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Abstract
BACKGROUND
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]The T-cell costimulation blocking agent belatacept has been identified as a possible substitute for calcineurin inhibitors, however, no consensus has been established against its use over the standard care agent Tacrolimus.

AIM
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]To evaluate the effectiveness of belatacept based maintenance immunosuppressive regimens in comparison to tacrolimus in renal transplantion.

METHODS
[bookmark: OLE_LINK32]We did extensive search of all the available literature comparing the role of belatacept to tacrolimus in renal transplant recipients by searching the PubMed, Embase, Cochrane, Crossref, Scopus, clinical trials registry on October 5, 2020. 

RESULTS
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]The literature search identified four randomized controlled trials (n = 173 participants) comparing belatacept with tacrolimus. There was no significant difference in estimated renal function at 12 mo [mean difference 4.12 mL/min/1.73 m2, confidence interval (CI): -2.18 to 10.42, P = 0.20]. Further, belatacept group was associated with significant increase in biopsy proven acute rejection [relative risk (RR) = 3.27, CI: 0.88 to 12.11, P = 0.08] and worse 12 mo allograft survival (RR = 4.51, CI: 1.23 to 16.58, P = 0.02). However, incidence of new onset diabetes mellitus was lower with belatacept at 12 mo (RR = 0.26, CI: 0.07 to 0.99, P = 0.05).

CONCLUSION
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]The evidence reviewed in this meta-analysis suggested that belatacept-based maintenance immunosuppression regimens were associated with an increased risk allograft loss in renal transplant recipients with equivalent renal functioning against standard tacrolimus; however, observed significantly reduced new onset diabetes mellitus after transplantation incidence and lower serum low density lipid profile levels in belatacept group. In addition, the adaptation of belatacept in renal transplantation has been forestalled by increased rates of rejection and resistance owing to development of various effector memory T cells through, parallel differentiation and immunological plasticity.

[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Key Words: Adverse events; Calcineurin inhibitors; Belatacept; Tacrolimus; Graft failure; Kidney transplantation

Kumar J, Reccia I, Virdis F, Podda M, Sharma AK, Halawa A. Belatacept in renal transplantation in comparison to tacrolimus and molecular understanding of resistance pattern: Meta-analysis and systematic review. World J Transplant 2021; In press

[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Core Tip: This meta-analysis suggested that belatacept-based maintenance immunosuppression regimens were associated with an increased risk allograft loss in renal transplant recipients with equivalent renal functioning against standard tacro-limus.

