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Rationale to Choose Potential Therapeutics
in the Context of Disease Patterns*

* Currently available

* Antiviral activities against SARS-CoV-2
* PK/PD

* Clinical studies

* Tolerable safety profile

e Convenient administration

*Viral kinetics & Host response



Disease Pattern of COVID-19

Lab diagnostic

Mild: 2 wks; Severe/critical: 3-6 wks

Isolation/hospitalization

80%

Moderate

14% Severe
6% Critical |

t Isolation/hospitalization

WHO China Joint Mission on Coronavirus Disease 2019

Recovery




Clinical Courses of Hospitalized COVID-19 Patients

Survivors

Fever

Cough

Dyspnoea
ICU admission

Systematic corticosteroid
SARS-CoV-2 RNA positive
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Sepsis  ARDS Discharged

Non-survivors

Fever

Cough

Dyspnoea
ICU admission

Invasive ventilation

Systematic corticosteroid
SARS-CoV-2 RNA positive
Daysafterillnessonset Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day10 Day1l Day12 Day13 Day14 Day15 Day16 Day17 Day18 Day19 Day20

LVP/r: 21%; time to LVP/r, 14 days 4 $ T t
Steroid: 30%; time to steroid, 12 days psis ARDS | _s_econdaryinfect%efth
IVIG 24%; time to IVIG, ? Wb il

Zhou F, et al. Lancet. 2020



High SARS-CoV-2 Viral Loads at Symptom Onset
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Prolonged SARS-CoV-2 Shedding, Esp. Severe Patients

B Mild, n=46
B Severe, n=30

Severe
J

LiuY, et al. Lancet Infect Dis. 2020



1a Fusion @ Possible
A

= = treatment
-8 . » Monoclonal antibodies,
ﬂ‘{ ;— convalescent plasma
S
ST 1b Endocytosis

ﬁTM PRSS2 &
ACE2 -

2 Translation

: - Chloroquine,
\FgllilaA{ RIDBSeIes hydroxychloroquine

Polypeptide l
chains

3 Proteolysis 1 <—[Lopinavir—ritonavir]

Replication-
transcription complex

RNA-dependent
RNA polymerase

Remdesivir]

Endoplasmic
reticulum

6 Virion
release

Kupferschmidt K, et al.



Repurposing & Developing Therapeutics for
SARS-CoV-2

Remdesivir, favipiravir

Chloroquine/ Hydroxychloroquine

Lopinavir/ritonavir I Interferons

(fé? \, World Health

e Kinase inhibitors " Organization

 Mycophenolic acid
* Cyclosporin
* Estrogen modulating drugs

Solidarity Trial

7
Zumla A, et al. Nat Rev Drug Discov. 2016; Mo Y, et al. ] Antimicrob Chemother. 2016; Dyall J et al. Drugs. 2017



Summary of Potential Therapeutics

In silico In Vitro Animal Human

Medication Mechanism of Action Status ) ) . .
analysis studies experiments studies

Remdesivir RdRp inhibitors

Increasing the

Chloroquine/ intracellular pH &
Hydroxychloroquine interfering with ACE2

glycosylation

Favipiravir RdRp inhibitors

Lopinavir Protease inhibitors

Interferon Exogenous interferon

|:| Marketed for other indications;lj Phase Ill; . SARS—CoV;D MERS-CoV; . SARS-CoV-2; .\lo data.



In Vitro Efficacies (EC;, pM)

SARS-COV  MERS-COV  SARS-Cov-2  Plasma Conc.

(nM)
Remdesivir 0.07 0.07-0.3 0.77 4.9-5.6
Chloroquine 4.4-8.8 3.0-6.3 1.13-5.47 1.38-10
Hydroxychloroquine 34 - 0.72-4.51 1.38-2.99
Favipiravir - - 61.88 165.0-412.0
Lopinavir 24.4 8-11.6 - 9.4-19.1

Biot C, et al. ] Med Chem. 2006; Chan J, et al. Clin Microbiol Rev. 2015; Zumla A, et al. Nat Rev Drug Discov. 2016; Dyall J et al. Drugs. 2017,

