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Abstract 

Antibody-mediated rejection represents a significant barrier to favorable long-term 

outcomes after kidney transplantation and remains the most common cause of allograft 

failure. Therapeutic apheresis techniques are commonly used, in combination with other 

treatments such as immunosuppressive drugs, in the pre-transplant and post-transplant 

protocols for the prevention and treatment of antibody-mediated injury. The rationale is to 

remove the donor-specific antibodies and the other inflammatory mediators, which include 

cytokines, chemokines, and complement degradation molecules, and it is also related to 

immunomodulatory effects which determine an increased susceptibility of cell-mediated 

and humoral immunity to immunosuppressive agents. In the present review article, current 

knowledge regarding the use of therapeutic apheresis in combination with the known and 

emerging biological immunosuppressive therapies, for the prevention and management of 

antibody-mediated rejection, has been discussed. 
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1. Introduction 

Antibody-mediated rejection (AMR) is known to be a severe complication arising after kidney 

transplantation (KT), with potentially deleterious effects on graft survival. Currently, AMR is widely 

recognized as a continuous process, with varying degrees of activity and damage, clinically as well 

as histologically, expressed with multiple phenotypes which are now identified and termed as 

acute AMR, subclinical AMR, and chronic AMR [1, 2]. 

The presence of preformed anti-HLA antibodies in the transplant candidate represents a major 

immunological barrier to a successful KT. Despite the prevention of this condition with 

desensitization protocols, up to one-third of the highly sensitized recipients may develop AMR 

following the transplantation [3, 4]. Therefore, the ability to successfully deliver incompatible 

transplants and optimize the long-term outcomes is dependent on the ability to successfully 

approach and manage an AMR. AMR presents a significant burden in the case of non-sensitized 

individuals as well, as de novo early or late DSA (dnDSA) may emerge following the KT [5]. 

Increasing evidence suggests that the prevention and treatment of AMR requires a combination 

of strategies rather than a single approach. In this context, therapeutic apheresis (TA) techniques 

are principally employed as an adjunctive therapeutic tool to the immunosuppressive agents in 

protocols, for preventive preoperative procedures as well as during the post-transplant period in 

case of development of AMR (Table 1). TA techniques that are used widely include therapeutic 

plasma exchange (TPE) and selective TA techniques such as double-filtration plasmapheresis 

(DFPP), immunoadsorption (IA), and extracorporeal photopheresis (ECP) [6]. 

Table 1 Therapeutic apheresis in the prevention and treatment of antibody-mediated 

rejection of the renal allograft. 

 Key points: 

 Therapeutic apheresis techniques:  
- Therapeutic plasma exchange, 
-  Double-filtration plasmapheresis, 
-  Immunoadsorption, 
-  Extracorporeal photopheresis.  

 Apheresis is always performed in conjunction with other immunosuppressive drugs (IVIG, 
rituximab, ± additional immunosuppression) 

 Indications:  
- Desensitization of deceased-donor kidney transplant recipients: low-quality evidence 

available that are based on observational studies or case series  
- Desensitization of living-donor kidney transplant recipients: moderate-quality evidence 

based on RCTs with important limitations or exceptionally strong evidence from 
observational studies 

- Treatment of antibody-mediated rejection: moderate-quality evidence based on RCTs 
with important limitations or exceptionally strong evidence from observational studies 
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In the present review, the rationale and the evidence supporting the application of TA for the 

prevention and treatment of AMR of renal allograft has been examined, and the currently used 

therapeutic protocols have been discussed. 

2. Therapeutic Apheresis in the Prevention of Antibody-Mediated Rejection 

Approximately 30% of the KT candidates exhibit detectable anti-HLA antibodies, and 

approximately half of them exhibit high sensitization with HLA antibody reactivity to over 80% of 

the potential donors (Panel Reactivity Antibody ≥ 80%) [7]. 

Sensitization occurs when the transplant candidate develops immunological memory to donor’s 

antigens from prior transplants, blood transfusions, and pregnancies [8, 9].  

