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Utiliser le plasma ou serum de patients convalescents pour
gueérir ou prevenir une maladie

A propos du ler prix Nobel de Médecine en&i901

2
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Adolf von Behrmggn%decm allemand et pre@%’er
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* Le sérum: surnageant obtenu aprés coagulation et centrifugation



Plasma convalescent pour traiter / prévenir des maladies infectieuses

» Affections respiratoires d’étiologie virale : preuves d’efficacités limitées (Mair-Jenkins J et al, J Infect Dis.

2015).

<E>\

* Fiévres hémorragiques: peu ou pas efficace dans la maladie d’Ebola (Va@@tﬁrlesven et al, NEJM, 2@14), mais
efficace dans la fievre hémorragique d’Argentine (AHF, zoonose provgquee le virus Junin (Areg@wrus) son

\ \,
vecteur et hote réservoir étant un rongeur, la souris du mais. R &
2 W
TABLE I—MORTALITY IN PATIENTS WITH AHF TREATED WITH & & ,é?/
IMMUNE OR NORMAL PLASMA . & ’2§
& Q @Q
Total Mortality C{}o &
__T:r:at!‘m:nt l:a;sr:s‘- -Illnpr_ow.:fl“ | Di@ | f%]_ ______ i 6\) Qé\@
Immune plasma 91 | 9!] &O 1-1 Q,Q ,00
Normal plasma 97 | /& 14 § < Ko
— R — D@@ of neutralizing antibodies in treatment u&@H} with immune plasma prospective study MEI
Total 188 11,22 o
. 4 .\ _
¥,=13-53; p<0.01 6(@ Outcome TU,ikgh(O
kva \%
&O\V 10%?\999 2000-2999 3000-3999
o Died %{9‘9 3 5
<0 Improved Mmrlal_igé‘\“r AHF patients-treated with immune plasma after § days of illness
7/ —_— e e e e e e — — —
@ :'IO(:?tlality Outcgme Immune plasma
< —_— 1 KO —_—
@9 X% 2632, P =, yes no
rﬂ/ é\ Improved 40 74
™ < | Died 21 3l
Maiztegui et al, Lancet, 1979 '1/© Total 61 105
. g / ’ 0’1/ Mnrtahty 34% 30%
Enria et al, Lancet, 1984 vV | ——————————— _
X% 0.23; P = 0.63.

Enria an Maitzequi, Antivir Res, 1994
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Anticorps anti-SARS-CoV- ;@ mécanismes S
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Antibodles combine with viral particies, which promotes uptake
by antigen-pressnting cells and actvates a cellular-mediated
Immane response. This type of Immunity cannot be measurad
with neutralization assay,
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Antibodies on the host cell memnbrane allow natural killer calls
1o tarpet Infected cells for apoptosis, This type of immunity
cannot be measurad with neutrallzation assay,
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Evaluation de l'efficacité du plasma de convziescents pour le
traitement de patients COVID-19, essai niché dans la cohorte K3
CORIMUNO-19

3 & ¢
Investigateur coorf®nnateur : Pr Karine LACOMBE ®Q< ,600
Responsable scightifique : Pierre TIBERGHIEN ¢ 60(’
% ¥

<
Promotel{‘f?.eAPHP / DRCI lle de France, R
Chefs g@projet DRCI-Siege: Emmanuell 6éGEY/ Riad BAAMEUR
Chefde projet DRCI-URC : Nora Sou@:@SEMAI
: Sabrina MEDANE, Elodie MAKSIZEL
» Méthodologie : Pr T. SIMON, Dl&?BERARD, A. ROUSSEAU

&O

&
2 Data management : Claire Pacheco
r1,© Analyses statistiques 461' Raphael PORCHER
ol &
©

'V
N4

Coriplasm_ciapo-mep_vi ’1/

efs.sante.fr




Essai cliniqgue CORIPLASM

Covid-19 convalescent plasma (PlasmaCoV2) and standard of care vs standard of care only
Plasma administration: Two units of plasma (400-440 ml/day) as soon asag@ssible, 2 daysinarow (4

units total), at the latest on day 10 and 11 after onset of symptoms. .\&é

Primary endpoints: \\@@é &\

1. Survival without needs of ventilator utilization (including Q@h invasive ventllatloaé”or of other
immunomodulatory agents at day 14 f@@ @\\

