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Qrer view

* Development of the NHP model: challenges & obstacles

 Examples of NHP studies: proof-of-concept
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Typical clinical tineline (D-byears)
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CD:{DB COVID lockdown

Supply shortage Politics

Time pressure Funds?  Shortage of monkeys
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ldeal animal nodd of HIMANMRAL diseases

« Similaritiesin host ~

« Same (or similar) virus

e Similar disease
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Aimal nodel s of SARS-\AL2

« Transgenic mice SRllelllE
e Syrian hamsters

e Ferrets & cats

* Nonhuman
primates

Similarities to humans

Macaques
AGM, Baboons, marmosets,....
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SARS (v-2infecton of Macaques:
r ecapitul ates ngjor ity of hunan covid-B cases
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Clinical signs: mild-moderate
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&

Replication in upper & lower respiratory tract

Innate & inflammatory responses

Radiology & histology: pneumonia

Antiviral iImmune responses, incl. neut. antibodies

Immune to rechallenge

Model to test interventions
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Natur al Hstor yof SARS-M\L2infect ion
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SARS-CoV-2 viral load ——
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Mild-

Shortness of breat

Critical
iliness

illness

*  moderate

illness

Tithe since symptom onset (days

Viral response

Imniune response

Antibody response to SARS-CoV-2 -----

bmj | BMJ 2020;371:m3862 | doi: 10.1136/bm;j.m3862
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Xientific challenges
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« Mimichuman SARS-CoV-2 @ A practicalanimal model
infection  Mostly mild-moderate disease
e High variability e Low animal numbers
 Treatment isonly needed for « Tryto reduce variability
minority (severe cases). Proof of concept ~ *+ Surrogate markers
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Gnsider ations: NP nodel s for ther apeutics

« High-dosechallenge models: intranasal + intratracheal

» Peak virusreplication early (~ 1-2 days)

 Considerable variability (outbred species, inoculation, sampling,...)
* Pre-exposure versus post-exposure

» Pre-exposure (or early post-exp) Post-exposure
virus virus
A - )
time time
Intervention
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Monitor Ing SARS-M\A2 Infected animal s

Virus replication

e / « Upper respiratory tract

e Lower respiratory tract

Clinical signs

Imaging

(X-ray, PET-CT,...) Lung histology
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Lung histology scor Ing

« Septal cellularity: interstitial pneumonia
e # alveolar macrophages

« # alveolar neutrophils
e interstitial fibrosis
e type 2 hyperplasia |

e pleuritis

Formalin drip infusion of lung

N\
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(hallenges of lung Hstol ogyscor ing
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Lung HSTA.GGYScor Ing

Septal Cellularity

Grade 0

Scoring:
* Each point is scored

individually at a 40x field

25 random 40x fields/slide
450 to 675 fields per animal
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Ther apeutic inter ventions against SARS-(H\2

o Antiviral drugs

o Antiviral antibodies:
« Convalescent plasma

e Monoclonal antibodies

o Anti-inflammatory
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At vr al : Rendes ivir

mechanism of action

H
Replication {

[> Delayed chain termination

Incorporation into the
generating RNA strand
and inhibition of RARp

Incorporation

e ¢ ® §
Intracellular conversions ~ 0-p-0-P-0-P-0O o N _/
—_— > —> o o o o

Remdesivir: phosphorylated, incorporated,
then causes RNA chain termination

Nucleoside triphosphate
(active form)

® Remdesivir
s+ « Natural nucleotides
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https://orcid.org/0000-0002-0768-9168

Ther apeut ic efficacy of rendesivir

Article

Clinical benefit of remdesivirin rhesus
macaques infected with SARS-CoV-2

https://dol.org/10.1038/s41586-020-2423-5  Brandl N. Willlamson', Friederike Feldmann?, Benjamin Schwarz®, Kimberly Meade-White',
Danielle P. Porter*, Jonathan Schulz', Neeltje van Doremalen’, lan Lelghton?,
Recelved: 23 April 2020 Claude Kwe Yinda', Lizzette Pérez-Pérez, Atsushl Okumura', Jamle Lovaglio?,
Accepted: 2 June 2020 Patrick W. Hanley’, Greg Saturday?, Catharine M. Boslo®, Sarah Anzick®, Kent Barblan®,
5 1 162
Published online: 9 June 2020 Tomas Clhlar*, Cralg Martens®, Dana P. Scott?, Vincent J. Munster' & Emmie de Wit

| ™| check for updates

l
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e Infectionwith SARS-Cov-2
e Treatmentwithremdesivir(10 mg/kgIV) starting
12 h post SARS-CoV-2infection

