment of mild-to-moderate COVID-19 are primarily based on
analyses of data from the Phase 2 portion of the BLAZE-4 trial (NCT04634409) that enrolled both low
risk and high risk subjects (treatment arms 9-14). This trial evaluated the clinical efficacy data from
subjects receiving 175 mg bebtelovimab alone and together with 700 mg bamlanivimab and 1,400 mg
of etesevimab.

BLAZE-4 is a Phase 1/2, randomized, single-dose clinical trial evaluating treatment of subjects with
mild-to-moderate COVID-19 (subjects with COVID-19 symptoms who are not hospitalized). Efficacy
of bebtelovimab, alone and together with bamlanivimab and etesevimab, was evaluated in low risk
adults (i.e., those not at high-risk to progress to severe COVID-19) in a randomized part of the trial
which included a placeba control arm (treatment arms 9-11). Low risk adults were randomized with a
1:1:1 ratio. High-risk adults and pediatric subjects (12 years of age and older weighing at least 40 kg)
received open-label active treatments. One cohort of high risk subjects was randomized with 2:1 ratio
(treatment arms 12 and 13). Another cohort of high risk subject was enrolled with no randomization
(treatment arm 14). The trial enrolled subjects who were not hospitalized and had 1 or more COVID-
19 symptoms that were at least mild in severity. Treatment was initiated within 3 days of obtaining the
clinical sample for the first positive SARS-CoV-2 viral infection determination.

BLAZE-4 was conducted prior to the emergence of the Omicron variant. No subject in BLAZE-4 was

infected with virus of the Omicron lineage or sub-lineages. The majority of participants in the trial
were infected with Delta (49.8%) and Alpha (28.6%).
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14.1 Phase 2 Data from the Placebo-Controlled Portion of BLAZE-4 (Low Risk Subjects;
Treatment Arms 9-11)

In this portion of the trial, adulf subjects were treated with a single infusion of bamlanivimab 700 mg,
etesevimab 1,400 mg, and bebtelovimab 175 mg (N=127), 175 mg bebtelovimab alone (N=125}, or
placebo (N=128). The majority (96.8%) of the subjects enrolled in these treatment arms did not meet
the criteria for high-risk.

At baseline, median age was 35 years (with 1 placebo subject aged 65 or older); 56% of subjects
were female, 79% were White, 36% were Hispanic or Latino, and 19% were Black or African
American. Subjects had mild (74%) to moderate (26%) COVID-19; the mean duration of symptoms
was 3.6 days; mean viral load by cycle threshold (CT) was 24.63 at baseline. The baseline
demographics and disease characteristics were well balanced across treatment arms with the
exception of baseline serology status. A higher percentage of subjects in the placebo arm were
positive for baseline serology (15% vs. 9% for bamlanivimab, etesevimab, and bebtelovimab
together, and 7% for bebtelovimab alone). Participants enrolled in these treatment arms had not
received SARS-CoV-2 vaccine at baseline.

The primary endpoint was the proportion of subjects with persistently high viral load (PHVL) by Day 7.
PHVL occurred in 26 subjects treated with placebo (21%) as compared to 16 (13%) subjecis treated
with bamlanivimab 700 mg, etesevimab 1,400 mg, and bebtelovimab 175 mg together [p=0.098], and
17 (14%) subjects treated with bebtelovimab 175 mg alone [p=0.147], a 38% (95% CI: -9%, 65%) and
34% (95% Cl: -15%, 62%) relative reduction, respectively.

Secondary endpoints included mean change in viral load from baseline to Day 3, 5, 7, and 11 (Figure

1).
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Figure 1: SARS-CoV-2 Viral Load Change from Baseline (Mean £ SE} by Visit from the Placebo-
Controlled Portion of BLAZE-4 in Low Risk Adults (700 mg bamlanivimab, 1,400 mg
etesevimab, 175 mg bebtelovimab together and 175 mg bebtelovimab alone).

For the secondary endpoint of COVID-19 related hospitalization (defined as 224 hours of acute care)
or death by any cause by Day 29, these events occurred in 2 (1.6%) subjects treated with placebo as
compared with 3 (2.4%) events in subjects treated with bamlanivimab 700 mg, etesevimab 1,400 mg,
and bebtelovimab 175 mg together and 2 (1.6%) events in subjects treated with bebtelovimab 175 mg
alone. There was 1 subject treated with bamlanivimab 700 mg, etesevimab 1,400 mg, and
bebtelovimab 175 mg together who died on Day 5. Conclusions are limited as COVID-19 related
hospitalization and death rates are expected to be low in a low risk population.

The median time to sustained symptom resolution as recorded in a trial specific daily symptom diary
was 7 days (95%Cl: 6, 8 days) for subjects treated with bamlanivimab 700 mg, etesevimab 1,400 mg,
and bebtelovimab 175 mg together [p=0.289] and 6 days (95% ClI: 5, 7 days) for subjects treated with
bebtelovimab 175 mg alone [p=0.003] as compared with 8 days (95% CI: 7, 9 days) for subjects
treated with placebo. Symptoms assessed were cough, shortness of breath, feeling feverish, fatigue,
body aches and pains, sore throat, chills, and headache. Sustained symptom resolution was defined
as absence of any of these symptoms, except for allowance of mild fatigue and cough, in two
consecutive assessments.
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14.2 Phase 2 Data from the Randomized, Open-Label Portion of BLAZE-4 (High Risk Subjects;
Treatment Arms 12-13)

in this portion of the trial, subjects were treated with a single infusion of bamlanivimab 700 mg,
etesevimab 1,400 mg, and bebtelovimab 175 mg (N=50) or 175 mg bebtelovimab alone (N=100). The
majority (91.3%) of the subjects enrolied in these dose arms meet the criteria for high-risk.

At baseline, median age was 50 years (with 28 subjects aged 65 or older); 52% of subjects were
female, 75% were White, 18% were Hispanic or Latino, and 18% were Black or African American.
Subjects had mild (75%) to moderate (25%) COVID-18; the mean duration of symptoms was

4.7 days; mean viral load by cycle threshold (CT) was 26.66 at baseline; and 20.7% of subjects had
at least one dose of a COVID-19 vaccine. There were 2 pediatric patients enrolled (ages 14 and 17),
one in each treatment arm. The baseline demographics and disease characteristics were well
balanced across treatment groups.

The primary objective for these treatment arms was to characterize the safety profile of bebtelovimab
175 mg by evaluating adverse events and serious adverse events. Efficacy endpoints included the
proportion of subjects with COVID-19 related hospitalization or death by any cause by Day 29, mean
change in viral load from baseline to Days 3, 5, 7, and 11 and time to sustained symptom resolution.

The proportion of subjects with COVID-19 related hospitalization (defined as 224 hours of acute care)
or death by any cause was assessed by Day 29. Events occurred in 2 (4%) subjects treated with
bamianivimab 700 mg, etesevimab 1,400 mg, and bebtelovimab 175 mg together and 3 (3%)
subjects treated with bebtelovimab 175 mg alone. There was 1 subject treated with bebtelovimab

175 mg alone who died on Day 34.

Mean changes in viral load from baseline to Day 3, 5, 7, and 11 are shown in Figure 2.
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Figure 2: SARS-CoV-2 Viral Load Change from Baseline (Mean  SE) by Visit from the Open-
L.abel Portion of BLAZE-4 (700 mg bamlanivimab, 1,400 mg etesevimab, 175 mg bebtelovimab
together and 175 mg bebtelovimab alone).

The median time to sustained symptom resolution as recorded in a trial specific daily symptom diary
was 7 days for subjects treated with bebtelovimab 175 mg alone.

14.3 Phase 2 Data from the Non-Randomized, Open-Label Portion of BLAZE-4 (High Risk
Subjects; Treatment Arm 14)

In this portion of the trial, subjects were treated with a single infusion of bamlanivimab 700 mg,
etesevimab 1,400 mg, and bebtelovimab 175 mg (N=176). The maijority (97.7%) of the subjects
enrolled meet the criteria for high-risk.

At baseline, median age was 51 years (with 35 subjects aged 65 or older); 56% of subjects were
female, 80% were White, 28% were Hispanic or Latino, and 16% were Black or African American.
Subjects had mild (73%) to moderate (27%) COVID-19; the mean duration of symptoms was 4 days;
mean viral load by cycle threshold (CT) was 23.45 at baseline; and 31% of subjects had at least one
dose of a COVID-19 vaccine. There were 2 pediatric patients enrolled (ages 14 and 15).

The primary objective for this treatment arm was to characterize the safety profile of bamlanivimab
700 mg, etesevimab 1,400 mg, and bebtelovimab 175 mg by evaluating adverse events and serious
adverse events. Efficacy endpoints included the proportion of subjects with COVID-19 related
hospitalization or death by any cause by Day 29, mean change in viral ioad from baseline to Days 3,
5, 7, and 11, and time to sustained symptom resolution.
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The proportion of subjects with COVID-19 related hospitalization (defined as 224 hours of acute care)
or death by any cause was assessed by Day 29. Events occurred in 3 subjects (1.7%), and no
subjects died.

Mean changes in viral load from baseline to Day 3, 5, 7, and 11 were -1.4, -3.1, -4.0, and -5.4,
respectively.

The median time to sustained symptom resolution as recorded in a trial specific daily symptom diary
was 8 days.

14.4. Overall Benefit-Risk Assessment and Limitations of Data Supporting the Benefits of the
Product

Based on the data from BLAZE-4, bebtelovimab has been shown to improve symptoms in patients
with mild-to-moderate COVID-19. Additionally, a reduction in SARS-CoV-2 viral load on Day 5 was
observed relative to placebo, though the clinical significance of this is unclear. The placebo-controlled
phase 2 data are limited by enroliment of only subjects without risk factors for progression to severe
COVID-19, and the trial was not powered or designed to determine a difference in the clinical
outcomes of hospitalization or death between the placebo and bebtelovimab treatment arms [see
Clinical Studies (14.1)]. Bebtelovimab has been studied in individuals who have risk factors for
progression to severe COVID-19, but the efficacy analyses are limited due to the lack of a concurrent
placebo control arm for this population fsee Clinical Studies (14.2, 14.3)].

However, based on the totality of scientific evidence available, including the available Phase 2 and
pharmacokinetic data, along with the nonclinical viral neutralization data for Omicron and other
variants of concern, it is reasonable to believe that bebtelovimab may be effective for the treatment of
patients with mild-to-moderate COVID-19 to reduce the risk of progression to hospitalization or death.
in addition, the mechanism of action for bebtelovimab is similar to other neutralizing SARS-CoV-2
monoclonal antibodies, including bamlanivimab and etesevimab, that have data from Phase 3 clinical
trials showing a reduction in hospitalization or death in high risk patients infected with other SARS-
CoV-2 variants. The safety profile of bebtelovimab is acceptable with monitorable risks and is
comparable to other SARS-CoV-2 monoclonal antibodies, including bamlanivimab and etesevimab.
Considered together, these data support that the known and potential benefits of treatment with
bebtelovimab outweigh the known and potential risks in adults and pediatric patients (12 years of age
and older weighing at least 40 kg) with positive results of direct SARS-CoV-2 viral testing and who
are at high risk for progression to severe COVID-19, including hospitalization or death, and for whom
alternative COVID-19 treatment options approved or authorized by FDA are not accessible or
clinically appropriate.

Clinical data summarized above were similar for bebtelovimab alone as compared to the combination
of bamlanivimab, etesevimab and bebtelovimab administered together. Bebtelovimab retains activity
against currently circulating variants [see Microbiology (1 2.4)].

16 HOW SUPPLIED/STORAGE AND HANDLING

How Supplied

Bebtelovimab injection is a sterile, preservative-free clear to opalescent and colorless to slightly
yellow to slightly brown solution supplied in a single-dose vial.
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| Antibody Concentration Package Size NDC
| Bebtelovimab 175 mg/2 mL (87.5 mg/mL) One vial per carton 0002-7589-01

Storage and Handling
Bebtelovimab is preservative-free. Discard unused portion.

Store unopened vials in a refrigerator at 2°C to 8°C (36°F to 46°F) in the original carton to protect
from light.

DO NOT FREEZE, SHAKE, OR EXPOSE TO DIRECT LIGHT.
17 PATIENT COUNSELING INFORMATION

As a healthcare practitioner, you must communicate to the patient and/or caregiver information
consistent with the “FACT SHEET FOR PATIENTS, PARENTS AND CAREGIVERS” and provide
them with a copy of this Fact Sheet prior to administration of bebtelovimab. However, if providing this
information will delay the administration of bebtelovimab to a degree that would endanger the life of a
patient, the information must be provided to the parent and/for caregiver as soon as feasible after
bebtelovimab administration.

Remind patients treated with bebtelovimab that they should continue to self-isolate and use infection
control measures (e.g., wear mask, isolate, social distance, avoid sharing personal items, clean and
disinfect “high touch” surfaces, and frequent handwashing) according to CDC guidelines.

For additional information visit: www.LillyAntibody.com/bebtelovimab

If you have questions, please contact: 1-855-LiilyC19 (1-855-545-5921)
18 MANUFACTURER INFORMATION

Eli Lilly and Company, Indianapolis, IN 46285, USA
Copyright © 2022, Eli Lilly and Company. All rights reserved.

Literature revised November 04, 2022

A2.0-BEB-0008-EUA HCP-2001104
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January 24, 2022

Regeneron Phanmaceuticals, Inc.
Attention: Yunji Kim, PharmD
Director, Regulatory Affairs

777 Old Saw Mill River Road
Tarrytown, NY 10591

RE: Emergency Use Authorization 091
Dear Dr. Kim:

On February 4, 2020, pursuant to Section 564(b)(1)(C) of the Act, the Secretary of the
Department of Health and Human Services (HHS) determined that there is a public health
emergency that has a significant potential to affect national security or the health and security of
United States citizens living abroad, and that involves the virus that causes coronavirus disease
2019 (COVID-19).! On the basis of such determination, the Secretary of HHS on March 27,
2020, declared that circumstances exist justifying the authorization of emergency use of drugs
and biological products during the COVID-19 pandemic, pursuant to Section 564 of the Federal
Food, Drug, and Cosmetic Act (the Act) (21 U.S.C. 360bbb-3), subject to terms of any
authorization issued under that section.”

On November 21, 2020, the Food and Drug Administration (FDA) issued an Emergency Use
Authorization (EUA) for emergency use of REGEN-COV (casirivimab and imdevimab,
administered together)® for the treatment of mild to moderate COVID-19 in adulis and pediatric
patients (12 years of age and older weighing at least 40 kg) with positive results of direct SARS-
CoV-2 viral testing, and who are at high risk for progressing to severe COVID-19 and/or
hospitalization. Casirivimab and imdevimab are recombinant human IgG1 monoclonal
antibodies that target the receptor binding domain of the spike protein of SARS-CoV-2. They are
investigational drugs and are not approved for any indication.

1 U.S. Department of Health and Human Services, Determination of a Public Health Emergency and Declaration
that Circumstances Exist Justifying Authorizations Pursuant fo Section 564(b) of the Federal Food, Drug, and
Cosmetic Act, 21 U.S.C. § 360bbb-3. February 4, 2020.

27.S. Department of Health and Human Services, Declaration that Circumsiances Exist Justifving Authorizations
Pursuant to Section 564(b) of the Federal Food, Drug, and Cosmetic Act, 21 U.S.C. § 360bbb-3, 85 FR 18250
{April 1, 2020).

3 The November 21, 2020 EUA referred to the authorized product as “casirivimab and imdevimab, administered
together”. Regeneron subsequently requested, and FDA concurred, that the authorized labeling be revised to add
references to authorized products’ trade name, “REGEN-COV™.
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FDA reissued the Letter of Authorization on the following dates: February 3, 2021,* February
25,2021,° June 3, 2021, July 30, 2021,” September 9, 2021, and November 17, 2021.°

On January 24, 2022, again having concluded that revising this EUA is appropriate to protect the
public health or safety under section 564(g)(2) of the Act, FDA is reissuing the November 17,
2021 letier in its entirety, to further limit the use of REGEN-COV for treatment of COVID-19 or
as post-exposure prophylaxis of COVID-19 to exclude geographic regions where, based on
available information including variant susceptibility to this drug and regional variant frequency,
infection or exposure is likely due to a variant that is non-susceptible to REGEN-COV.
Corresponding revisions have also been made to the authorized Fact Sheets.

Based on the review of the analysis of phase 3 data from COV-2067'° (NCT04425629), a phase
1/2/3 randomized, double-blind, placebo-controlled irial evaluating the safety and efficacy ofa
single intravenous infusion of 600 mg casirivimab and 600 mg imdevimab in outpatients (non-
hospitalized) with SARS-CoV-2 infection, it is reasonable to believe that REGEN-COV may be
effective for the treatment of mild to moderate COVID-19 in adults and pediatric patients (12
years of age and older weighing at least 40 kg) with positive results of direct SARS-CoV-2 viral

4 In the February 3, 2021 revision, FDA revised the condition on requesting changes to this authorization, including
changes to the authorized Fact Sheets. New conditions were also incorporated relating to the development of
instructional or educational materials, as well as certain mandatory reporting requirements for healthcare facilities
and providers. In addition to certain editorial and/or clarifying revisions, the Fact Sheet for Healthcare Providers was
revised o include information on the new mandatory reporting requirements on therapeutics information and
utilization data for healthcare facilities and providers. Updated safety information and details on possible side effects
were also incorporated into the authorized Fact Sheets.

5 In the February 25, 2021 revision, FDA revised the condition on instructional and educational materials. New
conditions were also incorporated on the establishment of a process for monitoring genomic databases for the
emergence of global viral variants of SARS-CoV-2 and the assessment, if requested by FDA, of the activity of the
authorized REGEN-COV against any global SARS-CoV-2 variant(s) of interest.

¢ In the June 3, 2021 revision, FDA revised the authorized use statement for REGEN-COV., Additionally, FDA
authorized a change in dosing of REGEN-COV from 2400 mg (1200 mg casirivimab and 1200 mg imdevimab) to
1200 mg (600 mg casirivimab and 600 mg imdevimab), and the addition of a new presentation consisting of a single
vial containing casirivimab and imdevimab co-formulated in a 1:1 ratio for either intravenous infusion or
subcutaneous injection. New conditions were incorporated on the provision of samples of the authorized REGEN-
COV to the U.S. Department of Health and Human Services, upon request, and the submission of certain genomic
sequencing and virology information to the FDA by a specified date. Revisions to existing conditions on advertising
and promotion and manufacturing practices and other editorial changes were also incorporated.

7 In the July 30, 2021 revision, FDA authorized REGEN-COV for emergency use as post-exposure prophylaxis for
COVID-19 in certain adults and pediatric individuals. Clarifying revisions to the conditions on good manufacturing
practices as well as advertising and promotion were also incorporated.

% In the September 9, 2021 revision, FDA authorized a co-packaged presentation of REGEN-COV which consists of
individual vials of both casirivimab and imdevimab inside a single carton. FDA also authorized a document entitled
Casirivimab and Imdevimab Co-Packaged Product Quick Reference Guide that must accompany in hardcopy format
the authorized co-packaged formulation of REGEN-COV that is labeled “For pandemic use”. Revisions to the Fact
Sheet for Healthcare Providers associated with the co-packaged presentation of REGEN-COV and clarifying
revisions on the preparation of more than one dose from a single-dose vial were also incorporated.

9 In the November 17, 2021 revision, FDA revised the product description in this Letter of Authorization with
updated storage and handling information for the authorized dose pack bags of REGEN-COV, co-packaged
REGEN-COV, and subcutaneous injection presentation of REGEN-COV. Corresponding revisions on storage and
handling of the subcutaneous injection presentation of REGEN-COV and minor revisions to section 15 (“Virology™)
were also incorporated in the Fact Sheet for Healthcare Providers.

10 Referred to as trial R10933-10987-COV-2067 in previous iterations of this Letter of Authorization.
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testing, and who are at high risk for progression to severe COVID-19, including hospitalization
or death, and that, when used under the conditions described in this authorization, the known and
potential benefits of REGEN-COV outweigh the known and potential risks of such product.

Additionally, based on the review of the topline analysis of phase 3 data from COV-2069
(NCT04452318), a phase 3 randomized, double-blind, placebo-controlled trial in household
contacts with close exposure to a household member known to be infected with SARS-CoV-2
(index case), but who were themselves asymptomatic; and the analysis of phase 1 data from
COV-2093 (NCT 04519437), an ongoing, phase 1, randomized, double-blind, placebo-controlled
clinical trial assessing the safety and pharmacokinetics of repeat subcutaneous doses of REGEN-
COV in subjects who are SARS-CoV-2 negative at baseline, it is reasonable to believe that
REGEN-COV may be effective for use as post-exposure prophylaxis of COVID-19 m
individuals who are at high risk for progression to severe COVID-19, including hospitalization
or death, as described in the Scope of Authorization (Section II), and that, when used under such
conditions, the known and potential benefits of REGEN-COV outweigh the known and potential
risks of such product.

Having concluded that the criteria for issuance of this authorization under Section 564(c) of the
Act are met, [ am authorizing the emergency use of REGEN-COV for treatment and as post-
exposure prophylaxis of COVID-19, as described in the Scope of Authorization (Section 1I) and
subject to the terms of this authorization.

I. Criteria for Issnance of Authorization

I have concluded that the emergency use of REGEN-COV for treatment and as post-exposure
prophylaxis of COVID-19, when administered as described in the Scope of Authorization
(Section II), meets the criteria for issuance of an authorization under Section 564(c) of the Act,
because:

1. SARS-CoV-2 can cause a serious or life-threatening disease or condition, including
severe respiratory illness, to humans infected by this virus;

2. Based on the totality of scientific evidence available to FDA, it is reasonable to believe
the following:

+ REGEN-COV may be effective for the treatment of mild to moderate
COVID-19 in adults and pediatric patients (12 years of age and older
weighing at least 40 kg) with positive results of direct SARS-CoV-2 viral
testing, and who are at high risk for progression to severe COVID-19,
including hospitalization or death, as further described in the Scope of
Authorization (Section II)

« REGEN-COV may be effective for use as post-exposure prophylaxis of
COVID-19 in individuals who are at high risk for progression to severe
COVID-19, including hospitalization or death, as further described in the
Scope of Authorization (Section II)
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And that, when used under the conditions described in the Scope of Authorization
(Section II), the known and potential benefits of REGEN-COV outweigh the known
and potential risks of such products; and

3. There is no adequate, approved, and available alternative to the emergency use of
REGEN-COV for treatment and as post-exposure prophylaxis of COVID-19, as
described in the Scope of Authorization (Section 11)."!

18 Scope of Authorization

I have concluded, pursuant to Section 564(d)(1) of the Act, that the scope of this authorization is
limited as follows:

¢ Distribution of the authorized REGEN-COV will be controlled by the United States
(U.S.) Government for use consistent with the terms and conditions of this EUA.
Regeneron will supply REGEN-COV to authorized distributor(s)'*, who will
distribute to healthcare facilities or healthcare providers as directed by the U.S.
Govemnment, in collaboration with state and local government authorities as needed;

Treatment of COVID-19

e REGEN-COV will be used only by healthcare providers to treat mild to moderate
COVID-19 in adults and pediatric patients (12 years of age and older weighing at
least 40 kg) with positive results of direct SARS-CoV-2 viral testing, and who are at
high risk for progressing to severe COVID-19, including hospitalization or death;

The monoclonal antibodies that comprise REGEN-COV, casirivimab and imdevimab,
may only be administered together;

e REGEN-COV is not authorized for use in the following patient populations'?:
e Adults or pediatric patients who are hospitalized due to COVID-19, or
o Adults or pediatric patients who require oxygen therapy due to COVID-
19, or
e Adults or pediatric patients who require an increase in baseline oxygen
flow rate due to COVID-19 in those patients on chronic oxygen therapy
due to underlying non-COVID-19-related comorbidity.

¢ REGEN-COV is not authorized for treatment of mild to moderate COVID-19 in
geographic regions where infection is likely to have been caused by a non-susceptible

11 No other criteria of issuance have been prescribed by regulation under Section 564(c)(4) of the Act.

12 « Aythorized Distributor(s)” are identified by Regeneron as an entity or entitics allowed to distribute authorized
REGEN-COV.

13 Monoclonal antibodies, such as casirivimab and imdevimab, may be associated with worse clinical outcomes
when administered to hospitalized patients with COVID-19 requiring high flow oxygen or mechanical ventilation,
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SARS-CoV-2 variant, based on available information including variant susceptibility
to this drug and regional variant frequency.'*

e REGEN-COV may only be administered in settings in which health care providers
have immediate access to medications to treat a severe infusion reaction, such as
anaphylaxis, and the ability to activate the emergency medical system (EMS), as
necessary.

e REGEN-COV is authorized for intravenous infusion. Subcutaneous injection is
authorized as an alternative route of administration when intravenous infusion is not
feasible and would lead to delay in treatment.

e The use of REGEN-COV covered by this authorization must be in accordance with
the authorized Fact Sheets.

Post-Exposure Prophylaxis

¢ REGEN-COV may only be used in adult and pediatric individuals (12 years of age
and older weighing at least 40 kg) for post-exposure prophylaxis of COVID-19 in
individuals who are at high risk for progression to severe COVID-19, including
hospitalization or death, and are:

o not fully vaccinated'® or who are not expected to mount an adequate immune
response to complete SARS-CoV-2 vaccination (for example, individuals with
immunocompromising conditions including those taking immunosuppressive
medications'®) and

e have been exposed to an individual infected with SARS-CoV-2
consistent with close contact criteria per Centers for Disease Control
and Prevention (CDC)' or

e who are at high risk of exposure to an individual infected with SARS-
CoV-2 because of occurrence of SARS-CoV-2 infection in other

14 FDA will monitor conditions to determine whether use in a geographic region is consistent with this scope of
authorization, referring to available information, including information on variant susceptibility (see, e.g., section 15
of authorized Fact Sheet for Healthcare Providers), and the CDC regional variant frequency data available at:
https://covid.cde.gov/covid-data-tracker/#variant-proportions. FDA’s determination and any updates will be
available at: https://www.fda.cov/emergency-preparedness-and-response/mem-legal-regulatory-and-policy-
framework/emergency-use-authorization#coviddrugs.

