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Abdelkader, merci pour ton soutien, ta gentillesse, ta disponibilité, ta fraternité, ta présence durant toutes ces années d'études, tu as en moi un frère de plus, si ça n'en fait pas trop ! Morgane, merci pour ton oreille attentive, pour ton soutien dans mes choix et pour ton affection à mon égard, tu as en moi un frère de plus, sans concurrencer David cela dit. L'inflammation microvasculaire (MVI), objectivée par les lésions histologiques de glomérulite (g) et de capillarite péritubulaires (ptc) en transplantation rénale, se définit comme l'accumulation intraluminale de cellules inflammatoires dans les capillaires glomérulaires et péritubulaires. La MVI est une caractéristique primordiale du diagnostic de rejet humoral, constituant la preuve histologique de lésion tissulaire, mais aussi considérée, lorsqu'au moins modérée, comme une preuve de l'interaction récente entre un anticorps et l'endothélium vasculaire [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]. La MVI fut la première caractéristique histologique utilisée pour le diagnostic du rejet humoral tardif [START_REF] Trpkov | Pathologic features of acute renal allograft rejection associated with donor-specific antibody, Analysis using the Banff grading schema[END_REF], suivie de la découverte des dépôts de fragments C4d du complément [START_REF] Mauiyyedi | Acute humoral rejection in kidney transplantation: II. Morphology, immunopathology, and pathologic classification[END_REF]. Ainsi, même si de nombreuses biopsies mettent en évidence des lésions modérée de MVI ([g + ptc] >2), en l'absence d'anticorps anti-HLA dirigés contre le donneur (DSA) détectables ou de dépôts de C4d, il existe peu d'éléments de la littérature permettant de savoir comment prendre en charge cette entité nosologique La MVI est un puissant facteur prédictif de perte de greffe, indépendamment des dépôts de C4d de la présence de glomérulopathie du transplant ou de DSA. Sa sévérité au moment du diagnostic de rejet est objectivement corrélée à la perte de greffe et au développement de lésions chroniques irréversibles [START_REF] Einecke | Antibody-mediated microcirculation injury is the major cause of late kidney transplant failure[END_REF]. [glomerulitis(g) + peritubular capillaritis (ptc)] >2 is an important histological feature of ABMR diagnosis and is considered an evidence of a recent antibody interaction with vascular endothelium [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]. MVI was the first histological feature used to diagnose delayed acute ABMR [START_REF] Trpkov | Pathologic features of acute renal allograft rejection associated with donor-specific antibody, Analysis using the Banff grading schema[END_REF], followed by the discovery of C4d complement-fraction staining [START_REF] Mauiyyedi | Acute humoral rejection in kidney transplantation: II. Morphology, immunopathology, and pathologic classification[END_REF]. However, several biopsies show at least moderate MVI in the absence of detectable anti-human leukocyte antigen (HLA) donor specific antibodies (DSAs) or C4d. Those MVI+/DSA-/C4d-biopsies do not meet the ABMR Banff criteria and there is little scientific evidence on whether or how to treat those patients.

Still, MVI is considered a powerful predictor of graft failure, independent of C4d staining and transplant glomerulopathy, and regardless of DSA detection. MVI severity at the time of ABMR was shown to correlate with worse graft outcomes and the development of further chronic injuries [START_REF] Einecke | Antibody-mediated microcirculation injury is the major cause of late kidney transplant failure[END_REF].

Treatment of this condition remains a major challenge, and evidence for efficacy of currently available anti-rejection treatments is low, especially for chronic rejection. The standard of care, based on expert consensus, is of little scientific evidence of efficacy [START_REF] Schinstock | Recommended Treatment for Antibody-mediated Rejection After Kidney Transplantation: The 2019 Expert Consensus From the Transplantion Society Working Group[END_REF].

Of interest, Interleukin-6 (IL-6) is a pleiotropic cytokine that has revealed its importance in promoting expansion and activation of B and T cells, and in the initiation of the acute phase inflammatory response. Blockade of the IL-6/IL-6 receptor axis has been discussed to treat ABMR progression [START_REF] Jordan | Interleukin-6: An Important Mediator of Allograft Injury[END_REF].

Recently, Tocilizumab (TCZ), an anti-IL-6 receptor monoclonal antibody, has been shown to consistently and significantly reduce immunodominant DSAs, C4d, MVI and to stabilize transplant glomerulopathy in retrospective studies [10][START_REF] Noble | Tocilizumab in the Treatment of Chronic Antibody-Mediated Rejection Post Kidney Transplantation: Clinical and Histological Monitoring[END_REF][START_REF] Jouve | Immune responses following tocilizumab therapy to desensitize HLA-sensitized kidney transplant candidates[END_REF].

Considering these data, we conducted this study to assess the efficacy of TCZ on graft function and survival in a population of KT patients with histological features of MVI compared to a control group using propensity-score matching.

Methods

Population study

In this single-center, open-label study, we retrospectively assessed all adult KT recipients from our Nephrology and Kidney Transplant Department between November 2007 and July 2022.

