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Abstract. Extracorporeal photopheresis (ECP) is emerging as an apoptotic cell-based therapy that suppresses alloim-
munity, promotes donor-specific regulation, and reduces the need for conventional maintenance immunosuppression. ECP 
therapy is associated with regulatory T-cell proliferation, anti-inflammatory effects, and reduction of anti-HLA antibodies, 
making ECP a possible alternative or adjunct treatment for preventing and treating transplant rejection. Presently, we have a 
limited understanding of the mechanisms of ECP action, and clinical evidence for efficacy in kidney transplantation is sparse. 
Promising results in acute cellular or antibody-mediated rejection were reported, but beneficial effects in chronic settings 
are less evident. The absence of reliable markers for patient stratification and therapeutic monitoring further complicates its 
application. Working with the European Union–funded exTra network, our group is studying the therapeutic action of ECP in 
kidney transplantation with the ultimate goal of conducting a large multicenter study to standardize and harmonize treatment 
indications and approaches.
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EXTRACORPOREAL PHOTOPHERESIS AND 
TRANSPLANTATION

Extracorporeal photopheresis (ECP) is an immunomodu-
latory therapy based on the infusion of autologous cel-
lular products, obtained through leukapheresis and 
exposure to UVA light in the presence of a photosensitizer,  
8-methoxypsoralene. ECP was initially developed as T-cell 

depletion therapy for patients with cutaneous T-cell lym-
phoma, given that this procedure induces apoptosis of the 
treated leukocytes.1,2 Preclinical studies demonstrated its 
potential in modulating immune responses, paving the 
way for its introduction in graft-versus-host disease and 
solid organ transplantation (SOT).3 The exact mechanism 
of action is unclear, but it seems likely that the immu-
nomodulation occurs through activation of monocytes, 
which differentiate into tolerogenic dendritic cells (DCs)4,5 
and phagocytize apoptotic cells, presenting antigens to 
induce specific tolerance. During the procedure, soluble 
factors are released.6 After engraftment, tolerogenic DCs 
drive regulatory T cell (Treg) responses and expression 
of anti-inflammatory mediators, reducing proinflamma-
tory cytokine production.7,8 ECP can be performed in an 
off-line mode, where blood is extracted, the buffy coat is 
isolated, the drug is added, and the mixture is exposed 
to UVA light in a separate machine before reinfusion. 
Alternatively, it can be performed in an in-line mode, using 
a single machine that executes the entire procedure semi-
automatically (Figure 1).

In SOT, ECP is currently used as an adjunct therapy for the 
treatment and prophylaxis of acute T cell–mediated rejection 
(TCMR) and acute antibody-mediated rejection (AMR) after 
heart transplantation (HTx), as well as for the treatment of 
chronic lung allograft dysfunction (CLAD) in lung transplant 
recipients.9 Both prophylactic use and treatment for rejec-
tion on HTx have shown promising results,10,11 including a 
reduction in the panel-reactive antibodies.12 Similar results 
have been obtained in CLAD, with a reduction in de novo 
donor-specific antibody (DSA) formation. However, ECP was 
only an add-on therapy in addition to immunoadsorption and 
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IVIG.13,14 ECP is generally well tolerated with almost no sig-
nificant side effects.

ECP AS A THERAPEUTIC APPROACH FOR RENAL 
TRANSPLANTATION

In kidney transplantation, effective management of rejec-
tion and transplant-associated complications, such as infec-
tions, is crucial for patient and graft survival. Currently, 
plasma exchange (PLEX) combined with IVIG is the standard 
of care in cases of AMR.15 Rituximab in chronic active AMR 
has proven ineffective and is associated with a significant 
increase in infectious complications.16

AMR, in both its acute and chronic forms, remains the 
main obstacle to improving long-term transplant outcomes.17 
Beyond the acute or chronic worsening of allograft function, 
this condition is characterized by the presence of DSAs, com-
plement activation, and microvascular damage. The molecular 
mechanisms underlying AMR are complex and multifaceted. 
The inflammatory environment surrounding the graft acti-
vates both the innate and adaptive immune systems. This pro-
cess involves antigen presentation to T cells and activation 
of B cells, which differentiate into antibody-secreting plasma 
cells. The antibodies produced bind to graft-expressed anti-
gens, activating the complement system and recruiting innate 
immune cells (natural killer cells, macrophages, and neutro-
phils) that exert cytotoxic activity.