15 Individuals are considered to be fully vaccinated 2 weeks after their second vaccine dose in a 2-dose series (such
as the Pfizer or Moderna vaccines), or 2 weeks after a single-dose vaccine (such as the Johnson & Johnson/ Janssen
vaccine). See this website for more details: hitps://www.cdc.gov/coronavirus/2019-ncov/vaccmes/fully-

vaccinated html#vaccinated,

16 See this website for more details: https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-
vaccinated-people html

17 Close contact with an infected individual is defined as: being within 6 feet for a total of 15 minutes or more,
providing care at home to someone who is sick, having direct physical contact with the person (hugging or kissing,
for example), sharing eating or drinking utensils, or being exposed to respiratory droplets from an infected person
(sneezing or coughing, for example). See this website for additional details: htips://www.cde.gov/coronayirs/2019-

ncov/if-you-are-sick/quarantine. html
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individuals in the same institutional setting (for example, nursing
homes, prisons).

o The monoclonal antibodies that comprise REGEN-COV, casirivimab and imdevimab,
may only be administered together;

e REGEN-COV is not authorized for post-cxposure prophylaxis of COVID-19 in
geographic regions where exposure is likely to have been to a non-susceptible SARS-
CoV-2 variant, based on available information including variant susceptibility to
these drugs and regional variant frequency. '®

¢ REGEN-COV may only be administered in settings in which health care providers
have immediate access to medications to treat a severe infusion reaction, such as
anaphylaxis, and the ability to activate the emergency medical system (EMS), as
necessary.

o REGEN-COV is authorized for either infravenous infusion or subcutaneous injection
when administered for post-exposure prophylaxis under this authorization.

e The use of REGEN-COV covered by this authorization must be in accordance with
the authorized Fact Sheets.

o Post-exposure prophylaxis with REGEN-COV (casirivimab with imdevimab) is not
intended to be a substitute for vaccination against COVID-19.

e REGEN-COV is not authorized for pre-exposure prophylaxis for prevention of
COVID-19.

Product Description

Casirivimab and imdevimab are recombinant neutralizing human IgG1 monoclonal antibodies that target
the receptor binding domain of the spike protein of SARS-CoV-2. REGEN-COV is available in three
distinct presentations: (1) REGEN-COV co-packaged in an individual carton, (2) REGEN-COV in dose
pack bags, and (3) co-formulated solution of REGEN-COV."

1% Supra at Noie 14.

19 Individual vials of casirivimab and imdevimab distributed in interstate commerce prior to the reissuance of this
letter on February 3, 2021 remain authorized for emergency use. FDA is not requiring that such product be
repackaged given the public health need for the product. The use of the individual vials of casirivimab and
imdevimab must be consistent with the terms and conditions of this authorization. Individual vial labels for
casirivimab and imdevimab and carton labeling may be clearly marked with either “Caution: New Drug - Limited by
Federal (or United States) law fo investigational use” or with “For use under Emergency Use Authorization

(EUAY”. Some vial labels and carton labeling of casirivimab and imdevimab may be instead labeled with the
Investigational New Drug (IND) clinical trial code name as “REGN10933” and “REGN10987", respectively.
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(1) Co-packaged REGEN-COV: Co-packaged REGEN-CQV is comprised of one vial each of both
casirivimab and imdevimab inside a single carton. Individual vial and carton container labeling for
casirivimab and imdevimab covered in the authorized co-packaged presentation will be clearly marked
with either “For pandemic use” or “For Use under Emergency Use Authorization.”

Casirivimab is available as 300 mg/2.5 mL (120 mg/mL) or 1332 mg/11.1 mL (120 mg/mL) stenle,
preservative-free aqueous solution to be diluted prior to infusion. Imdevimab is available as 300 mg/2.5
mL (120 mg/mL) or 1332 mg/11.1 mL (120 mg/mL) sterile, preservative-free aqueous solution to be
diluted prior to infision. Co-packaged REGEN-COV supplied in the 1332 mg/11.1 mL strength
presentation will include a sufficient number of vials of casirivimab and imdevimab to prepare more
than one dose.

The authorized storage and handling information for the co-packaged REGEN-COYV is included in the
authorized Fact Sheet for Healthcare Providers.

(2) Dose pack bags: Dose pack bags of REGEN-COV will include a sufficient number of vials of
casirivimab and imdevimab to prepare more than one dose. Individual vials and carton container labeling
for casirivimab and imdevimab included in dose pack bags are clearly marked “For Use under
Emergency Use Authorization.” Casirivimab and imdevimab are recombinant neutralizing human IgG1
monoclonal antibodies that target the receptor binding domain of the spike protein of SARS-CoV-2.

Casirivimab is available as 300 mg/2.5 mL (120 mg/mL) or 1332 mg/11.1 mL (120 mg/mL) sterile,
preservative-free aqueous solution to be diluted prior to infusion. Imdevimab is available as 300 mg/2.5
mL (120 mg/mL} or 1332 mg/11.1 mL (120 mg/mL) sterile, preservative-fiee aqueous solution to be
diluted prior to infusion.

The authorized storage and handling information for the dose pack bags of REGEN-COV is included in
the authorized Fact Sheet for Healthcare Providers.

(3) Co-formulated solution of REGEN-COV. The co-formulated solution of REGEN-COV contains two
antibodies in a 1:1 ratio in a single dose vial consisting of 600 mg casirivimab and 600 mg of imdevimab
per 10 mL (60 mg/60 mg per mL). Individual vials of co-formulated REGEN-COV are clearly marked
“For Use under Emergency Use Authorization.”

Co-formulated casirivimab and imdevimab is a sterile, preservative-free, clear to slightly opalescent,
colorless to pale yellow solution. Co-formulated REGEN-COV may be administered via intravenous
infusion or subcutaneous injection.

The authorized storage and handling information for the co-formulated solution of REGEN-COV is
included in the authorized Fact Sheet for Healthcare Providers.

Any presentation of REGEN-COV described above may be prepared for intravenous infusion or
subcutaneous injection.?’

20 Certain carton labeling for the co-packaged presentation of REGEN-COV is labeled as “casirivimab and
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REGEN-COV is authorized for emergency use with the following product-specific information
required to be made available to healthcare providers and patients/caregivers, respectively,
through Regeneron’s website at www.REGENCOV.com:

e Fact Sheet for Health Carc Providers: Emergency Use Authorization (EUA) of REGEN-
COV (casirivimab and imdevimab)

o Fact Sheet for Patients, Parents and Caregivers: Emergency Use Authorization (EUA) of
REGEN-COV (casirivimab and imdevimab) for Coronavirus Disease 2019 (COVID-19)

The co-packaged presentation of REGEN-COV that is labeled “For pandemic use” is also
authorized for emergency use with the document entitled Casirivimab and Imdevimab Co-
Packaged Product Quick Reference Guide, which must accompany this authorized co-packaged
presentation of REGEN-COV in hardcopy format.

I have concluded, pursuant to Section 564(d)(2) of the Act, that it is reasonable to believe that
the known and potential benefits of REGEN-COV, when used for treatment and as post-
exposure prophylaxis of COVID-19 as described in this Scope of Authorization (Section II),
outweigh the known and potential risks.

I have concluded, pursuant to Section 564(d)(3) of the Act, based on the totality of scientific
evidence available to FDA, that it is reasonable to believe that REGEN-COV may be effective for
treatment and as post-exposure prophylaxis of COVID-19 when used in accordance with this
Scope of Authorization (Section II), pursuant to Section 564(c)(2)(A) of the Act.

Having reviewed the scientific information available to FDA, including the information
supporting the conclusions described in Section I above, I have concluded that REGEN-COV (as
described in this Scope of Authorization (Section II)) meets the criteria set forth in Section 564(c)
of the Act concerning safety and potential effectiveness.

The emergency use of your product under an EUA must be consistent with, and may not exceed, the
terms of the Authorization, including the Scope of Authorization (Section IT) and the Conditions of
Authorization (Section III). Subject to the terms of this EUA and under the circumstances set forth in
the Secretary of HHS's determination under Section 564(b)(1)XC) described above and the Secretary
of HHS’s corresponding declaration under Section 564(b)(1), REGEN-COV is authorized for
treatment and as post-exposure prophylaxis of COVID-19 as described in this Scope of
Authorization (Section IT) under this EUA, despite the fact that it does not meet certain requirements
otherwise required by applicable federal law.

111 Conditions of Anthorization

Pursuant to Section 564 of the Act, I am establishing the following conditions on this authorization:

imdevimab 120 mg/mL concentrate for solution for infusion. The vials in the carton for the co-packaged
presentation of REGEN-COV may be used to prepare and administer REGEN-COV for either intravenous infusion
or subcutaneous injection despite this labeling.
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Regeneron and Authorized Distributors

A

Regeneron and authorized distributor(s) will ensure that the authorized REGEN-COV is
distributed as directed by the U.S. government, and the authorized labeling (1.e., Fact
Sheets) will be made available to healthcare facilities and/or healthcare providers consistent
with the terms of this letter.

Regeneron and authorized distributor(s) will ensure that appropriate storage and cold chain
is maintained until the product is delivered to healthcare facilities and/or healthcare
providers.

Regeneron and authorized distributor(s) will ensure that the terms of this EUA are made
available to all relevant stakeholders (e.g., U.S. government agencies, state and local
government authorities, authorized distributors, healthcare facilities, healthcare providers)
involved in distributing or receiving authorized REGEN-COV. Regeneron will provide to
all relevant stakeholders a copy of this letter of authorization and communicate any
subsequent amendments that might be made to this letter of authorization and its authorized
accompanying materials (i.e., Fact Sheets).

Regeneron may request changes to this authorization, including to the authorized Fact
Sheets for REGEN-COV. Any request for changes to this EUA must be submitted to the
Office of Infectious Diseases/Office of New Drugs/Center for Drug Evaluation and
Research. Such changes require appropriate authorization prior to implementation.?!

Regeneron may develop and disseminate instructional and educational materials (e.g.,
materials providing information on product administration and/or patient monitoring) that
are consistent with the authorized emergency use of REGEN-COV as described in this
letter of authorization and authorized labeling, without FDA’s review and concurrence,
when necessary to meet public health needs. Any instructional and educational materials
that are inconsistent with the authorized labeling for REGEN-COV are prohibited. Should
the Agency become aware of any instructional or educational materials that are inconsistent
with the authorized labeling for REGEN-COV, the Agency will require Regeneron to cease
distribution of such instructional and educational materials.

21 The following types of revisions may be authorized without reissuing this letter: (1) changes to the authorized
labeling; (2) non-substantive editorial corrections to this leiter; (3) new types of authorized labeling, including new
fact sheets; (4) new carton/container labels; (5) expiration dating extensions; (6) changes to manufacturing
processes, including tests or other authorized components of manufacturing; {7) new conditions of authorization to
require data collection or study; (8) new strengths of the authorized product, new product sources (e.g., of active
pharmaceutical ingredient) or of product components. For changes to the authorization, including the authorized
labeling, of the type listed in (3), (6), (7), or (8), review and concurrence is required from the Counter-Terrorism and
Emergency Coordination Staff/Office of the Center Director/CDER and the Office of Counterterrorism and
Emerging Threats/Office of the Chief Scientist.
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F. Regeneron will report to FDA serious adverse events and all medication errors associated
with the use of the authorized REGEN-COV that are reported to Regeneron using either of
the following options.

Option 1: Submit reports through the Safety Reporting Portal (SRP) as described on the FDA
SRP web page.

Option 2: Submit reports directly through the Electronic Submissions Gateway (ESG) as
described on the FAERS electronic submissions web page.

Submitted reports under both options must state: “REGEN-COV use for COVID-19 under
Emergency Use Authorization (EUA).” For reports submitted under Option 1, include this
language at the beginning of the question ‘“Describe Event” for further analysis. For reports

submitted under Option 2, include this language at the beginning of the “Case Narrative”
field.

G. All manufacturing, packaging, and testing sites for both drug substance and drug product
will comply with current good manufacturing practice requirements of Section
501(a)(2)(B) of the Act.

H. Regeneron will submit information to the Agency within three working days of receipt of
any information concerning significant quality problems with distributed drug product of
REGEN-COYV that includes the following:

o Information concerning any incident that causes the drug product or its labeling
to be mistaken for, or applied to, another article; or

o Information concerning any microbiological contamination, or any significant
chemical, physical, or other change or deterioration in the distributed drug
product, or any failure of one or more distributed batches of the product to meet
the established specifications.

If a significant quality problem affects unreleased product and may also impact product(s)
previously released and distributed, then information must be submitted for all potentially
impacted lots.

Regeneron will include in its notification to the Agency whether the batch, or batches, in
question will be recalled. If FDA requests that these, or any other batches, at any time, be
recalled, Regeneron must recall them.

If not included in its initial notification, Regeneron must submit information
confirming that Regeneron has identified the root cause of the significant quality
problems and taken corrective action, and provide a justification confirming that the
corrective action is appropriate. Regeneron must submit this information as soon as
possible but no later than 45 calendar days from the initial notification.

I. Regeneron will manufacture REGEN-COV to meet all quality standards and per the
manufacturing process and control strategy as detailed in Regeneron’s EUA request.
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Regeneron will not implement any changes to the description of the product,
manufacturing process, facilities and equipment, and elements of the associated control
strategy that assure process performance and quality of the authorized product, without
notification to and concurrence by the Agency as described under condition D.

J. Regeneron will list the single dose pack bag, the co-packaged product, and the co-
formulated product containing casirivimab and imdevimab with unique NDC product
codes from each other and the NDC product codes of the single ingredient listings under
the marketing category of Unapproved Drug-Other. As applicable, different vial sizes
should be identified by a different package NDC within the product NDC. Further, the
listing will inchude each establishment where manufacturing is performed for the drug and
the type of operation performed at such establishment.

K. Through a process of inventory control, Regeneron and authorized distributor(s) will
maintain records regarding distribution of the authorized casirivimab and imdevimab (i.e.,
lot numbers, quantity, receiving site, receipt date).

L. Regeneron and authorized distributor(s) will make available to FDA upon request any
records maintained in connection with this EUA.

M. Regeneron will establish a process for monitoring genomic database(s) for the emergence
of global viral variants of SARS-CoV-2. A summary of Regeneron’s process should be
submitted to the Agency as soon as practicable, but no later than 30 calendar days of the
issuance of this letter, and within 30 calendar days of any material changes to such process.
Regeneron will provide reports to the Agency on a monthly basis summarizing any
findings as a result of its monitoring activities and, as needed, any follow-up assessments
planned or conducted.

N. FDA may require Regeneron to assess the activity of the authorized REGEN-COV against
any global SARS-CoV-2 variant(s) of interest (e.g., variants that are prevalent or becoming
prevalent that harbor substitutions in the target protein or in protein(s) that interact with the
target protein). Regeneron will perform the required assessment in a manner and timeframe
agreed upon by Regeneron and the Agency. Regeneron will submit to FDA a preliminary
summary report immediately upon completion of its assessment followed by a detailed
study report within 30 calendar days of study completion. Regeneron will submit any
relevant proposal(s) to revise the authorized labeling based on the results of its assessment,
as may be necessary or appropriate based on the foregoing assessment.

O. Regeneron shall provide samples as requested of the authorized REGEN-COV fto the U.S.
Department of Health and Human Services (HHS) for evaluation of activity against
emerging global viral variants of SARS-CoV-2, including specific amino acid
substitution(s) of interest (e.g., variants that are highly prevalent or that harbor substitutions
in the target protein) within 5 business days of any request made by HHS. Analyses
performed with the supplied quantity of authorized REGEN-COV may include, but are not
limited to, cell culture potency assays, protein binding assays, cell culture variant assays
(pseudotyped virus-like particles and/or authentic virus), and in vivo efficacy assays.
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P. Regeneron will submit to FDA all sequencing data assessing REGEN-COV, including
sequencing of any participant samples from the full analysis population from COV-2067
that have not yet been completed no later than July 30, 2021. Regeneron will provide the
Agency with a frequency table reporting all substitutions detected for all participants at all
available time points at a frequency >5%.

Q. Regeneron will submit to FDA all SARS-CoV-2 nasopharyngeal viral shedding and blood
viral load data, including quantitation of viral load for any participant samples from the full
analysis population for which REGEN-COV is currently authorized from COV-2067 that
have not yet been completed, no later than July 30, 2021.

Healthcare Facilities to Whom the Authorized REGEN-COV Is Distributed and Healthcare Providers
Administering the Authorized Casirivimab and Imdevimab

R. Healthcare facilities and healthcare providers will ensure that they are aware of the letter of
authorization, and the terms herein, and that the authorized Fact Sheets are made available
to healthcare providers and to patients and caregivers, respectively, through appropriate
means, prior to administration of REGEN-COV.

S. Healthcare facilities and healthcare providers receiving REGEN-COV will track serious
adverse events and medication errors that are considered to be potentially attributable to
REGEN-COV use and must report these to FDA in accordance with the Fact Sheet for
Healthcare Providers, Complete and submit a MedWatch form
(www.fda.gov/medwatch/report.htm), or Complete and submit FDA Form 3500 (health
professional) by fax (1-800-FDA-0178) (these forms can be found via link above). Call 1-
800-FDA-1088 for questions. Submitted reports must state, “REGEN-COV use for
COVID-19 under Emergency Use Authorization” at the beginning of the question
“Describe Event” for further analysis.

T. Healthcare facilities and healthcare providers will ensure that appropriate storage and cold
chain is maintained until the product is administered consistent with the terms of this letter.

U. Through a process of inventory control, healthcare facilities will maintain records regarding
the dispensed authotized REGEN-COV (i.e., lot numbers, quantity, receiving site, receipt
date), product storage, and maintain patient information (e.g., patient name, age, disease
manifestation, number of doses administered per patient, other drugs administered).

V. Healthcare facilities will ensure that any records associated with this EUA are maintained
until notified by Regeneron and/or FDA. Such records will be made available to
Regeneron, HHS, and FDA for inspection upon request.

W. Healthcare facilities and providers will report therapeutics information and utilization data
as directed by the U.S. Department of Health and Human Services.
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Conditions Related to Printed Matter, Advertising and Promotion

X. All descriptive printed matter, advertising, and promotional materials relating to the use of
the REGEN-COV under this authorization shall be consistent with the authorized labeling,
as well as the terms set forth in this EUA, and meet the requirements set forth in section
502(a) and (n) of the Act and FDA implementing regulations, as applicable. References to
“approved labeling”, “permitted labeling” or similar terms in these requirements shall be
understood to refer to the authorized labeling for the use of REGEN-COV under this
authorization. In addition, such materials shall:

e Be tailored to the intended audience.

o Not take the form of reminder advertisements, as that term is described in 21
CFR 202.1(c}(2)(i), 21 CFR 200.200 and 21 CFR 201.100(f).

e Present the same risk information relating to the major side effects and
contraindications concurrently in the audio and visual parts of the presentation
for advertising and promotional materials in audio-visual format.

» Be accompanied by the authorized labeling, if the promotional materials are not
subject to Section 502(n) of the Act.

¢ Be submitted to FDA accompanied by Form FDA-2253 at the time of initial
dissemination or first use.

If the Agency notifies Regeneron that any descriptive printed matter, advertising or
promotional materials do not meet the terms set forth in conditions X-Z of this EUA,
Regeneron must cease distribution of such descriptive printed matter, advertising, or
promotional matertals in accordance with the Agency’s notification. Furthermore, as part
of its notification, the Agency may also require Regeneron to issue corrective
communication(s).

Y. No descriptive printed matter, advertising, or promotional materials relating to the use of
REGEN-COV under this authorization may represent or suggest that REGEN-COV is safe
or effective when used for the treatment of COVID-19 or when used as post-exposure
prophylaxis as described in the Scope of Authorization (Section II).

Z. All descriptive printed matter, advertising, and promotional material, relating to the use of
the REGEN-COV under this authorization shall clearly and conspicuously state that.

s REGEN-COV has not been approved, but has been authorized for emergency
use by FDA under an EUA, for treatment and as post-exposure prophylaxis of
COVID-19 in certain adults and pediatric individuals (12 years of age and older
weighing at least 40 kg) with high risk for progression to severe COVID-19,
including hospitalization or death, and

e The emergency use of REGEN-COV is only authorized for the duration of the
declaration that circumstances exist justifying the authorization of the
emergency use of drugs and biological products during the COVID-19
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pandemic under Section 564(b)(1) of the Act, 21 U.S.C. § 360bbb-3(b)(1),
unless the declaration is terminated or authorization revoked sooner.

Iv. Duration of Authorization

This EUA will be effective until the declaration that circumstances exist justifying the
authorization of the emergency use of drugs and biological products during the COVID-19
pandemic is terminated under Section 564(b}(2) of the Act or the EUA is revoked under Section
564(g) of the Act.

Sincerely,

1S/

Jacqueline A. O'Shaughnessy, Ph.D.
Acting Chief Scientist
Food and Drug Administration



FACT SHEET FOR HEALTH CARE PROVIDERS
EMERGENCY USE AUTHORIZATION (EUA) OF REGEN-COV®
(casirivimab and imdevimab)

AUTHORIZED USE

TREATMENT

The U.S. Food and Drug Administration (FDA) has issued an Emergency Use Authorization
(EUA) to permit the emergency use of the unapproved product, REGEN-COV (casirivimab
and imdevimab) co-formulated product and REGEN-COYV (casirivimab and imdevimab)
supplied as individual vials to be administered together, for the treatment of mild to moderate
coronavirus disease 2019 (COVID-19) in adult and pediatric patients (12 years of age and
older weighing at least 40 kg) with positive results of direct SARS-CoV-2 viral testing, and
who are at high risk for progression to severe COVID-19, including hospitalization or death.

Limitations of Authorized Use
¢ REGEN-COV is not authorized for treatment of mild to moderate COVID-19 in
geographic regions where infection is likely to have been caused by a non-susceptible
SARS-CoV-2 variant based on available information such as variant susceptibility to
this drug and regional variant frequency.

o FDA’s determination and any updates will be available at:
https://www.fda.gov/emergency-preparedness-and-response/mcm-legal-
regulatory-and-policy-framework/emergency-use-authorization#coviddrugs .

e REGEN-COV (casirivimab and imdevimab) is not authorized for use in patients:

o who are hospitalized due to COVID-19, OR

o who require oxygen therapy due to COVID-19, OR

o who require an increase in baseline oxygen flow rate due to COVID-19 in
those on chronic oxygen therapy due to underlying non-COVID-19 related
comorbidity.

¢ Monoclonal antibodies, such as REGEN-COV, may be associated with worse clinical
outcomes when administered to hospitalized patients with COVID-19 requiring high
flow oxygen or mechanical ventilation.

POST-EXPOSURE PROPHYLAXIS
The U.S. Food and Drug Administration (FDA) has issued an Emergency Use Authorization
(EUA) to permit the emergency use of the unapproved product, REGEN-COV (casirivimab
and imdevimab) co-formulated product and REGEN-COV (casirivimab and imdevimab)
supplied as individual vials to be administered together, in adult and pediatric individuals (12
years of age and older weighing at least 40 kg) for post-exposure prophylaxis of COVID-19
in individuals who are at high risk for progression to severe COVID-19, including
hospitalization or death, and are:

o not fully vaccinated” or who are not expected to mount an adequate immune response

to complete SARS-CoV-2 vaccination (for example, individuals with

| FDA will monitor conditions to determine whether use in a geographic region is consistent with this scope of authorization,
referring to available information, including information on variant susceptibility [see Microbiology/Resistance Information
{15)], and CDC regional variant frequency data available at: https://covid.cdc.gov/covid-data-tracker/#variant-proportions.
ndividuals are considered to be fully vaccinated 2 weeks after their second vaccine dose in a 2-dose series {such as the
Pfizer or Moderna vacceines), or 2 weeks after a single-dose vaccine (such as Johnson & Johnson’s Janssen vaccine). See
this website for more details: https://www.cdc.gov/coronavirus/20 | 9-ncov/vaccines/fully-vaccinated htinBfvaccinated
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immunocompromising conditions including those taking immunosuppressive
medications®) and
o have been exposed to an individual infected with SARS-CoV-2 consistent
with close contact criteria per Centers for Disease Control and Prevention
(CDC)! or
o who are at high risk of exposure to an individual infected with SARS-CoV-2
because of occurrence of SARS-CoV-2 infection in other individuals in the
same institutional setting (for example, nursing homes, prisons) fsee
Limitations of Authorized Use (1.2)].

Limitations of Authorized Use
» REGEN-COV is not authorized for post-exposure prophylaxis of COVID-19 in
geographic regions where exposure is likely to have been to a non-susceptible SARS-
CoV-2 variant, based on available information including variant susceptibility to this
drug and regional variant frequency.
o  FDA’s determination and any updates will be available at:
htips://www fda.gov/emergency-preparedness-and-response/mcm-legal-
regulatory-and-policy-framework/emergency-use-authorization#coviddrugs. *
e Post-exposure prophylaxis with REGEN-COV (casirivimab and imdevimab) is not a
substitute for vaccination against COVID-19.
e REGEN-COV (casirivimab and imdevimab) is not authorized for pre-exposure
prophylaxis for prevention of COVID-19.

RECENT MAJOR CHANGES
e Limitations of Authorized Use: updated Limitations of Authorized
Use for treatment and post-exposure prophylaxis Revised 1/2022
» Box-Removed SARS-CoV-2 viral variant section Revised 1/2022

e Antiviral Resistance (Section 15): addition of information on

susceptibility of SARS-CoV-2 variants to REGEN-COV

(Tables 9 and 10) and updates based on latest viral surveillance

report Revised 12/2021, 8/2021
e Dosage and Administration (Section 2.4) and How Supplied/

Storage and Handling (Section 19): updated storage temperature

range and duration Revised 11/2021

o Dosage and Administration (Box, Section 2.4, Section 3,
Section 19); addition of co-packaged carton Revised 09/2021

» Dosage and Administration (Section 2.4): addition of 5% Dextrose
as diluent Revised 09/2021

¢ Authorized Use: addition of new indication for post-exposure

3 See this website for more details: https:/www.cde.gov/coronavirus/2019-ncov/science/science-briefs/fuily-vaccinated-
peaple.html

# Close contact with an infected individual is defined as: being within 6 feet for a total of 15 minutes or more, providing care
at home to someone who is sick, having direct physical contact with the person (hugging or kissing, for example), sharing
eating or drinking utensils, or being exposed to respiratory droplets from an infected person (sneezing or coughing, for
example). See this website for additional details: https;//www.cde.gov/coronavirus/2019-ncov/if-you-are-

sick/quarantine.html

5 FDA will monitor conditions to determine whether use in a geographic region is consistent with this scope of authorization,
referring to available information, including information on variant susceptibility [see Microbiology/Resistance Information
{13)], and CDC regional variant frequency data available at: https://covid.ede.govicovid-data-tracker/#variant-proportions.
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prophylaxis of COVID-19 Revised 07/2021

o Dosage and Administration (Box, and Section 2.2): updated
authorized dosage for post-exposure prophylaxis of COVID-19 Revised 07/2021

o Authorized Use: expanded the definition of progression of severe

COVID-19 to include death Revised 06/2021
¢ Dosage and Administration (Box. and Section 2.2): updated
authorized dosage Revised 06/2021

e Dosage and Administration (Box, Section 2.2 and 2.4): updated with
subcutaneous route of administration as an alternative for those who

cannot receive intravenous infusion Revised 06/2021
¢ Dosage and Administration (Box, Section 2.2 and 2.4): updated with
co-formulation Revised 06/2021

o Warnings: Hypersensitivity Including Anaphylaxis and Infusion-
Related Reactions (Section 5.1): addition of vasovagal reactions Revised 06/2021

e Overall Safety Summary, Clinical Trials Experience (Section 6.1):
addition of Phase 3 results and safety with subcutaneous dosing Revised 06/2021
¢ Clinical Trial Results and Supporting Data for EUA, Miid to

Moderate COVID-19 (Section 18.1): addition of Phase 3 data for

the authorized dose Revised 06/2021
¢ Dosage and Administration (Box and Section 2.1): updated
high risk criteria for patient selection Revised 05/2021

s Dose Preparation and Administration Instructions (Section 2.4):

provides updated minimum infusion times based on size of

infusion bag used Revised 03/2021
e New proprietary name: REGEN-COV Revised 02/2021

e Warnines: Hypersensitivity Including Anaphylaxis and

Infusion-Related Reactions (Section 5.1) — addition of new

symptoms Revised 02/2021
s Warnings: Clinical Worsening After REGEN-COV
Administration (Section 5.2) — new warning added Revised 02/2021

REGEN-COV has been authorized by FDA for the emergency uses described above.
REGEN-COV is not FDA-approved for these uses.