2. Early end point : WHO progregs‘lon scale >=7 at day 4o%fter plasma transfux@ﬁw

Inclusion Criteria: Patients mclug@‘a in the CORIMUNO ]@ cohort™ with the sBeuflc following criteria:

o Confirmed COVID-19i f@non

e Mild severity (grade 4 & ’5) as described in th@‘WHO scale S
e Hospitalized and Iessvethan 10 days after o(pset of symptoms
15 clinical sites &°\ @f
First patient mcluded’)on April 15, 2020, gérget of 120 included patients reached on April 24t
,<\ \o)
*CORIMUNO-19 eligibilitgEriteria's: <0

/

o lliness of any durathﬁfand severity, with symptoms, AN Q‘é:ast one of the following:
Rad|ograr;k|c infiltrates by imaging (CT scan)@nd clinical assessment (evidence of rales/crackles on exam) OR Sp0O2 < 94% on room air, or oxygen saturation <97 %
with 02 > 5L/min. ’1/
Requiring mechanical ventilation and/oﬂ&pplemental oxygen
With any comorbidities.
Male or female adult > 18 years of age at time of enrolment
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Ten-points WHO ordinal clinical progression scale

Score Descriptor
X2
O
s
0 Uninfected; non viral RNA detected (}\Q
Q.
. . W

1 Asymptomatic; viral RNA detected RN

_ | o
2 Symptomatic; Independent (QQ/

%)

. S . . N
3 E:}’ﬂlf& atic; Assistance needed (:\O g 6\4

¥ > &
4 &H%spitalized; No oxvgen therapy ‘OIQQO ;éo(\

' 6' ®\ 60\’
5 C\@ Hospitalized; oxyzen by mask ¢f*nasal prongs
2 <0
2oy Z
& i} Hospitalized; oxygen b}\'\‘m or High flow
O R
o e
7 Intubation and M\%d%amcal ventilation, pO2/FIO2 = 150 OR SpO2/FI02 = 200
S
8 Mechanical a;&lt:ilatinn__. (pO2/F1I02 = 150 OR pO2/FI02 = 200), OF. vasopressors
{norepi ine = 0.3 pg'ko/min)
9 kﬁaﬁczﬂ ventilation, pO2/FIO2 = 150 AND vasopressors (norepinephrine
@59 3 pg'kg/min), OR Dialysis, OR ECMO
'V
v

10 ,)/Q Dead
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Plasma convalescent pour le traitement de la COVID-19: 1°" résultats

Convalescent plasma treatment of severe
C\@V ID-19: a prop@ensity score-matched control

Effect of Convalescent Plasma Therapy on Time to Clinical Improvement O, . ek

in Patients With Severe and Life-threatening COVID-19 (,5;4 S g

>

2
3
\J

A Randomized Clinical Trial N
&
Li et al, JAMA, 2020) L Z
(743 .E
. §
Figure 2. Time to Clinical Improvement in Patients With COVID-19 A 6\‘0 -;1 ‘Q
& o5 2
|Z] All patients Severe disease «@ |z| Life-threatening disease ’0 r&‘
0(-’ < *Log-rank test: p=0 032
100 100- \,Q/ 100~ &) ((\
< Log-rank P=_26 d,%nvalescent plasma | Log-rank P=.83 (0 N c ¥ v v
> 80 801 A 801 a0 ’ » - i
¥ g Ve | (@Q X Deys post-trarsfusicn
2 ] ] ‘ ] 14 Matched ' ,
Eg % Convalescent plasma | e S@e _‘] ; % \‘>§.® Controls 158 ® 2 !
ES 40 ek e A 40 ) 4 404 Cormabmcat
3 g H _1::::-‘ y 'é «[J '!.-IF' &0 Control = "‘:’":' R:C'U"*‘ » B . 0
E 204 ‘ ----"gnt ol 7@ k=t — Mo 7 - _.,.H—-kzij Numbers at Risk
o = {(,(9 o4 — Log-rank P=.03 &_‘_m;ﬁ‘b:"- Convalescent plasma
T T T T (0 : : ; . ®€ : : ; . Figure 3. Hazard ratios for in-hospital mortality
0 7 14 21 20 0 7 14 21 28 ‘®9 0 7 14 21 28
Time after randomization, d 006 Time after randomization, d 6( Time after randomization, d Hazard Ratio (log scale) for Plasma, Stratified by intubstion Status
No. atrisk {\' M'a::n
Control 51 46 42 35 29 22 18 16 10 &07 29 28 26 25 22 e fog)  HENCI Pawie
Convalescent 52 49 38 28 24 23 22 11 5 o 2 29 27 27 23 22 et wrrume
plasma
Aoo R R e R L (S-S a’ BT X023 00w
< S
The cumulative improvement ratg{ (ﬂe percentage of patients who The median (IQR) follow-up times for the convalescent plasma group and bt v lias P a8 lanaim 6o
experienced a 2-point improv. or were discharged alive from the hospital. con roup, respectively, were 15 (10-28) days and 24 (13-28) days overall; 13 '
Ticks on the curves indicat ored events. All patients who did not reach (1¥p) and 18.5 (11-26) days among those with severe COVID-19; and 28 (12-28) 43 007ed o oot b 1S {30606 0t
clinical improvement wi erved for the full 28-day period or until death. 26 (15-28) days among those with life-threatening COVID-19.
COVID-19 indicates coronavirus disease 2019. @
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Convalescent pla@‘ﬁla therapy for B- “cell- —depleted pﬁtlents
with protractegdv COVID-19 ¢ s>