INTRODUCTION
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]The success immunosuppression in kidney transplantation has added a significant number of productive years to the life of chronic kidney disease patients[1]. The calcineurin inhibitors (CNIs), cyclosporine A and tacrolimus (Tac) were introduced in clinical practice in 1980’s and form the cornerstone of immunosuppressive therapy in renal transplant recipients. Globally most of the kidney transplant recipients have been initially get treated with a calcineurin inhibitor (usually tacrolimus), an antimetabolite (preferentially mycophenolate), and steroids plus in many instances require an additional agent of induction as basiliximab or thymoglobulin. Various studies including randomized controlled trials (RCT) and meta-analysis reported that these immunosuppressive regimens have been associated with more than 90% one-year graft survival whilst extending a rejection rate of below 15%-20%[2-4].
However, the superlative results of short-term allograft survival have not been maintained for long owing to renal and non-renal toxicities of these drugs which produce slow, steady decline in renal functioning[5]. The non-renal toxicities as cardiovascular adverse events and malignancies are considered to be the most important determinants of death with functioning graft in renal transplant recipients[6]. In addition, CNIs have been associated with development of various cardiovascular risk factors such as hyperlipidemia, hypertension, and new onset diabetes mellitus after transplantation (NODAT)[7,8].
In the given circumstances, it is important to note, that, CNI induced nephrotoxicity as a consequence to interstitial fibrosis and tubular atrophy represents a major obstacle to the long-term success of the renal transplant. The pathophysiology behind CNI induced nephrotoxicity involves increased production of vasoconstrictors, e.g., thromboxane and endothelin, with limited secretion of the vasodilators, such as nitric oxide, prostaglandin E2, and prostacyclin. The long-term graft failure has been observed in 96.8% of allograft biopsies[9,10]. In addition, the biggest challenge with immunosuppression therapy is to maintain the balance of immunosuppression in order to avert any rejection episode, whilst keeping the check on the toxicities. Studies have shown that a reduction or withdrawal from a CNI can significantly improve renal function[11-14].
In last decade, T-cell costimulation blocking agent belatacept has been identified as possible substitute to CNI therapy and obtained United States Food and Drug Administration approval in 2011 for the prevention of rejection in kidney transplant recipients[15-18]. Belatacept is a human fusion protein, which selectively binds to CD80 and CD86 with higher affinity than CD28. Thus blocks the interaction between CD86-CD28, hence, inhibits the complete activation of T-cells and promotes anergy and apoptosis[19,20] (Figure 1). Additional studies have demonstrated that costimulation blockade modulates T cell mediated immune processes which ought to abridge the dependence on the traditional maintenance immunosuppressive drugs[21].
These distinct immunological properties and limited nephrotoxic potential of belatacept have prevailed clinicians to use them as a surrogate to CNIs; cyclosporine A and Tac[22,23]. Given these findings, clinical trials in humans were undertaken to investigate the possibilities of belatacept as an adjunct to CNI based regimens. A recent, meta-analysis conducted by Talawila et al[24], included five trials to better elucidate the usefulness of belatacept in juxtaposition to cyclosporine. The group outlined the potential benefit for belatacept by reducing the risk of CNI toxicity, especially renal function, without any increased evidence of acute rejection at 12 mo.
Indeed, most of the kidney transplant recipients approximately 90% in the United States have been initially managed with a calcineurin inhibitor of which Tac is primarily used agent in 92% whilst cyclosporine is alternative option in 2%. The primary reason behind preferring Tac over cyclosporine includes decreased acute rejection rates, better tolerability, relatively lower requirement of mycophenolate mofetil (MMF)[3,4,25-27]. A meta-analysis conducted by Webster et al[3] included 30 studies (4102 patients) comparing tacrolimus and cyclosporine, demonstrated that tacrolimus significantly lowered the risk of graft loss following six months of renal transplantation [relative risk (RR): 0.56, 95% confidence interval (CI): 0.36-0.86]. Further, tacrolimus continued to favour allograft loss and reported 1-year, 2-year and 3-years graft loss of RR: 0.77 (CI: 0.58-1.02), RR: 0.74 (CI: 0.46-1.21) and RR: 0.71 (CI: 0.52-0.96) respectively. Moreover, tacrolimus also decreased the risk of acute rejection at one year (RR: 0.66, 95%CI: 0.6-0.79).
However, it was very unfortunate that till 2016 only one prospective study had been conducted to assess the usefulness of de novo belatacept over Tac. However, to bridge this lack of evidence Muduma et al[28] performed an “indirect treatment comparison” of belatacept to Tac. Here, they simultaneously conducted two consecutive meta-analyses comparing Tac to cyclosporine and cyclosporine to belatacept respectively and then compared the results of these analyses with each other to generate a direct comparison between Tac to belatacept. However, the review failed to find any conclusive evidence of difference towards the beneficence of belatacept as primary maintenance immunosuppressive agent in place of Tac.
Despite the availability of enormous literature on the applicability of belatacept in renal transplantation, intriguingly many questions are yet to be answered such as what is the true potential of this drug in current practice of renal transplantation with the principle of primum non nocere? Hence, the present study aimed to systematically review and where possible meta-analyze the available data on the clinical effectiveness of de novo belatacept as an alternative to Tac in patients undergoing renal transplantation and further highlighted the immunological basis for the development of belatacept-resistant rejection (BRR).

MATERIALS AND METHODS
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]The present meta-analysis was conducted following completion of registration (CRD42018086032) in PROSPERO an international database of prospectively registered systematic reviews. A detailed literature search was made on National Library of Medicine Database (PubMed), Embase, Cochrane, Crossref, Scopus databases, clinical trial registries on October 5, 2020 to determine the immunosuppressive role of belatacept as an alternative to Tac. The search covered the period 2005 (the year of the first reported use of belatacept) to October 5, 2020[17,29]. The search strategy designed according to the guidelines mentioned in the Cochrane Handbook for Systematic Reviews of Interventions and reported as per the guidelines proposed by Meta-analysis of Observational Studies in Epidemiology. The medical subject headings terms and free text words were searched in various permutations and combinations: “Adverse events”, “Calcineurin Inhibitors”, “Tacrolimus”, “Belatacept”, “Graft Rejection”, “Graft Survival”, “Kidney Transplantation”, to complete the analysis. In addition, a manual search was conducted for conference abstracts, bibliographies and citations list of the relevant articles were examined for additional studies.

Inclusion criteria
Only prospectively, systematically and quantitatively done RCT, comparing de novo belatacept with Tac in both living and/or deceased kidney transplant recipient were included. All other studies or publications types as retrospective studies, editorials, reviews, posters and letters were excluded. The primary outcome of interest was renal function, estimated glomerular filtration rate, and secondary outcomes were biopsy proven acute rejection (BPAR), patient and graft survival, NODAT, blood pressure, hyperlipidaemia, CMV viremia, and polyomavirus infection (Table 1). 

Data extraction
Two separate physician reviewers (Kumar K and Reccia I) employed a two-stage method to conduct study screening independently. At the first stage, titles and abstracts were scrutinized for excluding obviously ineligible studies. At the second stage, the full texts were read carefully for further excluding any ineligible studies. Disagreements were resolved via consensus, and matters for which consensus could not be made were settled after much deliberation with senior author. The Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines were used here to complete search strategy and study selection (Figures 2 and 3).