REGEN-COV is authorized only for the duration of the declaration that circumstances cxist
justifying the authorization of the emergency use of REGEN-COV under section 564(b)(1) of
the Act, 21 U.S.C. § 360bbb-3(b)(1), unless the authorization is terminated or revoked
sooner.

Treatment

This EUA is for the use of the unapproved product, REGEN-COV (casirivimab and
imdevimab) co-formulated product and REGEN-COYV (casirivimab and imdevimab)
supplied as individual vials to be administered together, for the treatment of mild to
moderate COVID-19 in adult and pediatric patients (12 years of age and older
weighing at least 40 kg) with positive results of direct SARS-CoV-2 viral testing, and
who are at high risk for progression to severe COVID-19, including hospitalization or
death [see Limitations of Authorized Use (1.1)].
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Post-Exposure Prophvlaxis
This EUA is for the use of the unapproved product, REGEN-COV (casirivimab and

imdevimab) co-formulated product and REGEN-COV (casirivimab and imdevimab)
supplied as individual vials to be administered together, in adult and pediatric
individuals (12 years of age and older weighing at least 40 kg) for post-exposure
prophylaxis of COVID-19 in individuals who are at high risk for progression to
severe COVID-19, including hospitalization or death, and are:

« not fully vaccinated? or who are not expected to mount an adequate immune
response to complete SARS-CoV-2 vaccination (for example, individuals with
immunocompromising conditions including these taking immunosuppressive
medications®) and

- have been exposed to an individual infected with SARS-CoV-2
consistent with close contact criteria per Center for Disease Control
and Prevention (CDC)*or
who are at high risk of exposure to an individual infected with SARS-
CoV-2 because of occurrence of SARS-CoV-2 infection in other
individuals in the same institutional setting (for example, nursing
homes, prisons) {see Limitations of Authorized Use (1.2)].

Criteria for Identifying High Risk Individuals
The following medical conditions or other factors may place adults and pediatric patients
(age 12-17 years and weighing at least 40 kg) at higher risk for progression 1o severc
COVID-19:
o Older age (for example, age >65 years of age)
e Obesity or being overweight (for example, BMI >25 kg/m?, or if age 12-17, have
BMI >85th percentile for their age and gender based on CDC growth charts,

https://www.cdc.gov/growthcharts/clinical _charts htm})

+ Pregnancy

e Chronic kidney disease

* Diabetes

o Immunosuppressive disease or immunosuppressive treatment

s Cardiovascular disease (including congenital heart disease) or hypertension

Chronic lung diseases (for example, chronic obstructive pulmonary disease, asthma

[moderate-to-severe], interstitial lung disease, cystic fibrosis and pulmonary

hypertension)

Sickle cell disease

o Neurodevelopmental disorders (for example, cerebral palsy) or other conditions that
confer medical complexity (for example, genetic or metabolic syndromes and
severe congenital anomalies)

» Having a medical-related technological dependence (for example, tracheostomy,

gastrostomy, or positive pressure ventilation (not related to COVID-19))

Other medical conditions or factors (for example, race or ethnicity) may also place
individual patients at high risk for progression to severe COVID-19 and authorization of
REGEN-COV under the EUA is not limited to the medical conditions or factors listed
above. For additional information on medical conditions and factors associated with
increased risk for progression to severe COVID, see the CDC website:
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htips-//www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-
conditions.html. Healthcare providers should consider the benefit-risk for an individual
patient.

Available Dosage Forms of REGEN-COV:

REGEN-COV (casirivimab and imdevimab) is available as:
1. A single vial which contains two antibodies co-formulated in a 1:1 ratio of
casirivimab and imdevimab or
2. Individual antibody solutions in separate vials, which may be supplied in separate
cartons or together in a single carton (also referred to as a co-packaged carton), or
in a dose pack.

Routes of Administration for REGEN-COV:

REGEN-COV may be administered by intravenous infusion or subcutaneous i ection.

FOR TREATMENT, INTRAVENOUS INFUSION IS STRONGLY
RECOMMENDED. SUBCUTANEOUS INJECTION IS AN ALTERNATIVE
ROUTE OF ADMINISTRATION WHEN INTRAVENOUS INFUSION IS NOT
FEASIBLE AND WOULD LEAD TO DELAY IN TREATMENT.

FOR POST-EXPOSURE PROPHYLAXIS, EITHER SUBCUTANEOUS
INJECTION OR INTRAVENOUS INFUSION CAN BE USED.

Treatment Dosage
e The authorized dosage is 600 mg of casirivimab and 600 mg of imdevimab

administered together as a single intravenous infusion or by subcutaneous injection
as soon as possible after positive SARS-CoV-2 viral testing and within 10 days of
symptom onset [see Dosage and Administration (2.2) and Clinical Trial Results and
Supporting Data for EUA (18.1)].

e The authorized dosage of 600 mg of casirivimab and 600 mg of imdevimab for
subcutancous administration for treatment is selected based on the totality of the
scientific evidence, incorporating clinical data, viral load reduction data
(pharmacodynamics) and pharmacokinetic data [see C linical Pharmacology (14.2)
and (14.3)].

Post-exposure Prophylaxis Dosage

e The authorized dosage is 600 mg of casirivimab and 600 mg of imdevimab
administered by subcutaneous injection or together as a single intravenous infusion
as soon as possible following exposure to SARS-CoV-2.

e Tor individuals in whom repeat dosing is determined to be appropriate for ongoing
exposure to SARS-CoV-2 for longer than 4 weeks and who are not expected to
mount an adequate immune response to complete SARS-CoV-2 vaccination, the
initial dose is 600 mg of casirivimab and 600 mg of imdevimab by subcutaneous
injection or intravenous infusion followed by subsequent repeat dosing of 300 mg
of casirivimab and 300 mg of imdevimab by subcutaneous injection or infravenous
infusion once every 4 weeks for the duration of ongoing exposure.
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e The authorized dosage including dosage for repeat dosing is based on the totality of
the scientific evidence including clinical pharmacology data and clinical trial data
[see Clinical Trial Results and Supporting Data for EUA (18.2) and Clinical
Pharmacology (14.3)].

For Intravenous Infusion.

e Co-formulated casirivimab and imdevimab solution in a vial and casirivimab and
imdevimab solutions in individual vials must be diluted prior to intravenous
administration.

e Administer casirivimab and imdevimab together as a single intravenous infusion
via pump or gravity (see Table 1, Table 2, Table 3 and Table 4).

e Clinically monitor patients during infusion and observe patients for at least 1 hour
after infusion is complete.

For Subcutaneous Injection.:

o Administer casirivimab and imdevimab using the co-formulated solution in a vial
or using the individual vials (see Table 5 and Table 6).

s Clinicaily monitor patients after injections and observe patients for at least 1 hour
after injections.

e For treatment, subcutaneous injection is an alternative route of administration when
intravenous administration is not feasible and would lead to delay in treatment. For
post-exposure prophylaxis, either subcutaneous injection or intravenous infusion can
be administered.

REGEN-COV may only be administered in settings in which health care providers have
immediate access to medications fo treat a severe infusion or hypersensitivity reactions,

such as anaphylaxis, and the ability to activate the emergency medical system (EMS), as
necessary.

Health care providers must submit a report on ALL MEDICATION ERRORS and ALL
SERIOUS ADVERSE EVENTS potentially related to REGEN-COV. See Sections 8 and
9 of the Full EUA Prescribing Information for reporting instructions below.

e Patients treated with REGEN-COV should continue to self-isolate and use infection
control measures (c.g., wear mask, isolate, social distance, avoid sharing personal
items, clean and disinfect “high touch” surfaces, and frequent handwashing)
according to CDC guidelines.

The authorized dosage may be updated as additional data from clinical trials becomes
available.

For information on clinical trials that are testing the use of REGEN-COV in COVID-19,
please see www.clinicaltrials.gov.

Contraindications

REGEN-COV is contraindicated in individuals with previous severe hypersensitivity
reactions, including anaphylaxis, to REGEN-COV [see Warnings and Precautions (3.1)].
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Dosing

Patient Selection for Treatment and Post-Exposure Prophylaxis

This section provides essential information on the unapproved product, REGEN-COV
(casirivimab and imdevimab) co-formulated product and REGEN-COV {(casirivimab and
imdevimab) supplied in individual vials to be administered together in adult and pediatric
patients (12 years of age and older weighing at least 40 kg) who are at high risk for
progression to severe COVID-19, including hospitalization or death for:
e Treatment of mild to moderate COVID-19 in adult and pediatric patients with positive
results of direct SARS-CoV-2 viral testing [see Limitations of Authorized Use (1.1)].

s Post-exposure prophylaxis of COVID-19 in high risk individuals who are:

e not fully vaccinated” or who are not expected to mount an adequate immune
response to complete SARS-CoV-2 vaccination (for example, individuals with
immunocompromising conditions including those taking immunosuppressive
medications®) and

- have been exposed to an individual infected with SARS-CoV-2
consistent with close contact criteria per Centers for Disease Control
and Prevention (CDC)* or

- who are at high risk of exposure to an individual infected with SARS-
CoV-2 because of occurrence of SARS-CoV-2 infection in other
individuals in the same institutional setting (for example, nursing
homes, prisons) [see Limitations of Authorized Use (1.2)].

Criteria for Identifving High Risk Individuals

The following medical conditions or other factors may place adults and pediatric patients
(age 12-17 years and weighing at least 40 kg) at higher risk for progression to severe
COVID-19:

» Older age (for example, age 265 years of age)

» Obesity or being overweight (for example, BMI >25 kg/m?, or if age 12-17, have BMI
>85th percentile for their age and gender based on CDC growth charts,
https://www.cde.gov/erowthcharts/clinical _charts.htm)

Pregnancy

Chronic kidney disease

Diabetes

Immunosuppressive disease or immunosuppressive treatment

Cardiovascular disease (including congenital heart disease) or hypertension

Chronic lung diseases (for example, chronic obstructive pulmonary disease, asthma

[moderate-to-severe], interstitial lung disease, cystic fibrosis and pulmonary

hypertension)

o Sickle cell disease

o Neurodevelopmental disorders (for example, cerebral palsy) or other conditions that
confer medical complexity (for example, genetic or metabolic syndromes and severe
congenital anomalies)

¢+ Having a medical-related technological dependence (for example, tracheostomy,
gastrostomy, or positive pressure ventilation (not related to COVID-19))
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Other medical conditions or factors (for example, race or ethnicity) may also place individual
patients at high risk for progression to severe COVID-19 and authorization of REGEN-COV
under the EUA is not limited to the medical conditions or factors listed above. For additional
information on medical conditions and factors associated with increased risk for progression
to severe COVID-19, see the CDC website:_https://www.cdc.gov/coronavirus/2019-

ncov/need-extra-precautions/pecple-with-medical-conditions.html. Healthcare providers
should consider the benefit-risk for an individual patient.

Dosage

Treatment:

The dosage in adult and pediatric patients (12 years of age and older weighing at least 40 kg) is
600 mg of casirivimab and 600 mg of imdevimab administered together as a single
intravenous infusion or by subcutaneous injection. Casirivimab and imdevimab should be
given together as soon as possible after positive results of direct SARS-CoV-2 viral testing and
within 10 days of symptom onset.

Post-Exposure Prophylaxis:
The dosage in adult and pediatric individuals (12 years of age and older weighing at least 40

kg) is 600 mg of casirivimab and 600 mg of imdevimab administered by subcutaneous
injection or together as a single intravenous infusion. Casirivimab and imdevimab should be
given together as soon as possible following exposure to SARS-CoV-2.

For individuals in whom repeat dosing is determined to be appropriate for ongoing exposure to
SARS-CoV-2 for longer than 4 weeks and who are not expected to mount an adequate
immune response to complete SARS-CoV-2 vaccination, the initial dose is 600 mg of
casirivimab and 600 mg of imdevimab by subcutaneous injection or intravenous infusion
followed by subsequent repeat dosing of 300 mg of casirivimab and 300 mg of imdevimab by
subcutaneous injection or intravenous infusion once every 4 wecks for the duration of
ongoing exposure.

For Intravenous Infusion:

¢ Casirivimab and imdevimab solution co-formulated in a vial and in individual vials,
including co-packaged carton and dose pack, must be diluted prior to intravenous
administration.

o Administer casirivimab and imdevimab together as a single intravenous infusion via
pump or gravity (see Table 1, Table 2, Table 3 and Table 4).

e Clinically monitor patients during infusion and observe patients for at least 1 hour
after infusion is complete.

For Subcutaneous Injection:
o Administer casirivimab and imdevimab using the co-formulated vial or using the
individual vials by subcutaneous injection (see Table 5 and Table 6).
e Clinically monitor patients after injections and observe patients for at least 1 hour.

Dosage Adjustment in Specific Populations

No dosage adjustment is recommended in pregnant or lactating women and in patients with
renal impairment [see Full EUA Prescribing Information, Use in Specific Populations (11)].
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Preparation and Administration

There are TWO different formulations of REGEN-COV:
o Casirivimab and imdevimab co-formulated solution containing two antibodies in a 1:1
ratio in a vial.
e (Casirivimab and imdevimab available as individual antibody solutions in separate
vials supplied as follows:
o Individual vials in individual cartons, or
o together in a single carton (as referred to as a co-packaged carton), or
o in a dose pack. The dose pack contains individual vials of casirivimab and
imdevimab, configurations that may vary in vial size, strength and appearance and
are available in dose pack configurations that include 2, 5, and 8 cartons [see Full
EUA Prescribing Information, How Supplied/Storage and Handling (19)].

For treatment, intravenous infusion is strongly recommended. Subcutaneous injection is
an alternative route of administration when intravenous infusion is not feasible and
would lead to delay in treatment.

For post-exposure prophylaxis, either subcutaneous injection or intravenous infusion
can be used.

There are differences in the way the two formulations are prepared. Carefully follow the
preparation procedures below.

e Casirivimab and imdevimab co-formulated solution in a vial and casirivimab or
imdevimab as individual antibody solutions in separate 11.1 mL vials may be used to
prepare more than one dose simultaneously as appropriate, either in intravenous bags
or in syringes for subcutaneous injection. Discard any product remaining in the vial.

e Store unopened casirivimab and imdevimab vials in a refrigerator at 2°C to 8°C (36°F
to 46°F) in the original carton to protect from light. Unopened vials may be stored in
the original carton at room temperature {up to 25°C (77°F)] and must be used within
30 days. If not used in the 30 days, discard vials.

Under the EUA, a single-dese vial may be used to prepare more than one dose.

Preparation for Intravenous Infusion

For treatment, the preferred route of administration for casirivimab and imdevimab is by
intravenous infusion after dilution.

Casirivimab and imdevimab solution for intravenous infusion should be prepared by a
qualified healthcare professional using aseptic technique:

1. Remove the casirivimab and imdevimab vials from refrigerated storage and allow to
equilibrate to room temperature for approximately 20 minutes before preparation. Do
not expose to direct heat. Do not shake the vials.

2. Inspect casirivimab and imdevimab vials visually for particulate matter and
discoloration prior to administration. Should either be observed, the vial must be
discarded and replaced with a new vial.

o The solution for each vial should be clear to slightly opalescent, colorless to pale
yellow.
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. Obtain a prefilled intravenous infusion bag containing either 50 mL, 100 mL, 150 mL,
or 250 mL of either 0.9% Sodium Chloride Injection, USP or 5% Dextrose Injection,
USP.

. Withdraw the appropriate amount of casirivimab and imdevimab from each respective
vial(s) and inject into a prefilled infusion bag containing either 0.9% Sodium Chloride
Injection, USP or 5% Dextrose Injection, USP (see Table 1 and Table 2). If using one

vial to prepare more than one infusion bag, then prepare all infusion bags at the same
time. The product is preservative-free, therefore do not store unused solution in

vial(s).

5. Gently invert infusion bag by hand approximately 10 times to mix. Do not shake.
6. This product is preservative-free and therefore, the diluted infusion solution should be

administered immediately (see Table 3 and Table 4).

e If immediate administration is not possible, store the diluted casirivimab and
imdevimab infusion solution in the refrigerator between 2°C to 8°C (36°F to
46°F) for no more than 36 hours or at room temperature up to 25°C (77°F) for no
more than 4 hours. If refrigerated, allow the infusion solution to equilibrate to
room temperature for approximately 30 minutes prior to administration.

Table 1: Recommended Dilution Instructions for 600 mg of Casirivimab and 600
mg of Imdevimab for Intravenous Infusion
Size of Prefilied Preparing Using Co-
0.9% Sodium Formulated Casirivimab and Preparing Casirivimab and
Chloride or 5% Imdevimab Vial Imdevimab Using Individual
Dextrose Infusion Vials®
Bag
Add:
50 mL
s 5 mL of casirivimab (may use
2 vials of 2.5 mL OR 1 vial
Add 10 ml. of co-formulated of 11.1 mL) and
100 mL casirivimab and imdevimab (1
vial) into a prefilled 0.9% ¢ 5 mL of imdevimab (may use
Sodium Chloride or 5% Dextrose 2 vials of 2.5 mL OR 1 vial
150 mL infusion bag and administer as of 11.1 mL)
instructed below
— and inject into a prefilled 0.9%
Sodium Chloride or 5% Dextrose
250 mL infusion bag and administer as
instructed below

2 600 mg of casirivimab and 600 mg of imdevimab are added to the same infusion bag and administered
together as a single intravenous infusion.

Table 2: Recommended Dilution Instructions for 300 mg of Casirivimab and 300
mg of Imdevimab for Intravenous Infusion for Repeat Dosing®
Size of Prefilled Preparing Using Co- Preparing Casirivimab and
0.9% Sodium Formulated Casirivimab and Imdevimab Using Individual
Chiloride or 5% Imdevimab Vial Vials®
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Dextrose Infusion
Bag
Add:
50 mL 1
e 2.5mL of casirivimab (may
l use 1 vialof 2.5 mL OR 1
100 mL Add 5 mL of co-formulated vialeof I1l.1 m) aad
casirivimab and imdevimab into . .
2 prefilled 0.9% Sodium Chloride | * 2> ML of imdevimab (may
or 5% Dextrose infusion bag and use L visl of 2.5 mL OR 1
150 mL administer as instructed below vial of 11.1 mL)
T and inject into a prefilled 0.9%
Sodium Chloride or 5% Dexirose
250 mL infusion bag and administer as
instructed below

» Subsequent repeat dosing every 4 weeks after initial 600 mg casirivimab and 600 mg imdevimab dosing for
the duration of ongoing exposure.

b 300 mg of casirivimab and 300 mg of imdevimab are added to the same infusion bag and administered
together as a single intravenous infusion.

Administration by Intravenous Infusion

Casirivimab and imdevimab infusion solution should be administered by a qualified
healthcare professional using aseptic technique.

o Gather the recommended materials for infusion:

o Polyvinyl chloride (PVC), polyethylene (PE)-lined PVC, or polyurethane
(PU) infusion set
o In-line or add-on 0.2 micron polyethersulfone (PES) filter
Attach the infusion set to the intravenous bag.

e Prime the infusion set.

o Administer the entire infusion solution in the bag via pump or gravity through an
intravenous line containing a sterile, in-line or add-on 0.2-micron polyethersulfone
(PES) filter (see Table 3 and Table 4). Due to potential overfill of prefilled saline
bags, the entire infusion solution in the bag should be administered to avoid
underdosage.

» The prepared infusion solution should not be administered simultaneously with any
other medication. The compatibility of casirivimab and imdevimab injection with
intravenous solutions and medications other than 0.9% Sodium Chloride Injection,
USP or 5% Dextrose Injection, USP is not known.

e After infusion is complete, flush the tubing with either 0.9% Sodium Chloride
Injection, USP or 5% Dextrose Injection, USP to ensure delivery of the required dose.

o Discard unused product.

e Clinically monitor patients during administration and observe patients for at least 1
hour after infusion is complete.

Table 3: Recommended Administration Rate for 600 mg of Casirivimab and 600
mg of Imdevimab for Intravenous Infusion
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| Size of Prefilled 0.9% Sodium

Chloride or 5% Dextrose Maximum Infusion Rate | Minimum Infusion Time
Infusion Bag used

50 mL.? 180 mL/hr 20 minutes

100 mL 310 mL/hr 21 minutes

150 mL 310 mL/hr 31 minutes

250 mL 310 mL/hr 50 minutes

The minimum infusion time for patients administered casirivimab and imdevimab together using the 50 mL
prefilled 0.9% Sodium Chloride or 5% Dextrose infusion bag must be at least 20 minutes to ensure safe use.

Table 4: Recommended Administration Rate for 300 mg of Casirivimab and 300
mg of Imdevimab for Intravenous Infusion for Repeat Dosing®

Size of Prefilled 0.9% Sodium
Chloride or 5% Dextrose
Infusion Bag used

Maximum Infusion Rate | Minimum Infusion Time

50 mL" 165 mL/hr 20 minutes
100 mL 310 mL/hr 20 minutes
150 mL 310 mL/hr 30 minutes
250 mL 310 mL/hr 49 minutes

2 Subsequent repeat dosing every 4 weeks after initial 600 mg casirivimab and 600 mg imdevimab dosing for the
duration of ongoing exposure.

® The minimum infusion time for patients administered casirivimab and imdevimab together using the 50 mL
prefilled 0.9% Sodium Chloride or 5% Dextrose infusion bag must be at least 20 minutes to ensure safe use,

Preparation for Subcutaneous Injection

Remove the casirivimab and imdevimab vial(s) from refrigerated storage and allow to
equilibrate to room temperature for approximately 20 minutes before preparation. Do not
expose to direct heat. Do not shake the vials.

Inspect casirivimab and imdevimab vial(s) visually for particulate matter and discoloration
prior o administration. Should either be observed, the vial must be discarded and replaced
with a new vial. The solution for each vial should be clear to slightly opalescent, colorless to
pale yellow.

1. Casirivimab and imdevimab should be prepared using the appropriate number of
syringes (see Table 5 and Table 6). Obtain 3 mL or 5 mL polypropylene Luer Lock
syringes with luer connection and 21-gauge 1% inch transfer needles.

2. Withdraw the appropriate amount of solution info each syringe (see Table 5 and Table
6). Prepare all syringes at the same time.

3. Replace the 21-gauge transfer needle with a 25-gauge or 27-gauge needle for
subcutancous injection.

4. This product is preservative-free and therefore, the prepared syringes should be
administered immediately. If immediate administration is not possible, store the
prepared casirivimab and imdevimab syringes in the refrigerator between 2°C to 8°C
(36°F to 46°F) for no more than 24 hours, or at room temperature up to 25°C (77°F)
for no more than 8 hours. If refrigerated, allow the syringes to equilibrate to room
temperature for approximately 20 minutes prior to administration.
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Table 5: Preparation of 600 mg of Casirivimab and 600 mg of Imdevimab for

Subcutaneous Injections

Prepare 600 mg of Casirivimab
and 600 mg of Imdevimab

PrTaparﬁtion of 4 Syringes-

Using Casirivimab
and Imdevimab Co-formulated
Vial

Withdraw 2.5 mL solution per syringe into FOUR
separate syringes.

Using Casirivimab
and Imdevimab Individual Vials

e Casirivimab: Withdraw 2.5 mL solution per
syringe into TWO separate syringes.

e Imdevimab: Withdraw 2.5 mL solution per
syringe into TWO separate syringes.

For total of 4 syringes.

Table 6: Preparation of 300 mg of Casirivimab and 300 mg of Imdevimab for
Subcutaneous Injections for Repeat Dosing®

Prepare 300 mg of Casirivimab
and 300 mg of Imdevimab

Preparation of 2 Syringes

Using Casirivimab
and Imdevimab Co-formulated
Vial

Withdraw 2.5 mL solution per syringe into TWO
separate syringes.

Using Casirivimab
and Imdevimab Individual Vials

e Casirivimab; Withdraw 2.5 mL solution into
ONE syringe.

e Imdevimab; Withdraw 2.5 mL solution into
ONE syringe.

For total of 2 syringes.

|

4|

2 Subsequent repeat dosing every 4 weeks afier initial 600 mg casirivimab and 600 mg imdevimab dosing for the

duration of ongoing exposure.

Administration for Subcutancous Injection
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e For the administration of 600 mg of casirivimab and 600 mg of imdevimab, gather 4
syringes (see Table 5) and prepare for subcutaneous injections.

o For the administration of 300 mg of casirivimab and 300 mg of imdevimab, gather 2
syringes (see Table 6) and prepare for subcutaneous injections.

e Administer the subcutaneous injections consecutively, each at a different injection site,
into the thigh, back of the upper arm, or abdomen, except for 2 inches (5 cm) around the
navel. The waistline should be avoided.

e When administering the subcutaneous injections, it is recommended that providers use
different quadrants of the abdomen or upper thighs or back of the upper arms to space
apart each 2.5 mL subcutaneous injection of casirivimab and imdevimab. DO NOT inject
into skin that is tender, damaged, bruised, or scarred.

e Clinically monitor patients after injections and observe patients for at least 1 hour.

Storage

Store unopened casirivimab and imdevimab vials in a refrigerator at 2°C to 8°C (36°F to
46°F) in the original carton to protect from light. Unopened vials may be stored in the
original carton at room temperature [up to 25°C (77°F)] and must be used within 30 days. If
not used in the 30 days, discard vials.

Warnings

There are limited clinical data available for REGEN-COV (casirivimab and imdevimab).
Serious and unexpected adverse events may occur that have not been previously reported

with REGEN-COV use.

Hypersensitivity Including Anaphylaxis and Infusion-Related Reactions

Serious hypersensitivity reactions, including anaphylaxis, have been observed with
administration of REGEN-COV (casirivimab and imdevimab). If signs or symptoms ofa
clinically significant hypersensitivity reaction or anaphylaxis occur, immediately discontinue
administration and initiate appropriate medications and/or supportive therapy.

Infusion-related reactions, occurring during the infusion and up to 24 hours after the infusion,
have been observed with administration of REGEN-COV. These reactions may be severe or
life-threatening,.

