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Recent developments in intensive desensitization protocols have enabled kidney transplantation in human leukocyte antigen (HLA)-sensitized recipients. However, cases of active antibody-mediated rejection (AABMR), when they occur, are difficult to manage, graft failure being the worst-case scenario. We aimed to assess the impact of our desensitization and AABMR treatment regimen and identify risk factors for disease progression. Among 849 patients who underwent living-donor kidney transplantation between 2014 and 2021 at our institution, 59 were diagnosed with AABMR within 1 year after transplantation. All patients received combination therapy consisting of steroid pulse therapy, intravenous immunoglobulin, rituximab, and plasmapheresis. Multivariable analysis revealed unrelated donors and preformed donor-specific antibodies as independent risk factors for AABMR. Five-year death-censored graft survival rate was not significantly different between patients with and without AABMR although 27 of 59 patients with AABMR developed chronic AABMR (CABMR) during the study period. Multivariate Cox proportional hazard regression analysis revealed that a donor age greater than 59 years and microvascular inflammation (MVI) score (g + ptc) ≥4 at AABMR diagnosis were independent risk factors for CABMR. Our combination therapy ameliorated AABMR; however, further treatment options should be considered to prevent CABMR, especially in patients with old donors and severe MVI.
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INTRODUCTION
Long-term graft survival has steadily improved over the past decades owing to advances in the care of transplant recipients [1]. Acute allograft rejection rates have also steadily decreased due to the use of immunosuppressive regimens targeting early rejection. In the current era, the incidence of acute rejection has decreased from rates exceeding 50% during the 1970s to between 10% and 20%. However, the situation is entirely different for patients who have sensitization against human leukocyte antigens (HLA).
Moreover, the number of HLA incompatibility adversely affects graft outcomes although the introduction of modern immunosuppression has lessened the degree of this impact over time [2]. AABMR, which is associated with HLA mismatch, HLA incompatibility, and blood group incompatibility, is an independent risk factor for death-censored graft failure [3]. Moreover, graft survival is significantly worse, especially from chronic allograft nephropathy, in those with AABMR than in those with acute rejection without evidence of AABMR [4]. Despite the development of immunosuppressive therapies over the decades, AABMR remains a cause of declining long-term graft survival.
Although several studies on treatments for AABMR have been reported, including plasmapheresis, IVIG, steroid pulse therapy, and anti-CD20 monoclonal antibody (rituximab) administration [5–12], a consensus on the therapeutic strategy for AABMR remains elusive. Furthermore, chronic AABMR (CABMR), characterized by transplant glomerulopathy (the result of remodeling glomeruli and microvascular injury), is unlikely to be reversed by current therapies [13].
In Japan, intravenous immunoglobulin (IVIG) was approved as a desensitization regimen in 2019 and is now covered by public health insurance. Thereafter, the number of kidney transplantation cases in highly HLA-sensitized recipients increased. Therefore, we are concerned that the number of cases of severe AABMR has increased and resulted in poorer graft outcomes. Although it had not been covered by the insurance, we have used high-dose IVIG for the desensitization and the AABMR treatment since before 2019. We conducted this study to evaluate the treatment outcomes, including impact on the Banff score, and identify risk factors for CABMR development in patients with living-donor kidney transplantation, including HLA-incompatible recipients.
MATERIALS AND METHODS
Ethics Statements
This study was approved by the Health Sciences Institutional Review Board (IRB) of Tokyo Women’s Medical University Hospital (approval number: 4460-R), and the procedures followed were in accordance with the ethical standards of the local IRB and with the Helsinki Declaration of 1975, as revised in 2013. Informed consent was waived because patient data were extracted as anonymized data.
Study Design and Participants
This single-center retrospective study included a recent patient cohort including HLA-sensitized recipients. Between 2014 and 2021, 894 kidney transplantations were performed at Tokyo Women’s Medical University Hospital, including 849 living-donor and 45 deceased-donor transplantations. Protocol allograft biopsies were routinely performed 3 months and 1 year after kidney transplantation. For-cause allograft biopsies were also performed in patients with delayed graft function, serum creatinine level elevation, increased proteinuria, and de novo donor-specific antibody (DSA) detection. Among the 849 patients with living-donor kidney transplantation, 59 were diagnosed with AABMR within 1 year of kidney transplantation. Follow-up allograft biopsies were conducted approximately 6 months after treatment.
Patient Monitoring
Data were collected from patients’ medical records. All patients were examined for HLA compatibility with complement-dependent cytotoxicity (CDC) crossmatch (XM), flow cytometry crossmatch (FCXM), or solid-phase immunoassay (SPI) using a single antigen bead assay (LABScreen™ single antigen beads, One Lambda, Canoga Park, CA). Serum creatinine levels, estimated glomerular filtration rate (eGFR), and the presence of proteinuria 6 months after treatment (after) were compared with those at diagnosis (before). eGFR was calculated using revised equations for eGFR from serum creatinine in Japan as follows: eGFR (mL/min/1.73 m2) = 194 × serum creatinine (−1.094) × age (−0.287) [×0.739 (if female)] [14]. Anti-HLA antibodies were screened using LABScreen™ single antigen beads 1 year after transplantation or when ABMR was suspected. We defined positive DSA when an anti-HLA antibody to the donor was detected by SPI.
Transplant Biopsy and Pathological Diagnosis
Renal allograft biopsies were performed using an ultrasound-guided percutaneous technique, and two cores were collected per biopsy using a 16-gauge needle. Histomorphology was evaluated in formalin-fixed paraffin-embedded sections using a standard methodology. Pathological diagnosis was retrospectively reviewed and uniformed according to the Banff criteria 2019 as stated below [15].
Active ABMR
1. Histological evidence of acute tissue injury, which may include one or more of the following:
• Microvascular inflammation (MVI) (g > 0 and/or ptc >0), in the absence of recurrent or de novo glomerulonephritis, although in the presence of acute T-cell mediated rejection (TCMR), borderline infiltrate, or infection, ptc ≥1 alone is not sufficient and g must be ≥1
• Intimal or transmural arteritis.
• Acute thrombotic microangiopathy, in the absence of any other cause.
• Acute tubular injury, in the absence of any other apparent cause.
2. Evidence of current/recent antibody interaction with vascular endothelium, including one or more of the following:
• Linear C4d staining in peritubular capillaries or medullary vasa recta.
• At least moderate MVI ([g + ptc] ≥ 2) in the absence of recurrent or de novo glomerulonephritis, although in the presence of acute TCMR, borderline infiltrate, or infection, ptc ≥2 alone is not sufficient, and g must be ≥1.
• Increased expression of gene transcripts/classifiers in the biopsy tissue is strongly associated with ABMR if thoroughly validated.
3. Serologic evidence of circulating DSA. C4d staining substitutes for DSA in cases without DSA. Patients negative for both DSA and C4d were classified into suspected AABMR. Non-HLA antibodies were not routinely examined in the current study.
Chronic Active ABMR

