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LAY SUMMARY

Ronapreve 120 mg/mL solution for injection or infusion
casirivimab, imdevimab

This is a summary of the Public Assessment Report (PAR) for Ronapreve 120 mg/mL
solution for injection or infusion. It explains how this product was assessed and its
authorisation recommended, as well as its conditions of use. It is not intended to provide
practical advice on how to use this product.

This product will be referred to as Ronapreve in this lay summary for ease of reading.

For practical information about using Ronapreve, patients should read the Patient Information
Leaflet (PIL) orcontact their doctor or pharmacist.

What is Ronapreve and what is it used for?

This application is a fultlossier application. This means that the results of pharmaceutical,
nontclinical and clinical tests have been submitted to show that this medisnieaisle for
treating the specified indications.

Ronapreve is used to treat patients with confirmed acute d®vidfection and to prevent
acute Covidl9 infection.

How doesRonapreve work?

Ronaprevée s a combination of two active substanc
Casirivimab and i mdevimab are a type of prot
Casirivimab and imdevimab bind to part of the spike protein receptor binding domain (RBD)

of SARSCoV-2. Casirivimab and imdevimab, individually and combined, block RBD

binding to the human angiotensin converting en2gn{@CE?2) receptor thereby preventing
SARSCoV-2 from entering human cells and consequentially stopping €k idfection.

Ronapreve isntended to compensate/substitute for endogenous antibodies in those
individuals who have yet to mount their own immune response to block infection.

How is Ronapreve used?
This medicine is a solution for injection/infusion (sterile concentrate) and uke b
administration is intravenous infusion or subcutaneous injection.

The dosage is 600 mg of casirivimab and 600 mg of imdevimab administered together either
as a single intravenous (IV) infusion via pump or gravity (where the pressure of gravity
delivers Ronapreve into the IV line at a steady and safe rate using a manually operated
clamp) or by subcutaneous (SC) injection.

Casirivimab and imdevimab should be given concurrently as soon as possible following
exposure to SAREo0V-2.

For individuals whaequire repeat dosing for ongoing prevention, i.e. those who have a

medical condition making them unlikely to respond to or be protected by vaccination:

9 the initial dose is 600 mg of casirivimab and 600 mg of imdevimab by IV infusion or SC
injection.
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1 subsequent doses are 300 mg of casirivimab and 300 mg of imdevimab by IV infusion or
SC injection once every 4 weeks.

1 repeat dosing regimens for prevention of Cel&allow for switching from IV infusion
to SC injection or vice versa over the course of tneat.

The rate of infusion may be slowed, interrupted or discontinued if the patient develops any
signs of infusiorassociated events or other adverse events.

Doses should not be missed and the dosing regimen should be adhered to as closely as
possiblelf a dose of Ronapreve is missed it should be administered as soon as possible. The
schedule of administration should be adjusted to maintain the appropriate interval between
doses.

The safety and efficacy of Ronapreve in children < 12 years of age thyest h@en
established and no data are available. No dosage adjustment is recommended in paediatric
individuals O 12 years of age and older and

For further information on how Ronapregeused, refer to the Patient Information Leaflet
(PIL) and Summary of Product Characteristics (SmPC) available on the Medicines and
Healthcare products Regulatory Agency (MHRA) website.

This medicine can only be obtained witprascription.

The patient should ask the administering healthcare practitioner if they have any questions
concerning the medicine.

What benefits of Ronapreve have been shown in studies?

In Study COV20145 Ronapreve was studied in adult outpatients SRS Cov-2 infection
following a single IV or single subcutaneous dose of Ronapreve. Patients who took
Ronapreve had a statistically significant reduction in viral load compared to placebo. The
largest reductions in viral load relative to placebo were aredsn patients with high viral
load.

In Study COV2067 Ronapreve was studied in adwltpatientsvith Covid-19 infection who
received doses of Ronapreve up to 7 times the recommended dose. All patients had at least
one risk factor for severe Covil®. Patients who took Ronapreve had a 70% relative risk
reduction in Covidl9-related hospitalisation or death compared to placebo. The median time
to symptom resolution for patients who took Ronapreve was 10 days compared with 14 days
for placebo.

In StudyCOV-2069 Ronapreve was studied in adult patients with a negative -CORI-
PCR test result at enrolment into the study. Patients who took Ronapreve had an 81% relative
risk reduction in the development of Convi® compared to placebo.

In the same studyrRonapreve was studied in asymptomatic adult patients with a positive
Covid-19 RT-PCR test at enrolment into the study. Patients who took Ronapreve had 35%
relative risk reduction in the development of Ce¥lcompared to placebo.

In Study H\+2093 the #ects of repeat SC doses (up to 6 monthly doses) of Ronapreve were
studied in adult patients who were not infected with Cdddat the point of enrolment.

During the 6month period, patients who took Ronapreve had a 92% relative risk reduction in
Covid-19 versus placebo.
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What are the possible side effects of Ronapreve?

The most common side effects with Ronapreve (which may affect more than 1 in 10 people)
are redness, itching, bruising, swelling, pain or itchy rash at the injectioRaitde full list

of all side effects reported with this medicine, see Section 4 of the PIL or the SmPC available
on the MHRA website.

If a patient gets any side effects, they should talk to their doctor, pharmacist or nurse. This
includes any possible side effects hstied in the product information or the PIL that comes

with the medicine. Patients can also report suspected side effects themselves, or a report can

be made on behalf of someone else they care for, directly via the Yellow Card scheme at
www.mhra.gov.ukf el | owcard or search for O6MHRA Yell oo
effects, patients can help provide more information on the safety of this medicine.

Why was Ronapreve approved?

Ronapreve has been shown to be effective in the treatment of patiént®mfitmed acute
Covid-19 infection and to prevent acute Covifl infection. Furthermore, the side effects
observed with use of this product are considered to be typical for this type of treatment.
Therefore, the MHRA decided that the benefits are gréaaerthe risks and recommended
that this medicine can be approved for use.

Ronaprevéhas been authorised with a Conditional Marketing Authorisation (CMA). CMAs
are intended for medicinal products that address an unmet medical need, such as a lack of
alternative therapy for a serious and-lifreeatening disease. CMAs may be granted where
comprehensive clinical data is not yet complete, but it is judged that such data will become
available soon.

What measures are being taken to ensure the safe and effective use of Ronapreve?

All new medicines that are approved have a Risk Managemen(RN&R) to ensure they are

used as safely as possible. A Risk Management Plan (RMP) has been agreed for Ronapreve
in the UK. Based on this plan, safety information has been included 8SmR€ and the PIL,
including the appropriate precautions to be folldvg healthcare professionals and patients.

All side effects reported by patients/healthcare professionals are continuously monitored.

Any new safety signals identified will be reviewed, and if necessary, appropriate regulatory

action will be takenTo facilitate timely patient access to treatment, the MHRA has approved

a batch specific variation for cartons of Oc
for solution for infusiond, which -ave been
pandemicfor use in the UK under the conditions required for Ronapreverifthl solution

for injection or infusion. A Direct Healthcare Professional Communication (DHPC) has been
agreed as part of this variation to highlight the difference between the labelseapasopart

of the PLGB conditional marketing authorisation and pandemic labels.

Other information about Ronapreve

A Conditional Marketing Authorisation for Ronaprewas granted in Great Britain (GB,
consisting of England, Scotland and Wales) on 19 August 2021. A Regulation 174 is in place
to supply Northern Ireland (NI).

The full PAR for Ronapreve follows this summary.

This summary was last updateddctober 2022
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I INTRODUCTION

Based on the review of the data on quality, safety and efficacy, teikks and Healthcare
products Regulatory Agency (MHRA) considered that the applicatidRdaapreve 120
mg/mL solution for injection or infusion (PL 00031/092%uld be approved.

The product is approved for the following indicatipnophylaxis and treatment of acute
Covid-19 infection.

The active substances are casirivimab and imdevimab, which are two neutralising IgG1
recombinant human monoclonal antibodies (mAbs) produced by recombinant DNA
technology in Chinese hamster ovary ell

The casirivimab (1 gGla) and i mdevi mab (1 gG1las
regions. Casirivimab and imdevimab bind to fomerlapping epitopes of the spike protein

receptor binding domain (RBD) of SARS0oV-2 with dissociation constants KD = 4581

and 46.7 pM, respectively. Both mAbs, individually and in combination, blocked RBD

binding to the human ACEZ2 receptor with IC50 values of 56.4 pM, 165 pM and 81.8 pM,
respectively.

Casirivimab and imdevimadre intended to compensate/substitute for endogenous antibodies
in those individuals who have yet to mount their own immune response.

This application was approved under Regulation 50 of The Human Medicines Regulation
2012, as amended (previously Arti8@E3) of Directive 2001/83/EC, as amended), & full
dossier applicatianAll non-clinical data submitted were from studies conducted in
accordance with Good Laboratory Practice (GLP). All clinical data submitted were from
studies conducted in accordanceha@ood Clinical Practice (GCP).

This product has received a Conditional Marketing Authorisation (CMA). A temporary
Regulatory 174 Authorisation is in place to cover supply in Northern Ireland (NI). Should the
European Medicines Agency grant a CMA for Rpreve, it would apply in NI and the
Regulation 174 would no longer be in place.

Conditional MAs are granted in the interest of public health and are intended for medicinal
products that fulfil an unmet medical need and the benefit of immediate avsilabili
outweighs the risk posed from less comprehensive data than normally required. Unmet
medical needs include, for example, treatment or diagnosis of serious ahde#tening
diseases where no satisfactory treatment methods are available. CMAs maytbe g

where comprehensive clinical data is not yet complete, but it is judged that such data will
become available soon. Adequate evidence of safety and efficacy to enable the MHRA to
conclude that the benefits are greater than the risks is requiretasibeen provided for
Ronapreve. The CMA for Ronapreve, including the provision of any new information, will
be reviewed every year and this report will be updated as necessary.

In line with the legal requirements for children's medicines, the applicatttuded a
licensing authority decision on the agreement of a paediatric investigation plan MHRA
100052P1P0%t21 and MHRA100053PIP0%21. At the time of the submission of the
application, the PIPs were not yet completed as some measures were deferred.
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The MHRA has been assured that acceptable standards of Good Manufacturing Practice
(GMP) are in place for this product at all sites responsible for the manufacture, assembly and
batch release of this product.

A Risk Management Plan (RMP) and a summarthefpharmacovigilance system have been
provided with this application and are satisfactory.

Advice was sought from the Commission of Human Medicines (CHM) on 5 August 2021
regarding the monitoring of emergence of viral variants and the use of Ronapreve in
immunocompromised individuals. It was agreed that the Applicant should further investigate
the emergence of viral variants in patients treated with Ronapreve. With regard to
immunocompromised individuals, the Applicant plans to submit a retrospectiysiardl
Ronaprevdreated patients with Cowvti9 and primary or secondary immunodeficiency with
associated antibody disorders. The Applicant will also capture ‘'use in immunocompromised
patients' and include this important information in the RMP.

A natioral marketing authorisation was granted in Great Britain (GB, consisting of England,
Scotland and Wales) on 19 August 2021.
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Il QUALITY ASPECTS

1.1 Introduction
This product consists of the active substances casirivimab and imdewithadfollowing
presentations:

Co-packaged 6 mL singlase vials
Each casirivimab 6 mL vial contains 300 mg of casirivimab per 2.5 mL (120 mg/mL).
Each imdevimab 6 mL vial contains 300 mg imdevimab per 2.5 mL (120 mg/mL).

Co-packaged 20 minultidose vials

Each casirivimab 20 mL multidose vial contains 1 332 mg of casirivimab per 11.1 mL (120
mg/mL).

Each imdevimab 20 mL multidose vial contains 1 332 mg imdevimab per 11.1 mL (120
mg/mL).

Casirivimab and imdevimab are two neutralising Igédombinant human monoclonal
antibodies produced by recombinant DNA technology in Chinese hamster ovary cells.

In addition to casirivimab and imdevimab, this product also contains the excipients L
histidine, L-histidine monohydrochloride monohydrate, Eaybate 80, sucrose and Water
for Injection.

The finished product is provided in clear Type 1 glass vials in 20 mL or 6 mL vials.
Each carton contains 2 vials per package:

Ronapreve 120 mg/ml solution for infusion or injection, singge vial
Pack oftwo 6 mL clear Type | glass vials with rubber stopper containing one vial of 2.5 mL
solution of 300 mg of casirivimab and one vial of 2.5 mL solution of 300 mg of imdevimab.

Ronapreve 120 mg/mL solution for infusion or injection, multidose vials

Pack of wvo 20 mL clear Type | glass vials with rubber stopper containing one vial of 11.1
mL solution of 1 332 mg of casirivimab and one vial of 11.1 mL solution of 1 332 mg of
imdevimab.

1.2  ACTIVE SUBSTANCES

rINN: casirivimab

Chemical Name:  Immunoglobulin G1, ant{severe acute respiratory syndrome
coronavirus 2 spike glycoprotein); human monoclonal REGN10933
heavy chain disulfide wit-hghthuman
chain, bisdisulfide dimer

Molecular Formula: CesasdHog7dN170402024S44

AA sequence and schematic representation:
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REGN10933 Heavy Chain

QVQLVESGGG
ADSVKGRFTI

ASTKGPSVFP

LVKPGGSLRL

SRDNAKSSLY

LAPSSKSTSG

GLYSLSSVVT VPSSSLGTQT

PSVFLFPPKP KDTLMISRTP
STYRVVSVLT VLHQDWLNGK
LTENQVSLTC LVKGFYPSDI

QOGNVFSCSV MHEALHNHYT

REGN10933 Light Chain

DIQMTQSPSS LSASVGDRVT
RFSGSGSGTD FTFTISGLQP
SDEQLKSGTA SVVCLLNNFY

LSKADYEKHK VYACEVTHQG

Molecular Weight:
Appearance:
Solubility:

rINN:
Chemical Name:

coronavirls 2
heavy

SCAASGFTFS DYYMSWIRQA
|

LOMNSLRAED TAVYY!ZA.RDR

GTAALGCLVK DYFPEPVTVS

YICNVNHKPS NTKVDKKVEP

LC:
EVTCVVVDVS HEDPEVKFNW
EYKCKVSNKA LPAPIEKTIS
AVEWESNGQP ENNYKTTPPV

QKSLSLSPGK*50

ITCQASQDIT NYLNWYQQKP
EDIATYYCQQ YDNLPLTFGG
PREAKVQWKV DNALQSGNSQ
LSSPVTKSFN RGE(C214

HC: KSC223

145.23 kDa
Colourless to pale yellow liquid
At least 183.5 g/L

imdevimab
Immunoglobulin G1, art{severe acute respiratory syndrome
gl ycoprotein); -human
wi t -hghth u man

spi ke
chain di

chain, bisdisulfide dimer

Molecular Formula: CszgeHossaN169402018542

AA sequence and schematic representation:
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REGN10987 Heavy Chain

QVQLVESGGG
ADSVKGRFTI

ASTKGPSVFP

GLYSLSSVVT

PSVFLFPPKP
STYRVVSVLT

LTEKNQVSLTC

|__l

QOGNVFSCSV

VVQPGRSLRL
SRDNSENTLY

LAPSSKSTSG

VPSSSLGTQT

EKDTLMISRTP

VLHQDWLNGK

LVKGFYPSDI

MHEALHNHYT

REGN10987 Light Chain

QSALTQPASV

SNRFSGSKSG

SGSPGQSITI

NTASLTISGL

SCLAASGFTFS

NYAMYWVRQA

LOMNSLRTED

GTAALGCLVK

YICNVNHEKPS

EVTCVVVDVS

EYKCKVSNKA

AVEWESNGQP

1
TAVYYCASGS

DYFPEPVTVS

NTKVDKKVEP
LC:

HEDPEVKFNW

LPAPIEKTIS

ENNYKTTPPV

QKSLSLSPGK*S?

SCTGTSSDVG

QSEDEADYYC

GYNYVSWYQQ

NSLTSISTWV

PGKGLEWVAV
DYGDYLLVYW
WNSGALTSGV
HC: CP
KSCDKTBTClP
TEC215
YVDGVEVHNA
KAKGQPREPQ

LDSDGSFFLY

HPGKAPKLMI

FGGGTKLTVL

PLGB 00031/0925

ISYDGSNKYY$?
GQGTLVTVSS120
HTFPAVLQSS180
PC

PCPAPELLGG?40

KTKPREEQYN300
VYTLPPSRDE?%?

SKLTVDKSRW420

YDVSKRPSGV®?

GQPKAAPSVT!20

SDFYPGAVTV AWKADSSPVK AGVETTTPSK

LFPPSSEELQ ANKATLVCLI QSNNKYAASS180

YLSLTPEQWK SHRSYSCQVT HEGSTVEKTV APTECS?6

HC: KSC223

Molecular Weight: 144.14 kDa
Appearance: Colourless to pale yellow liquid
Solubility: At least 182.1 g/L

Casirivmab and imdevimab are not the subject of a European Pharmacopoeia monograph.
Casirivimab and imdevimab are each manufactured using the®atf@m process for Ig
molecules.

Synthesis of the active substance from the designated starting materials has been adequately
described and appropriatepnocess controls and intermediate specifications are applied.

Appropriate structural characteatgon data have been supplied for the active substances. All
potential known impurities have been identified and characterised.

Appropriate specifications are provided for the active substances. Analytical methods have
been appropriately validated ane aatisfactory for ensuring compliance with the relevant
specifications. Batch analysis data are provided and comply with the proposed specification.
The reference standards used are created in house and adequate tests and specifications are in
place to catrol these.
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Suitable specifications have been provided for all packaging used.

Appropriate stability data have been generated supporting the proposedehdien stored
in the proposed packaging.

1.3 DRUG PRODUCT
Pharmaceutical development
A satsfactory account of the pharmaceutical development has been provided.

All excipients comply with either their respective European/national monographs, or a
suitable inhouse specification. Satisfactory Certificates of Analysis have been provided for
all excipients. There are no novel excipients in this product.

No excipients of animal or human origin are used in the finished products.

Manufacture of the product
A description and flonchart of the manufacturing method has been provided.

Satisfactoy batch formulation data have been provided for the manufacture of the product,
along with an appropriate account of the manufacturing process. The manufacturing process
has been validated and has shown satisfactory results.

Adequate data from viral clemnce studies using a panel of viruses has been provided to
show that the manufacturing process is able to remove and inactivate viruses.

Finished Product Specification

The finished product specifications at release and end oflgbedfe satisfactoryThe test

methods have been described and adequately validated. Batch data have been provided that
comply with the release specifications. The same reference standards are used as described in
the drug substance section.

Stability

Finished product stability studies have been conducted in accordance with current guidelines,
using batches of the finished product stored in the packaging proposed for marketing. Based

on the results, a shdife of 12 months for the unopened vial witketstorage conditions

6Store in a -B&d). Donptdreeact omot hake. Ke@p the vials in the
original carton in order to protect from I|ig

The following inuse conditions also apply:

Co-packaged 20 mL multidose vsal

After initial puncture: If not used immediately, the product in the vial can be stored for 6
hours at room temperature up to 25 °C or for no more than 24 hours refrigerated between 2
°C to 8 °C. Beyond these times and conditionsjsa storage is theggonsibility of the user.

Co-packaged 6 mL singlase vials
After initial puncture: the medicinal product should be used immediately, any remaining
product should be discarded.

Diluted solution for IV administration
Solution in vial requires dilution prior to administration. The prepared infusion solution is
intended to be used immediately. If imnmediate administration is not possible, store the
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diluted casirivimab and imdevimab infusion solution at 2°C to 8°C forore than 24 hours
and at room temperature up to 25°C for no more than 6 hours. Beyond these times and
conditions, iRuse storage is the responsibility of the user. If refrigerated, allow the IV
infusion bag to equilibrate to room temperature for appro@ip@0 minutes prior to
administration.

Storage of syringes for subcutaneous administration

This product is preservativeee and therefore, the prepared syringes should be administered
immediately. If immediate administration is not possible, staetkpared casirivimab and
imdevimab syringes at 2°C to 8°C for no more than 24 hours and at room temperature up to
25°C for no more than 4 hours. Beyond these times and conditiamse storage is the
responsibility of the user. If refrigerated, allometsyringes to equilibrate to room

temperature for approximately -l minutes prior to administration.

Suitable post approval stability commitments have been provided to continue stability testing
on batches of finished product.

1.4  Discussion on chental, pharmaceutical and biological aspects
The grant of a marketing authorisation is recommended.

11 NON-CLINICAL ASPECTS
1.1 Introduction

The following nonrclinical studies were submitted with this application. In this report,
casirivimab and imdemab are also referred to, respectively, as REGN10933 and
REGN10987.

Primary pharmacodynamics

Study r10933ph-20088sr-01v1- determination of kinetic and equilibrium binding parameters for
the interaction of REGN10933, REGN10987, and REGN10989 with SB&RE2 spike protein and
receptor binding domain.

Study r10933ph-20089sr-01v1- determination of competitive binding prafies of REGN10933,
REGN10987, and REGN10989 to SARSV-2 spike protein receptor binding domain.

Study r10933ph-20155sr-01v1- characterization of REGN10933 and REGN10987 binding to
SARSCoV-2 receptor binding domain using cryogenic electron microscopy

Study r10933ph-2009%tsr-01vl - assessment of REGN10933, REGN10987, and REGN10989
neutralization activities against SARCV-2 virus and vesicular stomatitis virus pseudotyped with
SARSCoV-2 spike protein.

Study r10933-ph-201006sr-01vl1- assessment of escape mutations in vesicular stomatitis virus
encoding SARSC0V-2 S protein selected in the presence of REGN10933, REGN10987, and
REGN10989.

