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OBJECTIVES

Understand role of ACE2 in SARS-CoV?2
(nCoV19) viral entry

Understand the impact of NSAIDS on
ACE2

Discuss the roles NSAIDS may play in
COVID 19 severity



Inflammation
Vasoconstriction

Anti-inflammatory
Vasodilatory

2000- DONOGHUE ET AL.

Discovery of Angiotensin Converting Enzyme 2 (ACE2)
protein

Counter part to ACE|

= Creates angiotensin |l (All)

"  Pro-inflammatory, vasoconstrictor
ACE2

" Degrades pro inflammatory All to Al-7

= Anti-inflammatory, vasodilatory



2003- LI ET AL.

=  ACE2 determined to be docking site
SARS-CoV spike protein (cellular
attachment protein)

= Binding site for corona virus cell
entry

= ACE2 docking for SARS-CoV2 highly
likely

Copyright © 2020 Juan Gaertner/Science Photo Library

Wan. | Virology 2020
Li. Nature. 2003



LANCET- MARCH | | Lancet letter

Observed fatal cases of
COVID frequently had
conditions treated with
drugs that increase ACE2

Despite large confounding
by age

Concern that drugs that
increase ACE2 may

increase disease burden

ACE inhibitor/ARB

“Ibuprofen”

Zhou. Lancet. 2020




ACE2 MODULATORS

Increase
Decrease ACE2

NSAID
A@ EZ Thiazolinediones
ACE/ARB
Mineralocorticoid antagonists
Angiotensin | Pressure overloaded disease (heart failure)

Diabetes
Inflammation

Qiao. Cardiology. 2015
Reich Kidney Int. 2008
Chamsi-Pasha Curr Heart Fail Rep. 2014
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Viral Misinformation

Michael Erman. J&J's Tylenol production at maximum capacity as coronavirus boosts demand.
https://www.reuters.com/article/us-health-coronavirus-johnson-johnson/jjs-tylenol-production-at-
maximum-capacity-as-coronavirus-boosts-demand-idUSKBN2 | 62FU. Accessed 3/31/2020



https://www.reuters.com/article/us-health-coronavirus-johnson-johnson/jjs-tylenol-production-at-maximum-capacity-as-coronavirus-boosts-demand-idUSKBN2162FU

SO,WHAT EXACTLY IS GOING!?



BIOLOGIC PLAUSABILITY

NSAID Mechanism
COX | and 2 inhibition
TACE2

NSAID
! Renal PGE synthesis

Inhibit renin secretion

 angiotensin ||

T ACE2

Acetaminophen

Decrease { PGE in brain
No ACE2 modulation

Peesa. Journal of Acute Disease 2016



Rofecoxib, Celecoxib,
Melxoicam, Flubiprofen

/7 days
Inflammatory
/arthrltls /‘éﬂ \ Nothing

Control

A 4

Inflammatory arthritis

Asghar. Inflammopharmacology. 2017



Ibuprofen

/8 weeks

I

» Control

Diabetes
_— Pioglitazone

8 weeks
Control ,

T

Control

Qiao. Cardiology. 2015
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HOW DOES ACE2
UPREGULATION
IMPACT COVIDI9?




ACE2 UPREGULATION INCREASED
INFECTIVITY?

Your cell

Less ACE2




ACE2 UPREGULATION INCREASD
INFECTIVITY?

ACE2

Your cell ACE?2 19
Your cell

Less ACE2 ‘ More ACE2



DOWN REGULATION, GOOD FOR
VIRUS!?