In this context, ECP could provide significant benefits through 
its immunomodulatory mechanisms. ECP-induced increases 
in regulatory Treg that could suppress the antigen-presenting 

capacity of antigen-presenting cells and their costimulation of 
effector T cells.18,19 Furthermore, the release of interleukin (IL)-
10 and transforming growth factor (TGF)-β reduces inflam-
mation, inhibits antigen-presenting cells, and promotes the 
expression of FoxP3, a key transcription factor for Treg.20,21 
These cells, by expressing high levels of CD25, sequester IL-2 
from their environment.22 Additionally, through the expression 
of CD39 and CD73, they convert free ATP into adenosine, a 
molecule with anti-inflammatory properties.23,24

Treg (CD4+ CD25+) also exert a direct inhibitory action on 
the B-cell compartment, particularly on antigen-presenting B 
cells.25 In contrast, ECP seems to enhance the regulatory B-cell 
compartment,26,27 which produce cytokines, such as IL-10, 
TGF-β, IL-35, and granzyme B. These molecules contribute to 
reducing inflammation and promoting immunomodulation.28

The existing literature on the use of ECP to prevent or treat 
rejection in renal transplantation is scarce. Our group dem-
onstrated, in a fully mismatched rat kidney transplant model 
characterized by the early development of AMR, that the pho-
topheresis added to a very short course of tacrolimus could 
prolong allograft survival compared with control animals 
given only tacrolimus monotherapy. Additionally, a reduc-
tion in DSAs was reported in rats treated with ECP at 23 d 
posttransplant, compared with day 9 in the tacrolimus-only 
group.29 It is important to highlight that a high dose of ECP 
was crucial to achieve these effects.

The clinical trials and cases that have been conducted 
to date in renal transplantation are listed and summarized 
in Table 1. It should be noted that a significant proportion 
of these studies were underpowered and varied in terms of 

FIGURE 1.  In-line procedure of extracorporeal photopheresis: 1, immune cells isolation using centrifugation; 2, adding of 8-MOP to the buffy 
coat; and 3, UVA light exposure of the buffy coat and reinfusion. Created with Biorender. 8-MOP, 8-methoxypsoralen.
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treatment frequency and duration. In addition, the studies 
could be categorized according to their primary objective as 
either prophylactic or therapeutic.

ECP PROPHYLACTIC TREATMENT IN KIDNEY 
TRANSPLANTATION

Two small studies have been conducted on the first renal 
transplant recipients from deceased donors. One study, which 

involved pediatric patients, reported the absence of rejec-
tion signs at 12 mo posttransplant after 6 ECP cycles and 
an increase in regulatory T cells with an initial reduction of 
tumor necrosis factor-α.30 In the second study, 20 adult kid-
ney allograft recipients who received kidneys from deceased 
donors were randomized and assigned to the ECP-treated 
(n = 10) or the control (n = 10) group. Both groups received 
mycophenolate mofetil or sodium plus calcineurin inhibitor 
and prednisone. None of the ECP-treated patients showed 

TABLE 1.

Summary of clinical studies on the use of ECP in kidney transplantation

Reference Patient condition Treatment Outcomes

30a 6 pediatric kidney transplant recipients:
4 control vs 2 ECP

SI vs SI + 3 ECP cycles (2 sessions/cycle) for 
the first 2 wk after transplantation

No signs of acute rejection during the first 12 mo 
after the transplant in both groups. A 6-mo 
biopsy showed a normal renal histology

31a 20 consecutive kidney allograft recipients 
received kidneys from 10 deceased donors 
(10 pairs). ECP vs control

Si vs SI + 1 cycle (2 sessions/cycle) per week 
for the first month after Tx then 1 cycle every 
2 wk with a maximum of 8 cycles

Increase of eGFR 3 mo after transplantation and no 
rejection detected (53 ± 11 vs 47.1 ± 9)

32b 33 KT recipients with allograft rejection (24 
aAMRs, 2 cAMRs, 7 ACRs).

