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COVID-19 grave : une maladie inflammatoire ?

A Type-I IFN
response

Stage | Stage Il

Stage Il Mild / moderate
(Early Infection) (Pulmonary

perinflammation Phase) disease Viral

Lymphocytes

v
v
2 Disease severity
% Inflammatory cytokines
> -
= I Time
-
g 1
>
Q 1
v
| A Type-l IFN .
Inflammatory cytokines
I response
|
|
Clinical Mild constitutional symptoms 1 Shortness of Brea.h without ARDS S.evere Disease severity
s Lrc Fever >99.6°F 1 (11A) and with Hypoxia 11B) SIRS/Shock disease
ymptoms Dry Cough : (Pa02/Fi02<300mmHg) | Cardiac Failure
1 |
I Abnormal chest imaging 1 Elevated inflammatory markers | 4= Lymphocytes
Clinical Signs Lymphopenia 1 Transaminitis | (CRP, LDH, IL-6, D-dimer, ferritin) e >
1 Low-normal procalcitonin 1 Troponin, NT-proBNP elevation Antivirals Anti-IL-1 Time
1 I Type-l IFN Anti-IL-6 P
[ Remdesivir, chloroquine, hydroxychloroqui lescent plasma transfusi b el
i emdesivir, chloroquine, hydroxychloroquine, convalescent plasma transfusions 3 5
Potenh.al q y Y q P Intervention IL-7? cs ?
Therapies [ Reduce immunosuppression I Careful use of Corticosteroids; statins; human immunoglobulin, ] oDborttnities Colchicine ?
(avoid excess steroids) IL-1/1L-2/IL-6/JAK inhibitors/GM-CSF Inhibitors PP JAKI ?
Supportive care

Siddiqui HK et al. J Heart Lung Transplant. 2020

Jamillou Y et al. Autoimmunity Reviews. 2020



COVID-19 cases Gene z-score
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Ong EZ et al. Cell Host and Microbe. 2020

Tay MZ et al. Nature Reviews Immunology. 2020
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Dysfunctional immune response

* Excessive infiltration of monocytes, macrophages and T cells
* Systemic cytokine storm

* Pulmonary oedema and pneumonia

* Widespread inflammation and multi-organ damage
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Healthy immune response
* Infected cells rapidly cleared
* Virus inactivated by neutralizing antibodies

¢ Minimal inflammation and lung damage



Défaut interféron type 1/augmentation (exces ?) IL pro-inflammatoires
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Lien inflammation/thrombose : le complément (C5a)
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Lien inflammation/thrombose : le complément

SARS-CoV2

ACE-2 receptor
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« L'orage cytokinique » est il vraiment le probleme?

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

A
Total population Severe disease Measurement c
COVID-19 No. IL-6 levels, pg/mL No. IL-6 levels, pg/mL platform -f:’ ’ RObf’St cytokine storm
Zhou et al® 191 7 (5-11) 540 11(8-14) cL £ * Persistent TlL-6 and IL-8
£ » MDSC expansion
Wu et al* 123 7 (6-9) 84°¢ 7 (6-11) CL ._f—_“:’
Mo et al® 155 45 (17-96) 85¢ 64 (31-165) 1 = _ Insidious late death
Qin et al® 452 21(6-47) 286° 25 (10-55) cL AN >
Cummings et al® NR NR 237f 26 (11-69) cL s -
Total population Hypoinflammatory Hyperinflammatory g
Measurement =
ARDS No. IL-6 levels, pg/mL  No. IL-6 levels, pg/mL No. IL-6 levels, pa/mL platform -
2
FACTT® 884 130 (46-411)° 638 86 (34-216) 246 578 (181-2621) ELISA g ----- Recovery + LHLA-DR
SAILS® 720 443(173-1513)° 451 282 (115-600) 269 1618 (517-3205) ELISA =y 4 Secondary infections * TsPD-11
I T 1
Sinha P et al. JAMA Internal Med. 2020 5
[A] TNF IL-6 IL-8 4
10000 100000+ b 100000+ g + Moderate cytokine storm
. b B * TIL-6 at 2-3 weeks
i gee E . i
. ) . 10000 i _ . 10000 : £ Hypoxia or MOF
2 1000+ . = ¢ . = : &
= . = i it S . : = JRREET -
: : : 1000 . L :-: . . : 1000 ) : s . Tt . Florid inpatient death
2 e 2 : i : " 2 . : . —— >
S 1001 : S 1004 Esie ¥, : PO c 3l . ) a
£ : qaooo . : b 2 it ~hr e 2 sdfiee ' . -
FE I AETE  E N L
S ¥ S 3 i i S 10+ . o > saits A g » Early, severe lymphopenia
g 109 i . e 3 = : . ’ . = 1o .;If. . : ;¥ = + Uncontrolled viraemia
. L& 1 " . : 5 é « Secondary pneumonia
o . >
. £
T E