pde)

Hueso et al, Blt;)ogg‘ 2020
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anticorps anti-CD20 (Bituximab) pour
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Le PCC chez les patients (non immunosupprimés) hospitalisés pour COVID-19:
pas d’efficacité?

COVID-19 convalescent plasma in hospitalized COVID-§9 patients
2
The RECOVERY Collaborative Group, Lancet, 2021 & &
o2
Deaths/patients randomised (%) Observed minus expected deaths” \\®v Ratio of death rates, . Q\,é
Comvalescentplasma  Usual care (O-£) Var (O-E) (0 RR(ISNCN o:v\
group group o L W g
AlQahtani et al (20201 120 (5%) 2120 (10%) 05 07 S 050(005-506) X
Bajpai et al (2020)° 14 (21%) © 1/15 (7%) 11 ovgo@ > 332 (0~42-26Q®
AvendafoSolaetal 020/ 038 Q' w43 19 0 < 014/(002,0%s)
Balcells et al (2020) 5728 (18, 230 (7%) 16 N » 282(08135)
Gharbharan et al (2020)" 614389 19/43 (26%) -25 D D 0AN017-1:35)
Ll et af {2020)% 8/52 (16%) 12/50 (24%) -21 J\?JQ 40 P — B0 (022-158)
Ray etal (2020)" 4‘35?40 (25%) 14/40 (35%) @ 43 — O 062(024-162)
O'Donnell et al (2021)" @S 19/150 (13%) (18/73) w21 (25%) RO7 68 — 0.42 (020-0.89)
simonovich el.\l(?O?l)‘{‘0 25228 (11%) {12/105) %271 (11%) : /.03 71 — L—— 095 (0.46-1.99)
Agarwal et al (70206'\69 341235 (14%) s an) A% 1 140 R 108 {064-182)
Subtotal: 10 tridé 111/847 (13%) 137/826 (170 -114 438 < 0.77 (0-57-1.04)
RECOVERY P 1399/5795 (24%) 140875763 (84%) 18 6927 = 100 (093-107)
Al trial’S 1510/6642(23%) 1545/ 3% 132 7365 0.98 (0-91-1.06)
7 & T p=0-63
& 3
K <O T T i T ]
 2) 025 05 1 2 4
© ’ e %
92 Sé Favours convalescent plasma  Favours usual care
SV Q
v Figure 4: Meta-analysis of mortality {|gRECOVERY and other trials
O-E~observed-oxpected. Varwvari Rerate ratio.*Log-rank O-E for RECOVERY, O-E from 2x 2 contingency tables for the other trials. RR is cakulated by taking
In rate ratio to be (O-E)/V with I variance 1V, where Ve Var (O-E). Subtotals or totals of (O-E) and of Vyield inverse-variance weighted averages of the In rate
ratio values. tFor balance, contrdls in the 2:1 studies count twice in the control totals and subtotals, but do not count twice when calculating their O-E or V values.
Heterogeneity between RECOVERY and ten previous trials combined, x,*=27 (p=0-10),
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Efficacité des anticorps monoclonaux anti-SARS-CoV-2 en administration précoce en

