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ABBREVIATIONS

ACN: Anticalcineurine

ABMR: AntiBody Mediated Rejection

AVC: Accident Vasculaire Cérébral

BKV: BK virus

CMV: CytoMegaloVirus

CTLA-4: Cytotoxic T Lymphocyte Antigen 4 associated
CsA: Cysclosporine A

DFG: Débit de Filtration Glomérulaire

EBV: Epstein Barr Virus

FI/AT: Fibrose Interstitielle Atrophie Tubulaire
HHV-8: Human Herpes Virus

IDM: Infarctus Du Myocarde

mTORi: mammalian Target Of Rapamycin inhibitor
PTLD: Post Transplantation Lymphoproliferative Disorder
SAL: Sérum Anti Lymphocytaire

TCMR: T Cell Mediated Rejection
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INTRODUCTION

Les Anticalcineurines (ACN) sont le pivot des stratégies thérapeutiques
immunosuppressives actuelles. Cependant, il a été démontré que ces molécules peuvent
étre a I'origine d'une fibrose interstitielle et d'une atrophie tubulaire et conduire a une
dégradation de la fonction rénale (1,2). Compte tenu de leur néphrotoxicité avérée, les
protocoles d'immunosuppression tendent actuellement vers des stratégies d’épargne des
anticalcineurines (ACN) avec des molécules telles que les inhibiteurs de mTOR (mTORi)
ou le bélatacept. Plusieurs études ont montré un bénéfice rénal d’'un switch précoce des
ACN par un mTORi mais au prix d’'une augmentation du risque d’apparition de DSA, du
risque de rejet (3-5) et de nombreux effets indésirables, tels que '’hyperlipidémie, le
diabéte induit, les cedémes, les difficultés de cicatrisation limitant la tolérance et donc

l'utilisation de ces médicaments (6).

Le bélatacept, un bloqueur de la costimulation inhibant I'activation lymphocytaire T, en
combinaison avec de l'acide mycophénolique et des corticoides, a été évalué en tant
qu'immunosuppresseur de novo dans deux grandes études de phase III : BENEFIT et
BENEFIT-EXT (7,8). A 7 ans de suivi, la fonction rénale était significativement améliorée
chez les patients traités par bélatacept par rapport a ceux traités dans le bras ciclosporine
(9,10). En revanche, le risque de rejet était augmenté chez les patients traités par
bélatacept. Le risque de développement de DSA de novo était quant a lui plus faible (9,10).
Une seule étude a évalué 'efficacité et la sécurité de la conversion d’'un ACN vers du
bélatacept chez des patients avec une fonction rénale stable (11). A 3 ans de suivi,
I'amélioration du DFG moyen était significativement plus importante dans le groupe de
patients convertis au bélatacept par rapport au groupe de patients maintenus sous ACN

(12). Bien que cette stratégie immunosuppressive ne soit pas encore validée, de
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nombreux centres de transplantation rénale proposent une conversion par bélatacept aux
patients transplantés rénaux présentant une fonction rénale imparfaite, et notamment en

tant que thérapie de sauvetage ou lors de retard de reprise de fonction (13-15).

Notre centre de transplantation toulousain ainsi que plusieurs centres européens
proposent cette stratégie immunosuppressive. Ainsi, cette étude rétrospective de large
cohorte avait pour but d’évaluer 'efficacité du bélatacept apres une conversion d’'un ACN
ou d'un mTORI, d’évaluer sa sécurité et d’identifier des facteurs prédictifs d’amélioration

de la fonction rénale apres cette conversion.

Je vous présenterai mon travail avec un résumé de I'étude en francais, le travail
complet sera quant a lui présenter sous forme d’'un article complet soumis pour

publication a '’American Journal of Transplantation.
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PATIENTS ET METHODES

Dans notre étude rétrospective, 219 patients transplantés rénaux de 5 centres européens
de transplantation rénale ont été inclus, entre janvier 2007 et novembre 2015 dans les
centres de Barcelone, Berlin, Clermont-Ferrand, et Paris Necker et entre janvier 2007 et
novembre 2016, dans le centre de Toulouse. Au total, 199 patients ont été convertis d’'un
ACN vers du bélatacept et 20 patients d'un mTORI. Le temps médian de conversion apres
la transplantation était de 21.2 (0.1-337.1) mois. 32 patients ont été convertis dans les 3

premiers mois de greffe.

La conversion a été réalisée essentiellement en raison d’une fonction rénale imparfaite (n

= 180).

Le temps moyen de suivi sous bélatacept était de 21.9+20.2 mois. 219 patients ont eu 3
mois de suivi, 206 patients 6 mois de suivi, 162 patients 1 an de suivi et 130 patients ont

eu un suivi de plus d’un an.

L’efficacité et la sécurité apres la conversion ont été évaluées a 3 mois, a 12 mois post

conversion, et au dernier suivi sous bélatacept.

Analyses statistiques

Les valeurs analysées sont exprimées en moyenne ou en médiane. Les proportions ont été
comparées par le y2 test ou par le Test de Fisher. Le test de Friedman a été utilisé pour
comparer les variables quantitatives. Nous avons évalué les facteurs prédictifs associés a
une amélioration du DFG d’au moins 5 ou 10 mL/min/1.73 m? & 3 mois chez nos 219
patients et a 12 mois chez 206 patients. Comme seulement 162 patients avaient un suivi
d’au moins 1 an, nous avons collecté les données du DFG au dernier temps de suivi le plus

proche, soit entre 9 et 11 mois apres la conversion. Les facteurs prédictifs d’'amélioration
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de la fonction rénale étaient étudiés en utilisant un modele de régression logistique. Les
variables avec un p < 0.05 en analyse univariée étaient incluses dans I’analyse multivariée.

Une valeur de p < 0.05 était considérée comme statistiquement significative.

RESULTATS

A la fin du suivi, 77.6% des patients étaient toujours traités par bélatacept. 49 arréts du
bélatacept sont survenues pour les raisons suivantes : 25 pertes de greffon, 7 infections,
5 cancers, 4 rejets aigus, 2 intolérances au bélatacept, 2 souhaits des patients, 1 récidive

de HSF et 2 arréts de cause inconnue.

Fonction rénale

A la conversion, le DFG moyen était de 32+16.4 mL/min/1.73 m?. La répartition des
patients selon le stade d’insuffisance rénale chronique est reproduite sur la figure 2. Le
temps moyen de suivi était de 21.9+20.2 mois. Le DFG moyen a 3 mois, 12 mois et au
dernier suivi était respectivement de 37+17 (p<0.0001 comparé a la valeur de base), de
38+18 (p<0.0001) et de 3820 mL/min/1.73 m? (p<0.0001). L’amélioration médiane du
DFG était, elle, de +3.3 (-29.0 a +54.0), de +3.8 (-25.0 a +52.1), et de +3.58 (-34.6 a +90.2)

mL/min/1.73 m? respectivement a 3 mois, 12 mois et au dernier suivi.
La protéinurie est restée stable entre la conversion et le dernier suivi.

Facteurs prédictifs d’amélioration de la fonction rénale

A 3 mois aprés la conversion, 84 patients (38.4%) avaient amélioré leur DFG d’au moins
5 mL/min/1.73 m? et 48 patients (21.9%) d’au moins 10 mL/min/1.73 m?. Les deux
facteurs prédictifs d’amélioration du DFG = 5 mL/min/1.73 m? étaient la conversion dans
les 3 premiers mois de greffe et le score de FI/AT pré conversion. Pour une amélioration
de 10 mL/min/1.73 m?, le seul facteur prédictif retrouvé était le temps de conversion

inférieur a 3 mois post-transplantation (cf. Tableau 2). A 12mois post-conversion, 91
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patients (44%) avaient amélioré leur DFG d’au moins 5 mL/min/1.73 m? et 55 patients
(26.7%) d’au moins 10 mL/min/1.73 m? Les 2 facteurs prédictifs retrouvés pour une
amélioration du DFG d’au moins 5 et 10 mL/min/1.73 m? étaient le temps de conversion
inférieur a 3 mois et la positivité du C4d sur les biopsies réalisées avant la conversion (cf.

Tableau 3).

Survie globale et des greffons

A la fin de I'étude, la survie globale était de 93.2% et la survie des greffons étaient de
86.8%. 15 patients sont décédés apres la conversion dont 10 avec un greffon fonctionnel.
Les causes de déces étaient: 6 d’origine cardiovasculaire, 4 d’origine infectieuse, 3

d’origine néoplasiques et 2 d’étiologie inconnue.

32 pertes de greffons ont été observées : 17 liées a une progression de la dégradation de
la fonction rénale, 4 liées a une récidive d’'HSF, 3 liées a une non reprise primaire de
fonction, 1 liée a une pyélonéphrite sévere, 1 a une insuffisance rénale aigue post-
chimiothérapie et 1 liée a une transplantectomie dans les suites d'un choc hémorragique

sur un kyste du greffon. Le temps médian de perte

du greffon était de 9 (1 a 85) mois.