Statistical analysis
The internal validity of pre-specified inclusion and exclusion criteria of the included studies were determined by independently by the authors using the Cochrane Risk of Bias tool. Each study was thoroughly analyzed to evaluate the above mentioned parameters (Table 2). 
The Cochrane Collaboration, Review Manager (RevMan) Version 5.3 can analyze minimum of two trials and available continuous and dichotomous trial data. The data formulated as RR for dichotomous data, mean difference for continuous outcomes including 95%CI, heterogeneity between the trials compared and I2 statistic of more than 30% determined as significant. I2 statistic of more than 30% was determined to be significant. In the stance of significant heterogeneity, the random effects model assessment was used following the evaluation of forest plot while fixed-effect model was applied in the situation of low heterogeneity. In perspective of significant heterogeneity, the random effects model assessment was done following the evaluation of forest plot of involved trials[30,31]. Publication bias formally assessed through funnel plots but that requires at least 10 trials unfortunately present meta-analysis involved only four trials, so, we couldn’t assess publication bias[32].

RESULTS
[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK68][bookmark: OLE_LINK69]Our literature searches yielded a total of 158 manuscripts. After careful evaluation, 154 articles were excluded based on our selection criteria mentioned above. After resolution of differences between reviewers a total of four studies were retrieved for further review and data extraction[33-36].
These include three published papers, and one unpublished data from clinical trial registry (Table 2). In a study conducted by Ferguson et al[33] they compared two belatacept based regimen, hence to maintain uniformity we considered analysis regimen including belatacept, and MMF only without sirolimus[33]. Similarly for study by Newel et al[35,36] and trial 1856257 we only did analysis with regimen including belatacept with MMF only without Tac[33-36]. The detailed data of all the studies related with the renal functioning, BPAR, survival and adverse events were summarized in Tables 3-5. The results of these data analysis were outlined below.

Renal function
There was no significant difference in estimated renal function in the either groups at 12 mo (four trials, 154 patients, mean difference 4.12 mL/ min/1.73 m2, CI: -2.18 to 10.42, P = 0.20, I2 = 0%); (Figure 4A). 

Biopsy proven acute rejection
The incidence of BPAR was significantly higher in belatacept groups compared to Tac groups (four trials, 173 patients, RR = 3.27, CI: 0.88 to 12.11, P = 0.08, I2 = 59%) over 12 mo (Figure 4B).

Graft survival
At 12 mo, the rates of graft survival were significantly worse for belatacept groups than Tac groups (four trials, 173 patients, RR = 4.51, CI: 1.23 to 16.58, P = 0.02, I2 = 0%) (Figure 4C).

Adverse events
Adverse events are summarized in Table 3. Over 12 mo, there was no significant difference in the incidence of serious adverse events/infection between the either groups (three trials, 129 patients, RR = 0.92, CI: 0.71 to 1.21, P = 0.56, I2 = 0%) (Figure 4D). Four trials reported comparable incidence of BK virus or polyomavirus infection, in both group (Four trials, 173 patients, RR = 2.09, CI: 0.60 to 7.21, P = 0.24, I2 = 19%) (Figure 4E).

Metabolic outcomes
The metabolic parameters as blood pressure and lipid profile of all four studies are outlined in Table 5. The incidence of NODAT was significantly lower with belatacept over 12 mo (four trials, 173 patients, RR = 0.26, CI: 0.07 to 0.99, P = 0.05, I2 = 0%) (Figure 4F). Belatacept therapy resulted in no significant changes in systolic (four trials, 150 patients, MD = -3.77 mmHg, CI: -9.29 to 1.75, P = 0.18, I2 = 0%) (Figure 5A) and diastolic blood pressure (four trials, 150 patients, MD = -1.27 mmHg, CI = -5.90 to 3.37, P = 0.59, I2 = 35%) at 12 mo (Figure 5B).
There total serum cholesterol level and total triglycerides were comparable in both groups (two trials, 52 patients, MD = -2.85 mg/dL, CI: -23.68 to 17.98, P = 0.79, I2 = 0%) and (two trials, 52 patients, MD = -6.56 mg/dL, CI: -59.79 to 46.67, P = 0.81, I2 = 26%) respectively at 12 mo (Figure 5C and D). The serum low density lipoprotein (LDL) levels were lower for belatacept at 12 mo (two trials, 52 patients, MD = -25.68 mg/dL, CI: -48.15 to -3.22, P = 0.03, I2 = 0%) (Figure 5E).

