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Natural history of COVID-19

Stage 1

Early infection

Stage 2

Pulmonary phase

Stage 3
Hyperinflammatory phase

Viral replication

|

|

|

| Viral replication
Asymptomatic or mild to I

|

|

|

|

Affected lungs, pneumonia

.

_é" moderate symptoms + Dyspnea
B » detection of virus by RT- + Chest Rx (opacities)
> PCR + CT (glass opacities)
‘g Host Inflammatory response
- '
) o
© antiviral response I
3 | * Pneumonia, sepsis,
E I I respiratory failure, Acute
Respiratory Distress
I I Syndrome
I + Cytokine storm
onset death

COVID-19 Natural history

Biomed Pharmacother. 2020 Sep;129:110493.



Kinetics of COVID-19

Asymptomatic

Inflammatory
Paucisymptomatic B okines
Mild
Severe
Treatments 0 i

_ Pro-IFNo/B__ Antl-mﬂam "3‘-“
Anti-TGFf 5 (antlcytokme, glucoc

hlmrmnology
Trends Immunol . 2021 Jan;42(1):31-44.



Inhibition of Viral response

» Anti-viral agent
> Nirmatrelvir/Ritonavir
> Remdesivir

» Molnupiravir
» Convalescent plasma
» Monoclonal antibody



Anti-viral agents

Recommend Adverse events drug-drug interaction
Ritonavir-Boosted FDA, EUA Dysgeusia, myalgia Carefully review
Nirmatrelvir (Paxlovid) Mild to moderate Diarrhea, HTN
High risk+>12yr+>40kg
Remdesivir FDA Nausea, AST/ALT, Has not been established
High risk+>12yr+>40kg Hypersensitivity
Molnupiravir FDA, EUA Diarrhea, nausea, dizziness Has not been established
Mild to moderate
High risk + >18yr
Interferon alfa/beta Not approved
Not recommended
Ivermectin Not approved
Not recommended
Nitazoxanide Not approved
Not recommended

Last Updated: February 24, 2022; https.//www.covid19treatmentguidelines.nih.gov/tables/antiviral-characteristics/



Nirmatrelvir/Ritonavir

» Orally active form
» Nirmatrelvir
» SARS-CoV-2 main protease inhibitor
» Incapable of processing polyprotein precursor
» Ritonavir
» HIV-1 protease inhibitor and CYP3A inhibitor
» Increase the level of nirmatrelvir
» No activity against SARS-CoV-2 Mpro
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ORIGINAL ARTICLE

Oral Nirmatrelvir for High-Risk,
Nonhospitalized Adults with Covid-19

> Phace 22 Aniihla-hlind randnmi7zed ecnntralled trial 224A natiante

Informed
Consent & Day Day Day Day Week Week
PF-07321332 300 + ir 100 14
" or placebo adm':::storo:n:giy torw . 0 _ —7 . _ﬁ 21 — 34 12 24
5 days (10 doses tota) gay l53ay »

s _
<

| D.y" 1t

Baseline

Days 1t06

1 day

=

Day 1 (Treatment duration: 5 days) 22 days t2days $3days +7 days $7days
In-person or In-person or In-person Visit Telemedicine In-person or Telemedicine In-person o Tetemedicine Telemedicine
Wiemedicine telemedicine (Day 5) visit Telemedicine visit Telemedicine visit visit
Visitd Visit? visit visit

N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJM0a2118542.




Risk factor for progression

> 60 years of age
BMI > 25
Current smoker and history of at least 100 lifetime cigarettes;

YV V V V

Immunosuppressive disease (eg, bone marrow or organ transplantation or primary immune deficiencies) or prolonged use of
immune-weakening medications:

* Has received corticosteroids equivalent to prednisone > 20 mg daily for at least 14 consecutive days within 30 days prior to study

* Biologics (eg, infliximab, ustekinumab), immunomodulators (eg, methotrexate, 6MP, azathioprine) or cancer chemotherapy within
90 days prior to study

« HIV infection with CD4 cell count < 200 mm? and a viral load less than 400 copies/mL
» Chronic lung disease (if asthma, requires daily prescribed therapy);
» Known diagnosis of hypertension;

» CVD, defined as history of any of the following: myocardial infarction, stroke, TIA, HF, angina with prescribed nitroglycerin,
CABG, PCI, carotid endarterectomy, and aortic bypass;

Type 1 or Type 2 diabetes mellitus;
CKD, Sickle cell disease

Active cancer, other than localized skin cancer, including those requiring treatment as long as the treatment is not among the
prohibited medications that must be administered/continued during the trial period;

YV V V

N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJM0a2118542.



COVID-19 related hospitalization or death

B Covid-19-Related Hospitalization or Death from Any Cause through Day 28 among Patients Treated <5 Days after Symptom Onset

100+ 10— —— Nirmatrelvir+ritonavir (N=1039; 8 events) —— Placebo (N=1046; 66 events)
904 9.
— 804 8-
O
S 74 66 (6.31%) Placebo
o 704
U 6
3
S 60- c] I_I_I_I_l_l
S
£ 504 47 Nirmatrelvir+ritonavir vs. placebo: Difference, -5.62% (95% Cl, -7.21 to -4.03)
v 3
% w0 ] P<0.001
3 304 1 8 (0.77%)  Nirmatrelvir+ritonavir
£ i -
a 204 0 H T T T T T T T T T T T T T T T T T T T T T T T T T 1
0 4 6 8 10 12 14 16 18 20 22 24 26 28
10-
0 - | T T T T T T ] T T T T T T ¥ T f | 7 T T T T T T |
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Days
No. at Risk
NMV-r 1039 1034 1023 1013 1007 1004 1002 1000 997 995 993 993 993 993 992
Placebo 1046 1042 1015 990 977 963 959 959 955 953 951 948 948 948 945

Reduced risk of hospitalization or death by 87.8%
N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJM0a2118542.



C Subgroup Analysis

Subgroup Nirmatrelvir+Ritonavir  Placebo Difference from Placebo (95% Cl) B
no. of events/total no. percentage points
Overall 8/1039 66/1046 —— E -5.62 (-7.21 to -4.03)
Time since symptom onset !
<3 days 5/697 44/682 —— -5.81 (-7.78 to -3.84)
>3 days 3/342 22/364 —— -5.23 (-7.91 to -2.55)
Age !
<65 yr 7/908 46/909 — -4.35 (-5.91 to -2.79)
65 yr 1/131 20/137 ! . | : ~13.93 (-20.07 to -7.80)
Sex |
Male 4/520 41/540 —a i -6.93 (-9.32 to -4.53)
Female 4/519 25/506 —— -4.23 (-6.29 to -2.17)
Body-mass index !
<25 1/209 9/207 ——i -3.88 (-6.83 to -0.94)
25 to <30 3/458 28/466 —— ~5.44 (-7.75 to -3.13)
=30 4/371 29/373 —— ! -6.85 (-9.82 to -3.87)
Diabetes mellitus !
Yes 2/125 9/127 : . : -5.51 (-10.51 to -0.52)
No 6/913 57/919 —— -5.63 (~7.30 to -3.96)
Baseline SARS-CoV-2 serology status !
Negative 7/487 58/505 ——f i -10.25 (-13.28 to -7.21)
Positive 1/540 8/528 e -1.34 (-2.45 to -0.23)

Received or expected to receive Covid-19
monoclonal antibody treatment
Yes 1/70 2/69 : —

No 8/1039 66/1046 ——
| I

| I 1 T i
24 20 -16 -12 -8 -4 0 4

~1.51 (-6.40 to 3.37)
-5.62 (-7.21 to -4.03)

N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJM0a2118542.



Change from Baseline in Log,,- Transformed Viral Load over Time
(Modified Intention-to-Treat Population)

@ Nirmatrelvir+ritonavir (NMV-r)  ==@== Placebo

A Overall Population

Mean Change from
Baseline

-8 T T T T T T T T T T T T 1
Base-1 2 3 4 5 6 7 8 9 10 11 12 13 14
line Days
No. at Risk
NMV-r 552 529 508 502 507
Placebo 553 525 507 475 500
Mean (+SE) Change from -0.55 -0.8 -0.44 -0.16
Baseline vs. Placebo +0.11 +0.10 +0.10 +0.08
P Value <0.001 <0.001 <0.001 <0.045

N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJM0a2118542.



