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Given the risk of rejection, the presence of preformed donor specific antibodies (DSA) contraindicates transplantation in most allocation systems. However, HLA-Cw and -DP DSA escape this censorship. We performed a multicentric observational study, in which the objective was to determinate risk factors of acute antibody-mediated rejection (aABMR) in recipients transplanted with preformed isolated Cw- or DP-DSA. Between 2010 and 2019, 183 patients were transplanted with a preformed isolated Cw- or DP-DSA (92 Cw-DSA; 91 DP-DSA). At 2 years, the incidence of aABMR was 12% in the Cw-DSA group, versus 28% in the DP-DSA group. Using multivariable Cox regression model, the presence of a preformed DP-DSA was associated with an increased risk of aABMR (HR = 2.32 [1.21–4.45 (p = 0.001)]) compared with Cw-DSA. We also observed a significant association between the DSA’s MFI on the day of transplant and the risk of aABMR (HR = 1.09 [1.08–1.18], p = 0.032), whatever the DSA was. Interaction term analysis found an increased risk of aABMR in the DP-DSA group compared with Cw-DSA, but only for MFI below 3,000. These results may plead for taking these antibodies into account in the allocation algorithms, in the same way as other DSA.
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INTRODUCTION
Preformed anti-human leukocyte antigens (HLA) donor-specific antibodies (DSA), especially targeting the A, B, DR and DQ antigens, are reputedly known to be associated with post-transplant rejection [1], with up to 30% of acute antibody-mediated rejection (aABMR) in the first year of transplantation in some series [2–4], and with impaired graft survival [2, 5]. Therefore, most allocation programs introduced the concept of “unacceptable antigens” to avoid kidney transplantation when a preformed DSA is present. However, anti-HLA-Cw and anti-HLA-DP DSA are disregarded in many transplant allocation systems and thus matching algorithms, such as the one provided by the French Agence de la Biomédecine, while on the other hand Cw-DSA are mandatory and DP-DSA recommended in the organ allocation system of the United Kingdom for instance [6]. The reasons for this singularity are multiple. First, HLA-Cw and -DP molecules are described as less expressed than other HLA antigens by the endothelial cells [7, 8] and barely immunogenic [9]. Second, the development of bead–based technologies [10] to study anti-HLA antibodies, and more importantly the recent complete and systematic HLA-C and HLA-DP genotyping of the donor greatly helped to characterize Cw- and DP-DSA. Few clinical cases [11] and retrospective studies [12, 13] have recently provided arguments in favor of a potential pathogenicity of Cw-DSA. However, data are scarce and conflicting regarding isolated preformed DP-DSA. Few small-sized studies did not report any association with aABMR or graft loss with preformed DP-DSA [14, 15], while some cases reported on the contrary hyper-acute ABMR [16, 17]. Some studies also mixed patients with DP- and Cw- DSA, which made their interpretation difficult [18]. As to date, and considering current matching algorithms, the only significant preformed DSA we may face in case of a kidney transplant proposition are Cw- and DP-DSA. The objective of our study was thus to evaluate the incidence of acute ABMR in a multicentric cohort transplanted with either isolated Cw- or DP-DSA, and to identify risk factors of aABMR in this specific population.
MATERIAL AND METHODS
Study Patients
The study included every adult transplanted with a single kidney graft in the presence of an isolated preformed Cw- or DP-DSA between 2010 and 2019 at the French University Hospitals of Amiens, Bordeaux, Lille and Nantes. Criteria of exclusion were: pediatric patients, patients presenting another preformed A-, B-, DR- or DQ-DSA, patients presenting with both anti-Cw and anti-DP DSA, ABO-incompatible transplantation, multiorgan transplantation, and patients pre-treated with desensitization protocols before transplantation. Finally, for DP-DSA, as donors’ HLA-DPA1 genotype was not available for most of the patients, only recipients with at least one anti-DPB1-DSA were included.
Data Source and Ethical Statement
This multicentric observational study conforms to the tenets of the Istanbul Declaration and the ethical guidelines set forth by the Helsinki Declaration and was approved by the local institutional review boards. No organs were procured from prisoners. All participants provided their informed consent. The dataset was processed under French and European Union data protection laws and regulations (reference: #DEC20-002). This study complies with the “Strengthening the Reporting of Observational Studies in Epidemiology” (STROBE) guidelines [19]. Data from Nantes were collected from the French DIVAT multicentric prospective cohort of kidney and/or pancreatic transplant recipients (www.divat.fr, N°CNIL 914184, ClinicalTrials.gov recording: NCT02900040).
Data Collection
For each patient, data regarding donor and recipient age, sex, body mass index (BMI), blood group, rank of transplantation, time spent in dialysis, renal-replacement therapy (RRT) method, initial causal nephropathy, calculated panel-reactive antibody (cPRA, defined as the proportion of incompatible grafts that had unacceptable mismatches among proposed deceased kidney donors in the same blood group over the 5 previous years), pre-transplant sensitization in class I and class II antibodies, donor cause of death, cold ischemia time, conservation method, number of HLA-A, -B, -DR and -DQ mismatches, induction and peri-transplant prophylactic therapies, and the result of complement-dependent cytotoxicity (CDC) crossmatch, were collected.
Anti-HLA Antibody Testing
HLA antibodies were detected by single antigen flow beads using a LUMINEX© (LUMINEX 100 or 200) with the LABScreen Single Antigen HLA Class I© and LABScreen Single Antigen HLA Class II© kits (ONE LAMBDA©). The antibody level was approximated by the mean fluorescence intensity (MFI). DSA were considered only if present in the serum the day of transplant with a minimum mean fluorescence intensity of 500. In the presence of two or more anti-DP DSA or anti-Cw DSA, the strongest MFI was considered in the analysis. MFI of the preformed Cw- or DP-DSA were secondly monitored at day 15, in the 3rd, 6th, 12th and 24th months post-transplantation.
Histopathology
The diagnosis of biopsy-proven acute antibody-mediated rejection was performed according to the 2019 Banff classification [20] on “for cause” kidney graft biopsies.
Endpoints
The primary endpoint was to determine the incidence of aABMR when transplanted with an isolated Cw- or DP-DSA, and then to identify risk factors of aABMR. Secondary endpoints included the identification of risk factors associated with death-censored graft loss and to describe the use of additional prophylactic strategies (Rituximab and/or Intravenous Immunoglobulins (IVIGs) and/or plasmapheresis and/or Eculizumab) performed the day of transplant to prevent rejection in the whole Cw- and/or DP-DSA population.
