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Whether immunoadsorption (IADS) as part of desensitization protocols could facilitate deceased donor kidney transplantation (KT) in highly sensitized (HS) patients remains to be proven. We retrospectively analyzed our IADS based desensitization protocol for deceased donor KTs between 2013 and 2018. Fifteen HS patients (age 52 years [40–56]) were included. Waiting time before IADS was 6 years [5–10] and the interval between IADS initiation and KT was 5 months [1–12] for the 14 transplanted patients. Nine patients had prior KT. Calculated panel reactive antibody decreased significantly during the protocol (99.3% [92.5–99.9] vs. 79.4% [56.7–81.9]; p = 0.004). Death-censored graft survival was 85.7% at 1 and 2 years post-transplantation. One-year median plasma creatinine level was 135 µmol/L [111–202]. Six developed active antibody mediated rejection (ABMR) at 1 year, with a median delay of 13 days [11–26]. Eight patients developed severe infections, including two fatal outcomes. Finally, compared to 93% of patients who received desensitization receiving a KT, only 43% of a control with similar characteristics underwent transplantation. However, no difference was found in overall probability of being alive with a functioning graft at the end of follow-up. The results indicate that our IADS-based desensitization strategy was not effective due to a high rate of ABMR and severe infectious complications which pose a challenge to its universalization.
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INTRODUCTION
Kidney transplantation (KT) is universally acknowledged to be the treatment of choice for patients with end stage kidney disease (ESKD) in terms of survival and quality of life. In France, as elsewhere, the population affected by chronic kidney disease has grown steadily over the past decades totaling 51,000 patients with ESKD on dialysis and 9,675 on KT waiting lists in December 2021, whilst deceased donor organ procurement has plateaued, resulting in a shortage of organs [1].
Sensitization against HLA epitopes through blood transfusion, pregnancy and prior organ transplantation also hampers KT access resulting in protracted waiting time and increased mortality. Within the Eurogroup Transplantation Consortium it is thus estimated that 5% of patients are deemed highly sensitized (HS), as determined by an HLA antibody profile that reacts to ≥85%–100% of donors in the donor population [2]. The advent of novel assays providing enhanced HLA antibody detection—first and foremost being highly sensitive bead-based Luminex® single antigen assays—has further increased the proportion of patients categorized as HS. In addition, the most recent studies have stressed the preeminence of donor specific antibodies (DSAs) as a predictor of post-KT active antibody mediated rejection (ABMR) and graft survival. They have prompted new risk stratification strategies and, in turn, novel therapeutic procedures designed to circumvent the negative outcomes occasioned by alloimmunization [3].
Desensitization protocols have emerged as one approach to overcome the HLA barrier and allow for KT in HS ESKD patients [4, 5]. Various strategies have been utilized but most protocols are built around pharmacological immunosuppression combined with apheresis. They also share a common goal, which is to deplete B cell populations and to reduce DSA to levels amenable to KT with a negative complement-dependent cytotoxic (CDC) crossmatch. Immunoadsorption (IADS), using Immunosorba® columns (Globaffin®, Fresenius), has established itself as one of the preferred techniques among different apheresis options [6]. Compared to plasmapheresis, it provides semi-specific plasma treatment, superior immunoglobulin clearance, and obviates the need for albumin or plasma substitution [7]. IADS-based desensitization has shown good results for living donor KT [8]. There are few data in the setting of deceased donor KT where such an approach implies strict compliance with repeated sessions of apheresis and sustained immunosuppression pending allocation of an acceptable KT [9–11]. This study comprises a single center (Tenon Hospital, Paris, France) report of the outcomes associated with 15 consecutive HS patients who were on a kidney transplant waiting list and included in an IADS-based desensitization protocol.
METHODS
Patient Population Selection and Definitions