Study r10933ph-2010%sr-01vl- assessment of antibodiependent enhancemt of entry of
vesicular stomatitis virus pseudotyped with SAB&V-2 S protein in the presence of REGN10933,
REGN10987, and REGN10989.

Study r10933ph-20090sr-01v1- in vitro functional characterization of REGN10933, REGN10987,
and REGN10989.
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Challenge studies

Study r10933ph-2016tpd-01vl- graphical representation and statistical analysis of efficacy of
monoclonal antibodies for the treatment and prevention of SB&®%2 infection in Syrian golden
hamsters.

Study r10933ph-20093sr-01v1- graphicalrepresentation and statistical analysis of efficacy of
monoclonal antibodies for the treatment and prevention of SB&®%2 infection in Rhesus
Macaques.

Study r10933ph-20160sr-01v1- graphical representation and statistical analysis of prophylactic
efficacy of monoclonal antibodies for prevention of SAB&V-2 infection in Rhesus Macaques.

Study R10933PH-21015SR-01V1 - assessment of antibodependent enhancement (ADE) of
SARSCoV-2 infection of primary human macrophages in the presence of REGN10933,
REGN10987, and REGN10989.

Study r10933ph-20192sr-01v1- evaluation of antibody dependent enhancement of monoclonal
antibodies for the prevention of SARRV-2 infection in Syrian golden hamsters.

Pharmacokinetics
Study r10933av-20085va-01v1i validation of a bioanalytical method for the quantitative
measurement of total REGN10933 and REGN10987 in monkey serum.

Study r10933pk-20071- a single dose intravenous and subcutaneous pharmacokinetics
study with REGN10933 and REGN10987 alone or in coatimn in Cynomolgus monkeys.

Study r10933pk-20074- a single dose intravenous and subcutaneous pilot pharmacokinetic
study with REGN10933, REGN10987, REGN10989, and REGN10934 in Cynomolgus
monkeys.

Toxicology
Study R10933tx-20065- a GLP tissue cros®activity study with biotinylated REGN10933
and REGN10987 in normal human and Cynomolgus monkey tissues.

Study r10933tx-20129- a GLP tissue cros®activity study with biotinylated REGN10933
and REGN10987 in selected foetal human tissues.

Study r10944 tx-20064- a 4week intravenous, subcutaneous toxicology study of
REGN10933 and REGN10987 in Cynomolgus monkeys followed byveee® recovery
period.

All studies were conducted in accordance with current Good Laboratory Practice (GLP).

1.2  Pharmacology

Study r10933ph-20088sr-01v1

The objective of study r10933-20088sr-01v1 was to determine binding kinetics of 3
antibodies, REGN10933, REGN10987 and REGN10989, with differing constructs:
recombinant monomeric SARSoV-2 receptor binding domain, recombinammeric
SARSCoV-2 receptor binding domain and recombinant stabilised, trimerised SRS

S protein. The test articles were IgG1 antibodies that target the spike protein from SARS
CoV-2 virus.
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Surface plasmon resonance (SPR) technology was usletetonine the kinetic and

equilibrium binding parameters for the interaction of sensor sudaptired REGN10933
(casirivimab) and REGN10987 (imdevimab) with soluble recombinant monomeric or dimeric
SARSCoV-2 RBD protein, and stabilized, trimerized SARSV-2 S protein at pH 7.4 and
25°C.

Table 1: Experimental details for kinetic binding interactions

Duration of the
Dissociation Phase

Concentration Range
(2-Fold Serial Dilution)

Recombinant Protein Injected Over
Anti-SARS-CoV-2 S Protein mAb Surfaces

Monomeric SARS-CoV-2 RBD.mmH 1.56 to 50nM 5 min
Dimeric SARS-CoV-2 RBD.mFc¢ 0.16 to SnM 10 min
Stabilized, tnmerized SARS-CoV-2 S protein 0.78 to 12.5nM 10 mun

Results

These experiments showed that REGN10933, REGN10987 and REGN10989 each bound
each monomeric and dimeric recombinant SARS/-2 receptor binding domain with
nanomolar and picomolar affinities, respectively and bound stabilised, trimerised SARS
CoV-2 S protemn with picomolar affinities. Equilibrium dissociation constants (KD) and
further details (ka and kd values) are summarised in table 2 for results at 37°C: results at
25°C are shown in table 3 below.

Table 2 Summary of kinetic binding parameters foe thteraction of REGN10933, REGN10987
and REGN10989 with SARSoV-2 RBD proteins or stabilised, trimerized SARSV-2 S protein at
37°CandpH 7.4

anti-SARS-CoV-2 Protein Injected Over Kinetic Binding Parameters
5 Protein mAbs Surface-Captured mAbs ka (M) ka (59 Kn (M) t, (min)

Monomeric SARS-CoV-2 RBD.mmH 3.00EDG LOLE-02 1 3TE0S 1.1

REGN10933 Dimerie SARS-CoV-2 RED.nFe 6.90E00 2.65E-05 1. 40E-11 119.7
Stabilized, rimenized SARS-CoV-2 § profein 1.O0EDG T.90E-05 4.17E-11 146.2
Monomeric SARS-CoV-2 RBD.mmH BOTEDS 3.65E-02 4.52ED8 0.3

REGN10987 Dimernic SARS-CoV-2 RBD.mFc 9.18EDG 2.T4E-M 2 9BE-11 422
Stabilized, trimerized SARS-CoV-2 % protein 1.34EDG 5. T4E-05 4.28E-11 2012
Monomeric SARS-CoV-2 RBD.mmH 3.B1EDA 1.39E-02 J.65E-09 0.8

REGN 10989 Dimeric SARS-CoV-2 RBD.mFc £.8aE0G 1.14E-04 1.29E-11 1011.2
Stabilized, trimenzed SARS-CoV-2 % protein 2. 38E06 & BIE-05 4.12E-11 117.6

Table 3 Binding affinities for the interaction of REGN10933, REGN10987 and REGN10989 with
SARSCoV-2 prokein and receptor binding domain

Binding Affinities (Kp) [M] at 25°C and pH 7.4
mAl(s) Monomeric DMimeric Stabilized, Trimerized
SARS-CoV-1 RED SARS-CoV-2 RBD» SARS-CoV-2 5 Protein
REGMN10933 1. 83E-09 1.87E-11 4.58E-11
BEEGNLOGEY 3 150k D.B5E=11 4.67E-=-11
REGNMN 109589 1.3 E=(H» 1. 72E~11 3. 24E-11

Study r10933ph-20089sr-01v1
Study r109330h-20089sr-01v1 determined the ability of REGN10933, REGN10987, and
REGN10989 to (1) each bind monomeric SAB&V-2 receptor binding domain (RBD); (2)
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bind the receptor bindindomain individually and as the REGBIOV2 combination and (3)
block the interaction of the receptor binding domain with the receptor ACE2 individually and
as the REGNCOV2 combination.

The ability of REGN10933 and REGN10987 to simultaneously bind SB&®&2 RBD was
assessed in astep binding experiment using SPR technology at 25°C. Stirfanebilized
recombinant monomeric SARSoV-2 RBD protein was saturated with the first antibody
followed by a subsequent injection of second antibody, and bindinglsigf both antibodies
were compared. Both possible orders of addition were tested.

An enzymelinked immunosorbent assay (ELISA) was used to determine the ability of
REGN10933, REGN10987, and RE&GMNOV2 to bind immobilized recombinant monomeric
SARSCoV-2 RBD protein.

An ELISA was used to determine the ability of REGN10933, REGN10987, and REGN
COV2 to block binding of recombinant dimeric SAR®V-2 RBD protein to immobilized
recombinant human ACE2 ectodomain protein.

Results

REGN10987ound to the receptor binding domain protein that wasaterated with
REGN10933 (figure 1A): REGN10933 bound receptor binding domain protein that was pre
saturated with REGN10987 (figure 1B). REGN10989 competed with REGN10933 and
REGN10987 for bindingat SARSCoV-2 receptor binding domain protein. When surfaces
were first saturated with REGN10933 (figure 1C) or REGN10989, subsequent injection with
REGN10933 or REGN10989, respectively, displayed minimal additional binding. When
REGN10987 was the first iegtion, subsequent injection with REGN10987 resulted in a
fraction of additional binding, likely due to partial dissociation of the surface bound
REGN10987 from the first injection (figure 1D).

These results are consistent with the view that REGN1093BE@IN10987 bind to nen
overlapping epitopes of the SARRV-2 receptor binding domain. REGN10989 competes
with REGN10933 and REGN10987 for binding to SAB8V-2 receptor binding domain,
suggesting that there may be overlap between the epitope bound bylBEESNand the
epitopes bound by REGN10933 and REGN10987.
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Figure 1: REGN10933 and REGN10987 bind roverlapping epitopes on SARSV-2 RBD
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Representative sensorgrans showing stepwise mcrease in binding response, expressed as resonance units (R17), upon saquential mjection of REGN10933 and
REGN10987 over surface-immobilized RBD mmH captured on anti-His CM3 sensor surface. Panel A shows BEGN10933 as the first mAb mjection followed by
BEGN10987 as the second mAb injection. Panel B shows REGNT098T as the first mAb injection followed by REGN10933 as the second mAb injection. Panels
C and I show control experiments where the same mAb was used in both sequential injections: C) REGN10933 and D) REGN 10987, The binding response
traces are shown in black. The average R values obtained from duplicate mAb ijections are shown on the graphs. The vertical dorted lines denote the tioe at
which each injection took place. The amows indicate the start of the dissociation phase of the first mAb, The merease in binding signal (A B following each
mjection is indicated next to the binding response trace,

When assessed by ELISA, each of REGN10933, REGN10987, their combination
(REGNCOW2) and REGN10989 were found tmbd to SARSCoV-2 receptor binding
domain in a concentratieshependent manner with subnanomolag@&@lues, whereas no
binding was seen with a control IgG1 antibody (table 4, figure 2). Antibodies were also
tested for their ability to block binding betaredimeric SARS Co\2 RBD and human
ACE2: first, it was confirmed that dimeric SAR®V-2 RBD binds human ACEZ2: the BC
was 150pM. Each of REGN10933, REGN10987, REGN10989 and RE®A\2 mediated
concentratiordependent blocking of this binding withg6Sin the picomolar range, whereas
negligible blocking was observed with IgG1 control (figure 3, table 5).

Table 4: Summary of EGof REGN10933, REGN10987, REGN10989, and REGDIV2 binding
to SARSCoV-2 RBD.

Antibody ECz [M]

REGNI10933 2.52E-11

REGNI0987 2.10E-11

REGNIO989 2.13E-11

REGN-COV2 (REGNL0933+EEGN109ET) 2.537E~11
IgG1 Control ND

Abbreviation(s): ND, not determined because concentration-dependent binding was not observed
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Figure 2:  REGN10933, REGN10987, REGN10989, and REGN-COV2 Display
Concentration-Dependent Binding to SARS-Co\V-2 RBD
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Figure 2 REGN1093L REGN10987, REGNI098, and REGN-COVE Block Bindig of
SARS-CoV-1 KBD ts Human ACED
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Table 5 Summary of IG and maximum percent blocking of SAR®V-2 RBD binding to human
ACE2 by REGN10933, REGN10987, REGN10989, and REIEN/2.

Blockade of 100ph SARS CoV. 2 RED Binding to Human ACE2
Amntibody ICs, [M]) Maximum %o Blockade™
REGNI0933 5.64E-11 101
REGNIQ987 1.65E-10 101
REGMN10989 5.00E-11 ]
REGM-COW2 (REGNI0933+REGNI1098T) £.18E-11 10
IgGl Control WD |

*haxinmum % blockade is defined as 100 minus the average binding signal observed at the highest antibody
concentration tested { 100nM) with buffer control subtracted, divided by the binding signal observed at constant
concentration of RBD hFe (100p_d) with buffer control subtracted, multiplied by 100,

Abbreviationis): NI, not determined because conceniration-dependent blockade was not observed

Study r10933ph-20155sr-01v1

In study r109330h-20155sr-01v1 cryogenic electron microscopy was used to determine the
structure of the SARE0V-2 RBD in complex with the Fab fragments of REGN10933 and

REGN10987, and to structurally characterize the epitope on the RBD for ea&hpastein

mAD.

The sequences of publicly available SARB8V-2 genomes identified through rligust

2020 were utilized to assess the degree of variability of the structurally determined epitopes

on the RBD for each anr8 protein mAb. The percentage of cansgion for each RBD
residue found to interact with REGN10933 or REGN10987 was calculated.
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Results

Results showed REGN10933 and REGN10987 bind epitopes that do not overlap on the
surface of the SARE0V-2 receptor binding domain. As no residues are shiaye
REGN10933 and REGN10987, a single point mutation is unlikely to affect both epitopes.

Study r10933ph-2009%sr-01v1

In vitro studies tested the ability of REGN10933, REGN10987, REX&N/2 (i.e.
REGN10933+REGN10987) and REGN10989 to neutralise vimasigth blockade of viral
entry into cells.

Vero and Vero E6 cells were selected as they are known to be capable of infection by SARS
CoV-2 virus. The ability of antibodies to prevent this infection was tested experimentally:
additional testing determined the ability of antibodies to prevent ehtrgnreplicating

vesicular stomatitis virus (VSV) pseudoparticles pseudotyped with different variants of the
receptor binding domain SARSoV-2 spike protein in circulation.

Non-replicating VSV pseudoparticles pseudotyped with SARY-2 S protein (ad4-1255;
pVSV-SARSCoV-2-S), replicating VSV encoding SARSoV-2 S protein (aa-1255;
VSV-SARSCoV-2-S), and SARSCoV-2 (USAWA1/2020 isolate) were primcubated with
REGN10933, REGN10987, or REGBIOV2and added to Vero (pseudo [p]VSV and VSV)

or Vero E6(SARSCoV-2) cells. The pVSV, which was engineered to express a fluorescent
reporter, was assessed for neutralization using a fluoresbased assay, VSV

neutralization was assessed using immunostaining with polyclonal@xtiand SARS

CoV-2 was assess for neutralization by plaque reduction assay.

Non-replicating VSV pseudoparticles engineered to express a fluorescent reporter and
pseudotyped with SARE0V-2 S protein variants were incubated with REGN10933,
REGN10987, or REGNCOV2 to assess the cajggof antiS protein Abs to block
pseudoparticle entry into Vero cells. Neutralization capacity was analysed using
fluorescencébased assays.

Results

Results showed that each antibody was able to inhibit viral entry whereas a control IgG1
antibody had neffect. REGN10933, REGN10987, REGINOV2 (REGN10933 +
REGN10987) and REGN10989 each mediated concentrdépandent neutralisation into
cells of pVSVUSARSCoV-2-spike (plot A), VSVSARSCoV-2-spike virus (plot B) and
SARSCoV-2 (plot C) with half maximainhibitory concentration (1€5) and 90% inhibitory
concentration (Igg) values in the picomolar range. Complete maximal inhibitory
concentration (lgs) values for pVSYSARSCoV-2-S pseudoparticles and SAR®V-2

virus were in the nanomolar (REGN10933, REB987, REGNCOV2) or picomolar
(REGN10989) range.
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Figure 4: REGN10933, REGN10987, REGBlov2, and REGN10989 neutralise pV\SARS
CoV2-S pseudoparticles, VSBARSCoV-2-S virus, and SARE0V-2 isolate in a concentration
dependent manner
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Table 6: Summary of values for REGn10933, REGN10987, REGN-2, and REGN10989
mediating neutralisation of viral entry into Vero or Vero E6 cells

PVSV-SARS-CoV-2-5 Psendoparticles VSV-SARS-CoV-2-5 Virus SARS-CoV-2 Virus
Antibody Treatment IC [M] 1w [M] ICa [M)] 1C= [M] 1 [M] ICa [M]  ICs [M] | o [M]
REGNI0933 6. 24E-11 4.36E-10 3H3E00 431E-11 1.7T1E-10 3T4E-11 | LTEE-I0 | S.TRE-10
REGNI0987 4 30E-11 2133E-10 1. TSEAS 113E-11 1.38E-10 4E-11 | 430E-10 | 543E-09
REGN10533+REGNI098T 4.85E-11 2.60E-10 1.61E-0% 1.70E-11 7.0E-11 ZI0E-1T1 | L73E-10 | LI4E-D9
REGNI0989 1.18E-11 2.60E-10 4.83E-10 4,79E-12 23IE-11 T38E-12 | 138E-11 | 8.55E-11
[zl Control KD

Abbreviations: ND, not determined because a dose-dzpendent response was not observad

Each of REGN10933, REGN10987, REGN10989 and the combination of REGN10933,
REGN10987 neutralised infection of Vero\tero E6 cells by SARS Co¥ virus or by the
VSV-SARSCoV-2-S virus and had IC50 and IC90 values in the picomolar range. All were
able to prevent infection with virus with all tested variants of the receptor binding domain,
including D614G and D614N vangs. REGN10987 and REGN10989 demonstrated-a >5
fold reduction in neutralisation potency in the presence of 1 variant each, but this was not
seen with the REGXCOV2 combination.

Study r10933ph-20100sr-01v1

Studies reported in r10938#1+20100sr-01v1 assessed risk of development of SARS €V
spike protein escape mutants in the presence of each of REGN10933 and REGN10987, their
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combination and REGN10989. Testing also addressed the ability of these antibodies to
neutralise pVSYSARSCoV-2-spike pseudopétcle putative escape mutants.

Vero E6 cells were infected with fully replicating VSSARSCoV-2-S virus in the presence
of a range of concentrations of REGN10933 or REGN10987 (over 2 passages), or REGN
COV2 (over 7 passages [passage Bsing Vero cellg]to assess SARSoV-2 escape

mutant selection. Infected cells were monitored for vinggiced cytopathic effect as a read
out for virus replication. Viral RNA from infected cell supernatants was extracted,
sequenced, and analysed after each passagentifydoutative escape mutants.

Each putative escape mutant within the RBD identified through sequencing was pseudotyped
into nonreplicating pVSVYSARSCoV-2-S pseudoparticles expressing an mNeon fluorescent
reporter. The neutralization capacity of REGH28, REGN10987, and REGEOV?2

against each putative escape mutant was assessed using fluoressencassays.

Results

Monotherapy with individual antibodies resulted in rapid selection of viral escape mutants
and a functional impact ameutralisation potency of the individual antibodies. In contrast, the
combination of REGN109333 and REGN10987 retained potency. It was concluded that a
combination of antibodies that bind to roverlapping epitopes may minimise the likelihood
of loss of ativiral activity due to naturally circulating viral variants or development of
escape mutants under drug pressure.

Study r10933ph-2010%sr-01v1

Study r10933h-2010%sr-01v1 reported on experiments into risks of antieddpendent
enhancement using vitro methods to assess cellular entry of Vesicular Stomatitis Virus
pseudotyped with SARE0V-2 spike protein and the effect of antibodies REGN10933,
REGN10987, and REGN10989 thereon. Different cell types were used for this
characterisation.

Non-replicating pVSVSARSCoV-2-S and pVSVG pseudoparticles were generated for use

in viral entry studies. Pseudoparticles were
VSV glycoprotein was deleted from the genome and in which the VSV was engineered to

express an mNeon fluorescent reporter. Pseudoparticles were pseudotyped with either wild

type SARSCoV-2 S protein (aa +4255) or VSV glycoprotein by cloning the synthesised

protein into an expression plasmid.

U937, THP1, IM9, K562, and Raji cells, whiexpress Fc gamma receptor (FCGR)1 and/or
FCGR2 were incubated with pVSYARSCoV-2 S pseudoparticles expressing an mNeon
fluorescent reporter in the presence of a range of concentrations of REGN10933,
REGN10987, or REGNCOV2. FCGRnegative Ramos cellsrsed as a negative control.
None of the tested cell lines are permissive to infection with p88RSCoV-2 S
pseudoparticles alone. Viral entry in the presence of antibodies was assessed using flow
cytometry.

Results

Cell lines U937, THP1, K5662, Raji atid9 cells express FCGR2 and do not express
FCGR3. U937 and THP1 also express FCGR1. Ramos and Vero cells do not express
FCGR1, 2 or 3. All cell lines were permissive to viral entry of pMS¥seudoparticles: only
Vero cells were permissive to entry of pVSSARSCoV-2. Therefore, all cell lines except
Vero cells were then incubated with pVSARSCoV-2-S pseudoparticles and either
REGN10933, REGN10987, and RE&GMNDV2 to assess ADE of viral entry. FCGIRamos
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cells were included as a negative control. Resldtaonstrated that REGN10987 alone or in
combination with REGN10933 (REGROV2) mediates entry of pVS8ARSCoV-2-S
pseudoparticles into FCGR2+ Raji and FCGR1+ /FCGR2+ THP1 cells, but not any of the
other 3 FCGR+ cell lines tested (table 7). REGN10933eatiich not mediate entry of pVSV
SARSCoV-2-S pseudoparticles into any of the tested cell lines.

Table 7: Summary of maximum percentage of viral entry into cell lines in the presence of
REGN10933, REGN10987, or REGBOV?2

Maximum Infection (%emNeon” in Total Cells)
Antibody Treatment —
Ramos U937 THP1 o K562 Ran
REGN10933+IgG1 Control 0.00 0.00 0.01 0.00 0.01 0.02
REGN10987+IgG1 Control 0.01 0.02 0.24 0.00 0.00 1.34
REGN10933+REGN10987 0.00 0.01 0.06 0.00 0.01 0.69
IgG1 Control 0.00 0.00 0.02 0.00 0.00 025

Maximum percentage of viral entry is defined as the highest mean percentage of mNeon™ cells within live/singlets
across the tested antibody dose range (3.05pM to 200nM).

Studyr10933ph-20090Gsr-01v1

A series ofin vitro studies assessed the ability of REGN10933, REGN10987, their
combination (REGNCOV2) and REGN10989 to mediate antibatBpendent functions
against target cells, expressing the against target cells expressiegdtii (amino acids
[aa] 1-1273) SARSCoV-2 spike protein.