Table 2. Summary of Adverse Events, Serious Adverse Events, and Adverse Events Leading to Discontinuation through
Day 34 (Safety Analysis Population).*

Nirmatrelvir plus

Ritonavir Placebo
Adverse Event Category (N=1109) (N=1115)
Events that emerged during treatment period
No. of adverse events 476 525
Patients with adverse events — no. (%)
Any adverse event 251 (22.6) 266 (23.9)
Serious adverse event 18 (1.6) 74 (6.6)
Maximum grade 3 or 4 adverse event 45 (4.1) 93 (8.3)
Maximum grade 5 adverse event 0 137 (1.2)
Discontinued drug or placebo because of adverse event 23 (2.1) 47 (4.2)
Had dose reduction or temporary discontinuation owing to 4 (0.4) 4 (0.4)
adverse event
Events considered to be related to drug or placebo
No. of adverse events 123 52
Patients with adverse events — no. (%)
Any adverse event 86 (7.8) 42 (3.8)
Serious adverse event 1(<0.1) 0
Maximum grade 3 or 4 adverse event 5 (0.5) 5 (0.4)
Maximum grade 5 adverse event 0 0
Discontinued drug or placebo because of adverse event 9 (0.8) 7 (0.6)
Had dose reduction or temporary discontinuation owing to 2 (0.2) 3(0.3)

adverse event

YV V VYV VY

YV VY

>

Dysgeusia (m/c 5.6%)
diarrhea (3.1%)
fibrin D-dimer increase

alanine aminotransferase
Increase

headache

creatinine renal clearance
decrease

nausea and vomiting

N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJM0a2118542.
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Clinical Trials for Nirmatrelvir/Ritonavir

Protocol Population Primary endpoint Major eligibility

* > 18 years of age
At least one risk factor for severe COVID-19 infection
No previous SARS-CoV-2 infection or hospitalization to treat COVID-19 infection
hospitalization or death No prior or planned convalescent COVID-19 plasma
from any cause through Day No prior or planned SARS-CoV-2 vaccine before study the Day 34 visit
28 * Oxygen saturation of > 92% on room air within 24 hours prior to randomization
» Adequate liver function

Proportion of participants

Non-hospitalized with COVID-19 related

symptomatic SARS-CoV-2
positive*
(High risk population)

EPIC-HR
NCT04960202
(final n=2246)

* > 18 years of age

EPIC-SR Non-hospitalized Time (days) to sustained » No risk factors for severe COVID-19 infection; or with risk factors plus vaccinated
NCT05011513 symptomatic SARS-CoV-2 alleviation of all targeted » No previous SARS-CoV-2 infection or hospitalization to treat COVID-19 infection
(N=1140) positive* COVID-19 sign / symptoms  « No prior or planned convalescent COVID-19 plasma or monoclonal antibodies
- (Standard risk population) through Day 28 * Oxygen saturation of > 92% on room air within 24 hours prior to randomization

» Adequate renal and liver function

* >18 years of age
» Asymptomatic household contacts with exposure to an individual who is symptomatic and
recently tested positive for SARS-CoV-2 (index case)
EPIC-PEP Household contacts of . * Randomized within 96 hours of collection of the index case’s first positive SARS-CoV-2
e . : who symptomatic, RT-PCR
NCTO05047601 individuals infected with confirmed SARS-CoV-2 test
(N=2634) SARS-CoV-2 infection (Day 1-14) * No prior laboratory-confirmed SARS-CoV-2 infection
* No measured fever or signs or symptoms consistent with COVID-19
* No known exposure to individual with positive SARS-CoV-2 or suspected COVID-19
infection, except for the index case, within 1 month before screening

Proportion of participants

Overview of Pfizer’s Protease Inhibitor for COVID-19 Treatment from Pfizer



EPIC-SR

» Double-blind, randomized, placebo-controlled trial, from September 2020 to April 2021, 584 patients

» Unvaccinated patients without conditions indicative for progression to severe disease or patients who
are at high risk for progression to severe disease and are fully vaccinated.

» Onset of symptoms and confirmation of SARS-CoV-2 infection as determined by RT-PCR or RAT
- Within 5 days prior to randomization

» At least 1 COVID-19 signs/symptoms

» Primary outcome

» Time to sustained alleviation of all targeted COVID-19 sign/symptoms through day 28 in the mITT cohort
(< 3 days since symptom onset)

= = TREATMENT:
= = : S . Follow Up (FU)
S = nirmatrelvir/ritonavir vs placebo

35 S

3¢ 3

[=] . . c .

=g £ Twice-daily Nirmatrelvir

S c

- 3 300 mg + ritonavir 100 || P2¥ || P& || DAy |, [ Day 1,1 Day 1) Day | | Week |, | Week
o ﬂ’-
O (1 4

mg or placebo

Pfizer



EPIC-SR: Analysis of Time to Symptom Alleviation

Median (95% confidence interval) Time to Event (Days)

PAX PBO p-value
EPIC-SR mITT 13.0 13.0 0335
(N=367) (12-15) (11-15)
EPIC-SR mITT1 13.0 13.0 0.469
(N=662) (12-15) (11-14) '

Abbreviations: PAX = PAXLOVID; PBO = placebo
mITT = Modified Intent to Treat Population (<3 days since symptom onset)
mITT1 = Modified Intent to Treat Population (<5 days since symptom onset)

Pfizer



EPIC-SR: Hospitalization and Death through Day 28 mITT1 Population
(€5 days since symptom onset)

EPIC-SR
Interim Analysis
PAX PBO
o 3/428 10/426
0
Hospitalization or death by Day 28 (n/N, %) (0.70) (2.35)
RRR 70%
p-value 0.051
0/428 0/426

Death by Day 28 (n/N, %) (0.0) (0.0)

Pfizer



e NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JANUARY 27, 2022 VOL. 386 NO. 4

Early Remdesivir to Prevent Progression to Severe Covid-19
in Outpatients

» Double-blind, randomized, placebo-controlled trial, from September 2020 to April 2021, 584 patients
» Non-hospitalized and risk factor > 1 for severe Covid-19

» Treatment started within 7 days after the onset of sings and symptoms

» Remdesivir (200mg on day 1 followed by 100mg on days 2 and 3) vs. placebo for 3 days

» Primary outcome

» Incidence hospitalization or death at day 29

N Engl J Med 2022; 386:305-315.



Covid 19 related hospitalization or death

A Covid-19-Related Hospitalization or Death from Any Cause

B Covid-19-Related Medically Attended Visit or Death from Any Cause
100+

100 = 10—
Hazard ratio, 0.13 (95% CI, 0.03-0.59)
90 99 p-0.008
B
B0-
7=
70+ e Placeba
= 60 5
&
£ 50 N
8 ] 3
S 40- 2-
1- Remdesivir
0- »
0 — T T T T T T T T T 1
204 li] 2 4 [ 3 10 12 l& 18 20 22 24 26 23
104
—
0 I | I I I I L) I I I Ll I | I
li] 2 4 & B 10 12 14 16 18 20 22 24 26 28
Days since Randomization
No. at Risk
Placebo 283 280 272 271 265 264 264 263 262 261 26l 260 256 250 227
Remdesivir 279 276 272 272 271 268 268 2638 264 264 264 264 260 252 226

10+
Hazard ratio, 0.1% (95% CI, 0.07-0.56)
g - 9- Placebo
8-
B0~
7-
70= f—
— | 5_
& &0
2 .
_E 50+ 1.
E 40— 7 Remdesivir
—
30 1 I
0 I T T T T T T T T T T T
20— 0 2 4 [ B 10 12 14 16 18 20 22 24 36 28
10-
0 I T T T T T T T T T T T T 1
0 z 4 & & 10 12 14 16 18 20 22 24 26 28
Days since Randomization
No. at Risk
Placebe 252 249 241 239 230 IZR 128 227 225 224 224 223 219 213 1593
Remdesivir 246 243 239 239 239 237 237 237 232 232 232 232 227 220 197

N Engl J Med 2022; 386:305-315.



Subgroup Remdesivir Placebo Hazard Ratio (95% Cl)
no./total no. of patients (%)

Residence in the United States 2/264 (0.8) 12/267 (4.5) |—= i E 0.17 (0.04-0.76)
Age =60 yr 1/83 (1.2) 9/87 (10.3) |—= | 0.11 (0.01-0.86)
Male sex 1/148 (0.7)  9/145 (6.2) |—e | 0.11 (0.01-0.84)
Diabetes mellitus 2/173 (1.2)  14/173 (8.1) |—= I \ 0.14 (0.03-0.63)
Obesity 1/154 (0.6)  9/156 (5.8) |—e | 0.11 (0.01-0.88)
Hypertension 2/138 (1.4) 10/130 (7.7) |—e I : 0.17 (0.04-0.76)
Ethnic group E
Not Hispanic or Latinx 2/146 (1.4) 8/158 (5.1) | . : | 0.26 (0.06-1.22)
Hispanic or Latinx 0/123 6/112 (5.4) | -
Chronic lung disease 0/67 4/68 (5.9) : —
Cardiovascular or cerebrovascular disease 0/20 2/24 (8.3) E —
Current cancer 0/12 2/18 (11.1) ; —
00 02 04 06 08 10 12 14
- -
Remdesivir Better Placebo Better

N Engl J Med 2022; 386:305-315.