1. Morphologic evidence of chronic tissue injury, including one or more of the following:
• Transplant glomerulopathy (cg > 0) if there is no evidence of chronic thrombotic microangiopathy or chronic recurrent/de novo glomerulonephritis, including changes evident by electron microscopy alone.
• Severe peritubular capillary basement membrane multilayering.
• Arterial intimal fibrosis of new onset, excluding other causes.
2. Identical to criterion 2 for active ABMR, as stated above.
3. Identical to criterion 3 for active ABMR, as stated above, including a strong recommendation for DSA testing whenever criteria 1 and 2 are met.
Immunosuppressive Regimen and Desensitization
Patients undergoing kidney transplantation at our institution started a triple immunosuppressive regimen including a calcineurin inhibitor (tacrolimus), an anti-proliferative agent (mycophenolate mofetil), and steroid (methylprednisolone) 7 days before transplantation as immunosuppression induction. Furthermore, the non-depleting anti-CD25 monoclonal antibody (basiliximab) was routinely induced twice: on the day of transplantation and postoperative day 4. ABO blood type-incompatible patients received additional desensitization with rituximab (200 mg/body) and plasmapheresis (2–4 times) until the anti-blood type IgG and IgM antibody titers decreased to <1:32, according to our protocol as we have reported before [16, 17]. Regarding HLA-incompatible kidney transplantation, the desensitization in patients with mean fluorescence intensity (MFI) of DSA <3,000 and negative for CDC and FCXM was performed according to ABO blood type-incompatible kidney transplantation. High-dose IVIG (2 g/kg) is added to HLA-incompatible patients with MFI of DSA ≥3,000 or positive for CDC or FCXM, in addition to ABO blood type-incompatible kidney transplantation protocol [18–20]. Maintenance immunosuppression included tacrolimus (trough value of approximately 5 ng/mL), mycophenolate mofetil acid (500–750 mg), and methylprednisolone (2–4 mg).
Treatments for Active Antibody-Mediated Rejection
All the patients with AABMR were treated with methylprednisolone administration at 500 mg for two consecutive days, except patients with subclinical AABMR with diabetes or other complications. Patients diagnosed with for-cause biopsy (clinical AABMR) or those with protocol biopsy (subclinical AABMR) with eGFR <25 mL/min, MVI (g + ptc) score ≥4, or positive for de novo DSA were considered for IVIG administration/plasma pheresis, which has been known to improve graft survival [21–24], when patients agreed after giving informed consent. Rituximab administration was considered when CD19+B cells remained detectable.
Statistical Analysis
Continuous variables are expressed as mean and standard deviation or median and interquartile range (IQR), while categorical variables are expressed as percentages. Independent continuous variables were analyzed using the t-test for normally distributed data and the Wilcoxon rank-sum test for non-normally distributed data, and categorical variables were analyzed using the Pearson χ-square test. Paired t-tests and Wilcoxon signed-rank tests were used to analyze dependent continuous variables. McNemer’s test was used for dependent categorical variables. Univariable and multivariable Cox proportional hazard regression models were used to assess the hazard risk. Continuous variables were converted into categorical variables in Cox proportional hazard regression analysis. Kaplan-Meier curves and Log-rank tests were generated to compare the time until an event occurs between the different groups. Statistical significance was set at p < 0.05. Analyses were performed using Stata, version 15.1 (Stata Corp. LP, College Station, TX, United States).
RESULTS
Patient Background Characteristics
Table 1 presents the patient background characteristics. Fifty-nine of 849 patients with living-donor kidney transplantations (6.9%) developed AABMR or suspected AABMR (AABMR group) within 1 year of kidney transplantation. The recipient age and rate of unrelated donors were significantly higher in the AABMR group than in the non-AABMR group. Patients in the AABMR group showed a higher immunological risk compared to those in the non-AABMR group (higher rate of history of kidney transplantation, positivity for CDC-XM, FCXM, and SPI). The patients with ABO incompatibility showed a trend of higher frequency in the AABMR group though the difference did not reach statistical significance (p = 0.051). AABMR was diagnosed 90 days (IQR: 3–105) after kidney transplantation. Twenty-seven patients (45.8%) with AABMR were diagnosed by for-cause biopsy findings and the remaining 32 (54.2%) were diagnosed by protocol biopsy results. Out of 59 AABMR patients, 36 (61.0%) had preformed DSA, with 8 in class 1, 19 in class 2, and 9 in both classes. Seventeen (28.8%) of 59 in the AABMR group had de novo DSA, with 2 in class 1 and 15 in class 2. The immunodominant MFI values were 1900 (1,247–10,843) for preformed DSA and 3,181 (1,541–4,713) for de novo DSA. Of the 59 patients, 16 (27.1%) did not show either preformed or de novo DSAs. However, eight patients were positive for C4d staining, which could substitute for DSA as per the 2019 Banff criteria. Among the remaining eight patients who were negative for both DSA and C4d staining and had MVI scores all ≥2 (suspected AABMR), the rate of developing CABMR was similar to that of patients positive for either DSA or C4d with MVI score ≥2, as shown in Supplementary Figure S1 (p = 0.41).
TABLE 1 | Patient characteristics with living-donor kidney transplantation.
