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Additional Disclosures

Clinical information for COVID-19 is rapidly evolving, please do not
consider the date contained herein as necessarily up-to-date.

Statements presented herein are my own considerations NOT
clinical recommendations.

Clinical recommendations for care of patients with suspected or
confirmed COVID-19 are available through the VCU Health
Department of Infectious of Disease as well as other national and
international organizations such as the Center of Disease Control
and World Health Organization, such recommendations are
frequently revised and updated.




Additional Disclosures (2)

Much of what | presenting today is the results of daily

discussions within the COVID-19 Clinical

Trial team, therefore

special thanks to Benjamin Van Tassell, PharmD; Roshi
Markley, MD; Melissa Sears, RN; Aldo Bonaventura, MD;
Alessandra Vecchie, MD: Yub Sedhai, MD: Jane Ho, PharmD:;
Virginia Mihalick, MS; George Wohlford, PharmD; Anna Priday,

MS, and others, and to Michael Stevens,
of Infectious Disease.

Dr. Abbate is also part of CCTR COVID-"
Committee led by Dr. F. Gerard Moeller t

MD, from the Division

9 Clinical Trial
nat reviewed,

discussed, and triaged COVID-19 clinica

trials.



Additional Disclosures (3)

In March 2020, Dave Dixon, PharmD, and | led a review article
published in the Journal of Cardiovascular Pharmacology, while
much of the content is outdated, | owe the structure of this
presentation to the initial discussions held with Dr. Dixon

In April 2020, Michael Kontos, MD, and | presented on
Cardiovascular Manifestations of COVID-19, and in May 2020,
Dr. Kontos, with Dr. Dixon and Ajay Pillai, MD, presented at
Hospital Medicine Grand Rounds — | have built on those
presentations to provide an update for you today



CoVID-19 | Learning Objectives

1. Understand the challenges of

conducting research during the
COVID-19 pandemic

2. Understand the key
pathophysiological therapeutic
aspects of COVID-19 research

3. Review the preliminary results of
COVID-19 research to date
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@ VCU Pauley Heart Center



CoVID-19 | Learning Objectives

@

. Understand the challenges of

conducting research during the
COVID-19 pandemic

. Understand the key

pathophysiological therapeutic
aspects of COVID-19 research

. Review the preliminary results of

COVID-19 research to date

Health.

Q’ VCU Pauley Heart Center



CoVID-19 | Impact of CoVID-19 in USA

- 1.5.20
« 3.5.20

Healthw Q? VCU Pauley Heart Center




CoVID-19 | Impact of CoVID-19 in Italy

Italy records its highest daily death toll

Daily confirmed deaths from coronavirus in ltaly
1000

800
600
400

200

0
24 Feb 3 Mar 11 Mar 19 Mar 27 Mar
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CoVID-19 | Activating COVID-19 research at VCU Health

» Early March: realization that COVID-19 was about to hit USA

« Data from Italy showing a logarithmic rise in death toll

« VCU Health Infectious Disease team reviewing evidence for drugs :
* Hydroxychloroquine? Widely available — but efficacious? Safe”?
» Lopinavir/Ritonavir? Widely available — but efficacious?
 Remdesivir? Not available

« Urgent need to find access to better treatments

* Fight against time

f@\ Heal'th @ VCU Pauley Heart Center



CoVID-19 | Impact of CoVID-19 in USA

1.5.20
« 3.5.20
« 3.20.20
- 4520
« 4.23.20
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CoVID-19 | Urgent need to find access to COVID-19 treatments

* Where to start? What challenges?
* Time required to set up research studies
Challenges associated with conducting research during pandemic
* Poor understanding of virus
Poor understanding of the disease
« Rapidly evolving scenarios

f@\ Health @ VCU Pauley Heart Center



CoVID-19 | Urgent need to find access to COVID-19 treatments

* Where to start? What challenges?
* Time required to set up research studies
Challenges associated with conducting research during pandemic
* Poor understanding of virus
Poor understanding of the disease
* Rapidly evolving scenarios

f@\ Heal'th @ VCU Pauley Heart Center



CoVID-19 | Time required to set up a NEW clinical trial

Average time to start up a new Industry clinical
trial (where an IND has already been obtained)

Average time to obtain a new IND for a drug
already approved for another indication

Average time to obtain a new IND for a drug 90-120 days
NOT previously approved

120-180 days

30-60 days

Unacceptably long times

Healthw @ VCU Pauley Heart Center



CoVID-19 | CCTR COVID-19 Clinical Trial Committee

« (Goal to gather and coordinate resource to support COVID-19 clinical
trials: all hand on deck approach

Strong Collaborative Work between VCU and VCU Health
Research Leadership (Mary Harmon & Lisa Ballance)

Dedicated staff 7 day/week from Office of Sponsored Program
Dedicated staff from Fiscal Administration

Dedicated IRB panel for COVID-19 research

Allocation of dedicated nursing staff for training and support
Selection of trials based on merit and creation of triaging protocol

Healthw @ VCU Pauley Heart Center



CoVID-19 | CCTR COVID-19 Clinical Trial Committee
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trials: all hand on deck approach
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Research Leadership (Mary Harmon & Lisa Ballance)
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Healthw @ VCU Pauley Heart Center



CoVID-19

High Impact Studies

Selection of trials by the CCTR committee

e Strong rationale — specificto °
COVID-19 (clear
pathophysiologic mechanism)

@

Multi-center trials with

coordination by a Clinical

Research Organization

Phase |l clinical trials
Drugs that are FDA approved

and/or have a known

safety/risk profile

Health.

Low Impact Studies

Incomplete developed
rationale (i.e. vague
mechanisms)

Single-center studies exploring
a small number of patients

Lack of coordination by a
Clinical Research Organization

Phase |-l clinical trials
Drugs without unknown safety
risk profile

Q) VCU Pauley Heart Center



CoVID-19 | Time required to set up a NEW clinical trial

* Average time to start up a new Industry clinical

trial (where an IND has already been obtained) <7-14 days
« Average time to obtain a new IND for a drug Not f_‘eeded as
already approved for another indication selectljn_g lnd_ustry
* Average time to obtain a new IND for a drug Zt;i\;zs]&vgs
NOT previously approved

(for the most part)

Acceptable results — 2 studies up and running by end of March

f@\ Heal'th @ VCU Pauley Heart Center



CoVID-19
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Va. researchers ramp up clinical trials
to try to find treatments for COVID-19

Dr.F. Gerard
Moeller chairs
the committee

at Virginia
Commonwealth
University that
reviews new
clinical trials.

i Virginia, there's no Ezl:ybook

BY BRIDGET BALCH
Richmend Times-Dispatch

For the doctors treating the
hundreds of patients who are
hospitalized for COVID-19 in

The disease that has spread
rapidly across the world — kill-
ing hundreds in the state and
more than 200,000 worldwide
— has no known treatment,

50 COVID-19 has presented a
unique challenge to the doctors
faced with saying lives against a
mostly unknown enemy.

Butin an effort to discover

treatments, medical researchers
in the state have dropped every-
thing to ramp up experimental
clinical trials that may be the pa-
tients’ best hope of recovery.
When Dr, Antonio Abbate
speaks with patients about the
possibility of joining a clinical
trial, he's used to standing next
to the patients, holding their
hands and looking into their

eyes.

Joining a clinical trial means
he or she is volunteering to re-
ceive an experimental treatment
that has not been proven to be
effective. Abbate, the medical

director of the clinical research
unit at VCU Medical Center, has
to tell them about the possible
benefits and risks.

But in the new reality where
physical proximity means
greater danger for health care
workers and patients alike, he's
had to get accustomed to hav-
Ié\hgmthose conversations by video

TREATMENTS, Paga A1

VCU Childcare Ca-op

Medical students offer to watch kids,
pets of health care workers. page A2

@

Health.

MONDAY, APRIL 27, 2020

VIRGINIA'S NEWS LEADER e Sl

Richmond Times-Dispatch

NEWS 24/7T AT RICHMOND coM FINAL

NO PLAYBOOK FOR DOCTORS TREATING PATIENTS

“We're not jumpipg steps; we're just working nights and weekends to make things
happen. | am optimistic that we will have treatments within months.”

Dr. Antonfo Abbate, the medical director of the clincal ressarch uit at VCU Medical Center

=

BOB BROWN/TIMES-OISPATCH
Dr. Antonio Abbate (left), Dr. Arun Sanyal and Dr. Marjolein de Wit stand outside VCU Medical Center at 11th and Clay streets

In downtown Richmond. The three are leading the medical center's clinical trials to try to find treatments for COVID-19,
N T T T T TTTTEy tTTTTS

.ter



CoVID-19 | Urgent need to find access to COVID-19 treatments

* Where to start? What challenges?
* Time required to set up research studies
Challenges associated with conducting research during pandemic
* Poor understanding of virus
Poor understanding of the disease
* Rapidly evolving scenarios

f@\ Heal'th Q) VCU Pauley Heart Center



CoVID-19 | Challenges associated with conducting research

Unprecedented challenges
* Physical barriers
* Closed rooms (limited access)
 PPE shortage
« Psychological challenges
 Fear
* Unknown -~
« Additional barriers
* Language (Hispanic community)

@ Health. Image taken from Google — no patient from VCU Health represented Q) VCU Pauley Heart Center



CoVID-19 | Challenges associated with conducting research

Solutions

 TJeamwork
* Primary team / consultants

* Nurse leaders/educators (Joni Greer
Alison Montpetit, CRU nurses)

e Technology
 Phone/iPad

« Emall
« Additional help

 Translation service

Health. Image taken from Google — no patient from VCU Health represented Q? VCU Pauley Heart Center



CoVID-19

Improving Clinical Trial Enrollment — In the Covid-19 Era
and Beyond

Crystal M. North, M.D., M.P.H., Michael L. Dougan, M.D., Ph.D., and Chana A. Sacks, M.D., M.P.H.