= HIV- secretes a downregulating nef protein
= Aid in endocytosis

= May prevent HIV secondary strain super
infection

= SARS-CoV2 also down regulates ACE2
= May lead to worse COVID 19 disease

Gurwitz Drug Dev Res. 2020



ACE2-DOWN REGULATION PATHOGENESIS

ACE2

Your cell

~ Al




ACE2-DOWN REGULATION PATHOGENESIS

19

ACE2
Your cell

~ Al

Less inflammation



ACE?2 knock out worsens pathogenesis in animal model of influenza

. ACE2 Knockout>control lung injury
ACE?2 genetic knockout

Influenza

/\
, /

Ameliorated by
administration
of soluble ACE2

Yang Sci Rep. 2014



THERAPEUTIC ACE2

Gurwitz Drug Dev Res. 2020
Batlle D Clin Sci (Lond). 2020



ACE2-NSAIDS

Known Knowns

= Theoretically plausible

=  NSAIDS increase ACE2

= Animal experimental data supports this
=  Animal studies > 7 days exposure
= Confounded by ACE2 diseases (arthritis diabetes)

= |mpact on healthy individual not clear

= Animal data does not equal human experimental
data

=  No human ACE2/NSAID literature

= Some drugs like ACE/ARB show variable impact on
human ACE2 (Vaduganathan et al.)

Known unknowns

" Does ACE2 regulation modify disease severity!?

" Are clinical outcomes different among patients
taking NSAID and have COVID|9?

No randomized control trials on use of NSAID in
COVvIDI19

No studies registered with clinicaltrials.gov evaluating

NSAID use

No COVIDI9 cohort or interventional studies have
on NSAID use




OLD RISKS, NEW DISEASE

NSAID Mechanism
COX | and 2 inhibition

Thrombosis- T TxA2 (Black Box Warning) (COX2>COXI)

Increased risk of CVA/AMI with NSAID use alone, URI alone, and
further increase with both (Wen et al.)

Increased complications?- Leukotriene T
NSAID induced bronchospasm (Sturtevant et al.)

Increased empyema in children with URI reported (Le Bourgeousis
et al.)

! PGE Gastric/Renal
Increased risk of Gl bleed (decreased Gl mucosal secretions)
Pre-renal acute kidney injury

Efficacy

899 URI patients, no significant difference between APAP and IBU
for URI symptoms (Little et al.)

Wen. Pharmacoepidemiol Drug Saf . 2018
Wen. | Infect Dis. 2017

Kotsiou OS, Respir Med. 2017

Le Bourgeois J Pediatr. 2016
Sturtevant J. N Z Dent J. 1999

Little P. BMJ. 2013

Little. BMJ 2020



TAKE AWAY

Change in NSAID prescribing due to COVID |9 premature NSAID Candidates Consider avoiding
More clinical outcome data needed

Continue long term NSAID (aspirin, gout, osteoarthritis) * Patients with low risk for ¢ Advanced age
Be aware of their current risk profile A S ) History il thr0|.11bosis
* Unable to tolerate * History of peptic ulcer of
Additional resources acetaminophen gastrointestinal bleed
Oxford Center for Evidence Based Medicine (CEBM) * Break through * Asthma
https://www.cebm.net/covid- | 9/nsaids-in-acute-respiratory-infection/ analgeSia/anti pyretic * Renal disease

Perspective-

Little P. Non-steroidal anti-inflammatory drugs and covid-19. BMJ.
2020 Mar 27;368:m1185. doi: 10.1136/bmj.m1185. PubMed PMID:
32220865.


https://www.cebm.net/covid-19/nsaids-in-acute-respiratory-infection/

REFERENCES

Asghar W, Aghazadeh-Habashi A, Jamali F. Cardiovascular effect of inflammation and nonsteroidal anti-inflammatory drugs on renin-angiotensin system in experimental arthritis. Inflammopharmacology. 2017 Apr 7.
doi: 10.1007/s10787-017-0344-1. [Epub ahead of print] PubMed PMID: 28389995.

Chamsi-Pasha MA, Shao Z, Tang WH. Angiotensin-converting enzyme 2 as a therapeutic target for heart failure. Curr Heart Fail Rep. 2014 Mar;11(1):58-63. doi: 10.1007/s11897-013-0178-0. Review. PubMed
PMID: 24293035; PubMed Central PMCID: PMC3944399.

