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Fenétre d’opportunité antivirale en réa ?

Stage | Stage Il Stage Il

(Early Infection) (Pulmonary Phase) (Hyperinflammation Phase)
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, Host inflammatory response phase

Time course

Shortness of Breath without
(lIA) and with Hypoxia (1I1B)
(Pa02/Fi02<300mmHg)

Mild constitutional symptoms
Fever >99.6°F
Dry Cough

ARDS
SIRS/Shock
Cardiac Failure

Clinical
Symptoms

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

Abnormal chest imaging
Transaminitis
Low-normal procalcitonin

Clinical Signs

Lymphopenia

l l Severity of lliness

Siddiqui HK et al. J Heart Lung Transplant. 2020



Remdesivir

Symptoms duration

1.37 (1.14-1.64)
1.20 (0.94-1.52)

1.29 (0.91-1.83)
1.45 (1.18-1.79)
1.09 (0.76-1.57)

0.98 (0.70-1.36)

ACCT 1 et time
to recovery

26% patients

intubés ou ECMO

<10 days 676 L ———
>10 days 383 - y
Baseline ordinal score !
4 (not receiving oxygen) 138 — . )
y I
5 (receiving oxygen) 435 !
6 (receiving high-flow oxygen or 193 ¢ —e )
noninvasive mechanical ventilation) :
7 (receiving mechanical ventilation or ECMO) 285 ¢ o )
| | T | 1
0.33 0.50 1.00 2.00 3.00
Beigel JH et al. NEJM. 2020 -
Placebo Better Remdesivir Better
Baseline-Adjusted
5-Day Group 10-Day Group Difference
Characteristic (N=200) (N=197) (95% CI)*
Clinical status at day 14 on the 7-point ordinal scale — no. of patients P=0.147
(%) -
1: Death 16 (8) 21 (11)
2: Hospitalized, receiving invasive mechanical ventilation or ECMO 16 (8) 33 (17)
3: Hospitalized, receiving noninvasive ventilation or high-flow oxygen 9 (4) 10 (5) 65% amélioration 2
4: Hospitalized, requiring low-flow supplemental oxygen 19 (10) 14 (7) points
5: Hospitalized, not receiving supplemental oxygen but requiring 11 (6) 13 (7) Vs
ongoing medical care 54%
6: Hospitalized, not requiring supplemental oxygen or ongoing 9 (4) 3(2)
medical care
7: Not hospitalized 120 (60) 103 (52)
Time to clinical improvement (median day of 50% cumulative 10 11 0.79 (0.61 to 1.01)

incidencer)

Simple : 5 jours versus 10

Goldman JD et al. NEJM. 2020



Oxygen Support at Day 14

(% of patients)

100+

Discharge
Ambient air
Low-flow
oxygen
M High-flow
82 79 & oxygen
B Invasive
mechanical
ventilation
[l Death
11 15 7
7 6
5-Day 10-Day 5-Day 10-Day 5-Day 10-Day 5-Day 10-Day
group group group group group group group group
(N=25)  (N=41) (N=40)  (N=35) (N=68) (N=62) (N=37)  (N=22)
Invasive Mechanical High-Flow Oxygen Low-Flow Oxygen Ambient Air

Ventilation

Oxygen Support at Day 5

Goldman JD et al. NEJM. 2020



Recovery. Mortalité J28. OH-chloroquine et Lopi/r

304
100+ Hydroxychloroquine
254
90+
Usual care
304 20
704 157
< 604 104
z
i 50 5 Rate ratio, 1.09 (95% CI, 0.97-1.23)
5 P=0.15 by log-rank test
= 404
T T T 1
0 7 14 21 28
304
20
10+
0 T T T 1
0 rd 14 21 28
Days since Randomization
No. at Risk
Hydroxychloroquine 1561 1337 1227 1169 1137
Usual care 3155 2750 2525 2414 2360