Time (days)

Kox M et al. JAMA. 2020 Remy KE et al. Lancet. 2020




Sachant que les patients sont « immunodéprimés »
Elispot IFN y ‘ Elispot TNFa

Healthy Control

Critically ill Non septic

Critically ill Non septic

>

Healthy Control

>

Patient 1 Patient 2 Patient 3 Patient 1 Patient 2 Patient 3 Patient 1 Patient 2 Patient 3 Patient 1 Patient 2
TS

Patient 3

IFN-y producing cells
IFN-y producing cells

TNF-a producing cells

TNF-a producing cells

13 spots/K 19 spots/K 25 spots/K 20 spots/K 15 spots/K 16 spots/K 556 spots/K 205 spots/K 241 spots/K 164 spots/K 441 sp&ts/K

(2]
=)

COVID-19

COVID-19

(3]

Septic Septic

Patient 1 Patient 2 Patient 3 Patient 1 Patient 2 Patient 3 Patient 1 Patient 2 Patient 3 Patient 1 Patient 2 Patient 3

TNF-a producing cells
TNF-a producing cells

IFN-y producing cells
IFN-y producing cells

13 spots/K 1.5 spots/K

C CD3/CD28 IL-7 D
% 1156% %
& £
Restauration IFN y avec IL7 32 805 339 spots 74 spots 70 spots

tM1.7%

Patient 2
Patient 2

59 spots 123 spots Remy KE et al. JCI. 2020
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L'immunomodulation polyvalente tout terrain : les corticoides

A All Participants (N=6425)

B Invasive Mechanica

| Ventilation (N=1007)

Table 2. Primary and Secondary Outcomes.

50 50+
R io, 0.64 (95% CI, 0.51-0.81
Rate ratio, 0.83 (95% Cl, 0.75-0.93) ate ratio, 0.64 (35% CI, 0.51-0.81)
404 P<0.001 404 Usual care
g 30 g 304
= Usual care _-‘?
E: ] Dexamethasone
5 20 5 20
= Dexamethasone =
104 104
0 T T T 1 0 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 683 572 481 424 400
Dexamethasone 2104 1903 1725 1659 1621 Dexamethasone 324 290 248 232 228
C Oxygen Only (N=3883) D No Oxygen Received (N=1535)
50 50
Rate ratio, 0.82 (95% Cl, 0.72-0.94) .
Rate ratio, 1.19 (95% Cl, 0.91-1.55)
40 40+
& 30 & s0-
= Usual care =
T: =
E 20 g 20 Dexamethasone
= Dexamethasone =
104 104 Usual care
0 T T T 1 0_ 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 501 478 441 421 412

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

Outcome

Primary outcome

Mortality at 28 days

Secondary outcomes

Discharged from hospital within 28 days

Invasive mechanical ventilation or death
Invasive mechanical ventilation

Death

Dexamethasone
(N=2104)

482/2104 (22.9)

1413/2104 (67.2)
456/1780 (25.6)
102/1780 (5.7)
387/1780 (21.7)

Usual Care
(N=4321)

no. ftotal no. of patients (%)

1110/4321 (25.7)