Le Bourgeois M, Ferroni A, Leruez-Ville M, Varon E, Thumerelle C, Brémont F, Fayon MJ, Delacourt C, Ligier C, Watier L, Guillemot D; Children, Antibiotics, Nonsteroidal Anti-inflammatory Drugs and Childhood
Empyema (ChANCE) Study Group. Nonsteroidal Anti-Inflammatory Drug without Antibiotics for Acute Viral Infection Increases the Empyema Risk in Children: A Matched Case-Control Study. J Pediatr. 2016
Aug;175:47-53.e3. doi: 10.1016/j.jpeds.2016.05.025. Epub 2016 Jun 20. PubMed PMID: 27339249; PubMed Central PMCID: PMC7094675.

Day M. Covid-19: ibuprofen should not be used for managing symptoms, say doctors and scientists. BMJ. 2020 Mar 17;368:m1086. doi: 10.1136/bmj.m1086. PubMed PMID: 32184201.

Donoghue M, Hsieh F, Baronas E, Godbout K, Gosselin M, Stagliano N, Donovan M, Woolf B, Robison K, Jeyaseelan R, Breitbart RE, Acton S. A novel angiotensin-converting enzyme-related carboxypeptidase
(ACEZ2) converts angiotensin | to angiotensin 1-9. Circ Res. 2000 Sep 1;87(5):E1-9. PubMed PMID: 10969042.

Michael Erman. J&J's Tylenol production at maximum capacity as coronavirus boosts demand. https://www.reuters.com/article/us-health-coronavirus-johnson-johnson/jjs-tylenol-production-at-maximum-capacity-as-
coronavirus-boosts-demand-idUSKBN2 | 62FU. Accessed 3/31/2020

Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabetes mellitus at increased risk for COVID-19 infection? Lancet Respir Med. 2020 Mar 11. pii: S2213-2600(20)30116-8.

FDA. FDA advises patients on use of non-steroidal anti-inflammatory drugs (NSAIDs) for COVID-19 https://www.fda.gov/drugs/drug-safety-and-availability/fda-advises-patients-use-non-steroidal-anti-inflammatory-
drugs-nsaids-covid-19. Accessed. 3/29/2020

Ferrario CM, Jessup J, Chappell MC, Averill DB, Brosnihan KB, Tallant EA, Diz DI, Gallagher PE. Effect of angiotensin-converting enzyme inhibition and angiotensin Il receptor blockers on cardiac angiotensin-
converting enzyme 2. Circulation. 2005 May 24;111(20):2605-10. Epub 2005 May 16. PubMed PMID: 15897343.

Gallagher PE, Ferrario CM, Tallant EA. Regulation of ACE2 in cardiac myocytes and fibroblasts. Am J Physiol Heart Circ Physiol. 2008 Dec;295(6):H2373-9. doi: 10.1152/ajpheart.00426.2008. Epub 2008 Oct 10.
PubMed PMID: 18849338; PubMed Central PMCID: PMC2614534.

Gurwitz D. Angiotensin receptor blockers as tentative SARS-CoV-2 therapeutics. Drug Dev Res. 2020 Mar 4. doi: 10.1002/ddr.21656. [Epub ahead of print] PubMed PMID: 32129518.

Jaya Preethi Peesa, Prasanna Raju Yalavarthi, Arun Rasheed, Venkata Basaveswara Rao Mandava. A perspective review on role of novel NSAID prodrugs in the management of acute inflammation. Journal of
Acute Disease 2016, 5 (5) , 364-381

K. Willsher Anti-inflammatories may aggravate Covid-19, France advises, The Guardian (2020).

Keidar S, Gamliel-Lazarovich A, Kaplan M, et al. Mineralocorticoid receptor blocker increases angiotensin-converting enzyme 2 activity in congestive heart failure patients. Circ Res. 2005;97(9):946-953.

Keidar S, Gamliel-Lazarovich A, Kaplan M, Pavlotzky E, Hamoud S, Hayek T, Karry R, Abassi Z. Mineralocorticoid receptor blocker increases angiotensin-converting enzyme 2 activity in congestive heart failure
patients. Circ Res. 2005 Oct 28;97(9):946-53. Epub 2005 Sep 22. PubMed PMID: 16179584.