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Univariable and multivariable Cox proportional hazard regression analyses were conducted to assess the hazard risk of AABMR over time after kidney transplantation within 1 year of kidney transplantation. In the univariable analysis, variables including age and sex of the recipient and donor; the relationship between the donor and recipient; ABO blood type compatibility and history of previous kidney transplantation; results of CDC-XM, FCXM, and SPI; allograft weight; and warm and total ischemia times were considered as covariables (Table 2). Recipient age greater than 50 years (hazard ratio [HR]: 2.72, 95% CI: 1.51–4.90, p = 0.001), unrelated donor (HR: 5.58, 95% CI: 2.82–11.0, p < 0.001), history of previous kidney transplantation (HR: 2.44, 95% CI: 1.26–4.70, p = 0.008), positive CDC-XM for B cells (HR: 6.84, 95% CI: 2.14–21.9, p = 0.001), positive FCXM (T cells, HR: 9.25, 95% CI: 5.05–16.9, p < 0.001; B cells, HR: 8.17, 95% CI: 3.26–20.5, p < 0.001), and positive SPI (HR: 9.72, 95% CI: 5.70–16.6, p < 0.001) were significantly associated with the incidence of AABMR within 1 year after kidney transplantation. The multivariable analysis was performed with selected variables that were statistically significant in the univariable analysis. We chose SPI for immunological risk because CDC, FCXM, and SPI tests may cause multicollinearity. Finally, unrelated donor (HR: 4.48, 95% CI: 2.05–9.79, p < 0.001), multiple transplantation (HR: 1.99, 95% CI: 1.01–3.91, p = 0.05), and positive SPI (HR: 7.05, 95% CI: 4.16–12.4, p < 0.001) were associated with an increased hazard risk of AABMR over time. Significant differences were shown in Kaplan-Meier curves depicting the free rate of AABMR comparing unrelated and relative donors, primary and multiple kidney transplantations, and positive and negative for SPI (Figures 1A–C). Conversely, ABO compatibility was not significantly different (Supplementary Figure S2; p = 0.11) although there was a nearly significant difference in the chi-square test.
TABLE 2 | Cox proportional hazard regression analysis of variables associated with active antibody-mediated rejection within 1 year after kidney transplantation.
[image: Table 2][image: Figure 1]FIGURE 1 | Development of active antibody-mediated rejection (AABMR) within 1 year after kidney transplantation Kaplan-Meier curves for AABMR-free survival between (A) relative and unrelated donors, (B) primary and multiple kidney transplantation (KTx), and (C) positive and negative for preformed donor-specific antibody (DSA). p-values calculated by Log-rank tests were shown.
Long-Term Outcomes
Figure 2 shows a comparison of the Kaplan-Meier curves of five-year death-censored graft survival between the AABMR and non-AABMR groups. Five-year death-censored graft survival rates were 96.7% and 98.0% in the AABMR and non-AABMR groups, respectively (p = 0.23). Collectively, these data suggest that most patients sustain long-term renal function after overcoming AABMR.
[image: Figure 2]FIGURE 2 | Five-year death-censored graft survival rate between active antibody-mediated rejection (AABMR) and non-AABMR groups. The graft survival rates were compared between patients with AABMR within 1 year of kidney transplantation and those without it. The five-year death-censored graft survival rates did not differ between the groups. Kaplan-Meier curves depicting the five-year death-censored graft survival rate from kidney transplantation were presented, and the p-value was calculated using the Log-rank test.
Treatments for AABMR
As shown in Figure 3, patients with AABMR underwent comprehensive anti-humoral immunity treatments. IVIG administration was undertaken for 74% of the patients who met the treatment criteria (18 out of 21 patients [86%] with clinical AABMR and 10 out of 17 [59%] with subclinical AABMR). Rituximab and plasmapheresis were undertaken for 32.8% and 27.6% of the AABMR patients, respectively. The dose of basic immunosuppressants was also adjusted according to the patient’s physical condition.
[image: Figure 3]FIGURE 3 | The treatment regimen for active antibody-mediated rejection. Y-axis: number of patients. Steroid pulse therapy, methylprednisolone, 250–2,500 mg/body; intravenous immunoglobulin (IVIG) therapy, 0.5–5.2 g/kg; rituximab administration, 200–300 mg/body; plasmapheresis, 2–10 times including plasma exchange or double-filtration plasmapheresis with fresh frozen plasma or albumin replacement.
Treatment Effects for AABMR
We compared the serum creatinine levels, eGFR, proteinuria, and Banff scores before and after the treatment in 59 patients with AABMR (Table 3). Although two of the 59 patients with AABMR showed an immediate decrease in the eGFR and lost their graft due to hyper-AABMR that did not respond to any treatment, the serum creatinine level and eGFR were significantly improved from 1.8 ± 1.6 mg/dL and 40.0 ± 16.5 mL/min/1.73 m2 to 1.4 ± 1.0 mg/dL and 43.7 ± 13.1 mL/min/1.73 m2, respectively, after the treatment (p = 0.001 and 0.009, respectively). The value of proteinuria was also statistically improved from none (54.2%), 1+ (30.5%), 2+ (13.6%), and 3+ (1.7%) to none (77.8%), 1+ (18.6%), 2+ (3.4%), and 3+ (0%) (p = 0.003). Regarding Banff scores, 12 out of 59 patients had a g score of three, and 3 out of 59 patients had a ptc score of three at diagnosis of AABMR, respectively. Fifty-three of the 59 patients underwent a follow-up biopsy after treatment, with a median time of 219 days (IQR: 112–280) after AABMR diagnosis. The proportion of cases with severe g and ptc scores (≥2) significantly reduced at the follow-up biopsy (from 47.2% to 33.9%, p = 0.01; from 52.8% to 32.1%, p = 0.03, respectively), whereas no alternation was observed in scores for i, t, and C4d. In contrast, the proportion of severe cv scores (≥2) significantly increased in the follow-up biopsy (from 0% to 7.6%, p = 0.04).
TABLE 3 | Renal function, presence of proteinuria, and Banff classification scores at diagnosis of active antibody-mediated rejection and follow-up allograft biopsy.
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Twenty-seven of 59 patients with AABMR developed CABMR at a median of 248 days (IQR: 137–295) after the initial diagnosis of AABMR. Table 4 shows the results of the univariable and multivariable Cox proportional hazard regression analyses of the variables associated with the development of CABMR in patients with AABMR. Donor age greater than 59 years (HR: 2.68, 95% CI: 1.20–6.01, p = 0.02) and MVI (g+ ptc) score ≥4 (HR: 2.85, 95% CI: 1.33–6.10, p = 0.01) were significantly associated with the development of CABMR caused by AABMR. Multivariable analysis was conducted using significant variables of univariable analysis. As a result, donor age greater than 59 years (HR: 2.51, 95% CI: 1.12–5.64, p = 0.03) and MVI score ≥4 (HR: 2.67, 95% CI: 1.25–5.72, p = 0.01) were the independent risk factors for CABMR progression. Kaplan-Meier curves depicting the CABMR-free survival rate revealed significantly poor outcomes after AABMR in cases with older donors and those with severe MVI scores (Figures 4A, B).
TABLE 4 | Results of Cox hazard regression analysis of variables associated with chronic active antibody-mediated rejection after active antibody-mediated rejection.