2745/4321 (63.5)
994/3638 (27.3)
285/3638 (7.8)

827/3638 (22.7)

Rate or Risk Ratio

(95% ClI)*

0.83 (0.75-0.93)

1.10 (1.03-1.17)
0.92 (0.84-1.01)
0.77 (0.62-0.95)
0.93 (0.84-1.03)

Respiratory Support
at Randomization

Dexamethasone

Usual Care

no. of events/total no. (%)

Invasive mechanical 95/324 (29.3)

ventilation
Oxygen only 298/1279 (23.3)
No oxygen received 89/501 (17.8)
All Patients 482/2104 (22.9)

Chi-square trend across three categories: 11.5

Rate Ratio (95% ClI)

283/683 (41.4) ———
682/2604 (26.2) ——
145/1034 (14.0) e E—
111074321 (25.7) <>
I T T 1
0.50 0.75 1.00 1.50 2.00
Dexamethasone Usual Care
Better Better

0.64 (0.51-0.81)

0.82 (0.72-0.94)

1.19 (0.91-1.55)

0.83 (0.75-0.93)
P<0.001

Recovery. NEIM. 2020



Figure 2. Association Between Corticosteroids and 28-Day All-Cause Mortality in Each Trial, Overall, and According to Corticosteroid Drug

No. of deaths/total

ClinicalTrials.gov Initial dose and No. of patients Odds ratio Favors | Favors no
Drug and trial identifier administration Steroids No steroids (95% Cl) steroids steroids
Dexamethasone |
DEXA-COVID 19 NCT04325061 High: 20 mg/d intravenously 2/7 2/12 2.00(0.21-18.69) i . >
CoDEX NCT04327401 High: 20 mg/d intravenously 69/128 76/128 0.80(0.49-1.31) E B
RECOVERY NCT04381936 Low: 6 mg/d orally or intravenously  95/324 283/683 0.59(0.44-0.78) i
Subgroup fixed effect 166/459 361/823 0.64 (0.50-0.82)
Hydrocortisone i
CAPE COVID NCT02517489 Low: 200 mg/d intravenously 11/75 20/73 0.46 (0.20-1.04) = :
COVID STEROID NCT04348305 Low: 200 mg/d intravenously 6/15 2/14 4.00 (0.65-24.66) E -
REMAP-CAP NCT02735707 Low: 50 mg every 6 hintravenously 26/105 29/92 0.71(0.38-1.33) EI
Subgroup fixed effect 43/195 51/179 0.69(0.43-1.12) <>
Methylprednisolone i
Steroids-SARI NCT04244591 High: 40 mg every 12 hintravenously 13/24  13/23 0.91(0.29-2.87) E =
Overall (fixed effect) 222/678 425/1025 0.66(0.53-0.82) <:> :
P=.31 for heterogeneity; I2=15.6% !
Overall (random effects?) 222/678 425/1025 0.70(0.48-1.01) <I>
0.2 1 4
Odds ratio (95% Cl)

Weight,
%

0.92

18.69
57.00
76.60

6.80
1.39
11.75
19.94

3.46
100.0

React working group. JAMA.

2020



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 N
R « &
Dexamethasone Control Between-group p value bi;:'
group (n=139)  group difference (95% Cl)
(n=138)
Ventilator-free days at 28 days 12:3(9:9) 7-5(9-0) 4-8 (2-57to 7-03) <0-0001
All-cause mortality at day 60 29 (21%) 50(36%)  -15-3% (-25-9to-4-9) 0-0047
ICU mortality 26 (19%) 43(31%)  -12:5% (-22-4to-23) 0-0166
Hospital mortality 33 (24%) 50 (36%)  -12:5% (-22-9to-1-7) 0-0235
Actual duration of mechanical 14-2 (13-2) 19-5(13-2) -53(-8:4to-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*
Hyperglycaemia in ICU 105 (76%) 97 (70%) 52% (-5-2t0 15:6) 0-33
New infections in ICU 33 (24%) 35 (25%) 1-6% (-8-5 to 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