Patients with histological MVI, defined by leukocyte margination in glomeruli (g) and/or in peritubular capillaries (ptc) in at least one kidney graft biopsy post KT were included in the analyses according to the 2017 Banff classification [START_REF] Haas | The Banff 2017 Kidney Meeting Report: Revised diagnostic criteria for chronic active T cell-mediated rejection, antibody-mediated rejection, and prospects for integrative endpoints for nextgeneration clinical trials[END_REF]. Patients presenting de novo or relapsing glomerulopathy, acute tubular necrosis, or any other cause of MVI were excluded.

Patients who received TCZ at the dose of 8 mg/kg monthly for the treatment of MVI constituted the TCZ group and were compared to other patients with MVI that did not receive TCZ. Within all patients that received control treatment, we constituted a matched cohort using a propensity score.

Patients were monitored for kidney function, proteinuria, creatininuria, adverse and severe adverse events from treatment, graft-and patient-survival rates, and DSA levels every 3 months.

They were also monitored for viral infections: cytomegalovirus (CMV), Epstein-Barr virus (EBV), and BK virus (BKv) every 6 months using blood polymerase chain reaction assays (PCR). Patient were all followed at least 1-year post MVI treatment and data were also collected at last available follow-up.

All patients signed an informed consent form. All medical data were collected from our database [CNIL (French National committee for data protection) approval number 1987785v0].

Endpoints

The primary endpoint was the 1-year post-treatment estimated glomerular filtration rate (eGFR) using the chronic kidney disease epidemiology collaboration equation (CKD-EPI).

Secondary endpoints were the one-year death-censored graft survival rate, proteinuria (g/g of creatininuria), evolution of MVI histological features and of DSA.

Immunosuppression regimen

At the time of KT, all patients received pre-operatively 1 g of mycophenolate mofetil, methylprednisone at the dose of 500 mg, and an induction therapy by antithymocyte globulins (Genzyme, Lyon, France) in the TCZ group. In the control group, 6 patients received an induction therapy by Basiliximab.

Baseline immunosuppression after KT consisted of tacrolimus and mycophenolate mofetil.

Tacrolimus trough concentrations were maintained in the 5-7 ng/mL range after the first month post-transplantation. Mycophenolate mofetil dose was given at 500 mg twice a day from posttransplant day 15. Steroids were rapidly tapered until withdrawal at month-3 except for highly sensitized patients (PRA more than 75%), patients who had experienced a previous acute rejection, patients with IgA nephropathy, or patients with circulating DSAs.

Pathological methods to assess biopsy specimens

Biopsies were performed systematically at 3 months post-transplantation and for cause, i.e., rising serum creatinine and/or de novo proteinuria and/or de novo DSA occurrence. C4d

staining was performed for all biopsies. For this study, all biopsies were reviewed by a single for the Luminex analysis was defined as an MFI>500. All results were analyzed and compared by a single HLA specialist.

Interleukin-6 measurement

Interleukin-6 (IL-6) was assessed on frozen sera at the time of MVI diagnosis (before any treatments) and at 1-year post treatment initiation. Quantitative dosage in sera was performed using a Lumipulse G600II system (Fujirebio, Tokyo, Japan).

Statistical analysis

Numeric data are presented as means ± standard deviations (SD) or as medians with quartiles [Q1-Q3] in cases of high dispersion. Qualitative data are reported as the numbers of patients/events and percentages. Missing data were removed for the percentage calculations.

The chi-squared test was used for categorical data; the Wilcoxon or the Kruskal--Wallis tests were used for numeric data.

We used propensity-score matching to estimate the effect of the use of TCZ to treat MVI in kidney-transplant patients for confounding covariates. The 1:1 nearest neighbor propensity matching score was determined with a propensity score estimated using logistic regression of the treatment covariates. We included in the propensity-score model all factors that statistically differed between the two groups and those of interests to predict graft survival, i.e., age of recipient and donor, the presence of a DSA at the time of initial biopsy, and the delay of the biopsy post KT. The propensity score was estimated using a probit regression of TCZ use on the covariates, which yielded a better balance than logistic regression. The estimated effect on death-censored graft loss was -0.45 (SE = 0.126, p = 0.0003), indicating the average effect of TCZ versus control. For graft survival analyses, we used two models: a multivariate generalized logistic-regression model and a Cox regression survival model.

A two-sided p-value of <0.05 was considered statistically significant. Statistical analyses were conducted using R statistical software [START_REF]The R Project for Statistical Computing[END_REF].

Results

Baseline characteristics of the MVI cohort

Between November 2007 and July 2022, 102 patients were diagnosed with MVI on a kidney biopsy performed after a median period of 29 [4 -40] 

Kidney function at one-year post treatment

At 1-year post MVI treatment, eGFR was 42 [26 -59] mL/min/1.73m 2 versus 43 [36 -54] mL/min/1.73m 2 , p=0.740, in the control and TCZ groups, respectively (Figure 1). eGFR was stable as compared to the baseline eGFR. At 24 months, median eGFR was 41 [32 -57] mL/min/1.73m 2 versus 44 [33 -59] mL/min/1.73m 2 , p=0.738, in the control and TCZ groups.

