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Solid organ transplantation (SOT) faces significant challenges in managing allograft
rejection, with current immunosuppressive therapies often associated with substantial
adverse effects. Extracorporeal photopheresis (ECP) has emerged as a promising
adjunctive treatment for rejection prevention and management in heart and lung
transplants, with growing evidence supporting its use in kidney and liver transplants.
Despite this, the availability of ECP and its place in standard treatment pathway is widely
variable across Europe. This narrative review, supported by a European survey of
51 transplant clinicians, highlights the current usage of ECP in SOT. Findings reveal
that ECP is primarily used for recurrent rejection in heart and lung transplants, with limited
application currently in kidney and liver transplants. ECP has shown some efficacy in
managing acute and chronic rejection, and stabilizing graft function. Barriers including lack
of standardized protocols, availability of ECP, lack of high-quality clinical trial data and lack
of a defined mechanism of action hinder its broader adoption. Future directions include the
development of standardized protocols, multicenter registries, and further controlled
clinical trials to define the role of ECP. Increased awareness, cost-effectiveness
studies, mechanistic studies and equitable access are essential to integrate ECP into
routine SOT management.
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INTRODUCTION

Prevention and management of allograft rejection urgently require
more effective and safer therapeutic solutions. Current
immunosuppressive therapies used in solid organ transplantation
(SOT) are associated with substantial adverse effects, and there is a
need for therapies that can provide immunomodulation while
minimizing the negative impact of immunosuppression [1–4].
Extracorporeal photopheresis (ECP) is an immunomodulatory
therapy currently recommended in international guidelines as an
adjunctive treatment for the prevention and management of organ
rejection in heart and lung transplantations, with growing evidence
supporting its use in kidney and liver transplantations as well.

ECP involves the collection of leukocytes, their exposure to a
photosensitizing agent (8-methoxypsoralen), ultraviolet A
(UVA) light, and subsequent reinfusion into the patient [5].
This process has been shown to dampen immune responses,
making it particularly valuable in the context of SOT, where
balancing immune suppression to prevent rejection while
minimizing infection risk is critical. Initially approved for the
treatment of T-cell cutaneous lymphomas [6], ECP has since been
used in graft versus host disease (GvHD) developed after
allogeneic hematopoietic-cell transplantation and rejection of
transplanted solid organs [7].

Despite the growing body of evidence supporting the use of
ECP in SOT, access to ECP and its application remains
inconsistent across European transplant centers [3]. Variability
in clinical protocols, limited awareness among healthcare
providers, lack of understanding of ECP mechanisms and the
high upfront costs of ECP equipment are some of the barriers to
its widespread adoption [8–10].

This narrative review is supported by a recent survey conducted
by ESOT and Bryter Inc that aimed to understand current usage of
ECP in solid organ transplantations in Europe. A 25-min online
questionnaire was conducted May-August 2024 in accordance
with privacy and data protection codes of conduct. The study
complied with ethical and privacy principles for research such as
the Declaration of Helsinki andGDPR. The usability and technical

functionality of the electronic questionnaire had been tested before
fielding the survey. The sampling frame consisted of transplant
clinicians who were recruited through targeted lists provided by
ESOT and were screened and profiled to ensure good
representation of the European market. Transplant surgeons/
cardiologists/nephrologists/pulmonologists, cardiac surgeons,
general surgeons, nephrologists, and hepatologists involved in
post-operative treatment and management of patients with
solid organ transplantation (kidney, heart, lung, or liver) were
invited to take part. Informed consent was obtained from
participants at the beginning of the survey, and no personal or
identifiable data was collected. Out of a total of n = 734, n =
51 completed the survey. The sample consisted of n = 51 clinicians
across Europe: Belgium, Denmark, Finland, France, Germany,
Greece, Italy, Netherlands, Norway, Romania, Spain, Switzerland,
and the United Kingdom.

CURRENT USAGE OF ECP IN SOLID
ORGAN TRANSPLANTATION

European Survey Findings
The European survey found center-based protocols are the
primary clinical rationale for the approach taken regarding
treatments to prevent post-transplant rejection across organ
types (Figure 1). Clinical trial evidence informs protocols, and
the majority of clinicians will take trial evidence into
consideration when deciding on treatments.