Signs and symptoms of infusion-related reactions may include:

o fever, difficulty breathing, reduced oxygen saturation, chills, fatigue, arrhythmia (e.g.,
atrial fibrillation, tachycardia, bradycardia), chest pain or discomfort, weakness,
altered mental status, nausea, headache, bronchospasm, hypotension, hypertension,
angioedema, throat irritation, rash including urticaria, pruritus, myalgia, vasovagal
reactions (e.g., pre-syncope, syncope), dizziness, and diaphoresis.

Consider slowing or stopping the infusion and administer appropriate medications and/or
supportive care if an infusion-related reaction occurs.

Hypersensitivity reactions occurring more than 24 hours after the infusion have also been
reported with the use of REGEN-COV under Emergency Use Authorization.
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Clinical Worsening After REGEN-COV Administration

Clinical worsening of COVID-19 after administration of REGEN-COV has been reporied
and may include signs or symptoms of fever, hypoxia or increased respiratory difficulty,
arthythmia (e.g., atrial fibrillation, tachycardia, bradycardia), fatigue, and altered mental
status. Some of these events required hospitalization. It is not known if these events were
related to REGEN-COV use or were due to progression of COVID-19.

Limitations of Benefit and Potential for Risk in Patients with Severe COVID-19

Monoclonal antibodies, such as REGEN-COV, may be associated with worse clinical
outcomes when administered to hospitalized patients with COVID-19 requiring high flow
oxygen or mechanical ventilation. Therefore, REGEN-COV is not authorized for use in
patients [see Limitations of Authorized Use (1.1}]:
o who are hospitalized due to COVID-19, OR
o who require oxygen therapy due to COVID-19, OR
o who require an increase in baseline oxygen flow rate due to COVID-19 in
those on chronic oxygen therapy due to underlying non-COVID-19 related
comorbidity.

Side Effects

Adverse events have been reported with REGEN-COV (casirivimab and imdevimab) [see
Full EUA Prescribing Information, Clinical Trials Experience (6.1}].

Additional adverse events associated with REGEN-COV, some of which may be serious,
may become apparent with more widespread use.

INSTRUCTIONS FOR HEALTH CARE PROVIDERS

As the health care provider, you must communicate to your patient or parent/caregiver, as
age appropriate, information consistent with the “Fact Sheet for Patients, Parents and
Caregivers” (and provide a copy of the Fact Sheet) prior to the patient receiving
REGEN-COV (casirivimab and imdevimab), including:

s EDA has authorized the emergency use of REGEN-COV (casirivimab and
imdevimab) co-formulated product and REGEN-COV (casirivimab and imdevimab)
supplied as individual vials to be administered together, for the treatment of mild to
moderate COVID-19 in adult and pediatric patients (12 years of age and older
weighing at least 40 kg) with positive results of direct SARS-CoV-2 testing, and who
are at high risk for progression to severe COVID-19, including hospitalization or
death [see Limitations of Authorized Use (1.1)].

e FDA has authorized the emergency use of REGEN-COV (casirivimab and
imdevimab) co-formulated product and REGEN-COV (casirivimab and imdevimab)
supplied as individual vials to be administered together, in adult and pediatric
individuals (12 years of age and older weighing at least 40 kg) for post-exposure
prophylaxis of COVID-19 in individuals who are at high risk for progression to
severe COVID-19, including hospitalization or death, and are:
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o not fully vaccinated® or who are not expected to mount an adequate immune
response to complete SARS-CoV-2 vaccination (for example, individuals with
immunocompromising conditions including those taking immunosuppressive
medications®) and

- have been exposed to an individual infected with SARS-CoV-2
consistent with close contact criteria per Center for Disease Control
and Prevention (CDC)"* or

- who are at high risk of exposure to an individual infected with SARS-
CoV-2 because of occurrence of SARS-CoV-2 infection in other
individuals in the same institutional setting (for example, nursing
homes, prisons) [see Limitations of Authorized Use (1.2)].

The patient or parent/caregiver has the option to accept or refuse REGEN-COV.
The significant known and potential risks and benefits of REGEN-COV, and the
extent to which such risks and benefits are unknown.

Information on available alternative treatments and the risks and benefits of those
alternatives, including clinical trials.

Patients treated with REGEN-COV should continue to self-isolate and use infection
control measures (e.g., wear mask, isolate, social distance, avoid sharimg personal
items, clean and disinfect “high touch” surfaces, and frequent handwashing)
according to CDC guidelines.

For information on clinical trials that are testing the use of REGEN-COV related to
COVID-19, please see www.clinicaltrials.gov.

MANDATORY REQUIREMENTS FOR REGEN-COV UNDER EMERGENCY USE
AUTHORIZATION:

In order to mitigate the risks of using this unapproved product under EUA and to optimize
the potential benefit of REGEN-COV (casirivimab and imdevimab}) co-formulated product
and REGEN-COV (casirivimab and imdevimab) supplied as individual vials to be
administered together, the following items are required. Use of REGEN-COV under this
EUA is limited to the following (all requirements must be met):

1.

Treatment of mild to moderate COVID-19 in adult and pediatric patients (12 years of
age and older weighing at least 40 kg) with positive results of direct SARS-CoV-2
viral testing and who are at high risk for severe COVID-19, including hospitalization
or death [see Limitations of Authorized Use (1.1)].
Post-exposure prophylaxis of COVID-19 in adult and pediatric individuals (12
years of age and older weighing at least 40 kg) who are at high risk for
progression to severe COVID-19, including hospitalization or death, and are:
a. not fully vaccinated® or who are not expected to mount an adequate
immune response to complete SARS-CoV-2 vaccination (for example,
individuals with immunocompromising conditions including those taking
immunosuppressive medications®) and
- have been exposed to an individual infected with SARS-CoV-2
consistent with close contact criteria per Center for Disease
Control and Prevention (CDC)* or
- who are at high risk of exposure to an individual infected with
SARS-CoV-2 because of occurrence of SARS-CoV-2 infection in
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other individuals in the same institutional setting (for example,
nursing homes, prisons) [see Limitations of Authorized Use
(1.2)].

3. As the health care provider, communicate to your patient or parent/caregiver, as
age appropriate, information consistent with the “Fact Sheet for Patients, Parents
and Caregivers” prior to the patient receiving REGEN-COV. Health care
providers (to the extent practicable given the circumstances of the emergency)
must document in the patient’s medical record that the patient/caregiver has been:

a. Given the “Fact Sheet for Patients, Parents and Caregivers”,

b. Informed of alternatives to receiving REGEN-COV, and

¢. Informed that REGEN-COV is an unapproved drug that is authorized
for use under this Emergency Use Authorization.

4. Patients with known hypersensitivity to any ingredient of REGEN-COV must not
receive REGEN-COV.

5. The prescribing health care provider and/or the provider’s designee are/is
responsible for mandatory reporting of all medication errors and serious adverse
events* potentially related to REGEN-COV treatment within 7 calendar days from
the onset of the event. The reports must include unique identifiers and the words
“REGEN-COV use for COVID-19 under Emergency Use Authorization (EUA)” in
the description section of the report.

o Submit adverse event reports to FDA MedWatch using one of the following
methods:
o Complete and submit the report online:
www.fda.gov/medwatch/report.htm, or
o Complete and submit a postage-paid FDA Form 3500
(htips://www.fda.gov/media/76299/download) and return by:
= Mail to MedWatch, 5600 Fishers Lane, Rockville, MD
20852-9787, or
= Fax (1-800-FDA-0178), or
o Call 1-800-FDA-1088 to request a reporting form
o Submitted reports must include in the field name, “Describe Event,
Problem, or Product Use/Medication Error” a statement
“REGEN-COV use for COVID-19 under Emergency Use
Authorization (EUA).”

*Serious Adverse Events are defined as:
e death;
e a life-threatening adverse event,
e inpatient hospitalization or prolongation of existing hospitalization;
e a persistent or significant incapacity or substantial disruption of the ability to
conduct normal life functions;
a congenital anomaly/birth defect,
e amedical or surgical intervention to prevent death, a life-threatening event,
hospitalization, disability, or congenital anomaly.

6. The prescribing health care provider and/or the provider’s designee is/are responsible
for mandatory responses to requests from FDA for information about adverse events
and medication errors following receipt of REGEN-COV.
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7. OTHER REPORTING REQUIREMENTS
e Healthcare facilities and providers must report therapeutics information and
utilization data through HHS Protect, Teletracking or National Healthcare
Safety Network (NHSN) as directed by the U.S. Department of Health and
Human Services.

o In addition, please provide a copy of all FDA MedWatch forms to:
Regeneron Pharmaccuticals, Inc
Fax: 1-888-876-2736
E-mail: medical.information{@regeneron.com
Or call Regeneron Pharmaceuticals at 1-844-734-6643 to report adverse
events,

APPROVED AVAILABLE ALTERNATIVES

Veklury (remdesivir) is FDA-approved for the treatment of COVID-19 in adults and
pediatric patients (12 years of age and older weighing at least 40 kg) with positive results of
direct SARS-CoV-2 viral testing, who are not hospitalized and have mild-to-moderate
COVID-19, and who are at high risk for progression to severe COVID-19, including
hospitalization or death. Veklury is administered via intravenous infusion for a total
treatment duration of 3 days.

Although Veklury is an approved alternative treatment of mild-to-moderate COVID-19 in
adults and pediatric patients (12 years of age and older weighing at least 40 kg) with positive
results of direct SARS-CoV-2 viral testing, and who are at high risk for progression to severe
COVID-19, including hospitalization or death, FDA does not consider Veklury to be an
adequate alternative to REGEN-COV for this authorized use because it may not be feasible or
practical for certain patients (e.g., it requires a 3-day treatment duration).

There is no adequate, approved and available alternative to REGEN-COV (casirivimab and
imdevimab) co-formulated product and REGEN-COV (casirivimab and imdevimab) supplied
as individual vials to be administered together, for post-exposure prophylaxis of COVID-19
in individuals who are at high risk for progression to severe COVID-19, including
hospitalization or death, and are:

s not fully vaccinated® or who are not expected to mount an adequate immune
response to complete SARS-CoV-2 vaccination (for example, individuals with
immunocompromising conditions including those taking immunosuppressive
medications®) and

- have been exposed to an individual infected with SARS-CoV-2 consistent
with close contact criteria per CDC? or

- who are at high risk of exposure to an individual infected with SARS-
CoV-2 because of occurrence of SARS-CoV-2 infection in other
individuals in the same institutional setting (for example, nursing homes,
prisons) [see Limitations of Authorized Use (1.2)].

Additional information on COVID-19 treatments can be found at
https://www.cdc.gov/coronavirus/2019-ncov/index.html. The health care provider should
visit hetps://clinicaltrials.gov/ to determine whether the patient may be eligible for enrollment
in a clinical trial.
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AUTHORITY FOR ISSUANCE OF THE EUA

The Secretary of the Department of Health and Human Services (HHS) has declared a public
health emergency that justifies the emergency use of drugs and biological products during the
COVID-19 pandemic.

FDA has issued this EUA, requested by Regeneron Pharmaceuticals, Inc. for the unapproved
product, REGEN-COV (casirivimab and imdevimab) co-formulated product and
REGEN-COV (casirivimab and imdevimab) supplied as individual vials to be administered
together, for the treatment of mild to moderate COVID-19 in adult and pediatric patients (12
years of age and older weighing at least 40 kg) with positive results of direct SARS-CoV-2
viral testing and who are at high risk for progression to severe COVID-19, including
hospitalization or death.” As a health care provider, you must comply with the mandatory
requirements of the EUA (see above).

FDA has issued this EUA, requested by Regeneron Pharmaceuticals, Inc. for the unapproved
product, REGEN-COV (casirivimab and imdevimab) co-formulated product and
REGEN-COV (casirivimab and imdevimab) supplied as individual vials to be administered
together in adult and pediatric individuals (12 years of age and older weighing at least 40 kg)
for post-exposure prophylaxis of COVID-19 in individuals who are at high risk for
progression to severe COVID-19, including hospitalization or death, and are:

e not fully vaccinated” or who are not expected to mount an adequate immune response
to complete SARS-CoV-2 vaccination (for example, individuals with
immunocompromising conditions including those taking immunosuppressive
medications®) and

o have been exposed to an individual infected with SARS-CoV-2 consistent
with close contact criteria per Centers for Disease Control and Prevention
(CDC)* or
who are at high risk of exposure to an individual infected with SARS-CoV-2
because of occurrence of SARS-CoV-2 infection in other individuals in the
same institutional setting (for example, nursing homes, prisons) [see
Limitations of Authorized Use (1.2)].

Although limited scientific information 1s available, based on the totality of the scientific
evidence available to date, it is reasonable to believe that REGEN-COV (casirivimab and
imdevimab) co-formulated product and REGEN-COV (casirivimab and imdevimab) supplied
as individual vials to be administered together, may be effective for the treatment of COVID-
19 or for post-exposure prophylaxis of COVID-19 in individuals as specified in this Fact
Sheet. You may be contacted and asked to provide information to help with the assessment of
the use of the product during this emergency.

This EUA for REGEN-COV will end when the Secretary determines that the circumstances
justifying the EUA no longer exist or when there is a change in the approval status of the
product such that an EUA may no longer be needed.

f The health care provider should visit https://clinicaltrials.gov/ to determine whether there is an active clinical
trial for the product in this disease/condition and whether enrollment of the patient(s) in a clinical trial is more
appropriate than product use under this EUA.
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CONTACT INFORMATION

For additional information visit www.REGENCOV.com
If you have questions, please contact Regencron at 1-844-734-6643.

END SHORT VERSION FACT SHEET
Long Version Begins on Next Page
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FULL EUA PRESCRIBING INFORMATION

FULL EUA PRESCRIBING INFORMATION:
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REGEN-COV (casirivimab and imdevimab) co-formulated product and REGEN-COV
(casirivimab and imdevimab) supplied as individual vials to be administered together, is

authorized for use under an EUA for the treatment of mild to moderate COVID-19 in adult and
pediatric patients (12 years of age and older weighing at least 40 kg) with positive results of
direct SARS-CoV-2 viral testing, and who are at high risk for progression to severe COVID-19,
including hospitalization or death.

Limitations of Authorized Use

¢ REGEN-COV is not authorized for treatment of mild to moderate COVID-19 in
geographic regions where infection is likely to have been caused by a non-susceptible
SARS-CoV-2 variant based on available information such as variant susceptibility to this
drug and regional variant frequency.
o FDA’s determination and any updates will be available at:
https://www.fda. gov/emergency-preparedness-and-response/mem-legal-
re,c,rulatorv—and-r,volicy-’Eramework/emergencv-use-authorizatiom#coviddrugé.7
e REGEN-COV (casirivimab and imdevimab) is not authorized for use in patients:
o who are hospitalized due to COVID-19, OR
o who require oxygen therapy due to COVID-19, OR

7 FDA will monitor conditions to determine whether use in a geographic region is consistent with this scope of authorization,
referring to available information, including information on variant susceptibility [see Microbiology/Resistance Information

(15)], and CDC regional variant frequency data available at: hggs:/.’covid.cdc.govlcowd-data-trackerf#variant-proporticms.
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o who require an increase in bascline oxygen flow rate due to COVID-19 in those
on chronic oxygen therapy due to underlying non-COVID-19 related comorbidity.
Monoclonal antibodies, such as REGEN-COV, may be associated with worse clinical
outcomes when administered to hospitalized patients with COVID-19 requiring high flow
oxygen or mechanical ventilation [see Warnings and Precautions (5.2)].

1.2 POST-EXPOSURE PROPHYLAXIS

REGEN-COV (casirivimab and imdevimab) co-formulated product and REGEN-COV
(casirivimab and imdevimab) supplied as individual vials to be administered together, is
authorized for use under an EUA for the post-exposure prophylaxis of COVID-19 in adult and
pediatric individuals (12 years of age and older weighing at least 40 kg) who are at high risk for
progression to severe COVID-19, including hospitalization or death, and are:

not fully vaccinated® or who are not expected to mount an adequate immune response to
complete SARS-CoV-2 vaccination (for example, individuals with
immunocompromising conditions including those taking immunosuppressive
medications”) and
o have been exposed to an individual infected with SARS-CoV-2 consistent with
close contact criteria per Centers for Disease Control and Prevention ({CDC) or
- who are at high risk of exposure to an individual infected with SARS-CoV-2
because of occurrence of SARS-CoV-2 infection in other individuals in the same
institutional setting (for example, nursing homes, prisons).

Limitations of Authorized Use

o REGEN-COV is not authorized for post-exposure prophylaxis of COVID-19 in

geographic regions where exposure is likely to have been to a non-susceptible SARS-

CoV-2 variant, based on available information including variant susceptibility to this

drug and regional variant frequency.

o FDA’s determination and any updates will be available at:
https://www.fda.gov/emergency-preparedness-and-response/mem-legal-regulatory-
and-policy-framework/emergency-use-authorization#coviddrugs. u

Post-exposure prophylaxis with REGEN-COV (casirivimab and imdevimab) isnot a
substitute for vaccination against COVID-19.

8 Individuals are considered to be fully vaccinated 2 weeks after their second vaccine dose in a 2-dose series {such as the Pfizer
or Moderna vaccines), or 2 weeks after a single-dose vaccine (such as Johnson & Johnson's Janssen vaccine). See this website
for more details: https://www.cdc.gov/coronavirus/20 19-ncovivaccines/fully-vaccinated. himl#vaccinated

% See this website for more details: https://www.cdc.gov/ coronavirus/2019-ncov/science/seience-briefs/fully-vaccinated-
people.html

10 Close contact with an infected individual is defined as: being within 6 feet for a total of 15 minutes or more, providing care at
home to someone who is sick, having direct physical contact with the person (hugging or kissing, for example), sharing eating or
drinking utensils, or being exposed to respiratory droplets from an infected person {sneezing or coughing, for example). See this
website for additional details: https:/Awww.cde.gov/coronavirus/2019-ncov/if-you-are-sick/quarantine html

11 FDA will monitor conditions to determine whether use in a geographic region is consistent with this scope of authorization,
referring o available information, including information on variant susceptibility [see Microbiology/Resistance Information
(15)], and CDC regional variant frequency data available at: https:/covid.cde.gov. covid-data-tracker/#variant-proportions.
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e REGEN-COV (casirivimab and imdevimab) is not authorized for pre-exposure
prophylaxis for prevention of COVID-19.

2 DOSAGE AND ADMINISTRATION

2.1 Patient Selection

The optimal dosing regimen for treatment of COVID-19 has not yet been established.
The recommended dosing regimen may be updated as data from clinical trials become available.

Patient Selection for Treatment and Post-Exposure Prophylaxis

Treatment:

This section provides essential information on the unapproved product, REGEN-COV
(casirivimab and imdevimab) co-formulated product and REGEN-COV (casirivimab and
imdevimab) supplied as individual vials to be administered together, for the treatment of adult
and pediatric patients (12 years of age and older weighing at Jeast 40 kg) with positive results of
direct SARS-CoV-2 viral testing, and who are at high risk for progression to severe COVID-19,
including hospitalization or death [see Limitations of Authorized Use (1.1)].

Post-Exposure Prophylaxis:

This section provides essential information on the unapproved product, REGEN-COV
(casirivimab and imdevimab) co-formulated product and REGEN-COV (casirivimab and
imdevimab) supplied in individual vials to be administered together, in adult and pediatric
individuals (12 years of age and older weighing at least 40 kg) for the post-exposure prophylaxis
of COVID-19 in individuals who are at high risk for progression to severe COVID-19, including
hospitalization or death, and are:

e not fully vaccinated® or who are not expected to mount an adequate immune response to
complete SARS-CoV-2 vaccination (for example, individuals with
immunocompromising conditions including those taking Immunosuppressive
medications®) and

- have been exposed to an individual infected with SARS-CoV-2 consistent with
close contact criteria per Centers for Disease Control and Prevention (CDC)* or

- who are at high risk of exposure to an individual infected with SARS-CoV-2
because of occurrence of SARS-CoV-2 infection in other individuals in the same
institutional setting (for example, nursing homes, prisons) [see Limitations of
Authorized Use (1.2)].

The following medical conditions or other factors may place adults and pediatric patients (age
12-17 years and weighing at least 40 kg) at higher risk for progression to severe COVID-19:

e Older age (for example, age >65 years of age)

e Obesity or being overweight (for example, BMI >25 kg/m?, or if age 12-17, have BMI
>85th percentile for their age and gender based on CDC growth charts,
https://www.cdc.gov/growthcharts/clinical charts.htm)

e Pregnancy
Chronic kidney disease

Page 23 of 54



Diabetes
Immunosuppressive disease or immunosuppressive treatment
Cardiovascular disease (including congenital heart disease) or hypertension
Chronic lung diseases (for example, chronic obstructive pulmonary disease, asthma
[moderate-to-severe], interstitial lung disease, cystic fibrosis and pulmonary
hypertension)
¢ Sickle cell disease
Neurodevelopmenta) disorders (for example, cerebral palsy) or other conditions that
confer medical complexity (for example, genetic or metabolic syndromes and severe
congenital anomalies)
e Having a medical-related technological dependence (for example, tracheostomy,
gastrostomy, or positive pressure ventilation (not related to COVID-19))

Other medical conditions or factors (for example, race or ethnicity) may also place individual
patients at high risk for progression to severe COVID-19 and authorization of REGEN-COV
under the EUA is not limited to the medical conditions or factors listed above.

For additional information on medical conditions and factors associated with increased risk for
progression to severe COVID-19, see the CDC website: hitps://www.cdc.gov/coronavirus/2019-
ncov/need-extra-precautions/people-with-medical-conditions.html. Healthcare providers should
consider the benefit-risk for an individual patient.

2.2 Dosage

Treatment.

The dosage in adult and pediatric patients (12 years of age and older weighing at least 40 kg) is 600
mg of casirivimab and 600 mg of imdevimab administered together as a single infravenous
infusion or by subcutaneous injection. Casirivimab and imdevimab should be given together as
soon as possible after a positive viral test for SARS-CoV-2 and within 10 days of symptom onset.

Post-Exposure Prophylaxis:

The dosage in adult and pediatric individuals (12 years of age and older weighing at least 40 kg)
is 600 mg of casirivimab and 600 mg of imdevimab administered by subcutancous injection or
together as a single intravenous infusion. Casirivimab and imdevimab should be given together as
soon as possible following exposure to SARS-CoV-2.

For individuals whom repeat dosing is determined to be appropriate for ongoing exposure to
SARS-CoV-2 for longer than 4 weeks and who are not expected to mount an adequate immune
response to complete SARS-CoV-2 vaccination, the initial dose is 600 mg of casirivimab and 600
mg of imdevimab by subcutaneous injection or intravenous infusion followed by subsequent
repeat dosing of 300 mg of casitivimab and 300 mg of imdevimab by subcutaneous injection or
intravenous infusion once every 4 weeks for the duration of ongoing exposure.

For Intravenous Infusion:
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e Casirivimab and imdevimab solution co-formulated in a vial and in individual vials,
including co-packaged carton and dose pack, must be diluted prior to intravenous
administration.

o Administer casirivimab and imdevimab together as a single intravenous infusion via
pump or gravity (see Table 1, Table 2, Table 3 and Table 4).

¢ Clinically monitor patients during infusion and observe patients for at least 1 hour after
infusion is complete.

For Subcutaneous Injection:
e Administer casirivimab and imdevimab using the co-formulated vial or using the
individual vials by subcutaneous injection (see Table 5 and Table 6).
e Clinically monitor patients after injections and observe patients for at least l1hour.

2.3 Dose Adjustment in Specific Populations

Pregnancy or Lactation

No dosage adjustment is recommended in pregnant or lactating women [see Use in Specific
Populations (11.1, 11.2)].
Pediatric Use

No dosage adjustment is recommended in pediatric patients who weigh at least 40 kg and are
older than 12 years of age. REGEN-COV (casirivimab and imdevimab) is not recommended for
pediatric patients weighing less than 40 kg or thosc less than 12 years of age fsee Use in Specific
Populations (11.3)].

Renal Impairment

No dosage adjustment is recommended in patients with renal impairment [see Use in Specific
Populations (11.5)].

2.4 Dose Preparation and Administration

There are TWO different formulations of REGEN-COV:
e Casirivimab and imdevimab co-formulated solution containing two antibodies m a 1:1
ratio in a vial.
e Casirivimab and imdevimab available as individual antibody solutions in separate vials
supplied as follows:
o Individual vials in individual cartons, or
o together in a single carton (also referred to as a co-packaged carton), or
o ina dose pack. The dose pack contains individual vials of casirivimab and
imdevimab, configurations that may vary in vial size, strength and appearance and
are available in dose pack configurations that include 2, 5, and 8 cartons [see Full
EUA Prescribing Information, How Supplied/Storage and Handling (19)].
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For treatment, intravenous infusion is strongly recommended. Subcutaneous injection is an
alternative route of administration when intravenous infusion is not feasible and would
lead to delay in treatment.

For post-exposure prophylaxis, either subcutaneous injection or intravenous infusion can
be used.

There are differences in the way the two formulations are prepared. Carefully follow the
preparation procedures below.

e Casirivimab and imdevimab co-formulated solution in a vial and casirivimab or
imdevimab as individual antibody solutions in separate 11.1 mL vials may be used to
prepare more than one dose simultancously as appropriate, either in intravenous bags or
in syringes for subcutaneous injection. Discard any product remaining in the vial.

e Store unopened casirivimab and imdevimab vials in a refrigerator at 2°C to 8°C (36°F to
46°F) in the original carton to protect from light. Unopened vials may be stored in the
original carton at room temperature [up to 25°C (77°F)] and must be used within 30 days.
If not used in the 30 days, discard vials.

Under the EUA, a single-dose vial may be used to prepare more than one dose.

Preparation for Intravenous Infusion

For treatment, the preferred route of administration for casirivimab and imdevimab is by
intravenous infusion after dilution.

Casirivimab and imdevimab solution for intravenous infusion should be prepared by a qualified
healthcare professional using aseptic techmque:

1. Remove the casirivimab and imdevimab vials from refrigerated storage and aliow to
equilibrate to room temperature for approximately 20 minutes before preparation. Do not
expose to direct heat. Do not shake the vials.

2. Inspect casirivimab and imdevimab vials visually for particulate matter and discoloration
prior to administration. Should cither be observed, the vial must be discarded and
replaced with a new vial.

o The solution for each vial should be clear to slightly opalescent, colorless to pale
yellow.

3. Obtain a prefilled intravenous infusion bag containing either 50 mL, 100 mL, 150 mL, or
250 mL of either 0.9% Sodium Chloride Injection, USP or 5% Dextrose Injection, USP.

4. Withdraw the appropriate amount of casirivimab and imdevimab from each respective
vial(s) and inject into a prefilled infusion bag containing either 0.9% Sodium Chloride
Injection, USP or 5% Dextrose Injection, USP, (see Table 1 and Table 2). If using one
vial to prepare more than one infusion bag, then prepare all infusion bags at the same
time. The product is preservative-free, therefore do not store unused solution in vial(s).