Recovery collaborative group. NEJM. 2020

Pas d’'02 : 23%
02 : 60%
Intubation : 16%

—— Lopinavir-ritonavir

100
py

Z — Usual care
30
56 Rate ratio 1.03 (0-91-1-17)
Log-rank p=0-60
g
= 20
.T;E
o 157
=
10 H
5 —
0 1 | I |
0 7 14 21 28
Number at risk Time since randomisation (days)
Active 1616 1422 1325 1269 1238
Control 3424 3018 2799 2700 2650

Recovery collaborative group. Lancet. 2020

Pas d’02 : 26%
02:70%
Intubation : 4%




Remdesivir

A Remdesivir vs. Its Control
100+ 154

Control
90+
80+ 104 Remdesivir
)
é. 704
Foy
£ 60+ 5
o
= 504
=
§ 40— 0 T T T 1
T 30 0 7 14 21 28
= j0 Rate ratio, 0.95 (95% CI, 0.81-1.11)
P=0.50 by log-rank test
104
G T T T 1
0 7 14 21 28
Days since Randomization
Denominator
Remdesivir 2743 2159 2029 1918 1838
Control 2708 2138 2004 1908 1833
No. Who Died
Remdesivir 129 90 48 18 16
Control 126 93 43 27 14

OH-chloroguine

B Hydroxychloroquine vs. Its Control

100+ 154
90+
Hydroxychlorequine
a0 Lo ydroxychlorog
&
= 704
= Control
£ 607 5
]
= 5041
S
‘s 404
a8 0 T T T 1
T 304 0 7 14 21 28
£ 40| Rate ratio, 119 (95% C1, 0.89-1.59)
P=0.23 by log-rank test
104
0 T T T 1
0 7 14 21 28
Days since Randomization
Denominator
Hydroxychloroquine 947 889 854 838 833
Control 906 853 823 814 809

No. Who Died
Hydroxychloroquine 48 31 13 6
Control 42 27 8 4

w o

Pas d’02 : 28%. 02 : 63%. Intubation : 8%

Outcome/analysis

Primary outcome, organ support-free days (OSFDs)

Lopinavir-ritonavir

(N=255)

Lopi/rito

C Lopinavir vs. Its Control
100+ 154
90+
Control
804 104
O
& 704 Lopinavir
-
g 60 5]
o
= 504
E
B 40
g- 0 T T T 1
I 30- 0 7 14 21 28
= 20 Rate ratio, 1,00 (95% C1, 0.79-1.25)
P=0.97 by log-rank test
104
o : :
0 7 14 21 28
Days since Randomization
Denominator
Lopinavir 1399 1333 1282 1257 1243
Control 1372 1293 1239 1216 1203
No. Who Died
Lopinavir 57 42 24 15 10
Control 62 48 21 10 5

Interféron

D Interferon vs. Its Control

100 15+

Interferon
90
804 104
T 0 Control
< 704
=y
g 607 5+
[=]
2 504
4 40
§- G T T T 1
T 304 0 7 14 21 28
= 20 Rate ratio, 1.16 (95% C1, 0.96-1.39)
P=0.11 by log-rank test
] _ﬁ
0 T T T 1
0 7 14 21 28
Days since Randomization
Denominator
Interferon 2050 1669 1554 1483 1410
Control 2050 1725 1636 1563 1498
No. Who Died
Interferon 101 73 31 24 14
Control 91 58 31 21 15

WEED))

WHO Solidarity Trial Consortium. NEJM 2021

Hydroxychloroquine Combination

therapy (N

Control

Median (IQR) 4(—1,15) 0(—=1,9) —1(=1,7) 6(—1,16)
Adjusted OR—median (95% Crl) 0.73 (0.55,0.99) 0.57 (0.35, 0.83) 0.41(0.24,0.72) [
Probability of futility, % 99.9 >99.9 >999 -
Probability of harm compared to control, % 98 99.9 >099 -

Remap Cap (réa). Arabi YM et al. ICM 2021



Un manque d’efficacité intrinseque ou une fenétre antivirale dépasseée
? B Ader F et al. CMI. 2020