Oral or IV steroids are the most prescribed first line treatment
for T cell mediated rejection in solid organ transplant
(Figure 2A). For acute antibody mediated rejection,
plasmapheresis, IVIG and Rituximab are the most prescribed
first line treatments (Figure 2B). Likewise for chronic antibody
mediated rejection, IVIG, plasmapheresis and Rituximab are the
most prescribed first line treatments (Figure 2C). ATG, Oral or
IV steroids, Rituximab, and IVIG are the most prescribed first
line treatments for recurrent rejection (Figure 2D). First line
treatments prescribed are determined by rejection type; ECP is

FIGURE 1 | Percentage of European clinicians using each of the following as part of their clinical rationale for approach taken regarding treatments to prevent
against rejection in transplant recipients, by organ type.
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used only by some in first line, specifically in T cell mediated (lung
13%, kidney 9%, heart 8%), acute antibody mediated (heart 15%)
or recurrent (heart 54%, lung 25%, kidney 9%) rejection.

Satisfaction with current treatments is very low for almost all
rejection types, except for T cell mediated rejection in kidney and
heart transplantation (but not lung and liver) (Figure 3). T cell
mediated rejection often responds well to standard treatments,
protocols are well-established and have clear diagnostic criteria.
There is a major need for more efficacious and well tolerated
treatments across all rejection types.

The top unmet needs in SOT tend to be grouped per rejection
type rather than organ type (Figure 4). For T cell mediated
rejection, top unmet needs were a lack of personalized treatment
for rejection (kidney, lung), as well as risk of infection (heart) and
lack of alternative therapies (liver). For acute antibody mediated
rejection, top unmet needs were lack of clear diagnosis and

disease definition (heart, lung), lack of alternative therapies
(kidney), and lack of targeted therapies (liver). For chronic
rejection, top unmet needs were ability to slow disease
progression (kidney, heart, lung) and lack of treatment
efficacy (liver).

Most clinicians surveyed were aware of ECP as a therapy
option for kidney (69%), heart (63%), and lung (57%) transplants
(Figure 5). Fewer were aware of ECP for liver transplants (24%).

The top barriers to the widespread adoption of ECP in SOT is
the lack of standardized clinical protocols (kidney, heart, lung,
liver) and reimbursement/cost challenges (lung) (Figure 6).

Those focused on heart and lung transplants have higher rates
of routine access to ECP as a therapy option at their centers (77%
and 63%, respectively), whereas the rate is lower for those focused
on kidney and liver (42% and 33%, respectively) (Figure 7).
Those with no access to ECP at all were those who treat kidney

FIGURE 2 |Percentage of European clinicians using each treatment first line by organ type, for the following rejection types: (A) T Cell Mediated Rejection, (B) Acute
Antibody Mediated Rejection, (C) Chronic Antibody Mediated Rejection, (D) Recurrent Rejection.

FIGURE 3 | Percentage of European clinicians ‘very satisfied’ with current treatments for transplant recipients, by organ type.
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(46%), liver (33%), and heart (8%). When asked what would
encourage use of ECP in transplant management, top reasons
included more robust clinical trial data and the development of a
standardized protocol (Figure 8).

ECP in Solid Organ Transplantation
Heart Transplantation
A major cause of mortality and morbidity in heart transplant
recipients is cardiac allograft vasculopathy (CAV) [11]. Acute

rejection is also a significant risk in the first year following
heart transplantation [12]. ECP has been widely studied in
heart transplantation, particularly for acute cellular rejection
(ACR) and antibody-mediated rejection (AMR). It is useful in
cases where patients suffer from steroid-resistant or recurrent
rejection or where reducing immunosuppressive drug toxicity is
a priority. ECP has been employed as an adjunct therapy to
dampen immune responses and decrease dosage of standard
immunosuppressive regimens, which are associated with events

FIGURE 5 | Percentage of European clinicians aware of ECP as a treatment option for SOT per organ type.

FIGURE 6 | Percentage of European clinicians ranking each barrier in the top 3 barriers to wider ECP use, by organ type.