Kotsiou OS, Zarogiannis SG, Gourgoulianis Kl. Prehospital NSAIDs use prolong hospitalization in patients with pleuro-pulmonary infection. Respir Med. 2017 Feb;123:28-33. doi: 10.1016/j.rmed.2016.12.005. Epub
2016 Dec 12. PubMed PMID: 28137493.

Kuba K, Imai Y, Rao S, et al. A crucial role of angiotensin converting enzyme 2 (ACE2) in SARS coronavirus-induced lung injury. Nat Med. 2005 Aug;| 1(8):875-9.

Li WH, Moore MJ, Vasilieva N, Sui JH, Wong SK, Berne MA, Somasundaran M, Sullivan JL, Luzuriaga K, Greenough TC, Choe H, Farzan M. 2003. Angiotensin-converting enzyme 2 is a functional receptor for the SARS coronavirus. Nature
426:450 — 454.

Little P, Moore M, Kelly J, etal. PIPS Investigators. Ibuprofen, paracetamol, and steam for patients with respiratory tract infections in primary care: pragmatic randomised factorial trial. BMJ 2013;347:f6041.. 10.1136/bmj.f6041 24162940
Little P. Non-steroidal anti-inflammatory drugs and covid-19. Mar 27 BMJ 2020;368:m1185.



https://www.reuters.com/article/us-health-coronavirus-johnson-johnson/jjs-tylenol-production-at-maximum-capacity-as-coronavirus-boosts-demand-idUSKBN2162FU

REFERENCES

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ; HLH Across Speciality Collaboration, UK. COVID-19: consider cytokine storm syndromes and
immunosuppression. Lancet. 2020 Mar 16. pii: S0140-6736(20)30628-0. doi: 10.1016/S0140-6736(20)30628-0. [Epub ahead of print] PubMed PMID: 32192578.

Michel, N., Allespach, I., Venzke, S., Fackfmicheller, O. T., & Keppler, O. T. (2005). The Nef protein of human immunodeficiency virus establishes superinfection immunity
by a dual strategy to downregulate cellsurface CCR5 and CD4. Current Biology, 15(8), 714—-723.

NHS. Self isolation advice. https://www.nhs.uk/conditions/coronavirus-covid-19/self-isolation-advice/. Accessed 3/29/2020

NSAIDs in Acute Respiratory Infection. Center for evidence based medicine. https://www.cebm.net/covid-19/nsaids-in-acute-respiratory-infection/. Accessed 3/29/2020
Qiao W, Wang C, Chen B, et al. Ibuprofen attenuates cardiac fibrosis in streptozotocin-induced diabetic rats. Cardiology. 2015;131(2):97-106. doi:10.1159/000375362
Reich HN, Oudit GY, Penninger JM, Scholey JW, Herzenberg AM. Decreased glomerular and tubular expression of ACE2 in patients with type 2 diabetes and kidney
disease. Kidney Int. 2008 Dec;74(12):1610-6. doi: 10.1038/ki.2008.497. Epub 2008 Oct 1. PubMed PMID: 19034 303.

Sturtevant J. NSAID-induced bronchospasm--a common and serious problem. A report from MEDSAFE, the New Zealand Medicines and Medical Devices Safety
Authority. N Z Dent J. 1999 Sep;95(421):84. PubMed PMID: 10561993.

Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor recognition by novel coronavirus from Wuhan: An analysis based on decade-long structural studies of SARS. J
Virology 2020; published online Jan 29.

Wen YC, Hsiao FY, Chan KA, Lin ZF, Shen LJ, Fang CC. Acute respiratory infection and use of nonsteroidal anti-inflammatory drugs on risk of acute myocardial infarction:
a nationwide case-crossover study. J Infect Dis2017;215:503-9. doi:10.1093/infdis/jiw603 pmid:28158479

Wen YC, Hsiao FY, Lin ZF, Fang CC, Shen LJ. Risk of stroke associated with use of nonsteroidal anti-inflammatory drugs during acute respiratory infection episode.
Pharmacoepidemiol Drug Saf 2018;27:645-51. 10.1002/pds.4428 29659118 5

Yang P, Gu H, Zhao Z, Wang W, Cao B, Lai C, Yang X, Zhang L, Duan Y, Zhang S, Chen W, Zhen W, Cai M, Penninger JM, Jiang C, Wang X. Angiotensin-converting
enzyme 2 (ACE2) mediates influenza H7N9 virus-induced acute lung injury. Sci Rep. 2014 Nov 13;4:7027. doi: 10.1038/srep07027. PubMed PMID: 25391767; PubMed
Central PMCID: PMC4229671.

Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. 2020 Mar
11. pii: S0140-6736(20)30566-3. doi: 10.1016/S0140-6736(20)30566-3. [Epub ahead of print] Erratum in: Lancet. 2020 Mar 12;:. PubMed PMID: 32171076.

Zoe Schiffer.The verge A viral text warns taking Advil could make COVID-19 symptoms worse, but experts say it's unfounded
https://www.theverge.com/2020/3/27/21197188/advil-coronavirus-symptoms-covid-19-text-misinformation-twitter. Accessed 3/29/2020



Figure 1. New and existing drugs interfering with the renin-angiotensin (Ang) system cascade.
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Ghazi L and Drawz P. Advances in understanding the renin-angiotensin-aldosterone system
(RAAS) in blood pressure control and recent pivotal trials of RAAS blockade in heart failure and F]CIDResearCh

diabetic nephropathy [version 1]. F1000Research 2017, 6:297 (doi:
10.12688/f1000research.9692.1)



Interaction between SARS-
CoV-2 and the Renin-
Angiotensin—Aldosterone

System.

MVADUGANATHAN ET AL. N ENGL |

MED 2020. DOI:
10.1056/NEJMSR2005760
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Clin Sci (Lond) Volume 134 Issue 5 2020 543-545 10.1042/CS20200163

Figure 1

Soluble angiotensin-converting enzyme 2: a potential approach for
coronavirus infection therapy?



* Angll = lunginjury
* Unclear upregulation of
ACE2 in humans

e ARB — more ACE2 on cells
— less lung injury in
animal models

* ACEl improve pneumonia
outcomes

 SARS-CoV2 downregulates
ACE2, decreasing levels

Hypothesis: More ACE2
could be good

Ang Il ¢ in shock
Upregulation of ACE2 -
more viral entry?

ARBs increase ACE2 in the
gut - fecal-oral spread of
SARS-CoV?2

Ang Il - decreased ACE2
on cells = less viral entry?

Anecdotal benefit of Ang Il
used as a pressor in COVID

Hypothesis: Less ACE2 is
good

ACEI/ARB: Beneficial

ACEI/ARB: Harmful



Sparks MA, Hiremath S et al.
"The Coronavirus Conundrum:
ACE2 and Hypertension
Edition” NephlC
http://www.nephjc.com/news/
covidace?2 Accessed 3/31/2020.



http://www.nephjc.com/news/covidace2

ONGOING TRIALS

=  Observational

= [taly: Retrospective, ACEl or ARB use (CODIV-ACE)
= UK: Matched prospective case-control ACEI vs not

=  Wuhan, China: Case-control ACEIl vs not
= Investigational

= Minnesota: outpatient losartan 25 mg vs placebo

= Minnesota: inpatient losartan 25 mg vs placebo



Anti-hypertensive Angiotensin Il receptor blockers associated to mitigation of
disease severity in elderly COVID-19 patients

Yingxia Liu, Fengming Huang, Jun Xu, Penghui Yang,Yuhao Qin, Mengli Cao, Zhaogin Wang, Xiache Li,
Shaogeng Zhang, Lu Ye, Jingjun Ly, Jie Wei, Tuxiu Xie, Hong Gao, Kai-Feng Xu, Fusheng Wang, Lei Liu,
Chengyu Jiang

doi: https://doi.org/10.1101/2020.03.20.20039586

Chow et al. Anesthesia & Analgesia: March 23, 2020 preprint



Chow et al. Anesthesia & Analgesia: March 23, 2020 preprint



ACEI AND ARB RETROSPECTIVE DATA

= 78 patients in China with COVID-19 and HTN

" For age > 65 with HTN (46 pts), severe disease was greatly reduced in those who took ARBs prior to
hospitalization