A 30 - Slope difference (log,o cp/10 000 cell/day)
Lir vs. control, LSMD : -0.01 (95%Cl, -0.05 ; 0.03), p=0.67
4 Remdesivir Lir + IFN vs. contral, LSMD : -0.03 (95%Cl, -0.08 ; 0.02), p=0.24

HCQ vs. contral, LSMD : 0.01 (95%CI, -0.04 ; 0.05), p=0.77
—A— Control

25

20

15

Viral load (log,, copies per mL)

1.0

Mean (95%Cl) of the log viral load (logye cp/10 000 cell/day)

Days since baseline

Log,,viral loads

All patients

Remdesivir vs control
Slope difference (log., copies per 10 000 cells)
49 LSMD-0-004 (95% CI-0-031 to 0-022); p=0-75

Viral load (log,, copies per mL)
i

SARS-CoV-2 viral load
(log,, copies per 10 000 cells)
N
1

0= T T T T T T
1 3 5 7 10 14 21 28

Time since start of study (days)

T T T T T T

Wang Y et al. Lancet. 2020 o 2 4 7 10 14
Time since baseline (days) Ader F et ali Lancet Inf Dis. 2021



REGEN-COV chez les malades hospitalisés : un intérét chez les
seéronégatifs ?

Mortality, %
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a) Seronegative vs seropositive

Seronegative Usual care
Rate ratio, 0.80 (0.70-0.91)
P=0.0010 by log-rank tes
REGEN-COV
REGEN-COV
Usual care
Seropositive
Rate ratio, 1.09 (0.95-1.26)
I I I I
0 7 14 21 28

Days since randomisation

Mortality, %
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b) All participants

Usual care

REGEN-COV

Rate ratio, 0.94 (0.86-1.03)
P=0.17 by log-rank test

| I I I
0 7 14 21 28

Days since randomisation

2% de patients intubés ventilés. 60% d'02

Recovery collaborative group. medRxiv. Non reviewed




COVID-19 grave : une maladie inflammatoire
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Inflammatory cytokines

Table. Plasma Levels of Interleukin-6 Reported in COVID-19 Compared With Levels Previously Reported in ARDS®

Severe Disease severity
disease Total population Severe disease
Measurement
COVID-19 No. IL-6 levels, pg/mL No. IL-6 levels, pg/mL platform
Zhou et al* 191 7 (5-11) 540 11(8-14) CL
e Lymphocytes Wu et al? 123 7(6-9) 84c 7(6-11) c
Antivirals Anti-IL-1 Time’ Mo et al® 155 45 (17-96) 85¢ 64 (31-165) CL
4 Anti-IL-6 .
e Qin et al? 452 21 (6-47) 286° 25 (10-55) L
Intervention 7% cs? Cummingsetal®  NR NR 237° 26 (11-69) cL
0 Colchicine ?
opportunities JAKi ? Total population Hypoinflammatory Hyperinflammatory
Measurement
ARDS No. IL-6 levels, pg/mL  Ng. IL-6 levels, pg/mL No. IL-6 levels, pg/mL platform
ALVEOLI” 521 238 (94-741)f 386 154 (67-344) 135 1525 (584-3802) ELISA
FACTT® 884 130 (46-411)f 638 86 (34-216) 246 578 (181-2621) ELISA
SAILS® 720 443 (173-1513)f 451 282 (115-600) 269 1618 (517-3205) ELISA