We retrospectively analyzed all patients between January 2013 and September 2018, who underwent IADS-based HLA desensitization protocol for deceased donor KT. Patients deemed eligible for the procedure had to fulfill the following criteria: 1) an incompatible graft ratio >85% calculated for a given individual on the basis of his anti-HLA antibodies profile and the HLA pattern stemming from nationwide kidney procurement performed over the last 5 years, 2) a favorable anti-HLA antibody dilution test performed using the Luminex® technique to mitigate a prozone effect and to predict adequate depletion through IADS, 3) more than 5 years on the KT waiting list, 4) protocol acceptance. Concerning antibody dilution test, before single antigen flow bead testing, a 0.1-M solution of disodium EDTA (Sigma-Aldrich®, St Louis, United States) at pH = 7.4 was diluted 1:10 in the sera and incubated for 10 min to avoid prozone effect. The French kidney allocation system offers organs at a national level. A national priority is given to highly sensitized patients based on their immunological profile (“incompatible graft ratio” >85%). During IADS protocol as the sensitization decrease that national priority can be removed. The French allocation system also allows for a locally retrieved kidney to be offered locally depending on match ability (ABO blood group and HLA compatibility measured by CDC crossmatch).
For each patient receiving the desensitization protocol, two control patients were selected from the same KT center. Controls were matched for age, degree of sensitization, had been waitlisted for a KT in the same year as the study patient, were of the same ABO blood group, and needed to have not died or be transplanted before the study patient had started the IADS protocol. Follow-up data for controls included KT status and date of KT and/or date of death.
Kidney biopsies were scored according to the 2017 Banff classification.
Desensitization Protocol
The description of the desensitization protocol is presented in the Supplementary Methods S1.
Immunoadsorption Therapy and Immunosuppressive Therapy for KT
The descriptions of the immunoadsorption therapy and the induction and maintenance immunosuppressive therapy for KT are presented respectively in the Supplementary Methods S2, S3.
Anti HLA Antibodies and CDC Crossmatch Assessment
The description of the anti HLA antibodies and CDC crossmatch assessment is presented in the Supplementary Methods S4.
Clinical Data
We obtained clinical data from medical records in our center and the CRISTAL database from the Agence de la Biomédecine. Each recipient from the present study gave written informed consent to be included in the CRISTAL database networks. The follow-up was terminated in August 2021.
Statistical Analysis
Continuous variables were expressed as median (interquartile range) and categorical variables as numbers (percentages). Continuous variables were compared using the nonparametric two-tailed Mann-Whitney test. Qualitative variables were compared using the Chi squared test.
Ethics Statement
The study was conducted in accordance with the ethical guidelines of the Assistance Publique—Hôpitaux de Paris. No institutional review board approval was necessary at the time of the study as it was a retrospective study involving no intervention. The study was conducted according to the ethical standards of the 2000 Declaration of Helsinki as well as the Declaration of Istanbul 2008.
RESULTS
Demographics
From 2013 to 2018, a total of 15 HS ESKD patients were included in the IADS-based desensitization protocol for deceased donor transplantation in our center. During the same period, 497 kTs were performed in the center (66 from a living donor and 431 from a deceased donor). A total of (Table 1 and Supplementary Table S1) 4 men and 11 women with a median age of 52 years [40–56] were cleared for the protocol. Their median body mass index was 26 [21–29] and 12 out of 15 had African-Caribbean origins. Nine patients presented with hypertension and one with diabetes mellitus. All patients had a history of more than 3 blood transfusions. Women (n = 11) presented with a median 3 [2–5] previous pregnancies. The median duration of renal-replacement therapy was 11 years [8–14] and the median time on the waiting list was 6 years [5–10]. Nine patients had received either 1 (n = 6) or 2 (n = 3) previous KTs. Upon starting the desensitization program, patients exhibited a calculated panel reactive antibody (cPRA) of 99.3% [92.5–99.9] and an anti-class I PRA-CDC of 30% [18–41]. Kidney diseases are detailed in Supplementary Table S1. All were seronegative for HIV and HCV but six patients had a past HBV infection (positivity for anti-HBc and anti-Hbs antibodies) and two had a chronic HBV infection. In total, 12 out of 15 patients had received previous immunosuppressive therapy (for initial kidney disease or for previous KT). For all but one patient the dilution test performed on their serum showed a significant decrease in anti-HLA antibody titers.
TABLE 1 | Demographic and nephrological features before transplantation.
[image: Table 1]Impact of Desensitization Protocol