KT with the presence of donor-specific anti-HLA antibodies (DSAs) at pre-transplant is referred 

to as HLA-incompatible transplantation. After transplantation, the presence of DSAs in high 

amounts, typically in the form of antibodies against donor HLAs, detected with positive 

complement-dependent cytotoxicity (CDC) crossmatch, results in hyperacute rejection. Whereas, 

the presence of DSA in small amounts, detected using Luminex solid-phase assay with mean 

fluorescence intensity (MFI) > 3000, leads to reduced graft survival by causing acute AMR and/or 

chronic humoral rejection [10, 11]. Therefore, candidates exhibiting high sensitization encounter 

difficulty in finding a crossmatch-negative donor kidney, ending up exhausted due to waiting on 

the list for an acceptable match. According to Fuggle et al. [12], sensitized candidates remain on 

the waiting list for a compatible donor kidney two to three times longer than the non-sensitized 

KT candidates. The possibilities for a highly sensitized candidate who is waiting on the deceased-

donor transplant list are higher after undergoing a desensitization protocol and further better in 

the cases where a living donor is already available. In this context, TA has a central role to play as 

an anti-humoral therapeutic strategy.  

2.1 Desensitization of Deceased-Donor Kidney Transplant Recipients 

The currently available desensitization protocols commonly use a combination of high-dose 

intravenous immunoglobulin (IVIG) and Rituximab (RTX) in order to lower the titers of the 

preformed HLA-antibodies in the candidates on the waiting list, which increases the probability of 

finding an acceptable deceased-donor [13]. However, in a recent, randomized, placebo-controlled, 

double-blind clinical trial, IVIG combined with RTX did not exhibit efficiency in reducing the MFI of 

the immunodominant anti-HLA donor-specific antibody in the patients with chronic AMR [14]. 

TA (TPE or IA), if performed while on the waiting list, has historically been demonstrated to 

reduce long waiting times in case of highly sensitized candidates [15-17]. Such strategies, however, 

are not always effective and may present risks associated with extended immunosuppression on 

the dialysis. 

The data available regarding the efficacy of reduction in the amount of preformed anti-HLA 

antibodies in preventing hyperacute rejection, acute AMR, and late transplant glomerulopathy 

through peri-pre-transplant TPE in the deceased-donor KT (DDKT) are limited [18-20]. Beimler et al. 

[18] were pioneer in reporting a successful DDKT in two crossmatch-positive recipients using a 

single peri-pre-transplant TPE session and RTX. Cold ischemic time (CIT) in the therapeutic 

protocol was not prolonged as TPE during the transport of the kidneys from the donor center to 

the transplant center. Post desensitization, the crossmatch turned negative, and to avoid an early 
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rebound of DSAs, the TPE sessions during the post-transplant period were extended until stable 

allograft function was achieved [18]. Both the patients exhibited satisfactory graft outcomes two 

years after the KT [18]. Using the same desensitization protocol, the same research group 

reported excellent short-term and medium-term outcomes in a larger cohort of 12 DDKTs with 

positive cross-matches that turned negative after the desensitization [19]. Recently, a 

retrospective cohort study on DSA-positive recipients who had received DDKT demonstrated that 

a single peri-pre-transplant TPE session, in combination with anti-human thymocyte globulin (ATG) 

used for induction immunosuppression, did not result in a lower incidence of acute AMR within 6 

months, in comparison to the DSA-positive recipients who had not received a TPE session [20]. 

Post-transplant TPE was not performed because the protocol included 3 to 5 days of ATG 

induction [20]. 

Loupy et al. [21], from the Paris group, reported the results of a combined post-transplant 

prophylactic IVIg/RTX/TPE treatment in DDKT with preformed DSAs and a negative crossmatch on 

the day of the transplant. These patients received 9 TPE sessions every alternate day after the 

transplantation, in addition to 2 g/kg IVIg at Day 0, 2, 42, and 63 and RTX on Day 2 and 22. At 1-

year post-transplant, comparable results for patient and graft survival rates as well as the rate of 

acute AMR were obtained between the patients who received only IVIg and those who received 

IVIg, RTX, and TPE. However, the results for estimated glomerular filtration rate (e-GFR) were 

significantly worse, and proteinuria levels, as well as the rate of chronic AMR were observed to be 

significantly higher in the IVIg group [21]. These differences in the long-term functions were 

characterized by a significant decrease in the MFI of DSAs in the group of patients who received 

the more intensive post-transplant prophylactic regimen compared to those in the IVIg group [21]. 

