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Abréviations

ah : arteriolar hyaline thickening

AMR : antibody-mediated rejection

ATI : acute tubular injury

ATG : Anti-Thymocyte Globulin

BL : borderline change (suspicious) for acute TCMR
CA TCMR : chronic active T cell-mediated rejection
cg : allograft glomerulopathy

ci : interstitial fibrosis

cv : vascular fibrous intimal thickening

CMV : cytomegalovirus

DSA : Donor Specific Antibodies

d: day

eGFR : estimated glomerular filtration rate

ESRD : end-stage renal disease

g : glomerulitis

HLA : Human Leukocyte Antigen

1 : interstitial inflammation

IFTA : interstitial fibrosis and tubular atrophy
i-IFTA : interstitial inflammation in areas with interstitial fibrosis and tubular atrophy
IQR : interquartile range

med : median



m : month

no. : number

ptc : peritubular capillaritis

PCR : Polymerase Chain Reaction
PKD : polycystic renal disease

PVN : BK Polyomavirus nephropathy
RNA : ribonucleic acid

RT-MLPA : Reverse Transcriptase Multiplex Ligation-dependent Probe Amplification
SD: standard deviation

t : tubulitis

TCMR : T cell-mediated rejection

ti : total inflammation

TMA : thrombotic microangiopathy

v : intimal arteritis

y :year
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I. Résumé

Introduction : L’évaluation de I’inflammation dans la fibrose interstitielle de la corticale (i-
IFTA) sur les ponctions-biopsies rénales de patients greffés est apparue dans la classification
de Banff en 2015. Il s’agit d’une lésion peu spécifique, jusque-la, peu explorée et
principalement sur des biopsies réalisées apreés un an de greffe. Les objectifs de notre étude
¢taient d'évaluer les conséquences diagnostiques de l'introduction de I'i-IFTA et d'évaluer

l'impact de la sévérité de 1'i-IFTA précoce sur la survie du greffon.

Matériel et Méthodes : La cohorte rétrospective incluait des patients greffés entre 2009 et
2020 et présentant une fibrose interstitielle occupant au moins 6% de la corticale (ci>1) sur la
premiére biopsie apres la greffe. Un reclassement diagnostique a été fait a I’aide de 1’algorithme
Banff Automation System, aprés relecture indépendante par deux pathologistes des parameétres
i-IFTA, ci, 1, ti et en intégrant le profil moléculaire de la biopsie obtenu par technique de RT-
MLPA. L’impact de I'i-IFTA précoce a ét¢ évalué par comparaison de critéres biologiques et
de survie, entre un groupe de patients avec i-IFTA0/1 (< 25% de la fibrose) et un groupe avec
i-IFTA2/3 (> 25% de la fibrose).

Résultats : La cohorte était composée de 103 patients dont la premicre biopsie a été réalisée
dans un délai médian de 89 jours apres la greffe. Apres relecture, la concordance entre les deux
pathologistes ¢était bonne pour I'i-IFTA (Kappa=0,714). Nous avons observé une baisse
significative du 1 au profit de I'i-IFTA (1=0,574, p<0,001) se traduisant par une baisse du
nombre de rejet (30% vs 15,5%, p=0,013). Comparativement aux biopsies avec i-IFTA0/1, les
biopsies avec i-IFTA2/3 présentaient une proportion plus importante de néphropathies a BK
virus (1% vs 15%, p=0,014), de rejets (8% vs 38%, p<0,001) notamment de TCMR, et une
tendance a étre plus souvent associées a un profil moléculaire de type TCMR (4% vs 17%,
p=0,056). L'i-IFTA2/3 précoce n’était pas associée a une plus mauvaise survie du greffon
(p=0,888), néanmoins, les patients avec i-IFTA2/3 ayant été traités par bolus de corticoides
présentaient une meilleure survie du greffon que les patients non traités (p=0,045).

Conclusion : Apres relecture, I’introduction du paramétre i-IFTA a entrainé une baisse du
nombre de diagnostics de rejet, notamment en lien avec une baisse du score du i. Lorsqu’elle
est sévere, I’i-IFTA est plus souvent associée a un diagnostic de rejet cellulaire, notamment
chronique actif, questionnant la pertinence d’une telle appellation sur des biopsies précoces.
Son traitement par bolus de corticoides permet de limiter son impact sur la survie du greffon.

Mots clés

Transplantation rénale, IFTA, i-IFTA, Rejet cellulaire, TCMR, AMR
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II. Abstract

Introduction: The assessment of interstitial inflammation in sclerotic cortical parenchyma (i-
IFTA) emerged in 2015 kidney graft Banff classification and was included in chronic active T
cell-mediated rejection (TCMR) in 2017 update. The origin and impact of this non-specific
injury has primarily been explored in biopsies occurring after the first year of graft. Our study
aimed to evaluate the consequences of i-IFTA introduction on diagnosis, using histological and
molecular tools, and to assess the impact of the severity of i-IFTA appearing during the first

year on graft evolution.

Materials and Methods: The retrospective cohort included graft recipients from 2009 to 2020
with ci>1 in the first post-transplant biopsy. A diagnosis reclassification was performed using
the Banff Automation System algorithm after biopsy re-examination and integrating molecular
profiles. Biopsies were independently observed by two pathologists, quantifying i-IFTA, ci, i,
and ti. Molecular profiles were obtained through RT-MLPA and a classifier. The impact of
early i-IFTA was assessed based on biological criteria and graft evolution, comparing i-

IFTAO/1 (inflammation in <25% of sclerotic parenchyma) and i-IFTA2/3 (>25%) groups.

Results: The cohort comprised 103 patients with a median time to the first biopsy of 89 days.
Pathologist agreement was good for i-IFTA (Kappa=0.714), ci (0.709), and ti (0.778), but lower
for 1 (0.388). Biopsy reevaluation revealed a significant decrease of i score in favor of i-IFTA
(p<0.001), and a significant reduction of rejection diagnoses (30% vs 15.5%, p=0.013). Early
biopsies with i-IFTA2/3 presented more PVN (p=0.014), and more rejections (p<0.001), mainly
acute and chronic active TCMR, and tended to be more associated with TCMR molecular
profile (p=0.056) compared to i-IFTAO/1 biopsies. I-IFTAO0/1 and 2/3 presented comparable
death-censored graft survival (p=0.888), however patients with i-IFTA2/3 had a better graft

survival when treated with corticosteroid (p=0.045).

Conclusion: After re-examination, the introduction of i-IFTA led to a decrease of rejection
diagnoses, notably by reducing the i score in favor of i-IFTA. Severe early i-IFTA is more
frequently associated with PVN and TCMR, mainly CA TCMR, and seems to have a better

prognosis when treated with corticosteroids.
Keywords

Kidney transplant, IFTA, i-IFTA, T-Cell mediated rejection, TCMR, AMR
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III. Introduction

a. Historique

L’un des principaux enjeux dans le domaine du suivi en transplantation rénale est I’évaluation
de I’état du greffon et surtout la recherche d’argument en faveur d’un rejet. C’est pour répondre
a cette question qu’un groupe d’expert a publié en 1993, la premiére classification de Banff!
¢tablissant certains critéres histologiques diagnostiques pour différentes catégories de rejet. Ce
groupe se réunit tous les deux ans pour mettre a jour cette classification et établir une
classification de référence, cela dans le but de guider les néphrologues et pathologistes dans la
prise en charge des patients transplantés rénaux. Au fil du temps et des différentes
classifications, certains critéres ou catégories diagnostiques ont connu des changements de

définition.

Dans sa premiére édition!, un des éléments nécessaires au diagnostic de « rejet aigu » était la
présence d’inflammation interstitielle (i) dans le « parenchyme » rénal sans autre précision. A
partir de 19972, I’évaluation du score i ne devait porter que sur les secteurs de parenchyme
cortical non fibreux, excluant alors I’inflammation se trouvant dans le parenchyme cortical
fibreux. Par la suite en 20073, l'inflammation interstiticlle totale de la corticale (ti) a été
introduite, englobant les zones de corticale fibreuse et non fibreuse. Les travaux portant sur
I’introduction de ce nouveau paramétre ti ont rapporté qu’il était un meilleur indicateur pour
prédire la survie du greffon et le rejet, principalement du rejet médié par les lymphocytes T
(rejet cellulaire ou TCMR)*. De plus, la fibrose interstitielle avec atrophie tubulaire de la
corticale (IFTA) a également été¢ reconnue comme facteur péjoratif sur la survie du greffon,
d’autant plus lorsqu'elle est associée a de I’inflammation®®. Par conséquent, l'évaluation
spécifique de l'inflammation interstitielle dans les zones de fibrose corticale est apparue dans la
mise & jour de Banff 2015', introduisant I'inflammation dans les zones de fibrose interstitielle

avec atrophie tubulaire (i-IFTA).

L’i-IFTA est évaluée, comme les autres critéres de la classification de Banff, de fagon semi-
quantitative de la maniére suivante : 0 = inflammation occupant moins 10%, 1 =de 10% a 25%,
2 =de 26 a 50%, 3 = plus de 50% de la surface corticale fibreuse. Apres son introduction en
2015, I'i-IFTA est devenue, lorsqu’elle est associée a un score ti > 2 (inflammation dans plus

de 25% de la surface corticale) et a de la tubulite t > 2 (5 a 10 cellules inflammatoires dans
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I’épithélium d’au moins un tube), un des critéres diagnostiques du rejet TCMR chronique actif

(CA TCMR) dans la mise a jour de la classification de Banff 2017'!.

b. Contexte de I’étude

L’introduction du paramétre i-IFTA, distinguant l'inflammation dans les zones non fibreuses
de celle dans les zones fibreuses, souléve quelques interrogations pour les pathologistes et
néphrologues. Premic¢rement, I’évaluation de ce nouveau critére pourrait étre soumis, comme
les autres parametres histologiques de la classification de Banff, a un manque de reproductibilité
inter- et intra-observateur. Ce nouveau paramétre amene un élément supplémentaire a intégrer,
lors de 1'évaluation des biopsies de greffons, auquel les pathologistes doivent se familiariser et

pour lequel, établir un score, peut constituer un défi'>!7.