Remdesivir : ACTT-1 study

A Overall
1.00+

Remdesivir

e

|

w
1

0.50- Placebo

Proportion Recovered

0.254

T
0 2 4

T T T T T T T T T T T 1

6 & 10 12 14 16 18 20 22 24 26 28
Days

No. at Risk

Remdesivir 541 513 447 366 309 264 234 214 194 180 166 148 143 131 B84

Placebo 521 511 463 408 360 326 301 272 245 234 220 200 186 169 105

B Patients Not Receiving Oxygen

1.00+
Remdesivir
-g 0.754 Placebo
:
[
Z 050
2
=
=]
&
& 0254
0.00 T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Days
No. at Risk
Remdesivir 75 68 51 30 21 16 11 7 5 5 §5 2 2 2 2
Placebo 63 61 44 33 24 19 15 11 9 9 & 7 6 5 2

C Patients Receiving Oxygen

1.00+ Remdesivir
B 075
T
E Placebo
-3
T 0.50]
il
k=
=]
s
& 0.254
L e e I B B e B e B e o e |
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Days
No. at Risk

Remdesivir 232 223 181 132 101 73 62 51 42 38 34 29 28 24 13
Placebo 203 199 175 140 111 93 83 69 62 54 53 51 48 44 28

D Patients Receiving High-Flow Oxygen or Noninvasive Mechanical

Ventilation
1.00+
B 075
o
% Remdesivir
o
= 0.504
2
£
]
&
a 0259 Placebo
0.00 T T T T T T T T T T T T 1
0 2 4 6 & 10 12 14 16 18 20 22 24 26 23
Days
No. at Risk
Remdesivir 95 91 86 75 65 57 48 46 44 41 40 38 37 36 27
Placebo 98 98 92 B84 76 72 67 62 57 55 49 44 43 41 27

E Patients Receiving Mechanical Ventilation or ECMO

1.004

B 0754

0

:

(3

% 050+

-E Remdesivir

5]

&

= (0.254

a Placebo
0.00+ T T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Days
No. at Risk

Remdesivir 131 131 129 129 122 118 113 110103 96 87 79 76 69 42
Placebo 154 153 152 151 149 142 136 130 121 116 110 98 25 79 48



Repurposed Antiviral Drugs for Covid-19 — Interim WHO
Solidarity Trial Results

WHO Solidarity Trial Consortium?*

. .
A Remdesivir vs. Its Control IR analysos 23 day ok, KM log ran ttistios. 58% G o 85% G, for ol
Remdesivir Control O-E__ Variance Remdesivir _: Control
100+ 15+ sex 1
Contro' Male 189/1706 (13.6)  211/1725 (13.8) -98 100.6 ' 0.91[0.70-1.17]
Female 102/1037 (10.8) 92/983 (10.8) 21 478 — 1.05[0.72-1.52]
904 Age at entry i
<50 61/961 (6.9) 59/952 (6.8) 23 298 _“'"— 1.08 [0.67-1.73]
50-69 154/1282 (13.8)  161/1287 (14.2) TE 775 —— 0.91[0.68-1.21]
80 _ 104 Rem d esivir 70+ 86/500 (20.5) 83/469 (21.6) 29 415 — 0.93 [0.63-1.39]
— Days from hospital admission to randomization
‘Q 0 79/724 (11.3) TT12(11.0) 13 38.0 0.97 [0.64-1.47]
9_, 70 - 1 81/917 (10.1) 95/938 (11.4) 88 429 - 0.82 [0.55-1.21]
S 2+ 141/1102(15.7) 13171058 (15.3) 02 66.4 _W— 1.00[0.73-1.37]
- Resniratarv sunnor at entry i

Respiratory support at entry
Mo Os 11/661 (2.0 13/664 (2.1) -0.6 6.0 - *= (.90 [0.31-2.58]
Low-flow or hi-flow Oz 192/1828 (12.2) 2191811 (13.8) -16.9 101.8 —.'i'— 0.85 [0.66-1.09]
Ventilation 98/254 (43.0) 71/233 (37.8) 7.6 40.8 — 1.20 [0.80-1.80]

20 nawvc raviv, v.JsJ \J.J FAC I Y U.UJ.iJ..J.J_} No 2032086 (11.3) 21772042 (12.0) 846 103.6 0.82]0./1-1.19]
P _0 50 b I _ k t t Heart disease
=M. y og ran es Yes 771571 (15.3) 75/567 (15.4) 13 37.3 1.04 [0.68-1.58]
No 224/2172 (11.8)  228/2141 (12.0) -10.0 10.7 0.91[0.72-1.17]
Chronic liver disease
Yes 7136 (24.4) 6/41 (17.8) 15 24 1.82[0.35-9.45]
No 294/2707 (12.3)  297/2667 (12.6) -89 145.6 0.94 [0.76-1.18]

I !
Yes 25/151 (18.2) 19145 (16.9) 15 10.8
0 7 14 21 28

1 Chronic lung disease
1.15 [0.52-2.54]

No 276/2502 (12.2) 2842563 (12.5) 97 1380 0.93[0.75-1.18]
Asthma
Days Since Randomization Yes 20/139 (16.2) 15/139 (14.0) 20 84 1.27 [0.52-3.10]
No 281/2604 (12.3) 2882569 (12.7) 4110 1400 0.92[0.74-1.15]
. Corticosteroids at entry or later (ignoring any biases®)
Denom|nat0r Yes 21011310 (16.6)  225/1288 (17.9) 56  106.8 0.95[0.74-1.22]
L No 91/1433 (8.0) 78/1420 (6.9) 12 411 —v:- 1.03[0.69-1.54]
Remdesivir 2743 2159 2029 1918 1838 Geographic location ;
Europe or Canada 337715 (5.2) 271698 (5.1) 1.1 14.5 —_— 0.93[0.47-1.82]
Control 2708 213 8 2004 1908 1833 Latin America 82470 (206)  115/514 (23.8) 44 462 —a— 0.91[0.62-1.33]
Asia and Africa 186/1558 (13.3)  161/1496 (12.0) 34 84d — 1.04 [0.78-1.38]
1
No. WhO Died . Total 301/2743 (12.5) 303/2708 (12.7) -8.3 148.8 <P 0.95 [0.81-1.11]
P Heterogeneity: %’ =12.4; p = 0.82 \ 2p = 0.50
Re md esivir 129 90 ‘48 ].8 16 - 9% or <o 05% confidanca Interval (CI), K- Kaplan-Msier. olo 0'5 ‘10 1‘5 zlo
* RAs in staroid subgroups may be somewhat biased by later steroid use. g R y :
C ontro I 126 93 43 27 14 4 Wastefully fine stratification by country and, within country, by the 6 sirata of age and ventilation Reesiir Remaesir

vielded RR=0.98, 95% CI0.83-1.18, with no good evidence of between-couniry RA heterogeneity.

N Engl J Med 2021;384:497-511.



Remdesivir plus standard of care versus standard of care @+k ®
alone for the treatment of patients admitted to hospital |
with COVID-19 (DisCoVeRy): a phase 3, randomised,

controlled, open-label trial

» phase 3, open-label, adaptive, multicenter RCT, from March 2020 to Jan 2021, 857 patients
» Hospitalized, SpO2 < 94%, requirement of supplemental oxygen, HFOT, NIV or MV
» Remdesivir (n=429) vs. placebo (n=428) up to 10 days

» Primary outcome

» Clinical status at day 15 as measured on the seven-point ordinal scale of the WHO Master Protocol

Lancet Infect Dis 2022;22: 209-21



Time to Recovery

» Days to improvement of 2 catergories of the 7-point
ordinal scale or hospital discharge within day 29

Proportion of patients

A. All patients

Remdesivir vs. control : HR=0.92 95%CI,0.79 ; 1.08), p=0.30

Control 418

Remdesivir 414

7 14 21 28
Time since baseline (days)

No. at Risk
336 175 124 100

B. Moderate disease

100%
o 80% P e
[ =
[
=] e
Q 60%
k-]
[
o
€ 40%
o
o
e
T 20%
0L
0%a 7 14 21 28
Time since baseline (days)
No. at Risk
Control 251 183 69 52 38
Remdesivir 253 208 91 61 49
C. Severe disease
100%
@ 80%
o
by
®
o 60%
[=]
[
o
€ 40%
Q
=
T 20%
%
e 7 14 21 28
Time since baseline (days)
No. at Risk
Control 167 153 106 72 60

