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II. Abstract

Introduction: Occurrence of de-novo donor-specific antibodies (dnDSA) can reduce graft survival in kidney-transplant recipients (KTR). However, development kinetic has been poorly described, we assessed the initial and developmental characteristics of dnDSA to predict death-censored graft survival (DCGS).

Materials and methods: All KTR at Grenoble University Hospital between 2008 and 2017 with no preformed DSAs were included. Most patients received antithymocyte globulins as induction therapy and maintenance immunosuppression of tacrolimus and mycophenolic acid, plus early steroid-withdrawal.

Results: A total of 967 KTR were included: a dnDSA occurred in 73 (7.5%), of which 65 were anti-class-2 and eight were exclusively anti-class-1. Class-2 dnDSA occurred, on average, after 2.22 years post transplantation. This resulted in antibody-mediated rejection (ABMR) in 30% of cases and graft loss in 40%. Compared to dnDSA-free patients, KTR that developed a class-2 dnDSA had significantly lower DCGS (HR=4.24, p<0.001). Univariate prognostic factors associated with DCGS in patients that developed class 2 dnDSA were i) co-occurrence of class-1 dnDSA (p=0.007), ii) donor's age (p=0.021), iii) a high (>10,000) initial mean fluorescence intensity (MFI) (p=0.085), and iv) persisting dnDSA (>50% of Luminex searches; p=0.091). In multivariate analyses, persisting dnDSA and co-occurrence of class 1 dnDSA remained associated with DCGS (p=0.01 and p=0.001, respectively), independently of donor age (p=0.002). Overall, 49% of KTR that developed a class-2 dnDSA received a specific treatment; however, this had no effect on DCGS (p=0.37) or raw survival (p=0.25). Selection bias probably caused the most severe cases of ABMR to be within the treated group. Overall, persisting

III. Résumé

Introduction : le développement des anticorps spécifiques du greffon formés de-novo (dnDSA) réduit la survie du greffon chez les patients transplantés rénaux (TxR). Cependant, leur cinétique a été faiblement décrite : dans cette étude, nous évaluons les caractéristiques initiales et évolutives des dnDSA prédictives de la survie du greffon censurée sur le décès (SGCD). Résultats : 967 TxR ont été inclus : des dnDSA se sont développé chez 73 (7.5%) TxR, dont 65 en classe 2 et 8 exclusivement en classe 1. Les dnDSA de classe 2 apparaissaient après 2.22 ans en moyenne, induisant 30% de rejets humoraux et 40% de pertes de greffon. En comparaison aux TxR ne développant pas de dnDSA, les patients développant des dnDSA de classe 2 présentaient une Survie du Greffon Censurée par le Décès (SGCD) significativement plus faible (RR=4.24, p<0.001). Les facteurs pronostics associés à la SGCD en analyse univariée chez les patients développant un dnDSA de classe 2 étaient i) le co-développement d'un dnDSA de classe 1 (p=0.007), ii) l'âge du donneur (p=0.021), iii) une MFI initiale >10000 (p=0.085) et iv) la persistance du dnDSA (>50% des déterminations ; p=0.091). En multivarié, la persistance du dnDSA et le co-développement d'une classe 1 demeuraient associés avec la SGCD (p=0.01 et p=0.001 respectivement), indépendamment de l'âge du donneur (p=0.002).

Matériel et méthodes

Au total, 49% des TxR ont reçu un traitement spécifique ; cependant, sans effet sur la SGCD (p=0.37) ou la survie brute (p=0.25). Les cas de rejet humoraux les plus sévères étant parmi les patients traités, probablement par un biais de sélection. Sur toute la cohorte, les dnDSA persistants avec une MFI initiale élevée étaient les plus péjoratifs, alors que ceux qui étaient transitoires, avec une MFI initiale basse présentaient une survie proche des TxR sans dnDSA. 

Conclusion

VI. Introduction

Kidney transplantation is the treatment of choice for end-stage kidney disease [START_REF] Port | Comparison of survival probabilities for dialysis patients vs cadaveric renal transplant recipients[END_REF][START_REF] Evans | The quality of life of patients with end-stage renal disease[END_REF] .