FIGURE 4 | Percentage of European clinicians ranking each unmet need in the top 3 unmet needs for the management of transplant recipients, by rejection type
and organ type.

Transplant International | Published by Frontiers November 2025 | Volume 38 | Article 149064

Cashmore et al. ECP in Solid Organ Transplantation



such as renal insufficiency, increased infection, and
neurotoxicity [11, 13].

In heart transplantation, acute antibody-mediated rejection is
a significant cause of early graft dysfunction. ECP has been used
as a rescue therapy in refractory AMR, with case reports and small
studies suggesting improved hemodynamic stability and graft
function [3]. The exact mechanism remains unclear but is likely
related to the modulation of alloimmune responses and the lack
of power in available studies limits the ability to draw strong
conclusions. The American Heart Association also noted there
are no published data conclusively demonstrating efficacy of ECP
in AMR in SOT, and mechanistic understanding remains
incomplete [14]. It notes that while ECP has been successfully
used for recurrent rejection and acute cellular rejection, its role in
AMR remains undefined and warrants further investigation. ECP
is not included as a standard or first-line therapy for AMR in the
American Heart Association’s treatment algorithms, and only
considered in refractory cases [14]. ECP is generally well received
in steroid-refractory ACR in heart transplantation. Preliminary
data in small sample sizes found ECP to be well tolerated and
reduce the dose of standard of care immunosuppression, as well
as a reduction in the number of rejection episodes [15, 16]. A
retrospective chart review of 102 heart transplant patients

treating rejection with ECP found 88.2% of patients remained
rejection-free despite lower dose in standard of care
immunosuppression and 92.3% had reduced rejection grades
[17]. However, as well as limitations associated with the
retrospective design, the effectiveness of ECP in comparison
with other treatment options was not assessed due to the
descriptive, single-arm design. A single center retrospective
study on 22 patients assessed standard of care
immunosuppression plus ECP, and found zero episodes of
ISHLT grade 3R ACR and two episodes of 2R ACR episodes
were reversed over the study period [18]. Furthermore, decreased
rates of subsequential rejection episodes, and normalized allograft
function were observed in patients completing the ECP course
[18]. However, these findings were from a small sample in a single
center, and large scale randomized clinical trials are required to
validate this.

In heart transplantation, chronic rejection manifests as cardiac
allograft vasculopathy. Studies have demonstrated that ECP can
slow the progression of CAV by reducing immune-mediated
endothelial injury [14, 17, 19, 20].

Savignano et al [11] performed a retrospective case series on
8 patients treated with ECP for recurrent rejection. Of the 8,
3 patients had negative biopsies with no rejection at the end of

FIGURE 8 | Percentage of European clinicians agreeing each factor would encourage greater ECP use, by organ type.

FIGURE 7 | Rates of routine access to ECP. Percentage of European clinicians treating transplants of the heart, lung, kidney, and liver.
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treatment; 4 patients showed no response to ECP; 1 could not be
evaluated [11]. A single-center study reported on 20 pediatric
heart transplant patients who underwent ECP, showing that it
can be safely applied in this population [21]. The study found a
survival rate of 84% at 1 year and 53% at 3 years post-ECP
initiation.

Lung Transplantation
Lung transplantation is associated with a high risk of chronic lung
allograft dysfunction (CLAD), most commonly bronchiolitis
obliterans syndrome (BOS) [13]. Current immunosuppression
strategies and its modifications do not reverse BOS but instead
aim to stabilize or slow its progression [13, 22]. In lung
transplantation, although some studies suggest ECP benefit in
reducing acute cellular rejection and CLAD, earlier reviews
highlight that no randomized controlled trials have yet
confirmed these findings, and most available data are from
small, single-center, non-randomized studies, limiting
generalizability and strength of evidence [23]. [24] There are
currently no guidelines on early prophylactic ECP in lung
transplantation, but this is presently being evaluated [25].

