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INTRODUCTION

L’allogreffe de cellules souches hématopoiétiques

Les cellules souches hématopoiétiques sont des cellules indifférenciées situées principalement dans

la moelle osseuse, pluripotentes et une capacité d’autorenouvellement. Ces différentes propriétés

leur permettent de reconstituer une hématopoiese compléte.

L’allogreffe de CSH (HSCT) est une thérapie cellulaire utilisée comme traitement des hémopathies

malignes, non malignes et des déficits immunitaires primitifs.

Le principe de I'allogreffe est basé sur deux mécanismes d’action [1] (Figure 1):

- de remplacer 'hématopoiése du receveur par celle du donneur

- d’induire une réponse allogénique anti-tumorale grace aux cellules immunocompétentes du

donneur, appelé effet « Graft versus Leukemia » (GvL)

1- Destruction de | hématopoiese

résiduelle et immunodér
I" hote pour éviter

Masse tumorale

ression de

erejet

'_
Z
i
=
w
Z
Z
o]
E
o
Z
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J

2- Transfusion de CSH
(médullaires ou périphériques
ou issues du sang placentaire)

‘\\J

l\/ l\/ l\/L

by
= @/

&

Aplasie

3-reconstitution hématologique

(période d’ aplasi

Figure 1 : Déroulement de I'allogreffe

e)
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Cette réponse allogénique est I'effet primordial recherché lors d’'une HCST. Elle est due a la
reconnaissance d’alloantigénes (majeur ou mineur d’histocompatibilité) par les cellules T
immunocompétentes du donneur. Cet effet a été démontré suite a la mise en rémission de patient
ayant une leucémie myéloide chronique aprés I'administration de lymphocytes T du donneur [1].
Ainsi que lors de la déplétion des lymphocytes T du greffon, il a été observé une augmentation du
taux de rechute [2].
Le conditionnement pré-greffe idéal avant une allogreffe a pour but :

- de détruire I'éventuel clone malin

- d’entrainer une morbidité acceptable sans mortalité

- d’induire une tolérance a la greffe pour favoriser sa prise et prévenir le rejet
Il existe deux types de conditionnement : celui dit myéloablatif (moins de rechutes, utilisation lors
des greffes non HLA-identique, mais plus toxique) et celui dit atténué (meilleur effet GvL, utilisation
chez les personnes agées, plus de maladie du greffon contre I’'hote) [3].
Les CSH peuvent avoir trois origines (Tableau 1 [3]):

- lamoelle osseuse : ponction dans la créte iliaque sous anesthésie générale

- les cellules souches périphériques (CSP) : récupération par cytaphérése aprés injection de

facteur de croissance (G-CSF)
- le sang de cordon : récupération des cellules contenues dans le placenta apresclampage du
cordon ombilical

En France, en 2016, 71,1% des greffes allogéniques provenaient de CSP, favorisées pour leur richesse

cellulaire et leur facilité d’acces [4].
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Cellules souches Cellules spuches Sang placentaire
< ullzires < rinhéri
Recueil Ponction crete iliaque Stimulation par G-C5F Ponction de la
pasterieurs sous 10 p2/ke/j pendant augtre a veine ombilicale,
anesthesie genérale cina jours puis recusil par puis congelation
cytapherese (banques)
Richesse nécessaire 13 310°CH /kg 3« 10° CD34/ kg receveur 3 10° CN/kg
receveur receveur
Avantages - Quatre a dix fois plus riche Immaturite immunitaire ;
en cellules souches que la migins de GYHD
moelle Plusieurs mismatchs
Sortie d"aplasie plus precoce possibles : disponibilite
Limites Hospitalisation, Dix fois plus de lymphocytes Reconstitution immunitaire
arisque anesthesiques, Risque accru de GYHD plus lente : risque infectiou
douleur pour donneur chronique Risgue de rejet
Effets tardifs du GCSF chez le
donneur ?

GVDH ¢ graft-versus host disease, réaction du greffon contre |'hijte.

Tableau 1 : Les différentes sources cellulaires : caractéristiques, avantages et inconvénients [4]

Les criteres de sélection des donneurs

Le systeme HLA

Les antigenes peptidiques, pour étre reconnus par les lymphocytes T, doivent au préalable étre

rendus accessibles a un récepteur pour I'antigene présent a la surface du lymphocyte T (TCR). Cette

fonction de présentation de I'antigéne (en réalité un peptide) est assurée par les molécules du

Complexe Majeur d’Histocompatibilité (CMH). Le CMH humain est appelé HLA (Human Leukocyte

Antigen. Les génes codant pour le HLA sont situés sur le bras court du chromosome 6 et sont

organisés en trois régions (Figure 2 [5]) :

- HLA declasse | (loci A, B et C) : exprimé sur toutes les cellules nuclées et présentent les

antigenes endogenes aux lymphocytes T CD8 cytotoxiques

- HLA de classe Il (loci DR, DQ, DP) : exprimé par les cellules présentatrices d’antigénes

professionnelles (cellules dendritiques, monocytes/macrophages, lymphocytes B) a I'état

basal et aussi par les cellules épithéliales et endothéliales lors d’un contexte inflammatoire.

Elles vont présenter les antigénes exogenes aux lymphocytes T CD4 auxilliaires.

- HLA de classe Il qui n’intervient pas dans la présentation antigénique
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Figure 2 : Position des génes du complexe majeur d’histocompatibilité de classe | et de classe Il sur

le bras court du chromosome 6

Les genes du systéeme HLA sont trés polymorphes (15 420 alléles répertoriés en 2016 [6]) et sont
exprimés de maniére codominante (haplotypes de la mére et du pére). Ces caractéristiques
conduisent a une variabilité interindividuelle importante et déterminent I'acceptation ou le rejet de

la greffe entre donneur et receveur.

Le choix du donneur : critéere HLA

Le critére principal du choix du donneur repose sur la compatibilité HLA (sur les loci A-B-C-DRB1 et
DQB1) entre le donneur et le receveur. L’étude de Lee et al. a montré I'impact négatif de la présence
d’une différence HLA (mismatch) en terme de survie globale a un an et aussi un risque
d’augmentation de GVHD. De plus, il est prouvé que les incompatibilités HLA-A et HLA-DRB1 sont
plus mal tolérées en terme de GVHD que celles concernant HLA-B et HLA-C [7]. Le premier choix est
le donneur intrafamilial HLA-identique, dit géno-identique. Seuls les freres et sceurs peuvent étre
HLA-identique entre eux (25% de chance). Le second choix est le donneur non-apparenté phéno-
identique 10/10 dont le nombre de greffes ne cesse d’augmenter depuis ces derniéres années (de

756 en 2007 a 1060 en 2016) (Tableau 2 et Figure 3).
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2007 | 2008 | 2009 | 2010|2011 |2012| 2013|2014 | 2015|2016