Rejet aigu

42 patients (19.2%) ont eu une histoire de rejet aigu avant la mise sous bélatacept : 29
étaient des rejets cellulaires T médié (TCMR) et 7 des rejets a anticorps médié (ABMR).
Apres la conversion, 18 patients (8.2%) ont développé un rejet aigu apres un délai moyen
de 4.1+2.9 mois. 4 des 18 patients avaient des DSA a la conversion mais aucun n’a présenté
de DSA de novo. 2 des 18 patients ont perdu leur greffon. Chez les 16 patients avec un

greffon fonctionnel, la fonction rénale est restée stable avec un DFG a 34.1+18.5

mL/min/1.73 m? ala conversion et a 39.0+16.7 mL/min/1.73 m? au dernier suivi (p=0.2).
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Les rejets aigus étaient significativement plus fréquents chez les patients convertis dans
les 3 premiers mois de greffe (10 cas sur 32 patients soit 33.3%) par rapport a ceux

convertis apres les 3 premiers mois (8 cas sur 187 patients soit 4.3%), p<0.0001.

Complications infectieuses et néoplasiques

80 patients (36.5%) ont présenté au moins une infection virale, 45 (20.5%) une infection
bactérienne et 8 (3.7%) une infection fongique. 15 patients (6.6%) ont développé un
cancer de novo sous bélatacept dont 2 syndromes lymphoprolifératifs a tropisme du

systéme nerveux central.

Analyse en sous-groupe des patients convertis dans les 3 premiers mois de greffe

32 patients ont été convertis dans les 3 premiers mois de greffe. 75% avaient recu des
greffons a donneur a critéres élargis, 63% avaient présenté un retard de reprise de
fonction et 8 étaient dialyse dépendants. Aprés la conversion, seuls 5 des 8 patients ont
été sevrés de la dialyse. Pour les 32 patients, le DFG s’était amélioré de 19.4+12.8 a la

conversion a 34.9421.8 mL/min/1.73 m? au dernier suivi (p=0.0007).

Analyse en sous-groupe des patients présentant des DSA au moment de la conversion

35 patients avaient des DSA a la conversion. Aucun n’a développé de DSA de novo apres la
conversion. 4 (11.4%) ont présenté un rejet aigu dans les suites mais aucune perte de
greffon n’a été objectivée et tous ont poursuivi leur traitement par bélatacept. Le DFG s’est
amélioré de 30+15 mL/min/1.73 m? a la conversion a 35+21.8 mL/min/1.73 m? au

dernier suivi (p=0.08).
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Abstract
The use of belatacept is not yet approved for maintenance kidney-transplant patients.

This retrospective multicenter European study aimed to assess the efficacy and safety of
conversion to belatacept in a large cohort of patients in a real-life setting, and to identify
the predictive factors for improved kidney function after the switch. Two-hundred and
nineteen maintenance kidney-transplant patients from five European kidney-transplant
centers were converted to belatacept at 21.2 (0.1--337.1) months posttransplantation,
mainly because of impaired kidney function. Thirty-two patients were converted to
belatacept within the first 3 months posttransplantation. The mean duration of follow-up
was 21.9420.2 months. The actuarial rate of patients still on belatacept-based therapy
was 77.6%. Mean estimated glomerular-filtration rate (eGFR) increased from 32+16.4 at
baseline to 38+20 mL/min/1.73 m2 (p<0.0001) at last follow-up. Conversion to
belatacept before 3 months posttransplantation was the main predictive factor for
significant improvement in eGFR. Eighteen patients (8.2%) presented with an acute-
rejection episode after conversion; none developed a donor-specific antibody (DSA).
Overall efficacy and safety were good, including for the 35 patients that had a DSA at
conversion. In summary, conversion to belatacept was effective, especially when

performed early after transplantation.
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Introduction
Calcineurin inhibitors (CNIs) are cornerstone drugs used after kidney transplantation.

However, several studies have shown that the long-term use of CNIs can cause interstitial
fibrosis and tubular atrophy (1) (2). Hence, transplant physicians are seeking CNI-free
regimens. Mammalian target of rapamycin inhibitor (mTORi)-based CNI-free regimens
have been used until recently. However, this strategy has been associated with an
increased risk of allograft rejection and de novo anti-human leukocyte antigen-donor-
specific antibodies (DSAs) (3) (4) (5). In addition, because of mTORi's side effects, the

drop-out rate is ~30--40% (6).

Belatacept, a co-stimulation blocker that selectively inhibits T-cell activation, has been
developed and is used, in combination with mycophenolic acid (MPA) and steroids, in de
novo kidney-transplant patients (the BENEFIT and BENEFIT EXT trials) (7) (8). Seven
years of follow-up data show that kidney function was significantly improved in de novo
kidney-transplant patients given belatacept, MPA, and steroids compared to those
receiving cyclosporine A, MPA, and steroids, although the risk of acute rejection was
higher in belatacept-treated patients (9) (10). Conversely, the risk of developing a de novo

DSA was significantly lower under belatacept (9) (10).

A phase-II prospective randomized study assessed the efficacy and safety of converting
maintenance kidney-transplant patients with stable kidney function from CNIs to
belatacept (11). After a 3-year follow-up period, patients receiving belatacept had a
significantly greater gain in mean eGFR compared to those maintained on CNIs, i.e,
tacrolimus or cyclosporine A (12). Although the use of belatacept is not yet approved for
maintenance patients, several centers offer belatacept to these patients, especially as a
rescue therapy if there is delayed graft function including in high immunological risk
patients (13) (14) (15) (16) (17).
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This retrospective multicenter study aimed to assess the efficacy and safety of conversion
to belatacept in a large cohort of patients in a real-life setting, and to identify the factors

predictive for improved kidney function after the switch.

Patients and Methods
A total of 219 maintenance kidney-transplant patients from five European kidney-

transplant centers were included in this retrospective study: Bellvitge University Hospital
(Barcelona, Spain) (n=3), Charite Mitte (Berlin, Germany) (n=60), Clermont-Ferrand
University Hospital (France) (n=8), Necker University Hospital (Paris, France) (n=69),
and Toulouse University Hospital (France) (n=79). Conversion was conducted between
January 2007 and November 2015 for patients from Barcelona, Berlin, Clermont-Ferrand,

and Necker, and between January 2007 and November 2016 for patients from Toulouse.

A total of 199 patients were converted from CNIs to belatacept (161 patients had received
tacrolimus and 38 had received cyclosporine A), and 20 patients were switched from
mTORIi to belatacept. The median time from transplantation to conversion was 21.2 (0.1-
-337.1) months. Thirty-two patients (14.6%) were converted to belatacept within the first

3 months posttransplantation.

The reasons for conversion were impaired kidney function (n=180), CNIs, or mTORi
intolerance (n=20), inclusion in the phase-II trial (n=14), to prevent relapse of focal
segmental glomerulosclerosis (n=4), or non-compliance to CNIs (n=1). Conversion to
belatacept was done progressively, as previously described (11). CNIs or mTORi were
tapered by 50% weekly and then stopped at month 1. Belatacept was given monthly at a
dose of 5 mg/kg/month. The mean duration of follow-up was 21.9+20.2 months. A total

of 219 patients had a 3-month follow-up, 206 patients had at least a 6-month follow-up,

21



162 patients had a follow-up of at least 1 year, and 130 patients had a follow-up of >1

year. The patients’ characteristics are presented in Table 1.

After conversion to belatacept, the patients received the following combinations:
belatacept—MPA--steroids (n=158), belatacept--MPA (n=25), belatacept—azathioprine-
-steroids (n=11), belatacept—mTORIi--steroids (n=7), belatacept--steroids (n=6),
belatacept alone (n=6), belatacept--low tacrolimus—MPA--steroids (n=5), belatacept--

low tacrolimus--mTORi--steroids (n=1).

Efficacy, safety, and kidney parameters were assessed before conversion, and at 3 and 12
months after conversion, as well as at the last follow-up. Patients that died, those that lost
a graft, and those that had belatacept stopped during the study period had the last
parameters under belatacept recorded and considered in the analyses. eGFR was
estimated using the abbreviated Modification of the Diet in Renal Disease (MDRD)

formula. Kidney biopsies were analyzed according to the 2013 Banff criteria (18).

Statistical analyses

Reported values represent either means (+SD) or medians (ranges). Proportions were
compared by the y 2 test or Fisher’s exact test. The non-parametric Friedman test for serial
measurements was used to compare quantitative variables. We assessed the predictive
factors associated with an improvement in eGFR as atleasta 5 or 10 mL/min/1.73 m2 at
3 months, in all patients (n=219), and in those that had a functioning graft at 12 months
(n=206) after conversion to belatacept. Because only 162 patients had a follow-up of at
least 1 year, we collected eGFR data at the last available time point from the remaining

patients that still had a functioning graft, i.e., at 10 (range: 9--11) months after conversion.