In case of HLA incompatibility between the donor and the recipient, de novo donor specific HLA antibodies (dnDSA) may develop and reduce kidney transplant survival [START_REF] Hourmant | Frequency and clinical implications of development of donor-specific and non-donor-specific HLA antibodies after kidney transplantation[END_REF][START_REF] Wiebe | Evolution and clinical pathologic correlations of de novo donor-specific HLA antibody post kidney transplant[END_REF] . DSA pathogenicity is due to complement dependant [START_REF] Loupy | The impact of donor-specific anti-HLA antibodies on late kidney allograft failure[END_REF] or independent (such as NK-cells activation [START_REF] Legris | Antibody-dependent NK cell activation is associated with late kidney allograft dysfunction and the complementindependent alloreactive potential of donor-specific antibodies[END_REF] ) injuries, resulting in kidney endothelial damage, arteriosclerosis acceleration and interstitial fibrosis with tubular atrophy (IFTA) development [START_REF] Loupy | The impact of donor-specific anti-HLA antibodies on late kidney allograft failure[END_REF] . Different ABMR types were defined: hyperacute, acute or chronic active Antibody-mediated rejection (ABMR) [START_REF] Wiebe | Evolution and clinical pathologic correlations of de novo donor-specific HLA antibody post kidney transplant[END_REF][START_REF] Terasaki | Humoral theory of transplantation[END_REF][START_REF] Viglietti | Value of donor-specific anti-HLA antibody monitoring and characterization for risk stratification of kidney allograft loss[END_REF][START_REF] Terasaki | Predicting Kidney Graft Failure by HLA Antibodies: A Prospective Trial[END_REF][START_REF] Lachmann | Anti-human leukocyte antigen and donor-specific antibodies detected by luminex posttransplant serve as biomarkers for chronic rejection of renal allografts[END_REF] , sometimes in the absence of any biological or clinical manifestation [START_REF] Wiebe | Rates and determinants of progression to graft failure in kidney allograft recipients with de novo donorspecific antibody[END_REF] .

ABMR is histologically defined by the Banff classification. Since 2005, thanks to the understanding of DSA pathogenicity and to a better understanding of the multifactorial nature of graft loss, the notion of chronic allograft nephropathy was made obsolete and in part replaced by chronic active ABMR in the Banff classification [START_REF] Solez | Banff '05 meeting report: Differential diagnosis of chronic allograft injury and elimination of chronic allograft nephropathy ('CAN')[END_REF] . The current definition of ABMR (according to the Banff classification), whether acute or chronic active, includes three criteria: tissue injuries, evidence of an interaction between DSA and the endothelium, and the detection of DSA in blood samples [START_REF] Haas | The Banff 2017 Kidney Meeting Report: Revised diagnostic criteria for chronic active T cell-mediated rejection, antibodymediated rejection, and prospects for integrative endpoints for next-generation clinical trials[END_REF] . Since 2013, the presence of C4d deposition is no longer mandatory for the diagnosis of ABMR [START_REF] Haas | The Revised (2013) Banff Classification for Antibody-Mediated Rejection of Renal Allografts: Update, Difficulties, and Future Considerations[END_REF] . Since 2019, serologic evidence of circulating DSA may not be essential anymore [START_REF] Loupy | The Banff 2019 Kidney Meeting Report (I): Updates on and clarification of criteria for T cell-and antibody-mediated rejection[END_REF] , recognizing the pathogeny of other non-HLA antibodies in the process of ABMR.

ABMR is currently the leading cause of kidney graft loss [START_REF] Loupy | The impact of donor-specific anti-HLA antibodies on late kidney allograft failure[END_REF][START_REF] Sellarés | Understanding the causes of kidney transplant failure: The dominant role of antibody-mediated rejection and nonadherence[END_REF] . Therapeutic options for the treatment of ABMR are scarce. They are based on optimization of the immunosuppressive treatment (eg. targeting a higher tacrolimus trough levels, associating tacrolimus, mycophenolate-mofetil (MMF), and corticosteroids), apheresis, intravenous immunoglobulins and rituximab [START_REF] Lefaucheur | Comparison of combination plasmapheresis/IVIg/Anti-CD20 versus high-dose ivig in the treatment of antibody-mediated rejection[END_REF][START_REF] Billing | IVIG and rituximab for treatment of chronic antibody-mediated rejection: a prospective study in paediatric renal transplantation with a 2-year follow-up[END_REF] . Other therapeutic avenues have been explored in recent years, including the use of terminal complement blockers [START_REF] Kulkarni | Eculizumab therapy for chronic antibody-mediated injury in kidney transplant recipients: A pilot randomized controlled trial[END_REF] , IL-6 inhibitors [START_REF] Choi | Assessment of Tocilizumab (Anti-Interleukin-6 Receptor Monoclonal) as a Potential Treatment for Chronic Antibody-Mediated Rejection and Transplant Glomerulopathy in HLA-Sensitized Renal Allograft Recipients[END_REF] , and proteasome inhibitors [START_REF] Eskandary | A randomized trial of bortezomib in late antibody-mediated kidney transplant rejection[END_REF] . Despite these advances, ABMR remains a clinical challenge and one of the main causes of graft loss: its prevention is therefore the best therapeutic option.

Many risk factors for dnDSA development have been elucidated [START_REF] Wiebe | Evolution and clinical pathologic correlations of de novo donor-specific HLA antibody post kidney transplant[END_REF] , mostly class II HLA mismatches between the recipient and the donor, low treatment adherence, TCMR occurrence.