The effector function potential of REGN10933, REGN10987, and REGN2, was
assessed to determine: 1) the ability to mediate antidedgndent cell mediated
phagocytosis (ADCP) of target cellsing monocytelerived macrophages as effector cells;
2) the ability to mediate ADCC of target cells using primary natural killer (NK) cells as
effector cells; 3) the ability to activate FCGR3A receptor signalling in an AB@gate
reporter assay; and the ability to mediate complemedépendent cytotoxicity (CDC) of
target cells in presence of normal human serum (NHS).

REGN10933, REGN10987, and RE&GINDV2 were evaluated for the ability to mediate
ADCP of fluorescently labelled target cells enginedceexpress fullength SARSCoV-2 S
protein (Jurkat/hCD20/SARS0V-2-S FL) in the presence of fluorescently labelled primary
monocytederived macrophage effector cells differentiated with macrophage colony
stimulating factor.

REGN10933, REGN10987, and BE-COV2 were evaluated for the ability to mediate
ADCC against Jurkat/hCD20/SARS0V-2-S FL target cells using human primary NK cells
from 3 independent donors as effector cells.

The ability of REGN10933, REGN10987, and REGRV2, to mediate the transptional
expression of luciferase via activation of FCGR3A (an Fc receptor that mediates ADCC by
NK cells) was evaluated in a surrogate ADCC reporter bioassay using reporter Jurkat T cells
engineered to express a nuclear factor of activated Floelferase (NFAT-Luc) reporter

gene and human FCGR3A (Jurkat/NFATIc/FCGR3A) in the presence of
Jurkat/hCD20/SAR&0V-2-S FL target cells.

REGN10933, REGN10987, and RE&MNDV2 were evaluated for the ability to mediate CDC
against Jurkat/hCD20/SARSoV-2-S FL taget cells in the presence of 5% NHS.
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Binding to FcRn was also tested in this study using REGN1932, a human IgG1 isotype

antibody isolated from its Veloclmmune human antibody mouse platform which contains a

human light chain variable domain fused to a hukegppa constant domain and a human

heavy chain variable region fused to a human IgG1 constant domain. It was expected that
binding affinities of REGN1932 to Fco recept
lgG1 isotype antibodies i.e. testing heriéh REGN1932 is a substitute for what is expected

if REGN 10933 and REGN10987 were tested.

Results

ADCP (antibodydependent cell mediated phagocytosis): REGN10933, REGN10987, their
combination (REGNCOV2) and REGN10989 were each shown to mediate ctratien
dependent ADCP of target cells expressing the SARS-Zspike protein with EC50 values
in the picomolar range. They did not mediate ADCP of Jurkat/hCD20 target cells.

ADCC (antibodydependent cellular cytotoxicity): REGN109FEGN10987, and REGN
Cov2 mediate concentratiatependent ADCP with half maximal effective concentration
(ECsoyvalues in the picomolar range, and mediate concentrdépendent ADCC against
target cells, with E€j values in the low nanomolar to picomolar range, where calculable.

Results from the ADC&urrogate reporter assay demonstrated that REGN10933,
REGN10987, and REGI€ov2 mediate concentratiaiependent increase in activation of
reporter cells expressing FE3A in the presence of Jurkat/CD20/SARSV-2 FL target
cells, with EGop values in the picomolar range.

REGN10933, REGN10987, and RE&GMNOV2 were not found to mediate CDC against
Jurkat/CD20/SARSCoV-2-S FL target cells in the presence of 5% NHS.

Resultds rom t he binding part of the study showec
subtypes and FcRn are representative of IgG1 isotype antibodies produced by the company.

Challenge studies

Study r10933ph-2016tpd-01vl

The aim of study r1093ph-20161pd-01v1l was to evaluate the potential for use of
antibodies REGN10933 and REGN10987 to prevention and/or treat-EARS infection
in Syrian golden hamsters. The impact of FcG receptor engagement-Bpikatantibodies
was assessed in both prevention aadttnent arms of the study. SARR®V-2 replicates in
this species and aspects of CetRldisease are recapitulated.

A total of 90 male and female Golden Syrian hamste&J@eks old, ~ 100 g) were
assigned to the study. They were randomly assigneddy gtoup based on weight,
maintaining an almost even male and female ratio (2:3 or 3:2) when possible.

The hamsters (n=5/group) were randomized to dosing groups with equal distribution across
sex and body weight, and given a single IP injection of REX&N/2 (0.5, 5, or 50 mg/kg

[0.25, 2.5, or 25 mg/kg/antibody, respectively]), IgG1 isotype control (50 mg/kg), the same
doses of the REGN10993+REGN10943 1§G%isotype mAbs or IgG4/5G isotype

control, or placebo 2 days prior to SAIRC®V-2 challenge (prapylactic study arm) or 1 day
postSARSCoV-2 challenge (therapeutic study arm). In both study arms, hamsters were IN
challenged on Day 0 with 2.3E04 plagfoeming units (PFU) of SARE0V-2 (USA--
WA1/2020).
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Body weight was assessed daily throughout theéysperiod (Days < for prophylaxis and

Days 17 for treatment) as an indicator of morbidity. A mix@ifiects model with repeated
measures was used to compare the percentage change in body weight at Day 7 compared
with baseline (Day O for prophylaxis abdy 1 for treatment). Oral swabs were analysed on
Days 2 and 4 to assess viral load. Lung tissue was harvested from hamsters at the end of the
study (7 days poshfection) to assess lung pathology and viral load. Lung pathology was
assessed by image aysib to measure percentage area of pneumonia and usipgiat 5

scale of inflammation severity. Viral load was assessed by measuring both gRNA and
SgRNA.

Tables 811 summarise the study designs. The prevention and treatment arms were run as
separate expenents.

Table 8: Treatment study design RG20-01

mAb Infusion Challenge
R mAb ;gg: Timepoint | Material Route
(ma/kg)

1 5 10933(25mg/kg)+10987(25malkg) 50

2 5 10933(2 Smg/kg)+10987(2.5maikg) 5

3 5 | 10933(0.25mg/kg)+10987(0.25mgrkg) 0.5 0.1mi

4 5 10993(25mg/kg)+10943(25mg/kg) 50 ! d;fuiﬂer SARS- N/

2 2 10993(2 . 5mg'kg)+10843(2.5mg/kg) 2 challenge Cav-2 234

6 5 | 10993(0.25mg/kg)+10843(0.25mg/kg) =~ 0.5 | via IP route x10%4

7 5 | REGN1932 (50mg/kg) 50 pfu

B 5 REGN4438 (50mg/kg) 50

2] 5 | Flacebo L MNiA

Table 9: Prophylaxis study design RGRD-02

mADb Infusion Challenge
Total
- mAb Dose | Timepoint | Material | Route
(mg/kg)
1 5 10933(25mg/kg)+ 10887 (25ma'kg) 50
2 5 10933(2. 5mg/kg)+ 108872 5ma/kg) 5 .
3 5 | 10933(0.25mg/kg)+10987(0.25mag/kg) 0.5 0y Di:uTI
1 ays
4 5 10993{25mg/kg)+10943(25mg/ka) 50 me‘; 0 SARS-
5 5 10993(2.5mg/kg)+10943(2.5mg/kg) 5 challenge | CoV-2 2 a4
[ 5 | 10993(0.25mg'kg)+10943(0.25mg/kg) 0.5 via |P route x10"4
7 5 REGN1932 (50mg/kg) 50 pius
B 5 REGMN4439 (50mg/kg) 50
g 5 Placebo MIA
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Table 10 Treatment study schedule R&4-01

DATE  16-Jun | 22-Jun | 25-Jun | 26-Jun | 27-Jun  28-Jun | 29-Jun | 30-Jun | 1-Jul | 2-Jul |
DAY -4 -3 1] 1 2 S 4 G ] 7
Arrival X
Ear fag X
Grouping B
Transfer to
ABSLA
|_Dosing {IP) | | | | A
Challenge
Bleed (S5T)
Oral Swab
ights’
Clinical
m1
| Lung Tissue | ' ' ' ' ' ' ' ' ' ;
Harvest

el | Dl | el | Del | Sed
e
|
=
el | e
S
el
o el

' Daly weights and bwice daily cbsenalions occumed on and post challenge; alsa, once on §mepoints when animals were anesthefized for
pracadures

Table 11: Prophylaxis study schedule RGh0-02
DATE | 16-Jun | 17-Jun | 22-Jun | 24-Jun | 25-Jun | 26-Jun | 27-Jun | 20-Jun | 29-Jun | 30-Jun | 1-Jul
. oAy | 8 9 | 2 | o 4 | 2 | 3 | 4 | s | & | 71
| Amival | X
| Eartag | Lo X
Grouping | X
Transier
to ABSL3 | |
Dasing ¥
IF | | |
Blead 5
o ® ®
Cral
E‘“h - - - - . . - . . .
Weights [ X | % X W | x| W | x | x | =
':g':’:,*" X X X X X X X X X
Lung
Tissue ®
Harvest

' Dialy Waights anid hvice daly cbrsanmabons ccourred on and post chalenga; alsa, ance on timapcinks that animals wane anesthalized for procedures.
“Blood colledion and oral swabs colleched priar to chalkenge:

Results

There was one unscheduled death of a hamster who was found dead on dashljeosie,
having lost ~13% of its body weight. This was in group 5 (low dose prophylaxis,
10993+10943) which is not the antibody combination that is the subject of this applicat
Death was attributed to SARSoV-2 infection.

Hamsters that received prophylactic IP REGRV2 at 0.5, 5, or 50 mg/kg 2 days prior to
SARSCoV-2 challenge demonstrated similar levels of protection against weight loss
throughout the study and protect against weight loss compared to placebo at the end of the
study (Day 7).

There were no differences in viral gRNA or sgRNA at all tested doses of REBKP
compared with placebo in oral swabs or in lungs. Although reduction in viral load in lung
tissuedid not reach statistical significance, there was a clear trend in reduction in al-REGN
COV2 dose groups relative to placebo, with many treated animals demonstrating
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undetectable viral load. No impact of REGNDV2 was observed on viral load in oral swabs
No clear differences in efficacy between the IgG1 and f§G4sotype versions of
REGN10933 and REGN10987 were determined

Pathology analyses of lungs indicated that prophylactic administration of IP REIM2 at
doses OO0. 5 msighificantlydesspneunoriaj maasured as percentage area of
pneumonia in the lungs and reduced the severity of lung inflammation in a

dosedependent manner compared with placebo. No clear differences in efficacy between the
IgG1 and IgG4RGG isotype versins of REGN10933 and REGN10987 were determined.

Prophylactic dosing of REGRE OV 2 at O0.5 mg/ kg resulted in
compared with placebo, whereas the effect in the therapeutic regimen was much less. As
prophylaxis, placebo and IgG4datype controls had a mean of 26.96 and 32.01% area of
pneumonia, respectively. These values for low, mid and high doses of REGNCOV2 were

4.89, 0 and 0.54, respectively. As treatment, placebo and IgGL1 isotype controls had a mean of
22.64 and 24.87% area mheumonia, respectively. These values for low, mid and high doses

of REGNCOV2 were 27.02, 15.25 and 15.64 respectively.

PROPHYLAXIS TREATMENT

404 . 403 40 40
303 304

20

% pneumonia area
% pneumonia area
% pneumonia area
% pneumonia area

° O O & ° O O O P Al g ad R S SR
F o & P & & o &° 8 & & & F & E & L
& 5T T e QF 5T o T T e T T e

[ — _— 10933+10087 10943+10993
10933+10987 10943+10993

There was no evidence of antibedgpendent disease enhancement (ADE) as no dosing with
antibodies restgd in enhanced body weight loss, increased viral loads or more severe lung
pathology.

It was concluded that hamsters that had received any prophylactic treatment with SARS
CoV-2 specific antibodies suffered less severe weight loss than did control§t Besdess
apparent with the treatment regimen and only the those given the highest dose were afforded
protection from weight loss. Assessment of viral and subgenomic RNA levels in the lungs
generally mirrored these results: subgenomic RNA was dragtrealliced in lungs of

hamsters given prophylaxis with SAFCV-2 specific antibodies: more modest viral load
lowering was seen with treatment starting 24 hoursguaasienge. Additionally, prophylaxis
resulted in less severe lung pathology and was notiassd with antibodylependent
enhancement of viral infection.

Study r10933ph-20093sr-01v1
The effect of monoclonal antibodies to prevent or to treat infection with SARS2Gods
assessed in rhesus monkeys.

The prophylactic and therapeutic efficacy of REGRV2 were assessed. Nasopharyngeal

and oral swabs were collected to assess for viral load and analysed by RNAseq analysis to
assess for the selection of viral escape mutants.
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Lung pathology was assessedhat end of the study using gpdint scale of inflammation
severity.

Treatment with test antibodies was either prophylactic and given 3 days prior to the challenge
with SARS CoV\2 virus, or therapeutic and given 1 day after challenge. Doses of
REGN10933nd REGN10987 were given intravenously once at 0.15 and 0.15 mg/kg
respectively, or at 12.5 and 12.5 mg/kg, or at 25 and 25 mg/kg or at 75 and 75 mg/kg. Four
monkeys were given REGN10989: approval is not sought in this application for use of this
antibody.The dose groups are described in table 12 below.

Table 12: Experimental design

Animal mAb ARM Total dose (mg/kg) Route :?::ilfg[
1 10933 (015 me'keg yw 10987 (0.15 mg'kg) | Prophylactic 0.30 IV -3
2 10933 (015 me'ke 10987 (015 me'ke) | Prophylactic 0.30 IV -3
3 10933 (0,15 mg'kg 10987 (0,15 mg'ke) | Prophylactic .30 IV -3
-+ 10933 (0.15 mg/ke 10987 (0.15 me'ke) | Prophylactic 0.30 IV -3
5 10933 (25 meke HI10987 (25 me'ke) Prophylactic 50 IV -3
& 10933 (25 mg'kg 10987 (25 mg'kg) Prophylactic 50 IV -3
7 10933 (25 meg'hke H10987 (25 meke) Prophylactic 50 IV -3
b 10933 (25 mg'hke 10987 (25 meke) Prophylactic 50 IV -3
9 Placebo Prophylactic N/A IV -3
10 Placebo Prophylactic M/A v -3
11 10989 (25 mz'ke) Therapeutic 25 v +1
12 10989 (25 make) Therapeutic 25 IV +1
13 10989 (25 meke) Therapeutic 25 IV +1
14 10989 (25 mz'kg) Therapeutic 25 IV +1
15 10933 (12,5 me'ke) +10987 (12,5 me'kes) | Therapeutic 25 IV +1
16 10933 (12.5 mg'ke) 10987 (12.5 mg'ke)| Therapeutic 25 IV +1
17 10933 (125 mep'ke) +10987 (12.5 mpe/'ke) | Therapeutic 25 IV |
18 10933 (125 mp'ke) +10987 (12.5 mp'ke) | Therapeutic 25 IV +1
14 10933 (75 mg'kg) +10987 (75 mzke) Therapentic 1501 IV +1
20 10933 (75 medkea) +10987 (75 ma'ks) Therapeutic 150 'V +1
21 10933 (75 me'ks) +10987 (75 ma'ke) Therapeutic 150 IV +1
22 10933 {75 meg'kg) +10987 (75 mz'kg) Therapeutic 150 IV +1
23 Placebo Therapeutic N/A IV i1
24 Placebo Therapeutic /A IV +1

IV — imtravenons (saphenons or cephalic, exact lecation decumented on Treatment Administration Worksheer)

Monkeys were followed to day 7 after the challenge. The primary endpoint of this study was
the timeweighted average change in viral load (lagppies/ml) from day 1 to ¢ar, as

assessed by nasal pharyngeal swab samples measured by quantitative reverse transcription
polymerase chain reaction (qHPICR). Results were declared significant at a prespecified

10% alpha level. Secondary endpoints included viral load by salieeabswabs, airway

tissue viral load and whole blood viraemia, histology and assessment of a febrile response.

Additional analyses were also conducted into putative SEBR%-2 spike escape mutants in
rhesus monkeys in this study. RNA was extracted Bombs, reverse transcribed into
complementary (c)DNA and cDNA libraries generated for sequencing to identify putative
escape mutants with a focus on the genome section encoding the spike protein. The
frequency of viral mutations inferred from the sequemceads was calculated if the
proportion of mutated reads were higher than 1% relative to total number of reads.
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Results

There were no unscheduled deaths and clinical observations, body weights and body
temperatures were either not affected or changes were minor and not considered biologically
relevant. Monkeys given the placebo had a higher frequency of a febrile response.

Results from quantitative reverse transcription (ROR) suggested that prophylactic
dosing at 50 mg/kg and therapeutic dosing at 25 and 150 mg/kg (total doses of antibody)
decreased viral burden: viral loads declined more rapidly in monkeys givendibsss than

in controls. Viral replication and viral shedding appeared to decrease more quickly too.

In the prophylactic setting, monkeys given the combination at 0.15 mg/kg had similar
amounts of genomic RNA (gRNA) and subgenomic RNA (sgRNA) as didahieols

whereas those given the combination at 25 mg/kg (of each antibody) showed robust
reductions in gRNA and sgRNA compared with control. In the therapeutic setting, monkeys
given the combination at 12.5 and 75 mg/kg showed accelerated clearan®¢AchigiR

SgRNA compared with controls.

Histopathological findings in the lungs suggest that the incidence of lung inflammation was
reduced in treated monkeys compared to those given placebo. The frequency of nasal cavity
and tracheal lesions was also redlceboth groups given the antibodies compared to

placebo controls. No toxicities attributed to the test antibodies were seen.

The findings suggest that REGN10933 + REGN10987 may have effect on viral replication
and lung inflammation.

RNAseganalysis demonstrated that no treatrresgociated mutations were identified in the
SARSCoV-2 S protein across pooled samples from infected monkeys. All variants identified
in the prophylactic and therapeutic groups were also present in the placebongtioup
approximately half of these variants already being present in the inoculum.

Study r10933ph-20160sr-01v1

This study sought to investigate the potential of REGN10933 and REGN10987 to prevent
infection in rhesus monkeys later challenged with SARS-2 challenge virus. Rhesus
monkeys were chosen as SARS GC»%6 known to replicate in this species and monkeys
show aspects of Covtl9 disease. Nasopharyngeal swabs and bronchoalveolar lavage fluid
(BALF) were collected to assess for viral load and gfoeg pathology and histology was
assessed. The study design is summarised below.

Table 13: Study summary

Virus Swab and Necropsy-
Group ;I;\r,egt;;eg; Challenge [E;::\?vi BAL Observations | Virus Titers
(Day 0) Collections Histopathology
1 (N=6) 10933(25mg/kg)+ Days-3,0-5 Day 5
10987(25mg/kg) SARS-CoV-2 Pre, Clinical Signs, | Blood, BAL,
2 (N=6) 10993(25mg/kg)+ WA2020 Days | Pre, Days dey Swgbs,
10943(25mg/kg) 1.1%10° PEU 0,13 1-5 Weights, Respwatory
3 (N=6) Placeho ) Temps Tract Tissues
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Table 14: Study design overview

Group . : Dosing Route Challenge
N=6 Dosing Material (Day -3) (Day 0) Necropsy
10933(25mg/kg)+
| oosTosmeey v SARS-CoV-2 Day 5
10993(25mglkg)+ 1.1x10"5 PFU total
mg/kg A i
2 IV (5.05x10*4 PFU in TmL Day 5
10943(25mglkg) each IN and IT)
3 Placebo \Y) Day 5

Male and female rhesus monkeys (n=6) were randomly assigned to 1 of 2 study groups with
an even age distriban in each group. Monkeys were given a single prophylactic IV
injection of either 50 mg/kg REGEOV2 (25 mg/kg/antibody), 50 mg/kg
REGN10993+REGN10943 (a different antibody not the subject of this application), or
placebo 3 days prior to SARS0oV-2 challege. Monkeys were challenged on Day 0 with a
total combined inoculum of 1.1E05 PFU of SARSV-2 virus via combined IT/IN, with
delivery of 5.05E04 PFU each per route of administration. Nasopharyngeal swabs were
collected on Days 1, 2, 3, 4, and 5 and bhooalveolar lavage fluid (BALF) was collected

on Days 1, 3, and 5 to evaluate SARS8V-2 infection in the upper and lower airways,
respectively. Collected samples were assessed for gRNA and sgRNA as a readout for viral
load. Absolute viral load values wegeaphed as log copies/mL. Lung pathology was
assessed using gpint scale of inflammation severity.

The change in viral load from baseline (Day 1, one day after inoculation) on each day of
sample collection (until Day 5) was calculatedifatividual animals. Statistical analyses

were performed comparing the TWA for change in viral load from baseline between-REGN
COV2 and placebo dosing groups.

Results

SARSCoV-2 infection of the rhesus macaque resulted in minimal changes: body weights

may have been affected by the repeated use of anaesthetic, but there was no effect of the
virus on body weight and none of the monkeys developed a fever. Overt signs of disease
were not evident in any of the monkeys.

Monkeys given REGMNCOV2 (REGN10933 and RGN10987) prophylactically demonstrate
a reduction of viral gRNA and nearly complete ablation of viral SgRNA when compared with
those given placebo.

SARSCoV-2 virus replicated in the upper and lower respiratory tract. Both tested
combinations of antibods (i.e. REGN10933+REGN10987 and REGN10993+REGN10943)
protected against viral replication in upper and lower respiratory tract.

Study R10933PH-21015SR-01V1

In this study, an assessment of antibddpendent enhancement (ADE) of SAR8V-2

infection ofprimary human macrophages in the presence of REGN10933, REGN10987, and
REGN10989 was undertaken.