No CTRL group

ECP in concomitance with immunosuppression 
was performed 18 mo after transplantation 
and 3 mo after the diagnosis of rejection.

27 patients received 1 cycle and 6 patients 1 
session in the first week, then all, 1 session 
weekly, 1 every 2 wk and once per month

20 patients reported functional grafts 12 mo after 
ECP (15 ECP sessions).

12 patients received only 10 ECP sessions, and only 
1 reported a functional kidney 12 mo after ECP

33b 14 patients with cAMR and an average allograft 
age of 9.25 y before their first ECP.

No CTRL group

SI + ECP 1 cycle per week for 3 wk, 1 cycle 
every 2 wk and 1 cycle per month. Then 1 
cycle every 2 mo

12 mo after ECP start:
8 patients show stable eGFR
7 show an increase in eGFR
3 show a reduction in eGFR
6 patients had a complete clearance of HLAab

34b 4 patients with ACR
2 patients with ACR and CAHR
1 patient with ACR and AHR
1 patient with borderline rejection
No CTRL group

1 cycle for 5 wk (2 ECP sessions per cycle in 2 
consecutive days)

4 patients with early ACR report improvement in the 
graft function.

No improvement for AMR

35b 3 patients with acute AMR.
No CRTL group

PT, IVIg, and ECP 1 cycle in the first 2 wk then 
3 times at 15 d intervals and 3 times every 
month

2 patients did not experience new episodes of 
rejection, at the time of the last follow-up 
showed a functional graft (25 and 21 mo).

The last patient interrupted the treatment
36b 3 patients with PTLD and acute rejection.

No CTRL group
ECP sessions not specified + methylpredniso-

lone + IVIG
Long-term follow-up with renal function stabilization 

and not PTLD recurrence
37b 4 patients with at least 3 acute rejection 

episodes. 3 of these with grade 3/2 acute 
rejection.

No CTRL group

1 cycle per week in the first month, 1 cycle 
every 2 wk during the second and third 
months, then monthly for the other 3 mo

3 patients show stabilization in the renal function 1 y 
after ECP withdrawal. In the 3 patients, acute rejec-
tion has been resolved after 3 mo since ECP started.

1 patient shows persistent proteinuria and a pro-
gressive deterioration of renal function

38b 8 patients with biopsy-proven cAMR.
No CTRL group

1 cycle for 6 wk then 1 session weekly for 6 wk 
and maintenance with 1 cycle monthly until 
biopsy

Stable renal function for 3 patients, decreased for 
1 and increased for 4 patients. Microvascular 
inflammation reduction in 5, stabilization in 1 
and worsening in 2 patients

39b 4 high immunological risk recipients.
 No CTRL group

1 cycle for 2 wk, 1 session weekly for 2 wk + 1 
session every 2 wk after the first month

Stable renal function for 3 patients, 2 of whom 
remained stable after finishing the therapy, the 
third one left the study with worsened function. 
One had no improvement with kidney failure

40b 7 patients with biopsy-proven acute refractory 
rejections, no CTRL group

Triple immunosuppression + 2–3 treatments 
per week for 6–26 sessions

All patients show a functioning graft at the last 
follow-up (9–43 mo). 5 patients show improve-
ment in renal function

41b 10 patients with recurrent cellular and/or 
vascular rejection.

No CTRL group

Tacrolimus + mycophenolate + 1 cycle per 
week for the first 2 wk + 1 treatment at 15 d 
interval up to 12 sessions

Resistant rejection resolved in all patients with 
stabilization or improvement of serum creatinine 
(median 132.5 µmol/L (98–192) at the end of 
the therapy)

aProphylactic use.
bTreatment.
ACR, acute cellular rejection; AMR, antibody-mediated rejection; aAMR, acute AMR; cAHR, chronich active humoral rejection; cAMR, chronic AMR; CTRL, control; ECP, extracorporeal photopheresis; 
eGFR, estimated glomerular filtration rate; HLAab, HLA antibody; KT, kidney transplant; PT, plasma treatment; PTLD, posttransplant lymphoproliferative disorder; SI, standard immunosuppression; 
TCMR, T cell–mediated rejection; Tx, transplant.
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signs of acute rejection, whereas 1 patient from the control 
group experienced acute, biopsy-proven rejection. In the ECP-
treated group, all patients registered an increase in circulat-
ing Treg after 3 mo, along with an improvement in estimated 
glomerular filtration rate (eGFR) and a higher percentage of 
immature myeloid DCs at 6 mo.31 By contrast, no change in 
DC counts was recorded.