A recent randomized controlled trial evaluated the
prophylactic addition of ECP to standard immunosuppressive
therapy in lung transplant recipients, and demonstrated a
significant reduction in ACR episodes, lymphocytic
bronchiolitis, and CLAD within 24 months [26]. In this study,
the ECP group also experienced fewer severe infections and
adverse events compared to the control group [26]. This study
was the first prospective RTC in lung transplant recipients
evaluating early use of ECP in addition to standard triple
immunosuppressive therapy. Although an RTC provides
stronger evidence, this study had a small sample size (n =
31 per group) and only patients transplanted for COPD
were included.

Further evidence is needed to confirm the impact of ECP in
lung transplant AMR. One analysis has found that ECP is able to
reduce circulating de novo donor-specific antibodies (dnDSA)
(cleared in 88% of patients), and lung function was restored in
38% patients [27]. This was however a single-center retrospective
analysis, and as such limits generalizability and lacks causality.

Chronic lung allograft dysfunction, including bronchiolitis
obliterans syndrome, is a leading cause of late graft failure in
lung transplantation. ECP has been investigated as a therapeutic
option for CLAD/BOS [24]. ECP has been used as a second-line
therapy for BOS, with studies reporting stabilization or
improvement in lung function in some patients [28–32].
Stronger evidence comes from Benazzo et al [33] that assessed
ECP use in 631 patients (87% BOS, 13% RAS) from 3 European
centers and found long-term stabilization of lung function was
achieved in 42% of patients with improvement in 9% [33]. This
study was not free of limitations however; it was retrospective
(indications of ECP may change over time and possibilities of
miscoding data), data on AMR and DSAs were not included, and
clinical practice might differ between the centers. Another
retrospective study on 373 CLAD patients were initiated onto
ECP after ≥10% decline in FEV1 from baseline. Statistical
modeling revealed 5 different temporal CLAD phenotypes

based on the FEV1 course and suggested predicting survival at
ECP initiation appears feasible [34]. Again, there are limitations
with the retrospective study nature. Jaksch et al. [13]
demonstrated that ECP could stabilize or improve lung
function in some patients with BOS, however this was a single
center study on n = 51 patients and lacks generalizability [13].
Another retrospective study on early ECP in CLAD (n = 105) by
Gautschi et al. (2024) recommended early initiation of ECP to
slow lung function decline and improve survival rates [35].

Liver Transplantation
The benefits of liver transplantation vary by patient, with the
potential for chronic rejection or late graft loss due to disease
recurrence [36]. Most published experience with ECP in liver
transplantation is limited to small case series, pilot studies, and
anecdotal reports, with as of yet no randomized controlled trials
or large prospective studies validating its effectiveness for
prevention or treatment of rejection, or for improving long-
term graft or patient survival [3, 8, 37].

ECP has been explored as an adjunct to delay calcineurin
inhibitor introduction, prophylaxis of acute cellular rejection in
high-risk or ABO-incompatible recipients, and as a strategy to
reduce immunosuppressive burden in hepatitis C virus-positive
patients. However, these applications remain investigational,
and the reported benefits are preliminary, with outcomes such
as rejection rates and virological response requiring
confirmation in larger, randomized controlled trials [38].
Further studies found preliminary data that supported the
finding that ECP potentially provides a low complication rate
immunomodulation in liver transplantation [37, 39]. In rare
complications such as graft-versus-host disease post-liver
transplant, ECP has been used in individual cases, but the
evidence again is limited to case reports and does not
establish efficacy or impact on survival [40, 41]. Its role
remains investigational, with limited data available.

Kidney Transplantation
There is a lack of clinical trials relating to ECP in kidney
transplantation, with most of the current evidence for it use
relating to case studies [13]. ECP has been explored as an
alternative for T cell-mediated rejection when standard
therapies such as corticosteroids and anti-thymocyte globulin
are contraindicated or not tolerated, but its use is based on limited
case series and small studies rather than randomized controlled
trials [3, 8, 42]. Preliminary studies have shown that ECP can
modulate cellular immunity in the long term and reduce acute
glomerular lesions without causing major chronic lesions. Faenko
et al. [43] suggests ECP contributes to activation of tolerogenic
T-regulatory cells, maintaining long-term graft survival [43].