= ...based on |0 patients on ARBs



Liu et al. Anti-hypertensive Angiotensin Il receptor blockers associated to mitigation of disease severity in elderly COVID-19 patients. medRxiv
preprint: https://www.medrxiv.org/content/10.1101/2020.03.20.20039586v1



Liu et al. Anti-hypertensive Angiotensin Il receptor blockers associated to mitigation of disease severity in elderly COVID-19 patients. medRxiv
preprint: https://www.medrxiv.org/content/10.1101/2020.03.20.20039586v1



WHAT CAN BE SAID CONFIDENTLY?

= |t is uncertain if ACEls and ARBs worsen or improve outcomes of COVID-19

= Patients chronically taking ACEls or ARBs should not stop therapy pending trials given clear benefit in heart
failure, HTN, and CKD, plus the uncertain risk-benefit ratio in COVID

= |t is uncertain if angiotensin Il is of additional benefit or detriment in treatment of COVID-19
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REMDESIVIR (GS-5734)

Mechanism of Action: Interference with viral RNA-dependent RNA polymerase; premature termination of viral RNA
transcription

Status: Investigational, COVID- 19 Phase Il trials ongoing

Formulation: Intravenous only

Dosing: 200 mg IV loading dose, then 100 mg IV daily for 5-10 days
Pediatric Dosing: 5 mg/kg IV loading dose (max 200 mg), then 2.5 mg/kg IV daily (max 100 mg)

Manufacturer: Gilead Sciences

*Optimal duration currently under investigation Tchesnokov;Viruses 2019.



REMDESIVIR STRUCTURE ACTIVITY RELATIONSHIP

Monophosphoramidate I’Cyano
C-adenosine Nucleoside Analog

Siegel; ACS 2017.



REMDESIVIR STRUCTURE ACTIVITY RELATIONSHIP

Monophosphoramidate |I’'Cyano
C-adenosine Nucleoside Analog

Siegel; ACS 2017.



REMDESIVIR STRUCTURE ACTIVITY RELATIONSHIP

C-Adenosine Analog Monophosphate Form Remdesivir
Rate limiting phosphorylation Charge reduces permeability Neutral charge, bypasses rate
limiting step

Siegel; ACS 2017.



REMDESIVIR STRUCTURE ACTIVITY RELATIONSHIP

®

Monophosphoramidate [’Cyano
C-adenosine Nucleoside Analog

Siegel; ACS 2017.



REMDESIVIR STRUCTURE ACTIVITY RELATIONSHIP

— ( )—

C-Adenosine Analog Remdesivir

Poor selectivity, highly cytotoxic |’Cyano modification confers selectivity

Siegel; ACS 2017.



REMDESIVIR (GS-5734) PHARMACOKINETICS

Distribution: Unbound 12.1%;Widely distributed

Bladder, kidneys, liver, prostate gland, salivary gland (mandibular), pancreas
Seminal vesicle, epididymis, testes
Poorly crosses blood-brain barrier

Metabolism: Phosphoramidate prodrug activated by esterases; CYP3A4 substrate
Elimination: Rats - Urine 63%, feces 27.8%

Remdesivir (GS-5734) Nucleoside Metabolite (GS-441524)

Cro 2.6 pg/ml 0.14-0.15 pg/mL
T ; 2.75-4 hr
Half-life 0.84-1.04 hr 20.4-25.3 hr

Personal Communication, Gilead; 3/13/2020.