La deuxieme interrogation que souléve ce nouveau parametre est, comme les 1ésions d’IFTA,
son éventuel manque de spécificité. En effet, IFTA et i-IFTA peuvent étre associ¢es a de
nombreuses lésions du parenchyme cortical, d’origines variées, telles que le rejet médié par les
anticorps (rejet humoral ou AMR), le TCMR ou encore la néphropathie a BK polyomavirus
(PVN)!'7-2!, De plus pour certains auteurs, ces lésions pourraient également étre la conséquence
d'une immunosuppression insuffisante, d’une toxicit¢ médicamenteuse, de lésions
d’ischémie/reperfusion, d’une pathologie hématologique ou encore correspondre a la séquelle

d’un épisode de TCMR aigu, d’une pyélonéphrite ou d’un reflux vésico-urétéral!s-2!,

Enfin, si le pronostic de I’i-IFTA semble péjoratif sur la survie du greffon, son réle et son
implication dans les différents types de rejet restent encore débattus®!72125, Les travaux
d’Halloran ef al. ont montré que I'i-IFTA survenant sur des biopsies d'indication tardive, apres
la premicre année de greffe, était plus souvent associée a de 'AMR sur le plan histologique
mais aussi moléculaire, a la présence d’anticorps spécifiques du donneur (DSA) et a des 1ésions
de glomérulopathie chronique d’allogreffe??. D’autres travaux, notamment ceux de Nankivell
et al., ont quant a eux rapporté une association de I'i-IFTA présente sur les biopsies effectuées
un an apres la greffe, avec des Iésions d’inflammation interstitielle i et de tubulite t, ces deux
lésions étant des critéres diagnostiques du TCMR2!"%. Dans ce contexte, Nankivell et al.

suggérent que le TCMR préceéderait l'apparition de 1’i-IFTA?!,
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L’i-IFTA, son origine et son impact sur la survie du greffon ont, a I’heure actuelle, été peu
¢tudiés et la majorité des travaux rapportés dans la littérature se sont intéressés a 1’i-IFTA
survenant au-dela de la premiére année de greffe. A notre connaissance, 1’i-IFTA survenant
sur les biopsies précoces réalisées durant la premicre année de greffe, a été peu explorée. Les
biopsies précoces réalisées sur indication comportent, pour un certain nombre d’entre elles, du
TCMR, en particulier chez les patients peu observants, ou encore une PVN, notamment au-dela
de 6 mois de greffe’®. Néanmoins, une majorité des biopsies précoces sont dépourvues
d'anomalies, notamment car elles correspondent fréquemment a des biopsies dites
protocolaires. Ces biopsies précoces, sur indication ou protocolaires, peuvent présenter des
lésions d’i-IFTA, lésions qui pourraient &tre imputées a des 1ésions d’ischémie/reperfusion et a
du TCMR. En effet, afin de mieux comprendre les mécanismes sous-tendant 1'i-IFTA, certains
auteurs ont analysé les profils moléculaires des biopsies et ont rapporté une association de la
sévérité de I’i-IFTA précoce avec un score moléculaire de type TCMR élevé??. Cependant,
l'utilisation des transcrits moléculaires, qui est devenu un critére pour le diagnostic de 'AMR
en 201327, reste encore peu claire pour le TCMR probablement en lien avec sa faible spécificité,

notamment pour le distinguer de profils de pyélonéphrite ou de PVN?%,

c. Hypothese de travail et objectifs de I'étude

Dans ce contexte nous avons ¢émis l'hypothése que l'introduction de I'i-IFTA dans la
classification de Banff pourrait avoir un impact sur I'évaluation des autres parametres mais aussi
sur les diagnostics établis. Nous supposons également que 1’i-IFTA observée dans les biopsies
précoces, réalisées dans la premiere année de greffe, pourrait étre associée a un profil
moléculaire et a un pronostic distincts de celle observée dans les biopsies réalisées plus

tardivement, précédemment décrites dans la littérature.

Les objectifs de notre étude étaient, premieérement, d'évaluer les conséquences de l'introduction
du parameétre i-IFTA sur le diagnostic en utilisant des outils histologiques et moléculaires, et,

deuxiémement, d'évaluer 1'impact de la sévérité de I’i-IFTA précoce sur 1'évolution du greffon.
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Abstract

Introduction: The assessment of interstitial inflammation in sclerotic cortical parenchyma (i-
IFTA) emerged in 2015 kidney graft Banff classification and was included in chronic active T
cell-mediated rejection (TCMR) in 2017 update. The origin and impact of this non-specific
injury has primarily been explored in biopsies occurring after the first year of graft. Our study
aimed to evaluate the consequences of i-IFTA introduction on diagnosis, using histological and
molecular tools, and to assess the impact of the severity of i-IFTA appearing during the first

year on graft evolution.

Materials and Methods: The retrospective cohort included graft recipients from 2009 to 2020
with ci>1 on the first post-transplant biopsy. A diagnosis reclassification was performed using
the Banff Automation System algorithm after biopsy re-examination and integrating molecular
profiles. Biopsies were independently observed by two pathologists, quantifying i-IFTA, ci, i,
and ti. Molecular profiles were obtained through RT-MLPA and a classifier. The impact of
early i-IFTA was assessed based on biological criteria and graft evolution, comparing i-
IFTAO/1 (inflammation in <25% of sclerotic parenchyma) and i-IFTA2/3 (>25%) groups.

Results: The cohort comprised 103 patients with a median time to the first biopsy of 89 days.
Pathologist agreement was good for i-IFTA (Kappa=0.714), ¢i (0.709), and ti (0.778), but lower
for 1 (0.388). Biopsy reevaluation revealed a significant decrease of i score in favor of i-IFTA
(p<0.001), and a significant reduction of rejection diagnoses (30% vs 15.5%, p=0.013). Early
biopsies with i-IFTA2/3 presented more PVN (p=0.014), and more rejections (p<0.001), mainly
acute and chronic active TCMR, and tended to be more associated with TCMR molecular
profile (p=0.056) compared to i-IFTAO/1 biopsies. I-IFTAO0/1 and 2/3 presented comparable
death-censored graft survival (p=0.888), however patients with i-IFTA2/3 had a better graft

survival when treated with corticosteroid (p=0.045).

Conclusion: After re-examination, the introduction of i-IFTA led to a decrease of rejection
diagnoses, notably by reducing the i score in favor of i-IFTA. Severe early i-IFTA is more
frequently associated with PVN and TCMR, mainly CA TCMR, and seems to have a better

prognosis when treated with corticosteroids.

Keywords

Kidney transplant, IFTA, i-IFTA, T-Cell mediated rejection, TCMR, AMR.
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Abbreviations:

ah: arteriolar hyaline thickening, AMR: antibody-mediated rejection, ATI: acute tubular injury,
ATG: Anti-thymocyte globulin, BL: borderline change (suspicious) for acute TCMR, CA
TCMR: chronic active T cell-mediated rejection, cg: allograft glomerulopathy, ci: interstitial
fibrosis, cv: vascular fibrous intimal thickening, CMV: cytomegalovirus, DSA: donor specific
antibodies, d: day, eGFR: estimated glomerular filtration rate, ESRD: end-stage renal disease,
g: glomerulitis, HLA: human leukocyte antigen, i: interstitial inflammation, IFTA: interstitial
fibrosis and tubular atrophy, i-IFTA: interstitial inflammation in areas with interstitial fibrosis
and tubular atrophy, IQR: interquartile range, Med: median, m: month, no.: number, ptc:
peritubular capillaritis, PCR: polymerase chain reaction, PKD: polycystic renal disease, PVN:
BK polyomavirus nephropathy, RNA: ribonucleic acid, RT-MLPA: reverse transcriptase
multiplex ligation-dependent probe amplification, SD: standard deviation, t: tubulitis, TCMR:
T cell-mediated rejection, ti: total inflammation, TMA: thrombotic microangiopathy, v: intimal

arteritis. y: year.
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Introduction

The initial Banff Classification for renal allograft rejection reported!, in 1993, the diagnostic
criteria for the different rejection categories. In this first edition, the cortical interstitial
inflammation (i) was defined without considering whether the renal cortical was fibrous or not.
In 19972, the notion of interstitial inflammation in “unscarred parenchyma” was added to the i
score. Total cortical interstitial inflammation (ti), encompassing scarred and unscarred cortical
areas, was introduced in 2007°, and was then reported to be a better parameter to predict
allograft survival and rejection, mainly cellular rejection®. Indeed, if interstitial fibrosis and
tubular atrophy (IFTA) has been recognized to be a pejorative factor for graft survival, studies
previously reported that its prognostic impact worsened when associated with inflammation®~.
As a consequence, the specific assessment of the inflammation in scarred areas appeared in the
Banff 2015 update, introducing the inflammation in areas with interstitial fibrosis and tubular
atrophy (i-IFTA) that became a criteria of chronic active TCMR (CA TCMR) in the 2017 Banff

update!®-!,

In the Banff classification, the i-IFTA parameter distinguishes inflammation in unscarred areas
from inflammation in fibrous cortex, however, pathologists and nephrologists may face
difficulties regarding this parameter. First, the lack of inter- and intra-observer reproducibility,
as observed for the other Banff parameters, may be challenging when evaluating kidney graft

biopsies!'*!7.

The second issue is the lack of specificity of i-IFTA and IFTA lesions since it can be associated
with many cortical injuries, such as antibody-mediated rejection (AMR), T-cell mediated
rejection (TCMR) or BK polyomavirus nephropathy (PVN). Moreover, for some authors these

17-21 Some

lesions can be a sequel of underimmunosuppression or of an acute TCMR episode
biopsies with IFTA and i-IFTA may also not be associated with rejection and be caused by

other conditions.

Finally, impact of i-IFTA on prognosis and biological signification, particularly its correlation
with graft failure and renal dysfunction, has been reported®!”-2'-25, I-IFTA occurring in late
indication biopsies, after the first year was reported to be histologically and molecularly
associated with AMR, chronic transplant glomerulopathy and donor specific antibodies
(DSA)?2. I-IFTA in 1-year post-graft biopsies was previously reported to be associated with

interstitial inflammation (i) and tubulitis (t), and to precede the occurrence of interstitial
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fibrosis. It was then supposed to be a consequence of early episodes of TCMR and borderline
changes (suspicious) for acute TCMR (BL)*!?. On the contrary, early biopsies (<I year)
usually show no abnormalities, TCMR, BL, and or may display PVN?®, However, these biopsies
may also display i-IFTA. This association was reported to be mainly associated with donation-
implantation injury and TCMR??, but the features and consequences of early i-IFTA has not yet
been well characterized. In order to better understand underlying mechanisms of i-IFTA, some
authors analyzed molecular transcripts and reported that severe early i-IFTA was associated
with a higher molecular TCMR score??. However, the use of molecular transcripts, that became
a tool for the diagnosis of AMR in 2013%’, remains unclear for TCMR since the molecular

pattern may overlap with other lesion as pyelonephritis and PVNZ,

In this context, we hypothesized that introduction of the i-IFTA parameter in the Banff
classification may have an impact on the assessment of others Banff parameters and on
diagnosis, and that early post-graft biopsies with i-IFTA may have a distinct molecular profile

and prognostic, compared to late i-IFTA as previously described.

The aims of our study were, first, to evaluate the consequences of the introduction of the i-IFTA
parameters on the diagnosis using histological and molecular tools, and then to evaluate the

impact of the severity of early i-IFTA on the transplant evolution.