At the time of dnDSA occurrence, many factors were shown to be associated with graft survival [START_REF] Wiebe | Rates and determinants of progression to graft failure in kidney allograft recipients with de novo donorspecific antibody[END_REF][START_REF] Lee | Clinical impact of complement (C1q, C3d) binding de Novo donor-specific HLA antibody in kidney transplant recipients[END_REF] : dnDSA mean fluorescence intensity (MFI) sum score, biopsy data (mostly the cg score from the Banff classification), GFR decline, C1q/C3d binding activities of dnDSA, immunoglobulin subclass [START_REF] Lefaucheur | IgG Donor-Specific Anti-Human HLA Antibody Subclasses and Kidney Allograft Antibody-Mediated Injury[END_REF] . However, longitudinal characteristics of dnDSA, such as the MFI evolution, the potential early or late disappearance, the persistence over time, or the response to a treatment, remain poorly defined.

In this study, we investigate the initial and evolutive characteristics of dnDSA predictive of the kidney graft survival.

VII. Materials and Methods

Study population

All kidney transplant recipients at Grenoble University Hospital between January 1 st of 2008 and December 31 st of 2017 were included, provided DSA data were available. Recipients with historical DSA, including desensitized patients, were excluded, as well as patients with a graft survival below one year. The follow-up period extended from the day of transplantation to graft loss, death, or December 31 st of 2019.

Consent

All patients provided written and informed consent to the anonymous use of their medical data. The electronic medical records of the hospital were used to collect demographic data on recipients and donors. All medical data were collected from our database [CNIL (French national committee for data protection) approval number 1987785v0].

Primary end point

The primary end point was to determine dnDSA initial and evolutive characteristics predictive of the kidney graft survival.

HLA antibodies

HLA antibodies were determined using a Luminex assay. Class 1 (A, B, C) and class 2 (DPB, DRB, DQB) dnDSA were considered. All dnDSA with a single occurrence and a MFI below 500 were excluded, considered as negligible.

For recipients developing dnDSA, all available HLA antibody determinations were collected (screening and single antigen beads), with the time post transplantation, the number of dnDSA, the allelic identification (two-or four-digits precision depending on the available HLA type), and the MFI.

HLA typings

Donors and recipients' HLA typings were determined by serology or molecular biology, depending on the available technique at the time of transplantation. When needed to settle the antibody specificity, high resolution HLA typing was performed in the donor and / or the recipient.

Immunosuppressive regimen

Induction therapy consisted in ATG or Basiliximab. Initial maintenance immunosuppression was an association of tacrolimus, mycophenolate-mofetyl (MMF), and steroids, with a target trough tacrolimus level of 5-8 µg/l beyond 1-month posttransplantation. Steroids were weaned off after three months post-transplantation, depending on the results of a concomitant systematic allograft biopsy.

Immunodominant dnDSA

For recipients developing several dnDSA in the same class (1 or 2), the one with the highest MFI over all samples was defined as immunodominant and considered as such for further analyses.

Major vs minor dnDSA dnDSA were qualified as major, or respectively minor, if they were detected in > 50%,

or respectively < 50% of the samples from their first positivity.

Ongoing vs non-ongoing dnDSA

A dnDSA was defined as ongoing if still positive on the last available sample. Other dnDSA were deemed non-ongoing.

Specific treatments administered

Data concerning specific therapeutic strategies targeting the dnDSA were collected for every recipient developing a dnDSA and classified according to the treatment intensity. Major treatments included any combination of plasmapheresis, intravenous immunoglobulins, anti-CD20 antibody or thymoglobulin. Minor treatments were either a change in the maintenance immunosuppression (whether molecule change or dose change), or the maintenance over time of the oral corticosteroid therapy.

Transplant biopsies

Data from protocol and for-cause biopsies performed after dnDSA occurrence were collected, with the latest Banff classification scoring available at the time of biopsy.

Statistical analysis

Death-censored graft survival (DCGS) analyses were performed. The log-rank test was used for general comparisons. Cox proportional hazard models were used to investigate individual covariates association with DCGS. A p-value threshold of 0.1 was used for inclusion in the multivariate model. A significance threshold of 0.05 was used for all other analyses. Time post-transplantation was used to provide comparison with dnDSA free patients, time post-dnDSA development was used to investigate dnDSA characteristics associated with graft survival.

Absolute graft survival (non-censored) was used similarly to evaluate the effect of the dnDSA treatment strategy.

