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Repurposing of drugs for COVID: potential targets

Potential antivirals Potential immune modulators
« Remdesivir (EU CMA: Veklury) « Corticosteroids (dexamethasone)
« Favipiravir « IFN beta
« Lopinavir-ritonavir « Convalescent plasma
« Hydroxychloroquine/chloroquine « IL6R inhibitors
 And others: cyclosporine, camostat,  JAK inhibitors
colchicine
2 Repurposing existing drugs - study results review
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In vitro testinc

Infect Dns Ther (2020) %:561-572 565

Table 1 Summary of in vitre ECS0 values reported for hydroxychloroquine/chloroquine from selected studies

Author Medication Cell line MOl Time-point* ECq"
Liu er al. [[33]] HCQ (chloroquine) VeroE6 0.01 48 h 4.31 (271)
0.02 4.06 (381)
0.z 17.31 (7.14)
0.8 1296 (7.36)
Wang et al. [[36]] Chloroquine VeroE& 0.03 48 h L13
Yao et al [[37]] HCQ (chloroquine) Vero® 0.01 24h 6.14 (23.90)
48 h 0.72 (547)
Maisonnasse et al. [25] HCQ VeroE6 0.01 48 h 2.19¢
72h 4.39°

* Post-infection

b Expressed in uM

© Mot seated in article if VeroES was the lineage urilized
4 1Csq (not ECsp)

https://doi.org/10.1007/s40121-020-00325-2
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Tissue penetration
Yao X, et al, 2020

Rirec= Free lung tissue trough concentration/EC50

EUROPEAN MEDICINES AGENCY

Free lung tissue trough concentration= lung tissue trough concentration X fup

Table 1: Ratios of free lung tissue trough concentration/ECsy (Rrrec) under different dosage

regimens
NO Rurec
Drug Dosing Regimen
Dayl Day3 DayS Dayl0
Chloroquine
A. DI1-D10 500 mg BID 2.38 5.92 18.9 40.7
phosphate
D1 800 mg+400 mg;
B. 333 55.1 103 168
D2-D10 400 mg QD
D1 600 mg BID; - -
e - 31.7 54.7 103 169
. D2-D10 400 mg QD
Hydroxychloroquine
) D1 600 mg BID;
sulfate D. 31.7 53.1 101 167
D2-D10 200 mg BID
D1 400 mg BID;
E. 21.0 389 85.4 154
D2-D10 200 mg BID
D1 400 mg BID;
F. 5 21.0 389 854 833

D2-DS5 200 mg BID

Rurec: ratio of free lung tissue trough concentration/ECso.
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— Regimen E (HCQ)
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WHO Solidarity study: CQ 2.5g on DAY 1 and 1g daily up to 10 days; HCQ
2g DAY 1 and 800mg daily up to 10 days
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30
RR 1.09 (0.96-1.23) Hydroxychloroguine
Log-rank p=0.18
25
Usual care
20 —

Hydroxychloquine
RECOVERY study

Mortality, %
o
I

10 — medRxiv preprint doi:
https://doi.org/10.1101/2020.07.15.2
0151852.this version posted July 15,
S 2020.
0 | | | |
0 7 14 21 28

Days since randomization
Number at risk

Active 1661 1337 1227 1161 1125
Control 3155 2750 2525 2410 2346 -



Article

Chloroquine does notinhibitinfection of
human lung cells with SARS-CoV-2

https://dol.org/10.1038/s41586-020-2575-3  Markus Hoffmann*=, Kirstin Mésbauer®®?, Helke Hofmann-Winkler', Artur Kaul', Hannah
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Importance of protein binding
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Figure 1. Lopinavir concentrations in SARS-CoV-2-infected patients after
ritonavir-boosted lopinavir 400100 mg once or twice daily. Total (black)
and unbound (grey) concentrations are represented by medians, IQRs
and ranges at peak (4#1 h after intake) or trough (gl2h: at least 10h
after intake; and g24&4h: at least 18 h after intake).

Gregoire M, Le Turnier P, Gaborit BJ, et al. Lopinavir pharmacokinetics in
COVID-19 patients. J Antimicrob Chemother. 2020;75(9):2702-2704.
doi:10.1093/jac/dkaal95
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Animal models ®
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Antiviral Monoclonal antibodies in SARS-COV2 challenge model in
rhesus macaques
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What have we learned from the therapeutics RCTs?