Recently, the Paris group reported the long-term outcomes of a high immunological risk program 

which included patients with high levels of peak DSA (MFI > 3000) and a negative crossmatch on 

the day of transplantation who received a post-transplant desensitization protocol with high-dose 

IVIg, TPE, and RTX. The results obtained for these patients were compared to those obtained for a 

control group which comprised patients who exhibited a lower immunological risk (MFI ranging 

between 500 and 3000) on the day of transplantation and who received post-transplant 

desensitization based on IVIg alone [22]. Patient survival was identical between these two groups. 

However, there were a significantly greater number of cases of acute T-cell rejection and AMR in 

the group with MFI > 3000, which clinically translates to significantly lower graft survival [22]. 

Semi-specific IA, which is aimed at preventing humoral graft injury, has also been employed, 

and mixed results have been reported. The Vienna transplantation center reported a favorable 

allograft outcome in a number of highly sensitized kidney transplant recipients after a peri-pre-

transplant IA session with a staphylococcal protein A column supplemented by repeated post-

transplant treatment [23]. Subsequently, the same group reported that a single peri-pre-

transplant IA, in addition to pre-emptive ATG, could turn a positive crossmatch into a negative 

crossmatch, enabling a successful DDKT supported by a favorable long-term graft survival of 3 

years [24]. The authors confirmed these data by extending their initial experience in a research 

paper published later [25]. Repeated post-transplant IA sessions were performed in this protocol 

to prevent a potentially harmful rebound of DSAs [24, 25]. In line with the Vienna group, Higgins et 

al. [26] reported a cohort with successful crossmatch conversion and prevention of hyperacute 

rejection through the use of peri-pre-transplant IA treatment. However, in this case, a 

considerably high graft loss rate was observed during the follow-up, with only 54% of the 
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transplants surviving after a median follow-up of 26 months [26]. The difference in the outcome 

between these studies could be attributed to the significant differences between the 

desensitization protocols used in the two studies. Unlike the Vienna group, Higgins et al. did not 

repeat the post-transplant IA sessions [24-26]. In addition, the Vienna group [24, 25], in order to 

prevent an exaggerated increase of CIT, excluded transplantation for the patients for whom a 

negative crossmatch could not be obtained through treatment with 6 L of plasma, while Higgins et 

al. [26] prescribed greater than 30 L of plasma volume to convert a positive crossmatch in a few 

patients, which resulted in significant increases in CIT (up to 62 h). Recently, the Vienna group 

reported that one-third of the 101 DSA-positive recipients of DDKT underwent intense IA-based 

desensitization and experienced acute AMR, and that the DSA MFI levels were significantly 

associated with acute rejection (20% versus 71% AMR rates at <5000 versus >15,000 peak DSA 

MFI) [27]. The 3-year graft survival rate in the DSA-positive recipients was reported to be 

significantly lower than that in the DSA-negative recipients (79% vs. 88%; P = 0.008) [27]. 

These data highlight the significant prognostic value of MFI levels and suggest that the 

intensification of the TA treatment in post-transplant desensitization protocols must be 

customized according to MFI levels. 

Currently, the eighth special issue of the American Society for Apheresis (ASFA) guidelines, 

according to the above-stated observational studies and case series, provides a weak 

recommendation (Grade 2C) and a weak category description (III: Optimum role of apheresis 

therapy has not been established; decision making should be individualized) for the use of TA 

techniques in the desensitization of DDKT recipients [6]. 