60—
N Engl J Med 2020
50—
e Patients screened
- Patients referred to clinical trial(s)
40
1]
€
2
& 304
G
°
S ‘
2 »
20—
10
0Al'l%lé,l&lq']&l%lél&lqll&l'l']l|]|x||%||°|>|«]||lx|]’|5|‘],|«|lq|lil&
\‘»\,\,‘»’».'»'»'»'\« > NS ’\"\"\»'\«'\"’:z
SN A A AV ar a¥ @ q;\vs\o A A A 47 &
X YQ\?Q ?9* VR‘ \R‘ ¢\V§~\V~Q¢\R‘\?§\ | \Xs I {] \Xs\‘\ “{b “{S\\&@‘\“g\“@ “(b “@ \&\" \‘\fs\“@ \\)

Number of Patients Screened at Massachusetts General Hospital for Covid-19 Clinical Trials, April 9 to June 1, 2020.

@ Health.
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CoVID-19 | Urgent need to find access to COVID-19 treatments

* Where to start? What challenges?

* Poor understanding of virus
* Poor understanding of the disease
* Rapidly evolving scenarios

f@\ Heal'th @ VCU Pauley Heart Center



CoVID-19 | Urgent need to find access to COVID-19 treatments

* Where to start? What challenges?

« Poor understanding of virus
* Poor understanding of the disease
* Rapidly evolving scenarios

l@* Health. Q) VCU Pauley Heart Center
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Kindly prepared by Dr. Pillai

CoVID-19 | SARS-CoV2: Structure & Cell Entry

» Positive-sense single-stranded RNA virus. » Gains entry via ACE2 receptor in concert with host’s
« Approximately 50-200nm in diameter. TMPRSS2 membrane protease.

« Initial reservoir likely the horseshoe bat. » ACE2 expression: lymphocytes/dendritic cells, lung, Gl

smooth muscle, heart/vascular endothelium
SARS-CoV 2 Structure

Spike (S1 & S2) Local or systemic

infection or sepsis

Nucleocapsid (N)

SARS-CoV-2

spike protein Angiotensin-(1-9)
binding to ACE2

Angiotensin-(1-7)
| "@Y

Anglotensm I

ACE
inhibitors
‘ACE
Angiotensin Il ARBs

Membrane (M)

» ----—»

Envelope (E) —— Angiotensin Converting

{_\*»\'47 miac Mo

t/\'n. L

ssRNA S Table 2. Distribution of ACE2 and TMPRSS2 in organs, and symptoms of COVID-19 (percentage

; ol n‘r Angiotensin I
(+ sense, ~30kb in length) . . Sl indicate estimated frequency in COVID-19 patients).
L, . type 1 receptor
- ACE2/TMPRSS2 Distribution Symptoms/Lab Findings
Lymphocytes/Dendritic Cells Fever (>99%), fatigue (70%). myalgia, lymphopenia
—vlvun;_- (type 2 pneumocytes, bronchial epithelium) | Dyspnea (31%), dry cough (60%). lexpﬁn.‘;ux}' failure
|'GI Smooth Muscle ["Nausea (30%), Diarthea Acute hing in}
! ng injury
Myocardium Myocarditis, heart failure, arthythmias Adverse myocardial
| Vasculature (smooth muscle) fl 1 {'.uculuIﬁunni)ml;lnl;loznl-,'lu]:nlh; i remodeling
T, —— N R - o e—— T Viral entry, replication, Vasoconstriction
eurons Anosmia, hypogeusia, encephalopathy, seizures, myopathy and ACE2 down-regulation Vascular permeability
Liver Abnormal liver function
Kidney Renal dysfunction |
| | 1. Cascella M, Rajnik M, Cuomo A, et al. Features, Evaluation and Treatment Coronavirus (COVID-19) [Updated 2020 Apr 6]. In: StatPearls [Internet]. Treasure Island (FL):
ea |t h StatPearls Publishing; 2020 Jan-. Available from: hitps:/www.ncbi.nlm.nih.aov/books/NBK554776/ vcu Pat“ey Heal't center
™ 2. By Aditya Joshi - Own work, CC BY-SA 3.0, 2 =

https:/commons.wikimedia.org/w/index.php?curid=20131071
3. Image from: Vaduganathan M, et al. Renin—Angiotensin—Aldosterone System Inhibitors in Patients with Covid-19. NEJM. 3-30-20. DOI: 10.1056/NEJMsr2005760.


https://www.ncbi.nlm.nih.gov/books/NBK554776/
https://commons.wikimedia.org/w/index.php?curid=20131071

Kindly prepared by Dr. Pillai

CoVID-19 | Clinical Characteristics & Immunopathology

«  Spread predominantly via respiratory droplets, but can be « ILL: Most common symptoms initially = =

Chils 1%

aerosolized or detected in stool. reported as fever (44-94%), cough (68-
«  Symptomatic and asymptomatic spread. 83%), anosmia (~70%)
+  Incubation time: 3-14 days, RO 2-4 (97.5% sx 11 days) Severe: 14% (dyspnea, RR>30, SpO2
. Median viral shedding: 20 days <93‘_’/o, P/F ratio <300, >50% lung infiltrates
_ . _ . o _ within 24-48hrs)
. ng&:ratory viral co-infection more common than initially thought: . Critical: 5% (respiratory failure, septic
' shock, MOD)

Myalgias 15%

Incubation Period Symptoms Resolution _

viral Symptoms Onset Ventilation Symptoms Organ Failure Stage | . Stage Il Stage Il
Exposure (some remain (if required) Resolution Death (Early Infection) (Pulmonary Phase) (Hyperinflammation Phase)
asymptomatic) (in those who recover) 4 1 1
1A " 11}
Day 0 Day7 Day 14 Day 21 Day 28
N 1
% I
Viral
shedding —m e

1T Vasculitis/Coagulopathy

hsTroponin i ‘———-—
7 Risk of Heart Failure /
NTpro/BNP el

Severity of lliness

Time course
Cytokine Storm
Cytokines : - I Mild constitutional symptoms
(CRP, IL-1[3, IL-6) s Fever >99.6'F
d e M ymp Dry Cough, diarrhea, headache
T Activated €

Neutrophil
\ QJ) (\\

Macrophages & \, o) R Lymphopenia, increased

| & Hematophagocytosis prothrombin time, increased D-
© v CD4+ T Cells Q, Dimer and LDH (mild)
Inappropriate adaptive Dysregulated
P i ee— imimune resporise A [ T, orning i ot ploma Ganat ]
Thetcpies [ Reduce immunosuppression ) { Cac Fhuman -
S IL-6 inhibitors, IL-2 inhibitors, JAK inhibitors

1. Clerkin et al. Coronavirus Disease 2019 and Cardiovascular Disease 10.1161/CIRCULATIONAHA.120.046941
H ea |thw 2. Siddigi HK, Mehra MR. COVID-19 lliness in Native and Immunosuppressed States: A Clinical-Therapeutic Staging Proposal. Qp vcu PaUIey Heart Center

JHLT. 2020

ARDS
SIRS/Shock
Cardiac Failure

1

1

I

1

1

Shortness of Breath ]
Hypoxia (Pa02/Fi02<300mmHg) 1
1

1

1

1

I

Elevated inflammatory markers
(CRP, LDH, IL-6, D-dimer, ferritin)
Troponin, NT-proBNP elevation

Abnormal chest imaging
Transaminitis

Low-normal procalcitonin




CoVID-19

Symptoms & Severity

. Lymphopenia, mild hepatocellular injury, elevated D-Dimer & inflammatory

markers.

. Severe disease: associated w/ cytokine release syndrome. |IL-6 elevation
correlates with ARF, ARDS, and adverse outcomes.

IFNy vea,

IFNGR
TR

1L-10, ferritin, TNF-a ®

Macrophage

-9

e
Cononawus.\'.. ,‘{:

.

Dendritic cell

Monocyte

o
LK ]
o

Q =~
A i
() +{ st
L

{

Cis signaling

Lymphocyte

t Activated B cell
differentiation
4T, development

@'/ Health.

Gy spone |

* Lymphocyte changes
17,17 differentiation
1 Ty, differentiation
1CO8* cytotoxic Tcells

R
o
)‘
~

Trans signaling

ki
&

Endothelial

cell 8)

tVEGF Vascular permeability tCRP tTPO
tMCP1 Monocyte recruitment 1 SerumamyloidA  1C3
tiIL-8 == Neutrophil recruitment 1 Hepcidin 4 Albumin
16 Signal amplification t Ferritin

4E-cadhenin  Vascular leak 1 Fibrinogen

1. Moore JB, June CH. Cytokine Release Syndrome in severe COVID-19. Science. 10.1126/science.abb8925 (2020)
Fox et al. Pulmonary and Cardiac Pathology in Covid-19: The First Autopsy Series from New Orleans. medRxiv

A

2020.04.06.20050575; doi: https://doi.org/10.1101/2020.04.06.20050575

Kindly prepared by Dr. Pillai

Intensely inflammatory and pro-thrombotic: systemic increases in IL-6, IL-2,
IL-7, granulocyte colony-stimulating factor, CXCL10, CCL2, TNF-alpha.
Pathology: Diffuse alveolar damage, hyaline membrane & hemorrhage,
fibrin thrombi/deposition, megakaryocytes

@ VCU Pauley Heart Center



CoVID-19

@

Chest Imaging: X-RAY

Characteristic Number (% of 64 patients)
Number of normal baseline CXRs 20 (31%)
Number of abnormal baseline CXRs 44 (69%)
Number of patients with normal baseline 7 (11%)
CXRs later becoming abnormal
Type of parenchymal opacity at baseline
CXR
[ Consolidation 30 (59%)
Ground glass opacities 21 (41%)
Distribution at baseline CXR
Peripheral predominant 26 (51%)
Perihilar predominant 6 (12%'5
Neither peripheral nor perihilar 19 (37%)
Right lung 10 (20%)
Left lung 9 (18%)
Bilateral lungs 32 (63%)
Upper zone predominant 0 (0%
Lower zone predominant 32 (63%)
No zonal predominance 19 (37%)
Other features on baseline CXR
Pleural effusion 2 (3%)
Pulmonary nodules 0 (0%)

Kindly prepared by Dr. Pillai

H ea |_t h Wong HYF et al. Frequency and Distribution of Chest Radiographic Findings in COVID-19 Positive Patients

Q? VCU Pauley Heart Center



Kindly prepared by Dr. Pillai

CoVID-19 | Chest Imaging: Computed Tomography

» Features: Ground glass opacities (GG) with or without consolidation in peripheral, posterior, and diffuse or lower lung
zone distribution. GGO reported to have ‘round’ morphology or ‘crazy paving’ pattern.