5. Gently invert infusion bag by hand approximately 10 times to mix. Do not shake.
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6. This product is preservative-free and therefore, the diluted infusion solution should be
administered immediately (sec Table 3 and Table 4).
« Ifimmediate administration is not possible, store the diluted casirivimab and
imdevimab infusion solution in the refrigerator between 2°C to 8°C (36°F to 46°F)
for no more than 36 hours or at room temperature up to 25°C {77°F) for no more than
4 hours. If refrigerated, allow the infusion solution to equilibrate to room temperature
for approximately 30 minutes prior to administration.

Table 1: Recommended Dilution Instructions for 600 mg of Casirivimab and 600 mg
of Imdevimab for Intravenous Infusion
Size of Prefilled 0.9% Preparing Using Co-Formulated | Preparing Casirivimab
Sodium Chloride or 5% Casirivimab and Imdevimab and Imdevimab Using
Dextrose Infusion Bag_ Vial Individual Vials®
Add:
50 mL e 5 mL of casirivimab
{may use 2 vials of 2.5
mL OR 1 vial of 11.1
mL) and
100 mL
Add 10 mL of co-formulated . .
. . . e 5 mL of imdevimab
casitivimab and imdevimab (1 3
vial) into a prefilled 0.9% Sodium (may usc 2 _wals of2.5
Chloride or 5% Dextrose infusion mL OR 1 vial of 11.1
150 mL bag and administer as instructed mk)
below
and inject into a prefilled
0.9% Sodium Chloride or
950 mlL 5% Dextrose infusion bag
and administer as instructed
below

» 600 mg of casirivimab and 600 mg of imdevimab are added to the same infusion bag and administered together as

a single intravenous infusion.

Table 2: Recommended Dilution Instructions for 300 mg of Casirivimab and 300 mg
of Imdevimab for Intravenous Infusion for Repeat Dosing®
| Size of Prefilled 0.9% Preparing Using Co-Formulated | Preparing Casirivimab
Sodium Chloride or 5% | Casirivimab and Imdevimab and Imdevimab Using
l Dextrose Infusion Bag Vial Individual Vials®
Add 5 mL of co-formulated s
casirivimab and imdevimab into a

ISOmL

prefilled 0.9% Sodium Chloride or

e 2.5 mL of casirivimab
(may use 1 vial of 2.5
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100 mL

150 mL

250 mL

5% Dextrose infusion bag and
administer as instructed below

mLOR 1 vial of 11.1
mL) and

e 2.5 mL of imdevimab
(may use 1 vial of 2.5
mL OR 1 vial of 11.1
mL)

and inject into a prefilled
0.9% Sodium Chloride or
5% Dextrose infusion bag
and administer as instructed
below

» Subsequent repeat dosing cvery 4 weeks after initial 600 mg casirivimab and 600 mg imdevimab dosing for the

duration of ongoing exposure.

b 300 mg of casirivimab and 300 mg of imdevimab are added to the same infusion bag and administered together as

a single intravenous infusion,

Administration by Intravenous Infusion

Casirivimab and imdevimab infusion solution should be administered by a qualified healthcare
professional using aseptic technique.
¢ Gather the recommended materials for infusion:

o Polyvinyl chloride (PVC), polyethylene (PE)-lined PVC, or polyurethane (PU)
infusion set

o In-line or add-on 0.2 micron polyethersulfone (PES) filter
Attach the infusion set to the intravenous bag.
Prime the infusion set.
Administer the entire infusion solution in the bag via pump or gravity through an
intravenous line containing a sterile, in-line or add-on 0.2-micron polyethersulfone (PES)
filter (see Table 3 and Table 4). Due to potential overfill of prefilled saline bags, the
entire infusion solution in the bag should be administered to avoid underdosage.
The prepared infusion solution should not be administered simultaneously with any other
medication. The compatibility of casirivimab and imdevimab injection with intravenous
solutions and medications other than 0.9% Sodium Chloride Injection, USP or 5%
Dextrose Injection, USP is not known.
After infusion is complete, flush the tubing with either 0.9% Sodium Chloride Injection,
USP or 5% Dextrose Injection, USP to ensure delivery of the required dose.
Discard unused product.
Clinically monitor patients during administration and observe patients for at least 1 hour
after infusion is complete.
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Table 3:

of Imdevimab for Iniravenous Infusion

Recommended Administration Rate for 600 mg of Casirivimab and 600 mg

Size of Prefilled 0.9% Sodium
Chloride or 5% Dextrose
Infusion Bag used

Maximum Infusion Rate

Minimum Infusion Time

50 mL? 180 mL/hr 20 minutes
100 mL 310 mL/hr 21 minutes
| 150 mL 310 mL/hr 31 minutes
250 mL 310 mL/hr 50 minutes

® The minimum infusion time for patients administered casirivimab and imdevimab together using the 50 mL
prefilled 0.9% Sodium Chloride or 5% Dextrose infusion bag must be at least 20 minutes to ensure safe use.

Table 4:

Recommended Administration Rate for 300 mg of Casirivimab and 300 mg

of Imdevimab for Intravenous Infusion for Repeat Dosing®

Size of Prefilled 0.9% Sodium

Chloride or 5% Dextrose Maximum Infusion Rate | Minimum Infusion Time
| Infusion Bag used

50 mL? 165 mL/hr 20 minutes

100 mL 310 mL/hr 20 minutes

150 mL 310 mL/hr 30 minutes

250 mL 310 mL/hr 49 minutes

» Subsequent repeat dosing every 4 weeks after initial 600 mg casirivimab and 600 mg imdevimab dosing for the

duration of ongoing exposure.

® The minimum infusion time for patients administered casirivimab and imdevimab together using the 50 mL
prefilled 0.9% Sodium Chioride or 5% Dextrose infusion bag must be at least 20 minutes to ensure safe use.

Preparation for Subcutaneous Injection

Remove the casirivimab and imdevimab vial(s) from refrigerated storage and allow to equilibrate
to room temperature for approximately 20 minutes before preparation. Do not expose to direct

heat. Do not shake the vials.

Inspect casirivimab and imdevimab vial(s) visually for particulate matter and discoloration prior
to administration. Should either be observed, the vial must be discarded and replaced with a new
vial. The solution for each vial should be clear to slightly opalescent, colorless to pale yellow.

1. Casirivimab and imdevimab should be prepared using the appropriate number of syringes
(see Table 5 and Table 6). Obtain 3 mL or 5 mL polypropylene Luer Lock syringes with
luer connection and 21-gauge 1Y inch transfer needles.

7. Withdraw the appropriate amount of solution into each syringe (see Table 5 and Table 6).
Prepare all syringes at the same time.

3. Replace the 21-gauge transfer needle with a 25-gauge or 27-gauge needle for

subcutaneous injection.
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4. This product is preservative-free and therefore, the prepared syringes should be
administered immediately. If immediate administration is not possible, store the prepared
casirivimab and imdevimab syringes in the refrigerator between 2°C to 8°C (36°F to 46°F)
for no more than 24 hours, or at room temperature up to 25°C (77°F) for no more than 8
hours. If refrigerated, allow the syringes to equilibrate to room temperature for
approximately 20 minutes prior to administration.

Table 5: Preparation of 600 mg of Casirivimab and 600 mg of Imdevimab for
Subcutaneous Injections

Prepare 600 mg of Casirivimab
and 600 mg of Imdevimab

Preparation of 4 Syringes

Using Casirivimab
and Imdevimab Co-formulated
Vial

Withdraw 2.5 mL solution per syringe info FOUR
separate syringes.

Using Casirivimab
and Imdevimab Individual Vials

e Casirivimab: Withdraw 2.5 mL solution per
syringe into TWO separate syringes.

e TImdevimab: Withdraw 2.5 mL solution per
syringe into TWO separate syringes.

For total of 4 syringes.

Table 6: Preparation of 300 mg of Casirivimab and 300 mg of Imdevimab for
Subcutaneous Injections for Repeat Dosing*

| Prepare 300 mg of Casirivimab
| and 300 mg of Imdevimab

Preparation of 2 Syringes

Using Casirivimab
and Imdevimab Co-formulated
Vial

Withdraw 2.5 mL solution per syringe into TWO
separate syringes.
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e Casirivimab: Withdraw 2.5 mL solution into ONE
syringe.

Using Casirivimab

and Imdevimab Individual Vials ¢ Imdevimab: Withdraw 2.5 mL solution into ONE

syringe.

For total of 2 syringes.

|

2 Subsequent repeat dosing every 4 weeks after initial 600 mg casirivimab and 600 mg imdevimab dosing for the
duration of ongoing exposure.

Administration for Subcutaneous Injection

¢ For the administration of 600 mg of casirivimab and 600 mg of imdevimab, gather 4 syringes
(see Table 5) and prepare for subcutaneous injections.

e For the administration of 300 mg of casirivimab and 300 mg of imdevimab, gather 2 syringes
(sec Table 6) and prepare for subcutaneous injections.

¢ Administer the subcutaneous injections consecutively, each at a different injection site, into
the thigh, back of the upper arm, or abdomen, except for 2 inches (5 cm) around the
navel. The waistline should be avoided.

¢ When administering the subcutaneous injections, it is recommended that providers use
different quadrants of the abdomen or upper thighs or back of the upper arms to space apart
each 2.5 mL subcutaneous injection of casirivimab and imdevimab. DO NOT inject into skin
that is tender, damaged, bruised, or scarred.

e Clinically monitor patients after injections and observe patients for at least 1 hour.

3 DOSAGE FORMS AND STRENGTHS

REGEN-COV (casirivimab and imdevimab) is available as:

1. A single vial which contains two antibodies co-formulated in a 1:1 ratio of casirivimab
and imdevimab. Co-formulated casirivimab and imdevimab is a sterile, preservative-
free, clear to slightly opalescent, colorless to pale yellow solution available as:

e Injection: 600 mg of casirivimab and 600 mg of imdevimab per 10 mL (60
mg/60 mg per mL) in a single-dose!? vial

2. Individual antibody solutions in separate single-dose* vials, which may be supplied in
separate cartons or together in a single carton (also referred to as a co-packaged carton),
or as dose pack.

e Casirivimab is a sterile, preservative-free, clear to slightly opalescent, colorless
to pale yellow solution available as:

12 Under the EUA, a single-dose vial may be used to prepare more than one dose.
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e Injection: 300 mg/2.5 mL (120 mg/mL) or 1,332 mg/11.1 mL (120 mg/mL)

e Imdevimab is a sterile, preservative-free, clear to slightly opalescent, colorless to
pale yellow solution available as:
e Injection: 300 mg/2.5 mL (120 mg/mL) or 1,332 mg/11.1 mL (120 mg/mL)

e Each REGEN-COV dose pack contains 1,200 mg of casirivimab [REGN10933]
and 1,200 mg of imdevimab [REGN10987] [see How Supplied/Storage and

Handling (19)]. Casirivimab and imdevimab vial labels and carton labeling may
instead be labeled REGN 10933 and REGN10987, respectively.

4 CONTRAINDICATIONS

REGEN-COV is contraindicated in individuals with previous severe hypersensitivity reactions,
including anaphylaxis, to REGEN-COV [see Warnings and Precautions (5.1)].

5 WARNINGS AND PRECAUTIONS

There are limited clinical data available for REGEN-COV (casirivimab and imdevimab). Serious
and unexpected adverse events may occur that have not been previously reported with
REGEN-COV use.

5.1 Hypersensitivity including Anaphylaxis and Infusion-Related Reactions

Serjous hypersensitivity reactions, including anaphylaxis, have been reported with administration
of REGEN-COV (casirivimab and imdevimab). If signs or symptoms of a clinically significant
hypersensitivity reaction or anaphylaxis occur, immediately discontinue administration and
initiate appropriate medications and/or supportive care.

Infusion-related reactions, occurring during the infusion and up to 24 hours after the infusion,
have been observed with administration of REGEN-COV. These reactions may be severe or life
threatening.

Signs and symptoms of infusion related reactions may include:

e fever, difficulty breathing, reduced oxygen saturation, chills, nausea, arrhythmia (e.g.,
atrial fibrillation, tachycardia, bradycardia), chest pain or discomfort, weakness, altered
mental status, headache, bronchospasm, hypotension, hypertension, angioedema, throat
irritation, rash including urticaria, pruritus, myalgia, vasovagal reactions {e.g., pre-
syncope, syncope), dizziness, fatigue, and diaphoresis [see Overall Safety Summary

(6.1)].

If an infusion-related reaction occurs, consider slowing or stopping the infusion and administer
appropriate medications and/or supportive care.

Hypersensitivity reactions occurring more than 24 hours after the infusion have also been
reported with the use of REGEN-COV under Emergency Use Authorization.
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5.2 Clinical Worsening After REGEN-COV Administration

Clinical worsening of COVID-19 after administration of REGEN-COV has been reported and
may include signs or symptoms of fever, hypoxia or increased respiratory difficulty, arrthythmia
(e.g., atrial fibrillation, tachycardia, bradycardia), fatigue, and altered mental status. Some of
these events required hospitalization. It is not known if these events were related to
REGEN-COV use or were due to progression of COVID-19.

5.3 Limitations of Benefit and Potential for Risk in Patients with Severe
COVID-19

Monoclonal antibodies, such as REGEN-COV, may be associated with worse clinical outcomes
when administered to hospitalized patients with COVID-19 requiring high flow oxygen or
mechanical ventilation. Therefore, REGEN-COV is not authorized for use in patients [see
Limitations of Authorized Use (1.1)]:

s who are hospitalized due to COVID-19, OR

¢ who require oxygen therapy due to COVID-19, OR

e who require an increase in baseline oxygen flow rate due to COVID-19 in those on

chronic oxygen therapy due to underlying non-COVID-19 related comorbidity.

6 OVERALL SAFETY SUMMARY

6.1 Clinical Trials Experience

Overall, approximately 16,000 subjects have been exposed to REGEN-COV (casirivimab and
imdevimab) in clinical trials in hospitalized and non-hospitalized subjects. Approximately
13,500 subjects received intravenous infusions and 2,500 subjects received subcutancous
injections.

The safety of REGEN-COV (casirivimab and imdevimab) is based on analyses from COV-2067,
a Phase 1/2/3 trial of ambulatory (non-hospitalized) subjects with COVID-19; COV-2069, a
Phase 3 post-exposure prophylaxis trial for prevention of COVID-19; and COV-2093, a Phase 1
trial evaluating the safety and pharmacokinetics of REGEN-COV repeat subcutaneous dosing
every 4 weeks for 24 weeks.

COV-2067

This is a randomized, double-blind, placebo-controlled clinical trial in subjects with mild to
moderate COVID-19 who had a sample collected for the first positive SARS-CoV-2 viral
infection determination within 3 days prior to the start of the infusion. In the phase 3 portion of
the trial, subjects were treated with a single intravenous infusion of 600 mg of casirivimab and
600 mg of imdevimab (n=827), or 1,200 mg of casirivimab and 1,200 mg of imdevimab
(n=1,849), or 4,000 mg of casirivimab and 4,000 mg of imdevimab (n=1,012), or placebo
(n=1,843). REGEN-COV is not authorized at the 4,000 mg of casirivimnab and 4,000 mg of
imdevimab dose. The 1,200 mg of casirivimab and 1,200 mg of imdevimab is no longer
anthorized under this EUA [see Clinical Trial Results and Supporting Data for EUA ( 18}].
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In pooled phase 1/2/3 analysis, infusion-related reactions (adverse event assessed as causally
related by the investigator) of grade 2 or higher severity have been observed in 10/4,206 (0.2%)
of those who received REGEN-COV at the authorized dose or a higher dose [see Warnings and
Precautions (5.1)].

Overall, in Phase 1/2/3, three subjects receiving the 8,000 mg dose of REGEN-COV, and one
subject receiving the 1,200 mg of casirivimab and 1,200 mg of imdevimab infusion-related
reactions (urticaria, pruritus, flushing, pyrexia, shortness of breath, chest tightness, nausea,
vomiting, rash) which resulted in permanent discontinuation of the infusion. All events resolved
[see Warnings and Precautions (3.1)].

Anaphylactic reactions have been reported in the clinical program in subjects receiving REGEN-
COV. The events began within 1 hour of completion of the infusion, and in at least one case
required treatment including epinephrine. The events resolved.

COV-2069

This is a randomized, double-blind, placebo-controlled clinical trial assessing the efficacy and
safety of REGEN-COV (casirivimab and imdevimab) for post-exposure prophylaxis of COVID-
19 in household contacts of individuals infected with SARS-CoV-2. Subjects who were SARS-
CoV-2 negative at baseline were enrolled in Cohort A and received a single dose of 600 mg of
casirivimab and 600 mg of imdevimab subcutaneously (n=1,311} or placebo (n=1 ,306).

Adverse events were reported in 265 subjects (20%) in the REGEN-COV group and 379 subjects
(29%) in the placebo group. Injection site reactions (all grade 1 and 2) occurred in 55 subjects
(4%) in the REGEN-COV group and 19 subjects (2%) in the placebo group. The most common
signs and symptoms of injection site reactions which occurred in at least 1% of subjects in the
REGEN-COV group were erythema and pruritus. Hypersensitivity reactions occurred in 2
subjects (0.2%) in the REGEN-COV group and all hypersensitivity reactions were grade 1 in
severity. There were no cases of anaphylaxis.

Subjects who were SARS-CoV-2 positive at baseline were enrolled in Cohort B and received a
single dose of 600 mg of casirivimab and 600 mg of imdevimab subcutaneously (n=135) or
placebo (n=156).

Adverse events were reported in 52 subjects (34%) in the REGEN-COV group and 75 subjects
(48%) in the placebo group. Injection site reactions, all of which were grade 1 or 2, occurred in 6
subjects (4%) in the REGEN-COV group and 1 subject (1%) in the placebo group. The most
common signs and symptoms of injection site reactions which occurred in at least 1% of subjects
in the REGN-COV group were ecchymosis and erythema. There were no cases of
hypersensitivity reaction or anaphylaxis.

COV-2093

This is a randomized double-blind, placebo-controlled Phase 1 trial evaluating the safety,
pharmacokinetic and immunogenicity of repeated doses of 600 mg of casirivimab and 600 mg of
imdevimab administered subcutaneously in healthy adult subjects. In COV-2093, subjects were
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randomized 3:1 to REGEN-COV (n=729) or placebo (n=240) administered every 4 weeks for 24
weeks. Adverse events were reported in 380 subjects (52%) in the REGEN-COV group and 111
subjects (46%) in the placebo group. Injection site reactions occurred in 12% and 4% of subjects
following single dose administration in the REGEN-COV and placebo groups, respectively; the
remaining safety findings following subcutancous administration in the REGEN-COV group
were similar to the safety findings observed with intravenous administration of REGEN-COV in
COV-2067.

With repeat dosing, injection site reactions occutred in 252 subjects (35%) in the REGEN-COV
group and 38 subjects (16%) in the placebo group; all injection site reactions were grade 1 or 2 in
severity. Hypersensitivity reactions occurred in 8 subjects (1%) in the REGEN-COV group; and
all hypersensitivity reactions were grade 1 or 2 in severity. There were no cases of anaphylaxis.

The authorized dosage for repeat dosing for post-exposure prophylaxis of COVID-19 for certain
individuals who remain at high risk of exposure for longer than 4 weeks is the initial dose of 600
mg casirivimab and 600 mg imdevimab followed by 300 mg of casirivimab and 300 mg of
imdevimab administered every 4 weeks [see Dosage and Administration (2.2)].

7 PATIENT MONITORING RECOMMENDATIONS

Clinically monitor patients during dose administration and observe patients for at least 1 hour
after intravenous infusion or subcutaneous dosing is complete {see Warnings and Precautions
(5.1) and Clinical Trials Experience (6.1)].

8 ADVERSE REACTIONS AND MEDICATION ERRORS REPORTING
REQUIREMENTS AND INSTRUCTIONS

Clinical trials evaluating the safety of REGEN-COV (casirivimab and imdevimab) are ongoing
[see Overall Safety Summary (6)].

Completion of an FDA MedWatch Form to report all medication errors and serious adverse
events” occurring during REGEN-COV use and considered to be potentially related to
REGEN-COV is mandatory and must be done by the prescribing healthcare provider and/or the
provider’s designee. These adverse events must be reported within 7 calendar days from the
onset of the event:

*Serious Adverse Events are defined as:
e death;
e a life-threatening adverse cvent;
e inpatient hospitalization or prolongation of existing hospitalization;
e apersistent or significant incapacity or substantial disruption of the ability to conduct
normal life functions;
e a congenital anomaly/birth defect;
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¢ amedical or surgical intervention to prevent death, a life-threatening event,
hospitalization, disability, or congenital anomaly.

If a serious and unexpected adverse event occurs and appears to be associated with the use of
REGEN-COV, the prescribing health care provider and/or the provider’s designee must complete
and submit a MedWatch form to FDA using one of the following methods:
e Complete and submit the report online: www.fda. gov/medwatch/report.htm, or
o Complete and submit a postage-paid FDA Form 3500
(https://www.fda.gov/media/76299/download) and return by:
o Mail to MedWatch, 5600 Fishers Lane, Rockville, MD 20852-9787, or
o Fax (1-800-FDA-0178), or
e (Call 1-800-FDA-1088 to request a reporting form

IMPORTANT: When reporting adverse events or medication errors to MedWatch, please
complete the entire form with detailed information. It is important that the information
reported to FDA be as detailed and complete as possible. Information that must be
included:

¢ Patient demographics (e.g., patient initials, date of birth)
Pertinent medical history
Pertinent details regarding admission and course of illness
Concomitant medications
Timing of adverse event(s) in relationship to administration of REGEN-COV
Pertinent laboratory and virology information
Outcome of the event and any additional follow-up information if it is available at the
time of the MedWatch report. Subsequent reporting of follow-up information should be
completed if additional details become available.

The following steps are highlighted to provide the necessary information for safety tracking:
1. Insection A, box 1, provide the patient’s initials in the Patient Identifier
2. In section A, box 2, provide the patient’s date of birth or age
3. Insection B, box 5, description of the event:
4. Write “REGEN-COV use for COVID-19 under Emergency Use Authorization
(EUA)” as the first line
b. Provide a detailed report of medication error and/or adverse event. It is important
to provide detailed information regarding the patient and adverse
event/medication error for ongoing safety evaluation of this unapproved drug.
Please see information to include listed above.
4. In section G, box 1, name and address:
a. Provide the name and contact information of the prescribing health care provider
or institutional designee who is responsible for the report
b. Provide the address of the treating institution (NOT the health care provider’s
office address).
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9 OTHER REPORTING REQUIREMENTS

Healthcare facilities and providers must report therapeutics information and utilization data
through HHS Protect, Teletracking or National Healthcare Safety Network (NHSN) as directed
by the U.S. Department of Health and Human Services.

In addition, please provide a copy of all FDA MedWatch forms to:
Regeneron Pharmaceuticals, Inc
Fax: 1-888-876-2736

E-mail: medical.information{@regeneron.com
Or call Regeneron Pharmaceuticals at 1-844-734-6643 to report adverse events.

10 DRUG INTERACTIONS

REGEN-COV consists of 2 monoclonal antibodies (mAbs), casirivimab and imdevimab, which
are not renally excreted or metabolized by cytochrome P450 enzymes; therefore, interactions
with concomitant medications that are renally excreted or that are substrates, inducers, or
inhibitors of cytochrome P450 enzymes are unlikely.

11 USE IN SPECIFIC POPULATIONS

11.1 Pregnancy
Risk Summary

There are insufficient data to evaluate a drug-associated risk of major birth defects, miscarriage,
or adverse maternal or fetal outcomes. REGEN-COV (casirivimab and imdevimab) should only
be used during pregnancy if the potential benefit outweighs the potential risk for the mother and
the fetus.

Nonclinical reproductive toxicity studies have not been conducted with casirivimab and
imdevimab. In a tissue cross-reactivity study with casirivimab and imdevimab using human fetal
tissues, no binding of clinical concern was detected. Human immunoglobulin G1 (IgG1)
antibodies are known to cross the placental barrier; therefore, casirivimab and imdevimab have
the potential to be transferred from the mother to the developing fetus. It is unknown whether the
potential transfer of casirivimab and imdevimab provides any treatment benefit or risk to the
developing fetus. There are maternal and fetal risks associated with untreated COVID-19 in
pregnancy (see Clinical Considerations).

The estimated background risk of major birth defects and miscarriage for the indicated
population is unknown. All pregnancies have a background risk of birth defect, loss, or other
adverse outcomes. In the U.S. general population, the estimated background risk of major birth
defects and miscarriage in clinically recognized pregnancies is 2 to 4% and 15 to 20%,
respectively.

Clinical Considerations
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Disease-Associated Maternal and/or Embryo-Fetal Risk

COVID-19 in pregnancy is associated with adverse maternal and fetal outcomes, including
preeclampsia, eclampsia, preterm birth, premature rupture of membranes, venous
thromboembolic disease, and fetal death.

11.2 Lactation

Risk Summary

There are no available data on the presence of casirivimab and/or imdevimab in buman milk or
animal milk, the effects on the breastfed infant, or the effects of the drug on milk production.
Maternal IgG is known to be present in human milk. The developmental and health benefits of
breastfeeding should be considered along with the mother’s clinical need for REGEN-COV
(casirivimab and imdevimab) and any potential adverse effects on the breastfed child from
REGEN-COV or from the underlying maternal condition. Breastfeeding individuals with
COVID-19 should follow practices according to clinical guidelines to avoid exposing the infant
to COVID-19.

11.3 Pediatric Use

REGEN-COV is not authorized for use in pediatric patients under 12 years of age or weighing
less than 40 kg. The safety and effectiveness of casirivimab and imdevimab are being assessed in
pediatric and adolescent patients in an ongoing clinical trial. The recommended dosing regimen
is expected to result in comparable serum exposures of casirivimab and imdevimab in patients 12
years of age and older and weighing at least 40 kg as observed in adults, since adulis with similar
body weight have been included in Trials COV-2067, COV-2069, and COV-2093.

11.4 Geriatric Use

Of the 4,567 subjects with SARS-CoV-2 infection randomized in Trial COV-2067, 14% were 65
years or older, and 4% were 75 years of age or older. Of the 3,029 subjects randomized in Trial
COV-2069, 9% were 65 years or older and 2% were 75 years of age or older. Of the 974 subjects
randomized in Trial COV-2093, 13% were 65 years or older and 2% were 75 years of age or
older. The difference in pharmacokinetics (PK) of casirivimab and imdevimab in geriatric
patients compared to younger patients is unknown [see Clinical Trial Results and Supporting
Data for EUA (18.1)].

11.5 Renal Impairment
Casirivimab and imdevimab are not eliminated intact in the urine, thus renal impairment is not

expected to affect the exposure of casirivimab and imdevimab.