Remdesivir 161

62

Lancet Infect Dis 2022;22: 209-21



Subgroups Number of patients OR (95%Cl) P-value
Age
<50 135 —— 1.24 (0.67 to 2.29) 050
[50,70[ 418 —— 094 (067to 1.33) 075
=70 279 —— 0.96 (0.64 to 146) 085
Sex
Men 579 —— 091(068to 1.22) 053
VWomen 253 —— 1.26 (0.811to 1.95) 0.31
Duration of symptoms
prior to randomization
<7 days 264 —— 1.14(0.751t0 1.75) 054
8-14 days 480 —— 101(0.731t0 1.39) 097
>14 days 66 . 044 (0.18to 1.07) 007
Severity at randomization
Moderate 504 —— 085(062to 1.16) 0.31
Severe 328 —— 120(0.821t01.77) 035
Country
France 708 —— 1.06 (0.8210 1.38) 066
Austria 28 . 103(0.27104.02) 096
Portugal 32 - 104(0.29103.73) 095
Belgium/Luxembourg 64 - 043(0.17to 1.05) 007
All patients 832 : "'I" | 0.98 (0.77 to 1.25) 0.85

0.20 10 50

< >

Control Better Remdesivir Better

Lancet Intect Dis 2022;22: 209-21



Molnupiravir

Orally active form
A prodrug of B-d-N4-hydroxycytidine(NHC)
Developed to treat hepatitis and influenza

Introduce copying errors during viral RNA replication

No dose adjustment in renal and liver dysfuction

V. V.V VYV VY V

No drug interaction



Mechanism of Molnupiravir

Step 1: Incorporation

—

Oral Adinistration

+gRNA template

5[

SARS-Cov-2 = +gRNA template
% R:c%;tzor —gRNA product
A
Blood

e

HO HO Ot
Molnupiravir IDD-1931
(‘grocﬁ‘ug) (Ectiveiorm) —gRNA template
+gRNA product

Nat Struct Mol Biol. 2021 Sep;28(9):740-746.
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Molnupiravir for Oral Treatment of Covid-19
in Nonhospitalized Patients

» Phase 3, double-blind, randomized, placebo-controlled trial

» Non-hospitalized, unvaccinated adults with mild to moderate and risk factor > 1 for severe Covid-19
> Treatment started within 5 days after the onset of sings and symptoms

» Molnupiravir (800mg) vs. placebo twice daily for 5 days

» Primary outcome

» incidence hospitalization or death at day 29

N Engl J Med 2022;386:509-20.
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Days since Randomization

No. at Risk
Molnupiravir 709 699 693 670 665 661
Placebo 699 693 674 637 634 631
No. of Events
Molnupiravir 10 6 23 5 0
Placebo 5 19 37 3 3 0

6.8%
9.7%

(hazard ratio, 0.69; 95% CI, 0.48 to 1.01)

N Engl J Med 2022;386:509-20.



20+

154

10

Percentage of Patients

Hospitalization for Any Cause or Death
All Participants (through Day 29)

Difference, —3.0 percentage points (95% Cl, -5.9 to —0.1)

9.7%

6.8% (68/699)

(48/709)

Molnupiravir Placebo

Percentage of Patients

2.54

2.0

1.54

1.0

0.5

Incidence of Death (through Day 29)

1.3%
(9/699)

0.1%
(1/709)

0.0

Molnupiravir Placebo

N Engl J Med 2022;386:509-20.



Subgroup Molnupiravir  Placebo Absolute Risk Reduction (95% Cl)

no. of events/no. of participants percentage points

Sex E

Female 16/379 27/344 —— -3.6 (-7.4 to -0.2)

Male 32/330 41/355 —— -1.9 (-6.5 to 2.8)
Days since onset of symptoms :

=3 25/339 28/335 —o— -1.0 (-5.2t0 3.2)

=3 23/370 40364 e -4.8 (-9.0t0 -0.7)
Baseline Covid-19 severity E

Mild 19/385 27(376 —a— -2.4 (-5.9 to 1.0)

Moderate 29/311 40/321 —o— -3.1 (-8.1t0 1.8)
Baseline SARS-CoV-2 nucleocapsid antibody status '

Positive 5/136 2/146 -—~—-—| 23 (-1.7to 7.1)

Negative 39/541 64/520 e e -5.1 (-8.8 to -1.6)
Risk factors for severe Covid-19 E

>60 yr of age 12/118 16/127 : - -2.4 (-10.6 to 5.8)

Obese 29/535 46/507 —— -3.7 (6.9 to -0.5)

Diabetes mellitus 17/107 17/117 - : 1.4 (-8.2to 11.1)

Serious heart condition 8/86 9/78 b = : -2.2 (-12.4 to 7.5)
Race '

American Indian or Native American 18/207 21199 I—I—E—i -1.9 (-7.8 to 4.0)

Asian 7/25 7/23 . -2.4 (not calculated)

Black 10/157 15/142 I 4.2 (-11.1t02.2)

White 29/556 24573 —a— -4.2 (-7.3 to -1.2)
Baseline SARS-CoV-2 qualitative assay E

Detectable 45/614 61/613 ——i 2.6 (-5.8 to 0.5)

Undetectable 0/54 0/51 Coom 0.0 (-7.1t0 6.7)

Unknown 3/41 7/35 b = : -12.7 (-29.9 to 2.9)

30 20 -l 0 10 20
Molnupiravir Better Placebo Better

N Engl J Med 2022;386:509-20.



Summary of Antiviral drug

_ Remdesivir Molnupiravir Nirmatrelvir

Target Inhibitor of RNA dependent  Mutagenesis of RNA MPRO protease inhibitor
RNA polymerase replication

Vaccination history No vaccination No vaccination No vaccination

Duration of Symptoms 7 days 5 days 5 days

Age > 60 yrs 30% 17.2% 13%

Risk factors DM (61.6%) Obesity (75.1%) Obesity (BMI > 25) (80.5%)
Obesity (55.2%) Age > 60 yr (17.2%) Current smoking (39.0%)
Hypertension (47.7%) DM (15.9%) Hypertension (32.9%)

Hospitalization or death 0.77% vs. 7.01% 6.3% vs. 9.2% 0.72% vs. 6.53%

Drug interaction - . +



Monoclonal Antibodies in mild or moderate COVID-19

* Aged >12 years * Bamlanivimab 2800mg +  +COVID-19-related hospitalizations or all-cause deaths by Day 29:
- Within 3 days after SARS-CoV-2 etesevimab 2800mg single 11 (2.1%) in BAM plus ETE arm vs. 36 (7.0%) in placebo arm;
diagnosis infusion vs. placebo relative risk difference: 70% (P < 0.001).
BLAZEL | At high risk for severe COVID-19 « All-cause deaths by Day 29: 0 in BAM plus ETE arm vs. 10
or hospitalization (1.9%) in placebo arm.
» Aged >18 years « Casirivimab 600mg + » COVID-19-related hospitalizations or all-cause deaths through
« Within 7 days after symptom onset Imdelvlmsb 600;2% (n=736) Day 29:
vs. placebo (n= . -
REGN-  *At high risk for severe COVID-19 placebo (n=748) 7 (1.0%) in CAS 600 mg plus IMD 600 mg arm vs. 24 (3.2%)
COV?2 or hospitalization « Casirivimab 1200mg + in placebo arm (P = 0.002).
Imdevimab 1200 (n=1355) . 1§ (1.3%) in CAS 1,200 mg plus IMD 1,200 mg arm vs. 62
vs. placebo(n=1341) (4.6%) in placebo arm (P < 0.001)
* Aged >18 years with > 1 «SOT500mg IV (n=291)  ~Hospitalizations or all-cause deaths by Day 29
CoET. | COmeniy o et =0 e vs. placebo (n = 292) *3 (1%) in SOT arm vs. 21 (7%) in placebo arm (P = 0.002).
ICE * Symptom onset < 5 days before

enrollment



Neutralization

of Omicron VOC by monoclonal antibodies

% relative infection

% relative infection
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Nat Med. 2022 Mar;28(3):490-495.