Nombre de greffes autologues | 2860 | 2951 | 2675|3047 | 3003 | 2766 | 3034 | 3118 | 3125 | 3191

Nombre de greffes | 1379 | 1472| 1539|1656 | 1772 | 1721 | 1872 | 1966 | 1964 | 1958
allogénigues

dont greffes non| 765\ 841| 802| 837|1023
appareniees 1011|1000| 1110| 1043 | 1060

Nombre total de greffes 4239 | 4423 | 4214|4703 | 4775 | 4487 | 4906 | 5084 | 5089 (5109

Source : déclarations d'activité des centres de greffe

Tableau 2 : Evolution du nombre de HSCT en France [4]

b sooo
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Figure 3 : Evolution du choix des donneurs pour les HSCT en Europe 1990-2016 [8]

La recherche de donneur non-apparenté a été facilitée par la création d’un registre national en 1986

et sa connexion aux les registres internationaux donnant ainsi I'accés en 2015 a 26 millions de

donneurs volontaires. De plus les nouvelles méthodes de typage HLA utilisant la biologie moléculaire

(PCR-SSO, SSP, SBT et aujourd’hui le séquengage nouvelle génération) ont permis de mettre en

évidence des incompatibilités au niveau alléliques réduisant ainsi le risque de (GVHD) [7]. Saber et

al. ont comparé le devenir de patients allogreffés avec un donneur géno-identique et ceux avec un

donneur phéno-identique non apparenté et retrouvent les mémes taux de survie globale et de

rechute mais avec un risque légerement augmenté de GVHD aigue dans le groupe non-apparenté [9].

19



Depuis ces derniéres années, avec I'amélioration de la production du greffon (cryopréservation,
déplétion des greffons en lymphocyte T) et surtout I'utilisation du cyclophosphamide en prophylaxie
de la GVHD, la greffe haplo-identique, c’est-a-dire lorsque le receveur est semi-compatible avec un
membre de sa famille, s’avere étre une alternative intéressante. Des études ne retrouvent pas de
différence entre le taux de survie globale et le risque de GVHD aigue [10], [11]. Ci-dessous, voici
I'algorithme des critéres de choix du donneur selon la compatibilité HLA entre donneur et receveur

(Figure 4 [3]).

Donneur HLA identique dans la fratrie?

NON

Donneur HLA identigue sur fichier de donneurs volontaires

NONMN oul - Allogreffe
- phénoidentique
s
Akernatives Critéres de choix du donneur

Com patibilité HLA {1 mismatch autorisd)
Groupe sanguin ABO
Sexe
Statut CMV
Alloimmunisations antérieures? |(grossesssa)
Etat gérbral et recherche de contre
indication au don (édoplasies, infeddons)

Sang placentaire:

1 ou 2 cordons

Allogreffe haploidentique:

& partir dun donneur semi identigue

Figure 4 : Algorithme concernant le choix du donneur [3].

Le choix du donneur : critéres non HLA

Il existe d’autres critéres de choix non-HLA pouvant influencer la survie globale et le risque de GVHD
lorsque plusieurs donneurs sont disponibles. Il s’agit du statut du cytomégalovirus (CMV) entre
donneur et receveur (risque de réactivation du virus et augmentation du risque de GVHD), le sexe du
donneur (augmentation du risque de GVHD entre donneur féminin et receveur masculin), I’dge du
donneur. Leur ordre de priorité dépend du type de greffe (géno ou phéno-identique) (Tableau 3

[12]).
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Type de greffa Pl & TRM Rechute Rejel/non prise  g-jg globale
T Aigué Chronique de greffe
AGE dannsur NS NS M5 A A o
Mismatch SEXE A AAA a o A bl
GROSSESSES A A - o
gérsg-le"danﬁquas Mismatch CMY NS NS
Incompat ABC
- minawra a A NS NS NS
- majeura N5 NS
AGE donneur A a - NS A u
Mismaich SEXE ~ # AAA & - » u
GROSSESSES A A
Mismatch CMV n o
Greffes
phénc-idenfiques Incompat ABO
- mineure A A M5 NS5 NS
- majeura NS NS a
Mismatich DPBI A Ao NS

« - » - mon &udié ; CMY - qdomégulcwirus; GVHD :grn‘f-vsrsus—hnsf disazse ; N5 : non signi['imﬁf; TRM - fmnspkmf reloted mrbl'f\‘y.

Tableau 3 : Résumé des différents effets de chacun des facteurs considérés sur le devenir de la

greffe de CSH

La maladie du greffon contre I’h6te (GVHD)

Généralités

La maladie du greffon contre I’'h6te (GVHD) est la principale complication HSCT et est responsable
d’une morbi-mortalité importante. L'incidence de survenue de la GVHD aigue est de 35-45% [13] et
celle de la GVHD chronique est de 30-70% [14]. On distingue classiquement deux formes de GVHD,
aigue et chronique, dont les criteres ont été revus récemment [14] :

- GVHD aigue subdivisée en deux catégories : 1) une GVHD aigué classique survenant dans les
100 jours suivant la transplantation et ne répondant pas aux critéres diagnostiques de GVHD
chronique et 2) GVHD aigué aigué persistante, survenant plus de 100 jours aprés la
transplantation et présentant les caractéristiques de la GVHD aigue m, récurrente ou tardive:
caractéristiques de la GVHD aigué mais pas celles de la GVHD chronique

- GVHD chronique subdivisée en deux catégories : 1) GVHD chronique classique sans les
caractéristiques de la GVHD aigué et 2) le syndrome de chevauchement dans lequel les

caractéristiques de la GVHDD chronique et aigué apparaissent ensemble
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Physiopathologie

La physiologie de la GVHD aigue se décompose en 3 phases (Figure 5 [13]) :
1) Effet du conditionnement responsable de Iésions tissulaires de I'épithélium et de
I’endothélium qui provoquent la sécrétion de cytokines pro-inflammatoire (TNFa, I'lL-1, I'lL-
6)
2) Activation et prolifération des lymphocytes T du donneur par la reconnaissance des
antigenes majeurs et mineurs de I’h6te par les cellules matures du greffon
3) Effecteurs de la réaction dont les lymphocytes T cytotoxiques, les Natural Killer et des

cytokines pro-inflammatoires (TNFa, IL-1) qui vont induire des Iésions tissulaires

Conditioning: Tissue Damage

(I)
Host APC
Activation .::

.......

" Target cell
apoptosis

(IID)

Cellular and
Donor T cell i inﬂammatﬂry
Activation effectors

Figure 5 : Physiopathologie de la GVHD [13]

La physiopathologie de la GVHD chronique est moins bien connue mais il est évoqué le réle des
lymphocytes T auto-immuns. lls entrainent des Iésions tissulaires soit par infiltration ou par
dysrégulation des cytokines produisant une réponse de type Th2 (IL-4 favorise la production d’auto-
anticorps et IL-10 a un r6le anti-inflammatoire) [15]. La survenue d’une GVHD chronique serait
favorisée par le conditionnement, les lésions liées a I'age et la survenue antérieure d’'une GVHD aigue

altérant les fonctions thymiques [16].
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Effet GVHD et effet GvL

La GVHD est étroitement liée avec la GvL comme le prouve I'étude d’'Horowitz et al. ou le taux de
rechute est plus faible en présence de GVHD et augmenté dans les greffes syngéniques ou les greffes

T-déplétées (Figure 6 [17]).