« Lacks: perihilar pattern, bronchial wall thickening, mucoid impactions, nodules
+ Sensitivity 60-98%. Positive predictive value of ~92%.

COVID-19 - COVID-19

K

Organizing pneumonia

1. Simpson S. Radiological Society of North America Expert Consensus Statement on Reporting Chest CT Findings Related to
COVID-19. Endorsed by the Society of Thoracic Radiology, the American College of Radiology, and RSNA.Published Online: March
Hea |'th 25,2020 https://doi.org/10.1148/ryct.2020200152 @ VCU Pauley Heart Center
™ 2. Correlation of Chest CT and RT-PCR Testing in Coronavirus Disease 2019 (COVID-19) in China: A Report of 1014 Cases Tao Ai,
Zhenlu Yang, Hongyan Hou, Chenao Zhan, Chong Chen, Wenzhi Lv, Qian Tao, Ziyong Sun, and Liming Xia Radiology 0 0:0



https://doi.org/10.1148/ryct.2020200152

CoVID-19 | Simplified Pathophysiologic Scheme of COVID-19

¥ .3

SARS.CoV2 SARS-COV2 ey 1. Viral-induced injury
lSpike Spike _
Viral 2. Hypoxemia a result of
ACE2 replication.- SARS-COV2 dysfunction of the
\ lung injury alveolar-capillary
Spike
membrane as a result
| (Sropinoresa  _ ACE? of inflammation-
ti . S
CIIXﬁaerﬁmaesome ORF3a \ medlatEd |njury

FASEB 2019
Type 1 a_IveoIar Front Microb 2019 inflglr#rﬁaps%me
epithelial cell Cytokine-
mediated
lung injury

Health. Type Il pneumocyte(s) or neutrophils Q) vcu Pauley Heart Center



? frontiers

in Medicine

SYSTEMATIC REVIEW

'.“ frontiers

in Immunology

Immune-Inflammatory Parameters in
COVID-19 Cases: A Systematic
Review and Meta-Analysis

Xudong Feng ', Shuangshuang Li*', Qiang Sun™, Jiaqi Zhu', Bo Chen*,
Maoming Xiong** and Guodong Cao*

@

Targeting the NLRP3 Inflammasome
in Severe COVID-19

Tracey L. Freeman and Talia H. Swartz*
Divigon of Infectous Disaxsos, Dapartmont of Modiang, Immunclogy instiuta, loshn Schodl of Mediaine at Mount Sinal,

Now York, NY, United Statos
7% X4 F“‘,ak‘,'mnn
) SARS CoV-2 ,;;E'q

Cytokine storm

. Il

«TNFa /

L8 [{ BRS¢
«IL10 = :
« IL-1RA Macrophaga %

+CXCLIO e 1-1p

~ Inflammasome
@ 18
~ Pyroplosis

- o) ®

Epithelial call

* Acute Respiratory
Distress Syndrome (ARDS)

* Systemic Inflammatory
Response Syndrome (SIRS)

* Shock and multiorgan
Dysfunction

Health. |t
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Review Article

Weathering the Cytokine Storm in
COVID-19: Therapeutic Implications

Roberto Scacciavillani® Marco Giuseppe Del Buono?
Claudio Ronco® < Carl J. Lavied Antonio Abbate®
Nadia Aspromontef

Giulia lannaccone?®
Massimiliano Camilli®
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Q’ VCU Pauley Heart Center
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Control subjects COVID-19 patients

Inflammasome in
CoVID-19 | the lungs of fatal
COVID-19

ASC
Collagen IV

DAPI
(nucleus)

Collaborative work with University of Trieste

Laboratory of Dr. Stefano Toldo @ VCU
Pauley Heart Center

L
o A
T 80 o
) P=0.0064 - cOll\:angr? \Y
. ]

DAPI
Q °0 —‘. (nucleus) o
O "r
2 40 %
2 ‘ o8 >
O
o0 20
<

Control COVID-19
subjects  patients

DAPI
(nucleus)

Health. Unpublished data



CoVID-19 | 1st study open at VCU — Remdesivir to target SARS-CoV?2

Remdesivir had been already developed by
Gilead for SARS, MERS and Ebola

Remdesivir became immediately available
as part of a compassionate use program

An initial clinical trial from China was halted
prematurely due to inability to enroll
patients, showing no benefits

Two additional trials were completed in the
USA one led by NIH/NIAID and one by

Gilead
Health.

remdesivir
injection
100 mg/20 mL
(5 mg/mL)

For Intravenous Use Only
Single-Dose Vial: Discard
Unused Portion

For use under Emergency
Use Authorization (EUA)

Each ml contains 5 mg
of remdesivir in 20 mL solutior

Remdesivir is a a prodrug of
an adenosine analogue that
functions as an inhibitor of the
inhibitor of the viral RNA-

dependent, RNA polymerase
for SARS-CoV2

@ VCU Pauley Heart Center



CoVID-19 | Remdesivir clinical trials

Remdesivir in adults with severe COVID-19: a randomised,

@ x®

CrrVark

double-blind, placebo-controlled, multicentre trial

YemingWang®, Dingys Zhang®, Guanhua Du*, Ronghui Dv*, Jianping Zha
YiHy®, Guangweiluo®, Ke Wang Yang Lu, Huadong Li, ShuzhenWang, Shi
XinTang XianzhiYe, YingchunYe, Bing Liv, Jie Yang, Wen Yin, Alli Wang Gt
YiZhang, Lianjun Cao, Tingting Gua, Yan Wan Hong Qin, Yushen Jiang Thi

Lancet 2020
China

Primary endpoint:
2 point reduction

| 255 participants screened |
18 excluded
5 14 did not meet chigiblity oriterta
4withdraw
A
| 237 were enrolled |
I 158 amigned to the remdesv i growp | | 79 assigned to the placebo group |

A 4
I 158 In the Intention- to-treat population |

A

_;i 1withdrew consent

4

| 72 in the Intention-to-treat population |

3did not start study

™ treatment

A
I 155 started study treatrment |

r

| 78 started study treatment |
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3 i
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' |
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CoVID-19

The NEW ENGLAND JOURNAL of MEDICINE

Remdesivir clinical trials

CONCLUSIONS

In patients with severe Covid-19 not requiring mechanical ventilation, our trial did not
show a significant difference between a 5-day course and a 10-day course of remdesi-
vir. With no placebo control, however, the magnitude of benefit cannot be determined.

| ORIGINAL ARTICLE

Remdesivir for 5 or 10 Days in Patients
with Severe Covid-19

Jason D. Goldman, M.D., M.P.H., David C.B. Lye, M.B., B.S., David S. Hui, M.D.,
Kristen M. Marks, M.D., Raffaele Bruno, M.D., Rocio Montejano, M.D.,
Christoph D. Spinner, M.D., Massimo Galli, M.D., Mi-Young Ahn, M.D.,

NEJM 2020

Some benefit of
continuing to 10

402 patients

USA, Europe, Asia days if you

remained critically

_ , ill after 5 days
Primary endpoint:

Clinical status on day 14

@ Health.
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Figure 2. Oxygen Support on Day 14 According to Oxygen Support on Day 5.
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CoVID-19 May 1 - FDA announces EUA for Remdesivir

- FACT SHEET FOR HEALTH CARE PROVIDERS
EMERGENCY USE AUTHORIZATION (EUA) OF REMDESIVIR (GS-5734™)

The U.S. Food and Drug Administration (FDA) has issued an Emergency Use
Authorization (EUA) to permit the emergency use of the unapproved product
remdesivir for treatment of suspected or laboratory confirmed coronavirus
disease 2019 (COVID-19) in adults and pediatric patients hospitalized with
severe disease. Severe disease Is defined as patients with an oxygen saturation
(Sp0O2) £94% on room air or requiring supplemental oxygen or requiring
mechanical ventilation or requiring extracorporeal membrane oxygenation

(ECMO)- July 24 — NIH COVID-19 Guidelines

Recommendation for Prioritizing Limited Supplies of Remdesivir

 Because remdesivir supplies are limited, the Panel recommends that remdesivir be
prioritized for use in hospitalized patients with COVID-19 who require supplemental

oxygen but who are not on high-flow oxygen, noninvasive ventilation, mechanical

Hea |th ventilation, or extracorporeal membrane oxygenation (ECMO) (BI).




CoVID-19 Another anti-viral study was completed at VCU Health

ORCHID trial with Hydroxychloroquine
: .

« Small studies had suggested a benefit of é
hydroxychloroquine in COVID-19

« Widespread off-label use occurred all over
the world, including at VCU Health

. " Ly
« There was a need for randomized clinical ~ * ) 2
trials Hydroxychloroquine is
. The ORCHID Trial was a NIH sponsored an anti-inflammatory

drug with anti-viral
activity in vitro against
SARS-CoV2.

trial

f@\ Health @ VCU Pauley Heart Center
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Randomised Evaluation of COVID-19 Therapy

CoVID-19

#& / News / No clinical benefit from use of hydroxychloroquine in hospitalised patients with COVID-19

No clinical benefit from use of hydroxychloroquine in
hospitalised patients with COVID-19

5 June 2020

‘A total of 1542 patients were randomised to hydroxychloroquine and compared with 3132 patients

randomised to usual care alone. There was no significant difference in the primary endpoint of 28-day
mortality (25.7% hydroxychloroquine vs. 23.5% usual care; hazard ratio 1.11 [95% confidence interval 0.98-

1.26]; p=0.10). There was also no evidence of beneficial effects on hospital stay duration or other outcomes.

‘These data convincingly rule out any meaningful mortality benefit of hydroxychloroquine in patients

hospitalised with COVID-19. Full results will be made available as soon as possible.