Sheahan TP, et al. Sci Transl Med. 2017; Sheahan TP, et al. Nat Comm. 2020; Wang M, et al. Cell Res. 2020; Yao X, et al. Clin Infect Dis. 2020; Liu J,
et al. Cell Discov. 2020; Gautret P, et al. Int J Antimicrob Agent. 2020; Yao X, et al. Clin Infect Dis. 2020; Liu J, et al. Cell Discov. 202%




Endpoints for Efficacy/Effectiveness of
Therapeutics

Survival
Clinical response
Virological response

Radiological response

Composite endpoints

10






Remdaesivir, Severe COVID-19

Time to Antiviral: 11d

Hospital e °
Remdesivir
Travel
from Urgent Day Day Day Day Day Day Day Day Day Day Day
China Work Work Home Care 1 2 3 4 5 6 7 8 9 10 11

Day of lllness 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

o Subjective Subjective
Fever (°C) Fo F 37.2 37.9 39.0 39.4 39.1 39.4 38.8 39.4 37.3 36.8 36.8 36.3

Rhinorrhea
Fatigue
Nausea
Vomiting _
Diarrhea _
Discomfort N
Jan.  Jan.  Jan.  Jan.  Jan.  Jan.  Jan.  Jan.  Jan.  Jan.  Jan.  Jan.  Jan.  Jan.  Jan.  Jan.
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Nasopharyngeal swab +(18-20, Ct) +(23-24, Ct) +(33-34, Ct) +(37-40, Ct)
Oropharyngeal swab +(21-22, Ct) +(32-33, Ct) +(36-40, Ct) -ve

Holshue ML, et al. N Engl J Med. 2020



Viral load in nasopharyngeal swab
(log,, copies per 1000 cells)

Remdaesivir, Severe COVID-19

B Patient2

A Patient1
8

ICU

Remdesivir infusion

Quantification limit

Detection limit

.

ICU

Remdesivir infusion

Quantification limit
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Virus detection in other samples
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Early discontinuation of RDV in patient 1 due to ALT > 3X ULN with maculopapular rash

13

Lescure FX, et al. Lancet Infect Dis. 2020



Remdesivir, Critical COVID-19

C Patient
2

Remdesivir infusion Remdesivir infusion
— | |
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|

Quantification limit

Viral load in nasopharyngeal swab
(log,, copies per 1000 cells)
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Detection limit
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Conjunctiva / - - - / / / - / / / / / / / / / /

Lescure FX, et al. Lancet Infect Dis. 2020



Patient 8 Patient 7 Patient 6

Patient 9

Remdesivir, Moderate/Severe COVID-19

SpO; (%) and O; req (L/min)
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Excipient: B-cyclodextrin

* Potential nephrotoxicity

Renal insufficiency as one of exclusion criteria
in current clinical trials

* B-cyclodextrin containing medications:
voriconazole

https://clinicaltrials.gov, NCT04280705 & NCT04302766 [As of April 9, 2020] 16



CHLOROQUINE &
HYDROXYCHLOROQUINE



Chemical Structures
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Chloroguine (CQ) Hydroxychloroquine (HCQ)

Zhou D, et al. ] Antimicrob Chemother. 2020



The Proposed Antiviral Mechanisms of CQ & HCQ

Spike protein S

A
7 '\
< 2 \/ Cell membrane ca
Cytokine HCQ
expression
cGAS-STING (S DNA/RNA
{pH signalling
ACE2 receptor
TLR signalling \
Lysosome

T cell activation
expression of CD154
cytokine production
(e.g. IL-1, IL-6, and TNF)

t

MHC class lI-mediated
autoantigen presentation

Zhou D, et al. ] Antimicrob Chemother. 2020



Comparisons of CQ & HCQ Activities
Against SARS-CoV-2
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HCQ * Azithromycin vs. Standard,

Mild/Moderate COVID-19

Time to Antiviral: 4d

Figure 1. Percentage of patients with PCR-positive nasopharyngeal samples from inclusion to day6 post-inclusion in COVID-19 patients treated

with hydroxychloroquine and in COVID-19 control patients.
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Gautret P, et al. Int J Antimicrob Agent. 2020




Hydroxychloroquine and azithromycin as a treatment of COVID-19: results of an open-
label non-randomized clinical trial (Gautret P et al. PMID 32205204)

ISAC shares the concerns regarding the above article published recently in the International Journal of
Antimicrobial Agents (IJAA). The ISAC Board believes the article does not meet the Society's expected
standard, especially relating to the lack of better explanations of the inclusion criteria and the triage of

patients to ensure patient safety.