109

$ 08-

E TWINS (N=70)
0.6

E T DEPLETION (N=401)
0.4 NO GVHD [N=433)

,_f?ﬁwn ONLY (N=738)
0.2 CGVHD ONLY [N=127)
—
AGVHD + CGVHD [N=485)

D_.ﬂ' T T T T T T

12 24 36 48 60 T2
MONTHS

Figure 6 : Probabilité de rechute aprés une greffe de moelle osseuse en fonction du type de greffe

et du développement de la GVHD [17].

Néanmoins la survenue de la GvL n’est pas systématiquement liée a la GVHD, par exemple lorsque la
cible antigénique est restreinte auxantigenes mineurs d’histocompatibilité des cellules
hématopoiétiques [18]. Cette dissociation peut constituer une nouvelle approche thérapeutique avec

par exemple le transfert adoptif de cellules T génétiquement modifiées du donneur [19].
Les facteurs de risque de GVHD sont multiples dont le principale est la présence de mismatch HLA

puis peuvent intervenir I’age du patient, I'utilisation d’'un donneur féminin avec un receveur

masculin, le statut CMV, le conditionnement et le type de greffon par exemple [20].
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Traitement curatif et prophylactique de la GVHD

Le traitement préventif est nécessaire en raison de la fréquence et de la gravité de la GVHD.
L’association ciclosporine A et méthotrexate demeure la prophylaxie de référence dans les greffes a
conditionnement myéloablatif. Récemment, I’association cisclosporine A et mycophénolate mofétil a
montré des résultats intéressant mais il existe un risque accru de GVHD séveére [21]. Lors des greffes
haplo-identiques, ILe traitement préventif systématique par cyclophosphamide post —greffe (a J3 et
J4), , a permis de résoudre le risque de survenue de GVHD séveére [22]. Le cyclophosphamide agit en
détruisant les cellules T alloréactives en cycle, tout en respectant les cellules T non mises en cycle.
Celles-ci peuvent se réactiver ulterieurement pouvant donc induire I'effet GvL. Le traitement curatif
de la GVHD n’est mis en place que pour les GVHD aigues de grade supérieur ou égal a I, afin de
préserver |'effet GvL. Il repose essentiellement sur la corticothérapie mais 30-70% des GVHD aigues
sont cortico-résistantes et il n'y a actuellement pas de consensus pour le traitement de seconde
ligne. Le traitement de la GVHD chronique est |’association de la ciclosporine A et des corticoides.

Mais le traitement curatif et préventif de la GVHD reste peu standardisé [23].

Les biomarqueurs spécifiques de la GVHD

Le diagnostic de la GVHD est essentiellement porté sur un ensemble de critéres clinico- biologiques
non spécifiques devant I'apparition de symptomes survenant aprées la greffe [14]. Pour I'heure
actuelle, il n’existe pas de biomarqueur spécifique de la GVHD disponible en routine. Lors d’une
conférence, il a été noté I'intérét de la réalisations d’essais cliniques pour le développer ce type de
biomarqueur [24]. Il a été décrit pour la premiere fois, en 2009 par I'’équipe de S. Paczesny, un panel
de biomarqueurs spécifiques et tres sensibles pour la GVHD aigue [25]. Le biomarqueur suppresseur
de tumorigénicité 2 (ST2) a été un des marqueurs plasmatiques le plus étudié. ST2 est le récepteur
de l'interleukine 33 (IL-33), qui existe sous deux isoformes : membranaire (mST2) ou il est exprimé
par de nombreuses cellules hématologiques dont surtout les lymphocytes T helper 2 (Th2) et sous
forme soluble (sST2) sécrétée par les cellules endothéliales et épithéliales lors des réponses
inflammatoires. La forme soluble semble agir comme récepteur leurre de I'lL-33, limitant son accés
aux cellules Th2 et favorisant le phénotype Th1l et a un effet régulateur négatif sur I’axe IL-33/ST2
pro-inflammatoire [26]. De nombreuses études ont démontré I'intérét de ce biomarqueur dans la

GVHD, en voici quelques exemples :
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- ST2, dans un panel de 4 biomarqueurs, peut confirmer le diagnostic de GVHD aigue dés
I'apparition des symptomes et a un intérét pronostique indépendamment de la sévérité de la
GVHD [25]

- ST2 est un biomarqueur prédictif précoce du risque de cortico-résistance apres l'initiation
des corticoides [27]

- Untaux élevé de ST2 est corrélé avec une diminution du taux de survie globale [28]

- ST2 est un biomarqueur diagnostique et prédictif de la sévérité de la GVHD chronique [29]
Ces découvertes vont permettre de mieux adapter les traitements curatifs de la GVHD en limitant
leur toxicité, ainsi que d’ouvrir la voie a de nouvelles thérapeutiques [30]. L'intérét de la mise en
place en routine des biomarqueurs est de les intégrer a la classification de la GVHD [24], ainsi que la
mise en place d’un score a risque [31]. De plus, le dosage de ST2 est facile a réaliser (dosage

plasmatique en ELISA), reproductible dans différents laboratoires et quel que soit le type de greffes.

Notre problématique

Nous savons que la réponse allogénique liée a I'incompatibilité HLA est un facteur de risque de GVHD
et nous savons que ST2 est un biomarqueur diagnostique du risque de survenue de GVHD. L’objectif
principal de notre travail était de d’étudier I'impact de I'incompatiblité HLA entre donneur et
receveur sur le taux plasmatique du biomarqueur ST2 chez des patients en post-allogreffe de CSH.
L’objectif secondaire, posait la question de I'impact de la parité du sexe entre donneur et receveur

sur le taux de ST2.
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RESUME

Introduction : L'allogreffe de cellules souches hématopoiétiques reste la thérapie la plus efficace
dans le traitement des hémopathies malignes. Mais la complication majeure est la maladie du
greffon contre I’h6te (GVHD) et représente une morbi-mortalité importante. L'un des facteurs de
risque majeur est I'incompatibilité HLA (Human Leukocyte Antigen) entre le donneur et le receveur.
Le biomarqueur suppresseur de tumorigénicité 2 (ST2) a démontré son efficacité dans le diagnostic,
la prédiction et le pronostic de la GVHD. L’objectif principal est de voir s'il existe une influence de la
I'incompatibilité HLA entre donneur et receveur sur le taux plasmatique du biomarqueur ST2 chez
des patients en post-allogreffe de CSH. L'objectif secondaire est de voir I'influence de la parité du
sexe entre donneur et receveur sur ST2.