Methods and Material

Inclusion criteria

We retrospectively included kidney transplant recipients from the ASTRE database
transplanted between 2009 and 2020 and displaying interstitial fibrosis involving in at least 6%
of the cortical parenchyma (ci>1) in the first biopsy after transplantation. Informed consent was
obtained from all subjects and samples used belong to the BIOSUPORT collection (reference:
2019-A00847-50).

Clinical data

Clinical and biological data were collected using ASTRE database and fulfilled with data from
the patient file. It included age, gender, initial nephropathy, graft range, ABO incompatibility,
donor’s information, delay between graft and kidney biopsy, induction and maintenance
therapy, donor/recipient CMV antibody status, cold ischemia duration. Biological parameters

included creatininemia, glomerular filtration rate estimated (eGFR) using the CKD-EPI
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(ml/min/1.73m2), proteinuria/creatininuria ratio, BK and CMV viremia, donor specific
antibodies (DSA) at the time of the graft and of the biopsy. Follow-up criteria included eGFR
and proteinuria/creatininuria ratio at 6 months, 1 year, 3 years and 5 years post-graft, rejection
occurring the first year after the biopsy, DSA development, end-stage renal disease (ESRD)

occurrence, graft loss, and death.

Renal biopsy specimens

Biopsies were studied by light microscopy and immunofluorescence techniques. Biospies were
fixed in Bouin’s fluid (2009-2017) or formalin aceto-alcohol (after 2017). Slides from the
paraffin-embedded samples were examined using periodic acid-Schiff, Masson’s trichrome
stain, hematoxylin phloxin and saffron, and Jones silver stain. Immunofluorescence technique
was made in frozen sections at the time of the biopsy using C4d antibody (clone A213,
QuidelOrtho Corporation, San Diego, California, USA) in a BenchMark XT Platform (Ventana
Medical Systems, Oro Valley, Arizona, USA) following the manufacturer’s instructions. If
necessary, immunohistochemistry was also performed using C4d (clone A24T, prediluted, DB

Biotech, Kosice, Slovakia) and Sv40 antibodies (clone MRQA4, prediluted, Roche, Bale, Suisse).

Renal biopsies re-examination

The first renal biopsies performed after transplant were retrospectively and independently
evaluated by two pathologists (EMS and DS) blinded to the initial pathology report and clinical
data. One pathologist was experienced in kidney graft pathology (EMS) whereas the second
was involved in a process of training in this field (DS). Both pathologists quantified i-IFTA
(not scored on the initial report) and re-quantified cortical fibrosis (ci), inflammation in non-
sclerotic cortex (i) and total inflammation of sclerotic and non-sclerotic cortex (ti) according to
the Banff classification?®. Biopsies with discordant scores were re-evaluated to obtain a
consensual score. For the other parameters of the Banff classification, initial scores established
by the pathologist at the time of biopsy were retained. Iterative/reevaluation biopsies performed
during the first year after the first biopsy were examined, and ci, i-IFTA, 1 and ti scores were

re-quantified by one pathologist (EMS).

RNA extraction

Three consecutive 10pum-sections were made from the first biopsy paraffin block and stored at

4°C. Then, RNA were extracted with a Maxwell 16 LEV RNA FFPE Kit (ref AS1260,
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Promega, Madison, Wisconsin, USA) on a Maxwell 16 device (Promega) following the
manufacturer’s instructions. The NanoDrop™ Lite Spectrophotometer (Thermo Fisher
Scientific, Waltham, Massachusetts, USA) was used to evaluate RNA quality and
concentration. The collected RNA samples were preserved at -80°C until the reverse

transcriptase multiplex ligation-dependent probe amplification (RT-MLPA) step.

Reverse transcriptase multiplex ligation-dependent probe amplification (RT-MLPA) and

biopsy classifier

We performed a reverse transcriptase multiplex ligation-dependent probe amplification (RT-
MLPA) using a panel of 17 genes and a validate open-access online biopsy classifier designed
by de Nattes et al.** to determine the gene expression levels and to classify biopsies. The gene
panel selection is composed of transcripts involved in different physiological, pathological, and
molecular pathways including inflammation-related transcripts, T cells-, B cells- and NK cells-
associated transcripts, as well as monocytes-, macrophages- and endothelial-associated

transcripts.

The RT-MLPA assay has been previously detailed in de Nattes et al. study*’. Briefly, reverse
transcription was performed using 2 pL. of RNA, followed by hybridization, ligation, and PCR
amplification steps. Capillary electrophoresis was employed for amplicon analysis. After
normalization of RNA quantity, gene expression values and presence of DSA were analyzed
with an open-access vector machine classifier and separated into three diagnostic categories:
antibody-mediated rejection (AMR), T cell mediated rejection (TCMR) or control without

rejection.

Reclassification Banff 2019

After re-examination, histological scores as well as molecular profiles of all the biopsies were
submitted to the Banff Automation System algorithm3!. A diagnosis according to the Banff
2019 classification, among the following categories, was obtained: active antibody-mediated
rejection (AMR), acute T cell-mediated rejection (TCMR), chronic active TCMR (CA TCMR),
borderline change (suspicious) for acute TCMR (BL)?!-33.

Statistical analyses

Inter-rater reliability for histological scores was assessed using the weighted Cohen's kappa

coefficient. Categorical variables were presented as percentages and compared using the Chi-
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square test and Fisher's exact test for groups with small effectives (n<5). Continuous variables
were presented as medians with interquartile ranges, while Banff parameter scores were
expressed as means with standard deviations; these data were compared using the Mann-
Whitney U test. Correlations were analyzed using Spearman's rank correlation coefficient.
Death-censored graft survival analysis employed Kaplan-Meier curves with group comparisons
via the log-rank test. Differences were considered significant for a p < 0.05. All statistical
analyses and figures were performed with GraphPad Prism version 10 (GraphPad Software, La
Jolla, California, USA). The Sankey diagram depicting evolution of Banff diagnoses after
biopsies re-examination and molecular data was created using an open-access tool

(https://sankeymatic.com).

Results

Population characteristics

Flowchart of the study is presented in Figure 1. We obtained a cohort of 115 transplanted
patients, two of them were excluded because of missing slides. After re-examination 10 biopsies
did not fulfill the inclusion criteria, interstitial fibrosis involving less than 5% of the cortical
surface (ci=0) and were excluded. The molecular transcript analysis was performed on 97
available paraffins blocks, and interpretable molecular profile were obtained for 95 samples.
Data from re-examination and, when available, molecular analyses, were then submitted to the
Banff Automation algorithm to obtain a diagnosis. Secondarily, two groups based on the

scoring of the i-IFTA were compared: i-IFTAO/1 group and i-IFTA2/3 group.

Clinical characteristics of the study population are detailed in Table 1. Patients were
predominantly male (69%), with a median age at transplant of 61 years (IQR: 51-70). The initial
renal disease was mainly undetermined (33%), less frequently non-diabetic glomerulonephritis
(16.5%), diabetes (13.5%), polycystic kidney diseases (PKD) (11.5%) and hypertension
(11.5%). Most transplants were obtained from deceased donors (98%) with a median age at
death of 63 years (IQR: 52-72). The median cold ischemia was 15 hours (IQR: 13-18). One
third of the patients had full HLA mismatch (33%), 6 patients (5%) had DSA at the day of
transplantation. First graft biopsies were performed within a median of 89 days (IQR: 18-96)
after transplantation and most were protocol biopsies performed 3 months after kidney graft
(59%). At the time of biopsy, 7 patients had DSA (7%), median eGFR was 36ml/min/1.73m?
(IQR: 24-50) and median proteinuria/creatininuria ratio was 0.3 g/g (IQR: 0.1-0.6).
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Assessment and inter-rater reliability for interstitial fibrosis and inflammation

The re-examination of the initial biopsies was made for 113 patients. Of the 113 biopsies
retained for the analysis, 109 were adequate for interpretation and 4 were “minimal sample”
due to a low number of glomeruli?. Biopsies scoring is shown in Figure 2. Agreement was
observed for 84 biopsies (74.3%) for ci and i-IFTA scores, for 90 biopsies (79.6%) for ti score,
and for 100 (88.5%) biopsies for i score, with a weighted kappa coefficient of 0.709 (95% CI,
0.606-0.811), 0.714 (95% CI, 0.609-0.818), 0.778 (95% CI, 0.690-0.867) and 0.388 (95% CI,
0.152-0.623), respectively.

Correlation of i-IFTA severity with histological and clinical parameters

Among 103 biopsies retained after assessment and consensus for ci, i-IFTA, ti and i scores, 44
had i-IFTA=0 (42%), 33 had i-IFTA=1 (32%), 13 had i-IFTA=2 (13%) and 13 had i-IFTA=3
(13%). Comparison of the i, ci and ti scores before and after re-examination are shown in Table
2. Mean i-IFTA, a parameter that was not assessed in the initial report, was 0.95+1.03 after re-
examination. The 1 score decreased from 0.48+0.79 to 0.12+0.38 after re-examination
(p<0.001), and ci increased from 1.20+0.80 to 1.46+0.85 (p=0.039). The ti score, available in

the initial report for 45 biopsies, did not significantly vary after re-examination.

We observed a positive correlation between the severity of initial i score and the i-IFTA score
after re-examination (r=0.596, p<0.001). Observing a decrease of i after re-examination, we
aimed to evaluate the correlation between this decrease and the severity of i-IFTA. We then
observed a positive correlation between those parameters (r=0.574, p<0.001) (Figure 3A and

3B).

Assessing the possible impact of early i-IFTA on the development of ci on iterative biopsies,
we did not observe any correlation between i-IFTA on the first biopsy and ci intensity in

biopsies performed 6 months post-biopsy (r=-0.117, p=0.568).

Evaluating the association of histological parameters with clinical data, we observed a positive
correlation between cold ischemia time and ci score in the first biopsy (r=0.256, p=0.009) but
no significant correlation with i-IFTA (r=0.113, p=0.254), ti (r=0.152, p=0.124), and i scores
(r=-0.041, p=0.678) (Figure 3C and 3D). Donor’s age was not correlated with ci (r=0.090,
p=0.365), ti (r=-0,007, p=0.9427) or i-IFTA (r=0.087, p=0.380), but tended to be negatively
correlated with 1 (r=-0.189, p=0.057).
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Diagnostic reclassification after re-examination and molecular analyses

A diagnosis reclassification was performed to evaluate the consequences of the introduction of
the i-IFTA on diagnoses. We compared the initial diagnosis made at the time of the biopsy,
using 2007 to 2015 Banff classifications, to the Banff Automation System results, including
histological scores after re-examination (103 biopsies), molecular profiles (95 biopsies), and
biological criteria. The evolution of each diagnosis reclassification and its association with

molecular profiles is shown in Figure 4.