Neutralization of Omicron/BA.2 by monoclonal antibodies

Table $2. Efficacy of Monoclonal Antibodies and Antiviral Drugs against SARS-CoV-2 Variants in Vitro.*

SARS-CoV-2 Variant
Monoclonal Antibody SARS-COV-2UT-NCO02: o\ oo o oV-2IUT-HP127- hCoV: hCoV-19/Japan/TY7-  hCoV-19/USA/WI-UW- hCo\: hCoV: hCoV-19/Japan/UT-
or Antiviral Drug mHuma"mmmfm (An 1NfiHuman/2021/Tokyo 19/USA/MD- 503/2021 525012021 19/Japan/NC928- 19/Japan/NCS25- NCD1288-2N/2022
ancestral strain/A) HP01542/2021 2Ni2021 1Nf2021 )
(Alpha/B.1.1.7) (GammalP.1) (Delta/B.1.617.2) _ _ (Omicron/BA.2)
(Beta/B.1.351) (Omicron/BA.1) {Omicron/BA.1.1)

Neutralization activity of
monoclonal antibady —_
ng/ml{
LY-CoV016, etesevimab 18.19 £ 9.10 150.38 + 83.51 >50,000 >50,000 15.37 £9.78 >50,000 >50,000 >50,000
LY-CoV555, bamlanivimab 469 +1.43 2.65+1.30 9554.88 + 926.53 1601.65 + 896.02 641.73 + 324.79 >50,000 >50,000 >50,000
REGN10987, imdevimab 3.05+093 1.87 £1.60 217 £1.30 1.04 £ 0.68 395+1.78 >50,000 >50,000 68.65 + 8.84
REGN10933, casirivimab 2.79 +1.87 274 +184 757.13 = 287 .91 187.69 + 128.88 289+1.78 14110.70 £ 1782.13 11998.94 + 2604.70 1666.19 + 771.77
COV2-2196, tixagevimab 1.92 £ 0.28 1.34 £ 0.67 18.98 £ 1.42 6.56 + 1.56 4.05+2.60 1299.94 + 406.58 880.47 + 68.08 395.78 + 62.37
COV2-2130, cilgavimab 770 +2.20 3.60 +1.62 10.03 £ 3.05 4.00+2.70 12.76 £ 2.93 443 .87 + 167.96 13558.20 + 4646.95 444 +2.72
sf::i’rzgrawmab 2733 +£3.24 44.91 £ 22.76 100.98 + 22.27 28.38 +1.86 111.43 £ 58.22 373.47 £159.49 384.52 + 65.98 1359.05 + 269.23
g;ﬁf;;ma plus LY- 12.60 + 1.91 15.26 + 3.98 >10,000 2545.04 + 625.72 10.28 £ 3.33 >10,000 >10,000 >10,000
REGN10987 plus 353 £ 0.66 1.55 £0.78 518 145 211+048 1.91+£0.79 >10,000 >10,000 222.59 + 64 .47
REGN10933
2%\;2-2195 ] 342 +£092 1.94 + 0.34 10.30 £ 1.17 1.79 + 0.87 550275 255.86 + 45.31 1374.90 = 14 .47 14.48 + 2.04
Viral susceptibility to
drug — pMi
G5-441524§ 1.04 £ 0.32 0.83 +0.19 0.63 £0.20 0.91+0.33 112 £0.20 1.28 £ 042 1.63 £ 0.30 2.85+0.31
EIDD-19319 0.51+0.14 0.95 017 0.60 = 0.21 0.41+013 0.83 £ 0.41 043 +0.08 1.09+0.13 0.67 £0.22
PF-07321332I 3.59 + 0.96 423 +1.04 2.03 +0.96 457 +1.14 3.90 £ 0.50 4.26 + 0.36 363 +042 6.76 + 0.69

NEJM DOI: 10.1056/NEJMc2201933



Immunomodulators in COVID-19

» Immunotherapies targeting immune mediators of host defense.
« Corticosteroids
 Kinase inhibitors — JAK inhibitor
« Anti-cytokine treatment — Anti-1L-6 Antibody

« Anti-complement therapies T Stage 1 | Stage 2 | Stage 3
Early infection ! Pulmonary phase ! Hyperinflammatory phase
 Stimulators of antiviral defense o ek : :
« Viral repllcatlon | « Viral rep'ication |
o Asymptomatic ormild to | . Affected lungs, pneumonia |
= moderate symptoms ;P Dyspnea
5 » detection of virus by RT- + Chest Rx (opacities)
> PCR ' Ler (glass opacities)
@ | Host Inflammatory response
n |
o 1
3 antiviral response I
3 | * Pneumonia, sepsis,
- I respitatary failuces7?
& Respiratory Distress
I Syndrome
I « Cytokine storm
L -
onset death

COVID-19 Natural history



RECOVERY trial

A All Participants (N=6425)

B Invasive Mechanical Ventilation (N=1007)

1004 100+
Rat tio, 0.64 (95% Cl, 0.51-0.81
Rate ratio, 0.83 (95% Cl, 0.75-0.93) ate ratlo, (95% )
g0 P<0001 20
g 60 g 60
£ £
q L Usual care
5 40 5 40
= =
Usual care
20 20 Dexamethasone
Dexamethasone
0 T T T 1 O T T T 1
0 7 14 21 28 0 7 14 21 28
Days since Randomization Days since Randomization
No. at Risk No. at Risk
Usual care 4321 3754 3427 3271 3205 Usual care 633 572 481 424 400
Dexamethasone 2104 1902 1724 1658 1620 Dexamethasone 324 290 248 232 228
C Oxygen Only (N=3383) D No Oxygen Received (N=1535)
1004 100+
Rate ratio, 0.82 (95% Cl, 0.72-0.94) .
Rate ratio, 1.19 (95% CI, 0.92-1.55)
804 804
& o & 6o
= Z
Tﬂ“ ®
S 404 5 40
= =
Usual care
204 20 Dexamethascone
Dexamethasone
Usual care
0 T T T 1 C T T T 1
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 501 477 440 420 411

Respiratory Support

at Randomization Dexamethasone

Usual Care

no. of events/total no. (%)

Invasive mechanical 95/324 (29.3)

ventilation
Oxygen only 2981279 (23.3)
No oxygen received 89/501 (17.8)
All Patients 4822104 (22.9)

Chi-square trend across three categories: 11.6

283/683 (41.4)

6822604 (26.2)
145/1034 (14.0)
111074321 (25.7)

Rate Ratio (95% ClI)

—. 0.64 (0.51-0.81)
—— 0.82 (0.72-0.94)
R — 1.19 (0.92-1.55)
<> 0.83 (0.75-0.93)
P<0.001
I T T 1
0.50 0.75 1.00 1.50 2.00
Dexamethasone Usual Care
Better Better

N Engl J Med 2021;384:693-704.



Table 2. Primary and Secondary Outcomes and Prespecified Subsidiary Clinical Outcomes.

Qutcome

Primary outcome

Death at 28 days

Secondary outcomes

Discharged from hospital within 28 days

Invasive mechanical ventilation or death
Invasive mechanical ventilation
Death

Subsidiary clinical outcomes

Use of ventilationy:
Noninvasive ventilation
Invasive mechanical ventilation

Successful cessation of invasive mechanical ven-
tilation{

Renal-replacement therapy§

Dexamethasone
(N =2104)

482/2104 (22.9)

1416/2104 (67.3)
462/1780 (26.0)
110/1780 (6.2)
387/1780 (21.7)

25/501 (5.0)

20/501 (4.0)

9/501 (1.8)
160/324 (49.4)

89/2034 (4.4)

Usual Care
(N =4321)

no. /total no. of patients (%)

1110/4321 (25.7)

2748/4321 (63.6)
1003/3638 (27.6)
298/3638 (8.2)
827/3638 (22.7)

65/1034 (6.3)
57/1034 (5.5)
19/1034 (1.8)
268,683 (39.2)

314/4194 (7.5)

Rate or Risk Ratio
(95% Cl)*

0.83 (0.75-0.93)

1.10 (1.03-1.17)
0.93 (0.85-1.01)
0.79 (0.64-0.97)
0.93 (0.84-1.03)

0.84 (0.54-1.32)
0.77 (0.47-1.26)
1.07 (0.49-2.34)
1.47 (1.20-1.78)

0.61 (0.48-0.76)

N Engl J Med 2021;384:693-704.



JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of 12 mg vs 6 mg of Dexamethasone on the Number of Days Alive
Without Life Support in Adults With COVID-19 and Severe Hypoxemia
The COVID STEROID 2 Randomized Trial

The COVID STEROID 2 Trial Group

» Multicenter, blinded, randomized clinical trial
» 1000 patients requiring at least 10 L/min of oxygen, NIV, MV
> 12mg/d of IV dexamethasone (n=503) vs. 6mg/d of IV dexamethasone (n=497) for up to 10 days

» Primary outcome
» the number of days alive without life support at 28 days

JAMA. 2021;326(18):1807-1817.