The following variables were included in the univariate analyses: the recipients’

characteristics (age, gender, initial nephropathy, duration of dialysis before
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transplantation, rank of transplantation, preemptive transplantation or not), the donors’
characteristics (living or deceased donor, cause of death, age, gender), characteristics of
the transplantation (cold ischemia time, delayed graft function, number of dialysis
sessions posttransplantation), virological status (donor/recipient risk group for
cytomegalovirus and Epstein--Barr virus [EBV]), immunological parameters (presence of
anti-human leukocyte antigen antibodies at transplantation, presence of a DSA at
transplantation and at conversion, history of acute rejection, and type of acute rejection,
if any), immunosuppressive therapy (induction therapy at transplantation, type of
induction therapy, CNIs before conversion, type of CNI before conversion, mTORi before
conversion), histological findings on kidney-allograft biopsies before conversion,
indication for conversion to belatacept, time from transplantation to conversion, as well
as kidney function and proteinuria at conversion. Independent factors associated with
improved kidney function were studied using a stepwise multivariate logistic regression
model using Statview software. Variables with a significance of p <0.05 in univariate
analyses were included in the multivariate analysis. A p-value of <0.05 was considered to

be statistically significant.
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Table 1: Patients’ characteristics

N=219
Recipients’ gender: male 155 (70.8%)
Recipients’ age (years) 55.2+13.8
Initial kidney disease
Glomerulopathy 80 (36.5%)
Interstitial nephropathy 35 (16%)

Diabetes mellitus and/or nephroangiosclerosis
Genetic disease

43 (19.6%)
31 (14.2%)

Other 30 (13.7%)
Duration of dialysis before kidney transplantation (months) 39.3+343
Rank of transplantation 1.21+£0.48

Preemptive transplantation

25 (11.4%)

Donors’ characteristics

Deceased donor

Cause of death: vascular/ non-vascular
Extended-criteria donor

Gender: male

Donor’s age (years)

Cold ischemia time (min)

167 (76.3%)

117 (70%)/ 50 (30%)

98 (44.7%)

110 (50.2%)
584+ 152
901 + 566

Virological status
Recipient EBV seropositive

212 (96.8%)

EBYV donor positive/recipient negative 6 (2.7%)
Recipient CMV seropositive 124 (56.6%)
CMV donor positive/recipient negative 50 (22.8%)

Immunologic recipient status, n (%)

Anti-HLA antibodies at kidney transplantation
Donor-specific antibodies at kidney transplantation
Donor-specific antibodies at conversion

62 (28.7%)
25 (11.4%)
35 (16%)

Delayed graft function *

56 (25.6%)

Immunosuppressive therapy
Induction therapy at transplantation
Anti-interleukin 2 receptor blocker
Polyclonal antibodies

162 (74%)
43 (19.6%)

None 13 (5.9%)
Unknown 1 (0.5%)
Calcineurin inhibitors before conversion to belatacept 199 (90.9%)
Cyclosporine A 38 (19.1%)
Tacrolimus 161 (80.9%)
mTORi-based therapy before conversion to belatacept 20 (9.1%)
Acute rejection episode before conversion to belatacept 42 (19.2%)
T-cell-mediated rejection 29
Antibody-mediated rejection 7
Both 6
Kidney biopsy before conversion to belatacept, n 182 (83.1%)
Sclerotic glomeruli 1[0-22]
Glomeruli (g) 0[0-3]
Interstitial infiltration (i) 0[0-3]
Tubulitis (t) 0 [0-3]
Intimal arteritis (v) 0 [0-3]
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Peritubular capillaritis (ptc) 0 [0-3]

Chronic glomerulopathy (cg) 0[0-3]
Interstitial fibrosis (ci) 1[0-3]
Tubular atrophy (ct) 1[0-3]
Intimal fibrosis (cv) 2 [0-3]
Arteriolar hyaline thickening (ah) 2 [0-3]
Mesangial-matrix thickening (mm) 0[0-3]
IFTA 1[0-3]
Positive C4d staining 14 (7.7%)

Conversion to belatacept
Time from transplantation to conversion

Median (months) 21.2[0.1-337.1]
Mean (months) 44.4459.8
Conversion to transplantation <3 months posttransplantation 32 (14.6%)
Serum-creatinine level at conversion (umol/L) 233+ 134.5
eGFR at conversion (mL/min/1.73 m?) 320+ 164
Proteinuria at conversion (g/g of creatinuria) 0.20 [0-6.6]
Chronic kidney-disease stage at conversion
Stage 1 or 2 (>60 mL/min/1.73 m?) 12 (5.5%)
Stage 3a (45< eGFR <60 mL/min/1.73 m?) 29 (13.2%)
Stage 3b (30< eGFR <45 mL/min/1.73 m?) 62 (28.3%)
Stage 4 or 5 (<30 mL/min/1.73 m?) 116 (53%)

*Delayed graft function was defined as the need for at least one dialysis session within the first week
posttransplantation.

Abbreviations: EBV, Epstein--Barr virus; CMV, cytomegalovirus; HLA, human leukocyte
antigen; mTORi, mammalian target of rapamycin inhibitor; IFTA, interstitial fibrosis tubular
atrophy; eGFR, estimated glomerular-filtration rate
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Results
The actuarial rate of patients still receiving belatacept-based therapy at the end of the

study was 77.6% (Figure 1). Belatacept was stopped in 49 patients for the following
reasons: graft loss (n=25), infection (n =7), cancer (n =5, three cases of Kaposi's sarcoma
and two of posttransplant lympho-proliferative disease), acute rejection (n=4), belatacept
intolerance (n=2), request by the patient (n=2), relapse of focal segmental

glomerulosclerosis (n=1), recovery of kidney function (n=1), and unknown (n=2).

Kidney function

At conversion to belatacept, mean serum creatinine level and eGFR were 233+134.5
umol/L and 32+£16.4 mL/min/1.73 m2, respectively. Twelve patients (5.5%) had an eGFR
of 260 mL/min/1.73 m2, 29 patients (13.2%) had an eGFR of between 45 and 60
mL/min/1.73 m2, 62 patients (28.3%) had an eGFR of between 30 and 45 mL/min/1.73
m2, and 104 patients (50.5%) had an eGFR of <30 mL/min/1.73 m2, including eight that
were receiving dialysis (Figure 2). eGFR values at 3 and 12 months and at the last follow-
up under belatacept were 37+17 (p<0.0001 compared to baseline), 38+18 (p<0.0001
compared to baseline) and 38 + 20 mL/min/1.73 m2, respectively (p<0.0001 compared
to baseline). The mean changes in eGFR from baseline to month 3, month 12, and the last
follow-up were 4.7 £ 10.8, 5.7 £ 11.3, and 5.7 * 14.5 mL/min/1.73 m2, respectively. The
median changes in eGFR from baseline to month 3, month 12, and the last follow-up were
+3.3 (ranges: -29.0 to +54.0), +3.8 (-25.0t0 52.1), and +3.58 (-34.6 to +90.2) mL/min/1.73

m2, respectively.
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Figure 1: Survival of patients after conversion to belatacept.
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Figure 2:

A-Proportions of patients according to chronic kidney disease stage at and after

conversion to belatacept.

B-Outcome of kidney function after conversion to belatacept
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The percentages of patients where kidney function improved after conversion to
belatacept were 71.7% (157 of 219) at 3 months, 69.9% (144 of 206 patients) at 12

months, and 63.5% (139 of 219) at the last follow-up under belatacept.

With respect to the six patients who were given low-dose of tacrolimus (trough level
between 1.5 and 2.5 ng/mL) in addition to belatacept, at 12 months post-conversion,
kidney function had improved in 4 patients, had remained stable in one patient, and the

last patient lost his kidney allograft because of recurrence of FSGS.

Proteinuria remained unchanged after conversion to belatacept: 0.20 (range: 0--6.6) g/g
of urine creatinine at baseline and 0.23 (0--10.8) g/g of urine creatinine at the last follow-
up. Nephrotic-range proteinuria was only observed in patients with a relapse of focal

segmental glomerulosclerosis.

Predictive factors for improved kidney function after conversion to belatacept
We aimed to determine the predictive factors for a significant improvement in kidney

function at 3 and 12 months after conversion. We chose two clinically significant cut-off

values for improved eGFR: i.e.,, 5 and 10 mL/min/1.73 m2.

At 3 months after conversion to belatacept, 84 patients (38.4%) had improved eGFR
values of 25 mL/min/1.73 m2 and 48 patients (21.9%) had an improved eGFR of 210
mL/min/1.73 m2 (Supplementary Tables 1 and 2). The independent predictive factors for
improved eGFR of 25 mL/min/1.73 m2 at 3 months post-conversion were conversion to
belatacept before 3 months posttransplantation and a higher interstitial-fibrosis atrophy
score before conversion. Conversion to belatacept before 3 months posttransplantation
was the sole predictive factor for an improved eGFR of 210 mL/min/1.73 m2 at 3 months

post-conversion (Table 2).
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At 12 months after conversion to belatacept, 91 patients (44%) had an improved eGFR of
>5mL/min/1.73 m2 and 55 patients (26.7%) had an improved eGFR of 210 mL/min/1.73
m2 (Supplementary Tables 3 and 4). Conversion to belatacept before 3 months
posttransplantation and positive C4d staining on the pre-conversion kidney-allograft
biopsies were independent predictive factors for an improved eGFR of =5 or =10

mL/min/1.73 m2 at 12 months post-conversion (Table 3).