ECP has been used in combination with plasmapheresis,
intravenous immunoglobulin (IVIG), and rituximab to treat
refractory AMR in kidney transplant recipients. The
immunomodulatory effects of ECP, including the induction of
Tregs and suppression of B-cell activity, are thought to contribute
to its efficacy. ECP was shown in one small study (n = 14) to
stabilize the renal function in more than 70% of cases and
significantly lower DSA levels [44].
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In kidney transplantation, chronic rejection is less commonly
treated with ECP compared to other organs. However, emerging
evidence suggests that ECP may have a role in managing chronic
antibody-mediated rejection (cAMR). A prospective
observational study found that 72.7% of patients responded to
ECP with stabilization of renal function for up to 3 years and even
an improvement in GFR in seven cases of chronic rejection and
any adverse reaction [44]. However, the overall clinical impact of
ECP in kidney transplantation remains uncertain due to the lack
of high-quality, large-scale studies.

Clinical Guidelines and Recommendations
Current clinical guidelines and consensus statements from major
transplant societies and organizations, including the American
Society for Apheresis and the American Society of
Transplantation, recognize extracorporeal photopheresis as an
adjunctive therapy for the prevention and management of
rejection in heart and lung transplantation [8, 20].

In Europe, ECP is increasingly recognized as an adjunctive
therapy for some patients at risk of rejection or experiencing
allograft dysfunction after solid organ transplantation. The
British Photodermatology Group (BPG) and the UK
Cutaneous Lymphoma Group (UKCLG; formerly the UK Skin
Group) support the use of ECP as a treatment for cardiac allograft
rejection and rejection prophylaxis [7, 12, 45]. ECP is most
commonly indicated for heart transplant patients with
recurrent/refractory acute cellular rejection, those with
intolerance or contraindications to standard
immunosuppression, and for immunosuppression
minimization [3, 8, 17, 18]. There is no universally accepted
dosing protocol, and ECP is usually an adjunct to standard
immunosuppressive regimens, but typical regimens involve 2-
3 treatments per week for several weeks, then tapering based on
response [18, 20].

The International Society for Heart and Lung Transplantation
(ISHLT) also identifies ECP as an option for the treatment of
chronic or resistant acute cellular rejection and for managing
CLAD/BOS, especially in patients with recurrent rejection or
intolerance to standard immunosuppression [25, 46, 47]. As of
yet, ECP is not included in any major international, European, or
United States liver or kidney transplant guidelines as a
recommended therapy for rejection or immunosuppression
minimization [3, 8], however ongoing research and clinical
trials are exploring its role in managing rejection and reducing
immunosuppressive drug toxicity in these settings.

ECP Efficacy and Outcomes Summary
Current standard of care immunosuppressive therapy in solid
organ transplantation lacks in efficacy and has a cumulative side
effect profile [48]. Standard of care immunosuppressive therapies
can result in side effects such as infection, malignancy,
cardiovascular diseases, and nephrotoxicity [3]. ECP is an
immunomodulatory approach that provides a potential
solution in both rejection treatment and rejection prophylaxis
[3]. Currently however, the majority of data stems from single-
center or case studies, and large-scale clinical trials are required to
fully understand its potential. The effectiveness of ECP varies

among different types of solid organ transplants, with the most
evidence and guideline support seen in heart and lung
transplants.

In heart transplantation, ECP is linked to high rates of
rejection-free outcomes (up to 88%–83% in prevention and
treatment groups), improvements in rejection grades on
histology, and the safe reduction of immunosuppressive
medications, particularly calcineurin inhibitors [17]. A small
(n = 15) single center study found a significant proportion of
patients (up to 64%) experience a reduction in donor-specific
antibodies, along with decreases in gene expression profiling and
donor-derived cell-free DNA [49]. However, survival rates are
similar to registry data and do not surpass those achieved with
standard therapy.

