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After kidney transplantation, conversion to belatacept is a promising alternative in patients with poor graft function or intolerance to calcineurin inhibitors. The risk of acute rejection has not been well described under these conditions. Here we present a retrospective multicenter study investigating the occurrence of acute rejection after conversion in 901 patients (2011–2021). The incidence of cellular and humoral rejection was 5.2% and 0.9%, respectively. T-cell mediated rejection (TCMR) occurred after a median of 2.6 months after conversion. Out of 47 patients with TCMR, death-censored graft survival was 70.1%, 55.1% and 50.8% at 1 year, 3 years and 5 years post-rejection, respectively. Eight patients died after rejection, mainly from infectious diseases. We compared these 47 patients with a cohort of kidney transplant recipients who were converted to belatacept between 2011 and 2017 and did not develop rejection (n = 238). In multivariate analysis, shorter time between KT and conversion, and the absence of anti-thymocyte globulin induction after KT were associated with the occurrence of TCMR after belatacept conversion. The occurrence of rejection after conversion to belatacept appeared to be less frequent than with de novo use. Nevertheless, the risk of graft loss could be significant in patients with already low renal function.
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INTRODUCTION
Belatacept is an immunosuppressive drug that blocks the costimulation pathway, preventing T cell activation. With this different mechanism of action, belatacept represents an alternative to calcineurin inhibitors (CNIs) after kidney transplantation and could have major advantages. When used as a de novo therapy post-transplantation, belatacept improved long-term graft function, graft survival and patient survival in the BENEFIT study [1]. Moreover its metabolic profile is better than CNIs [2] and the rate of de novo DSA is lower [3]. When used as a conversion strategy, the randomized study by Budde et al. [4] also reported benefits for graft function and for the rate of de novo DSA, in stable KTRs. Furthermore, there is growing evidence that CNIs to belatacept conversion is a valuable option as rescue therapy in patients with poor graft function [5]. A major pitfall and obstacle to more widespread use of belatacept in de novo KTRs is the particularly high rate of TCMR (T cell-mediated rejection) occurring in up to 24% of patients in the BENEFIT [1] PRINCEPS study. The rejection rate seems to be lower in conversion strategies ranging between 5.3% and 11.4 % according to various studies [4, 6–10] and was not significantly different between the belatacept and CNI arms in our retrospective study [5]. However some of these rejections are steroid-resistant TCMRs [11, 12] and could lead to accelerated graft loss. Unfortunately, there are no reports of risk factors or biomarkers associated with the occurrence of rejection in this context.
We designed a multicenter retrospective study in which we included all patients who were converted to belatacept over a 10-year period who presented with biopsy-proven rejection. The aims of the present study were to report the incidence of both TCMR and ABMR (antibody-mediated rejection) after conversion to belatacept in a rescue strategy, to depict the evolution of these patients and to identify factors associated with the occurrence of TCMR after conversion.
MATERIALS AND METHODS
Study Design: Flow Charts (Figure 1) and Patients
We conducted a retrospective study, between 2011 and 2021, in which all the kidney transplant recipients (KTRs) from the Spiesser group (13 French KT centers) who presented a biopsy-proven rejection after belatacept conversion were included (all were for cause biopsies). Conversion was performed for poor graft function and/or intolerance to calcineurin inhibitors. Histological features of the kidney allograft biopsies were scored according to the Banff classification [13]. During this period a total of 901 KTRs were converted to belatacept.
[image: Figure 1]FIGURE 1 | Flow chart. KTRs, kidney transplant recipients; ABMR, antibody-mediated rejection; TCMT, T cell-mediated rejection.
In accordance with French law (loi Jardé), because this was an anonymous retrospective study, institutional review board approval was not required. The clinical and research activities being reported are consistent with the Principles of the Declaration of Istanbul as outlined in the “Declaration of Istanbul on Organ Trafficking and Transplant Tourism.”
Treatment
The CNI to belatacept conversion group consisted of 5 mg/kg of belatacept administered intravenously on days 1, 15, 29, 43, 57 and then 28 days thereafter [14]. CNIs were tapered as follows: 100% on day 1, 50% on day 2, 25% on day 15, and 0 from day 29 onwards. Other immunosuppressive medications, including corticosteroids, were maintained at existing doses unless modification was necessary. All patients were EBV seropositive before the conversion. Beginning in January 2019, all patients converted to belatacept received pneumocystis prophylaxis. Patients who received belatacept as de novo therapy were excluded.