DISCUSSION
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK70]To our knowledge, this is the first meta-analysis assessing the efficacy and safety of belatacept based immunosuppressive maintenance regimen with Tac in kidney transplant recipients. The meta-analysis demonstrated that belatacept has been associated with an increased risk of allograft loss, following an increased risk of acute rejection in the first year of renal transplantation. These findings are in contrast to the previous notion, where studies have reported better allograft functioning without any significant change in patient and allograft survival over 12 mo’ study period for the belatacept vs CNI groups, however, almost all of these studies have drawn this conclusion following comparison of belatacept to cyclosporine, not Tac[24]. Further, the above finding could be reflection of limited number available study assessing the role of belatacept in comparison to Tac or benefit could be sought following long duration of therapy.
Owing to the limited number of studies the data regarding the comparative studies of Tac based immunosuppression with belatacept is quite lucid, nevertheless, the outcomes of this meta-analysis will play a crucial role in formulating future studies. The renal function was assessed in all four trials and pooled analysis of data suggested that there is no significant difference present in either group. Along with that, the present meta-analysis also demonstrated a significant rise in BPAR in belatacept group. These outcomes have been further translated in terms of lower allograft and patient survival, and poor outcomes in renal transplant recipients who received belatacept.
Previous studies been shown that cardiovascular disease and its associated underlying risk factors as NODAT, hypertension and dyslipidemia are major cause of mortality in kidney transplant recipients[37,38]. The reported incidence of NODAT in current literature is approximately 10%-30% in renal transplant recipients following CNI therapy[39-41]. Our finding supports previous literature comparing cyclosporine with belatacept and outlined significantly reduced odds for NODAT at 12 mo following belatacept in contrast to Tac[20,24].
Experimental studies have demonstrated that serum lipids nephrotoxicity play important role in the progression of chronic kidney disease[42]. Sandhu et al[43], conducted a meta-analyses involving 26 RCT and outlined that lowering serum LDL cholesterol positively influence the rate of reduction of glomerular filtration by approximately 1 mL/min per year. Our, the data analysis revealed lower LDL level in belatacept treated patients, hence, making it safer drug alternative for maintenance immunosuppression considering the renal and cardiac perspective, however, these benefits are do not outweigh the risks of other associated perils of belatacept based therapy. Further, studies assessed the impact of transition to belatacept during maintenance phase, which have outlined similar metabolic benefits, however, more research is required to elucidate true potential of these immunosuppressive regimen[44,45]. As mentioned in the results, the present meta-analysis did not demonstrate any significant difference in terms of adverse events in the belatacept group compared with the Tac based regimen. Further, it did not show any statistically significant increase in incidence of BK virus infection in the belatacept group (Figure 6).
The outcomes of this meta-analysis were quite dreary to the speculation that belatacept could further enhance the benefits of renal transplantation. However, every cloud has silver lining and the received setbacks provide enormous learning opportunities and open doors for development of newer drugs. Hence, further investigations are required to better elucidate reasons behind the observed outcome with belatacept, including the cipher of BRR. Belatacept binds to CD80 and/or CD86 on antigen-presenting cells (APCs) and fosters T-cell anergy by depriving T-cells with co-stimulatory signal[16,46]. Belatacept's adoption as a mainstay immunosuppressive therapy has been tempered by increased BPAR and resistance to treatment. Further probe into the underlying mechanisms of resistance and rejection has been done not only to enhance the knowledge regarding clinical applicability of belatacept but also to avail the development of tailored immunosuppressive strategies.
However, recent evidence suggests the plausible explanations for the development of resistance to the clinical usefulness and limitations of belatacept based immunosuppression, further in the discussion we have tried to interpret the reason behind the deceptive behaviour of current costimulatory inhibitors through the review of the available literature.
Firstly, an aggressive, T cell-mediated allogeneic responses observed in belatacept treated patients clearly explicate the actions of memory T-cells that are less or not susceptible to co-stimulatory blockade pathway CD28-CD80/86[47-50]. This could be explained by the fact that belatacept inhibits T-cell proliferation in a dose-dependent manner. However, even with the higher dosages of belatacept, the inhibition of T cell proliferation does not exceed more than ± 70%, hence gives a window for residual T cells proliferation up to ± 30%[51].
Secondly, the plasticity theory of sequential, parallel differentiation and immunological synapse throws light on the development and maintenance of resistant effector memory T cell in belatacept treated patients[50,52,53]. This fact broaches a concern that, witnessed resistance to belatacept might be explained by the biological underpinning causing cross-connection between naïve, effector and memory T cells populations. The precise underlying mechanism remains obscure, however, it is possibly conferred by the development of the interaction between the B7 protein on APCs and CD28 (also known as cytotoxic T-lymphocyte-associated protein 4) on T cells[54,55]. Following differentiation, the expression of CD28 is markedly downregulated and the resulting memory T cells are no longer able to reinstate co-stimulation for the secondary immune responses[56,57]. Furthermore, the downregulation persuades T cell migration and extravasation at inflammatory sites through the expression of adhesion molecules over vascular endothelium. The molecules as LFA-1 and VLA-4 bind intercellular adhesion molecule-1 and vascular cell adhesion molecule-1 while CD2 promotes T-cell activation and adhesion by binding to LFA-3 on APCs[58-60]. Hence, the belatacept induced CD28 downregulation not only instigates effector memory cells proliferation but also promotes cellular infiltration into the renal allograft, which disrupts the bridge to achieve adequate immunosuppression in the transplant recipient[61,62].
In addition, an elevated profile of T-cell mediated allogeneic responses with variability in cell surface phenotype are detected following belatacept treatment. The lymphocyte repertoire transforms itself substantially over time as a ramification of environmental pathogen exposure, which forms the basis for the down regulation of the CD28 expression on the membrane of effector-memory T-cells following belatacept treatment. Such CD8+CD28− T cells are highly cytotoxic and bring imperil to the traditional immunosuppressive shield, however, lack in the proliferative capacity[63,64]. Hence, D28-CD80/86 pathway is not the sole explanation of the development of BRR[65,66]. Mou et al[66] outlined, the loss of CD28 expression as a major requisite towards the development of BRR, however, it was not sole attribute for the instigation of BRR and highlighted certain other plausible explanations. The study demonstrated increased rejection with the expression of CD57 on the membrane of CD28 negative T cells populations with cytolytic potential. This notion was further supported by demonstrating the infiltration of CD57+ CD4 T cells in renal allograft biopsies in patients developing rejection in spite of being on belatacept. Hence, CD57+CD4+CD28- T cells represent a potential therapeutic target and act as a practical screening tool to identify patients at risk for ACR while on belatacept. However, the identification of such phenotype (CD57+CD4+CD28-) T cells in the peripheral blood of patients awaiting renal transplantation may aid in identifications of recipients’ not amenable for belatacept-based therapy.
An another kind of effector memory CD8+CD28++ EMRA T cells that has caught attention as a possible explanation for the development of resistance in belatacept patients[67,68]. However, de Graav et al[51] reported that absolute numbers or proportions of pretransplant CD28++ cells within the CD8+ EMRA T cell population did not increase BRR.
Differences in rate and severity of BRR in patients with pre-emptive transplantations lies within the differentiation, immunological synapse and plasticity that helps in modulating the effector memory T cell in belatacept treated renal transplant recipients. Hence at present, we can’t rule out the possibility of the presence of any other memory cell or mixed effect of these cells as a possible mechanism for development BRR. The above mentioned facts do not mean that there is a failure of any kind it actually opens the way for instigation of better drugs and modified regimen, which can be used in much-tailored way to preserve the renal allograft functioning for long. The development of humoral response through production de novo donor-specific antibodies following renal transplantation is considered as the one of the primary reason for late-onset renal allograft failure.
The precise mechanisms by which belatacept is involved in the control of humoral responses requires thorough investigation. Studies outlined that belatacept minimizes humoral immune response including plasmablast differentiation, immunoglobulin production, and the expression of the intricate transcription factor implicated in the functioning of the plasma cell, activation of the STAT3 transcription factor in functioning B cells and reduced the expression of CD86 and blocked CD28-mediated activation of T helper cells. Lately, Leibler et al[69] reasoned these facts as a plausible explanation towards the lesser degree of de novo donor-specific antibodies generation in the belatacept treated renal allograft recipients than conventional immunosuppression regimen. Hence, attention is now turning towards the development of target costimulatory molecules which become advantageous in the field of transplantation and autoimmune conditions (Figure 7).
The present meta-analysis has certain limitations, which needs to be acknowledged. Here, we only identified four trials and thus further large-scale trials would provide much-needed data to allow firmer conclusions, regarding the use of belatacept. However, considering costs and ethical concerns owing to the increased risk of renal graft loss, conducting such a study is a matter of debate. Second, publication bias can only be tested with formal statistical tests in the case of ≥ 10 included studies. Therefore, we cannot exclude the possibility that the results from meta-analyses involving < 10 studies could be driven by publication bias. 