SAFETY

= Multiple-dose, 5-14 days
= Any TEAE - 56-72%;All Grade 1-2

= ALT/AST increase
= Onset 5-25 days; resolution 3-47 days

=  Phlebitis

= Constipation

= Dyspepsia

= Extremity pain
" Headache

= Nausea

= Ebola RCT

=  Single patient experienced hypotension and cardiac arrest after
RDV initiation; cannot be distinguished from fulminant Ebola



SAFETY

Multiple-dose, 5-14 days
Any TEAE - 56-72%;All Grade |-2

ALT/AST increase
Onset 5-25 days; resolution 3-47 days

Phlebitis
Constipation
Dyspepsia
Extremity pain

Headache

Nausea

Ebola RCT

Single patient experienced hypotension and cardiac arrest after
RDV initiation; cannot be distinguished from fulminant Ebola

Sulfobutylether-B Cyclodextrin (SBECD)
Remdesivir 150 mg solution -9 g

Remdesivir 150 mg lyophylized powder - 4.5 g
Voriconazole 400 mg - 6.4 g

Does NOT meet NIOSH/ASHP criteria for
a hazardous compound

Consult updated pharmacy instructions from
Gilead for additional information

Personal Communication, Gilead; 3/18/2020.



INVITRO ACTIVITY

Filoviridae Paramyxoviridae Pneumoviridae Orthocoronaviridae
Ebola Measles Respiratory HCoV-NLé3
Marburg Mumps Syncytial Virus HCoV.OC43
Nipah Human . HCoV-229E
Metapneumovirus
Hendra HCoV-HKU |
MERS
SARS-CoV-1|
SARS-CoV-2

Brown;Antivir Res 2019.

HCoV = Human Coronavirus; MERS = Middle East Respiratory Syndrome; Lo; Sci Rep 2017.
SARS = Severe Acute Respiratory Syndrome Sheahan; Sci Transl Med 2017.



INVITRO ACTIVITY

EC50 (cells) CC50 (cells) Selectivity Index

SARS-CoV-2 0.77 uM (Vero E6) >100 uM (Vero E6) >130
SARS-CoV-1 0.069 uM (HAE) > 10 uM (HAE) > |44
MERS 0.074 uM (HAE) > 10 pM (HAE) >135
Ebola 0.086 uM (MCr) 6.1 (Hep-2) N/A

EC50 = 50% effective concentration; CC50 = 50% cytotoxic concentration; Selectivity Index = CC50/EC50;Vero E6 = African
monkey kidney cells; HAE = human airway epithelial cells; MCr = macrophages; Hep-2 = human epithelial type 2 cells

Gordon; ] Bio Chem 2020.
Sheahan; Sci Transl Med 2017.
Agostini; Am Soc Micro 2018.

Yao; CID 2020.



INVITRO ACTIVITY

EC50 (cells) CC50 (cells) Selectivity Index

SARS-CoV-2 0.77 pM (Vero E6) >100 pM (Vero E6) >130

SARS-CoV-I SARS-CoV-2 ECg, > |0 uM (HAE) > |44
MERS Ribavirin 109.5 uM > |10 uM (HAE) >|35
Penciclovir 95.96 uM

Ebola Favipiravir 61.9 yM 6.1 (Hep-2) N/A
Hydroxychloroquine 0.77 uM

Chloroquine 1.13-5.47 uyM

Gordon; | Bio Chem 2020.
Sheahan; Sci Transl Med 2017.
Agostini;Am Soc Micro 2018.

Yao; CID 2020.



CORONAVIRUSES AND PROOFREADING

Removed by
proofreading

Ribavirin Penciclovir Favipiravir

Maintains activity;
high fitness cost Agostini; mBio 2018,
Smith; PLoS Pathog 2013.
o Wang; Cell Res 2020.
Remdesivir Jordan; AAC 2018.




INVIVO ANIMAL PROPHYLAXIS

SARS-CoV-|

MERS

*MERS-infected mice showed improved survival; rhesus macaques euthanized day 6 post-infection unable to determine
survival impact of remdesivir

De wit E; Proc Natl Acad Sci 2020.
Sheahan; Nat Comm 2020.
Sheahan; Sci Transl Med 2017.



INVIVO ANIMAL TREATMENT
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(Day 1) (Day 2)
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*MERS-infected mice did not show improved survival; rhesus macaques euthanized day 6 post-infection unable to
determine survival impact of remdesivir; Macaques in Ebola model were euthanized if deemed clinically moribund

Agostini; mBio 2018.
Smith; PLoS Pathog 201 3.
Wang; Cell Res 2020.
Jordan; AAC 2018.