Primary Outcome: Kidney Transplant Recipients With Rejection After Conversion
The primary endpoint was the rate of both TCMR and ABMR after conversion to belatacept. We excluded patients who experienced ABMR due to the small number of them and focused on TCMR in order to determine factors associated with graft loss. We defined graft failure as a return to chronic dialysis. We evaluated kidney graft function using eGFR (MDRD) [15].
Secondary Outcomes: Rate of Opportunistic Infection (OPI) and Factors Associated With the Occurrence of TCMR After Conversion to Belatacept
During the study period, 901 KTRs were converted to belatacept: 55 KTRs developed a biopsy-proven rejection while the 846 others did not. Among the 846 patients without rejection, 238 KTRs [6], well-phenotyped with exhaustive data, converted between 2011 and 2017, were analyzed and compared to the “rejection cohort” to identify the incidence of OPIs and factors associated with the occurrence of TCMR after conversion. Moreover, there was no difference between 2011–2017 and 2018–2021 regarding the protocol of conversion used (dose of belatacept, timing of discontinuation of CNIs).
All OPIs occurring under belatacept therapy were recorded in our medical charts. Infection was defined by a specific clinical/biological/radiological presentation and the finding of a causal infectious agent (bacterial, viral, fungal or parasitic). The nature of the infection (microbiological causative agents) and the localization of the infection were recorded. The lymphocyte count was reviewed at the time of the switch for all patients. We considered OPIs as described by Fishman in 2007 [16]: pneumocystis pneumonia; infection with herpes viruses (herpes simplex virus, varicella-zoster virus, Cytomegalovirus, Epstein-Barr virus and others); infection with listeria, nocardia, toxoplasma, strongyloides, leishmania, Trypanosoma cruzi; polyomavirus BK nephropathy; Cryptococcus neoformans infection; Mycobacterium tuberculosis or atypical mycobacteria infection; infection with aspergillus, atypical molds, mucor species; infection with JC polyomavirus [progressive multifocal leukoencephalopathy (PML)].
Statistical Methods
Quantitative data were presented as mean (SD), or median (interquartile range IQR) when data were not normally distributed. Qualitative data were presented as percentages. Non-parametric Wilcoxon (quantitative data) and Mann-Whitney (qualitative data) tests were used to compare baseline characteristics. Univariate and multivariable Cox regression analyses were performed to determine independent covariates associated with the occurrence of TCMR: age, gender, time between KT and conversion, the use of anti-thymocyte globulin induction post KT, extended criteria donor, eGFR at conversion, lymphocyte counts at conversion, tacrolimus before conversion, the time between conversion and CNI discontinuation, MMF at time of TCMR or month 3 post-conversion in KTRs without TCMR, MMF dose, steroids at the time of TCMR or month 3 post-conversion in KTRs without TCMR, and steroid dose. All factors with P < 0.1 in the univariate analysis were included in the multivariate model. P < 0.05 was considered statistically significant in the multivariate model. Results were presented as a hazard ratio (HR) and a 95% confidence interval (CI). For Cox models, we tested the validity of the proportional hazards assumption using the Scaled Schoenfeld vs. time graph for each variable. There was no violation of the proportional hazards assumption. We tested the interaction between the variables in the final model using a parameter covariance matrix to show how much each parameter was correlated with each other. All analyses were performed using STATVIEW version 5.0 (SAS Institute, Cary, NC, United States) and GraphPad Prism version 8.0 software (GraphPad Software, San Diego, CA).
RESULTS
Incidence of Rejection After Belatacept Conversion During the Period 2011–2021
Between 2011 and 2021, 901 patients were converted from CNIs to belatacept after kidney transplantation. Of these 55 (6.1%) patients, who were converted after a median time of 3.6 months (IQR: 1.1–9.5) post-transplant developed a biopsy-proven acute rejection after a median time of 2.6 months post-conversion (IQR: 2.1–4.1 months). Of these, 47 (85.4%) developed TCMR and 8 (14.6%) ABMR. The incidence of TCMR and ABMR during this period was 5.2% and 0.9% respectively. None of the patients had a rejection prior to conversion.