After initiation of the IADS-based desensitization protocol, KT was performed after a median of 5 months [1–12] in 14 out of 15 patients (Figure 1). The patients received a median of 23 IADS sessions [14–32] over a median of 110 days [35–141] before KT. All the patients received IADS using an arteriovenous fistula. cPRA fell significantly from 99.3% [92.5–99.9] before IADS to 79.4% [56.7–81.9] following completion of the final IADS session (p = 0.004). Side effects observed during desensitization were mycophenolate-induced diarrhea (n = 4), hypocalcemia (n = 3) and cytopenias (n = 1). In one case the IADS-based protocol was terminated after 19 sessions (2 months) due to diarrhea and cytopenia but the response in terms of anti-HLA antibody titer was favorable and the patient was transplanted 8 months later. The protocol was discontinued in one case after 16 sessions (1 month) due to a lack of efficacy—the cPRA remained at 100%. For all desensitized patients who were transplanted, the day 0 CDC crossmatch was negative. However, 7 out of 14 KT recipients had displayed a historic CDC positive crossmatch (3/14 IgG against T and B lymphocytes, 4/14 IgM only). Flow cytometry crossmatch is not routinely performed in France for deceased donor transplantation. The median cumulated historical DSA MFI value before transplantation was 21,222 [12,067–42,095] in class I and 6,157 [1,730–20,455] in class II antibodies. At the day of transplantation, median DSA number and sum total MFI of DSA were 3 [1.8–4.3] and 7,625 [2,771–10,201], respectively.
[image: Figure 1]FIGURE 1 | Immunoadsorption based desensitization protocol: overall results.
Donor Characteristics
The median donor age was 66 years [40–71], and a history of hypertension and diabetes mellitus was disclosed in 3/14 (21%) and 2/14 (14%) patients, respectively. Donor serum creatinine was 69 μmol/L [56–84]. A cerebrovascular event was the recorded cause of death in 10 of 14 (71%) donors. The median number of HLA mismatches was 5 [5–6]. All KT recipients displayed at least one DSA on the day of transplantation: cumulative day 0 DSA-MFI was 4,505 [2,133–7,125] for class I and 1,150 [0–4,320] for class II. Median cold ischemia time was 15.5 h [12.5–18.5].
Transplant Follow-Up
The median post-transplant follow-up was 3.1 years [1.7–4.9]. At 3 months post-transplant, cumulative DSA-MFI was 5,962 [4,229–11,200] for class I and 5,209 [2,599–8,593] for class II antibodies. Individual post-transplant DSA kinetics is shown in Supplementary Figure S1. Active ABMR was diagnosed in 7/14 (50%) patients (six within the first-year post-transplant). For two patients, active ABMR was subclinical and diagnosed based on protocol biopsies. All 7 patients were treated with steroids, plasma exchange or IADS, combined with eculizumab (n = 3), and/or IVIg (n = 6). Histopathological Banff scores are shown in Table 2. In 3/14 cases chronic ABMR was diagnosed during follow-up. Banff score on the available 3rd month protocol biopsies is shown in Supplementary Table S2.
TABLE 2 | Post-kidney transplantation active ABMR episodes.
[image: Table 2]At 1-year post-KT, 2 KT recipients had died from severe infections but with functioning grafts and there were two graft losses (one due to recurrent focal and segmental glomerulosclerosis [FSGS] and one due to active ABMR). For the 10 functional grafts at 1-year, median serum creatinine and estimated glomerular filtration rate (eGFR) were 135 μmol/L [111–202] and 47 mL/min/1.73 m [3] [29–51], respectively. Uncensored graft survival was 71.4% at both 1 and 2 years. Death-censored graft survival was 85.7% at the same time points. By the end of study follow-up, 8/14 patients had lost their graft due to chronic allograft dysfunction (n = 3), death (n = 2), acute rejection (n = 1), renal arterial mycotic aneurism (n = 1), and FSGS recurrence (n = 1). There were a number of infectious complications that are listed in Supplementary Table S3.
Comparing Outcomes of KT-Waitlisted Highly-Sensitized ESKD Patients With or Without IADS Desensitization
Finally, we compared outcomes between our 15 HS ESKD patients receiving IADS desensitization and a group of patients matched for age, degree of HLA sensitization and time of KT waitlisting (n = 30: 2:1) (Table 3). Compared to 93% of patients who received desensitization receiving a KT, only 43% of our control group underwent transplantation. Time from waiting list enrollment to KT was 6.5 [5.7–10.2] years in desensitized patients and 10.5 [8.3–11.7] years in controls. However, we did not find a significant difference in overall patient survival (87% vs. 96%, p = ns) and in the percentage of patients alive with a functioning graft (40% in both groups) at the end of follow-up.
TABLE 3 | Comparing outcomes of KT-waitlisted highly-sensitized ESKD patients with or without IADS desensitization.
[image: Table 3]The results are summarized in Figure 1.
DISCUSSION