In vitro assays with human cells were performed to determine if treatment with REGN10933,
REGN10987, REGN10989, or REGBIOV2 resulted in ADE of SARE0V-2 infection. Fc
gamma receptegpositive monocytalerived macrophages from 2 human male donors, aged

27 and 32, were incubated with each of the-8nirotein antibodies or a corresponding

isotype control (REGN1932), at concentrations of 00260 ng/ml (otalf this
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concentration for each antibody in the combination, REGDWV?2) and then infected with
SARSCoV-2: control monocytelerived macrophages were infected with SARS/-2 in
the absence of any antibodies. The percentage of cells infected with GRS was
determined by immunofluorescence imaging of cells after staining with an antibody
recognising the SARE0V-2 antigen, nucleoprotein.

Results

Images of infected Vero E6 cells were evaluated (not shown here). The % ofGARS
N-positive cells was 20% and 15% for an MOI of 1 and 10, respectively (table 15).
Monocytederived macrophages (MDMs) showed very low expression of SBRE2 N
protein.The number of SARE0V-2 N-positive MDMs was reduced by the presence of
antibody to viral spike protein and was in the range of that for untreated/infected or isotype
controktreated/infected MDMs. The % of-pbsitive cells was independent of the
concentation of the antfS protein antibody.

Table 15: Percentage of SARSoV-2 N-positive MDMs treated with antibodies from 2 donors

Donor 1 Donor 2

‘_\nﬁbod_‘-l I£G1 N N REGN10933 I£G1 N - REGN10933

Concentration REGN10933 REGN10987 + REGN10933 | REGN109387 +
(ng/mL) Control REGN100s7 | Come! REGN10987
Mean | SD Mean SD | Mean | SD | Mean SD | Mean | SD | Mean | SD | Mean | SD | Mean sSD
1200 010 | 014 0.00 000 027 | 028 0.16 0.12 025 [017 | 017 | 010| 026 | 008 0.17 0.05
240 011 | 010 0.04 003 | 008 | 005 0.16 0.03 026 |013| 035 |005| 051 036 0.84 071
48 003 | 005 0.13 015 010 | 006 028 011 017 | 008 | 041 023 | 019 | 015 0.38 0.19
9.6 004 | 001 0.08 0.04 | 004 | 007 022 023 012 | 003 | 026 |002]| 031 0.08 1.39 033
192 002 | 002 0.08 0.02| 006 | 002 0.12 0.05 009 |[004] 039 | 033 | 046 | 037 0.39 0.55
0384 005 | 006 0.03 002 | 001 0.02 0.10 0.06 012 |(011| 028 | 004 | 018 | 007 021 0.04
0.077 005 | 005 0.08 007 004 | 004 021 025 017 (000 012 |006| 012 | 007 0.30 0.09
0.015 008 | 007 0.02 003 | 005 | 006 0.05 0.05 026 [012| 079 |019| 028 | 019 0.42 0.09

Mean values caleulated from 3 replicates

The data suggest lack of ADE: there was no evidence of enhancement of viral antigen uptake
in the presence of an8 protein antibodies with REGN10933, REGN10987, REGN10989
and REGNCOV?2.

Study r10933ph-20192sr-01v1

This study was an evaluation of antibody dependent enhancement of monoclonal antibodies
for the prevention of SARE0V-2 infection in Syrian golden haness. Male hamsters were
exposed intranasally to SARS C&vand followed for 7 days and then body weight, viral
replication in the respiratory tract and lung histopathology results taken.

Hamsters (n=5 to 7) were given a single intraperitoneal (IB3tion of REGNCOV2

(0.0005, 0.005, 0.05, 0.5, or 5 mg/kg [0.00025, 0.0025, 0.025, 0.25, or 2.5 mg/kg/antibody,
respectively]) the same doses of the REGN10993+REGN10943 {@&4iBotype mAbs, or
placebo 2 days prior to intranasal (IN) challenge with 1.@0H0U SARSCoV-2 (USA-
WA1/2020). Based on a blood volume of ~8.4 ml in an average hamster, the expected
antibody concentration in the lung at each dose used is shown below.

Full Dossier, Regulation 50 29



Ronapreve 120 mg/mL solution for injection or infusion

Table 16: Expected antibody concentration in lung

PLGB 00031/0925

F’nc:t;']lkgimu Calculated serum Canex [ug/mL] ﬁ:l_:l;::f]md lung concentration
5 125 18.75

0.5 12.5 1.875

0.05 1.25 0.1875

0.005 0.125 0.01875

0.0005 0.0125 0.001875

Body weight wasissessed daily as an indicator of morbidity, with the percentage change in
body weight from baseline (day of challenge) graphed. Lung tissue was harvested at the end
of the study to assess viral load @legopies/g), measured by gFPICR, and pathology,

assessed using afwint scale of inflammation severity.

Primary endpoints were the change in body weight at day 7 from baseline (exposure day).
Secondary endpoints included viral load (b@gpies/g) in the lungs measured by
guantitative reverse trangation polymerase chain reaction (gFPCR). The experimental
groups are shown below.

Table 17: Experimental design

lieration | Size .l[[.:;ﬁ::;-ir“i Exposure Treatment mAb {Day -2) Daose [mg/kg/mAh|
1 7 2.5/2.5
1 7 0.25/0.25
2 7 REGNI10933+REGN10987 0.025/0.025
2 7 0.0025/0.0025
2 7 | 10.000 PFU SARS.CoV.- 0.00025/0.00025
1 7 LIN 2525
1 7 ) ) 0.25/0.25
3 . REGN10943+REGN10993 0.025/0.025
2 7 0.0025/0.0025
2 7 0.00025/0.00025
| 5 Control Article N/A
1 5 Sterile PBS Control Article N/A
PFU - plaque forming units; IN - intranasal; mAb — monoclonal antibody.
Results

Prophylactic administration of REGNOV2 protected against weight loss and reduced the
severity of lung inflammation in a dosigpendent manner. The high dose (5 mg/kg) also
reduced the incidences of lung inflammation and secondary changes such as type Il
pneumocyte hyperplasia. Viral load in lungs was also reduced at 5 mg/kg-REGR

relative to placebo. Importantly, ADE of infemt was not observed at a snbutralizing

dose of REGNCOV?2, as indicated by a lack of more severe weight loss, increased
inflammation, or enhanced viral load relative to placebo. Likewise, no clear differences in
efficacy between the IgG1 and IgG# isotype versions of REGN10933 and REGN10987
were determined, further supporting lack of FC@Rdiated ADE.
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There were no unscheduled deaths and there was no enhancement of lung pathology due to
either of treatments at any of the dose levels tested i.e.\was no antibody dependent
enhancement (ADE), that is, no group demonstrated greater weight loss, viral load or
pathology relative to control.

Figure 5: Mean body weight percent change from baselirex{g), days post SARSoV-2 exposure

(x-axis); group dose concentration are mg/kg/mAb
Sn

Body Weight Percent Change of Male Hamsters Exposed to SARS CoV 2
ad or sterile PBS and Treated with Test or Control Article
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Figure 6: Viral load (genomic) in lung tissue [GE per 100 mg tissue]; individual values (symbols)
and geometric mean (lines)
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This application also discussed a publication, Copin et al 2021, enititheitko andin vivo

preclinical studies predict REGESOV proection against emergence of viral escape in

humans (doi: https://www.biorxiv.org/content/10.1101/2021.03.10.434834v4). This

addressed concerns that the use in patients of a single antibody might encourage development
of resistant variants and how the u$@ second antibody in combination could address this

risk, even if resistance did develop to one or other of the components.
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This paper describes preclinigalvitro andin vivo (hamsters) experiments attesting to the
concept that single antibody useceurages development of resistant variants which does not
occur to the same extent with use of the combination. It extends these findings by confirming
them in humans; the human aspects are not addressed in this preclinical assessment.

The paper discses that while only one to two passages led to complete virus resistance
against all tested antibodies used as monotherapy, 7 consecutive passages were needed to
reach complete resistance to the REGAV2 combination, requiring multiple simultaneous
mutatons impacting each antibody. Rapid escape in the monotherapy setting was
independent of the targeted epitope or its sequence conservation. The paper notes that these
experiments highlight the inherent risk of monotherapy against S&&E2 with any ant

spke antibody regardless of the targeted epitope or its conservation.

Secondary pharmacodynamics
No such studies have been done.

Safety pharmacology

No such studies have been done. Safety pharmacology evaluations of vital organ system
function including cardiovascular (electrocardiography), respiratory (pulse oximetry) and
neurological examinations were included in the general toxicity study. Thisaabpis
endorsed.

Pharmacodynamic drug interactions
No such studies have been done.

1.3 Pharmacokinetics

Study r10933av-20085va-01vl

A method validation study report has been provided for the measurement of human antibody
in monkey serum using amzymelinked immunosorbent assay (ELISA). The method was
designed to measure the concentration of total human IgG in monkey serum; it did not
differentiate between the individual a8ARSCoV-2 antibodies. The procedure used a

mouse anthuman Ig Fc mAb sathe capture reagent. Captured-8fRSCoV-2 antibodies

were detected using a biotinylated Fab fragment of a differentcoxmpeting mouse anti

human Ig Fc mAb as the detection reagent. The assay had a lower limit of quantitation
(LLOQ) of Qr7@78g¢ogLmLand an upper | imit of
monkey serum

Study r10933pk-20071

The mean concentratigdime profiles of total REGN10933 and total REGN10987 when
administered alone or in combination as REGEV?2 in serum were evalueat following a
single IV bolus injection of 10 mg/kg REGN10933 or 10 mg/kg REGN10987, or 10
mg/kg/antibody (also referred to as 10/10 mg/kg; total dose of 20 mg/kg) or 50
mg/kg/antibody (also referred to as 50/50 mg/kg; total dose of 100 mg/kg) REBR, or

a single SC injection of 10 mg/kg/antibody (also referred to as 10/10 mg/kg; total dose of
20 mg/kg) REGNCOV2 to male cynomolgus monkeys.
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Table 17: Experimental design

Dose Dose
Gromp Dose Level Volume Concentration N, of
No. | Test Material (mgkg) Route | (mL/kg)" (mg/ml.) | Males"
1 REGN10G933 10 v 2 5 4
2| REGN 10987 10 v 2 5 4
3 | REGNI10933/REGNI0987 10/10 IV 22 5/5¢ 4
4 REGN10933 REGN 10987 50/50 IV 212 25/25¢ L
5 REGMNI10933/ REGNI10987 10710 SC 2/2 5/54 -
IV = inravenous bolus injection: SC = subculaneons injection

* Based on the most recent body weight measurement.

Animals were released from stady on Day 72
¢ REGNI10933 and REGN 10987 were dosed sequentially, with REGN10933 dosed first followed by an
approximate 3 mL flush with sterile saline. then REGN 10987 was admamstered followed by an additional
approximate 3 mlL flush with srerile saline. Any timed collections were based off completion of the second
administration.
1 REGNIO933 (Dose Site 1) and REGN 10987 (Dose Site 2 were dosed sequentially, with REGN10933 dosed
first. Any timed collections were based off completion of the second administration.
Note: REGN-COV?2 represents the combination of REGN10933 and REGN10987 and is used interchangably
with REGN 10933/ REGN10987 15 this report.
Serial blood samples were collected predbseugh Day 71; the resulting serum was
analysed for total REGN10933, total REGN10987, and total REGIN'2 (all measured as

total human IgG) concentrations using an ELISA.

Results

The concentratiotime profiles of REGN10933, REGN10987, and REGRV2 wee
characterized by an initial brief distribution phase (IV) or absorption phase (SC) followed by
a linear elimination phase throughout thed&y study duration. The mean estimated
elimination t2ranged from 13.1 to 18.0 days across the various dospgro

Following IV administration of 10 mg/kg of REGN10933 and REGN10987 individually,
mean Gnaxvalues of 310 and 272 pg/mL, respectively, were observed. Following IV
administration of REGNCOV2 (at 10/10 mg/kg or 50/50 mg/kg), mean doeemalized
Cmaxvalues were within 1-#old of Cna/dose for either antibody alone, indicating
comparable peak concentrations upon individual or REZ&EN/2 administration.

Following IV administration of REGMCOV2, a dosgroportional increase in exposure
(AUCin/Dose) wabserved between the 10/10 and 50/50 mg/kg dose groups. Comparable
dosenormalized exposures with respect to either REGN10933 or REGN10987 when dosed
individually (within 1.4fold across all dose groups) indicates that the individually dosed
mADbs behave riilarly to each other with regard to kinetics.

Following SC administration of REGEOV2 at 10/10 mg/kg, a mean dasarmalized Gax
of 10.3 eg/ mL per rmf3Kgdaysalke estimaes bicaeadhbildyt a
was 81.6%.

Clearance values wemvithin 1. to 1.4fold across the IV and SC dose groups and the V
values were between 1. 1.2fold across the various dose groups. These
concentratiorindependent values indicate the kinetics of REGN10933 and REGN10987
dosed in combination wer@lar to the kinetics for REGN10933 and REGN10987 dosed
individually, indicating no impact on the PK of the individual mAbs when given in
combination. These data were consistent with linear PK as would be expected for mAbs
directed against an exogenoasgget. The potential impact of atiug antibodies (ADA)

was assessed by visual inspection of the individual concenttatierprofiles. No evidence

of ADA impact on the profiles was observed; thus, no concentration values were excluded
from analysis.
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Table 18:Mean pharmacokinetic parameters of total REGN1033, REGN10987, and
REGN10933+REGN10987 in serum following REGN10933 and REGN10987 administered
individually or in combination via a single intravenous or subcutaneous injection to the male
cynomolgusnonkey

REGN10933 REGN10987 REGN10933 + REGN10933 + REGN10933 +
. REGN10987 REGN10987 REGN10987
Parameter Unit 10 mg/kg IV 10 mglkg IV 10/10 mg/kg IV 50/50 mg/kg IV 10/10 mg/kg SC
N | Mean SD | N | Mean SD | N [ Mean SD N | Mean SD N | Mean SD
Conax pg/mL 4| 310 | 743 | 4| 272 |308|4| 639 | 194 | 4| 2060 | 986 | 4 | 206 | 193
Caax/Dose (ng/mL)(mg’kg) | 4| 310 | 743 | 4| 272 |3.08| 4| 319 | 0968 | 4| 296 | 986 | 4 | 103 | 0.964
[ h or day 4 (00833 | 000 | 400833 |000|4|00833| 000 |4 |00833| 000 | 4 | 375 | 1.50
AUChe day+(ug/mL) 4| 3670 | 1180 4| 2710 | 695 | 4 | 7080 | 115 |4 | 27700 | 2100 | 4 | 5780 | 927
AUCigDose day+(ng/mL)/(mghke) | 4 | 367 | 118 |4 | 271 |695| 4| 354 | 576 | 4| 277 | 210 | 4 | 280 | 464
tia day 4| 168 | 558 | 4| 131 |250| 4| 180 | 0869 | 4| 168 | 212 | 4 | 163 | 242
CLorCLr mL/day/kg 4] 300 | 118 | 4| 3935 |126| 4| 282 |00462| 4| 362 [0265| 4 | 353 | 0580
Vs mL/kg 4| 682 | 891 |4| 713 |740| 4| 684 | 267 | 4| 633 | 102 |[NC| NC | NC
Bioavailability % NC NC NC NC 81.6

AUC, Area under the concentration-time curve; AUCkwr, Area under the concentration-time curve from time zero extrapolated to infinity; Cmax, Peak concentration; CL, Total body
clearance; CLr, Apparent total body clearance; ELISA, Enzyme linked immunosorbent assay; h, Hours; IV, Intravenous; N, Number of animals; NC, Not calculated; SC,
Subcutaneous; SD, Standard deviation; t12, Ebmination half-life; tmaz, Time to Caax; Vi, Volume of distribution at steady state

Note: Bioavailability was calculated as SC mean AUCis/mean AUCu: at the respective IV dose level x 100%.

ELISA measures total REGN10933 and total REGN10987 as total human IgG.

twasx 15 represented in hours for the IV dose group and in days for the SC dose group.

Dose-normalized parameters for REGN-COV2 combination groups are normalized by total human mAb dose.

Figure 7: Mean (+SD) total REGN10933, total REGN10987, and total REGN10933+REGN10987
concentrations in serum vs time following REGN10933 and REGN10987 administered individually
or in combination via a single intravenous or subcutaneous injection to the male qym®mohkey

rllﬁ

C . .

- -—m
=3 . ‘_‘!r—:\,_‘ "= &
- E % ey -
T e
= — = = 6\';-\ g
- -— 3 a5 g g
2 e TN 7; = a8
g ~—~—3
E ‘
£

= ag o

Time (Days)

REGN10933 10 mg/kg IV REGN10933/REGN10987 S0/50
REGNI0933/REGN10987 10/10 mg/ky IV

mg/kg IV ~r— REGNI0987 10 mg/kg IV
REGN10933/REGN10987 10/10

mg/kg M

BLQ, Below the bt of quantitation, IV, Intravenous, LLOQ, Lower luxat of quantitation; M, Male, N, Number of anamals, SC,
Subcutasieous

Notes: Ned anumals/group through Day 71

Comcentration vadues that were consadered 1o be outlzers were excluded from | smusal (3002 M) m the
REGN10933-REGN10987 10¢10 mg'kg dose group and 1 anumal (4001 M) m the REGN10933+REGN10987 50/50 mg/'kg dose
group (Table 11 and Table 12)

Prestudy sensm concentrabons were excluded from the plot for the IV groups
Comcentrahon-tinse profiles were plotted Sirough the first post dose BLOQ result. Concvntrations below the LLOQ
(<D.O78 pp'ml) were unputed as LLOQ'2 (0.039 ppml.)

Study r10933pk-20074

In this study a lower dose was used. Following a single IV or SC injection of 1 mg/kg
REGN10933, REGN10987, REGN10989, or REGN10934 to male cynomolgus monkeys in
this pilot PK study (R1093®8K-20074), the mean concentratitime profiles of total
REGN10933 and total REGN10987 were evaluated; REGN10989 and REGN10934 are not
the subject of this application and therefore are not discussed in this summary.
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Serial blood samples were collected predose through Day 71; théengeseltum was
analyzed for total REGN10933 and total REGN10987 (all measured as total human IgG)
concentrations using an ELISA. The PK parameters of total REGN10933 and total
REGN10987 were estimated by noncompartmental analysis (NCA).

Results

The concemationttime profiles of total REGN10933 and total REGN10987 were

characterized by an initial brief distribution phase (IV) or an absorption phase (SC), followed

by a single linear elimination phase over theday (10 week) study duration. Total

REGN10933or total REGN10987 meanfa values, following a single IV dose, were 24.3

or 31.9 eg/ mL, respecti v e hawvaluedoftotd REGN10@33 si n g |
or total REGN10987 were 9. 5 havaluesfalltwing SG g/ mL ,
administration were 5 and 2.5 days for total REGN10933 and total REGN10987,

respectively.

Following the 1V dose of REGN10933 or REGN10987, AlJZalues were 304 or

196 d/mk) pear mggkg, respectively. Total body clearance values of total REGN10933
or total REGN10987 were 3.36 or 5.19 mL/day/kg, respectively andstivea¥ estimated to

be 77.6 mL/kg for total REGN10933 and 53.6 mL/kg for total REGN10987.

No apparent impaaf ADA on total REGN10933 concentratidime profiles was observed.
However, there was a precipitous decline in total REGN10987 concentrations observed in
one of the 2 (50%) animals in the IV dose group. Impacted concentration values were
excluded from rean concentrations and NCA. No apparent impact of ADA on the total
REGN10987 concentratietime profiles was observed in the SC dose group.

Figure 8: Mean total REGN10933 concentrations in serum vs time following a single intravenous or

subcutaneous injdon of REGN10933 in male cynomolgus monkey
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—— REGN10933 1 mg/kg IV —&— REGN10933 1 mg/kg SC

BLQ, Below the limit of quantitation, IV, Intravenous; LLOQ, Lower limit of quantitation; N, Number of animals: SC,
Subcutaneous

Notes: N=2 animals/group through Day 71

Prestudy serum concentrations were excluded from the plot for the IV group.

Concentration-time profiles were plofted through the first post dose BLQ result. Concentrations below the LLOQ
(<0.078 pg/mL) were imputed as LLOQ/2 (0.039 pg/mL).
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Figure 9: Mean total REGN10987 concentrations in serum vs time following a single intravenous or

subcutaneous injection of REGN10987
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* Cy ion values considered to be ADA impacted were excluded from 1 animal (2002) in the 1 mg/kg REGN10987 IV
group (Table 18).

ADA, Anti-drug antibody; BLQ, Below the limit of quantitation IV, Intravenous; LLOQ, Lower limit of quantitation; N, Number
of animals; SC, Subcutaneous

Notes: N=2 animals/group through Day 71.

Prestudy serum concentrations were excluded from the plot for the IV group.

Concentration-time profiles were plotted through the first post dose BLQ result. Concentrations below the LLOQ

(<0.078 pg/mL) were imputed as LLOQ/2 (0.039 pg/mL).