Proteinuria was comparable at baseline: 0.6 ± 0.4 g/g versus 1.1 ±1.4 g/g, p=0.272 in the control and TCZ groups, respectively. At 12 months proteinuria was 0.6 ± 0.7, comparable between groups (p=0.725). At-24 months, proteinuria was 2 ± 5 in the control group versus 0.7 ± 1 in the TCZ group, p=0.438.

In sub-group analyses, 1-year eGFR was similar in the control group between patients that received an immunosuppressive treatment as those who did not, respectively 44 [26 -53] mL/min/1. 73m 

Graft survival at one-year

At 1-year post treatment, 6 patients (14.6%) had lost their graft in each group, p= 0.963. At 24months, 10 (32%) patients had lost their graft in the control group and 6 (27.3%) in the TCZ group, p=0.697. Figure 2 shows the graft survival post initial biopsy using Kaplan-Meier analysis (p=0.67).

The univariate analyses showed that 1-year death-censored graft survival (DCGS) was positively associated with eGFR and proteinuria at the time of the biopsy (p < 0.001 and p=0.014, respectively). TCZ use was not associated with 1-year graft loss (p=0.963), nor the presence of de novo or persistent DSA (0.423) or C4d staining (p=0.842). Those factors were not associated significantly with 24 months graft loss. In sub-group analyses, 1-year graft loss was similar in the control group between patients that received an additive immunosuppressive treatment as those who did not, respectively 5 (23.8%) and 1 (5.3%), p=0.101. Similarly, 24month graft loss was similar in the control group between patients that received an immunosuppressive treatment as those who did not, respectively 6 (35.3%) and 4 (28.6%), p=0.690. We performed sub-group analysis of graft survival in the control group, according to the use of immunosuppressive therapy (n=21) or no use of immunosuppression (n = 20) and compared to the TCZ group and we showed no statistical differences (supplementary Figure 2 -sFig2).

Patient survival and tolerability

At 1-year and 2-years post MVI, 1 patient had died in the control group and no patients in the TCZ group (p=0.387). At the end of follow-up, 5 (12%) patients had died in the control group (one myocardial infarction, one acute liver failure, three of septic shock) and 1 (2.5%) patient in the TCZ group (Covid-19 pneumonia) with a longer follow-up in the control group (48 months versus 19 in the TCZ group). Cox survival analysis of survival is shown in Figure 3.

There was no TCZ discontinuation within the 1-year post TCZ initiation. Thirteen patients (31%) discontinued TCZ either because of histological and clinical stabilization (n= 8) or because of TCZ intolerability (n= 5) at the end of follow-up. Intolerability was considered in case of infection: one patient presented with CMV replication, the other patients presented bacterial infections (extra-pulmonary tuberculosis, Campylobacter jejunii diarrhea, and peritonitis).

DSA evolution post MVI treatment

Eleven patients (42%) had at least one DSA (Immucor) at baseline in the TCZ group and twelve (52%) in control group, p=0.49. At 1-year post treatment (control or TCZ), the number of patients with at least one DSA had decreased compared to baseline: only 6 (27%) and 9 (34.6%) patients had a detectable DSA in the control (p<0.001) and TCZ (p<0.001) group respectively, but the difference between the two groups was not significant (p=0.58).

MFI of the immunodominant DSA (DSAi) (Immucor) significantly decreased in both groups (p = 0.005 and p=0.032 in the control and TCZ groups) between baseline and 1-year (Figure 4). However, the DSAi MFI was not statistically different at 1-year between both groups: 210 [0.0 -2810] in the control group versus 926 [372 -7115] in the TCZ group, p=0.31. The cumulative MFI of all circulating DSA (DSAc) also significantly decreased between MVI diagnostic and 1-year post treatment in both groups, but the reduction was similar without any additional benefit of TCZ.

The DSA follow-up with One Lambda technique also showed similar results (data not shown).

Interestingly, 6 patients had a detectable DSA using this kit and no DSA detectable using the Immucor kit. Mean DSA MFI of those patients was 2500 and DSA was still detectable at 1year for 5 of them (mean MFI 1700). On the contrary, 2 patients had a detectable DSA using

Immucor kit and no detectable DSA using One Lambda kit. Those 2 DSA had a lower mean MFI (1000) and were not detectable anymore at 1-year.

Histological evolution

All patients of the TCZ group had follow-up kidney biopsies. Figure 5 shows the evolution of g scores, ptc scores, C4d staining and cg scores between the first biopsy with MVI diagnosis and 1-year post TCZ treatment. After 1-year, we observed a significant decrease in the g score and in the C4d deposit scores (p=0.041 and p=0.032 respectively) but not in the ptc score and cg score.