For most patients (70%), no rejection was noticed in the initial report (left part of the Sankey
diagram, Figure 4). This category included 5 BK polyomavirus nephropathy (PVN) biopsies.
Rejection diagnosis was reported for 31 biopsies (30%), with 15 cases of BL, 13 cases of

TCMR, 2 cases of AMR, and 1 case of mixed rejection (BL with AMR).

Molecular profiles using RT-MLPA technique and classifier results were distributed as follows
(right part of the Sankey diagram, Figure 4): 82 samples (86%) had a control profile, 7 samples
(7.5%) had a TCMR profile, and 6 samples (6.5%) had an AMR profile.

After applying the Banff Automation System algorithm, most biopsies had no rejection
(84.5%), including the 5 biopsies with PVN (middle of the Sankey diagram, Figure 4).
Rejection diagnosis was retained in 16 cases (15.5%), comprising 2 cases of AMR, 7 cases of
acute TCMR, 5 cases of BL and 8 cases of CA TCMR, alone or associated with other type of

rejection.

Comparing diagnoses, we noticed that most of the initial cases without rejection remained
diagnosed as biopsy without rejection (70 out of 72) after the reclassification. The two
remaining cases were classified as BL and CA TCMR. We observed significantly less rejection
after using the algorithm than on the initial report (31 vs 16 cases, p=0.013), related to the
reclassification of 14 out of 15 BL, 2 out of 13 TCMR and 1 out of 2 AMR into biopsies without
rejection. One BL was reclassified as CA TCMR. Among other initial cases of TCMR, 6
remained classified as TCMR, 4 were reclassified as BL, and 6 as CA TCMR, alone or mainly
associated with each other. The remaining initial case of TCMR with g2 and ptc2 but no DSA
or C4d, was finally classified into mixed AMR with TCMR rejection because of an AMR
molecular profile. One of the initial cases was misdiagnosed as AMR because of thrombotic

microangiopathy, gl and ptcl, however without DSA or C4d and with a molecular control
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profile, it was finally reclassified as no rejection. A case with v1, initially misclassified as mixed

AMR with BL, was reclassified as TCMR.

Comparing molecular profiles and final Banff Automation System diagnosis, most cases
without diagnosis of rejection (73 out of 80) had a control molecular profile. All acute TCMR
(n=3), some CA TCMR and BL (n=2 for each diagnosis) and all CA TCMR associated with
BL (n=2) had a control profile. Among 6 biopsies with an AMR molecular profile, 2 had a final
diagnosis of AMR (33%), 4 had a no rejection diagnosis (67%). Among 7 biopsies with a
TCMR molecular profile, 3 had a final diagnosis of acute or CA TCMR (1 CA TCMR, 2 TCMR
with CA TCMR) (43%), 1 had a BL (14%), 3 were not associated with a diagnosis of rejection
(43%), including one PVN. Two of the 5 PVN diagnosed were available for molecular testing,

one had a TCMR profile, and one had a control without rejection profile.

Follow-up of the cohort

Of the 7 patients with DSA at the time of biopsy, one displayed AMR diagnosis, one had
TCMR, and the four remaining were classified as no rejection biopsies. The patient with TCMR
and 2 patients with no rejection diagnosis developed AMR during the first year on iterative
biopsies. One patient with DSA and no rejection at the time of biopsy did not develop rejection

during the first year.

Of the two biopsies finally classified as AMR after Banff Automation System analysis, one was
diagnosed as TCMR on the initial report and reclassified because of the presence of an AMR
molecular profile. However, this patient neither developed DSA nor AMR during the follow-

up.

In our cohort, rejection molecular profiles were not associated with a worst prognosis (p=0.224)
(Figure SA). Analyzing the Banff Automation System diagnosis (Figure SB), we observed a
worst graft survival in the AMR group (p=0.002). However, this group was composed of
samples from 2 patients, among which one lost his graft during the first year. TCMR and no

rejection groups did not display graft survival difference (p=0.520).
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After evaluating the consequences of the introduction of i-IFTA on the diagnosis, and to
determine the prognostic significance of i-IFTA in early biopsies, we compared histological,
clinical and survival data of two groups: early i-IFTAO/1 group (n=77) and early i-IFTA2/3
group (n=26).

Clinical and histological characteristics of early i-IFTA0/1 and i-IFTA2/3 groups

Patients from the two i-IFTA groups presented comparable clinical and biological
characteristics (Table 3). The two groups presented a comparable proportion of male (p=0.597),
age (p=0.103) and cold ischemia duration (p=0.634). Induction treatment was similar,
predominantly Basiliximab (79% vs 92% respectively, p=0.229) and maintenance treatment
mainly associated Tacrolimus (80% vs 69%, p=0.232) with Mycophenolate Mofetil (73% vs
82%, p=0.414). Proportion of positive BK and CMV viremia at the time of biopsy was also
comparable (p=0.699 and p= 0.710, respectively).

Other Banff parameters observed in the first biopsies are shown for both groups in Table 4.
The biopsies from the i-IFTA2/3 group presented significantly higher scores of inflammation,
including i (mean = 0.3 vs 0.1, p<0.001), ti (1.9 vs 0.3, p<0.001), t (1.6 vs 0.3, p<0.001), v (0.2
vs 0, p=0.018), ptc (0.8 vs 0.1, p<0.001) compared to biopsies from i-IFTAO/1 group. Biopsies
with i-IFTA2/3 also had higher ci (1.8 vs 1.4, p=0.004), combined ci+ct scores (3.3 vs 2.6,
p=0.009). These biopsies also displayed higher combined inflammatory scores as g+ptc (1 vs
0.4, p=0.006), and i+t (1.9 vs 0.4, p<0.001). There was no difference for g, cg, ct, ah and cv
scores. The same proportion of biopsies presented with C4d>2, acute tubular injury and

thrombotic microangiopathy in both groups.

Diagnoses repartition in early i-IFTA 0/1 and i-IFTA 2/3 groups

All Banff Automation System diagnoses are shown in Table 5. As previously described, early
i-IFTA2/3 was associated with higher i, t, ti, ptc, and v scores which are AMR and/or TCMR
diagnostic criteria, implying a significantly higher rate of rejection in the i-IFTA2/3 compared
to the i-IFTAO/1 group (38% vs 8%, p<0.001). The proportion of TCMR in i-IFTA2/3 group
tended to be higher than in i-IFTA0/1 group (15% vs 4%, p=0.066) and there was a similar
proportion of BL and AMR in both groups. CA TCMR was diagnosed in 31% of the i-IFTA2/3
group biopsies (p<0.001). There was significantly more PVN in i-IFTA2/3 group (15% vs 1%,
p=0.014).
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The results were comparable when we excluded i-IFTAO biopsies from the i-IFTAO/1 group.
The diagnoses obtained from the i-IFTA1 biopsies were predominantly no rejection (91%), and

in a less frequent proportion, TCMR (6%), BL (3%), AMR (3%), alone or mixed.

Analyzing the molecular profiles, we observed that the proportion of TCMR molecular profile
tended to be higher in i-IFTA2/3 group than in i-IFTAO/1 group (17% vs 4%, p=0.056). We did
not observe any statistical differences concerning the proportion of biopsies with AMR (0% vs
8% respectively, p=0.330) and the proportion of control molecular profile (83% vs 87.5%
respectively, p=0.509).

Follow-up and prognosis of early i-IFTA0Q/1 and i-IFTA 2/3 sroups

The median follow-up duration was 5 years for both groups (Table 6). There were significantly
more patients treated with corticosteroid boluses after biopsy in i-IFTA2/3 compared to i-IFTA
0/1 group (58% wvs 17%, p<0.001). Biological criteria including eGFR and
proteinuria/creatininuria ratio were not different between the two groups, at 6 months, 1 year,
3 years and 5 years post-graft. DSA occurred in 23% of the patients from the i-IFTA 2/3 group
and 18% in the i-IFTA 0/1 group (p=0.585), with a mean delay of 24 months and 30 months,
respectively (p=0.262).

For 48 patients, iterative biopsies performed during the first year after the first biopsy were
available. Rejection occurrence was observed in a similar proportion in i-IFTA2/3 and i-

IFTAO/1 groups (23% vs 14%, p=0.361), as well as graft loss proportion (19%, p=0.977).

To investigate the prognostic of early i-IFTA, we explored death-censored graft survival (DC-
DS) between the two groups and observed non-significant differences (p=0.888) (Figure 6A).
DC-GS was not statistically different between ci2/3 and cil (p=0.115), ti2/3 and ti0/1
(p=0.553), or i2/3 and 10/1 (p=0.223) groups.

Comparing the impact of corticosteroid treatment of i-IFTA2/3 we noticed that patients with i-
IFTA2/3 who received corticosteroid had a significantly DC-GS than patients with i-IFTA2/3
who were not treated (p=0.045) (Figure 6B).

Aiming to assess the precursor nature of early i-IFTA for future rejection development, we
evaluated the survival without rejection during the first year after the first biopsy and did not

observe difference between i-IFTA2/3 and i-IFTAO/1 groups (p=0.294) (Figure 6C).
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Finally, we explored the impact of early i-IFTA on overall survival and observed no difference
between the two groups (p=0.127) (Figure 6D), even if there was a higher proportion of deaths
in the i-IFTA2/3 group compared to i-IFTA0/1 group (42% vs 22%, p=0.045) (Table 6).

I-IFTAO/1 group including patients with no i-IFTA, we compared i-IFTA1 and i-IFTA2/3, and
did not observe any differences in DC-GS (p=0.84) or survival without rejection (p=0.779)
between these 2 groups. However, overall survival tended to be better for i-IFTA1 compared to

i-IFTA2/3 group (p=0.09).

Discussion

In this study, we focused on early i-IFTA (<1 year), its reproducibility, the impact of its
introduction on Banff scores, and its potential association with rejection molecular profiles and
diagnoses. Our study revealed a good inter-rater reproducibility for i-IFTA, ti, and ci, while the
reliability for i was not as strong as for the other parameters. After biopsy re-examination and
diagnostic reclassification, we observed a substantial decrease of the i score in favor of i-IFTA.
This resulted in a significant decrease of the number of rejection diagnoses, particularly for the
biopsies initially diagnosed as borderline. We noticed that most biopsies with i-IFTA were not
associated with rejection, but that biopsies with i-IFTA2/3 were more frequently associated
with rejection, particularly chronic active and acute TCMR, and PVN. If early i-IFTA2/3 was
not associated with a worse death-censored graft survival, it was when not treated with

corticosteroid.