Given the increased risk of acute rejection episodes in 
highly sensitized patients and the lack of standardized treat-
ments, we propose that ECP might be valuable in preventing 
acute rejection in this cohort. To this end, we designed and 
initiated a single-center, randomized, controlled, open-label 
clinical trial to evaluate the impact of ECP in combination 
with standard immunosuppression versus standard immuno-
suppression alone for the prevention of acute rejection in par-
ticipants with calculated panel-reactive antibody >90% in the 
first year after transplantation (NCT04414735). We designed 
the protocol based on prophylactic ECP in HTx trials.10,42 
Additionally, evidence indicates that early use of ECP is linked 
to improved patient outcomes.32 Our animal model further 
highlights that an aggressive ECP therapy strategy is essential 
for stabilizing renal function.29 The trial protocol involves 13 
cycles of ECP (26 sessions), beginning with 5 cycles in 4 wk. 
At week 4, the frequency is reduced to 1 cycle every 2 wk until 
week 12. Afterward, the frequency is reduced to 1 cycle per 
month until month 6.

ECP FOR REJECTION TREATMENT AFTER 
KIDNEY TRANSPLANTATION

As seen in other contexts, ECP in kidney transplantation 
is associated with an increase in Treg and a decrease or no 
change in Th17 cells after therapy.32,33 One study reported 
that responding patients also exhibited decreased IL-6 levels 
compared with nonresponders 1 y posttreatment.33

In cases involving a humoral rejection component, a 
substantial group of patients (6/8 responders; 75%) had 
a decrease, up to complete clearance, of anti-HLA anti-
bodies. In nonresponders, anti-HLA levels did not change 
post-ECP and even increased upon therapyinterruption.33 
Interestingly, when ECP was used as a single therapy (3 par-
ticipants with acute AMR and other comorbidities), there 
was a >25% reduction in DSA and graft survival in all 
patients at 24 mo after the end of the treatment.32,43 Despite 
this, a direct effect of ECP on DSA production cannot be 
confirmed, as it may instead result from indirect effects 
related to other factors.

The largest retrospective study conducted included 33 cases 
with different rejection types and protocols, reporting a graft 
survival rate of 61% at 12 mo post-ECP. However, none of the 
patients who started ECP while dialysis-dependent regained 
renal function. Among the 13 participants who lost their grafts 
at 12 mo, 6 were dialysis-dependent within 1 mo since initia-
tion of ECP and received <10 sessions during 3.5 mo, and 4 
were dialysis-dependent 1 mo after ECP completion. ECP was 
consistently ineffective in patients with poor renal function at 
the start of treatment and appeared less effective in those with 
a long delay between rejection and therapy initiation.32

Another study reported similar results for the treatment of 
either acute TCMR or mixed TCMR and humoral rejection. 
Among the 2 patients with a component of chronic active 
antibody-mediated rejection, 1 patient had to stop treatment 

and experienced a deterioration in kidney function, whereas 
the other patient lost the graft during the observation period. 
In the 3 cases where treatment completion was not possible 
(<10 sessions), 2 patients did not experience any reduction 
in creatinine levels. However, participants with early TCMR 
responded to the therapy, showing a decrease in creatinine 
levels by the end of treatment.34

The combined use of ECP with PLEX to target both cel-
lular and humoral components has been tested. Among the 3 
observed patients, 2 achieved positive outcomes with stable 
grafts at the last follow-up, whereas 1 patient lost the graft in 
the context of voluntary withdrawal of therapy.35 The com-
bination of ECP and IVIG for posttransplant lymphopro-
liferative disorder shows acute glomerular lesion regression 
and DSA reduction in all cases without chronic AMR-related 
lesions.36

At the allograft level, a significant reduction (>86%) in 
infiltrating lymphocytes and monocytes with a decrease in 
HLA-DR and intercellular adhesion molecule 1, vascular cell 
adhesion molecule 1 in tubular cells was also described.37