Interleukin-6

IL6 was measured on sera at the time of initial biopsy and after 1-year post treatment (control or TCZ). IL6 dosage was missing in 15 patients in the TCZ group and 20 patients in the control group. Figure 6 shows the results of IL6 dosage in the TCZ and control group.

Within the TCZ group, we compared the association of IL6 at 1-year post treatment with the occurrence of graft loss. At 1 year, IL6 was 219 [115 -609] pg/ml in patients who lost their graft at 24 months post MVI whereas it was 87 [26 -113] pg/ml in the group of patients with functional graft at 24 months, supplementary Figure 3 (sFig3). The difference did not reach statistical significance.

Discussion

MVI is the cornerstone histological lesion in ABMR diagnosis. Few therapeutic options have proven their efficacy in a context of MVI and ABMR post KT, especially in case of MVI without DSA and C4d staining [START_REF] Eskandary | A Randomized Trial of Bortezomib in Late Antibody-Mediated Kidney Transplant Rejection[END_REF][START_REF] Kulkarni | Eculizumab Therapy for Chronic Antibody-Mediated Injury in Kidney Transplant Recipients: A Pilot Randomized Controlled Trial[END_REF][START_REF] Rostaing | Treatment of symptomatic transplant glomerulopathy with rituximab[END_REF].

Targeting the activation of antibody-producing cells has come to the forefront as a strategy to treat ABMR and MVI. In this context, there is an emerging focus on the IL-6 pathway, which has several roles related to kidney-allograft inflammation [START_REF] Jordan | Interleukin-6: An Important Mediator of Allograft Injury[END_REF]. IL-6 immunological role is increasingly understood [START_REF] Tanaka | The biology and medical implications of interleukin-6[END_REF][START_REF] Rochman | IL-6 increases primed cell expansion and survival[END_REF] and is known to promote the production of HLA-DSA or non-HLA-DSA [20]. Experimental models of sensitization have analyzed efficacy of IL-6-R blockade on DSA responses after skin transplantation. DSA titers were significantly lower in mice treated with IL-6-R blockade compared to controls. Additionally, IL-6 mRNA transcripts were found in kidney allografts with rejection but not in healthy allografts [START_REF] Kim | Anti-interleukin 6 receptor antibodies attenuate antibody recall responses in a mouse model of allosensitization[END_REF].

TCZ efficacy has been confirmed in the treatment of autoimmune diseases [START_REF] Nishimoto | Mechanisms and pathologic significances in increase in serum interleukin-6 (IL-6) and soluble IL-6 receptor after administration of an anti-IL-6 receptor antibody, tocilizumab, in patients with rheumatoid arthritis and Castleman disease[END_REF]. Its use in desensitization protocols has been assessed in several studies with controversial efficiency [20,[START_REF] Kim | Anti-interleukin 6 receptor antibodies attenuate antibody recall responses in a mouse model of allosensitization[END_REF][START_REF] Vo | A Phase I/II Trial of the Interleukin-6 Receptor-Specific Humanized Monoclonal (Tocilizumab) + Intravenous Immunoglobulin in Difficult to Desensitize Patients[END_REF][START_REF] Daligault | Marginal Impact of Tocilizumab Monotherapy on Anti-HLA Alloantibodies in Highly Sensitized Kidney Transplant Candidates[END_REF][START_REF] Noble | Apheresis Efficacy and Tolerance in the Setting of HLA-Incompatible Kidney Transplantation[END_REF]. TCZ may be of interest in this context due to its longer-term effects and would therefore improve graft-survival by limiting the risk of post-transplant DSA rebound and ABMR [START_REF] Weinhard | Tocilizumab and Desensitization in Kidney Transplant Candidates: Personal Experience and Literature Review[END_REF].

Post kidney transplantation, Choi et al.

[10] were the first to study the use of TCZ as a rescue therapy for caABMR patients resistant to the standard of care. Graft-and patient-survival rates were excellent, respectively 80% and 91% at 6 years after ABMR diagnosis. They also reported a significant decrease in DSA, C4d deposition and MVI after TCZ treatment whereas the cg score and kidney function remained stable. The first RCT involving an IL-6 inhibitor that validates positive results found with TCZ in ABMR was performed by Doberer et al. versus placebo evaluating the effect of Clazakizumab, a direct anti-IL6 antibody on late ABMR [START_REF] Doberer | A Randomized Clinical Trial of Anti-IL-6 Antibody Clazakizumab in Late Antibody-Mediated Kidney Transplant Rejection[END_REF].