Immunomodulation ciblée. Toci « précoce » : aucun bénéfice

A Mechanical Ventilation or Death Inclusion

100+ . . . . ‘s
* Clinique, au moins 2 parmi : fievre dans les 72h,

infiltrats pulmonaires, O2 pour Sat>92%

* Biologique, au moins 1 parmi : CRP>50 mg/L,
ferritine > 500 ng/mL, D-diméres > 1000 ng/mL,
LDH >250 UI/L

* Exclusionsi 02 > 10 L/min

(o 0]
T

(o))
T

FoN
T

Cumulative Incidence (%)

N
T

En médiane

04_,45'.-“’:'5_:' '  CRP:110 mg/L

0 7 14 21 28 * Ferritine 708ng/mL
Days since Enroliment * D-dimeres 884 ng/mL
No. at Risk  LDH 340U |/|.

Tocilizumab 161 148 145 144 144

Placebo 81 72 71 70 69 | |* IL6:24,4pg/mL

NB: pas de corticoides ! Effet « pur »

Stone JH et al. NEJM. 2020



Corrimuno : COVID-19 « modérée a sévere »

Probability of primary outcome, death or MV, HFO, or NIV, at day 14

Proportion with primary event
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0.1
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- e ] -
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0.4
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O T T T T T 1
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Patients > 3L d’02
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Mais pas en réa
Donc ce n’est pas sévere !

Antico > 90%

Cortico 33% toci vs 61% SOC

Probability of death or MV at day 14
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S 0.5
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>
g 0.4-
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Hermine O et al. JAMA Int Med. 2020




Cumulative clinical worsening

Toci chez les malades séveres

| B | Hospital discharge rates
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Réa
DC
Pa02/Fi02<150 mmHg

Salvarani C et al. JAMA Int Med. 2020



Immunomodulation ciblée plus large : qu’en attendre ?

Update on CALAVI Phase II trials for Calquence in patients
hospitalised with respiratory symptoms of COVID-19

PUBLISHED
12 November 2020

12 November 2020 07:00 GMT

CALAVI did not meet the primary endpoint of increasing the proportion of patients who
remained alive and free of respiratory failure

Multiples essais JAK-inhibiteurs

Essai phase 2 Ac anti C5a peu concluant mais sdreté validée. Force en cours en France
A revisiter avec les cortico ?? ++

Quidde l'lL7?




Ilg polyvalentes ? Un bénéfice possible pour les malades les

Score de Charlson

@)
O
L &} L &)
Oe EE T
! 8! ) [ 1 1 X
o o8
—oomp ——000
SOC Ig IV

plus graves

Score Apache 2 % p = 0,04
20 80 — Fisher exact test - B
@ Intubation/déces & SOC B soc
20
S ) 7/12
® Pas d’intubation 60 — /
15 | o
o
® 40
° o0 °®
104 ¢ %° g IV
..8. ...‘ - lg IV SOC 2/14
5w g
oo ”:' 0/2 0/s
(Y 0
5 <200 > 200
SOC Ig IV Gradient alvéolo-artériel (mmHg)

e Essai randomisé en ouvert, SOC vs SOC + Ig polyvalente
* 0, 241/min pour SpO, 2 90 %, exclusion si intubé

* Ig IV polyvalentes : 0,5 g/kg/j x 3 jours, avec 40 mg de
méthylprednisolone 30 minutes avant chaque injection

Sakoulas G, IDWeek 2020, Abs. 71



Conclusion : « One Size Does Not Fit All »

Pour l'instant seuls les corticoides ont prouvé leur efficacité

Sur le versant inflammatoire/ARDS
* Dose ? Timing idéal ?

Que faire si échec/rebond ?

Les thérapeutiques ciblées généralisées sont un échec

A personnaliser ? De maniere séquentielle ? Cibler vaisseau/thrombose ?
Quid de I'impact sur la réplication virale ?

Place de la stimulation immunitaire ? Interférons ? Précocement ? IL7 ?