2.2 Desensitization of Living-Donor Kidney Transplant Recipients 

In the case of sensitized candidates who have incompatible living donor available, paired donor 

exchange (PDE) is the best alternative to select. However, for most of the highly sensitized 

candidates, the probability of finding a match in the relatively small pool of donors available in the 

PDE programs is low, and desensitization alone or in combination with PDE represents almost the 

only viable option for transplantation [28]. HLA-incompatible desensitized living-donor KT (LDKT) 

exhibits significantly lower graft survival in comparison to HLA-compatible LDKT [29]. The results 

of multicenter studies indicate, however, that it is worth desensitizing the HLA-incompatible 

patients who have a living potential donor, because such patients have significantly better long-

term survival after KT compared to the highly sensitized candidates on a KT waiting list who did 

not receive a kidney from a deceased donor [30-32]. 

TA holds a central position in the currently available desensitization protocols and is also 

strongly recommended by the current ASFA guidelines, although with moderate-quality evidence 

(Grade 1B) [6]. 

The most commonly used protocol is an alternate-day TPE followed by the use of low-dose IVIg 

(100–150 mg/kg) prior to transplantation [30-34]. Most transplant centers also commence anti-

rejection medications, tacrolimus, and mycophenolate mofetil (MMF), up to 2 weeks prior to the 

surgery [35]. Montgomery et al. [30] demonstrated, in the largest series of HLA desensitization 

based on TPE plus low-dose IVIg, that at 5-year follow-up, a significantly greater survival was 

achieved in patients who received LDKT (90.6%) compared to those who remained on dialysis 

(51.5%) or those who were placed on a DDKT waiting list with or without KT (65.6%). On average, 



OBM Transplantation 2019; 3(4), doi:10.21926/obm.transplant.1904093 

  

Page 6/16 

patients received 4 ±4 TPE treatments prior to LDKT and 5 ±4 TPE treatments after the LDKT [30]. 

More recently, in a larger multicenter (n = 22) study conducted in US involving 1,025 patients, 

Orandi et al. [31] validated the results reported by the Baltimore research group [30]. 

Magee et al. [36] also reported their experience with TPE/low-dose IVIG plus RTX in 28 

crossmatch-positive patients. The AMR rate was observed to be high (39%), although the mean 

serum creatinine levels (1.5 mg/dL) remained satisfactory within a mean follow-up of 22 months 

and only three grafts were lost. Similar results for the application of TPE/low-dose IVIg plus RTX in 

51 transplanted patients have been reported by the University of Illinois [37]. The acute rejection 

rate in these patients was determined to be 33%, with optimal graft survival at 2 years (93%). 

Morath et al. [38] examined the effect of adding one dose of RTX (375 mg/m2) just prior to the 

KT together with IA performed prior to and after the transplantation. After a median of 10 IA 

treatments, all ten patients were reported to be desensitized successfully and transplanted. The 

recipients also received a median of seven post-transplant IA treatments. After a median follow-

up of 19 months, the reversible AMR rate was observed to be 30%, and the patient and allograft 

survival rates were 100% and 90%, respectively, with a mean serum creatinine level of 1.6 mg/dL 

[38]. Similar results were observed with the use of RTX plus IA as reported recently by Kauke et al. 

[39] who conducted a study on a small series of 8 LDKT recipients. Klein et al. [40], in a study 

conducted on a series of 23 sensitized patients, performed pre-transplant IA sessions together 

with the use of tacrolimus, MMF, and steroids, with the goal of achieving an MFI <1000 on the day 

of transplantation. On Day 0 and 1, the recipients also received one dose of RTX. The induction 

therapy was based on either ATG or basiliximab, and the IA sessions were continued post-

transplantation until the serum creatinine level of <2 mg/dL was achieved and MFI stabilized at 

the value of <1000. This desensitization protocol resulted in excellent outcomes at 2-year follow-

up, with a graft survival rate of 100% and a median serum creatinine level of 1.42 mg/dL [40]. In 

order to allow LDKT in six highly sensitized patients, Rostaing et al. [41] performed an IA-based 

desensitization protocol plus IVIg, RTX, and ATG as induction therapy. This protocol effectively 

reduced or eliminated the DSAs in 71% of the recipients at the time of transplant. Three recipients 

manifested AMR, although the long-term renal function was satisfactory. 