ambulatoire
(
SARS-CoV-2 Neutralizing Antlbody .
2
LY-CoV555 in Outpatients with CQy‘id -19 &
N
Chen et agWEJM 2020 &
e 0 . d ized Primary outcome @Q/ ;0@\‘0
NgoINg ran OmI.ZG Meanochange from baseline in viral load at day 11 <\\ -3.47 N
phase 2 (Blaze) trial & ,éo‘\ 700 mg, -3.67 _ <% 020 (-0.66100.25)
* OQutpatients with recentlysg, 06"0 2800 mg, 4.00 & 053 (-0.9810-0.08)
diagnosed mild or &0 & 7000 mg, -3.38 &é\ 0.09 (-0.37 t0 0.55)
moderate COV'd 19 i@ss &®( Pooled doses, -3.70 60 -0.22 (-0.60t0 0.15)
than 3 days smceeja?osmve /\o
SARS-CoV-2 te@mg) Table 3. ngltallzatlon
° Slngle iv mf;l;iSlon of of LY- Ic()euy&Seﬁndary LY-CoV555 Placebo Incidence
CoV555 {&hti-spike, S .
a>ﬁ no. of patients/total no. %
derivad from a human 5 —
| t Iasma) in «00 Hospitalization 9/143 6.3
alescent p ’ 700 mg, 1/101 1.0
qﬁme of three doses éé SR i %
(n 309) or placebo @9 7000 mg, 2/101 20
(n 153) ,1/"1/ Pooled doses, 16
.9 5/309
* No reported seriou¥y
adverse events * Data for patients who presented to the emergency department are included in
this category.




Inefficacité des anticorps monoclonaux anti-SARS-CoV-2 chez des patients COVID-19

séropositifs hospitalisés

&
Casirivimab and imdevimab in patients admitted to {\&
N <
- i . X X
hospital with COVID-19 (RECOVERY): a randomised, & Q}G\
Z X
. A /
controlled, open-label, platform trial \x\@ ‘}\o
Figure 2: Effect of allocation to REGEN-COV on 28-day mortaIiQ\Qﬁ‘n: a) seronegative vs
Recovery, Horby et al, MedRxiv seropositive participants; ani\g}*eéll participants ’b{é@
O Q
@Q< ’\OQ ¢
?f a) Seronegativg’&s seropositive rfo)\All participants
K 35 - RS 35 Q@
&O Se SUV" Usual care g\o
7/ 30 Réatio, 0.80 (0.70-0.91) 3%0'
‘éo « @=0.0010 by log-rank tes o)
(\\ 25 o - 25 —
\ ng 3 & V,:—'_FHEEGEN“COV = Usual care
& 520 ¢’ 2 %20 T
s\g"g i 4® REGEN-COV 3 e e
&O gz}s - 515
6 (@ i Usual care 1 - i
&Oo 6‘\&% 10 "_rrr;eroposﬂive 10 ::::)1 any' I%;fr:::?e;(oa)
, & 5 = Rate ratio, 1.09 (0.95-1.26) 5 <
2
(oéé &O\) 0 T T T | 0 T | T ]
© ’ 0 7 14 21 28 0 7 14 21 28
/1/ @ Days since randomisation Days since randomisation
"1, Q No. at risk, Seronegative
I‘LQ 6 REGEN-COV 1633 1429 1325 1260 1224
@ Usual Care 1520 1308 1173 1088 1059 No. at risk
’], REGEN-COV 4839 4388 4112 3952 3848
Q’L No. at risk, Seropositive Usual Care 4946 4504 4182 3980 3888
q’ REGEN-COV 2636 2452 2322 2252 2201
Usual Care 2636 2503 2375 2292 2243
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Une minorité d’essais PCC positifs chez des patients COVID-19 hospitalisés