Jamillou Y et al. Autoimmunity Reviews. 2020

Sinha P et al. JAMA Internal Med. 2020



Pot pourri des RCT tocilizumab réa

Critéeres de
jugement principal

Criteres d’inclusion Méthodo

Délai médian Remarque
traitement

Salvarani Cet al. -200<P/F<300 mmHg Randomisé Aggravation -cortico anecdotiques
JAMA Int Med. -Optiflow et CPAP Ouvert clinique J14 :
2020 Venturi possible Pas de placebo réa;DC;P/F<150
-fievre + CRP mmHg
-Exclusion réa
Gupta S et al. H48 réa Essai émulé -Délai survenue DC 48h réa Significatif -15% cortico
JAMA Int Med. Rétrospectif -mortalité J28 -bénéfice :les + séveres et
2020 <J3 des symptomes avant
réa
Rosas 10 et al. -Hypoxie P/F<300 Randomisé Statut clinique 10 ] -NS -<50% de cortico
NEJM 2021 (37% de patients Double aveugle  échelle ordinale a 7 -pas de différence de
(COVACTA) ventilés) placebo points J28 mortalité a J28
-bénéfice dans le sous-
groupe de patients non
ventilés ?
REMAPCAP -H24 réa -Randomisé Nombre de jours ? (J hospit) Significatif -94% cortico
NEJM 2021 -Support ventilatoire  Double aveugle sans support a J21 -amélioration mortalité
ou hémodynamique Placebo J90 (HR=1,61)
(30% ventilés, 30% -bras sari -impact des autres
02 haut débit, 40% -méthode traitements

VNI) bayésienne expérimentaux ???



Référence Criteres d’inclusion Criteres de Délai médian Remarque

jugement principal | traitement

Recovery -hypoxie Randomisé Mortalité J28 9j Significatif -90 % cortico
NEJM 2021 -CRP>75 Double aveugle Additif aux -impact des autres
(« VNI » 41%; VI : Placebo cortico traitements
13%) expérimentaux ???

-Flowchart ??
-Mortalité bras controle

élevée
100
R -
£ 80 e P/F<350 en air ambiant ou <280 sous 02
§ +infiltrats pulmonaires bilatéraux
S 60 +inflammation : ferritine, LDH, D-Diméres, CRP, lymphopénie
'7% -15% ventilation invasive
= -35% VNI/0O2 haut débit
‘-g 40+ ——IL-1 and IL-6 blockade (58 events) -45% 02 standard
2 ——IL-1and no IL-6 blockade (34 events)
=z ——IL-6 and no IL-1 blockade (129 events) COV-AID. Declercq J et al. Lancet Respir Med. 2021
S 20+ —— Usual care (61 events)
Q- X Censored
Wald p value for interaction=0-51
O 1
0 1 28 40 60 80

Time since randomisation, daxs



Anti-JAK ? Malades immunodéprimés et intubés exclus des
études publiées

Baricitinib Placebo group  Baricitinib vs placebo
group (n=764) (n=761)

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 27-8% 30-5% OR 0-85 (0-67to 1-08) 0-18
Population 2§ 28-9% 27-1% OR1-12 (0-58 to 2:16) 0-73
Key secondary outcomes
All-cause mortality 62/764 (8%) 100/761 (13%) HR0-57 (0-41to 0-78) 0-0018

Essai COV BARRIER. Marconi VC et al. Lancet respir med. 2021

100+
40— Risk ratio, 0.63 (95% Cl, 0.41-0.97)
90 P-0.04
| Placebo
< 30 30
39
o< _ L
= o 70 20 Tofacitinib
o =
U = 60_
é o 10
-E g‘ 50—
4 g_ 40 o+ | T | |
=T 0 7 14 21 28
= O
S x 30+
£
O 20—
10—
0 T T T T
0 7 14 21 28
Days
No. at Risk
Placebo 145 105 104 103 103
Tofacitinib 144 118 118 118 118

Guimaraes PO et al. NEJM. 2021



L'immunomodulation polyvalente tout terrain des formes
graves : les corticoides

A All Participants (N=6425)

504
Rate ratio, 0.83 (95% Cl, 0.75-0.93)
40 P<0.001
3
o -
;:; 30 Usual care
2
o 204
= Dexamethasone
104
O T T I 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 4321 3754 3427 3271 3205

Dexamethasone 2104 1903 1725 1659 1621

B Invasive Mechanical Ventilation (N=1007)

50
Rate ratio, 0.64 (95% Cl, 0.51-0.81)
404 Usual care
£ 304
=
_{-_-‘ Dexamethasone
S 204
=
104
0 T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 683 572 481 424 400
Dexamethasone 324 290 248 232 228

C Oxygen Only (N=3883)

504
Rate ratio, 0.82 (95% Cl, 0.72—-0.94)
404
3
< 304
= Usual care
£
= Dexamethasone
104
0 T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 2604 2195 2018 1950 1916
Dexamethasone 1279 1135 1036 1006 981