Survival of patients and grafts

After a mean follow-up post-conversion of 21.9 £+ 20.2 months, the intent-to-treat patient-
and death-censored graft-survival rates were 93.2% and 86.8%, respectively. Fifteen
patients died after conversion: 10 with a functioning graft under belatacept, and 5 died
after graft loss and when belatacept being stopped. The mean time until death was
24.5%£21.7 months. The causes of death were cardiovascular disease (n=6), infections
(n=4), cancer (n=3), and unknown origin (n=2). Twenty-nine graft losses were observed
during the follow-up period. These were related to progression of kidney-function
impairment (n=17), de novo or relapsed primary glomerulopathy (n=4), non-primary
graft function (n=3), severe acute-rejection episode (n=2), severe acute pyelonephritis
(n=1), acute kidney-injury at post-chemotherapy (n=1), or allograft nephrectomy for
hemorrhagic shock due to a ruptured cyst graft (n=1). The mean time until graft loss after

conversion was 9 (range: 1—85) months.
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Table 2: Predictive factors for a change in kidney function at 3 months post-conversion
to belatacept.

Improvement in eGFR 25 mL/min/1.73 m? at 3 months post-conversion to belatacept

Univariate analyses Multivariate analysis
No improvementin | Improvementin | P-value 0Odds ratio p-value
eGFR 25 eGFR 25 (95% CI)
mL/min/1.73 m2 mL/min/1.73 m2

n=135 n=284
Interstitial fibrosis 0[0-3] 1 [0-3] 0.03 1.34 (1.01-1.78) | 0.04
tubular atrophy in a
kidney biopsy before
conversion
Time from KT to 13 (9.6%) 19 (22.6%) 0.01 | 3.17(1.35-7.42) | 0.008
conversion <3 months

Change of eGFR 210 mL/min/1.73 m? at 3 months post-conversion to belatacept

Univariate analyses Multivariate analysis
No improvementin | Improvementin | P-value 0Odds ratio p-value
eGFR 210 eGFR 210 (95% CI)
mL/min/1.73 m? mL/min/1.73 m?
n=171 n=48
Time from KT to 19 (11.1%) 13 (27.1%) 0.001 | 2.97(1.34-6.58) | 0.007
conversion <3 months

Abbreviations: eGFR, estimated glomerular-filtration rate; KT, kidney transplantation
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Table 3: Predictive factors for a change in kidney function at 12 months after
conversion to belatacept.

Improvement in eGFR 25 mL/min/1.73 m?2 at 12 months post-conversion to belatacept

Univariate analyses

Multivariate analysis

No improvementin | Improvementin | P-value 0Odds ratio p-value
eGFR 25 eGFR 25 (95% CI)
mL/min/1.73 m2 mL/min/1.73 m2

n=115 n=91
Anti-HLA antibodies at 26 (22.6%) 36 (39.6%) 0009 |15(0.7-3.1) | 0.26
kidney transplantation
Positive C4d staining 3 (2.6%) 10 (11%) 002 | 4.7(1.2-18.4) | 0.001
Time from KT to 4 (3.5%) 19 (20.9%) <0.0001 | 6.8(2.2-21.7) | 0.03
conversion <3 months

Change of eGFR 210 mL/min/1.73 m?2 at 12 months post-conversion to belatacept

Univariate analyses

Multivariate analysis

No improvementin | Improvementin | P-value 0Odds ratio p-value
eGFR 210 eGFR 210 (95% CI)
mL/min/1.73 m? mL/min/1.73 m?
n=151 n=55

Anti-HLA antibodies at 39 (25.8%) 23 (41.8%) 0.025 1.5(0.7-3.1) | 2.58
kidney transplantation

Positive C4d staining 5(4.2%) 8 (19.5%) 0.005 4.7 (1.2-18.4) | 0.03
Time from KT to 8 (5.3%) 15 (27.3%) <0.0001 | 6.8 (2.2-21.7) | 0.001
conversion <3 months

Abbreviations: eGFR, estimated glomerular-filtration rate; KT, kidney transplantation
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Acute rejection
Forty-two patients (19.2%) experienced an acute-rejection episode before conversion to

belatacept: 29 patients had a T-cell mediated rejection, 7 patients had an antibody-
mediated rejection, and 6 had both. Thirty-five patients (15.9%) had a DSA at conversion
to belatacept. After conversion to belatacept, 18 patients (8.2%) presented with an acute-
rejection episode: 12 T-cell mediated rejections were treated by steroid pulses (n=8) or
steroid pulses plus polyclonal antibodies (n=4), four borderline rejection episodes were
treated by steroid pulses, and two antibody-mediated rejections were treated: one with
plasmapheresis and the other with intravenous immunoglobulins. Acute rejection
episodes occurred significantly more frequently in patients converted to belatacept
during the first three months posttransplant (10 out of 32 patients, 33.3%) compared to
those converted to belatacept beyond the third month posttransplant (8 out of 187

patients, 4.3%), p<0.0001.

Four of these 18 patients had a DSA before conversion to belatacept. None of the patients
developed a de novo DSA after conversion to belatacept. The mean time between
conversion to belatacept and an acute-rejection episode was 4.1+2.9 months. After the
acute rejection episodes, 12 patients were maintained on belatacept, four patients were
converted to tacrolimus, and two grafts losses occurred. Of the 16 patients that had a
functioning graft, eGFR remained stable after the switch to belatacept (34.1+18.5
mL/min/1.73 m2 at conversion and 39.0+£16.7 mL/min/1.73 m2 at the last follow-up
(p=0.2)). eGFR declined in nine patients that experienced an acute rejection after

conversion to belatacept, and improved in nine patients by the last follow-up.

Safety profile
After conversion to belatacept, 80 patients (36.5%) had at least one viral replication

(Table 4). Forty patients had EBV replication (18.3%); 19 patients (8.7%) had BK-virus
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replication. Of these, only three patients had BK-virus replication before conversion to
belatacept. After conversion, two patients (0.9%) presented with polyoma virus-
associated nephropathy. Cytomegalovirus replication was observed in 23 patients
(10.5%): 6 primary infections and 17 reactivations of cytomegalovirus. Seven patients
(2.7%) developed cytomegalovirus disease. Forty-five patients (20.5%) developed one or
several bacterial infections that required hospitalization. Eight patients (3.7%) developed

a fungal infection.

Fifteen patients (6.8%) developed a de novo malignancy: of which, ten were skin cancers.
Two patients developed central-nervous-system posttransplant lymphoproliferative
disease: both cases were EBV seropositive and had detectable EBV replication in the

blood.
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Table 4: Safety parameters

n=219

Viral infection

Epstein--Barr replication
Cytomegalovirus replication
Cytomegalovirus disease
BK-virus replication
Polyomavirus-associated nephropathy
Herpes simplex virus infection
Varicella zoster virus infection
Human herpes virus 8 replication
JC virus replication

Hepatitis E virus infection
Parvovirus B19 infection
Hepatitis B virus replication

Bacterial infection requiring hospitalization
Pulmonary infection

Pyelonephritis

Sepsis of digestive-tract origin
Cutaneous infection

Osteitis

Mycobacterial infection

Fungal infection
Pneumocystosis

Aspergillosis
Candida infection
Cryptococcus infection

De novo solid cancers
Basal-cell carcinoma
Kaposi's sarcoma
Lung cancer

Prostate cancer
Breast cancer

Posttransplant lymphoproliferative disease
(central nervous system)

80 (36.5%)
40 (18.3%)
23 (10.5%)
7 (2.7%)
19 (8.7%)
2 (0.9%)
6 (2.8%)
5 (2.3%)
2 (0.5%)
1 (0.5%)
1 (0.5%)
1 (0.5%)
1 (0.5%)

45 (20.5%)
12 (5.5%)
18 (8.2%)
7 (3.2%)
4 (1.8%)
3 (1.4%)
1 (0.5%)

8 (3.7%)
3 (1.4%)
2 (0.9%)
2 (0.9%)
1 (0.5%)

15 (6.8%)
7 (3-2%)
3 (1.4%)
2 (0.9%)
2 (0.9%)
1 (0.5%)

2 (0.9%)
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Analyses of the subgroup of patients that were converted to belatacept during the first 3
months posttransplantion
Thirty-two patients were converted to belatacept within the first 3 months

posttransplantation. All had either very poor kidney function and/or had histological
findings that showed severe acute tubular necrosis with severe vascular or tubular and
interstitial chronic lesions. Seventy-five percent of these had received a kidney from an
expanded-criteria donor. Sixty-three percent had experienced delayed graft function after
transplantation. Eight patients were receiving dialysis at conversion. After the switch,
only five patients recovered kidney function and could stop dialysis. The other three
patients experienced non-primary-graft function. For these 32 patients, eGFR increased
from 19.4+12.8 at conversion to 34.9+21.8 mL/min/1.73 m2 at the last follow-up

(p=0.0007).