Healthw Q? VCU Pauley Heart Center




CoVID-19 | ORCHID Trial — NIH sponsored - Hydroxychloroquine

_ Saturday, June 20, 2020
Unpublished

NIH halts clinical trial of hydroxychloroquine

Interim analysis 470 pts Study shows treatment does no harm, but provides no benefit

USA
What

Hospitalized patients A clinical trial to evaluate the safety and effectiveness of hydroxychloroquine for the treatment of adults hospitalized with coronavirus
disease 2019 (COVID-19) has been stopped by the National Institutes of Health. A data and safety monitoring board (DSMB) met late Friday
and determined that while there was no harm, the study drug was very unlikely to be beneficial to hospitalized patients with COVID-19. After
its fourth interim analysis the DSMB, which regularly monitors the trial, recommended to the National Heart, Lung, and Blood Institute
(NHLBI), part of NIH, to stop the study. NHLBI halted the trial immediately.

The Outcomes Related to COVID-19 treated with hydroxychloroquine among In-patients with symptomatic Disease study, or ORCHID Study,
was being conducted by the Prevention and Early Treatment of Acute Lung Injury (PETAL) Clinical Trials Network of NHLBI. The data from
this study indicate that this drug provided no additional benefit compared to placebo control for the treatment of COVID-19 in hospitalized
patients.

@ Health Q? VCU Pauley Heart Center
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The NEW ENGLAND JOURNAL of MEDICINE

Another Hydroxychloroquine trial

Seven-Level Ordinal Scale: W Missing =~ land2 W3 W4 W5 W6 W7

Seven-Level Ordinal Scale: W Missing ' land2 W3 W4 W5 W6 W7

‘ ORIGINAL ARTICLE

Hydroxychloroquine with or without
Azithromycin in Mild-to-Moderate Covid-19

A.B. Cavalcanti, F.G. Zampieri, R.G. Rosa, L.C.P. Azevedo, V.C. Veiga, A. Avezum,
L.P. Damiani, A. Marcadenti, L. Kawano-Dourado, T. Lisboa, D.L.M. Junqueira,
P.G.M. de Barros e Silva, L. Tramujas, E.O. Abreu-Silva, L.N. Laranjeira,

A.T. Soares, L.S. Echenique, A.J. Pereira, F.G.R. Freitas, O.C.E. Gebara,
V.C.S. Dantas, R.H.M. Furtado, E.P. Milan, N.A. Golin, F.F. Cardoso, I.S. Maia,
C.R. Hoffmann Filho, A.P.M. Kormann, R.B. Amazonas, M.F. Bocchi de Oliveira,
A. Serpa-Neto, M. Falavigna, R.D. Lopes, F.R. Machado, and O. Berwanger,
for the Coalition Covid-19 Brazil | Investigators™*

CONCLUSIONS

Among patients hospitalized with mild-to-moderate Covid-19, the use of hydroxy-
chloroquine, alone or with azithromycin, did not improve clinical status at 15 days
as compared with standard care. (Funded by the Coalition Covid-19 Brazil and
EMS Pharma; ClinicalTrials.gov number, NCT04322123.)

A Hydroxychloroquine plus Azithromycin
100

75

Ordinal Scale Distribution (%)
3

T T T T T I I I 1 1 1 | 1 1
2 3 & S ig 7 @# 9 10 11 12 13 14 15
Days since Randomization

B Hydroxychloroquine
100

~
v

Onrdinal Scale Distribution (%)
3

T 1 1 1 1 1 1

2 3 4 5 6 71 8

i 1 1 1 I T 1
9 10 11 12 13 14 15
Days since Randomization

C Control
100:

~
w

50

Ordinal Scale Distribution (%)
b

o

T
E 2 3 o4 5 6 T B 9

Days since Randomization

T U el
10 11 12 13 14 15

Figure 2. Distribution of the Ordinal-Scale Results over Time.

Shown is the course of ordinal-scale results as assessed over the time since
randomization. However, not all levels of the seven-level scale are shown. Be-
cause data on activity limitation were not available on a daily basis for outpa-
tients, levels 1 and 2 (i.e,, the levels for patients who were not hospitalized and
had no limitations on activities and for those who were not hospitalized but
who had limitations on activities, respectively) were combined (equivalent to
the six-level scale described in the Methods section). Thus, in this figure, levels
1 and 2 indicate not hospitalized. A total of 36 patients were discharged after a
1-day hospital stay (7 patients who had been assigned to receive hydroxychlo-
roquine plus azithromycin, 8 in the hydroxychloroquine-alone group, and 21
in the control group). Missing data are shown at the bottom of the graphs.
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CoVID-19 | Simplified Pathophysiologic Scheme of COVID-19
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CoVID-19 | IL-6 as a therapeutic target in COVID-19

« Elevated IL-6 levels in patients with severe and critical COVID-19

* Worse prognosis in patients with higher IL-6 levels

* Initial report of ‘promising’ results in 21 patients treated with Tocilizumab,
an |L-6 receptor blocker, in China

« Tocilizumab already approved for Cytokine Release Syndrome

* Anecdotal ‘dramatic’ responses in patients treated with Tocilizumab appear
from ltaly first then from all over the world

* Tocilizumab becomes part of standard of care for critical COVID-19 in
many institutions around the world, including VCU Health, in March

« Several case-control studies suggest a beneficial effect

f@\ Health @ VCU Pauley Heart Center



CoVID-19 | Tocilizumab: case-control reports from ltaly

A

Antonena Frattari,’ Ettore Porreca,’' Antonio Abbate,?
Giustino Parruti © °

'Department of Medical, Oral and Biotechnological Sciences, "G D'Annunzio”
University, Chieti, Italy

2VCU Pauley Heart Center, Virginia Commonwealth University, Richmond, Virginia,
USA

3Department of Medicine and Ageing Sciences, "G’ D’Annunzio” University, Chieti-
Pescara, Italy

“Department of Vascular Medicine, Amsterdam Medical Center, Amsterdam, The
Netherlands

*Infectious Diseases Unit, Pescara General Hospital, Pescara, Italy

SGeriatric Medicine Unit, Pescara General Hospital, Pescara, Italy

"Intensive Care Unit, Pescara General Hospital, Pescara, Italy

40 patients treated with Tocilizumab s.c.
and 40 matched controls

@ Health.

AmRheumDis2020 B
1.0

Interleukin-6 receptor blockade with
subcutaneous tocilizumab in severe COVID-19
pneumonia and hyperinflammation: a case—
control study

arcello Di Nisio,** Donatella Cibelli,® Rosa Scurti,®
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CoVID-19

Tocilizumab in patients with severe COVID-19: a retrospective
cohort study

Giovanni Guaraldi*, Marianna Meschiari*, Alessandro Cozzi-Lepri, Jovana Milic, Roberto Tonelli, Marianna Menozzi, Erica Franceschini,
Gianluca Cuomo, Gabriella Orlando, Vanni Borghi, Antonella Santoro, Margherita Di Gaetano, Cinzia Puzzolante, Federica Carli, Andrea Bedini,
Luca Corradi, Riccardo Fantini, lvana Castaniere, Luca Tabbi, Massimo Girardis, Sara Tedeschi, Maddalena Giannella, Michele Bartoletti,
Renato Pascale, Giovanni Dolci, Lucio Brugioni, Antonello Pietrangelo, Andrea Cossarizza, Federico Pea, Enrico Clini, Carlo Salvarani,

Marco Massari, Pier Luigi Viale, Cristina Mussini

Ciirmarmanar

Lancet Rheumatology 2020
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CoVID-19 | Tocilizumab: case-control reports from ltaly

=

Contents lists available at ScienceDirect AUTOIMMUNITY
REVIEWS

: Title: Improved survival outcome in SARs-CoV-2 (COVID-19) Acute Respiratory Distress
> 32|  Syndrome patients with Tocilizumab administration

Authors: Pre-Print NJ experience

Autoimmunity Reviews

journal homepage: www.elsevier.com/locate/autrev

. o Nafisa Wadud? Naim Ahmed? Mannu Shergil?, Maida Khan?, Murali Krishna®, Aamir Gilani®,
Tocilizumab for the treatment of severe COVID-19 pneumonia with () Samer El Zarif®, Jodi Galaydick®, Karthika Linga®, Shravan Koor®, Julia Galea®, Lauren

hyperinflammatory syndrome and acute respiratory failure: A single center &&= Stuczynski, Maria B Osundele*
study of 100 patients in Brescia, Italy

BRIEF PAPER

Clinical and Experimental Rheumatology 2020; 38: 00-00

European Journal of Internal Medicine 76 (2020) 43-49

Contents lists available at ScienceDirect

European Journal of Internal Medicine

journal homepage: www.elsevier.com/locate/ejim

Original article

Efficacy and safety of tocilizumab in severe COVID-19 patients: a single-
centre retrospective cohort study

Health.

Pilot prospective open,
single-arm multicentre
study on off-label use of
tocilizumab in patients
with severe COVID-19

S. Sciascial?, F. Apra®, A. Baffa!?,
S. Baldovino!2, D. Boaro?,
R. Boero?, S. Bonora?, A. Calcagno?,
1. Cecchi'?, G. CinnirellaZ?,
M. Converso?, M. Cozzil?,

AND MANY MORE

ABSTRACT

Objective. No agent has yet been prov-
en to be effective for the treatment of
patients with severe COVID-19.
Methods. We conducted a pilot pro-
spective open, single-arm multicentre
study on off-label use of tocilizumab
(TCZ) involving 63 hospitalised adult
patients (56 males, age 62.6+12.5) with
severe COVID-19. Clinical and labora-
tory parameters were prospectively col-
lected at baseline, day 1, 2, 7 and 14.
No moderate-to-severe adverse events

tool for tampering the cytokine storms
in critically i1l patients (4).