A randomized, double-blind, controlled trial of conv‘gﬁscent

<

. - A,
plasma in adults with severe COVID-19 & &
)
O’Donnell et al, JCI \\@e &
4 @ N
XD X
2 &
Intent To Treat: survival time after randoRization ()
0 Z N
1 S N
o = < L
Q09| e . 2
(0 ' (’,0 r@((\
- - - Q A
& O &
) 0.8 | o i
<9 § | N “la O
= @Q ........ - »0
4‘@‘9 a o7 O&'@ o)
o °
@ ? 05 4
2 &
& Q
8‘ 05| ) QQ’
2 &
Q) X9
o\ N\
| ,O Log-rank P-value = 0.029
’ “‘&; ,
o a 8 12 16 20 24 28
§ «Oo Days since randomization
Tx = = m Conlrol Plasma e Convalascent Plasma
@‘o 4
Q"l,q’ Time since m@éjum(oayu) 0 4 8 12 16 20 2 28
v @ Atrisk 73 7 67 61 60 T 55 50
;;@: Died 1 J 7 11 " 16 Ll 10
1%
At risk 150 144 137 134 m 130 178 122
Convabeacent
s ed 0 ] 10 13 1% 16 113 19
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La nécessité d’utiliser des PCC a haut titre d’anticorps?

Convalescent Plasma Antibody Levels

and the Risk of Death from Covid-19 N
Joyner et al, NEIM, 2021 \{\@ 7
° 3 b\
. ] Early High-Titer Plasma Therapy to Pre‘éént <
2
i Severe Covid-19 in Older Adult§Q &
N Libsteret al, NEIM, 2021 & &F
o < Q’b
r SN ) Z
e Table 3. Primary End Point, Accordnqg'to Donor SARS-CoV-2 S IgG Titer. \&U ,(:Q’é\
H | = High dose cgi‘R/alescent plasma in COV[&L% results from the ran(td?mzed trial CAPSID
C Korper et a¢°’ MedRxiv ¥
Plac &0
Recif A Pr@%%illtyofdmical improvement BPépbability of discharge from hospital C Probability of overall survival
4 X i i :
06 S s =
e Thé § __6‘\§' | ; l [ 7 p— il —
§ & ‘ s T i : 2+
3 &) H I e i
é<\ 7o “4«0% ; e — = ; 454
@(o 7 4 ci ‘
D , 2 -
m>©')u TR r} l-?u{-: {:‘-T._:ﬂn R 'S e 7xm = FEEEEE Pt
=y B Ree e A TR R RS RS T | E S R R R S R R |
&,LQH a 3 i 2 & s R = L I ¢« &2 2 15 axn 2 Ln‘ll‘ “ae oo e « 8 12 2 a !;-” 3 s u= “u
——— | Flemn —— S i ———— Ly Iel Fhycta ——— P i fher P By — — e AL LA waang
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Utilisation précoce de PCC a haut titre d’anticorps

Early High-Titer Plasma Therapy to Prevent s
- - ‘
<
Severe Covid-19 in Older Adults R 7.
2) N
Libster et al, NEJM, 2021 &’ ,@}b
) &
& ra
Table 3. Primary End Point, According to Donor SARS-CoV-2 S IgG Titer. Q/Q'b \\®
e IR e r— &
Patients with Severe Relative Risk (\\0 Relative Risk ’2§
Patient Group Resp®atory Disease (95% Cl) Reduction ®Q
O
& < N
K@(no. /total no. (%) boé' percent ((\QJ@
Placebo group &Oo 25/80 (31) é{@O QOQ
Recipient of SARS-CoV-2 S 1gG in donor plasmg"é/ @& a\}o
X
At a titer at or above median concentrati%@sz 3/36 (8) &Q>27 (0.08-0.68) 733
At a titer below median concentration{@co 9/42 (21) (9/ 0.69 (0.34-1.31) 31.4
<& Q.
* The median concentration is a SAR%@\OV-Z S 1gG titer of 1:3200. ‘ QQ}\\
5 @
e 6‘\@
’ S
)
& S
@g g
v Q&é
> S
©
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Utilisation précoce de PCC a haut titre d’anticorps

Early Outpatient Treatrg;é\%t for Covid-19
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Convalescent plasma improves overall survival in patients with

B-cell lymphoid malignancy and COVID-19: a longitudinal
cohort and propensity score analysis &
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Efficacy and safety of convalescent plasma to treat hospitalised COVID-19
patients with or without underlying immunodeficiency: a randomized clinical

trial
: N
Lacombe et al, medRxiv, 2022 &
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Efficacy and safety of convalescent plasma to treat hospitalised COVID-19
patients with or without underlying immunodeficiency: a randomized clinical

trial
o
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Efficacy and safety of convalescent plasma to treat hospitalised COVID-19
patients with or without underlying immunodeficiency: a randomized clinical
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« Antibody-dependant enhancement »: aggravation médiée par les anticorps ?