Statistical Analysis
The Cw-DSA and the DP-DSA groups were compared on baseline characteristics by chi-2 (categorical data) or Student’s t-tests (continuous data). The Aalen-Johansen estimator was used to estimate event probabilities and to analyze the cumulative incidence of aABMR accounting for the competing risk of death or graft loss for rejection analyses and the competing risk of death for graft loss analysis [21]. Cumulative incidence functions were compared by Gray test when appropriate. Median follow-up times were estimated by a reverse Kaplan Meier method [22]. Hazard ratios for aABMR, and graft loss were computed using Cox proportional hazards modeling. A multivariable backward selection procedure was implemented for the primary endpoint, with a univariate threshold p < 0.20 for inclusion and a p < 0.05 being defined as statistically significant in the final model. For graft loss, known confounders were included regardless of significance level. An interaction term analysis was performed on the primary endpoint in order to assess the consistency of the effect of MFI on aABMR risk according to the Cw-DSA and the DP-DSA groups. Log-linearity and the proportional hazards assumption were tested using a graphical method. All analyses were carried out in R, version 3.6.3 [23].
RESULTS
Study Population and Baseline Characteristics
Among the 183 patients included, 92 were transplanted with isolated preformed Cw- DSA and 91 with preformed DP-DSA. Anti-Cw5 (n = 17), anti-Cw7 (n = 16) and anti-Cw2 (n = 11) were the most frequent Cw-DSA reported, while anti-DP4 (n = 21), anti-DP1 (n = 13) and anti-DP2 (n = 10) were the more frequently found DP-DSA (Supplementary Table S1). The median time of follow-up post-transplant was 4.2 years [Q1: 2.71; Q3: 7.14]. Baseline patients’ characteristics are presented in Tables 1, 2. Overall, mean recipients age was 51.5 years old (±13.0), with a slight over-representation of women. More than half of the patients were retransplanted recipients (51.4%). Mean calculated-PRA was 69.3% (±35.1), with anti-class I and anti-class II HLA sensitization occurring for 89.3% and 76.3% of the patients, respectively. The mean immunodominant DSA MFI at the time of transplantation was 3,540 (±3,537) [Cw-DSA: 3,228 (±3,216); DP-DSA: 3,855 (±3,826), p = 0.231]. Of note, four patients were transplanted despite a positive CDC crossmatch (2 Cw-DSA for T-cells and 2 DP-DSA for B-cells). Anti-thymocyte globulins was the main induction therapy (86.4%) and 63 patients (34.4%) were treated with an additional prophylactic protocol the day of transplantation: Rituximab (n = 31 [17.3%]), IVIGs (n = 45 [25.1%]), plasmapheresis (n = 9 [5.03%]), and/or Eculizumab (n = 2 [1.12%]). Baseline characteristics were similar between Cw- and DP-DSA recipients, except for BMI [25.4 kg/m2 versus 23.9 kg/m2 respectively (p = 0.049)], cPRA [61.5% versus 77.3% respectively (p = 0.002)], class I HLA sensitization [100% versus 77.9% respectively (p < 0.001)], class II HLA sensitization [53.5% versus 100% respectively (p < 0.001)], HLA-DR mismatch [0.84 (±0.72) versus 0.54 (±0.62) respectively (p = 0.003)], and the use of peri-operative Rituximab [9 (10%) versus 22 (24.7%) respectively (p = 0.016)].
TABLE 1 | Baseline characteristics.
[image: Table 1]TABLE 2 | Histocompatibility and peri-operative prophylactic strategies.
[image: Table 2]Primary Endpoint
Biopsy-Proven Acute Antibody-Mediated Rejection
During follow-up, 41 of the 183 patients (22.4%) presented a biopsy-proven aABMR including 14 in the Cw-DSA group and 27 in the DP-DSA group. AABMR occurred within a median time of 92 days [Q1: 25; Q3: 370]. Of note, no difference in aABMR prevalence emerged between first and retransplanted-patients (Supplementary Table S2). The 6 months, 1 and 2 years probabilities of aABMR were 10.9% [95% CI 6.0–19.3], 10.9% [95% CI 6.0–19.3] and 12% [95% CI 6.8–20.6] in the Cw-DSA group respectively, versus 16.5% [95% CI 10.3–25.8], 22.0% [95% CI 14.8–32.0] and 28% [95% CI 19.8–38.6] in the DP-DSA group, respectively (Figure 1). Multivariable Cox regression showed that preformed DP-DSA were associated with an increased risk of aABMR compared with Cw-DSA, with an adjusted Hazard Ratio (aHR) of 2.25 [1.17–4.31] (p = 0.015) (Table 3). Regardless of the nature of the preformed DSA, day of transplant MFI was independently associated with the risk of aABMR, with an aHR of 1.09 [1.08–1.18] (p = 0.032) per 1000 MFI increment (Table 3). Other variables associated with the risk of aABMR were recipient age [aHR = 0.76 [0.60–0.97] (p = 0.026)] and a positive CDC crossmatch the day of transplant [aHR = 4.59 [1.03–20.38] (p = 0.045)]. For MFI below 3,000, the risk for aABMR was increased in the DP-DSA group compared with Cw-DSA group, with an aHR of 4.69 [1.68–13.08]. Conversely, there was no significant difference between the groups for MFI greater than 3,000 (aHR 1.05 [0.43–2.57]), suggesting that the increased risk observed of aABMR in the DP-DSA group compared with Cw-DSA mostly concerned DSA with MFI < 3,000 (Table 4).
[image: Figure 1]FIGURE 1 | Cumulative incidence of biopsy-proven acute antibody-mediated rejection. (A) Cumulative incidence of biopsy-proven aABMR according to Cw- and DP-DSA groups (B) Cumulative incidence of biopsy-proven aABMR according to the day of transplant DSA’s MFI (C) Cumulative incidence of biopsy-proven aABMR according to the day of transplant MFI of Cw- versus DP-DSA. aABMR, acute Antibody-mediated rejection; DSA, Donor Specific Antibody; MFI, Mean Fluorescence Intensity.
TABLE 3 | Multivariable Cox model for the risk of biopsy-proven acute antibody-mediated rejection.
[image: Table 3]TABLE 4 | Multivariate interaction term model for the risk of biopsy-proven acute antibody-mediated rejection.
[image: Table 4]Post-Transplant DSA Monitoring