Methods

We conducted a prospective open,
single-arm multicentre study on the
off-label use of TCZ in hospitalised
adult patients with confirmed severe
COVID-19 infection. Inclusion crite-
ria were the following: a) polymerase
chain reaction-confirmed COVID-19
infection; b) pulmonary involvement,
assessed either by oxygen saturation

Q) VCU Pauley Heart Center



CoVID-19

Low-Dose Subcutaneous Tocilizumab to Prevent Disease Progression in Patients with

Moderate COVID-19 Pneumonia and Hyperinflammation

Authors:
Nicola Potere!*, Marcello Di Nisio®*, Giulia Rizzo', Matteo La Vella!, Ennio Polilli’, Adriana
Agostinone®, Antonella Spacone’, Silvio Di Carlo’, Alberto Costantini®, Antonio Abbate?,

Ettore Porreca!, Giustino Parruti®

10 patients with moderate COVID-19 pneumonia
(not hypoxic or on supplemental O2) treated with
Tocilizumab s.c. and 10 matched controls

Int J Infect Dis 2020 — in press

Health.
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CoVID-19 | REGENERON CLINICAL TRIAL OF SARILUMAB

« Sarilumab (Kevzara) an IL-6R blocker (Regeneron)
« Sarilumab also is approved for Rheumatoid Arthritis

* Regeneron initiated an adaptive phase lI-lll clinical trial
of Sarilumab in patients with COVID-19 across a wide
range of severity of illness B ad®a® & 50,8
« Severe COVID-19 (hypoxemic on suppl O2 via NC) | 4

e  Critical COVID-19 (on HENC, NIV or V)
*  Multi-organ failure COVID-19 (shock or need for RRT)

- COVID-19 with immunodepression (any stage)

N } ' /
W . INFLAMMATORY f/
\' SIGNAL s
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CoVID-19 | REGENERON CLINICAL TRIAL OF SARILUMAB

Regeneron and Sanofi Provide Update on U.S. Phase 2/3 Adaptive-Designed Trial of Kevzara®
(sarilumab) in Hospitalized COVID-19 Patients

April 27, 2020

TARRYTOWN, N.Y. and PARIS, April 27, 2020 /PRNewswire/ --

Independent Data Monitoring Committee recommended continuing ongoing Phase 3 trial only in the more advanced "critical" group with
Kevzara higher-dose versus placebo and discontinuing less advanced "severe" group

Phase 3 trial will be amended to enroll only "critical" patients

Phase 3 trial will also be amended to discontinue lower-dose Kevzara (200 mg); all new patients to receive either higher-dose Kevzara (400
mg) or placebo

No new safety findings were observed for Kevzara use in COVID-19 patients

Healthw Q) VCU Pauley Heart Center



CoVID-19 | REGENERON CLINICAL TRIAL OF SARILUMAB
Placebo | Kevzara 200 mg | Kevzara 400 mg
PRIMARY ENDPOINT (REDUCTION IN C-REACTIVE PROTEIN) April 27, 2020
(n=77) (n=136) (n=145) Press Release
% change from baseline in CRP -21% -77% -79%
(Patients with high baseline IL-6, where data was
available)
EXPLORATORY CLINICAL ENDPOINTS IN "CRITICAL" GROUP
(n=44) (n=94) (n=88)
Died or "On a ventilator" 24 (55% 43 (46% 28 (32%
Died 12 (27 %) 34 (36%) 20 (23%)
On a ventilator 12 (27 % 9 (10% 8 (9%
Clinical improvement 18 (41%) 48 (51%) 92 (59%)
(Achieved 22 point improvement on 7-point scale)1
Off oxygenation 18 (41%) 40 (43%) 51 (58%)
Discharged 18 (41%) 37 (39%) 47 (53%)

Q) VCU Pauley Heart Center
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REGENERON CLINICAL TRIAL OF SARILUMAB

Cohort not on a ventilator Placebo Sarilumab
200 mg 400 mg

Severe patient stratum — Phase 3

(n=60) (n=110) (n=106)
Died or “On a ventilator™ 8 (13%) 15 (14%) 16 (15%)
— Died 5 (8%) 7(6%) o@%)

On a ventilator 3 (5%) 8 (7%) 7 (7%)

Clinical improvement
(Achieved >2 point improvement on 7-point scale)’ 37 (62%) 62 (56%) 64 (60%)
Off oxygenation 39 (65%) 66 (60%) 71 (67%)
Discharged 38 (63%) 63 (57%) 66 (62%)

Nlata- Mata Mt AFF Aata AFID Aasa] 2NN
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CoVID-19 | REGENERON CLINICAL TRIAL OF SARILUMAB

REGENERON

Press Release

Regeneron and Sanofi Provide Update on Kevzara® (sarilumab) Phase 3 U.S.
Trial in COVID-19 Patients

Tarrytown, N.Y. and Paris

, July 2, 2020 -

- Regeneron Pharmaceuticals, Inc. (NASDAQ: REGN) and Sanofi

today announced that the U.S. Phase 3 trial of Kevzara® (sarilumab) 400 mg in COVID-19 patients requiring
mechanical ventilation did not meet its primary and key secondary endpoints when Kevzara was added to best

supportive care compared to best supportive care alone (placebo).

Q? VCU Pauley Heart Center



CoVID-19

Media & Investor Release

| July 29,2020 |

450 patients
COVID-19 pneumonia
w/ hypoxemia

COVACTA Phase lll clinical trial

Summary of Key COVACTA Clinical and Safety Findings

Primary endpoint not met: The difference in clinical status between Actemra/RoActemra and placebo in

patients assessed using a 7-category ordinal scale at week four was not statistically significant (p=0.36;
odds ratio [95% CI] = 1.19 [0.81, 1.76], a statistically significant odds ratio greater than 1 would have
favoured Actemra/RoActemra).

There was no difference between Actemra/RoActemra and placebo in the percentage of patients that died
by week four (Actemra/RoActemra = 19.7% and placebo = 19.4% with a difference [95% CI] of 0.3% [-
7.6%, 8.2%], p=0.9410)

Time to hospital discharge or ‘ready to discharge’ was shorter in patients treated with
Actemra/RoActemra than in those treated with Placeboﬁhe median time to discharge or ‘ready to
discharge’ for Actemra/RoActemra was 20 days and for placebo was 28 days (median time [95% CI]:
Actemra/RoActemra = 20.0 [17.0, 27.0]; placebo = 28.0 [20.0, NE], p=0.0370). However, the difference
cannot be considered statistically significant as the primary endpoint was not met.

The difference in ventilator-free days between Actemra/RoActemra and placebo was not statistically
significant (median of 22 days for Actemra/RoActemra and 16.5 days with placebo, difference in medians
[95% CI] =5.5 [-2.8, 13.0], p=0.3202).

At week four, rates of infections were 38.3% and 40.6% in the Actemra/RoActemra and placebo arms,
respectively, and the rates of serious infections were 21.0% and 25.9% in the Actemra/RoActemra and
placebo arms, respectively. The COVACTA study did not identify any new safety signals for
Actemra/RoActemra.




CoVvID-19 | OTHER TOCILIZUMAB CLINICAL TRIALS

HEALTH NEWS
JUNE 17, 2020 / 4:54 PM / A MONTH AGO

Tocilizumab improves significantly clinical

. . Roche rheumatoid arthritis drug fails to help COVID-19
outcomes of patients with moderate or severe

patients in Italian study

COVID-19 pneumonia

Publié e 27/04/2020. Emilio Parodi, Carl O’Donnell w f
LES (Reuters) - Roche’s rheumatoid arthritis drug Actemra failed to help patients with early-stage
COORDONNEES COVID-19 pneumonia in an Italian study, the latest instance in which an anti-inflammatory
DU SERVICE - S ' .
PRESSE rug has fallen through in a coronavirus trial.

Actemra did not reduce severe respiratory symptoms, intensive care visits, or death any better

A total of 129 patients were randomized: 65 to standard of care + tocilizumab and 64 than standard treatments, the Italian Medicines Agency (Aifa), Italy’s drugs regulator which

to standard of care alone. A significantly lower proportion of patients reached the authorized the study, said in a statement on Wednesday.

primary outcome in the tocilizumab arm. Results of this study will be submitted for

publication in a peer-reviewed journal. The trial, which enrolled 126 patients, about a third of the intended number, was stopped early

after an interim analysis raised doubts about the anti-inflammatory medicine’s effectiveness.

In the Recovery clinical trial protocol, there is a second randomisation for Many other trials ongoing
patients who are critically unwell to receive tocilizumab or no treatment and if worldwide
required a second dose of tociliziumab to be given at the discretion of the Q? VCU Pauley Heart Center

treating physician within a window of 12 to 24 hours after the first dose.



CoVID-19 | Use of IL-6R blockers - summary

« Elevated (and rising) levels of CRP and IL-6 associated with worse
outcomes

« Several case-control studies suggestive of a benefit of IL-6R
tocilizumab

* Lack of benefit with Sarilumab in Regeneron clinical trial
* |nconsistent/minor benefits in Tocilizumab clinical trials

Reasons? Biases of retrospective studies? Small sample size —
insufficient power of RCTs? Inappropriate study design? Changing
profile of background therapies? Off-label use? Wrong biology?

f@\ Health @ VCU Pauley Heart Center



CoVID-19 | Simplified Pathophysiologic Scheme of COVID-19
1. Viral-induced injury
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CoVID-19 | IL-1 as a therapeutic target in COVID-19

IL-1 is also known as fever molecule and is an upstream mediator
IL-6 and CRP are surrogates for IL-1 levels

Worse prognosis in patients with higher IL-1 levels

Several case control studies suggest a beneficial effect

Several randomized controlled trials are ongoing

f@\ Health @ VCU Pauley Heart Center



CoVID-19 | Anakinra case-control studies in COVID-19

Interleukin-1 blockade with high-dose anakinra in patients
with COVID-19, acute respiratory distress syndrome, and
hyperinflammation: a retrospective cohort study

Giulio Cavalli, Giacomo De Luca, Corrado Campochiaro, Emanuel Della-Torre, Marco Ripa, Diana Canetti, Chiara Oltolini, Barbara Castiglioni
Chiara Tassan Din, Nicola Boffini, Alessandro Tomelleri, Nicola Farina, Annalisa Ruggeri, Patrizia Rovere-Querini, Giuseppe Di Lucca,
Sabina Martinenghi, Raffaella Scotti, Moreno Tresoldi, Fabio Ciceri, Giovanni Landoni, Alberto Zangrillo, Paolo Scarpellini, Lorenzo Dagna