Une manifestation transitoire associé a un effet anti-viral?

Macrophage-tropic viruses: dengue virus, FIPV

6 and airway obstructon
>

O

éé g Leeoe?\al,
Two main antibody-depegdent enhancement (ADE) meglﬁpnisms i
a: For macrophage-trq;@ viruses such as dengue viryg\non-neutra
macrophages via Feg&lla-mediated endocytosis, re,sﬁl ting in more s
B: For non-macrophage-tropic viruses such as and measles, non-neutralizing antibodies can form immune complexes with viral antigens inside
airway tissues, resulting in the secretion of p,@’l'inflammatory cytokines, immune cell recruitment and activation of the complement cascade within lung
tissue. The ensuing inflammation can lead to airway obstruction and can cause acute respiratory distress syndrome in severe cases.
Early evidence suggested that immune complex formation, complement deposition and local immune activation present the most likely ADE in COVID-19.

nocytes or
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Intérét de la collecte de plasma chez les convalescents vaccinés

Plasma a tres haut titre capable de neutraliser des variants auxquels le donneur
/

PCC pre-omicron vis-a-vis d’omicron (BA.1) 1 ‘a pas éte exposé @‘6

Gallian et al, Vox Sanguinis, 2022 Reduced seaﬁntwnty of SARS- Co\Leranant
delta togiitibody neutrallzatwn
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L COVIC-19 Efficacy of early transfusion of very high Ab titre convalescent plasma in vulnerable COVID-19 patients

Features of this COVIC-19 Trial /
Very early treatment with CCP, outpatient treatment

*  CCP with very high amount of neutralizing antibodigs §l§pp0rf'e
«  Vulnerable patient population at high risk of severe gﬁVID-19 e RO
*  Monitoring of variants of concern é;\‘\ S\@
& ) &

COVID-19 (PCR confirmed) <7 days within start of symi:toms in vulnerable paticnts

AA

Cohort 2: immunocomgzromised patients
(aquired or congentici immune deficiency)

Cohort 1: COVID-age 2 70 yeirs
(based on ALAMA Risk Calculaior)
n =339

&R ﬁ=339
1:1 & 5 > 1:1
[ Control } "\@{T High-Titre CCP +4‘Q59’ } [ High-Titre CCP + } [ Control }
Standard of Care 0@&" Standard of Cgaﬁé Standard of Care Standard of Care
(o) X9

X

Primary endpoint: Hospitalization due to progressive COVID-19, O, requirement, death within 28 days from random.

Q,Q/© / @ ’ Intervention \

Y . P (2 units, 200-350 ml) (if possible on day 1).

gﬂ/ Very high titre neutralizing antibodies (defined threshold)

A
C ‘%f& V ' C - 1 9 v > 1:640 PRNT against Delta, Omicron or any future variants
238 2 20.000 U/ml Elecsys Assay (Roche)

Ll 2 4.000 U/ml QuantiVac IgG ELISA (Euroimmun)
! CCP donors: history of SARS-CoV-2 + vaccination /




Les prochains variants: plus d’anticorps monoclonaux efficaces ?
Arora et al, Lancet, 18/11/2022
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Le plasma convalescent COVID-19: une immunothérapie efficace?

Preuves croissantes de I'efficacité de PCC a haut titre pQur le traitement de |a

COVID-19 chez: \\@e"* Q&\
* Les patients immunosupprimes & \\ee?
e Les patients vulnérables Iorosque le PCC est admmlstre prece‘cement
& é}o @6\
N ¥ <

O \\
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&K &

7
&)
\\059 &?’ O
o

Un intérét particulier: 5
e Début de pandemle‘?’ avant les vacqms les anticorps monoclonauyx,..
« Emergence de yarlants |mmunco)@fe5|stants

&
Une soIutlowﬁ\erapeuthueﬁlsponlbIe rapidement, peu couteuse et

continuellement adaptalql,@




- France (moyenne glissante)
TousAntiCovid / Santé 85,7
Publique France
22/11/2022
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