To ensure the plausibility of the effect of preformed Cw- and/or DP-DSA on the occurrence of aABMR, we monitored the post-transplant evolution overtime of the preformed DSA’s MFI. In patients who experienced aABMR, mean MFI decreased from 4,446 (±3,898 SD) at the day of transplant, to 4,175 (±4,729 SD) at day 15, 2,916 (±4,934 SD) at 3 months, 2,487 (±4,191 SD) at 6 months, 1,758 (±3,139 SD) at 12 months and finally to 1,506 (±3,295 SD) at 24 months. However, strikingly, mean MFI of the preformed DSA was still at 4,463 (±5,257 SD) on the onset of aABMR. In patients who did not experience aABMR, mean MFI decreased as well from 3,191 (±3,239 SD) at the day of transplant, to 2,707 (±3,652 SD) at day 15, 1,698 (±2,589 SD) at 3 months, 1,866 (±2,424 SD) at 6 months, 1,350 (±2,324 SD) at 12 months and finally to 1,127 (±2,187 SD) at 24 months. Mean DSA’s MFI follow-up is presented in Supplementary Figure S1. Thirty-eight de novo DSA (dnDSA) appeared during the follow-up in 25 out of the 183 (13.7%) patients (13 in the Cw-DSA group, and 12 in the DP-DSA group). The median time to onset of dnDSA was 494 days [Q1: 101; Q3: 882]. De novo DSA were directed against the loci A (n = 3), B (n = 10), Cw (n = 5), DR (n = 11), DQ (n = 5), and DP (n = 4). Ten of these 25 patients will present aABMR during follow-up. The onset of dnDSA appeared to be attributable to aABMR in 6 of these 10 aABMR-patients (14.4% of the whole aABMRs observed here), with a concomitant or shortly appearance of dnDSA preceding the acute rejection episode (two patients in the Cw-DSA group, and four patients in the DP-DSA group). For the other four patients, the dnDSA appeared largely after the occurrence of aABMR (median time between rejection and the onset of dnDSA (in this order): 1860 days [Q1: 481; Q3: 2,701]), and were therefore considered as unrelated to the development of aABMR (Supplementary Table S3). Taken together, dnDSA emergence may therefore interfere here with 14.4% of the aABMR onset, letting the 85.6% other aABMR+ patients with no other DSA than the preformed Cw- or DP-DSA.
Secondary Endpoints
Graft Loss
Considering graft loss, death-censored graft loss occurred for 41 of the 183 patients (Cw-DSA: 18; DP-DSA: 23). The median time until death-censored graft loss was 2.3 years [Q1: 0.4; Q3: 6.3]. Probabilities of death-censored graft loss at 1, 3, and 5 years were 5.4% [95% CI 2.3–12.6], 9.1% [95% CI 4.7–17.4] and 16.0% [95% CI 9.2–26.8] in the Cw-DSA group versus 11.0% [95% CI 6.1–19.5], 15.9% [95% CI 9.7–25.5] and 19.5% [95% CI 12.3–30.3] in the DP-DSA group (Figure 2), respectively. Multivariable Cox regression model did not find any significant association between the type of DSA or the level of MFI with death-censored graft loss (Table 5).
[image: Figure 2]FIGURE 2 | Cumulative incidence of death-censored graft loss. Cumulative incidence of death-censored graft loss in the Cw- versus DP-DSA group. DSA, Donor Specific Antibody.
TABLE 5 | Multivariable Cox model for the risk of development of death-censored graft loss.
[image: Table 5]Additional Prophylactic Treatment the Day of Transplant
A total of 63 patients (34.4%) were treated with an additional prophylactic treatment on the day of transplant, in addition to conventional induction, as previously described. None of the treatments had any significant effect in univariate analyses (Figure 3). Overall, among the 63 patients who received any additional prophylactic therapy on the day of transplant (Rituximab and/or IVIGs and/or plasmapheresis and/or Eculizumab), 15 experienced aABMR (23.8%), versus 26 out of the 120 patients who received the standard of care treatment (21.6%) (p = 0.65). AABMR occurred in 9 out of 31 patients treated with Rituximab (29%), versus 32 out of 131 other patients who were not (24.4%). Twelve out of 45 patients treated by IVIGs (26.6%) experienced aABMR, versus 29 out of 134 other patients who were not (21.6%). Two of the 9 patients treated by plasmapheresis (22.2%), compared with 39 out of 170 (22.9%) presented with aABMR. None of the two patients who received Eculizumab experienced rejection.
[image: Figure 3]FIGURE 3 | Cumulative incidence of biopsy-proven acute ABMR after supplemental prophylactic therapy on the day of transplant. Cumulative incidence of biopsy-proven aABMR in the prophylactic therapy-group (Rituximab and/or IVIGs and/or plasmapheresis and/or Eculizumab) versus standard of care alone-treated group. aABMR, acute Antibody-mediated rejection; IVIGs, Intravenous Immunoglobulins.
DISCUSSION
In this study, we described the incidence and risk factors associated with aABMR in a multicentric observational study of recipients transplanted in the presence of isolated preformed Cw- or DP-DSA. Two years after transplantation, the probability of developing an aABMR was 12% and 28% for patients transplanted with a preformed Cw- or DP-DSA, respectively. In multivariate analysis, the presence of a preformed DP-DSA was associated with approximately twice the risk of aABMR compared with Cw-DSA. We also found that the MFI of the DSA at the time of transplantation was significantly associated with aABMR, whatever the DSA was, and that there was a significant interaction between the nature of the DSA and the MFI. The increased risk associated with DP-DSA, compared with Cw-DSA, was significant only for MFI below 3,000. No difference was found between the groups in terms of death-censored graft loss. Finally, the use of a prophylactic therapy the day of transplantation to prevent rejection did not seem to be associated with a lower incidence of aABMR.
Twelve percent of patients transplanted in the presence of a Cw-DSA presented in our study an aABMR at 2 years of follow-up. This incidence is lower than those reported in previous reports for Cw-DSA, between 20% and 30% [13, 24]. These results may have been impacted by a non-estimated proportion of denatured anti-HLA-Cw. Like all class I molecules, HLA-Cw can lose its β2m-chain, leading to the denaturation of the HLA molecule. Sensitization against cryptic antigens of these denatured class I molecules is frequent, yet clinically irrelevant [25]. Compared with anti-HLA-A and -B, denatured anti-HLA-Cw are particularly prevalent, corresponding to 10% of antibodies from pre-transplant patients and up to 40% of DSA in sensitized kidney transplant recipients [24, 26]. Using acid-treated Luminex beads (iBeads®, One Lambda) recognizing only native class I anti-HLA, Visentin et al., showed a prevalence of nearly 45% of denatured anti-HLA-Cw (23 of 52 patients with isolated preformed Cw-DSA). The authors revealed then a 2 years incidence of aABMR of 55% (16/29 patients) in the native Cw-DSA group, compared with 8.7% (2/23 patients) in the denatured Cw-DSA group (p = 0.006). This increase in aABMR was clinically reflected by a significant decrease in graft survival in the native Cw-DSA group [12]. Interestingly, in this study, mean baseline MFI of native Cw-DSA were significantly and importantly higher than of denatured anti-HLA-Cw antibodies (5,503 [1,655–8,198] versus 998 [742–2,140]) [12]. We may assume then that in our population, denatured DSA may be present in the lowest categories of Cw-DSA MFI, which would explain the difference of risk of aABMR associated with Cw-DSA below and over the 3,000 threshold. Considering that nowadays the probability of being transplanted in the presence of a preformed DSA is almost exclusively limited to Cw- and DP-DSA, the challenge in this population remains therefore to successfully identify pathogenic Cw-DSA, in order to help further stratify the risk. In addition to iBeads mentioned above [12], other tools such as the ability of the DSA to bind C1q [27], C3d [28], or the identification of DSA’s IgG subclass [29] could be useful, and deserve to be tested specifically in this population.