In the Clazakizumab group, patients had a significant decrease of DSA MFIs, MVI score and a slower decline of eGFR slopes. conducted a retrospective study including 38 KT caABMR KT recipients resistant to the standard of care, treated with TCZ and followed for at least 3 months [START_REF] Khairallah | Tocilizumab for the treatment of chronic antibody mediated rejection in kidney transplant recipients[END_REF]. TCZ was associated with attenuation in the rate of eGFR decline in the 6 months following treatment initiation as compared to the 3 months before TCZ initiation. The histological analysis showed a significant improvement in interstitial inflammation score and overall stability, but no difference was observed concerning DSA titers. Finally, Pearl et al. reported 25 pediatric KT recipient receiving TCZ as rescue therapy for ABMR [START_REF] Pearl | Long term tolerability and clinical outcomes associated with tocilizumab in the treatment of refractory antibody mediated rejection (AMR) in pediatric renal transplant recipients[END_REF]. They observed stabilization of kidney function without significant changes in DSA MFI, reductions in both ptc and C4d staining and no progression of IFTA.

On the contrary, Massat et al. retrospective study on KT patients with DSA-positive ABMR compared 9 patients that received TCZ plus the standard of care therapy with 37 patients in a historical cohort that only received the standard of care therapy [START_REF] Massat | Do anti-IL-6R blockers have a beneficial effect in the treatment of antibody-mediated rejection resistant to standard therapy after kidney transplantation?[END_REF]. At one year, there were no differences in the decline of eGFR, a significant reduction in the MFI of DSA in the TCZ group, but no significant change in MVI or cg score.

Regarding TCZ safety, our study is in line with other studies concerning TCZ in caABMR patients with an overall good tolerability [START_REF] Pearl | Long term tolerability and clinical outcomes associated with tocilizumab in the treatment of refractory antibody mediated rejection (AMR) in pediatric renal transplant recipients[END_REF][START_REF] Sethi | Infectious Complications in Tocilizumab-treated Kidney Transplant Recipients[END_REF].

Our study is the first to assess the efficacy of TCZ on patients presenting with MVI compared to a propensity-score matched cohort. It is a real-life study design with an adequate cohort of 82 patients. We have shown stabilization of eGFR at one year after TCZ initiation, despite a higher cg score in the TCZ group. However, the 1-year graft survival did not differ between patients who received TCZ and those who did not. In line with other studies, we exhibited an improvement of histologic lesions such as glomerulitis and C4d deposits with a stable cg score under TCZ.

The presence of DSAs is strongly associated with kidney graft failure [START_REF] Yamamoto | De Novo Anti-HLA DSA Characteristics and Subclinical Antibody-Mediated Kidney Allograft Injury[END_REF]. In our study, presence of DSAs in the TCZ group was associated with a worse kidney outcome. One can think that treatment with TCZ, by lowering the titer of these antibodies, may improve kidney function. However, even if our study shows an overall decrease of DSA MFI, it did not reach significance to exhibit any difference between both groups using different SAB assay kits.

Concerning DSA measurement, Bertrand et al. [START_REF] Bertrand | Comparison of Two Luminex Single-antigen Bead Flow Cytometry Assays for Detection of Donor-specific Antibodies After Renal Transplantation[END_REF] compared both SAB assays and exhibited significant differences even if the overall correlation and reliability was good. They could show an increased sensitivity with Labscreen (One Lambda) beads but increased specificity with Lifecodes (Immucor) beads. Ravindranath et al. [START_REF] Ravindranath | Monitoring native HLA-I trimer specific antibodies in Luminex multiplex single antigen bead assay: Evaluation of beadsets from different manufacturers[END_REF][START_REF] Ravindranath | Significance of the intraindividual variability of HLA IgG antibodies in renal disease Nishimoto N. Cytokine signal regulation and autoimmune disorders[END_REF] recently supposed that these differences may be explained by the HLA molecules configuration, the nature of the antibody detection and by the prozone effect. In our study, we showed MFI level differences between both techniques but the patients exhibited the same DSAs number and MFI evolution and showed no differences in outcomes even if their cut-off values were not the same. Therefore, in the setting of DSA follow-up post transplantation, both SAB assays can be used.

Elevated sIL-6 was observed in patients with inflammatory diseases [38][START_REF] Nishimoto | Clinical studies in patients with Castleman's disease, Crohn's disease, and rheumatoid arthritis in Japan[END_REF][START_REF] Yoshizaki | (TCZ), standard of care (SOC) immunosuppression and no immunosuppression (No Is). Number of patients at risk is shown at the bottom of the figure. sFig3: Boxplots of Interleukin-6 (IL6) (pg/ml) dosage at 1-year post treatment in the tocilizumab-treated group (TCZ) between patients that lost their graft at 24 months compared to those with a functional graft at 24 months[END_REF] and the IL-6 levels correlate with disease activity. A pharmacological study [START_REF] Nishimoto | Mechanisms and pathologic significances in increase in serum interleukin-6 (IL-6) and soluble IL-6 receptor after administration of an anti-IL-6 receptor antibody, tocilizumab, in patients with rheumatoid arthritis and Castleman disease[END_REF] shows that, under TCZ, sIL6 trough level rises in rheumatic arthritis patients (1.55-fold) and in Castleman disease (23-fold).