Woodle et al. [42] applied an alternative protocol that incorporated TPE, the proteasome 

inhibitor bortezomib, and RTX, resulting in a significant decrease in the DSAs in both LDKT and 

DDKT, achieving successful transplantation in 19 among the 44 highly sensitized patients and low 

acute rejection rates (18.8%) at the time point of 6 months. 

In a recent review, Malvezzi et al. [43] proposed an algorithm based on pre-transplant MFI 

levels for the use of various TA techniques in the desensitization protocols. The authors suggested 

that the use of TPE should be restricted to cases where the highest pre-transplant MFI is ≤9000. In 

such circumstances, TPE should be delivered on a daily basis until the MFI is ≤3000. MFI must be 

assessed after every five sessions. If the MFI of the DSA is between 9000 and 13000, DFPP could 

be implemented on a daily basis. The rationale of this may be explained by the fact that, 

compared to TPE, DFPP allows larger volumes of plasma to be treated. When the target of MFI < 

9000 is achieved, DFPP may be replaced by TPE. In the event of MFI > 12000 prior to the 

commencement of the desensitization, IA has to be applied on a daily basis, as DFPP proves to be 

insufficient in such cases. When the MFI is reduced (<6000), IA could be replaced by DFPP or TPE 

to obtain an MFI threshold of ~3000. The usage of DFPP instead of going directly for IA when MFI 

is >9000 could be attributed to the higher cost of the IA technique. However, in certain 
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circumstances, the rate of DFPP sessions could be limited by the fibrinogen level, for example, 

when the fibrinogen level prior to a DFPP session is <1 g/L. The authors concluded that in all these 

scenarios, as soon as the MFI is reduced to a value <3000, KT may be performed, as the DSA 

strength would be low in that case. 

It is suggested that on the basis of the current studies and regardless of the cost of each TA 

technique, the best strategy would be to apply IA plus RTX until the MFI becomes <3000. The 

addition of IVIG might also be relevant in this setting. 

3. Therapeutic Apheresis in Treatment of Antibody-Mediated Rejection 

Early acute AMR may be severe and may result in graft loss, although it is also potentially 

responsive to the currently available treatments [2]. On the contrary, late acute AMR (occurring at 

greater than 6 months post-transplant) may present a mixed cellular and humoral rejection and is 

often non-responsive to the current treatment methods, such as in case of chronic AMR, and in 

certain cases, subclinical AMR. Late acute and chronic AMR may result from dnDSA formation, the 

incomplete elimination of DSA following an earlier acute AMR episode, or the persistence of 

preformed DSA even after the desensitization [2]. 

TA, as an adjunctive therapeutic option, holds a central position in the treatment of AMR. In 

addition to the removal of DSAs, TA techniques remove cytokines, adhesion molecules, and 

circulating complement regulatory components [44]. Moreover, evidence suggests that TA has 

immunomodulatory effects as well. TA has been associated with a variety of autoimmune diseases 

involving a decline in B cells and natural killer (NK) cells, and an increase in T cells, T suppressor 

cell function, and regulatory T cells (Tregs) [45-48]. The immunomodulatory effects of TA 

determine the increased susceptibility of cell-mediated and humoral immunity to the 

immunosuppressive agents, and numerous therapeutic protocols integrate the administration of 

these agents with TPE during the treatment of AMR in order to enhance their immunosuppressive 

effects. 

The ASFA guidelines strongly recommend the use of TA for the treatment of AMR, although the 

quality of evidence provided by the current studies is moderate (Grade 1B) [6]. 

3.1 Therapeutic Apheresis and Intravenous Immunoglobulin 

When acute AMR occurs, TPE or IA plus IVIG and increased immunosuppression are considered 

the standard of care (SOC) treatment currently, as it may be used to decrease the antibody levels 

and arrest the rejection process in majority of the patients [2]. 

In a recent meta-analysis by Wan et al. [49], it was demonstrated, on the basis of 5 RCTs, that 

graft survival after antibody removal with TPE or IA resulted in no benefit in the trials with a 

shorter follow-up (1–7 months) [50, 51], while the trials with a longer follow-up (2–5 years) 

exhibited a trend toward a benefit [52-54]. 