Table 19: Mean pharmacokinetic parameters of total REGN1033 and total REGN1098, in serum
following a single intravenous or subcutaneous injection of REGN10933 or REGN10987 in the male
cynomolgus monkey

REGN10933 1 mg/kg IV REGN10987 1 mg/kg IV
Parameter Unit

N Mean sD N Mean sD

Coax pg/'mL 2 243 NC 2 319 NC
Tmax h 2 0.0833 NC 2 0.0833 NC
AUCHx 2 287 NC 2 186 NC

- day=(pg'mL)

AUCis 2 304 NC 2 196 NC
%] day 2 17.0 NC 2 7.78 NC

CL mL/day/kg 2 336 NC 2 519 NC

Vi mLkg 2 776 NC 2 536 NC

. . - r
Parameter Unit REGN10933 1 mg/kg SC REGN10987 1 mg/kg SC

N Mean 5D N Mean sD

Conus jig/ml 2 9.57 NC 2 11.7 NC
fmax: day 2 5.00 NC 2 2.50 NC
AUChx 2 247 NC 2 193 NC

, day*(ug/mL}
AUCins 2 260 NC 2 195 NC
%] day 2 159 NC 2 103 NC
CLs mL/dav/kg 2 3.87 NC 2 5.21 NC
Buoavalabality Y 85.5 99.5

ADA, Anti-drug antibody, AUC, Area under the concentration-time curve; AUCws, Area under the concentration-time curve from
time zero extrapolated to infinity; AUCux, Area under the concentration-time curve computed from the time of dosing to the time
of the last measurable concentration, Cuux, Peak concentration, CL, Total body clearance, CLr, Apparent total body clearance,
ELISA, Enzyme hinked immunosorbent assay: h, Hours; IV, Intravenous; N, Number of amimals; NC, Not calculated, SC,
Subcutaneous; SD, Standard deviation; t12, Elimination half-life; teux, Time to Caus; Vs, Volume of distnbution at steady state
Note: Bioavailability was calculated as (SC mean AUCwt/mean AUCar at the respective IV dose level) x 100%

ELISA measures total REGN10933 and total REGN 10987 as total human IgG.

Distribution
No such studies have been done.
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Metabolism

There are no studies into metabolism.

Excretion

There are no studies into excretion.

Pharmacokinetic drug interactions
No such studies have been done.

Other pharmacokinetic studies
There are no other studies

[l1.4  Toxicology

PLGB 00031/0925

An overview of theoxicology studies is given in table 20 below. The toxicology programme
consisted of two cross reactivity studies, one on tissues from adult humans and cynomolgus
monkey and one in human foetal tissue, and a rejuesa toxicity study. No single dose

toxicity studies were carried out.

Table 20: Summary of toxicology studies

Study Type and e
Duration iruuiﬁher Species Dose (Administration Route/Frequency)
{Compliance) )
Repeat-dose Toxicology Study
Control article: 0 mg/kg (IV/SC)
REGN10933: 50 mg/kg (IV)
4-week study with an R10033-TX- Cynomolgus REGN10987: 50 mg/kg (IV)
8-week recovery 20064 monkev REGN10933+REGN109872 50 and 150 mg/kg/antibody (TV);
period (GLP) . 150 mg/kg/antibody (SC) (total doses of 100 and 300 mg'kg
REGN-COV2, respectively)
(once weekly for 4 weeks [total of 4 doses])
Other Studies
Eg;ﬁg":ﬁm R10033-TX- :ﬁmms 1 and 10 pg/mL (REGN10933-Bio® and REGN10987-Bio®)
¥ 5 g ¥ S
(GLP) 20065 monkey tissues (ex vivo)
Tissue cross- - R10033-TX | Selected human | 1and 10 pg/mL (REGN10933-Bio® and REGN10987-Bio")
reactivity study 20129 fotal tissues (ex vivo)
{G]-P) o~ -

* REGN10933+REGN10987 is also referred to as REGN-COV2. REGN10933 and REGN10987 were dosed sequentially, with

REGN10933 dosed first.

® REGN10933-Bio and REGN10987-Bio refer to the biotinylated antibodies, which were evaluated individually in each study.
GLP, Good Laboratory Practice; IV, Intravenous; SC, Subcutaneous

Tissue crossreactivity studies

Study R10933x-20065
This crossreactivity study was done in cryosections of tissues from cynomolgus monkeys
and humans. Tissues tested are indicated in table 21 below. Testing was applied to tissue
from at least 3 different donors. Each of REGN10933 and REGN 10987, prepared b

techni

que

cal

|l ed biotinylation,

was

applied

having been selected based on initial testing across a wider concentration range. As a

negative control, a biotinylated human IgG1 antibody with differemg@nic specificity

(termed HulgG1 Bio) was used. Other controls included lack of any antibody in the assay,
use of SARS Co\2 spike (S) protein UVesin spot slides (as a positive control to confirm
binding to the target antigen) and use of the peptidaahithypercalcaemia of malignancy
peptide, amino acid residues34 (as a negative control to conform specificity of any
binding). In addition, tissues from both humans and monkey were exposed to labelled

polycl onal
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i mmunohi st ochemi c amicraglbbalin antigergis expeesskdood many cbll2

types and is strongly expressed on endothelium.

Table 21:Human tissue (normal) from three separate donors

Adranal Kidney (elomerulus, mbule) Skin
Bladder nmnary) Livar Spinal Cord
Blood Cells * Lung Spleen
Blood Vessels (endothelivm) ® Lyuph Node Straated Muscle (skeletal)
Bone Marrow Ovary Testis
Brain — cerebellim Pancreas Thiyauns
Brain — cerebral cormex Parathyroid Thyroud
Breast (mammary gland) Peripheral Netve Tomsil
Eye Pituitary Urater
Fallopian Tube {oviduer) Placenta Uteus — cerviy
Gastromtestingl (GI) Tract © Prostate Uterns — endometrinm
Heart Salvary Gland

* Evalvated from peripheral blood smears.

b Evaluated from all tissues where present

¢ Included esophagns, large intesnnecolon. small nresting, and stomach {imchding underlying smooth
mnscle).

Results

Staining of the positive control material (SARS C2\8pike protein UV resin spot slides)

was confirmed for both of the concentrations of each of the biotinylated antibodies,
REGN10933 and REGN10987. The negative control material (human hypercalcemia of
mdignancy peptide, amino acid residue84, UV-resin spot slides) did not show staining.

The control human IgG antibody did not cross react with either positive or negative controls.
All tissues from both humans and monkey showed staining with labalddt antibody to

b Zmicroglobulin which indicates that tissues used in the test did express epitopes that could
be detected by i mmu n eniciogobutincahtigemis exaréssed ébnai ni n g
many cell types and is strongly expressed on endotheliBa3ed on these findings, the
methods applied were judged reliable.

No staining was detected with either REGN10%838 or REGN1098+Bio in either human
or cynomolgus monkey tissues.

Study r10933x-20129

This study examined the binding to humanlféssues. The test antibodies were biotinylated
REGN10933 and biotinylated REGN10987. Testing was done with negative and positive
controls.

Results

Al | evaluated fetal h u ma Amictoglabulin, indicatinguheis
suitability for inclusion in the crosseactivity evaluation. This suggest the results with the
test antibody were valid as the assay was sensitive and specific.

stain

Biotinylated-REGN10933 and biotinylateREGN1 0987 wer e tested at 1
staining was pi&ent in the fetal human tissue panel examined. It was noted that the viral

antigen was not expected to be expressed in normal fetal human tissues and these results

were anticipated.
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Repeatdose toxicity studies

Study r10944tx-20064

The aim of this study in cynomolgus monkeys was to determine potential toxicity of
REGN10933 and REGN10987 when each was given alone and when given in combination
either by intravenous injection or by subcutaneous injection.

Monkeys were dosed on days 1, 8, 15 and 22 and followed to day 85 after their last dose to
determine potential for recovery from any toxicity noted. In addition, the toxicokinetic
characteristics of REGN10933 and REGN10987 were determined.

Test articles wre prepared on each day of dosing by dilution to the appropriate concentration
in the diluent. Monkeys were assigned to 1 of 6 groups. Those in group 1 were given the
vehicle (histidine, sucrose and polysorbate 80 in saline). Those in groups 2 andyBrerere

50 mg/kg of either REGN10933 or REGN10987 respectively. Those in groups 4 were given
both antibodies at 50 mg/kg/antibody: those in groups 5 and 6 were given both antibodies at
150 mg/kg/antibody. Where monkeys were given both antibodies, theyetiesved

REGN10933 and then received REGN10987. The antibodies were neifoemedated nor
administered together. Those in group 1 were dosed by each of the intravenous and
subcutaneous routes. Those in groups 2, 3, 4 and 5 were dosed intravenotisigeaird

group 6 were dosed subcutaneously with injection sites rotated weekly. Doses were selected
to provide exposures higher than that intended in humans and these routes were selected to
support their use in humans. The experimental design is ouitinaldle 22 below. Monkeys
were anaesthetised and killed by exsanguination on either days 29 or 85 (7 or 63 days after
their last dose).

Table 22: Experimental design

T
Dose No. of Animals"
Group Dose Level Volume Dose Cone. | MS Rec
No. L'est Material (mg/kg/day) Route (mL/kg)* (mg/mL) | M ' F | M F
1 Control Article 0 IV/SC 212 0 3 3 2 2
2 REGNI10933 50 IV 2 25 3 2 2
3 REGNI10987 50 IV 2 25 | 3 3 2 2
4 REGNI10933 50 v N 25 [ 4 o -
REGN109874 50 i 25 ] =
2 REGN10933 150 v S 75 3 : x z
i REGN109874 150 - 75 ) ) - -
REGNI10933 150 . 75
& SC n Y - 2 - -
i REGN109874 150 = =5 75 SIS 0 i

Conc. = concentration: IV = intravenous bolus injection: SC = subcutaneous mjection: MS = main study:
Rec = recovery
Based on the most recent body weight measurement
Main Smudy anmmals were euthamized on Day 29. Recovery animals were euthamized on Day 85
Subcutaneous was administered first followed by IV, All timed collections were based on completion of the I\
admnistration.
4 Administration of REGN 10933 and REGN10987 was sequentially dosed. with REGN 10933 dosed first. All
timed collections were based off completion of the second administration. For Groups 4 and 5. the
REGN10933 dose was followed by approximately 3 mL flush with sterile saline, then REGN10987 was
admunistered followed by an additional approximately 3 mL flush with sterile saline
Assessment of toxicity was based on the following parameters: clinical evaluatting
of the injection sites, food consumption, body weights, ophthalmological examinations, body
temperature, heart and respiration rates and blood pressure measurements; clinical pathology
(cytokines, haematology, coagulation, serum chemistry andlysis) and pathology (gross,

microscopic, and organ weights).
Results

There were no unscheduled deaths and no overt clinical signs of toxicity noted. No changes
attributed to REGN1093&nd/or REGN10987 were noted in haematology.
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In all groups, inclding control, there were transient, minimal to mild increases in CRP on
Day 2 and minimal increases in fibrinogen, with or without a minimal decrease in albumin,
on Days 2 and/or 7, which returned to within normal range by Day 27. Additionally, there
weretransient minimal to mild increases in aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and/or lactate dehydrogenase (LDH) in individual animals on Days
2 and 7 that returned within the range of control and/or baseline values by Day&7 tit&
transient nature and lack of cytokine correlates (e.g., CRP), low incidence, minimal to mild
magnitude of change, lack of dose response, and/or presence of similar changes in controls,
the observed changes are considered to be of uncertain retgtiom REGN10933 or
REGN10987, are possibly related to study procedures, and are not considered to be adverse.
On Day 27, clinical pathology changes were limited to a minimal increase in serum globulins
at 150 mg/kg/antibody REGROV2 IV and SC that wereonsidered related to high doses of
immunoglobulin administered during the study and therefore, are of no toxicological
significance. There were no macroscopic or microscopic findings or-argayht changes

related to the administration of REGN10933 anti&GN10987.

All dosing was well tolerated with no toxicity identified: the NOAEL {oloserveeadverse

effect level) was set at 50 mg/kg for each of REGN10933«&f 2410 &®f ml / AUC
10,900 day eg/ mlpxodan@6RBGROULEBD ADEY €g/ ml ) ;
the combination the NOAEL was set at 150 mg/kga(G6 f 12, 8 0 Owuof §1,7600 / AUC
day g/ ml) .

Interspecies comparison
The aim of interspecies comparison is to understand how exposure shown to be safe in
animals compares witiinat expected in humans.

At the NOAEL dose defined from the monkey general toxicity study, of 150 mg/kg of each
antibody, REGN10933 and REGN10987, the dose, on a weight basis, is ~3 times higher than
the highest proposed clinical dose of 8 g (or 100 mRgng/kg of each antibody] based on

an 80 kg person). At the NOAEL dose, a mean AlhkQcumulative AUC from initiation of

dosing to recovery necropsy) of 242,000 daymg/l was estimated. For a proposed clinical dose
of up to 8 g, and in healthy subjects@®ing no virus (antigen), a safety margin of at least
4.7-fold was projected prior to human dosing.
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Table 23: Mean pharmacokinetic parameters of total REGN10933, total REGN10987, or total
REGN10933+REGN10987 in serum following once weekly intravenousbmusaneous injections
administered alone or in combination for 4 weeks in the cynomolgus monkey

EEGN10933 REGN1098T COMBINATION COMBINATION COMEINATION
Parameter Unit Dese %) mg/kg IV 50 mg'kg IV 5{1+50 mg'kg IV 1504150 mg/kg IV 150130 mg/kg 5C
N | Mean | SD | N | Mean | 5D | N | Meam | 8D | N | Mean | 5D | N | Mean 5D
1 10 | 1250 197 | 10| 13%0 147 | 10| 2680 05 |10 7410 662 | 10| 3140 125
o gt 4 | 10| M0 | 156 |10 2620 | 27 [ Q0| 3BSD | 377 | 10 | 12800 | 798 | 10| 74D | 955
{ng/mLy 1 |10 250 | 393 (10| 318 | 2% |10 268 | 205 | 10| M7 2 | 10| 105 | 072
ComaDase
(mgke) 4 10| 482 iz | 10 525 435 | 10| 3835 im |10 417 166 | 10 45 il8
- borday 1 | 10| 00833 | 0 |10 00B33 | O |10 00833 | 0 |10 00833 0 0| 130 | 042
4 |10 | 00E3% | O |10 00833 | O [Q0| 00833 | O |10 | 00833 ] 10| 18 | 082
] 1 | 10| 4650 | 404 | 10 | 5130 | 363 | 10| &790 | 510 | 10| 26100 | 1240 | 10| 19000 | 1540
Al G 4 | 10| 10%0 | 1080 | 10 | 11600 | 1500 | 00 | 18000 | 1810 | 10 | 51700 | 3170 | 10 | 43800 | 6180
AUCys davugfml 4 | 4 | 33300 | BBOO | 4 | 33300 | TERO | 4 | 45800 | 4440 | 4 | 140000 | 10000 | 4 | 108000 | 15600
AUCa rien) NA | 4| 22400 | TI40 [ 4 | 20900 | 3850 | 4 | 2BG0O | 3320 | 4 | BETOD | 10500 | 4 | 67300 | 14100
1 (M) 931 | B09 |10 103 | 726 (10| %79 | 510 | 10| B&70 414 | 10| @3 15
AUCamDase
4 10 m 207 | 10 il | 300 | 10 180 181 | 10 172 106 | 10 144 204
AUC0Dege day(pg'mL)/ 4 4 667 176 | 4 6 14 | 4 438 444 | 4 467 333 4 361 521
AUCs/Dase (mglks) NA | 4 447 143 | 4 418 1% | 4 286 32| 4 189 331 4 M 411
1 10 417 33310 469 428 | 10 7 842 | 10 2700 172 | 10| 2620 318
Con gl 1|10 B | TRS [ 10| 605 | 139 | Q0| 1140 | 134 | 10| 3360 M4 10| 320 361
I |10 1070 | 143 [ 10| 050 | 121 | 10| 1720 | 176 | 10| 4800 583 [ 10| 4710 m
4 10 | 1200 161 | 10 | 1230 192 | 10 | X030 34 (10 | 4970 511 10 | 4%00 B33
AUCom day+{pg'mL) NA 33300 54400 52200 242000 193000

AUC, Area under the concentration-time curve; AUCom. AUC computed from time zero to end of the recovery penod, reflecting the overall exposure dunng the enfire study
duration; AUCks, AUC computed from time zero to the tume of the last detectable concentranon; AUCs: AUC computed durmg the recovery penod; AUCw, AUC calculated
durmg the dosing mierval; Caas, Peak concentration; Cogess, Concentration measured af the end of 2 dosing mterval; ELISA, Enryme-lmked smomnosorbent assay; b Hours; IV,
Intravenous; N, Number of amimals; NA. Not applicable; SC. Subeutaneous; SD, Standasd deviation: fus, tme t0 Cos

Nobes: tams 15 represented in hours for the IV dose group and in days for the SC dose groug.
COMBINATION m table title denotes REGN10933 dose + REGN10987 dese (REGN-COV-2)
ELISA measures total REGN10933, total REGN10987 and or total REGN10933+REGIN 10987 as tota] human IpG

Genotoxicity
No such studies have been done.

Carcinogenicity
No such studies have been done.

Reproductive and developmental toxicity

No such studies have been done. In accordance international guidance, for monoclonal
antibodies that target a nomammalian target, these studies are not required. In cynomolgus
monkeys (aged 2-2.0 years old), there were no changes in the testes, epidiely, ovaries,
uterus or vagina. The study did not identify any potential risks to fertility.

Studies in which the offspring (juvenile animals) are dosed and/or further evaluated
No such studies have been done.

Local tolerance
No such studies have been done.
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Other toxicity studies
No such studies have been done.

1.5 Environmental risk assessment

The company supplied a justification for the absence of an environmental risk assessment:

this referred to the 2006 Guidelioa Environmental Risk Assessment (ERA) for NemMO

Human Medicinal Products of the European Medicines Agency

(EMEA/CHMP/SWP/4447/00 corr. 2 [1]) which allows, for proteins, that this

may consist of a justification for not submitting studies as due torthtire they are

unlikely to result in a significant risk to the environment. As applied to this product, proteins

are degraded in the patientdés body by regul a
REGN10933 and REGN10987 are unlikely to result sigaificant environmental exposure.

The document weas supported by an expert with appropriate experience, as required.

This is accepted.

[1.6  Discussion on the nortlinical aspects

The expectation for safety studies to support development of andyitlaid out in
international guidance ICH S6 (R1), Preclinical safety evaluation of biotechrdérged
pharmaceuticals. For antibodies that target amammalian antigen, this states that: a short
term safety study in one species (choice of spegibs justified by the sponsor) can be
considered; no additional toxicity studies, including reproductive toxicity studies, are
appropriate. Testing presented in this application is judged to meet this standard.

In respect of the adequacy of the doseslus the general toxicity study, this is accepted.

The use of the monkey seems unnecessary as data from a lower species, such as rats, would
suffice but in the studies done there were no untoward findings and there are no concerns
about data integrity afompliance with Good Laboratory Practice. Increases in liver enzymes
were noted in some monkeys but these were not associated with observable toxicity in either
liver or skeletal muscle at pestortem: although the pestortem data were generated a

week dter the last dose, allowing the possibility of recovery, thiEfénmeasures did not

indicate any toxicity associated with these changes and their magnitude was not such as to
cause concern. The tissue cross reactivity studies are not expressly requioeding to the
guidance, but they did not, insofar as this methodology can, identify binding at an antigen in
mammalian tissues.

It is concluded that these data support clinical use of the antibodies and support a decision to
grant a licence for theroduct.

The grant of a conditional marketing authorisation is recommended.

vV CLINICAL ASPECTS

IV.1 Introduction
The following clinical studies were submitted with this application. In this report, casirivimab
and imdevimab are sometimes referred to, respectively, as REGN10933 and REGN10987.

Full Dossier, Regulation 50 42



Ronapreve 120 mg/mL solution for injection or infusion

Table 24: Overview of clinical studies

PLGB 00031/0925

Study | Study Population | Dosage and Dosage Regimen Study Status/ Cut-off date/Data included in application
Treatment Studies
lc:'.ho"_zlqgg Phase 1 and 2: Phasel and 2: Phase 1 and 2 complete
raua;snﬁzed- double- Adult. non-hospitalized patients who have | Casinvimab+imdevimab IV single dose: | Phase 3 cohort 1: Primary analysis complete; follow-up
blinded. pla-cebo- a positive diagnostic test for SARS-CoV-2. | , goog mg (4000 mg per mAb) ongoing.
controlled master Phase 3: * 2400 mg (1200 mé per mAb) Phase 3 cohorts 2 and 3: enrollment ongoing; unblinded
protocol. Non-hospitalized patients who have a Placebo IV single dose data not inchided in this application
ositive diagnostic test for SARS-CoV-2.
postfve faenes Phase 3: Cur-off: 18 Feb 2021*
Cohort 1: 218 years of age Cohort 1 and cohort 3 patients >18
Cohort 2: 0 to <18 years of age years: Data included in this application:
Cohort 3- Pregnant at randomization o Casirivimab+imdevimab 1200 mg *  Primary analysis of efficacy data from phase 3
(600 mg per mAb) IV single dose cohort 1 (patients =18 years).
« Casirivimab-+imdevimab 2400 mg *  Integrated safefy data from phase 1/phase 2
(1200 mg per mADb) IV single dose symptomatic patients/phase 3 cohort 1 up to the
Cohort 2 and cohort 3 patients <18 cut-off date.
S— +  Blinded safety data from phase 2 asymptomatic
}_Casﬁix=Mmb+un devimab lower-dose patients, phase 3 cohort 2 and phase 3 cohort 3
and higher-dose treatment arms tiered up t0 the cut-off date.
according to body weight.
Cohort 1 and cohort 22
* Placebo IV single dose
Study Study Population Dosage and Dosage Regimen Study Stamus/ Cut-off date/Data included in applicaton
COV-2066 Hospitalized patients who have a positive |  Casirivimab+imdevimab: 2400 mg | Phase 1.2 and 3 complete.
Phase 1/2/3. diagnostic test for SARS-CoV-2 (1200 mg per mAb) IV x 1 dose
randomized, double- ¢ Cohort 1A hospitalized patients not  Casirivimab+imdevimab: 8000 mg Data included in this application:
blinded. placebo- fequiring oxygen (4000 mg per mAb) IV x 1 dose »  Safety data for patients in cohort 1, (phase 1 and
;nggfd master e Cohort 1: hospitalized patients * Placebo IV x 1 dose 2). cohort 2 (phase 2) and cohort 3 (phase 2).

requinng low-flow oxygen

* Cohort 2: hospitalized patients
requiring high-flow oxygen

* Cohort 3: hospitalized patients
requiring mechanical ventilation

e  FEfficacy data from cohort 1 (phase 1 and 2).