D No Oxygen Received (N=1535)

504
Rate ratio, 1.19 (95% Cl, 0.91-1.55)
40+
& 304
z
=
£
c 204 Dexamethasone
=
104 Usual care
0+ T T T 1
0 7 14 21 28
Days since Randomization
No. at Risk
Usual care 1034 987 928 897 889
Dexamethasone 501 478 441 421 412

Bénéfice en termes de mortalité a 28
jours

Bénéfice en termes de recours a la
ventilation mécanique

Bénéfice chez les patients sous 02

Role sur inflammation systémique et
atteinte pulmonaire

Figure 2. Mortality at 28 Days in All Patients and According to Respiratory Support at Randomization.

Recovery. NEJIM. 2020
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A mettre en perspective avec « I'’ARDS » :
quelle est la bonne dose chez les malades les plus séveres ?

Dexa 20mg 5 jours puis 10 mg 5 jours

Dexamethasone Control Between-group p value
group (n=139)  group difference (95% Cl)
(n=138)
Ventilator-free days at 28 days 12:3(99) 7'5(9-0) 4.8 (2:57t07:03) <0-0001
All-cause mortality at day 60 29 (21%) 50 (36%) -15-3% (-25-9 to -4-9) 0-0047
ICU mortality 26 (19%) 43(31%)  -125% (-22-4to-2-3) 0-0166
Hospital mortality 33 (24%) 50 (36%)  -12.5% (-22-9to-17) 0-0235
Actual duration of mechanical 14-2 (13-2) 19-5(13-2) -53(-8:4to0-2-2) 0-0009
ventilation in ICU survivors, days
Actual duration of mechanical 143 (13:3) 202 (140) -59(-9-1to-27) 0-0004
ventilation in survivors at day 60, days
Adverse events and complications*
Hyperglycaemiain ICU 105 (76%) 97 (70%) 5-2% (-5-2t0 15:6) 0-33
New infections in ICU 33 (24%) 35 (25%) 1-6% (-8-5t0 11.7) 0-75
Barotrauma 14 (10%) 10 (7%) 2-8% (-4-0t0 9-8) 0-41

Villar J et al. Lancet Respir Med. 2020

Copin MC et al. ICM. 2020



L’atteinte pulmonaire associe atteinte épitheliale (ARDS)
et endothéliale. Inflammation « compartimentalisée »

E SARS-CoV-2 viral infection of host airway cells

TMPRSS2 \%Q?&{rg“"_m’_ .
N Q. TMPRSS2 activates viral S protein and
\- cleaves ACE2 receptor to facilitate Virus enters host cell via endocytosis,

viral binding to host cell membrane. releases its RNA, and uses cell machinery
to replicate itself and assemble more virions.

One infected host cell can create
hundreds of new virions, rapidly

HOST AIRWAY CELL S !
progressing infection.

Early-stage COVID-19
Bronchial epithelial cells, type | and type Il alveolar

pneumocytes, and capillary endothelial cells are ALVEOLAR LUMEN
infectgd. and an inflammatory response ensues.

S Infecltled ? : e \
typellpneumocyte  5ARS-Cov-2 . ; ; g
. \ ~ virusrelease o | WhENEES Mactophiascag
NS

.
N

) - ¥
/'O o, \ gl
@ T lymphocyte, monocyte, >

Type | and neutrophil recruitment
pneumocyte TNF-a
IL-1
IL-6_—
Cytokine release enhances

Capillary
endothelial cell

[c] Late-stage COVID-19

Continued inflammatory response results in
alveolar interstitial thickening, increased Q = ( e

vascular permeability, and edema. Q 9/ - ) \ /
Y — _— >y
@\ (o) -
=N o Increased 11\ =
% o < e
e OnN Thickened Pulmonary edema - T lymphocyte apoptosis
> N interstitium < o 7 i)