Management of highly sensitized ESKD patients represent a conundrum for KT teams. It is well recognized that patients who are denied a KT have an increased mortality compared to recipients of an HLA incompatible KT, and this holds true in the presence of a historic positive cytotoxic crossmatch [12]. In addition, in the current kidney allocation system, anti-HLA sensitization decreases the chances of patients being allocated a kidney graft and may even preclude KT as in the case of some highly sensitized patients [13]. Conversely preformed DSA are acknowledged to expose patients to an increased risk of graft failure and ABMR [14].
Several strategies aimed at reducing anti-HLA antibody levels and enhancing the chances of HS patients being offered a KT have been elaborated. Early protocols utilizing exclusively IVIg [4, 15] have been replaced by those combining apheresis—either plasma exchanges [16–18] or IADS [6, 9, 10, 19, 20]—with immunosuppressive drugs (steroids, calcineurin inhibitors, mycophenolate mofetil, eculizumab, rituximab), and IVIg [21]. Recently, IdeS an IgG degrading endopeptidase has been shown to allow for greater anti-HLA antibody depletion after a single dose thus representing another potential option for HS transplant candidates in the near future [22, 23]. Imlifidase dispenses with the repeated and cumbersome IADS sessions and allows for a greater reduction in DSA, at least on the day of KT. Besides, it is effective in even the most highly sensitized patients and 3-year follow-up graft survival was encouraging (90%) [24].
With regards to apheresis techniques, IADS has been shown to be more efficient than plasma exchange for lowering anti-HLA antibody titers [22, 25], and obviates the need for plasma replacement with its attendant side effects. To date, the implementation of IADS-based protocols has been chiefly restricted to living donor HLA and ABO incompatible KT. Our data is a further contribution to the few prior experiences in the setting of deceased donors [8–10]. Our protocol led to a decrease in cPRA so that 93% of the patients were ultimately transplanted. These patients had been on the waiting list for several years with a low likelihood of ever receiving a KT. Our comparison with a relevant control group suggests that the desensitization protocol used here increases the probability of HS patients being transplanted and also expedites KT.
Only few experiences with IADS-based desensitization have been reported so far. Using a protocol akin to ours, Noble et al reported on 36 patients including 8 living donors. In six cases (16.7%) the IADS protocol was aborted due to failure to clear DSA or complications. With a different approach [9, 10] patients displaying a positive complement-dependent cytotoxicity crossmatch received a single session of IADS immediately prior to KT and were cleared for transplantation provided the crossmatch was rendered negative. Compared to our cohort, the patients exhibited lower HLA sensitization, and a significant proportion of the patients were deemed unsuitable for KT having failed to yield a negative crossmatch (around 20%). However, the study disclosed favorable graft survival rates.
However, the shortcomings of desensitization protocols should be recognized. While these have been instrumental in offering a therapeutic opportunity for HS patients, post-KT DSA rebound significantly increases the risk of ABMR as shown in the Supplementary Figure S1. Fifty percent of patients suffered active ABMR, and there were three cases of chronic ABMR. One team [26] (Schwaiger et al.) opted for systematic post KT IADS, yet the group of highly sensitized patients CDCXM+/DSA+ patients which most closely resembles our cohort nonetheless exhibited increased rates of ABMR (44%). In fact, irrespective of the desensitization approach, the rate of ABMR was a cause of concern ranging from 38% [24] to 41% [11]. From an immunological perspective, half of our patients were free of adverse immunological events post-KT despite high DSA levels. Taken together, these results suggest that 1) for any given patient, DSA alone should not preclude KT; 2) within the group of HS patients, current immunological risk stratifiers may incorrectly classify these patients as untransplantable. 3) the same stratifiers are ineffective at delineating HS patients who may enjoy a satisfactory post-KT course from those at risk of early ABMR.
We observed significant infectious complications in our cohort. This is unsurprising for a number of reasons. HS ESKD patients may have impaired immunity due to previous immunosuppression for native kidney disease, previous KT and on top of the burden of dialysis and ESKD itself. The multi-targeted immune desensitization protocol used here would have further enhanced the infectious risk. The high rate of invasive fungal infections (n = 4) including two fatal cases of aspergillosis and one case of disseminated cryptococcosis is a likely reflection of the patients’ defective adaptive cellular immunity [27–29]. In line with this, infection has been highlighted as the principal contributor to death in other cohorts of IADS-desensitized patients [26].