* Reduced clinical scores
* Reduces radiographic scores
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Ther apeut ic efficacy of r emdesivir

 Reduced virusreplication in lung il
 Reduced pneumonia W

Viral RNA in BAL Infectiousvirus in BAL Viral RNA in lung lobes
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Rendes ivir

no effect on viral shedding in mucosal secretions

a Nose swabs Throat swabs Rectal swabs
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“clinical improvement should not be interpreted as a lack of infectiousness”
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Rendesivir
May 4, 2020:

The NEW ENGLAND FDA Emergency Use Authorization
JOURNAL o MEDICINE

October 22, 2020
)

Remdesivir for the Treatment of Covid-19 — Final Report

J.H. Beigel, K.M. Tomashek, L.E. Dodd, A.K. Mehta, B.S. Zingman, A.C. Kalil, E. Hohmann, H.Y. Chu,
A. Luetkemeyer, S. Kline, D. Lopez de Castilla, R.W. Finberg, K. Dierberg, V. Tapson, L. Hsieh, T.F. Patterson, .
R. Paredes, D.A. Sweeney, W.R. Short, G. Touloumi, D.C. Lye, N. Ohmagari, M. Oh, G.M. Ruiz-Palacios, FDA App F t T t t f COVI D - 1 9
T. Benfield, G. Fitkenheuer, M.G. Kortepeter, R.L. Atmar, C.B. Creech, J. Lundgren, A.G. Babiker, S. Pett, roves Irs rea men or
J.D. Neaton, T.H. Burgess, T. Bonnett, M. Green, M. Makowski, A. Osinusi, S. Nayak, and H.C. Lane,
for the ACTT-1 Study Group Members*

FDA NEWS RELEASE

f Share W T in Linkedin &% Email & Print

ABSTRACT

For Inmediate Release:  October 22, 2020

Hospitalized patients

Today, the U.S. Food and Drug Administration approved the antiviral drug Veklury

° Fa sterm ed |a N recove ry t | me ( 1 0 d ays versus 1 5 d ayS) (remdesivir). for use in adult and pediatric patients 12 years of age and older ?i.l'.ld weighing
. ; at least 40 kilograms (about 88 pounds) for the treatment of COVID-19 requiring
L M Od erate red uctionon morta I |ty hospitalization. Veklury should only be administered in a hospital or in a healthcare

setting capable of providing acute care comparable to inpatient hospital care. Veklury is
the first treatment for COVID-19 to receive FDA approval.
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Passive Inmunizat ion

Neutralizing antibodies

/ \

Monoclonal antibodies Convalescent plasma (CP)
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Mbnoclonal Axtibodies

2 mAbs given either — 3 days or + 1 day

Study A: mAb Study B:mAb
10933+10987 10933+0987 end of study:
prophylaxis virus treatment necropsy

} v |
S s e

d-3 d-2 d-1 df] dl d2 d3 d4 d5 de d7

Viral load collection
(nasopharyngeal and oral swabs)

Science RERORTS

Cite as: A. Baum er al., Science

10.1126/science.abe2402 (2020).

REGN-COV2 antibodies prevent and treat SARS-CoV-2
infection in rhesus macaques and hamsters

Alina Baum', Dharani Ajithdoss', Richard Copin', Anbo Zhou', Kathryn Lanza', Nicole Negron', Min Ni',

Yi Wei', Kusha Mol di’, Bret M 1, Gurinder S. Atwal', Adelekan Oyejide', Yenny Goez-Gazi?,

John Dutton?, Elizabeth Clemmons?, Hilary M. Staples?, Carmen Bartley?, Benjamin Klaffke?, Kendra Alfson?,
Michal Gazi®*, Olga Gonzalez?, Edward Dick Jr.?, Ricardo Carrion Jr.?, Laurent Pessaint®, Maciel Porto®,
Anthony Cook?®, Renita Brown?, V; ha Ali*, Jack Greenhouse®, Tammy Taylor®, Hanne Andersen®,