Analyses of the subgroup of patients that had a DSA at conversion to belatacept
Thirty-five patients had a DSA at conversion to belatacept. The mean follow-up time after

conversion was 19.7+14 months. None developed a de novo DSA after conversion. Before
conversion to belatacept, 14 had experienced an acute-rejection episode, eight of which
were antibody-mediated rejections. After conversion to belatacept, four patients (11.4%)
had an acute-rejection episode: i.e., two borderline rejections and two T-cell-mediated
rejections. None of the graft losses were caused by a rejection episode. All continued
belatacept-based therapy. eGFR levels in patients with a DSA at baseline increased from
30£15 mL/min/1.73 m2 at conversion to 39.7+15.8 (p=0.005) and 35+21.8 mL/min/1.73
m2 (p=0.08) at 1 year and the last follow-up, respectively. eGFR improved in 27 of the 35
patients by month 3, 26 patients had improvement by month 12, and 20 patients had
improvement by the last follow-up. During the follow-up, eight graft losses (23%)
occurred: these were related to progression of kidney-function impairment (n=6), severe

acute pyelonephritis (n=1), and a relapse of focal segmental glomerulosclerosis (n=1).
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Discussion
In de novo kidney-transplant patients, two prospective randomized phase-III trials (the

BENEFIT and BENEFIT EXT studies) compared a regimen of belatacept to that of
cyclosporine A combined with mycophenolic acid and steroids (7) (8). Although the risk
of acute rejection was increased with belatacept during the first year posttransplant, after
7 years of follow-up, kidney function was significantly better in belatacept-treated
patients and the incidence of DSAs was significantly lower compared to those that
received cyclosporine (9) (10). In the BENEFIT study, which included patients with
standard-criteria donor kidneys, at 7 years posttransplantation, patient- and graft-
survival rates were significantly higher with belatacept than with cyclosporine (9). In the
BENEFIT EXT study, which included recipients of kidneys from extended-criteria donors,

the patient- and graft-survival rates were similar with belatacept and cyclosporine A (10).

In maintenance kidney-transplant patients, the use of belatacept was evaluated in a
randomized phase-II trial (11). Patients with stable kidney function and that were
receiving CNI-based immunosuppression were randomized to switch to belatacept or to
continue with CNI therapy. At 1 year, the improvement in kidney function compared to
cyclosporine A was greater (11). This was confirmed at 3 years after the switch: the gain

in eGFR was 1.9 mL/min/1.73 m2 per year (12).

In our retrospective multicenter European study, we have assessed the efficacy and safety
of converting maintenance kidney-transplant patients to belatacept-based
immunosuppression, and have tried to identify the predictive factors for significant
improvement in kidney function at 3 and 12 months post-conversion. Our findings are
four-fold: (i) improved kidney function was observed in about two-thirds of patients by
the last follow-up; (ii) conversion to belatacept before 3 months posttransplantation was

the main predictive factor for a significant increase in eGFR (of 5 and 10 mL/min/1.73 m2
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at 3 and 12 months after the switch, respectively); (iii) the use of belatacept was safe in
highly sensitized patients, namely those displaying circulating DSA; and, (iv) the safety

profiles were good.

In this present study, the mean increase in kidney function was 5.7+11.3 mL/min/1.73
m2 at 12 months after the switch, which is a similar value to that observed in the phase-
Il trial (7£11.99 mL/min/1.73 m2) (11), although the patients’ characteristics were quite
different between the two studies. Indeed, compared to the phase-II trial, in our real-life
study, the patients were older (55.2+13.8 vs. 45.3+13.5 years, respectively), mean eGFR
at conversion was much lower (32.0+16.4 vs. 53.5+11 mL/min/1.73 m2, respectively),
>50% of our patients had an eGFR of <30 mL/min/1.73 m2 at conversion whereas only
patients that had an eGFR of between 35 and 75 mL/min/1.73 m2 were enrolled in the
randomized trial, and, finally, the time from transplantation to conversion was much

longer in our study (44.4+59.8 vs. 19.4+9.2 months).

In 21 kidney-transplant recipients aged >65 years and with predominant vascular lesions
on the allograft biopsy, improved graft function was found in 86% of cases (15). More
recently, in a case control study, it has been shown that the replacement of CNIs by
belatacept in patients with decreased allograft function and vascular lesions is associated
with an improvement in eGFR compared to those who continued the CNIs (19). A
retrospective German study has also showed a statistically significant improvement in
kidney function at one-year in 79 kidney-transplant-patients converted to belatacept at
69+62.6 months posttransplantation. Kidney function has significantly improved in
patients having a baseline eGFR < 25 or > 25 mL/min/1.73m2. In our study, improved
kidney function was observed in 69.9% and 63.5% of patients at 12 months post-

conversion and at the last follow-up, respectively. Conversion to belatacept before the
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third month posttransplantation was the main independent predictive factor for
increased eGFR of 5 and 10 mL/min/1.73 m2 at 3 and 12 months, respectively, after the
switch. This finding is similar to results in previous conversion studies from CNIs to
mTORI. Indeed, studies that assessed the effect of a later conversion from CNIs to mTORj,
such as the Convert (20) and Ascertain (21) studies, failed to find significant improvement
in kidney function. Conversely, when conversion from CNIs to mTORi was done at 3
months or at 4.5 months, such as in the Concept (22) and Zeus (23) studies, a beneficial

effect on kidney function was observed.

Le Meur and al. have recently reported on a case series of 25 kidney-transplant patients
that were converted to belatacept within the first 6 months posttransplantation because
of poor kidney function and/or histology (14). More recently, Wojciechowski and al.
reported on the conversion of 20 patients from CNIs to belatacept within the first 3
months posttransplantation because of prolonged delayed graft function or an eGRF of
<35 mL/min/1.73 m2 by day 14 posttransplantation (24). The patients’ characteristics
and kidney-function outcomes from these two last studies (14) (24) were relatively
similar to those observed in our subgroup of patients that had been converted to
belatacept within the first 3 months posttransplant. The mean gain in kidney function at
12 months was 17 mL/min/1.73 m2 in Le Meur’s study (14). In Wojciechowski and al.'s
study, the largest improvement in eGFR at 12 months was observed in patients converted
to belatacept within the first 30 days posttransplant (mean increase of 55 mL/min/1.73
m2) compared to those converted between days 30 and 60 (mean increase of 37.2
mL/min/1.73 m2) or between days 60 and 90 posttransplant (mean increase of 13.3
mL/min/1.73 m2) (24). In our study, the mean gain in eGFR at the last follow-up was 13.3
mL/min/1.73 m2. A few of our patients were converted to belatacept while they were still

on hemodialysis. This approach allowed recovery of kidney function in 5 of 8 patients in
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our study. Kidney function was improved and dialysis could be stopped in 4/5 patients in
Bertrand and al.'s study (15), in 3 of 6 patients in Le Meur and al.'s study (14), and function
was improved in all patients (n=6) in Wojciechowski and al.'s study (24). Gupta and al.
converted two highly sensitized patients with prolonged delayed-graft-function at 3
months posttransplant from tacrolimus to belatacept. Both patients were weaned off
dialysis (16). Hence, a belatacept-based CNI-free regimen seems to be very effective for
patients with delayed graft function and tubular necrosis, allowing kidney function to
recover. We found that a high score of interstitial fibrosis and tubular atrophy was a
predictive factor for improved kidney function at 3 months post-conversion. Prolonged
acute tubular necrosis after transplantation may explain the better kidney function

improvement in patients converted before the third month posttrasplant.

Very few data regarding the safety of using belatacept in highly sensitized patients have
been reported. Gupta and al. found the use of belatacept safe in six high-risk
immunological patients (16); however, four of their six patients had a DSA at
transplantation, and only one patient had a DSA (as assessed by Luminex) at the time of
the switch (16). In the study by Brakemeier and al., kidney function was significantly
improved 12 months after the conversion to belatacept in 27 kidney-transplant patients
with pre-conversion DSAs (17). In our study, 35 patients had a DSA at the time of the
switch. Similar to the study by Gupta and al. (16), none of our patients developed a de
novo DSA after the switch, and kidney function was improved after the switch. In addition,
we encountered two borderline rejections and two T-cell-mediated rejections after the
switch. In contrast, Gupta and al. (16) observed no rejection episodes. Thus, belatacept-

based therapy seems to be safe also in high-risk immunological patients.
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Overall, our safety profile was good, although there were a few dropouts. The number of
acute rejections after conversion was 8.2%, which is a similar percentage to those
observed in the phase-II trial (7%) (11), in Le Meur and al.'s study (4%) (14), and in
Brakemeier and al.’s study (11.4%) (17). In our study, two graft losses occurred due to
acute-rejection episodes. Interestingly, between conversion and the last-follow-up,
kidney function improved in 50% of our patients that experienced an acute rejection. No

patient developed a de novo DSA after conversion.

Phase-II and -III trials have shown very low incidences of DSAs in belatacept-treated
patients (9) (10) (12). In our real-life study, in which impaired kidney function was the
main cause for conversion to belatacept, as expected, the number of graft losses was
higher than in the phase-II trial. The incidences and types of infections we found are
comparable to those reported in other belatacept studies. Of note, two of our patients
presented with CNS posttransplant lymphoproliferative disease after conversion: both

were EBV seropositive.