11.6 Hepatic Impairment

The effect of hepatic impairment on PK of casirivimab and imdevimab is unknown.
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11.7 Other Specific Populations

The effect of other covariates (e.g., sex, race, body weight, disease severity) on PK of
casirivimab and imdevimab is unknown.

12 OVERDOSAGE

Doses up to 8,000 mg (4,000 mg each of casirivimab and imdevimab, greater than 3 times the
recommended dose) have been administered in clinical trials without dose-limiting toxicity.
Treatment of overdose should consist of general supportive measures including monitoring of
vital signs and observation of the clinical status of the patient. There is no specific antidote for
overdose with REGEN-COV (casirivimab and imdevimab).

13 PRODUCT DESCRIPTION

Casirivimab, a human immunoglobulin G-1 (IgG1) monoclonal antibody (mAb), is a covalent
heterotetramer consisting of 2 heavy chains and 2 light chains produced by recombinant DNA
technology in Chinese hamster ovary (CHO}) cell suspension culture and has an approximate
molecular weight of 145.23 kDa.

Casirivimab injection is a sterile, preservative-free, clear to slightly opalescent and colorless to
pale yellow solution in a vial for subcutaneous use or intravenous infusion after dilution
available as a 300 mg/2.5 mL (120 mg/mL) or 1,332 mg/11.1 mL (120 mg/mL) solution and
must be administered with imdevimab. The vial stoppers are not made with natural rubber latex.

e Casirivimab: Each 2.5 mL of solution contains 300 mg of casirivimab, L-histidine
(1.9 mg), L-histidine monohydrochloride monohydrate (2.7 mg), polysorbate 80
(2.5 mg), sucrose (200 mg), and Water for Injection, USP. The pH is 6.0.

o Casirivimab: Each 11.1 mL of solution contains 1,332 mg of casirivimab, L-histidine
(8.3 mg), L-histidine monohydrochloride monohydrate (12.1 mg), polysorbate 80
(11.1 mg), sucrose (888 mg), and Water for Injection, USP. The pH 15 6.0.

Imdevimab, a human IgG1 mAb, is a covalent heterotetramer consisting of 2 heavy chains and 2
light chains produced by recombinant DNA technology in Chinese hamster ovary (CHO) cell
suspension culture and has an approximate molecular weight of 144.14 kDa.

Imdevimab injection is a sterile, preservative-free, clear to slightly opalescent and colorless to
pale yellow solution in a vial for subcutaneous use or intravenous infusion after dilution
available as a 300 mg/2.5 mL (120 mg/mL) or 1,332 mg/11.1 ml. (120 mg/mL) solution and
must be administered with casirivimab. The vial stoppers are not made with natural rubber latex.

e Imdevimab: Each 2.5 mL of solution contains 300 mg of imdevimab, L-histidine

(1.9 mg), L-histidine monohydrochloride monohydrate (2.7 mg), polysorbate 80
(2.5 mg), sucrose (200 mg), and Water for Injection, USP. The pH is 6.0.
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e Imdevimab: Each 11.1 mL of solution contains 1,332 mg of imdevimab, L-histidine
(8.3 mg), L-histidine monohydrochloride monohydrate (12.1 mg), polysorbate 80
(11.1 mg), sucrose (888 mg), and Water for Injection, USP. The pH is 6.0.

REGEN-COV (casirivimab and imdevimab solution) injection is a sterile, preservative-free,
clear to slightly opalescent, and colorless to pale yellow 10 mL solution in a vial for intravenous
infusion after dilution. The vial stoppers are not made with natural rubber latex.

e FEach 10 mL of solution contains 600 mg of casirivimab, 600 mg of imdevimab,
L-histidine (7.4 mg), L-histidine monohydrochloride monohydrate (10.9 mg), polysotbate
80 (10.0 mg), sucrose (800 mg), and Water for Injection, USP. The pH is 6.0.

14 CLINICAL PHARMACOLOGY

14.1 Mechanism of Action

Casirivimab (IgG1x) and imdevimab (IgG1A) are two recombinant human mAbs which are
unmodified in the Fc regions. Casirivimab and imdevimab bind to non-overlapping epitopes of
the spike protein receptor binding domain (RBD) of SARS-CoV-2 with dissociation constants
Kp = 45.8 pM and 46.7 pM, respectively. Casirivimab, imdevimab and casirivimab and
imdevimab together blocked RBD binding to the human ACE2 receptor with ICsq values of 56.4
pM, 165 pM and 81.8 pM, respectively and prevents viral attachment to host cells [see
Microbiology/Resistance Information (15)].

14.2 Pharmacodynamics

Trial COV-2067 evaluated REGEN-COV (casirivimab and imdevimab) with doses of up to 6.66
times the recommended dose (600 mg of casirivimab and 600 mg of imdevimab; 1,200 mg of
casirivimab and 1,200 mg of imdevimab; 4,000 mg of casirivimab and 4,000 mg of imdevimab)
in ambulatory patients with COVID-19. A flat dose-response relationship for efficacy was
identified for REGEN-COV at all doses, based on viral load and clinical outcomes. Similar
reductions in viral load (log10 copies/mL) were observed in subjects for the (600 mg of
casirivimab and 600 mg of imdevimab) intravenous and (600 mg of casirivimab and 600 mg of
imdevimab) subcutaneous doses; however, only limited clinical outcome data are available for
the subcutaneous route of administration for the treatment of symptomatic patients.

14.3 Pharmacokinetics

Both casirivimab and imdevimab exhibited linear and dose-proportional pharmacokinetics (PK)
between (600 mg of casirivimab and 600 mg of imdevimab) to (4,000 mg of casirivimab and
4,000 mg of imdevimab) doses of REGEN-COV (casirivimab and imdevimab) following
intravenous administration of single dose. A summary of PK parameters after a single (600 mg
of casirivimab and 600 mg of imdevimab) intravenous dose, for each antibody is provided in
Table 7.
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Table 7: Summary of PK Parameters for Casirivimab and Imdevimab After a Single
600 mg of Casirivimab and 600 mg of Imdevimab Intravenous Dose of
REGEN-COV in Study COV-2067

PK Parameter! Casirivimab Imdevimab

Ceoi (mg/L)? 192 (80.9) 198 (84.8)

Cas (mg/L)* 46.2 (22.3) 38.5 (19.7)
! Mean (SD)

2 concentration at end of 1-hour infusion
3 observed concentration 28 days after dosing, i.e., on day 29, as defined in the protocol

A summary of PK parameters after a single 600 mg of casirivimab and 600 mg of imdevimab

subcutaneous dose is shown in Table 8.

Table 8: Summary of PK Parameters for Casirivimab and Imdevimab After a Single
600 mg of Casirivimab and 600 mg of Imdevimab Subcutaneous Dose of
REGEN-COV

PK Parameter’> Casirivimab Imdevimab
Cumax (mg/L) 55.6 (22.2) 52.7 (22.5)
tmax (day)? 8.00 (4.00, 87.0) 7.00 (4.00, 15.0)
AUCo.2s
(mgeday/L) 1060 (363) 950 (362)
AUCinf
(mgeday/L)? 2580 (1349) 1990 (1141)
Cas (mg/L)* 30.7 (11.9) 24.8 (9.58)
Half-life (day) 31.8 (8.35) 26.9 (6.80)
"Mean (SD)
* Median (range)

3 Value reported for subjects with %AUCins extrapolated <20%
4 Observed concentration 28 days after dosing, i.e., on day 29
5 Mean (SD) concentration at 24 hours (Cas) of casirivimab and imdevimab in serum with 1200 SC dosing, 22.5

(11.0) mg/L and 25.0 (16.4) mg/L, respectively

For the repeat dose prophylaxis intravenous and subcutaneous regimens, population
pharmacokinetic simulations predicted that trough concentrations in serum at steady-state after
an initial 600 mg casirivimab and 600 mg imdevimab intravenous or subcutaneous dose followed
by monthly (every 4 weeks) 300 mg casirivimab and 300 mg imdevimab intravenous or
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subcutaneous doses are similar to slightly higher than observed mean day 29 concentrations in
serum for a single 600 mg casirivimab and 600 mg imdevimab subcutaneous dose.

Specific Populations

The effect of different covariates (e.g., age, sex, race, body weight, disease severity, hepatic
impairment) on the PK of casirivimab and imdevimab is unknown. Renal impairment is not
expected to impact the PK of casirivimab and imdevimab, since mAbs with molecular weight
>69 kDa are known not to undergo renal elimination. Similarly, dialysis is not expected to
impact the PK of casirivimab and imdevimab.

Drug-Drug Interactions

Casirivimab and imdevimab are mAbs which are not renally excreted or metabolized by
cytochrome P450 enzymes; therefore, interactions with concomitant medications that are renally
excreted or that are substrates, inducers, or inhibitors of cytochrome P450 enzymes are unlikely
[see Drug Interactions (10)].

15 MICROBIOLOGY/RESISTANCE INFORMATION

Antiviral Activity

In 2 SARS-CoV-2 virus neutralization assay in Vero E6 cells, casirivimab, imdevimab, and
casirivimab and imdevimab together neutralized SARS-CoV-2 (USA-WA1/2020 isolate} with
ECsp values of 37.4 pM (0.006 pg/mL), 42.1 pM (0.006 pg/mL), and 31.0 pM (0.005 ug/mL),
respectively.

Antibody-dependent cell-mediated cytotoxicity (ADCC) and antibody-dependent cellular
phagocytosis {ADCP) were assessed using Jurkat target cells expressing SARS-CoV-2 spike
protein. Casirivimab, imdevimab and casirivimab and imdevimab together mediated ADCC with
human natural killer (NK) effector cells. Casirivimab, imdevimab and casirivimab and
imdevimab together mediated ADCP with human macrophages. C asirivimab, imdevimab and
casirivimab and imdevimab together did not mediate complement-dependent cytotoxicity in
cell-based assays.

Antibody Dependent Enhancement (ADE) of Infection

The potential of casirivimab and of imdevimab to mediate viral entry was assessed in immune
cell lines co-incubated with recombinant vesicular stomatitis virus (VSV) virus-like particles
(VLP) pseudotyped with SARS-CoV-2 spike protein at concentrations of mAb(s) down to
approximately 10-fold below the respective neutralization ECso values. Casirivimab and
imdevimab together and imdevimab alone, but not casirivimab alone, mediated entry of
pseudotyped VLP into FcyR2* Raji and FeyR1*/FcyR2” THPI cells (maximum infection in total
cells of 1.34% and 0.24%, respectively, for imdevimab; 0.69% and 0.06%, respectively for
casirivimab and imdevimab together), but not any other cell lines tested (IM9, K562, Ramos and
U937 cells).
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Antiviral Resistance

There is a potential risk of treatment failure due to the development of viral variants that are
resistant to casirivimab and imdevimab administered together. Prescribing healthcare providers
should consider the prevalence of SARS-CoV-2 variants in their area, where data are available,
when considering treatment options.

Escape variants were identified following two passages in cell culture of recombinant VSV
encoding SARS-CoV-2 spike protein in the presence of casirivimab or imdevimab individually,
but not following two passages in the presence of casirivimab and imdevimab together. Variants
which showed reduced susceptibility to casirivimab alone included those with spike protein
amino acid substitutions K417E (182-fold), K417N (7-fold), K417R (61-fold), Y453F (>438-
fold), L455F (80-fold), E484K (25-fold), FA86V (>438-fold) and Q493K (>438-fold). Variants
which showed reduced susceptibility to imdevimab alone included substitutions K444N (>755-
fold), K444Q (>548-fold), K444T (>1,033-fold), and V445A (>548-fold). Casirivimab and
imdevimab together showed reduced susceptibility to variants with K444T (6-fold) and V445A
(5-fold) substitutions.

In neutralization assays using VSV VLP pscudotyped with spike protein vanants identified in
circulating SARS-CoV-2, variants with reduced susceptibility to casirivimab alone included
those with E406D (51-fold), G476S (5-fold), E484Q (19-fold), G485D (5-fold), FA36L (61-fold),
F486S (>715-fold), Q493E (446-fold), Q493R (77-fold), and S494P (5-fold) substitutions, and
variants with reduced susceptibility to imdevimab alone included those with P337L (5-fold).
N439K (463-fold), N439V (4-fold), N440K (28-fold), K444L (153-fold), K444M (1,577-fold),
G446V (135-fold), N450D (9-fold), Q498H (17-fold), P499S (206-fold) substitutions. The
G476D substitution had an impact (4-fold) on casirivimab and imdevimab together. Substitutions
tested concurrently which had reduced susceptibility to casirivimab and imdevimab together
included N440K+E484K (21-fold), found in the B.1.619/B.1.625 lineages, and N439K+E484K
(23-fold), found in the AV.1 lineage; variants harboring these concurrent substitutions have been
detected rarely in the US.

Casirivimab and imdevimab individually and together retained neutralization activity against
pseudotyped VLP expressing all spike protein substitutions found in the B.1.1.7 lineage (Alpha;
UK origin) and against pseudotyped VLP expressing only N501Y found in B.1.1.7 and other
circulating lineages (Table 9). Casirivimab and imdevimab together retained neutralization
activity against pseudotyped VLP expressing all spike protein substitutions, or individual
substitutions K417N, E484K or N501Y, found in the B.1.351 lincage (Beta; South Affica
origin), and all spike protein substitutions or key substitutions K417T, E484K, or N501Y, found
in the P.1 lineage (Gamma; Brazil origin), although casirivimab alone, but not imdevimab, had
reduced activity against pseudotyped VLP expressing K417N (7-fold) or E484K (25-fold). The
E484K substitution is also found in the B.1.526 lincage (Tota; USA [New York] origin).
Casirivimab and imdevimab, individually and together, retained neutralization activity against
the LA452R substitution found in the B.1.427/B.1.429 lincages (Epsilon; USA [California] origin).
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Casirivimab and imdevimab, individually and together, retained neutralization activity against
pscudotyped VLP expressing L452R+T478K substitutions found in the B.1.617.2 and AY .3
lineages (Delta; India origin). Casirivimab and imdevimab together retained neutralization
activity against pseudotyped VLP expressing L452R+E484Q substitutions, found in the
B.1.617.1/B.1.617.3 lineages (Kappa/no designation; India origin), although casirivimab alone,
but not imdevimab, had reduced activity against pseudotyped VLP expressing L452R+E484Q
(7-fold). Casirivimab and imdevimab together retained activity against pseudotyped VLP
expressing R346K+E484K+N501Y found in the B.1.62 1/B.1.621.1 (Mu; Colombia origin)

lineage although casirivimab alone, but not imdevimab, had reduced activity against

pseudotyped VLP expressing R346K+E484K+N501Y (23-fold).

Casirivimab and imdevimab, individually (>1732-fold and >754-fold, respectively) and together
(>1013-fold), demonstrated reduced neutralization activity against VLP pseudotyped with the
full spike protein sequence of the B.1.1.529/BA.1 (Omicron; South Africa origin) lineage.

Table 9: Pseudotyped Virus-Like Particle Neutralization Data for SARS-CoV-2
Variant Substitutions with Casirivimab and Imdevimab Together
\ Lineage with Spike ‘ Country WHO Key Substitutions Fold ]
| Protein First Nomenclature Reduction in
| Substitution Identified Susceptibility
| B.1.L7 UK Alpha N501Y* no change’
| B.1.351 South Beta K417N+E484K+N501Y" | no change?
| Africa '
Pl Brazil Gamma K417T+E484K+N501Y® | no change*
| B.1.617.2/AY .3 India Delta L452R+T478K | no change*
| B.1.427/B.1.429 USA Epsilon L452R | no change®
(California) ‘
B.1.526¢ USA (New Iota E484K no change!
York)
B.1.617.1/B.1.617.3 India Kappa/no L452R+E484Q no change?
| designation
| B.1.621/B.1.621.1 Colombia Mu R346K+E484K+N501Y | no change?
B.1.1.529/BA.1 South Omicron G339D+S371L+S373P+ | >1013-fold®
Africa S375F+K417N+N440K,
G446S+S47TN+T478K+
F484A+Q493R+G4965+
Q498R+N501Y+Y505H"

i Pseudotyped VLP expressing the entire variant spike protein was tested. The following changes from wild-type spike protein
are found in the variant: del69-70, del145, N501Y, A570D, D614G, P681H, T716I, 59824, D1 118H.
b Pseudotyped VLP expressing the entire variant spike protein was tested. The following changes from wild-type spike protein
are found in the varjant: D80Y, D215Y, del241-243, K417N, E484K, N501Y, D614G, ATOIV.

¢ Pseudotyped VLP expressing the entire variant s
are found in the variant: L18F, T20N, P26S, D13

d No change: <2-fold reduction in susceptibility.

¢ Not all isolates of the New York lincage harbor the E484K substitutio

T pseudotyped VP expressing the entire v.
are found in the variant: A67V, del69-70, T95I, G142D/del143-145,

pike protein was tested. The following changes from wild-type spike protein

8Y, R1908, K417T, E484K, N501Y, D614G, H655Y, T10271, V1176F.

ariant spike protein was teste
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S375F, K417N, N440K, G446S, S4TTN, TAT8K, E484A, Q493R, G4968, Q498R, N501Y, Y505H, T547K, D614G, H655Y,
N679K, P681H, N764K, D796Y, N856K, Q954H, N969K, L9&I1F
£ (asirivimab and imdevimab together are uniikely to be active against variants from this lineage

Abbreviations: del, deletion; ins, insertion

Dhue to the large reduction of pseudotyped VLP neutralization activity against spike protein from
the B.1.1.529/BA.1 (Omicron;South Africa origin) variant, it is unlikely that casirivimab and
imdevimab together will be active against this variant.

Casirivimab and imdevimab together retained activity against authentic SARS-CoV-2 variants of
B.1.1.7 (Alpha), B.1.351 (Beta), P.1 (Gamma), B.1.617.1 (Kappa) lincages (Table 10), although
casirivimab alone, but not imdevimab, had reduced activity against B.1.351 (5-fold), P.1 (>371-
fold) and B.1.617.1 (6-fold) variants.

Tt is not known how pseudotyped VLP or authentic SARS-CoV-2 data correlate with clinical
outcomes.

Table 10: Authentic SARS-CoV-2 Neutralization Data for Casirivimab and Imdevimab

Together
SARS-CoV- Country WHO Key Substitutions® Fold Reduction
2 Lineage First Nomenclature in Susceptibility
Identified

B.1.1.7 UK Alpha N501Y no change®
B.1.351 South Africa Beta K417N+E484K+N501Y no change®
P.1 Brazil Gamma K417T+E484K+N501Y no change®
B.1.617.2 India Delta L452R+T478K no change”

| B.1.617.1 India Kappa LA452R+E484Q no change®

2 Key substitutions occurring in receptor binding domain of spike protein which are associated with each lineage
b No change: <2-fold reduction in susceptibility.

In clinical trial COV-2067, interim data indicated only one variant (G446V) occurring at an
allele fraction >15%, which was detected in 3/66 subjects who had nucleotide sequencing data,
each at a single time point (two at baseline in subjects from placebo and 2,400 mg casirivimab
and imdevimab groups, and one at Day 25 in a subject from the 8,000 mg casirivimab and
imdevimab group). The G446V variant had reduced susceptibility to imdevimab of 135-fold
compared to wild-type in a pseudotyped VSV VLP neutralization assay but retained
susceptibility to casirivimab alone and casirivimab and imdevimab together.

Tt is possible that resistance-associated variants to casirivimab and imdevimab together could

have cross-resistance to other mAbs targeting the receptor binding domain of SARS-CoV-2. The
clinical impact is not known.

Immune Response Attenuation
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There is a theoretical risk that antibody administration may attenuate the endogenous immune
response to SARS-CoV-2 and make patients more susceptible to re-infection.

16 NONCLINICAL TOXICOLOGY

Carcinogenicity, genotoxicity, and reproductive toxicology studies have not been conducted with
casirivimab and imdevimab.

In a toxicology study in cynomolgus monkeys, casirivimab and imdevimab had no adverse
effects when administered intravenously or subcutaneously. Non-adverse liver findings (minor
transient increases in AST and ALT) were observed.

Tn tissue cross-reactivity studies with casirivimab and imdevimab using human adult and fetal
tissues, no binding of clinical concern was detected.

17 ANIMAL PHARMACOLOGIC AND EFFICACY DATA

Casirivimab and imdevimab administered together has been assessed in rhesus macaque and
Syrian golden hamster treatment models of SARS-CoV-2 infection. Therapeutic administration
of casirivimab and imdevimab together at 25 mg/kg or 150 mg/kg into rhesus macaques (n=4 for
each dosing group) 1-day post infection resulted in approximately 1-2 log1o reductions in
genomic and sub-genomic viral RNA in nasopharyngeal swabs and oral swabs at Day 4
post-challenge in most animals, and reduced lung pathology relative to placebo-treated animals.
Therapeutic administration of casirivimab and imdevimab together at 5 mg/kg and 50 mg/kg
doses to hamsters 1-day post infection resulted in reduced weight loss relative to placebo treated
animals. In the prophylactic setting in rhesus macaques, administration of 50 mg/kg casirivimab
and imdevimab together prior to challenge with SARS-CoV-2 demonstrated reduction in viral
RNA via nasopharyngeal, oral swabs and bronchioalveolar lavage fluid, as well as a reduction in
lung inflammation. In the prophylactic setting in hamsters, administration of 0.5 mg/kg, 5 mg/kg,
or 50 mg/kg casirivimab and imdevimab together prior to challenge with SARS-CoV-2 protected
against weight loss, and reduced percentage of lung area showing pneumonia pathology and
severity of lung inflammation, indicative of reduced morbidity in this model. The applicability of
these findings fo a clinical setting is not known.

18 CLINICAL TRIAL RESULTS AND SUPPORTING DATA FOR EUA

18.1 Treatment of Mild to Moderate COVID-19 (COV-2067)

The data supporting this EUA are based on the analysis of Phase 1/2/3 from trial, COV-2067
(NCT04425629). This is a randomized, double-blinded, placebo-controlled clinical trial
evaluating REGEN-COV (casirivimab and imdevimab) for the treatment of subjects with mild to
moderate COVID-19 (subjects with COVID-19 symptoms who are not hospitalized). Cohort 1
enrolled adult subjects who were not hospitalized and had 1 or more COVID-19 symptoms that
were at least mild in severity. Treatment was initiated within 3 days of obtaining a positive
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SARS-CoV-2 viral infection determination. Subjects in the Phase 3 primary efficacy analysis
met the criteria for high risk for progression to severe COVID-19, as shown in Section 2.

In the Phase 3 trial, 4,567 subjects with at least one risk factor for severe C OVID-19 were
randomized to a single intravenous infusion of 600 mg of casirivimab and 600 mg of imdevimab
(n=838), 1,200 mg of casirivimab and 1,200 mg of imdevimab (n=1,529), 4,000 mg of
casirivimab and 4,000 mg of imdevimab (n=700), or placebo (n=1,500) groups. The two
REGEN-COV doses at the start of Phase 3 were 4,000 mg and 1,200 mg of each component;
however, based on Phase 1/2 efficacy analyses showing that the 4,000 mg and 1,200 mg doses of
each component were similar, the Phase 3 portion of the protocol was amended to compare 1,200
mg dose of each component vs. placebo and 600 mg dose of each component vs. placebo.
Comparisons were between subjects randomized to the specific REGEN-COV dose and subjects
who were concurrently randomized to placebo.

At baseline, in all randomized subjects with at least one risk factor, the median age was 50 years
(with 13% of subjects ages 65 years or older), 52% of the subjects were female, 84% were
White, 36% were Hispanic or Latino, and 5% were Black or African American. In subjects with
available baseline symptom data, 15% had mild symptoms, 42% had moderate, 42% had severe
symptoms, and 2% reported no symptoms at baseline; the median duration of symptoms was 3
days; mean viral load was 6.2 logio copies/mL at baseline. The baseline demographics and
disease characteristics were well balanced across the casirivimab and imdevimab and placebo
treatment groups.

The primary endpoint was the proportion of subjects with =1 COVID-19-related hospitalization
or all-cause death through Day 29, in subjects with a positive SARS-CoV-2 RT-gPCR result
from nasopharyngeal (NP) swab at randomization, and with at least one risk factor for severe
COVID-19, i.e., the modified full analysis set (mFAS). In the mFAS, events (COVID-19-related
hospitalization or all-cause death through Day 29) occurred in 7 (1.0%) subjects treated with 600
mg of casirivimab and 600 mg of imdevimab compared to 24 (3%) subjects concurrently
randomized to placebo, demonstrating a 70% reduction in COVID-19-related hospitalization or
all-cause death compared to placebo (p=0.0024). Events occurred in 18 (1.3%) subjects treated
with 1,200 mg of casirivimab and 1,200 mg of imdevimab compared to 62 (5%) subjects
concurrently randomized to placebo, demonstrating a 71% reduction compared to placebo
(REGEN-COV 1% vs placebo 5%, p<0.0001). In the 1,200 mg analysis, there was 1 death each
in the REGEN-COV and placebo arm (p=1.0); and in 2,400 mg analysis, there were 1 and 3
deaths, respectively, in the REGEN-COV and placebo arms (p=0.3721). Overall, similar effects
were observed for 600 mg of casirivimab and 600 mg of imdevimab and 1,200 mg of
casirivimab and 1,200 mg of imdevimab doses, indicating the absence of a dose effect; therefore
the 600 mg of casirivimab and 600 mg of imdevimab dose is authorized and the 1,200 mg of
casirivimab and 1,200 mg of imdevimab dose is no longer authorized under this EUA (See
Table 11). Results were consistent across subgroups of patients defined by nasopharyngeal viral
load >10° copies/mL at baseline or serologic status.
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Table 11: Proportion of subjects with =21 COVID-19-related hospitalization or all-cause
death through day 29 (COV-2067)

600 mg of Placebo 1,200 mg of | Placebo
casirivimab and casirivimab
600 mg of and 1,200 mg
imdevimab of imdevimab
(intravenous) (intravenous)
n=736 n=748 n=1,355 n=1,341
# of subjects with at 7 (1.0%) 24 (3.2%) 18 (1.3%) 62 (4.6%)
least 1 event (COVID-
19-related
hospitalization or all-
cause death) I
Risk reduction 70% 71%
(p=0.0024) (p<0.0001)

Treatment with REGEN-COV resulted in a statistically significant reduction in the LS mean
viral load (logio copies/mL) from baseline to Day 7 compared to placebo (-0.71 logie copies/mL
for 600 mg dose of casirivimab and 600 mg of imdevimab and -0.86 log1o copies/mL for 2,400
mg; p<0.0001). Reductions were observed in the overall mFAS population and in other
subgroups, including those with baseline viral load >10° copies/mL or who were seronegative at
baseline. Consistent effects were observed for the individual doses, indicating the absence of a
dose effect. Figure 1 shows the mean change from baseline in SARS-COV-2 viral load to Day

15.
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Figure 1: Change from Baseline in SARS-COV-2 Viral Load (logo copies/mL) to Day
15 (COV-2067)
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Day
REGEN-COV 1.2 g IV = 600 mg of casirivimab and 600 mg of imdevimab administered intravenously
REGEN-COV 2.4 g IV = 1,200 mg of casirivimab and 1,200 mg of imdevimab administered intravenously

The median time to symptom resolution, as recorded in a trial-specific daily symptom diary, was
10 days for REGEN-COV-treated subjects, as compared with 14 days for placcbo-treated
subjects (p=0.0001 for 600 mg of casirivimab and 600 mg of imdevimab vs. placebo; p<0.0001
for 1,200 mg of casirivimab and 1,200 mg of imdevimab vs. placebo). Symptoms assessed were
fever, chills, sore throat, cough, shortness of breath/difficulty breathing, nausea, vomiting,
diarrhea, headache, red/watery eyes, body aches, loss of taste/smell, fatigue, loss of appetite,
confusion, dizziness, pressure/tight chest, chest pain, stomachache, rash, sneezing,
sputum/phlegm, runny nose. Time to COVID-19 symptom resolution was defined as time from
randomization to the first day during which the subject scored ‘no symptom’ (score of 0) on all
of the above symptoms except cough, fatigue, and headache, which could have been
‘mild/moderate symptom’ (score of 1) or ‘no symptom’ (score of 0).