Matériel et Méthode : Il s’agit d’une étude multicentrique francaire (23 centres) sous I'égide de la
Société Francophone de Greffe de Moelle et de Thérapie Cellulaire (SFGM-TC). Les échantillons
plasmatiques ont été recueillis dans le cadre de la cohorte CRYOSTEM. llIs proviennent de patients
allogreffés et ont été prélevés a des temps différents selon la forme et I'apparition ou non de GVHD:
aJ100 en I'absence de GVHD (n = 90), au moment du diagnostic de GVHD aigue (n = 89) ou chronique
(n=70). Le dosage du biomarqueur ST2 a été réalisé par ELISA (ST2 Quantikine ELISA, R&D Systems ;
DTS200). Les analyses ont été faites en univariés et appariées et la valeur de p a été calculée a l'aide
de test de Wilcoxon.

Résultats : Le taux plasmatique de ST2 a été comparé entre les groupes mismatch HLA (n = 36) et
HLA identique (n = 167) en analyse univariée et appariée (n = 33) avec un p-value respectivement de
0,56 et de 0,38. ST2 a été comparé entre les groupes de méme sexe (n = 125) et de sexe différent (n
= 101) entre donneur et receveur en analyse univariée et appariée (n = 91) avec un p-value
respectivement de 0,80 et de 0,89. Dans le groupe de sexe différent, il a été comparé les deux
combinaisons donneur féminin/receveur masculin (n = 53) et donneur masculin/receveur féminin (n
= 42) en analyse univariée et appariée (n = 91) avec un p-value respectivement de 0,60 et de 0,69.
Discussion : La validité du biomarqueur ST2 dans la GVHD a été démontrée dans de nombreuses
études avec des cohortes utilisant des types d’allogreffes différents (conditionnement, prophylaxie
contre la GVHD, le type de greffon par exemple). Notre étude ne retrouve pas de lien entre la
compatibilité HLA et le biomarqueur ST2. De plus, notre cohorte mismatch-HLA est majoritairement
composée de greffes haploidentiques avec cyclophosphamide post-greffe. Ces résultats
renforceraient la robustesse du biomarqueur ST2 dans la GVHD indépendamment de
I'incompatibilité HLA entre donneur et receveur et de I'administration de cyclophosphamide au cours
de I'allogreffe de cellules souches hématopoiétiques. Ces résultats devront étre validés avec une

cohorte plus grande et plus homogeéne afin de pouvoir réaliser des analyses multivariées.
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ETUDE REALISEE

Compatibility of Human Leukocyte Antigen (HLA) and the suppression of

tumorigenicity (ST2) biomarker post-transplantation of hematopoietic stem

cells

Abstract

Hematopoietic stem cell transplantation (HSCT) remains the most effective therapy for treating
malignant blood diseases, due in particular to the Graft-versus-Leukemia (GvL) effect. However, this
effect is associated with graft-versus-host disease (GVHD), which is the main complication with
transplantation. GVHD is responsible for a substantial morbi-mortality, and one of the main risk
factors for GVHD is the degree of mismatch between the donor and the recipient. The suppression of
tumorigenicity 2 (ST2) biomarker has been shown to be useful in the diagnosis, prediction, and
prognosis of GVHD. The aim of our study was to determine whether HLA mismatch can influence the
level of ST2 post-transplantation of HSCs. This was a prospective study with the multicenter French
Cryostem cohort. The levels of ST2 were compared between two groups, namely individuals with
identical HLA and mismatched HLA, in univariate analysis (n = 186 and n= 40, respectively) and a
paired case-control analysis (n=33). No link was found between ST2 levels and HLA compatibility (p-
value = 0.56 and 0.38, respectively). Despite extensive progress with HSC transplantation (e.g., the
conditioning, the type of transplant, and the prophylaxis for GVHD), ST2 remains a robust biomarker
in GVHD for different studied cohorts. Validation of these results requires a more in-depth analysis

with a larger cohort, using comparable groups and multivariate analysis.

Keywords: allogeneic stem cell transplantation, graft-versus-host disease, ST2,

alloimmune response, human leukocyte antigen
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Introduction

Hematopoietic stem cell transplantation (HSCT) is a cellular therapy used in the treatment of
malignant blood diseases. Its therapeutic effect is based on two mechanisms of action: a substantial
cytoreduction of tumor cells assured by a conditioning of varying intensity and reconstitution of the
immune system of the recipient with cells of the donor and induction of an allogeneic immunological
antitumor control that is called the Graft-versus-Leukemia (GvL) effect [1]. This key effect is due to
the initiation of alloantigen recognition (major or minor histocompatibility) by immunocompetent T
cells of the donor [2], [3], [4]. This effect has been demonstrated by the finding that depletion of T
lymphocytes of the transplant leads to a significant increase in the rate of post-transplant relapse [5].
The main criterion for selection of the donor lies with the compatibility of the Major
Histocompatibility Complex (in humans this is called Human Leukocyte Antigen, abbreviated to HLA)
at class | (A-B-C) and class Il (DRB1 and DQB1) loci between the donor and the recipient. The first
choice is an HLA-identical intrafamilial donor, referred to as genetically identical. Indeed, with a
sibling, there is a 25% chance of 10/10 compatibility. The second choice is an unrelated donor with
10/10 phenotypic identity. Since 1986, finding such as donor has been greatly facilitated by the
creation of a national register that has since been connected to the various international registers
(26 million volunteer donors in 2015). In recent years, the number of non-related transplants has
increased greatly (from 765 in 2007 to 1,060 in 2016 [6]). Moreover, comparative studies have
shown that the rates of overall survival and relapse are the same for genetically identical and HLA-
identical unrelated individuals [7], [8]. With improvements in conditioning and the production of
transplants, haploidentical transplants are proving to be a suitable alternative according to the
treated pathologies and when no HLA-identical donor can be found [9].

The main complication with transplantation is the occurrence of GVHD disease, which can present as
an acute and/or a chronic form [10]. The pathophysiology of the acute form (aGVHD) is better known
than the chronic form (cGVHD). The conditioning in pre-transplantation involves a degree of pro-
inflammatory "cytokine storm" that activates the antigen presenting cells of the recipient that then
present the alloantigens to the T lymphocytes of the donor. These T cells thereby become activated
and differentiate into effector cells (e.g., cytotoxic lymphocytes, natural killer cells), and then migrate
and act in synergy with the pro-inflammatory cytokines to induce tissue lesions. With aGVHD, the
immune response is mainly type Th1l, while it is type Th2 in cGVHD. The occurrence of chronic GVHD
is enhanced by the conditioning, lesions linked with age, and prior occurrence of acute GVHD that
altered the thymic functions and that produced autoimmune lymphocytes [11], [12]. GVHD is tightly

linked with GvL, as demonstrated by various studies where the rate of survival was increased in
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patients who had developed post-transplant GVHD compared to those who did not have any [3].
However, there can be a GvL effect without GVHD when the antigenic target is specifically against
minor histocompatibility antigens of hematopoietic cells [2], [3]. The dissociation of these
phenomena constitutes a new therapeutic approach [13], [14]. There are multiple risk factors for the
occurrence of GVHD, which depends mainly on HLA compatibility. According to the literature, it has
been demonstrated that, in terms of GVHD, HLA-A and HLA-DRB1 incompatibilities are less well
tolerated than those involving HLA-B et HLA-C [15]. Other non-HLA risk factors can also be involved
such as donor-recipient sex mismatch, CMV status, the conditioning, and the type of the source of
the transplant for example [16]. A diagnosis of GVHD is essentially based on a set of clinical criteria
associated with histological, biological, or radiological lesions in the same or another organ, but non-
specific, and the delay in the appearance of symptoms, according to the criteria proposed at the
conference of the National Institutes of Health in 2014 [10].