We noted a substantial decrease in the rejection rate (TCMR) over time: 2011–2017: 18/256 = 7% and 2017–2021: 29/645 = 4.5%.
Kidney Transplant Recipients With TCMR: Clinical, Biological and Histological Characteristics at the Time of Diagnosis
Regarding TCMR, according to the Banff classification [13], we reported borderline lesions in 5 cases (10.7%), 9 grade IA (19.1%), 9 grade IB (19.1%), 7-grade IIA (14.9%), 11 grade IIB (23.4%) and 6 grade III (12.8%) TCMR. Biopsies of TCMR revealed v lesions in 24/47 cases (51%).
The general characteristics of KTRs with TCMR are reported in Table 1. Kidney transplant recipients with biopsy-proven rejection presented at the time of diagnosis with a decrease in eGFR from a median of 25.5 mL/min/1.73 m2 (IQR: 14.5–32.1) at the time of conversion to 16.2 mL/min/1.73 m2 (IQR: 9.9–24.6) at the time of rejection. Five KTRs (10.6%) required dialysis at the time of rejection.
TABLE 1 | Clinical and biological characteristics of patients with and without T cell-mediated rejection (TCMR) (historical cohort).
[image: Table 1]Kidney Transplant Recipients With TCMR: Evolution After Treatment
All KTRs were treated with high doses of steroids after the diagnosis of TCMR: 43 (91.5%) with intravenous infusion and 4 (8.5%) with oral treatment. Moreover, of the 47 KTRs, 7 (14.9%) were treated with anti-thymocyte globulin. Twelve patients (25.5%) were resistant to treatment. After treatment, 33 patients (70.2%) recovered an eGFR at least equivalent to that at the time of the conversion, from 17.2 mL/min/1.73 m2 (IQR: 12.6–28.9) at the time of rejection to 35.1 mL/min/1.73 m2 (IQR: 24.3–43.2) after treatment. After treatment, belatacept was discontinued and CNIs were resumed in 18 KTRs (38.3%). Belatacept was continued in the remaining 29 KTRs (61.7%).
After TCMR, 8 deaths were reported within 13.3 months (IQR: 9.1–34.4) after rejection, 7 of which were of infectious origin: 3 deaths from invasive aspergillosis, 2 from bacterial pneumonia, one from uncontrolled bacterial osteitis and one from influenza virus. After TCMR, 18 graft losses were reported after a median time of 7.1 months (IQR: 1.3–15.9) after rejection. Death-censored graft survival was 70.1%, 55.1% and 50.8% at 1 year, 3 years and 5 years post rejection, respectively.
In KTRs without graft loss, median eGFR increased from 18.9 mL/min/1.73 m2 (IQR: 14.1–29.7) at the time of rejection to 35.1 mL/min/1.73 m2 (IQR: 28.9–45.7) after treatment and to 34.4 mL/min/1.73 m2 (IQR: 24.3–41.4) 1-year post rejection.
Factors Associated With Graft Loss After TCMR
Characteristics of KTRs with TCMR and graft loss (n = 18) compared to those without graft loss (n = 29) are reported in Table 2. The discontinuation of belatacept after rejection and the eGFR at the time of rejection were significantly associated with graft loss after TCMR.
TABLE 2 | Clinical, biological and histological characteristics of patients with T cell-mediated rejection (TCMR) with or without graft loss.
[image: Table 2]Factors Associated With the Occurrence of TCMR After Conversion to Belatacept
We compared the 47 KTRs with TCMR during the period 2011–2021 with a subset of the cohort converted to belatacept between 2011 and 2017 who did not develop rejection (n = 238) [6]. General patient characteristics are reported in Table 1.
Univariate and multivariate Cox analyses to determine factors associated with the occurrence of TCMR after belatacept conversion are reported in Table 3. In multivariate analysis, the time between KT and conversion, and the absence of anti-thymocyte globulin treatment as an induction after KT were associated with the occurrence of TCMR after belatacept conversion.
TABLE 3 | Univariate and multivariate Cox analyses for determining factors associated with the occurrence of T cell-mediated rejection (TCMR) after belatacept conversion.