29 patients treated with high-dose anakinra 10 mg/kg 1V daily

and 16 matched controls

OTHER CASE SERIES PUBLISHED

Health.
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(¥a)
—— High-dose anakinra  HR 0-20, 95% Cl 0-04-0-63
—— Standard treatment  p=0-009
0 T T T
0 7 14 21
Number at risk
High-dose anakinra 29 27 26 26
Standard treatment 16 12 9 9
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CoVID-19 | Anakinra case-control studies in COVID-19

Anakinra for severe forms of COVID-19: a cohort study

Thomas Huet, Héléne Beaussier, Olivier Voisin, Stéphane Jouveshomme, Gaélle Dauriat, Isabelle Lazareth, Emmanuelle Sacco,
Jean-Marc Naccache, Yvonnick Bézie, Sophie Laplanche, Alice Le Berre, Jérome Le Pavec, Sergio Salmeron, Joseph Emmerich, Jean-jacques Mourad,

Gilles Chatellier, Gilles Hayem

Ana-COVID study

52 patients treated with anakinra
100 mg x2/day for 3 days

then 1/day for 7 days
and 44 matched controls

Probability of event-free survival

Number at risk
(number censored)
Anakinragroup 52 47 42

Historicalgroup 44 25 16

A Death or invasive mechanical ventilation in the ICU
1.0 — Historical group
0.9 —— Anakinra group
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034
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HR 0-22 (95% C1 0-11-0-41); p<0-0001
00 T T T T

HR 0-30 (95% Cl 0-12-0-71); p=0-0063

C Invasive mechanical ventilation in the ICU

HR 0-22 (95% Cl 0-09-0-56); p=0-0015
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Figure 1: Kaplan-Meier cumulative estimates of probability of death or invasive mechanical ventilation in the ICU (A), death (B) and invasive mechanical ventilation in the ICU (C) in the
anakinra group compared with the historical group

HR=hazard ratio. ICU=intensive care unit.




CoVID-19

Early IL-1 receptor blockade in severe inflammatory

respiratory failure complicating COVID-19

Raphaél Cauchois™', Marie Koubi®'®, David Delarbre®, Cécile Manet®, Julien Carvelli®, Valery Benjamin Blasco®,

Rodolphe Jean®®, Louis Fouchef®, Charleric Bomet9, Vanessa Pauly", Karin Mazodier?, Vincent Pestre<®,
Pierre-André Jarrot®®, Charles A. Dinarello2@®, and Gilles Kaplanski®2¢

*Division of dinial Immunology, Aix-Marseille Université, Assistance Publique-Hopitaux de Marseille, 13005 Marseille, France; Division of Internal
Medicine, L'hdpital d'Instruction des Armées Sainte Anne, 83000 Toulon, France; “Division of Internal Medicine, Centre Hospitalier Henri Duffaut, 84

Avignon, France; “Réanimation des Urgences, Assistance Publique-Hopitaux de Marseille, 13005 Marseille, France; “Réanimation Polyvalente des

Pathologies du Foie, Assistance Publique-Hopitaux de Marseille, 13005 Marseille, France; fRéanimation des Bralés, Assistance Publique-Hopitaux de
Marseille, 13005 Marseille, France; SPharmacy, Assistance Publique-Hdpitaux de Marseille, 13005 Marseille, France; "Department of Medical Informat

Assistance Publique-Hopitaux de Marseille, 13005 Marseille, France; and 'Department of Medicine, University of Colorado, Aurora, CO 80045

PNAS 2020

Marseille’s experience

Health.

Anakinra cas—control study in severe COVID-19
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Fig.

who received anakinra or in controls. IQR, interquartile range.

1. (A) Daily disposition of the 12 patients treated with anakinra and the 10 control patients treated with standard of care only; the total dose of
anakinra for each patient is indicated in parentheses. (B) Body temperatures (degrees Celsius), and CRP (milligrams per liter) evolution over time, in patients

iter



CoVID-19 | Canakinumab case-control study in COVID-19

Canakinumab is an |IL-1beta targeted antibody

Canakinumabina  Qaudio Ucciferri, Antonio Auricchio
subgroup of patients Marta DiNicola, Nicola Potere,

with COVID-19 AntonioAbbgtg an.cesco Gpdlon ., 100
Jacopo Vecchiet, *Katia Falasca >
k falasca@unich.it LEC, e J S
g N T 300 ©
Lancet Rheum 2020 e N iy
£ 100 N 200 &
10 patients severe COVID-19 S
: 50
on suppl O2 via NC - # ________ 100
with elevated CRP -
Before After After
10 matched controls Canakinumab 3 days 7 days
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Anakinra and Canakinumab — our old friends in Cardiology

Interleukin-1 Blockade Inhibits the Acute Inflammatory Response in

VCUARTS3 study w/ Anakinra

=

Patients With ST-Segment—Elevation Myocardial Infarction

Antonio Abbate, MD, PhD; Cory R. Trankle, MD; Leo F. Buckley, PharmD; Michael J. Lipinski, MD, PhD; Darryn Appleton, MD;

Dinesh Kadariya, MD; Justin M. Canada, PhD; Salvatore Carbone, PhD; Charlotte S. Roberts, NP; Nayef Abouzaki, MD;

Ryan Melchior, DO; Sanah Christopher, MD; Jeremy Turlington, MD; George Mueller, DO; James Garnett, MD; Christopher Thomas, MD;

o

American

Heart

Association.

Roshanak Markley, MD; George F. Wohlford, PharmD; Laura Puckett, RN; Horacio Medina de Chazal, MD; Juan G. Chiabrando, MD;
Edoardo Bressi, MD; Marco Giuseppe Del Buono, MD; Aaron Schatz, MD; Chau Vo, MD; Dave L. Dixon, PharmD;
Giuseppe G. Biondi-Zoccai, MD, MStat; Michael C. Kontos, MD; Benjamin W. Van Tassell, PharmD
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Anakinra and Canakinumab — our old friends in Cardiology

ORIGINAL ARTICLE  REDHART study w/ Anakinra

Circ HF 2017

Interleukin-1 Blockade in Recently
Decompensated Systolic Heart Failure

Results From REDHART (Recently Decompensated Heart F:
Anakinra Response Trial)

PPPPPPP

-0l

CRP (mg/1)

Weeks 0 2 4 12 24 0 2 4 12 24 0 2 4 12 24

Treatment Placebo Anakinra (2 weeks) Anakinra (12 weeks)

Health.

Survival free of hospital re-admission for HF

100%

80%

60%

40%

20%

Anakinra (12 weeks)

Anakinra (2 weeks)

- —— -

g —: - : Placebo (12 weeks)

Placebo
Anakinra (2 weeks)
Anakinra (12 weeks)

12 24
Time (weeks)
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Anakinra and Canakinumab — our old friends in Cardiology

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

C

Antiinflammatory Therapy with
anakinumab for Atherosclerotic Disease

P.M. Ridker, B.M. Everett, T. Thuren, J.G. MacFadyen, W.H. Chang, C. Ballantyne,
F. Fonseca, J. Nicolau, W. Koenig, S.D. Anker, J.J.P. Kastelein, J.H. Cornel, P. Pais,

L. Vi

@

D. Pella, J. Genest, R. Cifkova, A. Lorenzatti, T. Forster, Z. Kobalava,
da-Simiti, M. Flather, H. Shimokawa, H. Ogawa, M. Dellborg, P.R.F. Rossi,
R.P.T. Troquay, P. Libby, and R.J. Glynn, for the CANTOS Trial Group*

N Engl J Med 2017

Health.

B Primary End Point with Canakinumab, 150 mg, vs. Placebo

257 Hazard ratio, 0.85 (95% Cl, 0.74—0.98)
B0 P=0.021
90|
| .
3 ;\E; 80— 15_
-~
T <
S8 60
<%
g Ll
=1 b 40
S s
g E
3 a 20-
0_
0
Years
No. at Risk
Placebo 3344 3141 2973 2632 1266 210
Canakinumab 2284 2151 2057 1849 907 207

Q’ VCU Pauley Heart Center




CoVID-19 | CAN-COVID: Canakinumab in severe COVID-19

Study Design

Canakinumab
+SOC
n=225 Study Period Follow-up
Screening Assessments every day during hospitalization (by phone once patient
up to Day 29 or discharge discharged)
Placebo
+ SOC
N=225
Day 15 Day 29 Day 57 Day 127
-24 hrsto 0 Dosing 28 Days post treatment Up to Day 127
hrs Day 1

Once a patient is discharged, follow-up to be conducted by phone; patient will not need to return
to the site for in-person visits.

VCU is #1 enrolling site, 47 patients enrolled as of 7/29/2020
88% enrollment completed
No safety concerns observed

Healthw @ VCU Pauley Heart Center




CoVID-19 | Urgent need to find access to COVID-19 treatments

* Where to start? What challenges?

« Rapidly evolving scenarios

l@* Health. Q) VCU Pauley Heart Center



CoVID-19 | Dexamethasone UK RECOVERY Trial

« Rationale: inflammatory biomarkers predict worse outcomes
« Beneficial effects in other pulmonary infections and critical illnesses
 However concerns about viral clearance

« Chinese guidelines recommended glucocorticoids for severe/critical
forms of COVID-19 pneumonia, WHO recommended against it

f@\ Health @ VCU Pauley Heart Center



CoVID-19 | Steroids in severe pulmonary disease

N Engl J Med 1990

Vol. 323 No. 21 CORTICOSTEROIDS FOR P. CARINII PNEUMONIA IN AIDS — BOZZETTE ET AL. 1451

A CONTROLLED TRIAL OF EARLY ADJUNCTIVE TREATMENT WITH CORTICOSTEROIDS
FOR PNEUMOCYSTIS CARINII PNEUMONIA IN THE ACQUIRED IMMUNODEFICIENCY
SYNDROME

SamueL A. Bozzette, M.D., FRED R. SATTLER, M.D., Josepn CHiu, M.D., ALBerT W. Wu, M.D,,
DanieL GrucksTEIN, M.D., CaroL KEmPER, M.D., AnGIE BarTOK, M.P.H.,

Jeannie Niosi, B.S., Ian ABramson, PH.D., JEaANINE CoFFMaN, R.N.; CLalRe HuGHLETT, R.N_,
RonaLpo Lova, P.A., BRerT CasseEns, M.D., Bisuer Akir, M.D., Tze-Cuiane MEng, M.D.,
C. Tuomas BoyLEN, M.D., DonaLDp NieLsen, M.D., DoucLas D. Ricuman, M.D.,
JeremiaH G. TiLLes, M.D., Joun LeepoM, M.D., J. ALLeN McCutchHan, M.D,,

AND THE CALIFORNIA COLLABORATIVE TREATMENT GROUP*
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Figure 1. Cumulative Risk of an Unfavorable Outcome over a
Period of 31 Days.