One of the aims of our study was to evaluate the inter-rater reproducibility of different Banff
semi-quantitative scores. Our observations highlight the good reproducibility of i-IFTA, as well
as of ci and ti evaluation, that may be, at least partly, due to Banff classification updates that
helped to performed more homogeneous quantifications!'?. Moreover, our results were obtained
from two observers working in the same department, leading us to assume a potential influence
of a shared working environment and training. Our results are comparable to results of
Lefaucheur et al. who reported, on 150 biopsies, an overall Cohen’s kappa coefficient of 0.62
for i-IFTA, between three experienced nephropathologists from two centers!’. On the contrary,
Huang et al. reported a poor inter-rater reproducibility comparing evaluation of i-IFTA (0.26),
ti (0.30) and 1 (0.27) between 8 experienced nephropathologists working in 8 different centers,
on 45 biopsies'®. These results underline the difficulty in obtaining homogeneous scores with

an increasing number of observers from different centers. Despite the evolution and

37



increasingly complexity of Banff classification, a few studies already explored this question
and extended the analysis of inter- or intra-rater reproducibility in a larger scale!*'4. As
previously reported by Huang et al., the results from large-scale studies showed a poor inter-
or intra-rater reproducibility. Furness et al. explored reproducibility between pathologists from
22 European centers on 55 biopsies showing a kappa of 0.34 for interstitial inflammation score
and lower for other tested parameters. However, in spite of poor inter-rater reproducibility,
authors conclude that it may have no impact on individual patient care whether clinicians are

accustomed to a way of quantifying rejection'.

Analyzing the evolution of i and i-IFTA scores after slides re-examination, we found a
substantial decrease of the i score, correlated to the severity of i-IFTA, suggesting that i score
decreased in favor of i-IFTA. Same results were observed when we explored i and i-IFTA in
the 48 available iterative biopsies (data not shown). This reclassification of i into i-IFTA led us
to hypothesize that for some biopsies, i-IFTA has been included in the i score in the initial
report, and that i-IFTA introduction may have improved the accuracy of interstitial
inflammation evaluation in both sclerotic and non-sclerotic parenchyma. This reclassification
of i into i-IFTA resulted in a remarkable reduction of rejection diagnoses after re-examination,
particularly for the BL category. All but one BL case were reclassified as no rejection biopsies,
attributable not only to the decrease of the i score upon reevaluation but also to the evolution
of diagnostic criteria, notably exclusion of isolated tubulitis (t>1 with i=0) for BL diagnosis

with the 2019 Banff Classification updates??.

The advent of i-IFTA in the 2015 Banff classification update has been pivotal and led to the
distinction of inflammation in sclerotic and in non-sclerotic cortical parenchyma, since
inflammation in non-sclerotic area has long been the only type of interstitial inflammation
evaluated and included in diagnosis criteria. Some authors hypothesized that i-IFTA could be
associated with TCMR or AMR, or even be a consequence of PVN, ischemia/reperfusion
injury, or with posttransplant lymphoproliferative disease, calcineurin inhibitor toxicity, or
pyelonephritis, making this lesion non-specific, and its origin and consequences not fully
understood!'® 22, In our cohort, 15% of the patients with i-IFTA2/3 presented with PVN whereas
only 1% of the patients with i-IFTA0/1 did, suggesting that BK virus infection could favor
inflammation development. However, according to Menter ef al., 1 and t scores tend to be low
during increasing viremia, then i-IFTA could rather be associated with resolving PVN
inflammation*. We also compared the proportion of positive CMV viremia in both groups but

observed that i-IFTAO/1 and 2/3 were comparably associated with positive CMV viremia,
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representing about 10% of the biopsies. Early i-IFTA might also be, as described for late
biopsies, associated with rejection, mainly T cell-mediated®>. We then can suppose that, as
observed in our cohort reporting a lower proportion of rejection in i-IFTA0/1 compared to i-
IFTA2/3 group, i-IFTAO/1 may represent a low-grade inflammation insufficient to enable the
diagnosis of rejection. This can be an obvious consequence of the CA or acute TCMR
definition, requiring interstitial inflammation in more than 50% of the cortex. Nevertheless, one
can assume that, for some biopsies, this lesion can correspond to an equivalent of BL changes
occurring in sclerotic parenchyma. In our study, 84.5% of the biopsies had no rejection,
representing 78% of biopsies with i-IFTA>1 and 61.5% of biopsies with i-IFTA>2.
Consequently, we can suppose that early i-IFTA may also represent a non-specific lesion that
can be due to non-rejection etiologies, particularly i-IFTA developing during the first 3 months.
However, in our cohort, most clinical and biological analyzed, including cause of donor’s death,
DSA, HLA mismatches or immunosuppressive treatment, did not differ between the two
groups. Finally, we noticed a positive correlation between cold ischemia duration and ci score
in the first biopsy, but this parameter was not correlated with i-IFTA score in our study.
Ischemia/reperfusion injury has been previously reported to trigger many proinflammatory
pathways leading to the recruitment of inflammatory cells from innate and adaptative immune
system, which can lead to the appearance of fibrosis?®*. In this context, as described by
Halloran et al., i-IFTA might be, in the first months post-transplant, a consequence of acute
kidney injury and of donation-implantation injury??. Finally, we can suppose that a proportion
of these lesions may be the consequence of inflammation involving cortical fibrosis inherited

from the donor, particularly in biopsies performed early after the kidney graft.

After reclassification, 15.5% of the biopsies presented a diagnosis of rejection, 2 AMR and 14
cases including BL, acute TCMR, and CA TCMR. CA TCMR is a diagnosis that appeared in
the 2017 Banff Classification'!, after i-IFTA that appeared in 20151, It requires i-IFTA>2, ti>2
and t>2 to be made, explaining the absence of CA TCMR in the initial report of biopsies in our
cohort. Moreover, as noticed above, the evolution of i into i-IFTA after re-examination
participated to the reclassification of 8 cases in CA TCMR. These cases were initially diagnosed
as TCMR, BL, and, for one case, as no rejection biopsy. Misclassification, an issue particularly
challenging with the increasing complexity of Banff Classification that pathologist must face,
was rare in our study. Based on Yoo et al. study that reported a reclassification of 30% of the
AMR and 50% of the TCMR using The Banff Automation System, these misclassification can

be reduced using automated tools*!. This tool may be helpful to reduce the lack of
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reproducibility, classification misinterpretations and to integrate classification evolution over
time. To date, artificial intelligence has not been used routinely in renal pathology and

transplantation, but it seems to be a promising approach for improved reproducibility3¢-7.

Molecular profiles introduce an additional layer of complexity but may be helpful to understand
the mechanisms underlying development of i-IFTA. Molecular analyzes confirmed histological
observations in most cases since 91% of no rejection histological biopsies displayed control
molecular profile. These results are consistent with de Nattes et al. study reporting that 88% of
control biopsies had a control molecular profile’®. Moreover, similarly to their results, 5% of
no rejection biopsies in our cohort had an AMR molecular profile. This raises the possibility of
a misclassification, but also of AMR transcripts expression at the time of biopsy even if patients
never developed AMR or DSA. The interpretation of results obtained in biopsies with AMR
diagnosis remains limited and difficult to compare with de Nattes et al. results. Indeed, we
included early biopsies, mainly performed the first 3 months after transplant, and a high
proportion of per protocol biopsies, those biopsies not classically displaying a high frequency
of AMR diagnosis. As the Banff classification does not include molecular data to the TCMR
diagnosis category, molecular results did not have impact on final diagnosis. However, in our
cohort, 25% of TCMR diagnoses, including acute and CA TCMR, were associated with a
TCMR molecular profile in our study. These results contrast with de Nattes et al. results
reporting that 60% of biopsies with TCMR histological diagnoses presented TCMR molecular
profile. As suggested by the authors, these results can be due to lower performances of the test
for TCMR diagnosis, but also question the T cell-mediated nature of severe i-IFTA and of CA
TCMR diagnoses on early biopsies. Finally, our results highlight the nuanced interpretation
required for molecular profiles analyzes in our specific context, potentially influenced by the
early timing of biopsies, the potential lower rate of AMR during the first year and the fact that
TCMR molecular profile is not integrated to the Banff Classification criteria for TCMR.
Moreover, molecular results should be interpreted as part of the diagnostic, as DSA or C4d, and
cannot replace the histological diagnosis. This concern has been raised by the 2022 Banff
Classification Update3®, and in this last classification, molecular profile can no longer replace

DSA for AMR diagnostic while TCMR molecular profile remains excluded.

Association of i-IFTA with rejection diagnosis has rarely been studied but a few teams reported
some interesting results. Halloran et al. demonstrated that about 30% of biopsies performed
lately (500 days after transplant) presented rejection?. This proportion varied according to the

degree of i-IFTA, with about 50% of rejection in biopsies with i-IFTA>25%, as observed in
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our cohort. Moreover, as observed in our cohort, with a trend towards a higher proportion of
TCMR molecular profile in i-IFTA2/3 group, Halloran ef al. reported higher amount of TCMR
profiles in i-IFTA>25% biopsies. However, contrary to our results reporting only TCMR in i-
IFTA2/3 biopsies, they reported about 30% of AMR in biopsies with i-IFTA>25%. This
apparent contradiction may be explained by the timing of biopsies, Halloran et al. having
included late biopsies contrary to our work that was performed in early biopsies. As discussed
above, TCMR and PVN are more frequent whereas AMR is rare in early biopsies®®**. We also
must remain cautious concerning the i-IFTA molecular profile, since RNA extraction is most
often realized on the entire biopsy, involving both sclerotic and non-sclerotic areas, and that the
expression of TCMR or AMR transcripts may originate from non-sclerotic areas. A study of i-
IFTA focusing on the inflammatory fibrous areas and including micro-dissection of sclerotic

areas, could be helpful to obtain more precise molecular profiles*.

The impact of i-IFTA has been previously studied in cohorts, concluding to an increasingly
worse graft survival with increasing i-IFTA?>-24, However, all these studies included biopsies
performed lately after kidney transplant, between 1- and 1.7-year post-transplant. To our
knowledge, no similar study has been performed on early biopsies, yet. In our cohort of biopsies
performed the first months after transplant, we observed that early i-IFTA2/3 does not appear
to be a potential predictive factor for future rejection since it presented a comparable proportion
of rejection on iterative biopsies compared to i-IFTA0/1 group. Same results were observed
comparing death-censored graft survival in i-IFTAO/1 and i-IFTA2/3 groups. Taken together,
these results seem contradictory compared to literature data, and suggest that early i-IFTA
might represent a distinct unique type of i-IFTA with a less severe renal prognosis!”?!-2*, These
observations strengthen the hypothesis that early i-IFTA is frequently associated with TCMR
in case of rejection biopsies, with a good prognosis even for severe i-IFTA because severe i-
IFTA is treated with corticosteroid*’. On the contrary, late i-IFTA might be more frequently
associated with AMR, and associated with a worse prognosis?2. These results must be taken
with caution since we observed a higher proportion of death, but no tendency to a worse overall
survival, in the i-IFTA2/3 group. However, we did not observe any difference concerning the
cause of death, and there was the same proportion of infection and cancer in both i-IFTA0/1
and 2/3 groups. Finally, we can suppose that i-IFTA may be associated with the development
of cortical fibrosis. However, if we observed that i-IFTA2/3 biopsies had a higher ci score at
the time of biopsy, consistent with previous studies!’, we did not observe any correlation

between i-IFTA severity and ci on biopsies performed at least 200 days later. This contrast with
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Nankivell e al. who noticed an association between ci development and the presence of i-IFTA
at one-year biopsy?'. This discordance could be explained by a limited follow-up period of one
year after the first biopsy compared with several years in Nankivell ef al. study but we can also

hypothesize that early i-IFTA may induce less fibrosis in graft evolution.