Our study has several limitations. We did not have a control group. Nevertheless, the aim
of our study was not to compare conversion to a belatacept-based regimen with another
immunosuppressive regimen. A phase-Illb ongoing study is comparing conversion to
belatacept with patients continuing a CNI regimen (ClinicalTrials.gov study number
NCT01820572). Our study mostly included patients with low eGFR values: thus, we were
unable to determine the predictive factors for its improvement in patients with preserved

kidney function. The ongoing phase-IlIb trial may answer this question.

In summary, patients that have poor kidney graft function, including those with DSA, can

safely receive belatacept and this may improve kidney function in the large majority of
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cases. Nevertheless, the benefit of switching to belatacept seems to be preferentially

obtained when performed soon after transplantation.
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Supplementary Table 1: Comparison between patients that had or did not have a change in
estimated glomerular-filtration rate >5 mL/min/1.73 m? at 3 months post-conversion to

belatacept.
Improvement in eGFR >5 mL/min/1.73 m? at 3 months post-conversion to belatacept
No improvement in eGFR | Improvement in eGFR >5 p-
>5 mL/min/1.73 m? mL/min/1.73 m? value
n=135 n=_84

Recipients’ gender: male 94 (69.6%) 61 (72.6%) 0.65
Recipients’ age (years) 56.24+129 53.7£15.2 0.19
Initial kidney disease
Glomerulopathy 53 (39.3%) 27 (32.1%)
Interstitial nephropathy 22 (16.3%) 13 (15.5%)
Diabetes mellitus and/or 26 (19.3%) 17 (20.2%) 0.46
nephroangiosclerosis
Genetic disease 20 (14.8%) 11 (13.1%)
Other 14 (10.4%) 16 (19%)
Duration of dialysis before kidney
transplantation (months) 404 +334 37.4+359 0.52
Rank of transplantation 1.2+047 1.2+£0.5 0.8
Preemptive transplantation 11 (8.1%) 14 (16.7%) 0.08
Donors’ characteristics
Deceased donor 102 (75.6%) 65 (77.4%) 0.74
Cause of death: vascular/non-vascular 73 (72.3%)/28 (27.7%) 45 (69.2%)/20 (30.8%) 0.72
Extended-criteria donor 59 (43.7%) 39 (46.4%) 0.67
Gender: male 61 (45.2%) 49 (59.0%) 0.052
Donor’s age (years) 583+ 14.5 58.6+16.4 0.89
Cold ischemia time (min) 874.5 £ 554.6 944.7 + 585.1 0.37
Virological status
Recipient EBV seropositive 130 (96.3%) 83 (98.8%) 0.41
EBYV donor positive/recipient negative 0.41
Recipient CMV seropositive 5 (3.7%) 1(1.2%)
CMYV donor positive/recipient 78 (57.8%) 46 (54.8%) 0.58
negative 29 (21.5%) 21 (25%) 0.62
Immunological recipients’ status
Anti-HLA antibodies at KT 34 (25.2%) 31 (37.3%) 0.07
DSA at KT 13 (9.6%) 12 (14.3%) 0.28
DSA at conversion 22 (16.3%) 13 (15.5%) >().99
Delayed graft function * 30 (22.2%) 26 (31%) 0.33
Immunosuppressive therapy
Induction therapy at KT 129 (95.6%) 76 (90.5%) 0.16
Type of induction therapy 0.31
Anti-interleukin-2 receptor blocker 103 (76.3%) 59 (70.2%)
Polyclonal antibodies 26 (19.3%) 17 (20.2%)
None 6 (4.4%) 7 (8.3%)
Unknown 0 (0%) 1(1.2%)
CNIs before conversion to belatacept 120 (88.9%) 79 (94%) 0.23
Cyclosporine A/ Tacrolimus 22 (18.3%)/98 (81.7%) 16 (20.3%)/63 (79.7%) 0.85
Acute-rejection episode before 27 (20%) 15 (17.9%) 0.73
conversion to belatacept
Type of acute rejection 0.44

T-cell-mediated rejection

20 (74.1%)

9 (60%)
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Antibody-mediated rejection 3(11.1%) 4 (26.7%)

Both 4 (14.8%) 2 (13.3%)

Kidney biopsy before conversion

Sclerotic glomeruli 1[0-22] 1[0-11] 0.27
Glomeruli (g) 01[0-3] 0[0-2] 0.52
Interstitial infiltration (i) 01[0-3] 01[0-3] 0.36
Tubulitis (t) 01[0-3] 01[0-3] 0.56
Intimal arteritis (v) 01[0-3] 01[0-2] 0.67
Peritubular capillaritis (ptc) 01[0-3] 0[0-3] 0.53
Chronic glomerulopathy (cg) 0[0-3] 0[0-3] 0.37
Interstitial fibrosis (ci) 1 [0-3] 1 [0-3] 0.48
Tubular atrophy (ct) 1 [0-3] 1 [0-3] 0.63
Intimal fibrosis (cv) 1 [0-3] 1 [0-3] 0.28
Arteriolar hyaline thickening (ah) 1 [0-3] 1 [0-3] 0.85
Mesangial matrix thickening (mm) 0 [0-3] 0 [0-3] 0.51
IFTA 0[0-3] 1 [0-3] 0.03
Positive C4d staining 6 (5.9%) 9 (13.8%) 0.1
Conversion to belatacept

Time from KT to conversion

(months) 22.2[0.8-337.1] 18 [0.1-253.9] 0.15
Conversion <3 months post-

transplantation 13 (9.6%) 19 (22.6%) 0.01
Serum creatinine level at conversion

(umol/L) 228.2+122.5 241.7+152.6 0.47
eGFR at conversion (mL/min/1.73

m?) 323+16.3 31.5+16.5 0.72
Proteinuria at conversion (g/g of urine

creatinine) 0.2 [0-6.6] 0.2 [0-5.1] 0.55
Chronic kidney-disease stage at

conversion 0.52
>60 mL/min/1.73 m? 6 (4.4%) 6 (7.1%)

45< eGFR <60 mL/min/1.73 m? 21 (15.6%) 8 (9.5%)

30< eGFR <45 mL/min/1.73 m?
<30 mL/min/1.73 m?

37 (27.4%)
71 (52.6%)

25 (29.8%)
45 (53.6%)

Abbreviations: eGFR, estimated glomerular-filtration rate; EBV, Epstein--Barr virus; CMV,
cytomegalovirus; HLA, human leukocyte antigen; DSA, donor-specific antibodies; KT, kidney
transplantation; mTORi, mammalian target of rapamycin inhibitor; IFTA, interstitial fibrosis

tubular atrophy.

*Delayed graft function was defined as the need for at least one dialysis session within the first

week posttransplantation.
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Supplementary Table 2: Comparison between patients that had or did not have a change in

estimated glomerular-filtration rate >10 mL/min/1.73 m? at 3 months post-conversion to

belatacept.

Improvement in eGFR >10 mL/min/1.73 m? at 3 months post-conversion to belatacept

No improvement in eGFR | Improvement in eGFR | p-value
>10 mL/min/1.73 m? >10 mL/min/1.73 m?
n=171 n=438
Recipients’ gender: male 121 (70.8%) 34 (70.8%) >0.99
Recipients’ age (years) 56+ 13.2 52.8+16 0.17
Initial kidney disease
Glomerulopathy 65 (38%) 15 (31.3%) 0.34
Interstitial nephropathy 26 (15.2%) 9 (18.8%)
Diabetes mellitus and/or 33 (19.3%) 10 (20.8%)
nephroangiosclerosis
Genetic disease 27 (15.8%) 4 (8.3%)
Other 20 (11.7%) 10 (20.8%)
Duration of dialysis before kidney
transplantation (months) 38.6 +33.3 41.7 +38.1 0.57
Rank of transplantation 1.2+0.46 1.25+0.54 0.58
Preemptive transplantation 16 (9.4%) 9 (18.8%) 0.08
Donors’ characteristics
Deceased donor 130 (76%) 37 (77.1%) 0.84
Cause of death: vascular/non- 88 (51.5%)/41 (24%) 30 (62.5%)/7 (14.6%) 0.15
vascular
Extended-criteria donor 78 (45.6%) 20 (41.7%) 0.74
Gender: male 83 (50%) 27 (57.4%) 0.41
Donor’s age (years) 58.8+14.9 57+16.6 0.47
Cold ischemia time (min) 903.7+577.1 893 £530.5 0.91
Virological status
Recipient EBV seropositive 165 (96.5%) 47 (97.9%) >0.99
EBV donor positive/recipient
negative 5(2.9%) 1(2.1%) >0.99
Recipient CMV seropositive
CMYV donor positive/recipient 97 (56.7%) 27 (56.3%) >0.99
negative 39 (22.8%) 11 (22.9%) >0.99
Immunological recipients’ status
Anti-HLA antibodies at KT 47 (27.5%) 18 (38.3%) 0.15
DSA at KT 19 (11.1%) 6 (12.5%) 0.79
DSA at conversion 29 (17.0%) 6 (12.5%) 0.60
Delayed graft function * 42 (24.6%) 14 (29.2%) 0.57
Immunosuppressive therapy
Induction therapy at KT 162 (94.7%) 43 (89.6%) 0.19
Type of induction therapy 0.43
Anti-interleukin-2 receptor blocker 129 (75.4%) 33 (68.8%)
Polyclonal antibodies 33 (19.3%) 10 (20.8%)
None 9 (5.3%) 4 (8.3%)
Unknown 0(0%) 1(2.1%)
Calcineurin inhibitors before
conversion to belatacept 154 (90.1%) 45 (93.8%) 0.57
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Cyclosporine A/ Tacrolimus 30 (19.5%)/124 (80.5%) 8 (16.7%)/37 (82.2%) | >0.99
Acute-rejection episode before 34 (19.9%) 8 (16.7%) 0.68
conversion to belatacept