ACR and CLAD contribute to lung transplants having the
worst long-term outcomes of all solid organ transplants [26].
Freedom from rejection and freedom from CLAD are
significantly improved when ECP is added to standard
immunosuppression [26]. It was also shown in a retrospective
cohort study to slow the decline in forced expiratory volume in
one second (FEV1), with a 63% reduction in the rate of
FEV1 decline in cases of chronic rejection [50]. Other studies
(including a randomized controlled trial in lung transplantation
focused on ECP for prevention of rejection and chronic lung
allograft dysfunction) reported stabilization or improvement in
FEV1 [22, 26, 51]. Additionally, ECP promotes the reduction and
clearance of donor-specific antibodies and antibodies targeting
lung-specific antigens, which is associated with improved lung
function and decreased levels of pro-inflammatory cytokines
[3, 8, 23].

ECP provides measurable improvements in freedom from
rejection, FEV1, and DSA reduction in heart and lung
transplantation, but data are insufficient to support similar
benefits in liver and kidney transplantation [3, 49]. In kidney
and liver transplantation, ECP is considered investigational or
reserved for refractory cases. There is insufficient evidence for
reduction in ACR, improvement in DSA kinetics, or preservation
of renal function, and ECP is not guideline-recommended for
routine use in these settings [3, 17].

CHALLENGES AND UNMET NEEDS

Unmet Clinical Needs in SOT
The challenges of SOT are multifactorial, with different rejection
types having a different set of unmet needs (Figure 4). The top
unmet needs tend to be grouped by rejection type rather
than organ type.

Although T-cell mediated/acute cellular rejection often
responds well to increased immunosuppressive therapy, a
minority of patients can be refractory and warrant the need
for alternative therapies for rejection. Due to the nature of this
rejection type, there is also a need for personalized treatments.

In antibody mediated rejection (AMBR) treatment resistance
can also be observed, warranting the need for alternative therapies
[52]. In SOT there is a risk of developing acute AMBR in patients
who develop de novo DSA following transplantation or in
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patients who have pre-formed DSA to HLA at the point of
transplantation [52]. These patients who have developed acute
AMBR may progress to chronic rejection and are highly
associated with graft loss [52]. However, due to the complexity
of its pathology and unclear cellular/molecular pathways, acute
AMBR lacks a clear definition of the disease and therefore a clear
diagnosis [52–54].

Chronic rejection is characterized by repeated injury of the
graft vasculature and uncontrolled repair responses that can
result in transplant vasculopathy [14, 52, 55]. Chronic
rejection resulting in transplant vasculopathy is leading cause
of re-transplantation with a significant impact on patient
mortality and morbidity [56, 57]. Currently chronic rejection
is irreversible, and a major unmet need is the ability to slow
disease progression.

Limitations of Current Mechanistic
Research on ECP in Transplantation
One of the most critical gaps in current knowledge is the incomplete
understanding of the mechanism of action of ECP. Several
mechanisms have been hypothesized as to how ECP modulates
the immune system: early theories suggest apoptosis of treated
leukocytes due to the combination of psoralen and ultraviolet A
[58, 59], and later theories suggest transimmunization via
differentiation of immature dendritic cells [60–62], modification
of the cytokine profile [63–65], and stimulation of several T-cell
lineages (in particular regulatory T-cells) [66, 67]. However, the
precise pathways and cellular interactions remain unclear. This lack
of mechanistic clarity hinders the ability to refine ECP protocols for
specific transplant-related conditions and patient populations [8,
68]. There is increasing research attempting to elucidate the
mechanism of action in order to extend the use of ECP and
better target its use in current indications [61, 69].

Currently, ECP demonstrates organ-specific benefits, with the
most evidence for DSA reduction and stabilization in lung
transplantation, while results in heart, kidney, and liver
transplantation are more equivocal/insufficiently established [3,
8, 17, 22, 23, 26, 49, 50]. DSAs are a critical marker of antibody-
mediated rejection and graft survival in SOT. If ECP shows
inconsistent or unclear results in reducing DSAs, clinicians
may hesitate to recommend it as a reliable therapy, especially
when other treatments (e.g., plasmapheresis, IVIG, or rituximab)
have more established efficacy in DSA management.