[image: Table 4][image: Figure 4]FIGURE 4 | Development of chronic active antibody-mediated rejection (CABMR). Kaplan-Meier curves of the CABMR-free rate after AABMR diagnosis comparing (A) the patients with donor ages of ≥59 and <59 years (p = 0.01); and (B) the patients with MVI score ≥4 and <4 at diagnosis of AABMR (p = 0.005). p-values calculated by the Log-rank test were shown.
DISCUSSION
We demonstrated favorable treatment outcomes for patients with AABMR within 1 year of kidney transplantation at our institution. The five-year death-censored graft survival rate was 96.2%, and renal function and MVI (g +ptc) were significantly improved after AABMR treatment. Those data collectively suggest the benefit of our new desensitization regimen and AABMR treatment regimen. However, approximately half of the patients with AABMR eventually developed CABMR. We found that older donor age and higher Banff classification g-scores were independent risk factors for the development of CABMR after AABMR diagnosis.
The current study involved patients with high immune risk, whereas the incidence rate of AABMR within 1 year after KTx was not high (6.1%) compared to our previous report, which showed a rate of 10.8% between 2000 and 2008 [25]; this indicates that our current desensitization protocol was successful. Consistent with the results of the current study, a previous study reported that DSAs are a predominant predictor of acute rejection [3]. In contrast, the current study showed that ABO-incompatible kidney transplantation was not related to the development of AABMR. In the reported meta-analysis, including studies from 1999 to 2016, ABO-incompatible transplantation was significantly associated with ABMR compared with ABO-compatible transplantation, and graft survival in ABO-incompatible kidney transplantation was also inferior to ABO-compatible [26]. Indeed, we observed more ABO-incompatible patients in the AABMR group in the current study (Table 1). Conversely, we previously reported that the rate of ABMR and graft survival in ABO-incompatible kidney transplantation was not significantly different from those in ABO-compatible in an era between 2005 and 2013, whereas that was inferior to ABO-compatible between 1989 and 2004 [16]. Consistent with our previous study, Cox proportional hazard regression analysis revealed that the ABO-incompatible transplantation was no longer the risk for AABMR development (Table 2; Supplementary Figure S2). We assume that the development of immunosuppressive agents and the recent desensitization protocol for ABO-blood antibodies decreased the rate of rejection and improved graft survival.
We treated AABMR with combination therapy consisting of steroid pulse therapy, IVIG, rituximab administration, and plasmapheresis. Although two patients had graft loss, most patients showed significant improvements in both renal function and microvascular inflammation. The effective treatments for AABMR were initially thought to be plasmapheresis, which removes humoral mediators from the circulation, and IVIG-inhibiting antibody synthesis [5, 6]. A previous report showed that the combination of plasmapheresis and IVIG significantly improved the one-year graft survival rate compared with plasmapheresis alone [7]. Another study also reported that the combination significantly decreased the graft failure rate (risk ratio: 0.26) compared with a control, with a mean follow-up of 7 years [8]. Furthermore, the addition of rituximab significantly decreased the MFI value of the DSAs and Banff classification scores, resulting in improved graft survival [9–11]. In contrast, a randomized controlled trial did not show a significant difference in one-year graft survival between rituximab and control groups based on plasmapheresis, steroid pulse, and IVIG treatment protocols, whereas microvascular inflammatory scores (glomerulitis and peritubular capillaritis) and chronic injury scores (interstitial fibrosis and tubular atrophy) significantly decreased in the rituximab group [12]. In all studies, the level of evidence for AABMR treatment was low because the data were from a small series. However, the effectiveness of new therapeutic strategies, including proteasome and complement inhibitors, remains unclear [27].
The five-year death-censored graft survival rate of AABMR was 96.2%, which was as good as that in the non-AABMR group (98.5%), indicating the potential of our ABMR treatment regimens. However, 27 of 52 patients with AABMR developed CABMR, which is a well-known risk factor for graft loss [28]. Generally, our treatment regimen effectively prevented early graft loss though it might be difficult to prevent CABMR development and future deterioration of graft function. A longer-term follow-up would be required.
Older donor age was one of the independent risk factors for the development of CABMR. In a previous study, graft survival was lower in transplants from ≥60-year-old donors compared with 18–49-year-old donors. Patient survival was also significantly lower in transplants from donors aged >50 years, compared to transplants from 18 to 49-year-old donors [29]. Similar to our result, a study reported that older donor age was significantly associated with increased susceptibility to chronic allograft damage [30]. Additionally, acute tubular necrosis detected by pretransplant biopsy results or total ischemic time is significantly associated with poor graft outcomes in elderly donors [31, 32]. Irreversible changes may occur if allografts from elderly donors are damaged.
The MVI (g + ptc) score at diagnosis of AABMR was also significantly associated with CABMR development. Several studies have also demonstrated that microvascular injury, including glomerulitis, is correlated with chronic microvascular damage and poor graft prognosis [33–37]. Moreover, graft survival with severe glomerulitis with a g score of three on the Banff classification was 70% a few years after the biopsy [38]. Consistent with these reports, we observed that the MVI score ≥4 was an independent risk factor for CABMR in the current study.
Although CABMR is one of the main causes of late graft failure, there are no approved drugs for its prevention or treatment. A multicenter randomized trial of treatment for transplant glomerulopathy with IVIG and rituximab versus placebo did not show significant differences in eGFR decline, increased proteinuria, Banff classification scores at 1 year, and MFI of immunodominant DSAs [39]. New reagents, such as proteasome inhibitors that eliminate plasma cells producing alloantibodies or anti-C5 monoclonal antibodies that inhibit the activation of C5, did not also show significant improvement in the eGFR and MFI value of DSAs, compared with the control group [40, 41]. More recently, C1 esterase inhibitors that block early complement pathways or inhibitors of the interleukin (IL)-6 and IL-6 receptor axes have been expected to be effective [28].