Mark G. Lewis®, Neil Stahl', Andrew J. Murphy', George D. Yancopoulos', Christos A. Kyratsous'*

'Regeneron Pharmaceuticals, Inc.. Tarrytown. NY 10551, USA. 2Southwest National Primate Research Center, Texas Biomedical Research Institute, San Antonio, TX 78245,
LISA. FBIOQUAL, Rockville, MD 20850, USA.

intratracheal/
Challenge route intranasal
Challenge dose 1.05x10% PFU
Study A dose groups
(prophylaxis) 0.3,50 (mg/kg)
Study B dose groups
(ireatment) 25,150 (mg/kg)

* Reducedvirusreplicationinupper & lower respiratorytract

« Reducedlung pathology
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Hrer geny Wse Althor izat ion of MA3s

Nov 10, Nov 21,2020

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

The National
Academies of

REGN-COV2, a Neutralizing Antibody
Cocktail, in Outpatients with Covid-19

D.M. Weinreich, S. Sivapalasingam, T. Norton, S. Ali, H. Gao, R. Bhore,
B.). Musser, Y. Soo, D. Rofail, J. Im, C. Perry, C. Pan, R. Hosain, A. Mahmood,
J.D. Davis, K.C. Turner, A.T. Hooper, J.D. Hamilton, A. Baum, C.A. Kyratsous,

Y. Kim, A. Cook, W. Kampman, A. Kohli, Y. Sachdeva, X. Graber, B. Kowal,
T. DiCioccio, N. Stahl, L. Lipsich, N. Braunstein, G. Herman,
and G.D. Yancopoulos, for the Trial Investigators*

Elheoith recs rmss weaness purnung vears

FDA authorizes emergency use of the antibody cocktail

given to Trump to treat Covid-19

By Arman Azad and Alaa Elnssar, CHN
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The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE

SARS-CoV-2 Neutralizing Antibody
LY-CoV555 in Outpatients with Covid-19

Peter Chen, M.D., Ajay Nirula, M.D., Ph.D., Barry Heller, M.D.,
Robert L. Gottlieb, M.D., Ph.D., Joseph Boscia, M.D., Jason Morris, M.D.,

Gregory Huhn, M.D., M.P.H.T.M., Jose Cardona, M.D., Bharat Mocherla, M.D.,

Valentina Stosor, M.D., Imad Shawa, M.D., Andrew C. Adams, Ph.D.,
Jacob Van Naarden, B.S., Kenneth L. Custer, Ph.D., Lei Shen, Ph.D.,
Michael Durante, M.S., Gerard Oakley, M.D., Andrew E. Schade, M.D., Ph.D.,

Janelle Sabo, Pharm.D., Dipak R. Patel, M.D., Ph.D., Paul Klekotka, M.D., Ph.D.,

and Daniel M. Skovronsky, M.D., Ph.D., for the BLAZE-1 Investigators™

Eli Lilly says its monoclonal antibody
cocktail is effective in treating Covid-
19

B MATTHEW WERPER
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nvalescent plasna

Early treatment with CP with high neut titers provides benefits

The demericas boursal of
PATHOLOGY

I ' Significantly Decreased Mortality in a Large

Cohort of Coronavirus Disease 2019 (COVID-19)
Patients Transfused Early with Convalescent Plasma
Containing High-Titer Anti—Severe Acute Respiratory
»Syndrome Coronavirus 2 (SARS-CoV-2) Spike Protein IgG

ESIJH‘FM[CSMNNGG&&I?T;MQ Lall.othe Lopez,
Todd Eagar," ' Xin ¥i,”' Picheng Zhao,* John Rogars,* Ahmad Shehabeldin Dadewah salM a

(unpubllshed NHP data) e orcaut. Fandal . Glom e David W, Bemard Jmeny Gotias e Tome . etaare

August 23,2020
FDA Emergency Use Authorization

FDA NEWS RELEASE

FDA Issues Emergency Use Authorization for
Convalescent Plasma as Potential Promising
COVID-19 Treatment, Another Achievement in