CONCLUSION
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]The present meta-analysis showed that belatacept-based maintenance immunosuppression regimens were associated with an increased risk allograft loss for renal transplant recipients with equivalent renal functioning when compared to standard of care agent Tac. The widespread adaptation of belatacept in renal transplantation has been limited by increased rates of rejection, which is conferred owing to development of resistance secondary to differentiation into various types of effector memory T cells. Henceforth, the applicability of belatacept should be tailored according to the need of transplant recipients particularly as a transition to belatacept in the maintenance phase of immunosuppression. In light of present evidence the applicability of belatacept does look like foe, however, it still has some explicit potential role, particularly in situations such as Caucasian recipients with two-haplotype identical human leukocyte antigen, living related allografts and obesity. Additional factors ought to be considered are the cardiovascular and hemodynamic complications associated with poor allograft function, along with the immunological risk as role of belatacept is never reported in the recipients with PRA > 30%. Further research are required to assess the safety and efficacy of belatacept in the setting of immunological sensitizationand to better elucidate the mechanism of resistance and development of therapeutic strategies with focus on adhesion molecule blockade or abrogation of memory-specific responses.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]The T-cell costimulation blocking agent belatacept is considered as possible substitute for calcineurin inhibitors, however, no consensus has been established against its standard immunusuppressive drug Tacrolimus.

Research motivation
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]To find the alternative to current immunosuppressive medicine tacrolimus because of its high toxic adverse effects.

Research objectives
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]To understand the effectiveness of belatacept based maintenance immunosuppressive regimens in comparison to tacrolimus in renal transplantion through meta-analysis.

Research methods
[bookmark: OLE_LINK53][bookmark: OLE_LINK7][bookmark: OLE_LINK8]The present meta-analysis was conducted following completion of registration (CRD42018086032) in Prospero an international database of prospectively registered systematic reviews. A detailed literature search was made on National Library of Medicine Database (PubMed), Embase, Cochrane, Crossref, Scopus databases, clinical trial registries on December 5, 2018 to determine the immunosuppressive role of belatacept as an alternative to Tac and analyis of data was performed through The Cochrane Collaboration, Review Manager (RevMan) Version 5.3.