We recognize the limitations of the current study. Our data are observational and from a single center with a modest number of patients. However, these types of patients, that is those who are HS and who have been waitlisted for a significant amount of time, are uncommon. Nevertheless, as the fraction of HS patients is expected to grow over the coming years there is a dire need to devise strategies to raise the prospects of KT. Currently, there is no consensus on how to manage this very high-risk group resulting in divergent strategies around the world. Unfortunately, outcomes for these patients are dismal and so transplantation remains their only hope, albeit with the risks described here.
When contemplating IADS-based desensitization KT the risks entailed by remaining on the waiting list should be carefully weighed against the hazards of a potentially short-lived graft function, the high likelihood of ABMR and severe infections. Importantly, immunoadsorption strategy is not associated with an improved probability of being alive with a functioning graft at the end of the follow-up compared to those receiving no immunoadsorption. Indeed, those who received immunoadsorption had poorer graft outcomes following transplantation.
In our experience, the exceedingly high risk of ABMR and lethal infections outweighed the potential benefits of KT, precluding the universalization of our IADS-based desensitization strategy in its current scheme. However, there may be select groups of patients that might benefit from immunoadsorption and these should be defined in future studies. Single IADS, or better yet imlifidase, may represent less cumbersome options. Regardless of the adopted strategy, clinicians should be wary of the high rate of ABMR and candidates should be selected and informed accordingly.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS
Conception and design: CB, CR, ER, PG, and YL. Data acquisition: CB, CR, PG, and YL. Analysis and interpretation: CB, CR, JT, SM, DB, ER, PG, and YL. Drafting the manuscript: CB, CR, ER, PG, and YL. Final approval: CB, CR, JT, SM, LM, HF, CP-H, NO, AH, MJ, DB, ER, PG, and YL. All authors contributed to the article and approved the submitted version.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontierspartnerships.org/articles/10.3389/ti.2023.11212/full#supplementary-material
REFERENCES
 1.French Biomedicine Agency. REIN, Réseau Épidémiologie, Information, Néphrologie (2023). Report. Available at: https://www.agence-biomedecine.fr/IMG/pdf/rapport_rein_2021_2023-06-26.pdf (Accessed August 15, 2023). 
 2. Heidt, S, and Claas, FHJ. Transplantation in Highly Sensitized Patients: Challenges and Recommendations. Expert Rev Clin Immunol (2018) 14(8):673–9. doi:10.1080/1744666X.2018.1498335
 3. 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(8):1398–406. doi:10.1681/ASN.2009101065
 4. Glotz, D, Antoine, C, Julia, P, Suberbielle-Boissel, C, Boudjeltia, S, Fraoui, R, et al. Desensitization and Subsequent Kidney Transplantation of Patients Using Intravenous Immunoglobulins (IVIg). Am J Transpl (2002) 2(8):758–60. doi:10.1034/j.1600-6143.2002.20809.x
 5. Jawdeh, BGA, Cuffy, MC, Alloway, RR, Shields, AR, and Woodle, ES. Desensitization in Kidney Transplantation: Review and Future Perspectives. Clin Transpl (2014) 28(4):494–507. doi:10.1111/ctr.12335
 6. Palmer, A, Taube, D, Welsh, K, Bewick, M, Gjorstrup, P, and Thick, M. Removal of Anti-HLA Antibodies by Extracorporeal Immunoadsorption to Enable Renal Transplantation. Lancet Lond Engl (1989) 1(8628):10–2. doi:10.1016/s0140-6736(89)91672-3
 7. Belàk, M, Borberg, H, Jimenez, C, and Oette, K. Technical and Clinical Experience With Protein A Immunoadsorption Columns. Transfus Sci (1994) 15(4):419–22. doi:10.1016/0955-3886(94)90174-0
 8. Rostaing, L, Congy, N, Aarnink, A, Maggioni, S, Allal, A, Sallusto, F, et al. Efficacy of Immunoadsorption to Reduce Donor-Specific Alloantibodies in Kidney-Transplant Candidates. Exp Clin Transpl (2015) 13(1):201–6. doi:10.6002/ect.mesot2014.O169
 9. Lorenz, M, Regele, H, Schillinger, M, Kletzmayr, J, Haidbauer, B, Derfler, K, et al. Peritransplant Immunoadsorption: A Strategy Enabling Transplantation in Highly Sensitized Crossmatch-Positive Cadaveric Kidney Allograft Recipients. Transplantation (2005) 79(6):696–701. doi:10.1097/01.tp.0000148732.26761.fa
 10. Bartel, G, Wahrmann, M, Regele, H, Kikić, Z, Fischer, G, Druml, W, et al. Peritransplant Immunoadsorption for Positive Crossmatch Deceased Donor Kidney Transplantation. Am J Transpl (2010) 10(9):2033–42. doi:10.1111/j.1600-6143.2010.03226.x