18.2 Post-exposure Prophylaxis of COVID-19 (COV-2069)

The data supporting this EUA for post-exposure prophylaxis of COVID-19 are based on the
efficacy analysis of data from the Phase 3 COV-2069 trial (NCT04452318). This is a
randomized, double-blind, placebo-controlled clinical trial studying REGEN-COV (casirivimab
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and imdevimab) for post-exposure prophylaxis of COVID-19 in household contacts of
individuals infected with SARS-CoV-2 (index case).

The trial enrolled subjects who were asymptomatic and who lived in the same household with a
SARS-CoV-2 infected patient, Subjects were randomized 1:1 to a single dose of 600 mg of
casirivimab and 600 mg of imdevimab or placebo administered subcutaneously within 96 hours
of collection of the index cases’ positive SARS-CoV-2 diagnostic test sample.

Subjects with a negative SARS-CoV-2 RT-gPCR test result at baseline (n=2,067) were enrolled
and randomized in Cohort A. The primary analysis population included subjects who were
SARS-CoV-2 RT-gPCR negative and seronegative at bascline. Of the 1,505 subjects in the
primary analysis population, 753 subjects were randomized to receive REGEN-COV and 752
subjects were randomized to placebo. Following randomization and dosing, subjects had SARS-
CoV-2 RT-qPCR testing via a nasopharyngeal swab every 7 days as well as weekly interviews
with the investigator for assessment of COVID-19 symptoms during the 28-day efficacy
assessment period. No data were collected on the type or extent of exposure to the index case.

For the primary analysis population at baseline, the median age was 44 years (with 9% of
subjects ages 65 years or older), 54% of the subjects were female, 86% were White, 41% were
Hispanic or Latino, and 9% were Black. The baseline demographics and disease characteristics
were well balanced across the casirivimab and imdevimab and placebo treatment groups.

The primary efficacy endpoint was the proportion of subjects who developed RT gPCR-
confirmed COVID-19 through Day 29. In the primary analysis population (RT-qPCR negative
and seronegative at baseline), there was an 81% risk reduction in the development of COVID-19
with REGEN-COV treatment versus placebo [11/753 (1%) and 59/752 (8%); adjusted odds ratio
0.17; p<0.0001]. Figure 2 shows the cumulative incidence of COVID-19 through Day 29.
Similar results were obtained in a sensitivity analysis that included RT-gPCR negative subjects
at baseline, regardless of baseline serological status, where there was an 82% risk reduction in
RT-qPCR-confirmed COVID-19 with REGEN-COV treatment versus placebo. There was a 66%
risk reduction in the proportion of participants with any RT-qPCR-confirmed SARS-CoV-2
infection (symptomatic or asymptomatic) with REGEN-COV treatment versus placebo [36/753
(5%) and 107/752 (14%); adjusted odds ratio 0.31; p<0.0001].
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Figure 2: Cumulative Incidence of Symptomatic COVID-19 (COV-2069 Cohort A)
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In a post-hoc analysis in the subgroup of subjects who met the criteria for high risk for
progression to severe COVID-19 (as shown in Section 2), there was a 76% risk reduction in
COVID-19 with REGEN-COV treatment versus placebo [10/570 (2%) vs 42/567 (7%); adjusted
odds ratio 0.22; p<0.0001].

In Cohort B, asymptomatic subjects with a positive SARS-CoV-2 RT-qPCR test result at
baseline (n=311) were enrolled and randomized 1:1 to REGEN-COV or placebo. In a post-hoc
analysis of the overall combined Cohort A and Cohort B (regardless of serology status at
baseline), there was a 62% risk reduction in COVID-19 with REGEN-COV treatment versus
placebo [46/1201 (4%) vs 119/1177 (10%); adjusted odds ratio 0.35; p<0.0001].

19 HOW SUPPLIED/STORAGE AND HANDLING
How Supplied

Co-formulated casirivimab and imdevimab injection is a sterile, preservative-free, clear to
slightly opalescent, colorless to pale yellow solution supplied in a vial. Refer to Table 12.

Casirivimab injection is a sterile, preservative-free, clear to slightly opalescent, colorless to pale
yellow solution supplied in a vial. Refer to Table 13.
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Imdevimab injection is a sterile, preservative-free, clear to slightly opalescent, colorless to pale
yellow solution supplied in a vial. Refer to Table 13.

REGEN-COV (casirivimab and imdevimab) injection is available as:
1. A single vial which contains two antibodies co-formulated in a 1:1 ratio of
casirivimab and imdevimab (Table 12).
2. Individual antibody solutions in separate vials, which may be supplied in separate
cartons (Table 13) or together in a single carton (also referred to as a co-packaged

carton) (Table 14), or in a dose pack (Table 15).

Table 12: Co-Formulated Casirivimab and Imdevimab
Antibody Concentration Package Size NDC Number
REGEN-COV 600 mg/600 mg per 10 mL 1 vial per carton | 61755-039-01
(casirivimab and | (60 mg/60 mg per mlL.)
imdevimab)

INDIVIDUAL CASIRIVIMAB AND IMDEVIMAB SOLUTIONS MUST BE
ADMINISTERED TOGETHER.

Table 13: Individual Package Size
Antibody Concentration Package Size NDC Number
1,332 mg/11.1 mL 1 vial per carton 61755-024-01

Casirivimab {120 mg/mL)
REGN10933 300 mg/2.5 mL 1 vial per carton 61755-026-01

(120 mg/mL)
1,332 mg/11.1 mL 1 vial per carton 61755-025-01

Imdevimab (120 mg/mL)
REGN10987 300 mg/2.5 mL 1 vial per carton 61755-027-01

| (120 mg/mL) ,

Each co-packaged carton contains 1 vial of casirivimab and 1 vial of imdevimab. Refer to

Table 14.
Table 14: Casirivimab and Imdevimab Co-Packaged Carton
Co-Packaged Co-Packaged Concentration : Co-Packaged
i Carton Components Carton
| Contents | NDC Number
‘ 1 vial of casirivimab 1,332 mg/11.1 mL. |
2 Vials (NDC 61755-024-00) (120 mg/mL) ﬁ| 61755-042-02
1 vial of imdevimab 1,332 mg/11.1 mL
| (NDC 61755-025-00) (120 mg/mL) }
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1 vial of casirivimab 300 mg/2.5 mL '

2 Vials (NDC 61755-026-00) (120 mg/mL) | 61755-045-02
1 vial of imdevimab 300 mg/2.5 mL '
(NDC 61755-027-00) (120 mg/ml.) |

Each REGEN-COV dose pack contains sufficient number of vials of casirivimab [REGN10933]
and imdevimab [REGN10987] to prepare up to two treatment doses (600 mg of casirivimab and
600 mg of imdevimab). Refer to Table 15.

Table 15: Dose Pack Providing 1,200 mg Casirivimab and 1,200 mg Imdevimab

REGEN-COV REGEN-COV Concentration REGEN-COV
Dose Pack Size Dose Pack Dose Pack
‘ Components NDC Number
1 vial of casirivimab 1,332 mg/11.1 mL |
REGN10933 (120 mg/mi.) |
2 Cartons | (NDC 61755-024-01) 61755-035-02
1vial of imdevimab | 1,332mg/1l.lmL |
REGN10987 {120 mg/mL) '
(NDC 61755-025-01)
4 vials of casirivimab 300 mg/2.5 mL
REGN18933 (120 mg/mL)
8 Cartons (NDC 61755-026-01) 61755-036-08
4 vials of imdevimab 300 mg/2.5 mL
REGN10987 (120 mg/mL)
(NDC 61755-027-01)
1 vial of casirivimab 1,332 mg/11.1 mL
, REGN10933 (120 mg/mL)
SCartons | (NDC 61755-024-01) | 61755-037-05
| 4 vials of imdevimab 300 mg/2.5mL |
REGN10987 (120 mg/mL)
(NDC 61755-027-01)
4 vials of casirivimab 300 mg/2.5 mL
REGN10933 (120 mg/mL)
5 Cartons (NDC 61755-026-01) 61755-038-05
1 vial of imdevimab 1,332 mg/11.1 mL
REGN10987 (120 mg/mL)
(NDC 61755-025-01}

Storage and Handling

Casirivimab is preservative-free. Discard any unused portion.
Imdevimab is preservative-free. Discard any unused portion.
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Store unopened casirivimab and imdevimab vials in a refrigerator at 2°C to 8°C (36°F to 46°F)
in the original carton to protect from light. Unopened vials may be stored in the original carton at
room temperature [up to 25°C (77°F)] and must be used within 30 days. If not used in the 30
days, discard vials.

DO NOT FREEZE. DO NOT SHAKE. DO NOT EXPOSE TO DIRECT LIGHT.

Solution in vial requires dilution prior to intravenous administration. The prepared infusion
solution is intended to be used immediately. If immediate administration is not possible, store
diluted casirivimab and imdevimab infusion solution in the refrigerator at 2°C to 8°C (36°F to
46°F) for no more than 36 hours or at room temperature up to 25°C (77°F) for no more than 4
hours. If refrigerated, allow the infusion sclution to equilibrate to room temperature for
approximately 30 minutes prior to administration.

The prepared syringes should be administered immediately. If immediate administration is not
possible, store the prepared casirivimab and imdevimab syringes in the refrigerator between 2°C
to 8°C (36°F to 46°F) for no more than 24 hours, or at room temperature up to 25°C (77°F) for no
more than 8 hours. If refrigerated, allow the syringes to equilibrate to room temperature for
approximately 20 minutes prior to administration.

20 PATIENT COUNSELING INFORMATION

Patients treated with REGEN-COV (casirivimab and imdevimab) should continue to self-isolate
and use infection control measures (e.g., wear mask, isolate, social distance, avoid sharing
personal items, clean and disinfect “high touch” surfaces, and frequent handwashing) according
to CDC guidelines. Also see Fact Sheet for Patients, Parents and Caregivers.

21 CONTACT INFORMATION

For additional information visit www.REGENCOV .com
If you have questions, please contact Regeneron at 1-844-734-6643.

REGENERON

Manufactured by:

Reégeneron Pharmaceuticals, Inc.

777 O1d Saw Mill River Road

Tarrytown, NY 10591-6707

©2021 Regeneron Pharmaceuticals, Inc. All rights reserved.
Revised: 12/2021
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April 16, 2021

Susan Warner, Pharm.D,
Advisor

Global Regulatory Affairs - US
Eli Lilly and Company

Lilly Corporate Center
Indianapolis, Indiana 46285

RE: Emergency Use Authorization 090
Dear Dr. Warner:

This letter is in response to your request, dated April 15, 2021, that the Food and Drug
Administration (FDA) revoke the Emergency Use Authorization (EUA) for emergency use of
bamlanivimab for the treatment of mild to moderate COVID-19 in adults and pediatric patients
(12 years of age and older weighing at least 40 kg) with positive results of direct SARS-CoV-2
viral testing, and who are at high risk for progressing to severe Coronavirus Disease 2019
(COVID-19) and/or hospitalization. The EUA (EUA 090) was originally issued on November 9,
2020 and reissued on February 9, 2021 and March 2, 2021.

The authorization of a product for emergency use under section 564 of the Federal Food, Drug,
and Cosmetic Act (the Act) (21 U.S.C. 360bbb-3) may, pursuant to section 564(g)(2) of the Act,
be revised or revoked when the criteria under section 564(b)(1) of the Act no longer exist, the
criteria under section 564(c) of the Act for issuance of such authorization are no longer met, or
other circumstances make such revision or revocation appropriate to protect the public health or
safety.

As part of the Agency’s ongoing review of the circumstances and appropriateness of EUA 090,
FDA has continually reviewed new data and additional new information to assess whether the
criteria for issuance of EUA 090 continue to be met. Under section 564(c)(2) of the Act, an
EUA may be issued only if FDA concludes, among other things, “that, based on the totality of
scientific evidence available to the Secretary, including data from adequate and well-controlled
clinical trials, if available, it is reasonable to believe that: (A) the product may be effective in
diagnosing, treating, or preventing—(i) such disease or condition [....]; and (B) the known and
potential benefits of the product, when used to diagnose, prevent, or treat such disease or
condition, outweigh the known and potential risks of the product {...].”

Since the initial authorization of bamlanivimab for emergency use, there has been a sustained
increase in SARS-CoV-2 viral variants across the U.S. that are resistant to bamlanivimab
administered alone. As part of the Agency’s ongoing review of the circumstances and
appropriateness of EUA 090, we reviewed emerging information and assessed whether, based on
the totality of scientific evidence available, the criteria for issuance of the EUA continue to be
met.
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A summary of these new data and new information includes the following:

e Vesicular stomatitis virus-based pseudovirus expressing spike protein with variant
substitutions, specifically E484K and L452R, exhibit large reductions (>1,000 fold) in
susceptibility to bamlanivimab alone in neuiralization assays.

s The Center for Disease Control (CDC) national genomic surveillance program has
reported an increasing frequency of SARS-CoV-2 variants that are expected to be
resistant to bamlanivimab alone.

o As of mid-March 2021, approximately 20% of isolates sequenced in the U.S.
were reported as lineages expected to be resistant to bamlanivimab alone,
increasing from approximately 5% in mid-January 2021.

o The CDC national genomic surveillance program has published detailed data
regarding variants of the B.1.427 and B.1.429 lineages, first detected in
California, which harbor the L452R substitution. These variants have now been
identified at frequencies exceeding 20% in eight states and frequencies exceeding
10% in two additional states.

o There are recent reports that variants with the E484K substitution are circulating
at rates exceeding 10% in the New York City metropolitan area including
northern New Jersey.

e Testing technologies that enable health care providers to test individual patients for
SARS-CoV-2 viral variants prior to initiation of treatment with monoclonal antibodies
are not available and frequencies are changing rapidly. Therefore, empiric treatment with
monoclonal antibody therapies that are expected to retain activity broadly across the U.S.
is needed to reduce the likelihood of treatment failure.

e On April 8, 2021, the National Institutes of Health updated its treatment guidelines for
COVID-19 recommending against the use of bamlanivimab alone.

Given the above, we have concluded that the known and potential benefits of bamlanivimab
alone no longer outweigh the known and potential risks for the product. As such, FDA has
determined that the criteria under section 564(c) of the Act for issuance of EUA 090 referenced
above are no longer met.

In your letter requesting that FDA revoke EUA 090, you state that you do not intend to request
the return of bamlanivimab that has been distributed prior to this revocation, as the distributed
product continues to be authorized for use together with etesevimab under EUA 094. FDA
concurs with this approach toward disposition of the previously distributed bamlanivimab
authorized for emergency use under EUA 090. Stakeholders may order etesevimab alone to pair
with existing supply of bamlanivimab that may be on hand.

Accordingly, FDA revokes the EUA for emergency use of bamianivimab administered alone for
the treatment of mild to moderate COVID-19, pursuant to section 564(g)(2) of the Act.
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Notice of this revocation will be published in the Federal Register, pursuant to section 564(h)(1)
of the Act.

Sincerely,

/S~

RADM Denise M. Hinton
Chief Scientist
Food and Drug Administration
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Frequently Asked Questions on the Emergency Use Authorization for Bamlanivimab

Q. What is an Emergency Use Authorization (EUA)?

A: Under section 564 of the Federal Food, Drug & Cosmetic Act, the FDA may, pursuant to a declaration
by the HHS Secretary based on one of four types of determinations, authorize an unapproved product or
unapproved uses of an approved product for emergency use. In issuing an EUA, the FDA must
determine, among other things, that the product may be effective in diagnosing, treating, or preventing
a serious or life-threatening disease or condition caused by a chemical, biological, radiological, or
nuclear agent; that the known and potential benefits, when used to treat, diagnose or prevent such
disease or condition, outweigh the known and potential risks for the product; and that there are no
adequate, approved, and available alternatives. Emergency use authorization is NOT the same as FDA
approval or licensure,

Q. What does this EUA authorize?
A. The EUA authorizes bamlanivimab, manufactured by Eli Lilly and Cg
for the treatment of mild to moderate COVID-19 in adults and pedi
direct SARS-CoV-2 viral testing who are 12 years of age and old

high risk for progressing to severe COVID-19 and/or hospitaliZ§§

), for emergency use
ith positive results of
gst 40kg, and who are at

Q. How is high risk defined under the EUA?
A. High risk for progressing to severe COVID-19 and/or
least one of the following criteria:

« Have a body mass index (BMI) 235

* Have chronic kidney disease

* Have diabetes

n is defined as patients who meet at

+  Have immunosuppressive di@gase

= Are currently receiving ig#fhuno sive treatment
* Are 265 years of age

*  Are 255 years of age ve

o BMI 285th percentile for their age and gender based on CDC growth charts,
https://www.cdc.gov/growthcharts/clinical charts.him, or

sickle cell disease, or

congenital or acquired heart disease, or

neurodevelopmental disorders, for example, cerebral palsy, or

a medical-related technological dependence, for example, tracheostomy, gastrostomy, or
positive pressure ventilation (not related to COVID-19), or

asthma, reactive airway or other chronic respiratory disease that requires daily medication
for control.

0 o 0O 0

o}

Q. Are there limitations of the authorized use under this EUA?
A. Yes. Bamlanivimab is not authorized for use in patients:

¢ who are hospitalized due to COVID-19, or

e who require oxygen therapy due to COVID-18, or

Updated 3/24/2021
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s who require an increase in baseline oxygen flow rate due to COVID-19 in those on chronic
oxygen therapy due to underlying non-COVID-19 related comorbidity.

A benefit of treatment with bamlanivimab has not been observed in patients hospitalized due to COVID-
19. Monoclonal antibodies, such as bamlanivimab, may be associated with worse clinical outcomes
when administered to hospitalized patients with COVID-19 requiring high flow oxygen or mechanical
ventilation.

Q. Is bamlanivimab a monoclonal antibody? What is a monoclonal antibody?

A. Yes, bamlanivimab is a monoclonal antibody. Monoclonal antibodies are laboratory-produced
molecules engineered to serve as substitute antibodies that can restore, enhance or mimic the immune
system's attack on pathogens. Bamlanivimab is designed to block viral attachment and entry into human
cells, thus neutralizing the virus.

Q. When should bamlanivimab be administered to a patient?

A. It is recommended that bamlanivimab be administered as soon
SARS-CoV-2 and within 10 days of symptom onset. Bamlanivim
mg via IV infusion. More information about administration is
Sheet.

Q. Where are infusions of bamlanivimab available?

A. The following websites contain information rgg
COVID-19:

s HHS Protect Public Data Hub —Th

public.hhs.gov/pages/therapeutics-$

e National Infusion Center Ass@siation WICA): https://covid.infusioncenter.org/

ss to monoclonal antibody treatments for

bution: https://protect-

d in settings in which health care providers have immediate

access to medications to treat infagsion reaction, such as anaphylaxis, and have the ability to
activate the emergency 4 MS), if necessary. Please speak with your doctor or contact
your local or state p ment for more information.

Q. Is bamlanivimab approWad by the FDA to treat COVID-19?
A. No. Bamianivimab is an investigational drug. It is not currently FDA-approved to treat any diseases or

conditiens, including COVID-18.

However, upon issuance of the EUA, bamlanivimab is authorized for emergency use for the treatment of
mild to moderate COVID-19 in adults and pediatric patients with positive results of direct SARS-CoV-2
viral testing who are 12 years of age and older weighing at least 40kg, and who are at high risk for
progressing to severe COVID-19 and/or hospitalization.

Q. Does the EUA permit the use of bamlanivimab as authorized in patients hospitalized for reasons
other than COVID-19?

A: Bamlanivimab is authorized for emergency use for the treatment of mild to moderate COVID-13 in
adults and pediatric patients (12 years of age and older weighing at least 40 kg) with positive results of
direct SARS-CoV-2 viral testing, and who are at high risk for progressing to severe COVID-19 and/or
hospitalization. If a patient is hospitalized for reasons other than COVID-19, such as for an elective

Updated 3/24/2021
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orthopedic procedure, and the patient reports mild to moderate symptoms of COVID-19, confirmed
with positive results of a direct SARS-CoV-2 viral test, then it may be appropriate for treatment with
bamlanivimab, if the patient is also at high risk for progressing to severe COVID-19 and/or
hospitalization and the terms and conditions of the authorization are met, as detailed in the Fact Sheet
for Health Care Providers.

Bamlanivimab is not authorized for use in patients:
¢ who are hospitalized due to COVID-19, or
* who require oxygen therapy due to COVID-19, or
who require an increase in baseline oxygen flow rate due to COVID-19 in those on chronic
oxygen therapy due to underlying non-COVID-19 related comorbidity.

Q. Are there data showing bamlanivimab might benefit patients with COVID-19?
A. The data supporting this EUA are based on an interim analysis from Pg of the BLAZE-1 clinical trial
that occurred after all enrolled patients completed at least Day 29 of

patients who were not hospitalized and had 1 or more mil
Treatment was initiated within 3 days of obtaining thefirs

The most important evidence that bamlanigi
endpoint of COVID-19-related hospitalizati
Among patients who were at high ri

om baseline to Day 11 for bamlanivimab versus placebo.
cebo, effectively cleared the virus by Day 11. The effects on

Based on the totality of t ientific evidence available, FDA determined that it is reasonable to believe
that bamlanivimab may be effective for the treatment of mild to moderate COVID-19 in adults and
pediatric patients with positive results of direct SARS-CoV-2 viral testing who are 12 years of age and
older weighing at least 40kg, and who are at high risk for progressing to severe COVID-19 and/or
hospitalization.

Q. Why was the EUA issued for bamlanivimab 700mg dose, and not a higher dose {2800 mg)?

A. A Phase 2 trial (BLAZE-1) evaluated bamlanivimab over a dose range of 1 to 10 times the authorized
dose {700 to 7000 mg) of bamlanivimab in patients with mild to moderate COVID-19. A flat exposure-
response relationship for efficacy was identified for bamlanivimab within this dose range, based on viral
load and clinical outcomes. This means that no meaningful differences were seen between doses with
respect to key endpoints. The effects on viral load and on reduction in hospitalizations and ER visits, and
the safety profile, were similar in patients receiving any of the three bamlanivimab doses.

Updated 3/24/2021
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See Sections 14.2 and 18.1 of bamlanivimab’s Health Care Provider Fact Sheet for additional
information.

Q. Are there clinical trials underway evaluating bamlanivimab for COVID-19?
A. Yes. Clinical trials remain ongoing to study bamlanivimab for investigational uses.

Q. Was the bamlanivimab arm of a clinical trial {ACTIV-3) terminated?

A. Yes. The National Institute of Allergy and Infectious Diseases (NIAID)-sponsored ACTIV-3 clinical trial
is a platform trial designed to test the safety and efficacy of various investigational agents, including
bamlanivimab, for the treatment of patients hospitalized with COVID-19. The trial was paused on
October 13, 2020, by the independent Data Safety Monitoring Board (DSMB). On October 26, 2020, it
was announced that no additional patients in ACTIV-3 would receive bamlanivimab. This
recommendation was based on trial data suggesting that bamlanivimab is unlikely to help hospitalized
COVID-19 patients recover from a more advanced stage of disease.

The population being studied in the ACTIV-3 trial is different than the 8 huthorized to use
bamlanivimab under the EUA. The EUA authorizes emergency

COVID-19 in non-hospitalized adult and pediatric patients wi of direct SARS-CoV-2 viral

testing who are 12 years of age and older weighing at leas re at high risk for
progressing to severe COVID-19 and/or hospitalization, w 3 trial studied hospitalized
patients with COVID-19. This EUA request was based igg,results from Lilly’s BLAZE-1 clinical
trial that includes non-hospitalized patients. Thg i he authorized use of bamlanivimab.

Bamlanivimab is not authorized for use in patig
require oxygen therapy due to COViD-19,
COVID-19 in those on chronic oxygen thera
Monoclonal antibodies, such as ba ivi
administered to hospitalized pati
ventilation.

pitalized due to COVID-19, or who
hn increase in baseline oxygen flow rate due to

be associated with worse clinical outcomes when
-19 requiring high flow oxygen or mechanical

Q. Are there side effects ?
A. Over 850 participap @ i have been treated with a single dose of bamlanivimab 700 mg
or higher in clinical triz 5 total safety database, one anaphylaxis reaction and one serious
e been reported during infusion of bamlanivimab. The infusions were

¥ed treatment, one required epinephrine. Both events resolved.

infusion-related reaction
stopped. Both reactions req

In BLAZE-1, there were no serious infusion-related reactions. The most commonly reported (in 2-4% of
subjects) adverse events during these trials were nausea, diarrhea, dizziness, headache, pruritus, and
vomiting. Clinical studies evaluating the safety of bamlanivimab are ongoing, so it is possible all of the risks
in using the drug to treat COVID-19 are not known at this time.

Q. How can bamlanivimab be obtained for use under the EUA?

A. HHS will review case counts and severity of outbreaks across the U.S. and make allocations
accordingly to state and territorial health departments. State and territorial health departments will
allocate to healthcare facilities. AmeriSource Bergen will distribute bamlanivimab for the U.S.
Government.

Updated 3/24/2021
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Q. Will there be adequate supply of bamlanivimab for all patients covered under the EUA to receive
the drug?

A. HHS recently announced that the Biomedical Advanced Research and Development Authority
(BARDA), part of the HHS Office of the Assistant Secretary for Preparedness and Response, collaborated
with the DoD Joint Program Executive Office for Chemical, Biological, Radiological and Nuclear Defense
and Army Contracting Command to purchase 300,000 doses of bamlanivimab from Lilly over the next
two months. Under the agreement, the federal government can purchase up to 650,000 additional
doses through the end of June 2021. FDA is closely monitoring Lilly’s efforts to increase the supply of
bamlanivimab so all patients who need it and are within the scope of the authorization can receive the
drug if appropriate.