As discussed above, a consequence of i-IFTA implementation is the identification of CA
TCMR. The presentation of these lesions in early biopsies raises questions given that the
median time to onset was 40 days in our cohort. Indeed, i-IFTA corresponds, by definition, to
inflammation in sclerotic cortical parenchyma, suggesting its chronic nature. Nevertheless, until
now no clear minimal delay post-graft cutoff has been established in the Banff classification to
make CA TCMR diagnosis. Since most studies dealing with i-IFTA and CA TCMR were
performed in >1-year post-transplant biopsies, we can suppose that CA TCMR might not be
diagnosed during the first year. However, with the present study and by experience,
nephropathologists have been confronted with early i-IFTA, and with difficulties in establishing
a diagnosis. Early i-IFTA is, in a vast majority of cases, a non-specific lesion, with no associated
rejection, however, when associated with tubulitis, we can suppose that it may be a part of acute
TCMR developing in sclerotic cortical parenchyma inherited from the donor. It is interesting to
note that, in the previous i-IFTA studies, donor’s median age was about 40 years and about
50% of the transplant were collected from deceased donors®>?3. In our cohort, the donor’s
median age was 60 years and almost 100% of the transplant were collected from deceased
donors, explaining at least in part, the presence of cortical fibrosis at the time of the biopsy, and
the possibility of inherited sclerosis. In our cohort, CA TCMR was associated, in 5 cases, with
i>1 (TCMR or BL) which highlights the possibility of lesions developing in both sclerotic and
non-sclerotic parenchyma, leading to both CA and acute TCMR. As the management of CA
TCMR is not uniform between centers, this diagnosis also raises the question of the treatment
of i-IFTA on early biopsies, especially in the case of isolated without tubulitis***!. In our cohort,
patients with i-IFTA2/3, including CA TCMR, had a better renal prognosis when treated with
corticosteroid, suggesting that presence of t>2 should be treated with corticosteroids, whether

it is associated with i>2 or with i-IFTA>2.

Despite these interesting results, it is crucial to acknowledge the limitations of our study. The
relatively small sample size raises concerns about the possibility to generalize our findings to
larger cohorts. It also probably was responsible for limited interpretations particularly analyzing
survival data. The reliability of molecular profiling, specifically using RT-MLPA, is more
established for AMR, and caution must be exercised when analyzing the predominantly TCMR-
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focused early biopsies of our study. Additionally, the inter-rater variability assessed with only
two observers within our center may not fully capture the broader variability that may exist

across different centers and countries.

In conclusion, early i-IFTA is, in a small proportion of the biopsies, associated with rejection,
particularly severe i-IFTA2/3 that is most frequently associated with CA TCMR, but remains
of good prognosis whether treated with corticosteroid. Our study questions the relevance of CA
TCMR diagnosis in biopsies performed during the first-year post-transplant. The emphasis on
histological criteria remains essential, particularly given the dynamic nature of molecular
profiling and the nuances associated with early biopsy assessments. These findings underscore
the need for continued research and collaborative efforts to refine our understanding of graft

rejection mechanisms and to improve diagnostic in renal transplantation.
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TABLES

Table 1. Patient characteristics

Abbreviations: DSA: donor specific antibodies, d: day, eGFR: estimated glomerular filtration

rate, HLA: Human Leukocyte Antigen, IQR: interquartile range, Med: median, m: month, no.:

number, y: year.

Graft data

Male, no. (%)
Age, y Med (IQR)
Initial renal disease, no. (%)
- Diabetes mellitus
- Glomerulonephritis
- Malformative uropathy
- Hypertension
- Cystic kidney disease
- Tubulointerstitial nephropathy
- Other
- Unknown
ABO compatibility, no. (%)
Cold ischemia time, h Med (IQR)
Deceased donor, no. (%)
Donor’s age, m Med (IQR)
Full HLA mismatch, no. (%)
DSA at transplant, no. (%)

At the time of biopsy
Graft-first biospy delay, d Med (IQR)
Biopsies, no. (%)
- Systematic/Per protocol
- Indication
DSA, no. (%)
¢GFR, ml/min/1,73m? Med (IQR)

Proteinuria/creatininuria ratio, g/g Med (IQR)

All patients n=103

71 (69)
61 (52-69)

14 (13.5)
17 (16.5)
5(5)
12 (11.5)
12 (11.5)
2(2)
7(7)
34 (33)
103 (100)
15 (13-18)
101 (98)
63 (52-72)
34 (33)
6 (6)

89 (18-96)

60 (59)
43 (41)
7(7)

36 (25-50)
0,3 (0.1-0.6)
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Table 2. Evolution of i-IFTA, i, ci and ti scores before and after re-examination

Scores are presented as meant+SD. Continuous variables were compared using U Mann-

Whitney test.

Abbreviations: ci: interstitial fibrosis, i:

interstitial inflammation, i-IFTA: interstitial

inflammation in areas with interstitial fibrosis and tubular atrophy, N/A: not applicable, SD:

standard deviation, ti: total inflammation.

Histological
Initial report
parameters
i-IFTA N/A
i 0.47+0.77
ci 1.20+0.80
ti* 0.82+0.61

*ti initial score was available for only 45 biopsies.

After re-examination

0.95+1.03
0.12+0.38
1.46+0.85
0.69+0.79

N/A
<0.001
0.014
0.199
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Table 3. Comparison of patient characteristics in i-IFTA0/1 and i-IFTA2/3 groups

Qualitative data were compared using Fisher’s exact test or Chi-square test. Continuous

variables were compared using U Mann-Whitney test.

Abbreviations: ATG: anti-thymocyte globulin, CMV: cytomegalovirus, DSA: donor specific

antigen, d: day, eGFR: estimated glomerular filtration rate, HLA: Human Leukocyte Antigen,

IQR: interquartile range, Med: Median, m: month, no: number, y: year.

Male, no. (%)
Age, y Med (IQR)
CMV status, no. (%)

R+

D+
First transplantation, no. (%)
Initial renal disease, no. (%)
- Diabetes mellitus
- Glomerulonephritis
- Malformative uropathy
- Hypertension
- Cystic kidney disease
- Tubulointerstitial nephropathy
- Other
- Unknown
ABO compatibility, no. (%)
Cold ischemia time, h Med (IQR)
Deceased donor, no. (%)
Donor’s age, m Med (IQR)
Donor’s cause of death, no. (%)
- Accidental death
- Vascular death
- Anoxia
- Other
Full HLA mismatch, no. (%)

Early

i-IFTA0/1group

n=77
Graft data
52 (68)
58 (50-69)

77 (100)
13 (17)
74 (96)

11 (14)
13 (17)
3(4)

8 (10.5)
8 (10.5)
2(2.5)
6(8)
26 (33.5)
77 (100)
15 (12-19)
75 (97)
62 (52-67)

16 (21.5)
52 (69.5)
6 (8)
1(1)
23 (30)

Early

i-IFTA2/3 group

n=26

19 (73)
65 (56-72)

26 (100)
6 (23)
25 (96)

3(12)

4 (15)

2(3)

4(15)

4 (15)

0(0)

1(4)

8 (31)
26 (100)
15 (14-17)
26 (100)
66 (52-76)

4(15)
19 (73)
2(8)
1(4)
11 (42)

0.597
0.106

0.560

0.930

0.634

0.138

0.776

0.243
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DSA at Transplant, no. (%) 5(6)

Induction therapy, no. (%)

- Basiliximab 61 (79)

-ATG 13 (17)

Maintenance therapy, no. (%)

- Tacrolimus 62 (80)

- Mycophenolate Mofetil 56 (73)

- Cyclosporine 7(9)

Hemodialysis <7d post-graft, no. (%) 12 (16)
At the time of biopsy

Graft-1% biospy delay, d Med (IQR) 89 (20-96)

Biopsies, no. (%)

- Systematic/Per Protocol 47 (61)

- By indication 30 (39)

DSA, no. (%) 709)

¢GFR, ml/min/1.73m? Med (IQR) 36 (28-50)

Proteinuria/creatininuria ratio, g/g Med (IQR) 0.3 (0.1-0.6)

Positive BK virus viremia, no. (%)* 509

Positive CMV viremia, no. (%) 709)

*BK virus viremia available for 72 patients.

1(4)

24 (92)
2(8)

18 (69)
21 (82)
3(12)
9 (35)

91 (16-96)

13 (50)
13 (50)
0 (0)
38 (21-46)
0.3 (0.2-0.6)

4 (25)
3(12)

0.342

0.232
0.414
0.710
0.203

0.810

0.323

0.187

0.482

0.406

0.103
0.710
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Table 4. Comparison of the Banff parameters in the two groups

Results are expressed as mean + SD. Qualitative data were compared using Fisher’s exact test

or Chi-square test. Continuous variables were compared using U Mann-Whitney test.

Abbreviations: ah: arteriolar hyaline thickening, ATI: acute tubular injury, cg: allograft
glomerulopathy, ci: interstitial fibrosis, ct: tubular atrophy, cv: vascular fibrous intimal
thickening, g: glomerulitis, i: interstitial inflammation, i-IFTA: interstitial inflammation in
areas with interstitial fibrosis and tubular , no: number, ptc: peritubular capillaritis, SD:
Standard deviation, t: tubulitis, ti: total inflammation, TMA: thrombotic microangiopathy, v:

intimal arteritis.

Banff parameters on Early i-IFTA 0/1 group = Early i-IFTA 2/3 group

the first biopsy n=77 n=26 P
i 0.1+0.3 03+0.6 <0.001
ti 03+0.5 1.9+09 <0.001
t 03+0.7 l6+1.1 <0.001
\% 0.0=£0.3 02+0.5 0.018
g 03+0.6 02+0.6 0.349
ptc 0.1+04 0.8+1.0 <0.001
cg 0.0+0.2 0.0+£0.0 0.312
ci 1.4+0.7 1.8+0.9 0.004
ct 1.1+£0.7 1.3+£09 0.095
ah 1.0+ 1.0 1.0+1.3 0.881
cv 1.5+1.0 1.5+1.1 0.900
g+pte 0.4+0.8 1.0+1.3 0.006
ci+ct 26+12 33+15 0.009
i+t 04+09 1.9+1.4 <0.001
C4d >2 2 (3%) 0 (0%) 1
TMA, no. (%) 1 (1%) 0 (0%) 1
ATIL, no. (%) 52 (68%) 22 (85%) 0.131
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Table 5. Comparison of Banff Automation System diagnoses and molecular profiles in the

two groups
Qualitative data were compared using Fisher’s exact test.