A worldwide effort to conduct RCTs. BUT, coordination and size optimal
Studies registered 1178
Completed 15
Recruiting 644
Not recruiting 515
Suspended 2
Terminated 2

Sample sizes (ranging from 30— 10000) and endpoints
Both researchers and regulators must reflect hittps:/fwww.covid-nma.com/dataviz/

on the need for large collaborative RCTS
Data from May 2020
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IREUIEW I

Clinical Tnials for COVID-19: Can we Better Use
the Short Window of Opportunity?

. 1,2 .1 i .1 4
Ha.ns-Gn:Drg Eichler~*, Marco Cavaleri , Harald Enzmann}"*, Francesca Scotti , Bruno Sf:pﬂdf:s ’5,
Fcrgus chencj.fl, Spims Vamvakas' and Guido Rasi'*®

The scientific community has risen to the coronavirus disease 2019 (COVID-19) challenge, coming up with

an impressive list of candidate drugs and vaccines targeting an array of pharmacological and immunological
mechanisms. Yet, generating clinical evidence of efficacy and safety of these candidate treatments may be
frustrated by the absence of comprehensive trial coordination mechanisms. Many small stand-alone trials and
observational studies of single-agent interventions are currently running or in planning; many of these will likely not
deliver robust results that could support regulatory and patient-level treatment decisions. In this paper, we discuss
actions that all stakeholders in the clinical trial ecosystem need to take to ensure that the window of opportunity
during this pandemic will not shut, both for patients in need of treatment and for researchers to conduct decision-
relevant clinical trials.

Classified as internal/staff & contractors by the European Medicines Agency
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This article has been retracted: N Engl ] Med. DOI: 10.1056/NE]Mc2021225.
The NEW ENGLAND JOURNAL of MEDICINE

Hydroxychloroquine or chloroquine with orwithout a >@%®
macrolide for treatment of COVID-19: a multinational
ORIGINAL ARTICLE registry analysis
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a) All participants (n=8425) b) No oxygen received (n=1535)
*7  RRO&3©5% CI074-052) §8: RR 1.22 (85% C1 0.93-161)
RECOVERY: 6 mg/day o 08 o
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vs open control : oo f
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18 September 2020
EMA/483739/2020

EMA endorses use of dexamethasone in COVID-19

patients on oxygen or mechanical ventilation
EMA’s human medicines committee (CHMP) has completed its review of results from the RECOVERY
study arm that involved the use of the corticosteroid medicine dexamethasone in the treatment of
patients with COVID-19 admitted to hospital, and has concluded that dexamethasone can be
considered a treatment option for patients who require oxygen therapy (from supplemental oxygen to
mechanical ventilation).

Based on the review of available data, EMA is endorsing the use of dexamethasone in adults and
adolescents (from 12 years of age and weighing at least 40 kg) who require supplemental oxygen
therapy. Dexamethasone can be taken by mouth or given as an injection or infusion (drip) into a vein.
In all cases, the recommended dose in adults and adolescents is 6 milligrams once a day for up to 10

days. e



Remdesivir

* Nucleoside RNA polymerase inhibitor 1

« Broad spectrum antiviral activity, Ooooooooo
including Ebola-and coronaviruses > ATPRDVTP
ST
3

« Repurposed (has been tried for Ebola,

MFRS) gg&g@g@

ATP ﬁN NH; RDV-TP
o, N/ < o
Triphosp hate/w N Triphusphale/x B
N= 4
£ 2 &3 2% Figure 7. Mechanism of inhibition of CoV RdRp by RDV-TP. 1. The priming strand is shown with green
HG" ;DH HO' T cireles, colour less circles represent residues of the template and the blue oval represents the active CoV

RdRp complex. This is a schematic representation of a random elongation complex. The footprint of
RdRp on its primer/template is unknown. 2. Competition of RDV-TP with its natural counterpart ATP
opposite template uridine (U). The incorporated nucleotide analogue 1s illustrated by the red circle. 3.
RNA synthesis is terminated after the addition of three more nucleotides, which is referred to as delayed
chain-termination. 4. Delayed chain-termination can be overcome by high ratios of NTP/RDV-TP.