We report here the largest cohort to our knowledge of patients transplanted in the presence of an isolated preformed DP-DSA, confirming the alleged association of these antibodies with aABMR. The pathogenicity of DP-DSA has indeed been raised by several case-reports [16, 17, 30–33] and clearly suggested by Bachelet et al., which provided a pooled analysis of Cw- and DP-DSA preformed DSA [18]. We report here a 2 years-incidence of aABMR of 28% in the presence of a preformed DP-DSA at the time of kidney transplantation. This is consistent with the recent report from the Swiss transplant cohort study, who also found a 2 years prevalence of aABMR of around 25% in 33 recipients transplanted in the presence of an isolated preformed DP-DSA, results of note no different from those observed in DR- or DQ-DSA patients in this same study [34]. The nature of the rejection (aABMR), the persistence of significant post-transplant MFI of the preformed DP-DSA at the time of aABMR [3,178 (±4,618 SD)] despite natural post-transplant decrease, the relatively low proportion of de novo DSA appearance who could have interfered with the onset of aABMR [only 4 out of 27 (14.8%) aABMR attributable to a dnDSA emergence in the DP-DSA group], and finally the significant association between the MFI of the preformed DP-DSA and aABMR, are all together strong arguments in favor of the pathogenicity of these antibodies. Despite quite early onset of aABMR, anamnestic B-cell response did not seem to be the main immunological pathway here, as DSA’s MFI did not strongly increase at day 15, and as no difference was observed here between first and retransplanted-patients. Noteworthily, distribution of antigenic specificities of DP-DSA matched here with the prevalence of the different HLA-DPB1 alleles expressed by the general populations [35]. In our cohort of 183 sensitized patients transplanted with a preformed DSA, the presence of a DP-DSA was associated with a two-fold increased risk compared with Cw-DSA. Using interaction analyses, we also showed that the risk was dependent of the DSA’s MFI. Below an MFI of 3,000, DP-DSA had approximately a 4-fold increased risk compared with Cw-DSA, but this risk disappeared for MFI over 3,000. Taken together, these results could suggest that the Cw-DSA pathogenicity would be proportional to its MFI on the day of transplantation for values greater than 3,000, whereas the pathogenic effect of DP-DSA would be constant, and would appear whatever the MFI is. Conversingly, the recent Swiss transplant cohort study already discussed above found similar results for all classe II-DSA, including DP-DSA, demonstrating an association with aABMR and death-censored graft loss even for MFI < 1,000, while classe I-DSA (including 28 Cw-DSA patients) where associated with aABMR only for MFI > 1,000 [34]. In a historical cohort, Lefaucheur et al., demonstrated a prevalence of aABMR in a sensitized cohort of patients without DSA of only 0.94% (3/319 patients) at 8 years, a result largely below the 28% of aABMR observed in our study at 2 years in the DP-DSA group [2]. The prevalence of aABMR in this same study was conversely 34.9% (29/83 patients) in the group transplanted in the presence of a preformed anti-A, -B, -DR or -DQ DSA [2], results close to those observed in our study in the DP-DSA group. Taken together, these results suggest that DP-DSA may exhibit a pathogenicity at least similar to other DSA included in “unacceptable antigens” allocation programs.
Finally, our study did not show any trend in favor of a reduction of aABMR after peri-operative prophylactic treatment to prevent rejection. In a small prospective cohort, Akalin et al., showed a mean decrease in the MFI of preformed DSA in the group treated with IVIGs and plasmapheresis of 38% (n = 14), compared with a decrease of 24% in the group receiving only IVIGs (n = 9). The prevalence of aABMR was 44% (4 patients out of 9) in the IVIGs alone group versus 7% (1 patient out of 14) in the IVIGs + plasmapheresis group [36]. In a prospective uncontrolled study, Jin et al., reported no episode of acute rejection in 7 HLA-incompatible transplant-recipients (presence of a DSA on transplant day) treated with peri-operative low-dose IVIGs, plasmapheresis and Rituximab over a mean follow-up of 3 years [37]. Finally, in a retrospective cohort of 50 sensitized recipients transplanted in the presence of a preformed DSA, treated (n = 25) or not treated (n = 25) with Rituximab in addition to treatment with IVIGs and peri-operative plasmapheresis, the Rituximab-treated patients had less DSA rebound during follow-up. However, there was a similar proportion of biopsy-proven acute rejection and especially aABMR (4 versus 6, p = 0.23), with similar graft survival between the two groups [38]. It is important to emphasize that none of these studies, retrospective and/or with small number of patients, included Cw- or DP-DSA. Although no trend in favor of an aggressive prophylactic strategy emerged from our observation, our retrospective study was not designed to evaluate the efficacy of such therapies. Further randomized studies would be warranted then to assess the validity of such treatments.
Our findings need to be interpreted in the context of some caveats. First, the retrospective nature of the study could be associated with information bias. Another limitation pertains to the absence of a control group without Cw- or DP-DSA. Including a control group, while essential for drawing meaningful conclusions, poses challenges related to potential biases that could compromise the validity of our findings. To navigate this issue, we deliberately refrained from introducing such a control group. On the one hand, a control group comprising exclusively non-sensitized recipients would not permit us to distinguish between the impact of HLA sensitization and the effect of preformed DSA. HLA sensitization is recognized to influence the likelihood of acute rejection and graft loss, even in the absence of DSA [39]. Therefore, introducing this group would confound our ability to isolate the specific effects of DSA. On the other hand, forming a control group solely consisting of sensitized recipients without preformed DSA introduces biases associated with prevailing definitions of HLA sensitization in allocation systems. In France, as in many other countries, HLA sensitization is assessed using the cPRA, which is contingent upon the prevalence of HLA antigens within the allocation population. Comparing outcomes between sensitized recipients with equivalent cPRA values assumes uniform levels of sensitization, disregarding the nuanced nature of HLA antibodies according to the prevalence of HLA antigens in the French population. Considering the current debate surrounding cPRA’s effectiveness in stratifying immune risk [40], we opted to restrict our analyses to a specific population in the French allocation system that can be transplanted with preformed DSA—namely, those with Cw- or DP-specific DSA. This approach allows us to more directly assess the impact of these specific DSA while minimizing potential biases inherent in broader control groups.