VIII. Results

A total of 1065 patients received a kidney transplant at Grenoble University Hospital between January 1 st of 2008 and December 31 st of 2017; of these, 967 were included (figure 1), after excluding patients without available HLA antibody data or patients with a graft survival < 1 year. Of note, no dnDSA-positive patient had a graft survival < 1 year. Among these patients, 65 (6.7%) recipients developed a class 2 dnDSA (exclusive or associated with a class 

Outcome according to the treatment

Comparing recipients developing a class 2 dnDSA (figure 4), there was no difference in DCGS between major, minor or no treatment administered (p=0.37). There was a trend toward a worse outcome for recipients who received a major treatment. Concerning the raw graft survival (i.e. non death-censored, figure 5), there was no difference between the treatment groups either (p=0.25): treatment administration or intensity did not induce more death. were DQ (80%). Among them, 29% developed an ABMR, with an initial MFI higher than 10000 in 20% of patients developing an ABMR VS 10% in those without ABMR (p=0.39). Most of the recipients receiving a major treatment developed an ABMR (72%) ; no patient with a biopsyproven ABMR was left untreated, but 9 out of 24 treated patients had a non-biopsy related indication for treatment. The graft loss risk was similar with or without proven ABMR (50 VS 43%, p=0.779), possibly mitigated by our treatment strategies.

There was no DCGS difference between the DSA type (38% for DQ, 66% for DP and 40%

for DR). There was also no difference between ABMR and DSA type. A very small number of recipients developed a DP dnDSA (n=3), limiting analysis. Two third of them lost their graft: one after TCMR occurrence, and one without biopsy performed post dnDSA occurence.

Outcome according to the dnDSA persistence from dnDSA occurrence

Observing recipients according to the persistence of the dnDSA over the follow-up (defined as major or minor), there was no statistical DCGS difference (figure 7, p=0.085).

However, there was a trend to a better outcome among recipients with a minor dnDSA. Outcome according to the initial MFI and the persistence of the dnDSA, from dnDSA occurrence Death-censored graft survival was compared between the 4 groups of recipients developing a dnDSA: Major-HighMFI, Major-LowMFI, Minor-HighMFI, and Minor-LowMFI, from dnDSA occurrence (figure 8). In this analysis, there was a nearly significant difference between the four groups. The association between the initial DSA MFI and its persistence over

IX. Discussion

In our cohort, 73 (7.5%) of kidney transplant recipients developed a dnDSA: 65 were class 2 dnDSA and 8 exclusively class 1 dnDSA. Class 2 dnDSA occured after 2.22 years on average, inducing 30% biopsy-proven ABMR and 40% graft loss. In univariate analysis, for class 2 dnDSA, the donor age, an associated class 1 dnDSA, a high initial MFI (>10000) and the persistence of the dnDSA over the follow-up were associated with death-censored graft survival. In a multivariate model, the persistence of the dnDSA over the follow-up and the associated class 1 dnDSA occurrence remained independent predictors of DCGS.

A total of 49% of KTR developing a class 2 dnDSA benefited from a treatment. The intensity of the treatment tended to be more important when the dnDSA had a high initial MFI, a high maximum MFI, a long lasting of the dnDSA over the follow-up or a persistence on the last sample, or an ABMR; inversely most of the recipients who did not receive any treatment developed a dnDSA without these pejorative initial or evolutive data. This suggests a selection bias for the treatment administered according to the initial characteristics of the dnDSA, its evolution and the biopsy data. Conforting this idea, the death-censored graft survival was not different between groups of treatments: treating the most pejorative evolutive dnDSA with a more intensive treatment may have avoided graft failures. There was also no significant difference in the raw graft survival between treatment groups: treatment administration and intensity did not induce more death.

Only 7.5% of recipients developed a dnDSA, most of them in class 2 (6.7%). Most recipients received an ATG-based induction and were treated by an association of tacrolimus and MMF, with a target trough tacrolimus level of 5-8 µg/l beyond one-month posttransplantation. In other studies with an equivalent immunological risk, 11 to 14% of recipients developed dnDSA [START_REF] Wiebe | Evolution and clinical pathologic correlations of de novo donor-specific HLA antibody post kidney transplant[END_REF][START_REF] Wiebe | Rates and determinants of progression to graft failure in kidney allograft recipients with de novo donorspecific antibody[END_REF][START_REF] Wiebe | Class II Eplet Mismatch Modulates Tacrolimus Trough Levels Required to Prevent Donor-Specific Antibody Development[END_REF] . One study assessed prospectively the dnDSA development according to the immunological risk; among the low immunological risk group (comparable to our cohort), 16% developed a dnDSA, 8% an ABMR and 24% a TCMR [START_REF] Wan | Development and Outcomes of De Novo Donor Specific Antibodies in Low, Moderate and High Immunological Risk Kidney Transplant Recipients[END_REF] . Our immunosuppressive strategy might have limited the risk of HLA sensitization.

DQ antibodies were the most frequent class 2 dnDSA, in line with previously described kidney transplant cohorts [START_REF] Willicombe | De novo DQ donor-specific antibodies are associated with a significant risk of antibody-mediated rejection and transplant glomerulopathy[END_REF][START_REF] Devos | Donor-specific HLA-DQ antibodies may contribute to poor graft outcome after renal transplantation[END_REF][START_REF] Lee | Clinical significance of HLA-DQ antibodies in the development of chronic antibody-mediated rejection and allograft failure in kidney transplant recipients[END_REF] . However, we did not identify more ABMR or graft loss among DQ dnDSA compared to DR and DP dnDSA, and the death-censored graft survival was not different between DR, DQ and DP dnDSA. However, a limited recipients number developed no-DQ class 2 dnDSA.