This study possesses certain limitations. First, it was conducted retrospectively within a singular institution, involving a relatively small cohort. However, the limited number of patients with ABMR is not unexpected, considering the diminishing incidence of acute rejection attributed to advancements in immunosuppressive medications. Second, although the Banff criteria strongly advises testing non-HLA antibodies [42] if HLA antibody testing is negative despite pathological ABMR features, we have not screened out non-HLA antibodies. However, we assume that those cases should be included in AABMR because the rates of development to CABMR following AABMR were similar between true AABMR cases and suspected AABMR cases. Third, because of the retrospective nature of this study, treatments for AABMR were not completely consistent. When adjusting for the severity of ABMR, there was no significant difference in CABMR development between patients treated and those not treated with IVIG (data not shown); however, due to a variety of background differences, we cannot draw the exact conclusion. The clinical impact of IVIG on AABMR needs to be confirmed in future randomized clinical trials.
In conclusion, the AABMR treatment regimen resulted in good short-term graft survival and significant improvements in renal function with reduced Banff scores; however, it did not prevent the development of CABMR. Further treatment options should be considered, especially in patients with older donors and severe MVI.
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SUPPLEMENTARY FIGURE S1 | CABMR free survival rate comparing AABMR and suspected AABMR patients. AABMR, active antibody-mediated rejection; MVI score ≥2 with either DSA- or C4d-positive. suspected AABMR, MVI score ≥2 with both DSA- and C4d-negative. CABMR, chronic active antibody-mediated rejection; DSA, donor-specific antibody. p = 0.41 was calculated by the Log-rank test between the groups.
SUPPLEMENTARY FIGURE S2 | Development of active antibody-mediated rejection (AABMR) within 1 year after kidney transplantation comparing ABO-compatible and incompatible kidney transplantation. Kaplan-Meier curves for AABMR free survival comparing ABO-compatible and incompatible kidney transplantation. The rates of development of AABMR were similar between both groups (p = 0.11).
REFERENCES
 1. Poggio, ED, Augustine, JJ, Arrigain, S, Brennan, DC, and Schold, JD. Long-Term Kidney Transplant Graft Survival-Making Progress When Most Needed. Am J Transpl (2021) 21:2824–32. doi:10.1111/ajt.16463
 2. Llinàs-Mallol, L, Raïch-Regué, D, Pascual, J, and Crespo, M. Alloimmune Risk Assessment for Antibody-Mediated Rejection in Kidney Transplantation: A Practical Proposal. Transpl Rev (Orlando) (2023) 37:100745. doi:10.1016/j.trre.2022.100745
 3. Hart, A, Singh, D, Brown, SJ, Wang, JH, and Kasiske, BL. Incidence, Risk Factors, Treatment, and Consequences of Antibody-Mediated Kidney Transplant Rejection: A Systematic Review. Clin Transpl (2021) 35:e14320. doi:10.1111/ctr.14320
 4. Clayton, PA, McDonald, SP, Russ, GR, and Chadban, SJ. Long-Term Outcomes After Acute Rejection in Kidney Transplant Recipients: An ANZDATA Analysis. J Am Soc Nephrol (2019) 30:1697–707. doi:10.1681/asn.2018111101
 5. Soulillou, JP, Guyot, C, Guimbretiere, J, Girard, M, Ythier, A, Bignon, JD, et al. Plasma Exchange in Early Kidney Graft Rejection Associated With Anti-Donor Antibodies. Nephron (1983) 35:158–62. doi:10.1159/000183067
 6. Jordan, SC, Quartel, AW, Czer, LS, Admon, D, Chen, G, Fishbein, MC, et al. Posttransplant Therapy Using High-Dose Human Immunoglobulin (Intravenous Gammaglobulin) to Control Acute Humoral Rejection in Renal and Cardiac Allograft Recipients and Potential Mechanism of Action. Transplantation (1998) 66:800–5. doi:10.1097/00007890-199809270-00017
 7. Slatinska, J, Honsova, E, Burgelova, M, Slavcev, A, and Viklicky, O. Plasmapheresis and Intravenous Immunoglobulin in Early Antibody-Mediated Rejection of the Renal Allograft: A Single-Center Experience. Ther Apher Dial (2009) 13:108–12. doi:10.1111/j.1744-9987.2009.00664.x
 8. Lee, CY, Lin, WC, Wu, MS, Yang, CY, Yeh, CC, and Tsai, MK. Repeated Cycles of High-Dose Intravenous Immunoglobulin and Plasmapheresis for Treatment of Late Antibody-Mediated Rejection of Renal Transplants. J Formos Med Assoc (2016) 115:845–52. doi:10.1016/j.jfma.2016.07.007
 9. Kaposztas, Z, Podder, H, Mauiyyedi, S, Illoh, O, Kerman, R, Reyes, M, et al. Impact of Rituximab Therapy for Treatment of Acute Humoral Rejection. Clin Transpl (2009) 23:63–73. doi:10.1111/j.1399-0012.2008.00902.x
 10. Lefaucheur, C, Nochy, D, Andrade, J, Verine, J, Gautreau, C, Charron, D, et al. Comparison of Combination Plasmapheresis/IVIg/Anti-CD20 Versus High-Dose IVIg in the Treatment of Antibody-Mediated Rejection. Am J Transpl (2009) 9:1099–107. doi:10.1111/j.1600-6143.2009.02591.x
 11. Parajuli, S, Mandelbrot, DA, Muth, B, Mohamed, M, Garg, N, Aziz, F, et al. Rituximab and Monitoring Strategies for Late Antibody-Mediated Rejection After Kidney Transplantation. Transpl Direct (2017) 3:e227. doi:10.1097/txd.0000000000000746
 12. Sautenet, B, Blancho, G, Büchler, M, Morelon, E, Toupance, O, Barrou, B, et al. One-Year Results of the Effects of Rituximab on Acute Antibody-Mediated Rejection in Renal Transplantation: RITUX ERAH, a Multicenter Double-Blind Randomized Placebo-Controlled Trial. Transplantation (2016) 100:391–9. doi:10.1097/tp.0000000000000958
 13. Böhmig, GA, Eskandary, F, Doberer, K, and Halloran, PF. The Therapeutic Challenge of Late Antibody-Mediated Kidney Allograft Rejection. Transpl Int (2019) 32:775–88. doi:10.1111/tri.13436
 14. Matsuo, S, Imai, E, Horio, M, Yasuda, Y, Tomita, K, Nitta, K, et al. Revised Equations for Estimated GFR From Serum Creatinine in Japan. Am J Kidney Dis (2009) 53:982–92. doi:10.1053/j.ajkd.2008.12.034
 15. Loupy, A, Haas, M, Roufosse, C, Naesens, M, Adam, B, Afrouzian, M, et al. The Banff 2019 Kidney Meeting Report (I): Updates on and Clarification of Criteria for T Cell and Antibody-Mediated Rejection. Am J Transpl (2020) 20:2318–31. doi:10.1111/ajt.15898
 16. Okumi, M, Toki, D, Nozaki, T, Shimizu, T, Shirakawa, H, Omoto, K, et al. ABO-Incompatible Living Kidney Transplants: Evolution of Outcomes and Immunosuppressive Management. Am J Transpl (2016) 16:886–96. doi:10.1111/ajt.13502