Despite some suggestions online as to the reliability of the article's peer review process, the process did
adhere to the industry's peer review rules. Given his role as Editor in Chief of this journal, Jean-Marc Rolain
had no involvement in the peer review of the manuscript and has no access to information regarding its peer

review. Full responsibility for the manuscript's peer review process was delegated to an Associate Editor.

Although ISAC recognises it is important to help the scientific community by publishing new data fast, this
cannot be at the cost of reducing scientific scrutiny and best practices. Both Editors in Chief of our journals
(IJAA and Journal of Global Antimicrobial Resistance) are in full agreement.

Andreas Voss
i P> International Society of
ISAC President @ Antimicrobial Chemotherapy
/ A = 4 www.ISAC.world

April 3rd-2020 https://www.isac.world/news-and-publications/official-isac-statement
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HIV Protease Inhibitors May Not be Choices Against CoVs

* (C2-symmetric site: only existing in HIV Li G, et al. Nat Rev Drug Discov. 2020;
* Aspartate protease vs. Cysteine protease (HIV vs. CoVs)  ChangYC, et al. Preprint. 2020, ,




LPV/r vs. Standard, Severe COVID-19

Time to Antiviral: 13d

Lopinavir—ritonavir
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No. at Risk
Lopinavir—ritonavir 99 98 93
Control 100 100 98

Cao B, et al. N Engl ] Med. 2020



LPV/r vs. Standard, Severe COVID-19

Time to Antiviral: 13d
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Cao B, et al. N Engl ] Med. 2020



LPV/r, Severe COVID-19

Time to Antiviral: 6d
100%

80%

60%

40%

pA

0%

Clinical Virological Adverse event

response response

Young B, et al. JAMA. 2020 5/






a Genomic organization of 2019-nCoV
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FPV+INF-alb vs. LPV/r+ INF-alb,
Mild/Moderate COVID-19

Time to Antiviral: w/in 7d
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Cai Q, et al. Engineering. 2020



FPV vs. Arbidol, Mixed Severity

Time to Antiviral: w/in 12d

Table 2. Comparison of 7 day’s clinical recovery rate of favipiravir and arbidol in COVID-19

patients.

Variables Favipiravir group  Arbidol group Rateratio (95% CI) P value

Total patients (N=116) (N=120) 0.1396
Recovered, n (%) 71(61.21) 62 (51.67) 0.0954 (-0.0305. 0.2213)
Ordinary patients (N=98) (N=111)
Recovered, n (%) 70 (71.43) 62 (55.86) 0.1557(0.0271,0.2843)  0.0199
Critical patients (N=13) (N=9)
Recovered, n (%) 1(5.56) 0 (0.00) 0.0556 (-0.0503.0.1614) 04712
Patients with hypertension and/or diabetes (N=42) (N =35)
Recovered, n (%) 23 (54.76) 18 (51.43) 0.0333 (-0.1904,0.2571)  0.7704

* The recovery of fever, respiratory rate, oxygen saturation and cough relief after treatment were defined
as clinical recovery, and the recovery state lasted >72 hrs
* Ordinary: has a fever, respiratory symptom, can be observed by imageology methods

Chen C, et al. medRxiv. 2020




Adverse Events

Table 4. Comparison of antiviral-associated adverse effects between two groups.

Favipiravir group (N=116)  Arbidol group (N =120)
Adverse effects ———— —————————————— Pvalue
Frequency  Cases,n (%)  Frequency Cases, n (%)
Total 43 31.90) 33 28(23.33)  0.1410
LFT abnormal 9 7.76 12 12 (10.00)  0.5455

Raised serum uric acid 16 13.79 3 3(2.50) 0.0014

Psychiatric symptom reactions 2 2 (1.7 ' 1(0.83) 0.6171"
Digestive tract reactions 16 5 (13.79 | 14 (11.67)  0.6239

¥__ . . - .
Fisher’s exact test was used for comparison between groups.