“A drug that inhibits viral replication may be of little
use once virus replication has reached its peak...”

De Wit; PNAS 2020.
Zou; NEJM 2020.



RANDOMIZED, CONTROLLED EBOLA TRIAL

I:1:1:1
Standard of Care + Stratified on cycle-threshold (i.e. viral load)
1° Outcome: 28 day mortality

ZMapp Remdesivir

(Control) (RDV) REGN-EB3 MAbDI 14
Triple monoclonal 200 mg load Triple monoclonal Single Ebola survivor
antibody 100 mg daily x9-13d antibody monoclonal

Mulangu; NEJM 2019.



RANDOMIZED, CONTROLLED EBOLA TRIAL

= Similar duration of symptoms (~5.5 days)/viral load
= Per day OR 1.12 (1.00-1.24)

= Baseline characteristics generally well matched
= Higher SCr/LFTs in ZMapp/RDV (sicker?)

= ZMapp and RDV arms halted; mortality signal

Mulangu; NEJM 2019.



RANDOMIZED, CONTROLLED EBOLA TRIAL

Similar duration of symptoms (~5.5 days)/viral load
Per day OR 1.12 (1.00-1.24)
Baseline characteristics generally well matched

Higher SCr/LFTs in ZMapp/RDV (sicker?)
ZMapp and RDV arms halted; mortality signal

Started too late? (latest start day 3)
Flaw in animal model?
Standard of care/resources?

Mulangu; NEJM 2019.



FIRST U.S. COVID-19 CASE REPORT
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SARS-CoV-2 (+) Streaky opacities/rales
Admitted Supplemental O,
SARS-CoV-2 (+)
RDV (evening)

Mulangu; NEJM 2019.



FIRST U.S. COMMUNITY TRANSMITTED CASE REPORT

40s F,
Flu-like lliness x3 SARS-CoV-2 testing SARS-CoV-2 (+)
days to OSH request denied off paralytics SARS-CoV-2 (-) x2

RDYV requested 24 hr apart

(1) Days 11-20 (20) (29)

RDV x 10 days
prone Discharged
ARDS/Intubation RVP/Bacterial Cx (-) stopped/extubated
ECLS transfer SARS-CoV-2 floor transfer
proned/paralyzed testing approved
vasopressors

Sanville; CID 2020.

ARDS = Acute respiratory distress syndrome; ECLS = extracorporeal life support; RVP = Respiratory viral panel



CONCLUDING REMARKS

e Current data insufficient to draw definitive conclusions
* Seemingly well tolerated in published COVID-19 cases
* Clinical trials and compassionate use ongoing

“[...] scientists are patiently waiting for the final results of these
ongoing trials.”

Al-tawfig; Trav Med Inf Dis 2020.



CURRENT INVESTIGATIONS

Adaptive NIAID n = 440 RDV vs. PCB; Adaptive eGFR < 50 mL/min 4/1/2023
Moderate Gilead SpO, 2 94%; n = 600 5 vs. 10 days RDV vs.SOC CrCl < 50 mL/min 5/2020
Severe* Gilead SpO, < 94%;n = 400 5 vs. 10 days RDV CrCl < 50 mL/min 5/2020
Expanded USAMR U.S. DoD-Affiliates; All age RDV eGFR < 30 mL/min --
Mild/Mod (Ch) CMU SpO, > 94%; n = 308 RDV vs. PCB eGFR < 30 mL/min 4/27/2020
Severe (Ch) CMU SpO, < 94%;n = 453 RDV vs. PCB eGFR < 30 mL/min 5/1/2020

RDV = remdesivir; PCB = placebo; USAMR = U.S.Army Medcial R&D Command; CMU = Capital Medical University, Beijing
*All data current as of 3/31/2020, subject to change

Source: ClinicalTrials.gov
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ON-DEMAND RESOURCES

All webinars are recorded and posted to the ACMT website
PDFs of webinar slides are also available on the website

Questions? Email: info@acmt.net

www.acmt.net/COVID-19 WVebinars
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