 17. Okumi, M, Kakuta, Y, Unagami, K, Takagi, T, Iizuka, J, Inui, M, et al. Current Protocols and Outcomes of ABO-Incompatible Kidney Transplantation Based on a Single-Center Experience. Transl Androl Urol (2019) 8:126–33. doi:10.21037/tau.2019.03.05
 18. 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) 15:3256–62. doi:10.1097/01.Asn.0000145878.92906.9f
 19. Vo, AA, Lukovsky, M, Toyoda, M, Wang, J, Reinsmoen, NL, Lai, CH, et al. Rituximab and Intravenous Immune Globulin for Desensitization During Renal Transplantation. N Engl J Med (2008) 359:242–51. doi:10.1056/NEJMoa0707894
 20. Montgomery, RA, Tatapudi, VS, Leffell, MS, and Zachary, AA. HLA in Transplantation. Nat Rev Nephrol (2018) 14:558–70. doi:10.1038/s41581-018-0039-x
 21. Kasiske, BL, Zeier, MG, Chapman, JR, Craig, JC, Ekberg, H, Garvey, CA, et al. KDIGO Clinical Practice Guideline for the Care of Kidney Transplant Recipients: A Summary. Kidney Int (2010) 77:299–311. doi:10.1038/ki.2009.377
 22. Furmańczyk-Zawiska, A, Urbanowicz, A, Perkowska-Ptasińska, A, Bączkowska, T, Sadowska, A, Nazarewski, S, et al. Human Pooled Immunoglobulin as Treatment of Active Antibody-Mediated Rejection of Transplanted Kidney. Transpl Proc (2016) 48:1446–50. doi:10.1016/j.transproceed.2016.02.054
 23. Velidedeoglu, E, Cavaillé-Coll, MW, Bala, S, Belen, OA, Wang, Y, and Albrecht, R. Summary of 2017 FDA Public Workshop: Antibody-Mediated Rejection in Kidney Transplantation. Transplantation (2018) 102:e257–e64. doi:10.1097/tp.0000000000002141
 24. Schinstock, CA, Mannon, RB, Budde, K, Chong, AS, Haas, M, Knechtle, S, et al. Recommended Treatment for Antibody-Mediated Rejection After Kidney Transplantation: The 2019 Expert Consensus From the Transplantion Society Working Group. Transplantation (2020) 104:911–22. doi:10.1097/tp.0000000000003095
 25. Hirai, T, Ishida, H, Toki, D, Miyauchi, Y, Kohei, N, Iida, S, et al. Comparison of the Acute Rejection Incidence Rate in Spousal Donor Transplantation Before and After Anti-CD20 Antibody (Rituximab) Protocol as Desensitization Therapy. Ther Apher Dial (2011) 15:89–97. doi:10.1111/j.1744-9987.2010.00856.x
 26. de Weerd, AE, and Betjes, MGH. ABO-Incompatible Kidney Transplant Outcomes: A Meta-Analysis. Clin J Am Soc Nephrol (2018) 13:1234–43. doi:10.2215/cjn.00540118
 27. Wan, SS, Ying, TD, Wyburn, K, Roberts, DM, Wyld, M, and Chadban, SJ. The Treatment of Antibody-Mediated Rejection in Kidney Transplantation: An Updated Systematic Review and Meta-Analysis. Transplantation (2018) 102:557–68. doi:10.1097/tp.0000000000002049
 28. Lai, X, Zheng, X, Mathew, JM, Gallon, L, Leventhal, JR, and Zhang, ZJ. Tackling Chronic Kidney Transplant Rejection: Challenges and Promises. Front Immunol (2021) 12:661643. doi:10.3389/fimmu.2021.661643
 29. Gerbase-DeLima, M, de Marco, R, Monteiro, F, Tedesco-Silva, H, Medina-Pestana, JO, and Mine, KL. Impact of Combinations of Donor and Recipient Ages and Other Factors on Kidney Graft Outcomes. Front Immunol (2020) 11:954. doi:10.3389/fimmu.2020.00954
 30. Naesens, M, Lerut, E, de Jonge, H, Van Damme, B, Vanrenterghem, Y, and Kuypers, DR. Donor Age and Renal P-Glycoprotein Expression Associate With Chronic Histological Damage in Renal Allografts. J Am Soc Nephrol (2009) 20:2468–80. doi:10.1681/asn.2009020192
 31. Wong, G, Teixeira-Pinto, A, Chapman, JR, Craig, JC, Pleass, H, McDonald, S, et al. The Impact of Total Ischemic Time, Donor Age and the Pathway of Donor Death on Graft Outcomes After Deceased Donor Kidney Transplantation. Transplantation (2017) 101:1152–8. doi:10.1097/tp.0000000000001351
 32. Lim, K, Lee, YJ, Gwon, JG, Jung, CW, Yang, J, Oh, SW, et al. Impact of Donor Age on the Outcomes of Kidney Transplantation From Deceased Donors With Histologic Acute Kidney Injury. Transpl Proc (2019) 51:2593–7. doi:10.1016/j.transproceed.2019.03.074
 33. Einecke, G, Sis, B, Reeve, J, Mengel, M, Campbell, PM, Hidalgo, LG, et al. Antibody-Mediated Microcirculation Injury Is the Major Cause of Late Kidney Transplant Failure. Am J Transpl (2009) 9:2520–31. doi:10.1111/j.1600-6143.2009.02799.x
 34. Hidalgo, LG, Campbell, PM, Sis, B, Einecke, G, Mengel, M, Chang, J, et al. De Novo Donor-Specific Antibody at the Time of Kidney Transplant Biopsy Associates With Microvascular Pathology and Late Graft Failure. Am J Transpl (2009) 9:2532–41. doi:10.1111/j.1600-6143.2009.02800.x
 35. Hara, S. Current Pathological Perspectives on Chronic Rejection in Renal Allografts. Clin Exp Nephrol (2017) 21:943–51. doi:10.1007/s10157-016-1361-x
 36. Lefaucheur, C, Nochy, D, Hill, GS, Suberbielle-Boissel, C, Antoine, C, Charron, D, et al. Determinants of Poor Graft Outcome in Patients With Antibody-Mediated Acute Rejection. Am J Transpl (2007) 7:832–41. doi:10.1111/j.1600-6143.2006.01686.x
 37. Papadimitriou, JC, Drachenberg, CB, Munivenkatappa, R, Ramos, E, Nogueira, J, Sailey, C, et al. Glomerular Inflammation in Renal Allografts Biopsies After the First Year: Cell Types and Relationship With Antibody-Mediated Rejection and Graft Outcome. Transplantation (2010) 90:1478–85. doi:10.1097/TP.0b013e3181ff87f5
 38. Aziz, F, Parajuli, S, Mohamed, M, Garg, N, Muth, B, Mandelbrot, D, et al. Risk Factors for Graft Loss in Kidney Transplant Recipients With G3 Glomerulitis: A Single-Center Experience. Clin Nephrol (2019) 91:95–100. doi:10.5414/cn109484
 39. Moreso, F, Crespo, M, Ruiz, JC, Torres, A, Gutierrez-Dalmau, A, Osuna, A, et al. Treatment of Chronic Antibody Mediated Rejection With Intravenous Immunoglobulins and Rituximab: A Multicenter, Prospective, Randomized, Double-Blind Clinical Trial. Am J Transpl (2018) 18:927–35. doi:10.1111/ajt.14520
 40. Kulkarni, S, Kirkiles-Smith, NC, Deng, YH, Formica, RN, Moeckel, G, Broecker, V, et al. Eculizumab Therapy for Chronic Antibody-Mediated Injury in Kidney Transplant Recipients: A Pilot Randomized Controlled Trial. Am J Transpl (2017) 17:682–91. doi:10.1111/ajt.14001
 41. Eskandary, F, Regele, H, Baumann, L, Bond, G, Kozakowski, N, Wahrmann, M, et al. A Randomized Trial of Bortezomib in Late Antibody-Mediated Kidney Transplant Rejection. J Am Soc Nephrol (2018) 29:591–605. doi:10.1681/asn.2017070818
 42. Zhang, Q, and Reed, EF. The Importance of Non-HLA Antibodies in Transplantation. Nat Rev Nephrol (2016) 12:484–95. doi:10.1038/nrneph.2016.88
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 © 2024 Banno, Hirai, Oki, Yagisawa, Unagami, Kanzawa, Omoto, Shimizu, Ishida and Takagi. 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-37-11960-g004.gif