This conference highlighted the relevance of undertaking clinical trials for biomarkers of GVHD. There
is presently no biomarker specific for GVHD available for routine use. In 2009, the team of Paczesny
for the first time reported regarding a panel of specific and very sensitive biomarkers for acute GVHD
(aGVHD) [17]. The suppression of tumorigenicity (ST2) biomarker has been one of the most studied
plasma markers. ST2 is the receptor for interleukin 33 (IL-33) and it exists as two isoforms:
membrane (mST2) and soluble (sST2). The soluble form appears to act as a decoy of IL-33, limiting its
access to Th2 cells and promoting the Th1l phenotype, which is associated with the pathophysiology
of GVHDD [18]. Numerous studies have highlighted the relevance of this biomarker, and following
are some examples: diagnosing acute GVHD (aGVHD) [17]; prognosis and the cortico-resistance of
aGVHD [19]; prediction of the risk of GVHD [20]; post-transplant survival [21]; diagnosis, survival, and
severity of chronic GVHD (cGVHD) [22]; diagnosis of veno-occlusive disease [23], and the diagnosis of
idiopathic pneumonia syndrome [24]. Moreover, the validity of ST2 in GVHD has been demonstrated
with different types of transplants such as transplants based on blood from umbilical cord [25] and
also for transplants with non-myeloablative chemotherapies [26].

The main objective of our study was to determine whether there is an influence of the allogeneic
response triggered by HLA incompatibility between the donor and the recipient on the plasma level
of ST2 biomarker in patients post-transplantation of HSC in a French cohort. As secondary criteria,

we asked the same question in terms of the sex mismatch between the donor and the recipient.
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Methodology

Patients

Plasma samples derived from transplanted patients were obtained by means of a French multicenter
study (comprising 23 biological resources centers), the Cryostem project. This project was initiated in
2011 under the auspices of the French Language Society of Bone Marrow Transplantation and
Cellular Therapy (SFGM-TC) to accelerate research on the complications of HSC transplantation. This
project complies with a quality insurance program (ISO 9001 accreditation) and meets all of the legal
and ethics regulations (at the ministerial level, CPP, CCTIRS, and CNIL) [27].

For each patient, the samples were taken as shown in the diagram below (Figure 1), according to the
occurrence or not of GVHD based on the diagnostic criteria of occurrence of GVHD (D100 being
considered the arbitrary limit for the delay in the occurrence of aGVHD):

- absence of GVHD: at 100 days (s1, n = 90) and at 365 days (s2, n = 90)

- presence of acute GVHD: at the time of the diagnosis of the disease and prior to
implementation of the treatment (al, n = 89) and at 30 days following the start of the
treatment (a2, n = 89)

- presence of chronic GVHD: at the time of the diagnosis of the disease and prior to the

implementation of the treatment (c1, n = 70) and 90 days after the start of the treatment

(c2,n=70)
Inclusion HSCT

Al the time of diagnosis, At the time of introduction

before any local or systemic treatment of any new freatment or
modification of pre-existing
treatment

Allograft
I S i S
atDay 30 from al atDay 90 from c1
If CBU

Hematopoietic Stem Cell Transplantation aGvHD ersus-Host Disease alfel  Sampling at the time of diagnosis before any treatment

Email alert cGvHD ¢ - a2/c2  Sampling af

EDTA sampling RO DO re-tran 0 51/52/83 Systematic 0 at X days from transplantation
Recipient Day0  Allograft day N/A Not available

Donor Day 100 To 100 days of the allograft

Cord Blood Unit

Figure 1: Diagram of the collection of plasma samples
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the characteristics of the studied cohort (Table 1)

Parameter All patients
N=226

GVHD status — N(%)

Chronic GVHD 47 (20.8)

Acute GVHD 66 (29.2)

Chronic and acute GVHD 23 (10.2)

No GVHD 90 (39.8)
CMV antibodies — N(%)

Both positive 84 (37.7)

Both negative 82 (36.8)

Donor negative/Recipient positive 35 (15.7)

Donor positive/Recipient negative 22 (9.9)

Missing data 3
HLA matching — N(%)

Identical sibling 186 (82.3)

Mismatched 40 (17.7)
Survival status on this date — N(%)

Deceased 25 (11.1)

Alive 200 (88.9)

Missing data 1
Regimen intended to be myeloablative (full intensity) — N(%)

No 128 (56.6)

Yes 98 (43.4)

Age of the donor — Median (Q1;Q3)
Missing data

45.45 (31.19 ; 55.67)
1

Table 1: Overall description of the cohort

ELISA for the ST2 biomarker

The ST2 biomarker concentrations of the plasma samples were determined by enzyme-linked

Some patient had both types of GVHD. We separated them for the rest of the analyses. Following are

immunosorbent assay (ELISA), in duplicate or in triplicate, using the following commercially available

kit: ST2 Quantikine ELISA (R&D Systems; DTS200).
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Statistics

The quantitative variables were described as averages with the standard deviation or as means and
the interquartile range. Normality of the distributions was verified graphically as well as by a Shapiro-
Wilk test.
The qualitative variables were described as the frequency and the percentage.
When the sample size was sufficient, the qualitative variables were compared between groups using
Chi-square tests. In case of non-validity of these tests (theoretical values < 5), Fisher’s exact tests
were used.
When the sample size was sufficient, the quantitative variables were compared by non-parametric
Wilcoxon tests. In case of comparison of more than two groups, Kruskal-Wallis tests were used.
To take into account the indirect effects of confounding factors on the analyses, one-to-one
matching was carried out on the parameters that were identified as being significant in univariate
analysis:
- Matching for the age of the donor (a maximal difference of four years), same myeloablative
therapy, same GVHD status for the groups in regard to HLA matching.
- Matching for CMV antibody status of the groups and donor/recipient gender disparity.
- Matching for the HLA compatibility and the GVHD status of the groups in regard to
donor/recipient gender disparity.
The threshold for significance was set as 0.05. The analyses were carried out using SAS version 9.4

software (SAS Institute, Cary NC, USA).