In conclusion, the 2 years incidence of acute ABMR in this multicentric study was 12% and 28% for patients transplanted in the presence of a preformed Cw- or DP-DSA, respectively. The pathogenicity of Cw-DSA was MFI-dependent, and appeared essentially for MFI superior to 3,000, while the increased risk of aABMR occurred even for low-MFI value DP-DSA. Taken together, these results suggest that Cw- and DP-DSA might present a pathogenicity at least equivalent to other DSA included in “unacceptable antigens” program. Today, no consensual attitude exists in most allocation systems regarding Cw-DSA and DP-DSA. Our results may therefore question the need of taking these antibodies into account in the allocation algorithm, in the same way as the other anti-HLA antibodies.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
This multicentric observational study conforms to the tenets of the Istanbul Declaration and the ethical guidelines set forth by the Helsinki Declaration and was approved by the local institutional review boards, and authorized with the n° DEC20-002 by French authorities (Comission Nationale de l’Informatique et des Libertés, CNIL). No organs were procured from prisoners. All participants provided their informed consent.
AUTHOR CONTRIBUTIONS
Study conceptualization: TL, RL, MH, and MM. Data acquisition: TL, JV, GF, and PC. Statistical Analysis: RL and MM. Manuscript drafting: TL, RL, and MM. All authors contributed to the article and approved the submitted version.
ACKNOWLEDGMENTS
The authors would like to thank the members of the DIVAT consortium for their involvement in the study, the physicians who helped recruit patients, and all patients who participated in this study. We also thank the clinical research associates who participated in the data collection. The analysis and interpretation of these data are the responsibility of the authors.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontierspartnerships.org/articles/10.3389/ti.2023.11416/full#supplementary-material
ABBREVIATIONS
95%CI, 95% confidence interval; aABMR, acute antibody-mediated rejection; ABMR, antibody-mediated rejection; aHR, adjusted hazard ratio; BMI, body mass index; CDC, complement-dependent cytotoxicity; cPRA, calculated panel-reactive antibody; DSA, donor specific antibody; HLA, human leukocyte antigens; HR, hazard ratio; IVIGs, intraveinous immunoglobulins; MFI, mean fluorescence intensity; PRA, panel-reactive antibody; Q1, first quartile; Q3, third quartile; RRT, renal replacement therapy.
REFERENCES
 1. Loupy, A, and Lefaucheur, C. Antibody-Mediated Rejection of Solid-Organ Allografts. N Engl J Med (2018) 379:1150–60. doi:10.1056/NEJMra1802677
 2. Lefaucheur, C, Loupy, A, Hill, GS, Andrade, J, Nochy, D, Antoine, C, et al. Preexisting Donor-Specific HLA Antibodies Predict Outcome in Kidney Transplantation. J Am Soc Nephrol (2010) 21:1398–406. doi:10.1681/ASN.2009101065
 3. Ziemann, M, Altermann, W, Angert, K, Arns, W, Bachmann, A, Bakchoul, T, et al. Preformed Donor-Specific HLA Antibodies in Living and Deceased Donor Transplantation: A Multicenter Study. Clin J Am Soc Nephrol (2019) 14(7):1056–66. doi:10.2215/CJN.13401118
 4. Ixtlapale-Carmona, X, Arvizu, A, De-Santiago, A, González-Tableros, N, López, M, Castelán, N, et al. Graft Immunologic Events in Deceased Donor Kidney Transplant Recipients With Preformed HLA-Donor Specific Antibodies. Transpl Immunol (2018) 46:8–13. doi:10.1016/j.trim.2017.09.006
 5. Relondo-Pachon, D, Pérez-Sàez, MJ, Mir, M, Gimeno, J, Llinás, L, García, C, et al. Impact of Persistent and Cleared Preformed HLA DSA on Kidney Transplant Outcomes. Hum Immunol (2018) 79(6):424–31. doi:10.1016/j.humimm.2018.02.014
 6. Lefaucheur, C, Antoine, C, Suberbielle, C, and Glotz, D. Mastering the Risk of HLA Antibodies in Kidney Transplantation: An Algorithm Based on Pretransplant Single-Antigen Flow Bead Techniques. Am J Transpl (2011) 11(8):1592–8. doi:10.1111/j.1600-6143.2011.03560.x
 7. Carey, BS, Poulton, KV, and Poles, A. HLA-C Expression Level in Both Unstimulated and Stimulated Human Umbilical Vein Endothelial Cells Is Defined by Allotype. HLA (2020) 95(6):532–42. doi:10.1111/tan.13852
 8. Visentin, J, Couzi, L, and Taupin, JL. Clinical Relevance of Donor-Specific Antibodies Directed at HLA-C: A Long Road to Acceptance. HLA (2021) 97:3–14. doi:10.1111/tan.14106
 9. Arnold, ML, Pei, R, Spriewald, B, and Wassmuth, R. Anti-HLA Class II Antibodies in Kidney Retransplant Patients. Tissue Antigens (2005) 65:370–8. doi:10.1111/j.1399-0039.2005.00382.x
 10. Tait, BD, Hudson, F, Cantwell, L, Brewin, G, Holdsworth, R, Bennett, G, et al. Review Article: Luminex Technology for HLA Antibody Detection in Organ Transplantation. Nephrology (2009) 14:247–54. doi:10.1111/j.1440-1797.2008.01074.x
 11. Bachelet, T, Couzi, L, Guidicelli, G, Moreau, K, Morel, D, Merville, P, et al. Anti-Cw Donor-Specific Alloantibodies Can Lead to Positive Flow Cytometry Crossmatch and Irreversible Acute Antibody-Mediated Rejection. Am J Transpl (2011) 11:1543–4. doi:10.1111/j.1600-6143.2011.03584.x
 12. Visentin, J, Del Bello, A, Aubert, O, Bachelet, T, Martinez, C, Jambon, F, et al. Reassessment of the Clinical Impact of Preformed Donor-Specific Anti-HLA-cw Antibodies in Kidney Transplantation. Am J Transpl (2020) 20:1365–74. doi:10.1111/ajt.15766
 13. Aubert, O, Bories, MC, Suberbielle, C, Snanoudj, R, Anglicheau, D, Rabant, M, et al. Risk of Antibody-Mediated Rejection in Kidney Transplant Recipients With Anti-HLA-C Donor-Specific Antibodies. Am J Transpl (2014) 14:1439–45. doi:10.1111/ajt.12709
 14. Relondo-Pachon, D, Pascal, J, Pérez-Sàez, MJ, García, C, Hernández, JJ, Gimeno, J, et al. Impact of Preformed and De Novo Anti-HLA DP Antibodies in Renal Allograft Survival. Transpl Immunol (2016) 34:1–7. doi:10.1016/j.trim.2015.11.002
 15. Hörmann, M, Dieplinger, G, Rebellato, LM, Briley, KP, Bolin, P, Morgan, C, et al. Incidence and Impact of Anti-HLA-DP Antibodies in Renal Transplantation. Clin Transpl (2016) 30:1108–14. doi:10.1111/ctr.12794
 16. Goral, S, Prak, EL, Kearns, J, Bloom, RD, Pierce, E, Doyle, A, et al. Preformed Donor-Directed Anti-HLA-DP Antibodies May Be an Impediment to Successful Kidney Transplantation. Nephrol Dial Transpl (2008) 23:390–2. doi:10.1093/ndt/gfm703
 17. Jolly, EC, Key, T, Rasheed, H, Morgan, H, Butler, A, Pritchard, N, et al. Preformed Donor HLA-DP-Specific Antibodies Mediate Acute and Chronic Antibody-Mediated Rejection Following Renal Transplantation. Am J Transpl (2012) 12(10):2845–8. doi:10.1111/j.1600-6143.2012.04172.x