OPS/images/ti-37-11960-t001.jpg
N

Recipient age at transplantation (years), mean (SD?)
Donor age at transplantation (years), mean (SD)

Recipient sex

Male, n (%)

Female, n (%)
Donor sex

Male, n (%)

Female, 1 (%)
Relation of donor

Relative, n (%)

Unrelated, n (%)
ABO-incompatible transplantation, n (%)
Nuber of kidney transplantations

Primary, n (%)

Muttiple, n (%)
Complement-dependent cytotoxicity

T-cel positive, n (%)

B-cell positive, n (%)
Flow cytometry crossmatch

T-cell positive, n (%)

B-cell positive, n (%)
Presence of preformed DSA’, n (%)
Allograft weight (grams), mean (SD)
Warm ischemia time (minutes), mean (SD)
Total ischemia time (minutes), mean (SD)
Follow-up period (days), median (IQR")

AABMR', active antibody-mediated rejection: SD?, standard deviation; DSA®, donor-specific antibody; IQR’, interquartile range.

Total

849
491 (13.3)
506 (10.1)

558 (65.7)
291 (34.9)

289 (34.0)
560 (66.0)

450 (53.0)
399 (47.0)
250 (29.5)

770 (90.7)
79(9.3)

0 of 845 (0)
8 of 845 (0.9)

35 of 843 (4.2)
13 of 843 (1.5)
131 of 833 (15.7)
176.9 (44.6)
36 (1.1)
729 (25.4)

1,544 (903-2,356)

AABMR'

59
55.1(0.3)
57.4(8.3)

33 (55.9)
26 (44.1)

25 (42.4)
28 (53.8)

11 (18.6)
48 (81.4)
24 (40.7)

48 (81.4)
11 (18.6)

0 of 59 (0)
30f59(6.1)

14 of 59 (23.7)
60f 59 (102)
35 of 59 (59.3)
188.7 (48.2)
35(0.9)
77.6 (24.1)

1,366 (714-2,237)

Non-AABMR

790
4856 (135)
508 (10.2)

525 (66.5)
265 (33.5)

264 (33.4)
532 (66.7)

439 (55.6)
351 (44.4)
226 (28.6)

722 (91.4)
68 (8.6)

0 of 786 (0)
5 of 786 (0.6)