The risk of respiratory failure (left panel) was 0.14 in the cortico-

steroid group (OJ) and 0.30 in the standard-treatment group (X)

(P = 0.004). The risks of death (right panel) were 0.11 and 0.23,
respectively (P = 0.009).

Journal of Cardiothoracic and Vascular Anesthesia

journal homepage: www.jcvaonline.com

Original Article

Steroids and Survival in Critically 11 2
Adult Patients: A Meta-analysis of 135 Randomized
Trials

Subanalyses on the effect of steroids

on survival in crifically ill patients OR (95% CI)
Pneumonia * —_— 059 (043; 081)
Acute Respiratory Distress Syndrome * —_—— 064 (044; 092)
Thionic UbsToave P yDizease 0B8 (054, 137)
Infectious diseases - 083 (085; 102)
Non infectious diseases o 1068 (099; 1.14)
Liver diseases — 082 (062; 1.10)
Bacterial Meningitis —— 080 (064; 099)
Traumatic Brain Injury —— 119 (109; 131)
Cardiac surgery — 087 (072, 1.05)
Cardiac amest ——r— 114 (080; 162)
Surgical patients — 087 (072; 1.03)
Non surgical patients - 102 (096; 1.08)
Age <65 S 102 (096; 109)
Age>65 — 089 (078 1.03)
Treatment duration < 7 days - 103 (096; 1.10)
Treatment duration > 7 days — 082 (083; 104)
Blinded studies - 092 (086; 0.98)
Non blinded studies —— 119 (108; 1.30)
Published before 1990 — 086 (070; 1.08)
Published 1990-2005 - 102 (093; 1.11)
Published after 2005 - 102 (094; 1.10)
Trial size < 100 patients * - 068 (059; 0.79)
Trial size >100* o 107 (101; 1.13)
Muiticenter design o 105 (098; 1.12)
Non multicenter design —— 085 (075; 098)
Prednisolone —— 089 (081; 120)
Prednisone —_——— 086 (058; 126)
Methylprednisolone > 111 (102 121)
Dexamethasons * —— 080 (069; 0.94)
Hydrocortisone - 094 (085; 1.05)
Hydrocorisone + other drug —_— 082 (063; 135)
Methyiprednisolone + other drug —_— 084 (049; 181)
Triamcinolons —_——— 083 (052; 1.34)
Overall mortality excuding traumatic brain injury studies -+ 083 (086; 099)
Overall mortality -+ 100 (095; 1.06)

0 , : iter
Favors Steroids Favors control

*p<005



D th A All Participants (N=6425) B Invasive Mechanical Ventilation (N=1007)
exametnasone 0, e
. Rate ratio, 0.64 (95% Cl, 0.51-0.81)
Rate ratio, 0.83 (95% Cl, 0.75-0.93)
CoVID-19 |UK RECOVERY
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10 10
« >150 centers
. : . 0 0
* 6,425 patients randomized 2:1 to placebo s A S T
O r d exa m eth aso n e Days since Randomization Days since Randomization
No. at Risk No. at Risk
H 1 Usual care 4321 3754 3427 3271 3205 Usual care 683 572 481 424 400
¢ Place bO part Of a Common randomlzatlon Dexamethasone 2104 1903 1725 1659 1621 Dexamethasone 324 290 248 232 228
platfo m C Oxygen Only (N=3883) D No Oxygen Received (N=1535)
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Rate ratio, 0.82 (95% Cl, 0.72—0.94) .
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« Local and global guidelines changed the z z
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same day - Dexamethasone s SxAmEtasore
104 104 Usual care
0 | T | | 0 | | | |
0 7 14 21 28 0 7 14 21 28
Days since Randomization Days since Randomization
No. at Risk No. at Risk
Usual care 2604 2195 2018 1950 1916 Usual care 1034 987 928 897 889
Dexamethasone 1279 1135 1036 1006 981 Dexamethasone 501 478 441 421 412

Health. _ _



CoVID-19 | Retrospective analysis: Corticosteroid Use in NY

Effect of Systemic Glucocorticoids on Mortality or Mechanical Ventilation
in Patients With COVID-19

Marla J Keller, MD', Elizabeth A Kitsis, MD, MBE?, Shitij Arora, MD?, Jen-Ting Chen, MD, MS*, Shivani Agarwal, MD, MPH?®,
Michael J Ross, MD?, Yaron Tomer, MD?, William Southern, MD, MS?

'Division of Infectious Diseases, Department of Medicine, Montefiore Medical Center and Albert Einstein College of Medicine, Bronx, New York;
Division of Rheumatology, Department of Medicine, Montefiore Medical Center and Albert Einstein College of Medicine, Bronx, New York;
“Division of Hospital Medicine, Department of Medicine, Montefiore Medical Center and Albert Einstein College of Medicine, Bronx, New York;
“Division of Critical Care Medicine, Department of Medicine, Montefiore Medical Center and Albert Einstein College of Medicine, Bronx, New
York; “Division of Endocrinology, Department of Medicine, Montefiore Medical Center and Albert Einstein College of Medicine, Bronx, New York;
“Division of Nephrology, Department of Medicine, Montefiore Medical Center and Albert Einstein College of Medicine, Bronx, New York.

The efficacy of glucocorticoids in COVID-19 is unclear. was associated with significantly reduced risk of mortality
This study was designed to determine whether systemic or mechanical ventilation (odds ratio, 0.23; 95% Cl, 0.08-
glucocorticoid treatment in COVID-19 patients is 0.70), while glucocorticoid treatment of patients with CRP
associated with reduced mortality or mechanical <10 mg/dL was associated with significantly increased risk
ventilation. This observational study included 1,806 of mortality or mechanical ventilation (OR, 2.64; 95% Cl,
hospitalized COVID-19 patients; 140 were treated with 1.39-5.03). Whether glucocorticoid treatment is associated
glucocorticoids within 48 hours of admission. Early use with changes in mortality or mechanical ventilation in

of glucocorticoids was not associated with mortality or patients with high or low CRP needs study in prospective,

mechanical ventilation. However, glucocorticoid treatment  randomized clinical trials. Journal of Hospital Medicine
of patients with initial C-reactive protein (CRP) 220 mg/dL ~ 2020;15:489-493. © 2020 Society of Hospital Medicine

Subgroup

Age <40

Age 41-70

Age > 70

Diabetes (No)

Diabetes (Yes)

Glucose < 140 mg/dL

Glucoss 140-300 mg/dL
Glucosse > 300 mg/dL
C-Reactive Protein < 10 mg/dL

C-Reactive Protein 10-19.9 mg/dL

C-Reactive Protein = 20.0 mg/dL
D-Dimer < 3.0 ug/mL

D-Dimer = 3.0 ug/mL

Troponin T < 0.1 ng/mL
Troponin T = 0.1 ng/mL

Odds
Ratio (95% Cl)

[
Y

3.59(0.46, 28.10)
1.26(0.65, 2.45)
074(0.36,1.54)
0.95(0.46, 1.97)
1.07 (0.58, 1.99)
0.79(0.37, 1.68)
1.25(0.56, 2.83)
1.71(0.32, 8.96)

- B > 3.14(1.52, 6.50)

1.05(0.46, 2.39)

0.20(0.06, 0.67)

S~

2 25 33 5

<«——— Glucocorticoids Beneficial

e 1 ,806 cases TABLE 2B. Mortality or Mechanical Ventilation by CRP Value

2 3 4 5

Glucocorticoids Harmful ——

1.08 (0.63, 1.86)
0.80(0.32, 2.00)
1.12 (070, 1.81)
0.27 (0.02, 4.08)

N
219

694
974
832
889
501
146

442
198

1516

1673
130

140 treated with CRP Subgroup

corticosteroids 0.9.9 mgidL (n = 807)

J Hospital Med 2020 10199 mgidL (n = 442)

OR (95% CI) aOR* (95% (1)
264(139.5.03) 3.14 (1.52-6.50)
103 (047-2.23) 1.05 (0.46-2.39)
220 mg/dL {n = 198) 0.23 (0.08-0.70) 0.20 (0.06-0.67)

@ Health.

Abbreviations: a0OR, adjusted odds ratio; Cl, confidence interval; CRP, C-reactive protein; OR, odds ratio.

*Parsimonious model adusted for body mass Index, chronic obstructive pulmonary disease, asthma, rheumatolegic disease, previous glucocorticold use, ferritin, and procaldtonin.