Prevention Studies

COV-1069

Phase 3. randomized.,
double-blind, placebo-

Asymptomatic, healthy adults (=18 years),
adolescents (=12 years to <18 years). and
children (<12 years) who are household
contacts to the first known household

Participants =12 years:
+ Casirivimab+imdevimab: 600 mg of
each mAb SC x 1 dose onday 1

Primary analysis of cohort A and cohort B complete;
follow-up ongoing.

controlled study. "X r . :
’ member with a diagnosis of SARS-Cov- | * Facebo SCx1 dose on day 1 Data cut-off: 11 Mar 2021°
infection.
Cohort A: =12 years who are SARS-CoV- Data included in this application:
2 RT-qPCR negative at baseline. »  Efficacy and safety data from subjects
Cohort Al: <12 years who are SARS- randomized by 28 Jan 2021 in cohort A up to the
CoV-2 RT-gPCR negative at baseline. cut-off date.
Cohort B: =12 years who are SARS-CoV- *  Blinded safety data from subjects randomized by
2 RT-qPCR positive at baseline. 28 Jan 2021 in cohort Al up to the cut-off date.
Cohort B1: <12 years who are SARS- No adolescents were enrolled into cohorts A or B at the
CoV-2 RT-gPCR positive at baseline time of the data cut off.
HV-2093 Adult volunteers who are healthy orhave | » Casirivimab+imdevimab: 1200 mg Interim analysis complete; study ongoing.
Phase 1. randomized. chronic but stable and well-controlled (600 mg per mAb) SC Q4W x 6 doses . .
double-blind, medical condition(s), and negative at » Placebo SC Q4W x 6 doses Data cut-off: 13 Mar 20217
screening for SARS-CoV-2 infection ’ )
Enk:;;bo-coutroued g Data included in this application:

e Safety data from all subjects up to the cut-off
date

a) Per Independent Daltdonitoring Committee (IDMC) recommendation, as of February 25, 2021, patients
will no longer be randomized to placebo
b) Cutoff dates for drug concentration and immunogenicity samples are provided in Module 2.7.2.

All studies were conducted in line withirrent Good Clinical Practice (GCP).

IV.2 Pharmacokinetics
In support of the application, the following studies were submitted which evaluated
pharmacokinetics, pharmacodynamics, and immunogenicity for casirivimab+imdevimab.

Table 25: Overview of studies conducted to evaluate pharmacokinetics, pharmacodynamics, and
immunogenicity for casirivnab+imdevimab

Study number/ | Study PK-and ADA- | Study design and duration | Treatment: route of

report location/ | population/analysis sets | related administration,

study status objectives frequency
and dose (number of
subjects/patients
analysed for
PK/ADA)

Clinical studies for the treatment of outpatients with SARSCov-2 infection and Covid-19

COV-2067 | Phase 1 and 2: | Phase 1and2: | Phase 1 and 2: | Phase 1 and 2:
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Phase 1 and 2 are
Completed

Adult, nonhospitalized
patients who have a positive

Characterize the
PK profile of

Randomized, doubiblinded,
placebo controlled singldose

1V, single dose:
- 8000 mg (4000 mg per

diagnostic test for SARS casirivimab+imde | study to evaluate the efficacy, mAb)
CoV-2 vimabin serum safety, and tolerability of (PK: 257; ADA: 245)
over time casirivimab+imdevimab in ’ ’ -
Assess ambulatoy * 2400 mg (1200 mg per
immunogenicity | patients with Coviell9 mADb)
of Duration: 29 days (PK: 246; ADA: 231)
casirivimab+imde . Placebo
vimab NP sample collection: (PK: N/A: ADA: 198)
phase 1 and 2baseline '
(predose), days 3, 5,
7,9,11, 13, 15, 18, 22, 25, an
29 (EOS)
Dense PK sampling: N=45
Sparse PK sampling: N=458
PK sample collection:
phase 1 densebaseline, end of]
infusion, and
days 3, 5, 7, 15, and 29 (EOS)
phase 2 sparsebaseline, end
of infusion, and day 29
(EOS)/ET
ADA sample collection:
phase 1 and 2baseline
(predose), day 29/ET
Primary analysis Phase 3: Phase 3: Phase 3: Phase 3:
of phase 3 is Adult, paediatric, and Further Randomized, doublblinded, Cohort 1:
completed, follow | pregnant patients who have g characterize the | placebo controlled, singldose | IV, single dose:
up positivediagnostic test for PK profile of study to evaluate the efficacy, | . 1200 mg (600 mg per
ongoing SARSCoV-2 and O1] casirivimab+timde | safety, and tolerability of mAb)
factor for severe Covid9 vimab in casirivimab+imdevimab in (PK: 291; ADA: 124)
Cohort 1: O18]| serumovertime | ambulatory patients with ’ ’ .
not pregnant at randomizatiol Assess Covid-19 Duration: 169 days | = 2400 mg (1200 mg per
Cohort 2: 0 to <18 years of | immunogenicity mADb)
age, not pregnant at of NP sample collection: (PK: 1214; ADA: 1007)
randomization casirivimab+imde | phase 3:baseline (predose), | - 8000 mg (4000 mg per
Cohort 3: Pregnant at vimab days 7, 15, and 29 mAb
randomization Sparse PK sampling: N=2421 (PK: 916; ADA: 877)
At the time of the study data Pl b’
cutoff, PK sample colkction: - Flacebo
Cohort 2 andCohort 3 data phase 3 sparsebaseline (PK: N/A; ADA: 598)
were not available. (predose), and days
29 and 120 (Cohort 1, not
pregnant at
randomization)/ET
ADA sample collection:
phase 3baseline (predose),
days 29 and 120/
ET
COV-20145 Phase 2 Phase 2 Phase 2: Phase 2
First-step analysis | Adult, nonhospitalized To assess the Randomizeddoubleblind, Casirivimab+imdevimab
is completed, patients who have a positive | concentrations of | placebecontrolled, parallel 1V, single Dose

follow-up ongoing | diagnostic test for SARS casirivimab and group study to assessthedos{ A 2400 mg (1
CoV-2 imdevimab in response profile of single IV o mAb)
serum over single SC doses of (PK: 115)
time. casirivimab+imdevimab in A 1200 mg (6
outpatients with SARE0V-2 mADb)
To assess the infection (PK: 115)
immunogenicity | Duration: 169 days. A 600 mg (30
of casirivimab and mADb)
imdevimab. NP sample collection: (PK: 113)
Baseline (predose), dags5,7,| A 300 mg (15
15, 22 mAb)
Sparse PK sampling: N=685 | (PK: 114)
A Placebo
PK sample collection: (PK: N/A)
sparse:baseline (predose and| SC, single Dose
postdose), and 1200 mg (6
days 3, 5, 7, and 120/ET mADb)
(PK: 114)
ADA sample collection:
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Baseline (predose) and day A 600 mg (30
120/ET ADA data were not mADb)
available for this submission. | (PK: 114)

A Placebo

(PK: N/A)

Clinical study for

the prevention of SARSCoV-2 infection in uni
asymptomatic SARSCoV-2 Infection

nfected subjects or Covidl9 disease in subjects with

COV-2069
COV-2069A
Prevention Study
COV-2069B
Preemptive
treatment
Primary analysis
completed/follow
up ongoing

Phase 3:
Asymptomatic, healthy adults
(018 years),

years to <18ears), and
children (<12 years) who are
household contacts to the firg
known household member
with a diagnosis of SARS
CoV-2 infection.
COV-2069A:

Cohort A: adult and
adolescensubp ct s ( O
years) who arasymptomatic
and SARSCoV-2 RTqPCR
negative at baseline

Cohort Al: paediatric
subjects (<12 years) who are
SARSCoV-2 RTqPCR

Phase 3:

To characterize
the concentration
time profiles of
casirivimab and
imdevimab in
serum and
selected R
parameters.

To assess the
immunogenicity
of casirivimaband
imdevimab.

Phase 3:

Randomized, doubiblind,
placebecontrolled singledose
study assessing the

efficacy and safety of
casirivimab+imdevimab in
preventing SARSCoV

2 infection inhousehold
contacts of individuals infected
with SARSCoV-2

Duration: 225 days

NP sample collection:
Baseline (predose), days 8, 15
22, and 29

Dense PK sampling: N=16
subjects

Sparse PK sampling: N=152

Phase 3:
Casirivimab+imdevimab
SC, single dose

Adult and adolescent
subjecty 012 year
A 1200 mg (6
mAb) (PK: 169; ADA: 960
[casirivimab] and 957
[imdevimab])

Pl acebo (P
AAS: 447 [ADA-10933]
and
441 [ADA-10987])

At the time of the data
cutoff

for the study, no subjects
<12 years ofge were
enrolled

Interim analysis
completed, study
ongoing

Adults who are healthy or
have chronic but stable and
well-controlled medical
condition(s), and negative at
screening for SARE0V-2
infection

To assess the
concentrations of
casirivimab and
imdevimab in
serum over time
after repeated SC
administration.

Assess
immunogenicity
for repeated doseg
of casirivimab and
imdevimab
administered SC.

Randomized, doubiblind,
placebecontrolled study to
assess the safety and
tolerability of multiple SC
doses of
casirivimab+imdevimab
Duration 365 days

NP samplecollection:

Baseline (predose) only. Pest
baseline sample was collected
at an unscheduled visit if
Covid-19 signs/symptoms wersg
observed

Sparse PK sampling: 723

PK sample collection:
Sparse baseline (predose),
days 8, 29, 57,

85, 113, 141, 148, 169, 225
281, 365

(EOS)/ET

ADA sample collection:
Baseline (predose), days 29,
113, 225, 365

(EOS)ET

negative at baseline subjects in the study.
COV-2069B:
Cohort B: adult and PK sample collection:
adolescens ubj ect s Dense (sentinel grouj
years) who arasymptomatic baseline (predose),
and SARS CoW2 RTgPCR days 2, 4, 8, 15, 22, 29, 57, 85
positive at baseline 113, 141, 169,
Cohort B1: paediatric 197, 225 (EOS)/ET
subjects (<12 years) who are
SARSCoV-2 RTqPCR Sparse (safety group)
positive at baseline baseline (predose),
days 29, 57, 113, 169, 225
(EOS)/ET
ADA sample collection:
Baseline (predose), days 29,
113, and 225
(EOS)/ET
Clinical study for the prevention of SARSCoV-2 infection
HV-2093 Phase 1: Phase 1: Phase 1: Phase 1:

Casirivimab+imdevimab
SC, multiple dose Q4W for|
6 doses

- 1200 mg (600 mg per
mADb)

(PK: 723; ADA: 939)

- Placebo

(PK: N/A; ADA: 232)
Note: Up toProtocol
Amendment 2, subjects
received 4 doses of study
drug

AAS, antidrug antibody analysis set; ADA, awtiug antibody; Covidl9, Coronavirus disease 2019; CSR, clinical study report; EOS, end
of study; ET, early termination; IV, intravenous; mAb,molonal antibody; N/A, not applicable; PD, pharmacodynamics; PK,
pharmacokinetics; PKAS, pharmacokinetic analysis set; Q4W, every 4 weelg® EGH, quantitative reverdemnscriptase polymerase

chain reaction; SARE0V-2, severe acute respiratory syndratneonavirus 2; SC, subcutaneous; Q4W, every 4 weeks.
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Study 2067

This study was an adaptive, seamless, phase 1/2/3, randomised;ldmaad, placebo
controlled master protocol to evaluate the efficacy, safety, and tolerability of single IV dose
casirivimab+imdevimab combination therapy in ambulatory patients (ugpatents) with

mild to moderate Covid 9.

Objectives and endpoints for Phase 1/2

Primary objectivé To evaluate the virologic efficacy of casirivimab+imdevimab compared
to placebo in reducing viral load of SARSV-2.

Endpointi To assess ability to Veer viral load in those infected with Covi®. This was
measured by time weighted average (TWA) daily change from baseline in viral shedding
(logio copies/mLO from day 1 to day 7, as measured by quantitative reverse transcription
polymerase chain reactigRT-gPCR) in nasopharyngeal (NP) swab samples.

Objectives and endpoints for Phase 3

Primary objectivé To evaluate the clinical efficacy of casirivimab+imdevimab compared to
placebo as measure by Covié-related hospitalisations or all cause death.

Endoointi Pr oporti on of p-a%rélated Hospitaligationtor aédse @atlv i d
through day 29.

Dose

Patients received placebo, 2400 mg, and 8000 mg IV dose of casirivimab + imdavimab
phase 1 and 2, and placebo, 1200 mg, 2400 mg, and 8000 mg IV dose of casirivimab +
imdevimab in phase 3, cohort 1. The primary analysis of phase 3 cohort 1 involved patients
receiving placebo, 2400 mg, and 1200 mg.

Study design

The primary aim of pha&sl was to evaluate the safety and tolerability of
casirivimab+imdevimab and to assess initial virologic efficacy. Patients were randomized
1:1:1 to a single IV dose of casirivimab+imdevimab 2400 mg, casirivimab+imdevimab 8000
mg or placebo.

Nasopharynga swabs, nasal swabs, and saliva samples were collected as indicated in figure
10 until day 29 (end of study). The preferred means of collection was NP swab.

Figure 10: Study design, phase |

Screening / Baseline Visit :Sequester: Follow Up EOS
1

Confirmation of SARS-CoV-2
Infection and COVID-19 Symptoms

R

Optional

111
Casirivimab+Imdevimab (2400 mg IV)
Casirivimab+Imdevimab (8000 mg IV)

Placebo (IV)

Mandatory (Sentinel] or Optional

NP Swab, Nasal Swab,

¥ and Saliva Collections

v
L Y

L«

1
YYyivvyVYyyYy ¥ v ¥ v |
i} H H + M

L +— + t
Visit Day 1 3 57T 9111315 18 22 25 29

The primary aim of phase 2 was to evaluate virologic effigand to gain initial insights into
the clinical efficacy of casirivimab+imdevimab. Patients were randomized 1:1:1 to a single
IV dose of casirivimab+imdevimab 2400 mg, casirivimab+imdevimab 8000 mg, or placebo.
Nasopharyngeal swabs and blood draws welleated as indicated in figure 11 until day 29
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Figure 11: Study design, phase 2 (and phase 3 prior to the amended portion)
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Nasal swabs and saliva samples were not collected in phase 2.

Blood samples for measurement of concentratiomsasifivimab and imdevimab, as well as
for immunogenicity in serum were collected at the time points specified in table 25.
Nasopharyngeal swab samples for SARS/-2 virus were also collected at various time
points specified in table 25.

Concentrations ofasirivimab, imdevimab, casirivimab+imdevimab combined in serum,
concentratiorresponse results for viral load reduction and clinical outcomes, and
immunogenicity results for all 3 study phases are presented below.

PK results

Following a single IV dosefd..2 and 4.0 g, the concentratibme profiles for casirivimab
and imdevimab in serum increased in a dasgortional manner between these 2 dose
levels as the difference between the dose normalisedad AUC did not exceed 25%. The
estimatedait. for the two antibodies ranged between 25 to 37 days.
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Figure 12: Mean (+SD) concentratietime profile for REGN10933 and REGN10987 in ambulatory
patients with Coviell9
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-~— RI0833 129 (N=22) R10867 1.2y (N=22)

—— RI10933 4g (N= 23) R10867 4g (N=23)
R109331.2g[73_J20 J20 17 i 17
R109871.2g 14 |20 20 17 18 17
R109334g 20 |18 |18 [i7 21 20
R109687 4| 21 |1 18 |17 21 20

Table represents number of available data points at each nominal sampling time

Table 26: Mean (SD) [N} pharmacokinetic parameters of REGN10933 and REGN10987 in serum
after a single IV dose in ambulatory patients with Celéd

Pharmacokinetic REGN10933 REGN10987
Parameter 12g 48 12¢g As
c L 325(214) 875 (349) 364 (265) 923 (424)
o/
e [22 23] 22 [23]
, y 3393 (1887) 9775 (2464) 3492 (2916) 9218 (2629)
AUCp.2s (mgeday/L)
[16] [19] [17] [19]
— 68.0 (45.2) 219 (69.0) 64.9 (53.9) 181 (64.9)
Cys (mg/L) L 5 o 5
[17] 20] [17] [20]
37.4(19.5 20.1(9.33)4 344 (255 25.1 (18.1)
tin (days) DREA ) ( i 3) (25.5) ( )
[12] [17] [13] [18]

2 Number of observations

b Observed concentration 28 days after dosing, ie on day 29
¢ One patient excluded as day 29 concentration was greater than day 14, the resulting positive slope precluded

estimation of typ

4 One patient with an estimated t; of 536 days was identified as an outlier and therefore not reported

The exposure parametersifs AUCo..sand Gg) have shown moderate to high CV%
indicating high interindividual variability, posdy due to flat doses (i.e. not weight adjusted)

in subjects with variable body weight.

Study 20145

This was a phase 2 randomized, doti#lieded, placeba@ontrolled, parallel group study to
assess the virologic efficacy, safety, and tolerability ofre@siab+imdevimab across
different intravenous (IV) and subcutaneous (SC) sidgke regimens in adult, non

hospitalized participants with SARSoV-2 infection.
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The primary objective was to assess the virologic efficacy of casirivimab+imdevimab across
different IV and SC doses compared to placebo.

The primary endpoint is timeeighted average daily change from baseline in viral load
(logiocopies/mL) from day 1 to day 7, as measured bygRTR in nasopharyngeal (NP)
swab samples, in patients who haveeatatlab determined RTGPCR positive test and are
seronegative at baseline.

Dose

Patients received a single IV dose of placebo, 300 mg, 600 mg, 1200 mg, or 2400 mg
casirivimab+imdevimab, or a single SC dose of placebo, 600 mg or 1200 mg
casirivimab+imdevimab.

Study design

A randomized, doubtblind, placebecontrolled, parallel group study to assess the dose
response profile of single intravenous (V) or single subcutaneous (SC) doses of
REGN10933+REGN10987 in 803 outpatients with SARS/-2 infection. On the day of
dosing, patients had NP swabs taken for SARY-2 RT-qPCR testing and blood drawn for
safety, drug concentration, immunogenicity, and serologic analyses. After study drug
administration, patients had a patstse blood colleain (either at the end of intravenous
infusion or at least 1 hour after subcutaneous administration).

Figure 13: Study design

Route of Randomization
Study Intervention Administration Ratio
2400 mg (1200 mg each of casirivimab and imdevimab) v 2
1200 mg (600 mg each of casirivimab and imdevimab) v 2
600 mg (300 mg each of casirivimab and imdevimab) v 2
300 mg (150 mg each of casirivimab and imdevimab) v 2
Placebo v 1
Route of Randomization
Study Intervention Administration Ratio
1200 mg (600 mg each of casirivimab and imdevimab) SC 2
600 mg (300 mg each of casirivimab and imdevimab) SC 2
Placebo SC 1

IV=intravenous: SC=subcutaneous.

Blood samples for measurement of concentrations of casirivimab and imdevimab, as well as
for immunogenicity in serum, wepmllected at the time points specified in table 25.
Nasopharyngeal swab samples for SARS/-2 virus were also collected at various time

points specified in table 25.

PK results

Mean casirivimab+imdevimab concentrations increased-pageortionally forboth 1V and

SC doses indicating linear pharmacokinetics. Casirivimab and imdevimab concentrations
were similar over the first 6 days following administration of casirivimab+imdevimab for any
given IV or SC dose. No casirivimab+imdevimab concentration pogxerelated

differences in the change in viral load at Day 7 were observed, for IV and SC dosing groups.
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Figure 14: Mean (+SD) concentrations of casirmab, imdevimab, and combined
casirivimab+imdevimaln serum by time and treatment group (kmple; pharmacokinetic analysis

set [PKAS])

Concentration (mg/1.)

ol

7

al

Total R10933 (mg/L)

Total R10987 (mg/L)

[Total R10933+R10987 (mg/L)|

Nomunal Time (Days)

T
‘

Nomunal Tume (Days)

Nomunal Time (Days)

Total R10933 (mg/L.)
® 150 mg IV (N= 114)
4 300 mg IV (N=113)
® 600 mg IV (N— 115)

= 300mg SC (N

Total R10987 (mg/L) Total R10933+R10987 (mg/1)

1200 mg IV (N-= 115)

® 150mg IV(N=114)

4 300 mg IV (N=113)

® 600 mg IV (N-115)
1200 mg IV (N= 115)

114) = 300 mg SC (N= 114)
600 mg SC (N= 114)

600 mg SC (N= 114)

® 300 mg IV (N= 114)
A 600 mg IV (N=113)
® 1200 mg IV (N- 115)
2400 mg IV (N= 115)
® 600 mg SC (N= 114)
1200 mg SC (N= 114)

Concentrations below the LLOQ were set to LLOQ/2. Combined concentrations (REGN10933+REGN10987) were calculated only when both the analytes were not missmg

Predose concentrations were not presented, concentration shown at day 0 is an EOI or post dose concentration. Day(s) shown represent the number of day(s) following study drug

administrations; study day 1 (as noted in other tables and figures m this report) cormresponds to "day 0~ in this figure
EOI=end of infusion; N=number of participants; IV=mtravenous; LLOQ=lower limit of quantification; R10933=casinivimab; R10987=imdevimab;
R10933+R10987=casirivimab+imdevimab, SC=subcutaneous; SD=standard deviation

Study COV2069

This was a phase 3, randomized, dotied, placebecontrolled study assessing the

efficacy and safety of anipike SARSCoV-2 monoclonahntibodies in preventing SARS
CoV-2 infection in household contacts of individuals infected with SARY-2. The study

was conducted in geographic areas with an active €Ci#¥ioutbreak and included 137 sites

in Moldova, Romania, and the United States tgdclinical trial is ongoingThe study was
designed to assess the efficacy of the administration of REGN10933+REGN10987-(REGN
COV?2) to reduce the incidence of SAR®V-2 infection and prevent the development of
disease (symptomaticSARS0V-2 infection) dter household exposure to individuals with

SARSCoV-2 infection

Study populations

Cohort A analyses evaluated infection prevention in participants who were uninfected at

baseline.
- Adul t and adol
at baseline.

escent

S U HCpWe2eRT-gPCR iefjdile y e ar s )

Cohort B focused on early treatment to prevent symptomatic progression in participants with

asymptomatic infection at baseline.
- Adult and
at baseline.