n

14 Repurposing existing drugs - study results review
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A Overall B Patients Not Receiving Oxygen
. . 1.00— 1.00
Remdesivir
Remdesivir
B 075 B 075 Placeb
g g acebo
— o =}
ACTT-1 ; :
:: 0.504 Placebo :: 0.50
8 s
- - T £
positive on : :
£ 0254 £ 0254
0-00 L T T T T T T T T T T T T 1 0-00 T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 23 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
* Phase 3, Days Days
+ adaptive, No. at Risk No. at Risk
. Remdesivir 541 513 447 366 309 264 234 214 194 180 166 148 143 131 84 | Remdesivir 75 68 51 30 21 16 11 7 5 5 5 2 2 2 2
* randomized Placebo 521 511 463 408 360 326 301 272 240 234 220 200 186 169 105 | Placebe 63 61 44 33 24 19 15 11 9 9 &8 7 6 5 2
. .
Double blind C Patients Receiving Oxygen D Patients Receiving High-Flow Oxygen or Noninvasive Mechanical
» Placebo-controlled Ventilation
* Multicentre 0 Remdeshvic 0
. .
Global trial 2 on 3 on
L4 @
NCT04280705 ; Placebo E Remdesivir
= 050 % 050+
Primary outcome K=l 2
N=1063 X Time to recovery EL §
[Time frame 8 . e i
Day 1 through Day 29) o 02 a 05 Placebo
Day " g
J =771 00T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Beigel, John H., et al. "Remdesivir for the Treatment of Covid-19 — Days Days
: n No. at Risk No. at Risk
Final Report.” N. Engl. J. Med., 22 May. 2020, Remdesivir 232 223 181 132 101 73 62 51 42 38 34 29 28 24 13 | Remdesivir 95 91 86 75 65 57 48 46 44 41 40 38 37 36 27
doi:10.1056/NEIM0a2007764 Placebo 703 199 175 140 111 93 83 69 62 54 53 51 48 44 28 | Placebo 98 98 92 84 76 72 67 62 57 55 49 44 43 41 27

15 Repurposing existing drugs - study results review
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RDV-Solidarity trial (negative on mortality)

(a) Remdesivir vs its control

100 151
Control
— Remdesivir
80 o]
£ 60 _
> 5
©
< Rate ratio, 0,95 (95% Cl, 0.81-1.11)
= 40 P=0.50 by log-rank test
0 . . , .
0 7 14 21 28
20—
0 T T | |
0 T 14 21 28

Days since Randomization

Numbers at risk at the start of each week, and numbers dying

Remdesivir 2743 129 2159 90 2029 48 1918 18 1838
Control 2708 126 2138 93 2004 43 1908 27 1833

AILNIYILS 1ESEIVEU. INU [EUSE dIUWEU WILTIOUL PEFITIISSIONN

Deaths reported / Patients randomized ~ Remdesivir deaths: Ratio of death rates (RR), &
inITT analyses (28-day risk, K-M%)  Observed-Expected 99% CI (or 95% Cl, for total)

050 [0.31-2.58]
0.85[0.66-1.09]
1.201[0.80-1.80]

082[0.10-661]
030[0.11-0.81]
1020442 34)
1.13[0.57-2.23)

081[0.21-3.07)

1.40 [0.20-9.52)

064[0.10-3.94]

0.80[0.63-1.01]
1.16 [0.85-1.60)

0.91 [0.79-1.05]

2p=0.20

Remdesivir Control (OEf Var(0-E) Remdesivir : Control
Trial name, and initial respiratory support \
i
Solidarity: no Oz 117661 (2.0) 13664 (2.1) 06 6.0 —f-
Solidarity: low/hi-low Oz 192/1828 (12.2) 21911811 (138) 169 1018 -
i
Solidarity ventilation 98/254 (43.0) 711233 (37.8) 76 408 -
\
ACTT:no 0z 375 (4.1) 3063 (4.8) 03 15 i
ACTT: low-flow Oz 91232 (4.0) 251203 (12.7) 30 67 e
R i
ACTT: hiflow Ozor 19195 (212) 20198 (20.4) 02 96 B
non-invasive ventilation !
ACTT: invasive ventilation 28131 (21.9) 291154 (19.3) 17 143 —
j
Wuhan: low-flow Gz 111129 (8.5) (7/68) x21 (10.3) 08 37 ‘
Wuhan: hi-flow 02 or :
e o 11729 (37.9) (3110) 21 (30.0) 0.6 18 ;
SIMPLE: no 0z 5384 (13) (41200) x2t (2.0) 09 20 :
i
Subtotals ;
Lower risk groups K
e 23113309 (7.0) 28213277 (8.6) 276 1216 G
Higher risk groups 156/509 (30 6) 1261505 (25 0) 101 865 T —
H
;
i
. Total 387/3818 (10.1) 408/3782 (10.8) -17.5 188.2 <
i
i
L 1 ! 1 1 1 I