Categorising class 2 dnDSA according to the initial MFI and its persistence over the follow-up allowed us to stratify patients according to death-censored graft survival.

Unsurprisingly, dnDSA with a high initial MFI and persisting over the follow-up presented the most pejorative graft survival, and the ones with a low initial MFI and a short persistence over the follow-up had the longest survival, with a statistical difference between groups. The graft survival of recipients with a low initial MFI and a non-persistent class 2 dnDSA was close to recipients without dnDSA. The increased risk for recipients with a high initial MFI is probably related to the C1q and C3d binding activities of such dnDSA, which were previously shown to be associated with ABMR occurrence and graft survival [START_REF] Lee | Clinical impact of complement (C1q, C3d) binding de Novo donor-specific HLA antibody in kidney transplant recipients[END_REF] .

There are several limits to our study: the retrospective data collection, even if exhaustive data from dnDSA outcome were accessible; the lack of a standardized treatment strategy when a dnDSA developed, the lack of systematic biopsy in patients developing a dnDSA. However, hard outcomes such as DCGS and raw graft survival remain valid outcomes of clinical importance. A limited number of patients developed a class 1 exclusive dnDSA, preventing further interpretation for this dnDSA class.

In conclusion, in our experience the development of a dnDSA is a rare but deleterious event. Close oversight of kidney transplant recipients developing a class 2 dnDSA is necessary to discuss a biopsy indication and a potential treatment, especially in case of dnDSA 1/ persisting over time , 2/ associated with a simultaneous class 1 dnDSA. Stratification of the risk associated with a dnDSA might be improved using these dynamic criteria.

:

  Tous les TxR entre 2008 et 2017 à Grenoble, sans DSA préformé, ont été inclus. La majorité a reçu une induction par anti-thymoglobulines, le traitement d'entretien consistant en une association de tacrolimus, mycophenolate-mofetyl et un arrêt précoce des corticoïdes.

:

  Dans notre cohorte, le dnDSA ne sont pas fréquents mais péjoratifs. Nonobstant, les dnDSA avec une MFI initiale faible et peu persistants sont de loin les moins nuisibles : ces facteurs pourraient permettre de stratifier les TxR développant un dnDSA. IV. Contextualisation A. Le système HLA Le système HLA (Human Leucocyte Antigen), en français Complexe Majeur d'Histocompatibilité (CMH), fait partie de l'immunité adaptative. Il est constitué d'antigènes situés sur la membrane des cellules présentatrices d'antigènes, qui assurent la présentation du non-soi au récepteur des lymphocytes T (TCR). Le système HLA comporte deux classes. La classe I est présente à la surface de toutes les cellules à l'exception des hématies. Elle comporte une chaîne lourde alpha liée à la protéine bêta-2-microglobuline. Les lymphocytes T qui expriment la protéine CD8 interagissent avec ces molécules de classe I ; ce sont le plus souvent des lymphocytes T cytotoxiques. La classe II est exprimée sur les cellules présentatrices d'antigène (lymphocytes B, macrophages, cellules dendritiques, cellules de Langerhans) et les lymphocytes T activés ; la plupart des cellules nucléées (par exemple les cellules endothéliales) peuvent être amenées à exprimer les molécules du CMH de classe II. Elles sont composées de 2 chaînes (alpha et bêta). Les lymphocytes T stimulés par la classe II du CMH expriment la protéine CD4 et sont souvent des lymphocytes T Helper. Structure du CMH de classe I et II L'ensemble du système HLA est codé par plus de 10 000 allèles ; du fait de ce polymorphisme important, il est différent entre presque chaque individu. Il est codé par des gènes situés sur le chromosome 6 : la chaîne lourde de classe I est codée par des gènes des loci HLA-A, HLA-B ou HLA-C ; les deux chaînes protéiques de classe II sont codées par des gènes situés dans la région HLA-DP, -DQ ou -DR. Du fait d'une codominance, nous exprimons les deux allèles pour chaque gène (à la fois celui transmis par la mère et par le père). Chaque individu exprime donc 12 allèles. Nomenclature du système HLA par biologie moléculaire B. Les techniques d'identification des anticorps anti-HLA Les anticorps anti-HLA sont synthétisés dans des situations de reconnaissance de nonsoi : soit au cours d'une grossesse, soit lors d'une transfusion, ou une transplantation d'organe. Historiquement, les anticorps anti-HLA étaient détectés en mettant en contact le sérum du receveur avec un panel de cellules de donneurs. En présence de complément, l'anticorps dirigé contre l'antigène HLA entrainait une mort cellulaire qui était alors quantifiée en pourcentage de réaction contre le panel, ou PRA (« panel reativity antibody »). Cette méthode avait pour avantage de déterminer la cytotoxicité des anticorps, mais la spécificité des anticorps était difficile à déterminer. D'autre part, la sensibilité était limitée par le pool de donneurs testés. Depuis une dizaine d'années, les anticorps anti-HLA sont identifiés par des techniques dites « solid phase assays ». Le typage sérologique par méthode ELISA a été le premier développé ; les antigènes HLA sont fixés sur une plaque, le sérum du receveur est ajouté : si des anticorps anti-HLA sont présents, ils se fixent et sont ensuite détectés par un chromogène. La méthode Luminex® ou "Micro-bead flow cytometry assay », actuellement utilisée, consiste en une mise en contact du sérum des receveurs avec des billes de polystyrène sur lesquelles des antigènes HLA purifiés sont attachés. Un marqueur fluorescent est ensuite ajouté, détecté en cytométrie de flux. Dans un premier temps un dépistage est réalisé par la présence de plusieurs antigènes HLA par bille (« screening beads »). En cas de positivité, et afin de permettre l'identification des anticorps anti-HLA présents, un seul antigène HLA est présent par bille (« single antigen beads »). Détermination des anticorps anti-HLA par « solid phase assays » : méthode ELISA (A), méthode Luminex® (B) Cette méthode est limitée par un résultat semi-quantitatif, sous la forme d'une intensité de fluorescence (« Mean Fluorescence Intensity » ou MFI), qui ne permet pas de déterminer le titre exact des anticorps. Du fait de la grande sensibilité de cette méthode 1 , le seuil de MFI au-delà duquel un anticorps est significatif est discuté. D'autre part, des variabilités intra et inter-laboratoire des MFI sont présentes du fait de l'absence d'automatisation des tests (variabilité possible de 25% au sein d'un même laboratoire). Enfin, des faux-négatifs sont décrits par le biais d'une interférence avec les traitements par immunoglobulines intra-veineuses, ou par la présence d'un taux très élevé d'anticorps occultant le fluorochrome à l'origine d'un effet « pro-zone ».
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 2 Figure 2: class 2 dnDSA timelines A: According to the initial MFI and the graft loss
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 3 Figure 3: Death-censored graft survival over the whole study population
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 4 Figure 4: dnDSA death-censored survival according to the treatment administered