Primary endpoint
Cohort A

adol

escent

S U HCp\We2eRT-gPCR bditke y e ar s)

The primary efficacy variable was the proportion of subjects who have symptomatic RT
gPCR confirmed SAR&0V-2 infection (broaeerm) during the efficacy assessment period

(EAP).

Cohort B

The primary efficacy variable for Cohort B was the propartd subjects who subsequently
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develop signs and symptoms (breadm) with 1 days of a positive RJPCR at baseline or
during the EAP.

Dose

Forthisfirstst ep anal ysis, a total of 3002 subjects
receive a single 0 mg (600 mg per mAb) SC dose of casirivimab+imdevimab (N=1493)

or placebo (N=1509). Of the randomized 3002 subjects, 169 subjects were included in the PK
analysis set.

Study design

A phase 3 randomized, doudénd, placebecontrolled study in 3500 atts and adolescents
>12yrs and 250 children <12yrs with household contact exposure to individuals with SARS
CoV-2 infection.

This study was designed to assess the efficacy of the administration of
REGN10933+REGN10987 to reduce the incidence of SERS-2 infection and prevent
the development of disease (symptomatic SARY-2 infection) after household exposure
to individuals with SARSCoV-2 infection.

Eligible subjects were those who were asymptomatic and household contacts with close
exposure with the first household member with known SARS-2 infection (index case)
but may be either positive or negative for SAR&V-2 during screening, as assessgd b
central laboratory R-GPCR performed at baseline.

The index case had a diagnosis of SARS/-2 infection using a diagnostic test e.g.-RT
PCR, antigen test, or other test format.

Subjects were randomized in a 1:1 allocation ratio to 1 of 2 treatmarsy(placebo or
REGN10933+REGN10987). Randomization was performed by individual study subjects, not
by households. The first 30 adults and first 12 paediatric subjects formed sentinel groups for
additional safety monitoring.

Figure 15: Study flow diagran
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Concentrations of casirivimab and imdevinvedéxe measured in serum, and the presence of
ADA was evaluated in serum samples collected from subsets of subjects H2@3OX

(n=152) and COM2069B (n=14) at prelose, and at various times following treatment (table
25). Thr ee s ub s arsdaf age)fwergpdefined ¢orcdllect dugcbr&entyaton
data: (a) a sentinel subset with dense PK sampling, (b) a safety subset with sparse sampling,
and (c) subjects for which no samples for PK were prospectively collected according to the
protocol. The PKparameters of casirivimab, imdevimab, and casirivimab+imdevimab were
determined by noncompartmental analysis in the sentinel subset (n=16), and descriptive
analysis was performed on the sparse samples collected in the safety subset (n=152).
Immunogenicityof casirivimab and imdevimab and its relationship to systemic exposure of
casirivimab and imdevimab were also assessed in all subsets; in at least 275 subjects who
received placebo and at least 925 subjects who received casirivimab+imdevimab.
Nasopharynga samples were collected for SAR®V-2 RT-qPCR test (central laboratory)

at predose and at various times throughout the treatment and falbgperiods.

PK results

Following SC administration, casirivimab (REGN10933) and imdevimab (REGN10987)
were rapilly absorbed (time to peak concentration in serum ~3 days) and both antibodies
exhibited linear elimination (figure 16). Mean (CV%) hiiié for casirivimab and

imdevimab in evaluable subjects (N=6) was 24.7 (17.1%) days and 19.4 (13.8%) days. A
summary 6the PK parameters is shown in table 27.

On day 1 following SC administration, serum concentrations of each antibody exceeded the
presumed therapeutic threshold of 20 mg/L that, based on preclinical data and modelling, was
considered necessary for efftga Mean concentration of both mAbs remained >20 mg/L for

at least 28 days after dosing.

Figure 16: Mean (SD) concentrations of casirivimab and imdevimab in serum over time for sentinel
and safety cohorts after single 1200 mg SC dose (linear scale)

90

0O R10033 600 mg SC: Sentinel Group (N = 12)
80 1 R10087 600 mg SC: Sentinel Group (N = 12)
R10933 600 mg SC: Safety Group (N = 84)

- I R10087 600 mg SC: Safety Group (N = 85)

Concentration (mg/L)
' &“ :7

&
o

B T T e -

0 7 14 21 28 35 42 49 56 63 70 77 84 91 98 105 112
Nominal Time (Days)
Treatment ODay 1Day 3Day 7Day 14Day 21Day 28Day S6Day 84Day 112Day
R10933 600 mg SC: Safety Group 4] o 0 o 0 0 n 38 1
R10987 600 mg SC: Safety Group ] 4] 0 o 3
R10933 600 mg SC: Sentinel Group 8 " 1" 12 " 12 10 " 10
] 0

R10987 600 mg SC: Sentinel Group " " 12 " 12
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Table 27: Summary of pharmacokinetics parameters for casirivimab and imdevimab after a single
1200 mg SC REGMCOV2 dose in the sentinel cohort

PK Parameter! Casirivimab (REGN10933) Imdevimab (REGN10987)
Conee (mg/L) 56.[112(;4) 56[(;;13)
fons (day)? 6.85 (?ilSZZI. 13.8) 5.77 [?i,lsj(}. 13.8]
AUCyt (mgeday/L)* ZOSS[éj%."\.S} 1581[5?2)
24.7(17.1) 19.4(13.8)

Half-life (day)®

IMean (CV%) [N].

’median (range) [N].

*value reported for subjects with %AUCis extrapolated <20%.
Source: Data on file

[6] [6]

Study HW-2093

This was a phase 1, randomized, dotidled, placebecontrolled study assessing thafety,
tolerability, pharmacokinetics, and immunogenicity of repeated subcutaneous doses of anti
spike (S) SARSCoV-2 monoclonal antibodies (REGN10933+REGN10987) in adult
volunteers.

The primary object was to assess the occurrence of adverse evertsiafinperest (AESIS)

in participants treated with repeated SC doses of casirivimab+imdevimab compared to
placebo; and to assess the concentrations of casirivimab and imdevimab in serum over time
after single and repeated SC administration.

The endpoird were incidence of AESIs that occur within 4 days of SC administration of
casirivimab+imdevimab or placebo at baseline and days 29, 57, 85, 113, and 141; and
concentrations of casirivimab+imdevimab in serum over time.

Dose
Subjects received placebo or 1200 mg (600 mg per mAb) Q4W for 6 doses.

Study design

The study is comprised of 3 periods:

A A screening/baseline period of up to 7 days
A A treatment period of 24 weeks

A A follow-up period of 28 weeks

Terms for periods ahgsed in this study are as follows:

A Treatment period: treatment period of up to 24 weeks

A Entire study period: treatment period of up to 24 weeks and follow up period of up to
28 weeks, up unt 19 vaxinagon datei(ifanypoaendistudy Co v i d

Figure 17: Study flow diagram

Screening / Baseline Treatment Period Follow-Up Period
(Up to 24 Weeks) (28 Weeks)
REGN10933+REGN10987" ¥ Dosing visit
{600 mg + 600 mg) SC
*Co-admnestaed ¥ Assessment/'collection only visit
Stwudy Population: P
Adult voluntesrs 3 (n=7035)
{18 to 90 yoars old) negative for R .
SARS-CoV-2 RT-PCR 1 (=235)
572 hours of randomization g !
(other critoria apply) 4
EOTP EOS
v v v v v v v v vy v v v v
I + + + + + + + + + + + + —
Day Tto1 1 8 29 57 85 113 141 148 169 225 281 365
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The study was designed to assess the safety and tolerability of multiple SC doses of
casirivimab+imdevimab in adult volunteers who are SARY-2 negative at baseline.

Participants were randomized in a 3:1 rétioeceive up to 6 SC doses of
casirivimab+imdevimab combination therapy or placebo.

PK results

Concentrations of casirivimab and imdevimab over time following repeated administration of
casirivimab+imdevimab were similar. Casirivimab and imdevimab exhsteadystate

following the third casirivimab+imdevimab dose (week 12) and was maintained for the
remainder of the 24 week treatment period. Casirivimab and imdevimab concentrations in
serum accumulated approximately-#BoRil and 2fold, respectively (bsed on Gougr) Over the
duration of treatment.

Table 28: Summary of concentrations of casirivimab and imdevimab in serum by nominal time
(PKAS)

REGN10933+REGN10987
R10933 600 mg SC R10987 600 mg SC 1200 mg SC
(N=723) (N=723) (N=723)
Nominal
Sampling (Days) n Mean (SD) n Mean (SD) n Mean (SD)
0 693 0.000815 (0.0215) 702 0.000882 (0.0234) 693 0.00171 (0.0450)
7 689 522(17.7 688 48.1 (16.5) 688 100 (32.9)
28 669 326(12.1) 668 24.7 (9.60) 668 57.2(21.0)
56 590 492 (19.0) 590 36.8 (15.5) 589 86.1 (33.7)
84 488 60.0 (23.7) 487 435 (189 486 104 (41.9)
91 4 85.5(28.3) 4 63.9 (19.5) 4 149 (47.7)
112 454 63.9 (26.6) 462 452 (204) 454 109 (46.4)
140 368 67.3 (27.6) 385 479 (21.2) 367 116 (48.1)
147 281 105 (37.9) 294 83.0(31.7) 280 188 (66.9)
168 284 724 (31.3) 313 50.5(23.2) 283 122 (52.9)
224 2 18.6 (—) 2 11.1(—-) 2 297 (—)

N = Number of subjects; n = Number of subjects contributing to each timepoint; SD = Standard deviation
Note: BLQs were set to 0. Timepoint Day 91 was removed as of protocol Am 3. Combined concentrations (Total
REGN10933+Total REGN10987) were calculated only when both the analytes were not missing.
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Figure 18: Mean (+SD) concentrations of casirivimab, imdevimab @xirivimab+imdevimab
combined in serum by time in adult volunteers {sogled)

101]_; & R10933 600 mg SC (N=723) % R10987 600 mg SC (N=723)
1 R10933+R10987 1200 mg SC (N=723)
100 F_ g+ —FF 1
-y : .__'_%_—_—_ " ....
g 10 5 *
s ]
B
B 1o
g’ ]
LLOQ: 0.1565
0.1+
001
I | | I I I | I I I | | I I I | I
0 14 28 42 5% 70 8 9 12 16 140 14 168 182 19 210 24
Nomind Time (Day)
R10933| eszfesa e 50 4284 e 88| 281 284 2
R10987 | 7o2|ees e 50 4274 402 325|204 313 2
T0O933987 | eea|ess 88 580 484 454 387|280 p<) 2

N = Number of subjects

Note: Concentrations below the LLOQ (hornizontal dashed line) were set to LLOQ/2. Include protocol defined schedule visit only.
T0933987= Combined concentration of total casirivimab + total imdevimab. Combined concentrations were calculated only
when both the analytes were not missing.

PK conclusion

The dose proposal for treatment and prevention of 1200 mg IV or SC is acceptable for an
adult population from a PK standpoint based on the provided exposure data and similar
reduction in viral load.

IV.3 Pharmacodynamics
The relationship between plasmancentration and effect was explored in a population
exposure/response analysis.

The goal of this analysis was to characterize the relationship between
casirivimab+imdevimab concentration and viral load reduction and determine
casirivimab+imdevimab doséisat are expected to provide neaaximal antiviral activity.

Specific aims included:

1 To estimate the population and individual pharmacodynamic parameters related to the
viral load reduction effect of casirivimab+imdevimab using data from patients in the
R109331098#COV-2067, R10933.0987#COV-2069 and R1093320987#COV-20145
clinical studies.

1 To estimate variability and identify clinically relevant covariates of PD parameters
related to the viral load reduction effect of casirivimab+imdevimab using data fr
patients in the aforementioned clinical studies.

Results
The following prespecified covariates were evaluated:
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1 Baseline endogenous immune response status against the virus (binary covariate): sero
antibodynegative versus seamtibodypositive/other).

1 Baseline higkrisk factor for severe Cowid9 illness (binary covariate): presence versus
absence.

1 Time of symptom onset (continuous variable), not a baseline covariate in a strict sense,
was evaluated via a sensitivity analysis by fitting the modelliseta of data split at the
median time of symptom onset.

Parameter estimates of the covariate model a
casirivimab+imdevimalwas estimated to be 99%. The presence of atsggtfactor for

severeCovil 9 il Il ness was associ at ed-antimdya 4. 81 % d
positivel/other status at baseline was associ

Table 29: Parameter estimate$the covariate model (run 344)

Estimate BSV SD
Parameter (°RSE) (%RSE)
Ro 9.23 (1.09) 0.5 (FIXED)
delta (day™) 0.878 (9.44) 0.198 (14.3)
p (copies mL! day™?) 2.65e+03(1.01) 235(5.09
Drug effect (fractional decrease in beta) 0.99 (5.38) 026 (47.1)
WSV SD (logl0 copies mL™) 0.932(12.7)
Sero-antibody-positive/other at baseline (fractional increase in delta) 1.1(189)
High-risk factor for severe COVID-19 illness at baseline (fractional 0.0481 (5.97)
decrease 1n delta)
Correlation BSV delta-p 0.814 (7.66)
Derived beta (mL copies™ day™) 2.29e-03
OFV 11073

BSV = Between subject vanability: SD = Standard deviation: OFV = Objective function value: %RSE = Percent

relative standard error

The fit for purpose model (run344) was used to perform stochastic simulations and, hence,
(a) predict the viral loatime profile for the analysis dataset (figure 19), and (b) the viral
loadtime profile assuming various casirivimab+imdevimab treatmerttddiges (figure 20).
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Figure 19: Graphical representation of the predicted viral load over time profile for the
analysis dataset
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Note: Lines are median of 100 stochastic simulations using the fit-for-purpose model (run344) and the analysis dataset

Figure 20: Graphical representation of the predicted viral load over time profile assuming various
treatment start date

‘Time of infection

(o2}
N

Placebo

4]
M

REGEN-COV at 3 days post-symptom onsat
REGEN-COV at 2 days post-symptom onset
REGEN-COV at symptom onset

R

w
1

REGEN-COV at 3 days post-infection

N
M

REGEN-COV at 2 days post-infection
REGEN-COV at infection

Viral Load (log10 copies/mL)

T T T T T T T T T T

) 2 4 6 8 10 12 14
After Symptom Onset (days)

Time
Analysis results suggest that the casirivimab+imdevimab dose regimens evaluated here are
near maximal antiviral activity, in that (a) an exposmgependent drug effect model fitted

the data reasonably well and estimated a 99% inhibition of the infeat®due to
casirivimab+imdevimab for casirivimab+imdevimab dose regimens; (b) data did not seem to
support the implementation of exposulependent drug effect models; and (c) Kaplan Meyer
curves of probability of viral clearance over time across therdiftecasirivimab+imdevimab
dose regimens nearly overlapped.

Other findings were:

1 The presence of a higisk factor for severe Cowvidl9 illness was associated to a 4.81%
decrease of the elimination rate of the productively infected cells.

1 Sercantibodypasitive/other status at baseline was associated to a 110% increase of the
elimination rate of the productively infected cells.
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PD conclusion

The model estimated a 99% inhibition of infection rate for casirivimab+imdevimab dose
regimens. The probabilityfiral clearance over time across the different
casirivimab+imdevimab dose regimens nearly overlapped.

IV.4  Clinical efficacy

The main clinical efficacy studies are Studies CED67, COV2066 and COV2069 which
have been previously outlined in table 25.

Study COV2067
A randomized, placeboontrolled, multicentre trial in ambulatory patients with Co\i@
(including, in phase 2, those with asymptomatic SAR/-2 infection).

In support of this application key outcomes have been submitted from the analysis of the first
799 symptomatic patients from Phase 1 and Phase 2 of the2C&*/study.

A Analysis Group 1 is the first 275 patients from Phase 1/Phase 2 of the study

A Analyss Group 2 is the 524 patients from Phase 2

A Analysis Group 1/2 is for the total of 799 patients.

The study has been briefly described in Section IV.2. The objectives and endpoints are shown
in the table below. The primary efficacy endpoint was to asd®ebty to lower viral load in
those infected with Covid9.

The study evaluated the-eaministered REGN10933+REGN10987 as combination therapy
at an initial dose level of 2400 mg (1200 mg per mAb) and at a higher dose, 8000 mg (4000
mg per mADb) in theent that a higher dose is required for efficacy.

Only targeted adverse events were collected during the study, consisting of the following:

1 All treatmentemergent serious adverse events (SAES).

1 Treatmertemergent adverse events of special interest (AESIs def i ned as gr ac
infusionr el ated reactions through day 4 and gr a
day 29.

1 Inphase 1 only, all grade 3 and grade 4 treatragrdrgent adverse events (TEAES)
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Table 30: Primary phase 1/2 analysis, objectives andpoints (efficacy)

PLGB 00031/0925

Phase 1/2 Objectives

| Phase 1/2 Endpoints

Primary

To evaluate the virologic efficacy of
casinvimab-+imdevimab compared to
placebo 1n reducing viral load of
SARS-CoV-2

¢ Time weighted average (TWA) daily change from baseline i
viral shedding (logio copies/mL) from day 1 to day 7, as
measured by quantitative reverse transcription polymerase
chan reaction (RT-gPCR) m NP swab samples

Secondary

To evaluate the clinical efficacy of
casinvimab-+imdevimab compared to
placebo

« Proportion of patients with >1 COVID-19-related medically-
attended wisit through day 29

¢ Proportion of patients with >1 COVID-19-related medically-
attended wisits consisting only of hospitalizations, emergency
room visits, or urgent care visits through day 29

¢ Proportion of patients with >2 COVID-19-related medically-
attended wisits through day 29

¢ Total number of COVID-19-related medically-attended visits
through day 29

 Proportion of patients with >1 outpatient or telemedicine visit
due to COVID-19 by day 29

¢ Proportion of patients adnutted to a hospital due to COVID-19
by day 29

. : rtion of patients admutted to an ICU due to COVID-19

y day 29

¢ Proportion of patients requiring mechanical ventilation due to
COVID-19 by day 29

¢ Days of hospitalization due to COVID-19

¢ Proportion of patients with all-cause mortality by day 29

To evaluate additional indicators of
virologic efficacy of
casirtvimab-+imdevimab compared to
placebo

¢ Time weighted average (TWA) daily change from baseline in

viral load (logio copies/mL and copies/mL) from day 1
through each visit, as measured by RT-qPCR in NP swabs

e Change from baseline in viral load at each visit through day

29, as measured by RT-qPCR in NP swabs

¢ Time to negative RT-qPCR in NP swabs with no subsequent

positive RT-qPCR

o Proportion of patients with high viral load (>10* copies/mL,

>10° copies/mL, >10° copies/mL, >10’ copies/mL) at each
visit

e Proportion of patients with viral loads below the limut of
detection at each visit

* Proportion of patients with viral loads below the lower linut of

quantification at each visit

Inclusion and exclusion criteria
A summary of key eligibility criteria for phase 1 and phase 2 symptomatic cohorts is shown

below:

9 Outpatients (notospitalized with@s at ur at i on
1 Positive diagnostic teépr SARSCoV-2 i

f Adults (018

093 %

nfection O72

years or

days of randomization; symptoms were determined by the investigator.

1 No prior, current, or planned future use of CetRIconvalescent plasma, mAbs against

on
hour s

SARSCoV-2, intravenous immunoglobulin, systemic corticosteroids, or authorized

treatments for Covid 9.

1 No pregnancy at randomization; must use highly effective captan during study.

room ai

of

In phase 1 and phase 2, patients were eligible for enrolment regardless of whether they had
one or more risk factors for developing severe Cd@dIn phase 2, randomization was
stratified according to risk factors.
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A summary of thexclusion criteria is given below. Any patients who met any of the
following criteria were excluded from the study:

1. Was admitted to a hospital for Coxi8 prior to randomization or is hospitalized
(inpatient) for any reason at randomization.

2. Has paicipated, or is participating, in a clinical research study evaluating €&vid
convalescent plasma, mAbs against SARS/-2, or intravenous immunoglobulin (IVIG)
within 3 months or within 5 halives of the investigational product (whichever is longer)
prior to the screening visit.

3. Prior, current, or planned future use of any of the following treatments:-C8vid
convalescent plasma, mAbs against SARS/-2, IVIG (any indication), systemic
corticosteroids (any indication), or Covid® treatments (autiized, approved, or
investigational). Prior use is defined as the past 30 days or within thanltvéslbf the
investigational product (whichever is longer) from screening.

4. Has known allergy or hypersensitivity to components of study drug.

5. Has ben discharged, or is planned to be discharged, to a quarantine centre.

6. Has a known positive SARSoV-2 serologic test.

7. Has a positive SARS0V-2 antigen or molecular diagnostic test from a sample collected
>72 hours prior to randomization.