Type of acute rejection 0.79
T-cell mediated rejection 24 (14%) 5(10.4%)
Antibody-mediated rejection 5(2.9%) 2 (4.2%)

Both 5(2.9%) 1 (2.1%)

Kidney biopsy before conversion

to belatacept

Sclerotic glomeruli 1[0-22] 0[0-22] 0.31
Glomeruli (g) 0[0-3] 1[0-11] 0.78
Interstitial infiltration (i) 0[0-3] 0[0-3] 0.55
Tubulitis (t) 01[0-3] 0 [0-3] 0.88
Intimal arteritis (v) 01[0-3] 0 [0-2] 0.60
Peritubular capillaritis (ptc) 0 [0-3] 0 [0-3] 0.45
Chronic glomerulopathy (cg) 0 [0-3] 0 [0-0] 0.10
Interstitial fibrosis (ci) 1 [0-3] 1 [0-3] 0.83
Tubular atrophy (ct) 1 [0-3] 1 [0-3] 0.57
Intimal fibrosis (cv) 1 [0-3] 1 [0-3] 0.75
Arteriolar hyaline thickening (ah) 1 [0-3] 1 [0-3] 0.85
Mesangial matrix thickening (mm) 0 [0-3] 0 [0-2] >0.99
IFTA 0 [0-3] 1[0-3] 0.39
Positive C4d staining 10 (7.6%) 5 (14.3%) 0.31
Conversion to belatacept

Time from transplantation to

conversion (months) 23.3[0.8-337.1] 10.6 [0.1-253.9] 0.17
Conversion <3 months post-KT 19 (11.1%) 13 (27.1%) 0.001
Serum creatinine level at conversion

(umol/L) 225+117.1 263.6 +183.1 0.08
eGFR at conversion (mL/min/1.73

m?) 32.7+16.2 29.6 £ 17 0.25
Proteinuria at conversion (g/g of

creatinuria) 0.2 [0-6.6] 0.2 [0-1.6] 0.09
Chronic kidney-disease stage at

conversion 0.3
>60 mL/min/1.73 m? 8 (4.7%) 4 (8.3%)

45< eGFR <60 mL/min/1.73 m? 26 (15.2%) 3(6.3%)

30< eGFR <45 mL/min/1.73 m? 48 (28.1%) 14 (29.2%)

<30 mL/min/1.73 m? 89 (52%) 27 (56.3%)

Abbreviations: eGFR, estimated glomerular-filtration rate; EBV, Epstein--Barr virus; CMV,
cytomegalovirus; HLA, human leukocyte antigen; DSA, donor-specific antibodies; KT, kidney
transplantation; mTORi1, mammalian target of rapamycin inhibitor; IFTA, interstitial fibrosis

tubular atrophy.

*Delayed graft function was defined as the need for at least one dialysis session within the

first week posttransplantation.
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Supplementary Table 3: Comparison between patients that had or did not have a change in
estimated glomerular-filtration rate of >5 mL/min/1.73 m? at 12 months post-conversion to

belatacept.

Improvement in eGFR >5 mL/min/1.73 m? at 12 months post-conversion to belatacept

No improvement in Improvement in eGFR p-value
eGFR >5 mL/min/1.73 m*n =91
>5 mL/min/1.73 m?
n=115

Recipients’ gender: male 78 (67.8%) 65 (71.4%) 0.64
Recipients’ age (years) 55+ 13.6 55+ 145 0.97
Initial kidney disease
Glomerulopathy 40 (34.8%) 35 (38.5%) 0.65
Interstitial nephropathy 19 (16.5%) 14 (15.4%)
Diabetes mellitus and/or 25 (21.7%) 13 (14.3%)
nephroangiosclerosis
Genetic disease 17 (14.8%) 14 (15.4%)
Others 14 (12.2%) 15 (16.5%)
Duration of dialysis before KT 41.8+35.2 36.2£34.5 0.261
(months)
Rank of transplantation 1.19+0.460 1.24 +0.52 0.58
Preemptive transplantation 11 (9.6%) 14 (15.4%) 0.28
Donors’ characteristics
Deceased donor 89 (77.4%) 66 (72.5%) 0.51
Cause of death: Vascular/ Non 57 (60.6%)/37 (39.4%) 51 (69.9%)/22 (30.1%) 0.25
vascular
Extended criteria donor 46 (40%) 44 (48.4%) 0.31
Gender: male 58 (50.4%) 43 (47.8%) 0.78
Donor’s age (years) 56.4+15.9 60.4 + 14.6 0.07
Cold ischemia time (min) 890.9 £ 5554 890.5 + 587.3 0.99
Virological Status
Recipient EBV seropositive 112 (97.4%) 87 (95.6%) >0.99
EBYV donor positive/recipient 4 (3.5%) 2 (2.2%) 0.69
negative
Recipient CMV seropositive 70 (60.9%) 48 (52.7%) 0.2
CMYV donor positive/recipient 22 (19.1%) 25 (27.5%) 0.18
negative
Immunological recipients’ status
Anti-HLA antibodies at KT 26 (22.6%) 36 (39.6%) 0.009
Donor specific antibodies at KT 11 (9.6%) 14 (15.6%) 0.2
DSA at conversion 18 (15.7%) 15 (16.5%) >0.99
Delayed graft function * 22 (19.1%) 26 (28.6%) 0.18
Immunosuppressive therapy
Induction therapy at KT 91 (79.1%) 63 (70%) 0.15
Type of induction therapy 0.32
Anti-interleukin 2 receptor blocker 21 (18.3%) 20 (22.2%)
Polyclonal antibodies 3 (2.6%) 7 (7.8%)
None 101 (87.8%) 86 (94.5%)

47




Calcineurin inhibitors before 20 (17.4%) 17 (18.7%) >0.99
conversion to belatacept 81 (70.4%)/14 (12.2%) 69 (75.8%)/5 (5.5%) 0.16
Cyclosporine A/Tacrolimus

Acute-rejection episode before 21 (18.3%) 18 (19.7%) 0.85
conversion to belatacept

Type of acute rejection >0.99
T-cell mediated rejection 15 (13.0%) 13 (14.2%)
Antibody-mediated rejection 3 (2.6%) 3 (3.3%)

Both 3 (2.6%) 2 (2.2%)

Kidney biopsy before conversion

to belatacept

Sclerotic glomeruli 1 [0-22] 1[0-11] 0.05
Glomeruli (g) 0[0-3] 0[0-2] 0.32
Interstitial infiltration (i) 0[0-3] 0 [0-3] 0.71
Tubulitis (t) 0[0-3] 0[0-3] 0.94
Intimal arteritis (v) 0[0-2] 0[0-3] 0.27
Peritubular capillaritis (ptc) 0[0-3] 0[0-3] 0.57
Chronic glomerulopathy (cg) 0[0-3] 0[0-3] 0.23
Interstitial fibrosis (ci) 1 [0-3] 1 [0-3] 0.57
Tubular atrophy (ct) 1 [0-3] 1[0-3] 0.55
Intimal fibrosis (cv) 1 [0-3] 1 [0-3] 0.89
Arteriolar hyaline thickening (ah) 1 [0-3] 1 [0-3] 0.41
Mesangial matrix thickening (mm) 0 [0-3] 0 [0-3] 0.66
IFTA 0 [0-3] 1 [0-3] 0.58
Positive C4d staining 3 (2.6%) 10 (11%) 0.02
Conversion to belatacept

Time from transplantation to

conversion (months) 32.6 [1-337.1] 14.1[0.1-253.9] 0.0002
Conversion <3 months post-KT 4 (3.5%) 19 (20.9%) <0.0001
Serum creatinine level at

conversion (umol/L) 210+92 236+ 123 0.08
eGFR at conversion (mL/min/1.73

m?) 346+17.5 30.3+14.2 0.06
Proteinuria at conversion (g/g urine

creatinine) 0.2 [0-6.6] 0.2 [0-5.1] 0.09
Chronic kidney-disease stage at

conversion

>60 mL/min/1.73 m? 8 (7.0%) 3(3.3%) 0.11

45 <eGFR < 60 mL/min/1.73 m?
30 <eGFR < 45 mL/min/1.73 m?
<30 mL/min/1.73 m?