21 0f 784 (2.7)
7 0f 784 (0.9)
96 of 774 (12.4)
176.0 (44.3)
36(12)
725 (25.5)
1,549 (917-2,363)

p-value

<0.001
0.08

0.10

0.16

<0.001
0.051

0.01

0.001

<0.001

<0.001

<0.001
0.04
0.37
0.14
0.15





OPS/images/ti-37-11960-g002.gif





OPS/images/ti-37-11960-g003.gif





OPS/images/ti-37-11960-t004.jpg
Univariate Multivariate

HR' 95% CI? p-value HR 95% CI p-value
Recipient age <56 years reference
56 years 1.72 0.80 373 017
Donor age <69 years reference reference
59 years 268 120 601 0.02 251 112 564 003
Diabetes melitus Absence reference
Presence 096 0.38 238 093
ABO compatibility Compatible reference
Incompatible 0.47 0.19 118 011
Nurmber of transplantations Primary reference
Secondary 202 0.80 506 0.14
Nurmber of HLA® mismatches <4 reference
24 092 0.39 219 0.85
CDG* for B cells Negative reference
Positive 122 028 525 0.79
FCXM® for T cells Negative reference
Positive 134 058 308 0.49
FCXM for B cells Negative reference
Positive 217 063 747 022
Solid-phase immunoassay Negative reference
Positive 132 056 313 053
MF® of preformed DSA” <6,000 reference
25,000, <10,000 127 047 345 064
210,000 1.89 0.69 517 021
MF1 of de novo DSA <3,000 reference
23,000 067 0.20 225 052
eGFR® before the treatments <40 mU/min/1.73 m? reference
240 mUmin/1.73 m? 0.69 0.32 147 033
i score at AABMR® diagnosis <2 reference
22 1.73 023 129 059
t score at AABMR diagnosis <2 reference
22 331 077 143 0.49
g score at AABMR diagnosis <2 reference
22 1.96 091 426 0.09
ptc score at AABMR diagnosis <2 reference
22 143 0.66 3.09 036
C4d score at AABMR diagnosis <2 reference
2 0.97 043 216 0.94
MVI™® (g+ptc) at AABMR diagnosis <4 reference reference
>4 285 1.33 6.10 0.007 267 125 572 0.01
Coexistence of TOMR'! Absence reference
Presence 075 0.10 560 078

HR', hazard ratio; CF, confidence interval: HLA®, human leucocyte antigen; CDC*, complement-dependent cytotoxity; FCXMP, flow cytometry crossmatch; MFIE, mean fluorescence
intensity; DSA’, donor-specific antibody; eGFR, estimated glomerular fitration rate; AABMR, active antibody-mediated rejection; MVI'®, microvascular inflammation; TCMR'", T-cell
mediated rejection.





OPS/images/ti-37-11960-t002.jpg
Recipient age

Donor age

Recipient sex

Donor sex

Relation of donor

ABO compatibility

Nurmber of transplantations
CDC? for B cells

FCXM* for T cells

FCXM for B cells

Solid-phase immunoassay

HR' hazard ratio: CF., confidence interval: CDC>. complement-dependent cytotoxity: FCXM®. flow cytometry crossmatch.

<50 years
250 years
<60 years
260 years
Female
Male
Female
Male
Relative
Unrelated
Compatible
Incompatible
Primary
Multple
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Positive

Univariate Multivariate
HR' 95% CI? p-value HR 95% CI p-value
reference reference
272 1.51 490 0001 1.04 053 205 090
reference
077 0.46 1.30 034
reference
066 039 1.1 0.12
reference
154 091 259 0.12
reference reference
558 282 110 <0.001 4.48 205 979 <0.001
reference
153 090 261 012
reference reference
244 1.26 470 0008 1.99 1.01 391 005
reference
684 214 219 0001
reference
925 505 169 <0.001
reference
847 326 205 <0.001
reference reference
972 570 166 <0.001 7.05 416 124 <0.001





OPS/images/ti-37-11960-t003.jpg
Serum creatinine, mean (SD?)
eGFR® (mL/min/1.73 m?), mean (SD)
Proteinuria, n (%)

None

1+

2+

3+

Banff classification score
i score 22, n (%)
tscore >2, n (%)

g score 22, n (%)
ptc score 22, n (%)
Cdd score 22, n (%)
ci score 22, n (%)
ct score 22, n (%)
cg score >2, n (%)
cv score 22, n (%)

AABMR'., aciive antibody-mecdiated refection: SD?, standard deviation: 6GFR®. estimated glomerular itration rate.

At diagnosis with AABMR'

1.8(1.6)
400 (16.5)

32 (54.2)

18 (30.5)
8(136)
1(1.7)

10f53 (1.9
20153 (38)
25 0f 53 (47.2)
28 of 53 (52.8)
20 of 53 (37.7)
10158 (1.9)
10158 (1.9)
00f 53 (0)
00f 53 (0)

At follow-up

1.4(1.0)
437 (13.1)

46 (77.8)
11 (186)
234
0(0)

20f53 (38)
30f53(57)
20 of 53 (33.9)
17 of 53 (32.1)
19 of 53 (35.9)
30f53(57)
30f53(57)
20f 53 (3.8)
40f53(7.6)

p-value

0.001
0.009

0.003

0.56
0.65
0.01
0.03
0.76
0.32
0.32
0.16
0.04





OPS/xhtml/nav.xhtml
Contents

		Cover

		Higher Donor Age and Severe Microvascular Inflammation Are Risk Factors for Chronic Rejection After Treatment of Active Antibody-Mediated Rejection		Introduction

		Materials and Methods		Ethics Statements

		Study Design and Participants

		Patient Monitoring

		Transplant Biopsy and Pathological Diagnosis

		Immunosuppressive Regimen and Desensitization

		Treatments for Active Antibody-Mediated Rejection

		Statistical Analysis





		Results		Patient Background Characteristics

		Risk Factors for Active Antibody-Mediated Rejection Within 1 year of Kidney Transplantation

		Long-Term Outcomes

		Treatments for AABMR

		Treatment Effects for AABMR

		Evaluation of Risk for Chronic Active Antibody-Mediated Rejection Development





		Discussion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Supplementary material

		References









OPS/images/cover.jpg
Higher Donor Age and Severe
Microvascular Inflammation Are
Risk Factors for Chronic
Rejection After Treatment of
Active Antibody-Mediated
Rejection






OPS/images/ti-37-11960-gx001.gif





OPS/images/ti-37-11960-g001.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
é ESOT

( Transplant
International