Comparatively, at 1-year post treatment, we notice a 10-fold increase in the TCZ group which is a strong evidence in favor of efficient IL-6 blockage by TCZ in KT recipients. Interestingly, it is supposed that when IL-6R is inhibited by TCZ, the serum IL-6 level will reflect the actual level of endogenous IL-6 production that correlates with the level of true disease [START_REF] Nishimoto | Mechanisms and pathologic significances in increase in serum interleukin-6 (IL-6) and soluble IL-6 receptor after administration of an anti-IL-6 receptor antibody, tocilizumab, in patients with rheumatoid arthritis and Castleman disease[END_REF]. In our TCZ cohort, a higher level of sIL-6 at 1 year indicated a poor graft survival.

Our study has several limitations. We did not perform a prospective RCT, but rather compared the group treated with TCZ with a historical cohort of patients with similar profiles at TCZ initiation. Initially, the two groups presented with high heterogeneity. To control confounding covariates, we performed a propensity score-matching. Additionally, no molecular diagnostic criteria for AMR were included, but we used the ubiquitous Banff criteria for standardization.

Conclusion

Treatment with TCZ for MVI is associated with an improvement of glomerulitis and C4d deposits scores. However, TCZ did not improve kidney function, death censored graft survival nor MFI of DSA despite a significant increase in circulating IL-6 witness of an effective receptor blockade. Given the histological evolution, a longer duration of follow-up may be able to show an improvement of kidney function or graft survival. Large randomized controlled trials on IL-6/IL-6R blockade are needed to fully assess the efficacy of this strategy.
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Aux 4

 4 fantastiques, Louis, bénis soient les dieux qui ont liés nos destins, joyeux bordel dionysiaque ! J'affectionne particulièrement notre amitié, au détour d'un confinement, je suis tombé sur un fringuant réanimateur qui alliait joie de vivre, altruisme désintéressé, simplicité, courage, amour des autres… Il faudrait peut-être un dictionnaire de superlatifs pour dire à quel point tu es un crack, mais « bléou bléou » comme on dit. À la guerre, pour de l'humanitaire, ou pour tous les monter en l'air, toujours un Brac dans le Sac.Marius, que te dire que tu ne sais déjà. Notre relation m'est particulièrement chère, tant j'ai évolué en tant que personne, en tant qu'ami, fils, frère, soignant, médecin, citoyen… dans toutes les modalités des relations humaines… J'affectionne nos moments à 2 où l'on déconstruit et construit le monde à notre bon vouloir, pour essayer d'être des individus capables de tendre vers la joie et l'amour. Comme tu dirais si bien, je te veux dans ma vie ! Merci d'être là. Merci d'être, tout simplement. Thibault, j'ai découvert au travers de notre rencontre à quel point la vie est douce. Tu rayonnes d'apaisement et de bonhommie. J'apprécie particulièrement ton honnêteté, ta droiture, ton humour détonnant, tes talents de danseur, ta gentillesse, tes histoires si looooooongues, et ton attrait pour la littérature fantastique, chasseur de trolls. Tu es de ceux qui embellissent le monde, un artiste à tous égards. Merci d'exister p'tit crack. Aux amis des temps modernes, À Hortense, dite Toto contre sa volonté, j'aime ton sourire, ton regard d'amoureuse de la vie et des autres, ton humanité est sublimée par ton humilité et ta tendresse sans limites. Tu cours maintenant probablement plus vite que moi. Merci d'être là chiquita.À Pépette, qui est indissociable de sa maitresse, ci-dessus. Merci de te laisser approcher par un grand mammifère au long doigts. Ton poil n'a pas d'égal. À Ophélie, la belle bête, je suis amoureux de ta philosophie de vie, de ton dynamisme et de ton franglais. Des sommets isérois aux fonds marins de Marsa Alam, toujours une ophé au coeur de fée dans le sac à dos. Yaaasss. À Marine, the best Cab in the city. Tu es petite, tu es gentille, tu as tendance à embellir la vie, mais on sait tous que t'es une crack, Marine Cabaret ! Pour moi, c'est LA chanson du mondial. Merci d'être présente ! À Marie, Dzygi, une boule d'énergie infinie, merci pour ta douceur, ta droiture, ton entrain permanent pour faire la fête et profiter du temps qui passe. Comme tu dirais, moi hadmoullah ça va. À Géraldine, le G, pour ces après-midi piscine, lecture, ces cafés, ces soirées, merci. Mes hommages aux Desmules, qui m'ont accueilli avec affection. À Kev et Gomar, le couple princier, pour votre chillance sans égal et votre bienveillance sans égard. Pour avoir brisé le confinement ensemble et pour vos rires si communicatifs, merci.