Administration’s Fight Against Pandemic N\
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At i-inflammator ytreatnment : Bar icit inib

Baricitinib treatment resolves lower-airway
macrophage inflammation and neutrophil
recruitment in SARS-CoV-2-infected rhesus

The National
Academies of
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macaques
Graphical Abstract
Study Design and Analyses
e >\ SARS-CoV-2
“_g(\ Inf;?;ion & Baricitinib ;[
5 EI 2 4 6 7 8 10

1 I I I [N | 1
Y \ BAL < 0~ :
T 4 Fiat
# JJ 3

SARS-CoV-2  Xfay Ea

+ Baricitinib
n=4
Bas=
li= | :
-am2 i |

RNAseq scRNAseq Flow Cytometry Histology Soluble Markers
of Inflammation

Main Findings

B/ 1. Previnflammatory environment

| 2. Increased neutrophil and macrophage recruitment
3. NETosis activity

4. Activated T cells

1. Yinflammatory cytokines and chemokines

: © _ \ | 2. 4 Neutrophil and macrophage recruitment
Py B | e, @) o 3. L NETosis activity
SARS-Cov-2 @ VW25 4. LActivated T cells
+ Baricitinib ) 5. Preserved innate antiviral responses
@
® Infected type Il alveolar cell *Neutrophil ® Macrophage #T cell # Activated T cell

Authors

Timothy N. Hoang, Maria Pino,

Arun K. Boddapati, ...,

Raymond F. Schinazi, Steven E. Bosinger,
Mirko Paiardini

Correspondence

rschina@emory.edu (R.F.S.),
steven.bosinger@emory.edu (S.E.B.),
mirko.paiardini@emory.edu (M.P.)

In Brief

Using a rhesus macaque infection model,
it is shown that baricitinib treatment
started early after infection effectively
resolves inflammatory signatures in
airway macrophages, with decreased
lung pathology and neutrophil infiltration.

Cell, 2021
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Bar icitinib
 JAK1/2 inhibitor: anti-inflammatory; reduces hypercytokinemia

e Oral tablet
e Used to treat rheumatoid arthritis
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Bar icit inib: Exper imental design &esults

@ @ Bronchoalveolar Lavages

© O Chest X-Rays
® ©® CSF

a
B 4 RMs infected 4 RMs infected with SARS-
with SARS-CoV-2 CoV-2 and Treated with
(Untreated) Baricitinib starting at 2 DPI
SARS-CoV-2
Infection
Baricitinib Administ
Raye rost 5 0 1 2 4 6 7 8
[ e O [ ] ® O o
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Necropsy
No differencein viral replication
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10 l Baricitinib oral administration

® ® Blood
@ @ Nasal and Throat Swab

@ @ Lymph Node

® Treated

Untreated 2.4

Reduced lung inflammation
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Bar icit inib +Rendesmr
November19, 2020

Efficacy of baricitinib + remdesivir > remdesivir alone

FDA NEWS RELEASE

Coronavirus (COVID-19) Update: FDA Authorizes
Drug Combination for Treatment of COVID-19

f share in Unkedin %5 Email | & Print

Hospitalized patients

For Inmediate Release:  November 19, 2020

e Faster median recovery time

Taoday, the U.S. Food and Drug Administration issued an emergency use authorization

(EUA) for the drug barieitinib, in combination with remdesivir, for the treatment of o Re d u Ct i O n O n m O rta I it
suspected or laboratory confirmed COVID-19 in hospitalized adults and pediatric patients y
two years of age or older requiring supplemental oxygen, invasive mechanical ventilation,

or extracorporeal membrane oxygenation (ECMO).

In a clinical trial of hospitalized patients with COVID-19, baricitinib, in combination with
remdesivir, was shown to reduce time to recovery within 29 days after initiating treatment
compared to patients who received a placebo with remdesivir. The safety and effectiveness
of this investigational therapy for use in the treatment of COVID-19 continues to be
evaluated. Baricitinib is not authorized or approved as a stand-alone treatment for

COVID-19.
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* NHP model: proof-of-concept

e Other antiviral & anti-inflammatory & other compounds

« Combination therapy

 Inhalation therapy:
e Lower cost
o Self-administered inhaler devices
 Likely to be effective for prevention & early treatment
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