In chronic AMR, gene expression analysis of biopsies post-
ECP revealed a potential antifibrotic effect. Notably, there was 
an upregulation of caveolin-1, a molecule known to modulate 
TGF-β signaling and potentially counteract fibrotic lesions, 
alongside a downregulation of CD19, IL-21, PAX5, and the 
profibrotic surfactant protein A2.38,44

To date, clinical studies on ECP have predominantly 
involved patients with contraindications or those refractory to 
other therapies. These individuals often present with severely 
compromised organ function at the start of treatment, which 
may introduce biases into the results. As reported, in cases of 
severe organ damage or delayed initiation of therapy, ECP is 
ineffective in improving outcomes, often leading to graft loss 
and a return to dialysis.32,34

To address the lack of effective methods for stratifying 
patients, a specific renal function threshold has been proposed 
to identify those who are most likely to benefit from the pro-
cedure. Serum creatinine levels of >276 µmol/L were associ-
ated with a higher probability of graft loss at 1 y, with an 
estimated sensitivity of 80% and specificity of 75%. Levels 
>412 µmol/L had a sensitivity of 50% and a specificity of 
100%.32 However, the lack of robust and consistent tools to 
evaluate and monitor treatment response remains a significant 
challenge, underscoring the need for more reliable biomarkers 
and monitoring systems.45

In consideration of the use of ECP as an add-on ther-
apy (PLEX+IVIG) for the management of acute antibody- 
mediated rejection, we propose a treatment regimen inspired 
by the approach used for CLAD after lung transplantation.13 
Specifically, we suggest an initial regimen of 2 cycles per week 
for the first 2 wk, followed by 1 cycle per week until week 8, 
with a maximum of 10 cycles (20 sessions), should be used. If 
eGFR does not demonstrate recovery, treatment should con-
tinue with 1 cycle every 2 wk until week 12.

ECP IN THE MANAGEMENT OF RECIPIENTS OF 
KIDNEY TRANSPLANTS WITH CONCOMITANT 
VIRAL INFECTION

One of the advantages of ECP is the potential to reduce 
immunosuppression without inducing transplant rejec-
tion, which is particularly beneficial in the presence of 
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comorbidities such as infections and cancer. In previous HTx 
studies, plasma levels of cytomegalovirus (CMV) DNA were 
significantly reduced in ECP-treated patients.10 A small case 
report shows a reduction of 90% after 14 d up to 99.9% at 
6 mo for BK virus in 1 patient treated with ECP plus everoli-
mus, but after completing ECP there was a rebound. Another 
patient with CMV had a decrease of 99% of CMV viral load 
after 3 wk of ECP with valganciclovir and rapamycin, up to 
negativization at 3 mo.39

CONCLUSIONS

Evidence suggests that ECP has the potential to function 
as an immunomodulatory therapy for kidney transplanta-
tion, exhibiting minimal side effects. However, its practical 
application is restricted by the current body of research. 
The paucity of research participants and the heterogeneity 
of research methodologies have resulted in difficulties in 
interpreting results and developing universally. The results 
observed in kidney transplant recipients are comparable 
with those in other SOT, suggesting that ECP may offer 
benefits. The immunomodulation induced by the procedure 
allows for the suppression of T-cell activity by inhibiting 
antigen presentation through the action of Treg, thus poten-
tially decreasing the DSA. Additionally, ECP exerts its effects 
directly at the transplant site by reducing local inflammation 
and injury associated with rejection. However, it is impor-
tant to note that these beneficial effects are not observed 
when the organ already has significant dysfunction, suggest-
ing that ECP may be more effective when used preventively 
or during early rejection episodes, rather than for refractory 
rejection.

Many issues remain unresolved, including the lack of 
guidelines for using ECP in kidney transplantation and an 
effective patient stratification strategy. We must develop reli-
able biomarkers to monitor treatment efficacy and conduct 
controlled, randomized clinical trials to gain widespread 
acceptance of ECP in clinical practice. To address these chal-
lenges and enhance our understanding of ECP in SOT, the 
exTra consortium has been established. Its ultimate goal is 
to conduct a multicenter clinical study on various patient 
cohorts, aiming to standardize, harmonize, and homogenize 
the procedure.
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