8. Has knavn active infection with influenza or other r&RARS CoV-2 respiratory

pathogen, confirmed by a diagnostic test.

9. Prior use (prior to randomization), current use (at randomization), or planned use (within
90 days of study drug administration or per cori@DC recommendations, as applicable) of
any authorized or approved vaccine for SAB&V-2.

10. Has participated, is participating, or plans to participate in a clinical research study
evaluating any authorized, approved, or investigational vaccine feRSSXV-2.

Populations analysed
The number of participants included in each analysis population is shown below.

Table 31: Summary of populations in each analysis set (phase 1/2, combined phase 1 and phase 2)

REGN10933+REGN10987
Placebo 2400 mg IV 8000 mg IV Combined Total
(N=266) (N=266) (N=267) (N=533) (N=799)
Patents randomized 266 (100%) 266 (100%) 267 (100%) 533 (100%) 799 (100%)
?g‘s‘;“n‘(‘.‘g‘” analysis set 266 (100%) 266 (100%)  267(100%) 533 (100%) 799 (100%)
First Phase 1/2 Patients, n(%) 93 (35.0%)  92(34.6%)  90(33.7%) 182(4.1%) 275 34.4%)
Next Phase 2 Patients, n(%) 173 (65.0%) 174 (654%)  177(663%) 351 (65.9%) 524 (65.6%)
f:;e);‘: limf:g.) 232(87.2%) 219(823%)  220(824%) 439 (82.4%) 671 (84.0%)
First Phase 172 Patients, n(%) 81 (30.5%) 74(27.8%)  74(27.7%) 148(27.8%) 220 28.7%)
Next Phase 2 Patients, n(%) 151 (56.8%) 145 (54.5%)  146(54.7%) 201 (54.6%) 442 (55.3%)

Data cutoff date 15 18 Feb 2021
Source Phase 12PTT 141.12

A total of 671 patients (84.0%) met the anigefor the modified full analysis set (MFAS)
(positive SARSCoV-2 RT-gPCR by central laboratory analysis).

An initial descriptive virologic efficacy analysis was conducted on the first 275 symptomatic
participants randomized in phase 1/2; the prospetiregic analysis conducted for the

phase 1/2 portion of the study included only the subsequent 524 patients randomized in phase
2.

The prospective clinical analysis included all 799 symptomatic participants randomized in

phase 1 and pihmes®e Rhdddel ifixcrodnbphase 20 popul
A flow diagram depicting the pooling of participants for each analysis is provided below.
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Figure 21: Phase 1/2 participant flow and mFAS pooling for efficacy analyses
Phase 1 Phase 2

Randomization I Randomization I

\{ i l v l

l Casirivimab+ Casirivimab+ Casirivimab+ Casirivimab+
Imdevimab Imdevimab Imdevimab Imdevimab

Placebo 1V 2400 mg IV 8000 mg 1V Placeho IV 2400 mg 1V 8000 mg 1V

Phasc 1, analyzed in Phasc 2, analyzed i Phase 2, analyzed in
ntinl phase 12 \nitid plase 177 l i u e 2
Vl

Initial Phase 1/2 Next Phase 2 et Al Combined Phase 1 and 2
275 Patients in FAS 524 Patiemts in FAS —’. 799 Paticnts in FAS
229 Patients in mFAS 442 Patients in mFAS 671 Patients in mFAS
Initial descriptive virologic Primary vire logic efficacy Primary clinical efficacy
efficacy analysis analysis analysis

Patient disposition
Patientdisposition is described below.

Table 32 Summary of disposition (phase 1/2, combined phase 1 and phase 2, FAS)
REGN10933-REGN10987

Placebo 2400 mgIV 8000 mg IV Combined a;r:-t,g)
(N=266)  (N=166) (N=267) (N=533) )
Randonuzed patients 266 (100%) 266 (100%) 267 (100%) 533 (100%) 799 (100%)
Patents who completed the study 252(94.7%) 251(94.4%) 255(95.5%) 506(949%) 758(94.9%)
Patients ongoing in the study 1(0.4%) 0 0 0 1(0.1%)
Patients who discontinued the smdy 13 (4.9%) 15 (5.6%) 12 (4.5%) 27(5.1%) 40 (5.0%)
Reason: for study discontinuation:
Adverse svemt 0 1(04%) 0 1(0.2%) 1(0.1%)
Pregnancy 0 0 0 0 0
Lack of efficacy 0 0 0 0 0
Physician decision 0 0 0 0 0
Sponsor request’ 2(0.8%) 2(0.8%) 2(0.7%) 4(0.8%) 6 (0.8%)
Death 0 0 0 0 0
Lost to follow up 8 (3.0%) 4(1.5%) 3(1.1%) 7(1.3%) 15 (1.9%)
Subject decision 3(1.1%) 8(3.0%) 7(2.6%) 15 (2.8%) 18 (2.3%)
Missing reason 0 0 0 0 0
! Participants assigned to this category were randomized in error and not treated; in these instances, investigators were instructad
%0 select ‘Sponsor request’.
Data cutoff date is 18 Feb 2021.

Of the 799 patients who were randomized, 758 (94.9%) completed the study (day 29). Only 1
participant discontinued the study due to an ABhe 2400 mg IV treatment group.

Discontinuations were balanced across the treatment groups and most discontinuations were
either lost to followup or subject decision. Overall, 905 of subjects completed the study.
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Table 33 Summary obverall patient disposition modified full analysis set (mMFAS)combined all
phase 1 and all phase 2 patients

Placebo RI0933+R1008724 IV RI0933+RI008780zIV  R10933+R10987 Combined Total
(N=231) N=215) (N=219) (N=434) (N=665)
Randonuzed patients 231 (100%) 215 (100%) 219(100%) 434 (100%) 665 (100%)
Patients who completed the study 216 (93.5%) 192 (89.3%) 204 (932%) 396 (°1.2%) 612 (920%)
Patients ongomg in the study 5 Q2% 15 (7.0%) 9 (41%) M (35% 20 (44%)
Patients who discontinued the study 10 (43%) 8§ (™) 6 Q™) 14 (2% 4 (36%)
Reasons for study discontimuation
Adverse Event 0 1 (05%) 0 1 (02% 1 (02%)
Pregnancy 0 0 0 0 0
Lack of Efficacy 0 0 0 0 0
Physician Decision 0 0 0 0 0
Sponsar Request 0 1 (05%) 1 (05%) 2 (05%) 2 (03%)
Death 0 0 0 0 0
Lost To Follow-Up 8 (5% 3 (149 1 (09%) 5 2% 13 (0%
Subject Decision 2 (0.9%) 3 (14%) 3 (14%) 6 (14%) 8 (12%)
Missing reason 0 0 0 0 0

Demographics for the analysis groups in the full analysis set (FAS) is summarised below.

Table 34: Demographics and baseline characteristics (FAS)

Parameter Analysis Group 1 Analysis Group 2 Analysis Group 1/2
(N=275) (N=524) (N=799)
Mean age years (range) 44 (18-81) 41 (18-89) 42 (18-89)
% over 50 years 32 28 29
% Female 51 54 53
% White 82 87 85
% Black 13
% Astan 1
% Hispanic or Latino ethnicity 56 48 50
% =1 nsk factor for severe COVID-19* |64 59 61
% Obese 42 35 37
Baseline Virologic Parameter
% Seronegative 41 56 51
Mean log; copies/mL 6.60 6.34 6.41
% Seropositive 45 34 38
Mean logio copies/mL 3.30 3.49 343
% Other 14 11 11

* Risk factors defined (per protocol) as follows: age =50 years: obesity, defined as BMI =30; cardiovascular
disease, mncluding hypertension; chronic lung disease, including asthma; chronic metabolic disease, including
diabetes; chronic kidney disease, including those on dialysis; chronic liver disease; immunosuppressed, based on
mvestigator’s assessment.

The FAS population contained 799 subjects in total: mean age 42yrs (SD 15); 93% <65yrs;
47% male; 85% white; mean body mass index 30 kg/m2 (SD 6.7); 62% had a least 1 risk
factor associated with Cowtld disease; mean time from symptom onset to randomisation
3.4 days (SD 2), min 0, max 20. About half subjects werersegative at presentation.

Demographics and baseline characteristics for the phase 1/2 mieA&balanced across the
treatmentgroups. 308 of partici pants were O50 years
age. Slightly more females (52.5%) were enrolled versus males (47.5%).
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Median concentrations of baseline (ui@se) CGreactive protein (CRP) were higher among
participants randomized to jgiebo (4.940 mg/L) compared to those randomized to
casirivimab+imdevimab (3.390 mg/L). This difference largely occurred among participants
who were seropositive at baseline (placebo: 4.030 mg/L; combined active groups: 2.250
mg/L); differences were less pninent in the seronegative group (placebo: 4.855 mg/L;
combined active groups: 4.310 mg/L). However, variation within each treatment group was
high overall, as indicated by the large witlgroup standard deviations observed for mean
concentrations.

The nFAS population was similar to the FAS population in terms of distribution of features
described.

Baseline SARE0W2 virology

Key observations were as follows:

91 Baseline viral load (as measured quantitatively in NP swabs) was balanced across
treatment groups among those in the mFAS, among those in the mFAS with baseline viral
load >106 copies/mL or >107 copies/mL, and among those who were seronegative at
baselingseronegative mFAS). Across all treatment groups in the mFAS, the mean (SD)
baseline viral load was 5.83 (1.767) degopies/mL.

1 Patients in the Seronegative mFAS had higher baseline viral load (mean [SD]: 6.78
[1.242] logocopies/mL) compared to the mBAand markedly higher than those who
were seropositive at baseline (4.32 [1.389}dagpies/mL).

Baseline SARE0v2 serostatus

Key observations were as follows:

1 Baseline serostatus was balanced across treatment groups among those in the mFAS and
amongthose in the mFAS with baseline viral load >106 copies/mL or 107 copies/mL.

1 54.2% of participants in the mFAS were seronegative at baseline. 35.2% were
seropositive, and 10.6% had a status of 00

Risk factors
Risk factors are described in table 35.

The frequency of risk factors was balanced across the treatment groups.

A total of 62.3% of patients had at least 1 risk factor severe €did

Overall, the most common risk factors were o
O5 0 ¥36.8%) and cardiovascular disease including hypertension (21.0%). Chronic lung
disease (including asthma) and chronic metabolic disease (including diabetes) were less

common (9.7% and 13.4% respectively). Chronic kidney disease, chronic liver disease and
immunocompromised state were uncommon (<2% frequency).
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Table 35: Summary of risk factor for hospitalisatidrmodified full analysis set (mFA) combined
all phase 1 and all phase 2 symptomatic patients

Placebo R10933+R10987 24gIV R10933+R109878.0gIV R10933+R10987 Combined Total
N=232) WN=219) (N=220) (N=439) N=671)
No nisk factor for hospitialization 87 (37.5%) 81 (37.0%) 85(38.6%) 166 (37.8%) 253 (37.7%)
=] nisk factor for bospitalization 145 (62.5%) 138 (63.0%) 135 (61.4%) 273 (62.2%) 418 (623%)
Risk factor for bospitalization
Age >=50 years 73 315%) 67 (30.6%) 67 (30.5%) 134 (30.5%) 207 (30.8%)
Obesity, defined as BMI>=30 87 (37.5%) 83 (37.9%) 95 (43.2%) 178 (40.5%) 265 (39.5%)
Cardiovascular disease, including hypertension 51 (22.0%) 43 (19.6%) 47(21.4%) 90 (20.5%) 141 21.0%)
Chromc hung disease, including asthma 21 (9.1%) 23 (10.5%) 21 (95%) 44 (10.0%) 65 (9.7%)
Chronic metabolic disease, including diabetes 35(15.1%) 31(14.2%) 24(10.9%) 55(12.5%) 90 (13.4%)
Chronic kidney disease, including those on dialysis 3 (13%) 6 (2.7%) 1 (05%) 7 (1.6%) 10 (1.5%)
Chronic liver disease 2 (0.9%) 1 (0.5%) 0 1 (0.2%) 3 (04%)
Immunocompromised 6 (2.6%) 4 (1.8%) 3 (14%) 7 (1.6%) 13 (19%)
Immunosuppressed 5 Q.2%) 4 (1.8%) 2 (09%) 6 (1.4%) 11 (1.6%)
Takng Immunosuppressants 2 (0.9%) 3 (14%) 2 (0.9%) 5 (1.1%) 7 (1.0%)

Data cutoff date is 18Feb2021
MedDRA (Version 23.0) coding dictionary apphied

A subject who reported 2 or more medical history finding with the same preferred term is counted only once for that term.
A subject who reported 2 or more medical history finding with different preferred terms within the same system organ class is counted only once in that system organ class

[1]95% CT are based on exact method

Baseline symptoms were recorded for the mFAS (éoeaball phase 1 and all phase 2
patients). The most common symptoms found were cough, headache, fatigue and loss of taste

and smell.

Randomisation of treatment
Phases 1 & 2

In phases 1 and 2, patients were randomized in a 1:1:1 allocation ratie od the

following:

1 Co-administered REGN10933+REGN10987 combination therapy, 2400 mg (1200 mg
each of REGN10933 and REGN10987) IV single dose

1 Co-administered REGN10933+REGN10987 combination therapy, 8000 mg (4000 mg
each of REGN10933 and REGN10987) Iigde dose

1 Placebo IV single dose 0.9% sodium chloride for injection

In phase 1, randomization was not stratified.

In phase 2, randomization was stratified by:

1 Presence/absence of Covdil symptoms (i.e. symptomatic versus asymptomatic cohort)

1 Country

1 Riskfactors for hospitalization due to Covi® (no risk factors for hospitalization due to

Covidkl 9 wver sus

Results
Interim analysis

01

ri

s k

fact oX9) f or

hospitaliz

The primary efficacy variable in the primary phase 1/2 analysis wasngighted average
daily change from baseline in viral load (legopies/mL/day) from day 1 to day 7, as
measured by R-GPCR in nasopharyngeal swab samples.

An initial descriptive virology efficacy analysis was performed on the first 275 symptomatic
patierts randomized in phase 1 and phase 2, evaluating differences between placebo and the
2400 mg IV and 8000 mg IV treatment groups combined.
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This interim analysis found that the casirivimab+imdevirtaatment groups exhibited
enhanced reduction of viral load compared to placebo, particularly in seronegative patients
and those who had high baseline viral load. The analysis also found that the majority of viral
load (regardless of treatment group) baen eliminated in the time points that followed day

7, resulting in a modification to the phase 1/2 primary endpoint.

Phase 1/2 primary efficacy analysis

The virologic analysis reported for the phase 1/2 portion of the study was conducted on the
next phae 2 population, which included 524 participants randomized in phase 2 subsequent
to the first 275 randomized participants in phase 1 and phase 2.

Virologic endpoint
At baseline, the mean viral load (legopies/mL) was similar among the
casirivimab+imdeimab treatment groups and the placebo group.

Treatment with casirivimab+imdevimabsulted in a statistically significant, greater LS

mean reduction in time weighted average daily change from baseline in viral load from day 1
to day 7 when compared to placebo (difference from placedb 38 logo copies/mL for the
combined casirivimiat+imdevimab doses [p=0.0005]).

The primary efficacy endpoint was shown to be met for subgroups of subjects.

Clinical endpoints

The proportion of participants who had at least 1 Gd@delated medicalhattended visit

with the primary reason for the tibeing Covid19 through day 29 was significantly lower

in the casirivimab+imdevimab combined treatment group compared to the placebo group
(3.0% vs 7.8%, p=0.0065).

The clinical endpoint has been met.

Treatment with REGMNCOV2 significantly reduced thesk for Covid19-related medically
attended visits (MAV) and resulted in fewer patients with MAV for Cal@dcompared to
placebo. These effects were similar across both REGN2 dose groups, suggesting the
absence of a dose response for this clinicdpemt.

Phase 3
The objectives and endpoints for the phase 3 efficacy analysis are shown below.

The primary and secondary endpoints are acceptable.

This study assessed 2 dose levels of REGN10933+REGN10987, 1200 mg and 2400 mg, in a
1:1 ratio (600 mg ah1200 mg per mADb, respectively).
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Table 36:Phase 3 analysis, objectives and endpoints (efficacy)

Phase 3 Objectives

| Phase 3 Endpoints

Primary

To evaluate the climical efficacy of
casinvimab+imdevimab to
placebo as measured by COVID-19-
aeela:;d hospitalizations or all cause

a

¢ Proportion of patients with >1 COVID-19-related
hospitalization or all-cause death through day 29

Secondary (Key)

To evaluate the chinical efficacy of
casinvimab+imdevimab compared to
placebo as measured by COVID-19-
aeel::;d hospitalizations or all cause

* Proportion of patients with >1 COVID-19-related
hospitahzation or all-cause death from day 4 through day 29

To evaluate the unpact of
casinvimab-+imdevimab on the
resolution of self-reported COVID-

19 symptoms compared to placebo

e Time to COVID-19 symptoms resolution

Secondary (Other)

To evaluate the clinical efficacy of
casinvimab+imdevimab compared to
placebo using vanious measures of
COVID-19-related medically-
attended wisits, including COVID-
19-related hospitalizations,
emergency room visits, or all-cause
death

e Proportion of patients with >1 COVID-19-related
hospitahzation, emergency room visit, or all-cause death
through day 29

o Proportion of patients with >1 COVID-19-related medically-
attended visit or all-cause death through day 29

e Proportion of patients with =1 COVID-19-related medically-

attended visit by type of visit (hospitalization, emergency
room, urgent care, and/or physician’s office/telemedicine)
through day 29

e Proportion of patients with >2 COVID-19-related medically-
attended visits through day 29

e Cumulative incidence of patients with >1 COVID-19-related
hospitalization or all-cause death through day 29

e Cumulative incidence of patients with >1 COVID-19-related
hospitalization, emergency room visit, or all-cause death
through day 29

e Cumulative incidence of patients with >1 COVID-19-related
medically-attended visit or all-cause death through day 29

e Days of hospitalization due to COVID-19

e Proportion of patients admitted to an intensive care unit due to
COVID-19 by day 29

e Proportion of patients requiring supplemental oxygen due to
COVID-19 by day 29

e Proportion of patients requiring mechanical ventilation due to
COVID-19 by day 29

e Total number of COVID-19-related medically-attended visits
through day 29

e Time to all-cause death

e All-cause death by day 29, day 120, and day 169

[To describe the virologic effects of
casirivimab-+imdevimab compared to
placebo
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Inclusion and exclusion criteria
Key eligibility criteria for phase 3 cohort 1 are described below.

= =4 =4 -4

|

T
T

Outpatient{non-hospitalizedwith@s at ur ati on 093% on room air
Positive diagnostic test for SARSoV-2 i nf ecti on O72 hours of r .
Adults (018 years or countryos | egal age o
Onsetof Covill 9 sympt oms O7 days of determihediy zati on

the investigator.

No prior, current, or planned future use of Ce¥Rlconvalescent plasma, mAbs against
SARSCoV-2, intravenous immunoglobulin, systemic corticosteroids, or treatments for
Covid-19 (investigational, authorized, or approved).

No pregnancy at randomization in cohort 1 (enrolled in a separate cohort); contraception
not required during study participation.

01 risk factor f o¥l9 (dneemded porfion of ghase 8 anlg)r e d

Covi

Risk factors are described below.

Table 37 Risk factors for developing severe Coifl

Phaze 2 Rizk Factor Definition: (Straafication)

Phase 3 Rizk Factor Definitions (Eligibility)

Age =50 years

Apge =50 years

Obesity, defined as BMI =30 kg/m*

Obesity, defined as BMI 30 kg/m’

Cardiovascular disease, including hypertension

Cardiovascular disease, including hypertension

Chronic lung disease, including asthma

Chronic lung disease, mcluding asthma

Chronic metabolic disease, mcluding diabetes

Type 1 or type 2 diabetes mellitus

Chronic kidney disease, including those on dialysis

Chronic kidney disease, including those on dialysis

Chronic liver disease

Chronic liver disease

Immunocompronused Immunocompromised
Populations analysed
The phase 3 analysis sets are shown below.
Table 38: Analysis sets, phase 3
Analysis Set Definition
Full analysis set (FAS) | All randomuzed participants; based on the treatment allocated (as randomuzed).
All randomized participants with both of the following:
* A qualtatively positive RT-qPCR (wia central laboratory) from NP swab
. samples taken at randonuzation or collected within 2 hours after study drug
"hd'ﬁ.'d Full . mfusion was mitiated
Analysis Set GuFAS) |4 At least one risk factor fior severe COVID-19 st baseline; based cu the
treatment allocated (as randomuzed).
All randomized participants m the mFAS with documented seronegative status
at baseline.

Seronegative mFAS | Note: serostatus was considered positive if any available anti-SARS-CoV-2
antibody test utilized (eg. anti-SARS-CoV-2 IgAd or IgG) was positive, negative
if all availabls tests were negative, and ‘other ' if sevostatus was neither
pasitive or negative (eg. borderline result) or was unknown

The number of patients included in each anal

risk factor for severe Covid9 is shown below.
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Table 39: Summary of populations in each analysis set (phase 3, 1 risk factor for severd @ovid

A total of 4567 randomi zed pa-i%aed®os5s (8hsay O1
met the ctieria for the mFAS. In addition, 1040 randomized patients had no risk factors.

Figure 22: Phase 3 participant flow and mFAS for efficacy analyses

Patient disposition
Based on the results of the primary efficacy analysis in phase 1&m#meded portion of

r

phase 3 required that pati eWasithamimay 01 ri sk

analysis in phase 3 was conducted only 1in
randomized study participants in phase 3 is thereforemezsenly for the 4567 patients
with O1 risk factor at randomizati on.
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