 18. Bachelet, T, Martinez, C, Del Bello, A, Couzi, L, Kejji, S, Guidicelli, G, et al. Deleterious Impact of Donor-Specific Anti-HLA Antibodies Toward HLA-Cw and HLA-DP in Kidney Transplantation. Transplantation (2016) 100:159–66. doi:10.1097/TP.0000000000000821
 19. von Elm, E, Altman, DG, Egger, M, Pocock, SJ, Gøtzsche, PC, Vandenbroucke, JP, et al. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: Guidelines for Reporting Observational Studies. Int J Surg (2014) 12(12):1495–9. doi:10.1016/j.ijsu.2014.07.013
 20. Loupy, A, Mengel, M, and Haas, M. Thirty Years of the International Banff Classification for Allograft Pathology: The Past, Present, and Future of Kidney Transplant Diagnostics. Kidney Int (2022) 101:678–91. doi:10.1016/j.kint.2021.11.028
 21. Nelson, W. Theory and Applications of Hazard Plotting for Censored Failure Data. Technometrics (1972) 14(4):945–66. doi:10.1080/00401706.1972.10488991
 22. Xue, X, Agalliu, I, Kim, MY, Wang, T, Lin, J, Ghavamian, R, et al. New Methods for Estimating Follow-Up Rates in Cohort Studies. BMC Med Res Methodol (2017) 17(1):155. doi:10.1186/s12874-017-0436-z
 23. R Core Team. A Language and Environment for Statistical Computing. Vienna, Austria: R foundation for Statistical Computing (2019). 
 24. Visentin, J, Marroc, M, Guidicelli, G, Bachelet, T, Nong, T, Moreau, JF, et al. Clinical Impact of Preformed Donor-Specific Denatured Class I HLA Antibodies After Kidney Transplantation. Clin Transpl (2015) 29:393–402. doi:10.1111/ctr.12529
 25. Otten, HG, Verhaar, MC, Borst, HP, van Eck, M, van Ginkel, WGJ, Hené, RJ, et al. The Significance of Pretransplant Donor-Specific Antibodies Reactive With Intact or Denatured Human Leucocyte Antigen in Kidney Transplantation. Clin Exp Immunol (2013) 173:536–43. doi:10.1111/cei.12127
 26. Visentin, J, Guidicelli, G, Bachelet, T, Jacquelinet, C, Audry, B, Nong, T, et al. Denatured Class I Human Leukocyte Antigen Antibodies in Sensitized Kidney Recipients: Prevalence, Relevance, and Impact on Organ Allocation. Transplantation (2014) 98(7):738–44. doi:10.1097/TP.0000000000000229
 27. Loupy, A, Lefaucheur, C, Vernerey, D, Prugger, C, Duong van Huyen, JP, Mooney, N, et al. Complement-Binding Anti-HLA Antibodies and Kidney-Allograft Survival. N Engl J Med (2013) 369(13):1215–26. doi:10.1056/NEJMoa1302506
 28. Courant, M, Visentin, J, Linares, G, Dubois, V, Lepreux, S, Guidicelli, G, et al. The Disappointing Contribution of Anti-Human Leukocyte Antigen Donor-Specific Antibodies Characteristics for Predicting Allograft Loss. Nephrol Dial Transpl (2018) 33:1872–63. doi:10.1093/ndt/gfy182
 29. Lefaucheur, C, Viglietti, D, Bentlejewski, C, Duong van Huyen, JP, Vernerey, D, Aubert, O, et al. IgG Donor-Specific Anti-Human HLA Antibody Subclasses and Kidney Allograft Antibody-Mediated Injury. J Am Soc Nephrol (2015) 27:293–304. doi:10.1681/ASN.2014111120
 30. Cippà, PE, Gaspert, A, Etter, C, Guenduez, Z, Ferrari-Lacraz, S, Rüsi, B, et al. Late Antibody-Mediated Rejection by De Novo Donor HLA-DP-Specific Antibody After Renal Transplantation: A Case Report. Hum Immunol (2014) 75:462–5. doi:10.1016/j.humimm.2014.02.008
 31. Fukuoka, K, Tokodai, K, Miyagi, S, Nakanishi, W, Nishimura, R, Fujio, A, et al. Chronic Active Antibody-Mediated Rejection With Donor-Specific Anti-HLA-DP Antibodies Following Living Donor Kidney Transplantation: A Case Report. Transpl Proc (2020) 52:1937–9. doi:10.1016/j.transproceed.2020.02.130
 32. Thammanichanond, D, Parapiboon, W, Mongkolsuk, T, Worawichawong, S, Tammakorn, C, and Kitpoka, P. Acute Antibody-Mediated Rejection by De Novo Anti-HLA-dpβ and -DPα Antibodies After Kidney Transplantation: A Case Report. Transpl Proc (2018) 50:2548–52. doi:10.1016/j.transproceed.2018.02.190
 33. Gilbert, M, Paul, S, Perrat, G, Giannoli, C, Pouteil Noble, C, Morelon, E, et al. Impact of Pretransplant Human Leukocyte Antigen-C and -DP Antibodies on Kidney Graft Outcome. Transpl Proc (2011) 43:3412–4. doi:10.1016/j.transproceed.2011.09.023
 34. Frischknecht, L, Deng, Y, Wehmeier, C, de Rougemont, O, Villard, J, Ferrari-Lacraz, S, et al. The Impact of Pre-Transplant Donor Specific Antibodies on the Outcome of Kidney Transplantation – Data From the Swiss Transplant Cohort Study. Front Immunol (2022) 13:1005790. doi:10.3389/fimmu.2022.1005790
 35. Creary, LE, Gangavarapu, S, Mallempati, KC, Montero-Martín, G, Caillier, SJ, Santaniello, A, et al. Next-Generation Sequencing Reveals New Information About HLA Allele and Haplotype Diversity in a Large European American Population. Hum Immunol (2019) 80(10):807–22. doi:10.1016/j.humimm.2019.07.275
 36. Akalin, E, Dinavahi, R, Friedlander, R, Ames, S, de Boccardo, G, Sehgal, V, et al. Addition of Plasmapheresis Decreases the Incidence of Acute Antibody-Mediated Rejection in Sensitized Patients With Strong Donor-Specific Antibodies. Clin J Am Soc Nephrol (2008) 3:1160–7. doi:10.2215/CJN.05321107
 37. Jin, MK, Cho, JH, Kwon, O, Hong, KD, Choi, JY, Yoon, SH, et al. Successful Kidney Transplantation After Desensitization Using Plasmapheresis, Low-Dose Intravenous Immunoglobulin and Rituximab in Highly Sensitized Patients: A Single-Center Experience. Transpl Proc (2012) 44:200–3. doi:10.1016/j.transproceed.2011.11.040
 38. Jackson, AM, Kraus, ES, Orandi, BJ, Segev, DL, Montgomery, RA, and Zachary, AA. A Closer Look at Rituximab Induction on HLA Antibody Rebound Following HLA Incompatible Kidney Transplantation. Kidney Int (2015) 87(2):409–16. doi:10.1038/ki.2014.261
 39. Lan, JH, Kadatz, M, Chang, DT, Gill, J, Gebel, HM, and Gill, JS. Pretransplant Calculated Panel Reactive Antibody in the Absence of Donor-Specific Antibody and Kidney Allograft Survival. Clin J Am Soc Nephrol (2021) 16(2):275–83. doi:10.2215/CJN.13640820
 40. Wehmeier, C, Hönger, G, Cun, H, Amico, P, Hirt-Minkowski, P, Georgalis, A, et al. Donor Specificity But Not Broadness of Sensitization Is Associated With Antibody-Mediated Rejection and Graft Loss in Renal Allograft Recipients. Am J Transpl (2017) 17(8):2092–102. doi:10.1111/ajt.14247
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Laboux, Lenain, Visentin, Flahaut, Chamley, Provôt, Top, Kerleau, Labalette, Choukroun, Couzi, Blancho, Hazzan and Maanaoui. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/ti-36-11416-t001.jpg
Transplant centers
Amiens
Bordeaux
Lile
Nantes
Recipients
Age (years)
Sex (% of men)
BMI (kg/m?)
Rank of transplantation
1
2
3
5
ABO blood group
A
B
AB
o
Time spent in waiting list (days)
RRT technique
Preempive transplant
Hemodialysis
Peritoneal dialysis
Initial nephropathy
Undetermined
Glomeruiar
Vascular
Tubulo-interstital
Polycystic
Uropathy
Other organ transplant
Pancreas
Liver
Lung
GPRA (%)
Anti-HLA diasse |
Anti-HLA diasse Il
Donors
Age (years)
Sex (% of men)
BMI (kg/m?)
Donor type
Vascular brainstem death
Non-vascular brainstem death
Living donor
Maastricht Il
ABO blood group
A
B8
AB
o
Cold ischemia time (min)
Perfusion machine use