Figure 7 :

 7 Figure 7: death-censored graft survival according to the class 2 persistence, from time post DSA occurence

  

  

  

  

  

  

Table 1 :

 1 Population general characteristics

	1), and 8 recipients developed a class 1 exclusive dnDSA, with a total of 7.5% of recipients
	developing a dnDSA. Recipients developing a class 2 dnDSA were grouped according to the

dnDSA initial MFI (with a 10000 threshold), and the major/minor characteristic. Seven recipients developed a Major-HighMFI dnDSA, 28 patients developed a Major-LowMFI dnDSA, 3 patients developed a Minor-HighMFI dnDSA and 27 patients developed a Minor-LowMFI dnDSA.

Figure 1: Flow-chart  General population characteristics Legend: DCD: donor with circulatory death (with Maastricht classification); yrs: years; SD: standard deviation

Table 2 :

 2 Characteristics of the class 2 dnDSA

		Major-HighMFI (N=7)	Major-LowMFI (N=28)	Minor-HighMFI (N=3)	Minor-LowMFI (N=27)	Total (N=65)	p value
	Time to first DSA						
	development (yrs),	2.17 (1.27)	2.02 (1.64)	1.11 (0.59)	2.56 (1.97)	2.22 (1.73)	0.459
	mean (SD)						
	Maximum MFI over						
	the follow-up,	15097 (3431)	8467 (5486)	14540 (2427)	2609 (1746)	7028 (5842)	< 0.001
	mean (SD)						
	Initial MFI, mean (SD)	12996 (1669)	3404 (2380)	14540 (2427)	2156 (1224)	4432 (4347)	< 0.001
	dnDSA sub-class						0.733
	DP	1 (14.3%)	1 (3.6%)	0 (0.0%)	1 (3.7%)	3 (4.6%)	
	DQ	4 (57.1%)	23 (82.1%)	3 (100.0%)	22 (81.5%)	52 (80.0%)	
	DR	2 (28.6%)	4 (14.3%)	0 (0.0%)	4 (14.8%)	10 (15.4%)	
	Treatment type						0.003
	Major	6 (85.7%)	16 (57.1%)	0 (0.0%)	4 (14.8%)	26 (40.0%)	
	Minor	0 (0.0%)	2 (7.1%)	1 (33.3%)	3 (11.1%)	6 (9.2%)	
	No treatment	1 (14.3%)	10 (35.7%)	2 (66.7%)	20 (74.1%)	33 (50.8%)	
	ABMR occurrence						0.456
	NA	1	3	0	6	10	
	No ABMR	3 (50.0%)	13 (52.0%)	2 (66.7%)	17 (81.0%)	35 (63.6%)	
	Active ABMR	2 (33.3%)	5 (20.0%)	0 (0.0%)	2 (9.5%)	9 (16.4%)	
	Active + chronic	0 (0.0%)	3 (12.0%)	0 (0.0%)	0 (0.0%)	3 (5.5%)	
	ABMR						
	Chronic ABMR	1 (16.7%)	4 (16.0%)	1 (33.3%)	2 (9.5%)	8 (14.5%)	
	Maximum number						
	of class 1 dnDSA,	0.714 (1.496)	0.143 (0.525)	0.000 (0.000)	0.074 (0.267)	0.169 (0.627)	0.100
	mean (SD)						
	Death-censored graft loss	3 (42.9%)	14 (50.0%)	2 (66.7%)	7 (25.9%)	26 (40.0%)	0.230
	Survival (yrs), mean (SD)	3.5 (1.7)	5.8 (3.0)	5.7 (2.7)	7.2 (2.6)	6.1 (2.9)	0.022
	Legend: NA: no biopsy performed after dnDSA occurrence; yrs: years; SD: standard deviation	