Results

HLA compatibility and biomarkers

To determine whether HLA compatibility plays a role in the level of ST2 biomarker in transplanted
patients, using univariate analysis, we compared the level of soluble ST2 obtained for the patients
who received a genetically identical HLA transplant (n=167) to that obtained for patients who
received an HLA incompatible transplant (3 to 5 incompatible /10) (n=36)) (Table S2). For the
different groups of GVHD, we took the plasma samples at the time of the diagnosis of GVHD and
prior to the initiation of its treatment (al and c1) so that the treatment did not affect the results. For
those who did not have GVHD, we took the measurement on D100 (s1). Our results, for this

population, show that there was not a link between HLA compatibility and the ST2 biomarker (p-
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value: 0.56). Our two groups were, however, not comparable in terms of the number of samples, the
same repartition in the GVHD group (p-value: 0.047), age of the donor (p-value: 0.028), and
myeloablative chemotherapy or not (p-value 0.026). The same groups were analyzed after being
matched, to attenuate the differences between the groups that could influence the results. Our
results, for this cohort (n = 33), again show that there was not a link between HLA mismatch and the

ST2 biomarker (p-value: 0.38) (Figure 2).

In unmatched univariate analysis of the GVHD subgroup, there was not a link between HLA mismatch
and ST2 (p-value: 0.35; n = 117 for identical HLA and n = 19 for mismatched HLA). The same result
was found for the subgroup that did not have GVHD (p-value: 0.28; n = 69 for identical HLA and n =
21 for mismatched HLA).

The comparison of the GVHD and absence of GVHD groups in the identical HLA and HLA mismatch
subgroups, in univariate analysis, found a significant difference in the plasma level of ST2 (p-value <

0.001 and 0.031, respectively).

Donor-receptor sex mismatch and biomarkers

To study whether there is an influence of donor and recipient sex mismatch on the level of ST2
biomarker, we compared the level of ST2 in two groups by univariate analysis (Table S3): one with
the same gender (n = 125) and one with different genders (n = 101). For the different groups of
GVHD, we took the plasma samples at the time of the diagnosis of GVHD and prior to initiation of its
treatment (al and c1) so that the treatment did not affect the results. For those who did not have
GVHD, we took the measurement at D100 (s1). Our results, for this population, show that there was
not a link between donor and recipient sex mismatch and the ST2 biomarker (p-value: 0.80). Our
groups were not comparable, however, particularly in terms of CMV status between the donor and
the recipient (p-value: 0.022). The same groups were analyzed after matching, to attenuate the
differences between the groups that could influence the results. Our results, for this cohort (n =91),
show that there was not a link between donor/recipient sex mismatch and the ST2 biomarker (p-

value: 0.89) (Figure 2).

In the group with donor and recipient gender disparity, we performed a subgroup analysis for the
different possible combinations to study the variation in the ST2 plasma level between them: female

donor/male recipient (FD/MR, n = 53) and male donor /female recipient (MD/FR, n = 42) (Table S4).
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Our results show that there was not a significant difference between these two combinations,

whether in univariate analysis (p-value: 0.60) or in paired analysis (p-value: 0.69, n = 33) (Figure 2).

Comparison of ST2 - paired analysis

150
1404 p=0.38
1 30 T
1204
1104
100
90
o~ 504 p=0.69
5 0 p=0.89
604
504
40
30
204
10 —1
0+
HLA match HLA mismatch Same sex Different sex MR/FD FR/MD
HLA Donor sex Mismatch sex

MRI/FD : Male receiver / Female donor ; FR/MD : Female receiver / Male donor

Figure 2. Differences between identical HLA and HLA mismatch, between the same gender and
different gender, and between the male donor/female recipient (MD/FR) and female donor/male
recipient (FD/MR) combinations for the level of plasma ST2 biomarker: the box plots indicate the
10, 25t 50t 75% and 90" percentiles. The comparison of the plasma levels in the various groups

for the ST2 biomarker was carried out by the Wilcoxon test and the p-values are indicated above.

Discussion

HLA compatibility and the ST2 biomarker

GVHD is the main complication of HSCT, due to its frequency and the substantial morbi-mortality
that it entails. Preventative treatment is necessary due to the frequency and the seriousness of
GVHD, and the association of cyclosporin A and methotrexate remains the recommended
prophylaxis[28].

The targets of GVHD are hence the antigens of the class | or || HLA system, in case of partial

incompatibility, or the minor histocompatibility antigens in case of HLA-compatible transplants [2].
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One of the most interesting characteristics of the HLA system is its high level of polymorphism. The
new techniques for high-resolution genotyping using molecular biology (PCR-SSO, SSP, SBT, and
presently next-generation sequencing) have highlighted incompatibilities at the allelic level and
inventoried 15 420 alleles in 2016. This better knowledge of the HLA system (with, for example, the
notion of permissive mismatch) has allowed the risk of GVHD to be reduced by better selection of
donors [15], [29]. The other interesting notion to be studied with HLA-identical transplantation is the
recognition of minor antigens by the T lymphocytes that are mainly responsible for the GvL effect
and that can be the cause of GVHD. A study has shown that mHAg incompatibility with HA-1, HA-2,
HA-3, HA-8, HB-1, and CD31 does not have a detectable effect on the events post-transplantation of
HSC in an unrelated HLA-compatible donor [30], [31].

In recent years, new plasma biomarkers of GVHD have been discovered. The aim of this research is to
find a panel of biomarkers specific to GVHD in order to predict the risk of developing the disease and
the response to treatment. The relevance of routine use of such biomarkers is to integrate them into
the classification of GVHD as well as the implementation of a risk score for developing GVHD. Ease of
access (a simple blood test), and technical feasibility (interlaboratory reproducibility) are the other
key features of their routine implementation [32], [33], [34], [35]. This would allow for a more
personalized therapy by, for example, limiting the toxicity of chemotherapies.

The focus of our study was ST2, one of the most studied biomarkers in GVHD. Based on the
knowledge of the pathophysiology of GVHD and of ST2, we hypothesized that the allogeneic
response induced by HLA mismatch could influence the plasma level of ST2. However, after
univariate analysis, our results did not show a link between the level of ST2 and HLA mismatch. This
would indicate an independence of ST2 in regard to HLA mismatch and it enhances the robustness of
the level of ST2 in GVHD.

However, our study has significant biases that could affect the final results, particularly in terms of
the number of patients included. A more substantial cohort of patients transplanted with an HLA
mismatch would allow the power of the test to be increased, as well as subgroup analyses to be
undertaken to compare, for example, the class | and Il antigens that are not present on the same cell
populations: class | HLA molecules are expressed by almost all nucleated cells and class Il are
expressed by antigen-presenting cells (i.e., dendritic cells, monocytes, and B lymphocytes) and
activated T lymphocytes [12]. It would be interesting to compare the incidences of mismatch in these
two classes of major histocompatibility antigens on the level of ST2. Moreover, as the DPB1 locus,
which was not accounted for in the selection of donors, is known to lead to an increased risk of
GVHD, it would be interesting to study its effect on ST2 [36].