Q: Bamlanivimab is authorized for the treatment of mild to moderate COVID-19 in adults and
pediatric patients with positive results of direct SARS-CoV-2 viral testing who are 12 years of age and
older weighing at least 40 kg, and who are at high risk for progressing tg sre COVID-19 and/or
hospitalization. What does direct SARS-CoV-2 viral testing mean?
A: Direct SARS-CoV-2 viral tests diagnose active COVID-19 infectio
two types of diagnostic tests for COVID-19:
e Molecular tests, such as RT-PCR tests, that detect th icCnaterial
e Antigen tests that detect specific proteins from th

oV-2 viral tesis include

Q. Are there reporting requirements for
A. Yes. As part of the EUA, FDA requires he
medication errors and serious adver.

onsidered to be potentially related to bamlanivimab

ing program. Providers can complete and submit the
Torm, then submit it via fax at 1-800-FDA-0178. This

care provider Fact Sheet. FDA MedWatch forms should aiso

ust report therapeutics information and utilization data as directed
alth and Human Services. Such informaticn and data should be reported
through HHS Protect, Teletratking or National Healthcare Safety Network {NHSN).

Q. Do patient outcomes need to be reported under the EUA?

A. No, reporting of patient outcomes is not required under the EUA. However, reporting of all
medication errors and serious adverse events considered to be potentially related to bamlanivimab
occurring during bamlanivimab treatment is required.

Q. Does the EUA authorize bamlanivimab to be used to prevent COVID-19?
A. No. Use of bamlanivimab for the prevention of COVID-19 is not authorized.

Q. Can health care providers share the patient/caregiver Fact Sheet electronically?

A. The letter of authorization for bamlanivimab requires that Fact Sheets be made available to health
care providers and to patients/caregivers “through appropriate means.” Electronic delivery of the Fact
Sheet is an appropriate means. For example, when the patient requests the Fact Sheet electronically, it

Updated 3/24/2021
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can be delivered as a PDF prior to medication administration. Health care providers should confirm
receipt of the Fact Sheet with the patient.

Q. Can | receive a COVID-19 vaccine if | was treated with a monoclonal antibody for COVID-19?

A. Currently, there are no data on the safety and effectiveness of either the Pfizer-BioNTech, Moderna,
or Janssen COVID-19 vaccines in people who received monoclonal antibodies authorized by FDA for
emergency use as part of COVID-19 treatment {bamlanivimab, casirivimab and imdevimab, or
bamlanivimab and etesevimab). Under the conditions of the emergency use authorization (EUA) for
each monoclonal antibody product, patients treated should have had a documented positive test for
COVID-19 infection. Data available to the agency suggests that reinfection with SARS-CoV-2 is
uncommon in the 90 days after initial infection. Based upon this low risk of reinfection and the
estimated half-life of the monoclonal antibodies, the Centers for Disease Control and Prevention’s
Advisory Committee on Immunization Practices (ACIP) recommends COVID-19 vaccination be deferred
for at least 90 days after treatment with a monoclonal antibody for COVIg This is a precautionary

Updated 3/24/2021
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FDA updates Sotrovimab emergency use authorization

Update [4/5/2022] Sotrovimab is no longer authorized to treat COVID-19 in any
U.S. region due to increases in the proportion of COVID-19 cases caused by the
Omicron BA.2 sub-variant

This statement updates the statements below.

The Centers for Disease Control and Prevention (CDC) Nowcast data
(https://covid.cdc.gov/covid-data-tracker/#variant-proportions) from April 5, 2022, estimates
that the proportion of COVID-19 cases caused by the Omicron BA.2 variant is above 50% in all
Health and Human Services (HHS) U.S. regions. Data included in the health care provider fact

sheet (https: //www.fda.gov/media/149534/download) show the authorized dose of sotrovimab
is unlikely to be effective against the BA.2 sub-variant. Due to these data, sotrovimab is not

authorized in any U.S. state or territory at this time.

Health care providers should use other approved or authorized products
(hiips://www.fda.gov/emergency-preparedness-and-response/mem-legal-regulatory-and-
policy-framework/emergency-use-authorization#coviddrugs) as they choose appropriate
treatment options for patients.

FDA will continue to monitor BA.2 in all U.S. regions and will provide follow-up communication
when appropriate.

Update [3/30/2022] FDA limits use of Sotrovimab to treat COVID-19 in additional
U.S. regions due to the BA.2 Omicron sub-variant

This statement updates the statements below.

The Centers for Disease Control and Prevention (CDC) Noweast data

(https://covid.cde.gov/covid-data-tracker/#variant-proportions) from March 29, 2022

estimates that the proportion of COVID-1g cases caused by the Omicron BA.2 variant is above
50% in three additional Health and Human Services (HHS) regions (5, 9, and 10). Due to these
data, FDA has added these regions to the list of states and territories where sotrovimab is not
authorized at this time.

Sotrovimab is not authorized at this time in the following states and territories:

« Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont (Region
1) (as of 3/25/2022)

httos:/Awww.fda.qov/idrugs/drug-safety-and-availability/fda-updates-sotrovimab-emargency-use-authorization 1/3
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o New Jersey, New York, Puerto Rico, and the Virgin Islands (Region 2) (as of 3/25/2022)
« Tllinois, Indiana, Michigan, Minnesota, Ohio, and Wisconsin (Region 5} (as of 3/30/2022)

e Arizona, California, Hawaii, Nevada, American Samoa, Commonwealth of the Northern
Mariana Islands, Federated States of Micronesia, Guam, Marshall Islands, and Republic of
Palau (Region 9) (as of 3/30/2022)

« Alaska, Idaho, Oregon, and Washington (Region 10) (as of 3/30/2022)

Sotrovimab remains authorized in U.S. regions where the CDC Nowcast point estimate for the
proportion of the Omicron BA.2 variant remains below 50%. FDA will continue to monitor BA.2
in all U.S. regions and may revise the authorization further to ensure that patients with COVID-
19 have effective treatments available. Health care providers in regions where sotrovimab
remains authorized should strongly consider the use of other approved or authorized products
(https:/ [www.fda.gov/emergency-preparedness-and-response/mem-legal-regulatory-and-
policy-framework/emergency-use-authorization#coviddrugs), and monitor the frequency 7 of
BA.2 in their region (https://covid.cdc.gov/covid-data-tracker/#variant-proportions) as they

choose appropriate treatment options for patients.

Update [3/25/2022] FDA limits use of Sotrovimab to treat COVID-19 in some U.S.
regions due to the BA.2 Omicron sub-variant

This statement updates and replaces the original statement below from 2/25/22.

The U.S. Food and Drug Administration is continually menitoring how authorized and approved
treatments for COVID-1g are affected by changing variants—currently Omicron and the
Omicron sub-variants, such as BA.2. Today, considering the most recent data available, FDA is
announcing that sotrovimab is no longer authorized for use at this time in the following states
and territories:

« Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont (Health
and Human Services [HHS] Region 1)

« New Jersey, New York, Puerto Rico, and the Virgin Islands (HHS Region 2)

New data included in the health care provider fact sheet (/media/149534/download?
attachment) shows that the authorized dose of sotrovimab is unlikely to be effective against the
BA.2 sub-variant. Based on Centers for Disease Conirol and Prevention Nowcast data, the BA.2
sub-variant is estimated to account for more than 50% of cases in the states and territories in

Regions 1 and 2 listed above (https://covid.cde. gov/covid-data-tracker/#variant-proportions)

as of March 19, 2022.

hitos://www.fda.gov/drugs/drug-safety-and-availabilityfida-u pdates-sofrovimab-emergency-use-authorization 2/3
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There are several other therapies (https://www.fda.gov/emergency-preparedness-and-
response/mem-legal-regulatory-and-policy-framework/emergency-use-
authorization#coviddrugs) — Paxlovid, Veklury {remdesivir), bebtelovimab, and Lagevrio
(molnupiravir) — that are expected to be effective against the BA.2 sub-variant, and that are
authorized or approved to treat certain patients with mild-to-moderate COVID-19 who are at

high risk for progression to severe disease, including hospitalization or death. Health care
providers should assess whether these treatments are right for their patients.

We will continue to monitor BA.2 in all U.S. regions and may revise the authorization further to
ensure that patients with COVID-19 have effective treatments available. Health care providers
should also monitor the frequency of BA.2 in their region (htips://covid.cdc.gov/covid-data-
tracker/#variant-proportions) as they choose appropriate treatment options for patients.

[2/25/2022] On February 23, 2022, FDA revised the emergency use authorization for
sotrovimab to clarify that sotrovimab is not authorized for treatment of mild-to-moderate
COVID-19 in geographic regions where infection is likely to have been caused by a variant that is
not susceptible to this treatment. However, sotrovimab is currently authorized in all U.S.
regions until further notice by FDA. For other limitations and conditions, refer to the emergency

use authorization (EUA)_(https://www.fda.gov/media/149532/download).

FDA will continue to monitor conditions to determine whether use in a geographic region is
consistent with the scope of authorization, referring to available information, including
information on variant susceptibility and CDC regional variant frequency data
(https://covid.cde.gov/covid-data-tracker/#variant-proportions),

This EUA authorizes sotrovimab for the treatment of mild-to-moderate COVID-19 in adults and
certain pediatric patients with positive results of direct SARS-CoV-2 viral testing, and who are at
high risk for progression to severe COVID-19, including hospitalization or death. Sotrovimab
should be administered by a qualified health care provider as a single intravenous infusion (IV)
as soon as possible after positive viral test for COVID-19 and within seven days of symptom
onset.

hitos-fiwww.fda.cov/druas/drug-safety-and-availability/fda-updates-soirovimab-emergency-use-authorization 33



FACT SHEET FOR HEALTHCARE PROVIDERS: EMERGENCY USE
AUTHORIZATION FOR SOTROVIMAB

HIGHLIGHTS OF EMERGENCY USE AUTHORIZATION {EUA)
These highlights of the EUA do not include all the information
needed to use SOTROVIMAB under the EUA, See the FULL FACT
SHEET FOR HEALTHCARE PROVIDERS for SOTROVIMAB.

SOTROVIMAB injection, for intravenous use
Original EUA Authorized Date: 0%/2021

RECENT MAJOR CHANGES
Clinical Pharmacology, Microbiology (12.4) 3/2023
Emergency Use Authorization, Limitations of Authorized 212022
Use (1}
Dosage and Administration, Recommended Dosage 2{2022
(2.3)
Dosage and Administration, Preparation and 2/2022

Administration {2.5)

EUA FOR SOTROVIMAB

 The Secretary of Health and Human Services has issued an EUA for
the emergency use of sotrovimab for the treatment of
mild-to-moderate coronavirus disease 2019 {COVID-19) in adults
and pediatric patients (12 years of age and older weighing at least
40 kg) with positive results of direct SARS-CoV-2 viral testing, and
who are at high risk for progression to severe COVID-19, including
hospitalization or death.

However, sotrovimab is not approved for this use (i.e., sotrovimab has
not been demonsirated to be safe and effective for this use).

Limitations of Use:

« Sofrovimab is not authorized for treatment of mild-to-moderate
COVID-19 when infection is likely to have been caused by a
non-susceptible SARS-CoV-2 variant based on available information
including variant susceptibility to these drugs and regional variant
frequency (1, 12.4).

o FDA’s determination and any updates will be available at.
m_t[gs:llwww.fda.qov!emerqencv—pre_ggredness-and-
resgonselmcm—legaI—regulatog—and—golicy-frameworldemergency—
use-authorization#coviddrugs.

« Sotrovimah is not authorized for use in patients who:

o are hospitalized due to COVID-18, OR

& require oxygen therapy andfor respiratory suppart due to
COVID-19, OR

o require an increase in baseline oxygen fiow rate andfor
respiratory support due to COVID-19 in thase patients on chronic

oxygen.

See Full Fact Sheet for Healthcare Providers for the justification for
emergency use of drugs during the COVID-19 pandemic, information
on available altematives, and additional information on COVID-19 {1).

e DOSAGE AND ADMINISTRATION mmereemmmmmemmmmmemin

« The recommended dosage of sotrovimab in patients 12 years of age
and older weighing af least 40 kg is 500 mg administered as a single
intravenous infusion. (2.2}

« See Full Prescribing Information for instructions on preparation and
administration. (2.4)

ecsememer——ana==-DOSAGE FORMS AND STRENGTHS —ennmmm=- T ——
Injection: 500 mg/8 mL (62.5 mg/mL) single-dose vial. (3}

CONTRAINDICATIONS
History of anaphylaxis to solrovimab or to any of the excipients in the
formulation. {4)

----------------- WARNINGS AND PRECAUTIONS---s-mssnemmmmmaeenanes

Hypersensitivity Including Anaphylaxis and Infusion-Related Reactions:
Serious hypersensitivity reactions, including anaphylaxis, have been
observed with administration of sotrovimab. If clinically significant
hypersensitivity reactions or anaphylaxis occur, discontinue angd
initiate appropriate supportive care. Infusion-related reactions have
oceurred during the infusion and up to 24 hours post infusion. These
reactions may be severe or life threatening. (5.1)

Clinical Worsening After SARS-CoV-2 Monoclonal Antibody
Administration; Clinical warsening of COVID-19 after administration
of SARS-CoV-2 monocional antibody freatment has been reported
and may include signs or symptoms of fever, hypoxia or increased
respiratory difficulty, arrhythmia (e.g., atrial fibriliation, tachycardia,
bradycardia), fatigue, and altered mental status. (5.2)

Limitations of Benefit and Potential for Risk in Patients with Severe
COVID-19: Benefit of treatment with sotrovimab has not been
observed in patients hospitalized due to GOVID-19. SARS-Cov-2
monoclonal antibodies may be associated with worse clinical
cutcomes when administered to hospitalized patients with
COVID-19 requiring high flow oxygen or mechanical ventilation.
(5.3)

ADVERSE REACTIONS
The most common adverse reactions {incidence 21%) included rash,
diarrhea, infusion-related reactions, and hypersensitivity adverse
reactions. {6.1)

You or your designee must report ali SERIOUS ADVERSE
EVENTS or MEDICATION ERRORS potentially related to
sotrovimab {1) by submitting FDA Form 3500 online, (2) by
downloading this form and then submitting by mail or fax, or (3)
contacting the FDA at 1-800-FDA-1088 to request this form,
Please also provide a copy of this form to GSK, Global Safety:
Fax: 919-287-2002; E-mail: WW.GSKAEReportingUS@gsk.com; or
call GSK at 1-866-475-2684 to report adverse events. {6.4)

DRUG INTERACTIONS
Clinical drug-drug interaction studies have not been performed with
sotrovimab. Sotrovimab is not renally excreted or metabalized by
eytochrome P450 (CYP) enzymes; thersfore, interactions with
concomitant medications that are renally excreted or that are
substrates, inducers, or inhibitors of CYP enzymes are unlikely. {7)

See PATIENT AND PARENTS/CAREGIVER FACT SHEET.
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FULL FACT SHEET FOR HEALTHCARE PROVIDERS

1 EMERGENCY USE AUTHORIZATION

The Secretary of Health and Human Services (HHS) has issued an Emergency Use Authorization
(EUA) for the emergency use of sotrovimab for the treatment of mild-to-moderate coronavirus disease
2019 (COVID-19) in adults and pediatric patients (12 years of age and older weighing at least 40 kg)
with positive results of direct SARS-CoV-2 viral testing, and who are at high risk for progression to
severe COVID-19, including hospitalization or death. However, sotrovimab is not approved for this
use (i.e., sotrovimab has not been demonstrated to be safe and effective for this use).

LIMITATIONS OF AUTHORIZED USE

e Sotrovimab is not authorized for treatment of mild-to-moderate COVID-19 when infection is likely
to have been caused by a non-susceptible SARS-CoV-2 variant based on available information
including variant susceptibility to these drugs and regional variant frequency [see Microbiology
(12.4)].

o FDA's determination and any updates will be available at: hitps://www.fda.gov/emergency-
preparedness-and-response/mem-legal-regulatory-and-policy-framework/emergency-use-
authorization#coviddrugs.*

e Sotrovimab is not authorized for use in patients who:
o are hospitalized due to COVID-19, OR
o require oxygen therapy and/or respiratory support due to COVID-19, OR

o require an increase in baseline oxygen flow rate and/for respiratory support due to COVID-19in
those patients on chronic oxygen.

Benefit of treatment with sotrovimab has not been observed in patients hospitalized due to
COVID-19. SARS-CoV-2 monoclonal antibodies may be associated with worse clinical outcomes
when administered to hospitalized patients with COVID-19 requiring high flow oxygen or mechanical
venfilation [see Warnings and Precautions (5.2)].

Sotrovimab is not FDA-approved for any use, including for the treatment of COVID-19.

Sotrovimab is authorized only for the duration of the declaration that circumstances exist justifying the
authorization of the emergency use of sotrovimab under section 564(b)(1) of the Act, 21 U.S.C. §
360bbb-3(b)(1), unless the authorization is terminated or revoked sooner.

Justification for Emergency Use of Drugs During the COVID-19 Pandemic

There is currently an outbreak of Coronavirus Disease 2019 (COVID-19) caused by SARS-CoV-2, a
novel coronavirus. The Secretary of HHS has declared that:

« A public health emergency related to COVID-19 has existed since January 27, 2020.

« Circumstances exist justifying the authorization of emergency use of drugs and biological products
during the COVID-19 pandemic (March 27, 2020 declaration).

An EUA is a Secretary of HHS authorization for the emergency use of an unapproved product or
unapproved use of an approved product (i.e., drug, biological product, or device) in the United States
under certain circumstances including, but not limited to, when the Secretary of HHS declares that

| FDA will monitor conditions to determine whether the use of sotrovimab is consistent with this scope of authorization, referring to
available information, including information on variant susceptibility [see Microbiology (12.4)], and the CDC national and/or regional

vatiant frequency data available at: https://covid.cde.gov/covid-data-tracker/#variant-proportions.
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there is a public health emergency that affects the national security or the health and security of
United States citizens living abroad, and that involves biological agent(s) or a disease or condition
that may be attributable to such agent(s). Criteria for issuing an EUA include:

e The biological agent(s) can cause a serious or life-threatening disease or condition;

« Based on the totality of the available scientific evidence (including data from adequate and
well-controlled clinical trials, if available), it is reasonable to believe that

o the product may be effective in diagnosing, treating, or preventing the serious or life-
threatening disease or condition; and

o the known and potential benefits of the product - when used to diagnose, prevent, or treat such
disease or condition - outweigh the known and potential risks of the product, taking into
consideration the material threat posed by the biological agent(s);

e There is no adequate, approved, and available alternative to the product for diagnosing,
preventing, or treating the serious or life-threatening disease or condition.

Information Regarding Available Alternatives for the EUA Authorized Use

Veklury (remdesivir) is FDA-approved for the treatment of COVID-19 in adults and pediatric patients
(28 days of age and older and weighing at least 3 kg) who are hospitalized, or who are not
hospitalized, have mild-to-moderate COVID-19, and are at high risk for progression to severe COVID-
19, including hospitalization or death. Veklury is administered via intravenous infusion for a total
treatment duration of 3 days in patients who are not hospitalized.

Although Veklury is an approved alternative treatment of mild-to-moderate COVID-19 in adults and
pediatric patients (28 days of age and older and weighing at least 3 kg) who are not hospitalized and
have mild-to-moderate COVID-19, FDA does not consider Veklury to be an adequate alternative to
sotrovimab for this authorized use because it may not be feasible or clinically appropriate for certain
patients.

Other therapeutics are currently authorized under Emergency Use Authorization for the same use as
sotrovimab. For additional information on all products authorized for treatment or prevention of
COVID-19, please see https://www.fda.gov/emergency-preparedness-and-response/mcm-legal-
regulatory-and-policy-framework/emergency-use-authorization.

For information on clinical studies of sotrovimab and other therapies for the treatment of COVID-19,
see www.clinicaltrials.gov.

2 DOSAGE AND ADMINISTRATION

2.1 Patient Selection

Sotrovimab is authorized for the use in adults and pediatric patients (12 years of age and older
weighing at least 40 kg) who are at high risk for progression to severe COVID-19, including
hospitalization or death [see Clinical Studies (14)].

Medical conditions or other factors that may place individual patients at higher risk for progression to
severe COVID-19 are listed on the following CDC website: htips://www.cdc.gov/coronavirus/2019-
ncov/need-exira-precautions/people-with-medical-conditions.htmi.

2.2 Important Administration Information
Sotrovimab should be administered intravenously within 7 days of symptom onset.

Sotrovimab should be administered by a qualified healthcare professional and administered only in
seftings which have immediate access to medications to treat a severe infusion reaction, such as
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anaphylaxis, and the ability to activate the emergency medical system (EMS), as necessary [see
Warnings and Precautions (5.1)].

Sotrovimab is available as a concentrated solution and must be diluted prior to IV infusion.

Clinically monitor patients during infusion and observe patients for at least 1 hour after infusion is
complete.

2.3 Recommended Dosage

The recommended dosage for emergency use of sotrovimab authorized under this EUA is 500 mg
administered as a single IV infusion over 15 minutes for 50-mL infusion bag or 30 minutes for 100-mL
infusion bag.

2.4 Dosage Adjustment in Special Populations

No dosage adjustment is recommended in pregnant or lactating women, in elderly patients, or in
patients with renal impairment [see Use in Specific Populations (8)].

Pediatric Use

No dosage adjustment is recommended in pediatric patients who weigh at least 40 kg and are
12 years of age and older.

Sotrovimab is not authorized for patients under 12 years of age or in pediatric patients weighing less
than 40 kg [see Use in Specific Populations (8.4)].

2.5 Preparation and Administration
Preparation
Sofrovimab is supplied in a single-dose vial and must be diluted prior to IV infusion.

Sotrovimab concentrate for solution for infusion should be prepared by a qualified healthcare
professional using aseptic technique.

« Gather a polyvinyl chloride (PVC) or polyolefin (PO), sterile, prefilled 50-mL or 100-mL infusion
bag containing 0.9% Sodium Chloride injection or 5% Dextrose Injection.

o Remove one vial of sotrovimab (500 mg/8 mL) from refrigerated storage and allow to equilibrate to
room temperature, protected from light, for approximately 15 minutes.

o Inspect the vial of sotrovimab visually for particulate matter and discoloration prior to
administration. Should either be observed, the solution must be discarded, and fresh solution
prepared. Sotrovimab is a clear, colorless or yeliow to brown solution.

e Gently swirl the vial several times before use without creating air bubbles. Do not shake the vial.
e Withdraw 8 mL of sotrovimab from the vial and inject into the prefilled infusion bag.
 Discard vial (even if some product remains).

« Prior to the infusion, gently rock the infusion bag back and forth by hand 3 to 5 times. Do not
invert the infusion bag. Avoid forming air bubbles.

» This product is preservative-free; therefore, the diluted infusion solution should be administered
immediately. If immediate administration is not possible, store the diluted solution of sotrovimab
up to 6 hours at room temperature (up to 25°C [77°F]) or refrigerated up to 24 hours (2°Cto 8°C
[36°F to 46°F]).

Administration
Sotrovimab infusion solution should be administered by a qualified healthcare professional fsee
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Warnings and Precautions (5.1)].

Sotrovimab may only be administered in settings in which healthcare providers have immediate
access to medications to treat a severe infusion reaction, such as anaphylaxis, and the ability to
activate the emergency medical system (EMS), as necessary [see Warnings and Precautions (5.1)].

e Gather the materials for IV infusion via infusion pump or gravity:

o Polyvinyl chloride (PVC) or polyolefin (PO) infusion set, and

o Use of a 0.2 micron polyethersulfone (PES) filier is strongly recommended.
» Attach the infusion set to the IV bag using standard bore tubing.
¢ Prime the infusion set.

« Administer the entire infusion over 15 minutes for 50-mL infusion bag or 30 minutes for 100-mL
infusion bag. Due to potential overfill of prefilled saline bags, the entire infusion solution in the bag
should be administered to avoid underdosage.

» Do not administer as an IV push or bolus.

¢ The prepared infusion solution should not be administered simultaneously with any other
medication. The compatibility of sotrovimab with IV solutions and medications other than 0.9%
Sodium Chloride Injection and 5% Dextrose Injection is not known.

e Once infusion is complete, flush the tubing with 0.9% Sodium Chloride or 5% Dextrose to ensure
delivery of the required dose.

¢ If the infusion must be discontinued due to an infusion reaction, discard unused product.

« Clinically monitor patients during infusion and observe patients for at least 1 hour after infusion is
complete.

3 DOSAGE FORMS AND STRENGTHS

Sotrovimab is a sterile, preservative-free, clear, colorless or yellow to brown solution for IV infusion
only available as:

 Injection: 500-mg/8-mL (62.5-mg/mL) solution in a single-dose vial

4 CONTRAINDICATIONS

Sotrovimab is contraindicated in patients who have a history of anaphylaxis to sotrovimab or to any of
the excipients in the formulation.

5 WARNINGS AND PRECAUTIONS

There are limited clinical data available for sotrovimab. Serious and unexpected adverse events may
occur that have not been previously reported with sotrovimab use.

5.1 Hypersensitivity Including Anaphylaxis and Infusion-Related Reactions

Serious hypersensitivity reactions, including anaphylaxis, have been observed with administration of
sotrovimab [see Adverse Reactions (6.1)]. If signs and symptoms of a clinically significant
hypersensitivity reaction or anaphylaxis ocaur, immediately discontinue administration and initiate
appropriate medications and/or supportive care.

infusion-related reactions, occurring during the infusion and up to 24 hours after the infusion, have
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been observed with administration of sotrovimab. These reactions may be severe or life threatening.
Signs and symptoms of infusion-related reactions may include [see Adverse Reactions (6.1)]:

« fever, difficulty breathing, reduced oxygen saturation, chills, fatigue, arrhythmia (e.g., atrial
fibrillation, sinus tachycardia, bradycardia), chest pain or discomfort, weakness, altered mental
status, nausea, headache, bronchospasm, hypotension, hypertension, angicedema, throat
irritation, rash including urticaria, pruritus, myalgia, vaso-vagal reactions (e.g., pre-syncope,
syncope), dizziness, and diaphoresis.

If an infusion-related reaction occurs, consider slowing or stopping the infusion and administer
appropriate medications and/or supportive care. Clinically monitor patients for at least 1 hour after
completion of the infusion for signs and symptoms of hypersensitivity.

Hypersensitivity reactions occurring more than 24 hours after the infusion have also been reported
with the use of SARS-CoV-2 monoclonal antibodies under Emergency Use Authorization.

5.2 Clinical Worsening after SARS-CoV-2 Monoclonal Antibody Administration

Clinical worsening of COVID-19 after administration of SARS-CoV-2 monoclonal antibody treatment
has been reported and may include signs or symptoms of fever, hypoxia or increased respiratory
difficulty, arrhythmia (e.g., atrial fibrillation, tachycardia, bradycardia), fatigue, and altered mental
status. Some of these events required hospitalization. It is n<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>