Abbreviations: AMR: antibody-mediated rejection, BL: borderline change (suspicious) for
acute TCMR, CA TCMR: chronic active T cell mediated rejection, PVN: BK polyomavirus
nephropathy, TCMR: T cell mediated rejection.

Early i-IFTA 0/1 group Early i-IFTA 2/3 group p
Banff Automation System diagnosis no. (%)
n=77 n=26
No rejection 71 (92) 16 (62) <0.001
PVN 1(1) 4 (15) 0.014
TCMR 3(4) 4 (15) 0.066
CATCMR 0(0) 8 (1) <0.001
BL 2(2.5) 3(12) 0.100
AMR 2(2.5) 0(0) 1
Molecular profiles no. (%)
n=72 n=23
Control 63 (87.5) 19 (83) 0.509
TCMR 3(4) 4 (17) 0.056
AMR 6(8) 0(0) 0.330
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Table 6. Follow-up in the early i-IFTA 0/1 and i-IFTA2/3 groups

Qualitative data were compared using Fisher’s exact test or Chi-square test. Continuous

variables were compared using U Mann-Whitney test.

Abbreviations: d: day, DSA: donor specific antigen, eGFR: estimated glomerular filtration rate,

IQR: interquartile range, m: month, med: median, no: number, y: year.

Follow-up time, y Med (IQR)

Corticosteroid boluses after the first biopsy, no. (%)

e¢GFR, ml/min/1.73m?2, Med (IQR)

- M6

-Y1

-Y3

-Y5

Proteinuria/creatininuria ratio, g/g Med (IQR)
- M6

-Y1

-Y3

-Y5

DSA occurrence during follow-up, no. (%)
Delay DSA m Med (IQR)

Rejection on iterative biopsies <1 year, no. (%)
Delay Rejection, d Med (IQR)

Graft loss, no. (%)

Delay, m Med (IQR)

Death, no. (%)

Delay Death, m Med (IQR)

Causes

- Infectious

- Neoplasia

- Cardiac

- Vascular

- ESRD

- Unknown

Early i-IFTA0/1 group

n=77
5(3-8)
13 (17)

41 (32-52)
41 (34-59)
44 (33-58)
45 (36-61)

0.2 (0.1-0.4)
0.2 (0.1-0.4)
0.2 (0.1-0.3)
0.1(0.1-0.3)
14 (18)
30 (12-56)
11 (14)
77 (63-173)
15 (19)
44 (27-57)
17 (22)
66 (21-92)

(U, T \O I \S)

n=26
5(2-8)
15 (58)

42 (28-50)
49 (34-60)
44 (33-52)
47 (33-64)

0.3 (0.1-0.5)
0.3 (0.1-0.4)
0.1(0.1-0.3)
0.2 (0.1-0.3)
6(23)
24 (10-32)
6(23)
81 (50-158)
5(19)
25 (9-40)
11 (42)
79 (39-97)

Early i-IFTA2/3 group
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p

0.639

<0.001

0.700
0.508
0.996
0.657

0.502
0.358
0.439
0.745
0.585
0.262
0.361
0.880
0.977
0.205
0.045
0.869

0.669



FIGURES

Figure 1. Flowchart of the cohort.

Abbreviations: ci: interstitial fibrosis, i: interstitial inflammation, i-IFTA: interstitial

inflammation in areas with interstitial fibrosis and tubular atrophy, ti: total inflammation.
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Figure 2. Inter-rater reliability for ci, i-IFTA, ti, and i evaluation.

Inter-rater reliability for the scoring of ci (A), i-IFTA (B), ti (C), and i (D) parameters. Analyses

were performed on 113 biopsies. Inter-rater reliability was analyzed using weighted Cohen’s

Kappa.

Abbreviations: ci:

interstitial fibrosis, 1i:

interstitial inflammation, i-IFTA:

interstitial

inflammation in areas with interstitial fibrosis and tubular atrophy, ti: total inflammation, X:

not applicable.
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Figure 3. Correlation of i-IFTA score and histological or clinical parameters.

Correlation between i-IFTA and initial 1 score (A), i-IFTA and evolution of i score before and

after re-examination (B), i-IFTA and cold ischemia duration (C), ci and cold ischemia duration

(D).

"A initial 1 score — after re-examination 1" represents the difference between the i score in the

initial report and the 1 score after re-examination. Correlations were analyzed using Spearman's

rank correlation coefficient.

Abbreviations: ci: interstitial fibrosis, h: hour, i: interstitial inflammation, i-IFTA: interstitial

inflammation in areas with interstitial fibrosis and tubular atrophy.
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Figure 4. Diagnoses from the initial report and after reclassification by the Banff

Automation System including histological re-examination and molecular profile.

The left part of the figure (“Diagnosis on initial report’) represents the diagnosis from the initial
report. The right part of the figure (“Molecular profiles”) represents the molecular profiles
obtained after RT-MLPA and classifier analyses. The middle part of the figure (“Banff
Automation System Banff 2019”) represents the final diagnosis obtained using the Banff
Automation System algorithm, after histological re-examination of the 103 biopsies and

molecular results obtained for 95 biopsies.

Abbreviations: AMR: antibody-mediated rejection, BL: borderline change (suspicious) for
acute TCMR, CA TCMR: chronic active T cell-mediated rejection, i-IFTA: interstitial

inflammation in areas with interstitial fibrosis and tubular atrophy, TCMR: T cell-mediated

rejection.
Diagnosis 103 biopsies re-examination N Banff Automation sYstem _ Results for 95 biopsies Molecular
on initial report i-IFTA emergence 7 Banff 2019 N profiles

AMR
n=2 AMR
n=6
TCMR
n=13
TCMR
n=7
BL
n=15
BL+AMR |
n=1
No rejection No rejection Control

n=72 n=87 n=82
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Figure 5. Death-censored graft survival according to histological and molecular profiles.

Comparison of death-censored graft survival between the different molecular profiles obtained
from RT-MLPA technique (A), and the different diagnostic categories after Banff Automation
System (B).

Statistical analysis was performed using Kaplan-Meier curves and log-rank tests.

Abbreviations: AMR: antibody-mediated rejection, BL: borderline change (suspicious) for
acute TCMR, CA TCMR: chronic active T cell-mediated rejection, DC-GS: death-censored
graft survival, i-IFTA: interstitial inflammation in areas with interstitial fibrosis and tubular

atrophy, y: years
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Figure 6. Survival analyses according to the degree of i-IFTA.

Comparison of death-censored graft survival between i-IFTAO/1 group and i-IFTA2/3 group

(A), and early i-IFTA2/3 treated or not treated with corticosteroid boluses (B). Comparison of

survival without rejection (C) and overall survival (D) between i-IFTA0/1 and i-IFTA2/3

groups.

Statistical analysis was performed using Kaplan-Meier curves and log-rank tests.

Abbreviations: DC-GS: death-censored graft survival, i-IFTA: interstitial inflammation in areas

with interstitial fibrosis and tubular atrophy, w: weeks, y: years
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V. Discussion

a. Synthese des résultats

Dans cette étude, nous nous sommes intéressé a 1'i-IFTA précoce (<1 an), a sa reproductibilité,
a l'impact de son introduction sur les scores de Banff, et a son association potentielle avec
différents profils moléculaires et diagnostics de rejet. Notre étude a révélé une bonne
reproductibilité inter-observateur pour I’évaluation de 1'i-IFTA, du ti et du ci, alors qu’elle était
plus faible pour le i. Apres relecture des lames, nous avons observé une diminution du score i
en faveur de 1'-IFTA se traduisant par une diminution significative du nombre de diagnostics
de rejet, en particulier pour les biopsies initialement classées comme Borderline (BL).
L’analyse globale de la cohorte a montré que la plupart des biopsies comportant de I’i-IFTA
n'avaient pas de diagnostic de rejet associé. Cependant lorsque I’i-IFTA était sévere (i-IFTA >
2), ces biopsies avaient plus fréquemment un diagnostic de rejet, en particulier de rejet cellulaire
aigu (TCMR) ou chronique actif (CA TCMR), ou encore un diagnostic de PVN. Si nos résultats
ont montré que la sévérité de 1'i-IFTA sur biopsie précoce n'était pas associée a une plus
mauvaise survie du greffon, nous avons observé un bénéfice du traitement de I’i-IFTA sévere

par bolus de corticoides.

b. Reproductibilité inter-observateur

Nos observations mettent en évidence une bonne reproductibilité pour I'évaluation de I'i-IFTA,
ainsi que pour les parameétres ci et ti. Dans notre étude, la concordance a été évaluée entre deux
pathologistes travaillant dans le méme service, soulevant ainsi la possibilit¢ d’un « effet
centre » correspondant & I’influence d’une formation similaire et d’un environnement de travail
commun. Nos résultats sont comparables a ceux de la littérature pour un nombre d’observateurs
et de centres limité!’. Cependant, ils divergent des résultats rapportés par des études impliquant
un plus grand nombre de pathologistes provenant de différents centres et témoignant d’une
reproductibilité plus faible!>!*!®, Une des conclusions, peut-étre la plus importante de 1'étude
de Furness et al.'3, est qu'il semblerait que cette variabilité inter-centre n'ait que peu de

conséquences sur la prise en charge des patients, dés lors que les cliniciens sont habitués a une
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certaine évaluation du rejet par I’équipe locale de pathologistes. Cette information renforcerait

l'importance de la reproductibilité intra-centre et intra-observateur.

c. Conséquences de l'introduction de I'i-IFTA

Apres relecture des lames, nous avons observé une diminution marquée du score i corrélée a la
sévérité de 1-IFTA, suggérant ainsi une diminution du score i au profit de 1-IFTA. Ces
résultats nous ameénent a émettre 'hypothése que, pour certaines biopsies, 1'i-IFTA a été incluse,
a tort, dans le score i lors de I’analyse initiale de la biopsie et que l'introduction de I'i-IFTA a
pu améliorer la précision de I'évaluation de l'inflammation interstitielle dans la corticale
fibreuse et non fibreuse. Ce reclassement du score i vers de I’i-IFTA a entrainé une réduction
significative du nombre de diagnostics de rejet apres relecture, en particulier une réduction
majeure du nombre de biopsies avec Iésions de BL. Cette observation s’explique non seulement
par la diminution du score i lors de la relecture, mais aussi par l'évolution des critéres
diagnostiques. En effet, a partir de 2019, la tubulite isolée (t>1 avec i=0) ne permettait plus de

porter le diagnostic de BL, contrairement aux précédentes classifications®®.