Table 3 :

 3 Characteristics of recipients developing a class 2 dnDSA

	Recipient	Pre HLA immuni-zation *	Class 2 dnDSA characteristics Identification Initial MFI	Number of dnDSA	Evolution**	Outcome Biopsy proven rejection***	Treatment ****	Graft lost	Survival **** (days)
	1	False	DQB1*05:02	1149	1	Major-Ongoing	Active ABMR	Early, major	True
	2	False	DQ7	2650	1	Major-Ongoing	Active ABMR	Early, major	True
	3	True	DQ9	1066	1	Major-NonOngoing NA	No	True
	4	True	DPB1*05:01	4845	3	Major-Ongoing	NA	No	False
	5	False	DQB1*06:03	624	1	Major-Ongoing	NA	No	False
	6	False	DQ7	11970	1	Major-Ongoing	Chronic active ABMR	Early, major	False
	7	True	DQB1*05:03	600	1	Major-Ongoing	FALSE	No	False
	8	False	DQ2	13409	5	Major-Ongoing	Active ABMR	Early, major	False
	9	False	DR53	11745	1	Major-Ongoing	Chronic active ABMR	Early, major	True
							Active and		
	10	False	DR13	3530	1	Major-Ongoing	chronic active	Late, major	False
							ABMR		
	11	False	DQ9	16837	3	Minor-NonOngoing NA	No	True
	12	False	DQ4	1464	2	Minor-NonOngoing FALSE	No	True
	13	True	DP5	10591	1	Major-Ongoing	TCMR	Late, major	True
	14	False	DQ8	4466	1	Major-Ongoing	FALSE	No	False
	15	False	DR53	5482	1	Major-NonOngoing	Chronic active ABMR	Late, major	True
	16	False	DRB3*01:01	2632	2	Minor-NonOngoing NA	No	False
	17	True	DQ7	725	1	Minor-NonOngoing FALSE	No	False
	18	True	DQ5	5157	1	Major-NonOngoing Active ABMR	Early, major	True
	19	False	DR53	15464	1	Major-NonOngoing	Chronic active ABMR	Late, major	False
	20	False	DR4	966	1	Minor-NonOngoing Active ABMR	Late, major	False
	21	False	DQB1*03:01	14365	3	Major-Ongoing	NA	No	True
	22	False	DRB4*01	666	2	Minor-NonOngoing NA	No	True
	23	True	DQ7	3627	1	Minor-NonOngoing FALSE	No	False
	24	False	DQB1*05:01	1300	2	Minor-NonOngoing TCMR	Late, major	True
	25	False	DQ9	4486	1	Major-Ongoing	FALSE	Early, major	False
	26	False	DQ5	1276	1	Minor-NonOngoing NA	No	False
	27	False	DQ8	2598	1	Minor-NonOngoing NA	No	False
	28	False	DQ8	9059	1	Major-Ongoing	Chronic active ABMR	Late, major	True
	29	False	DQ7	4444	1	Minor-NonOngoing	Chronic active ABMR	Late, major	False
	30	False	DR15	1480	1	Major-NonOngoing Active ABMR	Early, major	True
	31	False	DQ7	2475	1	Major-Ongoing	NA	No	False
							Active and		
	32	False	DQB1*06:02	3279	1	Major-Ongoing	chronic active	Late, major	True
							ABMR		
	33	False	DQ7	4101	1	Major-Ongoing	FALSE	No	True
	34	False	DQ8	14783	1	Minor-NonOngoing FALSE	No	True
	35	True	DQ8	4770	1	Minor-NonOngoing NA	No	True
	36	False	DQB1*02:01	1879	2	Minor-NonOngoing	Chronic active ABMR	Late, major	False
	37	True	DR15	659	1	Minor-NonOngoing NA	no	False
	38	False	DQ2	2651	1	Major-Ongoing	Chronic active ABMR	Early, major	True
	39	False	DQ9	1657	1	Minor-NonOngoing FALSE	Late, minor	False
							Active and		
	40	False	DQB1*03:01	3289	2	Major-Ongoing	chronic active	Late, major	False
							ABMR		
	41	False	DQ4	13429	1	Major-Ongoing	Active ABMR	Early, major	False
	42	True	DQ4	1560	1	Minor-NonOngoing Active ABMR	Early, minor	True