Challenges in Implementing ECP in Clinical
Practice Across Europe
Awareness of ECP as a treatment option in SOT is the first barrier
to its use. Fewer clinicians surveyed were aware of ECP as a
therapy option for liver transplants, as opposed to the higher
awareness for heart, lung, and kidney transplants (Figure 5). This
is likely due to the limited ECP research in the area and the fact
that liver transplants are generally more immunologically
tolerant compared to heart or kidney transplants, which may
reduce the perceived need for adjunctive therapies like ECP.
Acute and chronic rejection rates in liver transplantation are

lower, and standard immunosuppressive regimens are
often sufficient.

A top barrier to the widespread adoption of ECP in SOT is the
lack of standardized clinical protocols (Figure 6). While ECP is
recommended in international guidelines for specific indications
there is significant variability in its application across
transplant centers [3].

Access to ECP remains limited in many regions, including
Europe. Access to ECP is unevenly distributed across Europe,
with significant disparities between countries and even within
regions of the same country. ECP requires specialized facilities
and equipment, which are not widely available in all hospitals or
regions. Larger transplant centers in urban areas are more likely to
have the resources and infrastructure to offer ECP, while smaller or
rural centers often lack access to this therapy. This geographic
disparity creates inequities in patient care, as transplant recipients
in underserved areas may not have the opportunity to benefit from
ECP. Patients may need to travel long distances to access treatment,
creating logistical and financial burdens. Furthermore, ECP sessions
are time-consuming, often requiring several hours per session, with
treatments typically repeated multiple times per week or month.
This can be inconvenient for patients and resource-intensive for
healthcare providers.

There are also access limits per organ type. The European
survey found that those focused on heart and lung transplants
have higher rates of routine access to ECP as a therapy option at
their centers, whereas the rate is lower for those focused on
kidney and liver (Figure 7).

A further barrier to ECP access is the high upfront cost of the
equipment and treatment sessions. ECP requires specialized
apheresis machines, trained personnel, and infrastructure,
which can be prohibitively expensive for smaller or resource-
constrained transplant centers. The medical literature
acknowledges ECP’s potential to reduce immunosuppression-
related adverse effects and improve clinical outcomes in heart and
lung transplantation, but explicitly notes that cost-effectiveness
analyses are lacking and represent a major gap in current research
[3, 8]. Additionally, reimbursement policies for ECP vary widely
across countries and healthcare systems, with some systems
failing to cover the full cost of treatment. This financial
burden limits the availability of ECP, particularly in public
healthcare systems or in regions with limited healthcare
funding [1, 8]. The absence of formal cost-effectiveness studies
means that the economic impact of ECP remains undetermined
in all solid organ transplant settings [3, 8].

FUTURE DIRECTIONS

As research continues to demonstrate its efficacy in reducing
acute and chronic rejection in heart, lung, kidney, and liver
transplants, ECP is expected to become a more integral part of
SOT protocols, especially for patients who are unable to tolerate
standard immunosuppressive regimens [3, 8]. 59% of European
clinicians surveyed agreed with the statement: “It would be of
benefit to my clinical practice if more ECP was used to treat
transplant rejection in the future”.
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More robust clinical trial data and the development of a
standardized protocol would encourage use of ECP in
transplant management (Figure 8). Randomized clinical trial
data would provide more evidence for the clinical indication
and efficacy in ECP, particularly of use to kidney and liver
transplants where the use of ECP currently is less established.
Indeed, ECP is being actively studied across a range of clinical
settings, including solid organ transplantation, chronic rejection,
GvHD, and autoimmune diseases. The ongoing phase II
randomized control trial E-CLAD UK assesses ECP in CLAD,
and will further collect long-term follow up data [70]. There are
several more actively recruiting trials, including the
EUROEXPORT-DSA trial from Medical University of Vienna
that will assess ECP in subclinical antibody-mediated rejection
after lung transplantation (NCT06112951), a study on the impact
of ECP for the prevention of acute rejection in highly sensitized
kidney transplant recipients from Fundacion Clinic per a la
Recerca Biomédica (NCT04414735), and the phase IIb study
by University of Miami on axatilimab in combination with ECP
in chronic graft-versus-host disease (NCT06663722).