 11. Noble, J, Metzger, A, Daligault, M, Chevallier, E, Bugnazet, M, Bardy, B, et al. Immortal Time-Bias-Corrected Survival of Highly Sensitized Patients and HLA-Desensitized Kidney Transplant Recipients. Kidney Int Rep (2021) 6(10):2629–38. doi:10.1016/j.ekir.2021.07.024
 12. Orandi, BJ, Luo, X, Massie, AB, Garonzik-Wang, JM, Lonze, BE, Ahmed, R, et al. Survival Benefit With Kidney Transplants From HLA-Incompatible Live Donors. N Engl J Med (2016) 374(10):940–50. doi:10.1056/NEJMoa1508380
 13. Jackson, KR, Covarrubias, K, Holscher, CM, Luo, X, Chen, J, Massie, AB, et al. The National Landscape of Deceased Donor Kidney Transplantation for the Highly Sensitized: Transplant Rates, Waitlist Mortality, and Posttransplant Survival Under KAS. Am J Transpl (2019) 19(4):1129–38. doi:10.1111/ajt.15149
 14. 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
 15. Jordan, SC, Tyan, D, Stablein, D, McIntosh, M, Rose, S, Vo, A, et al. Evaluation of Intravenous Immunoglobulin as an Agent to Lower Allosensitization and Improve Transplantation in Highly Sensitized Adult Patients With End-Stage Renal Disease: Report of the NIH IG02 Trial. J Am Soc Nephrol (2004) 15(12):3256–62. doi:10.1097/01.ASN.0000145878.92906.9F
 16. Stegall, MD, Gloor, J, Winters, JL, Moore, SB, and Degoey, S. A Comparison of Plasmapheresis Versus High-Dose IVIG Desensitization in Renal Allograft Recipients With High Levels of Donor Specific Alloantibody. Am J Transpl (2006) 6(2):346–51. doi:10.1111/j.1600-6143.2005.01178.x
 17. Schweitzer, EJ, Wilson, JS, Fernandez-Vina, M, Fox, M, Gutierrez, M, Wiland, A, et al. A High Panel-Reactive Antibody Rescue Protocol for Cross-Match-Positive Live Donor Kidney Transplants. Transplantation (2000) 70(10):1531–6. doi:10.1097/00007890-200011270-00023
 18. Montgomery, RA, Lonze, BE, King, KE, Kraus, ES, Kucirka, LM, Locke, JE, et al. Desensitization in HLA-Incompatible Kidney Recipients and Survival. N Engl J Med (2011) 365(4):318–26. doi:10.1056/NEJMoa1012376
 19. Haas, M, Böhmig, GA, Leko-Mohr, Z, Exner, M, Regele, H, Derfler, K, et al. Peri-Operative Immunoadsorption in Sensitized Renal Transplant Recipients. Nephrol Dial Transpl (2002) 17(8):1503–8. doi:10.1093/ndt/17.8.1503
 20. Hiesse, C, Kriaa, F, Rousseau, P, Farahmand, H, Bismuth, A, Fries, D, et al. Immunoadsorption of Anti-HLA Antibodies for Highly Sensitized Patients Awaiting Renal Transplantation. Nephrol Dial Transpl (1992) 7(9):944–51. doi:10.1093/ndt/7.9.944
 21. Marfo, K, Ling, M, Bao, Y, Calder, B, Hayde, N, Greenstein, S, et al. Lack of Effect in Desensitization With Intravenous Immunoglobulin and Rituximab in Highly Sensitized Patients. Transplantation (2012) 94(4):345–51. doi:10.1097/TP.0b013e3182590d2e
 22. Jordan, SC, Legendre, C, Desai, NM, Lorant, T, Bengtsson, M, Lonze, BE, et al. Imlifidase Desensitization in Crossmatch-Positive, Highly-Sensitized Kidney Transplant Recipients: Results of an International Phase 2 Trial (Highdes). Transplantation (2020) 105:1808–17. doi:10.1097/TP.0000000000003496
 23. Huang, E, Maldonado, AQ, Kjellman, C, and Jordan, SC. Imlifidase for the Treatment of Anti-HLA Antibody-Mediated Processes in Kidney Transplantation. Am J Transpl (2022) 22(3):691–7. doi:10.1111/ajt.16828
 24. Kjellman, C, Maldonado, AQ, Sjöholm, K, Lonze, BE, Montgomery, RA, Runström, A, et al. Outcomes at 3 Years Posttransplant in Imlifidase-Desensitized Kidney Transplant Patients. Am J Transpl (2021) 21(12):3907–18. doi:10.1111/ajt.16754
 25. Maillard, N, Absi, L, Claisse, G, Masson, I, Alamartine, E, and Mariat, C. Protein A-Based Immunoadsorption Is More Efficient Than Conventional Plasma Exchange to Remove Circulating Anti-HLA Antibodies. Blood Purif (2015) 40(2):167–72. doi:10.1159/000437041
 26. Schwaiger, E, Eskandary, F, Kozakowski, N, Bond, G, Kikić, Ž, Yoo, D, et al. Deceased Donor Kidney Transplantation Across Donor-Specific Antibody Barriers: Predictors of Antibody-Mediated Rejection. Nephrol Dial Transpl (2016) 31(8):1342–51. doi:10.1093/ndt/gfw027
 27. Latgé, JP, and Chamilos, G. Aspergillus Fumigatus and Aspergillosis in 2019. Clin Microbiol Rev (2019) 33(1):e00140-18. doi:10.1128/CMR.00140-18
 28. Elsegeiny, W, Marr, KA, and Williamson, PR. Immunology of Cryptococcal Infections: Developing a Rational Approach to Patient Therapy. Front Immunol (2018) 9:651. doi:10.3389/fimmu.2018.00651
 29. Singh, N, and Forrest, G, AST Infectious Diseases Community of Practice. Cryptococcosis in Solid Organ Transplant Recipients. Am J Transpl (2009) 9(4):S192–198. doi:10.1111/j.1600-6143.2009.02911.x
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 Bureau, Rafat, Taupin, Malard, Mesnard, François, Petit-Hoang, Ouali, Hertig, Jamme, Buob, Rondeau, Galichon and Luque. 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-36-11212-t003.jpg
1ADS group