À

  mes nièces et neveu. Nina, Anaé, Nawel, Siham, Enora, Marya, Ewen. Vous voir grandir et contempler la vie avec vos yeux d'enfants m'a redonné le courage et l'innocence de vouloir transformer le monde en ce qu'il a de meilleur. Merci d'avoir soutenu un oncle souvent absent mais toujours aimant ! À ma grand-mère maternelle, de là-Haut et du haut de ses 105 ans, merci pour m'avoir aimé plus qu'une mère, le « beau rire » te remercie et espère partager ta longévité ! Figures ......................................................................................................... 2.11 Supplementary data ..................................................................................... 3 Conclusion ............................................................................................................. Le rejet humoral constitue la principale cause de perte de greffon immuno-médiée post transplantation rénale [1-3]. La catégorisation du rejet humoral dans la classification de Banff révisée en 2017 défini le rejet humoral « actif » (anciennement aigu) et « chronique actif » comme des cadres nosologiques dans lesquels sont mis en évidence des lésions aigues et chroniques d'interactions actuelles ou récentes entre un anticorps et l'endothélium vasculaire du donneur, la présence d'anticorps anti-HLA spécifiques du donneur, d'anticorps non-HLA, ou la mise en évidence de transcrits ADN validés comme marqueurs de rejet humoral. Ces critères ont récemment été actualisés dans la classification de Banff 2019 [4].

À

  Abbreviations:

  pathologist (DG) experienced in kidney-allograft histology. The kidney-graft sample was processed for light microscopy by fixing in alcohol-formol-acetic acid (AFA, fluid and embedded in paraffin). Specimens were stained with Masson's trichrome, hematoxylin eosin and safran, periodic Acid-Schiff (PAS) reagent, silver staining, and were snap frozen for immunofluorescence studies, including direct immunofluorescence for IgG, IgA, IgM, C3, C1q and κ and λ light chains, and indirect immunofluorescence for C4d, performed using a monoclonal anti-C4d antibody. The results of biopsies were assessed according to the 2017 Banff classification[START_REF] Haas | The Banff 2017 Kidney Meeting Report: Revised diagnostic criteria for chronic active T cell-mediated rejection, antibody-mediated rejection, and prospects for integrative endpoints for nextgeneration clinical trials[END_REF]. 2.2.5 Anti-HLA antibody measurement DSA were monitored at the time of each kidney biopsy, i.e. at MVI diagnosis and at 1-year post treatment. Screening of HLA Class I and II DSAs in recipients were performed on sera using a Luminex platform with two different single antigen bead (SAB) assay kits in the HLA department of Grenoble (Luminex Single Antigen assay, Immucor, Norcross, GA, USA) and in the HLA department of Saint-Etienne (LABScreen, One Lambda Inc, Canoga Park, CA, USA). Screening and single-antigen assessment were performed every 6 months post-transplant and systematically at the time of a kidney biopsy. The retained mean fluorescence intensity (MFI) values corresponded to the manufacturers background corrected MFI value. Positivity
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 1 Figure 1: Estimated glomerular filtration rate during the follow-up of patients with
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 2 Figure 2: Kaplan--Meier Cox survival analysis of death-censored graft survival in the
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 3 Figure 3: Kaplan--Meier Cox survival analysis of patient survival in the tocilizumab (TCZ)

Figure 4 :Figure 6 :

 46 Figure 4: Evolution of Mean Fluorescence Intensity (MFI) of the immunodominant

  

  months post-transplantation. Mean age of recipients was 52 ± 15 years; female/male ratio was 0.8. Most donors were deceased donors (for 82 recipients: 80.4%) and had ages comparable to recipients: 52 ± 16 years. Baseline characteristics of the whole MVI cohort are reported in Table1. Forty-one patients (40%) In sub-group analysis within the control group, regarding to patients that received or did not receive a treatment for MVI, there was no statistical differences concerning the baseline characteristic, i.e. age of donor and recipient, eGFR, proteinuria, presence of DSA, C4d staining and cg score (data not shown).

	received only TCZ for the treatment of MVI and the other sixty-one patients received either
	immunosuppressive therapy or no treatment. Patients in the TCZ group had more chronic
	glomerulopathy lesions (cg score of ≥1) in 53.7% versus 18% in the control group (p=0.001)
	and had more DSAs at the time of the biopsy: i.e., 46.3% of patients compared to 26.2% in the
	control group (p=0.036). Sixteen (26.2%) patients had positive C4d staining in the control
	group versus seven (17.1%) in the TCZ group (p=0.331). Mean eGFR and proteinuria at the
	time of diagnosis were 39.5 ± 19 mL/min and 0.8 ± 1.0 g/g with no statistical difference between
	both groups, p=0.573 and p=0.127 respectively.
	positivity of C4d staining, cold ischemia, and presence of a DSA at the time of biopsy. On the
	initial biopsy, "cg" score = 3 was found in 13 patients (31.7%) from the TCZ group and in 4
	(9.8%) patients from the control group (p=0.048). The last follow-up was 20.0 [13.5 -24] and
	20.8 [11.7 -48 .8] months post MVI diagnosis in the TCZ and control group, respectively. In
	the control group, MVI was treated in 21 patients (patients with a DSA and/or C4d staining)

2.3.2 Baseline characteristics of the study population

After matching, 41 control KT recipients were compared with 41 TCZ KT recipients. Covariate balance of factors included in the propensity score before and after adjusting are shown in Supplementary Figure

1 (sFig1)

. We performed a comparative analysis of those two groups to assess the efficacy of matching by propensity score (shown in Table

2

). Patients in the TCZ and control group were comparable for age of donor and recipient, eGFR at the time of biopsy, with a steroid pulse for 12 (19.7%) patients, rituximab for 10 (16.4%), and/or plasma exchange for 7 (11.5%) patients. Twenty patients of the control group did not receive any treatment for MVI.