Furthermore, the development of standardized ECP protocols
that are incorporated into national guidelines would promote the
broader adoption of ECP by providing clear, evidence-based
recommendations for its use in clinical practice. Currently, the
variability in ECP protocols, including differences in treatment
frequency, duration, and patient selection criteria, limits its
implementation and creates uncertainty among clinicians.
Furthermore, standardized protocols would facilitate more
consistent data collection across institutions, enabling better
evaluation of clinical outcomes and cost-effectiveness.

Establishment ofmulticenter registries to collect real-world data
on the use of ECP in SOT is essential for evaluating its long-term
efficacy and safety. Such registries would provide valuable insights
into patient selection criteria, treatment protocols, and outcomes,
thereby informing future policy and practice improvements [9].

Further awareness and expertise among healthcare providers
regarding the benefits and mechanisms of ECP can encourage its
adoption [71]. Future initiatives should include targeted
educational programs and training workshops for transplant
clinicians, nurses, and allied healthcare professionals.

Future research should focus on exploring the role of ECP in
pediatric SOT recipients. While ECP has shown some promise in
pediatric heart transplantation [21], data on its use in solid organ
transplants in pediatric patients are limited. Given its use and
efficacy in managing acute and chronic GvHD in pediatric
patients following bone marrow transplantation [72–74],
investigating its potential benefits in SOT could help establish
evidence-based guidelines for its use in this patient population.

The successful integration of ECP into SOT management
requires collaboration among transplant specialists,
immunologists, policymakers, and industry stakeholders.
Interdisciplinary efforts should focus on addressing logistical
challenges, streamlining treatment pathways, and ensuring
equitable access to ECP across diverse healthcare settings [4].

Cost-effectiveness studies have shown that ECP can reduce
long-term healthcare costs by decreasing the need for high-dose
immunosuppressive therapies and reducing the incidence of graft

loss and associated complications [3]. However, these benefits are
often not immediately apparent, leading to underinvestment in
ECP programs.

LIMITATIONS

This review has a number of limitations that will now be
discussed. The survey data used to support this review whilst
targeted to be broad, may not be fully generalizable. The sample
size was relatively small (n = 51) and limited to clinicians from
specific European countries. This regional focus may not reflect
the practices, challenges, or perspectives of transplant centers in
other regions of the world. While the survey provides valuable
insights into current practices and perceptions, it relies on self-
reported data, which by its nature may be subject to recall bias or
variability in interpretation. The design of a narrative review
inherently does not have a full formal systematic search and
exclusion strategy. Finally, significant evidence gaps remain
regarding the efficacy, mechanisms of action, and optimal
protocols for ECP in solid organ transplantation, particularly
for kidney and liver transplants. These gaps highlight the need for
further large-scale, multicenter randomized controlled trials to
better understand the role of ECP in this context.

CONCLUSION

The approach to treatment in solid organ transplantation is
primarily guided by established center protocols, evidence
from experience, and to a lesser extent clinical trials. However,
there is widespread dissatisfaction with current treatments across
various organs and types of rejection. First-line treatments are
selected based on the type of rejection, with extracorporeal
photopheresis being used by some as a first-line option,
especially for recurrent rejection in heart and lung transplants.
There are significant unmet needs in managing solid organ
transplant patients, particularly in treating rejection, managing
immunosuppression, and improving diagnostics.

ECP is recognized as an effective adjunctive therapy formanaging
organ rejection in some recipients, particularly in heart and lung
transplantations. ECP offers immunomodulatory benefits that can
help reduce the need for traditional immunosuppressive therapies,
which are often associated with significant side effects such as
infections, malignancies, and nephrotoxicity. Awareness and
access to ECP vary by organ, and its usage is currently low,
unaided by mechanistic uncertainty. The main barrier to wider
ECP use is the absence of standardized protocols across different
organs. Despite a generally positive perception of ECP’s benefits in
treating transplant rejection, there is a lack of awareness regarding its
efficacy. More clinicians have routine access to ECP for heart and
lung transplants than for kidney and liver. The development of
standardized protocols could encourage greater use of ECP. While
current evidence supports its use, there is a need for further research,
including randomized controlled trials, to better understand its full
potential and optimize its use across different types of solid organ
transplants.
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