Research results
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]The literature search revealed four prospective randomized control studies (n = 173 participants) comparing belatacept with tacrolimus. There was no significant difference in estimated renal function at 12 mo [mean difference 4.12 mL/min/1.73 m2, confidence interval (CI): -2.18 to 10.42, P = 0.20]. Further, belatacept group was associated with significant increase in biopsy proven acute rejection [relative risk (RR) = 3.27, CI: 0.88 to 12.11, P = 0.08] and worse 12 mo allograft survival (RR = 4.51, CI: 1.23 to 16.58, P = 0.02). Although, the incidence of new onset diabetes mellitus was lower with belatacept at 12 mo (RR = 0.26, CI: 0.07 to 0.99, P = 0.05). 

Research conclusions
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]The meta-analysis demonstrated that belatacept-based maintenance immunosuppression regimens were associated with an increased risk allograft loss in renal transplant recipients with equivalent renal functioning against standard tacrolimus. Further, the inclusion of belatacept as routine immunosuppresive agent in renal transplantation has been thwarted by increased rates of rejection and resistance owing to development of various effector memory T cells through, parallel differentiation and immunological plasticity.

Research perspectives
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]Study required to determine the safety and efficacy of belatacept in the setting of immunological sensitization and to better elucidate the mechanism of resistance and development of therapeutic strategies with focus on adhesion molecule blockade or abrogation of memory-specific responses.
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Figure Legends
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[bookmark: OLE_LINK65][bookmark: OLE_LINK66]Figure 1 Pictorial depiction of mechanism of action of belatacept. APC: Antigen-presenting cell.
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Figure 2 Search strategy and selections strategy applied in this meta-analysis as per PRISMA protocol.
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Figure 3 Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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[bookmark: OLE_LINK71][bookmark: OLE_LINK67]Figure 4 Forest plot represents the changes at 12 mo in kidney transplant recipients when treated with belatacept or tacrolimus. Squares represent size effects of studies, comparing the weight of the study in the meta-analysis. 95 percent confidence intervals represented in horizontal bars. A: The eGFR at 12 mo in kidney transplant recipients; B: The biopsy proven acute rejection over 12 mo in kidney transplant recipients. The diamond shows significant favour towards tacrolimus group following random effect analysis; C:  Graft survival over 12 mo in kidney transplant recipients. The diamond shows significant favour towards tacrolimus group following fixed effect analysis; D: The adverse events over 12 mo in kidney transplant recipients. The diamond doesn't suggest any significant difference following fixed effects analysis; E: The BK virus infection over 12 mo in kidney transplant recipients. The diamond doesn't suggest any significant difference following fixed effects analysis; F: The new onset diabetes mellitus after transplantation over 12 mo in kidney transplant recipients. The diamond suggests significant favour towards belatacept group following fixed effects analysis.
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Figure 5 Forest plot represents the changes at 12 mo in kidney transplant recipients when treated with belatacept or tacrolimus. Squares represent size effects of studies, comparing the weight of the study in the meta-analysis. 95 percent confidence intervals represented in horizontal bars. A: The systolic blood pressure at 12 mo in kidney transplant recipients. The diamond doesn't suggest any significant difference following fixed effects analysis; B:  The diastolic blood pressure at 12 mo in kidney transplant recipients. The diamond doesn't suggest any significant difference following random effects analysis; C: Serum total cholesterol at 12 mo in kidney transplant recipients. The diamond doesn't suggest any significant difference following fixed effects analysis; D: Serum triglycerides at 12 mo in kidney transplant recipients. The diamond doesn't suggest any significant difference following fixed effects analysis; E: Serum low density lipoprotein at 12 mo in kidney transplant recipients. The diamond suggests favour towards belatacept group following fixed effects analysis. 
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Figure 6 Factors modified by belatacept and tacrolimus based regimen. BPAR: Biopsy proven acute rejection; NODAT: New onset diabetes mellitus after transplantation; Serum LDL: Serum low density lipoprotein.
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Figure 7 Mechanism of the development of resistance to belatacept.

Table 1 Criteria for the inclusion of studies
	Type

	Study design
	Prospective cohort design with a well-defined study population

	Study group
	Post renal transplant

	Study size
	Any

	Length of follow-up
	Any

	Source
	Peer-reviewed journals

	Language
	English

	Outcome measure
	Renal function, patient safety, adverse events, and graft functioning and survival



Table 2 Characteristics of included studies
	Ref.
	Study design
	Donor type
	Belatacept based (group 1)
	Tacrolimus based (group 2)
	Belatacept based (group 3) 