n=15
Demographics
Age, years 52 [40-56]
ABO group, n (%) AB 3/15 (20%)
0 7/15 (47%)
AB/15 (20%)
B 2/15 (13%)
Degree of sensitization (TGI, %) 99 [92-100]
Outcomes at the end of follow-up
Transplantation, n (%) 14/15 (93%)

Time from waitiisting to KT, years ~ 6.5 [5.7-10.2)
Death-censored graft loss, n (%)~ 6/15 (40%)
Death, n (%) 2/15 (13%)
Alve and functioning graft, n (%) 6/15 (40%)

Controls P
n =30

52[43-58] 068
AB 4/30 (13%) 067
019/30 (63%) 035

A4/30 (13%) 067
B3/30(10%) 098
98[72-99) 011

13/30 (43%) 0001
105 (8.3-11.7] 007
1/30 (3%)  0.003
2/30 (6%) 085
12/30 (40%) s

Abbreviations: IADS, immunoadsorption; TGI, “taux de greffons incompatibles,” French
sensitization score « percentage of incompatible kiohey transplants »; KT, kidney

transplantation.





OPS/images/ti-36-11212-t001.jpg
Number of patients

Demographic features
Sex, male n (%)
Age, years
Ethnicity

Sub Saharan African, n (%)

North African, 1 (%)

Caucasian, n (%)

Caribbean, n (%)
Sensitization-associated characteristics
Previous kidney transplantation, n (%)
Number of pregnancies for women, 1 (%)
Transfusions > 3, n (%)
oPRA, %

PRA-CDC (anti-HLA class 1), %

Historical positive CDC Crossmatch
Nephrological features pre-Tx

Initial kidney disease, n (%)

Undetermined

Nephrosclerosis

Membranous nephropathy

Anti-GBM disease

ADPKD

FSGS

Chronic hemodialysis duration, years

Time span between waiting list registration and IA nitiation, years

Donor's characteristic
Age, years
Hypertension, n (%)
Diabetic, n (%)
Serum creatinine, pmol/L
Proteinuria, g/24 h

415 (27)
52 [40-56)