REFBEHRERYE - AoEARREE - EA/ERERZ2ARIE - HERREKRAEE7KER
Z - RIEREFFILRL -

Chen C, et al. medRxiv. 2020; =R E 1l A E M TR ZEE| AviganfEFH 75 2 32



Other Potential Therapeutics for CoVs

Convalescent plasma and immunoglobulins
Monoclonal/Polyclonal antibodies

Vaccines

Steroid

Zumla A, et al. Nat Rev Drug Discov. 2016
Mo Y, et al. ] Antimicrob Chemother. 2016
Dyall J et al. Drugs. 2017

Russell CD, et al. Lancet. 2020

Shen C, et al. JAMA. 2020 .



STEROID & OTHER IMMUNOMODULATORS

34



Clinical evidence does not support corticosteroid

treatment for 2019-nCoV lung injury

Qutcomes of corticosteroidtherapy’ Comment

MERS-CoV - Delae cearance o viral RNA from respiratory tract - Adjusted hzar rafi 04 (95%102:07)

SARS-CoV - Dy cearanceofviral RNA fombloo~ Sgpfcan lfference bt effec sz not qantfed

SARS-Coll - Complaton:psychosi’ Assocatedwithhghr cumulative dose, 10975 mg s 6780 mg hyrocrtisonecquivalnt

SARS-CoV - Complction:dabets 33 (356) of 5 atentstreatewithcortcoseroie develope corticostroiduced dabets

SARS-CoV - Compliction:avascularnecossmsurivors”—— Among 40 patents o sunived afecoticoteroidreatment, 12 30%] haavsculr necrosi and 30 /5% ad osteaporsis

ifoenza  Increased motalty iskratioor mortalty 175 (05% C13-24) ina met-anales of 6548 ptientsrom tenstudies

RV Noclnicalbeneftinchicren®” Novffectnagest andomise contrlletialof 600 children, of whom 305 (1] h been reatewith corcosteri

Russell CD, et al. Lancet. 2020



Steroid, Critical COVID-19 (ARDS)

Time to Steroid/ Dose/ Duration ?

Log-rank, P = 0.003
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IL-6 as a Risk Factor for Complications

Panel A. Patients with Complicated COVID-19 versus Non—Complicated* 2.9X

Complicated Non-Complicated Ratio of Means Ratio of Means
Study or Subgroup log[Ratio of M s] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen et al. 2020a 0.75030559 0.01700847 14 15 16.7% 2.12 [2.05, 2.19]
Diao et al. 2020 1.2861085 0.01523892 20 479 16.7% 3.62 [3.51, 3.73]
Huang et al. 2020a 1.03489647 0.08752466 13 28 16.6% 2.81[2.37, 3.34)]
Liu 2020 2.69261639 0.00539448 69 11 16.7% 14.77 [14.61, 14.93]
Qin et al. 2020 0.42527895 0.0036103 286 166 16.7% 1.53 [1.52, 1.54]
Wu et al. 2020 0.20490848 0.00385624 84 117  16.7% 1.23 [1.22, 1.24]

Total (95% CI) 486 816 100.0% 2.90 [1.17, 7.19]
Heterogeneity: Tau® = 1.28; Chi’ = 158694.72, df = 5 (P < 0.00001); I¥ = 100% t f .1

Sz _ 0.1 0.2 0.5 2 5
Test for overall effect: Z = 2.30 (P = 0.02) Higher in non-complicated Higher in complicated

Panel B. Patients Requiring ICU Admission versus Not Requiring [CU Admission 3.24X

Complicated Non-Complicated Ratio of Means Ratio of Means
Study or Subgroup Iog[Ratio of Means] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Diao et al. 2020 1.2861085 0.01523892 20 479  55.9% 3.62 [3.51, 3.73]
Huang et al. 2020a 1.03489647 0.08752466 13 28 44.1% 2.81[2.37, 3.34)

Total (95% CI) 33 507 100.0% 3.24 [2.54, 4.14])
Heterogeneity: Tau’ = 0.03; Chi* = 8.00, df = 1 (P = 0.005); I’ = 87% )

Test for overall effect: Z = 9.42 (P < 0.00001) 0.2 Higheroi.rllj non-ICULHigher inZICU