-/ -{F 99% or <> 95% confidence interval (CI), K-M Kaplan-Meier.
00 05 10 15 20 25

* Log-rank O-E for Solidarity, O-E from 2x2 tables for Wuhan and SIMPLE, and w.logeHR for Remdesivir Remdesivir
ACTT strata (with the weight w being the inverse of the variance of logeHR, which is got from better worse
the HR's CI). RR is got by taking log=RR to be (O-E)/V with Normal variance 1/V. Subtotals

or totals of (O-E) and of V yield inverse-variance-weighted averages of the logeRR values

1 For balance, controls in the 2:1 studies count twice in the control totals and subtotals.

16
14

COVID-19 SOLIDARITY

16 Repurposing existing drugs - study results review
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"Repurposed
antiviral drugs for
COVID-19 -interim
WHO SOLIDARITY

trial results."
medRxiv, 15 Oct.

2020, p.

2020.10.15.202098

17,

doi:10.1101/2020.
10.15.20209817.



US convalescent plasma EAP
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B. 30-Day Mortality
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medRxiv preprint doi:
https://doi.org/10.1101/2020.08.12.201693%

Forest plots of relative risks for 30- day (B) mortality for high versus low antibody concentration.
S
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Convalescent Plasma for COVID-19. A randomized clinical trial  rororan mmicines sy

Importance of the Neutralising titres of the HCP
2560
B 640
5
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o
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SelectedCP

medRxiv preprint doi: https://doi.org/10.1101/2020.07.01.20139857
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Lilly Bamlanivimab - outpatient use in mild COVID-19
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B Viral Load on Day 7 in Each Trial Group o
L 50 Table 3. Hospitalization.*
Key Secondary LY-CoV555 Placebo Incidence
Outcome
0.754
& no. of patients ftotal no. i
-
£ jf( Hospitalization 9143 63
£ 504
2 700 mg, 1/101 1.0
K.}
E L¥-CoVs55, 700 mg 2B00 mg, 2/107 19
3 — L¥-CoW555, 2800
Y 025 i " 7000 mg, 2101 20
LY-CoW555, 7000 mg
— Placebo Fooled doses, 1.6
5309
.00+
T T T T T T
45 40 35 0 25 0 = Data for patients who presented to the emergency department are included in
Cycle Threshold this category.
Figure 2. SARS-CoV-2 Viral Load in All Patients and According to Trial
Group on Day 7.

DOI: 10.1056/NEJM0a2029849

EMA

LS /
years Classified as internal/staff & contractors by the European Medicines Agency
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Lilly Bamlanivimab - ACTIV-3 in hospitalised patients
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Statement—NIH-Sponsored ACTIV-3 Trial
Closes LY-CoV555 Sub-Study

October 26, 2020

The ACTIV-3 clinical trial evaluating the investigational monoclonal antibody LY-CoV555 in hospitalized patients

with COVID-19 will not enroll more participants into this sub-study following a recommendation from the
independent Data and Safety Monitoring Board (DSMB). The trial is sponsored by the National Institute of Allergy and
Infectious Diseases (NIAID), part of the National Institutes of Health.

ACTIV-3 is a master protocol designed to allow for the study of multiple investigational agents compared to placebo in
adults hospitalized with COVID-19. Participants in the trial are randomly assigned to receive either an experimental agent
or a matched placebo. All participants also receive standard care for patients hospitalized with COVID-19, including the
antiviral remdesivir. After five days, participants’ clinical status is assessed based on an ordinal scale. If the
investigational agent appears to be safe and effective based on an evaluation of the first 300 participants (stage 1), an
additional 700 participants are randomized and followed for 90 days to assess sustained recovery, defined as being

~EMA discharged, alive and home for 14 days (stage 2).