- Hyaline membrane ~ M
\\/formation = e

Influx of monocytes
and neutrophils

 Increased
vascular permeability

o Activation of coagulation leads
i : \ to microthrombus formation -

> =

-

Activation of the kinin-kallikrein system
can further contribute to local vascular ~_
leakage leading to angioedema: -

Wiersinga WJ et al. JAMA. 2020



) interstitial pneumonia with hyaline membranes

(3) vascular disruption

4) new blood vessel formation by

intussusceptive angiogenesis
e
2t M
Q° s | | @ 'vmphooytes
N |
S A~e
OQ { ’ { O neutrophils

& red blood cells

,_?—;_\;1 macrophages

®

flow changes

shear stress
SDF-1

@

vessel dilatation

nitric oxide, eNOS
CXCR4

® ® ®

incorporation and expansion of vessel duplication
expansion by circulating intussusception
progenitor cells

v e
RS

Bone-marrow derived MMPs
mononuciear cells
(BDMCs)

CD11b +/CD34+
progenitor cells

Ackerman RJ et al. ERJ. 2002



Immuno-

Subphenotype2  Subphenotype 1
Day 0 ~ Day0

Drug overdose —— Day1 Day1

~— Day2 —— Day?2

—Day3 — Day3

— Day 4 — Day 4

( e+ Near drowning

Pulmonary vasculitis

Standardised mean difference

Matthay MA et al. ICM 2020




H- or L-phenotype COVID-19 related ARDS

100 - v
H-phenotype Discordant results
T 1T MY AW W W \ A / v
°
c i ——
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3 501 T wwwws A 2 4 v
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o
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>
% Discordant results L_phenotype
Nz, 000N
0- — | |
20 40 60 80 100

Compliance (mL/cmH20

Lieuwe DJ et al. AIRCCM. 2020



Filtre échangeurde S
chaleur et : « Raccord
d’humidité ] monoxyde
d’azote »

CPAP de
Boussignac

Figure 1: Prone positioning with a helmet interface to enable continuous positive airway pressure
Example demonstrated by volunteer. Coppo A et al. Lancet Respir Med. 2020




Décubitus ventral chez les patients conscients non intubés

A Treatment failure

1.0 5 — Standard care
‘é —— Awake prone positioning
£ 0-8 - Hazard ratio 0-78 (95% Cl 0-65-0-93)
E Log-rank p=0-0069
(1]
2 Y 0.6
4 3 04+
2 o
e
o
0 T T T ]
0 7 14 21 28
Number at risk
(number censored)
Standard care 557 (0) 345(0) 310 (0) 299 (0) 298(298)
Awake prone positioning 564 (0) 405 (0) 358 (0) 344 (0) 341 (341)

Ehrmann S et al. Lancet Respir Med. 2021

B Intubation
1-0 Hazard ratio 0-75 (95% Cl 0-62-0-91)
‘g Z-test p=0-0038
= 08+
=2
.g v 0_6_
g 3 04
3,
0
o
o
0 | | 1
0 7 14 21 28

C Mortality

1-0 Hazard ratio 0-87 (95% Cl 0-68-1-11)
Log-rank p=0-27

0-8 1 —_——
0-6 1
0-4-
0-2 -

0 I T T |

0 7 14 21 28
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L’ECMO ou oxygénation extra-corporelle

Brodie D. NEJM. 2011




Hill D et al. NEJIM. 1972
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COVID-19 et soins intensifs

Antiviraux :
= Bof

= Sauf Ac monoclonaux en association chez les immunodéprimés PCR+
séronégatifs

Immunomodulation
= Corticoides
=  Quid d’'une intensification : anti IL1 ? Anti IL6 ? Anti JAK ? Personnalisation ?

Ventilation

= Stratégies non invasives possibles

= Y compris « frugales » si ressources limitées
=" Mais ne pas rater le timing de I'intubation

= Etlaplacedel’ECMO



Intensive Care Med (2021) 47:896-898
https://doi.org/10.1007/s00134-021-06460-9

EDITORIAL

Do not just sit there, do something ... butd e
no harm: the worrying aspects of COVID—1 9
experimental interventions

and Andre Kalil?

Mervyn Singer'