16 (13.9%)
40 (34.8%)
51 (44.3%)

13 (14.3%)
21 (23.1%)
54 (59.3%)

Abbreviations: eGFR, estimated glomerular-filtration rate; EBV, Epstein--Barr virus; CMV,
cytomegalovirus; HLA, human leukocyte antigen; DSA, donor-specific antibodies; KT, kidney
transplantation; mTORi, mammalian target of rapamycin inhibitor; IFTA, interstitial fibrosis

tubular atrophy.

*Delayed graft function was defined as the need for at least one dialysis session within the

first week posttransplantation.
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Supplementary Table 4: Comparison between patients that had or did not have a change in

estimated glomerular-filtration rate >10 mL/min/1.73 m? at 12 months post-conversion to
belatacept.

Improvement in ¢GFR >10 mL/min/1.73 m? at 12 months post-conversion to belatacept

No improvement in Improvement in eGFR p-value
eGFR >10 mL/min/1.73 m?
>10 mL/min/1.73 m?
n=151 n=>55

Recipients’ gender: male 102 (67.5%) 41 (74.5%) 0.39
Recipients’ age (years) 553134 543+ 15.6 0.65
Initial kidney disease
Glomerulopathy 55 (36.4%) 20 (36.4%)
Interstitial nephropathy 24 (15.9%) 9 (16.4%) 0.85
Diabetes mellitus and/or 29 (19.5%) 9 (16.4%)
nephroangiosclerosis
Genetic disease 24 (15.9%) 7 (12.7%)
Other 19 (12.6%) 10 (18.2%)
Duration of dialysis before kidney 40.2 £ 35.1 37.1+34.6 0.57
transplantation (months)
Rank of transplantation 1.20+0.47 1.26 +0.53 0.45
Preemptive transplantation 17 (11.3%) 8 (14.5%) 0.63
Donors’ characteristics
Deceased donor 112 (74.2%) 43 (78.2%) 0.46
Cause of death: vascular/non- 76 (62.8%)/45 (37.2%) 32 (69.6%) /14 (30.4%) | 0.47
vascular
Extended-criteria donor 62 (41.1%) 28 (50.9%) 0.25
Gender: male 72 (47.7%) 29 (53.7%) 0.52
Donor’s age (years) 57.4+15.2 60.0+16.0 0.29
Cold ischemia time (min) 845.5+551.7 1016.4 +599.3 0.58
Virological status
Recipient EBV seropositive 146 (96.7%) 53 (96.4%) >0.99
EBYV donor positive/recipient 6 (4.0%) 0 (0%) 0.34
negative
Recipient CMV seropositive 85 (56.3%) 33 (60%) 0.75
CMYV donor positive/recipient 34 (22.5%) 13 (23.6%) 0.85
negative
Immunological recipients’ status
Anti-HLA antibodies at KT 39 (25.8%) 23 (41.8%) 0.025
DSA at KT 14 (9.3%) 11 (20.0%) 0.05
DSA at conversion 23 (15.2%) 10 (18.1%) >0.99
Delayed graft function * 29 (19.2%) 19 (34.5%) 0.06
Immunosuppressive therapy
Induction therapy at KT 145 (96.0%) 50 (9.0%) 0.17
Type of induction therapy 0.38
Anti-interleukin-2 receptor blocker 117 (77.5%) 37 (67.3%)
Polyclonal antibodies 28 (18.5%) 13 (23.6%)
None 6 (4.0%) 4 (7.3%)

49




Unknown
Calcineurin inhibitors before

0 (0.0%)

1 (1.8%)

conversion to belatacept 135 (89.4%) 52 (94.5%) 0.41
Cyclosporine A/ Tacrolimus 26 (17.1%)/109 (72.2%) | 11 (20.0%)/41(74.5%) 0.83
Acute-rejection episode before

conversion to belatacept 29 (19.2%) 10 (13.5%) >0.99
Type of acute rejection 0.39
T-cell-mediated rejection 21 (13.9%) 7 (12.7%)
Antibody-mediated rejection 5(3.3%) 1 (1.8%)

Both 3 (2%) 2 (3.6%)

Kidney biopsy before conversion

to belatacept

Sclerotic glomeruli 1[0-22] 1[0-11] 0.22
Glomeruli (g) 0[0-3] 0[0-1] 0.62
Interstitial infiltration (i) 01[0-3] 01[0-3] 0.59
Tubulitis (t) 01[0-3] 0 [0-3] 0.92
Intimal arteritis (v) 0[0-3] 0[0-2] 0.52
Peritubular capillaritis (ptc) 01[0-3] 0[0-3] 0.70
Chronic glomerulopathy (cg) 0 [0-3] 0[0-3] 0.32
Interstitial fibrosis (ci) 1 [0-3] 1 [0-3] 0.76
Tubular atrophy (ct) 1 [0-3] 1 [0-3] 0.96
Intimal fibrosis (cv) 1 [0-3] 1 [0-3] 0.77
Arteriolar hyaline thickening (ah) 1 [0-3] 1 [0-3] 0.40
Mesangial matrix thickening (mm) 0 [0-3] 0 [0-3] 0.44
IFTA 0[0-3] 1[0-3] 0.28
Positive C4d staining 5 (4.2%) 8 (19.5%) 0.005
Conversion to belatacept

Time from transplantation to 25.510.9-337.1] 11.5[0.1-253.9] 0.02
conversion (months)

Conversion <3 months post-KT 8 (5.3%) 15 (27.3%) <0.0001
Serum creatinine level at

conversion (umol/L) 213.4+£92.1 244.6 + 141.3 0.067
eGFR at conversion (mL/min/1.73

m?) 33.5+16.4 30.7+15.8 0.28
Proteinuria at conversion (g/g urine

creatinine) 0.2 [0-6.6] 0.2 [0-5.1] 0.38
Chronic kidney-disease stage at

conversion

>60 mL/min/1.73 m? 9 (6.0%) 2 (3.6%) 0.22
45< eGFR <60 mL/min/1.73 m? 20 (13.2%) 9 (16.4%)

30< eGFR <45 mL/min/1.73 m?
<30 mL/min/1.73 m?

50 (33.1%)
72 (47.7%)

11 (20.0%)
33 (60.0%)

Abbreviations: eGFR, estimated glomerular-filtration rate; EBV, Epstein--Barr virus; CMV,
cytomegalovirus; HLA, human leukocyte antigen; DSA, donor-specific antibodies; KT, kidney
transplantation; mTORi, mammalian target of rapamycin inhibitor; IFTA, interstitial fibrosis

tubular atrophy.

*Delayed graft function was defined as the need for at least one dialysis session within the

first week posttransplantation.
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CONCLUSION

En conclusion, l'utilisation du bélatacept en tant que stratégie immunosuppressive
d'entretien en relai d’'un traitement par ACN ou d'un mTORi, notamment en cas de
fonction rénale imparfaite, présente un bénéfice rénal dans la majorité des cas. La
conversion par bélatacept sera d’autant plus efficace qu'elle sera réalisée précocement
dans les 3 premiers mois de greffe. L'utilisation de ce dernier est siire, y compris chez les

patients présentant des DSA au moment de la conversion.
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CONVERSION PAR BELATACEPT EN STRATEQIE DE
MAINTENANCE CHEZ LES PATIENTS TRANSPLANTES RENAUX

RESUME EN FRANCAIS :

La conversion des anticalcineurines vers le bélatacept n’est pas encore approuvée
chez les patients transplantés rénaux en maintenance. Cette étude rétrospective
multicentrique européenne réalisée sur une large cohorte de patients a pour but
d’évaluer l'efficacité et la tolérance d’'une conversion d’'un anticalcineurine ou d’un
inhibiteur de mTOR vers le bélatacept et d’identifier les facteurs prédictifs
d’amélioration de la fonction rénale apres la conversion. 219 transplantés rénaux de
5 centres européens ont été convertis vers le bélatacept, principalement du fait d’une
fonction rénale imparfaite. Le temps médian de conversion post -transplantation était
de 21.2 (0.1-337.1) mois. La durée moyenne de suivi était de 21.9+20.2 mois. A la fin
du suivi, 77.6% des patients étaient toujours traités par bélatacept. Le DFG moyen
s’est amélioré de 32+16.4 mL/min/1.73 m2 a la conversion a 38+20 mL/min/1.73 m2
au dernier suivi (p<0.0001). Le principal facteur prédictif d’'amélioration du DFG est le
temps de conversion inférieur a 3 mois apres la transplantation. Chez les 32 patients
convertis dans les 3 premiers mois de greffe, le DFG s’est amélioré de 19.4+12.8
mL/min/1.73 m2 a la conversion a 34.9+21.8 mL/min/1.73 m2 au dernier suivi
(p=0.0007). 18 patients (8.2%) ont présenté un rejet aigu avec un délai moyen de
4.1£2.9 mois apres la conversion. Aucun n’a développé de DSA de novo. Chez les
35 patients présentant des DSA a la conversion, 4 ont présenté un rejet aigu mais
sans perte de greffon. En conclusion, la conversion par bélatacept est slre et
efficace, notamment lorsqu’elle est réalisée précocement dans les 3 premiers mois
de greffe, y compris chez des patients a haut risque immunologique.
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