In a recent retrospective cohort study investigating the use of TPE plus IVIG in the treatment of 

late AMR, with approximately 50% of the patients having chronic histology lesions, Lee et al. [55] 

demonstrated an improvement in graft survival in the intervention group compared to the control 

group which did not receive any therapy, in a mean follow-up of 7 years. In contrast, Einecke et al. 

[56] observed no effect on graft survival after treatment with TPE plus IVIG in late AMR, with 

approximately 63% of the patients having chronic histology lesions. 
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In conclusion, according to the currently available data, the basis of establishing TPE plus IVIG 

as SOC treatment in AMR lacks strong evidence, and a high-quality RCT with sufficient power to 

evaluate the efficacy of this treatment would provide the much-required reassurance on this 

delicate topic. However, it is improbable that such a trial would be conducted due to the ethical 

perplexity of enrolling patients in a no-treatment group, which has been historically associated 

with high risks of graft failure. 

3.2 Add-On Treatments to Therapeutic Apheresis and Intravenous Immunoglobulin 

Different add-on treatments in the current SOC treatment have been proposed over time by 

different transplant centers according to their preference [2, 49]. 

The use of RTX in acute AMR presented promising results as reported by several small-scale 

retrospective series [57, 58]. In the first non-randomized study using RTX plus TPE/IVIG vs. IVIG 

alone, Lefaucheur et al. [59] concluded that high-dose IVIG is inferior to combination therapy. 

However, it was practically not possible to determine which among RTX or TPE led to the 

improvement [59]. 

In addition, two retrospective cohort studies compared RTX plus TPE/IVIG to TPE/IVIG or IVIG 

alone, and both reported an improvement in graft survival in the RTX group [60, 61]. The patients 

in the RTX group, however, received a higher dose of TPE and IVIG, limiting the ability to provide a 

direct comparison between the groups. 

In a small multicenter double-blind RCT, comparing RTX plus TPE/IVIG to placebo plus TPE/IVIG 

for the treatment of acute AMR, Sautenet et al. [62] demonstrated that no additional benefit was 

achieved with the use of RTX in graft survival after 1 year. However, the 1-year follow-up period 

may not have been sufficiently long to identify a difference in graft survival. Recently, Oblak et al. 

[63], within the limitations associated with a retrospective cohort study, confirmed that there was 

no evidence of any benefit of the addition of RTX to the SOC treatment for AMR in a longer follow-

up period (2 years). 

Bortezomib, a proteasome inhibitor, in several non-randomized retrospective studies and case 

reports, has been described to benefit the treatment of acute AMR when used in combination 

with TPE and IVIG [64, 65] or with TPE and RTX [66], while certain studies have reported no 

improvement in e-GFR with the use of bortezomib as an add-on therapy with TPE and IVIG for late 

AMR [67]. 

The single RCT comparing the use of bortezomib in combination with TPE and ATG vs. TPE, RTX, 

and ATG or TPE and ATG alone, in patients with mixed AMR and acute cellular rejection, reported 

observing no difference in graft survival among the three groups [68]. 

The complement inhibitor eculizumab, a humanized monoclonal IgG antibody that binds to the 

complement protein C5 and inhibits the formation of MAC, and C1-INH, a serine protease inhibitor 

that inactivates both C1r and C1s, thereby inhibiting the first step of the complement cascade, 

have also been evaluated in combination with TPE and IVIG for the treatment of AMR. 

Locke et al. [69] were pioneers in reporting the use of eculizumab in combination with TPE and 

IVIG to treat severe AMR, demonstrating a reversal of the AMR episode. In a study conducted with 

24 patients who developed severe oliguric AMR after HLA-incompatible LDKT, Orandi et al. [70] 

demonstrated that a combination of splenectomy and eculizumab and RTX as an add-on therapy 
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to TPE/IVIG resulted in effective intervention for rescuing and preserving allograft function, 

compared to the use of splenectomy alone or eculizumab alone as the add-on therapy. 