	Ferguson et al[33], 2011 (25)
	Multicentre, prospective, randomized (93 patients, 1 yr)
	Living and deceased
	Belatacept 10 mg/kg on day 1 and 5, then once every 2 wk through 3 mo, every 4 wk through 6 mo and 5 mg/kg from 7 mo onwards; MMF: 1 mg twice daily; Induction: Thymoglobulin + Corticosterids
	Tac 0.2 mg/kg divided into two doses; Tac 0.2 mg/kg divided into two doses; Induction: Thymoglobulin + Corticosterids
	Belatacept 10 mg/kg on day 1 and 5, then once every 2 wk through 3 mo, every 4 wk through 6 mo and 5 mg/kg from 7 mo onwards; SRL initiated on day 1 and dose level 7-12 ng/mL. Induction: Thymoglobulin + Corticosterids

	de Graav et al[34], 2017 (26)
	Single centre, prospective, randomized (40 patients, 1 yr)
	Living
	Belatacept 10 mg/kg on day 0, 4, 15, 30, 60, 90 d of transplant, following that 5 mg/kg till 12 mo
	Tac 0.2 mg/kg divided into two doses. Target concentration 10 to 15 ng/mL (week 1-2); 8 to 12 ng/mL (week 3-4); 5-10 ng/mL (week > 5)
	NA

	Newell et al[35], 2017 (27)
	Multicentre, prospective, randomized (19 patients, 1 yr)
	Living and deceased
	Belatacept 10 mg/kg on day 0 (day of transplant) and then on days 4, 14, 28, 56, and 84. After day 84, participants received a maintenance dose of 5 mg/kg every 4 wk until completion of the trial; MMF: 1 mg twice daily; Induction: Thymoglobulin, rapid methylprednisolone taper
	Tac 0.1 mg/kg divided into two doses; Target concentration
8 to 12 ng/mL (week 24), then 5 to 8 ng/mL (week > 24); MMF: 1 mg twice daily; Induction: Thymoglobulin, rapid methylprednisolone taper
	Belatacept 10 mg/kg on day 0 (day of transplant) and then on days 4, 14, 28, 56, and 84. After day 84, participants received a maintenance dose of 5 mg/kg every 4 wk. Tac 0.1 mg/kg divided into two doses then adjusted to target trough levels: 8-12 ng/mL by Day 29, 5-8 ng/mL by Day 57, 3-5 ng/mL by Day 85 then stopped. MMF: 1 mg twice daily; Tac: 5 to 8 ng/mL (till 24 wk); Induction: Basiliximab + Corticosteroids

	Trial 1856257 (28)
	Multicentre, prospective, randomized (69 patients, 1 yr)
	Living and deceased
	Belatacept 10 mg/kg on day 1 (24 h of transplant) and then on days 5, 14, 28, 56, and 84. MMF: 1 mg twice daily; Induction: Thymoglobulin + Corticosteroids
	Tac started on day 0/1; Target concentration 8 to 12 ng/mL (week 24), then 5 to 8 ng/mL (week > 24); MMF: 1 mg twice daily; Induction: Thymoglobulin + Corticosteroids
	Belatacept 10 mg/kg on day 1 (24 h of transplant) and then on days 5, 14, 28, 56, and 84. Tac started on day 0/1; Target concentration 8 to 12 ng/mL (day 1-84) and then decreased by 1/3 at day 84 and by 1/3 at week 16. If trough levels were less than or equal to 3 ng/mL at week 20 then all tac was stopped. Otherwise, the dose was reduced by 1/2 and stopped at week 24. MMF: 1 mg twice daily; Induction: Basiliximab + Corticosteroids + Tac


MMF: Mycofenolate mofetil; NA: Not applicable; SRL: Sirolimus; Tac: Tacrolimus.

Table 3 Summary of outcomes in clinical trials
	Ref.
	Renal function (Gp 1 vs Gp 2)
	BPAR (Gp 1 vs Gp 2)
	Adverse event (Gp1 or vs Gp 2)
	Remarks

	Ferguson et al[33], 2011 (25)
	12 mo; Sr. Cr: NA; eGFR: 63.6 ± 27.27 vs 54.0 ± 14.95 mL/min; (P = 0.14)
	15.2% (5/33) vs 3.3% (1/30) (P = 0.24)
	SAE/Infection: 57.5% (19/33) vs 53.3% (16/30); (P = 0.007); CMV infection: 3.0% (1/33) vs 3.3% (1/30) (P = 0.96); BK infection: 6.0% (2/33) vs 3.3% (1/30) (P = 0.59); NODAT: 0% (0/33) vs 3.3% (1/30) (P = 0.47)
	Graft survival: 93.93% (31/33) vs 100% (30/30) (P = 0.51); Patient survival 93.93% (31/33) vs 100% (30/30) (P = 0.51)

	de Graav et al[34], 2017 (26)
	12 mo; Sr. Cr: 133.5 ± 39.26 vs 127.5 ± 28.87 μmol/L (P = 0.80); eGFR: 56.25 ± 17.61 vs 54.25 ± 14.73 mL/min (P = 0.57)
	55% (11/20) vs 10% (2/20) (P = 0.006)
	SAE/Infection: 10.25 ± 4.18 vs 11.90 ± 5.43 (P = 0.41); CMV infection: 10% (2/20) vs 5% (1/20) (P = 0.96); BK infection: 5% (1/20) vs 3.3% (2/20) (P = 0.54); NODAT: 5% (1/20) vs 35% (7/20) (P = 0.04)
	Graft survival: 85% (17/20) vs 100% (20/20) (P = 0.22); Patient Survival 100% (20/20) vs 95% (19/20) (P = 0.31)