[image: Table 3]Among KTRs with TCMR, 28/47 (59.6%) occurred in patients who were converted to belatacept during the first 6 months post transplantation (early conversion). We compared this population to the retrospective cohort in which 82 KTRs had early conversion to belatacept but no TCMR. In multivariate analysis (Table 4), lymphocyte count at the time of conversion and the dose of steroids used after the conversion were associated with the occurrence of TCMR after early belatacept conversion.
TABLE 4 | Univariate and multivariate Cox analyses for determining factors associated with the occurrence of T cell-mediated rejection (TCMR) after early belatacept conversion (<6 months post KT).
[image: Table 4]Among KTRs with TCMR 19/47 (40.4%) occurred in patients converted to belatacept after the first 6 months post-transplantation (late conversion). We compared this population to the retrospective cohort in which 156 KTRs were converted to belatacept late after transplantation but without TCMR. In multivariate analysis (Table 5), the absence of post-conversion use of steroids was associated with the occurrence of TCMR after belatacept late conversion.
TABLE 5 | Univariate and multivariate Cox analyses for determining factors associated with the occurrence of T cell-mediated rejection (TCMR) after late belatacept conversion (>6 months post KT).
[image: Table 5]Rate of Opportunistic Infections (OPIs)
The rate of OPIs was not different between the 2 groups (p = 0.25). In the TCMR group: 8 KTRs (8/47: 17%) developed 9 episodes of OPI, all occurring after the diagnosis of TCMR: 4 cases of CMV disease, 3 cases of invasive aspergillosis, 1 case of varicella-zoster infection and 1 case of HHV8 associated Kaposi sarcoma. In the control group, 26 KTR (27/238: 10.9%) developed 33 episodes of OPI: 14 cases of CMV disease, 10 cases of pneumocystis pneumonia, 2 cases of JC Virus associated PML, 2 cases of EBV-associated PTLD, 2 cases of varicella-zoster infection, 1 case of tuberculosis, 1 case of toxoplasmosis and 1 case of aspergillosis.
DISCUSSION
This is the first report of the rate of kidney transplant rejection, both cellular and humoral, over a 10-year period in a large cohort of KTRs who were converted to belatacept as a rescue strategy. We confirm that the occurrence of acute rejection after conversion to belatacept appears to be less frequent than with de novo use. A major pitfall of the use of belatacept as a de novo strategy is the increased risk of TCMR compared to cyclosporine: in the BENEFIT study the rate of TCMR was 17%–24% at 1 year [1] and in the BENEFIT-EXT study, it was 18% at 1 year [17]. Nevertheless the occurrence of such rejection was not associated with worse graft survival or a poorer graft function at 8 years post KT. Regarding TCMR after conversion to belatacept in stable patients, the rate reported in the randomized study by Budde et al in a large cohort was 8% compared to 4% in the CNI arm [4]. When belatacept was used as a rescue strategy, the rate of TCMR was between 5.3% and 11.4% according to different retrospective studies [7, 8, 18] and was not significantly different between the belatacept and CNI arms in our retrospective study (4.3% in both arms) [5] and in the recently published study by Divard et al (4% in both arms) [10].
In contrast to the data from the original princeps study, in our study the risk of graft loss or deterioration of renal function after rejection was significant. Almost 50% of the rejections had V lesions. We observed 8 graft losses after rejection and death-censored graft survival was nearly 50% at 5 years post rejection. Some refractory allograft rejections to steroids justified being very cautious. Rejection occurred very early after the conversion, as in the de novo use and therefore very close biological follow-up has to be implemented after conversion to belatacept. Nevertheless after treatment of TCMR (mainly with steroids) 70% of the patients recovered an eGFR at least equivalent to that at the time of the conversion. We identified 2 factors associated with graft loss after TCMR: eGFR on the day of rejection and the discontinuation of belatacept after treatment. In patients with a good response to treatment of the rejection, we believe that belatacept should be continued in this context in patients with features of CNI toxicity before conversion. Moreover, we also reported 8 deaths after rejection, 7 of which were due to infectious causes. Clinicians have to be extremely cautious about the overall infectious risk in the follow-up of these patients with poor graft function presenting TCMR. We and other authors already reported on the risk of OPIs after belatacept conversion as a rescue strategy, mainly due to CMV disease and pneumocystis pneumonia [6, 19]. Prophylaxis against these 2 pathogens must be implemented, if not, after the treatment of rejection in this context. Nevertheless the rate of OPI was not different between the TCMR group and the control group but one striking feature is the occurrence and death from invasive aspergillosis in three patients in the TCMR group. Rejection is already known to be a risk factor for invasive aspergillosis [20] but there are no data on the specific impact of costimulation blockade in this context, except in lung transplant recipients [21].