Number of days alive without life support at 28 days

Table 2. Primary and Secondary Outcomes

12 mg of dexamethasone

6 mg of dexamethasone

Adjusted mean difference

Adjusted relative risk

Outcome? (n = 491) (n = 480) (95% CI)® (99% CI)® P value
Primary outcome
No. of days alive without life support at 28 d, median (IQR)® 22.0(6.0t028.0) 20.5(4.0to 28.0) 1.3(0t02.6) 07¢
Single components of the composite primary outcome®
No. of days alive without invasive mechanical ventilation at 28 d, median (IQR) 23.0(7.0t028.0) 22.0(5.0to 28.0)
No. of days alive without circulatory support at 28 d, median (IQR) 26.0(13.0to0 28.0) 25.0(9.0to 28.0)
No. of days alive without kidney replacement therapy at 28 d, median (IQR) 28.0(18.0to0 28.0) 28.0(13.8t028.0)
Secondary analysis of the primary outcome
No. of days alive without life support at 28 d® 12(-0.1t02.4) .06
Unadjusted analysis 1.3(-0.1t02.7) .07
Secondary outcomes
No. of days alive without life support at 90 d, median (IQR) (n=489) (n=478) 44(-1.6t010.4) 15f
84.0(9.3t090.0) 80.0 (6.0 to 90.0)
No. of days alive out of the hospital at 90 d, median (IQR) (n=490) (n=478) 41(-1.3t09.5) .09
61.5 (0to 78.0) 48.0 (0t0 76.0)
Mortality
At 28 d, No. (%) 133(27.1) 155(32.3) -4.5(-11.5t02.3)¢ 0.86 (0.68 to 1.08) 10"
At 90d, No./total (%) 157/490 (32.0) 180/478 (37.7) -4.9(-12.1t02.4)9 0.87 (0.70to 1.07) .09
>1 serious adverse reactions, No./total (%) 56/497 (11.3) 65/485 (13.4) -2.2(-7.3t03.1)¢ 0.83(0.54t0 1.29) 2

New episodes of septic shock, No. (%)
Invasive fungal infection, No. (%)
Clinically important gastrointestinal bleeding, No. (%)

Anaphylactic reaction to dexamethasone, No.

42 (8.5)
15(3.0)
9(1.8)
0

50(10.3)
21(4.3)
5(1.0)

0

JAMA. 2021;326(18):1807-1817.



All cause mortality at 90 d

50

I w B
o o o
| | |

Probability of mortality, %

=
o
|

No. at risk
12 mg of dexamethasone
497 430
6 mg of dexamethasone
485 416

B | Time to death curves censored at 90 d

6 mg of dexamethasone

12 mg of dexamethasone

Hazard ratio, 0.83 (99% Cl, 0.63-1.10); P=.09

I T 1 1 1 T 1 1

20 30 40 50 60 70 80 S0
Time since randomization, d

384 357 344 342 337 334 333 333

365 322 314 305 301 300 299 298

JAMA. 2021;326(18):1807-1817.



Figure 3. Median Days Alive Without Life Support and the Adjusted Mean Differences in the 7 Predefined Subgroups

Days alive without life support by
dexamethasone dose, median (IQR)

Subgroup 12 mg

6 mg

Adjusted mean
difference
(95% ClI)2

Enrollment geographic region

Europe 22.0(7.0to 28.0) (n=298)

India 28.0 (4.8 t0 28.0) (n=187)
Age,y

270 12.0(3.0t0 28.0) (n=167)

<70 26.0(9.0t0 28.0) (n=318)

Chronic use of systemic glucocorticoids at baseline

Yes 22.0(6.0t0 28.0) (n=16)

No 22.0 (6.0 t0 28.0) (n=469)
Limitations in careb

Yes 9.0(3.3t028.0) (n=25)

No 22.0(7.0to 28.0) (n=460)

Required invasive mechanical ventilation

Yes 9.0 (0t021.0) (n=99)

No 28.0(9.0to 28.0) (n=386)
Prior use of IL-6 receptor antagonists

Yes 27.0(9.5t028.0) (n=47)

No 22.0(5.0t0 28.0) (n=438)
Prior use of dexamethasone before randomization, d

0-2 22.0 (4.5 to 28.0) (n=355)
3-4 22.0(6.8t028.0) (n=130)
All patients 22.0(b.0t0 28.0) (n=491)

20.0 (4.0 to 28.0) (n=315)
25.0 (5.0 t0 28.0) (n=182)

8.0(3.0t028.0) (n=167)
25.0 (5.0 to 28.0) (n=330)

5.0 (0.8t08.0) (n1=13)
21.5 (4.0 to 28.0) (n=484)

6.0 (3.0 to 28.0) (n=30)
22.0 (5.0 to 28.0) (n=467)

2.5(0to 15.0) (n=107)
28.0 (6.0 to 28.0) (n=390)

28.0 (24.0 to0 28.0) (n=52)
18.0 (4.0 to 28.0) (n=445)

23.0 (5.0 t0 28.0) (n=384)
19.0 (4.0 t0 28.0) (n=113)
20.5 (4.0 to 28.0) (n=480)

1.8(0.2t03.4)
0.5 (-1.7 to 2.6)

1.6 (-0.7 to 4.0)
1.2(-0.4t02.8)

8.4(-5.9t022.7)
1.0 (-0.3t02.3)

6.6(0.1t013.1)
1.2 (-0.1t02.5)

2.4(-0.2 t0 5.0)
1.1(-0.5 to0 2.6)

-1.4(-5.3t0 2.4)
1.7 (0.3t03.1)

1.6 (0.1t03.1)
-0.4(-3.4t02.7)
1.3 (0 to 2.6)

6 mg of

dexamethasone

better

12 mg of
dexamethasone
better

Y

-20

-10

T

0 10

Adjusted mean difference (95% Cl)

1

20

P value for
heterogeneity

.32

.76

31

A1

.36

13

.25
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Pathogenic Host Response to SARS-CoV-2 and Pathways to
Cytokine Release Syndrome (CRS)

Lymphocyte changes

Front. Pharmacol. 13:825749.



Meta-analysis of mortality in randomised, controlled trials of tocilizumab In
patients hospitalised with COVID-19

Deaths/patients randomly assigned

(%)

Observed minus
expected deaths*

Tocilizumab group  Usual care group

(0-E)  Var (0-E)

Ratio of death rates,
rate ratio (95% Cl)

CORIMUNO-TOCI™
RCT-TCZ-COVID-19*
BACC Bay*
COVACTA?
EMPACTA®
REMAP-CAP™
TOCIBRAS®
COVINTOC*
Subtotal: eight trials
RECOVERY

All trials

7164 (11%)
2/60 (3%)
9/161 (6%)
58/294 (20%)
26/249 (10%)
98/353 (28%)
14/65 (22%)
11/91 (12%)
225/1337 (17%)
621/2022 (31%)
846/3359 (25%)

8/67 (12%)
1/66 (2%)
(3/82) %27 (4%)
(28/144) x21 (19%)
(11/128) x21 (9%)
142/402 (35%)
6/64 (9%)
15/89 (17%)
256/1396 (18%)
729/2094 (35%)
985/3490 (28%)

-03 33
0-6 0-7
1.0 2:6
03 153
1.6 75
-14.2 40-8
39 4-3
-21 5-6
-9.3 801
-54-4 330-6

-63.7 410-7

v

v

o M {

[ T 1

I
0-25 0.5 1.0 2.0 4-0
< >

Tocilizumab better Tocilizumab worse

0-91 (0-31-2-65)
217 (0-22-213)
1.51 (0-44-513)
1.02 (0-62-1-68)
123 (0-60-2-52)
0-71 (0-52-0-96)
2:51(0-97-6.50)
0-68 (0:30-1.56)
0-89 (0-72-1-11)
0-85 (0-76-0-94)
0-86 (0-78-0-94)
p=0-0017
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Interleukin-6 Receptor Antagomsts in Critically Il Patients
with Covid-19

» Multifactorial, adaptive platform trial

» Within 24 hours after starting organ support in ICU
Respiratory organ support : invasive MV or NIV or HFNC (> 30L/min and > 0.4)

« Cardiovascular organ support : IV infusion of any vasopressor or inotrope
» HFNC(29%), NIV (42%), IMV(29%)
» |V tocilizumab (8mg/kg) or Sarilumab (400mg) vs. Placebo
» Primary outcome

« The number of respiratory and cardiovascular organ support—free days up to 21 days

N Engl J Med 2021;384:1491-502.