d. Origine de l'i-IFTA précoce

Les données de la littérature concernant I’origine et les conséquences de I'i-IFTA restent
actuellement incompletes. Elle a été décrite, entre autres diagnostics, comme étant associée a
du TCMR, de I’AMR, comme conséquence d’'une PVN ou encore de Iésions
d'ischémie/reperfusion, rendant ainsi cette 1ésion non spécifique'®22. Dans notre cohorte, 84,5%
des biopsies n'avaient pas de rejet, représentant 78% des biopsies avec de I’i-IFTA>1 et 61,5%
des biopsies avec de I’i-IFTA>2, supportant I’hypothése de la faible spécificité de ces lésions
d’i-IFTA, notamment survenant au cours des trois premiers mois de greffe. Notre travail a
¢galement pu rapporter que 15% des patients avec de I’i-IFTA2/3 contre 1% des patients avec
de I'i-IFTAO0/1 présentaient une PVN, suggérant que l'infection par le BK virus pourrait
favoriser le développement de I’i-IFTA. L'i-IFTA précoce pourrait ¢galement étre, comme

décrit pour les biopsies tardives, associ¢e a des lésions de rejet, principalement de rejet
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cellulaire??. Nos résultats confirment ces observations. En effet, nous avons rapporté une
proportion plus importante de rejet chez les patients présentant des Iésions d’i-IFTA2/3. Ces
diagnostics de rejet correspondaient uniquement a du TCMR, du CA TCMR et des 1ésions de
type BL dans le groupe i-IFTA2/3. Enfin, le concept d’ischémie/reperfusion comme ¢lément
déclencheur de nombreuses voies pro-inflammatoires conduisant au recrutement de cellules
inflammatoires responsable de l'apparition de fibrose?> n’a pu étre confirmé par nos résultats.
En effet, nous avons remarqué une corrélation positive entre la durée de I'ischémie froide et le
score ci, mais pas avec I'i-IFTA. Enfin, on ne peut exclure, surtout sur des biopsies tres
précoces, qu'une proportion de I’i-IFTA pourrait correspondre a de I’inflammation survenant

sur un rein déja fibreux hérité du donneur.

e. i-IFTA précoce et rejet

Il existe peu de travaux sur l'association entre i-IFTA et rejet, mais quelques équipes ont

rapporté des résultats intéressants. Halloran et al.*

ont démontré qu'environ 30 % des biopsies
réalisées tardivement présentaient des Iésions de rejet et que cette proportion variait selon le
degré d'i-IFTA, avec environ 50 % de rejets sur les biopsies avec de I’i-IFTA> 25 %, comme
observé dans notre cohorte. Nos résultats soulignent, également, une tendance, comme décrit

par Halloran et al.?

, vers une proportion plus élevée de profils moléculaires de TCMR dans le
groupe i-IFTA2/3. 11 est important de noter que I’analyse des transcrits pour le TCMR n’est
toujours pas considérée comme un ¢élément diagnostique dans la derniere version du Banff
20223, Contrairement a nos résultats, Halloran et al.?* rapportent environ 30 % d'AMR dans
les biopsies avec i-IFTA> 25 %. Cette contradiction apparente peut s'expliquer par la
chronologie des biopsies, Halloran ef al. ayant inclus des biopsies tardives ou 'AMR est un
diagnostic plus fréquent, contrairement a notre cohorte comportant des biopsies précoces pour

lesquelles I’AMR est rare alors que le TCMR et la PVN sont plus fréquents, notamment en cas

d’i-IFTA séveére?-?,

Une des conséquences directes de D'introduction de I'i-IFTA a été, dans notre travail,
I’apparition de biopsies avec un diagnostic de CA TCMR, en lien avec I’évolution de la
classification de Banff'®!!. Nos résultats soulévent la question de la pertinence de porter le

diagnostic de rejet chronique actif sur des biopsies réalisées précocement apres la greffe. La
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classification de Banff n’a établi, jusqu'a présent, aucun délai minimal pour poser le diagnostic
de CA TCMR, mais la plupart des études portant sur 1'i-IFTA et le CA TCMR ont été réalisées
sur des biopsies faites plus d’un an apres la transplantation, laissant supposer que le CA TCMR
ne pourrait étre un diagnostic de la premicre année. Cependant, méme si 1'i-IFTA précoce est,
dans une grande majorité des cas, une lésion non spécifique et non impliquée dans un processus
de rejet, il n’est pas exclu qu'elle pourrait correspondre, lorsqu'elle est associée a des 1ésions de
tubulite, a I’inflammation interstitielle d'un TCMR se développant dans un parenchyme cortical
présentant des 1ésions de fibrose héritées du donneur. Dans notre cohorte, 5 cas de CA TCMR
¢taient associés a un score i>1 (TCMR ou BL), ce qui souligne la possibilité¢ de 1ésions se

développant a la fois dans le parenchyme scléreux et non scléreux.

f. Pronostic de I'i-IFTA précoce

Les quelques études, réalisées sur des biopsies faites au minimum un an apres la transplantation
rénale, étaient unanimes sur le caractere péjoratif de la présence d’i-IFTA sur le devenir du
greffon'”2!23 A notre connaissance, aucune étude similaire n'a encore été réalisée sur des
biopsies précoces. Dans notre cohorte, nous avons observé que 1'i-IFTA2/3 précoce ne semblait
pas étre un facteur prédictif pour la survenue de rejets futurs et ne semblait pas non plus associée
a un pronostic défavorable. Cependant, ce bon pronostic était le fait d’un traitement adapté des
lésions notamment de TCMR, puisque I’on a noté que les patients avec une i-IFTA sévére,
traités par bolus de corticoides, avaient une meilleure survie du greffon que ceux n’ayant pas
été traités. Ces résultats suggerent que I'i-IFTA précoce pourrait représenter un type distinct d'i-
IFTA avec un pronostic moins grave, probablement li¢ & son caractére non spécifique mais

aussi a son association plus fréquente a du rejet cellulaire plutdt qu’a du rejet humoral.

g. Limites

Malgré ces résultats intéressants, il est crucial de reconnaitre les limites de notre étude. La taille
de notre échantillon relativement petite interroge sur la possibilit¢é de généraliser nos

conclusions a des cohortes plus larges. Ce manque de puissance a également limité
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I’interprétation de nos résultats, en particulier lors de I'analyse des données de survie. La
fiabilité¢ du profil moléculaire basé sur une technique de RT-MLPA plus adaptée a la recherche
d'AMR, nous oblige a rester prudents lors de l'analyse des biopsies précoces présentant

principalement des 1ésions de TCMR.

h. Conclusion

L'i-IFTA précoce est, dans une faible proportion des biopsies, et notamment lorsqu’elle est
sévere, associée a du rejet, en particulier le CA TCMR. Elle semble cependant étre de bon
pronostic lorsqu'elle est traitée par corticoides. Notre étude remet en question la pertinence du
diagnostic de CA TCMR pour des biopsies réalisées au cours de la premiére année apres la
transplantation. Nos résultats soulignent I’importance des criteres histologiques, des nuances et
de la prudence a apporter lors de 1’évaluation moléculaire des biopsies précoces ainsi que la
nécessité de poursuivre la recherche et les efforts collaboratifs pour affiner notre compréhension

des mécanismes de rejet et améliorer le diagnostic dans le domaine de la transplantation rénale.
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Résumé :

Introduction : L’évaluation de I’inflammation dans la fibrose interstitielle de la corticale (i-IFTA) sur les
ponctions-biopsies rénales de patients greffés est apparue dans la classification de Banff en 2015. Il s’agit d’une
Iésion peu spécifique, jusque-1a, peu explorée et principalement sur des biopsies réalisées apres un an de greffe.
Les objectifs de notre étude étaient d'évaluer les conséquences diagnostiques de l'introduction de I'i-IFTA et
d'évaluer I'impact de la sévérité de 1'-IFTA précoce sur la survie du greffon.

Matériel et Méthodes : La cohorte rétrospective incluait des patients greffés entre 2009 et 2020 et présentant une
fibrose interstitielle occupant au moins 6% de la corticale (ci>1) sur la premicre biopsie aprés la greffe. Un
reclassement diagnostique a ¢été fait a 'aide de I’algorithme Banff Automation System, aprés relecture
indépendante par deux pathologistes des paramétres i-IFTA, ci, i, ti et en intégrant le profil moléculaire de la
biopsie obtenu par technique de RT-MLPA. L’impact de I’i-IFTA précoce a été évalué par comparaison de critéres
biologiques et de survie, entre un groupe de patients avec i-IFTA0/1 (< 25% de la fibrose) et un groupe avec i-
IFTA2/3 (> 25% de la fibrose).

Résultats : La cohorte était composée de 103 patients dont la premiére biopsie a été réalisée dans un délai médian
de 89 jours aprés la greffe. Apres relecture, la concordance entre les deux pathologistes était bonne pour 1I’i-IFTA
(Kappa=0,714). Nous avons observé une baisse significative du i au profit de I'i-IFTA (r=0,574, p<0,001) se
traduisant par une baisse du nombre de rejet (30% vs 15,5%, p=0,013). Comparativement aux biopsies avec i-
IFTAO/1, les biopsies avec i-IFTA2/3 présentaient une proportion plus importante de néphropathies a BK virus
(1% vs 15%, p=0,014), de rejets (8% vs 38%, p<0,001) notamment de TCMR, et une tendance a étre plus souvent
associées a un profil moléculaire de type TCMR (4% vs 17%, p=0,056). L'i-IFTA2/3 précoce n’était pas associée
aune plus mauvaise survie du greffon (p=0,888), néanmoins, les patients avec i-IFTA2/3 ayant été traités par bolus
de corticoides présentaient une meilleure survie du greffon que les patients non traités (p=0,045).

Conclusion : Apres relecture, I’introduction du paramétre i-IFTA a entrainé une baisse du nombre de diagnostics
de rejet, notamment en lien avec une baisse du score du i. Lorsqu’elle est sévere, 1’i-IFTA est plus souvent associée
a un diagnostic de rejet cellulaire, notamment chronique actif, questionnant la pertinence d’une telle appellation
sur des biopsies précoces. Son traitement par bolus de corticoides permet de limiter son impact sur la survie du
greffon.

Mots clés : Transplantation rénale, IFTA, i-IFTA, Rejet cellulaire, TCMR, AMR

Jury :

Président du Jury : Professeur Philippe GATAULT

Directeur de thése : Docteur Elodie MIQUELESTORENA-STANDLEY
Membres du Jury : Docteur Juliette GUEGUEN

Docteur Nolwenn RABOT
Docteur Marie-Christine MACHET

Date de soutenance : 21 Mars 2024