Clinical Improvement
Improvement in 2 points in WHO score

CoVID-A9 What about IL-6R /
O - : - B
examethasone interaction?
ER 7
Historically controlled comparison of glucocorticoids -0
with or without tocilizumab versus supportive care el oo TR omen poo)
only in patients with COVID-19-associated cytokine ek T g
reated group
storm syndrome: results of the CHIC study Gorkol gow 89 5 “ 2 i
Treated grou Control grou
Sofia Ramiro @ ,"? Rémy L M Mostard,> César Magro—Checa,1 e s
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Martijn D de Kruif® Eric H J van Haren,? Tom van Kraaij,3 Mathie P G Leers,® 8 -
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JAMA | Original Investigation

Effect of Convalescent Plasma Therapy on Time to Clinical Improvement

in Patients With Severe and Life-threatening COVID-19

A Randomized Clinical Trial

Ling Li, MD, PhD; Wei Zhang, MC

Lili Ren, PhD; Qing Wei, MD; Hen  Figure 2. Time to Clinical Improvement in Patients With COVID-19

Convalescent plasma from donors

Most benefit seems to
be in severe disease
(<7 days from onset)

Yong Guo, PhD; Xiaoxiong Wu, M
Yu Liu, PhD; Haixia Xu, MD; E. De ‘
Jianwei Wang, PhD; Yanyun Wu, E All patients Severe disease Life-threatening disease
100- 100+ , 1001
@ Log-rank P=.26 Convalescent plasma Log-rank P=.83
o 801 80+ | 80+
¢ E —
S & 601 60 i 60
g S Convalescent plasma | ----EJ .
ES 40 40- ontro 40-
oo Control
g 201 20 20
- | Log-rank P=.03 -
0- 0  — 0- Convalescent plasma
0 7 14 21 28 0 7 14 21 28 0 7 14 21 28
Time after randomization, d Time after randomization, d Time after randomization, d
No. at risk
Control 51 46 42 35 29 22 18 16 10 7 29 28 26 25 22
Convalescent 52 49 38 28 24 23 22 11 5 2 29 27 27 23 22
plasma
@ Hea ItN. W VCU Pauley Heart Center



CoVID-19 | Novel antiviral strategy — targeted antibodies

BIOPHARMA

Regeneron starts two trials of two-

antibody antiviral cocktail for Covid-19
The company plans to test REGN-COV?2 - consisting of the SARS-CoV-

2-specific antibodies REGN10933 and REGN10987 - in four T

populations, including infected patients and uninfected people at hlgh k = il

risk of infection. >
4 ®e\" e

Currently open at VCU for infected patients - ‘. ) A
Another study for exposed patient without symptoms will ’ K /

start soon

Healthw Q’ VCU Pauley Heart Center



CoVID-19 | Colchicine for moderate COVID-19 pneumonia

9 Open.

Original Investigation | Infectious Diseases
Effect of Colchicine vs Standard Care on Cardiac and Inflammatory Biomarkers E :

. e o : e vent: NIV or IV or death
and Clinical Outcomes in Patients Hospitalized With Coronavirus Disease 2019

The GRECCO-19 Randomized Clinical Trial

Figure 2. Kaplan-Meier Curves for Survival From the Primary Clinical End Point

Spyridon G. Deftereos, MD, PhD; Georgios Giannopoulos, MD, PhD; Dimitrios A. Vrachatis, MD, MSc, PhD; Gerasimos D. Siasos, MD, MSc, PhD; ¢

Panagiotis Gargalianos, MD, PhD; Simeon Metallidis, MD, PhD; George Sianos, MD, PhD; Stefanos Baltagiannis, MD, MSc; Periklis Panagopoulos, 1.0 ! Y (Y SR S S —t1— I Colchicine
Konstantinos Dolianitis, MD, MSc; Efthalia Randou, MD; Konstantinos Syrigos, MD, PhD; Anastasia Kotanidou, MD, PhD; Nikolaos G. Koulouris, \ l_|—I_, O |
Haralampos Milionis, MD, PhD; Nikolaos Sipsas, MD, PhD; Charalampos Gogos, MD, PhD; George Tsoukalas, MD, PhD; Christoforos D. Olympios, g - — 1 | Control
Eleftheria Tsagalou, MD, PhD; llias Migdalis, MD, PhD; Styliani Gerakari, MD; Christos Angelidis, MD; Dimitrios Alexopoulos, MD, PhD; Pericles D: = c 0.8
George Hahalis, MD, PhD; loannis Kanonidis, MD, PhD; Demosthenes Katritsis, MD, PhD; Theofilos Kolettis, MD, PhD; Antonios S. Manolis, MD, | a &
Lampros Michalis, MD, PhD; Katerina K. Naka, MD, PhD; Vlasios N. Pyrgakis, MD, PhD; Konstantinos P. Toutouzas, MD, PhD; Filippos Triposkiadi: _g e
Konstantinos Tsioufis, MD, PhD; Emmanouil Vavouranakis, MD, PhD; Luis Martinéz-Dolz, MD, PhD; Bernhard Reimers, MD; Giulio G. Stefanini, b " °>’, 0.6 1
Michael Cleman, MD, PhD; John Goudevenos, MD, PhD; Sotirios Tsiodras, MD, PhD; Dimitrios Tousoulis, MD, PhD; Efstathios lliodromitis, MD, P E é
Roxana Mehran, MD, PhD; George Dangas, MD, PhD; Christodoulos Stefanadis, MD, PhD; on behalf of the GRECCO-19 investigators =
E g 0.4+
2
8 & 02
a Log rank P = .03
0 T T T T 1
0 5 10 15 20 25
Time, d
No. at risk
Colchicine 55 52 26 15 8
Control 50 43 36 15 6
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CoVID-19 | Learning Objectives

@

. Understand the challenges of

conducting research during the
COVID-19 pandemic

. Understand the key

pathophysiological therapeutic
aspects of COVID-19 research

. Review the preliminary results of

COVID-19 research to date

Health.

Q) VCU Pauley Heart Center



CoVID-19 | Unadjusted Event rates at VCU Health up to July 24, 2020
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@ ! Health.
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MANY FACTORS COME IN TO PLAY!
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Review of the preliminary results of COVID-19 trials

CoVID-19 Evidence from randomized trials is limited

Preliminary data show that Remdesivir (for 5-10 days IV) improves
outcomes in patients with severe (or critical) COVID-19 pneumonia,
early initiation preferred, most effective in reducing disease duration

Preliminary data show that Dexamethasone (6 mg daily for up to 10
days) reduces mortality in patients with severe or critical COVID-19,
with no benefit in patients with early, mild or moderate disease

Preliminary data on convalescent plasma suggest a potential benefit
in patients with severe COVID-19

Insufficient data to recommend [L-6R or IL-1 blockers — at present
the use as salvage therapy may be considered for selected critical
cases of cytokine release syndrome failing standard treatment




CoVID-19

Treatment algorithm at VCU
Updated frequently

@

Health.

COVID-19 PCR +
Symptomatic

Updated 7/17/2020

Out of
hospital

\ A

In hospital WITHOUT
02 requirement or

In hospital WITH
02 requirement

! requirement AND

Supportive
Management

available under FDA emergency use

Care Medicine as needed.

’ This figure depicts where various potential therapeutic
Figure 1. VCU Health COVID-19 options can be considered.

Treatment Options Flow Map
The various clinical trial teams are working collaboratively
under the COVID-19 Clinical Trial Committee of the VCU
Center for Clinical and Translational Research.

Treatment decisions are at the discretion of the clinical service
with input from Infectious Diseases & Pulmonary & Critical

In hospital WITH O2

: but WITHOUT 5
pneumonia phaionia pneumonia
l y
\J
Dexamethasone
i Dexamethasone
Supportive
Management +/=
+/- —
Monoclonal Abs Remdesivir 1
(REGN10933/ -
REGN10987) +/-
OR Monoclonal Abs
(REGN10933/
Convalescent REGN10987
Plasma OR
Canakinumab +4/- || Convalescent
x < ; Pl
Clinical Trials are in RED boxes; expanded st
access agents are in PURPLE boxes; drugs OR
authorization (EUA) criteria are in ORANGE MSTHOMA (entiL33| oo
boxes; other (non-trial) options are in GREEN Abl& UTTR1T47A Hidama
(IL-22 fusion protein)

boxes; boxes with double lines = agents that
are available to patients who are incarcerated.

Gray shading = targeting immune response
Yellow shading = targeting virus directly

v

Severe ARDS AND
Multi-organ Failure

A 4

Dexamethasone

+/-

Remdesivir

+/-

Monoclonal Abs
(REGN10933/
REGN10987)

OR

Convalescent
Plasma

OR

MSTT1041A (anti IL-33

Ab) & UTTR1147A
(IL-22 fusion protein)

+/-

Convalescent
Plasma

eart Center
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ospita REHIREROOEE but WITHOUT | RCRIARE . Multi-organ Failure
pneumonia phieumonia pneumonia
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CoVID-19 | Conclusions

v Learned a lot about the virus X Need better prevention and
and the disease treatments for early stage

v’ Better at detecting and disease to prevent severe iliness
diagnosing disease X Need more data on patient-

v' Have a rapid system in place to centered outcomes (i.e.
evaluate and initiate clinical symptoms resolution etc..)
trials at VCUHealth X Need additional treatments for

v Remdesivir and Dexamethasone critical disease to further reduce
show efficacy in patients with mortality

severe and critical COVID-19
@ ' Hea|th Q? VCU Pauley Heart Center



®vcuHealth. Thank you for your attention

Code for CME Credit

TEXT:
to 804-625-4041

*DO NOT FORGET THE DASH IN CODE *

In order to receive credit, you must fill out Evaluation within
30 days of today’s conference
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BACK-UP SLIDE
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CoVID-19

.3

SARS-CoV2
Spike

Viral
replication-
mediated Y
lung injury

X

Simplified Pathophysiologic
Scheme of COVID-19

The Spike (+acid
environment) triggers an
ATIl dependent lung injury
independent of the
presence of the virus
(data from SARS-CoV)

SARS-CoV2 Nat Med 2005

Spike ATn—> AT mediated
vascular

Injury

iropirin-ORF3a ACE?2
ActIiVﬁtes the NLRP3 \
nflammasome
FASEB 2019 ORF3a
Front Microb 2019 NLRP3

inflammasome =T ”_-1 B

ANAKINRA
CANAKINUMAB

H Type Il pneumocyte(s) or neutrophils

TOCILIZUMAB
SARILUMAB

1. Viral-induced injury

2. Hypoxemia a result of
dysfunction of the
alveolar-capillary
membrane as a result
of inflammation-
mediated injury

3. Angiotensin-mediated

vascular and
thrombotic effects

me(-)dtig(tegrs CytO k| ne-

P IL-6 vrre . Mmediated lung

(and vascular)
Injury
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