Al Cw-DSA DP-DSA
n=183 n=92 n=91
8(4.37% 5 (5.43%) 3(3.30%)
57 (31.1%) 28 (30.4%) 29 (31.9%)
72 (39.3%) 33 (35.9%) 39 (42.9%)
46 (25.1%) 26 (28.3%) 20 (22.0%)
515 (+13.0) 517 (+13.4) 512 (+12.7)
86 (46.9%) 46 (50.0%) 40 (43.9%)
247 (:4.85) 25.4 (:5.22) 239 (:4.34)
89 (48.6%) 52 (56.5%) 37 (40.7%)
73 (39.9%) 30 (32.6%) 43 (47.3%)
20 (10.9%) 10 (10.9%) 10 (11.0%)
1(0.55%) 0(0.00%) 1(1.10%)
84 (45.9%) 47 (51.1%) 37 (40.7%)
18 (9.84%) 8(8.70%) 10 (11.0%)
5 (2.73%) 3(3.26%) 2 (2.20%
76 (41.5%) 34 (37.0%) 42 (46.2%)

1,128 (£1,320) 1,204 (+1,692) 961 (+758)
18 (9.84%) 9(9.78%) 9 (9.89%)
156 (85.2%) 80 (87.0%) 76 (83.5%)
9(4.92% 3(3.26%) 6 (6.59%)
21 (11.5%) 11 (12.0%) 10 (11.0%)
79 (43.2%) 39 (42.4%) 40 (44.0%)
18 (9.84%) 7(7.61%) 11 (12.1%)
11 (6.01%) 4(4.35%) 7 (7.69%)
27 (14.8%) 16 (17.4%) 11 (12.1%)
27 (14.8%) 15 (16.3%) 12 (13.2%)
4(221% 1(1.09%) 3(3.37%
2(1.10%) 1(1.00%) 1(1.129%)
1(0.55%) 0(0.00%) 1(1.12%)
69.3 (:35.1) 615 (:37.3) 773 (:31.0
159 (89.3%) 92 (100%) 67 (77.9%)
135 (76.3%) 46 (53.5%) 91 (100%)
533 (+16.5) 532 (:16.4) 535 (+16.7)
99 (54.1%) 53 (57.7%) 46 (50.5%)
269 (:5.66) 27.4 (+6.06) 263 (:5.18)
95 (51.9%) 53 (57.6%) 42 (46.2%)
78 (42.6%) 32 (34.8%) 46 (50.5%)
6 (3.28%) 5 (5.43%) 1(1.10%)
4(2.19%) 2(2.17%) 2 (2.20%)
68 (37.2%) 38 (41.3%) 30 (33.0%)
12 (6.56%) 8(8.70%) 4 (4.40%)
4(2.19%) 3(3.26%) 1 (1.10%)
76 (41.5%) 34 (37.0%) 42 (46.2%)
1,074 (+490) 1,015 (+536) 1,133 (+435)
58 (31.7%) 32 (34.8%) 26 (28.6%)