In an RCT in which 18 patients with acute AMR were subjected to C1-INH (Cinryze) plus 

TPE/IVIG or placebo plus TPE/IVIG, Montgomery et al. [71] reported reduced transplant 

glomerulopathy at 6 months in the C1-INH group. A multicenter phase III RCT (NCT02547220) 

evaluating C1-INH as an add-on therapy to TPE/IVIG or IA/IVIG has concluded recently and the 

results are awaited to be published. 

In conclusion, various add-on treatment options are being employed with current SOC 

treatment according to their targets in the steps of AMR pathogenesis, with different results. 

Future RCTs should assess definitive endpoints, and until that happens, the regimen to be 

followed should be considered on a case-to-case basis. 

3.3 Extracorporeal Photopheresis 

Extracorporeal Photopheresis (ECP) is a cell therapy procedure that begins with the separation 

of peripheral white blood cells (WBCs) and non-nucleated cells from the plasma using 

centrifugation. Subsequently, the isolated suspension of WBCs is subjected to extracorporeal 

treatment using 8-methoxypsoralen (8-MOP), followed by exposure to ultraviolet A (UVA) light 

prior to reinfusion in the patient [72]. The combination of 8-MOP and UV-A results in the cross-

linking of the pyrimidine bases in DNA, leading to the apoptosis of lymphoid cells, largely T-cells 

and the natural killer (NK) cells [73]. Upon reinfusion, apoptotic lymphoid cells are phagocytosized 

by immature dendritic antigen-presenting cells (iDCs), which subsequently undergo maturation 

and present the self-antigens in a pro-tolerant signaling environment [74]. The activated T cells 

differentiate into several cell lineages, particularly Tregs, which mediate a specific immunological 

tolerance through the induction of anergy or apoptosis in the self-reactive lymphocytes [74]. 

Over the years, indications for ECP have increased as it promotes anti-inflammatory and 

tolerogenic responses without causing global immunosuppression [75]. In solid organ 

transplantation, ECP has been successfully applied to treat acute heart allograft rejection and 

chronic allograft dysfunction after lung transplantation [76, 77]. In addition, ECP has been used as 

a part of calcineurin inhibitor (CNI) sparing protocols to reduce the drug side effects such as 

nephrotoxicity and the neurological or infectious complications [78]. 

A limited number of reports are available on the use of ECP in chronic AMR. Sunder-Plassman 

et al. [79], who employed intensive long-term ECP treatments (2 consecutive procedures every 2 

weeks for 17 cycles), reported benefit in treating a single patient with chronic rejection. 

Dall’Amico et al. [80] reported progressive improvement in renal function and consecutive biopsy 

specimens during the course of application of ECP for treating one patient with chronic rejection. 

In contrast, Horina et al. [81] reported no response in treating two patients with an approach 

involving two consecutive ECP procedures per month for three months.  

Finally, ECP has also been employed as a preventive treatment, as reported by a small case 

series, with favorable outcomes, i.e., rejection did not occur in any of the treated patients and 

there was a notable increase in circulating Tregs [82]. 

The current ASFA guidelines [6] do not consider this issue, as the relevant data are old and no 

RCT is available. Further investigation and evidence on the usefulness of ECP in the prevention and 

treatment of AMR are required. 
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4. Conclusions and Future Direction 

TA, with the variety of its techniques, represents a cornerstone in the prevention and 

treatment of AMR. However, the preferred protocol has not been established so far, neither for 

the sensitized candidates nor the transplant recipients with acute AMR, which remains a major 

cause of KT failure. Currently, the majority of the transplant centers use protocols based on their 

own experience, often with results conflicting with each other due to the retrospective design of 

most of these studies and the limited number of participants in them. In the era of emerging novel 

biological immunosuppressive therapies with increasing number of specific actions and immune 

targets directed against cell-surface antigens or plasma-soluble molecules, the concerns such as 

the optimal timing and dosage in the apheresis sessions and the preferred adjunctive 

immunosuppressive therapy to TA remain to be challenging for the transplantation community. 

Future therapeutic protocols, the ones that best address these open issues, for achieving better 

clinical outcomes in the prevention and treatment of AMR, should emerge from well-designed 

multicenter clinical trials. 
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