9/15 (60)
1115 (7)
3/15 (20)
2/15 (13)

9 (60)
3[2-5)
15/15 (100)
98 (88-99)
30 [18-41)
8/15 (53)

3(20)
3(0)
1(67)
1(67)
1(6.7)
1(67)

11[8-14)

6[5-10]

65 [37-70]
314 21)
2/14 (14)

69 [56-84)
0 [0-0.16]

Abbreviations: ADKP, autosomal dominant polycystic disease; CDC, complement-
dependent cytotoxic; cPRA, calculated panel reactive antibodies; FSGS, focal segmental
glomerulosclerosis; GBM, glomerular basal membrane; IA, immunoadsorption; Tx,

transplantation.

ID: immunoadsorption-based desensitization waiting time: time elapsed between
transplantation list registration and transplantation; waiting time after IA initiation: time
elapsed between immunoadsorption-based desensitization and transplantation.





OPS/images/ti-36-11212-t002.jpg
Patient Delay between
KT and active
ABMR
diagnosis (days)

1 8
2 10
4 12
5 30
7 13
1 95
13 398

Banff classification

930 t0 vO ptc2 ¢g0 mm1 ¢i0 ctO cv1 ah0 C4d3

g2 i1 10 vO ptc1 ¢g0 mmO ciO ctO cv1 ah0 C4d3

g2 i2 t1 vO ptc2 ¢g0 mmO ¢iO ctO cv0 ah0 C4d0

9210 10 vO ptc1 ¢g0 mmO ci0 ctO cv2 ah0 C4d3

92110 v1 pte2 cgd MmO ci0 ot cvO ah0 C4d3

g1 0 t0 vO ptcO ¢g0 mmO ci0 ctO cv1 ah0 C4d3

g2 i0 10 vO ptcO ¢gO mm1 ci0 ctO cv0 ah0 C4d0

Plasma
creatinine at
biopsy
(umol/L)

282

376

697

183

170

200

116

Urine protein
to creatinine
ratio (g/mmol)

NA

NA

0.17

0.02

0.05

0.01

0.01

Treatment

1ADS, PE,
steroids, IVig

IADS,
eculizumab,
steroids, Vig
PE, steroids,
eculizumab,
Mg
Steroids, PE,
Mg

PE,
ecuizumab,
steroids, IVig
PE, steroids,
Vg

PE, steroids

‘Outcome

Sepsis and
bleeding
Death < M3
Chronic
ABMR

Graft
loss < M3

Chronic
ABMR Graft
loss Y4

Biopsy
indication

AKI

AKI

AKI

AKI

AKI

Protocol
month 3
Protocol
month 12

Abbreviations: ABMR, antibody mediated rejection; AK}, acute kidney injury; IADS, immunoadsorption; IVlg, intravenous immunoglobuiins; KT, kidney transplantation; NA, not available;

PE, plasma exchange; g, glomeruliis; i interstitial inflammation; t, tubulis;

inerstitial frosis: ¢t lubular atrophy: ¢v, arterial fibrous intimal thickening: ah, hyaline arteriolar thickening.

intimal arteris; cpt, peritubular capillits; cg, transplant glomerulopathy; mm, mesangial matrix increase; ci,





OPS/xhtml/nav.xhtml
Contents

		Cover

		Immunoadsorption-Based HLA Desensitization in Patients Awaiting Deceased Donor Kidney Transplantation: An Interventional, Non-Randomised, Single Cohort Study		Introduction

		Methods		Patient Population Selection and Definitions

		Desensitization Protocol

		Immunoadsorption Therapy and Immunosuppressive Therapy for KT

		Anti HLA Antibodies and CDC Crossmatch Assessment

		Clinical Data

		Statistical Analysis

		Ethics Statement





		Results		Demographics

		Impact of Desensitization Protocol

		Donor Characteristics

		Transplant Follow-Up

		Comparing Outcomes of KT-Waitlisted Highly-Sensitized ESKD Patients With or Without IADS Desensitization





		Discussion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Supplementary Material

		References









OPS/images/cover.jpg
( ESOT

é Transplant
International

Immunoadsorption-Based HLA
Desensitization in Patients
Awaiting Deceased Donor Kidney
Transplantation: An
Interventional, Non-Randomised,
Single Cohort Study





OPS/images/ti-36-11212-.gif
Goncions






OPS/images/ti-36-11212-g001.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
é ESOT

( Transplant
International