Panel C. Patients with Severe or Critical COVID-19 versus Mild COVID-19

Complicated Non-Complicated Ratio of Means Ratio of Means
Study or Subgroup log[Ratio of Means] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen et al. 2020a 0.75030559 0.01700847 14 15 33.3% 2.12 [2.05, 2.19]
Liu 2020 2.69261639 0.00539448 69 11 33.3% 14.77 [14.61, 14.93]
Qin et al. 2020 0.42527895 0.0036103 286 166 33.3% 1.53 [1.52, 1.54]

Total (95% CI) 369 192 100.0% 3.63 [0.65, 20.37]
Heterogeneity: Tau’ = 2.32; Chi* = 122484.25, df = 2 (P < 0.00001); I = 100% 1

t +
. 0.1 0.2 0.5
Test for overall effect: Z = 1.47 (P = 0.14) Higher in non-severe Higher in severe/critical

Coomes, EA, et al. MedRxiv. 2020



IL-6 as a Risk Factor for Mortality

—- Survivors
—- Non-survivors

301

24 —

138 —

Zhou F, et al. Lancet. 2020; Wu C, et al. JAMA Int Med. 2020



Immune & Inflammatory Response to COVID-19 - Rationale

Blood

Zhou Y, et al. Natl Sci Rev. 2020

T cells

Inflammatory
macrophages

. ) Type | alveolar
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Inflammatory
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COVID-19: Therapeutics Working Group consultationon the  -~¢31 R&DBIlueprint

at
potential role of IL-6 / IL-1 antagonists in clinical management [s-2% |
‘ "5/4 Powermg research_
~ to prevent epidemics

-

Annex |

Summary Monoclondl Antibodies against IL-é

General Overview:

IL-6 is a cytokine relevant fo many inflammatory diseases, therefore mAB against IL-6
have been used as tfreatments.

Examples: Tocilizumab (Actemra), Siltuximab (Sylvant), Sarilumab (Kevzarag)

Mechanism of Action:

Binds the IL-6 recepftor

License Details:

Tocilizumab licensed for use against Large-cell lung carcinoma, cytokine release
syndrome

Siltuximab licensed for use against Castlemans disease (lymphproliferative disorders)

Sarilumab licensed for use against Rheumatoid arthritis




Blockade of AP2-associated Protein Kinase 1

Expressed in AT2

lung cell
~—

Involved in

Involved in
Involved in

Endogytosis
Cytokine signalling

Promotes
Mediates

Inhibits

Baricitinib

Richardson P, et al. Lancet. 2020; Wu D, et al, JMII. 2020




Adverse Events

Medication Common Occasional

Elevated transaminases,

ivi ? ?
Remdesivir N/V
Visual disturbance, Retinopathy, peripheral
Hydroxychloroquine Prolonged QTc Hemolysis with G6PD P, e

deficiency neuropathy, Rash

Elevated transaminases,
Favipiravir leukopenia, N/V, Diarrhea Elevated CPK
hyperuricemia

Lopinavir Diarrhea Hepatitis, N/V Rash, prolonged OTc

Flu-like syndrome, Gl
Suicidal ideation or
intolerance,
Interferon Marrow suppression behavior, thyroiditis,

Neuropsychiatric
ITP/TTP, retinopathy
toxicity, Hepatitis, Rash

Chan J, et al. Clin Microbiol Rev. 2015; Zumla A, et al. Nat Rev Drug Discov. 2016; Dyall J et al. Drugs. 2017

Sheahan TP, et al. Sci Transl Med. 2017; Sheahan TP, et al. Nat Comm. 2020 42



Liverpool Drug Interactions Group

Charts updated 3 April 2020

Antibacterials

Please check www.covid19-druginteractions.org for updates.
Please note that if a drug is not listed it cannot automatically be assumed it is safe to coadminister. No recommendation to use experimental therapy for COVID-19 is made.
Drug interaction data for many agents are limited or absent; therefore, risk-benefit assessment for any individual patient rests with prescribers.

Interactions with Experimental COVID-19 Therapies

UNIVERSITY BF

LIVERPOOL

Page 5 of 29

https://www.covid19-druginteractions.org/ [As of April 9, 2020]
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https://www.covid19-druginteractions.org/

A ppaheloglst probes the roots
of thcaialous blias e a

EDITORIAL

Underpromise, overdeliver

“...engendering
false hope will
cause...lasting
damage if science
overpromises.”

H. Holden Thorp

Editor-in-Chief,
Science journals.
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