BMI, body mass index: cPRA, calculated panel-reactive antibody: RRT, renal replacement therapy.

p-value

0.633

0.809
0.502
0.049
0.090

0.488

0.088
0.662

0.697

0.617

0.002
<0.001
<0.001

0.928
0.418
0.176
0.000

0174

0.106
0.457

183

183
178
183

183

183

183

181

183

181
183





OPS/images/ti-36-11416-t002.jpg
Histocompatibilty
DSA MFI day of transplant
Positive CDC crossmatch
HLA-A mismatch number
HLA-B mismatch number
HLA-DQ mismatch number
HLA-DR mismatch number
A, B, DR, DQ mismatch number

induction and desensitzation
Induction therapy

Thymoglobulin

Anti-CD25

Aemtuzumab
Prophylactic treatment

None

Rituximab

VIGs

Plasmapheresis

Eculizumab

COC. complament-dependent cyloloxicity DSA, donar-specific antibodiss; VIGs, intravenaus immunoglobulns: MFL mean fluorsscence intensity.

Al Cw-DSA DP-DSA
n=183 n=92 n=91
3,540 (:3,537) 3,028 (:3,216) 3,855 (:3,826)
4(2.19%) 2 (2.17%) 2 (2.20%)
099 (:0.75) 095 (:0.69) 1.03 (:0.81)
1.29 (:0.69) 1.37 (20.66) 1.21 (£0.72)
0.73 (:0.69) 075 (:0.72) 0.72 (:0.65)
0.69 (:0.68) 084 (:0.72) 054 (:0.62)
370 (+1.94) 391 (+1.91) 3.49 (+161)
158 (86.3%) 78 (84.8%) 80 (87.9%)
24 (13.1%) 13 (14.1%) 11 (12.1%)
1(055%) 1(1.09%) 0(0.00%)
120 (65.6%) 66 (71.7%) 54 (59.3%)
31(17.3%) 9 (10.0%) 22 (24.7%)
45 (25.1%) 21 (23.3%) 24 (27.0%)
9 (5.03%) 3(3.33%) 6(6.74%)
2(1.12%) 1(1.11%) 1(1.12%)

p-value

0.231
1.000
0432
0118
0.807
0.003
0.148

0.787

0.108
0016
0.698
0.330
1.000

183
183
183
183
181
183
181

183

183
179
179
179
179





OPS/images/ti-36-11416-g002.gif





OPS/images/ti-36-11416-g003.gif
Cumuiative lacklence of biapey-proven sABMR [ the prophylactic therapy group
o i of e et Snp






OPS/images/ti-36-11416-t005.jpg
Preformed DP- vs. Cw-DSA

Day of transplant DSA's MFI (/1,000 MF! increment)
Recipient age (/10 years)

Recipient sex (male vs. female)

Recipient BMI (per 1 kg/m?)

Rank of transplantation (one vs. several)

Waiting time on list (per day)

Cold ischemia time (per minute)

BMI, body mass index: DSA, donor-specific antibodies: MFI, mean fluorescence intensity.

Death-censored graft loss

Multivariate
HR [95% CI]

1.10 [0.55-2.23]
1.04 [0.95-1.14)
0.87 [0.65-1.17]
1.27 [0.60-2.69]
1.06 [0.98-1.15]
1.90 [0.75-4.80)
1.00 [1.00-1.00)
1.00 [1.00-1.00]

p-value

0.786
0.358
0.368
0.532
0.127
0.174
0411
0.202





OPS/images/ti-36-11416-t003.jpg
Biopsy-proven acute

ABMR

Multivariate

HR [95% CI]
Preformed DP- vs Cw-DSA 2.25 [1.17-4.31)
Day of transplant DSA's MFI (/1,000 MFlincrement)  1.09 [1.01-1.18]
Recipient age (per 10 years) 0.76 (0.60-0.97]
CDC crossmatch positiviy (vs. negativity) 459 [1.03-20.4)

p-value

0.015
0.082
0.026
0.045

ABMR, antibody-mediated rejection; CDC, complement-dependent cytotoxicity; DSA,

donor-specific antibodies: MFI, mean fluorescence intensity.





OPS/images/ti-36-11416-t004.jpg
Biopsy-proven acute ABMR

Multivariate p-value*
HR [95% CI]

Preformed DP- vs. Ow-DSA/MFI < 3,000 460 [1.68-13.1] 0033

Preformed DP- vs. Ow-DSA/MFI > 3,000 1.05 (0.43-2.57]

This model was adjusted for recipient age and CDC crossmatch positivity. ABMR,
antibody-mediiated rejection; DSA, donor-specific antibodies; MFI, mean fluorescence
intensity.

* The calculated p-value stands for the whole interaction term multivariate analysis.





OPS/xhtml/nav.xhtml
Contents

		Cover

		Impact of Preformed Donor-Specific Anti-HLA-Cw and Anti-HLA-DP Antibodies on Acute Antibody-Mediated Rejection in Kidney Transplantation		Introduction

		Material and Methods		Study Patients

		Data Source and Ethical Statement

		Data Collection

		Anti-HLA Antibody Testing

		Histopathology

		Endpoints

		Statistical Analysis





		Results		Study Population and Baseline Characteristics

		Primary Endpoint

		Secondary Endpoints





		Discussion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Acknowledgments

		Supplementary Material

		Abbreviations

		References









OPS/images/cover.jpg
Impact of Preformed Donor-
Specific Anti-HLA-Cw and Anti-
HLA-DP Antibodies on Acute
Antibody-Mediated Rejection in
Kidney Transplantation





OPS/images/ti-36-11416-.gif
[ T






OPS/images/ti-36-11416-g001.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
é ESOT

( Transplant
International