ST2 exists as two isoforms: membrane (mST2), which is expressed by numerous hematological cells

such as T helper 2 (Th2) lymphocytes in particular and a soluble form (sST2) that is secreted by
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endothelial and epithelial cells with inflammatory responses [18]. Our results are in regard to the
soluble form of the biomarker. The question that remains unanswered is whether there is a link
between mST2 and the allogeneic response induced by an HLA mismatch post-transplantation of
HSCs, given that the two isoforms are not secreted by the same cells and do not induce the same
cascade of reactions [37]. Moreover, it has been shown that when sST2 is neutralized by an antibody,
this has a protective effect against GVHD and it allows the expression of mST2 on Tregs to be
increased [38].

Our HLA mismatch cohort was comprised mainly of haploidentical transplants. In this situation, it is
necessary to provide a preventative treatment post-transplantation, using high doses of
cyclophosphamide (PT-Cy) in particular [39]. Cyclophosphamide is an immunosuppressive
chemotherapeutic that belongs to the family of alkylating agents. It acts by eliminating dividing
alloreactive T cells of the donor by enhanced expression of aldehyde dehydrogenase, which is an
enzyme that can detoxify cyclophosphamide in a lymphopenic environment [40]. It has been shown
that PT-Cy preventative treatment could eliminate the impact of HLA mismatch in adults who
received a haploidentical transplant [41]. Moreover, it has been demonstrated that haploidentical
transplants are less at risk of GVHD [42]. The question that arises is whether this treatment presents
a bias in our study, by elimination of the effect of the impact of HLA mismatch and populations of
activated cells. It has been shown that the plasma level of biomarkers, including ST2, appears to
retain prognostic and predictive sensitivity in patients treated by PT-Cy [43]. It would be interesting
to undertake the same study with a cohort comprising mismatches (other than haploidentical) and
not treated by cyclophosphamide to address the question of a link between ST2 and the allogeneic
response. We can hypothesize that some alloreactive cells destroyed by cyclophosphamide do not
have a link with ST2. The lymphopenia brought on by the chemotherapy promotes expansion and
differentiation of pre-activated T lymphocytes that have already encountered the tumor antigens
(for example, CD8* cytotoxic T lymphocytes specific to tumor antigens, natural killer cells, or the
production of IL-17 by CD4* T lymphocytes) and hence promotes the GvL effect. Chemotherapy could
also reveal subdominant tumor antigens against which an immune response may be induced after
activation of lymphocytes [44]. Cyclophosphamide inhibits the activity of regulatory T cells (Treg),
which have a tolerogenic effect. It would be interesting to study the relationship between ST2 and
these cell subpopulations involved in the allogeneic response post-transplantation of HSC. For
example, it has been reported that the decrease in the level of Tregs is associated with the severity
of GVHD and that the patients who developed GVHD had 40% fewer Tregs than those who did not
develop GVHD [45]. Among these T lymphocyte subpopulations, activated CD4 T lymphocytes
produce IL9 by the ST2/IL-33 (T9,..33) pathway, thereby involving the ST2 biomarker. By

differentiation of T9 lymphocytes in the presence of IL33, the expression of mST2 increases as does
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the secretion of I1L9 by CD4 and CD8 T cells. The protective role of the ST2/1L-33 axis on T9..33 cells in
GVHD has been confirmed in the allogeneic response mediated by minor and major
histocompatibility antigens in mice, independently of Tregs [46].

The other important point in regard to the comparison of our two groups is not having control over
certain known risk factors for GVHD in our cohort, thus resulting in a risk that our groups were not
entirely comparable. We do not have data available regarding the reactivation of CMV in the patients
of the cohort. Infection by CMV is the most common opportunistic infection and involves 50 to 90%
of the world population and it also results in substantial post-transplantation morbi-mortality.
Without prophylaxis, the risk of reactivation of the virus is 80% for seropositive CMV patients and
30% for CMV seronegatives transplanted with a CMV seropositive donor. The serological status of
the donor and the recipient is important, as shown by the results of this study: survival is lower in
genetically identical D'/R* patients relative to unrelated HLA-identical D*/R* patients [47]. It has
been reported that the relationship between CMV and GVHD is bidirectional. The use of
corticotherapy with aGVHD increases the risk of reactivation of the virus and infection of certain
tissues induced by replication of the virions leads to a pro-inflammatory response by the T cells that
promotes GVHD [48]. IL-33 acts as a danger signal and is involved in the antiviral immune response
[49]. With a CMV infection, signaling by ST2 enhances the proliferation of naive and memory natural
killer cells [50].

The IL-33 / ST2 axis is involved in numerous other pathologies: allergy, autoimmune diseases, cancer,
and central nervous system disorders [51]. Use of a panel of biomarkers in GVHD allows the
specificity to be increased (the biomarkers do not correlate with each other and they appear at

different times in the development of the pathology) [35].

Donor and recipient sex mismatch and the ST2 biomarker

Gender parity between the donor and the recipient is part of the criteria for donor selection. Doctors
prefer a male donor when several options are available. For example, more donors were male and
were recruited relative to female donors (odds ratio of 2.36 and p-value < 0.05) in Germany from
2008 to 2009. While male donors are selected more often, the proportion of female donors is greater
in the international register (56% in 2015) and this is a continuing trend (59% of the new donors who
volunteered were women in 2015) [54]. The European Group for Blood and Marrow Transplantation
has added donor and recipient sex mismatch to its score for predicting adverse post-transplantation
events. It is generally thought that an HSCT with a female donor and a male recipient is at risk of

cGVHD but it has no impact on aGVHD. This is due to the recognition of minor histocompatibility
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antigens coded by the Y chromosome. In the context of unrelated transplantation unmatched for
gender, these ubiquitously expressed minor antigens can be recognized by the T lymphocytes T of
the female donor in a restricted manner, which can lead to GVHD tissue lesions [55]. Our results
show that there is not a link between the incidence of donor and recipient gender parity and the
level of ST2. We also performed a subgroup analysis of the different donor and recipient
combinations in the sex mismatch group (male donor /female recipient vs. female donor /male
recipient). There was not a significant difference in the level of plasma ST2 between these two
combinations. As we have said previously, the size of our cohort was somewhat limited and we could
not control for all of the possible covariables. One of the covariables for which we had no knowledge
was pregnancy of the donor. Pregnancy leads to alloimmunization of the maternal lymphocytes by
placental exchange between the mother and the fetus. However, studies have shown that
transplants from multiparous donors are at higher risk of inducing GVHD than transplants from male
donors and when comparing the latter with transplants from nulliparous donors, the risk remains the
same. This shows that parity does not impact on the risk of GVHD [54]. It has also been shown that
the combination of a male recipient and a female donor is associated with a lower rate of relapse of
the initial hemopathology and could be explained by the presence of minor HY antigens. The team of
Haesook Kim has shown that the sex of the recipient could be an important prognostic factor and
independent of the sex of the donor [56]:

- overall survival of male recipients is lower than that of female recipients, irrespective of the

gender of the donor
- the combination of male recipient and female donor is more at risk of inducing GVHD than a
female recipient with a male donor

- there is no effect of the gender of donors on the outcomes for female recipients
These results call into question the choice of prioritizing the selection of male donors by transplant
doctors. In the current guidelines, the criteria for selection for a pheno-identical transplant are: the

CMV status, the age of the donor, then the gender of the donor and the ABO group [57].
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Conclusion

In this study, we did not find a link between HLA compatibility and the plasma level of ST2. This
demonstrates that ST2 is independent of the type of transplant despite an allogeneic response linked
with HLA mismatch and despite prophylactic treatment with cyclophosphamide, which goes against
the hypothesis that was presented initially. Notwithstanding the indicated biases, this gives rise to
numerous future questions. Would the results have been the same if the various classes of major and
minor histocompatibility antigens had been studied more precisely? Would the results be the same
for the membrane form of ST2? Would the influence of the HLA compatibility on the level of ST2 not
be at the level of an imbalance in the allogeneic response by inhibition of the protective effect of the
IL-33/ST2 axis? All of these questions lead to an increased understanding of the allogeneic response
with HSC transplantation and a better understanding of the pathophysiology of these biomarkers.
This may allow for new therapeutic targets to be established [38] as well as the application of this
reasoning to other inflammatory pathologies mediated by ST2 [52]. For example, the use of adoptive
transfer of allogeneic T9,..35 cells, the use of anti-sST2 antibodies, and polarization of the
differentiation of T lymphocytes are new therapeutic approaches to orient the immunological
response and to distinguish between GVHD and GvL [46], [52], [53]. This shows that ST2 is a robust
biomarker despite the different types of transplants. These results underscore the importance of this

biomarker in GVHD in terms of its validity, its feasibility, and its diagnostic and therapeutic utility.
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Appendixes

Variable HLA match Comparison of the groups
Identical sibling Mismatched
Name Unit Modalities N=186 N=40 Test p-value
CMV antibodies (donor/recipient) N(%) Same CMV status 136 (73.9) 30 (76.9) Test: Chi- 0.70
square
Different CMV 48 (26.1) 9(23.1)
status
Missing data 2 1
Donor sex (recipient/donor) N(%) Same sex 100 (53.8) 25 (62.5) Test: Chi- 0.31
square
Different sex 86 (46.2) 15 (37.5)
Missing data 0 0
GVHD group N(%) Patient with 44 (26.3) 3(8.3) Test: Chi- 0.047
cGVHD square
Patient with 54 (32.3) 12 (33.3)
aGVHD
Patient without 69 (41.3) 21 (58.3)
GVHD
Missing data 19 4
Regimen intended to be myeloablative N(%) No 99 (53.2) 29 (72.5) Test: Chi- 0.026
(full intensity) square
Yes 87 (46.8) 11 (27.5)
Missing data 0 0
Survival status on this date N(%) Deceased 19 (10.3) 6 (15.0) Test: Fisher’s 0.41
exact
Alive 166 (89.7) 34 (85.0)
Missing data 1 0
Age of the donor N 185 40
Missing data 1 0
Average t 44.00 £ 16.45 39.23+£12.17
Standard
deviation
Median (Q1;Q3) 48.10 (32.27; 37.77 (29.47 ; Test: Wilcoxon  0.028
56.91) 48.87)
Minimum | 0.00 | 72.42 19.52 | 65.61
Maximum

Table S2: Description of the cohort in univariate analysis, for the HLA sibling/mismatch groups
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Variable Donor sex (donor/recipient) Comparison of the groups

Same sex Different sex
Name Unit Modalities N=125 N=101 Test p-value
CMV antibodies N(%) Same CMV status 99 (80.5) 67 (67.0) Test: Chi- 0.022
(donor/recipient) square
Different CMV status 24 (19.5) 33(33.0)
Missing data 2 1
GVHD group N(%) Patient with cGVHD 28 (25.2) 19 (20.7) Test: Chi- 0.74
square
Patient with aGVHD 35 (31.5) 31(33.7)
Patient without GVHD 48 (43.2) 42 (45.7)
Missing data 14 9
Regimen intended to be N(%) No 68 (54.4) 60 (59.4) Test: Chi- 0.45
myeloablative (full intensity) square
Yes 57 (45.6) 41 (40.6)
Missing data 0 0
Survival status on this date N(%) Deceased 12 (9.6) 13 (13.0) Test: Chi- 0.42
square
Alive 113 (90.4) 87 (87.0)
Missing data 0 1
Age of the donor N 125 100
Missing data 0 1
Average + Standard 43.47 +15.70 42.74 +16.12
deviation
Median (Q1;Q3) 46.58 (31.89;56.07) 45.31(29.80; 55.54) Test: 0.74
Wilcoxon
Minimum | Maximum 0.00 | 72.42 1.59 | 71.33

Table S3: Description of the cohort in univariate analysis, for the parity of gender between the

donor and the recipient
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Variable Donor sex (donor/recipient)
MR/FD FR/MD
Name Unit Modalities N=59 N=42
GVHD groups N(%) Patient with chronic 17 (28.8) 2 (4.8)
GVHD alone
Patient with acute GVHD 12 (20.3) 19 (45.2)
alone
Patient with acute and 4 (6.8) 5(11.9)
chronic GVHD
Patient without GVHD 26 (44.1) 16 (38.1)
Missing data 0 0
CMV antibodies (donor/recipient) N(%) P 24 (41.4) 15 (35.7)
N 15 (25.9) 13 (31.0)
DN/RP 11 (19.0) 8 (19.0)
DP/RN 8(13.8) 6 (14.3)
Missing data 1 0
HLA match N(%) Identical sibling 54 (91.5) 32 (76.2)
Mismatched 5 (8.5) 10 (23.8)
Missing data 0 0
Survival status on this date N(%) Deceased 6(10.2) 7(17.1)
Alive 53 (89.8) 34 (82.9)
Missing data 0 1
Regimen intended to be N(%) No 36 (61.0) 24 (57.1)
myeloablative (full intensity)
Yes 23 (39.0) 18 (42.9)
Missing data 0 0
Age of the donor N 58 42
Missing data 1 0
Average + Standard 44.22 + 16.44 40.70 + 15.62

deviation
Median (Q1;Q3)

Minimum | Maximum

47.51 (32.91; 57.64)

10.6471.33

41.90 (29.51 ; 53.75)
1.59165.48

Table S4 Descriptive table for the different combinations of gender mismatch between the donor

and the recipient (MD/FR and FD/MR)
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