L=
years Classified as internal/staff & contractors by the European Medicines Agency



Regeneron antibodies hospitalised patients clinical study

REGN-COV2 Independent Data Monitoring Committee Recommends Holding Enrollment in
Hospitalized Patients with High Oxygen Requirements and Continuing Enrollment in Patients with
Low or No Oxygen Requirements

October 30, 2020

TARRYTOWRN, N.Y., Oct. 30, 2030 /PRNewswire/ —
The IDMC also recommends continuation of enroliment in the REGN-COV2 outpatient trial

Repgeneron Pharmaceutizals, Inc. (HASDAD: REGM) received today a recommendation from the independent data monitoring committee (IDMC) for
the REGM-COVZ antibody cockiail treatment trials for COVID-18 that the curment hospitalized patient frial be modified. Specifically, based on a
potential safety signal and an unfavorable risk/benefit profile at this time, the IDMC recommends further enrcdlment of patients requiring high-flow
oxygen or mechanical venilation be placed on hold pending colscton and analysis of further data on patients already enmlled. The IDMC also
recommends coentinuing enrollment of hospitalized patients requiring either no or low-flow cxygen as the riskibensfit remains acceptable in these
cohorts. Finally, the IDMC recommends continuation of the cutpatient trial without modification.

Regenercn remains blinded to the data and s mplementing the IDMC recommendabons. Regeneron is also informing the ULS. Food and Drug
Administration, which is curently evaluating REGM-COWV2 for a potential Emergency Use Authorization in mild-to-moderate cutpatients at high risk for
poor outcomes. Regeneron is also shamng the recommendation with e independent committee moniterng the RECOVERY fnial in the UK. which is
evaluating REGMN-COWV2 in hospitalized patients.

About the REGN-COV2 Trial in Hospitalized Patients
The trial s designed to enroll patients in four independently randomized cohorts:

& Cohort 1: patients on low-flow oxygen
# Cohort 1A: patients not requiring oxygen
# Cohort 2: patients on high-flow oxygen

EMA ® Cohort 3: patients on mechanical ventilation
s 11
years ' Classified as internal/staff & contractors by the European Medicines Agency
OB
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GM-CSF blockade with mavrilimumab in severe COVID-19
pneumonia and systemic hyperinflammation:
a single-centre, prospective cohort study

Giacame De Luca, Gulio Cavalli, Corrada Campochiarg, Emanuel Della-Torre, Piera Angelillo, Alessandro Tomelleri, Nicola Boffini, Stefans Tentori,

Francesca Mette, Nicola Faring, Patrizia Rovere- Querini, Annalisa Ruggeri, Teresa DrAlibert| Paolo Scarpellin, Giovarni Landoni,
Francesco De Cobelli, John F Paolini, AlbertoZ angrillo, Moreno Tresoldi, Bruce C Trapnell, Fabio Ciceri, Lorenzo Dagna

hyperinflammation, defined as elevation of
serum inflammation markers C-reactive protein
(CRP) to 100 mg/L or more (normal range <6 mg/L)
or ferritin to 900 pg/L or more (normal range 30—400
ug/L), in the presence of any increase in lactate
dehydrogenase (LDH; normal range 125-220 U/L).

EMA

L

Mavrilimumab for
severe COVID-19

We read with interest the Article by
Giacomo De Luca and colleagues® in
The Lancet Rheumatology, in which
the authors showed that mavrilimo-
mab treatment was assocdated with
improved clinical outcomes com-
pared with standard care in non-
mechanically ventilated patients with
severe COVID-19 pneumonia and
systemic hyperinflammation. Howewver,
we would like to highlight important
limitations of the study

First, the auwthors used arbitrary
cut-off points in continuous variables
(serum C-reactive protein, ferritin, and
lactate dehydrogenase) for selecting
patients with hyperinflammation.’
Such cut-offs were not derived from or
validated in any predictive or prognostic
studies in patients with COVID-19 that
we are aware of 2
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Summary

/7 390 of COVID drugs in the pipeline are repurposed

Only 2 drugs currently approved: Veklury and dexamethasone
HCQ/CQ and Lopinavir did not show any benefit

Regulatory acceptance of pragmatic trials such as WHO Solidarity

Role of immunomodulators — many disappointing results so far,
but many studies still ongoing

Studies in specific populations according to stage of disease and
use of biomarkers for more personalised treatments

Importance of proper pharmacology investigations, dose selection
and randomised controlled trials for determining benefits and
risks
23
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Any questions?
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