The number of organ support free days

Table 2. Primary and Secondary Outcomes.*

Outcome or Analysis
Primary outcome
Organ support—free days
Median (IQR)
Adjusted odds ratio
Mean
Median (95% credible interval)
Probability of superiority to control — %
Subcomponents of organ support—free days
In-hospital death — no. /total no. (%)
Concurrent with tocilizumab randomization

Concurrent with sarilumab randomization

Median no. of days free of organ support in survi-

vors (IQR)

Primary in-hospital survival
Adjusted odds ratio

Mean

Median (95% credible interval)
Probability of superiority to control — %
Secondary analysis of primary outcome
Adjusted odds ratio

Mean

Median (95% credible interval)
Probability of superiority to control — %
Secondary analysis of primary in-hospital survival
Adjusted odds ratio

Mean

Median (95% credible interval)
Probability of superiority to control — %

Tocilizumab
(N=353)

10 (-1 to 16)

1.65+0.23
1.64 (1.25 to 2.14)
=99.9

98/350 (28)

14 (7to17)

1.66+0.31
1.64 (1.14 10 2.35)
99.6

1.68+0.24
1.66 (1.26 to 2.18)
>99.9

1.67-0.31
1.65 (1.15 to 2.34)
99.6

Sarilumab
(N=48)

11 (0 to 16)

1.83+0.44
1.76 (1.17 to 2.91)
99.5

10/45 (22)

15 (6to 17)

2.25+0.96
201 (1.18 to 4.71)
99.5

1.84+0.44
1.77 (1.18 to 2.90)
99.6

2.24+0.94
2,00 (1.17 to 4.69)
99.4

Control
(N=402)

0(-1to015)

142/397 (36)
127355 (36)7
19/63 (30)
13 (40 17)

1.0+
8 Tocilizumab
§ 099 (N=350)
8 o084
5 07
'1§_- 0.64 Sari::l.lrr;asb
8 054 (N=43)
& 044
5 0.3+ ) Tocilizumab Control
L; 0.2 Sarilumab (N=350) (N =39?}
E° (N=45)
g 014 I T T T T T T T T T 1
0.04 00 01 02 03 04 05 06 07 08 09 10
T T T T T i
16 : 10 15 20 Proportion
EEEEEN EEEEER
Organ Support—free Days -101234567 8 9101112131415161718192021
Organ Support—free Days
w 107 Pooled
'é 0.9 Interleukin-6
2 0.8 Receptor
a - Antagonists
% 0.7 (N=395)
s 0.6
g o
8 0.5
& o4 ) . . Control
@ 03 Pooled interleukin-6 receptor antagonists (N=397)
2 034 (N=395)
=
s 0.2
g 0 1_ I T T T T T T T T T 1
U : 00 01 02 03 04 05 06 07 08 09 10
0.0+
1 ' r ' : Proportion
-10 5 10 15 20
EEEEEN EEEEER
Organ Support—free Days -101234567 8 9101112131415161718192021

Organ Support—free Days

N Engl J Med 2021;384:1491-502.



Time to survival and ICU and hospital discharge

- Sarilumab -+ Tocilizumab - Control = Pooled interleukin-6 receptor antagonists
A B
Hazard ratio with pooled interleukin-6 receptor antagonists,
1.61 (95% credible interval, 1.25-2.08)
1.00+ 1.00+
£ £
g 0.75- e £ 0.75-
3 — 3
wv wvy
“ “
; 0.50- Hazard ratio with tocilizumab, ; 0.504
= 1.59 (95% credible interval, 1.24-2.05) =
0 . . . 0
@ ;5| Hazard ratio with sarilumab, 8 095
o ‘ o
° 1.82 (95% credible interval, 1.22-3.38) °
a a
0.00 T 1 T T T 1 0.00 T T 1 T 1 1
0 15 30 45 60 75 920 0 15 30 45 60 75 90
Days Days
No. at Risk No. at Risk
Sarilumab 48 42 37 31 31 31 31 Pooled 401 342 303 273 261 257 255
Tocilizumab 353 300 266 242 230 226 224 Control 402 323 263 242 231 226 225
Control 402 323 268 242 231 226 225
C D
Hazard ratio with tocilizumab, Hazard ratio with tocilizumab,
1.004 1.42 (95% credible interval, 1.18-1.70) 1.00— 1.41 (95% credible interval, 1.18-1.70)
g‘ Hazard ratio with sarilumab, i':, Hazard ratio with sarilumab,
_E: 0.75 1.64 (95% credible interval, 1.21-2.45) _g = 075+ 1.51 (95% credible interval, 1.17-2.40)
2 5 R .
g og
S g 0504 s £ 050
Zg £e
_= —1
2 025 2E& o025
o o
2 g
a a
0.00 T T T T T 1 0.00 T T T T T 1
0 15 30 45 60 75 90 0 15 30 45 60 75 90
Days Days
No. at Risk No. at Risk
Sarilumab 48 18 14 7 7 7 7 Sarilumab 48 26 19 10 10 10 10
Tocilizumab 353 162 125 99 91 90 89 Tocilizumab 353 234 163 118 106 103 101
Control 402 236 184 157 140 134 132 Control 402 297 218 182 159 148 145

N Engl J Med 2021;384:1491-502.



Tocilizumab in patients admitted to hospital with COVID-19 2 ®
(RECOVERY): a randomised, controlled, open-label, platform "
trial

RECOVERY Collaborative Group™*

Randomized, controlled, open-label, platform trial, 4116 patients

Hospitalized patients with progressive COVID-19 (Sa02 < 92% at RA, CRP >75 mg/L)
IMV(14%), NIV (41%), O2 supply(45%)

Corticosteroids (82%)

IV tocilizumab (weight based) vs. Placebo

YV V V VYV V V

Primary outcome
 All cause mortality at 28 days

Lancet 2021; 397: 1637-45



Effect of tocilizumab on 28-day mortality and hospital discharge

A

100 ¥, Tocilizumab group

60

50

40

30

Mortality (%)

20

10

f/ — Usual care group

35%

Rate ratio 0-85 (0:76-0-94)
Log-rank p=0-0028

Number at risk

Tocilizumab 2022
Usual care 2094

| | | |

/ 14 21 28
1736 1547 1445 1398
1735 1503 1410 1361

100

N\

604
50
40-
30

20

Discharged alive (%)

10 A

Rate ratio 1-22 (1-12-1-33)
Log-rank p<0-0001

Number at risk
Tocilizumab 2022
Usual care 2094

7/ 14 21 28
Time since randomisation (days)
1509 1101 956 869
1653 1278 1124 1046

Lancet 2021; 397: 1637-45



Tocilizumab group

Usual care group

Risk ratio (95% Cl)

Age, years (x3=0-0; p=0-88)

<70

70-79

=80

Sex (xi=2-4; p=0-12)
Men

Women

Ethnicity (x3=0-0; p=0-98)

White

Black, Asian, or minority ethnic

Unknown

Days since symptom onset (xi=1-1; p=0-30)

<7/
>7

273/1331 (21%)
212/478 (44%)
136/213 (64%)

417/1337 (31%)
204/685 (30%)

476/1530 (31%)
99/354 (28%)
46/138 (33%)

214/668 (32%)
407/1354 (30%)

Respiratory support at randomisation (x3=0-8; p=0-38)

No ventilator support*

Non-invasive ventilationt
Invasive mechanical ventilationt

Use of corticosteroids§ (x3=7-7; p=0-01)

Yes
No
Unknown

All participants

180/935 (19%)
310/819 (38%)
131/268 (49%)

482/1664 (29%)

139/357 (39%)
0/1 (0%)

621/2022 (31%)

309/1355 (23%)
245/480 (51%)
175/259 (68%)

529/1437 (37%)
200/657 (30%)

573/1597 (36%)
123/378 (33%)
33/119 (28%)

256/660 (39%)
473/1433 (33%)

214/933 (23%)
366/867 (42%)
149/294 (51%)

600/1721 (35%)

127/367 (35%)
2/6 (33%)

729/2094 (35%)

<

[ ] T 1
05 0-75 1.0 1.5 2:0

“— —»

Favours tocilizumab Favours usual care

0-88 (0.74-1.03)
0-82 (0-68-0-99)
0:92 (0-73-1-15)

0-80 (0:71-0-91)
0-97 (0-80-1-18)

0-83(0-73-0-94)
0-83 (0-64-1.09)
120 (0-77-1-88)

078 (0-65-0-94)
0-88 (0-77-1.01)

0-81 (0-67-0-99)
0-86 (0-74-1-00)
0-93 (0-74-1-18)

079 (0:70-0-89)
116 (0-91-1-48)

0-85 (0-76-0-94)
p=0-0028

Lancet 2021; 397: 1637-45




Comparison RCT of Tocilizumab

_ BACC Bay | COVACTA | EMBACTA REMAP- | RECOVER
CAP Y

Age 59.8 60.9 55 61.4 63
No O2 supply 16% 9%
Respiratory OZ2 only 80% 30% 64% <1% 46%
support NIV 4% 30% 26% 61% 41%
IMV 38% 29% 14%
Symptoms onset 9 12 8 9
Glucocorticoids 0% 25% 78%
C-reactive protein 110 170 136 136 143

> REMAP-CAP : within 24hr after ICU admission
» RECOVERY : progressive COVID-19



Baricitinib — Janus kinase inhibitor

> Janus kinase inhibitor — Jakl & Jak 2

» Anti-cytokine properties and a potential anti-viral mechanism

> Used In auto-immune disease such as Rheumatoid arthritis

Interleukins (IL-2, IL-4,
IL-7, IL-9, IL-15, and IL-21)

Step 1 Step 2 Step 3

SARS-CoV-2

\ | Adaptor Protein /
N \ 7 [
Stimulates \ 7/ Stimulates
" Clathrin

ACE2 AAKI i GAK

Phosphorylation « 1/ } \\
Inhibits e Inhibits WS -~
and activation i § = %

AAKT + GAK

Baricitinib

GM-CSF and
Erythropoietin
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Y ~siara | | el differentiation myelopoiesis,
a‘"o'.‘ and O] and inflammation B | and platelet
stasis production

xo00Mbo0c

Transcription

Type | Interferons and
Interleukins (IL-10, IL-20,
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Efficacy and safety of baricitinib for the treatment of 9@+k ®
hospitalised adults with COVID-19 (COV-BARRIER):
a randomised, double-blind, parallel-group, placebo-

controlled phase 3 trial

» Phase 3, randomized, double-blind, placebo-controlled trial, from June 2020, to January 2021

» hospitalized with Covid-19 pneumonia & NIAID-OS 4-6
« Bilateral pulmonary infiltrates
» At least 1 elevated inflammatory marker (CRP, D-dimer, LDH or ferritin)

» SoC : antiviral treatment (18.9%), systemic glucocorticoids (79.3%)
» Baricitinib 4mg (n=764) + SoC vs. Placebo (n=761) + SoC up to 14 days

» Primary outcome

» The proportion who progressed to high-flow oxygen, non-invasive ventilation, invasive mechanical ventilation,
or death by day 28

Lancet Respir Med 2021; 9: 1407-18.