Regarding factors associated with the occurrence of TCMR, the time from transplantation to conversion appears to be essential. We already suspected that the proportion of acute cellular rejection is probably higher in early conversion (<6 months) [18]. In early conversion, the factor associated with the occurrence of TCMR was the lymphocyte count. This could be explained by the global level of immunosuppression before the conversion in KTRs: the higher the lymphocyte count, the lower the level of immunosuppression and the higher the risk of TCMR after the switch. Attention should be paid to the CNI tapering regimen, CNI exposure, and maintenance of mycophenolic acid dosing during conversion to prevent rejection [22]. In patients with a high lymphocyte count a more progressive discontinuation of CNIs could be proposed, for example, if antithymocyte globulins are not used as an induction. Such a protocol has already been used in the de novo use of belatacept with a reduction in the rejection rate [23]. The use of mTOR inhibitors instead of mycophenolate mofetil could be another possibility [24]. The use of a more intensive regimen of belatacept does not reduce the rejection rate in the PRINCEPS study [1]. In late conversion, the absence of steroids after conversion was associated with the occurrence of TCMR after conversion in multivariate analysis. Nevertheless the rejection rate after 6 months is low and we do not believe that reintroducing steroids in all KTRs converted is indicated but could be discussed in patients close to transplantation (conversion 6–12 months post KT?). We need biomarkers to assess the real risk of rejection in patients treated with belatacept (CD86 occupancy [25, 26]? Belatacept Drug Monitoring [27] ? Immunomonitoring of T cells resistant to costimulation blockade? [12]). Monitoring donor-derived cell-free DNA [28] or urinary chemokines [29] could be helpful in this situation, but has never been tested following belatacept conversion.
One of the benefits of belatacept use is the low incidence of de novo DSA, both in de novo use [3] and in the conversion protocol [5]. Budde et al. reported in their published conversion randomized control trial that the rate of de novo DSA in the belatacept arm was 1% compared to 7% in the CNI arm [4]. We confirmed this point in the case of rescue conversion strategy (7.4% in the belatacept group versus 15/64%–23.4% in the CNI group; P = 0.01) [5]. This is the first report of the incidence of ABMR in a large cohort of KTRs converted to belatacept as a rescue strategy and this rate was very low (<1%). This result is in line with the BELACOR study [30] in which sensitized patients with preformed DSA (Mean Fluorescence Intensity 500–3,000) received de novo belatacept infusion and none of them developed ABMR.
The retrospective nature of the study raises the concern of substantial bias. Nevertheless the high number of TCMR cases reported in this multicenter cohort allows us to find factors associated with graft loss in this context and also factors associated with the occurrence of TCMR in both early and late switching. Moreover, a strength of our study is the homogeneous conversion protocol used in all included centers regarding the dose of belatacept and the decrease protocol of CNIs. Future randomized studies including this particular population of KTRs, with poor graft function are highly needed to accurately report the rejection rate in this context and to avoid potential bias.
In conclusion, we have reported for the first time a low incidence of both TCMR (5%) and ABMR (<1%) in a very large and significant cohort of KTRs who were converted to belatacept as a rescue strategy. We have shown that for patients with TCMR after conversion, high doses of steroids are effective, but in some patients rejection impacted both graft and patient survival. eGFR at the time of rejection and continuation of belatacept after treatment are determining factors for graft survival. We also demonstrated that early switching (<6 months) is a more risky situation for TCMR occurrence compared to late switching (>6 months) and that the level of immunosuppression is probably essential. New markers are highly needed to better identify patients at risk of TCMR post-conversion, in order to use this immunosuppressive drug with less fear.
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