	Newell et al[35], 2017 (27)
	12 mo; Sr Cr: NA; eGFR: 51.6 ± 23.5 vs 55.9 ± 8.9 mL/min (P = 0.74)
	33.3% (2/6) vs 50% (3/6) (P = 0.55)
	SAE/Infection: 33.3% (2/6) vs 33.3% (2/6) (P = 1.0); CMV infection: 0% (0/6) vs 16.6% (1/6) (P = 0.29); BK infection: 0% (0/6) vs 0% (0/6) (P = 1.00); NODAT: 0% (0/6) vs 0% (0/6) (P = 1.00)
	Graft survival: 50% (3/6) vs 83.33% (5/6) (P = 0.85); Patient survival 100% (6/6) vs 83.33% (5/6) (P = 0.29)

	Clinicaltrial.gov 1856257, 2017 (28)
	12 mo, Sr. Cr: NA, eGFR: 61.5 ± 23.3 vs 59.2 ± 19.9 mL/min (P = 0.70)
	37.9% (11/29) vs 6.8% (2/29) (P = 0.009)
	SAE/Infection: 72.41% (21/29) vs 65.5% (19/29) (P = 0.77); CMV infection: 20.6% (6/29) vs 3.4% (1/29) (P = 1.0); BK infection: 13.7% (4/29) vs 0% (0/29) (P = 0.11); NODAT: 3.4% (1/29) vs 3.4% (1/29) (P = 1.0)
	Graft survival: 93.1% (27/29) vs 100% (29/29) (P = 0.49); Patient survival: 93.1% (27/29) vs 100% (29/29) (P = 0.49)


CMV: Cytomegalovirus; eGFR: Estimated glomerular filtration rate; Gp: Group; SAE: Serious adverse experiences; Sr Cr: Serum creatinine; NODAT: New onset diabetes mellitus after transplantation.

Table 4 Summary of biopsy proven acute rejection in clinical trials
	Ref.
	IA
	IB
	IIA
	 IIB
	III
	Mixed
	

	
	Gp1 (Belatacept)
	Gp2 (Tacrolimus)
	Gp1 (Belatacept)
	Gp2 (Tacrolimus)
	Gp1 (Belatacept)
	Gp2 (Tacrolimus)
	Gp1 (Belatacept)
	Gp2 (Tacrolimus)
	Gp1 (Belatacept)
	Gp2 (Tacrolimus)
	Gp1 (Belatacept)
	Gp2
(Tacrolimus)
	Gp1
(Belatacept)
	Gp2
(Tacrolimus)

	Ferguson et al[33], 2011 (25)
	0
	0
	0
	0
	3
	0
	2
	1
	0
	0
	
	
	
	

	de Graav et al[34], 2017 (26)
	0
	0
	1
	1
	2
	1
	6
	0
	1
	0
	1
	0
	
	

	Newell et al[35], 2017 (27)
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	
	
	1
	0

	Clinicaltrial.gov 1856257, 2017 (28)
	3
	0
	1
	1
	4
	0
	0
	0
	2
	0
	
	
	1
	1


BPAR: Biopsy proven acute rejection; Gp: Group; AMR: Antibody mediated rejection.

Table 5 Summary of metabolic outcomes in clinical trials
	Parameters
	Ferguson et al[33], 2011 (25)
	de Graav et al[34], 2017
	Newell et al[35], 2017 (27)
	Clinicaltrial.gov 1856257, 2017 (28)

	
	Gp1 (Belatacept)
	Gp2 (Tacrolimus)
	Gp1 (Belatacept)
	Gp2 (Tacrolimus)
	Gp1 (Belatacept)
	Gp2 (Tacrolimus)
	Gp1 (Belatacept)
	Gp2 (Tacrolimus)

	Total CH, Mean (SD) (mg/dL)
	NA
	NA
	193.34 ± 42.43
	187.41 ± 42.28
	187.0
	156.0 ± 30.4
	163.7 ± 38.8
	177.1 ± 25.6

	Total TG, Mean (SD) (mg/dL)
	NA
	NA
	194.86 ± 51.14
	221 ± 127.87
	187.0 
	319.3 ± 294.0
	170.0 ± 118.6
	125.8 ± 93.0

	LDL, Mean (SD) (mg/dL)
	NA
	NA
	64.78 ± 30.20
	96.67 ± 55.84
	114.0
	69.5 ± 38.0
	86.3 ± 50.6
	102.9 ± 17.7

	BP mm/Hg (SBP/DBP) (12 mo)
	129.3 ± 19.24/73.3 ± 11.96
	138.2 ± 19.50/77.6 ± 10.51
	141.25 ± 14.75/74 .25 ± 8.75
	142.5 ± 17.31/78.0 ± 13.0
	146.7 ± 5.1/92.7 ± 9.8
	147.5 ± 18.7/80.8 ± 12.8
	133.7 ± 14.7/79.1 ± 10.2
	135.0 ± 18.9/77.7 ± 10.9


Lipid parameters represented in mean change from baseline to month 12 post transplantation.
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