Baricitinib
group (n=764)

Placebo group
(n=761)

Baricitinib vs placebo

Point estimate (95% Cl)

p value*

Primary outcome

Progression to high-flow oxygen, non-invasive ventilation, invasive mechanical ventilation (including

ECMO), or death, by day 28+
Population 1%
Population 2§

Key secondary outcomes

All-cause mortality

27-8%
28-9%

62/764 (8%)

30-5%
271%

100/761 (13%)

Likelihood of overall improvement on the NIAID-0S$q

Day 4
Day7
Day 10
Day 14

21-point improvement on NIAID-OS or live discharge from hospitalt+

Day 4
Day7
Day 10
Day 14

Median time to recovery
(NIAID-0S), days

Number of ventilator-free days$

Duration of hospitalisation#

25-2%
49-8%
65-0%
75-6%
10-0

(9:0t0 11.0)

24-5(0-39)
129 (0-40)

211%
45-8%
63.5%
72:3%
11-0

(10-0t012-0)

237 (0-39)
13.7 (0-40)

Change from baseline in oxygen saturation from <94% to =94%

Day 4
Day7
Day 10
Day 14

133/282 (47%)
146/282 (52%)
160/282 (57%)
166/282 (59%)

119/282 (42%)
146/282 (52%)
148/282 (52%)
166/282 (59%)

OR 0-85 (0-67t0 1.08)
OR1-12 (0-58 to 2-16)

HR 0-57 (0-41t0 0.78)

OR 1.21 (1-00 to 1.47)
OR 1-25 (1-04 to 1-49)
OR 117 (0-97 to 1.41)
OR 1-28 (1.05 to 1.56)

OR1-26 (0-98t0 1-61)
OR1-18 (0-95t0 1-46)
OR1.07 (0-86to 1.34)
OR1-21(0-95t0 1:55)
RR111(0-99 to 1-24)

LSMD 0-75 (~0-0 to 1.5)

LSMD -0-76 {-1:6 to 0-0)

OR 120 (0-86t01-69)
OR 0-97 (0-69 to 1-37)
OR1-15 (0-81to 1-63)
OR 095 (0-66t0 1:37)

018
073

00018

0-046
0-017
0-092
0-017

0-067
013
054
013
0-15

0-059
0-063

0-29
0-88
0-43
0-79

Baricitinib group  Placebo group Hazard ratio p value
(95%C1)
NIAID-0S score at baseline
4 1/89 (1%) 4197 (4%) 0-24 (0-00-2-18) 023
5 29/490 (6%) 41/472 (9%) —_— 072 (0-45-1-16) 0-11
6 32/183 (17%) 55/187 (29%) B 0-52(0-33-0-80)  0-0065
Systemic corticosteroid use at baseline
Yes 57612 (9%) 82/592 (14%) —_— 0-63 (0-45-0-89) 0-017
No 5/150 (3%) 18/164 (11%) —— 0-28 (0-10-0-77) 0-011
Remdesivir use at baseline
Yes 12/140 (9%) 16/147 (11%) - 0-81(0-38-1-73) 0-60
No 50/622 (8%) 84/609 (14%) — 0-52 (0-36-0-74) 0-0014
Geographical region
Europe 1/73 (1%) 4/70 (6%) 0-22 (0-00-2-46) 018
USA 16/162 (10%) 24/158 (15%) — 0-61(0-32-1-16) 015
Rest of world 45/529 (9%) 72/533 (14%) — 0-58 (0-40-0-84)  0-010
Sex
Male 38/490 (8%) 64/473 (14%) — 0-56 (0-38-0-84)  0-0041
Female 24/274 (9%) 36/288 (13%) — 1 0-60 (0-36-1-02) 017
Disease duration at baseline (days)
<7 7/137 (5%) 16/116 (14%) — 033 (0-13-0-82) 0-017
=7 55/625 (9%) 84/640 (13%) —_— 0-61(0-44-0-86)  0-019
Age at baseline (years)
<65 17/508 (3%) 41/518 (8%) —_— 0-41(0-24-0-73) 0-0018
265 45/256 (18%) 59/243 (24%) — 0-68 (0-46-1-00) 0-072
Population 2* 5/96 (5%) 16/109 (15%) —_—— 0-31(0-11-0-88) 0-030
Overall (population 1) 62/764 (8%) 100/761 (13%) —— 0-57 (0-41-0-78)  0-0018
0‘.5 1.0 1-‘5 2!0 2!5
+“— —»

Favours baricitinib Favours placebo

Lancet Respir Med 2021; 9: 1407-18.



Baricitinib group Placebo group

(n=750) (n=752)
Treatment-emergent adverse event 334 (45%) 334 (44%)
Mild 133 (18%) 115 (15%)
Moderate 90 (12%) 89 (12%)
Severe 111 (15%) 130 (17%)
Death due to adverse event™ 12 (2%) 31(4%)
Serious adverse event 110 (15%) 135 (18%)
Discontinuation from study 56 (7%) 70 (9%)
treatment due to adverse event
(including death)
Treatment-emergent infection 119 (16%) 123 (16%)
Serious infections 64 (9%) 74 (10%)
Venous thromboembolic eventt 20 (3%) 19 (3%)
Deep vein thrombosis 4 (1%) 2 (<1%)
Pulmonary embolism 13 (2%) 9 (1%)
Other peripheral venous 8 (1%) 10 (1%)
thrombosis
Major adverse cardiovascular event 8 (1%) 9 (1%)
Cardiovascular death 1(<1%) 3(<1%)
Myocardial infarction 4 (1%) 4 (1%)
Stroke 4 (1%) 4 (1%)
Gastrointestinal perforation 0 0

Lancet Respir Med 2021; 9: 1407-18.



Efficacy and safety of baricitinib plus standard of care forthe @ ®
treatment of critically ill hospitalised adults with COVID-19
on invasive mechanical ventilation or extracorporeal

membrane oxygenation: an exploratory, randomised,

placebo-controlled trial

» Expiratory, randomized, double-blind, placebo-controlled trial, from December 2020, to April 2021
> hospitalized with invasive MV or ECMO

» SoC : systemic glucocorticoids (86%)

» Baricitinib 4mg (n=51) + SoC vs. Placebo (n=50) + SoC up to 14 days

» Primary outcome
 All cause mortality at day 28 and day 60

Lancet Respir Med 2022



Mortality (%)

Number at risk
(number of events
between timepoints)
Placebo plus standard
of care group

Baricitinib plus standard
of care group

A 28-day all-cause mortality.

1005 ——Placebo plus standard of care group
904 — Baricitinib plus standard of care group
5| HROS4(95%Cl 0-31-0-96); nominal p=0-030
70
60
50
40
30
20
10
° 7 T A Y
Time since randomisation (days)
50 (11) 39 (10) 28 (7) 20 (1) 19(0)
51(3) 47(8) 38(6) 32(3) 29 (0)

HR 0.54 (95% CI 0.31-0.96); p=0.030

Mortality (%)

Number at risk
(number of events
between timepoints)
Placebo plus standard
of care group

Baricitinib plus standard
of care group

B 60-day all-cause mortality.
1009 HR 056 (95% C10-33-0.97); nominal p=0-027
90
80
70
60
50
40
30
20+
104

0 I I 1 1
0 7 14 21 27 59

Time since randomisation (days)

50(11) 39(10) 28(7) 20(1) 19(2) 16 (0)

51(3) 48(8) 40(6) 34(3) 31(3) 25 (0)

HR 0.56 (95% Cl 0.33-0.97); p=0.027



Summary

» Natural history of COVID-19
» Early — viral response

« Antiviral agent, Convalescent plasma, Monoclonal antibody

» As soon as possible — within 5-7 days after symptom and signs

» Late — host Immune response

e Corticosteroids, Tocilizumab, Baricitinib