Table 5 :

 5 recipients characteristics according to the treatment administered Outcome according to dnDSA type is represented of table 6. Most of the class 2 dnDSA

		No treatment (n=33)	Major treatment (n=26)	Minor treatment (n=6)	Total (n=65)	p value
	Time to first dnDSA occurrence (yrs)	2.56 (1.83)	1.87 (1.44)	1.85 (2.26)	2.22 (1.73)	0.272
	Maximum MFI over					
	the follow-up,	5222 (5622)	9473 (5442)	6362 (5779)	7028 (5842)	0.018
	Mean (SD)					
	Initial MFI, Mean (SD)	3384 (4064)	5797 (4561)	4280 (3902)	4432 (4347)	0.105
	dnDSA sub-class					0.262
	DPB	2 (6.1%)	1 (3.8%)	0 (0.0%)	3 (4.6%)	
	DQB	28 (84.8%)	18 (69.2%)	6 (100.0%)	52 (80.0%)	
	DRB	3 (9.1%)	7 (26.9%)	0 (0.0%)	10 (15.4%)	
	Legend: yrs: years; SD: Stand Deviation				
	Outcome according to DP, DQ or DR type			

Loci des gènes codants pour le système HLA La nomenclature du système HLA a évolué en fonction de l'avancée des techniques ; initialement le typage était sérologique, déterminé par des anticorps spécifiques d'un antigène HLA. Ce typage est maintenant dit de basse résolution, avec 2 chiffres de description dans la nomenclature HLA moderne, ou « digits ». Depuis 2010, la nomenclature est dite allélique ou de biologie moléculaire, permettant un typage haute résolution à 4 chiffres ou plus. En effet, grâce aux avancées du séquençage des allèles par PCR, chaque allèle HLA identifié a sa nomenclature, au minimum en quatre digits.
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For each recipient developing a class 2 dnDSA, the immunodominant dnDSA and the graft outcome is described of table 3, ordered by the graft survival. The timelines (figure 2) illustrate graft outcomes: class 2 dnDSA timeline is observed according to the time post transplantation, among recipients presenting a death-censored-graft loss (above) and recipients without graft-loss (below). Some recipients experienced a short lasting dnDSA that however resulted in graft loss (eg recipient 12, 42), while others experienced a long lasting dnDSA without graft loss (eg 53, 45). In case of graft loss (above), this occurred either early after dnDSA occurrence (eg recipients 2, 3 or 21), or after several years (eg recipients 51, 51, 58 or 59).

When considering treatment options (figure 2.B), major treatments tended to be administered to recipients with the shortest survivals, and recipients with the longest survival did not receive any treatment, or a minor one. Outcome over all the study population (dnDSA occurrence or not)

In the whole study population, including dnDSA negative patients and the four previously defined groups (figure 3), there was a significant difference between groups (p<0.001). A total of 10.4% of recipients lost their graft, with a significant difference between groups (p<0.001): 40% of recipients developing a dnDSA lost their graft VS 8.3% of recipients without dnDSA. When observing the class 2 dnDSA of recipients receiving a major treatment (table 4), most of them (65%) presented a major and ongoing dnDSA, among which 42% lost their graft;

when developing a major and not ongoing dnDSA (20% of recipients treated with a major treatment), despite the disappearance of the dnDSA, all recipients lost their graft. For recipients treated with a minor treatment, the majority (66%) developed a minor and not ongoingdnDSA, with 25% of graft lost. For recipients who were not treated, most of them (64%) developed a minor and not ongoing dnDSA with 29% of graft lost. Most of the others developed a major and ongoing dnDSA (27%), without frequent graft loss (22%). In a nutshell, treatment options seem to be associated with the estimated severity of the clinical case. Time to first dnDSA occurrence was not different between the groups of treatment (p=0.272, table 5). The initial MFI was not different between groups either (p=0.105), but the mean initial MFI was numerically higher among recipients treated with a major treatment. On the other hand, the maximum MFI over the follow up was significantly higher for recipients treated with a major treatment, and lower among non-treated recipients. The dnDSA subclass was not different between treatment groups (p=0.262).