  Chandran et al. [28] also reported histological improvement in a randomized study that included 30 patients with subclinical inflammation and noticed an increased level of Tregs, which indicates that TCZ could be of interest in the early stages of graft inflammation.Kumar et al. [29] reported on ten patients who had refractory caABMR with TCZ. There was no worsening in kidney function or in the MVI score. Lavacca et al. included 15 caABMR KT recipients with severe glomerulopathy to receive TCZ as a first-line therapy. The eGFR and proteinuria remained stable. There was a significant reduction in MVI with a score of 3 vs. 2 at post-TCZ therapy (p = 0.014) but no progression of chronicity or C4d staining. Mean MFI DSA values declined significantly (p = 0.002). Recently, Khairallah et al.

Table 1 :

 1 Baseline characteristics of kidney-transplant patients with microvascular inflammation (MVI) at post transplantation. The cohort is divided according to the treatment received: tocilizumab (TCZ) or control group.

	Patients with microvascular inflammation (MVI)
	post kidney transplantation
	N = 102	
	Control group	TCZ group
	N = 61	N= 41

DFG: Delayed graft function; DSA: Donor-specific antibody; eGFR: estimated glomerular filtration rate; cg: chronic glomerulitis, TCZ: tocilizumab. Mean ± SD

Table 2 :

 2 Baseline characteristics of kidney-transplant patients with microvascular inflammation (MVI) after transplantation. The cohort is divided according to the treatment received: tocilizumab (TCZ) and the propensity-based matched cohort of the control treatment.

	Patients with MVI after kidney transplantation
	and after matching using a propensity score
	N = 82	
	Matched control group	TCZ group
	N = 41	N= 41

DFG: Delayed graft function; DSA: donor-specific antibody; eGFR: estimated glomerular filtration rate; cg: chronic glomerulitis, TCZ: tocilizumab; * p <0.05. Mean ± SD

d'évaluer précisément le rôle de l'inhibition de l'axe IL-6 dans ce cadre nosologique. En ce sens, l'essai IMAGINE (ClinicalTrials.gov Identifier: NCT03744910) est un essai de phase III en cours dont l'objectif est d'évaluer la sécurité et l'efficacité du Clazakizumab, un anticorps monoclonal humanisé anti-IL6, dans le traitement du rejet humoral chronique actif en transplantation rénale. Si toutefois de grands essais multicentriques étaient amenés à démontrer que les thérapeutiques ciblant l'IL-6 ainsi que son récepteur pouvaient améliorer la survie du greffon présentant une MVI tout en maintenant une balance bénéfice-risque favorable, il pourrait s'agir d'une avancée majeure dans notre prise en charge du rejet humoral en transplantation rénale dont les ressources thérapeutiques restent extrêmement limitées.

Abstract

Background: No therapeutic options have proven their efficacy in the context of microvascular inflammation (MVI) post kidney transplantation, despite the short-term graft loss associated with MVI. Tocilizumab (TCZ), a monoclonal antibody against IL-6 receptor, has been suggested as a relevant therapeutic option. We report our single-center experience using TCZ in patients with MVI post-transplantation.

Methods: All adult kidney transplant recipients between 2007 and 2022 with histology of MVI with or without Donor Specific Antibodies (DSA) or C4d staining were included. Patients treated with monthly injections of TCZ as a first-line therapy were compared to a control group matched using a propensity score.

Results: Forty-one patients were treated by TCZ for MVI. A control group of 41 patients MVI+ was constituted using the propensity score. At 1-year post-treatment, eGFR was 44 ± 22 versus 44 ± 14 mL/min/1.73m2, p=0.740 in the control and TCZ group respectively. Six (14.6%) patients had lost their graft in each group at 1-year. Immunodominant DSA Mean Fluorescence Intensity (MFI) decreased significantly (p=0.005 and p=0.032 in the control and TCZ groups) between baseline and 1-year without significant difference between both groups (p=0.58). After 1-year, we observed a significant decrease in the glomerulitis and in the C4d deposit scores (p=0.041 and p=0.032 respectively) in the TCZ group.

Conclusion:

Treatment with TCZ for MVI is associated with an improvement of glomerulitis and c4d deposits. However, TCZ did not improve kidney function, 1-year death censored graft survival nor MFI of DSA compared to control therapy. 2.11 Supplementary data sFig1: Love plot for absolute standardized differences before and after propensity-score matching that compared covariate values between recipients regarding age, chronic glomerulitis (cg) score, presence of donor-specific antibodies (DSA), delay of MVI after transplantation, and donor age.